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PREFACE

A mother erop tor millions
Cassava (Manihot esculenta) is an irreplaceable staple crop for about 500 million
people, many of them small-scale farmers, in sorne of the most marginal areas of
the tropical world. The crop tolerates seasonal drought and poor soils, and has an
unequalled ability to recover after stems and leaves have been damaged by pests,
diseases, and even the ravages of war. Cassava's starch roots produce more food
energy per unit of land than any other staple crop . Its leaves, commonly eaten as
a vegetable in Africa, provide vitamins and protein.
Particularly in Afriea and the Amazon, women have traditionally produced,
processed, and marketed cassava . In other areas, such as dry Northeast Brazil,
women must take over eassava farming and processing as men migrate to cities in
search of employment. In these situations, improved cassava varieties and
processing methods can benefit women directly.

An opportunity tor local development
Cassava yields a high quality raw material that can be processed into a wide variety
of end-products, including tood, feed, and industrial starches. Since much of this
processing can be done locally, it offers a valuable opportunity to ¡ncrease
employment and income for rural people.
Some developing countries, particularly in Asia, export cassava, but mainly
to low-value feed markets in the developed world. New products would enable
cassava producers to break into more lucrative domes tic and export markets .

Why
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Bioteehnology Network1

In the last two decades, a number of national institutes and two international
centers have done much to make up for previous neglect of cassava research and
development. Why was CBN added to the good work already being done?
Biotechnology has great potential tor enhancing the efficiency of current
work. Yet, many of the countries that 'most depend on cassavo have little or no
biotechnology capacity. CBN was established to help these countries build
multilateral links to global biotechnology research .
These ties better enable cassava -producing countries to communicate their
needs, participate in research and development, and benefit frorn the results.
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Leading biotechnology labs, some of them in the most advanced of those countries,
get the intormation and contacts they need to contribute more effectively to
economic development and tood security .
By weaving a web of connections between Network participants, CBN aims
to :
•

Integrate the needs of small-scale farmers, processors, and consumers into
research planning.

•

Stimulate research on high-priority topics.

•

Foster the exchange of information on research materials, techniques, and
results.

CBN: Pulling together

Network members work together through projects.
coordination are designed to:

Those carried out by CBN

•

Focus cassava biotechnology research on relevant problems through the
participation ot farmers, processors, and consumers.

•

Enable developing countries to take part more fully in cassava biotechnology
research that yields effective solutions.

•

Help national programs and their cooperators achieve research and
development 90als cost-effectively .

Examples are CBN's Small-Grants Program, international scientific meetings,
database development, and newsletter.
CBN members conduct independently managed and funded research projects
to:
•

Develop and apply biotechnology tools that can help solve problems and
realize opportunities.

•

Generate new biological and socioeconomic knowledge that identifies entry
points for .cassava biotechnology research.

•

Produce and test improved genetic material, processes, or products tor
transfer to cassava tarmers, processors, and consumers .
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Among the biotechnology tools being developed for cassava research are
protocols for cassava regeneration and genetic transformation, methods of
conserving Manihot genetic diversity, and molecular marker applications.
Projects aimed at solving problems focus on topics such as control of the
African cassava mosaic virus; molecular "tracking" of biocontrol organisms in the
environment; safe management of cyanogenesis; and development of new cassava
products to diversify markets, stabilize prices, and add value to the crop.

The Second International Sclentific Meeting of CBN
The Second International Scientific Meeting of CBN was co-organized by CBN with
the Central Research Institute for Food Crops (CRIFC) of Indonesia and CIAT.
Seven Asian countries, four African countries, and five South American countries
were represented. Two-thirds of the approximately 150 participants were from
developing countries. Eight developed countries were represented, as were the
international institutions CIAT, liTA, UN/ESTOP, and FAO.
About 38 women attended CBN 11; two-thirds were from developing
countries. Developing country researchers and women researchers accounted for
half of the 53 plenary speakers. Financial support for the meeting was provided by
DGIS-BIOTECH of the Netherlands, The Rockefeller Foundation, UNSAID/Jakarta ,
the Thai Tapioca Development Foundation, the Center Technique de Cooperation
Agricole et Rurale (CTA), and many other organizations who supported the travel
of individual participants. CBN gratefully acknowledges the support of each of
these organizations, who together made possible such broad participation in
CBN 11.
In recognition of CBN II's location.in Asia, a rapidly developing region where
most cassava is processed for industrial uses, several sessions provided
biotechnologists with information on present and future markets for Asian cassava
products, research on processing and new products, and biotechnological
approaches to management of cassava processing waste to lower environmental
costs and recapture value.
The Coordinator would like to thank the members of the Steering and
Scientific Advisory Committees for the time and effort they put into planning the
meeting. A special thanks to Kazuo Kawano of CIAT/Thai, the thorn in our side
who would not let us become haughty about biotechnology, but constantly
reminded us of the need to work harder at communicating and collaborating with
national program plant breeders.
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The CRIFC team of very dedicated organizers led by Dr . Ahmed Dimyati
worked long hours for weeks before the meeting, work that bore fruit in the great
enjoyment of the participants. The Coordinator cannot thank them enough .
A final thanks goes to the editors and typists who helped prepare the
documento They are too many to list, but they know who they are and how
essential was their assistance.
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OPENING PLENARY SESSION

WHY. WHAT. WHO ANO WHEN:
AN OVERVIEW OF THE CASSAVA BIOTECHNOLOGY NETWORK (CBN)
ANO CURRENT CASSAVA BIOTECHNOLOGY RESEARCH WORLOWIOE
A . M . Thro', M. Bonierbale', W . M. Roca 3, R. Best'
and G. Henry'
'CBN, 'Cassava 'Program, and 3Biotechnology Resl'arch Unit,
Centro Internacional de Agricultura Tropical ICIA TI, Cali, Colombia

CBN is an informal forum for cassava biotechnologists, collaborating research and
development specialists, and cassava research users. CBN's research goals are
genetic and processing improvements for cassava. Its development goal is 10
encourage interdisciplinary research in nalional programs of cassava-growing
countries, in projects appropriale to improving national food security and
contributing to rural in come .. To foster develoflment of biotechnology as a tool for
cassava improvement, CBN coordinates assessments of research needs; promotes
collaborative research on topics identified as priority; and facilitates exchange of
information on research needs and activities . Cassava biotechnology research is
conducted in 25 cassava-growing countries, 13 additional countries, and two
international centers . There are approximately 120 cassava biotechnology research
projects currently being carried out world-wide. Mature technologies, alreadv in
widespread use, include cassava micropropagation and cassava microbial
technologies; these account for almost half of the existing projects. The first
molecular markers for important cassava Iraits are expected to be raadv for plant
breeding programs in 2 to 4 vears, as are the first experimental products of cassava
genetic transformation and gene cloning. A molecular genetic map 01 cassava is
available for use this vear. This biotech tools can be used by researchers to create
new opportunities for cassava farmers and processors, as well as to solve specilic
problems in cassava production , processing, and marketing .

INTRODUCTION
As participants in this week's meeting are well aware, cassava is grown beca use
of certain unique advantages. On poor soils of the tropics, cassava is a superior
producer of carbohydrates-or food energy-which it concentrates in its starchy
roots. Moreover, cassava survives seasonal drought and has an unequalled ability
to recover when its foliage is damaged, whether by desiccation, pests, diseases, or
even war.
These qualities give cassava two roles in tropical agriculture: it is an
irreplaceable food security crop for some of the most hard-pressed populations in
the world, and lt provides raw material for agroindustrial development . The Cassava
Biotechnology Network (CBN) was founded to respond to cassava's situation of a
decade ago: the crop's importance was no! well known outside the tropics; and

3

while biotechnological tools for agricultural research were developing rapidly, they
were not being applied to cassava.
The first two sections of this paper introduce CBN and CBN's involvement
in research needs assessment, fundamental for setting priorities for cassava
biotechnology . The central section of the paper describes the biotechnologies
currently used in cassava research, and what each can be expected to contribute .
The final sections are a global overview of current cassava biotechnology research
activity, including projects in each research area ,. distribution of research among
developed and developing countries, and estimated timeframes for delivery of
research results .

THE CASSAVA BIOTECHNOlOGY NETWORK
CBN was founded by an international group of scientists during a workshop he Id at
CIAT in 1988. It is an informal forum for cassava biotechnologists, collaborating
research and development specialists, and cassava research users; rather than a
specific project or an organization. CBN's research goals are genetic and processing
improvements for cassava. Its development goal is to encourage interdisciplinary
research in national programs of cassava-growing countries, biotechnology in
projects appropriate to improving national food security and contributing to rural
income. To accomplish these goals, CBN concentrates on three objectives:
Identifying priority objcctives for cassava biotechnology
Stimulating complcmentary, collaborative biotechnology research on topics
of established priority
Fostering exchange 01 information on cassava biotechnology research,
including techniQues , results, and materials

Identifying priorities for cassava biotechnology research
CBN brings biotechnologists in touch with other experts who indicate research
needs and opportunities for small-scale cassava production, processing, and
marketing, and the needs and preferences 01 cassava consumers in developing
countries . Biotechnology research priorities are derived by debate and consensus
in interdisciplinary meetings 01 national and international cassava experts. These
priorities change with economic situations, increased knowledge 01 cassava user
needs, and advances in cassava science ..
Recently, CBN has sought more direct methods of involving cassava farmers
and processors in priority setting. In latin America, CBN has access to farmers
4

through CIAT's participatory research with farmer-processor cooperatives that are
organized around small-scale local processing facilities . To contact farmers in other
reg ions, CBN recently conducted its fir5t case study with farmers in a reg io n of East
Africa where cassava is critical to human survival ; and a second case study in
villages in 50uth China, where cassava is primarily an industrial crop. These
contrasting "micro-studies " will be integrated with ii1ternational- and national-Ievel
data on cassava production , processing, marketing, and use, to arrive at regional
and international priorities that incorporate farmer perspectives. During this week ' s
meeting we will hear reports of CBN's recent farmer contacts and consider how the
resulting information will be used in future rounds of examining and updating
priorities for cassava biotechnology research.
By topic, research priorities for cassava biotechnology fall into two
categories : research applications, and, the necessary biotech tools. Biotechnology
applications considered high priority for cassava include processes for desired
texture , taste, safety, and nutritional value; new product development for realizing
new opportunities; starch quality; integrated pest management; virus resistance;
adaptation to stress environments; and management of cyanogen biochemistry.
Priority biotech tools far cassava include a genetic transformation protocol ; isolation
of useful genes and gene promoters; establishment of a molecular genetic map of
cassava and molecular markers for key traits; molecular characterization of the
genomes of cassava and its relatives; and techniques for regulating cassava
reproductive biology .

Stimulation of cassava biotechnology research
CBN recently announced a 5mall Grants Program to stimulate the development of
proposals for international and interdisciplinary cassava biotech research projects .
The 5mall Grants Program also supplies emergency bridging funds and special
training grants in a limited number of cases.
The ability of CBN-sponsored projects to attract full-scale fund ing will be key
to ensuring that cassava biotechnologies-particularly those that are still in early
research stages-can be developed lO the point of usefulness for national programs
and their clients .

Informatlon exchange for cassava biotechnology research
CBN sponsors biennial international scientific meetiflgs tor presentation and
discussion of scientific progress and outlook, cassava user needs, and review of
cassava biotechnology pr ioritie5. CBN coordina tes its activities and information
w ith other organizations and netwarks having related activities. CBN Coordination
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publishes a newsletter,
proceedings.

directory,

bibliographic information,

and

scientific

BIOTECHNOLOGIES CURRENTLY USED IN CASSAVA RESEARCH

CBN-associated projects currently work with four types of biotechnologies:
micropropagation or tissue culture; molecular maps and molecular markers; genetic
transformation, with gene cloning; and microbial biotechnologies.

Micropropagation: an essential blotechnology for sate conservation and exchange
of cassava germplasm
Tissue culture has special value for cassava, because cassava varieties-unlike rice
varieties or maize inbreds-do not reproduce true to type from seed. Until the
availability of tissue culture, the only way to conserve or exchange cassava varieties
was by using vegetative stakes, which transmit diseases.
Because it was urgently needed for cassava, tissue culture was the first of
the new biotechnologies to become available for cassava. Cassava tissue culture
was developed by researchers in Canada and at CIAT, researchers who later were
instrumental in founding CBN. Tissue culture for cassava is now a mature
technology used in more than a dozen countries .
In a heterozygous, vegetatively-propagated crop, tissue culture has a wide
range of applications. It is used in international and national cassava gene banks,
and for safe international exchange of cassava germplasm . It can also be used for
rapid multiplication of planting material of new cassava varieties . Cryopreservation,
a development from tissue culture, is expected to provide significant cost savings
to germplasm collections that must conserve, on a long-term basis, large numbers
of potentially valuable cassava clones.
Cell culture, another aspect of tissue culture, is a tool for basic research. For
example, single ce lis and protoplasts are the preferred targets for genetic
transformation, beca use a plant grown, or regenerated, from a single transformed
cell or protoplast would carry the desired genetic change in every cell of the plant.
Cultures of single ce lis or protoplasts can also be used to study plant physiology
and genetic variation at the cell level.
The applications and economics of tissue culture will vary with each national
situation, and should be assessed before a new tissue culture lab is set up .
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Molecular markers and a molecular map: tools tor cassava breeding and genetics
Molecular markers are a recent development of a classic tool of genetic research .
Since Mendel, breeders and geneticists have used phenotypic markers such as
flower and seed color to follow segregation of genes in hybrid populations . But
most agriculturally-important genes are not associated with easily observable
phenotypic markers, so breeders have always wanted better markers - markers that
would allow them to follow any important gene. With the discovery of restriction
enzymes that cleave ONA at sequence-specific sit,es, molecular marker technology
evolved as a way of following any specific segment of ONA, and the traits
associated with it.
Unlike phenotypic markers, ONA molecular markers exist in every genotype;
they number in hundreds and thousands in the species so far investigated; and their
expression is neutral (i.e., independent of phenotypic value). Moreover, molecular
markers are independent of the plant's development stage and external
environment . As a result, molecular markers can be seo red and selected using ONA
from seedlings or plants at any growth stage, in any environment.
For example, if a set of molecular markers were established for a certain
desired cooking quality of cassava, a breeding population could be screened for that
cooking quality even at the seedling stage, and even if the physicochemical basis
of the desired cooking qua lit y were not known . More complex, but possibly of
great importance, would be to establish a set of molecular markers for drought
tolerance or for yield in semiarid conditions.
Interdisciplinary research is required to establish molecular markers useful for
plant breeding. Collaborative research involving biotechnologists, plant breeders,
and other specialists is needed to establish the associations (linkages) of specific
molecular markers with traits of agronomic or market interest.
In a few organisms (i.e., maize, wheat, fruit flies ... ), enough morphological
markers were known to permit linkage analysis and development of genetic maps.
Molecular markers offer many more points for constructing a genetic linkage map ,
and can be used in species with few phenotypic markers. A molecular genetic map
of cassava is under now construction, through collaborative interchange agreements
among CIAT, the University of Georgia, and Washington University in Sto Louis.
Several types of molecular markers are being used in the initial cassava
mapping work, including RFLPs (restriction fragment length polymorphisms) and
RAPO (random-amplified polymorphic ONA) primers . Ca:¡sava genomic and cONA
libraries have been produced. A mapping progeny has, beeo developed from the
eros s of cassava clones Nigeria 2 and ICA Cebucan, parents selected for variation
in both agronomic traits and molecular markers. The first group of useful
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polymorphic molecular markers has been identified . The first version of the map
(the "framework" map) is ready.
When completed, the framework map and mapping population will be
available to cassava breeders and collaborating researchers in biotechnology and in
crop production and processing. Interested researchers will evaluate the population
under their target conditions, correlate f ield performance or quality characteristics
with molecular phenotypes, and so establish linkages between the mapped
molecular markers and traits important to the breeding program o The work of
identifying linked molecular markers for any given trait will take from 2 to 4 years,
depending on the complexity of the trait and initial availability of appropriate genetic
stocks. The molecular markers can then be tested for their usefulness in assisting
selection in locally-important breeding populations.
Today, a breeder using molecular markers in a selection program needs
access to a sophisticated biotechnology laboratory; and operating costs are high .
Consequently, the first work with molecular marker-assisted selection of cassava
will be carried out at a few locations and will focus on traits of international
importance . These programs will provide improved source populations to interested
cassava breeders at many sites. In the meantime, molecular marker technoiogy is
still evolving. Faster and less expensive methods for visualizing molecular markers
are a research priority, to make it possible for more breeding programs in future to
afford to use molecular markers in breeding and selecting locally-adapted cassava
varieties.

Genetic transformation: a tool tor introducing new traits
Genetic transformation means inserting into a cell genetic material (ONA) from
another source, and the subsequent express ion of the transgenes in the cell's
phenotype. Genetic transformation is used to introduce traits that are not found
within a species, or to alter the level of express ion of an existing trait beyond the
range achievable by recombination and selection . Transformation methods that are
most promising with cassava include physical bombardment of cells with
microprojectiles coated with ONA, and cocultivation with the bacterial vector
Agrobacterium tumefaciens.
Cassava has proven to be a difficult species for genetic transformation.
Interaction between several labs, each pursuing a different approach, has been
important in achieving progress to date. Transformation of cassava cells can now
be achieved repeatedly . A major bottlenecks is the difficulty of regenerating
uniformly transformed plants from these transformed ceUs.

In-vitro regeneration of cassava plantlets has been obtained only through
somatic embryogenesis, using a system developed at the University of 8ath and
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further developed at CIAT and the Agricultural University of Wageningen . Cassava
somatic embryos arise from multicellular buds . Sorne cells in these buds are
transformed and others not; the somatic embryos and subsequent plantlets are
chimeric. By subculturing small sectors of such chimeric plantlets, CIA T has
regenerated experimental cassava plants that appear to be uniformly transformed
for several marker genes. Regeneration from single callus cells or from protoplasts,
which produces uniformly transformed plants without subculturing, has been
successful in other species but has not been reported for cassava.
Embryogenic suspension cultures developed by the University of Bath are
promising for obtaining regenerated cassava plantlets ftom single ce lis or units of
very few cells. A number of other institutions are also working on improving .
cassava transformation systems. Cassava plants transformed for specific important
cassava traits may be available for experimental observation within 2 to 4 years.

Gene cloning:
cassava

a technology tor obtaining genes for genetic transformation of

Gene cloning is the process currently used for isolating genes from natural sources.
Restriction enzymes are used to fragment DNA of a source organism containing the
desired gene. The fragments are incorporated into the DNA of a bacteriophage,
replacing the phage's infective sequences . When the bacteriophage replicates, the
inserted DNA fragments are amplified (cloned). The phage plaques can then be
probed in various ways to find those containing the gene of interest. Development
of probes is aided by knowledge of the gene's biochemical product, its map
position, or the availability of similar genes already clones in other species.
Once located, the gene is transferred into a genetic construct with
appropriate gene promoter sequences, forouse in genetic transformation. Constructs
to add a new trait to the target organism can use normal or tissue-specific
promoters. They can also be designed 'to enhance expression of an existing trait,
by recomoining a gene with a stronger promoter sequence; or to block express ion
of a trait by using the gene backward in an antisense constructo
Cloning a specific gene can take from 6 months to several years, depending
on knowledge of the gene. The earliest gene cloning research in cassava has been
the search for genes that control key steps in the cyanogenesis pathway. We will
hear more later in the week about the importance and complexity of cassava
cyanogenesis, and possible approaches to managing this paradoxical trait using
cloned genes and genetic transformation. Cassava starch quality genes are another
current target of gene cloning research , beca use starch quality is related to
developing new products and thus creating new markets for cassava production.
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Microbial biotechnologies
Microbial biotechnologies are so called because micro bes (biotic organismsl are used
to alter a substrate to improve it for a human purpose .
Cassava production depends on beneficial mycorrhiza to enhance availability
of soil nutrients to the plant. Deliberate manipulation of the cassava mycorrhizal
system is so far limited to research at CTCRI on mycorrhizal strain selection and
inoculation methods.
In contrast, in cassava processing, a wide variety of microbial biotechnologies
have been developed by traditional small-scale cassava processors.
Fungi
(Aspergillus, Saccharomyces, and othersl and bacteria (mostly Lactobacillus and
Corynebacteriuml are traditionally used to alter functional properties, taste, and
nutritional value of cassava, to preserve it after harvest, and to reduce toxicity.
Some traditional processing biotechnologies function by providing conditions
favorable to naturally occurring microorganisms; others introduce ·starter" cultures.
Microbial biotechnology researchers are actively developing both improved
traditional products and completely new products to open new market opportunities
for cassava.

CASSAVA BIOTECHNOLOGY RESEARCH PROJECTS WORLDWIDE

About 60 cassava biotechnology research projects are currently operating in 25
cassava-growing countries, with another 60 in 13 other countries and two
international centers (Table 11. In developing countries, about half of projects focus
on microbial biotechnologies for cassava processing (Tables 1 and 2); another 30%
involve tissue culture for germplasm conservation and exchange; and the remaining
approximately 20% involve development of biotech tools, genetic manipulation of
cassava quality, and biotech in integrated 'pest management, e.g., transformation
for resistance to viral diseases (Tables 2 and 3). Analogous figures for developed
countries and international centers are 15% in microbial biotechnologies; 4% in
tissue culture; and over 80% in development of biotech tools for cassava.
Cassava tissue culture is used mostly by South and Central American
countries, but increasingly by Asian countries, and by a few countries in Atrica.
Atrica is most active in microbial biotechnology, reflecting the importance ot
microbe-based cassava processing for food security in Africa.
The differences in distribution of research areas between developing and
developed countries partly reflect difterences in research infrastructure and training:
developed countries are in a better position to carry out research on biotechnology
tools. The differences also reflect the simple fact that developing countries grow
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and use cassava . They are the appropriate users of cassava tissue culture for
preservation and exchange of cassava diversity, and they are also better positioned
to conduct research on microbial biotechnologies for cassava products targeted to
national markets.

Delivery schedules for cassava biotechnology research projects
Delivery schedules for cassava biotech research typically have two stages. First,
an intermediate product of cassava biotech research is delivered to plant breeders,
food scientists, and other intermediate researchers, for use in cassava R & D. For
example, a molecular map of cassava will be available as a tool for plant breeders
within ayear (Tables 1 and 2) . Molecular markers to tag specific genes would be
ready in 3 to 4 years once a given project (several molecular marker projects are
planned, but none have yet started). Transgenic cassava plants with altered starch
quality may be available for plant breeders and food processing researchers in 2 to
4 years (Table 3) .
In the second , developmental, stage, the intermediate products of research
are developed into useful forms for farmers, village processors, or cassava-based
industry. For processing and market-related applications, this stage may be
relatively short. For example, cassava varieties with starch or protein quality altered
by genetic transformation could be ready for users within 3 to 4 years after delivery
of the technology to R & D programs (Table 3). In contrast, beca use of the greater
complexity of the genetic systems involved, the development of production-related
cassava biotech applications, such as IPM or varieties with enhanced environmental
adaptation, may take as long as 10 years to reach the end-user.
Thus cassava biotechnology research w ill have both short and long-term
outplJts, depending on the complexity of the application. For these outputs to
become reality, collaboration is essential all along the chain from basic research to
cassava end user. · CBN's most important contribution will be to foster such
collaborative interdisciplinary research.
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Tabla 1. Current projects by biotechnology tools used in cassava research : number of projects in
199 and estimated time frames to delivery.
Biotechnology tool

Approx. number of projects
working to develop this
biotech tool for cassava'

Intermediate product or
tool ready for cassava
breeders, other crop and
food scientists ...

LOC

OC

IARC

Total

Vears to devlllop

Microbial biotechnologies

26

6

2

34

Used now

Tissue culture

17

O

2

19

Used now

Cryopreservation

O

1

1

2

3-4

Molecular map

1

2

1

4

1

Genome research

2

8

2

12

Used now

Gene tagging

O

O

O

O

3-4 per trait

Clonad ganes

1

5

7

1-4 depending on
know. 01 gene

Regeneration, genetic
transformation

6

9

2

17

2-4

Oiagnostic methods for
clean germplasm

O

1

1

O

1-2

Molecular markers

Total
a. LDC - less developed country; OC

95
a

developed country; IARe

z

international agricultural research center.

Note: Another 25 (approx.1 cassava biotechnology projects being conducted in 19~4 deal with other areas such
as molecular biology, biochemistry, virology; 0<, the molecular taxonomy or genetic translormarion 01
microorganisms associated with cassaV3.
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Table 2. Current projects by biotechnology tools used in cassava research: projects as percentage
01 total in 1994 and estimated delivery times .
Percentage 1%) 01 projects
working to develop this
bioteeh tool lor eassava'

Intermediate product or
tool ready lar eassava
breeders, other erop and
lood seientists .. .

LDC

OC + IARC

Total

Years to develop

Mierobial bioteehnologies

50

19

36

. Used now

Tissue culture
lincludina
eryopreservation)

30

10

22

Used now

Biotech tools lor cassava
lincluding :

18

Biotechnology tool

3-4
77

42

Molecular map

1

Molecular markers
Ganome research

Used now

Gene tagaina

3-4 per trait

Cloned aenes

1-4 depending on trait

Reaeneration/translormation

2-4

Diaanostie methods

1-2)

Total

100

100

100

a. LOe = less developed country; De = developed country; IAAe = international agricultural research center.
Note: Another 25 lapprox.1 cassava biotechnology ~rojects being conducted in 1994 deal with other areas such
as molecular biology, biochemistry, virology; or, the molecular taxonomy or genetic translormation 01
microQrganisms associated with r.assav3.
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Table 3 . Current projeets grouped by CBN priority applieation : eassava germplasm eonservation ;
eassava produetion.
Priority
bioteehnology
applieation

Bioteeh
tool'

No. projeets

Researeh
phase'
(years)

Oevelopment
phase'
(years)

LOC

OC

IARC

Sum

17
1
O

O

2
2
1

19
7
2

Used now

(NA)

'-2

(" )

3-4

(" )

4
5
4

2
Usad now

4-5
3-4
3-4

O

3-4

5-8

CenseN.tien
Germplasm
eonseNation
and exehanga

TC
MMs
Cryopres

4

Produetien
Integraled
pest mgt. ,
disease R

Gen Trans
MMs
Mierobial

3
2
2

1
O

O
2
2

MMs

O

O

O

3-4

Adaptation
to stress
environments

a. Te = tissue culture; MMs - molecular markers: Gen Trans = genetic transformation ,
b. Research phase: Intermediate product ready for development research.
c. Development phase: End product ready for technology transfer to cassava produce.s o' processors.
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Tabla

3, continuad. Curren! projects grouped by CBN priority application : cassava procassing and
use.

Priority
biotechnology
application

Biotech
tool'

Starch quar1tity
and quality

New products,
cooking and
eating quality

Cyanogen
management

No. projacts
LOC

OC

IARC

Sum

Gan
Tr¡ins

O

1

2
1

3
4

Microbial

,

1

2

O

2

Rasaarch
phase"
(years)

Oavelopment
phase
(years)

2

4-5
1-2

Usad now

O

O
O

O

4
3-4

MMs
Microbia!

20

8

2

30

Used now

Gen
Trans

1
12

4
2

1
1

6

2-4

15

Usad now

O
O

O
O

O
O

O
O

4-5
3-4 (var.

Ge"
Trans

4-5
5-8
2-4
5-8
1-2

Microbial
Postharvest
deterioration

Gen
Trans
MMs

(see cyan . mgt.)

axists?)
Usad now

Microbial
Enhanced
nutritional
value

Gen
Trans
MMs

O
O
9

1
O

O
O

1
O

2-4
3-4

3

1

13

Usad now

5-8
5-8
' -2
4-5
3-4
1-2

Microbial
a. Te = tissue culture; MMs = molecular markers; Gen Trans = genetic transformation.
b. Research phase: Intermediate product ready for development research.
c. Development phase: End product ready for technology transfer to cassava producers or processors.
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NEEOS ASSESSMENT ANO PRIORITV SETTING
FOR CASSAV A BIOTECHNOLOGV .

ROLE OF CASSAVA IN THE DIET:
URBAN AREAS AND RAIN FORESTS OF COLOMBIA

D. L. Dufour
University of Colorado, Boulder, CO, USA

Cassava (Manihot esculent/l Crantz) plays differeni roles according to dillt. We
compared these roles in the diets of an indigenous people in. lowland rain forests of
Colombia and an urban population . We used participant-observation and interview
techniQues to bener understand consumers' perspectives of the crop and
perceptions of Quality in cassava products in these two populations. For the Indians,
"biner" cultivars are the traditional dietary staple and provide more than 80% of all
food energy. They use cassava for a wide variety of food products, the most
important of which are bread (casabe) and meal ((arilla). Flavor, texture, and color
in both products are very important Qualities. For economically disadvantaged urban
consumers, cassava is a supplementary food and its contribution to energy intake
is low. It is consumed primarily as a fresh vegetable and as a traditional bread
(pandebono) made from fermented cassava starch. For both products, price and
availability are more important than Quality.

INTRODUCTION
Cassava is a food crop with a thousand faces (Moran, 1975). Not only is a large
variety of cassava cultivars grown under many different ecological conditions, but
cassava roots and leaves are processed into an incredible variety of food products.
Most cassava producers are small-scale farmers who have had experience with only
a small group of cultivars . They often have well- defined preferences for the
characteristics of particular cultivars and particular cassava food products.
Understanding and incorporating the perspectives of these farmers and
farmer/consumers are gene rally accepted as critical to the success of cassava
research and development projects (Working Group, 1993). Exactly how the
necessary level of understanding can be achieved is less clear.
Anthropologists and other social scientists have developed research methods
useful for assessing the perceptions and perspectives of small-scale rural and other
groups who consume cassava products. The paper first describes these techniques
in genera} terms and then considers some factors learned from using them. Two
very different groups in Colombia were studied: resource-limited urban consumers
in Cali-a city of two million people-and an indigenous people in Vaupés, an area
still under rain foresto For each group, the more important cassava products in the
diet and the qualities looked for in those products are described. Emphasis is given
to the indigenous group, beca use they are both farmers and consumers of a wide
variety of cassava cultivars and products .
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METHODS FOR ASSESSING PERCEPTIONS OF CASSAVA USERS
Anthropologists use two basic research strategies to assess the perceptions and
perspectives of small-scale farmers and consumers. One is participant-observation
and the other is interviews of individuals or groups .
Participant-observation is a combination of detailed observation, participation
to a greater or lesser degree, and conversation. It is an indispensable starting place
in dealing with social groups different to one's own . It has several important
advantages: first, the conversation allows the researcherto establish the vocabulary
used to tal k about the subject of interest. This vocabulary is typically different to
the scientific one. Second, observation allows the researcher to find out about
things that people do, but may not even be conscious of doing, and so might not
verbalize in an interview. For example, among indigenous groups in the Amazon
region, cassava roots are often scraped to remove the bark rather than peeled as
is common in other parts of the world. (This practice probably affects both
nutritional value and rate of cyanogen removal.) Third, participation helps to
establish rapport and is often the best way to leam why things are done in a
particular way.
The basic assumptions underlying the use of this technique are that the
researcher is there to learn rather than teach, and that the farmers are collaborators
rather than research subjects. Anthropologists also make the assumption that
people who have relied on a crop over generations have a reasonable understanding
of the crop and practical reasons for doing what they do.
As a research technique, participant-observation is particularly important with
rural groups and indigenous peoples who are uncomfortable with or unfamiliar with
the question-answer format of more formal interviews. In my own work with
indigenous peoples, for example, I ha ve found conversations about cassava
production and processing considerably more informative than interviews.
Once a basic level of understanding has been achieved through participantobservation, interviews and rapid rural appraisal techniques can be used to obtain
similar information from a larger number of people. Interviews can be either openended or closed, and can be done with individuals or groups. The latter have
proven to be efficient in reducing research time and logistical costs (Norman, 1989).
As understanding improves, incorporating research tools capable of providing
quantitative and/or more detailed qualitative data may be useful. For example, we
used diet records and 24-h dietary recalls to assess the importance of cassava
foods in diets, and sensory evaluation techniques to assess differences in product
quality.
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RESULTS ANO OISCUSSION
Urban consumers
Economically disadvantaged consumers in Cali consume a diet based on rice and
wheat. Cassava and cassava products account for only about 1 %. of all food items
in the diet, and probably less than 1 % of all dietary energy. Fresh cassava is used
as a vegetable and is an indispensable ingredient of sancocho, a traditional stew of
meat, plantains, and cassava. In these forms, it accounts for only about 0.28% of
all food items consumed (Table 1 l. Women say it is not used more frequently and
sometimes not even in sancocho because it is relatively expensive and not always
available in local stores. The qualities women look for when purchasing fresh
cassava are whiteness of root and freshness {cassava is highly perishablel . Quality,
however, did not appear much of an issue: if a woman was going to make
sancocho and could afford to buy cassa1l'a, she tended to buy what was locally
available. If cassava were a more important part of the diet, women would make
finer distinctions in quality.
These women and their families also consume a traditional bread, pandebono,
made of cassava starch {sour starchl and cheese.
Although it is a much
appreciated breakfast food, it is consumed less frequently than wheat or traditional
maize {arepasl breads {Table 1 l. Again, the relatively higher price of pandebono is
cited as the most important consideration. Estimates of the relative cost per
100 kcal of these bread s correlate with their importance in the dieto

An indigenous people: the Tatuyo-Tukanoans
In the rain forests of Vaupés live a large group of indigenous people known as
Tukanoans. Ecologically, this region is one of black-water rivers, sandy acidic soils,
and high rainfall. The research described here was done with Tatuyo-Tukanoans
living at Yapú. Like other Tukanoans, their principal crop is cassava. They produce
all their own food, except salt, through a combination of swidden horticulture,
fishing, hunting, and gathering. In the eilrly 1990s, they began participating
minimally, but with increasing interest, in the local market economy.
Cassava products are an important part of every mear and provide more than
80% of all the food energy in the diet o This translates to about 419 kg fresh roots
per person per year.
Most of the cassava eaten comes from about 100 cultivars known as kii,
which are considered as poisonous or "bitter." The two cultivars considered as
"sweet" and known as makasera {n = 21 are of minimal importance in the dieto
The Tukanoan classification of kii versus makasera is congruent with the
agronomic distinction between high- and low-cyanogen cultivars. A sample of
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common kii cultivars (n =
from 815 to 1,492 mg kg"
(DMB) . In contrast, the
concentration of 70 mg kg"

13) from Yapú had cyanogen concentrations ranging
with a mean of 1,200 mg kg" on a dry matter basis
two makasera cultivars had an average cyanogen
DMB (Dufour, 1988) .

Cassava products
The roots of kii cultivars are processed by women into a variety of foods.
The most important of these are casabe (Figure 1), a traditional Amazonian bread;
manicuera, a traditional beverage made by boilin'g the liquid byproducts of starch
extraction; and fariña (Figure 2). a coarse meal from which the African gari was
derived . The traditional processing techniques (Figures 3 to 5) used to prepare
these foods eliminate more than 90% of total cyanide in fresh roots (Dufour, 1989).
The qualities Tukanoans loo k for in these products are summarized in
Table 2. Of the many types of casabe, the preferred is about 1 inch thick, white,
slightly sour, with a soft texture similar to that of yeast-Ieavened wheat breads.
Manicuera is sweet and watery;" and fariña is deep yellow and sour, with a large
particle size and high swelling capacity in water. When water is drunk with fariña,
the meal swells, giving the eater a feeling of fullness.
The Tatuyo-Tukanoans use two basic processing techniques to achieve these
characteristics: one for casabe, with manicuera and starch as byproducts; and the
other for fariña. To make casabe, the women harvest roots of avariety of whitefleshed cultivars. The roots are scraped to remove the bark, grated to a fine pulp,
and the grated mash then washed to extract the starch . The washed mash and
extracted starch are allowed to ferment for about 48 h. The fermented mash is
then drained, a portio n lightly toasted, recombined with moist starch, and baked on
a griddle to form a large flat bread.
Not all the extracted starch is used to make casabe: so me is also used to
thicken beverages and other dishes. 'Manicuera is made by boiling the liquid
byproducts of starch extraction.
For casabe, several factors influence the flavor, texture, and color. One is
the initial separation of starch and fiber . As described aboye, casabe can be made
from fermented mash, or directly from freshly grated mash, but the resultant bread s
in this case are noticeably different in texturs. They tend to be denser and less
bread-like, and are thus less highly esteemed and only occasiol1ally made TatuyoTukanoans.
A second factor is the perlad of fermentlltion of starch and fiber; a minimum
of 48 h is necessary to achieve the desired sourness. Whether the fermentation
period is also important in achieving the desired texture is not known .
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A third factor is the relative proportions of starch and washed mash in the
finished bread ; too much starch results in a gummy texture. A fourth factor is
whiteness, which is achieved by using roots with white parenchyma. Although
women prefer white peel, they do use cultivars with a variety of peel colors.
For manicuera, roots of some cultivars produce sweeter manicuera than
others, and the roots of these cultivars are usually included in the harvest.
Women distinguish between low, medium, and high starch cultivars by
testing the physical hardness of the roots. The harder roots have higher starch
contents, and some of these are usually harvested to maKe casabe and starch. The
roots of these cultivars have dry maner contents ranging from 29% to 41 %
(n = 13) (Dufour, 1988). But such roots produce less sweet manicuera. In routine
processing, therefore, the women use a mixture of different cultivars to obtain the
best quality products.
To make fariña, a different processing technique is used . The yellow roots
of a variety of cultivars are harvested and soaked in water for several days, then
peeled and grated. The resulting mash is then combined with a mash made from
freshly harvested and grated roots in a ratio of about 1 part fresh to 4 parts soaked .
The mixture is left to ferment for several days, preferably longer . The fermented
mash is then drained and toasted on a griddle whíle being stirred .
Sourness depends on the period of fermentation . The factors determining
particle size and swelling capacity are not known, but may be related to the period
of fermentation and the cultivars used . One cultivar, for example, has an un usual
swelling capacity.
Culinary differences between kíí and makasera

Kii and makasera have entirely diHerent culinary eHects. Although all the
important food products can be made with makasera instead of the customary kii
cultivars, they rarely are. The resulting qualitative diHerences in the food products
are sufficient to be culturally significant (Dufour, 1993). For example, fariña made
from makasera cultivars is white, and tends to have smaller particles and a
noticeably smaller swelling capacity in water. The eater therefore feels less
satisfied (Figure 2) . Casabe made from makasera, although similar in appearance
to that made from kii, has less flavor, that is, les s of a fermented taste. So me
informants say that manicuera made from makasera cultivars is les s sweet than that
made from kii cultivars.
Constrail)ts in production and processing
Although the Tukanoan production system, availability of land, and the high
cyanogen content of preferred cultivars do not present major problems, the work
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involved in processing for casabe is considered as unduly heavy. A mechanical
grater would eaS9 the women's work load.

IMPLlCATIONS FOR FURTHER RESEARCH

Cassava plays markedly different roles in the diets of the two groups discussed
here, according to their preferences in cassava products. The strong cultural
preference for high-cyanogen cultivars shown by Tukanoan Indians warrants further
research. This same preference has been reported for other indigenous groups in
the Amazon region (Steward and Faron, 19591. High-cyanogen cultivars also
appear to be preferred for sour starch production in Colombia and farinha production
in Brazil. The Tukanoan data suggest starch quality is a factor, but unidentified
ecological and agronomic factors may also be associated with this preference.
Social scientists can help address the question of preference for highcyanogen cultivars by defining the geographic extent of this preference, the.
products it is associated with, and the desired qualities of those products. Food
scientists can then link the qualities identified with those functional properties 01
starch that can be measured in the laboratory. The use of biotechnology would help
indicate whether the relationship between cyanide and starch quality is genetic
and/or chemical.
The Tukanoan custom of using a mixture of different cultivars to prepare
popular food products suggests another avenue of research. In situations where
processed cassava products are used, biotechnology could help produce a set of
cultivars, rather than a single cultivar, to meet local needs. This would encourage
cultivar diversity in local agricultural systems, which could then take advantage 01
this diversity in pest control.
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Table 1. Cassava and cassava-based foods as a percentage of all food items in diets of women in
Cali, Colombia, compared with other foods with similar dietary roles. Percentages were
calculated from 500 days of food intake; costs are for 1991 in Colombia n pesos .
Percentage

Cost per 1,000 kcal in
Colombian pesos

Fresh cassava roots

0.28

164

Potatoes

2.45

143

12.96

100

Maize

1.60
2 .60

481
418

Wheat

6 . 15

148

Product

Rice
Breads
Cassava

Table 2. Oualities looked for by Tatuyo-Tukanoans in their major cassava products .
Product

Cotor

Taste

Texture

CIISlIbtl

Whit.

Slightly sour

Bread-like, thick

Yallow

Sweet
Slightly sour

Thin liquid
Coarsa, high swelling capacity

Mllnicuer.

Fa,"".
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Figures 1. Tukanoan cassava bread or casabe.
2. Fariña in water, as typically served by
Tukanoans.
3 . Tukanoan woman scraplng cassava roots
to remove bark.
4. Tukanoan woman grating cassava roots.
5. Tukanoan woman extracting starch from
grated cassava roots .

VILLAGE PERSPECTIVES ON CASSAVA:
CBN CASE STUDY IN TANZANIA
A. M. Thro', M. Msabaha 2, H. Kulembeka", W. Shengero', A. Kapande',
N. Mlingi', L. Hemed' and P. Digges'; with J . Cropley·
'CBN, CIAT, Cali, Colombia; 2S outhern Highlands Zonal Research 8< Training Centre,
Uyole, Tanzania; 3National Root Crops Program, Ukiriguru, Tanzania;
4Tanzania Home Economics Assoc., Mwanza, Tanzania; 'Tanzania Food and Nutrition
Centre, Dar es Salaam, Tanzania; ·Natural Resourcas Institute,
Chatham Maritime, United Kingdom

The Cassava Biotechnology Network (CBN) has a role in providing biotechnologists
with information on the needs of developing country producers, processors,
marketers, and consumers of cassava. CBN is exploring ways of learning the
perspectives of cassava users in a manner repeatable at intervals or in different
regions. A study in Tanzania used Rapid Rural Appraisal (RRA), chosen for its fit
cost-effectiveness and quickness. Major findings concerned villagers' perspectives
on cassava production stresses (the region has been hard hit by delayed rains, insect
pests and declining soil fertility); varietal diversity deployed to satisfy a range of
requirements; reasons for use of both high- and low-cyanogenic cassava; and
villagers' keen interest in new cas.ava cultivara and processing methods, including
novel products for village-Ievel commerclalization. In the region studied, men are
traditionally responsible for decisions about cassava production and processing,
though comments by villagers suggested "regular consultation between men and
women. Women are responsible for most of the cassava-related labor" Decisions
about small-scale daily harvest, processing and sales, are an exception; these
decisions are generally made by women. Biotechnological research for villagers in
this region can focus in the short term on microbial biotechnologies for faster, safer,
more nutritious cassava products;' and on exploring the feasibility of
micropropagation for increasing initial planting material of de si rabie cultivars. In the
medium term, transgenic experimental genotypes may permit study of cyanogenesis
and its relationship to cassava productivity, plant defense and processing quality;
postharvest deterioration and its effects on women's activities; and altered root
protein or vitamin contento In the long term, molecular marker-assisted selection
may permit fas ter and farther progress in cassava breeding for sil villager concerns
¡han is possible with present breeding tools, including complex research objectives
such as adaptation to stress environments.

INTRODUCTION
The CBN approach
The CBN emphasizes its role in providing biotechnologists with information on the
needs of developing country producers, processors, marketers and consumers of
cassava (i.e., the users of cassava) . Needs assessments across all phases of the
producer-to-consumer channel are combined with other information such as
research costs and likelihood of success to develop research priorities.
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A need for structured involvement of cassava users
In Latin America, CBN has had access to farmer contact through CIAT's
involvement in participatory research with members of farmer-processor
cooperatives organized around small-scale local processing facilities. In search of
direct farmer contact in other regions, CBN chose to conduct an initial case study
in Africa, a region where cassava is critical not only to economic prosperity but also
to survival.
This case study explored the potential for obtaining the perspectives and
opinions of cassava users directly, informally and quickly, in a way that could be
repeated at intervals or in different regions by any program such as CBN, whose
main investment must be in research but which requires for its direction a practical
method of current interaction with end-users.

The production-processing link
The case study gave equal attention to cassava production and processing. Given
cassava's unique biology, any needs assessment must consider harvesting (the last
step in productionl. proce~sing and, in many situations, marketing as well as a
single continuous activity.
Cassava's food security value in a cropping system derives from unique
characteristics that give a farmer insurance and flexibility at important points in the
production cycle . The cassava plant can recover from damage to aerial parts
caused by drought, insects, diseases or war; and mature edible roots can persist
unharvested for months or even years in the soil-in contrast with other staples,
which deteriorate if not harvested during at or soon after maturity. Once harvested,
however, cassava deteriorates rapidly, within 24 hours to several days . The farmer
no longer has flexibility and must have a specific plan for prompt processing or
marketing to another processor. Cassalla harvesting and processing, with or
without a short intermediate marketing step, are considered together by the
farmer-and consequently by the investigator.

METHODS
The case study was conducted in the Mwanza, Mara and Kagera regions of the
Lake Zone of northern Tan:.~ania, a cassava-dependent subsistence farming area .
Most of the Lake Zone is a lowland, seasonally dry area with 4-6 months 01 dry
season, high population density, and relatively good access to the central part of
the Zone (Mwanza Region). Away from Mwanza, acccss deterrorates . Agriculture
is the major economic activity in the Lake Zone, and cassava and maize are the
dominant food crops. The Tanzania Lake Zone is a study ilre3 of COSCA (an
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international Collélborative Study of Cassava in Africa). CBN site-selection was
based on COSCA research, and included both COSCA and non-COSCA villages.
The Rapid Rural Appraisal (RRA) approach (Beebe, 1985) was chosen for its
cost-effectiveness and relative quickness in gathering information from cassava
users about their needs and preferences . This case study will serve one of the
functions for which the RRA methodology was developed: to provide information
for the interim research decisions that will be made before the results of more
complete studies are avaHable. The full analysis of COSCA data for Tanzania and
other African countries will permit cross-validatión and fuller interpretation of CBN
findings. This will permit linkage between the local farmers' opinions and CBN's
need to conduct its research priority setting on a global or, at least, continental
scale.
After a one-week planning meeting, the CBN teams spent two weeks in the
field, followed by a team write-up meeting during the fourth week. Case study
participants were chosen and distributed to represent a range of expertise and, in
an effort to put villagers at ease, to provide at least one woman and not more than
one "outsider" on each team.
Group interviews in villages were considered the most efficient means of
gaining information, particularly beca use of the government "villagization program" .
Very few rural people in Tanzania live outside villages. The team had little control
over representativeness of village groups; however, although differences in relative
prosperity surely existed, all villagers were small farmers struggling with a harsh ·
environment, poverty and isolation. Generally, men made up the majority of the
village groups. Women's opinions were obtained because CBN tea m questions
about cassava processing resulted in women being called or, often, in movement
of the group to areas where womcn were processing cassava.

FINDINGS

A crop under stress
The Lake Zone region has experienced several successive years of delayed and
inadequate rains. The mealybug has been asevere pest in most of the region and
was said to have completely wiped out the cassava crop in Mara for two years.
The pest and the drought interact to cause greater damage than each alone. Even
cultivars described as resistant are only tolerant, able to produce some yield even
in the presence of mealybugs. Scale insects and green mites were commonly
observed.
Cassava yields in at least one village were declin ing. In this village, close to
the Serengeti National Park, farmers said they did not have enough land to open
new fields and that soil fertility was wearing out with continuous cropping.
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Varietal diversity to satisfy many needs
Lake Zone farmers grow many cultivars, in separate fields, to satisfy a range of
needs: early maturity for food in a hurry; long-term in-ground storage ability for
food security; processing into the sta pie "ugal"" (stift porridge); for quick
preparation as raw snacks or boiled; production of leaves (an important green
vegetable) and firewood. Some cultivars were grown for extreme "bitterness,"
which repelled predation from wild pigs and rats, frequently mentioned causes of
crop loss . Most villages grew two or three "bitter" cultivars on most of their
cassava area, and two to five or more "sweet" cultivars.'
Lack of planting material and the desire to get planting material of new
cultivars, were often mentioned by villagers. Stories told about cultivar names
showed that the villagers were eager collectors and testers of new cultivars .

Porridge, beer and local experimenters
In the Lake Zone, most of the cassava crop is processed into a storage form,
generally "udaga", pieces of dry-fermented, sun-dried cassava ranging from the size
of an egg to much smaller, which are later pounded to flour and made into ugali.
Beer is commonly made. "Sweet" cultivars are eaten boiled or raw. A packed-heap
open-air dry fermentation process using prefermented inoculum, shown to the CBN
tea m in two villages, was not previously known to any team member .
Both women and men frequently asked how the speed, safety and nutritional
value of their village's cassava processing methods could be improved. Sorne
women had experimented (unsuccessfully) with mixtures of cassava and wheat
flour, in an attempt to sustain their production of baked goods for sale in the local
market during a time of wheat flour shortage.

Gender roles in cassava production and processing
Men are traditionally responsible for most decisions related to cassava production
and processing. Comments by villagers suggested that decision-making aetually
involves consultation between men and women in a household. Decisions
coneerning cultivation, planting, weeding and large sales are generally made or
finalized by meno Decisions about small-seale daily harvest, processing and sales
are generally made by women .

1.

The designations ·bitter· or ·sweet· were in sorne cases used analogously to high and
low cyanogen contento In other cases there are discrepancies between the reported uses
and effects of ·bitter· and ·sweet· cultivars, compared with uses and effects expected
from high or low cyanogen cultivars.
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Women are responsible for most labor except land preparation. In Mara,
planting is done by women and children; whereas in the other two regions, it is
considered men's work. In female-headed households, women do al/ decisionmaking and labor, although male neighbors assist with land preparation when
possible. The team saw many women preparing land alone.
Except for making beer, cassava processing is exciusively a women' s activity.
Smal/-scale sales of cassava are entirely women's responsibility, as is the use of
proceeds from such smal/ sales, which are usual/y spent on household necessities
(e.g., soap, matches). Large-scale sales, general/y involving the sale of cassava
rows in the field, sometimes for cash and sometimes for cattle, are made by meno
In vil/agers' comments these large-scale in-field sales were associated with large
cash needs such as school fees, situations of food stress or other hardships.

Visualizing solutlons to problems
"What if" questions generated little discussion. It was difficult to imagine
implications of total/y new innovations. Some constraints that may be amenable
to technical solutions through research are not seen as problems by vil/agers, but
rather as part of the background. For example, vil/agers mentioned the heaviness
of planting stakes and the slow rate of multiplication of new cultivars, but did not
speculate about seed-propagated cassava .

IMPlICATIONS FOR CASSAVA RESEARCH
Conflrmation for research In progress
Many of the CBN case study findings based on vil/age discussions reinforce the
importance of research airead y being conducted; for example, research on the
nature and effects of cassava cyanogenesis, on vil/age-Ievel cassava processing
methods (both traditional and newl for cassava for home consumption and for smal/
or home-based commercial activities, and on enhancing the adaptation of cassava
to environments with long dry seasons and/or irregular rainfal/.
Mealybug-resistant or tolerant cultivars have been the object of extensive
research, but no real resistance has been found. Biocontrol methods developed for
mealybugs ha ve been introduced in the Lake Zone, the effect of which may just
now be becoming noticeable beca use mealybug pressure has decreased. Vil/agers
did not mention the cassava green mite as a problem; however, CBN teams
observed the combined presence of green mite and chlorosis in many fields,
suggesting that current research on cassava green mite may be important to
forestal/ a problem that farmers may not recognize until mealybug has been
control/ed.
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Research for women
Women's responsibility for harvesting and processing suggests these as targets for
specific e1forts to improve women's circumstanees. Root shape for ease of
harvesting, a criterion in eassava improvement programs, is of direet benefit to
women. Research on improving and diversifying processing, reducing the rate 01
postharvest root deteriofation, and processing-related aspeets of eyanogenesis wil/
have speci1ic eHects on women, some of whieh could be difficult to anticipate or
evaluate. Proeessing innovations should be tested with women at the vil/age level
in diverse situations and for some time befo re dissemination.

New research dlrections
New areas for cassava researeh sugges'ted by these findings inelude nutrient use
eHiciency and the association between early maturity and in-ground storability. The
traits early maturity and in-ground storability, both highly important to lake Zone.
vil/agers, are negatively associated in their cultivars. Further work is needed on
optimum ways to gather in10rmation about the possible effeets of total/y novel
innovations and their suitability for a given system.

Research participants
lake Zone vil/agers appear to be keenly interested in obtaining and testing new
cultivars and processing methods. This suggests that they eould be good research
col/aborators.

Potential role 01 biotechnology
In the short term, .mierobial biotechnologies should be improved for faster, safer,
more nutritious cassava fermentated products. Cassava tissue culture is a mature
technology that can dramatical/y speed up cultivar multiplication and should be
assessed, 810ng with other methods, for possible integration into the technology
transfer program for ineieased availability of desirable cultivars. Molecular marker
fingerprinting can provide aecurate information on distribution of eassava genetic
diversity in lake Zone fields.
In the medium term, unique experimental genotypes ereated through gene
eloning and genetic transformation wil/ be ready for initial testing and wil/ permit
study of critical aspeets of cassava biology ineluding eyanogenesis and its
relationship to productivity, plant defense and proeessing quality; postharvest
deterioration; and altered root protein or vitamin contento This strategic researeh
could be done in the lake Zone and/or in eeologieal/y similar areas.
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In the long term, molecular marker-assisted selection may permit faster and
farther progress in cassava breeding for al/ villager concerns than is possible with
present breeding tools, including such complex research objectives as adaptation
to stress environments or development of early-maturing cultivars with long inground storability. A local breeding program may use source populations, improved
for desired traits using molecular marker-assisted selection at a larger reseal'ch
center, for breeding with local cultivars. Selected genetically transformed plants
may be used in breeding with locally adapted cultivars to improve traits for which
there is little or no genetic variation available in cassava, such as specifically altered
cyanogen metabolism, postharvest deterioration or root nutritional value.

Cassava blotechnology research In Tanzanl.
Cassava biotechnology research in Tanzania is concentrated in the area of microbial
biotechnologies, and it is in this area where the present case study information will
find immediate use. Currently, there is no other biotechnology research on cassava
and little biotechnology research "capacity in Tanzania.
There are, however, national institutions in place that will be able use the
information obtained in this case study . Both organizations immediately concerned
with research for cassava production and utilization in Tanzania contributed to the
Lake Zone study. These are the Tanzania Ministry of Agriculture (MOA). which has
responsibility for plant breeding and agricultural technology diffusion, and the
Tanzania Food and Nutrition Centre (TFNCI, which is responsible for cassava
processing research including microbial biotechnologies. In addition, Tanzania has
founded a Commission on Science and Technology (COSTEC) to assess potential
research investments across institutions in Tanzania. It is hoped that COSTEC,
MOA, and TFNC will find that information useful to them in planning national
research for cassava and biotechnology.

Toward a CBN methodology for tarmer interaction
A second case study will be conducted in South China, a region very different from
the Tanzanian Lake Zone. The RRA methodology used by CBN in Tanzania will be
reviewed and revised befo re that study. Collaborative review after the second
study will further refine a ·CBN methodology· to facilitate CBN's direct interaction
with small-scale cassava farmers, processors and users.
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INCORPORATING A USER-PERSPECTIVE IN PRIORITY SETTING:
THE CASE OF THE CASSAVA BIOTECHNOLOGY NETWORK

J . K. Lynam

Rockefeller Foundation
INTROOUCTION
5ince funds for agricultural research are scarce, it is important that they be used to
resolve the most important agricultural problems . Judicial use of public funds ,
whether from government treasuries or donor agencies, provides the raison d'etre
for priority setting. It is rare for research institutes to have rigorous priority setting
frameworks integrally linked to budgeting cycles. Instead, priority setting is usually
used to justify funding, aid in research planning, and assess new lines of work or
close down existing programs. The development of a priority setting framework for
the Cassava Biotechnology Network (CBN) is intended to do the latter, namely serve
to justify donor investment in cassava biotechnology and to help plan research
within the network .

PRIORITY SETilNG ANO CBN REQUIREMENTS
How priorities are set depends on the unique features of the cassava crap,
biotechnology as an area of research, and the organizational structure of the CBN.
Each of these introduces a certain complexity to the task, which will affect how and
whether standard methods in priority setting can be applied .

Crop characteristics
Cassava is grown almost exclusively by smallholder farmers throughout the tropics.
Because it adapts to soil and climatic stresses, it is grown across a wide, diverse
set of agroecological conditions. Further, beca use cassava is a low-value crop, its
comparative advantage tends to be in more marginal agricultural areas.
Nevertheless, virtually no agrochemical inputs are used in cassava production. So
an interacting set of climatic, edaphic, and biotic elements, not mediated by inputs
and only partially by farmer management of the crop, affect cassava yields . In
evaluating potential impact of a particular technology on yield, it is difficult to
specify: (1) the extent of conditions under which the technology would be
appropriate; and (2) its contribution to increase yield, given that other constraints
could quickly beco me limiting. Estimating yield impact may be further complicated,
since effective control of biotic constraints may provide the pre-conditions for
investment in inputs to ameliorate abiotic, particularly edaphic, constraints .
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Farmers, espeeially in Latin Ameriea and Afriea, manage a variable and
eonstrained environment by planting a wide range of varieties. Twenty years of
breeding has made some, still limited, progress with the adoption of improved
varieties, exeept in parts of Asia. where genetie diversity is mueh more limited and
where markets ha ve introdueed a demand for new charaeters . But Afriean eassava
mosaie virus IACMV)-resistant varieti~s seem to have been widely adopted in
Nigeria (PoJson and Spencer, 1992), praviding so me argument against this position,
although this has been influenced by significant growth in the gari market.
Evaluating the possible impact of biotechnology research will have to take into
account the links between biotechnology labaratories, conventional breeding
programs, and "seed" multiplication and distribution systems .
The other feature separating cassava from cereals or grain legumes is the
potential of technological change in modifying root Quality or processing (Lynam and
Janssen, 1992). As a raw material, cassava can be processed into a wide variety
of products for toad and industrial uses, such as starch, flour, animal feed, alcohol,
glucose, and others . Because roots are bulky and perishable, much of the
processing is done locally, at the household or village level, and often by women.
Specifying market and demand is therefore critical to evaluating possible benefits
of technical change. Another characteristic of cassava is the high level of
cyanoglucosides in the roots that, when not properly managed, can induce health
problems such as goiter and a neuralogical condition known as konzo . This can
extend estimating benefits into the Quite complicated area of human health.

Biotechnology research characteristlcs
Biotechnological research has particular features that influence how it is evaluated.
First, befo re biotechnology can be applied to cassava production and utilization
problems, research is needed to produce the tools that make application possible.
This may be conceived as a fixed investment that may be apportioned acrass all
problem applications. Essential research includes developing a plant regeneration
system and a robust genetic transformation system, and creating a genetic map of
the cassava genome. Besides providing the base for gene applications, this
research can also improve the cost efficiency of more conventional research, such
as the use of anther culture in rice breeding (Sanint et al., 1993) . The cassava
research and technology delivery system in itself potentially beco mes more cost
efficient and can be used at any stage of the varietal production and distribution
system.
The supply of biotechnologies is defined in terms of single genetic
characteristics underlying plant productivity or root Quality. To be economically
useful, the genetic constructs must be introduced into varieties with appropriate
agronomic backgrounds and those varieties distributed to and adopted by farmers.
Conventional breeding programs must genetically manipulate a range of
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characteristics, often integrated into a single measure such as yield, and usually
targeted to particular agroclimatic environments and markets. Two points follow
from this. First, since in theory gene constructs can be inserted into any varietal
background, priority setting in the CBN must take a global view, while recognizing
that any gene construct will be applied selectively over the world's cassava
distribution. Second, priority setting in biotechnological applications is not
independent of that in the rest of the cassava research and development (R&D)
system, especially in traditional breeding activities. . Moreover, there are both
complementary and competitive aspects to investments in biotechnology and
conventional breeding programs.

The CBN organizatlon
The CBN is an active research consultation network linking laboratories in both
developed and developing countries currently involved in biotechnological research
on cassava. The network's aims can be summarized as: to provide current and
periodic discussion and reassessment of cassava biotechnology research on topics
of established priority, through coordinating international experience and efforts,
and through exchanging information. The CBN has no central pool of resources to
fund research but has a management structure guiding its activities. Priority setting
capacity is being developed as a network service to: guide overall management of
the network, use in research planning, and justify project funding to donors. There
is something of a conundrum in this structure, since priority setting serves biotech
laboratories but the information underlying it comes from the rest of the cassava
R&D community, especially socio-economic researchers. This is another argument
for a comprehensive priority setting framework for all cassava R&D.
In designing any priority setting capaclty, there are significant trade-offs
between analysis rigor, output credibility, data retrieval costs, and the collation,
collection and precision of use in research decision-making . National agricultural
planners, treasury officials, or donors (those controlling funds going into agricultural
research) hardly take notice of cassava. To justify increased funding for cassava
needs a level of rigor not normally required in crops such as rice and maize. Also,
since biotechnology priorities are defined at the level of single-trait, plant
characteristics, a level 01 precision is required beyond that found in most priority
setting frameworks. The CBN has limited funds to put into priority setting. It is still
not clear how these trada-offs will be decided.

COMPONENTS OF A PRIORITV SETTING STRUCTURE
In simplified terms, a priority setting framework has the following components or
stages: (1) problem identifying, (2) solution (technology) defining, (3) ex-ante
impac. evaluating, and (4) priority ranking, resource allocating and decision-making .
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Problem Identifying
At this stage, the problem set is identified and the distribution and severity of each
constraint established. Most priority setting exercises use expert opinion in some
form of elicitation process to address these issues (Herdt, 1991; Alston et al.,
1994). But the CBN feels it essential that a user perspective drive the setting of
research priorities. Incorporating user perspective has two potential components:
(1) users identifying problems and (2) users ranking of these. Only the first
component is dealt with at this point.
A user perspective starts from the premise that individual users are best
aware of the problems they face and in the end are the final arbiters over the
agricultural technologies developed, since it is they who will apply them. With the
development of farming systems research in the 1970s, methods have been
increasingly refined to better link research to small-scale farmer needs. The focus
of most of this work has been on developing better adaptive research methods but
increasingly there have been attempts, especiaily through participatory research, to
reform research institutions themselves to better address farmer needs. Onlya few
attempts have been made to incorporate farmers in the actual planning of the
research process, including setting priorities (Bunders and Broerse, 1991). The last
is feasible only in localized situations, where there is a desire to make research
institutions more accountable to farmer needs . The problem definition remains
relatively coarse, for example, "improvement of cheap inputs to improve soil fertility
or improvement and introduction of fodder crops" (Bunders, 1990). Existing
methodologies need majar adaptation to incorporate a user perspectiva into priority
setting across single trait characteristics in a single crop at a global scale.
The CBN undertook a rapid rural appraisal (RRA) in northern Tanzania to test
some existing methods (Thro et al., 1993). The exercise highlighted a number of
issues at the stage of identifying problems. First, evaluating constraints has to take
into account higher system levels (namely, farming, marketing, consumption, and
agroecological systems), within which cassava is grown. Second, identifying
varietal characteristics was relatively coarse, for example: high yield, drought
tolerance, good yielding ability under low nutrient status. Third, farmers were
unable to identify all the relevant constraints, such as green spider mites. Fourth,
farmers were unable to easily evaluate ·what if· questions, such as, ·what would
be the value of a non-perishable cassava root7~. This is particularly important for
sorne biotechnological applications.
Finally, it was difficult to develop a
standardized set of data applying across all the villages and then assessing needs
across the villages to arrive at the most important problems for the region as a
whole.
Yet, while the focus here is on identifying sorne of the knotty
methodological issues, given the lack of information on cassava production and
processing systems, the report collects and distils a substaritiai amount of very
useful information. The next section makes sorne atternpt to resolve these issues
in identifying problems.
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Technology definltion
A yield constraint or a market opportunity has then to be translated into a
technology that will lead to increased productivity, a higher value root, (Ir a lower
cost processing syst em. Often a coarser problem definition has to be further broken
into its component parts that in turn may require more diagnosis and research in the
field, or móre strategic on-station or laboratory research . Let us take as an example
the ability to yield well under low nutrient status soils . This requires some definition
of which nutrient is most limiting . If phosphorus is limiting, is there a problem w ith
mycorrihiza association 7 Is soil eros ion leading to nutrient los s or is nutrient
depletion only through crop oH-take7 How can the eHiciency of using nutrients be
improved as against the ability to more efficiently extract them7 It is important to
note that answers to these issues vary across agro-ecosystems and farms. Such
complexity introduces a point of trade-offs in costs of diagnostic studies at farmlevei. For a more detailed analysis of the problem strictly structured interview
methods are needed and, more critically, biophysical samples and measurements.
Thus, even after sn RRA or a participatory rural appraisal (PRAl. actually defining
the echnological intervention will rely either on expert opinion (although w ith more
information) or on more intensive on-farm diagnostic methods.
Further, there may be multiple solutions to a problem. A solution to a biotic
constraint may consist of cultural practices, biological control, pesticides, or
res istant cultivars. The theory supporting integrated pest management suggests the
view that multiple components are most effective in solutions. In practice,
technology dissemination systems cannot cope well with systems technolog ies and
a single intervention is usually relied upon, such as biological control for cassava
mealybug and host plant resistance for ACMV. In terms of biotechnological
research priorities, multiple solutions introduce the issue of the cost advantage of
biotechnology in resolving problems . A good example is acyanogenesis . It is clear
that in so me situations, especially where cyanide-induced health problems exist,
developing acyanogenetic varieties through biotechnology would be the best
solution. But in most situations, cyanide is already effectively managed through
processing systems and, in many cases, high cyanide varieties are preferred for
taste and other reasons . Acyanogenic varieties are thus a technology that should
be highly targeted.
One final issue deserving discussion here is the trade-offs between a costeffective mechanism for deployment of bioengineered gene constructs and
biodiverSity within cassava. There are no widely grown cassava varieties; rather ,
cultivars seem to have a relatively narrow range oi adaptation and improved
varieties have a difficult time competing with the existing range of relatively welladapted cultivars. Deployment of gene constructs could either be linked to existing
breeding programs or targeted on existing cultivars with known agronomic
backgrounds. The last raises issues of cost effectiveness, given the decentralized
laboratory capacity needed in place to make it feasible and the known varietal
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differences in applying biotechnological tools. With the advent of biotechnology,
the central questions are: what should be the varietal improvement strategy for
cassava; and whether rethinking a joint, integrated breeding/biotechnology strategy
would be in order, especially in terms taking advantage of existing biodiversity in
the crop.

Ex-ante Impact
Increase in yield or improvement in root quality does not alone determine the impact
of a successful technology on farmer or other user welfare. The adjustments in
higher system levels to those productivity changes do so. This may come at
household, farming, agroecological, or market system level. Substantially increasing
women's labor to improve efficiency in the cropping or processing system may
adverselyaffect such factors as child 'health and nutrition, cyanide elimination, or
sustainable firewood foraging. Market impacts can have even larger welfare
implications (Renkow, 1991). An extreme example would be raising cassava yields
from 10 to 50 tons per hectare., If markets were very inelastic, as they are for
traditional cassava products, this could reduce the number of farmers selling to the
market by as much as 80%, with high equity implications.
Such ex-ante impact evaluation requires the tools and methods of the social
sciences . It has very much a user perspective but cannot be handled by
participatory research techniques focussing only on needs assessment -that is only
a first step . Many areas of most concern to the CBN need to be evaluated within
quite complex, higher system levels, especially processing and market systems.
These include acyanogenesis (Lynam, n.d.), delayed post-harvest deterioration
(Lynam, 1993), starch quality, and true or artificial seed . Such ex-ante impact
evaluation is very data intensive and should only be attempted in well-selected case
studies (Janssen, 1986), with possibilities of extrapolating those results . How to
organize such case studies still remains a 'q uestion within the CBN's priority-setting
work.
An important feature of impact evaluation is that there must be a standard
for comparison of welfare changes across cassava farmers, processors, and
consumers. The most common standard is income change, often involving nonmarket valuation but it could also be specified as a change in nutrition or an
environmental indicator, although the last two can only be applied in relatively
specific cases. Evaluating technology impact in terms of changes in net income
benefits allows analyzing distributional effects, comparing alternative technologies,
aggregating across farmers or consumers, comparing with research costs of
research (cost-benefit analysisl and assessing relative returns to alternative research
lines-much more information than a simple ranking of priorities,
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Priority setting
The priority assessment framework sketched aboye proceeds from field-Ievel data
collection, assessment within both a research and a socio-economic environment,
and synthesis for research management. It is now possible to return to the issue
of whether direct needs assessment can by-pass the two middle steps. Within
standard PRA methodologies, there are techniques farmers can use to rank their
problems, either individually or in groups. This is useful information but how do
researchers effectively use it and how is it used as input into the management of
the research network. First, obviously it is impossible for a network setting
priorities at a global level to have a needs assessment of all cassava users in the
world. This introduces two interrelated issues: (1) how to sample across the
extraordinary diversity in cassava production, processing, and consumption systems
and (2) how to aggregate users' priority rankings. Weights within the sampling
frame are obviously necessary to do the aggregation. But this assumes that there
is a procedure to aggregate ordinal rankings. Assuming the aggregation could be
done, it is still unclear how useful the information would be. Trade-offs between
farmers, processors and consumers could not be evaluated (e.g., in the case of
acyanogenesis). Moreover, there remain the difficulties of translating coarse
problems into technologies and evaluating possible adverse socio-economic impacts.
Since resource allocation is not managed within the CBN, a rigorous priority
setting stage is not really needed. What is being argued for in the first three stages
is an information system that will help in research planning, targeting research
results, assessing research options and justifying the importance of the problem .
Most of the information is generated in the field but systematized within a database
that in essence links the farmer to the laboratory. It is the structure of that
database which is discussed in the final section of this paper.

DATA ISSUES AND DATABASE STRUCTURE
The heart of any priority-setting capacity is the data that drives the analytical
components . The real challenge to the CBN in developing a priority-setting capacity
is assembling the necessary information and structuring a database allowing easy
access and updating. There are several data issues underlying this exercise. These
inelude: (1) scope of the data collection effort (not all data can be assembled at a
global level); (2) level of detail and quantification in assessing various yield
constraints; (3) consistency of data across different survey methods, and
(4) relative cost implications of alternative data collection methods and sampling
densities.
The scope of the data collection problem is deah with -by conceiving of a
hierarchical structure that mirrors the system levels required in the analytical
structure. This is represented in Figure 1, which shows the cropping system
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embedded in the farming system which in turn is embedded in the agroecosystem
and market system. This also suggests the means of accommodating the data
scope and intensity issues. Markets and agroecosystems will be characterized at
a global sea le. This component will build on the georeferenced databases being
developed at the Centro Internacional de Agricultura Tropical (CIAT) (Carter et al.,
1992) . A cassava-based agroclimatic map and databases exist (Carter, 1986). A
cassava distribution map now exists for the world, which allows developing
sampling fractions and regression weights. The development of a market and
utilization map is planned for 1995 (Henry an9 Thro, 1993). A global, GISreferenced database for cassava distribution, agroecosystem zoning, and markets
will be the first of its kind.
Characterizing cassava-based farming and processing systems forms the next
level of the database, holding critical data for ex-ante impact assessment. It is here
that the data consistency issue is mast problematic. Data is obviously only
generated by field surveys and both methods and aims vary substantially, creating
problems of comparability and interpretation. Good examples are labor profile data.
and farmer income. For the database structure there are two options: (1) all survey
data is geo-referenced and catalogued (the metadatabase concept), or (2) an
attempt is made at a standardized, processing- and farming-system database using
existing surveys . The last is problematic but some progress has already been made.
The Cooperative Study of Cassava in Africa (COSCA) (Nweke, 1988) was designed
as a systematic survey of cassava production, processing, and consumption
systems in Africa. It now exists for 15 countries and is providing the standard for
future surveys of cassava on the continent. It provides a base around which to
organize the farming-system level of the database and from which to move forward
in developing a standardized, replicable component for future surveys. Another
COSCA useful design element is that it contains both an RRA component and a
structured household questionnaire. This allows evaluating how survey data
resulting from different methods may be combined.
An assessment of yield constraints rests on relating crop biology to higher
level, farming-system or agroecosystem constraints. A key and difficult question
becomes, what is a lufficient level of biological assessment data to do this?
Systematic surveys 01 biological constraints under farming conditions are rareo
Further, they are rarely integrated with farming system surveys nor characterize the
agroecology well. Again COSCA comes closest to attempting such a bio-economic
assessment (fer six countries only) . The difficulties 01 designing such surveys
cannot be overemphasized. They inelude the development of appropriate, field-Ievel
scoring procedures (and the training 01 field personnel). trade-offs in the timing of
observation (diseases usually during the rainy season, pests during the dry season,
and ACMV during critical plant growth st.ages), logistics of getting samples to the
laboratories, and costs of the exercise. Most biological assessments are no more
than reconnaissance surveys and usually focus on a small sub-set of biological
constraints . There is still little experience with systematically designed biological
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assessments that also are geo-referenced. Moreover, biological assessments are
data intensive and the high costs limit the number that have been or can be done.
For exactly that reason it is useful to review and catalogue existing surveys.
The database, as shown aboye, is an organic conception, as it should not
only have the ability to incorporate new information but, more importantly, should
provide the basis for structuring new surveys. It should easily provide a reading on
existing data gaps, a basis for developing sampling frames (Carter and Jones,
19891, the state of the art for survey methods and instruments, and a framework
for selecting intensive, case-study sites. Within the CBN such studies would be
valuable for evaluating such issues as: role of micropropagation in traditional
cassava seed systems, impact of a delay in root perishability, role of acyanogenic
cultivars, or deployment of gene constructs for ACMV resistance. Finally, the
database provides a possible framework for extrapolating research results,
potentially with the use of crop or epidemiological models .

. CONCLUSIONS
The development of a priority-setting framework tor the CBN, based on a userperspective is no trivial task. Further, there is not yet a consensus on what
constitutes a user-perspective. This paper argues that a user-perspective is
represented in the user-Ievel data, systems methods, and social science ;esearch
employed in the priority-setting framework. Others consider this insufficient and
argue for more farmer involvement than just provision of data and testing of
technology. This moves the discussion into the realm of process and institutional
structures. As argued, it is not clear how the CBN, as a loose network of
biotechnological researchers, can be restructured to achicve this. Nor is it clear that
such a process can lead to any feasible setting of priorities relevant to the global
mandate of the CBN. Rather, what is argued for here is the development of a fieldbased information system to help direct research in both the CBN and the larger
cassava R&D community.
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Biotechnology techniQues, tools and products can oHer time and cost savings for
agricultural R & D. Biotech's early start concentrated lor the major part on highly
commercial, primary crops and private sector labs. Biotech research involvement in
a secondary crop like cassava has been relatively recento
The Cassava
Biotechnology Network (CBN) was lounded to optimize the utilization 01 scarce
cassava biotech resources while enhancing the direct and indirect impact 01 cassava
biotechnology. CBN therelore has emphasized the role 01 priority setting as one 01
its tools to accomplish these objectives . CBN oHers an opportunity lor reassessing
current cassava research needs and subseQuent priorities . The reassessment will
inelude a socioeconomic, political, and institutional assessment 01 the comparative
adl/antages 01 biotechnology research over traditional research approaches .
Biotechnology does not reQuire a special process at the needs assessment, user
interaction stage. Only at a later stage, when biotechnology is one 01 possible
approaches to an identilied need, is a method reQuired lor objective consideration
among research approaches. The linal product must be a user-Iriendly decision
making tool. Any priority setting method is 01 value only il it is dynamic and
Ilexible.

INTRODUCTION

Cassava (Manihot esculental fills several important roles in tropical agriculture: it
is a tough and reliable food security crop for rura i households, an efficient and
effective feedstuff for on-farm animals, a low-cost, versatile raw material for
agroindustrial development, and more recently, cassava ' based half- products (i.e .
starchesl form the basis for textiles, pharmaceuticals, paper, glues, alcohol, etc.
i nd ustries.
The crop is a staple food for as many as 500 million people. The starchy
roots of cassava produce more calories per unit of land than any other crop except
sugarcane. Cassava leaves, which contain appreciable quantities of protein and
vitamins, are an important green vegetable, particularly in Africa. In many
countries, cassava chips, flour, or waste are important animal feeds. Tolerant of

•

An earlier version 01 this paper was presented at the IBS/lSNAR Meeting on International
Biotechnology Programs, 9-11 November, 1993, ISNAR, The Hague, The Netherlands.
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drought and low fertility, cassava is primarily grown in marginal agroclimatic zones
and by small-scale, resource-poor farmers.
As a raw material, cassava can be processed into a wide variety of products
for food and industrial uses, such as starches, flours, alcohol, glucose, and others.
Much of the processing can be done locally, at the household or village level,
providing rural jobs and income . In many cultures, cassava production, processing,
and marketing are women's activities.
The crop has sorne unusual features that give rise to major differences
between cassava and other staple crops. For example, cassava is vegetatively
propagated from bulky stakes, can be conserved for many months in the field yet
begins deteriorating immediately after harvest, and contains human-toxic cyanogens
that may confer certain production advantages and preferred quality characteristics.
Because of complex interactions between these and other characteristics of the
crop, the best solutions to cassava constraints and opportunities are not always
obvious.
The potential of cassava has generally been underrated. Traditionally, in most
cassava producing countries, cassava has been a "poor man's crop" because it has
been grown by the most resource poor farmers located on marginal and fragile soils
in adverse climatic conditions. Cassava production in many areas is constrained by
a multitud e of biotic and abiotic problems. In addition, cassava processing and
marketing have much room for improvement in many areas. In an extensive study
based on a Delphi Survey, Sarma and Kunchai (1991) conclude "The potential for
increasing the yield per hectare as well as the total output of cassava is
considerable ... Apart from research on evolving HYV's, breeding for diseaseresistant varieties, and developing appropriate associated agronomic practices,
researchers should pay greater attention to postharvest technology and product
development, which support the future scope for expanding the use of cassava"
(pp. 52).
However, national research programs on the average, have discriminated
against secondary crops like cassava over primary crops like rice and maize for the
allocation of resource funds, to the extent that cassava has been called an "orphan
crop· (Persley, 1990).
During the last decade and more, biotechnological tools for agricultural
research have been developing rapidly, but very little research was being done to
develop these powerful new tools for cassava. In the late 1970s, workers at CIAT
and in Canada began experimenting with tissue culture for cassava germplasm
preservation. By the early 1980s, scattered projects in three or four advanced labs
were working on various topics of individual interest, ranging from cassava virus
genomes to cyanogenesis metabolism. In order to ensure that efficient use was
made of research resources, and as a precondition to attracting more resources,
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there was a need to ensure that the small cassava biotechnology effort was
coordinated and well targeted. To address this need, leading scientists from 13
countries met at CIAT in 1988.
The Cassava Biotechnology Network (CBN) they founded has grown to over
120 cassava biotechnology projects and activities, sponsored by an international
group of donors and national programs. The CBN is now an active research
consultation network and a forum for cassava biotechnology issues. Topics range
from genetic transformation, molecular markers, and basic biochemistry, through
fermentation and processing, to studies of socioeconomic implications of
biotechnological innovations for cassava. The objectives of the Network per se can
be summarized as : to provide current and periodic discussion and reassessments
of cassava biotechnology research priorities; and, to stimulate cassava
biotechnology research on topics of established priority, through coordination of
international experience and efforts, small grants, and exchange of information.
This paper presents the history and methods of cassava biotechnology
priority sening from the inception of CBN through the current exercise, and
assesses what can be learned from the experience.

EVOLUTION OF PRIORITY SETTING IN CBN
The concept
Priority sening is a basic concept of daily life and enters almost all decision-making.
Where there is limited resources involved and a multitude of options, it will beco me
more important. In cassava R & O, research needs identification and prioritization
takes a specific phase in the research cycle (Henry and Best, n.d.).
In
biotechnology there are at least two distínct areas for prioríty setting . On the
demand side, user or client needs are subject to príoríty setting . On the (research)
supply side, different options need to be evaluated and prioritized. Decision making
on the best options for the highest priority needs is like a market place where
demand and supply equilibrate .

The startlng polnt
At its Founding Workshop, CBN (then known as CARN, the Cassava Advanced
Research Network) drew up its first set of recommended research priorities for
cassava biotechnology (CIAT, 1989). These were based on (1) research needs for
cassava as recommended by CIAT and liTA, and (2) on consensus assessments by
the Workshop participants, who included biotechnologists from leading advanced
laboratories, of the technological feasibility of addressing those research needs.
The cassava research needs recommended by CIAT and liTA had been developed
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in the course of the work of those institutions, chiefly in collaboration with national
programs of cassava growing countries, and in CIAT's case, in collaboration with
farmer cooperatives . The CIAT Cassava Program has a well-developed philosophy
of priority setting and an extensive international information base. As axioms
underlying its cassava research strategy, this Program argues (Henry and Best, n.d.;
Lynam and Janssen, 1992) that only with integration of production, postharvest/processing, marketing, and consumer research, can an optimal impact be
had, and that such an integrated approach translates into the highest return-oninvestment.
Information resources on which CIAT cassava research needs
asses$ment have been based include:
CIAT's involvement with cassava research networks, from which come
assessments based on both national program and collaborative experiences
(Asian Cassava Research Network, Panamerican Cassava Breeders Network,
Latin American Integrated Projects Network, Southern Cone Cassava
Development Network)
The Integrated Cassava Projects (lCPs): interdisciplinary projects integrated
around producer-owned cooperative cassava processing plants in several
Latin American countries. Processing research seeks to open markets, and
production research is pulled by the resulting market demand (Pérez-Crespo,
1991 )
The CIAT cassava demand studies (CIAT, 1987), conducted from 1984 to
1986: extensive studies of cassava current and potential consumption,
consumer preferences for cassava vs . other staples, income generation and
employment opportunities in cassava processing, use of cassava in animal
feeds, and possibilities for cassava market expansion, including factors such
as production costs, competing crops, government pOlicies
In-depth needs-assessment and benchmark studies with a full client-oriented
focus in selected countries (e.g., Vietnam; Henry et al., 1993)
Specific detailed studies to assess client needs for research priorities,
conducted as part of cassava technical intervention projects (i.e. Brazil)
liTA has extensive collaboration with national cassava research and
development programs, through individual country collaborations and through
networks such as the Eastern and Southern African Root Crops Research Networks
(EARRNET and SARRNET). liTA also works with the African Plant Biotechnology
Network.
Immediately prior to the CBN Founding Workshop at CIAT,
representatives of seven national programs met at liTA in Nigeria to formulate
A frica n regional recommendations (liTA, 1988) for biotechnology of root and tuber
crops.
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Increased attention to priority setting
As cassava and biotechnology for cassava began to attract, more attention, it
beca me apparent that the large investment and often long-term nature of
biotechnology, as well as the dramatic advantages gained through biotechnology
by large companies in whose priority setting process developing country welfare did
not figure, was leading donor organizations to regard scrupulous priority setting as
a crucial prerequisite to investment in biotechnology for developing countries.
Additional meetings were held to discuss cassava biotechnology priority setting in
Amsterdam in March of 1990 (DGIS, 1991) and at the BIOTASK meeting in 1990
(BIOTASK minutes, 1990). The 1990 Amsterdam meeting was preceded by a
literature review (Panman et al., 1989), to provide a basis for the discussions. The
priority recommendations developed in each of these exercises are summarized in
Appendix 1.
By 1991, the number of cassava biotechnology projects had grown to the .
extent that support was needed for regular communication among the membership.
At the same time, it was recognized that integration of cassava end-user
perspectives into CBN priorities would require specific attention, particularly in those
regions where findings from the CIAT ICPs were not applicable. A proposal for
funding for a CBN Coordinator to handle these responsibilities was submitted to the
Special Programme on Biotechnology and Development Cooperation of the
Netherlands Directorate General for International Cooperation (DGIS). The proposal
included a Delphi survey (Henry, 1991) of expert opinions on cassava research
needs that might be best addressed by biotechnology; likelihood of adoption by
small farmers of specific biotechnology innovations; anticipated impact of these
innovations on small farmers and on cassava market opportunities; anticipated
environmental implications; and importance of the research need by region
(continent) .
In August 1992, immediately after the establishment of the CBN Coordination
Office, with DGIS support, the first international scientific meeting of CBN was held
at Cartagena, Colombia (Roca and Thro, 1993). National programs of 16 cassavagrowing countries were present at this highly interdisciplinary meeting. During the
meeting, an additional consensus round of priority setting was conducted (see
Appendix 11 for this most recent set of CBN research priorities).
From the aboye history, and from the summary in Appendix 1, at least two
points are evident. First, cassava biotechnology research priorities have indeed
changed over time in response to changes in perspective, increased information,
and/or changes in the economic situation. Examples of research objectives whose
priority changed between CBN's founding and the Cartagena discussions inelude
true seed; root protein content; and starch quality. Second, priority setting itself
has received increased attention from CBN. The decision was made that CBN
develop a framework for priority setting that would allow it to 1) inelude more types
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of information, including end-user perspectives (both intermediate end users such
as national program scientists, and ultimate end users such as cassava producers,
processors, and consumers); and 2) assess the quality of the information used in
CBN priority setting, including its completeness, representativeness, and bias (and,
if biased, then how7).

A FRAMEWORK FOR CASSAVA BIOTECHNOLOGY PRIORITY SETTING
Principies
The development of a framework was guided by several underlying principies, which
included:
Old hat

It is important to note that, although there are views that there should be a
special framework for biotechnology priority setting (Le, Bunders and Broerse,
1991; Bunders, 1990), CBN from the outset believed that priority setting for
biotechnology is not essentially different from any other research prioritization
(Henry, 1991). In the case of cassava, the complex nature of the crop's utilization
adds more unique aspects to priority setting than the availability of a new research
technology.
When our ultimate objective is to conduct appropriate, demand-Ied research
for cassava, any priority setting process, in any environment and society, must
begin with a basic user needs assessment to identify the relative importance of
different constraints and opportunities not only in cassava production, but also in
processing, marketing, and consumption, and the interactions between these. The
issue of biotechnology enters into this research nee s assessment process, only to
the extent that the list of conceivable solutions ("What if we could ... ") is
expanded. The needs assessment process must bring in social, economic,
environmental, and political considerations in deciding which potential solutions to
considero
Major identified constraints and opportunities can then be seen as implicit
demands for technology innovations.
New tool
From the research side we analyze the current research approach options,
including biotechnology. This can be labeled the supply side. At this stage,
additional analyses must bring in logistic, technological and other factors O.e.,
institutional, political, etc.) to assess the comparative advantage of biotechnology
vS. other technology options. At this point biotechnology per se beco mes relevant
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to the exercise and is assessed using methods such as described by Bunders
(1990).

Terms of reference
Terms of reference for a CBN priority setting exercise inelude,
1) beca use CBN is primarily a biotechnology research network, CBN needs to limit
the time and funds committed to priority setting; 2) CBN's perspective is
global/regional, so the needs assessment process must also be global/regional; 3)
priority setting is dynamic: the process· must be flexible so that it can be kept
current at minimum cost; 4) the step which assesses the relative advantages of
research approaches-including biotechnology-should be simple and repeatable;
5) the main methodological challenge is how to integrate end-use perspectives
(often farm or village level) with global/regional researcti priorities (how to go from
micro to macro?).

The proposed framework
Within the aboye terms of reference, development of a CBN priority setting
framework has been structured in three phases (Table 1).
Phase I
CBN is conducting an end-user interactive field case study with potential
research users in Tanzania, in a subsistence farming region where a long-ter m,
interactive producer/researcher project on cassava production, processing, and
marketing is not available. The case study uses COSCA data as a basis for a draft
assessment of local research needs. The draft assessment will be discussed,
evaluated, and changed or augmented as required, on the basis of discussions with
local people in volved in cassava production, processing, marketing, and
consumption. This prototype may then be repeated in other areas where there is
currently no other link to direct end-user participation in cassava research needs
assessment.
Phase 11
Phase 11 will be the major data inventory and analysis step leading to a
comprehensive global and regional assessment of cassava research needs and
opportunities, as well as identification of regions or issues for which inadequate
information is available (information gap analysis). Phase 11 will use extensive
existing socioeconomic and agroecological data bases available from CIAT, liTA,
COSCA, CGPRT (the UN Regional Coordination Center for R & D of Coarse Grains,
Pulses, Roots and Tubers, Indonesia). NRI (Natural Resources Institute, UK) . The
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data will be inventaried and summarized using the Geographicallnformation System
(GIS) formato The geographic format will enable investigators to overlay cassava
production information with information on farmer survival strategies, processing
and consumer preferences, market or credit access, and any other information to
be brought to bear on a given question. The geographic approach will permit
integration of local close-up foci with a regional and global framework.
Depending on the results and lessons from the experience in Tanzania, or
similarly data-based conclusions in other countries, may be conducted during this
phase of the work.
Phase 111
In this phase, (i) criteria will be developed and quantified for assessing
comparative advantages of alternative research methodologies, including
biotechnology (Table 2). reviewing the work of Herdt (1991) and expanding on the
work of Sanint et al. (1993). Criteria included will be technical (feasibility/
probability of research success; availability of required infrastructures for research,
development, technology transfer, and adoption), economic (years and cost to reach
a solution). institutional, political (biotechnology policy, other agricultural and
economic policies of cassava growing countries). and considerations based on the
nature of the solution (its user friendliness) such as ease of use, capital required for
use, and appropriateness to the social and economic system for which it is
intended. The criteria and weighting will consider the nature of the technology end
product, and also who are the intermediate and final end-users (i.e., another
researcher, as with a molecular map; or a farmer, processor, or consumer of
cassava).
(ii) These assessment criteria will be applied to the cassava research needs
identified in Phase 11, to derive an objectively determined set of research priorities
for CBN. The method itself should be user-friendly and flexible and will be
published for other users.
(iii) From the analysis of information gaps in Phase 11, the various information
gaps will be assessed and subsequent proposals will be written together with
NARDS for cassava needs assessment studies. Long-term follow-up to this work
may include assistance to NARDS to implement projects to collect primary data to
fill identified information gaps.
Phases 11 and 111 are relevant to the entire international cassava research
communities. These phases are separately funded via the DGIS Associate Expert
Personnel OHice.
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BV-PRODUCTS, TIMING ANO FEEDBACK
Like biotech itself, this priority sening exercise generates both half- and endproducts that can be of a major use to a range of potential users. An output of
Phase I is a cassava user needs assessment in Tanzania . The by-product of this
study is the development of a Rapid Rural Survey method for the cassava sector,
that, once tested in Southern China (August 1994) and North-East Brazil (October
1994), and further refined in collaboration with the National Resources Institute
(NRI). can be published and diffused to other users.
Phase 11 outputs include a series of cassava sector maps in a global,
continent, country and regional formato A first set on cassava area by agroecological zone is already available (Carter et al., 1992; CIAT, 1994). Further
refining of overlays with socio-economic data is expected for 1995. This unique
information package will be highly relevant for national programs and of interest to
the scientific world at large.
The setting of priorities can only be of any use if it is well-timed and fed back
to the right audience, in this case cassava researchers in general and cassava
biotech managers and CBN, in particular. As such, the existing biotech priorities are
periodically reviewed as new pertinent information is being generated. As such, it
is a dynamic optimization process through continuous feed back. Moreover, once
the priority exercise has been ·completed· (at least under this project), the expected
product must be a mechanism that allows for further future updating as new data
becomes available and/or new cassava developments occur.

CONCLUSIONS
In the paper, two issues were addressed: first, given the relative ·unknowns· of
generating a global priority sening mechanism for biotechnology, the authors have
tried to show the evolution of this process in CBN, including the various steps and
changes that in the end ·are culminating into a methodology. Secondly, based on
this evolution, and given a set of constraints as terms of reference, the authors
presented a methodology for cassava biotechnology priority sening.
Agricultural commodity biotechnology networks are a novelty at this time.
Few exist from which to learn or make comparisons. The Rice Biotechnology
Network is one of the few examples that may be comparable. However, rice is one
of the most important crops in the world, in developed as well as developing
countries, and consequently there exists a high volume of high quality information
on this primary crop. In contrast, cassava is an "orphan crop· with few and
scanered data-which from many areas is of low quality-and with very few human
resources dedicated to research on the crop. From these points of view, the
cassava biotechnology priority setting experience is unique.
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With this in mind, it is both valid and useful to try to distill so me learning
experience and conclusions from both the process and the resulting methodology .
(a)

CBN has increasingly put a higher priority on priority setting within its realm
of activities, as it pursues its objective to optimize efficiency and
effectiveness of the scarce research resources.

(b)

CBN also has realized that a priority setting exercise is most useful if the
mechanism that is to be developed is dynamic and flexible, and takes into
account the objective of global responsibility with a limited budget and time
frame. The value of the final output depends on the (timely) and optimal use
made of it .

(c)

CBN advocates the position that client-oriented needs assessment should not
be different just beca use it concerns biotechnology. It follows the same lines
as needs assessment for research interventions in general.

(d)

CBN recognizes that the optimization of the client perspective on a global
base will be the largest challenge and anticipates that this aspect needs
further refining as more information and analyses beco me available .

(e)

It is well understood that the final process of research prioritization will be
balancing needs, demands, and research options. In this context the final
assessment of biotechnology vs. traditional research methods will be
important. However it is expected that by using a well-balanced and
complete criteria matrix, the exercise ·can be straight-forward.

(f)

Through the further development of the exercise's half-products in individual
end-products, CBN attempts to optimize the use of its limited resources and
the benefits to a larger audience than cassava biotechnologists and their
direct beneficiaries.
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Table 1. The proposed CBN priority setting framework.

Phase

Inlormation base

Activity

Product

Phase I
6 months

CIA T literature data base
(15,000 citations)

Literature inventory
Characterize literature

Assessment of content and quality
Literature-based needs assessment

COSCA (Tanzania)

Country case study

Tanzanian village perspective on defined issues
Versatile method lor interaction with rural
end-users

Phase 11
2 years

Databases from CIAT, liTA
(COSCA), NRI, CGPRT, IFPRI,
others

Data inventory and analysis

Data organized for interpretation
Cassava research needs/opportunities identified
Gaps in information identified

Phase 111
3 years

Completed needs assessment:
cassava research needs

Develop/apply criteria to
assess relative advantage
01 biotechnology tools

Set of criteria for assessing research approaches
User-Iriendly assessment method (publication)
Efficient use of biotechnology and other research
tools
CBN research priorities

Identified knowledge gaps

Design projects to fill
information gaps

.,.
Ol
~

w

Phase 111,
third year
and Future

Conduct projects to fill
inlormation gaps

Analysis 01 cassava research needs and
opportunities in previously little-known locations
or issues

Update Phase 11 needs
assessment and apply
research approach criteria

Cassava research priorities with expanded info.
base
Dynamic CBN research priorities
Efficient use of research tools and resources

Table 2. Preliminary listing 01 criteria for assessment of relativa advantages of potential research approaches to a research objective of
determined priority.

Research Objective Priority '"

for Region X, Coontry y

Who is tIle user:

Scientist/Farmer/Processor/Consumer

Criteria

Biotechnology

Technical
Biology/genetics of technical target
Feasibility
Synergy w/existing R & D
Economic
Years to solve
Cost
User friendliness
Simple/complex in use
Capital requirement
Social appropriateness
Institutional
Capacity Ipriorities:
Biotech research
Agricultural R & D
Extension
Political
Biotechnology policy
Agricultural and economic policies

Other approach 11

Otller approach 12

Appendix 1. Summary of cassava biotechnology prioritization exercises to Nov. 1993.

Pre-88

liTA'
Aug.88

CIAT'
Aug. 88

CARN 2
Sept. 88

BIOTASK
Oct. 90

CBN/Cp·
1991

DGIS'
Wag.88

DGIS'
Mar. 90

1

T4

4

T6

M

H
H

T1

T7

H
H/M

X·

TOOLS
Genetic diversity
/'GP' conservation
GP use (introgress.,

Active"

interspec. hybrids,
other meths.

H

No
information

· ..................... . . ............ . .... . ... . .................................. . .. . ......... .
Regeneration
Transformation

H
H

· .................. . ..... . ................................................................... .
New breeding techs.
Crossing, shy flowering

(MI

T6
2

Faster breeding program cycle
Molecular maps/fingerprinting

H
(H)

H

Molecular markers for disease
R'··

H

T2

H

2

(H)

2

(H)

· ..................... . ...... . ............... . .. . ...... . .......... . . . ...... . ................. .
Micropropagation

· .................. . .. . ...... . .... . ... . .. . ... . .. . .. . .................... . . . . .. . .. . .. . .. . ..... .
Cyanogenesis
(b'chem, genet)
Fermentation
Processing

Active

1

H

7

T5
T3

3

T3

M

H/M
H
H

(Continued)

Appendix 1. Continued.

Pre-88

liTA'
Aug. 88

CIAT'
Aug. 88

CARN 2
Sept ..88

DGIS3
Wag.88

DGIS'
Mar. 90

810TASK
Oct. 90

CSN/CP"

1991

X·

APPLlCATIONS FOR CASSAVA PRODUCTION, PROCESSING, MARKETING, AND USE
Diseases - pests

C4

Insect R
Arthropod R
Hornworm R
Viral diseases
Quarantine/diagn.

H

3
Active

Nutritional value (prot, vit)

5

L

4

H

5

H/M H/M
(M)
M

7

(L)

6

'4

(H)
H/M
M

5/6
5

H

CSS resistance
Nematodes

(H)

(L)

8

L

6

2

L

5

L

L

.................................................................... . ................... ......
Post-harvest detior.

7

H/M

M

................... . ........................... . .. ..... .. ......... .. . .. ... ....................
Cyanogenesis

(M)

C5

Starch quality
Ferment., quality
Ferment., cyanogens
Processing

5

Mycorrhiza/phos
N-fixing bacteria
Acid soil tolo
Nutrient use effic.

8

6

H

6
1
1

3

C5

M
(H)

C6
C6

3
3

5

H/M

H/M
H/M
H/M

M

Cl

(H)
(H)

C3

H/M
(Continued)

Appendix 1. Continuad.

Pre-88

liTA'
Aug. 88

CIAT'
Aug. 88

CARN'
Sept. 88

DGIS3
Wag.88

DGIS'
Mar. 90

BIOTASK
Oct. 90

CBN/CP'
1991

X·

APPLICATIONS FOR CASSAVA PROOUCTION, PROCESSING, MARKETING, ANO USE
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PS under stress
Plant morphology
Orought tolerance
Biomass partitioning

7

Propagation-related probs.
True seed for farmers

3
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Yield, roo!s
Yield, lea ves
Hybrid culti vars

4
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(M)
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7
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1. CIAT and liTA scale, 1 IH) to a IL).
2. CAAN: Inow CBN). Some subjects rated "L" as objectives 01 low priority; others "L" lor use 01 current resources beca use no discernable research
approach at the time.
3 . DGIS/Wag: Some subjects rated "M" or -L" il value 01 innovation would be general rather than small-Iarm specilic. Numeric scale, 1 IH) to 9IL) .
Alphabet. values Irom text Chap.7
4. Scale TI IH) to T7 IL); Cl IH) to C6 IL). T = tool, C = constraint.
5. AMT's summary 01 lour tables.
6. AMT's rough estimate 01 averB(JB ove' all p,evious ratin(Js. 1): Estimate Irom a single rating, i.e., this topic was only rated once.
7 . GP: germplasm, A : resistance.
a. Other uses lor molecular markers were not rated .
9 . Active: Indicates areas with biotechnology research activity pre-19aa.

Appendix 11. Current priorities for cassava biotechnology research .
Based on concerns expressed by farmers, processors, and researchers, and biotech tools to address
those concerns
Where most important

Topie

Biotechnology tools: Genetic improvtltTlent of C.SUVII

Global

Improved plant regeneration systems

Global

Improved genetic transformation techniques

Global

Molecular genetic map

Global

Useful genes and gena promoters, charactarized and cloned

Global

Molacular/cytoganatic characterization of MBnihot genomas

Global

Regulation of reproductive biology (flowering, pollen
conservation, haploids, apomixisl

Biotechnology tools: ConSBrVlltionlBXchllnfle of Manillot gBfletic diversity

Africa, global

Disease diagnostic methods for elean germplasm transfer

Global diversity

Cryopreservation for long-term conservation of genetic

Global

Tissue culture for germplasm conservationl micropropagatiori

BiottIChnology IIppliC.tionS: Rlllllizing opportunities for C.SSIIVII

Asia, LAC

Starch quantity and quality for diverse end uses
Biochemistry, molecular genetics, fermentation biotechnology
for:

Asia, LAC

New product development

Africa, LAC

Improved traditional products (texture, taste, nutritionl

Global

Plant nutriant cycling efficiency

Global

Range/productivity in stress environments: photosynthesis.
mycorrhiza, biofertilizers

Biotechnology IIpplicationS: SoItIlng problems In C.SUVII production IInd

use

Africa, global

Resistance to important viral diseasas

Africa, LAC

Integrated pest managemant, ineluding host/pathogen-pest
intaractions

Global

Delayed postharvest deterioration

Africa

Modified cyanogen biochemistry to optimize food security
Enhanced fermentation systems for:

Africa

Cyanogen reduction

Asia, LAC

Processing-waste management

Asia

Development of true seed for cassava production
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BIOTECHNOLOGY TOOLS FOR CASSAV A
RESEARCH ANO OEVELOPMENT

Manihot Genome and Genetic Improvement

A LlNKAGE MAP OF CASSAVA (MANIHOT ESCULENTA CRANTZ)
BASEO ON RFLP ANO RAPO MARKERS

M. Fregene, F. Angel, R. Gómez, F. Rodrrguez, M. Maya,
M. Bonierbale, J . Tohmé, C. Iglasias and W. Roca
Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia

A preliminary linkage map of cassava (Manihot esculenta Cranu) to increase the
efficiency of introgression of specific chromosomes or chromosome fragments from
exotic cassava germplasm into various genetic backgrounds and localization of genes
of interest in cassava improvement schemes has been drawn from F 1 segragation
data of single-dose polymorphisms of RFLP and RAPO markers. The mapping effort
in vol ves a population of 90 plants derived from a cross between two elite cassava
Iines-MNg2 (TMS 30572), possAssing resistance to the African cassava mosaic
virus (ACM V) disease, and CM 2177-2 (lCA-Cebucán), possessing high
photosynthetic rates. The map comprises over 200 loei corresponding to genomic
clones selected from Pstl, Hindlll and EcoRI random genomic libraries (RFLP markersl
and polymorphisms from arbitrarily primed polymerase chain reaction (RAPO
markers) . Of about 900 randcm genomic clones detected RFLPs between the two
parental cultivars. Tests of linkage between segregating RFLP and RAPD markers,
with respect to the male parent ¡CM 2177-2) were conducted using the MAPMAKER
computer package. Segregation of the markers revealed a predominantly disomic
mode of inheritance in cassava, otherwise thought to be an allopolyploid . Efforts
continue to saturate the map and develop genetic stocks with segregating traits 01
¡nterest to obtain tightly linked markers to these traits is being carried out. A
scheme to tag useful genes in cassava such as known sources of the ACMV
resistance genes is presentad.

INTRODUCTION
Cassava (Manihot esculenta Crantz) is an important staple food crop and véiluable
export crop in Africa, Latin America and Asia . Average consumption in sub-Saharan
Africa exceeds 300 kg per person per year (liTA , 1988) . Cassava belongs to the
family Euphorbiaceae and the genus Manihot, which includes 97 other species that
are useful as gene resources in cassava improvement (Rogers and Appan, 1973;
Chávez et al., 1989). Cassavahas a chromosome number of 2n = 36. On the basis
of observed number of satellite chromosomes and the karyology of chromosomes
at the pachytene stage of meiosis, it has been postulated that cassava is a
segmental allotetraploid (Magoon et al., 1969) and a allotetrap!oid (Umannah and
Hartman, 1973) . However, inheritance of several isoanzyrnes in cassava indicates
disomic heredity, suggesting cassava is a diploid (Hussain et al. , 1987; Lefervre and
Charrier, 1993) . More recent studies involving arbitrarily primed PCR markers did
not refute disomic inheritance (Gómez et al., 1994). There exists no classical
genetic map for cassava. Tools for traditional linkage analysis, morphologicai
markers, are few in cassava (Hershey and Ocampo, 1989) . A limited amount of
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linkage analysis has, however, been carried out in cassava using isoenzyme loci
(lefervre and Charrier, 1993). Seventeen isoenzyme loci from 10 enzyme systems
produced 59 alleles organized into three linkage groups, however, size 01
segregating progEmy employed in the study was small and ordering 01 the locis in
the linkage groups remains to be verified.
Restriction Fragment length Polymmphism (RFlP) and arbitrarily primed PCR
or Random Amplified Polymorphic ONA (RAPO) markers have several advantages
in the genetic mapping of complex genomes over morphological or isozyme markers
(Tanksley, 1983). RFlP and RAPO markers are almost unlimited in number and a
very large number can be scored in a single cross. RFlP, RAPO, RFlP and RAPO
maps presently exist for several crops including tomato (Bernatzky and Tanksley,
19861. rice (McCouch et al., 19881. potato (Bonierbale et al., 1988), sugarcane (AIJanabi et al., 1993). to mention a few. These maps have been drawn from a wide
variety of segregating populations including F1, F2 and backcross populations .
Parents have also included recombinant inbreds and double haploid lines.
Uses of RFlP or RAPO maps include indirect selection for a molecular marker
rather than selecting for the gene which has advantages in several crop
improvement scenarios (Kochert, 1990). For example, a trait that is recessive
would be difficult to select in a backcross breeding program without resort to timeconsuming and expensive progeny testing; however, a recessive allele can be
indirectly selected for by selecting for a linked RFlP marker. Another circumstance
where indirect selection could be of great use is the selection for two or more
¡ndependent genes from different sources which give a similar phenotype into a new
cultivar to obtain more stable resistance (also known as pyramiding). Furthermore.
most agronomic traits in plants are controlled, not by a single gene, but by several
genes situated all over the genome, with observed phenotype having a large
environmental component (quantitative traits). Conventional improvements of
quantitative traits therefore involves extensive testing over different years and in
different environments and biometric methods of analysis . RFlP maps can be used
to simplify greatly the process and hence improve the incorporation of these traits
into a single plant once correlations between the quantitative traits and RFlP
markers are found. We report here preliminary linkage groups in the cassava
genome derived from the segregation of over 200 RFlP and RAPO markers in an F1
population derived from an intraspecific cross between two elite cassava lines . The
use of the map in developing molecular markers as tools in increasing the efficiency
01 introgressing specific chroiTlosome segments into well-adapted cassava gene
pools is discussed.
MATERIALS ANO METHOOS

Plant materlals
Oue to the highly heterozygous nature of cassava, the preliminary RFLP and RAPO
linkagc map was constructed using an F1 population of 90 plants . The F1 mapping
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population was derived from a cross between MNg2 (TMS 30572), an improved
cassava cultivar developed at the International Institute of Tropical Agriculture
(liTA), Ibadan, Nigeria, as female parent and CM 2177-2 (lCA-Cebucán), an
improved cultivar developed in Colombia, as male parent. Figures 1 and 2 shows
the pedigree of the two parental lines. Attractive features of the parental lines
include resistance in MNg2 to African cassava mosaic virus (ACMV) and cassava
bacterial blight (CBB); the other parent (CM 2177-2) shows high photosynthetic
rates and is resistant to root elongation. A total of 90 F1 plants maintained at the
headquarters of the Centro Internacional de Agricultura Tropical (CIA T) made up the
mapping population.

DNA Isolation
Isolation of nuciear DNA for constructing the random genomic libraríes was as
described by Vayda and Freeling (1982). Total DNA isolation from parental lines
and mapping population for Southern analysis was after the method of Dellaporta
et al. (1983).

Development 01 random genomlc librarles
Five random genomic libraries of over 200 cloned nuclear DNA sequences,
constructed using the restriction enzymes Pstl , EcoRI, BamHI, Xbal and Hindlll;
have been described elsewhere (Angel et al ., 1993). Two other random genomic
libraries, employing the methylation-sensitive enzyme Pstl, were constructed to
compiement the earlier mentioned libraríes. Cassava nuclear DNA was isolated from
MNg2 and digested to completion by the restriction enzyme Pstl. DNA fragments
were size sorted in low malting agarose gel for fragments of size 0 .8 kb-3 .0 kb
using gel ase (Epicentertechnologies) and ligated into the Pstl site of phosphorylated
PUC19 with T4 DNA ligase (New England Biolabs) at a foreign DNA to vector DNA
ratio of 1 :2. One pi of a 1:5 dilution of the the ligation mixture was used in
transforming competent DH5 a E. coli cells.
Colonies of cells containing
recombinant plasmid were selected based on X-gal and IPTG screening procedures.
A total of 2500 genomic clones were obtained for both libraríes. Based on a sample
population of the first 800 clones surveyed for polymorphisms in the parentallines.
95% were considered to be single copy.

Arbitrarily primed PCR
PCR amplification was done in polyvinyl chloride micro test p!ates (Falcon) using
a 96 well MJ Research Programmable Thermal Cycler (pTC-1 00). Over 800
1O-nucleotide oligomers of random sequences (Operon Technologies Inc .• Alameda.
California) served as primer for each PCR reaction. Each 12.5 pi amplification
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reaction contained 25 ng of cassava genomic DNA, 10 mM Tri -HCI (pH 9.0) ,
50 mM KCI, 0 .015% Triton X-100, 2.5 mM MgCl, 0 .2 mM of each dNTP (New
England Biolabs), 0.8 pM of primer and 1 U of Taq DNA polymerase (Perkin Elmer
Inc ., USA). The mix was overlaid with mineral oil and amplification was done
following the protocols of Yu and Pauls (1993) with slight modification.

Agarose gel electrophoresis, probe labeling and Southern blot analysis
Southern blot analysis (Southern, 1975) to screen the genomic libraries for
polymorphism between the parentallines (parental surveyi, which could be scored
in the segregating population, was carried out using the following restriction
enzymes; viz., EcoRI , EcoRV, Hindlll, Haelll and Pstl. Digested fragments were
electrophoresed on a 0 .9% agarose gel. for 16 h at 22V, then blotted to Hybond
N+ using the alkaline transfer technique as described by Sambrook et al. (1989) .
Over 900 clones from the random genomic libraries were radioactive or
nonradioactive labeled and hybridized sequentially to blots containing DNA of the
parental lines digested with the aforementioned five restriction enzymes . The
radioactive hybridizations have been described earlier (Angel et al., 1993), while the
nonradioactive hybridizations were according to the ECL direct nucleic acid labeling
and detection manual of the manufacturers (Amersham Plc, UK) . Southern blot
analysis was also carried out with DNA isolated from progeny of the mapping
population employing those enzyme-probe combinatior. identified from the parental
survey.

linkage analysjs
For the RFLP markers enzyme-probe combinatjons were selected based on one
parent bejng heterozygous or having more than one allele for the marker in question
and the other parent bejng either homo- or heterozygous but with at least one
different allele from the other parent. Segregation of such markers were scored in
the F1 progeny with respect to the parent, possessing the heterozygous genotype;
and two data sets, one from each parent obtained . For the arbitrarily primed PCR,
amplified fragments pre.s ent in one parent but absent in the other were selected ,
and segregation of these markers in the F1 mapping population were scored with
raspect to parents having the ptesent fragment. resulting also in two data sets . The
RFLP and RAPO markers employed in this study-also known as single dose
markers (Wu et al., 1992)-are expected to segregate in a ratio 1:1 in the F1
population. Goodness of fit of the segregation ratio was determined for F1 data
from each marker by a x" test at 95% confidence level.
Test of linkage among the segregating markers was done using two-point
analysis of MAPMAKER (version 2 .0, Macintosh phase) with a minimum LOO score
of 6.0 and a maximum recombinat ion fraction of 0.18. Best orders for the groups
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of linked markers was determined by the three-po int and multipo int analyses using
the same MAPMAKER computer package . Recombination frequencies were
converted to map distances (in cent imorgans) using the Kosambi mapping function
(Kosambi, 1944) . To pick up linked markers on two different but homologous
chromosomes, the entire 270 marker data set was ".e-coded by inverting the
genotype score for each progeny with respect to a marker- i. e., homozygous
genotypes to heterozygous and vice-versa .- and added to the original data seto
Chromosome assortment, which is indicative of disomic or tetrasomic inheritance,
can be investigated by assessing the number of markers linked in repulsion
(AI-Janéibi et al., 1993) .

RESULTS
Level of ONA polymorphism between MNg2 and CM 2177-2
A total of 900 random genomic clones were surveyed for copy number and
polymorphism by sequential hybridization to blots containing total ONA from MNg2
and CM 2177-2 digested with five restriction enzymes; viz ., EcoRI, EcoRV, Haelll.
Hindlll and Pstl. At medium stringency (0.5XSSC, 65 oC or 42 oC with 6 M urea).
95% of the clones derived from the Pstl library were classified as single- and lowcopy number sequences; while an average of 40% single- and low-copy number
sequences were found with random genomic clones from the other libraries
generated with nonmethylation-sensitive restriction enzymes (Figure 3) . AII the
libraries exhibited a similar level of polymorphism between the parentallines for the
single- and low-copy number sequences . On the average, 30% (280 clones)
identified polymorphism with at least one of the five restriction enzymes employed
in the parental survey. Of the 280 clones that revealed allelic differences, 166
clones (roughly 60%) detected polymorphismswith more than one enzyme . Of the
over 800 primers screened for single-dose fragment polymorphism in the RAPO
analysis, 327 (42%) identified polymorphisms.

Distortlon of segregatlon and dupllcated locl
About 5% of all RFLP markers and 3% of the RAPO markers did not segregate with
the expected ratio of 1: 1 as determined by a
test (confidence level of 95 %).
Evidence of duplicated loci or possible tetrasomic inheritance was also found with
about 10% of RFLP and 15% of RAPO markers (Figures 4 and 5). Of the RFLPs
appearing as duplicated sequences eight (50%) were found linked in small groups
of two or three markers. Secondary loci for these duplicates were not polymorphic
with the enzymes tested and therefore remain to be mapped.

r
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Null alleles
Two RFLP clones (PM 1 and PM 77) were found to hybridize read ily to one loei with
ONA from the female, but not the male parent (Figure 6). As the genomic clones
PM 1 and PM 77 were derived from libraries constructed with ONA from the female
parent (MNg2). a possible explanation is that the site of the chromosome wh!!re the
clones were drawn from may have undergone major sequence rearrangement so
that the homologous counterpart of PM 1 and PM 77 in the male parent (CM 21772), no longer exists .

Linkage analysis
Here we present linkage groups (Figure 7) obtained from · polymorphisms with
respect to the male parent only (CM 2177-2). Linkage analysis with MAPMAKER
using a minimum LOO of 6.0 and maximum recombination fraction of 0 .18 yielded
28 linkage groups with two or more markers and several unlinked ones. This
preliminary map is still undergoing analysis to incorporate unlinked markers which
may join some linkage groups together.

DISCUSSION
The apparently low level of polymorphism (30%). found between parental lines of
our mapping population can be attributed to a large percentage of intra-specific
similarity in the cassava genome. This is surprising as cassava is highly
heterozygous, outcrossing species; but this suggests that allelic diversity between
certain improved lines in cassava might not be very high. ONA methylation in
cassava appears to be comparable to "heavily· methylated crops such as tomatoes,
judged froni the number of single-copy clones found in libraries generated from
methylation-sensitive restriction enzymes as compared to clones from
nonmethylation-sensitive restriction enzyme libraríes (McCouch et al. , 1988).

Genome constltutlon in cassava
Evidence of duplicated loci or possible tetrasomic inheritance found with RFLP and
RAPO markers dispersed over several linkage groups appeared independently or in
small blocks of markers. Occurrence of duplicated blocks of loci has also been
found in several crops including tomatoes, potatoes and sorghum (Bernatsky and
Tanksley, 1986; Bonierbale et al., 1988; Chittenden et al., 1994). Occurrence of
duplicated blocks of loci in sorghum chromosomes has been hypothesized as
preliminary evidence of the polyploid nature of present-day sorghum from a diploid
ancestor although an alternative hypothesis of segmental rather than genome-wide
duplication could not be ruled out . A significant number of markers were found to
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be linked in repulsion in cassava, approximately 30% for both RFLP and RAPO
markers. This argues for the disomic nature or diploid diploidization of an ancient
polyploid nature of cassava. In an autosomic polyploid, sugarcané, no markers were
found linked in repulsion after re-coding of the data was carried out (AI-Janabi et
al., 1993). Additional evidence of cassava being an ancient polyploid but now
behaving as a diploid is found in clone PM 2257, found to hybridize readily to two
loci of ONA from the male parent but only to one locus of the female parent, which
happened to be monomorphic between both parents (Figure 8). In the polymorphic
loci, where two alleles were segregating in the F1 from the male parent, there was
distortion of the expected segregation ratio of 1: 1. This clone is reminiscent of a
genome specific sequen ce known in well-characterized polyploids which does not
go across polyploid geno mes due to rearrangements, gene conversion or
redundancy, which occur in one or more of the constituent genomes.

Applications in cassava breeding
Linkage maps are useful in developing markers for indirect selection, germplasm
management and genetic studies of complex traits. In cassava a most likely
breeding scenario where the map can be of immense use is in the incorporation and
pyramiding of sources of resistance to the most important constraint to cassava
production in Africa and a threat to Latin American and Asian cassava genepools,
the African cassava mosaic virus (ACMV). Resistance to ACMV in cassava is
known to be recessive and polygenic in nature (Hahn et al., 1980). This makes a
strong case for the development of molecular markers, using the cassava linkage
map, to efficiently and quickly introduce or pyramid sources of resistance to ACMV
into successful African, Latin American and Asian cultivars by marker aided
béickcross breeding. Efforts to develop markers initially involve development of
populations segregating for resistance to ACMV and accumulation of quantitative
data of disease resistance from the populations across different environments,
followed by RFLP mapping of the population and superimposition of the quantitative
disease reaction data on the RFLP maps to identify regions of the genome
responsible for observed resistant phenotypes. As saturation of the cassava linkage
map continues, developing molecular tags for ACMV will beco me an integral part
of the mapping effort.

ACKNOWLEDGMENTS

This work was supported by a grant from the Rockefeller Foundation. RG was
M.A.F.
supported by the Centro Internacional de Frsica (CIF), Colombia.
acknowledges a travel grant from the Cassava Biotech Network (CBN) to enable the
presentation of this work at this conference.

55

REFERENCES
AI-Janabi, S. M.; Honeycutt, R. J.; McClelland, M.; and Sobral, B. W. S. 1993. A genetic map 01
Sacch8rum spont8neum L. 'SES 208'. Genetics 134: 1249-1260.
Angel. R.; Arias, D.; Tohmé, J.; Iglesias, C.; and Roca, W. M. 1993. Towards the construction a
the molecular map 01 cassava IM8nihot esculent8 Crantz): Comparison 01 restriction
enzymes and pro be sources in detecting RFLPs. J. Biotech . 31 : 103-113.
Bernatzky, R. and Tanksley, S. O. 1986. Towards a saturated linkage map in tomato based on
isozymes and random cONA sequences. Genetics 112:887-898.
Bonierbale, M . W.; Plaistad, R. L.; and Tanldaey, S. O. 1988. RFLP maps basad on a common sat
of clones ravaal modes of chromosomal evolution in potato and tomato. Genatics 120:
1095-1103.
Chávaz, R.; Rayas, R.; and Roca, W. M . 1989. In-vitro culture for the consarvation of wild Manihot
species. In: Mujeeb-Kazi, A . and Sitch, L. A . leds.). Review of advances in plant
biotechnology 1985-1988: 2nd International Symposium on Genetic Manipulation in Crops .
Centro Internacional de Mejoramiento de Malz y Trigo ICIMMYTl. Mexico, D.F. Mexico, and
Internatioanl Rice Research Institute (IRRI) , Manila, Philippines.
Chittendan, L. M .; Schertz, K. F.; Lin, Y. R.; Wing, R. A .; and Paterson, A . H. 1994. A detailed RFLP
map of Sorghum bicolor x S. propinqum, luitable lor high density mapping, suggests
ancestral duplication 01 Sorghum chromosomes or chromosomal segments. Theor. Appl .
Genet. 87:925-933 .
Oellapona, S. L.; Wood, J.; and Hicks, J. R. 1983. A plant ONA minipreparation: version 11. Plant
Mol. Biol . Rep. 1: 19-21 .
Gómez, R.; Angel, F.; Bonierbala, M .; Rodrlguez, F.; Tohmé, J.; and Roca, W. 1994. Selection 01
heterozygous parents and single dose markers for genetic mapping in cassava . (Submitted
to Theor. Appl. Ganet.)
Hahn, S. K.; Terrv, E. R.; and Leuschner, K. 1980. Cassava breeding for resistance to cassava
mosaic disease. Euphytica 29 :673-683 .
Hershey, C. and Dcampo, C. 1989. New marker ganes found in caSS3va . Cassava Newsl. 13: 1-5.
Husaain, A.; Ramira, H.; Roe:., W.; and Bushuk, W. 1987. Identification 01 cassava IM8nihot
.seu/entll Crantz) by electrophoretic patterns 01 est~rase isozymes. Seed ScL Technol.
15(1): 19-22.
liTA (Internationallnstitut.

lar Tropical Agriculture). 1988. Annual repon 1988. Ibadan, Nigeria.

Kochen, G. 1990. Introduction to RFLP mapping and plant breeding applications. A training
manual. Rockefellar Foundation International Program on Rice Bictechnology, New York.
Kosambi, O. O. 1944. The estimation 01 map distances from recombination values. Ann . Eugen .
12:172-175.

56

Lefervre, F. and Charrier, A . 1993 . Heredity of seventeen isozyme loci in cassava IMamhot esculenra
Crantz) . Euphytica 66 : 171-178.
McCouch, S. R.; Kochert, G. ; Yu, Z. H.; Wang, Z. Y.; Khush, G. S.; Coffman, W. R.; and Tanksley,
S. D. ; 988 . Molecular mapping of rice chromosomes . Theor. Appl. Genet. 76 :815-829 .
Magoon, M. L. ; Krishnan, R.; and Bai, K. V. 1969. Morphology of the pachytene chromosomes and
meiosis in Manihot esculenta Crantz. Cytologia (Tokyol 34:612·626.
Rogers, D. J. and Appan, S. G. 1973 . MBmhot and MBnihoidas (EuphorbiBcea ). Flora neotropical
Monograph Number 13. Hafner Press, New York.
5ambrook, J.; Fritsch, E. F.; and Maniatis, T. 1989. Molecular cloning : A laboratory manual. 2nd
ed . Cold Spring Harbor Laboratory Press, New York. 3 vals.
Southern, E. M. 1975. Detection of specific sequences among DNA fragments separated by gel
electrophoresis . J . Mol. Biol. 98:503-517 .
Tanksley, S. D. 1983. Molecular markers in plant breeding. Plant Mol. Biol. Rep. 1 :3·8.
Umanah, E. E. and Hartmann, R. W. 1973. Chromosome numbers and karyotypes of somti Mamhol
species. J . Am . Soc o Hort. Sci . 98:272-274.
Vayda, M . E. and Freeling, U. 1982. Insenion of the Mu 1 transposable alement into the first intron
of maize Adh interteres with transcript elongation but does not disrupt chromatin structure.
Plant Mol. Biol. 6:441 -454.
Wu, K. K.; Burnquist, W.; Sorralla, M . E.; Tew, T. L. ; Moore, P. H.; and Tanlsley, 5. D. 1992. The
detection and estimation of linkage in polyploid using single-dose restriction fragments .
Theor. Appl. Genet. 83 :294-300 .
Yu, K. F. and Pauls, K. P. 1993. Segregation of random amplified polymorphic DNA markers and
strategies for molecular mapping in tetraploid alfalfa . Genome 36:844-851.

57

M. esculenta
F279 Uava)

M. glaziovü

x

j
j

3 backcross generations to
F279

5318 /34

58308

Selecti.on at Moor plantation Irom
open-pollinated seeds Iyield . ACMV. etc .)

x

Nigerian cassava landraces
Usunikakiyan. Ogunjobi. etc .)

j

selection (yield. ACMV. etc .)

671287 . 60444 .. .

j

Recurrent selection involving
landraces Irom Brazil

TMS 30572 IMNg2) ... TMS series

Figure 1. Pedigree 01 MNg2 ITMS 30572).

Chiroza Yema de Huevo
IColombian cassava landrace)

x

M Ven 218
IVenezuelan cassava landrace)
selection

x

Llanera
(Colombian
cassava landrace)

t
x

1

Tempranita
IColombian
cassava landrace)
selection

cf'
selectio n

CM 2177-2 UCA-Cebucán)

Figure 2. Pedigree 01 CM 2177-2 UCA-Cebucán) .

58

M

A

e

B

Figura 3. Singla-copy (A), low-copy (B) and repeated sequences (e) derived from random genomic
libraries in cassava . M is molecular marker Lambda DNA/Hindlll.

FM_

F1

•=

F MNg2
M = CM 2177-2
Figure 4 . Autoradiogram derived from Southern hybridization of clone PM 2506 onto EcoRI digests
of DNA from parental lines and F1 mapping population .

F ~ Nga 2
M = CM 2177-2
Figure 5. Arbitrarily primed DNA of parental lines and F1 using primer K 11 .
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B
Figure 6 . Null alleles found in the genome of the male parental line of mapping population . Arrow
shows absence of signal in ONA from male parent with (A) proba PM 1 and (B) probe
PM 77 - both with the restriction enzyme Haelll.

FM

F1

•

F = MNg2
M = CM 2177-2

Figure 7 . Autoradiogram derived from Southern hybridization of clone PM 2257 onto ONA of
parental lines and F1 mapping population . Arrow points to two aUeles from the male
parent segregating in the F1, but absent in the female parent. This 'genomic' clone might
be hybridizing to two genomes in the male parent but only in one genome in the female
parent due t o sequence rearrangement, which has occurred in the other genome.
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Figure 8, Preliminary linkage groups in cassava cased on RFLP and RAPO markers _
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PHYLOGENETIC ANAL YSIS OF THE GENUS MANIHOT
BASED ON MOLECULAR MARKERS

B. Schaal', p, Olson ' , T. Prinzie', L. J . C. B. Carvalho ',
N. J . Tonukari' and O. Hayworth'
'Oepartment of Biology, Washington University, Sto Louis, Missouri, USA;
'Centro Nacional de Pesquisa de Recursos Genéticos e Biotecnologia (CENARGEN).
Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA). Brasnia, OF, Brazil
'International Institute for Tropical Agriculture (liTA). Ibadan, Ni¡¡eria

The precise origin of the cassava crop (Manihot esculente) is unknown and under
debate. Hypotheses pro pose either ,a North or South American origin, or a cultigen
versus wild progenitor origin . Unfortunately, morphological data for determining the
relationships among many spacies within the Manihot ¡¡enus have often given
ambiguous results; thus a new approach is necessary. Scientists at CIAT,
CENARGEN, liTA, and Washington University are collaborating to investiga te the
evolutionary origins of cassava and the phylogenetic relationships and diversity
within the Manihot genus. They are using a cladistic phylogenetic analysis of ONA
sequences of bot h nuclear ribosomal ONA and the linamarase gene . They are also
analyzing ambiguous relationships among specíes w ith random amplified polymorphic
ONA (RAPO). Results to date indicat. a South American origin l or cassava, with
several Brazilian species showing close aHinity .

INTRODUCTION
The genus Manihot is native to the neotropics and subtropics of the Western
Hemisphere. Of the 98 species delineated by Rogers and Appan (1973). 80 occur
in Brazil, making the country an important genetic resource center for the genus .
Despite the socioeconomic importance 'of M. esculenta, the cassava crop and its
wild relatives have received little attention from researchers. Recently, the Dutch
Government and the Rockefeller Foundation have instituted research programs to
solve major cassava research challenges by using modern biotechnologies . Strong
cassava research programs have also been developed by international agencies such
as the Centro Internacional de Agricultura Tropical (CIAT) and the International
Institute for Tropical Agriculture (lITA). The Brazilian Centro Nacional de Pesquisa
de Recursos Genéticos e Biotecnologia (CENARGEN) has given high priority to
cassava biotechnology research by choosing cassava as a model for germplasm
characterization and conservation of vegetatively propagated crops.
Because research on cassava is recent, many fundamental stud ies of the crop
and its wild relatives are lacking on such questions as how cassava was
domesticated, what were its wild progenitors, where domestication occurred, or
what are the phylogenetic relationships of cassava with congeneric wild species.
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Studies of cassava evolution are now being undertaken jointly by scientists from
Washington University, CENARGEN, CIAT, and liTA .
The work reported here aimed to determine the origin of cassava and study
the diversity and evolution of the Manihot genus overall. This type of study w ill
help provide a framework for the use of cassava germplasm and a basis for future
conservation.
Recently, Bertram ('9931 addressed several related questions on the
phylogeny of the genus and the domestication of cassava. Two hypotheses on the
origin of cassava are:
•

Rogers ('966) considers cassava as a cultigen, that is, as a species selected
by humans and not occurring .naturally in a wild formo Cassava is thought,
therefore, to have originated through a series of hybridization and
introgression events involving several native Manihot spp .

•

Allem (1987) supports the alternative hypothesis of a wild progenitor
species, having reported that wild cassava has been found in Brazil.

Neither hypothesis has been definitively addressed by these authors beca use
of the inherent difficulties posed by the morphological characters within the genus .
Even with the help of powerful statistical tools, Bertram (' 993) had difficulty in
generating a morphologically based phylogeny of Manihot. He observed a high
degree of homoplasy in many morphological characters, as well as little congruence
between the derived phylogeny and biogeographical information.
These
observations raise substantial questions as to the validity of any Manihot phylogeny
based solely on morphological characters.
Consequently, researchers have turned to molecular characters to elucidate
evolutionary relationships within the genus. Indeed Bertram ('993) also attempted
to use molecular techniques by analyzing chloroplast restrictioll fragment length
polymorphisms (RFLPs), but his study was limited by the small number of available
species. Oespite the limited sampling within the genus, Bertram's work pointed to
a South American origin for cassava and confirmed the uti!ity of molecular work for
addressing phylogenetic issues in Manihot.
In our research, we compared these two hypotheses of cassava's origin :
cultigen versus wild progenitor.
Our approach uses enhanced germplasm
representations of the genus Manihot and direct ONA sequencing of several genes .
We addressed the following questions: (1) From what species and in what
geographic region did cassava originate7 (2) Which are cassava ' s ciose relatives7
(3) What are the phylogenetic relationships within the Manihot genus7 (4) What is
the genetic diversity and rate of molecular evolution witnin Manihot for several key
DNA sequences7
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MATERIAL S ANO METHODS
Manihot spp . were obtained from several sources, primarily from the collections held
at CIAT and CENARGEN . Several Mexican species were kindly previded by Rob
Bertram of the U.S. Agency for International Development (USAID). Species held
in the collection at the Washington University are:
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.

aesculifolia
anomala
caerulescens
carthagenesis
chlorosticta
davisae
epruinosa
esculenta
esculenta ssp. flabellifolia
esculenta ssp. peruviana

M. hastatiloba
M. mossamedensis
M.oaxacana
M. piiosa
M. rhomboidea
M. rubricaulis
M. sparcifolia
M. tripartita
M. triphyla
M. walkerae

For the phylogenetic study, genomic DNA was isolated from nitrogen-frozen,
powdered leaves, using a standard hexadecyltrimethylammonium bromide (CTAB)
procedure (Doyle and Doyle, 19871. modified for small amounts of tissue . Genomic
DNA was amplified by polymerase chain reaction (PCR), using Taq lONA
polymerase. PCR products were directly sequenced after being purified with
polyacrylamide-gel. Sequencing was done with the dideoxy-mediated chain
termination method, using the fmo/TIA DNA sequencing system (Promega).
Several different molecular markers were used for phylogeny reconstruction
and to measure diversity. Nuclear ribosomal DNA (nrDNA) consists of coding
sequences for the 18, 5.8, and 28S ribosomal subunits; two internal transcribed
spacers (lTS"1 and ITS-2); and an intergenic spacer region (Figure 1). ITS-1, 5.8S,
and ITS-2 regions were amplified with the primers shown in Figure 1. The ITS
regions are phylogenetically informative at the generic and species level in several
plant groups (Baldwin, 1992), and we had hoped that they would previde
phylogenetic signals in Manihot as well. The ITS sequence data were collected for
a subsample of Manihot spp. and used to generate a phylogenetic tree. Data
analysis was performed by the computer program: Phylogenetic Analysis Using
Parsimony, version 3. 1.1 (PAUPI (Swofford, 1993) .
We have begun studying another gene, linamarase, for potential use in
phylogenetic reconstruction and as a candidate locus for the production of
cyanogenic glucosides . Cassava accumulates the cyanogenic glucosides,linamarin
and lotaustralin, which are hydrolyzed after tissue is damaged, leading to the
production of hydrocyanic acid. This response is regarded as a defense mechanism
against predators (Cock, 1985; Mkpong et al., 1990; Koch et al., 1992).
Cyanogenic glucoside is hydrolyzed by the enzyme cyanogenic beta-glucosidase
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(EC 3 .2 . 1.21) linamarase . Oegenerate oligonucleotide primers, designed by O.
Hayworth and N. J. Tonukari, were developed from conserved regions of linamarase
from sequences of cassava cONA (Hughes et al., 1992) and white clover betaglucosidase (Oxtoby et al. , 1991). The primers were:
Lin-1 5' -TTGGAACGGCT ACTTCTGCTT ATCA-3'
Lin-2 5' -GGAA TTTTGTGAACCAATGAGCCGA-3'
Several Manihot spp. and cassava cultivars were examined for sequence
variation (see list aboye) .
Genetic diversity and phylogenetic relationships were also examined with
RAPO data . RAPO analysis uses random PCR primers to amplify portions of the
genome (Williams et al., 1990) . These amplified fragments are separated on an
agarose gel and seo red for the presence or absence of specific amplified fragments.
Several Manihot spp. were also subjected to a RAPO analysis, using 40 primers
(OPN and OPP series from OPERON) . RAPO profiles often produce species,
population, or individual specific fragments ; and relationships among groups may
be calculated by measuring distances. Oata on presence or absence were analyzed
with the NTSYS computer package (Rohlf, 1990). Genetic diversity among
collections and species was determined by computing Jaccard similarity
coefficients. The generated data matrix was used to cluster groups of accessions
based on the unweighted pair group method, using arithmetic average (UPGMA).
and PAUP was used to generate a phenogram.

RESULTS ANO OISCUSSION
Ribosomal ONA
The rate of molecular evolution of nrONA in the genus Manihot provides
phylogenetically informative markers. Manihot spp . often differ in several different
base pairs for the ITS 1 and 2 nrONA sequences . Our results so far are preliminary
and await both the addition of more taxa and verification of some sequences.
Results of the phylogeny reconstruction by PAUP are shown in Figure 2, which
presents a strict consensus tree. The tree is rooted by the outgroup Cnidoscolus,
a genus in the Euphorbiaceae closely related to Manihot. The two main ciad es are
(1) M. esculenta and seven other species, and (2) eight other species .
These ciad es appear to be strongly related to geographic origin, with the M.
esculenta group being primarily South American. Likewise, the Mexican species
form a distinct clade (Bertram, 1993). AII cultivars examined (from Thailand,
Colombia, and Nigerial cluster with South American species . Somewhat
unexpectedly, the cultivars differ from each other. The Nigerian M. esculenta is
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distinct from those of Colombia and Thailand. Thus. ITS sequences may provide
useful information for tracing the origin of cultivated varieties .
The northernmost species-the rare M. walkerae and M. oaxacana-are the
most distinct species for ribosomal ONA; interestingly, both are vines (Figure 2).
Because the resolving power of ITS sequences is limited, several unresolved
relationships remain: for example, those of the group of M. irwinii, M. glaziovií, and
M. alutacea (Figure 2). The lack of resolution in parts of the phylogeny indicates
the need for additional ONA sequences that are more variable and provide increased
resolution among species.

Linamarase
Work with linamarase was initiated to provide alternative markers for phylogeny
reconstruction and to survey genetic diversity at this important gene. Although
results of sequencing the linamarase gene are still preliminary and incomplete,
sequence variation is considerable among the seven introns of the gene. Variation
is also wide among species. As yet, we have not surveyed different populations
within a species, nor have we surveyed a range of M. esculenta cultivars for
variation. Thus, although we ha ve not pinpointed the rate of evolution for the
Iinamarase gene, preliminary results suggest the gene will be extremely use fui in
both ecological and evolutionary studies.

RAPOs
RAPO analysis has been particularly useful in investigating different plant strains,
lineages, and cultivars (e.g., Rogowsky et al., 1993). In some cases, RAPOs have
provided intormative markers that can be used to trace the evolutionary origin of
species such as Brsssics (Kresovich et al., 1992). The use of RAPOs for
phylogenetic work is controversial, however, beca use of the difficulty in assessing
homology between fragments. Such considerations are particularly important when
interspecific comparisons are made. In Manihot, RAPOs provide extensive fine-sea le
variation and can be used to distinguish M. esculenta cultivars and help resolve
ambiguous relationships, such as between sorne Brazilian Manihot spp . and M.
esculenta.
Figure 3 presentsresults of the PAUP analysis of RAPO data, indicating a
high degree of similarity between cassava and M. flabellifolia and M. peruviana (or,
alternatively, between M. esculenta ssp. flabellifolia and M. peruviana). The species
relationships agree with several hypothesized relationships based on morphology (A.
Allem, personal communication). Nevertheless, these results still need to be
validated by establishing that the RAPO ONA fragment profiles produce characters
that are homologous, independent, and variable so to meet the assumptions of
statistical analyses.
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CONCLUSIONS
The status of our current work indicates that DNA sequence data of ITS-1 and 2
will be sufficient to resol ve many relatlonships within the Manihot genus. However,
to pinpoint both the geographic origin and the species most closely related to
cassava, another more rapidly evolving sequence will be necessary tor th is finescale resolution. To test the alternative hypotheses of origin (i.e., cultigen versus
wild progenitor), several molecular sequences must be analyzed to achieve sufficient
resolution and to assure us of having true taxon phylogeny rather than gene
phylogeny.
Our work so far suggests that the introns of linamarase will provide such
information, and we are rapidly accumulating sequence data. We hope that the
rapidly evolving introns of linamarase will also be useful for distinguishing cassava
lineages. If such resolution can be detected, then we plan to apply coalescence
analysis to these sequences, a method developed in the field of population genetics
to loo k at the "genealogy" of a DNA sequence. Applying such an analysis to the
cassava germplasm collection could unravel the origin and derived relationships
among the world's cassava cultivars.
If linamarase does not prove to have a high enough rate of evolution, then
RAPO analysis alone will be used to construct a phenogram of cassava cultivar
relationships. In that case, so me aspects of cassva evolution may be inferred, but
the power to detect the detailed genealogy of relationships will be lost, and we
would be unable to determine the precise sequence of steps in the development of
various cassava cultivars.
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5'GCATCGATGAAGAACGTAGC 3'
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S'TCCTCCGCTTATTGATATGC 3'

Figure 1. Nuclear ribosomal ONA, showing loealities and seQuences 01 primers for ¡he seQuencing
of the ribosomal ONA internal transcribed spacers, ITS-l and ITS-2.
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M . escu/enta (Nig .)

r---

-

M . escu/enta (Thai)
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M.
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M.
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irwinii
g/aziovii
II/utacell
flabe/lifo/ia
carthaginensis
grahamii

M.
M.
M.
M.

rhomboidea
aesculifolill
angusti10ba
davisae

M . websterae
M . crassiseplI/a
M . pring/ei
M . rubricau/is
M. wa/kerae

M. oaxllCllnll
Figure 2. Striet eonsensus tree 1rom PAUP for ITS sequenees 01 Mllmhot spp.
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M . pseudoglariovii

M. esculenta

M. esculenta ssp . peruviana

M. esculentll SSp . flabel/ifolill

M. gracilis

M . quinquepllrtitll

M . ¡rwinü

M. Mlomal.

M. gluiovii

M. pilosll

Figura 3. Relationships among Mllnihot spp. based on RAPO data .
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APPLYING DNA FINGERPRINTING TECHNIQUES
IN HEVEA STUDIES

F. C. Low', S. Atan ', S. L. Khoo', H. Jaalar' , H. Tan ',
K. M. Devos' and M. D. Gale'
'Rubber Research Institute 01 Malaysia, Kuala Lumpur, Malaysia;
'Cambridge Laboratory, John Innes Center, Norwich, United Kingdom

The hypervariability 01 microsatellites make them uselul genetic markers in DNA
lingerprinting studies, which may be based on either Southern blotting techniques
or polymerase chain reaction (PCR). In general, PCR-based techniques are sale, last,
and efficient. Applying ONA lingerprinting techniques, such as sequence-tagged
microsatellites sites (STMSl. to Heves depends on whether hypervariable sequen ces
are present in that spedes. This study therelore attempts to determine whether
STMS exist in Heves and, il they do, their polymorphic nature. A computer search
in the Europoean Molecular Biology Library (EMBL) database revealed that
microsatellites were present in Heves; this was conlirmed by hybridization with
oligonucleotide probes. Primers Ilanking microsatellite regions -IGAln, (TAln and
ITTAln-in hydroxymethyl-glutaryl coenyzme A reductase-l Ihmgr-l) were designed
and used to convert these microsatellite regions to STMS lor Havas DNA
lingerprinting atudie.. Hydroxymethyl-glutaryl coenyzm. A reductase-l is a key
enzyme in the biosynthetic pathway of rubber. Variations in STMS were detected
between and within Heves species . Preliminary studies suggested that part of this
polymorphism could result from insertion/deletion events. Hybridizations with simple
sequence repeat (SSA) oligonucleotide probes revealed polymorphism within a
population of Havas plants produced by in vitro culture. Changes in the methylation
level probably caused the polymorphism detected in the in vitro plants . The use of
these ONA fingerprinting techniques for identification and mapping purposes is
examined.

INTRODUCTION
Fingerprinting techniques exploit hypervariable sequences present in the genome .
These sequences are basically highly repetitive DNA, which generally falls into two
categories: satellite DNA and interspersed repeated DNA (Estoup et al., 1993) . The
former, satellite DNA, is co.mposed of large numbers of tandemly repeated
sequences that can be purified from total ONA by standard ONA isolation
techniques, such as cesium chloride gradient centrifugation, The second category,
interspersed repetitive ONA, includes the mini- and microsatellite sequences.
Minisatellites cons ist of cores of tandémly repeated DNA sequences of 9 to 64
bases, which occur in tracts of 0.1 to 7.0 kilobase (kb) (Jeffreys et al., 1985).
They are often found near the centromeric and te lomeric regions of the
chromosomes. On the other hand, microsatellites (Epplen, 1988; Tautz, 1989) are
short-motif units (usually 2 to 5 bases). reiterated in tandem over a total length of
less than 0.2 kb (Rassmann et al., 1991).
In contrast to minisatellites,
71

microsatellites are scarce in the centromeric and telomeric regions of the
chromosome (Wintero et al., 1992; Wong et al., 1990). They appear to be more
randomly distributed along the chromosomes than the minisatellites (Hearne et al.,
1992). Because these repetitive sequences may vary in the number of repeating
units, they are also known as variable number tandem repeats (VNTRs) (Nakamura
et al., 1987). Both mini and microsatellites are VNTRs. ONA sequences consisting
of simple sequences, arranged in tandem, have proven to be highly polymorphic and
are therefore a so urce of informative genetic markers (Jeffreys et al., 1985).
ONA fingerprinting is based on either Southern blotting techniques or
polymerase chain reaction (PCR) (Mullis and Faloona, 1987; Saiki et al., 1985).
PCR-based techniques, such as random amplified polymorphic ONA (RAPO) (Welsh
and McClelland, 1990; Williams et al., 1990) and sequence-tagged sites (STS)
(Olson et al., 1989), are safe, fast, and efficient as compared with Southern blot
analysis. The application of recent ONA fingerprinting techniques, such as
microsatellites and STS, to Hevea ' depends on whether these hypervariable
sequences are present in the species. This study attempts to determine whether
microsatellites are present in Hevea and if they are polymorphic and to test their
usefulness in mapping.

MATERIAlS ANO METHOOS

Plant materials and ONA analysls
Six Heves species (H. brasiliensis, H. benthamians, H. carmagoana, H. guianensis,
H. pauciflora, and H. spruceana) and ten H. brasiliensis clones (PB 85, Tjir 1,
RRIM 600, RRIM 713, RRIM 717, PB 49, PB 5/51, PB 260, PB 235, and PB 265)
ware used for these studies. Clone RRIM 600 is progeny of the cross PB 86 x
TJir 1, and clone PB 260 of PB 49 x PB 5/51. In vitro plants were derived from H.
brasiliensis clone Gl 1. Control plants were of the same clone, but were
propagated vegetatively by cutting and budding.
Genomic ONA from various Hevea genotypes was isolated and analyzed
according to low et al. '(1991) .

..

GenerBtlon of oligonucleotlde probes
Simple sequence oligonucleotide pro bes of several kb were generated by
concatemerization of the basic repeating sequence by PCR. Two repeating
oligonucleotides of complementary sequences, each at a final concentration of
0.2 pM, were amplified to sequences of several kb in a reaction containing 0.2 mM
each dATP, dCTP, dTTP and dGTP, 0.05% Nonidet P-40, 0.05% Tween 20, and
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Taq DNA polymerase (1 unitl in a total volume of 100 tll. Amplification was carried
out in 32 cycles : 1 minute at 94 oC, 1 minute at 36 oC, and 20 seconds at 72 oC;
at the end of each cycle, there was an autoextension of 3 seconds, followed by a
final extension at 72 oC for 5 minutes. The simple sequence repeat (SSRl
oligonucleotides so generated were then used as hybridization probes, after labelling
with alpha-32P dCTP by the random priming method of Feinberg and Vogelstein
(1983l.

Amplification of STMS
Published Heves gene sequen ces recorded in the European Molecular Biology Library
(EMBLl database were searched for the presence of microsatellites. Primers
flanking the identified microsatellite regions were designed with the PRIMER
computer program from Whitehead Institute for Biomedical Research, USA.
Amplification of microsatellite regions by STS was carried out in the presence of
10 mM Tris-HCI, 1.5 mM MgCI2, 50 mM KCI, 0.2 mM each dATP, dCTP, dGTP,
and dTTP, 0 .2 tlM each primer (forward and reversel, 0 .05% Tween 20, 0.05%
Nonidet P-40, 0.8 unit Taq DNA polymerase, and 20 ng DNA template, in a final
reaction volume of 50 tll. PCR conditions included an initial denaturation at 95 oC
for 5 minutes, followed by 60 cycles of 1 minute at 94 oC, 1 minute at 55 oC, and
2 minutes at 72 oC, with a final extension at 72 oC for 7 minutes .
Aliquots of the amplified products were analyzed by horizontal
electrophoresis-carried out in 5% MetaPhor agarose and 4% NuSieve
agarose-and vertical electrophoresis-in 6-8% polyacrylamide gels .

RESULTS ANO OISCUSSION

Sequence-tagged mlcrosatellites In Hevea
A computer search in the EMBL database revealed that only seven Hevea gene
sequences have been recorded and, of these seven. only one contained
microsatellites: hydroxymethyl-glutaryl coenzyme A reductase-I (hmgr-ll. with
microsatellites (GAl" (TAl", -and (TTAla- Primers flanking these regions were
designed and synthesized at the Cambridge Laboratory in Norwich , United Kingdom.
Analysis of the sequence-tagged (GAl, microsatellite site (STMSl by
horizontal gel electrophoresis indicated that only one of the seven H. brasiliensis
clones examined was polymorphic. More information, however, was gathered when
the same STMS was examined in polyacrylamide gels by vertical electrophoresis:
many more bands, ranging from 100 to 1000 base pairs (bpl. were observed after
separation through polyacrylamide gel.
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Polymorphisms were detected between all the Hevea species examined
(Figure 1), as well as between clones within H. brasi/iensis (Figure 2) . The
usefulness of STMS for (GA)g in hmgr-l for mapping merits further study. While
results with PB 49, PB 5/52, and PB 260 suggest that the selected STMS was
suitable, results from the second set of parents and progeny, i.e. Tjir 1, PB 86, and
RRIM 600, are les s conclusive.
No polymorphism was detected in the (GA). microsatellite region of the five
in vitro plants (Figure 3). indicating that these plants were genetically uniform at
their (GA). microsatellite region of the hmgr-I gene .
Two types of polymorphism were observed: differences in the number of
amplified bands and variation in the length of these bands. Polymorphism between
clones was mainly in the number of bands, while polymorphism between species
involved both amplified band number ar;ld length. Therefore STS polymorphism in
the (GA)g microsatellite regions between H. brasi/iensis clones appear to be due to
allelic differences in that particular locus, resulting from genetic recombination . On
the other hand, genetic events, such as ONA insertion/deletion and ONA point
mutations occurring during the evolution of the species, may cause the
polymorphisms between species.
Apparently, the STMS technique can be reproduced satisfactorily because
similar ONA samples, run in the same experiment, produced similar results
(Figure 21.

Detection of (GGAI. and (GACAI. microsatellltes
Hybridization of digested genomic ONA with oligonucleotide probes showed that
simple sequence repeats, such as (GGA). and (GAGA)., are present in the Hevea
genome. These oligonucleotide probes were then applied to a 5mall sample of in
vitro plants to evaluate the genetic uniformity of these materials. Preliminary
hybridizations of SSR oligonucleotide probe (GAGA). with gONA digests of these
plants indicated that one of these plants might be different. A restriction fragment
length polymorphism (RFLP), after separate digestion with Mspl and Mbol was
elicited (Figure 41. Preliminary results suggest that changes in ONA methylation at
the cytosine moiety might have contributed to the observed polymorphism; further
research would be needed, however, to confirm this observation .
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Figure 1. Polymorphism in the sequence-tagged microsatellite (GAI. site among several Hevea
species . Lánes 1 and 2 correspond to H. pauciflora; lane 3 to H. Duianensis; lane 4 to
H. camarDoana; lane 5 to H. benthamiana; and lane 6 to H. brasiliensis.
M 1 is the molecular weight, kb ladder.
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Figure 2. Polymorphism in sequence-tagged microsatellite (GAI. site among several H. brasiliensis
clones, after vertical electrophoresis through 6 % polyacrylamide gel. Lanes 1 and 2
correspond to PB 260; lanes 3 and 4 to RRIM 600; lane 5 to PB 265; lane 6 to PB 235;
lane 7 to RRIM 717; lane 8 to RRIM 713 ; lane 9 to PB 260; lane 10 to PB49; lane 11 to
PB5/51; lane 12 to RRIM 600; lane 13 to PB 86; and lane 14 to Tjir 1.
M 1 is the molecular weight marker, Kb ladder, and M2 the molecular weight marker,
100 bp ladder.
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Figure 3 . Sequence-tagged microsatellite (GA) , site 01 several H. brasiliensis in vitro plants :
lanes 1 and 2 correspond to the controls C4 (Ior cutting) and 95 (Ior budding); and
lanes 3 to 7 to IVP 14; IVP 1; EAC 34 /90; EAC 1S/90; and EAC 4/91 .
M1 is the molecular weight marker, 100 bp ladder.
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Figure 4. Hybridization with SSR oligonucleotide probe (GACA}n with H. bresiliensis clone
Gl 1 gDNA after digestion with Mbol (A) and Mspl (B). Lanas 1 and 2 correspond,
respectivaly, to the controls B5 (for budding) and C4 (for cutting); and lanes 3 to 7 to in
vitro plants of IVP 1, IVP 14, EAC 4/91, EAC 18/90, and EAC 34/90.

MI is the molecular weight, lambda DNA/Hindlll.
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Straightfarward and reliable methads far estimating genetic differences between
cassava varieties are of major importance if germplasm collections are to be
maintained and used efficiently and praductively. At present, categorization and
classificatian are largely based on agra-ecalagical characteristics and morphological
descriptors. Althaugh thesa methods are simple, they only provide a crude estimate
of genetic diversity. Emphasis is increasingly placed on the use of other methods,
such as isoenzymes, restriction fragment length polymorphisms IRFlPs), and random
Isoenzymes, although cheap and
amplified polymorphic ONA IRA PO) .
uncomplicated, do not reveal sufficient variation to be of significant use. In this
study, both RFlPs and RAPO were applied to a cassava germplasm collection,
allowing the relative merits of both approaches to be assessed and recommendations
to be made for their wider application to cassava germplasm collections.

INTRODUCTION
The germplasm of cassava (Manihot esculenta Crantz) and its close relatives is the
major source of genes for genetic improvement of the crop. Genetic modification
allows genes to be introduced from any organism; its role is plant breeding is
important, but this means to improve tropical crops is extremely expensive,
technologically sophisticated , and largely unproven . Breeding that use the land and
labor available in developing countries is likely to lead to major improvements in
cassava germplasm . Though some indigenous cultivars ·and landraces still remain
uncollected, most of the existing germplasm of cassava and several other Manihot
species is now held in major international and national collections, such as those at
CIAT in Colombia, liTA in Nigeria, and various institutes in Brazil and elsewhere .
These collections aim to serve as a repository of the maximum range of cassava
genetic variation for use by breeders and others involved in crop improvement.
Secondly, these collections help conserve existing genetic resources and are an
insurance against genetic erosion o
If these collections are to fulfil these purposes, their accessions should be
well documented and characterized in terms of passport data, agro-ecological
criteria, morphological descriptors, and some objective measure of genetic diversity .
Unfortunately, such information is often inadequate or even lacking . Without this
information, the usefulness of cassava collections to the breeder is limited . A need
for these collections exists, and core collections derived from them should be
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rigorously evaluated to determine the range of genetic vanatlon within them,
eliminate duplications, and identify under-represented areas. Only then , will the ir
full potential become available to breeders .
Molecular methods that sample the geno me directly have been increasingly
used to detect and measure genetic diversity within crop species.
These
approaches are considered more reliable and less susceptible to environmental
variables than other approaches, such as morphological descriptors and isoenzymes .
The principal method used is that of restriction fragment length polymorphisms
(RFLPs) (Flavell, 1991), although the random amplified polymorphic ONA (RAPO)
method is used increasingly with crop plants (Yu and Nguyen, 1994) . Both the
RFLP and the RAPO approaches have been recently applied to a small collection of
cassava and related Manihot species (Beeching et al. , 1993; Marmey et al., 1994) .
This study compares the results obtained in those studies and evaluates the
respective merits of both approaches . .

MATERIALS ANO METHOOS
ONA was purified from the lea ves of cassava, M. caerulescens Pohl, M. glaziovii
Mueller von Argau. and interspecific hybrids between cassava and M. glaziovii
(Table 1), grown axenically in vitro, by the method of Oellaporta et al. (1983) . For
the RFLP analysis, radiolabelled cassava cONA clones were used as pro bes of
Southern blots of 51 pg samples of ONA digested with either EcoRI or Hindlll. The
stringency of the final wash was 0 . 1 x SSC at 65 oC. For the RAPO analyses,
decamer oligonucleotides (OPK kit, Operon, USA) were used as primers in the
following amplification system: 94 oC for 4 minutes; 45 cycles of 94 oC for
1 minute. 35 oC for 1 minute; and 72 oC for 2 minutes ; this was followed by a
final extension at 72 oC for 6 minutes, in a Trio-ThermoBlock (Biometra. Germany) .
Full details of both methods can be found in Beeching et al. (1993) and Marmey et
al. (1994) . The data was analyzed using the Jaccard (1901) similarity index and
the UPGMA (Sneath and Sokal. 1973) and Neighbor-Joining (Saitou and Nei, 1987)
clustering algorithm programs within the PHYLlP (version 3.5c) suite of programs
(Felsenstein, 1989).

RESULTS
Although a larger number of accessions were included in the RFLP than the RAPO
study, all the accessions in the latter study were found in the former. This study
will consider this smaller common selection. The resultant data are used to study
the genetic diversity within cassava cultivars and between Manihot species.
For the RFLPs, 15 probe-enzyme combinations (PECs) were used, for a total
of 155 scored bands for the overall combination of plants and PECs studied
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(Figure 1J. In the case of the RAPOs, 17 of the 20 primers tested gave useful and
repeatable band patterns, totalling 203 different bands for the interspecific study
and 85 for the intraspecific one (Figure 1J.

Interspecific analysis
The data from the RFLP and RAPO studies were used to construct dendrograms,
using the Jaccard index and UPGMA (Figure 2). These dendrograms are very
similar; the three species cluster separately and the interspecific hybrids are placed
at intermediate positions between the parental species, M. esculenta and M.
glaziovii. The slight differences in hybrid position between the two dendrograms
is probably due to the UPGMA algorithm that forces the loosely related individuals
into clusters. The Neighbor-Joiningalgorithm, which is not so constrained, probably
portrays a more accurate picture, although the resultant trees are less readily
interpretable visually (Figure 2).

Intraspecific analysis
The RFLP and RAPO data for the 19 cassava accessions were analyzed in a similar
way and used to construct dendrograms (Figure 3). In this case, although there are
some strong common features between the two derived trees, there are also some
striking differences. The pairs of individuals which appear as identical with RAPOs,
R, S and Y, Z, are also identical, or very similar, with RFLPs.
The H, U, W, P, R, S cluster is maintained in both trees. The remaining
individual plants, however, are not placed in similar clusters . Of particular interest
are F and T, which are very similar in the RFLP derived dendrogram, but dramatically
different in tnat derived from the RAPO data. Comparison of Neighbor-Joining trees
does little to resolve this inconsistency (results not shown). Far fewer characters
(individual bands) were available for RAPOs analysis for this intraspecific study than
for the interspecific study, 85 as opposed to 203. The number for the RFLPs
remained at 155. Perhaps it should be expected that the two dendrograms differ.

..

DISCUSSION

80th RFLPs and RAPOs 'can be used to reveal genetic diversity in cassava and
Manihot species. 80th methods detect a higher level of polymorphism than
isoenzymes do (Lefevre, 1988; Ramrrez et al., 1987). This makes them much more
useful tools for evaluating cassava germplasm collections.
We therefore
recommend these molecular approaches.
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The cONA clones used in the RFLP study detected more polymorphism within
the cassava cultivars examined than did the genomic clones used in the study of
Angel et al. (1993). More variation might be expected in the sequences probed by
random genomic clones than in those protein-coding regions probed by cONA
clones; this. however. appears not to be the case . In cassava. cONA derived
probes may be better tools than genomic clones for studying genetic diversity and
for mapping.
While RFLPs and RAPOs were comparable for revealing genetic diversity
within cassava and between Manihot species. they did not generate identical
dendrograms. although they were similar in many aspects. These two approaches
have been found to provide comparable levels of resolution for determining genetic
relationships within and between other plant species (Dos Santos et al.. 1994;
Halldén et al.. 1994; Liu and Furnier. 1993). Of these authors. Dos Santos et al.
(1994) constructed and compared derived dendrograms; inconsistencies were found
between the dendrogram derived from RAPO and that from RFLP data for Brassica
oteracea. suggesting that these differences were due to a sampling error rather than
to ONA-based differences in how RAPOs and RFLPs reveal polymorphisms. Halldén
et a!. (1994) did not produce dendrograms. but found that RAPO and RFLP data
detected very similar relationships among the Brassica napus línes they studied .
Although they used more. they concluded that 30 probes or primers would be
sufficient to achieve these relationships . This study used 17 primers and 15
probe-enzyme combinations. and it is probable that the aboye explanations account
for the few inconsistencies observed in the results.
The use of RFLPs is an established technique for genetic mapping and for
detecting and measuring genetic distances. If ca re is taken to standardize gel
running conditions and internal standards are included. the results are acceptably
consistent between gels and even between laboratories (Hoisington and González
de León. 1990). The procedure requires many manipulations. substantial amounts
of ONA (5-10 pg per lane) and generally. although not necessarily. the use of
radioisotopes. The RAPO method is a comparatively new. though increasingly used.
approach to these issues. It is substantially automated. requires minute amounts
of ONA and is non-radioactive. The method is. however. prone to artifacts and
problems of reproducibility due possibly to ONA extraction protocol. enzyme source
or batch, and thermal cycler (MacPherson et al.. 1993; Meunier and Grimont.
1993). The costs and time required for both approaches are generally comparable.
although for some purposes one may be preferred over the other (Ragot and
Hoisington. 1993).
In this study. both approaches were equally reliable. but this was a small pilot
study carried out in a single laboratory by skilled personnel. To apply these
approaches to a larger project. especially as part of international collaboration. all
procedures and equipment must be rigorously standardized at the onset to ensure
success. 60th the RFLP and the RAPO approaches were shown to be powerful and
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useful tools for addressing questions concerning genetic diversity in cassava . The
next step is to apply these methods to significant collections and core collections
of cassava to maximize the their usefulness to the breeder.
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Table 1. Manihot aeeessions used in this study .
Identifier

Name in eolleetion

Species

Origin

CaeA

MCl

M. caeru/escens

South Ameriea

CaeB

MC3

M. caeru/escens

South Ameriea

GlaC

127-1

M . q/aziovii

COte d' lvoire

GlaO

glaziovii

M. q/aziovii

COte d'lvoire

Hybl

GF 3-3

M . q/aziovii x M . escu/enta

COte d'lvoire

HybJ

GE 31-2

M. q/aziovii x M . escu/enta

COte d' lvoire

EseE

7902

M. escu/enta

COte d'lvoire

EseF

Kasambidgi Red

M . escu/enta

Kenya

EseG

30337

M . escu/enta

Nigeria

EseH

57

EseK

4762

M . escu/enta

South Ameriea

EseL

H43

M. eseu/enta

Madagasear

EseM

Chorokote

M. escu/enta

Kenya

EseO

5318/34

M. escu/enta

Kenya

EseP

Mwakasanga

M . escu/enta

Kenya

EseO

4748

M. esculenta

South Ameriea

EseR

Kasambidji

M. escu/entll

Kenya

EseS

Garimoshi

M. esculenta

India

EseT

Nusu Rupia

M. esculentll

India

EscU

Viro 9

M . escu/enta

COte d'lvoire

EseV

30555

M. escu/enta

Nigeria

EscW

A13

M. escu/enta

COte d'lvoire

EscX

30786

M. escu/enta

Nigeria

EseY

Bonoua Rouge 1

M. escu/entll

COte d'lvoire

EseZ

TA49

M . esculentll

COte d'lvoire

. M . escu/enta
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Madagasear

A

B

Figure 1. A = Example of RFLPs detected in cassava ONAs digested with EcoRI and probed with
pCAS5, a cONA clone for B-glucosidase (Hughes et al., 1992) . B = Example of RAPOs
detected in cassava ONA using primer OPK3 .
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Figure 2. Oendrograms and trees showing reJationships between different M8nihot species using
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RELATIONSHIPS BETWEEN MANIHOT SPECIES:
A REVIEW

N. M . A . Na ssar
Un iversidade de Brasilia. Brasilia . DF, Brazil

Ninety-eight species are recognized within the genus Manihot. Only one species is
known w ithin the closest related genus. Manihotoides . Taxonomically. Manihot
species are divided into 1 9 sections. which vary Irom tall shrubs to acaulescent
subshrubs . AII the species studied had a chromosome number 01 2n = 36. Meiotic
behavior is regular lar pairing and lertility. Natural hybridization is IreQuent between
Manihot species, and introgression .accompanies hybridization and contributes to
expanding the geographic limits 01 certain species. Electrophoresis analysis 01
soluble seed protein revealed a clase 'relationship between cassava and so me wild
Manihot species, such as M . pl'losa. The occurrence 01 interspecilic hybrids between
cassava and M . glaziov¡'; M . pseudog/aziovii. M. dicho toma. M . clJarulescens. M.
pohlii. M. neusana. M. tripartita, M. pl'losa, M. eorymbiflora. M . a"seu/ifolia and M.
,noma/a is low. and a secondary gene pool relationship exists .

INTRODUCTION

According to Rogers and Appan (1973). 98 Manihot species have been recogn ized .
Only one species. M . pauciflora. is known in the related closest genus.
Manihotoides . Several of its attributes are not found in any Manihot species. such
as uniflorous inflorescences - a primitive character compared with the multi-flowered
inflorescences in Manihot-and leaves born at the apex of short. condensed stems
arising from branchlets. Rogers and Appan (1973) classified Manihot species into
19 sections, varying from trees in the section Glazioviannae to subshrubs, nearly
acaulescent, in the section Stipularis. The species in this latter section are also
characterized by being more dioecious than monoecious, a condition reversed in all
other Manihot species. Other sections, such as Tripartitae and Graciles, are
perennial subshrubs, with large woody roots; their stems frequently die back to the
root crown in response to dry periods or fires .
AII Manihot species are native to tropical regions of the' New World,
particularly Brazil and Mexico. Nassar (1978a) has defined four centers of diversity
for these species: Mexico, and Northeast, Central, and Southwest Brazil (Figure 1).
Microcenters of diversity of these species exists within Central Brazil, where large
numbers of species are concentrated in smaU 'areas, less than 50 km in diameter
(Nassar, 1978a to 198Gb). Nassar attributes the formation of these microcenters
to the frequent hybridization between species and the heterogenic topography of
their habitats. which help isolate fragmented gene pools that lead to speciation .
Tree-like species, such as M. glaziovii and M. pseudoglaziovii, are found in the
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Northeastern Brazil, while short species and subshrubs are found in Central Brazil
(Figure 2).
Natural hybridization occurs between wild Manihot species and between
these and cassava (Nassar, 1984 a"d 1989). Barriers within the genus appear to
be weak due to recent evolution of the group. AII wild Manihot species examined
cytogenetically have a chromosome number of 2n = 36 (Nassar, 1978b) (Table 1).
In spite of this high chromosome number, Manihot species behave meiotically
as diploids, so they are believed to be allopolyploids. This allopolyploidization
seems to have anticipated the emergence of the whole group and is responsible for
their rapid speciation and their weak interspecific barriers, leading to interspecific
hybridization. An extremely heterozygous gene pool is thus created, followed by
differentiation; this begins a sequence of hybridization followed by speciation.
Nassar (1980a) reported frequent hybridization between M. reptans Pax and M.
alutacea Rogers and Appan in sympatric natural habitats where their population
boundaries overlap. Morphological marker genes-Ieaf color and bract size-were
used to identify this interspecific hybridization, illustrated in the scatter diagram in
Figure 3.
The range of M. reptans has expanded over the last 100 years (Nassar,
1984) and is attributed to the continuing gene introgression of Manihot species.
Introgression of M. reptans with germplasm from other species allowed its ecotypes
to penetrate and colonize areas where M. reptans (pure) had been unable to do so
before. This phenomenon was also noted in other species such as M. cearulescens
(Nassar, 1980a). From a plant breeding viewpoint, the high value of these hybrids
lies in their ability to cross with the cultigen.
Marker genes-Iobe shape, presenca of stem nodes, flower disc color, fruit
color, fruit shapa-were discovered in controlled crasses between cassava and wild
Manihot species, as well as in natural hybrids between cassava and different
species. These genes were used by Nassar to identify hybridi~ation.
Interspecific hybrids of cassava with M. glaziovii, M. pseudoglaziovii, M.
aesculifolia, M. pilosa, M. corymbiflora, M. dichotomB, M. pohlii, M. neusana, M.
tripartita, M. leptophyllB, and M. anomala wera obtained by Nassar through
controlled crossas, although ttleir frequency was low. The meiotic behavior of
several hybrids (cassava with M. neusanB; cassava with M. pseudoglaziovi/1 was
studied by Nassar (1992) and results indicated low hybrid fertility, which limited
gene flow between these species and cjlssava.
Grattapaglia et al. (1986) conducted a biosystematic analysis of wiid Manihot
species based on soluble seed protein pattern (Figures 4 to 6). Nineteen species
were analyzed electrophoretically. A similarity matrix between species, which
considered differences in band intensity and number, was prepared. Several species
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were found to be highly similar, for example, M. fruticolosa and M. pentaphylla, and
M. pilosa and M. corymbiflora. These results correlate well with the taximetric
analysis made by Rogers and Appan (1973). Manihot p ilosa and M. corymbif/ora
are the species most similar to cassava. Profile analysis confirmed the introgression
between M. cearulescens and cassava.
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Tabla 1. Chromosoma number in wild Manihot species .
Species

Growth habitat

n

2n

M. handroanll

Shrub

36

M. jolyanll

Shrub

36

M. tripllrtit/l

Shrub

36

M. tripllrtitll

Shrub

M . tweedieanll

Shrub

36

M. humilis

Subshrub

36

M. pedicellaris

Shrub

36

M . (Jr8cilis

Subshrub

36

M. (Jracilis

Subshrub

M. dichotomlJ

Tree

M . (Jlaziov¡1

Tree

M. (JllIZiovii

Tree

M . anomala

Shrub

18

M. zehntnerill

Shrub

18

M. oli(J8ntha

Subshrub

18

M . nanll

Subshrub

18

M. tomentoSll

Subshrub

18

18

18

36
18

36
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In Mexico

~ 1-4 wild species
Center 1: 16 wild species

In Brazil

~
Center 2 (Northeastl:
Center 3 (Central) :
Center 4 (Southwestl :

1-4 wild species
6 wild species
38 wild species
18 wild species

Figure 1. Centers of diversity of Manihot spp. (Adaptad from Rogers and Appan, 1973.1

95

B

A

e

o

Figure 2. M. glaziovii (A), Manihotoides pauciflora (B), and M. stipularis: sida view (e) and polar
viaw (O).
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Figure 3 . Scatter diagram comparing bractiole length and w idth 01 M. alutacea • A·. M. reptans ·0·
and presumed hybrid • t· .
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A

Figure 4. Marker genes of fruit color: variegated (A, left) and green (A, right); and fruit shape:
winged (B, left) and smooth (B, rightl .
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Figure 5. Interspecific hybrid of cassava x M. anomala (A, left) with M . anomala leaves and cassava
fruit, compared with normal M . anomala (A , right) . Marker gene of flower disc color: red
(B, left) and yellow (B, right) .
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Figure 6. Seed protein electrophoretic proliles 01 different Mamhot species compared with cassava
Icassava prolile, Al .
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ANALYSIS OF GENETIC RELATIONSHIPS AMONG MANIHOT
INTERSPECIFIC HYBRIOS ANO THEIR PARENTAL SPECIES,
USING RAPO ASSA y

G. S. C. Buso', L. J. C. B. Carvalho' and N. M. A. Nassar'
'Centro Nacional de Pesquisa de Recursos Genéticos e Biotecnologia (CENARGEN).
Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA). Brasilia, OF, Brazil;
'Universidade de Brasilia, Brasilia , DF, Brazil

The cassava breeding program at the Universidade de Brasilia is oriented toward
improving cassava root yield and quality by interspecific hybridization between
cassava (Manihot esculentaJ and Manihot spp. The morphological markers used to
isolate putativa hybrid individuals, followed by cytogonetic information, haya not yet
ensured trua hybrid plant isolation. We used the RAPO assay for confirming isolated
putative hybrid plants. Results indicated that the RAPO technique suffers from
serious limitation. for use with cassava, basically because of the plant' s high
heterozygosity. Considerable deviation from the ascendent diagnostic pattern of the
amplifiad ONA fragmants was observed, together with excess bands that were
either present in tha parants or in the offspring but not within the expected
parentaga diagnostic pattern . Nevertheless, with high statistical accuracy, this
techniqua could establish tha hybrid nature of two out of five crosses tested.

INTROOUCTION
The cassava breeding program at the Universidade de Brasilia is oriented toward
improving cassava yield and root quality by hybridizing cassava (Manihotesculenta)
with its wild relatives, Because of difficulties in obtaining seeds from handpollinated plants, the program has been isolating putative hybrid individuals from
naturally pollinated mother plants (Nassar, 1989; Nassar et al., 1985). which were
then analyzed by cytogenetic means. Uncertainty about the putative hybrid nature
of plants exists because only a few morphological markers are used for isolation,
and cytogenetic information is not always conclusive, The importance of having
well-established, isolated, hybrid plants is two-fold: to transfer dcsirable genes from
wild species to cassava. for breeding purposes, and to evaluate introgression and
speciation in the genus for evolutionary biology studies. Therefore, an exhaustive
characterization of individuals in these kinds of crosses needs to be done.
ONA fingerprints obtained by using different techniques have proven useful
in parentage analysis in humans (Jeffreys et al., 1985), animals (Burke et al.,
1989). and plants (Nybom and Schaal, 1990; Welsh et al., 1991; Williams et al.,
1990) . In this study, we evaluated the usefulness of a RAPO assay for assessing
the occurrenee of interspeeifie hybridization of isolated putative hybrids from field
mother plants. Parentage analysis was performed by using aseendent diagnostic
patterns offered by ONA-amplified fragments in RAPO assay.
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MATERIAL AND METHODS
Fresh leaves were collected from field-grown plants at the Universidade de Brasilia
(Table 1).
DNA was extracted as described by Dellaporte et al. (1983). The PCR
conditions were set up as described by Williams et al. (1990), using a HY8AID
thermal cycler. Data obtained were used to perform a paternity analysis as
described by Bruford et al. (1991). using the following calculations for parameters:
Band-sharing coefficient (BSC) =

(Nab/(Nab

+ Na) + Nbc/(Nbc + Nc))/2

where:
Nab = number of amplified fragments present in parent
Na

=

Nbc

= number of amplified

Nc

= number

a and the offspring

number of amplified fragments present in parent
offspring

a but not in the

fragments present in parent b and offspring

of amplified fragments present in parent e but not in the
offspring

To calculate the probability of parentage and error, the following forrnulae
were used:
Cross error probability (CEP)

= (1

- (1 - BSC)2)n

where:
n

= total number of DNA fragments used to calculate the BSC for each

parentage diagnostic pattern

Parental probability (PPl'

= BSCm

where:
m
m

= Nab +
= Nbc

+

Na for parent a, and
Nc for parent e
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RESUL TS ANO OISCUSSION
Amplification of ONA fragments was observed in all germplasm used. Of 20
primers, 18 showed scorable DNA fragments across the putative hybrids and their
parents.
On agarose gel electrophoreses, stained with ethidium bromide, 139 ONA
fragments could be read. However, the number of diagnostic fragments for
parentage varied with the specific cross (Table 2). averaging 85. Therefore,
assuming a true hybrid nature of the individual plants, the RAPD assay produced
amplified ONA fragments, violating the parentage diagnostic pattern, for more than
30% of cases. This excess of amplified fragments W¡¡S present in either the parents
or the offspring.
The band-sharing coefficient (aSe) of parentage diagnostic patterns varied
with the crosses (Table 3). The highest band-sharing coefficient was less than 50%
for the crosses ese x rep (Table 1 explains abbreviations), ese x aes, and esc x neu;
and less than 30% for the crosses esc x pil and esc x ano.
Table 3 shows both the error probability for the occurrenee of a particular
eross and for the nonparentage of a particular parent to the putative hybrid varied
with the cross. The lower error probabilities are for the crosses esc x rep, esc x
neu, and ese x aes. The only lower descendence probabilities of error occur for the
crosses esc x rep and esc x aes. AII the error probabilities for the other crosses are
very high, suggesting that this technique may be unsuitable for parentage analysis
in cassava.
Possible explanations of these results include the genomic structure of
cassava, peR artifacts, and the possibility of the isolated hybrid not being a true
hybrid. The high heterozygosity of Manihot spp. and the aliotetraploid nature of the
cassava genome may explain partially the overall band pattern observed in our
results, espeeially if one eonsiders the competing kinetics of peR amplification . The
possibility of a peR artifact is unlikely, given our negative control results and
repeatability of the amplifieation patterns in all primers considered. Also, the
putative hybrid from the mother field plant may not always have been a true hybrid
as the isolated plant did not originate from a controlled pollination evento
Our results raise .serious concerns about using the eurrent RAPO technique
for parentage assessment in a highly heterozygous, cross-pollinated erop like
eassava. This method may need to be modified to eliminate the problem
encountered here. For the type of genome strueture found in cassava (allotetraploid
and heterozygous). several primers should be used. Individuals with known
pedigree from controlled crosses should be analyzed and the frequency of
nonparental bands, determined. Modifications of the RAPO method should focus
on characterizing the nature of the band variation detected by this assay.
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Table 1. List 01 speeies and hybrids used at the Universidade de Brasilia to study genetie
relationships among Manihot interspeeilie hybrids and their parents.
Abbreviation

Speeies or hybrid

ese
ese
ese
ese
ese
ese
ese
ese

M. esculenta
M. esculenta
M. esculenta
M. esculenta
M. esculent~
M. esculentll
M. esculentll
M. esculentll

1
2
3
x rep
x ano
x aes
x neu
x pil

(ese
(ese
(ese
(ese
(ese

1)
1)
3)
2)
1)

x
x
x
x
x

M.
M.
M.
M.
M.

repens
anomala
aesculifolia
neusanll
pilosa

Table 2. Oeeurrenee of parental diagnostie amplilied Iragments panerns obtained in Mamhot
erosses, using RAPO assay.
Crosses'

Paternity diagnostie
panerns'
ese

hyb

wil

ese x rep

ese x pil

ese x neu

ese x ano

ese x aes

O

O

O

35 (1.9)

57 (3.2)

72 (4.0)

67 (3.7)

4612.6)

1310.7)

3 (0.2)

5 (0.3)

6 10.31

21 (1.2)

O

810.8)

910.5)

11 10.6)

16 (0.9)

1710.9)

1

26 (1.4)

11 (0.6)

3 (0.2)

7 (0.4)

13 (0.71

O
1

a. The numbers 1 and O indicate the presence and absence 01 an amplilied Iragment, respectivcly.
ese - M. esculenta, hyb = interspecilic hybrid, wil = wild Manihot species.
b. Table 1 explains the abbreviations.
Numbers in parentheses indicate the number 01 seored Iragments per primer.

Table 3. Th.ONA band-sharing eoeffieient (BSC) of the offspring with the parent, error probability
of eross being eorreeted (CBC), and the inelusion Iragments from one pareOl (ese)' and the
omer parent (wild).
Cross'

BSe

CBC

ese:
esc
ese
ese
ese

0.48
0.26
0.41
0.23
0.45

9.4 x 10-7
6.9xl0-16
5.7 x 10-8
1.9 x 10-12
8.4xl0-10

x
x
x
x
x

rep
pil
neu
ano
aes

a. Table 1 explains the abbreyjations.
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wild

ese
7.1
1.7
1 .1
1.4
5.8

x
x
x
x
x

10-5
10-2
10-2
10-4
10·8

2.8
5.4
5.5
1.4
3.7

x
x
x
x
x

10-3
10-6
10-5
10·4
10-3

APPLlCATlON OF MOLECULAR MARKERS TO DESCRIBING
THE GENETIC STRUCTURE OF CASSAVA GENE POOLS

M. W. Bonierbale, M. M. Maya, J. L. Claros and C. Iglesias
Centro Internacional de Agiicultura Tropical (CIA TI,
Cali, Colombia

The genetic resources availabla lor cassava improvement includa advanced breeding
lines, collected landraces and tha crops's wild relatives. Inlormation about the
structure 01 these gene pools is important in the development 01 sound germplasm
conservation and use strategies . RAPO markers have been applied to describing
relationships among elite clones Irqm the CIAT cassava breeding programo The
experimental material represents adapted germplasm selected in live distinct
edaphoclimatic zones important to cassava production. Results of correspondence
analysis and genetic distanca estimates basad on data Irom 196 polvmorphic
amplification products indicata ¡hat these ·pools· of elite germplasm are not distinct,
and illustrata the relationships among individuals within and among groups of
adapted clones. This material will be compared with samples from the world cora
collaction and selacted Msnihot spacies, toward describing the distribution 01 genetic
variability among the crop' s genetic resources.

INTROOUCTION
The world collection of cassava landraces provides the genetic base of cassava
improvement at CIAT. Germplasm development and deployment is accomplished
through adaptive recurrent selection in testing sites representative of the distinct
edaphoclimatic zones (ECZ) of cassava production throughout the tropics.
Successful "elite· clones or improved populations with specific adaptation are
transferred to breeding programs in ecologically homologous regions of the world .
Evaluation of the structure of genetic diversity in elite material, and between
improved and unimproved germplasm, will help in evaluating the consequences of
selection for specific adaptation in terms of the available genetic base, and in
tailoring breeding schemes toward the production of successful genotypes.
Molecular markers can assist this analysis, as they are phenotypically neutral and
easily related to quantitative measures of variation, genetic distance, heterogeneity
and heterozygosity. We have begun to apply RAPO (Random Amplified Polymorphic
ONA) and RFlP (Restriction Fragment length Polymorphism) markers to describing
the genetic structure of CIAT's elite germplasm, as well as to samples of the world
core collection and close wild relatives. The objective of this initial study was to
describe the distribution of genetic variability within and among five groups 01
adapted clones representing elite cassava germplasm.
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MATERIALS ANO METHOOS
Thirty nine cassava clones representing germplasm adapted to five distinct
ecosystems of cassava production were grown at CIAT headquarters. The
germplasm and edaphoclimatic zones (ECZ) of their adaptation are listed in
Table 1. Three of the germplasm groups contained sets of full sibs (hybrids with
both heterozygous parents in common). DNA was extracted from leaves of each
clone by the Oellaporta method (Oellaporta et al., 1983) . A set of 33 random
primers (1 O-mers) was preselected for reliable amplification of relatively simple
patterns in a large segregating cassava progeny. ONA was amplified from the
selected primers by Polymerase Chain Reaction in an MJR thermocycler (PTC 100).
Prominent RAPO bands were identified as those of between 1 and 3.5 kb in size
which were discretely amplified and polymorphic in the germplasm seto Each
individual was scored for the presence (1) or absence (O) of each prominent RAPO
band revealed by each primer. Principie Components Analysis was performed with
codes derived through Analysis of Correspondence of the binary data. Genetic
distances between pairs of individuals were estimated according to Nei (1987)',
and cluster analysis was performed by average Iinkage. The Nei and Tajima
(1981)2 measure of 'nucleon diversity' was applied to estimating levels of
heterogeneity among germplasm within the ECZ-based gene pools, by considering
the relative frequencies of unique RAPO patterns among individuals in each group.

RESULTS ANO OISCUSSION
Each random primer amplified between 2 and 11 polymorphic fragments per
cassava clone (Figure 1). A total of 196 distinct polymorphic bands were scored
in the thirty nine genotypes.
The dispersal of variability among the cassava clones, viewed about various
combinations of the principie axes from the Principie Components Analysis,
indicates that they are relatively homogeneous group of individuals (Figure 2).
Internal structure of group suggests that clones of edaphoclimatic zones (ECZ) 5
and 2 may be the most genetically similar with respect to each other, while those
of ECZ 1 and 7 may be more diverse. This indicates a narrower genetic base for
the former zones. Estimates of the heterogeneity for each of the ecosystem-based
gene pools are presented in Figure 3.

1.

(F=2xv/x+v, where x and vare the numbers (Jf fragments in populations X and Y. and xv
is the number of fragments shared by the two populations.)

2.

(h-n(1-úi)/n-1', where n is the number of individuals in a group . and xi i$ the relative sample
frequencv of the ith amplification pattern lor a ~iven primel . H ;5 ¡he average diversity in the
group mea su red by al! primers.)
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Cluster analysis based on distance estimates confirms that the vanatlon
among individuals is dispersed among the five adaptation groups (Figure 4) . Certain
full sibs within ECZ's 1, 2, and 5 were identified as among the most similar
materials, but in the case of the latter, one family (CG501) with several successful
clones contained a high degree of diversity relative to that among the remaining
independent clones. This suggests that one the parents of this family, probably a
landraces from Ecuador called MECU169, brought unique and useful diversity into
this group which is largely based on Colombian landraces.
These measures of genetic diversity among differentially adapted clones are
being used to design crosses for the production of ¡nter-gene pool crosses, for
future studies of the importance of overall heterozygosity or combining ability to
cassava performance. Expectations or observations of genetic gain through
recurrent selection may also be interpreted in terms of quantitative measurements
of genetic diversity. The current sampie of cassava germplasm will be expanded
to include the pedigrees of these clones, a representative sample oi the world core
collection, and selected Manihot species in continuing marker-based estimations of
genetic diversity .
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Table 1. Edaphoclimatic zones (ECZ) 01 adaptation and respective samples 01 elite germplasm used
in genetic diversity study.
ECZ

Conditions

No. 01 clones in sample

1

Subhumid lowland tropics

9'

2
3
5

Acid-soil lowland tropical savannas
Humid lowland tropics

8
5

7

Semi-arid lowland tropics

High altitude tropics

a. ECZ 1 and 7 contain four elite clones in common.
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10
11'

CM 3306-4 (1)
CM 3306-9 (1)
CM 3306-19 (1)
CM 3306-25
CG 1141-1
CM 4063-6
CM 4733-4
CM 6028-1
SM 328 -1

(1 )
(1)
(1 )
(1)
(1)
(1)

CM 2952-1
CM 2952-2
CM 2952-3

(2)
(2)
(2)

CM 3320-8
CM 6082-1
SM 494-2

(2)
(2)
(2)

SM 667-1
MBra 97

(2)
(2)

CM-2623-1
CM- 3171-8
M Ind4

M Ind 48
SG 105-11
CG 501-1
CG 501-2
CG 501-15
CG 501-16
CG 501-18
SG 427·87
CG 402-11
SG 638-6
SM 524-1
MCol l 939

CM 4013·1
MBra l 08

MCol1734
SG 536-1
Mbra 106

Figure 1_ Example of pattern obtained by amplification of DNA from 39 elite cassava clones with
a random oligonucleotide primer RAPD analysis .
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SELECTING HETEROZYGOUS PARENTS AND
SINGLE-DOSE MARKERS FOR GENETIC MAPPING IN CASSAVA

R. Gómez"', F. Angel' , M. W. Bonierbale ' , F. Rodrlguez ' ,
J . Tohmé' and W. M . Roca'
'Centro Internacional de Agricultura Tropical (CiAT), Cali, Colombia;
'Centro Internacional de FIsica (CIFl. Santafé de Bogotá, O.C., Colombia

Random amplified polymorphic DNA (RAPO) analysis was performed on three F1
populations obtained Irom intraspecilic controlled crossas 01 cassava . Segregation
01 the RAPO fragments was analyzed to determine il these can serve as genetic
markers in cassava lor subsequent use in linkage analysis . Seventy primers were
evaluated in the largest progeny, and i 20 markers were generated; 01 these, 93
were present in only one parent and 27 were present in both . Polymorphic bands
were scored lor segregation in the progeny as present or absent . 01 the 93
polymorphic markers detected in the largest progeny, 67 segregated 1: 1 and 9
showed ratios different to 1: 1, indicating that they could be double- or triple-dose
with chromatid segregation; 17 showed segregation distortions.

INTRODUCTION
Cassava (Manihot esculenta Crantz) is one of the four most important food crops
of the tropics, along with rice, maize, and sugarcane, and a staple for as many as
500 million people (Cock, 1985). Nonetheless, researchers have paid relatively little
attention to this crop, apparently because it is considered a subsistence crop.
Therefore a cassava biotechnology network was established recently to ensure that
the crop receives the priority it merits in advanced research (Roca et al. , 1992).
Very few genetic studies have been conducted on cassava, a vegetatively
propagated outcrossed species , Cassava is generally considered as a diploid species
(2n =36), of allopolyploid origin (Magoon et al., 1969) and with a basic
chromosome number of x =9 (Umanah and Hartman, 1973). Regular bivalent
formation has been reported in the pollen mother cells , with few meiotic
abnormalities. The haploid ch~omosomal complement has three functional nucleolar
chromosomes and six duplicate chromosomal types (Magoon et al., 1969) . On the
basis of these findings, currently cultivated genotypes are considered allopolyploids
involving two closely related forms. Although the two basic diploid parental taxa
(x =9) have six chromosomal types in common, they differ in three chromosomes.
It is therefore hypothesized that current cultivars are segmental allopolyploids
(Magoon et al., 1969) . AII wild Manihot species characterized to date seem to have
the same chromosome number (2n = 36) as the cultigen (Bai et al. , 1993). Recent
studies have compared diverse cassava cultivars and wild species of different origin,
using isozymes (Lefevre and Charrier, 1993bl. RFLPs (Angel et al., 1993a, 1993b;
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Beeching et al., 1993; Bertram, 1993; Fregene et al., 1994; Haysom et al., 1993).
and RAPOs (Marmey et al., 1994j. Isozyme analyses of Fl populations from intraand interspecific crosses provided a small number of markers to study cassava
genetics, evidencing a diploid inheritance pattern (Lefevre and 'Charrier, 1993a;
Sarria et al., 1993) .
Random amplified ONA markers have been used to (1) construct genetic
maps (AI-Janabi et al., 1993; Neale and Sederoff, 1991; Tulsieram et al., 1992),
(2) detect genetic variation within plant species (Caetano-Anolles et al., 1991; Hu
and Quiros, 1991; Williams et al., 1990). (3) evaluate levels of gene flow between
species (Arnold et al., 1991), (4) determine parentage (Welsh et al., 1991), and
(5) obtain markers linked to resistance genes (Martin et al., 1991; Michelmore et
al., 1991). One limitation of RAPOs is that, beca use of their dominant nature,
heterozygotes can not be identified directly without tedious densitometric
quantification of the bands. In contrast, isozyme and RFLP markers are usually
codominant and therefore facilitate heterozygote identification. Either codominant
or dominant markers can be used to monitor segregation in progenies developed
from heterozygous parents, such as cassava. But, to select useful dominant
markers, it is important to first determine the zygosity of the parents for a set of
markers through segregation analysis of the progeny.
With RAPO markers, polymorphisms are usually detected depending on the
presence or absence of amplified fragments. Wu et al. (1992) described a specific
class of molecular markers called single-dose markers, which are present in one
parent (heterozygous) and absent in the other. These markers segregate1: 1 in the
progeny. Single-dose markers have been used to develop genetic maps in potato
(Bonierbale et al., 1988) and sugarcane (AI-Janabi et al., 1993), based on
segregation from heterozygous parents. By using single-dose markers as both
RAPOs and RFLPs for segregation and linkage analysis, the genetic mapping of
polyploids can be greatly simplified. A single primer usually amplifies multiple
fragments, and each fragment can be treated as a separate single-dose marker if it
segregates 1:1 for presence to absence in the progeny. A single-dose marker can
be considered equivalent to an allele at a heterozygous locus of either an
allopolyploid, autopolyploid, or diploid. The phenotypes of single-dose markers in
segregating progeny represent the gamete types of one of the parents rather than
genotypes of individuals, as is the case of most diploid RFLP linkage analyses
(Sorrells, 1992). Sinca single-dose markers may segregate simultaneously and
independantly from each heterozygous parent, the two sources of segregation
should be considerad separately in the selection of mapping parents and linkage
analysis. In previous studies using single-dose markers (AI-Janabi et al., 1993;
Bonierbale et al., 1988; Da Silva et al., 1993; Kidwell et al., 1993), segregation
from the more heterozygous parent in a cross has been analyzed for mapping .
The identification 01 single-dose random ampli1ied ONA markers in three Fl
cassava populations, obtained from different intraspecific controlled crosses, is
reported in this documento
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MATERIALS ANO METHODS
Plant material
Three different intraspecific controlled crosses-CM 7857 (Nigeria 2 x CM 2177-2),
CM 8382 (Nigeria 2 x CM 3299-4), and CM 8224 (Thai-1 x CM 3372-4)-were
evaluated with 90, 20, and 20 Fl individuals, respectively . Plant genomic ONA
samples were extracted using the method described by Oellaporta et al. (1983).
RAPO primers were screened for polymorphisms and segregation before the whole
Fl population was analyzed, using the parents and a subset of 15 Fl progeny of
CM 7857.

RAPO assay and electrophoresis
Target ONA sequences were amplified by pOlymerase chain reaction (PCRI on
polyvinylchloride microtest plates (Falcon), placed in a 96-well MJ Research
Programmable Thermal Controller (PTC-1 00). A single decanucleotide random
(Operon Technologies Inc ., Alameda, California), containing 60%-70% G-C, served
as a primer for each reaction. Each 12.5 pi amplification reaction contained 25 ng
of plant genomic DNA, 10 mM Tris-HCI (pH 9.0), 50 mM KCI, 0.01 % Triton X-1 00,
2.5 mM MgCI2, 0.2 mM of each dNTP (New England Biolabs), 0.8 pM of primer,
and 1 U of Taq ONA polymerase (Perkin Elmer). The mix was overlaid with mineral
oil. Amplification was performed as described by Yu and Pauls (1992), with a slight
modification: 94 oC for 5 minutes, followed by 34 cycles at 94 oC for 5 seconds,
36 oC for 30 seconds, 72 oC for 1 minute, and ending with 5 minutes at 72 oC.
Seventy PCR primers of arbitrary sequence were screened in CM 7857
(90 individuals); 66 PCR primers were also screened in CM 8382 and CM 8224
(20 individuals each). The PCR products were assayed by electrophoresis in 1.4%
agarose gels, run with TBE buffer. Informative primers for each cross were
identified as either polymorphic or nonpolymorphic between the parents by
analyzing the segregation in the respective progeny. Markers were scored directly
on the ethidium bromide-stained gel under UV light and confirmed using black and
white Polaroid film 667. For each family, segregating bands were classified
according to their origin in the pistillate or staminate parent (P1 or P2) or in both.
Chi-square tests . were used to compare families, and parents within the
families, for their heterozygosity or informativeness, which was determined
depending on the success or failure of each primer to detect segregation in each
parent. Chi-square tests were also conducted to assess the goodness-of-fit of
segregation in the progeny to expected ratios.
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RESUL TS ANO OISCUSSION
Only the primers generating clear segregating RAPO markers were evaluated in
these populations . To screen for RAPO markers, 66 random 10-mers were used
together with genomic ONA from the parents of three crosses in PCR reactions.
Polymorphisms were defined as the differences between parents, and segregation
was defined as the variation for presence or absence in the progeny . In the three
families, the number of polymorphic primers ranged from 30 to 60, and informative
primers ranged from 39 to 66 (Table 1). The ONA fragments amplified in the three
families ranged in size from 0.2 to 2.5 kb. No amplification products were observed
in control reactions that did not contain genomic ONA.

Variation in heterozygosity among crosses and their parents
Cassava varieties, such as those used as parents in the present crosses, are
heterozygous Fl clones . The distribution of amplified and segregating bands in each
family, for the 66 primers used in common, is shown in Table 2. Chi-square tests
for independenceof segregation and family indicated a significant difference among
families (p < 0.005) in the presence of segregating bands. The number of
informative and polymorphic primers was highest in CM 7857 (Table 1). As this
family had more segregating bands as well as segregating bands per primer
(Table 2), it was considered the most heterozygous and therefore the best candidate
of the three for genetic mapping. In this family, the number of bands produced per
primer ranged from 2 to 14, with an average of 6 (Figures 1 and 2).
When dominant markers, such as RAPOs, are evaluated in hybrid progenies ,
segregating alleles can be transmitted from either or both parents, if they are
heterozygous.
Because crossover and noncrossover genotypes cannot be
distinguished, recombination values cannot be estimated when alleles originate from
different parental sources.
Linkage analysis must therefore be limited to
comparisons among markers segregating from a single source, usually the more
heterozygous parent.
The two parents of CM 7857 were compared for
heterozygosity to determine which parent is the best source of segregating markers
for genetic analysis. A chi-square test for independence of segregation and parental
source (P1 or P2) showed that neither parent was more likely to present segregating
bands; in other words, neither parent was more heterozygous than the other
(p > 0 . 182, Table 3).
.'

Segragatlon undar polyploid hypothases
Oisomic inheritance in cassava has been demonstrated using morphological
(Hershey and Ocampo, 1989) and biochemical markers (Lefevre and Charrier,
1993a; Sarria et al., 1993). But since no one has confirmed the chromosome
constitution of the crop, alternatives to simple diploid organization wera considerad,
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including allopolyploidy and autopolyploidy. Although disomic polyploids segregate
as diploids, multiple loci may produce indistinguishable alleles, resulting in higr.er
ratios of dominants to recessives . If cassava is a tetraploid, parental genotypes
could vary in their dosage of dominant markers, leading to different expectations for
segregation in the progeny . Heterozygous parents could be of three types : triplex
AAAa, duplex AAaa, or simplex Aaaa, where "a" indicates the absence of the
dominant marker. Triplex constitution will not yield segregating progeny, as all
gametes contain the dominant marker, except when random chromatid segregation
takes place. The other two types will produce distinct gametes, according to their
pairing behavior, under different alternatives involving a dosage in the tetraploid
genome. In those cases, the dominant RAPO marker is expected to occur at a
higher frequency than if cassava were diploid. Segregation from simp!ex parents
is expected to be the same, regardless of whether inheritance is di- or tetrasomic .
The ratio of Fl individuals with the marker to those without it was expected
to be 1: 1 in polymorphic parents, regardless of their ploidy or chromosome
behavior, assuming the marker is present in only one copy (simplex: Aa or Aaaa) in
the donor parent.

Segregation of polymorphic markers
Of the 93 polymorphic markers (present in one parent and absent in the other),
67 segregated 1:1 in the progeny (Table 1) . These markers fit the expectation as
to segregation of simplex markers, but do not allow disomic inheritance to be
distinguished from tetrasomic inheritance. Of the remaining 26 polymorphic
primers, those with an ex ces s of bands among the progeny were tested to
determine whether they fit hypotheses for segregation of duplex and triplex
markers.
As indicated in Table 4, eight polymorphic markers fit expectations for
segregation of duplex markers (double dosel, but it was not pcssible to distinguish
between 5: 1 (tetrasomic) and 3: 1 (disomic) ratios with the number of plants tested.
Triplex (triple-dosel markers are not expected to segregate, except in chromatid
segregation. One marker fits this expectation, with a ratio of 27 :1 for presence to
absence among the progeny . Of the polymorphic markers, 10 presented an excess
of null alleles (indicating the absence of the marker) and were therefore not
considered candidates for the higher plex conditions (although this may result from
double reduction).

Segregatlon of monomorphic primers
Twenty-seven markers were present in both parents (monomorphic) of CM 7857,
but segregated in the progeny, ind icating that both donors are heterozygous . The
segregation ratio is expected to be three present to one absent, if each donor is
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simplex, which was the case for 20 of the monomorphic markers (Table 4). Four
markers segregated as if from duplex sources . With the number of plants tested ,
it was impossible,to distinguish between a duplex-by-simplex cross under tetrasomic
inheritance (11: 1) and ¡j duplex-by-duplex cross with disomic inheritance (15: 1).
Of the 120 segregating markers detected in CM 7857, 87 segregated as
axpected from simplex parents (67 single-dose markers, 20 present in both
parentsl. 12 as from duplex parents , and 20 with ratios not explained by the tests .
Lack of fit to tested ratio s may be due to differential survival of gametes or zygotes,
preferential fertilization of megaspores, or linked deleterious mutations. In the other
two familias, tha majority of the markers showed ratios of 1:1 for polymorphic or
3: 1 for monomorphic markers (Table 1). This may be due to the small size of the
population in these two families, which made it impossible to distinguish singlefrom multiple-dose markers (Wu et al., 1992).
In disomic polyploids that exhibit preferential bivalent pairing of homologs,
as could be the case in cassava, inheritance is identical to that of diploids (disomic) .
But disomic polyploids have the added complication of duplicate (or higher order)
loci on homoeologous chromosomes that do not pair at meiosis.
Aberrant
mOñogenic segregation ratios are frequent, sometimes resulting if duplicate loci are
presento A 3: 1 ratio of a polymorphic marker may result from duplicated loci in
nonhom(e)ologous chromosomes due to chromosome rearrangement. With RFLPs
or RAPOs, the same probe or primer may detect two or more homologous
sequences that are not allelic in hybridization or amplification. When this occurs
with RFLPs, the corresponding loci are usually identified as A, B, C, and so on,
indicating that they are duplicate loci of the same marker . If the hybridizing or
amplified sequence at these loci is of the same electrophoretic mobility, they will
have dosage effects in the parents and cause unexpected segregation ratio s in the
progeny of a cross, possibly failing to demonstrate linkage with any other markers.
Ouring linkage analysis, these cases can be distinguished from skewed markers,
which fall into linkage groups with other skewed or expected markers.
The RAPOs described he re form the largest collection of genetic markers so
far submitted to segregation analysis in cassava. They will be use fui for
constructing a molecular map of this important crop. Single-dose markers (67 of
120) have already been selected for initiallinkage analysis. Of the 67 polymorphic
markers, 31 segregate from 'the pistillate and 36 from the staminate parent .
Mapping will be undertaken with two separate sets of linkage analyses (maternal
and paternal sources), which may eventually be linked through markers present in
both. Similar strategies are being used to develop linkage maps for other crop
species (Carlson et al., 1991; Echt et al., 199'2; Roy et al., 1992; Yu and Pauls,
1993). We expect that complementing these markers in linkage analysis with
RFLPs (Angel et al., 1993b) will clarify the distribution of duplicate homologous loci
in the cassava genome, providing definitive evidence for the degree of similarity
among the geno mes present in cassava.
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Table 1. Comparison of RAPO markers in three controlled intraspecific crosses of cassava .
Number

Crosses
CM 7857

CM 8382

CM 8224

Primers tested
Informativa primers
Polymorphic primars

70
66
60

66
49
44

66
39
30

Markers present in only one parent
Markers that segregated 1: 1
Markers that segregated other ratios
Aberrant segregation markers

93
67
9
17

56
49

28
25

3
4

3

Segregating markers present in both parents
Markers segregating 3: 1
Markers segregating other ratios
Aberrant segregation markers

27
20
4
3

9
9

11
9

2

Table 2. Number of amplified and segregating bands observed with 66 primers in progenies of three
sexual crosses of cassava.
Cross

CM 7857
CM 8382
CM 8224

Amplified bands

Segregating bands

Total

Per primer
(median)

Total

Per primer
(median)

405
389
355

6.1
5.9
5.4

120
68
41

1.82
1.03
0.62

Table 3. Comparison of parental sources 01 band segregation from 66 primers used to amplify the
ONA of CM 7857.
Pistillate
(P1 )

Staminate
(P2)

Primers presenting segregating banda

50

43

Primers not presenting segregating bands

16

23

X2

122

= 1.183

1 df, (P > 0.182)

Tabla 4. Numbar of casas of fit to ratios expected for segregation under various hypotheses for
disomic (d) or tetrasomic!t} with chromosome (es) or chromatid (ct) segregation in the
cross CM 7857.
Type of marker
Polymorphic

Donor constitution

Expectation

No. of cases
(litl

Aaaa

1 : 1 (d ort, es)

67

AAaa

3 : 1 (d, es)

AAaa

6 : 1 (t, es)

AAAa

27 : 1 (t, ct)

1

unknown

aberrant

17

}

Total
Monomorphic

8

93
Aaaa - Aaaa

3 : 1 (d ort, es)

AA aa - AAaa

11 : 1(t,cs}

AAaa - AAaa

15 : 1 (d, es)

unknown

aberrant

Total

20

}

4

3
27

123
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Figure 1. Segregation 01 a 0.4 kb RAPO marker, present in the lemale parent (F) and absent in the
male parent (M). in an F, population derived lrom CM 7857, a cross between Nigeria 2
and CM 21 77-2 . Lane W contains lambda ONA digested with Pst 1.
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Figure 2. Multiple segregation 01 RAPO markers. The 2.2- and 1.3-kb bands are not polymorphic,
but still segregate in the F, population shown in Figure 1. Lane W is as in Figure 1.

124

PHYLOGENETIC RELATIONSHIPS OF MANIHOT SPECIES
REVEALED BY RESTRICTION FRAGMENT LENGTH POL YMORPHISM

H. R. Haysom, T. L. C. Chan, S. Liddle and M. A. Hughes
Departmenl' 01 Biochemistry and Genetics, Universit'y 01 Newcastle,
Newcastle upon Tyne, United Kingdom

Two cloned cassava genes (pCAS5, pHNll and a barley gene ipBlT631, which is
highly conserved in higher plants, were evaluated as potantial multilocus pro bes lor
restriction Iragment length polymorphism (RFlPI analysis 01 phylogenetic
For M. rubrieau/is, M.
relationships 01 species within tha genus Manihot.
eh/orostieta and M . eseu/enta susbsp. f1abellifo/ia dendrograms, based on
13 probe-restriction enzyma combinations, show very littla variation between
accessions 01 the same species . A close relationship is demonstrated between the
Mexican spacies M . eh/orostieta and the M. eseu/enta subsp . f1abellifo/ia accessions,
which doas not support the classification 01 f1abellifo/ia as a trua South American
wild species.

INTRODUCTION

Cassava (Maníhot esculenta Crantz) is the third most important crop grown in the
tropics (Lynam, 1993) with an estimated annual production of about 150 mili ion
tonnes of fresh roots (Hershey, 1993). Cassava is the major crop plant in Africa,
being grown in 31 African countries (Hahn, 1989) . Cassava originated in the
American continent and archaeological investigations have indicated cassava tissue
in human coprolites from Tehuacan, Mexico dating between 2100 and 2800 BC
(Callen, 1967). The species is not found in the wild and its botanical origin is not
known. As a crop, cassava is normally vegetatively propagated.
AII species of the genus Maníhot are native to the New World tropics and all
are frost-sensitive. The most recent monograph of tha genus Maníhot designates
98 species (Rogers and Appan, 1973) of which 17 are native to North America
whilst the rest are found in South America. The main centre of species diversity is
in eastern Central Brazil With a secondary centre in Mexico within the Mesoamerican
centre of agriculture origin ideÍ'ltified by Harlan (1971). The species found in these
two areas are quite distinct. Rogers and Appan (1973) consider tho Mexican
species M. aesculífolía to be morphologically the closest to M. esculenta (cassava).
The South American accessions designated M. f1abeílífolia Pohl are classified by
Rogers and Appan (1973) as 'volunteer" or feral planes of M. esculenta (which
have not been consciously grown for their roots). These accessions are sometimes
given the M. esculenta (Crantz) subsp. flabellífolia (Pohl) subspecies classification
(Chávez, 1990). In contrast to Rogers and Appan, Renvoize (1972) suggests that
the CiOp may have had two centres of origin, one in Mexico, the other in Venezuela
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and there is so me archaeological evidence to indicate that cultivation of cassava
occurred between 3000 and 7000 BC in Northern Venezuela.
AII the Maníhot species studied so far have 36 chromosomes (Hershey,
1993). There is apparently no genetic barrier to hybridization within the genus and
therefore the species boundaries are unstable . Asiedu et al. (1992) report
experimental crosses between cassava and 18 wild Maníhot species and such
hybridization has been inferred in the field.
In view of this hybridization,
introgression between local, wild Maníhot species and cultivated cassava must have
played an important role in the evolution of the crop. Wild Maníhot species are also
considered an important resource for future improvement of the crop, particularly
as a source of genes for disease resistance and for resistance to abiotic stresses
(Chávez, 1990) . Maníhot glazíovíí has already contributed genes for resistance to
Cassava Bacterial Blight and Cassava Common Mosaic Virus in African cultivars
(Asiedu et al., 1992).
Here we report the evaluation of three genes, identified from a study of
genetic diversity within cassava, as potential restriction fragment length
polymorphism (RFLP) multilocus probes in studies of phylogenetic relationships
between Maníhot species.

RESULTS

RFLP of nuclear ONA has been used as the basis 01 the analysis of phylogenetic
relationships in a number of plant genera, including Lycopersícon (Miller and
Tanksley, 19901. Vigna (Fatokum et al., 1993), Brassica (Song et al., 1988) and in
the cereal Tribe Triticeea (Monte et al., 1993; Takumi et al., 1993). Nuclear ONA
probes which can reveal polymorphism at several !oci within the genome are
particularly useful for this type of analysis in the complex genus Maníhot where
species boundaries are unstable and relatively few good morphological characters
are available (Rogers and Appan, 1973).
Two cassava cONA clones (pCAS5, pHNL) and a bar ley cONA clone (pBLT63)
were used in this study. These clones had previously been shown to reveal
considerable RFLP at a number of loei among a collection of 56 cassava cultivars
in the Centro lnternacional de Agricultura Tropical (CIAT), Cali, Colombia germplasm
collection (Haysom and Hughes, n.d.) . The clone pCAS5 encodes the cyanogenic
p-glucosidase (Hughes et al., 1992) and pHNL encodes the cyanogenic
ex: -hydroxynitrile Iyase (Hughes et al., n.d .). Both these enzymcs are involved in the
breakdown of cyanoglucosides to release hydrocyanic acid (HCN) during disruption
(processing) of cassava tissues. The heterologous probe, pBL T63, was isolated
from a barley shoot meristem cONA library and encodes a protein synthesis
elongation factor - 1 ex: (Ounn et al., 1993). This protein is highly conserved in
eukaryotes and has been shown to be encoded by a multigene family in plants
(Ounn et al., 1993).
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The plant material used in this study came from CIAT and forms part of a
large Manihot and cassava germplasm collection maintained at the Institute.
Table 1 shows the relationships between the six wild Manihot species studied and
cassava, deduced by Rogers and Appan (1973), together with their geographic
distribution. One genotype each of M. carthaginensis and M. glaziovii, and two
genotypes each of cassava, M. chlorosticta and M. caerulescens were studied
together with four genotypes of M. rubricaulis and M. esculenta subsp. flabellifolia.
To produce autoradiographs from Southern blots of total ONA extracted from
the 16 accessions, 13 enzyme probe combinations were used. Of the 359 bands
(characters) analyzed, only 7 were not polymorphic. ONA digested with Eco RV,
Ora 1 and Hind 111 was probed with all three genes. The greatest number of bands
was produced with pCAS5 but, comparing the three probes, ail three enzymes were
equally informative. The autoradiographs were scored in terms of the presence or
absence of individual bands.
The data was analyzed in two stages. First, a genetic distance matrix was
produced using the algorithm of Jaccard (1901). This matrix was then used to
produce two dendrograms. Figure 1 shows the dendrogram produced using the
NEIGH80R-Joining method from PHYLlP (phylogeny inference package, version 3.4,
Felsenstein, 1989).
This program was chosen beca use it makes the least
assumptions. For comparison the UPGMA (unweighted pair-group distance method
of averaging) program (Sneath and Sokal, 1973) was also used to produce the
dendrogram shown in Figure 2. 80th of these dendrograms are unrooted. Although
the dendrograms produced by NEIGH80R (Figure 1) and UPGMA (Figure 2) differ,
the main features are the same in both diagrams. First, the four genotypes of M.
rubricaulis (acc. no. 78) are essentially identical. The four genotypes of M.
esculenta subsp. flabellifolia (acc. no. 26) are also very similar and are closely
related to the two accessions (no. 17) of the Mexican species, M. chlorosticta.
In contrast to the within-species uniformity of M. rubricaulis, M. esculenta
subsp. flabellifolia and M. chlorosticta, there is considerable variation between the
two genotypes of M. caerulescens (acc. no. 12) and the two genotypes of M.
esculenta (MOOM4 and MARG 13). In addition, both dendrograms indicate that the
Mexican species, M. rubricaulis (acc. no. 78), may be more closely related to the
three South .American species, M. cartaginensis (acc. no. 13), M. glaziovii (acc.
no. 32) and M. caerulescens (acc . no. 12) compared with the other Mexican species
M. chlorosticta (acc. no. 17).

DISCUSSION
The genetic resources of a crop include both the genes present in the cultivated
species, and those of related species which may hybridize with it. The study and
conservation of these resources is vital for the future development of crops to meet
127

the changing demands of the environment, agricultural practice and the consumer.
The International Board for Plant Genetic Resources (lBPGRI 1990 database) lists
41 collections containing 25,071 accessions of cassava (Holden et al., 1993).
Collections of other Manihot species are les s well-documented but CIAT has a
collection of 32 species, and collections also exist in the International Institute of
Tropical Agriculture (liTA), Nigeria, the Centro Nacional de Recursos Genéticos
(CENARGENI. Brazil, the Instituto Nacional de Investigaciones Forestales y
Agropecuarias (INIFAP), Mexico, and the Ministerio de Agricultura-Instituto
Agronomico Nacional (MAP-IANI. Paraguay (Ch~vez, 1990). These potentially
useful germplasm collections represent a considerable expense in terms of
maintenance, documentation and distribution to scientists and breeders. It is clearly
important to establish the extent of variation within the existing collections and
particularly of possible duplication of genotypes.
The three multilocus probes (pCAS5, pHNL and pBL T631. used in this study,
group the accessions into the species identified by morphology, further they
demonstrate considerable uniformity with three of the wild Manihot species studied.
Each complete accession number (e.g., 78-29) represents an individual seedling and
is considered an individual genotype by CIAT. Unfortunately, there is relatively little
documentation available on the CIAT collection beyond their taxonomic identity (M.
Bonierbale, Cassava Geneticist, CIAT, personal communication). For M. rubricaulis
(acc. no . 78) there is only one collection entry in CIAT record s and it is likely that
the individual genotypes are seedlings from a single plant. In the case of M.
esculenta subsp . flabel/ifolia (acc. no. 26), 22 collection entries are recorded from
Goi~s, Mato Grosso and RondOnia in Central West Brazil, an area covering 2 million
square kilometres . This RFLP analysis indicates that this material should be
investigated further since either duplication has occurred inadvertently or there is
very little variation in these collections.
The RFLP analysis also indicates a close relationship between M. chlorosticta
(acc. no. 17) and M. esculenta subsp. flabel/ifolia (acc. no. 26). Manihot
chlorosticta is a member of the North American section of the genus,
Parvibrac tea tea , which also contains M. aesculifolia, the species considered by
Rogers and Appan (1973) to be closest to cassava. This relationship also needs
further study but supports the conclusion of Rogers and Appan (1973) that
flabel/ifolia is not a true South American wild species. The value of the three genes
used in this study as RFLP probes for the evaluation of genetic diversity in Manihot
species is clearly demonstrated by these results.
Table 2 shows the linamarase and IX -hydroxynitrile (HNL) Iyase specific
activity of leaves taken from the seven Manihot species used in this study . The
table shows variation between plants in both linamarase and HNL activity . The M.
rubricaulis accessions have the lowest activity for both enzymes and there is little
variation among the plants, reflecting the lack of RFLP in this material. Similarly,
excepting HNL in 26.17, there is little variation among the M. esculenta subsp.
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flabellifolia plants which al so had no genomic var iation . The very high levels of
linamarase and HNL in one of the M. caerullescens aceession is worthy of further
investigation. Further details of methods may be found in Haysom et al. (n.d.l.
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Table 1. Origin of Manihot accessions in the CIAT germplasm collection .
Species

M. esculenta

Section of
genus

Accession
no.

Manihot

MARG13
MDOM4

M. esculentll

Manihot

26

NO.of
collections

Origin
Couotry

State

Argentina
1

22

Dominica

Brazil

subsp. f/llbellifolill

Goiás,
Mato Grosso,
RondOnia

M. cllerulescens

Caerilescentes

12

8

Brazil

Centro
Campinas,
Amabay,
RondOnia,
Mato Grosso

M. cllrthllginensis

M. glllZiovii

Carthaginenses

Glaziovianea

13

32

7

2

Colombia

Santa Marta,

Brazil

Goiás

Brazil

Campinas,
Centro

M. chlorostinctlJ

Parvibracteatea

17

M . rubricllulis

Parvibracteatea

7B

131

6

Mexico

Manzan;Uo

Mexico

Durango

Tabla 2. Linamarase and a-hvdroxinitrile Ivase activitv in leal tissue Irom in vitro grown plants
Irom the genus Manihot.
Accession
no.

Linamarase
specilic activity
ViM /sec/g)

Hydroxinitrile Ivase
specilic activity
(¡¡M /sec/g)

M. caefulescens

12·35

1259.0

910 .5

M. Clltlfu/escens

12·59

538.4

530 .4

M. ch/orosticta

17·10

714 .6

635 .4

M. ch/orostictll

17·2

632 .9

473 .5

26·7

403 .8

483 .8

26·17

545 .4

888.5

26-25

333.2

418 .6

f/abe/lifolia

26·39

359 .8

403.4

M . g/aziovii

32·2

855.6

399 .6

M. carthagintlnsis

13·78

495 .9

486.0

M . rubricaulis

78·29

103.6

50.0

M . rubricaulis

78·30

219 .5

99 .2

M . rubricaulis

78-21

1210

49 .5

M . rubricaulis

78·36

129.1

59 .0

M. esculentll

Col 1505

884 .3

250.8

M. esculentll

MBRAS589

317.0

315 .0

Species

M. e.scu/enta subsp .
f/abe//ifo/ia
M. escu/enta subsp .
f/abe//ifolia
M . tlsculenta subsp .
f/abe/lifolia
M. escu/enta subsp.
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Figure 1. Unrooted dendrogram showing genetic relationships among 16 Manihot accassions produced wilh lhe Jaccard inda x and
Neighbor-Joining method.
The scale gives an approximate measure 01 ganetic distance. M . rubric8ulis, 78·29, 36, 30, 21 ; M . caerulescens , 12·35 , 59;
M. g/aziovii, 32-2; M . cllrrhllginensis, 13· 76; M . escu/enta, MOOM4, MARGI3; M . escu/enra subsp . f/abellifo/ia , 26· 7. 25 , 39.
17; M. ch/orosricra, 17-10, 2.
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Figure 2. Unrooted dendrogram showing genetic relationships among 16 Mllnihot accessions
produced with the Jaccard index and UPGMA (unweighted pair-group distance methodl.
The scale gives an approximate measure of genetic distance. M . esculentll subsp.
f/llbe/lifollll, 26-25, 39, 17, 7; M . chloroslictll, 17-2, 10; M. esculentll, MARG13, MDOM4;
M . cllerulescens, 12-59, 35; M. glllziovii, 32-2; M . rubricllulis, 78-21,29, 36,30;
M. c8rth/J(1inensis, 13-76.
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STRUCTURAL VARIATlON IN CASSAVA CHLOROPLAST ONA

S. S. Joseph and H. H. Yeoh
National University of Singapore, Kent Ridge, Singapore

Cassava leaf chloroplasts were isolated in a medium 01 high ionic strength, and their
ONA was extracted by Iysis with hex3decyltrimethylammonium bromide . A cpONA
library of cassava variety Green Twig was al so prepared by cloning the Xbalrestricted fragments into plasmid pGEM-3Z ONA. Four fragments ranged from 9 to
15 kb, being too large to be cloned by this procedure . Cassava cpONA was
approximately 140 ± 12 kb. The five cassava varieties studied differed in the
restriction patterns obtained with the different enzymes. The RFLP probe for these
varieties was clone GTl from Green T'¡Vig's cpONA library.
.

INTRODUCTION
Chloroplast ONA keeps extremely well under natural conditions. Numerous studies
have indicated the usefulness of investigating cpONA restriction sites and analyzing
restriction fragment length polymorphism (RFLP) .
Both parameters provide
important information on the evolutionary relationship and genetic diversity of plant
species; they are also helpful in plant systematics (Close et al., 1989; Miller and
Tanksley, 1990; Szmidt et al., 1988; Xu et al., 1992; Yaneshita et al., 1993) .
Oifferences in the large subunit structure of ribulose- 1, 5-biphosphate carboxylase
have been reported among different cassava varieties (Paul and Yeoh, 1989),
indicating an intervarietal diversity in the cpONA seQuence. The extent of variation
in cassava cpONA structure should be studied, and the usefulness of this variation
for identifying varieties determined. Restriction cpONA patterns from several
cassava varieties were compared using a cloned Xbal-restricted cpONA (GT1)
fragment as probe for the RFLP analysis.

MATERIALS ANO METHODS
Freshly harvested leavas of cassava (Manihot esculenta Crantz) varieties Green
Twig, Putih, NUS2, PRC 476'; and PRC 377 were used to prepare cpONA. Leaf
blades (100 g) were homogenized with 800 mi buffer 1(1.25 M NaCl, 5 rnM EOTA,
1 % (w/v) BSA, 0 .2% (v/v) mercaptoethanol, 5% (w/v) PVP-10 in 50 mM Tris,
pH 8) in a pre-chilled Waring blender at 4 oC (Milligan, 1989). Three pulses of
10 s each were used. The homogenate was filtered twice: first through four layers
of muslin cloth, then through four layers of miracloth. The tiltrate was then
centrifuged at 200 xg for 3 min at 4 oC, and the supernatant recentrifuged at
1,700 xg for 5 min o
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The pellet was gently resuspended with a brush in buffer I (Ieaf w/v ratio of
1 :2). The pooled chloroplast sllspension was then centrifuged at 3,000 xg for
5 min, resuspended in 30 mi buffer 1, and treated with 1/10 vol. of 10% (w/v)
hexadecyltrimethylammonium bromide (CTAB) and incubated at 60 oC for 1 h. The
mixture was then extracted with an equal volume of chloroform :isoamylalcohol
(24: 1, v/v)' and the aqueous phase treated with 1/10 vol 3 M NaAc, pH 5 .2, and
2 vol cold 100% ethanol, and left at -20 oC to precipitate out the cpONA. The
cpONA, recovered by centrifugation, was washed twice with cold 70% (v/v)
ethanol, vacuum-dried and recovered in 600 JlI TE pH 8.
Four restriction enzymes-EcoRI, Xbal, Hindlll, and BamHI-were used . The
cpONA (6-12 Jlg) was digested with 20 units of enzyme, following the
manufacturer's instructions (GIBCO BRL, Maryland, USA).
Agarose gel electrophoresis was carried out on 0.6 to 1.2% (w/v) agarose
gel (100 x 140 mm) using 1/2X TAE at 50V for 4 h; ONA was visualized by
ethidium bromide staining (Sambrook et al., 1989). A computer program was used
to calculate fragment size (Yeoh, 1991).
To construct the cpONA library, Xbal-restricted fragments of Green Twig
cpONA were ligated into plasmid pGEM-3Z. Ligation was carried out for 16 h at 12
oC with a vector to insert a ratio of 1:3 (w/w) in a 10 plligation volume. Total
ONA concentration was 6 pg/pl, using one unit of T4 ONA ligase. Competent E.
coli JM 109 cells, prepared with CaCI 2 , were used for transformation (Sambrook et
al., 1989). Recombinants were selected on LB agar plates containing 0.1 M IPTG,
X-gal (50 mg/ml), and ampicillin (50 Jlg/mll and grown in LB medium and stored in
15 % (v/v) glycerol at -80 oC.
The cpONA fragments separated by agarose gel electrophoresis were
transferred to Hybond-N™ nylon membrane using the VacuGene™ XL vacuum
blotting system. A ChemiProbe™ Kit was used to label clone GT1 for its use as
probe (FMC BioProducts, USA). Prehybridization and hybridization reactions were
determined at 42 oC with 50% (v/v) deionized formamide, 1 % (wiv) sodium
dodecylsulfate (5051, 5% (w/v) dextran sulfate, 1 M NaCI, and 100 pg/ml freshly
denatured herring sperm ONA. Southern hybridization was carried out for 16 h.
The membrane was washed and ímmunological visualization was conducted .

RESUL TS ANO OISCUSSION
Numerous procedures for preparing cpONA have been reported. They usually begin
by isolating chloroplasts using a sucrose gradient or a medium uf high ionic strength
(Milligan, 1989; Szmidt et al., 1988; Yaneshita et al., 1993), followed by Iysís of
the organelles with sarcosine, SOS, Triton X or CTAB, and subsequent isolation of
cpONA by cesium chloride centrífugation or alcohol precipitation (Bookjans et al.,
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1984; Milligan, 1989; Shu et al., 1993; Szmidt et al., 1988; White, 1986). Initial
efforts to isolate cpONA from cassava var ieties in volved different variations of these
procedures . Protocols that involved isolating chlorop lasts by sut.:rose gradient and
Iysis with sarcosine or SOS gene rally gave poor yields (0 .03 to 0 .5 Jig ONA/g leaf) ,
possibly attributable to low chloroplast recovery and/or poor Iys is of the organelles .
The time involved in isolating the chloroplasts, the high costs involved, and the
relatively poor yield when cesium chloride ultra ce ntrifugatio n was used made it
necessary to develop a simple, rapid , and inexpensive method of isolating cassava
cpONA of good purity and with reasonably high yield. An adaptation of Milligan's
procedure (1989) that used a medium of high ionic strength and CTAB yielded
between 30 and 60 Jig DNA/g leaf. As cassava leaves contain phenolics,
polyvinylpyrrolidone (PVP-10) was added to the extraction buffer.
Cassava cpONA was estimated at 140 ± 12 kb, based on the average sum
of cpDNA fragments produced by digestion with four restriction enzymes-EcoRI,
Xbal, Hindlll, and BamHI. Size estimates, however, may be imprecise due to the
difficulty of estimating sizes in the range of 20 kb; also, more than one fragment
of the same size may be present, or small fragments may not be detected .
Accurate size may be known by making a complete construction of cpONA.
The five cassava varieties studied differed in their cpONA restriction patterns.
With EcoRI digest, the cpDNA of all varieties, except Green Twig, lacked a 13.8 kb
fragment (Figure 1a) . A 7.0 kb fragment was abscnt in Putih's cpDNA, while
PRC 337 and NUS 2 had 4.4 and 4 .1 kb restricted fragments, respectively . The
Xbal restriction pattern showed that the cpONA of both Green Twig and Putih had
a 11 kb fragment, whereas cpDNA of both PRC 476 and PRC 377 had a 12 kb
fragment (Figure 1 b) . The cpDNA of Green Twig and Putih, however, could be
differentiated from each other by the presence of a 1.2 kb fragment in Putih.
Likewise, the cpDNA of PRC 476 and PRC 377 differed in a 1 .4 kb fragment found
in the first : NUS 2 cpONA differed from the others by having 14.0, 3.8, and
2.2 kb fragments whila lacking a 1.6 kb fragment o Hindlll restriction patterns of
Green Twig and Putih cpONA were similar, but PRC 476 was different from the
others in that it had a 1.2 kb fragment; PRC 377 had a 10.8 kb and lacked the 8 .5
and 1.1 kb fragmenta (Figure 1c). A 9.B kb fragment was present in the restricted
pattern of NUS 2, but 811.8 kb f r8gment was lacking. With BamHI, PRC 476 was
characterized by the presence of two fragments of 1.4 and 1.2 kb, whereas
PRC 377 had two fragments 'of 2 .9 and 1.5 kb and lacked the 3.8 and 1.1 kb
fragments (Figure 1d). The cpONA of Green Twig, Putih, and NUS 2 cpDNA was
not, however, distinguishable. The cpDNA of cassava varieties can be identified by
using different restriction enzymes, clearly suggesting their potential application in
varietal identification.
A cassava cpDNA Iibrary was constructed using plasmid pGEM-3Z. Twenty
out of 24 Xbal fragments could be recovered, corresponding to nearly 82% of total
cpDNA. Except for a 12 kb fragment, the remaining four Xbal fragments that are
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larger than 8 kb have not been found. Attempts to clone these large fragments by
various methods used previously (Heinhorst et al., 1988; 5truhl, 1985) were
unsuccessful. An alternate method could be to reduce the size of the large
fragments by a ' second digest, and then clone the smaller fragments into the
plasmid vector or use a lambda cloning vector (eg LambdaGEMF'"'-11) . The latter
has been successful in cloning large Xbal fragments of cocoa cpONA (Yeoh et al.,
1990) . Clone GT1 , a 1 kb Xbal restricted fragment from the cpONA library, was
evaluated as a probe to detect cpONA polymorphism in the five cassava varieties.
50 far, preliminary results seem promising.

CONCLUSION
Intervarietal sequence differences can be observed in cassava cpONA despite the
relatively few varieties that have been studied. RFLP analysis with clone GTI also
detected cpONA polymorphism among varieties. The data obtained, although
preliminary, ind icated that the analysis of cassava cpONA can be a potential tool for
taxonomy and provided an insight of the genetic differences between individual
varieties. The use of RFLP markers may further enhance our knowledge in genetic
mapping, germplasm evaluation, varietal identification, and breeding programs in
cassava.
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Figure 1. Restrietion patterns of eassava epONA . The restnetlon enzymes used were EeoRI (al,
Xbal (bl. Hindlll (el. and BamHI (di . The presenee or absenee of unique fagments is
indieated by blaek and white arrows, respeetively; 1 kb ladder (lane 1); A-ONA Hind 111
(lane 21. Green Twig (lane 31 ; PRC 476 (lane 4) ; Putih (lane 51; PRC 377 (lane 6) and
NUS 2 lIane 7).
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APOMIXIS DEVELOPMENT AND SELECTION IN CASSAVA
(MANIHOT ESCULENTA CRANTZI

N. M . A . Nassar
Universidad e de Brasilia . Bras ilia. DF . Brazil

Apomixis fixes heterosis and avoids transmission of diseases via vegetative planting
material.
Offspring uniformity for ,elected morphological characteristics was
observad. and a marker gene was used in controllad crossas to produce facultative
apomictic lines in cassava. Cytogenetic analysis showed that apomixis was
associated with aneuploidy and interspacific hybridization.

INTROOUCTION
Cassava (Manihot esculenta Crantz) is a labor-intensive crop. Also called mandioca
or yuca, it is propagated vegetatively by stem cuttings which are often responsible
for spreading diseases and pests in the tropics. Nassar and O'Hair (1985)
hypothesized that these problems could be eliminated and production costs
potentially reduced by replacing stem cuttings with seed in cassava production.
One constraint, however, is the absence of rapid, uniform seed germination; other
difficulties are genetic segregation and the lack of true breeding lines.
Apomixis, which is synonymous with agamospermy or asexual seed
formation (Asker, 1979), may help solve these problems. It can be used to fix
heterozygosity,'which is responsible for Plant vigor, high productivity, and broad
adaptation of cassava clones to different soil and climatic conditions (Nassar.
1992).

MATERIAL ANO METHOOS
This projeet began in 1981 to seleet cassava clones for easy germinating seed
(Nassar and O'Hair, 1985) and to examine seleeted populations for apomixis. Three
clones-011, 040, and 060-were seleeted from an easy germinating population,
imd their offsprlng were monitored over several generations. Different character
combinations were reeordes: (a) abundant fruit formation in plants with sterile
pollen, (b) uniform progenies identical to maternal types, (e) occurrenee of multiple
seedlings per seed as described by Asker (1979); and (d) segregation of several
distinet eharaeters: external root color and surface morphology, stem color, size of
scars, storey length, petal and fruit colors, as defined by Rogers and Fleming (1973)
and by Nassar and Grattapaglia (1986).
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The presence of apomixis was confirmed by controlled crosses between
clones 011, 040, and 060-which carry the recessive gene for young, green
shoots-and clone 051-used as pollinator. Clone 051 carries a dominant
homozygous gene for dark-red young shoots that serve as marker gene. An F2
clone, 031, was included in the crosses because of its apparently apomictic
behavior. Cytogenetical studies were conducted with mature plants of these clones
and their meiotic behavior was examined. Flower buds were fixed in 3: 1 acetic
acid :ethanol for 24 h, preserved in 70% ethanol, smeared and stained with 1 %
acetocarmine, and then examined microscopically. Fifteen pollen mother cells of
each clone were examined at metaphase I for chromosome association (Nassar,
1978a). Pollen viability was estimated by staining with 1 % acetocarmine . Round,
regular-shaped and regular-sized pOllen was considered viable.
Clone 021, an interspecific hybrid of cassava (M. esculenta) x the wild
species M. dichotoma (pollinator), was crossed with the cultivated clone Branca
Santa Catarina to transfer apomixis genes from the wild species. The wild species,
maintained in a living collection, appears to be apomictic. One hundred F2 seeds
produced 72 seedlings; the three most vigorous plants were selected, and allowed
to pollinate openly and bear fruit. One hundred seeds were collected from each
plant and planted in rows. Offspring were examined for apomixis on the basis of
the transference of a maternal character combination as described aboye. Clone
031, whlch was included in the controlled crosses, was selected this way.
RESUlTS AND DISCUSSION

Maternal-type apparent apomixis was transferred in varying degrees (Table 1).
Progenies of the easy germinatlng clone, 011, had the highest transference
(92.7%), and clone 060 thelowest (17.7%). Transference In the other two clones,
easy germinatlng 040 and hybrld progeny 031, was intermediate (58.2% and
69.4%, respectlvely). When clone 060, which carries the recessive gene for young,
green shoots, was polllnated wlth pollen containlng the homozygous dominant gene
(young, dark red shoots), 18 green and 45 red seedlings (28.5% apomictic) were
produced. This conflrms the presence of facultative apomixis in clone 060, further
evidenced by the high (69.4%) maternal-type frequency..found in 82 offsprings of
clone 031.
.
Melotlc studle. indlcated that cassava clones 011, 031 and 040 were
aneuploid. wIth 37 chromosomes, compared with clone 060 and cultivar Branca
,Santa Catarlna, whlch has normal melosls and 36 chromosomes (18 bivalents).
Chromosorne aSloélatlonl In clones 0", 031, and 040 consisted of 17 bivalents
and 1 trlvalent (Table 2). Pollan viabillty from offspring of the easy germinating
clones was low (17.8%-26.0%) compared with normal clona 060 (89.9%) and
cultivar Branca Santa Catarina (86.5%1.
Gustafson (1946) raportad a corralation betwean apomixis and polyploidy,
specifically auploidy. Brown and Emary (1958) found that apomixis in the
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Gramineae subfamily Ponicoideae was restricted to euploid species . Reports
ind icate that hybridization between cassava and wild relatives frequently occurred
in nature (Nassar, 1992). W ild Manihot species, considered the source of many
useful characters (Nassar, 1978b) , apparently conferred apomixis to cultivated
cassava. More specifically, the interspecific hybridization of indigenous Brazilian
cassava clones (Nassar, 1978b, 1992) may be responsible since their crossings
resulted in partial or complete sterility and the formation of aneuploid forms.
Obligate apomixis has greatest potential for cassava breeding; however,
different taxa of diverse crops previously considered obligate have shown a low
percentage of sexuality (Asker, 1979) . Asker questions whether 100% obligate
apomixis exists at sil.
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Table 1. Segregation in progenies of selected eassava clones.
Clones

No. of seedlings

Maternal

Segregating

FreQuency
(%1

011'

83

77

6

92.7

031'

88

61

27

69 .4

040'

91

53

38

58 .2

060'

79

14

65

17.7

a. Easy germinating clones.
b. F2 hybrid clone.

Table 2. Pollen viability, chromosome number and predominant ehromosome assoeiation of several
eassava clones.
Clone

Pollen
variability

Chromosome
no.

Chromosome
association

011 '

20.4

37

17 + 1

040'

17.8

37

17 + 1

060'

89.9

36

lB

031'

26.0

37

17 + 1

Branca Santa Catarina

86.5

36

18

a. EasYi/erminating clone.
b. F2 hybrid clone.
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DNA FINGERPRINTING TO CONFIRM POSSIBlE GENETIC
DUPlICATES IN CASSAVA GERMPlASM

C. Ocampo, F. Angel, A . Jiménez, G. Jaramillo, C. Hershev,
E. Granados and C. Iglesias
Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia

In large ex situ germplasm collections, such as that maintained at CIA T for cassava,
it is common to observe duplica tes. The presence 01 duplicate clones increases the
cost 01 conservation without contributing to representation or the available gene tic
base lor crop improvement. To identify groups 01 suspected duplicates, identical in
their morphologV and aB-esterase isozvme panerns, CIArs Cassava Program (in
collaboration with the Genetic Resources, Biotechnologv, and Biometry units) is
implementing a model in which DNA lingerprinting is an important component. DNA
fingerprinting has been carried out using M 13 (C/a 1 - Bsm 1 Iragment) and cassava
genomic probes, " improving the discriminatory resolution among suspected
duplicates. Southern blot hvbridization was used to screen 85 clones that lormed
35 groups 01 possible genetic duplicates. The number 01 clones per group ranged
Irom two to lour. Fingerprint analvsis indicated that 29 groups (83%) " showed
undistinguished M 13 hybridization panerns 01 the initial population, while the other
six groups (17%) differed in their M13 and cassava genomic pro bes hybridization
patterns . Given the success 01 this lirst test, the techniQue has been adopted lor
testing the remaining clones (about 1000) suspected 01 being possible duplicates.
Priority has been given to groups that contain more than six clones, to those country
collections represented by a relativelv large number 01 clones, to core collection
materials, and to country collections suspected as contributing a high percentage 01
duplicates.

INTRODUCTION

Ex situ conservation plays a major role in preserving the genetic diversity of
cassava. The collection held at CIAT -maintained both in vitro and under field
conditions-is by far the largest in the world. A large percentage of duplicates was
identified using passport, morphological and isozyme characterization. Such
redundancy makes it more expensive to maintain and manage the existing collection
and slows down the introduction of new germplasm.
Since 1991, CIAT's Cassava Program-in collaboration with the Genetic
Resources, Biotechnology, and Biometry units-implemented a model to detect and
confirm 5uspected groups of genetic duplicates (Hershey et al., 1991) using
morphological descriptors and a~-esterase isozyme patterns. Around 90% of the
germplasm collection maintained at CIA T (about 5500 clones) has been
characterized using the aB-esterase isozyme (Ocampo et al., 1993). To investigate
further groups of suspected duplicates, identical in their morphology and isozyme
patterns, DNA fingerprinting is being carried out using M- 13 (e/a 1 - Bsm 1
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fragment) and cassava genomic probes (Angel et al., 1993). The M-13 repeat probe
detects ONA minisatellite-like sequences in plants, opening the possibility of a
commensurately wide utility of ONA fingerprinting in genetic analyses (Rogstad et
al., 1988). The use of this probe has allowed us to discriminate clones identical in
their morphology and molecular patterns, providing a powerful tool to test remaining
clones suspected of being possible genetic duplicates (about 1000) in the cassava
germplasm collection held at CIAT.

MATERIALS ANO METHOOS
ONA isolation was carried out as described by Oellaporta et al. (1983); 10 Jig of
total ONA were digested with Haelll and run in a 25-cm 1 % agarose gel, transferred
to a hybond N + membrane and hybridized with the smallest e/a 1 - Bsm 1 fragment
of the M13 bacteriophage. This fragment was obtained by amplification using
specific primers (TCCTATTGGGCTTGCTATCC and TTTCGGTCATAGCCCCCTTA).
Amplification was performed in a thermal cycler programmed for 30 1-min cycles
at 94 oC, 2.5 min at 55 oC, and 5 min at 72 oC . The amplified fragment was
labeled with 32p_dATP to high specific activities (1-10 x 108 cpm/Jig) and hybridized
in 7% sodium dodecyl sulfate (SOS). 1 mM EOTA (pH 8.0). 0.263 M Na 2HPO. and
1 % bovine serum albumin (fraction V) for 16 hours. Filters were washed twice
each for 15 min in 2x SSC, 0 .1 % SOS at room temperature, followed by one
60-min wash in the same solution at 50 oC (Westneat et al., 1988). Filters were
exposed for 1 day with intensifying screens. When cassava genomic sequences
were used as probes, filters were washed (0.1% SOS) at 65 oC for 30 min each at
2x, 1x and 0.5x SSC .

RESULTS ANO OISCUSSION
ONA hybridization of these clones, with M 13 multicopy and cassava single-copy
sequences as probes, indicated that out of 35 groups studied, 29 (72 clones)
showed an identical hybridization pattern, corresponding to 83% of the groups
(Tabla 1). This observation confirms these groups as genetic duplicates (Figure 1).
Polymorphisms with both M13 and cassava genomic probes were displayed in the
clones present within each of the other 6 groups (Table 2). Oifferences between
clones within the same group were found in 17% of the groups (13 clones).
indicating that although these clones are similar in morphology and isozyme patterns
they are different by ONA hybridization (Figure 2). The median number of bands in
both identical and polymorphic patterns was 24, 22% being polymorphic bands and
78% shared bands (Tables 1 and 2). This level of polymorphism is low due to
similarity in hybridization patterns among clones, which are closely related as
previously determined by morphological and biochemical markers.
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In conc lusion . the fact that 83% of the groups of possible genetic duplicates
were confirmed by DNA suggests that the model developed at CIAT to detect these
duplicates by morphology and aB-esterase isozyme patterns is highly reliable and
that M13 is a powerful tool either to confirm or discriminate the remaining clones
suspected of being genetic duplicates in the CIAT cassava germplasm bank.
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Table 1. Possible oenetic duplicates in cassava oermplasm showino identical hybridization patterns
with probe multicopy M13.
Group
no.

Clones

No. bands in RFlP
pattern

M Col 651A ,

M Col 651S

19

2

M Pan 100

M Pan 102

18

3

M Par 155,

M Par 166

19

4

M Ecu 19,

M Ecu 21

21

5

M Ecu 141 ,

M Ecu 142

23

6

M Ven 187,

MVen198

21

7

M Ven 127,

M Ven 128

19

8

M Ven 156,

M Ven 157

21

9

M Col 1667 ,

M Col 1671

23

10

M Per 182,

M Per 210

24

11

M Sra 55,

M Sra 56

22

12

M Ven 8,

M Ven 142

24

13

M Sra 60,

M Sra 61

25

14

M Pan 19,

M Pan 103

24

15

M Cub 23,

M Cub 30

23

16

M Per 295,

M Per 328

21

17

M Per 281 ,

M Per 291

25

18

M Col 661,

M Col 663

26

19

M Ven 138,

M Ven 147

26

20

M era 62,

M Sra 69

25

21

M era 118,

M era 186

22

22

M Col 220,

M Col 240,

M Col 281

22

23

M Per 187,

M Per 190

M Per 214

24

24

M Cub 27,

M Cub 37,

M Cub 64,

M Cub 66

22

25

M Col 1624,

M Ven 72,

M Ven 73,

M Ven 184

23

26

M Sra 99,

M Sra 102,

M Sra 107,

M Sra 164

24

27

M Par 15,

M Par 16,

M Par 29,

M Par 149

25

28

M Col 408,

M Col 588,

M Col 745,

M Col 751

24

29

M Col 376,

M Col 380,

M Col 588A,

M Col 727

23

-

24

X
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Table 2. Groups of clones with similar morphology and a6-esterase isozyme patterns (possible genetic duplicatesl discriminated by RFLPs
using multicopy (M 131 and single-copy (cassava genomic libraryl probes .
Group
no.

Clones
Polymorphic bands

.....¡:.
(1)

Single-copy probe

M13
Shared bands

No.

%

No.

%

Total bands

Polymorphic bands

1

M Cub 16,

M Cub 18

5

22

18

78

2

O

2

M Col 893,

M Col 183

6

23

20

77

1

O

3

M Col 673A, M Col 1671

6

26

17

74

2

1

4

M Per 221,

M Per 242

5

20

20

80

2

1

5

M Col 487,

M Col 509

7

24

22

75

2

O

6A

M Per 213 ,

M Per 215

4

15

23

85

1

O

6S

M Per 213,

M Per 225

6

21

23

79

2

O

6C

M Per 225,

M Per 225

8

28

21

72

2

O

6

22

21

78

2

1
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Pairs of accessions with similar morphology
and isozyme banding pattern
Ipossible genetic duplicates)
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Probe multicopy: Gene for Ihe protein 111 of
the Bacteriophage M 13
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Restriction enzyme: Haelll
Lane DNA concentration : 10 pg/sample

Figure 1. Identical hybridization patterns in accessions with similar morphology and aB-esterase
isozyme banding patterns (pairs of possible genetic duplicatesl.
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A

Probe multicopy: Gene for the protein 111 of
the Bacteriophage M 13
(ONA minisatellite)
Restriction enzyme : Haelll
lane ONA concentration: 1O pg/sample
B_~-

PaIrI af ecc ..11OI18 wtth limilar rncJIlIhOIoIW

_. . -

and l80zyme bancIng jldllllilon
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Cassava genomic probe singlecopy: P1
Restriction enzyme: Haelll
lane ONA concentration: 10 pg/sample
Figure 2 . Polymorphisms detected by RFlPs with probe multicopy, M13 (A) and cassava genomic
probe (B) between cassava clones w ith similar morphology and aB-esterase isozyme
banding patterns; e.g., M Per 221 and M Per 242 .
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AN IMPROVED CLEARED-PISTIL TECHNIQUE FOR RAPID
IN TOTO OBSERVATION OF EMBRYO SAC MALFORMATION
IN CASSAVA (MANIHOT ESCULENTA CRANTZ)

M. N. Ogburia and T. Adachi
Miyazaki University, Miyazaki, Japan

The benzyl benzoate-Iour-and-a-hall (88-4 %1clearing Iluid and a technique involving
additional methyl salicylate treatment were evaluated lor rapid analysis 01 embryo
lac development 01 caasava ovules to elucidate the embryologlcal aspects 01 low
hybrid 1800 productlon in this genus. Pistila wer. lixed in Farmer's lixative (95%
ethanol: glacial acetic acid = 3: 1). dissected ovules were cleared in 88-4 % and
observed with Nomarski's dillerential interference contrast microscopy (DICI. The
ovules were then treated in a mixture 01 methyl salicylate and 88-4 % (1: 1, v/v) and
re-examined with DIC. These two treatments dillered signilicantly in their ability to
produce distinct embryo sac leatures. Abnormal embryo sacs showed irregularities
at both pre- and post-anthesis developmental stages. The embryo sacs were devoid
01 nucleate cells, signilicantly reduced in volume (12.5% 01 normall, collapsed or
non-existent. Incomplete development 01 the megasporangium, with a characteristic
lack 01 embryo sac, accounted lor 9.1 % mallormatlon at pre-anthesis. Upon control
and open pollination, absence 01 nucleate cells amounted to 6.7% and of collapsed
embryo sacs to 3.3%. Malformed embryo sacs showed normal development 01 the
nucellus as well as the inner and outer integuments. There was no correlation
between ovule size and embryo sac volume (1" = 0.038 = ovule length and
1" = 0 .001 = ovule widthl up till 7 DACP in regular ovules. Ovules analyzed with
the advanced method showed improved images 01 embryo aac components, embryo
diviaion and delined embryo sac wall, thereby enhancing accurate determination 01
embryo sac volume. The methyl salicylate treatment yielded more accurate
interpretations of morpho-structural leatures 01 cassava embryo sacs than benzyl
benzoate alone. The embryological basis 01 low seed production in cassava is
presented .

INTRODUCTION

Cassava's (Manihot esculenta Crantz) significance as a food, animal feed, an
industrial source of starch and fermentation, and an integral crop in the farming
systems in the tropics are well documented (Nestel, 1973; Harlan, 1976; Kawano
et al., 1978; FAO, 1981; Cock, 1985; liTA, 1990; Hahn, 19821 and thus need not
be further overemphasized.
Efforts towards its genetic improvements by
conventional breeding are fraught with numerous problems, reproductiveones being
prominent:low fertility, poor seed set and low germination rate.
Despite
considerable embryological information available, the family Euphorbiaceae (Banerji
and Dutt, 19441. and cassava (Manihot esculenta Crantz) in particular, has not been
a subject of much embryological investigation. As far as we know, the only
embryological data on Manihot esculenta is that of Rao and Sarveswara (1976).
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To overcome so me of the outlined barriers, associated with conventional
improvement efforts, detailed information on the development of embryo sac of
both early and mature stages needs to be accumulated. Enzyme-smear technique
(Forbes, 1960) and cleared-pistil techniques offer rapid alternatives to the time
consuming embedding (paraffin or resin) section methods. Herr (1971). first
introduced the benzyl benzoate-four-and-a-half clearing technique for the study of
ovule development in angiosperms . But since its introduction, so me modifications
of the original method have been made to suit specific aims (Herr, 1972, 1973a,
1973b, 1974; Farence and Smith, 1975; Shealy, 1980) . Further, the application
of BB-4% clearing fluid has not been reported in cassava embryology. Young et al.
(1979) cleared pistils of buffelgrass (Cenchrus ciliaris L.) with methyl salicylate,
observed with differential interference contrast microscopy and required about one
tenth the time of the sectioning method. But this technique needed about nine
changes in ethanol and methyl salicylate series and each step change took 2 h. The
original objectives of this investigation were : to develop a high precision technique
suitable for rapid in toto observation of embryo sac development; and to investigate
the embryological aspects of low hybrid seed set and poor germination rate as an
appropriate component strategy to complement conventional, novel tools of
biotechnology in cassava improvement.

MATERIALS ANO METHOOS
Plant material
Two field-grown Asian cassava clones, cv. Rayong 3 (MMex57 x MVen3077) and
cv. Rayong 90 (CMC76 x V43)), established at the Field Crops Research Center
(FCRC). Oepartment of Agriculture, Rayong, Thailand, were used in this study.
Controlled pollination and sampling were executed in November, 1993 at the end
of the rainy season, a time when cassava flowers profusely in Thailand (Kawano,
CIAT, Asian Regional Program, personal communication) .

Experimental protocols
For the study of the pre-anthesis developmental stage of embryo-sacs, pistilate buds
at presumably 1 day befo re anthesis (Bud), were collected and immediately fixed
in freshly prepared Farmer's fixative (1:3 = glacial acetic acid: 95% ethanol) in the
field between 7 .30 a.m and 12.00 mid-day. Ovaries at anthesis, 6 and 12 h after
controlled pollination (HACP); 1-7 days after controlled pollination (DACP) were
collected and fixed as mentioned aboye. Controlled pollination techniques were
executed at anthesis of both pistilate and staminate flowers as previously detailed
by Kawano (1980) and Hahn (1982). Open pollinated flowers of unknown DACP
were randomly sampled and fixed as aboye. Fixed ovaries were dissected in a drop
of sterile distjlled water by making lateral cuts with a scalpel on three sides of the
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ovary, running from the disc to the stigma end under the dissecting microscope
(magnification x 40, transmitted light) . Ovaries awaiting dissection were kept in
few drops of sterile, distilled water to soften ovarian tissues and prevent
desiccation. This process makes dissection easier with minimum mechanical
damage to the ovules. In some cases, the integuments were carefully removed by
a fine pin or a mounted hypodermic needle to ex pose the nucellus encasing the
embryo sac o
Dissected ovules and/or nucellus were dehydrated in ethanol series as
follows: 70, 80, 90 and 100% ethanol (two changes) for 1 h between changes and
treated in the 88-4 Y. fluids (lactic acid:chloral hydrate:phenol:cloveoil:xylene:benzyl
benzoate = 2:2:2:2:1:1, by weight) for 24 h, as described by Herr (1982).
Transparent ovules were then observed using a Nikon HFX-II microscope eQuipped
with Nomarski's differential interference contrast (DIC) optics and a 100-W, highpressure mercury lamp with appropriate filters. The same ovules were then
transferred to a vial containing a mixture of 100% methyl salicylate and 88-4 Y.
fluid = 1: 1 vlv and reexamined after 1 h in the mixture. Embryo sac components
were documented and photographed with 36-mm Fuji color (Super G) film ISO 100
(Fuji Photo Film CO., Tokyo, Japan). Size of ovules and embryo sacs were
measured with ocular micrometer. Embryo sacs were regarded as spheroid and thus
their volume was determined by the formula 4/3 rrab 2 (where a = length of major
axis or ovule-embryo sac axis; b = length of minor axis or embryo sac diameter).
A total of 396 ovules on average, about .33 per treatment, were examined in this
study.

RESULTS ANO DISCUSSION

Evaluation of the clearing techniques
A modification of Herr's method (Herr, 1982) by conjugating a clearing method,
recommended for buffelgrass (Cenchrus ciliaris) of the gramineae family (Young et
al., 1979). significantly improved the quality of observations compared to either
method used in isolation. The 88-4 Y. fluids could not clear the ovules as well
(Figures 1 and 7) in comparison to the improved techniQue (Figures 2-6). In
functional embryo sacs, the nucleolus of the secondary nucleus, its surrounding
cytoplasm, and embryo sac wall, were precisely identifiable (data not given).
Further, the innumerable starch-filled plastids' bright field interference is significantly
minimized to improve observations. 8ut the egg cell and synergies were difficult to
identify precisely even with alterations in focal plane. This is a common problem,
often encountered with clearing techniques in embryological observations.

The clearing techniQue is not cell- or organelle-specific and so, to improve the
quality of observation, Mol et al. (1994) tested various combinations of
fluorochromes and methyl salicylate in cytological studies in Zea mays L. and there
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was no improvement of observation . Since we recorded a significant improvement
in observation when the two methods cited aboye were conjugated as described in
the experimental protocol. we preferred to use the technique in further
investigations.
Although observations could be achieved with benzyl benzoate fluid alone,
embryo sac components were difficult to interpret with certainty even at the best
focal plane (Figures 1 and 71. This could be attributed to the thickness and
massiveness of the nucellus as well as the inner and outer integuments which
measure 21 ·33 and 7·9 cell layers respectively depending on ovule zone, being
highest at both the distal hypotase and proximal micropylar regions . The massive
accumulation of starch·filled plastids, their bright field and interference, are also
implicated as significantly responsible for difficulty in precise observation in cassava
ovules. Our results suggest a supplementary methyl salicylate (a clearing agenl
treatment is necessary for deeper penetration of the extensive celllayers, reduction
of interference by starchy plastids and projection of embryo sac components, thus
enhancing precise study of embryo sac development in cassava ovules. Previous
report on clarity, resolution and contrast within ovules of tub1:!r·bearing Solanum sp.
were optically cleared with methyl salicylate (Stelly et al., 19841. The relatively
high contrast of embryo sac components attributed to methyl salieylate activity
makes this new technique convenient and attractive in cyto·embryological studies.

Ovule and embryo sac growth
The growth of ovules, presumably from 1 day before anthesis until 7 days after
pollination, appears to remain significantly constant in length and width at a ratio
of 2: 1 in both self· and open·pollinated cv: Rayong 3 (Table 1). A simple regression
analysis reveals no correlation between ovule size and embryo sac volume
(r 2 = 0 .038 = ovule length, and r2 = 0.001 = ovule width) until seven DACP
(Table 1 and Figure 8). This suggests that ovule development could be slow up to
seven DACP, irrespective of the structural development of the embryo saco
Vigorously developing embryo sacs attained optimum volume at five DACP with
0.15 mm 3 and at six DACP with 0 .18 mm 3 (Table 1 l. In fertilized embryo sacs, the
developing embryo becomes identifiable only at two DACP. At this developmental
stage, the numerous starch·filled plastids, characteristic of cassava ovules and
occupying a prominent position in the embryo sac, begin to decline in density and
completely disappear at seven DACP during endosperm formation. This suggests
that the starch·filled plastids playa role in endosperm formation and contribute to
the nutrition of both the embryo sac and embryo. Ovules of selfed 'Rayong 90' at
seven and eight DACP revealed distinct early globular embryos with longitudinal
division precisely distinguishable. There was a significant decline in volume
(0.008 mm 3 1 at DACP seven (Table 1 l. This is probably due to cellularized
endosperm formation which occupies part of the saco Rao and Sarveswara (19761
reported that the endosperm beco mes cellular at maturity. It therefore beco mes
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reasonable that maturation of ovules could commence at this stage for the genus.
Despite the relatively slow growth of the ovule, the ovary appears to show
significant growth in size (data not shown).

Pre-anthesis embryo sae malformation
Table 1 shows the frequency of embryo sac malformation at different stages of
development. Generally, we observed that cassava ev. Rayong 3 ovules at
pre-anthesis stage showed that both normal and abnormal embryo sac exhibited
normal development of the nucellus as well as the inner and outer integuments . As
high as 9.1 % of the ovules were completely devoid of embryo sacs (Figures 1 and
It appears the arehesporial cells could not develop further to form a
2).
megasporocyte. It implies therefore, that in every ten flower buds, one trilocular
flower bud is lacking in embryo sacs. But it remains unclear why this type of
abnormality could not be observed at anthesis and upon pollination. We believe that
pollination triggers mitotic action which induces archesporial cells and eventually
leads to embryo sac formation even at later stages. This theory requires further
investigation to fully understand the trend.

Post-anthesis embryo sac malformation
Low frequencies (3 .3%) of non mitotic embryo sacs were observed in cv. Rayong
3 at both 6 and 12 h after pollination (Table 1 l. These were completely devoid of
nucleate cells thereby rendering them functionally deprived. They were classified
as nonmitotic beca use missing nucleate cells are a direct product of embryo sac
mitosis. At six DACP, three embryo sacs could not develop beyond the megaspore
stage. As in non mitotic embryo sacs, they showed significantly reduced volume
(0.001 mm 3 1 or 12.5% of normal, but with a clearly defined wall (Figure 31 .
Nondevelopment of the embryo sac beyond the functional megaspore is probably
due tO meiotic irregularity. So it follows that mitotic process is hindered at this
stage. Embryo sac walls, as in pre-anthesis developmental stage, were precisely
defined from the nucellus, thus enhancing accurate determination of the embryo sac
volume. In all cases 01 abnormality, the nucellus and the integuments appeared to
be developing normally. These combined abnormalities caused eventual collapse,
resulting in morphologically normal but functionally deprived megasporangia. Since
not all functionally deprived ovules are aborted, inviable seeds (without embryol are
produced at maturity. These could explain the diffieulty in obtaining an average of
two seeds in the trilocular ovary as reported in CIAT (Kawano, 19801 and a few
hybrids in liTA (Bai et al., 1993) and the little or no increased germination of
cassava seeds after different treatments earlier reported (Martin and Ruberte, 1976;
and Nartey, 19781 . Rao and Sarveswara (19761 opined that continuous asexual
propagation appears to have upset the balance of the sexual phase of the
reproduction and resulted in a genetically blind stock.
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Embryo sac malformation in open pollinated pistils
An observation of embryological malformation in open pollinated ovules indicated
3.3% or one abnormal embryo sac in each of the observed cultivars . Hypertrophy
of the nucellus or abnormal growth of the tissue was observed in cv . Rayong 3. A
one-directional growth of the cells of the nucellar beak at the funicular end exerted
pressure and dislocated the embryo sac towards one side of the nucellus, slightly
towards the chalazal pole, thereby crushing and rendering it nonfunctional
(Figure 4). However, 'Rayong 90' exhibited a large, concurrent, ovular cavity
located between the nucellus and inner integument (Figure 5). Antipodal-like cells
were the only nucleate ce lis observed in the cavity . Despite the concurrent ovular
cavity, the ovule appeared to be developing normally. The location and structural
morphology of the ovular cavity precludes it from being classified as a diploid
embryo sac. Hanna and Bashaw (1987) have described the identification and use
of apomixis in plant breeding . Production of a diploid embryo sac is one of the
three elements of apomixis in Sorghum (Asker, 1980). But in Sorghum bicolor (L.)
Moench diploid embryo sacs were shown to develop in three different ways:
apospory, diplospory (Murty and Rao, 19791, and synkaryogenesis (Murty, 1981).
Since the discovery of facultative apomixis in several cassava varieties, derived
from interspecific crosses in liTA (liTA, 1988; Hahn et al., 1990), the embryological
aspects of this phenomenon are yet to be established. The cytoembryological
screening of some cultivated Asian cassava clones for apomictic evidence is now
in progress .
While a precision improvement in the cleared-pistil technique for the rapid
analysis of embryo sac in dense cell walls of cassava ovules has been described,
this study has also demonstrated that malformation at both pre- and post-anthesis
developmental stages is partly responsible for the low, hybrid-seed production and
poor germination rate in this genus. These results could also be useful in both
conventional and biotechnological approaches of cassava improvement .
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Table 1. Emblyological analysis 01 Ol/ule eOO .mbryo aac del/elopment at pre- aOO poat-poUination in CI/. Rayong 3 .'
Stlg.'

Ovule.
obMrved

Ovule liz. (mm)
L.ngth

Width

Emblyo .~
I/olume
(mm')

2:

Max. l/oI.
0 .007 mm'

Malformed
embryo sacs

Type 01
malformation

('lb)

3 (9.1)

Non meiotic

0 .007 % 0 .000

1 (3.3)

Non mitotie

0 .005 ± 0 .001

0 .008 % 0 .001

1 (3 .3)

Non mitotie

LO % 0 .07

0.006 % 0.001

0 .007 % 0 .000

1.8 % 0.14

1.0 % 0.08

0.005 ± 0 .002

0.008 % 0.001

30

2. 1 ± 0.06

1.0 ± 0.07

0.006 % 0.001

0 .008 ± 0.000

4

30

1.9 % 0.17

0 .9 ± 0.09

0.007 ± 0 _002

0.008 % 0.002
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2.2 % 0.28
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0.018 % 0 .014

7

63

2.1 ± 0.12

1.0 % 0.05

0.008 ± 0.002
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33

2 .1 % 0.26

1.2 % 0 . 16
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1.7 % 0 .09

0.9 % 0.08

0 .004 ± 0.001

0 .008 % 0 .000
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1.8 % 0.10

1.0 ± 0.06

0.006 % 0 .001
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Figures 1-7_ Nomarski's differential interference contrast (DICI microoraphs of embryo sacs in cassava. X 250. Bar = 40 microns.
1 = DIC image of cassava cv. Rayono 3 ovule cleared with BB-4 J4 fluids showing no embryo sac - nEms (non meiotic ovulel.
2 = The same ovule but cleared with a conjugation of methyl salicylate and BB-4 % fluids showing improved images of the
nucellus - nuc; inner integument - ii. 3 = Reduced embryo sac at 6 DAP showing reduced volume - rEms (non mitotic embryo
sacl. 4 = Hypertrophy in open pollinated ovule showino dislodoed and crushed embryo sac - cEms. Note area of cell
compaction (arrowsl . 5 = Open pollinated ovule of cv. Rayono 90 showing a large concurrent ovular cavity - coc and a normal
embryo sac - Ems. 6 = Fertilized embryo sac showino improved images of the embryo - E, degenerating synergid - dSy and
embryo sac wall - Esw. 7 = The same ovule analyzed with BB-4 J4 fluids showing unclear and difficult to interpret embryo
sac components.
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Figure 8. Relationship between ovule size and embryo sac volume in different developmental stages
in cassava cv. Rayong 3.

162

STUOY ON INTERSPECIFIC EVOlUTIONARY RElATIONSHIPS
ANO INTRASPECIFIC CHARACTERIZATION OF CASSAVA
GERMPlASM Al CENARGEN/EMBRAPA

L. J. C. B. Carvalho, G. S. C. Buso, C. Brandoni,
A. C. Allem , W. M. G. Fukuda and M. J . A . M. Sampaio

Centro Nacional de Recursos Genéticos (CENARGENI.
Centro Nacional de Pesquisa de Mandioca e Fruticultura (CNPMF),
Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA) , Brazil

Of the 98 species of the genus MBnihot, 80 occur in Brazil . This country also has
the largest single collection of M . escu/enta in the world . These facts make Brazil
an important source of germplasm for this crop . Recently CENARGEN revised its
research priorities, choosing cassava as the vegetative propagated model for genetic
resource conservation and characterization. We work using molecular markers to
characterize cassava germplasm , study the evolution of M. escu/ente and develop
a molecular linkage map. Our current approach focuses on broadening the
germplasm to make it readily available for our studies . Preliminary results on the use
of molecular markers to address cassava evolution indicate that M. escu/entB is more
closely related to South American species such as M. escu/ente subsp . flBbel/ifo/ill,
M. escu/entB subsp . peruviana, and M . pi/osa. Research is also being conducted on
the genetic diversity of the cultivated species for germplasm collection management
and breeding for agronomic characteristics .

INTRODUCTION
Initiated in 1992, the cassava geno me project at CENARGEN (Centro Nacional de
Recursos Genéticos, Brazil) is using molecular DNA markers to study the genetic
diversity of the cultivated species, to understand species relationship of the
cultivated species. to understand species relationship of the genus Manihot, and to
develop a linkage map for cassava. The cassava genetic-diversity studies focus on
the validation of an institutional core collection eftort and a breeding programo The
species relationship studies hope to answer questions about the evolution of
cassava and the genus Manihot. The linkage map is focused on mapping root
characteristics such as . swollen root development genes and root-quality
. characteristics (industrial and cooking qualities) .
Techniques include PCR-generated markers such as RAPO and specificgenome PCR markers (microsatellite ONA markersl . recombinant ONA technology
such as RFLP and ONA sequence technology.
Here we report preliminary results obtained with the available germplasm
which required a significant eftort to obtain .
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MATERIAL ANO METHOOS
Germplasm collection revision
In the revision 01 germplasm characterization and conservation at CENARGEN,
cassava was considered to be the model tor a vegetative-propagated crop. The
Brazilian national germplasm collection tor cassava (M. esculenta) and Manihot spp.
were surveyed and organized tor several types ot genetic studies including core
collection establishment (Cordeiro et al., 1995) and cassava evolution (Allem, 1991,
1994, n.d.).
Samples 01 different cassava accessions and Manihot species in the collection
are being propagated and maintained in the greenhouse and/or in vitro culture at
CENARGEN. A major collection 01 cassava cultivars is maintained in the 1ield at the
Centro Nacional de Pesquisa de Mandioca e Fruticultura (CNPMF, Brazil).
The available Manihot species in the germplasm collection and herbarium,
analyzed in the evolutionary studies, were sorted tor their taxonomic relationships,
divergence in root characteristics and their geographic origin (Table 1) .
Representative samples 1rom the geographic diversity 01 cassava accessions
(Table 2). and morphological statistical groups (Table 3). are being reproduced and
Samples 1rom the diversity 01 root-quality
maintained in the greenhouse.
characteristics (Table 4) were selected tor crossing to obtain segregant populations
tor mapping. Fifteen crosses between contrasting parents are in progress.

Molecular markers
Figure 1 shows the overall strategy used to approach using molecular markers to
characterize cassava germplasm. Standard ONA extraction protocols (Oellaporta et
al., 1983) have been adapted tor cassava (1resh, dried and herbarium samples).
Pilot experiments covering the three subjects ot our studies have used mainly
PCR technology, especially RAPO assays (Williams et al., 1990). As part ot the
research to determine phylogenetic relationships ot individuals within Manihot,
RAPO assay, rONA and microsatellite ONA markers are to be used.
To study cassava genetic diversity, both RAPO assays and microsatellite
markers are being used. A genomic ONA library constructed in plasmid pGEM 721
( +) (Promega) has been prepared by using standard recombinant ONA techniques
(Ausubel et al., 1992). The plasmid pGEM library is being screened tor single
tandem repeats according to Cregan et al. (1994). The oligonucleotide (CAC) 5,
(CA) 8, (GACA) 4, (GT) 10, (AAT) 8 was used as a probe to screen tor positive
colonies by standard hybridization protocols (Ausubel et al., 1992).

164

Gel scorlng and data analysis
Amplified PCR profiles were scored from photographs for the presence or absence
of a particular PCR product across different accessions.
A data sheet was prepared and analyzed by the NTSYS computer package.
Genetic diversity was analyzed by computing several similarity coefficients and
genetic distances. The generated matrix was used to cluster groups of accessions
based on the unweighted pair-group distance method of averaging (UPGMA)
program, and the phylogenetic analysis using parsimony statistical package (PAUP)
was used to generate the phenograms in the case of species comparisons.
As a way of sampling the basic collection of over 4,000 cassava accessions,
Qualitative morphological data for 290 accessions of cassava were clustered using
the UPGMA test with similarity coefficients. The statistically grouped accessions
are tested for genetic diversity using molecular markers.

RESULTS
The results of the germplasm survey, organization and documentation have been
published elsewhere (Fukuda and Alves, 1987; Cordeiro et al., 1995). Gaps in the
genetic diversity representation and in reliable documentation were detected.
Collecting expeditions for cassava germplasm and its wild relatives as well as
computer-assisted documentation are being undertaken to fill these gaps. The
collecting expeditions to broaden the germplasm of M. esculenta subsp. flabellifolia,
M. esculenta subsp. peruvlana and M. pilosa (considered putative cassava
ancestors), account for more than 100 accessions (Allem, 1994, n.d.) . Collected
seeds of these were germinated at CENARGEN and samples sent to Centro
Internacional de Agricultura Tropical (CIAT), Cali, Colombia and to Washington
University.
Table 3 shows results of the current study of genetic diversity in cassava
cultivars. Based on the analysis of morphological characteristics, 13 groups of
cassava accessions were established. Cultivars representing each group are
currently being assayed for genetic diversity using RAPO assays. Representative
accessions of geographic regions of Brazil (Table 2) were also included in this study
for a total of 120 samples from the whole germplasm collection of CNPMF. The
current status of the development of microsatellite ONA markers is shown in
Table 6. From 2000 clones from a EcoRI genomic DNA library of cassava,
21 clones have been selected. As expected, dimmers are more abundant than
tetratmers oligos. Screening of the library, rescreening of the clones, sequencing of
the Simple Sequence Repeat-containing clones and preparing primers for the
flanking regions of the repeats are in progress .
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Current results on the development of a linkage map for cassava are
summarized in Table 4. Using the parents listed in Table 4, 15 crosses are in
progress. Our strategy for selecting the most appropriate parents for crosses to
generate the map population includes screening parents for maximization of genetic
distance and heterosis of the progeny as our working segregant population is the
F, hybrids. Individual parents are being tested by using RAPO assays and
microsatellite ONA markers. Preliminary results with 10 primers of 10 mers and
two parental candidates for crossing showed an average of two polymorphic band
per informative primer. The number of polymorphic bands per primer varied from
zero to three-all candidates to be mapped in one single parent.
Table 5 summarizes the results of two different experiments for Manihot spp.
comparisons using RAPO assays. Amplification of ONA fragments was observed
in all 10 Manihot spp., the number of polymorphic ONA fragments per primer
averaging 2.2 and of monomorphic, 4.8. Of 38 single random primers, 25 gave
fragment information . The others did not amplify for all species. The Jaccard
similarity coefficient, when clustered by the UPGMA procedure, showed a
consistent phenogram in the two different experiments, indicating that M. esculenta
subsp. flabellifolia, M. esculenta subsp. peruviana and M. pilosa are the closest wild
relatives to cassava (Figure 2). These results also suggest a recent speciation and
divergence among lineages of Manihot in evolutionary terms. But additional
information from more taxa are needed in order to show that RAPO profiles produce
characters that are homologous, independent and variable. Characterization of
unique amplified RAPO products are considered by hybridization techniques and
genome mixing experiments.
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Table 1. Manihot spp . included in this study .
Abbrev.

Origin

Section/Spp .

Root characteristie
Shapa

Cyanogen
content

Manihot
esc

M. eseu/enta ev . BGM 8676-142

Northeast

Cylindrie

low

par

M. eseu/enta subsp . peruviana

Cantr/West

Cylindrie

High

tia

M. eseu/enta subsp. flabe//ifo/ia

Centr/West

Cylindric

High

Central

Cylindrie

Intermed .

Heterophyllae
pil

M . pi/osa

Unknown

Peruviane
Qui

M. quinquepartita

Central

None

Glazioviannae
gla

M. g/aziovii

Northeast

Nona

High

pse

M. pseudog/aziovii

Northeast

None

High

Centr/West

Spherical

Very high

Central

None

Unknow

Central

Rare

None

Simatae
ano

M. anoma/a

OinQuelobaa
¡rw

M. irwinii

Graciles
gra

M. flraeilis
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Table 2. Representative accessions 01 cassava germp lasm used to study the geographic diversity
01 the Brazilian collect ion .
Registratian na .
IBGM)'

1269
1468
1469
0020
0413
1131
0441
1014
1013
0081
1164
0021
1467
1466
0613
0211
0080
0187

Camman na me

Origin

Engana ladraa
Trauxinha
Olha verde
IAC 7-127
Sonara
IAC 12-829
Taquari (srt 199)
Mica
Mandim branco
Mameluca
Jurara
Cachimba
Buja preta
Fragosa
Tapicinea
Mantiqueira

Dry area
Dry area
Dry area
Savannah
Savannah
Savannah
Subtrapics
Subtrapics
Subtrapics
Humid tropics
Humid trapics
Humid tropics
Linoral
Linoral
Linaral
Wide adaptatian
Wide adaptatian
Wide adaptation

Jaburu

a. Refers to the reg istration at Centro Nacional de PesQuisa de Mandioca e Fruticultura ¡CNPMFI. Brazil.

Table 3 . Group composltlon generated bv clustering al 290
accessions 01 M. esculent6 Crantz. and 1 9 marphalogica(
characteristics .
Graup

Na. al accessions in graup

I

24
06
47
39

II

111
IV
V
VI
VII
VIII
IX

45

12
32
30
17

X

12
08
14

XI
XII
XIII

~
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Table

4. Selected cassava genotype for crossings and their major root-Quality characteristics.

Cultivar code
IBGMI'

Root-Quality characteristics
Color

Fiber

Cyanogen

Starch

Cooking

Physiological
deterioration

content

544
598
187
556
021
019
116
1116
061
074
254
252
1010
967
966
555
539
537

High
High
Low
Low

High

Yellow
Yellow
White
White

Difficult
High
High
Low
Low
Low

Susceptible

Easy
Easy
Easy
Resistant
Resistant
Susceptible
Low
Low

a. BGM refers to the registration at Centro Nacional de Pesquisa de Mandioca e Fruticultura ICNPMFI. Brazil.

Table 5. RAPD analysis of Manihot spp.
No.

Parameters
No. of primers tested
No. of informative primers
No. of bands considerad
No. of polymorphic bands
No. of monomorphic bands
Average no. of bands (bands/primerlspp)
Average no. of polymorphic bands (fragments per primer)
Average no. of monomorphic bands (fragments per primer)
Size of bands amplified from genomic DNA
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38
25
175
54
121
7.0
2.2
4.8
(220 - 263 bp)

Table 6. Screening of a genomic DNA library of cassava for
Single Sequence Repeats (SSRs) .
SSRs

No. colonies selected

GT ,o

07
05
03
04
02

CA,
CACo
AAT,
GACA.
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I

Activity

1992

Germplasm collection
organizatior. and
documentation

Germplasm population
preparation

Cassava genetic diversity

Manihot spp. relationships

Linkage map development

SeQuences

Genomic ONA library

1993

1994

1995

1996

1997

1998

Collecting expedition
Catalog

Mamhot species
5egregant population

Morphological
Molecular markers

core collection

Cassava evolution
MBnihot phylogeny

RAPOS. RFLPs. 55R
Root system genes

IT5, cpONA, rON A

Plasmid
Phage

Root
development

cONA library

Gene characterization swollen
root formltion ánd starch
synthesis

Characterization.
map evolution

Figure 1. Overall planned strategy to study the use of molecular markers in the cassava germplasm
at Centro Nacional de Recursos Genéticos - Empresa Srasileira de Pesquisa Agropecuária .
Srazi/.
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es3
M . escufenta

pil
M . pIlosa

gla
M . "faziovii

per
M. peruviana

I la
M . escufenta
ssp . flabellifofia

gra
M . "rac'¡is

Qui
M . quinqueparrita

ano
M . anoma/a

pse
M . pseudo,,/ariovii

¡rw

M. irw;n;;

Figure 2 . Phylogenetic tree 01 cassava and its wild relatives derived from distance analysis 01 RAPO
band panerns . Jaccard distance coeHicients were calculated. grouped by the meaning
of UPGMA rocedure . and the tree generated by Euristic procedure in the Phylogenetic
Analysis Using Parismony package system .
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BIOTECHNOLOGY TOOLS FOR CASSAV A
RESEARCH ANO OEVELOPMENT

Manihot Germplasm Conservation,
Exchange and Micropropagation

MICROPROPAGATION AND GERMPlASM STORAGE
IN CASSAVA

G. G. Henshaw
University 01 8ath, 8ath, United Kingdom

There are well established in vitro techniQues lar micropropagation and germplasm
storage with cassava mat could be adapted to bring more direct benefits to the rural
poor. This might involve the establishment of regional facilities, designed to be used
with a range of clonally propagated crops and guided by socio-economic appraisal
in the rural communities. Such an activity could be an initial step in a longer-term
program aimed at optimizing the blend 01 traditional and new technologies to provide
a basis for sustainable agriculture and social equity . In addition, there should be
further research on the more advanced technologies and in particular the promising
new approaches to cryopreservation could lead to a more routine use of this
technology with cassava . Also, the development of embryogenic suspension
cultures in the genetic transformation programs could have broader implications,
indicating that the artificial seed approach to cassava propagation should now
receive more serious consideration.

MICROPROPAGATION
Shoot meristem culture techniques in cassava and their use for virus elimination
were first described some 20 years ago (Kartha, 1974;, Kartha and Gamborg,
1975). eIAT, liTA, and other institutes have used these basic techniques for
germplasm storage and distribution for more than 10 years. The impact of
technology at the farm level has been quite limited until recently (see contribution
from Guo and Liu, this volume). This is despite the fact that considerable benefits
could arise from the more ready availability of healthy planting material and the
more rapid introduction of improved varieties, as clearly demonstrated with potato.
Strictly, of course, it is not sensible to compare two crops that, although
superficially similar, are so different in terms of their biology, their histories, their
integration into farming systems, and their socio-economic niches. However, under
some circumstances it may be highly relevant to consider other crops, particularly
for setting economic priorities, It has been suggested, for example, that in the
absence of better information a country might be advised, as part of a ·pre-biotechnology capacity building" program, to arbitrarily select two or three crops for which
basic in vitro techniques might be developed (Herdt, 1991 l. In those circumstances
the clonally propagated species, including cassava where appropriate, must
collectively be prime candidates for selection because of their economic importance
and their responsiveness to certain techniques .
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Single-crop networks tend to iso late the technologies for that crop when they
may be more broadly applicable. For example, the micropropagation industry has
shown that the basic shoot meristem culture technique, as used with cassava, can
also be used with a wide range of other species, often with surprisingly linle
modification. The range includes the other tuber crops, certain vegetables,
ornamentals, medicinal plants, spices, fruits, industrial crop and tree species. Many
countries would have several economically important species falling within this
range, although different organizations in both the public and private sectors might
share the responsibility for them.
Meristem culture technique could also be used in breeding programs,
particularly for local growers to retain, multiply, and field test potentially elite plants.
Also, new crops could be introduced, or even developed from indigenous species
as the local biodiversity is explored.
The introduction of such a well established technology could be regarded as
part of a capacity building program to enhance skill levels and develop local
infrastructures, eventually for the introduction of more advanced biotechnology. To
some extent, this has been the philosophy behind the "biovillage" concept of the
M.S. Swaminathan Research Foundation in India. The Foundation's aims are to
take the benefits of biotechnology research to the rural poor and to integrate equity
with the principies of ecological sustainability and economic profitability. Pilot
biovillages have now been established in India and China (Dhar and Pandey, 1994) .
The objections against this type of approach are well known and they fall into
two main categories: the practical and the socio-economic. The arguments are not
without force but, given the anticipated growth in the populations of most
developing countries, assertions that their increased food requirements could be
satisfied by traditional or even current agricultural technologies should be treated
with caution; equally, the promotion of the new technologies by an industry anxious
to recover initial investments might not be without bias. The more balanced view
sugge~ts that ecological sustainability and social equity in the developing countries
will most likely be achieved on the basis of a blend of traditional and new
technologies appropriate to particular circumstances. The current concern stems
largely from the belief that previous modernizations, from the Green Revolution to
earlier agrarian reforms, ha ve not sufficiently taken into account the needs of the
rural poor, and the fear that this might happen again at a time when the rural
. populations are rapidly increasing and urban services and industries are becoming
. less capable of absorbing displaced labor. This means that sustainable agricultural
systems should be capable of creating local employment as well as producing food
for subsistence (Bray,1994) and that attention to social mobilization and
organization will be just as important as technology development (Swaminathan,
1993). In this context, therefore, it is important to note that micropropagation
technology is relatively labor intensive and the comparative advantage to be gained
from associating such an activity with low-wage economies has already been amply
demonstrated in several developing countries.
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It is difficult. here. to deal further with the socio-economic issues except to
say that the 1993 CBN Case Study "Village Perspectives on Cassava and
Implications for Biotechnology Research" carried out in the Lake Zone of Northern
Tanzania is clearly an important move. This. however. only provides a narrow
perspective and more case studies will be required. " Furthermore. once so me of the
constraints on cassava production and utilization in these particular locations have
been identified together with possible biotechnological solutions. it is important that
there should be investigations of the feasibility and likely impact of introducing the
new technologies in particular situations.
The questions to be asked in such an investigation. where multiplication of
cassava by conventional methods is a serious constraint on production as well as
on the introduction. testing and improvement of new varieties. would include:
To what extent could the needs be satisfied by the more conventional
"improved rapid propagation" methods such as those already developed at
CIAT (Cock. 1985)7
Would the use of rapid propagation methods be enhanced by the availability
of a reliable source of pathogen-tested stocks 7
Could such stocks be provided from in vitro facilities perhaps organized on
a regional basis with distribution to the rapid propagation facilities located in
the villages for the final multiplication stage 7
Could the in vitro facilities serve the needs of other crops or crea te
opportunities for new crops7
Is it possible to adapt the in vitro technology to the local conditions so that
the technical requirements. particularly the need for electricity. are reduced7
Is the regional infra-structure capable of supporting such an in vitro facility7
What are the training needs7
How would such a facility be funded on a long-term basis7
To what extent would the facility benefit the smaller land-owner and/or
create employment opportunities for the landless7
Answers to some of these questions will already have been obtained for the
rapid cassava propagation program in the Guandong district of China to be
described by Guo and Liu. The experience gained with the low-technology in vitro
facilities and the techniques for direct transplanting into the field are of particular
interest.
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The other roles usually associated with micropropagation -diseaseelimination
and germplasm storage-might be less readily carried out in a rural facility and
probably it would be realistic to assume that these activities would continue to be
the main responsibility of national or international programs beca use of the need for
more sophisticated equipment.
Nevertheless. the interaction between the different programs would be
important and the rural facilities could possibly playa larger role in this area as
experience is gained.
Basic research on pest and disease resistance together with pathogen-testing
of stocks would be beyond the capabilities of the rural facilities but they should be
capable of receiving and maintaining pathogen-tested stocks and such material
could be used not only to supply local growers with planting material but also as a
basis for local epidemiological studies. The latter could certainly be one of the most
important areas of participatory research. since it should provide a basis for a more
informed approach in which the multiplication programs are more closely linked to
the need for pathogen control.

GERMPLASM STORAGE
Genetic conservation activities will also continue to be' the prime responsibility of
national and international programs beca use of the need for relatively sophisticated
storage and monitoring facilities. Not the least of the problems for a rural facility
would be the fact that the currently employed germplasm storage procedures
normally involve the use of subambient temperatures . The most widely employed
procedure for vegetative germplasm involves the storage of shoot cultures at the
lowest convenient temperatures in the range 4 to 22 oC according to the
temperature tolerance of the particular species. Cassava shoot cultures are
routinely sto red towards the upper end of that temperature range in the gene banks
at CIAT and liTA and a cost-benefit analysis of this approach has been carried out
in the recently-concluded CIAT-IPGRI PIVAG project. The advantages of such
restricted growth procedures are that the material is readily available for rapid
multiplication when required and viability can be monitored by visual examination;
the disadvantages are that maintenance costs can be significant and genetic
stability may not be completely assured in continuously-growing cultures.
It is now evident that it would be of considerable. benefit if cryopreservation
techniques. involving storage at liquid nitrogen temperatures (-196 oC). could be
used in the central facilities to supplement the restricted-growth procedures .
Despite the fact. however, that it is now more than 20 years since success was
first achieved with these techniques. they are not yet used routinely with vegetative
germplasm. This is partly due to the need for relatively elaborate equipment. but
mainly due to the fact that standardized protocols are not readily transferred
between species or even between genotypes. Until recently the protocols have
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involved the use, either of ultra-rapid cooling techniques which do not require
elaborate facilities other than a supply of liquid nitrogen or of controlled-cooling
techniques which might be more easily adapted to the needs of a particular species.
Promising new approaches are now, however, under investigation; these involve the
use of shoot-meristems or soma tic embryos encapsulated in gel beads befo re
desiccation (Fahre and Dereuddre, 1990) and/or new cryoprotectant and cooling
regimes (Uragami et al ., 1989) which apparently allow the water in the tissues to
be converted directly into a glass (i.e. vitrification) rather than into potentially
damaging ice-crystals .
Cassava initially did not respond well to cryopreservation techniques but
successful approaches involving controlled-cooling regimes have now been
described for shoot meristems (Escobar et al., 1993), seeds and zygotic embryos
(Marin et al., 1990) and somatic embryos (Sudarmonowati and Henshaw, 1990).
It is essential that these techniques are further improved to reduce their genotype
dependence, and in the future they will be increasingly required for the routine
storage of the embryogenic suspensions that are now being employed in the gene tic
transformation programs (Taylor et al., this volume). It is also important that the
assumed genetic stability of the cryopreserved germplasm and embryogenic
suspensions be confirmed by detailed cytogenetic and molecular analysis.
Although it would not really be necessary for the rural micropropagation
facilities to be involved with germplasm storage activities, there could be economic
benefits if the pathogen-tested cultures used as "nuclear stocks" for the
propagation programs could be maintained under restricted-growth regimes that
were not dependent on the use of subambient temperatures. There is already
evidence that this can be achieved by the use of high-osmolarity media (Henshaw,
1987) or overlays of suitable non-toxic oils (de Goes, 1993) and this is an area
where there is clearly scope for further investigation of low-technology procedures.

ARTIFICIAL SEEO PROPAGATION
In addition to the shoot meristem culture technology, a potential new technology
based on embryogenic suspension cultures is now beginning to emerge from the
genetic transformation projects (Taylor et al., this volume). The implications of
these developments for genetic transformation are discussed elsewhere, but some
consideration should also be given to the implications for cassava propagation.
Research on apomixis and true-seed propagation was given a high priority at the
preliminary meeting of the cassava network held at CIAT in 1988, but evidently
little or no progress had been made by the time of the first CBN meeting in 1992.
If this issue is to be re-examined it will now be necessary to take into consideration
the possible development of an artificial seed technology based on the embryogenic
suspension cultures. An appraisal of the relative merits and prospects for apomictic
seed and artificial seed propagation is now relevant.
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RAPIO PROPAGATION OF CASSAVA BY TISSUE CULTURE
ANO ITS APPLlCATION IN RURAL OISTRICTS IN CHINA

J .-Y . Guo and Y . O. Liu
South China Institute 01 Botany, Guangzhou, China

The rate of traditional cassava propagation by stem cunings is rather low. Yet
cultivars degenera te after long vegeta ti ve propagation. Biotechnologists from CIA T
and other institutions ha ve developed cassava apical meristem culture as a pest-Iree
method of quick multiplication. Modern biotechnology techniques usually require
expensive facilities . But in China, cassava is a low-value crop mostly grown on the
drv slopes 01 the south by individual larmers. We needed to supply the improved,
high yielding cv. Nan-Zhi, screened Irom the introduced CIAT clones in vitro, quickly
to farmers. So we had to devise a simple , cheap way to produce 800,000 of these
plantlets, in rural villages, within 2 years, and with a high survival rate (9%) for
transplanting directly into field . We used local meteorological records and solar
energy instead of electricity. As incubation chamber and greenhouse we used
movable structures covered in colored or plain plastic to grow plantlets in vitro, and
after removing plantlets from test-tubes, before directly transplanting to fields . We
found that it was vitally important to harden plantlets during transfer for their
osmotic adjustment and then to treat them in nutrient solution for vigorous roo!
growth. These treatad plantlets, wrapped in moist absorbing paper, were packed
in paper cartons for transport to be directly transplanted in the field .

INTRODUCTION

Biotechnology, for cassava as for other main food crops, has been developing
rapidly . At the Centro Internacional de Agricultura Tropical (CIAT) a rich collection
of over 5,000 world cassava genomes, is stored in pest-free, test-tube culture.
CIAT scientists collaborate with many biotechnologists from institutions of world
renown in developing highly sophisticated techniques like molecular mapping and
genetic transformation of cassava . These show revolutionary potential for new
methodologies in cassava breeding.
China is a developing country with a vast and growing population , So , we
. have to fully use our land resources, especially the vast hilly and mountainous
region of tropical and subtropical China . Farmers in these reg ions have grown
cassava as their staple diet for many decades but using a very few, degenerated ,
local cultivars and propagating by the trad itional vegetative method using stem
cuttings ,
For the immediate benefit to farmers in those localities, we are greatly
indebted to CIAT for sending us many in vitro cassava geno mes for our
introduction trials and for the micropropagation method (Roca, 1984) . We
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multiplied the 25 cultivars provided in vitro by CIAT and used them in regional
adaptation field tests over several years. From these, the cv. Nan-Zhi 188
eventually gave a 30% to 70% increase in yield compared to the local variety.
The traditional propagation method using stem cuttings could not supply the
instant, huge demand for this improved cassava cultivar. To solve this problem, we
had to use tissue culture for rapid propagation. However, cassava is a low-cost
crop, grown by small-holder tarmers, usually in drought-prone marginalland of low
fertility. This study aimed to develop a simple and cheap method of
micropropagation by tissue culture and to achieve an improved survival rate during
transplanting in rural districts.

MATERIALS ANO METHOOS
We used cv. Nan-Zhi 188, having screened it out over years of adaptation field
tests from the introduced cv . CM321-188. Other materials and methods are
explained in the different stages of the technique we developed .

Light and heat by solar energy
The rural district where we worked is located at longitude 113 0 E and latitud e
23 0 08' N. It has an annual average temperature of 18 to 24 oC, with lowest
temperature of 3 to 5 oC (on only a few days over several years) early in the
morning at 4 to 7 amo So as a light and heat source, solar energy can satisfactorily
substitute tor electricity in culturing cassava plantlets in the incubation chamber and
in growing them out of the test tu be befo re transplanting. But we did use
electricity from a diesel operated generator (to avoid contamination) for the
inoculation of explants under sterilized luminar flow.

Greenhouse and incubation room
We constructed the greenhouse and incubation room mainly with bamboo. We
used movable structures, covered in colored plastic film, as the roof and walls. To
control light intensity and temperature we lifted panels for ventilation and used
shading film for lower light intensity and cooling .

Technique for growing plantlets In vitro
Using the technique of liu et al. (1988), we grew the cassava plantlets successively
in two stages of basal medium: proliferating medium (Kartha et al., 1974) then
vigorous gro-.yth medium (Murashige and Skoog, 1962).
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Hardening
We rinsed the agar off and washed roots w ith tap water to reduce osmotic stress
in the medium. We kept the plantlets in water in plastic trays or used Mason jars.
Sorne leaves drooped, as though wilting, in the veryearly stage at about 1 or
2 days but this soon disappeared with the leaf unfolding again. This stage in water
lasted about 1 week, and was a period of hardening or awakening for the plantlets
to adapt to their new surroundings. The plantlets turned from tender to more stiff
and leaves beca me greener.

Nutrient solution tor promoting vigorous root growth ot the plantlets atter hardening
in greenhouse
After hardening, we grew plantlets for 20-25 days in the following nutrient solution:
50 mg/l ot KN0 3; 25 mg/l of Ca(N03)2 .2H20; 200 mg/l of KH 2PO,; 50 mg/I of
NaH 2PO,; 10 mg/l of MgSO,; and 0.1 mg/lof ce -naphthaleneacetic acid (NAA). We
found that their roots grew profusely, with many whitish new roots having high
viability; leaves also thickened and the stems beca me sturdy and broader. After
reaching this stage, plantlets could be directly transplanted into the field.

Transportation
Plantlets were packed in rows in paper cartons used for fruit shipping, with a layer
of moisture absorbing paper underneath and on topo We estimated that about
500-800 cassava plantlets with vigorous roots can be packed in one carton. They
can then be moved within not more than 1 day.

Transplanting directly into the field
Using a common hand hoe, a hole of about 6 to 8 cm in depth was dug and then
the cassava plantlet put in and covered with sorne surface soil and watered
thoroughlyonce. To avoid very heavy rain drops and strong light intensity in sorne
areas, we advised farmers to collect broken branches to support other dropping tree
leaves or plastic film as a cover over the newly planted cassava seedlings. Usually,
after a week, no sheltering cover was required since with new growth the root
system adheres to the soil.

RESUL TS ANO OISCUSSION
Mlcropropagation scheme
Figure 1 iIIustrates the se heme of micropropagation, with slight mOdifícatíons, based
on the methods of Roca (1984); CIAT (1982,1984) and Kartha et al. (1974).
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Effect of NAA on root growth
In our second, or vigorous growth medium, we supplemented 0.05 mg/I to induce
root growth of plantlets as it not only enhanced this but also resulted in more tender
and greener leaves. During the incubation period, the shoots with leaves beca me
thicker and dark green, producing vigorous plantlets . We also found that NAA was
much better for inducing cassava plantlet root growth than indole-3-butyric acid
(IBA). This is contrary to the result reported by 5mith et al. (1986).

Promotlon of shoots from node cuttings by benzyl adenine (6-BA)
In our first, or proliferating medium, 6-BA at low concentration promoted auxiliary
bud growth on the node cuttings. Its concentration over 0.1 mg/I produced
yellowish callus on the cuttings, gradually turning dark within 2 weeks.

Effect of transplanting cassava plantlets directly in the field
Plantlets from test tubes have to be transferred to pots with high nutrient soil and
grown in the greenhouse with a humidity control system. It was impossible to
provide such facilities in a poor rural village. At first we did try the aboye method
at the agricultural experiment station but got a very low survival rate after
50 we devised the simplified technique, already
transplanting in the field.
described, to obtain an average of 95% survival rate for transplanting cassava
plantlets in the field. This is more economical and convenient for practical
application in village agriculture, especially in a developing country like ours, since
it does not require expensive facilities. It is suitable for large-scale production for
low cost crops which are unlike orchids . . Packing and shipping to distant area are
also easy. Moreover, the survival rate of transplanting is high and the method is
labor saving. By this simplified technique, we have also tested micropropagation
in vitro of another 25 geno mes of the introduced cassava and surveyed the survival
rate of transplanting. Table 1 lists a few cassava cultivars as example and shows
the very high survival rate of direct transplanting.
It should also be pointed out that the yield of 'Nan-Zhi 188' plantlets after
transplanting in the field was still relatively high, even though they were
transplanted in early May (Table 2).
In conclusion, we produced 800,000 plantlets of this high yielding cultivar
in a rural village within 2 years and at a reduced cost to solve farmers' demands.
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Table 1. Survival rate of transplanting some cassava cultivars to the field, using a simplified
technique .
No. of plantlets
transplanted directly

No.of
surviving plants

No.of
dead plants

M Sra 255

11

11

O

M ara 769
M ara 773

30

30

O

22

21

1

M Cub 51

10

10

O

CM 523-7

12

12

O

M Thai

11

10

1

M Col 1468

7

6

1

M Aus 7

8

8

O

Cassava cultivar

Tabla 2. Experimental yield of 'Nan-Zhi 188' from plantlets.
Location

T ransplanting
datB

Harvesting
datB

Planting
no,

Survival
('lb)
no.

Yield
f .wt .t/ha

Yin-Teh

May 7

Nov. 28

1,807

1,634 (90)

14.1

Yang Shan

May 10

Dec . 3

1,287

1,184 (92)

21.0

Mei-Shu

May B

Dec . 4

1,145

1,087 (95)

13 .5
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CRVOPRESERVATION FOR LONG-TERM CONSERVATION OF
CASSAVA GENETIC RESOURCES
•

R. H. Escobar, G. Malla and W. M . Roca
Centro Internacional de Agricultura Tropical (CIAT),
Cali, Colombia

Cassava is mostly growing by resourcs-limited farmers in the Americas, Africa, Asia
and Oceania. The crop is an important source oUood and income for millions in the
tropics . Vegetative propagation, bulkiness of planting material and risk 01 genetic
erosion make cassava an ideal target lor innova ti ve approaches in genetic
conservation . At CIA T. an in vitro active gene bank (IVAG) has been established,
maintaining under slow growth nearly 5500 clones of the world cultivated and wild
Manihot collections . While the IVAG reQuires periodic subculturing and is labor
intensive, ultra-rapid Ireezing in liQuid nitrogen (LN) is ideal as it stops all cell
lunctions, avoiding cell deterioration, to achieve long-term preservation of
genotypes. We ha ve developed a basic protocol to recover viable cassava shoot tips
Irom LN with the cultivar (cv.) M Col 22 used as a model, and thereafter
reproduced with several cultivars representing wide geographic distribution·. Several
factors contributed to successlul cassava cryopreservation with tissue dehydration
being critical; preculture 01 shoot tips to initiate growth, followed by cryoprotection
w ith sorbitol and DMSO. were also important for obtainin'g high survival. Rate of
plantlet recovery after Ireezing increased when shoot tips were incubated in a low
concentration, semi-sol id medium. Direct immersion of shoot tips in LN has recently
resulted in plant recovery rates as high as with the programmed cooling protocol.
Further work on cassava cryopreservation includes the logistical aspects for
establishing a cassava in vitro base gene bank in LN .

INTRODUCTION

Cassava is an important tropical crop, accounting for 59% of tropical root and tuber
production (FAO, 1980). Vegetative propagation, bulkiness of planting material and
risk of genetic erosion make cassava an important target for innovative approaches
in genetic conservation. An in vitro active gene bank (lVAG) has been established
at the Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia, which
maintains under slow growth nearly 5500 clones of the world cultivated and wild
Manihot collections. While the IVAG requires periodic subculturing and is labor
intensiva, ultrarapid freezing in liquid nitrogen (LN) is ideal as it stops all cell
functions, avoiding cell deterioration and achieving long-tarm preservation of
genotypes. Cryopreservation is based on reducing and subsequently arrasting
metabolic functions by reducing temperature while maintaining viability (Kartha,
1985). We haya developed a basic protocol to recover viable cassava shoot tips
from LN with the cv . M Col 22 used as a model, and thereaftar reproduced with
several culti\(ars representing wide geographic distribution.
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The activation of meristems of donar cultures in 4E medium (Roca, 1984) for
a short time and the preculture in sarbitol-dimethyl sulfoxide (DMSO) semisolid
medium were the best treatment combination to recover plants from shoot tips
frozen in LN. Histological sections showed that tissue recovery arises from the
apical meristem. With the improved protocol we have obtained 60%-70%
consistent rates of plant recovery from LN using the cv. M Col 22 as a modelo

METHOOOLOGY ANO RESUL TS
We developed a basic protocol to recover viable cassava shoot tips from LN through
a collaborative effort with the International Board of Plant Genetic Resources
(lBPGR) in 1990 (lnternal Report, Biotechnology Research Unit, CIAT, 1991
unpublished data). With this methodology it was possible, for the first time, to
consistently obtain plants from frozen shoot tips of cassava (cv. M Col 22) . We
investigated the recovery of 15 cassava cultivars using CIAT's methodology, and
observed that some did not respond (CIAT, 1992). These results have shown that
the genotypes exhibit varying levels of tolerance to the stress factors involved in the
cryopreservation protocolo We assume that this is due to the high osmotic level
used in the preculture medium. To approach this problem, we tested a lower
concentration of DMSO and sorbitol in the preculture medium . Our results revealed
that some recalcitrant cultivars show a significant improvement in response using
the modified pre-culture medium (data not shown).
.
Adaptation of cassava probably plays an important role in the response to
freezing. We have observed that genotypes well adapted to drought conditions
respond better to the freezing protocolo
Testing direct immersion and programmed cooling procedures ha ve not
shown significant differences. Supposedly the preculture, cryoprotection and drying
treatments eliminate a considerable amount of water from the tissue, which in turn
reduces intracellular ice formation and consequently causes cell damage due to rapid
freezing; cooling is also reduced. Oirect immersion might be a convenient technique
to establish the in vitro base gene bank at CIAT. A rapid freezing protocol would
save time and cost to introduce CIAT's entire IVAG collection in cryopreservation
tanks . Comparison of direct immersion of shoot tips into LN vis-lI-vis the
programmed cooling protocol showed no significant differences . We presume that
preculture, cryoprotection and drying treatments eliminate a considerable amount
of water from the tissue; this in turn reduces intracellular ice formation.
Consequently, cell damage due to rapid freezing is also reduced (Table 1).
Pretreatment of shoot tip explants with normal proliferation medium (4E) , for
a short time before cryoprotection, improved their response to freezing. This
treatment may induce a reactivation of cellular activities in the apical meristem.
Office de la Recherche Scientifique et Technique d'Outre-Mer (ORSTOM)
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researchers have reported similar observations w ith date palm (F. Engelman,
personal communication).
We tested the effect of preculture med ia (C4 or R1), with or without
activated charcoal (AC) . Analyz ing the response after freezing, we observed that
C4 and R1 media did not show differences; but when comparing the presence of
AC we observed a significant improvement in the response (Table 2) . The addition
of AC to the preculture medium is beneficial as it absorbs toxic substances present
in the medium due to autoclaving or produced by the tissue, or excess growth
regulators during the initial phase of culture (Biondi and Thorpe, 1982; Misson et
al., 1982, both cited in E. F. George and P. D. Sherrington, 1984).
Work continues to adjust the cryoprotection, freezing, and post-thawing
culture phases. Research will focus on further developing the technique, especially
with regard to genotype response and evaluation of genotype stability. Finally,
critical logistical aspects of cassava cryopreservation will be tackled.
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Table 1. Effect of pretreatment. preculture medium and activated charco al in the preculture medium
on the cryopreservation 01 cassava shoot tips in LN .
Pretreatment
01 explants'
Ves

Preculture
medium

Activated
charcoal
(0.2%)

Viability
(%)

Shoots
(%)

C4

+

100

76
62

88 .5
Rl

No

C4
Rl

+

+
+

100

65

88

21

94

54

48

16

14.3

5

17

O

a. 4E medium for 3 day •.

•

Table 2. Effect of pretreatment and cooling rate on cassava shoot tips after freezing in liquid
nitrogen (cv. M Col 22).
Pretraatment'

Cooling rata

Yes

Programmed

Ves

Rapid

No
No

Viability
(%)

Shoots
(%)

96

68

100

80

Programmed

80

48

Rapid

88

45

a. 4E medium for 3 days.
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EVALUATION OF CLEANED CASSAVA VARIETIES IN CONGO

J. Mabanza, A. V. Rodrrguez-Andriyamasi, J. Mahouka and B. Boumba
DGRST, Brazzaville, Congo

Cleaned cassava plants were produced with in vitro meristem culture techniques and
thermotherapy. Fields of cleaned material were established to supply the farmers
with planting material (stakes). The material was tested against several stresses ;
African common mosaic disease, cassava bacterial blight (Xanthomonas campestris
pv. manihotis) and weeds. Both at the level of the research stations and at the
farmer level, the data show that, in every case the cleaned material was 50% to
100 % higher yielding. than the uncleaned material.

INTROOUCTION
Cleaned cassava varieties have been produced in Congo. Planting material of
cleaned cassava varieties have been distributed to the "Complexe Agro-industriel
d'Etat de Mantsoumba" (CAIEM) funded by the FAC (Fonds d' Aide et de
Coopération: France) in 1987 and to the "Project de Dévéloppement des Cultures
Vivriéres dans le District de Kindamba" (Mabanza, 1989; Mabanza et al., 1993a and
1993b) funded by the IFAD (lnternational Fund for Agricultural Development) in
1987 in order to improve the cassava production in Congo. In 1989 EU (European
Union) funded a STD2 project" Amélioration des cultivars africains de manioc." The
main focus of this project was to improve the African cassava varieties by
biotechnological techniques including planting protoplasts in order to induce some
resistance to the main diseases of cassava: African cassava mosaic disease (ACMD)
and cassava bacterial blight (CSS), In all the cases we were interested in the
growing and phytosanitary aspects and the production of the cleaned material either
at the level of the Kindamba and Odziba research stations (Mbanza et al., 1993a
and 1993b), at CAIEM or at the Kindamba farmer level.

MATERIALS ANO METHODS
The technique used is the apical meristem culture technique as described by Kartha
and Gamborg (1978) and Mabanza and Jonard (1981). The varieties used are the
varieties developed by the national research program as MM 78, MM 79, MM 92,
Moudouma and Nkaaka (Mabanza, 1989; Mabanza et al., 1993a) and the tissue
culture ones received from the Internationallnstitute of Tropical Agriculture (liTA)
based at Ibadan (Nigeria). After 3 weeks the plants developed from apical
meristems were brought into the screenhouse for 2 weeks before transplantation
in the field at Odziba, Mantsoumba and Kindamba. When planted in the field in
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vitro plants give stems after the first planting cycle (12 months). The plants
developed from the first cycle are used as second -cyc le planting material. The field
tríals were conducted with the completely randomized Fisher block design o The
plots had 5 to 10-long rows with a planting density of 10,000 plants/ha .

RESULTS
Tables 1 and 2 and Figure 1 A show that the in vitro plants (Table 4) are higher than
the uncleaned material in number of stems, plant size and root and leaf production.
The in vitro plants remain taller during the growing periodo In vitro plants are more
vigorous than the uncleaned material.

Afrlcan common mosaic dlsease (ACMD)
In order to study the in vitro plants (ACMV) reinfection, a trial was conducted at
CAIEM with a completely randomized Fisher block design (Variety = Moudouma,
Treatments = 4 as n , T2, T3, T4, Replications = 6) . Figure 1 B shows that in
vitro plants are reinfected by ACMV just after germination and after 4 months more
than 90% of plants are like the uncleaned material.

Cassava bacterial blight (CBB)
The CBB trial was conducted at the Odziba Research Station, where CBB causes
very important damage. The second-cycle planting material used in this experiment
came from the first cycle planting at CAIEM and thus it was already reinfected by
ACMV in the previous trial. Table 3 shows that all materials (in v itro plants and
uncleaned material) were infected by CBB at the same level 2 months after
germination .

Root productlon of in vitro plants under high ACMD pressure (CAIEM)
The CAIEM trial shows that in vitro plants are higher yielding than the other
treatments (Figure 1 CI.

Root production of in vitro plants under high CBe pressure
The Odziba trial shows that in vitro plants are higher yielding than the other
treatments (Figure 1D) .
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Root production of in vitro plants under higher weed competition
Root production of uncleaned material without weed competition
The experiment used a completely randomized Fisher block design o Three
varieties (MM 79, MM 92, MM 98) and six replications were chosen for this
experimento The data show that MM 79 was significantly higher yielding than
MM 92 or MM 98) (Figure 2A). In this experiment the ratio MM 92/MM 79 = 11,
1/16, 3 = 0,646. In experiments conducted from 1987 to 1992, MM 79 was
higher yielding than MM 92 (Figure 2A).
Root production under weed competition
As it is shown in Table 4, MM 78 in vitro plant and MM 92 in vitro plant are
higher yielding than the uncleaned varieties MM 79 and Nkaaka. This experiment
shows that the ratio MM 92 in vitro plant/MM 79 = 50,5/34,8 = 1,45. Thus the
increase in root production under this high weed pressure was 1,45 + (1-0,646)
= 1,804 or 80,4%. The entire experiments conducted at Kindamba show that the
MM 92 in vitro plant production increase was between 80% and 100% (Figures 2A
and 2B).
Preservation of vigor in In vitro plants
Two trials were conducted at Kindamba in 1990 and 1991 using a
completely randomized Fisher block design with four varieties (TMS 40160,
TMS 30572, MM 79, MM 78 in vitro plant). The 1990 trial (first planting cycle)
supplied planting material for the 1991 trial (second planting cycle). The data show
that the MM 78 in vitro plant yielded more (approx. 1.5% or 50%) than the other
varieties in both the first and second plariting cycles (Figures 2C and 20).

IN VITRO PLANTS PRODUCTION AT CAIEM ANO
AT THE FARMER l.EVEL IN KINDAMBA
The Project produced cleaned material to supply farmers in the Kindamba region.
For the second planting cycle, cleaned material was supplied to CAIEM, which
planted 20 ha in 1990, and to farmers participating in the project. Both levels, a
100% production increase was noted. From 1989 to 1992, Kindamba farmers
were supplied with cleaned planting material and in vitro plant vigor preservation
was noted over four planting cycles.

CONCLUSIONS
According to these data we can conclude that:
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•

In vitro plant is more vigorous than the traditional planting material as to
plant size and leaf and root production.

•

The vigor of the cleaned material is preserved more than one planting cycle.
In the Kindamba farmer planting environment, the vigor was preserved over
four planting cycles.

•

In vitro plant can give an important yield increase under conditions according
of environmental stress. In our experiments the in vitro plant yield was
greater than that of the traditional material even under high stress conditions
such as ACMD, cee or weeds .

•

The production increase noted in the farmers' planting environment was
ranged from 50% to 100% at Kindamba.
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Table 1. Plant development after 30 days.
Treatments
Tl

T2

T3

T4

86

95 .8

98.6

98.6

2

2

2

4

Size 01 plants (cm)

44

40

59

79

Petiole length (cm)

20

22

30

32

Lobe length (cm)

15

17

14

20

3

5

Germination
Number 01 stems

Lobe width (cm)
Plants with mosaic disease (%)

3.5

3 .5

55 .5

48.5

70.8

3

3

3

Disease score 10-5)

2 .7
2

TI = nonselected 2·year·old stems .
T2 = selected 2'year-old stems .
T3 ~ 1·year-old stems.
T4 = in vitro plant stems (8 months old) .

Table 2 . Analysis 01 the growing aspect; size 01 plants 40 days after planting (cm).
Replications

Treatments

Total

T1

T2

42.25

59 .6

70

91

262 .85

11

59.5

43 .1

58 .6

89

250 .2

111

41

50.9

63.8

117.2

323.8

IV
V
VI

52

68

68 .5

102.7

291.2

60

40

79 .5

110.5

282 .2

74 .9

55

78

93.8

302 .2

Total

329.65

317.1

418.4

Mean

54 .94

lSD = 12.06 .
Significance treatments:

T4

T3

52 .85

69 .73

TI

T3

2

T2

3
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T4

604 .2

1712.45

100.7

92 .74

Table 3 . CSS reinfected plants at Odziba (% ).
Planting material = CAIEM 1st cyele planting material. .
Variety = Moudouma.
Treatments = 4 (T1. T2. T3. T4).
Replications = 4.
Treatments
T1

T2

T3

T4

O

O

O

O

88.8

91.6

98.6

97 .2

Februarv

95.S

95 .8

95.8

94.4

March

94.4

94 .4

98 .6

98.6

December
Januarv

Table 4. In vitro plants production under weed competition stress at Kindamba . Completely
randomized Fisher block.
Varieties = 4 : MM 79, Nkaaka. MM 78 in vitro plant. MM 92 in vitro plant .
Replications = 6.
Replications

MM 78

MM 92

in vitro plant

in vitro plant

(kg)

Varieties

Total

MM 79

Nkaaka

R1

56

53

58

53

262.85

R2

31

31

43

41

250 .20

R3

27

27

39

58

323 .80

R4

32

26

40

39

291 .20

R5

29

24

50

50

282.20

R6

34

36

61

56

302 .20

209

197

291

303

1712 .45

Total
Mean

34.8

LSD = 11 .729 .
Significance of treatments:

48.5

32.8

MM 92 in vitro plant

MM 78 in vitro plant

92 .74

50.5

MM 79

Nkaaka
2
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CAIEM ACMV REINFECTION

CAIEM VITROPLANTS GROWTH
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Figure 1. In vitro growing, phytosanitary and production aspects of CAIEM and Odziba .
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Figure 2. In vitro plants production aspects at Kindamba .
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MERISTEM CULTURE ANO IN VITRO MAINTENANCE
OF PHILlPPINE CASSAVA

V. Z. Acedo
Tissue Culture Laboratory. Varietal Improvement Section .
Philippine Root Crops Research and Training Center.
Visayas State College of Agriculture (ViSCA).
Baybay. Ley te. Phillippines

Cnsava germplasm conservation in vitro decisively complementa field genebanks
that ha ve faced problems such as 10Sl or damage of genotypes due to biotic and
abiotic stresses. limited land arel and high maintenance costa. With meristems as
starting explants. genotypes stored in vitro would likely be disease-free. This study
determines the culture reQuirements for meristem development and for in vitro
maintenance of cassava using the 'Golden Yellow' variety . Shoot tip meristems
were cultured in solid or liQuid Murashige and Skoog (MSI medium supplemented
with different growth hormones. The regenerated plantlets were micropropagated
using single nodes for slow growth studies which used different medium
formulations consisting of MS basal salts with mannitol or abscissic acid (ABA).
Viability 01 in vitro-stored tissues was determined after 6 .5 months of incubation by
transferring them to the normal growth medium. Results reveal that the liQuid MS
medium with 0.2 mg/1 naphthalene acetic acid (NAA). 0.1 mg/1 benzylaminopurine
(BAP) and 0 .25 mg/1 gibberellic acid (GA,) ettected rapid maristem development.
The meristem-derived plantlets can be micropropagated aftar 2 to 3 months from
meristem inoculation . The nodal tissues had reduced growth rate in mannitol- or
ABA-added medium. Shoot and root initiation was increasingly delayed with
increasing concentration of mannitol or ABA. But at higher mannitol (6%) or ABA
(5-10 mg/l) levels, mortality rate increased. Using 4% mannitol or 2 mg/1 ABA, the
tissues beca me non viable. Only tissues cultured in 2 % mannitol- or 1 mg/l ABAadded medium developed into normal plants when transferred to the normal growth
medium. In MS medium alone. complete plantlets developed after 20 days from
inoculation and beca me overgrown 3 months later.

INTRODUCTION
The cassava germplasm collection at the Philippine Root Crops Research and
Training Center (PRCRTC) is one of the largest in Asia . However. germplasm
collections arll stored solely in the field, exposing them to disease, infection,
damage by insect pests and adverse conditions (e.g., typhoons). Germplasm field
maintenance also eats up a large amount of experimental land area and requires
high labor and material inputs.
In vítro storage of cassava germplasm can solve most if not all of these
limitations of field genebanks. It can also overcome the problem of seasonal supply
of planting materials and facilitates the maintenance of disease-free plants by using
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meristem-derived plantlets as the explant source. In this way, germplasm can be
exchanged without introducing the risk of disease to destination points.
This study is the first' done to develop an in vitro storage system for
It
Philippine cassava, initially using the commercial cultivar Golden Yellow.
determined some culture requirements for developing shoot tip meristem and for
maintaining slow growth of nodal tissues taken from meristem-derived plantlets.

MATERIALS ANO METHOOS
Meristems, 0 .2-0.4 mm in size, were dissected aseptically from shoot tips of
greenhouse-grown cassava plants, variety Golden Yellow. These were inoculated
onto solid or liquid medium formulations consisting of the Murashige and Skoog,
1962 (MS) basal nutrients supplemented singly with 0.1 mg/I benzylaminopurine
(BAPI. 0.2 mg/I naphthalene acetic acid tNAA) or 0.25 mg/l gibberellic acid (GA 3 ).
Combining the three supplements was also tried. For the sol id medium, 0.7% agar
was added to gel the medium while for the liquid medium, a filter paper bridge was
used to support the meristem. In a second trial, only the solid or liquid mediums
supplemented with the three growth hormones were used. Three to 4 weeks after
inoculation, the growing shoots from the meristems were transferred to the normal
growth medium (MS solid medium with 5% sucrose). At the four to six nodal
5tage, plantlet5 were subcultured using single nodal segments until sufficient
numbers of explant source were produced for the experiment on slow-growth
maintenance. The slow-growth study used the MS nutrients as basal medium with
mannitol added at 2%-6% or abscissic acid (ABA) at 1-10 mg/l. The MS medium
was used alone as control. One single nodal segment was inoculated onto each
culture vessel.
For each treatment, 15-24 culture vessels IN re used. The cultures were
incubated at 26 ± 2 oC and 1,500-2,000 lux illumination. then observed for their
ability to regenerate shoots and roots as well as the rate of tissue growth. In the
slow-growth experimento tissue viability was tested by transferring tissues to normal
growth medium after 6.5 months of incubation.

RESUL TS ANO OISCUSSION
Meristem culture
The combination of BAP. NAA and GA 3 as MS medium supplement effectively
induced meristem differentiation. The meristems turned green first before shoots
and then roots developed. About 85%-90% of the meristems formed shoots after
about 7-12 days. while 40%-60% formed roots after 18 days (Table 1). These
responses are similar to that obtained by earlier researchers although concentrations
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of the three growth hormones were different (Kartha and Gamborg, 1975). But
using a solid medium induced callus formation (Table 1). Also, shoot growth was
much slower than that in liquid medium (Figure 1).
When BAP, NAA and GA 3 were used as sole medium supplement, the
regeneration potential of the meristems decreased. In BAP-added medium, root
initiation did not occur, while in NAA-added medium, shoots were initiated but did
not grow further. In GA 3 -added medium, the meristems only turned green similar
to those cultured in MS medium alone. The tissues later turned brown.
Transferring the growing shoots to the normal growth medium resulted in
rapid plantlet development. The plantlets produced four to six nodes and then were
fit for subculturing after about 1 to 2 months from transfer or 2 to 3 months from
meristem inoculation.

In vitro storage

Mannitol and ABA restricted growth of the nodal tissue explants . Growth was
increasingly retarded with increasing concentratíon of mannítol or ABA (Table 2) but
extremely hígher concentratíons (6% mannítol or 5-10 mg/l ABA) led to a high
mortalíty rate as shown by the high incídence of tíssue browníng (Figure 2). Using
4% mannitol, a majority of the explants initiated shoots and roots at a much later
date (Table 2) . The shoots also did not elongate (Table 3). When v jability testing
was tried after 6.5 months of íncubation by transferríng tissues to normal growth
medíum, the initíated shoots and roots failed to develop. Tissues cultured in 2 mg/l
ABA-added medium gave the same response . Only tissues cultured in mediums
with 2% mannitol or 1 mg/l ABA added, developed into normal plants on transfer
to normal growth medium.
The suppression of tissue growth in vitro by mannitol or ABA is well
documented (Cram, 1984; Wíthers, 1987; Dodds, 1988; Lizarraga et al., 1988).
For the Philippine cassava variety Golden Yellow, 2% mannitol or 1 mg/l ABA may
be requíred as MS medíum additíve to retard growth of nodal tissues without losíng
viability for at least 6.5 months. In the normal growth medium, subculturing has
to be done every 2-3 months.

CONCLUSIONS
Cassava shoot tip meristems differentiated rapidly in liquid MS medium
supplemented wíth BAP, NAA and GA 3 • In solid MS medium with the same
supplements, the meristem were induced to form callus, a response that may
undesírably cause genetic abberatíons.
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The nodal tissues from meristem-derived plantlets suppressed growth in
mannitol-or ABA-added med ium. The use of 2% mannitol or 1 mg/l ABA was more
beneficial than higher concentrations (4-6% mannitol or 2-' O mg/l ABA) in retarding
growth and maintaining viability of the tissues for at least 6.5 months . The full
potential of this slow-growth medium (i .e., maximum storage period without
subculturing and 1055 of tissue viability) and its ef1ectiveness relative to that 01
other growth retardants (e.g ., glycerol, sorbitol) have still to be determined . More
importantly, the slow-growth medium that can be used for a broad range 01
cultivars (other than the Golden Yellow var iety). without inducing genetic
variabilities , remains to be developed.
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Table 1. Growth characteristics of shoot tip meristems of cassava, variety Golden Yellow, culturad
in solid or liQuid MS medium supplemented with BAP, NAA and GA,,'
MS salid
medium

MS liQuid
medium

88 .9
11.5 ± 5.2

85 .0
7.9 ± 2.4

2.0 ± 0.9

2.1 ± 0.8

Root formation
% of total
days to initiation

61 .0
17 .8 ± 3.7

40.0
18.4 ± 3.6

Callus formation
% of total
days to initiation

61.0
4 .8 ± 1.6

o

Parameter
Shoot formation
% of total
days to initiation
number of nodes after
21 days

Each value represents the mean ± SE taken !rom at least 15 cultures.
• . MS = Murashige and Skoog, 1962; BAP = benzylaminopurine; NAA = naphthalene acetic acid;
GA, = gibberellic acid.

Table 2. Growth characteristics 01 nodal tissues of cassava, variety Golden Yellow, culturad in
mannitol- or ABA-added MS medium .'
MS madium
additiva

O, control
Mannitol, 2%
4%
6%
ABA,

mg/l
2 mg/l
5 mg/l
10 mg/l

Shoot formatian

Root lormation

% of
total

Days to
initiation

Days to 1 st
open leaf

91.3

18.8

31.7

56.5

13.6

100.0
100.0
28.6

26.2
80 .6
139.0

59.4
134.3

27 .8
61.1
O

13.9
18.8

95.5
59.1
43.5
12.5

2B.7
57 . 7
86 .0
113.0

46.3
46 .0
118.0

22.7
22.7
4.3
O

43.8
77.8
13 .0

Each value represents the mean taken !rom 18·24 cultures .
a. ABA = abscissic acid; MS

e

Murashige and Skoog. 1962.
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% of
total

Days to
initiation

Table 3 . Number 01 roots, lully opened lea ves and length 01 internodes 01 cassava cultures in
mannitol- or abscissic acid (ABA)-added Murashige and Skoog (MS) medium alter 8 months
01 incubation.
MS medium
additive

Number 01
leaves

Number of
roots

Length 01
internodes
(mm)

Plant
height
(mm)

3.3
1.0

1.0
1.0

10.4

75 .0

O

O

3.6
3.7
1.0

3.6
4 .6
3.0

1.8
4.2

8.7

O

O

O, control'
Mannitol, 2 %

4%
6%
ABA, 1 mg/l

2 mg/l
5 mgll
10 mgll

a. Observations were terminated on the fourth month 01 incubation sinee the plantlets were already overgrQwn.
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Figure 1. Shoot growth of 'Golden Vellow' cassava meristems cultured in Murashige and Skoog
IMSI medium supplemented with benzylaminopurine (BAPI. naphthalene acetic acid
(NAAI and gibberellic acid (GA,I .
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Figure 2. Incidence of browning of nodal tissues of cassavl. variety Golden Yellow. culturad in
mannitol- or abscissic Icid (ABAI-Idded Mura.hige Ind Skoog (MSI medium .
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INFLUENCE OF MEDIUM COMPONENTS ON HARDENING
OF CASSAVA AFTER MICROPROPAGATION IN
UQUID NUTRIENT MEDIUM

V , F. A . Broomes and R. Lacon
National Agricultural Research Institute INARIl,
Mon Repos, East Coast Demerara, Guyana

The rate 01 micropropagation 01 cassava can be increased when grown in liquid
instead 01 solidilied nutrient medium. But during hardening mortality is higher when
liquid medium is used. Thus, this project aimed at identifying a suitable system to
in crease both the rate 01 in vitro propagation and the survival 01 plantlets in the
greenhouse. Preparation 01 cultures 4, instead 01 5, days belore remo val Irom
aseptic conditions resulted in a higher proportion 01 plants surviving during the lirst
week after transler to the greenhouse (81 .5% in contrast to 69%). There were
smaller increases 01 nodes and rooting was inhibited when explants were grown in
3%, 4% or 5% sucrose . After 3 weeks in culture, the highest rate 01 nodal
multiplication was obtained with explants grown in Murashige and Skoog Medium
which was supplemented with 0.5 mg benzylaminopurine (BAPI. 0 .01 mg
naphthalene acetic acid (NAA) and 400 mg NH.NO, per liter. But by the lourth
week a similar quantity 01 nodes was obtained on explants in the medium which was
supplemented only with 1 .3 mg indole-3-acetic acid (lAA). The percentage 01 usable
explants lor hardening was 93 in the medium with IAA, compared to just 70% in the
medium containing BAP, NAA and NH.NO,. Rooting during culture was an early
indicator 01 the survival 01 plants after removal Irom aseptic conditions. Use 01
liQuid nutrient medium- both increased the rate of micropropagation and the quantity
01 plants preparable lor hardening in a given time. The latter is especially important
lor those lacilities in tropical countries where transler 01 in vitro cultures to the
greenhouse is restricted to the cooler periods 01 the day.

INTROOUCTION

A reliable system of propagating a large number 01 true-to-type plants would ensure
that approved varieties, or those with improved traits, are readily available.
Cassava, Manihot esculenta (Crantz) is one of the crops propagated using plant
tissue culture techniques. These have been used to propagate selected varieties
(Roca, 1984; Nair et al., 1986; Smith et al., 1986); to conserve germplasm (Roca
et al., 1982); to produce disease-free plants via meristem culture (Kartha et al.,
1974, Henderson and Ng, 1987); or to develop transgenic systems suitable for
transformation studies (Mathews et al., 1993),
Previous publications have reported on the success1ul micropropagation of
several varieties of cassava . But there are instances when varieties exhibit strong
apical dominance (Smith et al., 1986) or are non-responsive to the system
established for other varieties. In Guyana, there are several varieties 01 cassava
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available locally (Downer, 1974; Forde, 1979). In some areas, however, production
is restricted ,to a few varieties readily accepted by both farmers and consumers,
The cassava variety, Uncle Mack, is an example but, when placed under in vitro
conditions, nodal and shoot multiplication was low, compared to other varieties
(Mexico 59, Del Pais and Bad Woman) which had been successfully
micropropagated .
For successful micropropagation, a high rate of shoot or nodal multiplication

in vitro must be coupled with the survival of a large proportion of micropropagated
plants after transfer to the greenhouse. Tissue-cultured plants are often difficult to
establish in the greenhouse, so extreme caution must be exercised during
acclimatization (Kyte, 1987). Stress to plantlets can be reduced with their minimal
exposure to conditions of low humidity and higher temperature after removal from
culture vessels. Also, the time taken to transfer plantlets can be reduced if plantlets
are rooted in liquid instead of solid nutrient medium. Although culture in liquid
medium could result in vitrification of plantlets, at the time of transfer to the
greenhouse the root plantlets in liquid medium could be more readily washed and
trimmed. Yet transfer of non-rooted shoots to the greenhouse could result in a
longer period being required for hardening of plants befo re removal from high
humidity or transfer to the field.
Thus, this investigation sought to identify (1) appropriate liquid nutrient
medium facilitating a high rate of shoot multiplication and (2) survival after transfer
to the greenhouse.

MATERIALS ANO METHOPS
The explants used in this investigation were taken from plantlets of the cassava
variety Uncle Mack which had been cultured in vitro.
As shown in Table 1, the media consisted of full-strength MS (Murashige and
Skoog, 1962) salts supplemented with sucrose (2%, 3%, 4% or 5%), vitamins,
benzylaminopurine (BAPI. naphthalene acetic acid (NAA), indole-3-acetic acid (lAA)
and ammonium nitrate (NH.NO)). Except for the control in which the medium was
solidified with 7 dm') agar, the liquid form of the medium was used throughout this
investigation. The pH of each medium was adjusted to 6.0 before autoclaving.
Each replicate ·consisted of a culture vessel containing five explants; there was a
minimum of eight replicates for each medium (treatment). Cultures were kept in a
growthroom under a 16-h photoperiod provided by white fluorescent lamps
(9.0-9.8 W m'2) and the temperature maintained at 27 ± 2.0 oC. Data of the
number of nodes, lea ves and presence of roots or shoots were collected at weekly
intervals for 4 weeks .
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Preparation for and the hardening of plantlets
Prior to removal to the greenhouse, the covers of culture vessels were loosened in
the growth room to reduce humidity. After 4 or 5 days, shoots (4-8 cm in length)
were removed from culture vessels and the roots washed to avoid carry over of
substances from the culture medium. Roots were trimmed to about 1.5 cm long,
dipped in a systemic fungicide then transferred to either distilled water or lightlymoistened substrate.
Plants were kept in a humidity chamber for 2 weeks. Shoots placed in
distilled water were transferred to the potting substrate 1 day later. Humidity was
kept at 80%-90% during the first week then reduced to 70%-75%. The humidity
was maintained by ensuring that sand at the bonom of the chamber was wellmoistened.
The time taken to transfer plantlets for each treatment was recorded befo re
transfer of plantlets to the humidity chamber. Data were collected on survival of
the plantlets during the period in the humidity chamber then analyzed using the
MSTATC computer package.

RESUlTS
Micropropagation in vitro
Figure 1 shows that an increase in the number of nodes did not occur until the third
week of culture and was more than doubled on explants kept in medium containing
both high levels of SAP, 0.5 mg 1. 1 (Cas 421. and lower ones, 0.3 mg 1-1 (Sp 9 [s]).
A higher levelof nitro gen also contributed to enhanced nodal multiplication. At
3 weeks, the highest rate of nodal multiplication was with explants cultured in MS
medium supplemented with 0.5 mg SAP, 0.01 mg NAA and 400 mg NH.N0 3 • But
by the fourth week there was no difference (P = 0.05) between the number of
nodes on explants in the medium containing IAA only and that having BAP, NAA
and additional nitrogen.
With the liquid form of Sp 9 medium, there were fewer nodes than with the
agar-solidified formo Despite the difference in nodal multiplication, it was observed
that shoots grew more was had on explants kept in liquid medium . Further, the
nodes on explclnts in solid medium (Sp 9) were closely positioned along the stem .
In contrast, in the liquid medium there were more leaves and a rosene (cluster) form
of shoot ·growth.
Sucrose at four different concentrations (2%, 3%,4%, and 5%) was added
to MS medium containing 0.3 mg 1-1 SAPo Figure 2 shows that, at all levels of
sucrose, the increase in number of nodes was less than double the initial number.
At 4 weeks. the number of nodes was no different (P = 0.05) among the tour
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concentrations of sucrose. Also, thickening of the stem region of explants was
evident with 3% or 4% sucrose.
Of the seven liquid media tested, nodal multiplication was highest in the
medium Cas 42 containing 0.5 mg r' BAP, 0.01 mg 1"' NAA and 400 mg r'
NH.N0 3 . The rate was similar to that obtained in Sp 9, the agar-solidified medium .
IAA and a higher concentration of sucrose (3%) was added to MS Medium
to determine if those substances could be substituted for the plant growth
regulators in Cas 42 . Figure 3 shows that even with the omission of BAP from the
medium PI 24, the number of nodes did not differ significantly (P = 0.05) from that
obtained on explants in Cas 42 medium.
Rooting occurred on explants in only three of the media tested. Table 2
indicates that at 4 weeks, 90% of shoots in Cas 42 and PI 24 media had roots but
only 60% of those in solidified Sp 9 medium. It was observed that few roots werEi
present on explants in solidified medium used as the control, whereas a large
number was evident in the liquid media (Cas 42, PI 14).

Hardening of plants
A preliminary investigation revealed that the survival of plants in the greenhouse
was influenced by the time taken to reduce the humidity in culture vessels.
Table 3 shows that, at the end of the lirst week, survival was greater with those
plants taken Irom vessels where humidity was reduced over a period 01 4 days,
instead 01 live, belore transferring plantlets to the greenhouse. Both the proportion
of usable plantlets and survival of such plants after 1 week in the greenhouse were
high (Table 4). Also, the time taken to transfer each plantlet was under two
minutes, including a period of 30 seconds for the dipping of roots in a systemic
fungicide.

DISCUSSION
The system developed in this investigation is an alternative method 01
micropropagation that may be uselul lor those cassava varieties which are
recalcitrant in vitro.
Rooting of explants in vitro seemingly increased plants' survival after transfer
to the greenhouse. Explants of those treatments which developed roots in vitro had
higher survival levels in the greenhouse.
The inhibitory ellect of sucrose on root lormation may be a consequence 01
unfavorable osmotieum 01 the culture medium. In this investigation, suerose at 4%
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caused thickening of the stem reg ion of explants, where media with higher
concentrations of BAP (Cas 41 and Cas 42) did noto This f inding differs from that
of Kyte (1987) who suggested that stem thickening may be a consequence of high
levels of SAPo
There was no evidence of vitrification (root and shoot formation) of those
plantlets which were micropropagated in liquid media. Thus, this study reveals that
a simple system of liquid medium culture could be used for in vitro micropropagation
w ithout accompanying vitrification . Further, continuous aeration of shoots is not
needed to multiply nodes . This last is especially important to those facil ities
without access to automated systems such as that described by Simonton et al.
(1991). Such facilities could use this stationary culture system and easily replenish
the nutrient medium .
The culture of plantlets in liquid medium can contribute to reducing plantlet
stress when removing them from culture vessels. More plantlets can be transferred
in a given t ime, so making the use of liquid cultures advantageous for those plant
t issue culture facilities where transfers to the greenhouse/nursery are restricted to
the cooler periods of the day .
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Table 1. Concentration of additives' (mg 1") to lull-strenglh Murashige and Skoog Medium.
Addilive

Medium
Thi

Nic

Pyr

BAP

NAA/IAA

2

0 .3

0.03

Suc

NH.,NO,

(%)
Sp 9

0.2

Cas 41

0.1

0.5

0 .5

2

0.5

0 .01

Cas 42

0.1

0.5

0.5

2

0.5

0.01

Cas 43

0.2

3

0.3

0 .03

Cas 44

0.2

4

0 .3

0.03

Cas 45

0.2

5

0.3

0.03

PI24

0.2

3

400

1.31AA

a. Thi = thiamine HCI; Nic = nicotinic acid; Pyr = pyridoxine HCI; Suc = sucrose; BAP = benzylaminopurine;
NAA = naphthalene acetic acid; IAA = indole-J-acetic acid .

Table 2. Proportion 01 explants with roots al weekly intervals after subculture. Data are means 01
20 replicates .
Medium

Week 1

Week 2

Week 3

Week 4

S9

O

10

45

60

Cas 42

5

55

85

90

10

65

70

90

PI 24

Table 3. EHect 01 time 01 preparation on hardening 01 plantlets. culturad in liquid madium. al
1 week aftar transler to the greenhouse .
Preparation time
belore transler

No. 01 replicates

Survival 01 planllet
(%)

4 days

62

81 .5

5 days

59

69.0
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Table 4. Time taken to transler plantlets, proportion 01 usable plantlets and survival in the
greenhouse . Data are means 01 at least 14 replicates.
Medium

Transler 01 eaeh
plantlet (min)

Usable plantlets
per vessel (%)

Survival 01 plantlets
(3 days)

Cas 42

1.0 - 2.0

70 - 100

100

PI 24

1. 1 - 1.5

80- 93

100

Sp 9

1.3-1.8

70 - 85

100

217

7
Medlum

6
5

• Sp 9 (S)
O Sp 9 (1)
OCa:s
. . -41
.....
O'ctsi2 .
~

'"

'"

4

o

3

"O

-

1.., . ·

o
e

~

Q)

.o

E 2

:J

Z

o

o

3

2

4

Time in culture (weeks)

Figure 1. Effect of medium on caaaava nodal multiplication.
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Figure 2. Effect of suerose on multiplication of ensava nodes.

218

4

6

T

I !JI PI 24

5 ' '--' Cas 42
~

.;

~
TI I

1

4

S
O

....

3

~
Z

2

1

O
O

2

3

Time in culture (w eeks)

Figure 3 . EHeet 01 indo le Icetic acid (lAA) and suerosa (3%1 on

219

4

•

multipli~ation

of cassava nodes.

ESTABLISHMENT OF A CORE CASSAVA GERMPLASM
COLLECTION IN THAILAND

S. Sarakarn ' , A. Limsila', W . Watananonta ' , C. Thiraporn',
S. Sinthuprama' and K. Kawano'
'Rayong Field Crops Researeh Center, Rayong, Thailand;
'Field Crops Researeh Institute, DOA, Bangkok, Thailand ;
'CIA T, Cassava Asian Regional Program, Bangkok, Thailand

The Thai eaS5ava produetion and proeessing industry heavily depends on the export
market, mainly the European Eeonomie Community IEECI. With the antieipated
removal of the preferential tariH treatment of Thai tapioca to tha EEC, a lower level
of importation and/or lower priees for Thai eassava products are imminent. Thai
government poliey is to reduce the eassava-planted area and help farmers inerease
produetivity . In response to this situation, higher yielding eultivars with higher
stareh eontent in the roots are reQuired . A promising approaeh to aehieving this goal
is to ereate broad genetie variability by introducing eassava germplasm Irom abroad,
and reeombining desirable eharaeters into new high-yielding varieties . In the near
luture, 600 aeeessions, comprising the CIA T eassava eore eolleetion, will be
introduced to Thailand in the lorm 01 in vitro culture . This will make available to
Asian cassava breeders a good representation 01 the total genetic diversity found in
cassava. These aceessions will be subcultured to increase the number of plants per
accession. Several plants will be evaluated in the lield and lield data collected. At
least 2 ha will be reQuired lor this purpose . In order to provide security 01 planting
material during the establishment period, live test tubes 01 each clone will be
routinely maintained under minimal growth conditions in the laboratory, using Roca's
method. After about 5 years these accessions will be available to other national
breeding programs and exchanged by means of in vitro plantlets .

INTRODUCTION
Cassava is a cash crop produced by a large number of small farmers in Thailand.
Nearly all production is processed into animal feed components or starch. About
95% of the total production is exported, mainly as pellets (89%1. followed by
starch (8%) and chips (3%) . The most important market is the European Economic
Community (EEC), receiving up to 5.48 million tons in 1992. Domestic use is only
about 5% of the total production and is used as starch for industry or as pellets for
animal feed (Office of Agricultural Economics, 1992).
With the anticipated removal of preferential tariff treatment for Thai tapioca
to the EEC, a lower level of importation and/or lower prices for Thai cassava
products are imminent. Thus, Thai cassava policy is to reduce the cassava planted
area by 160,000 ha in 5 years. As the cassava acreage decreases, higher yielding
cultivars will be necessary to increase cassava productivity, which in turn will lead
to higher competitiveness of cassava production on the international market. To
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achieve this goal a promising approach is to broaden genetic variability through
cassava collection in the country, introducing new cultivars Irom loreign countries,
and recombining desirable characters into new, high-yielding cultivars. To maintain
the large collection in a small space, Iree 01 pests and diseases, and risk 01 loss
Irom climatic or soil stresses, in vitro germplasm conservation would be an
additional or alternative method to maintenance in the lield. A cassava tissue
culture laboratory was established at Rayong Field Crops Research Center (FCRC).
Thailand, at the end 01 1993 to help breeding procedures and rapid propagation.
At lirst, suitable media were tried lor shoot initiation, rooting, callus induction,
plantlets derived Irom callus, multiple shoot induction, and recovery of plantlets in
the greenhouse. In following years we shall develop long-term conservation through
minimal growth in tissue culture storage and try mutation breeding using the in vitro
plantlets.

MATERIALS ANO METHOOS
Meristematic tissues (lateral buds) 01 four cassava cultivars-Rayong 1, Rayong 3,
Rayong 60, and Rayong 90-were cultured on MS medium (Murashige and Skoog,
1962), containing vitamins as in B5 medium (Gamborg et al., 1968). This was
supplemented with varied concentrations of ex: -naphthaleneacetic acid (NAAr from
0.01-2.0 mg/l, 6-Benxylaminopurine (BAP) from 0.05-1.0 mg/I and gibberellic acid
(GA 3 ) from 0.05-0.5 mg/I combinations . The cultures were stored at 25 oc and
16 h photoperiods. After 1 month 01 incubation, the cassava plantlets were
translerred to hall strength 01 MS medium, supplemented with NAA 0.01 mg/l and
GA 3 0.025 mg/l in order to induce roots (Vupa and Salak; Kasetsart, U., personal
communication). The cassava plantlets with complete shoots and roots were
translerred to the nursery lor recovery lor about one and a hall months and then
characterized and evaluated in the lield.
In 1995, about 600 accessions arrived Irom CIAT, including 240 accessions
Irom Malaysia, Indonesia, Virgin Islands and local cultivars. The most promising
hybrids among them will be cultured on MS medium, with each liter supplemented
with 3% sucrose, 1.0 mg thiamine, 100 mg inositol, 0.02 mg 6-benzyl adenine,
0.1 mg GA 3 and 0 .01 mg NAA. Test tu be sizes are 25 x 150 mm with a 0.8%
Oifco agar (Roca et al., 1984). These will be placed under 1,500 lux illumination,
with a photoperiod 01 12 h and 22 oc temperature. Five test tubes 01 each clone
will be routinely maintained under these conditions. The 600 Core accessions to
be introduced Irom CIAT will be subcultured to increase the number 01 plants per
accession. A number of plants will be transferred to the field for characterization,
evaluation and collection 01 field data. At least 2 ha will be required lor this
purpose. After about 5 years these accessions will be made available to other
national breeding programs and exchanged internationally by means 01 in vitro
plantlets.
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RESULTS
Five combinations of BAP, NAA and GA 3 with MS medium (Table 1) showed
different results for shoot initiation, rooting and callus formation. Only the MS
medium supplemented with 1.0 mg/I BAP, 2.0 mg/I NAA and 0.3 mg/I GA3 can
cause all of these three characters in all of four cultivars - Rayong 1, Rayong 2,
Rayong 60 and Rayong 90 (Figure 1). The other four combinations lead only to
shoot initiation for all cultivars, except the MS medium supplemented with 0.5 mg/I
BAP, 1.0 mg/I NAA and 0 . 1 mg/I GA3 which exhibited this tendency for only two
cultivars-Rayong 1 and Rayong 3. However, most of Rayong 1 cultured on the
MS medium supplemented with 0.05 mg/I BAP, 0.02 mg/I NAA and 0.05 mg/I GA 3
exhibited both shoot initiation and rooting rather than shoot initiation alone.
Table 2 shows the growth of the shoots at 1 month after culture for four
cultivars on the five combinations of hormones . The MS medium supplemented
with varied concentrations of three growth hormones appears to be suitable
differently for each cultivar. But Yupa and Salak (unpublished) had studied several
cultivars introduced from CIAT and Thai cassava cultivars and found that the MS
medium supplemented with 0 .05 mg/I BAP, 0.02 mg/I NAA and 0.05 mg/I GA3 (F3)
was the most suitable medium for cassava meristem culture. Thus, we intend to
repeat this experiment with an increased number of cassava clones next year and
include root induction, recovery of plantlets under nursery conditions and
transference to field conditions.

CONCLUSIONS
We started meristem culture of cassava at RFCR Center in 1993. At first. a number
of cassava cultivars were cultured on the MS medium with Bamgorg vitamins and
supplemented with varied concentrations of growth hormones such as BAP, NAA
and GA 3. The result of the experiment showed these three growth hormones.
However, the MS medium supplemented with 0 .05 mg/I BAP, 0.02 mg/I NAA and
0.05 mg/I GA 3 is more acceptable to a greater number of cultivars or clones than
any other concentration of these hormones .
The establishment of a cassava germplasm collection through tissue culture
technique will begin in 1995 with about 600 accessions introduced from CIAT.
Minimal growth in tissue culture storage following Roca's method (Roca et al.,
1984) will be applied.
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Tabl. 1. Concentration of thre. growth hormone
culture of four cassava cultivars .

combin~ti ons

supplemented in MS medium for

Med ium mixtures' (mg/l)

Medium codes

BAP

NAA

GA,

Hl

1.0

2.0

0 .3

H2

0 .5

1.0

0 .1

H3

0 .05

0 .02

0 .05

H4

0.1

H5

1.0

0. 1
0 .01

0 .5

a. MS - Murashige and Skoog, 1962.
BAP - 6-Bentvlaminopurine.
NAA - .. -nap/lthaleneacltic .cid.
GA, - gibbetellic acid.

Table 2. GroWÚI of c....v. planu.u (cml derived from MS' medium suppl.mented with five
combina1iona of ttvH groWÚI hormone • .
CultivlII

Mediu

cod.,"

Hl

H2

H3

H4

H5

Rayong 1

2.7

1.5

2.8

2.9

2.6

Rayong 3

1.1

0.8

2 .6

3 .3

1.6

3.3

O

2 .1

2. 1

30

2. 1

2 .0

2 .8

2.0

a. M:; - Murashiga and Skoog. 1982.
b. Hl ~ 1.0 mgJ\ 6-8entvlaminopurine lB...,." 2.0 mgn .
.. -naphtNlenuc:etic: acid (NAAI, 0.3 mgn gibberellic acid (GA,I.
H2 - 0.5 mgn SAP. 1.0 mgn NAA, 0.1 mgn GA,.
H3 - 0.05 mgn BAP, 0.02 mgJ\ NM, 0.05 mgJ\ GA,.
H4 - 0.1 mgn SAP, O. t mgn GA,.
H5 - 1.0 mgJ\ SAP, 0.01 mgn NAA, 0.5 mgn GA,.
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Figure 1. Shoot initiation, rooting and callus formation of four cassava cultivars cultured on the MS·
medium containing Gamborg vitamins and supplemented with 1.0 mg/l BAPO, 2.0 mg/l
NAA·, and 0 .3 mg/l GA,· after 3-month culture.
a. MS = Murashige and Skoog, 1962; BAP = 6-Benzylaminopurine;
a: -naphthaleneacetic acid; GA, = gibberellic acid.
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BIOTECHNOLOGY TOOLS FOR CASSAVA
RESEARCH ANO OEVELOPMENT

Cassava Regeneration and Transformation

PRODUCTION OF FRIABLE EMBRYOGENIC CALLI ANDSUSPENSION
CULTURE SYSTEMS IN TWO GENOTYPES OF CASSAVA

N. J. Taylor, M. Edwards and G. G. Henshaw
University of Bath, Bath, United Kingdom

A highly prolific, friable embryogenic callus developed in two genotypes of cassava
when organized embryogenic tissue was subcultured onto media lupplemented with
5 x 10" M picloram and differing only in their basal salts . Suspension cultures were
initiated and maintained on a regular basis from this tissua. They consisted almost
entirely of embryogenic aggregates and globular ambryogenic units that varied in
siza from 50 to 1,000 lJfTI in diameter. Thair numbera ware greater than 5,000 per
mI. The young embryogenic units appear to be formed by cell division from only one
or few cells at the surface of the older ambryoganic units. Plating thase onto MS
madium without auxin has facilitated the regeneration of mature ambryos and
plantlets. The production of this new embryogenic system is considered to be an
important development that will create new possibilities for genetic transformation
and mass clonal propagation in cassava.

INTRODUCTION
To date, all reported cases of somatic embryogenesis in cassava have relied on
inducing organized embryogenic structures from immature leaf lo bes or cotyledons
(Stamp and Henshaw, 1982; Szabados et al., 1987). These tissues are exposed
to media consisting of Murashige and Skoog (MS¡ ' basal salts (Murashige and
Skoog, 1962) and various types and concentrations of auxin. Similar media are
then used to promote subsequent multiplication of these tissues via a secondary
embryogenesis process (Raemakers et al., 1993; Stamp and Henshaw, 1987) .
Although relatively easy to establish and maintain in a wide range of
genotypes, the embryogenic tissue produced is character'ized by low multiplication
rates, asynchronous development, and a failure to disaggregate and proliferate in
liquid media.
In addition, the deep-seated and multicellular nature of the
embryogenic process (Stamp, 1987) has proved to be problematic when the tissue
is used as target material for genetic transformation, leading to, at best, the
formation of chimeras (e. Schopke, personal communicationl.
In this documento we describe a new embryogenic system, based on tissues
from two cassava genotypes, one African and the other South American. By simply
varying the basal medium, the system induces and multiplies a prolific, highly
friable, embryogenic callus (FEC) from organized embryogenic structures.
Embryogenic suspension cultures were then established from this friable tissue, and
plantlets regenerated.

229

The development of this prolific embryogenic system may open up new
possibilities for improving cassava by applying genetic transformation and mass
clonal propagation technologies.

MATERIALS ANO METHODS
Media and culture condltions
Basal media were obtained from Sigma Chemical Co ., and all, except the Gresshoff
and Doy (GD) medium (Gresshoff and Doy, 1974). were supplemented with MS
vitamins. Various concentrations of media supplements were included befo re
adjusting the pH to 5.8, adding 0.75% (w/v) Oxoid No. 3 agar, and autoclaving .
Media were dispensed at 25 mi per 9-cm petri dish or 30 mi per 100-ml glass jaro
The media were incubated in a growth room at a temperature of 28 oC ± 1°C,
and iIIuminated at 30 pM m 2 s·" using a 16-h photoperiod . Dark conditions were
created by wrapping the pi ates in aluminum foil and culturing in the same
environment.

Formation of embryogenic tissues
Somatic embryogenesis was induced from leaf material obtained from shoot
cultures grown in glass jars on MS basal medium, supplemented with 2% (w/v)
sucrose. Immature leaf lobes, 3-5 mm in length, were excised from the genotypes
M Col 1505 and TMS 60444 (obtained from CIAT, Colombia, and liTA, Nigeria,
respectively) , and placed on MS medium, supplemented with 2% (w/v) sucrose and
5 x 10.6 M picloram (Taylor et al., 1992) .
Secondary and continuous
embryogenesis was promoted by transferring the primary·embryogenic tissue onto
fresh medium of the same type and establishing a 4-weekly subculture cycle on this
medium.
Suspension cultures were grown in 250-ml Erlenmeyer flasks, containing
50 mi of medium, and agitated on a gyratory shaker at 150 rpm. The growth rate
was assessed by transferring the tissue with a wide-bore pipette into graduated test
tubes and allowing to settle for 10 minutes . The settled cell volume (SCV) was
recorded and the tissue returned to the flask. The vital dye fluorescein diacetate
(FDA) (Withers, 1985) was used to assess the viability of the embryogenic units.

Embryo maturation and plantlat racovery
Embryo development and plantlet regeneration were induced by transferring samples
of FEC and embryogenic suspensions to hormone-free MS medium, supplemented
with 2% (w/v) sucrose. Recovered plantlets were placed into glass jars and grown
on MS medium with 2% (w/v) sucrose.
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RESUlTS
Clumps of organized embryogenic tissue (Figure 1) were maintainer! and multiplied
by serial subculture onto semisolid MS medium. supplemented with 2% (w/vJ
sucrose and 5 x 10.6 M picloram every 4 weeks. During routine observation of this
tissue. several small meristematic spheroids were observed. suspended within a
friable callus formed at the base of the clumps of somatic embryos where they were
in contact with the medium. Although these structures were seen in both
M Col 1505 and TMS 60444 early in the fourth week of the subculture cycle. their
occurrence was infrequent and transient. no such units being being visible by the
time the tissue was trans1erred to fresh medium at the end of the 10urth week.

Formatlon 01 FEC and other callus types
To identify the culture conditions that would encourage the formation and
persistence of the meristematic spheroids. clumps of somatic embryos. 0.5.cm in
diameter. were subcultured onto the range of media shown in Table 1. After 21
days of culture. the tissue was assessed for its development.
Depending on the basal medium and culture conditions. four tissue types
were induced:
1.

Organized embryogenic structures (OES). that is. embryogenic tissue of the
types previously reported in cassava. These structures are characterized by
their smooth. organized surface. They multiply through a budding-like
secondary embryogenic process that leads to the formation of clumps of
somatic embryos. which vary from early developmental stages to the torpedo
stage and cotyledon formation.

2.

Nonembryogenic 1riable callus (NEFC). that is. a rapidly growing.
disorganized. translucent callus. consisting 01 large vacuolated cells
suspended in liquid matrix. These ce lis were present either singly or in
groups 01 loosely associated cells .

3.

Hard brown callus (HBC). that is. a hard callus containing vacuolated ce lis of
varying sizes and bound together by a brown. unstructured deposit o

4.

Friable embryogenic callus (FEC). that is. a pale yellow. highly friable callus
consisting of numerous spherical meristematic units mixed with many large
vacuolated ce lis (Figure 2).
The units were composed 01 small.
multivacuolated cells packed tightly together. They varied in diameter from
only a few cells to 2-3 mm (Figure 3).
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Inducing the formation of the desired FEC was totally ineffective when pieces
of embryogenic tissue were cultured on MS medium containing various
concentrations of picloram, sucrose, and nitrogenous compounds, regardless of dark
or light conditions. Instead, the clumps of embryogenic structures continued lO
proliferate by the secondary embryogenic process and to form NEFC and HBC from
their bases. The production of HBC increased when extra nitrogen was added lO
the medium and when the cultures were incubated in the dark.
Continued formation of OES also occurred when clumps of somatic embryos
were transferred onto the range of different basal salts, but the production of this
tissue, and that of the other callus types, varied with the basal medium. Subculture
onto MS caused the greatest ¡ncrease in OES, inducing a doubling of this tissue
over the 21-day culture period o Na (Chu et al., 1975) and SH, and, to a lesser
extent, B6 (Gamborg et al., 1968). NN (Nitsch and Nitsch, 1969). and WPM (Lloyd
and McCowan, 1981) induced les s OES development and encouraged instead the
formation of considerable amounts of NEFC, which tended to overgrow the OES.
Tissue cultured on MS(-NH.), MS(-NH.N0 3 ). and Heller's medium (Heller, 1953)
induced very little OES, some NEFC, but considerable amounts of HBC at the base
of the explants.
Small amounts of FEC were produced by embryo clumps of TMS 60444
cultured on GD and SH media, and from M Col 1505 on GD. Producing squash
preparations from this material revealed the presence of numerous meristematic
spheroids (Figure 2). TMS 60444 proved to be the more responsive genotype, with
about 90% of the embryo clumps producing some FEC on GD medium. Although
the formation of this tissue also took place on SH and, to a lesser extent, on 1/2
(MS), the FEC produced on these media were of poorer quality, usually being mixed
with considerable amounts of NEFC.

Production and maintenanc8 of FEC Unes
After identifying the inductive conditions for FEC formation, new cultures were
initited by placing small clumps of OES onto GD basal medium supplemented with
2% (wlv) sucrose and 5 x 10. 6 M picloram. After 21 days, the FEC produced were
selected from other callus tissue and transferred with fine forceps to fresh medium
of the same type. By repeating this selection every 21 days the undesirable tissues
could be eliminated and colonies of increasingly homogenous FEC generated over
a period of 2-3 months. Once established, these colonies grew rapidly-more than
doubling-with tissue produced from TMS 60444 during the 21-day subculture
cycle. Establishing a FEC line from M Col 1505 proved more difficult and required
more cycles and stricter selection for the desired callus before a rapidly growing
friable line could be established. FEC lines from both genotypes have now been
maintained by these procedures for more than 12 months without any apparent 1055
of friability or embryogenic quality.
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Establishlng and maintalning embryogenic suspension cultures
FEC from both genotypes readily dispersed when placed either into liquid GD or SH
medium supplemented with 5 x 10.6 M picloram and either 2% or 6% (w!v)
sucrose. Observations with the vital dye FDA revealed that SH basal medium with
6% sucrose induced the formation of spheroids with the highest metabolic activity
and embryogenic appearance. The growth rate of the tissue was assessed by
comparing the increase in SCV between two subculture regimes. In the first, the
tissue was cultured in the same medium for 21 days, whereas in the second, the
old liquid was drawn off and replaced with 50 mi fresh medium every second day.
The results are shown in Figure 4.
As well as maintaining the embryogenic units in a healthy state (as assessed
by their response to staining with FDA), replenishing the medium every 2 days
caused the tissue to increase five to six times over a 14-day period-a rate
signi1icantly greater than that achieved in continuous culture.
Using this 1inding, we established a routine subculture regime in which 10 mi
aliquots 01 suspension culture were transferred to 40 mi fresh medium at the end
01 each 14-day cycle. The medium is replaced every second day as described
above and the cycle repeated.
After one or two cycles of the 14-day subculture regime, samples were taken
1rom the suspension cultures and examined. They consisted almost exclusively of
embryogenic units, varying 1rom the 10ur- and eight-cell stages (less than 50 pm in
diameter) to units 2-3 mm across. Most of the larger units, however, appeared to
consist 01 aggregations 01 the smaller units. Figure 5 shows the early stages in the
10rmation of such an aggregate, with a small globular unit being formed from one
or a very few ce lis at the surface of a larger embryogenic unit.
About 5,000 embryogenic units, less than 0.5 mm.in diameter, were present
per mi of medium by the end of the 14-day culture cycle. Although some
vacuolated, nonembryogenic cells could be seen, these were low in number .

Reganeration of matura somatic embryos and plantlets
Samples 01 the FEC and aliquots 01 suspension cultures were transferred to MS
medium withou~ growth regulators in the semisolid and liquid forms. Over a 4-week
period, many embryogenic units 1rom both genotypes developed to form torpedo
and early cotyledon-stage embryos. Figure 6 shows individual cotyledon-stage
embryos regenerating in hormone-free liquid medium. Many globule-stage somatic
embryos can also be seen. More than a hundred mature embryos with distinct root
and shoot poles have been recovered and plantlets regenerated by taking the
somatic embryos through the activated charcoal, desiccation, and germination
stages as described by Mathews et al. (1993).
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Germinated embryos were then transferred to glass jars and grown on MS
medium with 2% (w/v) sucrose.

DISCUSSION

The development of embryogenic suspension cultures was recognized at the First
International Scientific Meeting of the C6N as a priority for developing improved
transformation protocols in cassava. The friable embryogenic callus and suspension
system described aboye fulfil this requirement and offer new possibilities for
improving the cassava crop through biotechnology.
60th as a target tissue for genetic transformation and starting material for
mass clonal propagation. suspension-derived material is superior to the previously
available organized embryogenic system.
Unlike the organized embryogenic
structures. the progenitor ce 115 are located at the surface of the embryogenic units
and so are accessible to gene-transfer systems mediated by Agrobacterium. particle
bombardment. or electroporation. The fact that the young globular units originate
from one or very few ce lis will considerably reduce the occurrence of chimeras .
Friable embryogenic callus and suspensions have been used successfully as
target tissues for the production of transgenic plants in several crop species (Cao
et al.. 1992. Vain et al.. 1993). The small size and liquid environment of these
units should also simplify and allow more efficient selection for the transformants.
a process which has previously proved problematic (SchOpke. 1993) . The
development of embryogenic suspension cultures offers increased possibility for
transformation via protoplasts because such cultures have proved to be an efficient
source of totipotent protoplasts in cereals (Vasil. 1988).
In addition to genetic transformation. the ability to produce numerous
embryogenic units. up to 25.000 per flask. provides new 'possibilities for the clonal
mass production of cassava. With the embryogenic tissue freely suspended in a
uniform environment. improved synchronization for soma tic embryo development
should be possible. thus removing the need for manual separation of the embryos.
as required for the clumps of organized embryogenic structures. The potential for
bioreator production of somatic embryos and the development of artificial seeds in
cassava is therefore increased.
Although the system described here is viable. it still needs to be improved
and developed before it can be used efficiently as a target for gene transfer
technologies. for production of transformed plants in a wide range of cultivars. or
as a reliable system for clonal multiplication. To this end. work will continue on the
induction of friable callus and suspension cultures in other genotypes and on
identifying the culture conditions that encourage high frequency conversion of
globular embryogenic units to maturmatic embryos and plantlets.
234

REFERENCES
Cao. J .; Duan . X.; McElroy. D.; and W u. A. 1992 . Aegeneration 01 herbicide·resistant transgenic rice
plants, lollowing microprojectile·mediated transformation 01 suspension cultura cells . ?7

11 :586-591 .
Chu, C.-C. ; Wang , C.-C; Sun, C. -S.; Hsu,C .; Yin, K .-C., Chu, C.-Y .; and Bi, F. -Y. 1975 .
Establishment 01 an efficient medium lor anther culture 01 rice, through comparative
expariments on nitrogen sources. Scientia Sinic . 18:659-668.
Gamborg, O. L; Miller, R. A.; and Ojima , K. 1968. Nutriant reQuiremants 01 suspension cultures 01
soybean root tissue . Expt. Cell Res . 50: 151-158.
Gresshoff, P. M . and Ooy, C. H. 1974 . Description 01 a haploid cell line Irom Vitis visiflofll and the
importance 01 the stage 01 meiotic development 01 anthers lor haploid culture 01 this and
other genera. Z. Planzenphysiol. 73 : 132-141.
Heller, A. 1953. Researches on !he mineral nutrition 01 plant tissues . Ann . Sci. Nat! . Bot. Biol. Veg .
11th Ser. 14: 1-223.
Lloyd, G. and McCowan, B. 1981 . Commercially leasible micropropgation 01 mountain laurel, Ka/mili
/lItito/II, by use 01 shoot tip culture . Int. Plant Prop . Soco Proc . 30:421-427 .
Mathews, H.; SchOpke , C. ; Carcamo, R.; Chavarriaga, P.; FauQuet, C.; and Beachy, R.' 1 993 .
Improvement 01 somatic embryogenesis and planHecovery in cassava . Plant Cell Rep .

12:328-333 .
Murashige, T . and Skoog , F. 1962 . A revised medium lor rapid growth and bioassays w ith tobacco
tissue cultures . Physiol. Plant . 15 :473-497 .
Nitsch, S. P. and Nitsch, C. 1969. Haploid plants Irom pollen g,ains. Science 163 :85-87 .
Raemakers, C. J . J . M.; Schavemaker, C. M .; Jacobse, E.; and Visser, R. G. F. 1993. Improvements
01 cyclic embryogenesis 01 cassava . Plant Cell Aep . 12 :226-229.
Schenk, R. U. and Hildebrandt, A . C. 1972 . Medium and techniQues lor induction and growth 01
monocotyledonous and dicotyledonous plant cell cultures . Can . J. Bot . 50: 1 99-204 .
SchOpke, C.; Franche, C.; Bogusz, D.; Chavarriaga, P. ; FauQuet, C. ; and Beachy, R. 1993 .
Translormation in cassava IMllnihot esculent/l Crannl. In: Bajaj, Y. P. S. led.1. Biotechnology
in agriculture and lor.stry, vol. 23. Springer-Verlag, Berlin . p . 273-289.
Stamp, J . A. 1987. Somatic embryogenesis in cassava : The anatomy and morphology 01 the
regeneratit>n process . Ann. Bot. 59 :451 -459 .

___=

and Henshaw, G. G. 1982. Somatic embryogenesis in cassava . Z. Pflanzenphysiol.

105 :183-187 .
_ _ _::-and
.1987 . Secondary embryogenesis and plant regeneration in cassava . Plant
Cell Tissue Organ Cult . 10:27-233 .

235

Szabados. L.; Hoyos. R.; and Roca. W. M . 1987. In vitro somatic embryogenesis and plant
regeneration 01 cassava . Plant Cen Rep. 6:248-251.
Taylor. N. J.; Clarke. M.; and Henshaw. G. G. 1993. The induction 01 somatic embryogenesis in
lifteen Alrican and one South American cassava cultivars. In: Roca. W . M . and Thro. A. M .
(eds.). Proceedings ofthe First International Scientilic Meeting oftha Cassava Biotachnology
Network. Cartagena. Colombia. 25-28 August 1992. Working documant no. 123. Centro
Internacional de Agricultura Tropical (CIATI. Cali. Colombia . p. 134-139.
Vain. P.; McMullen. M. D.; and Finar. J. J . 1993. Osmotic treatment enhancas particle
bombardmant-mediated transient and stable translormation 01 maize. Plant Call Rap .
12:84-88 .
Vasil. 1. K. 1988. Progre ss in the ragenaration and genetic manipulation 01 cereal crops .
Biotechnology 6:397-402.
Withers. L. A . 1985. Cryopreservation and storage 01 germplasm. In: Dixon. R. A. (ed.). Plant cell
culture : A practical approach . IRL Press, Oxford . p. 184·185.

236

Table 1. Media screened for the induction of friable embryogenic callus from organized embryogenic
structures .•
Basal medium"

Concentration
01 picloram
(M)

1%

w/v)

10", 5 x
10", 10",
and 5xl0"

2, 4,6,
and 8

1/2 (MSJ

5xl0"

2

MS(-NH,1

5xlO"

2

MS(- NH,NO,I

5xlO"

2

NN

5xlO··

2

SH

5xlO"

2

WPM

5xlO··

2

5xlO··

2

GD

5xlO"

2

N,

5xlO"

2

Hallar's

5xlO··

2

MS

Nitrogenous compounds
(tvpe and concentration
in gil) .

Concentration
01 sucrose

Casein
hydro-Iysate

Glutamine

Proline

0 .1,0.5,
and 1.0

0.1 and
0 .5

0.1 and
0.5

a. AII media, except GO, were supplemented with MS vitamins.
b. AII cultures using MS as the basal medium were split into two groups. Hall were incubated in t he 16-h
photoperiod and hall in continuous dark.
MS
1/21MSI
MSI-NH,)
MSI-NH,NO, )
NN
WPM
SH

=

Murashige and Skoog modified basal salt mixture.
Murashige and Skoog modified basal salt mixture with 1/2 x macronutrients and iron.
= Murashige and Skoog basal salt mixture INH, free) .
= Murashige and Skoog basal salt mixture Iwithout NH,NO,).
= Nitsch and Nitsch basal salt mixture.
McCowan's Woody Plant basal salt medium.
Schenk and Hildebrandt basal salt mixture.

8,

Gamborg's 8 5 basal salt mixture.

GO

Gresshoff and Doy 108M2) basal salt mixture.
Chu IN. ) basal salt mixture.

N,
Heller's

=

Heller' s basal salt mixture.
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Figure 1. Somatic embryos multiplying by the secondary embryogenic process to produce a clump,
about 1 cm in diameter, of organized embryogenic structures . Note the asynchronous
development.

Figure 2. Numerous spherical embryogenic units formed within a friable callus after 21 days of
culturing of embryogenic clumps on GD medium, supplemented with 5 x 10" M picloram.
Scale = 0.5 mm .
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Figure 3. Presence of globular embryogenic units from suspension cultures. The smaller unit
(arrowedl consists of about eight cells and is only about 50 /1m in diameter.
12
10

s

8

C
V

Days
~

Old liquid replaced with fresh medium every 2 days

~

Continuous culture, medium not replaced

Figure 4 . Growth of embryogenic suspension cultures of TMS 60444 in two subculture regimes.
Each of several 250-ml flasks contained 50 mi of Schenk and Hildebrandt liquid basal
medium, supplemented with 5 x 10" M picloram and 6% (w/vl sucrose. The medium wa,s
inoculated with 1 mi settled cell volume (SCVI of embryogenic units, and the flasksl
rotated at 150 rpm. The tissue was removed every second day by pipetting into
graduated test tubes. The SCV was recorded after 10 minutes of settling, and the tissue
returned to the flasks.
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Figure 5. Formation of young globular unit from one or a few cells at the surface of a larger
embryogenic spheroid. Scale = 0.1 mm.

Figure 6. Regeneradon of globular embryos, derived from suspension culture, to mature cotyledonstage embryos. The medium is hormone-free liquid MS.
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PROGRESS IN AGROBACTERIUM-MEDIATED TRANSFORMATION
OF CASSAVA (MANIHOT ESCULENTA CRANTZI

R. Sarria , E. Torres, N. Balcázar, L. Oestélano-Beltrán and W . M . Roca
Centro Internacional de Agricultura Tropical (CIAT),
Cali , Colombia

To help sol ve breeding problems in cassava that have long eluded conventional
strategias, a routina translormation protecol is essential. Tha agropina-mannopine
nondisarmad strain 01 Agfobec.terivm tvmefeciens (CIAT 1182) was salectad and
usad with the binary vector pGV1 040 . This vector contains tha npt 11, gus, and bar
genes . Ineculations wara carried out on cotyledonary laaves obtained Irom somatic
embryos 01 cassava cultivar M Paru 183. Following co-cultivation, somatic ambryos
were inducad in a salection madium, supplamantad with 16-32 mg/l 01 Basta.
Several Basta-rasistant plantlats wera obtained . Positiva linas were screenad, using
the polymerase chain raaction (PCR) , togather with spacilic primars lor the gus and
npt 11 genes . The PCR was perlormed under high annealing temperatures, and the
products analyzad on Southarn blots under highly stringent conditions . Only lines
showing tha presence 01 both ganes were transplanted to pots. Genomic Southern
analysis 01 these plants are now under way.

INTRODUCTION
Cassava (Manihot esculenta Crantz) is a primary source of food and income for
about 500 million people in the tropics . Interest in cassava biotechnology research
has grown , especially in the last decade when scientists realized that biotechnology
tools could be used to solve some of the most important limitations to cassava
production, such as susceptibility to viruses, p . stharvest deterioration, and
cyanogenesis (Roca, 1984). The development of an efficient and routine protocol
for genetic transformation in cassava has so far proven to be elusive . Several
independent efforts have pursued the generation of transgenic cassava plants, using
both Agrobacterium tumefaciens-med iated transformation or the ONA-coated
accelerated microparticle technique.
At CIAT, an effective plant-regeneration protocol through somatic
embryogenesis was developed, using either immature )eaves (Szabados et al., 1987)
or, more recently, cotyledonary leaves from germinated somatic embryos (CIAT,
19931 . Then CIAT scientists searched for an A . tumefaciens strain able to induce
tumors in selected cassava varieties. Below, we describe the method, and
evidence, for transferring three chimeric genes harbored in the pGV1040 plasmid
to cassava plants (Calder6n -Urrea, 1988). The plasmid was kindly supplied by Plant
Genetic Systems {PGSI. Belgium.

241

•
METHOOOLOGY ANO RESULTS
Early infectivity tests of several A. tumefaciens strains on diffe- 'nt cassava varieties
allowed us to select the agropine-mannopine strain (CIAT 1 182) and the M Peru
183 cassava cultivar as the best bacterium-variety combination.
The plasmid chosen for our transformation experiments was pGV1040
(Calderón-Urrea, 1988). This plasmid contains between its T-ONA borders the
following chimeric genes: the neomycin phosphotransferase 11 (npt 11). betaglucuronidase (gus), and phosphinotricin acetyltransferase (bar).
Cotyledonary lea ves from young somatic embryos were incubated with an
overnight bacterial culture and co-cultivated for 2 days. The explants were then left
to form embryos in the appropriate selection medium, which was an induction
medium supplied with phosphinotricin (PPT) at 16 mg/I, carbeniciline at 500 mg/I,
and cefotaxime at 250 mg/I. When embryos started to proliferate, 2 to 3 weeks ·
after inoculation, the PPT concentration was increased to 32 mg/I.
Only seven explants, out of a total of 120, were able to produce embryos
under these harsh selection conditions . These embryos were allowed to germinate
in MS medium (Murashige and Skoog, 1962). The cotyledonary leaves of these
plantlets were screened for gus activity (Table 1). Only lines that gave positive
activity were further checked by PCR, using specific primers for the gus and npt 11
coding sequences. Leaf material left after the PCR samples were taken was then
used as starting material for inducing somatic embryogenesis in the absence of
selection. In the regenerated plants, a second round of screening was performed
by PCR . Only those lines that gave positive signals for both genes were transferred
to pots and taken to the greenhouse.
A histological analysis for the express ion of t r.~ gus gene was performed on
these plants. The negative results of this analysis suggest that the gene may have
been silenced during the second soma tic embryogenesis. Tests of Basta at different
concentrations (2, 4, and 8 mg/ll were also performed, using leaf discs in vitro and
intact leaf lobes in the greenhouse . Leaf discs and leaf lobes attached to the plant
showed different levels of tolerance for Basta, indicating a differential expression
of the introduced bar gene.
Work is under way to demonstrate the integration of the introduced genes
into the regenerated, and putatively, transformed plants.
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Table 1. Gus gene expression in cassava somatic embryos Icv. M Peru 183) after Iransformatien
with Aflrobacrerium rumefaciens , strain CIA T 1182, carrying the plasmid pGV 1040 (PGS)
in a binary vector system!

T realment"

A

7

A.l

A .2

A .3

8

8.1

Planl
part

Gus activity
I + I S/tota( ef
samples'

Degree ef
activity"

Stem

9 /9

+ + +

Leaves

0/1 8

Stem

9/1 0

++++

Leaves

4/9

+++

Stem

1/1

+

Leaves

8/15

+

Stem

1/1

+++

2/11

+++

Stem

1/1

+ +

Leaves

2/2

+ +

Stem

0/1

Leaves

0 /2

Stem

0/2

Leaves

0 /6

Leaves
8.2

C

Control

C.l

a. These embryos differentiated in the selection medium that was supplied with PPT .
b.

Tr#l~rmenr

A . lil co-cultivation with CIAT t t82 + plasmid pGV1040 124 hl + acetosyringone : (ii) embryo
induction (4 -5 days): (jii) selection with 16 mgn PPT (8 daysl: (ivl embryo differentlation with 32 mgn PPT:
(yl further growth in pf'T-free medium .

Trea/men/ B. As l or treatment A, except that step (iii) used 32 mgn PPT.
TrS8lment C. As for treatment A , except explants were co -c ultivated w ith mannopine befare step (il was

l ollowed .
c. 1+) S - number 01 samples showing activity over total 01 samples .
d. Degree of activ;ty is measured by intensity of blue. The more + s, the more intense the color.
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NEW AGROBACTER/UM TUMEFACIENS PLASMIOS FOR
CASSAV A TRANSFORMATION

D. 1. Arias-Garzón' and R. Sarria'
'Ohio State University, Columbus, OH, USA;
'Purdue University, West Lafayene, IN, USA

We aimed to identify Agrobacterium tume'aciens strains and Ti plasmids that are
optimal for transformation efficiency in cassava. We screened a variety of strains,
using transient express ion assays for the Ti-plasmid-encoded uidA gene producto
Small pieces (10 mm') of germinated somatic embryos were co-cultivated with preinduced bacterial cultures for 24 h. After co-cultivation, explants were washed with
somatic embryo induction medium plus cefotaxime to eliminate bacterial
contamination. The explants were then cultured under normal conditions for embryo
induction on solid somatic embryo induction medium plus cefotaxime. At this point,
some explants were evaluated histochemically for transient expression of the uidA
gene. Regions expressing gus activity were restricted to the borders (wounded
tissue) and midveins of the explants . No explant expressed gus activity when
treated with control strains that contained the binary vector, but no Ti plasmids.
The highest numbers of transient transformation events (manifested as blue spots)
were induced by two different Agrobacterium strains. Although the strains had
different binary vectors, they had the same type of binary vector borders (nopaline)
and Ti plasmids (agropine). Based on these results, a new Agrobacterium plasmid
was constructed, combining the apparent best features of the screened plasmids and
new traits under study. This construct will be used for the stable transformation of
cassava somatic embryos.

INTRODUCTION
Many plant species have been stably transformed, integrating foreign DNA through
the Ti plasmid of Agrobacterium tumefaciens. Agrobacterium species carry a large,
tumor-inducing (Ti) plasmid on which the T-DNA and the genes involved in gene
transfer and virulence (vir-region) are located. Transferring this DNA requires the
products of about 25 virulence (vir) genes arranged in seven operons (Chen et al.,
1991), and involves the combined functions of genes on both the host chromosome
and the bacterial Ti plasmid (Liu et al., 1992).
In wild type Ti plasmids, the border regions encompass genes encoding
enzymes involved in synthesizing one of three opines: agropine, octopine, or
nopaline.
Transcription of the integrated T-DNA, and the subsequent translation of the
T-DNA-encoded products, leads to the production and secretion of opines (i.e.,
octopine, nopaline, agropine, and mannopine). The opines are used as sources of
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energy by the bacteria. So me opines can induce conjugal transfer of the Ti plasmid
between Agrobacterium cells. The recipient cells can use the opines, and
participate in further rounds of infection (Gelvin, 1992). Agrobacterium-mediated
transformation has al so been used to study transient gusA gene express ion in plant
tissues (Liu et al., 1992; Vancanney et al., 1990) .
Products of the vir region are sufficient to transfer any piece of ONA located
on any plasmid in a bacterium flanked by border sequences. This leads to the
development of the binary system for gene transfer, in which two plasmids are
maintained in Agrobacterium. The first plasmid is small, and is a binary vector
containing the border sequences only of the T region, a multiple cloning site, an
origin of replication, and a gene that encodes a selectable marker.
The second plasmid is a disarmed Ti plasmid that lacks T-ONA, but provides
virulence (Hooykaas, 1989). Activating the vir genes results in processing the
T-ONA from the Ti plasmid and its transfer to the plant. Foreign genes located
between the border sequences are then effectively mobilized into plant cells.
Recently, the transformation efficiency of various Agrobacterium strains and
Ti-plasmid vectors has been demonstrated to vary considerably according to plant
species. Supervirulence, for example, is associated with different types and/or
copies of the virG gene whose product acts as a positive transcriptional regulator
for its expression and the express ion of other vir genes (Liu et al., 1992).
This study aimed to establish a reliable system of cassava transformation,
using A. tumefaciens. We screened a variety of this bacterium, combining different
binary vectors, different Ti plasmids, and different types and numbers of extra virG
genes to determine the most effective vector system for cassava transformation.

MATERIALS ANO METHOOS
Micropropagation and Somatic embryogenesis
Shoot apical meristems of cassava varieties M Col 2215, M Col 1 505, and M Per
183 were cultured on MS basal medium (Murashige and Skoog, 1962). The
medium was supplemented with 1 mg/l thiamine, 100 mg/I myo-inositol, 2% (w!v)
sucrose, 0.02 mg/I a-naphthaleneacetic acid (NAAl. 0.04 mg/I of 6-benzylaminopurine (BAPl. and 0.05 mg/l gibberellic acid (GA). The medium was solidified
with 0.7% (w!v) Bacto-agar, and the pH adjusted to 5.7 with 1N KOH (Roca,
1984). Shoot cultures were maintained under a 12-h/day photoperiod, at 27 oC
and a light intensity of 50 pE m- 2 S" (300-700 nm).
Apicalleaves of different sizes (small immature leaves 5 mm long, 1 cm, and

> 1 cm) were excised from plants no older than 20 days for induction of soma tic
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embryos. leaf lobes were placed on MS basal · medium (Murashige and Skoog,
1962) . The medium was supplemented with 2% (w/v) sucrose, 8 mg/I of 2,4dichlorophenoxyacetic acid (2,4-0), 8 6 vitamins (Gamborg et al., 1968), 50 mg/l
casein, and 0.5 mg/l CuSO.(Chavarriaga-Aguirre et al., 1993). The pH was
adjusted to 5.7, and the medium solidified with 0.2% (w/v) phytagel. The cultures
were kept under a 12-h/day photoperiod, at 27 oC and 5 pE m· 2 S".
Once the embryos were formed, they were removed from the callus and
transferred to a "germination medium" to induce development of cotyledonary
leaves. The medium contained MS basal medium (Murashige and Skoog, 1962).
supplemented with 1 mg/l thiamine, 100 mg/l myo-inositol, 2 % (w/v) sucrose,
0.01 mg/l of 2,4-0, 1 .0 mg/l SAP, and 0.5 mg/l GA. The pH was adjusted to 5.7
with 1 N KOH, and the medium solidified with 0.2% (w/v) phytagel (Sudarmonowati
and Henshaw, 1993; Szabados et al., 1987).

Bacterial strains and growth conditions
The A. tumefaciens strains used in this study are listed in Table 1. AII the
constructs were developed in the laboratory of Dr. S. Gelvin, Purdue University.
The construction of most of the binary vectors is described elsewhere (Uu et al.,
1992, Figure 1). A new A. tumefaciens strain (At809) was also constructed,
consisting of the EHA 105 chromosomal and Ti background and two new vectors
(Figure 2). The first vector is a pSI101 derivative binary vector. It contains two
genes: the bar gene that conters resistance to the herbicide phosphinothricin (PPT),
and the uidA (gusA) gene (pCAS 1, Figure 2). The genes are, respectively, under
the control of Pnos (nopaline synthase promotor) and Pmas Amas + Aocs
(mannopine synthase promoter, mannopine synthase activator, and octopine
synthase activator, respectively) (Ni et al., 1994).
The second vector contains additional copies of the virG genes of the
octopine type (Uu et al., 1992) .

Agrobacterium tumefaciens strains were prepared for explant inoculation by
first growing single colonies on YEP salid medium with antibiotics. More single
colonies were then grown in A8-sucrose minimal medium to an optical density of
550 nm at 0.9 (Chilton et al., 1974). At maturity, the bacterial cultures were mixed
with a pre-induction medium, which consisted of AS salts, 1 % glucose, 20 mM
MES, 2 mM NaPO., and 100 JJM acetosyringone, and incubated at room
temperature (RT) for 16 h befo re inoculation. For growth and maintenance of the
bacterial strains, the antibiotics rifampicin, kanamycin, and carbenicillin were used
in the media at concentrations of 5, 50, and 50 mg/l, respectively.
For bacterial inoculation, 10-mm 2 pieces of cotyledonary leaves from
germinated somatic embryos and young in vitro leaves were used . The explants
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were covered with 20 mi of the pre-induced bacterial culture, and the bacteria and
embryos co-cultivated for 24 h at 25 oC and in darkness.
After co-cultivation, the explants were washed several times with liquid
somatic embryo induction medium, which contained 400 mg/l cefotaxime to kili the
Agrobacterium. Finally, the explants were cultured in solid somatic embryo
induction medium plus cefotaxime under normal conditions for embryo induction
(Sarria et al., 1993). At this point, some explants were evaluated for transient
expression of the gus gene. Gus activity was determined histochemically according
to Jefferson (1987).

RESULTS ANO OISCUSSION
The different Agrobacterium strains tested for transient transformation efficiency
in cassava tissues could be grouped by several criteria based on the features of the
host chromosome and plasmid DNA. These criteria include binary vector type, type
of borders of the binary vector, type of Ti plasmid, and presence and type of extra
virG gene copies (Table 1).
Cotyledonary leaves that developed from somatic embryos and young leaves
were infected with A. tumefaciens and assayed histochemically for gus activity
(Table 2). Blue spots were found in the borders (wounded tissue) and midvein
regions of cotyledonary and young leaves. No explants showed evidence of gus
express ion when treated with the control Agrobacterium strains At696, At763,
At767, which contained the binary vectors pCNL30, pCNL35, and pCNL29,
respectively, but no Ti plasmid (Table 1).
These results indicated that the express ion of gus activity occurred via the
transfer and expression of the uídA gene in cassava tis~ues. When strain At699
(Table 1), containing an intron-interrupted uídA gene (plasmid p35S-GUS-INT). was
used, no blue spots were found. The intron was transported from the ST-LS1 gene
of the potato and introduced into the bacterial gene coding for gus (Vancanney et
al., 1990).

Agrobacteríum tumefacíens strains carrying the p35S-GUS-INT plasmid
showed no detectable gus express ion in bacteria (Vancanney et al., 1990). The
same construction used in rice (Li et al., 1992) gave transient express ion of gus
activity. Furthermore, gus expression in rice roots and shoots was not dependent
on the Ti-plasmid type (agropine or octopine). These results suggest that the
presence of introns from potato in the uídA gene may interfere with the effective
expression of gus activity in cassava.
In cassava, the highest frequency of blue spots were presented by the
Agrobacteríum strains At650, At651, and At653 (Table 2). At650 presented
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5 blue spots in young leaves and 27 in cotyledonary leaves, At651 9 and 11 blue
spots, and At653 2 and 6, respectively.
At650 and At651 have different binary vectors (pCNL30 and pCNL29,
respectively). but have the same border type (nopaline) and Ti-plasmid type
(agropine). However, At651 has multiple virG (octopine type) gene copies, whereas
At650 lacks extra virG gene copies.
The function of the virG protein is to transcriptionally regulate the expression
of its own and other vir genes after being phophorylated by the virA protein (Gelvin,
1992).
The virG copy number and type can influence the behavior of
Agrobacterium. For example, the nonsupervirulent Agrobacterium strain A348,
which contains the octopine Ti plasmid pTiA6, beca me supervirulent when it was
transformed with a 2.5 Kb DNA fragment that contained the ·.·;rG and the 3' end of
the vi;S operon. This could not have been achieved by using only the virS operon
(Liu et al., 1992).
In rice and celery, the frequency of transient gus expression was enhanced
by usingagropine-type strains that contained multiple copies of either an octopine
or an agropine-type virG gene. In contrast, in carrots, a similar pattern of
enhancement of transient gus express ion was obtained only when ml:Jltiple
octopine-type virG genes were introduced into nopaline-type Agrobacterium strains
(Liu et al., 1992). These studies demonstrate that the type of Ti plasmid (agropine
or nopaline) may influence the level of transient transformation by multiple virG
gene copies.
When At650 and At651, the strains that had the highest gus expression in
cassava, were tested on young leaves of three different cassava varieties
(M Col 2215, M Col 1505, and M Per 183), strain At651 had the highest number
of blue spots (Table 3) . At651 is identical to At650 except that it contains multiple
copies of the octopine-type virG gene.
In summary, the features that gave the highest levels of transíent expression
were agropine-type Ti plasmid, and multiple copies of the octopine-type virG gene
in the host background EHA 105.
Based on these results, a new binary vector (pCAS1) was developed,
featuring the new Pmas Amas + Aocs promoter. Compared with the CaMV 355
promoter, the new promoter substantially increases the expression of the uidA gene
in tobacco leaves: gus activity was about 100 times higher (Ni et al., 1994). More
importantly, the new promoter is preferentially expressed in root tissues.
Preliminary results demonstrate that this new promoter also increases transient gus
expression in in vitro cassava leaves when compared with the CaMV 35S promoter.
This construct will be used for stable transformation in cassava.
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Table 1. Strains used lar transient expression in cassava ..AI! the strains have the CaMV 35S-GUS
gene, except At699, which has the CaMV 35S-GUS-intron gene. The binarv vectors are
described by Liu et al., 1992.
Strain

Host background

Binary
vector

Borders 01
binarv vector

Type 01 Ti
plasmid

Type of
multiple

virG
At767

A 136 = C58

(control)

chromosome

At696

A 136 = C58

(control)

chromosome

At763

A136 = C58

(control)

chromosome

At651

EHA105 = A136 +

pCNL29

Nopaline-type

None

Octopine .

pCNL30

Nopaline-type

None

None

pCNL35

Nopaline-type

None

Agropine

pCNL29

Nopaline-type

Agropine

Octopine

pCNL30

Nopaline-type

Agropine

None

pCNL35

Nopaline-type

Agropine

Agropine

pCNL29

Nopaline-type

Nopaline

Octopine

pCNL30

Nopaline-type

Nopaline

None

pCNL35

Nopaline 'vpe

Nopaline

Agropine

pCNL65

Nopaline-type

Agropine

None

disarmed pTiB0542
At650

EHA 105 = A 136 +
disarmed pTiBo542

At652

EHA105

=

A136 +

disarmed pTiBo542
At654

A t503 = A 136 +
disarmed pTiC58Z707

At653

A t503 = A 136 +
disarmed pTiC58Z707

At655

At503 = A136 +
disarmed pTiC58Z707

At699

EHA105

=

A136 +

disarmed pTIBo542
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Table 2. Agrobllcterium tumefaciens-mediated transient transformation of cassava variety
M Col 2215 . Values represent the average of 20 explants per treatment . Each explant
measured about 10 mm' . Five experiments were performed.
Strain

Host strain.
plasmid !Vpe

At767

Number of explants
with gus activity'

Average number of
blue spots per
explant

A136 .

YL=O

O

(control!

pCNL29

CL=O

O

At696

A136.

YL=O

O

(control!

pCNL30

CL=O

O

AT763

A136 .

YL=O

O

(control)

pCNL35

CL=O

O

At651

EHA 105.

YL=8

9

pCNL29

CL=8

11

EHA 105.

YL=9

5

pCNL30

CL=10

EHA105.

YL=O

O

pCNL35

CL=3

6

At503.

YL=O

O

pCNL29

CL=O

O

At503.

YL=7

2

pCNL30

CL-4

6

At503.

YL- lO

3

pCNL35

CL=O

O

At650

At652

At654

At653

At655

a. Yl = Young leaves (in virro plants!.
Cl = COt'/ledonary leaves Isomatic embryosl.
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Table 3 , Transient transformation efficiency for different cassava varieties. using Agrobactllrium strains At650

and At651.

Strain

Host background

Cassava variety

Number 01
explants

Number 01
explants with

blue spots

Average
number 01
blue spots
per explant

At650

At651

EHA 105 (pCNL30J

EHA lOS
(pCNL29 J

M Per 183

40

lO

2.7

M Col 2215

40

4

2 .0

M Col 1505

40

2

1.5

M Per 183

40

9

5.0

M Col 2215

40

5

2 .5

M Col 1505

40

2

7.0
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Figure 1. Binary vectors, pCNL29, pCNL30, and pCNL35, used for the transient expression
experiments. Vectors pCNL29 and pCNL30 contain additional copies of the octopine- and
nopaline-type virG genes, respectively. For details, see Liu et al., 1992.
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TRANSFORMATION OF CASSAVA EMBRYOIDS BY
MICROBOMBARDMENT OF EMBRYOGENIC SUSPENSIONS

C. Sch6pke', N. Taylor', R. Carcamo', G. G. Henshaw',
R. N. Beachy' and C. FauQuet'
'ILTA8/0RSTOM , La JoUa, USA; 'ILTA8ITSRI, La JoUa, USA;
'University of 83th, 8ath, United Kingdom

Until the end of 1 993 the only reliable regeneration system known in cassava and
available for transformation experiments was that of somatic embryogenesis from
organized tissues, i.e., cotyledons, immature leaves, and secondary embryogenic
tissue derivad tharefrom. Tha recantly developed embryoganic suspensions (see
Taylor et al., these Proceedingsl differ in several aspects from the previously used
tissues . Embryoid development is initiated from the surface of embryogenic
structures, and it appears that embryoids often originate from single cells. Selection
of transformed tissues should be easier, as the regenerable units are small and
immersed in liQuid culture medium. Embryogenic tissue from suspension cultures of
the African cV . TMS 60444 was used as a target tissue for transformation by
microbombardment. Using a helium-powered particle delivery system, conditions for
high transient expression of a bacterial B-glucuronidase (GUSI gene were established
by varying different bombardment parameters (helium pressure, particle size, number
of bombardments, osmotic treatment) . Histological GUS assays performed 2-3 days
after bombardment revealed up to 2400 blue spots per cm' of embryogenic units.
In addition, GUS-expressing embryoids composed of 10-100 cells were seen 14 days
after bombardment, indicating that many of these units are not chimeric in nature
and that stable transformation has taken place .
Current experiments are
concentrating on defining the optimal pre- and post-bombardment culture conditions
and on developing efficient selection procedures for recovering transformad plants.

INTRODUCTION
In cassava, the generation of transformed callus does not seem to be a major
problem. Calderón (1988) was the first to report on the expression of foreign genes
in cassava callus, using infection by Agrobacterium tumefacíens. Our group was
able to produce transgenic callus from leaf lobes quite easily, also using
Agrobacteríum (Schc5pke et al., 1993). However, attempts to obtain stably
transformed plants had limited success so faro At the last CBN meeting in 1992 in
Cartagena (Cotombia). several papers were presented reporting the use of
Agrobacteríum or microbombardment to transform embryogenic tissues. However,
in these reports and in other reports since then (Schopke et al., 1992 and 1993).
only the production of chimeric embryos was described. The reason for this lies in
the difficulty of accessing the cells and tissues involved in the regeneration process.
The tissues used so far for transformation experiments regenerate through direct
somatic embryogenesis from organized tissues, It has been shown that somatic
embryogenesis from leaf lo bes starts from multiple cells in cell layers below the
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epidermis (Raemakers, 1993) . Our own observations indicate that secondary
embryos develop in a similar manner, which means that embryos that form after a
transformation most probably. will be chimeric. Although completely transformed
plants might be obtained after prolonged repetitive induction of embryos from these
chimeras on selection medium, the process would be rather time consuming and
ineHicient.
Taylor et al. (these Proceedings) recently developed embryogenic suspensions
that regenerate in a very different way. Embryogenesis starts on the surface of
globular structures, and there are indications that many of the embryoids in a
suspension are of single-cell origino As this syste-' of regeneration seems much
better adapted for transformation by microbombard . <:!nt, we performed experiments
to optimize bombardment parameters for transient expression of an easily detectable
marker gene (GUS) and to obtain stably transformed embryogenic tissue .

MATERIALS ANO METHOOS
Plant material
Embryogenic suspensions were initiated from embryogenic callus of cassava cv.
TMS 60444 (Taylor et al., these Proceedings). They were cultured in 250-ml flasks
with 50 mi liquid SH-medium (Schenck and Hildebrandt, 1972) containing 50 JiM
picloram and 60 gIl sucrose, and were kept on a shaker (150 rpm) at 25 oC under
a photoperiod of 16 h, at 20-25 pmol s-1 m-2 PAR provided by fluorescent lamps
(Sylvania Cool White) . In those suspensions used for microbombardment, the
culture medium was replaced every 2 days .

ONA
Gold particles with diameters of 1.0 pm, 1.6 Jim (BioRad) and 1.8-2.3 pm (Alfa
Research Chemicalsl. were coated with the plasmid pN!ON505 containing the
construct 35S-GUS-7S (Schopke et al., 1993). The coating was performed
according to Sivamani et al. (1994) (Figure 1) .

Microbombardment
The Particle Oelivery System POS1000/He (BioRad) was used for the
bombardments. The following conditions were chosen: distance rupture disc
assembly/macrocarrier cover (gap) : 1/4· (63.5 mm); distance macrocarrierlstopping
screen: 6 mm (upper position of screen); level for dishes with tissue to be
bombarded: third from the bottom.
Samples (50 pi each) 01 ONA-particle
suspension were prepared and used up to 3 h after their preparation, 5 pi per shot.
Seven samples were taken Irom each preparation. Each treatment consisted in the
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bombardment of seven filter disks covered with suspension-derived embryogenic
tissue . Each experiment was repeated two or three times . The effects of different
helium pressures, particle size, the number of bombardments per sample, and an
os moti e pretreatment were investigated.

Preparation of tissue for bombardment
In order to break down clumps of embryogenic tissue into smaller units, 12- 14-dayold suspensions were drawn several times into a sterile 10 mi syringe. The resulting
suspension was sieved through a 500-pm sieve. The filtrate was collected and
The tissue remaining on the sieve was
sieved through a 100-pm mesh .
resuspended in SH-medium and aliquots were pipetted with a Pasteur pipette onto
filter paper disks (Whatman, grade 3 MM, size 23 mm) . A hypodermic needle was
used to distribute them on the filters to obtain a more or less homogenous
monolayer of embryogenic units.
Filters with tissue were collected on solidified GD-medium (Gresshoff and
Doy, 1974) containing 50 pM picloram, 20 gIl sucrose, and 2 gIl phytagel (Sigma)
at pH 5.7. For bombardment they were transferred onto a dry filter paper in an
empty petri dish. After bombardment, the filters were transferred again to the
medium mentioned before and left there for three days. In one experiment the
filters were kept 4 h before and 16 h after the bombardment on GD medium with
a mixture of 0.2 sorbitol and 0.2 mannitol (osmotic treatment according to Vain et
ai., 1993).

Culture of bombarded tissue
Culture medium: see aboye . Culture conditions: 25 oC under a photoperiod of
16 h, at 20-25 pmol s-1 m-2 PAR provided by fluorescent lamps (Sylvania Cool
White).

Hlstological GUS assay
Three days after bombardment a histological GUS assay was made with the
bombarded tissue still on the filter disks. The assay solution was composed of
100 mi 0.2 M sodium phosphate buffer with 8 mM potassium ferricyanide, 8 mM
potassium ferrocyanide, 5 mgl10 mi X-gluc, and 0.2 % Triton x 100, to which
25 mi methanol was added . The tissues stayed in the buffer for 2 h at 37 oC.
Then the assay buffer was washed out several times with water. The water was
then replaced by a mixture of 160 9 chloral hydrate + 50 mi glycerol + 50 mi
water, with the pH adjusted to 7 .0 . The filters were left for several days in this
clearing solution . For the counting of blue spots, the foliowing method was used :
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1.

Excess clearing solution is discarded.

2.

Filters are placed on dry filter paper to get rid of most of the clearing
solution.

3.

The filters together with the suspension tissue are embedded in phenolic
glycerol gelatin (Sigma) on a microscope slide and covered with cover
glasses. Tissue prepared in such a way can be sto red for several weeks,
although the blue stain might fade over time.

4.

The number of blue spots is evaluated with a stereoscope (Zeiss SV8)
connected to a video camera (Sony XC-77) and computer (Macintosh IIvx).
The program ImageScion (NIH) was used to count automatically the number
of blue spots in a 1 cm 2 area per filter disk.

RESULTS ANO OISCUSSION

In order to compare transient expression of the GUS gene in tissues bombarded
under different conditions, it was first necessary to develop a method that had to
fulfill two basic requirements: (a) the bombarded tissue, which is only very loosely .
at1ached to the filter disks, should be in its original position for the counting. and
(b) the counting should demand as little time as possible . The method developed
meets both of them. The embedding of the tissue in phenolic glycerol gelatin
preserves it in the po sitio n it had during bombardment, and at the same time makes
the handling much easier. The automated counting procedure is very fast and
avoids human errors caused by eye strain, fatigue, double counting, etc.
As mentioned in many publications describing the use of particle
bombardment, we observed a high variation among bombardments within the same
experiment and among experiments repeated on different dates (Table 1).
However, the tendencies observed in our experiments are reproducible. A good
example is the effect of different particle sizes on transient GUS expression : in each
of the three repetitions done on different dates, 1.0 pm particles gave the best
results, followed by 1.8-2.3 11m particles and 1.6 pm particles. In summary, the
parameters helium pressure 1100 psi, particle size 1.0 pm, and double bombarding
resulted in the highest number of blue spots. These parameters can now be used
as a basis for future experiments.
An even higher number of blue spots (2400 per cm 2 ) were obtained in a
preliminary experiment where an osmotic treatment was combined with double
bombardment at a helium pressure of 650 psi. It remains to be seen whether a
further increase is possible by using a higher pressure.
Apart from the experiments described aboye, we cultured bombarded tissue
Embryoids with

to get a first idea about GUS expression after bombardment.
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GUS-staining cell clusters composed 01 about 10- 100 cells were seen 14 days after
bombardment. These clusters resemble the initial phases 01 embryo development
in nontranslormed tissue. A GUS-staining structure that had started to lorm new
embryogenic globules on its surface was observed six weeks after bombardment.
It is interesting to note that most 01 the GUS-staining tissues observed more than
2 weeks after bombardment are 01 the embryogenic type; i.e., composed 01 small
ce lis rich in cytoplasm. We th ink that these first results demonstrate that
embryogenic suspensions have a great potential for the genetic transformation 01
cassava .
Having established the basic parameters for particle bombardment, we are
now concentrating on defining the optimal pre- and post-bombardment culture
conditions and on developing efficient selection procedures for recovering
transformed plants .
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Table 1. The eHect 01 helium pressure. particle size and number 01 bombardments per sample on
the transient expression 01 the GUS gene bombarded anta suspension-derived
embryogenic tissues 01 cassava .
Expt. 1

Expt. 2

Expt. 3

60mbardment

Parameter

Helium pressur.

400 psi

406

±

86

337

±

85

561

±

263

435

(particl. size 1.0 ¡Jml

650 psi

586

±

92

613

±

1 15

640

±

230

613

900 psi

556

±

173

753

±

430

1220

±

228

843

1100 psi

620

±

125

954 ± 222

1062

±

303

879

Particle size

t.O ¡Jm

560

±

172

500

±

45

519

±

38

526

(pressure 1100 psi)

1.6 ¡Jm

163

±

34

122

±

28

211

±

52

165

1.8-2.3 ¡Jm

2~0

± 65

219

±

102 .

332

±

55

274

490

±

70

360

±

103

425

881

±

176

679

±

150

780

Bombardments/sampl.
(prassur. 1100 psi)

Embryo~enic

2

Average

tissue was bombarded with a plasmid containing the GUS gene. Seven filter disks covered with

tissue were used per treatment. Three days after bombardment. a histological GUS assay was made with all
disks and the number 01 blue spots per 1 cm 2 per disk was counted. The data in the table gi"e the average
number 01 blue spots I ± standard deviation) from five filters , omining the upper and lower extremes.
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Start w ith a suspension of 3 mg gold particles in 50 ¡Ji water;
them keep vortexing on low w ith Eppendorf tu be open

I

add 5 !Jg DNA (1 !Jg l!Jl) . mix well

I

add 20 !JI 0 .1 M spermidine

I
add drop by droP 50 ¡Ji 2 .5 M CaCI 2

l

leave 10 min at room temperature

I

pellet in microfuge for 10 sec at 10,000 rpm

I

discard supernatant, add 50-¡Ji cold EtOH;
vortex on low ti resuspend pellet

distribute 5 !JI samples tO macrocarriers

I
let macrocarriers dry in desiccator

•
Figure 1. Protocol for coating gold particles with DNA .
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CASSAVA TRANSFORMATION BY AGROBACTERIUM TUMEFACIENS
ANO PARTICLE ACCELERATION

G. B. Cabral, L. de D. Bautista, G. M. de Andrade ,
E. L. Rech and A . C. M . Brasileiro
CENARGEN/EMBRAPA, SAIN, Brasilia, DF, Brazil

Cassava (Manihot esculent6 Crantz) is a very important basic lood crop in the
tropical world. In recent years there has been growing interest in the development
01 a gene transler system that could conler desirable traits on this crop . Tha aim
01 this work was to astablish an efficient genetic translormation systam lor cassava .
We used Agrobacterium tumefaciens and partida accelaration as part 01 Our effort
to obtain a genetically-stable, translormed cassava plant. Our results show
differential susceptibility 01 two cassava cultivars to 10 strains 01 A. tumefaciens,
indicating the possible use 01 this translormation system . Somatic embryos cocultivated w ith a disarmed strain 01 A. tumefaciens gava rise to BASTA
Particle
(Phosphinothricin resistance gene)-resistant secondary embryos .
acceleration experiments resulted in optimization 01 bombardment conditions as well
as optimum kinds 01 tissue to be used with this translormation technique.

INTRODUCTION

Because of the socio-economic importance of cassava to the tropics, there has been
a growing need to develop genetic techniques to develop genetic techniques to
improve a particular trait in this crop. Molecular gen.e tic transformation methods
have been undertaken at CENARGEN to study cassava storage root formation and
starch biosynthesis, which has a major goal in the modification of starch
composition in the storage roots.
A prerequisite for transferring genes into plants is the availability of an
eHicient regeneration and transformation system. Our objective was to develop a
system for introducing foreign genes into cassava, and to study factors that affect
the efficiency of such a system. We have used Agrobacterium tumefaciens and
particle acceleration as part of this effort to obtain a genetically-stable, transformed
cassava plant.
We improved somatic embryogenesis for several Brazilian cultivars and used
it to develop a transformation methodology using marker genes. In this paper, we
describe the use of p-glucuronidase as a repOrter gene and of phosphinothricinresistance gene as a marker to select transgenic somatic embryos of cassava.
The susceptibility of two cultivars to 10 strains of A. tumefaciens indicated
the possible use of this transformation system for cassava. Based on these results,
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we were also able to identify A. tumefaciens strains more virulent to cassava and
differences in pathogen-host interactions. which may indicate for highest efficiency
of transformation processes.
Based on this susceptibility test, we used a disarmed bacterial strain to
conduct the co-cultivation experiments with cotyledonary leaves from cassava
somatic embryos.
Recent advances in the transformation of other crop plants with particle
acceleration have shown that gene transfer to virtually any tissue or cell type is
possible (Klein et al., 1992) . Particle acceleration systems have been tested to
introduce genes into cassava using several combinations of different explants and
bombardment parameters.

MATERIALS ANO METHODS
Cassava susceptibility test
We cultivated cassava plantlets (cv. M Col 22 and cv. Mantiqueira) on MS medium
(Murashige and Skoog, 1962) and used them as an explants source. We excised:
3-node stem sections of each cultivar, inoculated them in 2 regions of internodes
with bacterial suspension using a syringe (Table 1). We grew them on MS medium
at a constant temperature of 28 oC and 12 h photoperiod (2000 lux).
We excised tumors developed in inoculated areas after 45 days, washed
them for 12 h in a tetracycline solution (10 mg/l) , rinsed them three times with
sterile water and finally cultivated them on a growth regulator-free MS medium
containing ampicillin (500 mg/I).

Co-cultivation
We obtained primary somatic embryos from immature lea ves and used them to cocultivate experiments (Szabados et al., 1987).
We improved somatic
embryogenesis for five Brazilian and two Colombian cultivars . We used these as our
co-cultivation protocol (Table 2). We gave special attention to cv . M Col 22
because of its susceptibility to A. tumefaciens and its high potential regeneration.
Our approach also combined the ability of cassava cells in the cut regio n of the
cotyledonary leaves to undergo somatic embryogenesis.
We used the strain GV2260 (Deblaere et al., 19851. which carries the
disarmed Ti plasmid, for co-cultivation. The binary vector pJT1 85 contains the bar
and neo genes (Figure 1). We grew the bacteria in rhizo medium under standard
conditions until an optical density of 0.8 . We pelleted cells in a centrifuge and
resuspended in the MS medium supplemented w ith 2,4-D (1 mg/l).
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We co-cultured generated cotyledonary leaves, hypocotyls and whole
embryos from primary somatic embryo with bacterial suspension (Figures 2 and 3).
We incubated the explants at 27 oC in the dark, under shaking (100 rpm/2 h). Then
we transferred them to MS soli'd medium containing 2,4-0 (2 mg/I) in petri dishes,
and incubated them for 24 h. We harvested, washed in an antibiotic (cefotaxime)
solution (800 mg/ll and then plated the explants on medium with or without BASTA
herbicide. Five days later, we transferred all explants to a fresh medium containing
cefotaxime and BASTA.

Partlcle acceleration
We obtained somatic embryos from immature lea ves and cultured them separately
to induce secondary somatic embryogenesis. We used embryogenic callus, intact
somatic embryos and embryo clumps in particle acceleration experiments
(Figures 2 and 3), using cv. Mantiqueira, Ja"aná, M Col 22 and M Col 1505.

Particle bombardment
We purified the pGV1040 plasmid in cesium chloride density gradient and coated
it on M10 tungsten particles (GTE, Sylvania) in a ratio of ,5.0 pg:1.50 mg ONA/
tungsten (Sanford et al., 1991). This binary vector carries the P-glucuronidase gene
and the bar gene, used as a selecting gene (Figure 4). The explants were arranged
in a circle in a petri dish containing 10 mi phytagel-solidified culture medium, were
bombarded by using a helium gas-pressure particle accelerator built at CENARGEN
by Or. E. L. Rech, according to Sanford et al. (1991).
Bombardment parameters were as follows: vacuum (27 Hg inch). distance
rupture disc assembly/macrocarrier cover (1 mm), distance macrocarrier/stopping
screen (8 mm). particle type (tungsten). particle size (M 1O), ONA-particle
suspension volume per bombardment (3 pi) and number of bombardments per
sample (one). The parameters rupture disc pressure (500, 700, 900 and 1200 psi)
and distance of the sample (3, 6 and 9 cm) varied for each type of explant.
We incubated bombardment explants in a growth chamber at 27 oC for
24 h in the dark and performed GUS assays as described by Jefferson (1987).

RESULTS ANO OISCUSSION
Cassava susceptibility test
Tumor formation-considered as indicating the interaction between plant host and
bacteria strain-shows that both cultivars were susceptible to the 10 wild strains
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tested, except for cv . Mantiqueira, which did not exhibit infection symptoms with
strain 15955 (Figure 5).
Overall, the virulence of all bacteria strains was higher in cv. M Col 22 than
in cv . Mantiqueira, indicating varietal differences in the infectir " process . We
observed the highest frequency of infection in the octopine and nopaline groups
(R 10, Ach5 and 82 .139 strains) of both cultivars (Table 3, Figure 5). We observed
typical hypertrophy of other infected tissues by A. tumefaciens in cassava plants
inoculated with the B6S3 strain (Figures 6 and 7) . We confirmed the transgenic
nature of the tumor cells by growing them on medium without hormones .
Based on this susceptibility test, we chose the disarmed bacteria strain
GV 2260 for further studies. This strain carries a disarmed Ti plasmid derived from
the B6S3 strain, which is similar to Ti plasmids of R10 and Ach5 strains.

Co-cultivation
We inoculated cassava explants with A . tumefaciens strain GV2260 for a short
periodo We placed different explants on a support medium and incubated them for
24 h in arder to complete the trans formation process. We then transferred them
to medium containing the antibiotic cefotaxime to control bacterial growth. We
added BASTA herbicide to the medium at different periods, to act as a selective
gene and to favor the proliferation of transformed cells. Nontransformed explants
did not give rise to calli or secondary embryos in this selective medium (Table 4).
After co-cultivation of embryos, the number of secondary somatic ones
formed in all primary explants with 5 days' cultivation on medium without BASTA
was higher than in explants cultivated directly in the presence of the herbicide, with
no previous growth period (Table 4). Single or sectioned cotyledonary leaves
showed higher sensitivity to BASTA than whole embryos or hypocotyl explants .
Cotyledonary leaves also regenerated a high number of secondary embryos with
less "escapes" in the selection medium.
These results indicate that many
nontransformed cells are able to differentiate under this selective pressure, possibly
due to the long period of cultivation without the selecting agent. Explants cultured
on nonselective media showed a higher regeneration frequency than explants placed
immediately on selective media.
The num~er and size of embryo clumps varied with the kind of explant used.
The subcultured isolated embryo clump did not survive in the same fashion and was
more related to the way exposures were done. The recovery of the isolated embryo
clump, subcultured every 3 weeks, showed a low level of survival when they were
exposed directly to medium containlng the herbicide. We are growing the selected
resistant embryos to regenerate plants for further analysis. We are testing an
embryo growth period befo re BASTA selection to favor cellular division of
transformed cells with reduced escapes, conditions for regenerating the whole plant
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from these resistant embryos, and improved of the efficiency of the selection step
by reduc ing loss of t rans formed embryos .

Particle acceleration
Our first step in the use of particle acceleration was to optimize bombardment
conditions that result in GUS-expressing ce 115 in different explants and recovery of
stable transformed embryos.
Our current optimization conditions include 900 psi applied pressure, 6 cm
distance of the sample and globular embryo clump stage (Figure 28). Our results
indicate that the phys iological stage of globular embryo clump was more important
than the bombardment parameters .
Transformation efficiency, judged by
histochemical GUS-assays, was higher in the embryo clump in the initial globular
stage than in mature embryos or green tissue beca use of the facilitated particle
penetration into the tissues and the low level of GUS-like activity.
We are continuing this line of research with transformed cell culturing of the
embryo clumps on a selective medium after bombardment .
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Table 1. Strains of A~rob8cterium tumefaciens used in this study, with their opine fam ily and
biovar.
Opine

Strain

Octopine

Ach5

Biovar

15955

1

Rl0

1

A66
B6S3
C58

Nopaline

AT8196

1

T37

1

82.139

2

60542

Agropine

Table 2. Cassava cultivars used in this work.
Origin

Cultivars

Passport Data

Colombia ICIAT)'

M Col 22

01694

M Col 1505

077992

Mantiqueira

008648

Jac;aná

001465

Pioneira

078280

IAC 352-6

006327

IAC 12829

003247

Brazil ICPAC)·

a. Centro Internacional de Agricultura Tropical.
b. Centro de Pesquisa AgropecuMia dos Cerrados .
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Table 3 . Average lrequency (%) 01 tumor lormation in eassava cultivars in responsa to inlection
with bacterial strain groups .
Opines lamily

Cassava cultivar
M Col 22

Mantiqueira

Octopina (5)'

60

31

Nopalina (4)

57
20

29

Agropine (')

40

a. Number in parentheses indica tes the number 01 sttains tested .

Table 4 . Frequency 01 formation 01 secondary somatic embryos in different types 01 explants
(30 days after co-cul ture) ; explants cultivated 5 days on medium w ith or without BASTA
aftar co-culture .
Explants'

Control

Co-cultured
with

without

with

BASTA (%)

BASTA (%)
Cotyledonary lea ves

O

Hypocotyls

8
6

Whole embryos

without

38
17
20

a. 25 explantsltrea!ment.
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O
O
O

87
75
80

Sstl

EcoR I

pJIT85
13.80 Kb

Hind 111

Sst I

kan
RB

Pnos
neo
polyA
P355

pat
LB

=

kanamycin resistance gene (procariotic)
T -ONA right border
nopaline synthase promoter
NPT 11 gene
polyadenylation signal
CAMV 355 promoter
phosphinothrycin acetyl transferase gene
T-ONA left border

Figure 1. pJIT85 plasmid 113.80 Kb). Binary vector derived from pBIN19 (Bevan, 1984).
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Figure 2. Cassava somatic embryos Irom immature lea ves at different stages 01 development.
A = torpedo somatic embryos; B = globular somatic embryos lorming a clump.

Figure 3 . Expanded Torpedo soma tic embryos . In this stage, cotyledonary leaves and hypocotyls
are cut and used lor co-cultivation with A. tumefaciens.
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RB

pGV1040
14.60 Kb

LB
BamHl

Stp

=

LB
P35S

=

uid A
3'nos
3'ocs

=
=

neo
PTR I/PTR 11 =
=
bar
3 'G7
=
RB
=
PSV1
=

Streptomycin resistance gene (procariotic)
T-ONA left border
CAMV 35S promoter
P-glucuronidase reporter gene
Nopaline synthase terminator
Octopine synthase terminator
NPT 11 gene
Coupled promoters from TR-nopaline
Phosphinothricin resistance gene (BASTA)
gene 7 polyadenylation signal
T -ONA right border
replication origin from pVS 1 plasmid

Figure 4 . pGV1040 plasmid (14 .60 Kb). Binary vector derived from pGSFR761A (Calderón-Urrea,
1988).
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Ach5

8653 15955

A66
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82139 AT 8296

es 8

80542

8acterial strains
Figure 5. Tumor formation in in vitro cultivated cassava plants (45 days after inoculation).

Figure 6. Tumor induced by 8653 strain (octopine) in vitro cultivated plants of cv. M Col 22
(45 days after inoculation). A ~ control; 8 = inoculated plantlet.
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Figure 7. Tumor induced by B6S3 strain (octopine) in vitro cultivated plants of cv. MantiQueira
(45 days after inoculation). A = inoculated plantlet; B = control.
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NOOAL AXILLARY MERISTEMS AS T ARGET TISSUE FOR SHOOT
PROOUCTION ANO GENETIC TRANSFORMATION IN CASSAVA
(MANIHOT ESCULENTA CRANTZ)

N. K. Konan', R. S. Sangwan and B. S. Sangwan-Norrell
Laboratoire Androgenése et Biotechnologie,
Université de Picardie Jules Verne, France
'Present address: ILTABfTSRI, Oivision 01 Plant Biology-MRC7,
La Jolla, CA, USA

To date, soma tic embryogenesis is the most routine method 01 plant regeneration
in cassava, with embryogenic tissue being used as target tissue lor genetic
translormation experiments . But the protocol lor somatic embryogenesis in cassava
is inefficient in a large number 01 cultivars . Here we present an alternative tissue
cultura method lor cassava biotechnology. A two-step culture protocol lor multiple
shoot production in cassava using nodal explants has been developad. Round,
compact "bulb-lika" structures ware initiatad Irom the axillary meristem region after
3 to 5 days culture 01 nodal explants on MS medium containing 10-20 mg/l
cytokinin (BAP, Zeatin, Kinetin or TOZ). These structures produced multiple shoots
directly when subcultured on to the same medium; or on the MS basal medium
supplemented with 1 mo/l 01 each aboye listed cytokin alone, or in combination with
0.1 mg/l NAA and GA,. Shoots were obtained at high Irequencies (> 50%) Irom
all eight cassava cultivars testad . The "bulb-like" axillary structures were used as
target tissue lor genetic translormation, and lound to express the p-glucuronidase
(GUS) gene lollowing 2 to 5 days co-cultivation with A"robacterium tumefaciens
(strains C58 el and LBA 4404) . Translormation events, observed as blua spots
(less than 1 mm in diameter) were seen on some explants 7-10 days lollowing
inlection. After 2 to 3 months exposure on regeneration medium supplemented with
a selecting agent 01 200 mg/l kanamycin, the GUS expressing areas had increased
in size and 2 out 01 41 explants inoculated with A. tumefaciens strain LBA 4404 :
pBI121 expressed GUS activity in emerging buds. Therelore it is conceivable that
axillary meristems could be used as alternative target tissue lor genetic
translormation in cassava since their ability lor shoot production can be improved.

INTRODUCTION

An efficient transformation procedure for cassava is required for the improvement
of its agronomical traits such as resistance to viral and bacterial diseases, resistance
to fungi and insect attacks, and high, stable productivity.
To have such
transformation we need a good regeneration system. In cassava, a system based
on embryogenesis has been developed (Stamp and Henshaw, 1982, 1986, 1987a,
1987b; Szabados et al., 1987; Mathews et al., 1993). But the efficiency of this
regeneration system is limited to a tew cultivars. We wanted to develop a
regeneration system that is genetype independent and suitable tor transformation.
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Here we present such a system, based on the production of shoots using
axillary "bulb -li ke" meristems . The efficiency and the reproducibility of this
regenerat ion system in several cassava cult ivars allowed us to test its suitability for
genetic transformation experiments of cassava.
Histochemical GUS assays,
conducted after explant co-cultivation with Agrobacterium tumefaciens, showed
that the axillary "bulb-like " meristems should also be an excellent tissue source for
genetic transformation of cassava .

MATERIALS AND METHODS
Plant materials
The cassava cultivars TMS 30555; Tiegba 7901 ; and Red (Bonoua rouge) were
from COte d'lvoire (lDESSA, BP 6354 Bouake 01) . ' Bnd ', a non determined cultivar,
was from Burundi; 60444 from Nigeria (liTA); M Mex 55 from Mexico (CIAT); and '
'Rn', also a non determined cultivar, from lie de la Reunion.

Culture conditions
Single-nodal explants were isolated from 6- to 8-week old plants and then cultured
in petri dishes (9 cm diameter) containing Murashige and Skoog (1962) medium
with sucrose (2% w/v) . Four cytokinins (6-Benzylaminopurine BAP, Kinetin, Zeatin,
and Thid iazauron) were used at concentrations of 0 .1, 1 .5, 10, 15 , and 20 mg /l.
The axiilary "bulb-like" meristems were obtained after 3 to 5 days of culture on
medium containing 10-20 mg /l cytokin in. These structures were removed using
scalpel and dissecting microscope, and then subcultured either on the same medium
or on MS medium containing 0.1 - 1 mg/l cytokinin in combination with auxins
[Naphthaiene acetic acid (NAA), Indol-3-butyric aci tBA), p-Naphthoxyacetic acid
(NOA), Indol-3-acetic acid (lAA)] at 0 .1 mg/l of each, and 0.1 mg/l gibberellic acid
(GA 3 ) for shoot production (step Ii). Culture media were suppiemented with 7%
(w/v) Difco-Bacto-Agar and adjusted to pH 5.7 befo re autoclaving (25 min at
120 OC). The cultures were maintained under 16 h photoperiod at 27 oC.

Bacterial strains and transformation procedure for explant infection
For explant infection, the binary (pGSCluc 1 and pB1121) vectors systems were
used . Plasmid pGS Guc 1 was mobilized from E. coli to A . tumefaciens C58CIRif,
harboring the disarmed Ti plasmid pGV2260 (Debleare et al., 1985). This piasmid
contains the selectable NPT Ii marker gene under the control of the mas (Mannopine
synthase) l' promoter . The same plasmid also contains a p-giucuronidase (GU5)
reporter gene transcribed by the mas 2' promoter. Plasmid pBI1 21 containing the
GUS gene under the control of the CaMV 355 promoter (Jefferson, 1987) and the
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plasmid p35S-GUS INT (pB1121 with intron (Vancanney et al ., 1990' Nere also
used for transformation experiments.
Overnight agrocultures were collected by centrifugation and adjusted to
00600 = 0.5-0.6 in liQuid MS medium. Before infection, explants were stabbed
with a sterile needle, and then immersed in the bacterial solutions for 5-10 mino
Explants were then blotted on sterile filter paper and incubated on hormone-free MS
medium for 2 to 5 days. After the co-cultivation period, explants were washed with
MS IiQuid medium containing 500 mg/I claforan, blot-dried, and placed on the
regeneration MS medium containing 1 mg/I BAP, 200 mg/I kanamycin and 300 mg /I
claforan.

GUS assays and quantification of GUS activity
Histochemical GUS tests were performed after 7-10 days following the transfer of
the explants on to the regeneration medium. Explants were incubated at 37 oc in
500 ,tI1 of Y-buHer (0.1 M NaH 2 PO., 2H 2 0; 0.1 M Na 2 HPO., 2H 20; 0.02% (w/v)
NaN 3 ; pH 7.4) containing 0 .05% (w!v) X-Gluc (5-bromo-4-chloro-indolyl-Pglucuronide, Research Organic, Cleveland). Quantification of GUS activity has been
done as described by Jefferson (1987) after 16-17 h.

RESUL TS ANO OISCUSSION
Multiple shoots production from axillary meristems of cassava
We first tested different concentrations of BAP using basal MS medium to obtain
shoots. Axillary shoots were directly produced from single-nodal explants of
cassava on MS medium supplemented with 1 mg/I - AP (Figure lA). Two to five
buds per explant could be produced during the second week of culture and
percentages of explants with multiple shoots ranged between 20% and 54% for the
cultivars 'Red', 'Rn', 'Snd', and '7901' (Table 1). The shoot proliferation rate could
be increased through continuous use ofaxillary branching from the developing
shoots. But on MS medium supplemented with lO, 15 and 20 mg/I BAP, the shoot
formation from nodal explants was inhibited, and compact, round "bulb-like"
structures (Figure 1 B) were induced after 3 to 5 days of culture. With 100 mg/I
BAP containing MS medium, these compact round formations could be obtained at
high frequencies (75% to 98%) for all eight cassava cultivars tested (Figure 2).
MS medium supplemented with BAP at concentrations of 15 and 20 mg/I had
similar effect on nodal explants derived from the cultivar TMS 30555 (not shown).
But nodal explants isolated from the proximal region of the shoot apex (young nodal
explants), did not respond to the high BAP concentrations or were less responsive
to these treatments.
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Histological examinations revealed the meristematic nature of these
formations. The " ..iulb-like" axillary meristems were removed from nodal explants
and then subcultured on second medium for shoots production. The second MS
regeneration medium was supplemented with 1, 10, 15 or 20 mg/l BAP. In so me
experiments, 0.1 mg/l each of NAA and GA 3 was associated with 1 mg/l BAP . In
these cultural conditions, multiple shoots (Figure 1e) were produced and the
frequencies of shoot forming explants varied from 24% to 83% for the six cassava
cultivars (Table 2). The number of shoots per explant varied from two to five during
the second week of culture befo re shoot proliferation through continuous axillary
branching with the duration of the cultures. High shoot proliferation rate was
obtained on the regeneration MS medium supplemented with 10, 15 mg/l BAP. In
these conditions, shoot elongation and subsequent axillary branching were inhibited,
and multiple buds were induced on the explants (Figure 3A). A clump of shoots
(Figure 3B) could be obtained after 4 to 5 weeks of culture . Kinetin, Zeatin and
TOZ at concentration of 10, 15 and 20 mg/l in the basal MS medium, had similar
eHect on the induction of the axillary "bulb-like" meristems (not shown).
eombination of Tween 20 and 10 mg/l BAP in the second MS regeneration medium
first induced green-nodular organogenic callus-like structures (Figure 3e) after 3 to
4 weeks. For the cultivar M Mex 55, 50% of transferred explants produced greennodular callus when 0.5% (v/v) of Tween 20 was used . These calli could develop
into clumps of shoots (Figure 3D) when transferred on to 1 mg/l BAP containing MS
medium.

Agrobacterium-mediated transformation ofaxillary "bulb-like" meristems
Oue to their high potential for shoot production, the axillary "bulb-like" meristems
have been tested for their suitability to genetic transformation of cassava using A.
tumefaciens. Some transformation parameters using the cultivar TMS 30555 were
studied . MS medium supplemented with 1 mg/l BAP was the step 11 regeneration
medium. Seven to 10 days following explant infection and transfer on to the step
11 regeneration medium containing claforan, co-cultured explants were checked for
GUS gene expression. Blue spots (transformation events). could be observed on
some explants with all three (pGSGluc1, pBI121, p35SGUS INT) plasmids tested.
eytological examinations (not shown) in so me explants showed the blue coloration
in the cytoplasm of the transformed cells. High frequencies (26%-67%) of explants
with blue spots were obtained with the vector pBI 121, while the intron reduced the
transformation efficiency (Table 3). Infection duration of up to 5 days did not
significantly influence the transformation efficiency, except 2·day infection using
the vector pBI121 which provided the highest frequency of explants with blue spots
(67.5%, significant p :S 1 %) . But in most of the cases, the number of blue
expressing areas varied from one to three per explant and the sizes of the blue
sectors were very small.
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After 2 to 3 months exposure on the regeneration medium supplemented with
200 mg/l kanamycin and 300 mg /l claforan, 21 out of 62 explants transformed with
vector pBI121 were randomly chosen for GUS assays. Large blue staining sectors
could be seen on the inoculated explants, and two of them showed GUS activity in
emerging shoots (not shown) . The fluorescence assay results in Table 4 show that
63 out of 135 (46 .6%) of explants, transformed with Agrobacterium, presented
GUS activity levels aboye the background. These results also supported those of
the histochemical assays since the transformation efficiency was better with the
vector pBI121 as compared to pGSGluc 1 .
The results of the present study demonstrate that nodal axillary meristems
can successfully be used as starting material for efficient and reproducible plant
propagation in cassava. The axillary "bulb-like" meristematic structures may also
be useful for developing a genetic transformation protocol in this important crop.
In so me plant species, it has been shown that meristems or shoot tips could
alternatively be used as explant so urce for genetic transformation (Hussey et al.,
1989; Schrammeijer et al., 1990; Warkentin and McHughen, 1992; Gambley et al.,
1993). This should also be true in cassava. The axillary meristematic "bulb-like'
structures are relatively easy to obtain in abundance from apparently any cassava
cultivar. Therefore, this tissue type should not only provide an excellent explant
source for cassava plant propagation, but should also be useful in allowing the
prosection of the genetic transformation of several cultivars of this crop using either
particle gun or Agrobacterium system. For this purpose, we plan to further improve
several transformation parameters such as bacterial strain and plasmid, procedure
for explant infection, and selection conditions.
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Table 1. Effect 01 BAP concentrations on axillary shoot production Irom single-node explants 01
lour cassava cultivars after 2 weeks 01 culture on MS medium supplemented w ith 2%
sucrose.
Ca$Sava
cultivars

'Red'

'Rn'

' Bnd'

BAP
(mg/11

No. 01 nodal
explants
cultured

No . and (%1 01
explants with
multiple shoots

Mean no. 01
shoots per
responding
explant

No. and (% 1 01
explants with
"bulb-like"
lormation

0 .5

54

12 (22.2Ia

2.6 :1: 0 .7

0(0.01

1.0

64

35 (54.6Ib

2.7 :1: 0 .6

0(0.01

5.0

81

20 (24 .7Ia

2.5 :1: 0 .7

010.01

10.0

132

O (O .Olc

0 .5

72

11 (15 .2Ia

2.4 :1: 0 .5

O (0 .01

1.0

48

26 (54 .1 lb

2.8 :1: 0 .6

0(0.01

5.0

85

25 (29 .4Ic

2.7 :1: 0 .6

0(0.01

10.0

162

O (O .Old

1.0

72

38 (52 .7Ia

2.7 :1: 0 .7

0(0.01

5 .0

78

31 (39 .7Ia

2 .4 ± 0 .6

0(0.01

10.0

148

O (O.Olb

lOS (79 .51"

140 (86 .41"

0(0.01
119 (80 .41"

' 7901'

0 .5

48

8 (16.7Ia

2.5 :1: 0 .5

0(0.01

1.0

89

18 (20.2Ia

2 .8 ± 0.7

0(0.01

5.0

46

13 (28 .2Ia

2.6 :1: 0 .6

O (0 .01

10.0

86

O (O .Olb

82 (95 .31"

In each cultivar, BAP effect for axillary shoot production was not statistically different for the results followed
by the same leners la, b, e, di, while 1""1 indicates significant difference al 1 % level for axillary "bulb-Iike"
formations .
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Table 2. Multiple shoots production Irom axillary meristems 01 cassava aher a two step culture procedure .
No. 01 nodal
explants
cultured

No. and (%) 01 explants
with "bulb·like" lormation
during step 1

No. and 1%) 01 "bulb·like
lormations developing
shoots during step 2 period

Mean no . 01 shoots
per responding
explant

'Red'

132

105 (79 .5'a

56 (53 .3)a

2 .4 ± 0 .5

'Rn'

162

140 (86.4)ab

34 (24.3)b

2.1 ± 1.9

Cassava
cultivars

'Tiegba'

80

60 (75.0'a

40 (66 .6'ac

2.4 ± 1.3

'7901'

86

82 (95.3)c

39 (47.5'ad

2.3 ± 0 .2

'Bnd'

148

119 (80.4)ab

67 (56 .3'acd

2 .9 ± 1.2

'TMS 30555' (8)

211

197 (93.3'c

56/67 (83.5)e

3.8 ± 1.8

'"

!XI
W

Ten mgll BAP was used during step 1 far lhe induction of the axillary -bulb-like- structUles. prior la ttansfer on lo the second step MS medlum containing
1 mg" BAP alane (BI or in combination with 0 . 1 mg/l NAA aOO GA3. The results were scored during the second week of transfer on lo the second-step
culture medium. In colurnos 3 and 4, numbers followed by the same letter are nol statistically dlfierent.

Table 3 . Effect 01 bacterial strain and the co-cultivation time on the translormation efficiency 01 the axillary meristematic "bulb-like"
explants 01 cassava (cultivar TMS 30555) .

Co-cultivation
time

Idaysl

LBA 4404 IpB1121)

C58 Cl Rilr IpGSGluc 11
No.
inoculated

%
Expl .
with blue
spots

Mean no .
spolsl

No.
inoculated

expl.

%
E.pl.
with blue
spots

L8A 4404 Ip35SGUS INTl

Mean no.

No.

SpOlsl
expl.

inoculated

%
Expl.
with blue

Mean no.

spotsl
expl.

spots

2

32

3.1 a

2.0

40

67 .5 e

1.5

NT

NT

3

55

16.3 ab

1.0

67

37 .3 e

1.3

49

6.1 a

4

50

20.0 b

1.0

40

40.0 e

1.0

NT

NT

5

80

16.2 ab

1.2

30

26 .6 be

1.0

55

3.6 a

1.0

1.0

....,
~

GUS assays haye been per/ormed 7 to 10 days aher the co-cultiyation period_ Numbers followed by the same leners .re not statistically diflerent .
NT = Not tested _

Table 4 . ¡1-glucuronidase actlvlty (nM MU) in crude extracts of axillary meristematic "bulb-like" explants of cassava
infection with A. rumefaciens.
Cultivar
tested

Vector
tested

No. 01
inlected
explants

Background

, 0-' 2

weeks after

Activity level above background

activity

(Control)

Total
explants

:s5X

5-10X

10-25X

25-50X

> 50X

Highest
activity

(total na.)

('lEo)

' Red'

pGSGluc 1

52

0.89 ± 0.6(16)

10/52(19.2)b

6/10

O/lO

0/10

2/10

l/lO

'TMS 30555'

pGSGluc 1

42

0.2

± 0. 1(14)

25/42(59.5)ac

16/25

6/25

1/25

2/25

0/25

pBI121

41

0 .2

± 0.1(14)

28/41 (68.2)c

4/28

7/28

7/28

5/28

4/28

104.5X(1)

402X(1)

GUS activity was expressed as Iluorescence level of methyl umbellilerone (nmole) per mg Iresh weight. In column live, results lollowed by the same letters
are not statistically diflerent. No lluorescenee value obtained.
N

<XI

U1

Figure 1. (A) Direct shoot production from nodal explant of cassava within the second week of
culture on MS medium supplemented w ith 1 mg/l BAP . (B) A xillary "bulb-like" meristem
induced on nodal explant of cassava after 3-5 days culture on MS medium containing
10 mg/l BAP. (e) Shoot production from axillary "bulb-like" meristematic explants of
cassava after isolation and subculture on the second MS regeneration medium containing
1 mg /l BAP.
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Figure 2. Response of different cassava cultivars to the induction ofaxillary meristematic "bulb-like"
structures.
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e

D

Figure 3 . (A) Multiple buds induction from axillary "bulb-like" meristematic explants of cassava on
the second MS regeneration medium supplemented with 10 mg/l BAP. (B) Shoot
proliferation on the same medium 2-3 weeks following the bud induction . (C) Green
organogenic callus formation after 4-5 weeks from subcultured axillary "bulb-like"
meristematic explants of cassava. The second MS regeneration medium was
supplemented with 10 mgfl BAP and 0.5% (vfv) Tween 20 . (O) Clump of shoots derived
from the green-nodular callus after transfer to MS medium containing 1 mgfl BAP.
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IMPROVEMENT OF PLANT REGENERATION FROM
SECONDARV SOMATIC EMBRVOS OF CASSAVA

H.-O. li, Y.-W. Huang, C.-Y_ liang and J.-Y. Guo
South China Institute 01 Botany, Academia Sinica,
Guangzhou, China

Primary somatic embryos induced Irom young leal lobes 01 cassava were used to
start a cyclic embryogenesis culture. Factors inlluencing cyclic ambryo induction and
plant regeneration ware studied . Alternatively using liQuid medium IStep 1) and solid
medium IStep 2) in cyclic culture strikingly improved the production 01 sacondary
somatic ambryos . The highest yield was 30.2 embryos per initial embryo . Plant
reganeration Irom cyclic somatic ambryos via embryogenasis and organogenasis was
investigated. The treatments 01 substituting maltose lor sucrosa as carbon source
and 01 combining 2,4-0 with paclobutrazol in induction medium IStep 1) signilicantly
improved plant regeneration Irom cyclic somatic ambryos . Maltose substitution
resulted in 24.1 plantlets regenerated per initial embryo with a reganeration
IreQuency 01 74.3 %; the other combination in 21 .4 plantlets and 77 . 6 %
regeneration IreQuency. When cotyledons Irom germinated ambryos were used as
axplants and cultured on media containing BAP in absence 01 2,4-0, organogenesis
could be easily induced. The highest shaot production 18.7 plantlets initial explant)
was obtained Irom the traatment 01 BAP combined with IBA in the induction media.
The adventitious shaots observed were mainly from the edges 01 the cotyledon
Iragments. The time for plants regenerated via organogenesis is about 20 to
25 days less than via ambryogenesis.

INTRODUCTION
Cassava is an important tropical crop for its starchy tuberous roots_ Its role is food
and industry has drawn increasing attention in recent years_ In order to improve
cassava by genetic engineering, an essential prerequisite is to establish an efficient
regeneration system .
Somatic embryogenesis of cassava has been well
documented (Eskes et al., 1974; Stamp and Henshaw, 1982, 1987a, 1987b;
Raemakers et al., 1993a, 1993b). Mathews et al. (1993) reported that desiccation
treatment can strikingly improve plant regeneration frequency from primary somatic
embryos; but the same treatment applied to secondary somatic embryos is much
less efficient.
Factors influencing cyclic somatic embryo induction and plant regeneration
are studied in this papero The improvement of plant regeneration from cyclic
somatic embryos via embryogenesis and organogenesis is reported.
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MATERIALS ANO METHOOS
Plant materials
Four cassava cultivars (M Col 22, Nanzhi 1 BB, Huanan 205 and Hongmeíl, obtained
from Prof. Liu Vin Qing (South China Institute of Botany, Academia Sinica). were
used as plant materials in this study . M Col 22 was used as a model plant to
optimize conditions of plant regeneration . The other three cultivars were maintained
in vitro clonal cuttings on MS (Murashige and Skoog, 1962) basal medium and later
planted in the greenhouse.

Primary embryogenesis
Voung leaf lobes (1-6 mm), isolated from the four genotypes, were used as explants
for primary embryo induction. The induction media consisted of MS minerals,
cassava vitamins (Mathews et al., 1993). 2pM CuSO., and 20 g/l sucrose (referred
to here as MS basal medium), supplemented with 6 mg/l; 2,4-0, then solidified with
0.6% agar. The cultures were kept in the dark at 2B ± 2 oC . After 20 days'
culture, the primary somatic embryos induced were transferred to MS basal medium
with 0.1 mg/l BAP for maturation. After another 15-20 days in culture, the
maturated primary somatic embryos-characterized by the appearance of green
cotyledons-were isolated and used to start cyclic somatic embryogenesis.

Cyclic embryogenesis and plant regeneration
The method used in cyclic embryogenesis was modified from Raemakers et al.
(1993b). as follows:
STEP 1 IInduction of secondary somatic embryos) liquid MS basal
medium with 6 mg/l 2,4-0 dark, 28 ± oc
20 davs Irefresh 10 davs)

¡

STEP 2
START40-------¡
NEW
CYCLE

IGerminated lomatic embryos
were fragmented before puning
into Step I liquid medium)

IMaturation and germination of somatic embryos). Solid
MS basal medium with 0.1 mg/l BAP 16 h light
Ifluorescent light)
15-20 davs

STEP 3 IElongation of shoot axis)
Solid MS basal medium with 0 .4 mg/l BAP 16
16 h light Ifluorescent lightl
30-40 davs

I
I

STEP 4 IRooting)
1/3 MS basal medium with 0.05 mg/l NAA 16 h light
(fluorescent light)
20 davs
PLANTLETS IReadv for transplanting to greenhouse)
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Organogenesis induction and plant regeneration
The germinated somatic emb(yos with weli-developed cotyledons isolated from
Step 2 medium were fragmented into three to five pieces and used as explants for
organogenesis induction . The explants were cultured on solid MS basal medium
containing 0.1 -2 mg/l BAP and 0 .1-2 mg/l IBA. After 20 days' culture, the
adventitious shoots induced were transferred to Step 3 medium for eiongation for
a further 20 days and then transferred to Step 4 medium for rooting.

RESULTS
Influence of genotypes on primary somatic embryogenesis induction
The response of various genotypes to induction of somatic embryos varies greatiy.
Among the four genotypes tested, M Col 22 had the highest capacity for
embryogenic induction; whereas the two local cultivars originating from South
China, Huanan 205 and Hongmei , had little or no response to somatic
embryogenesis (Table 1) .

Influence of 2,4-0 concentration on somatic embryogenesis
The influence of 2,4-D concentration (2, 4, 8 and 12 mgll) on embryogenesis was
tested. It was shown that production of primary somatic embryos increased with
2,4-D concentration from two to eight mg/I; then declined at the higher
concentration (12 mgll) . The four cultivars tested had the same tendency (Table 1) .

Influenee of medium type and reeyele time on eyelie embryogenesis
The development of globular- to torpedo-shaped embryos can be observed
15-20 days after inoculation (Figures 1 A-1 C). Somatie embryos indueed from cyclic
suspension culture (Figures 1 D and 1 E) were transferred to both solid and liquid
media for maturation (Step 2). It was found that somatie embryos grew faster on
the solid medium during maturation (Table 2). After culture for 5, 10, 15 and
20 days on Step 2 media, different developmental embryos were isolated and used
to start a new cyclic embryogenesis. The results showed that the highest
production of somatic embryos obtained in the next cycle was 30.4 embryos per
initial embryo, which was found in the 15-day treatment (Table 2).

Influenee of earbon sourees on plant regeneration
From 20-40 gIl of maltose, glucose, lactase and suerose were used as carbon
sources in the Step 1 medium to study their effeets on embryogenesis and plant
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regeneration . It was found that, when maltose was substituted for sucrose in the
induction medium, the plant regeneration frequency increased strikingly. The
highest regeneration frequency, of 74.3% and 24.1 plantlets regenerated per initial
embryo, was obtained from the treatment of 40 gil maltose (Table 3, Figures 1F
and 1G). This was nearly twice that of production from sucrose treatment.

Influence of growth regulators on plant regeneration
The eHects of 2,4-0 combined with different growth regulators (BAP, KT, GA 3 and
paciobutrazol) on embryogenesis and plant regeneration were studied. The results
showed that 2,4-0 alone is enough for embryogenesis induction but, when
paclobutrazol was included in the medium, the plant regeneration frequency was
significantly improved. The highest plant regeneration frequency, of 77.6% and
21 .4 plantlets regenerated per initial embryo, was obtained from the treatment of
6 mgll 2,4-0 combined with 0 . 1 mgll paclobutrazol, about twice that of 2,4-0 alone
(Table 4).

Organogenesis induction and plant regeneration
Cotyledons isolated from germinated somatic embryos were fragmented and used
as explants to induce organogenesis. BAP combined with different growth
regulators (2,4-0, GA 3 , KT, IBA, NAA and paclobutrazol) were tested for their
effects on organogenesis induction in cassava. It was found that BAP combined
with IBA or GA 3 had a greater capacity to induce organogenesis in cassava
(Table 5). A further study on different BAP and IBA concentrations showed that the
medium containing 1 mg/I of BAP and 0.5 mg/I of IBA is optimal for organogenesis
induction of cassava . The highest shoot production found was 8.7 plantlets per
explant treated (Table 6, Figure 20) . The explants : Jltl,lfed on MS basal medium
containing BAP and IBA expanded rapidly, and callus appeared on the cut surface
3 days after incubation. Green tuberous, leaf structures (Figure 2A) were visible
after culture for 10 days; and more buds and shoots were observed after 20 days .
The buds and shoots were almost developed from the cutting surface of the
cotyledons (Figure 28), of which some connected with callus; the others developed
directly from the cut ends (Figure 2C). Plants of 10-20 cm can be obtained within
60-65 daya via organogenesis, which was about 20-25 days shorter than those via
embryogenesia.

OISCUSSION
The effect of maltose as a carbon source on embryogenesis or organogenesis in
alfalfa, flax, barley and wheat in vitro culture has previously been investigated
(Redenbaugh et al ., 1987; Strickland et al., 1987; Millam et al. , 1992; Finnie et al.,
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1989; Galiba and Erdei, 1986). Strickland et al. (1987) screened the response of
alfalfa embryogenesis to a wide range of carbohydrates and showed that maltose
gave the highest yield of somatic embryos. it acted to improve the morphology and
eventual conversion of somatic embryos to plantlets in alfalfa culture. Redenbaugh
et al. (1987) also pointed out that maltose acted as a maturation factor to improve
plant regeneration of alfalfa. Millam et al. (1992), who studied the effect of
different carbohydrates on flax organogenesis, also found that higher concentrations
of maltose stimulate shoot production. These studies may be in agreement with our
findings that using maltose as a carbon source significantly improved the
embryogenesis and plant regeneration in cassava culture.
Paclobutrazol is a plant retardant, having the reverse effect of GA 3 .
Paclobutrazol is usually used in plant regeneration media to give stronger shoots and
roots. The effect of paclobutrazol on cassava embryogenesis and plant regeneration
has not been reported. In our experiment, we found that adding paclobutrazol in
combination with 2,4-0 to the induction medium of cassava cyclic embryogenesis
strikingly improved the plant regeneration frequency. Plants regenerated from
somatic embryos treated with 2,4-0 plus paclobutrazol grew healthier and appeared
less abnormal than those treated with 2,4-0 alone. We suppose that paclobutrazol
acted to improve the quality of the somatic embryos and stimulate the conversion
of somatic embryos to plantlets in cassava culture .
Although Tilquin (1979) reported the regeneration of plants from internodes
of cassava by organogenesis induction, the method has not yet been successfully
repeated . Our attempt to regenerate shoots from young leaf lo bes of cassava did
not succeed either (data not shown) . But when cotyledons from germinated
somatic embryos were used as explants and culturad on media containing BAP
(especially in combination with IBA) organogenesis was induced successfully and
the method is reproducible. The adventitious shoots observed were mainly
regenerated from the cut ends of the cotyledon frag ~' ents, while somatic embryos
induced by embryogenesis appeared mostly on the adaxial surface of the
cotyledons . We consider that the developmental stage and physiological status of
the explants were important factors for the success of organogenesis induction and
plant regeneration. Although the number of plants regenerated via organogenesis
was much lower than that via embryogenesis in our experiments, the figure is
comparable to the one reported by Mathews et al. (1993). We believe that plant
regeneration via organogenesis may be a good system for genetic transformation
of cassava mediated by agrobacterial infection.
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Tabla 1. Etfect 01 2,4-0 concentrations on induction 01 somatic embryogenasis Irom leal lobes 01
various cassava cultivars.
Cultivar

Conen . of

2,4-0
(mg/l)

M Col 22'

Hongmei

b

Embryos

(%)

No. embryos
inducedl
leaf lobe

51

12

(23.5)

3.5

4

53
57

25

(47.2)

13.7

27

(47.4)

19.4

54

19

(35.2)

10.9

52

7

(13.5)

0.7

13

(22 .4)

2.0
3.4

2

Huanan 205'

No. explants
inducing somatic embryos

2
8
12

Nanzhi 188'

No. leaf lobes
inoeulated

4

58

8

56

16

(28 .6)

12

57

10

117.5)

1.2

2

51

2

(3 .9)

0.1

4

55

4

(7.31

0.4

8

53

6

(11 .3)

1.2

12

59

2

(3.4)

0.1

2

54

O

(O)

O

4

52

O

(O)

O

8

50

O

(O)

O

12

55

O

10)

O

a. Leal lobes (1 -6 mml Irom in vi/ro culture plantlets.
b. Leal lobes (1-6 mm) Irom greenhouse-grown plants.
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Table 2 . Influence 01 recycle time on induction of cyclic somatic embryogenesis in cassava.
Days to harvest

Solid medium

Liquid medium

Soma tic embryos

No. cyclic
somatic embryo
induced

No. somatic
embryos inducedl
initial embryo

5
15
20

578
763
912
815

19.0
25.4
30.4
27.4

5

431

lO

535
621
702

14.4
17.8
20.7
23 .4

lO

15
20

Note: Somatic embryos cultured on Step 1 Uiquid mediuml for 20 days. then transferred to Step 2 medium
(liquid or solidl lor maturation 01 the secondary embryos. At 5. 10. 15. 20 days after culture on
Step 2 medium. the somatic embryos were harvested and used to start a new cycle. In each treatment
30 soma tic embryos are used as explants.

296

Table 3. Effects of carbon source on induction of somatic embryogenesis and plant regeneration.
Treatment'

Somatic embryo
cell clumps/
total cel!"

No. somatic
embryos germ.'

No. of plants
regeneratedl
no . of embry08
transferred"

Plant
regenerated
freQ .

No. of plants
regenerated/
explant

('lbl

Carbon
source

g/l.

Clumpa

('lb)

Suerose

20

90/109

(82 .61

303

30/78

38.5

11.6

40

75/121

(62.01

204

17/70

24.3

5.0

20

53/102

(52.01

255

46/81

56 .8

14.5

40

112/124

(90.31

325

61/82

74 .3

24.1

20

26/106

(24.51

105

19/68

27 .9

2.9

40

10/120

(8.31

83

14/71

19.7

1.6

20

39/89

(47.01

83

32/78

41.0

3.4

Maltose

Glucose

lactose

a. Ten somatic embryos were used as explants in each treatment. The explants were cut into pieces and then cultured in liquid MS medium,
complemented with 6 mg/l 2,4-0 to induce secondary soma tic embryos.

b. Data calculated 20 days after inoculation.
c. Data calculated 35 days after inoculation.
d. Data calculated 70 days after inoculation.

Table 4. Effect 01 2,4-0 combined with different growth regulators on induction 01 somatic embryos and plant regeneration .
Embryogenic
clumpsl
total cell

Treatment'

Phyto-hormones

(mg!ll

2,4 0+ BAP
2,4 0+ KT

6.0,2.0
6.0,2.0
6 .0,0.5
6 .0,0.1
6.0

2.4 O + GA,
2,4 O + P"
2,4-0

Clumps

No. aomatic
embryos
germ.

('lb)

2/105

(1.9)
(1.9)

6
14

78/128
101/121
90/109

(60.9)
(83 .5)
(82.6)

253
276
303

2/104

No . 01 plants
regeneratedl
no. 01 embryos
translerred

46/84
76/98
30/78

a. Ten somatic embryos wilh well-developed cotyledons were used as explants in each trealment.

Plant
regenerated
Ireq.

No . 01 plants
regeneratedl
explant

(%)

O
O
54.8
77.6
38.5

O

O
13.9
21.4
11 .5

Table 5. EHects 01 BAP combinad with diHerent growth regulators on induction 01 organogenesis Irom cotyledons 01 somatic embryos.
Treatment'

Organogenesis ceU clumps/
total ceU clumps

No. 01 shoots
regenerated

No. 01 plants
regenerated/
explant

8
72
84
154
97
86
32

0.4

(%1

BAP + 2,4-0

2/78

(2.61

BAP + GA,

18/89

(20.21

BAP + KT

17/64

(26.61

BAP + IBA

42/97

(43.21

BAP + NAA

35n4

(47.21

12/83

(14.51

6/65

(9.21

BAP

+ P

BAP

N
ID
ID

3.6
4.2
7.7
4.8
4.3
1.6

a. Twenty somatic embryos with well~developed cotyledons were used as explants in ea eh treatment . The explants were cut into 3-5 pieces, then cultured

on solidilied MS medium containing 0.6

mg~

01 each phytohormone.

Table 6. Effec:ts 01 different combinations 01 BAP and IBA on induetion 01 organoganesis Irom cotyledons 01 somatie embryos .
Traatment (mg/llo

w

g

Organo . calli/total ealli

No. 01 shoots
regenerated

No. 01 plants
regenerated /explant

BAP

IBA

Induced

('lb)

0.1
0.5
1.0
2.0

0 .5
0 .5
0.5
0.5

34/74
35/66
49/83
34/85

(45.9)
(53.0)
(59.0)
(40.0)

89
138
174
123

4.4
6.9
8.7
6.1

0.5
0 .5
0 .5
0.5

0.1
0 .5
1.0
2.0

26/93
35/66

(27.9)
(52.0)
(30.4)
(40.0)

98
138
69

4.9
6.9
3.4

32

1.6

24/79

38/95

a. Twenty somatic embryos with welHleveloped cotyledons were used as explants in each treatment. The explants were cut into 3-5 pieces. then cultured
on solidilied MS medium containing 0.6 mgn 01 each phytohormone.

Figure 1. Morphology of somatic embryogenesis and plant regeneration of cassava M Col 22
through suspension culture: (A) globular embryos after 5 days' culture in Step 1 medium;
(B) heart-shaped embryos after 10 days' culture; (C) single torpedo-shaped embryos at
15 days; (O) cotyledon embryos separated from the suspension culture after 20 days'
culture; (E) embryo clusters transferred to step 2 medium for maturation; (F) shoots
regenerated from embryos; (G) plantlets reoted on Step 4 medium.
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Figure 2. Morphology of organogenesis and plant regeneration of cassava M Col 22 : (Al bright and
tight calli induced from the cut surface of cotyledon pieces tor 20 days; (BI buds and
callus induced from the cut surface; (CI multiple-shoot elongation; (DI plantlet rooting.
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GENE TRANSFER TO CASSAVA SOMATIC EMBRVOS VIA TISSUE
ElECTROPORATION ANO PARTIClE BOMBAROMENT

H. T. Luong' , P. R. Shewry' and P. A. Lazzeri'
, Biochemistry and Physiology Department,
IACR-Rothamsted Experimental Station, Harpenden, Herts, United Kingdom;
'IACR-Long Ashton Research Station (Department of Agricultural Sciences,
University of Bristol), Long Ashton, Bristol, United Kingdom

An eHicient and reproducible method for transformation of cassava is a prerequisite
for genetic improvement of its agronomic characters. Embryogenic tissues were
transformed with the plasmid pDE4 coding for the scorable marker gene
p-glucuronidase (GUS) by tissue electroporation and partide bombardment. In tissue
electroporation, physiological and developmental state of the tissues, incubation
temperature and duration, and electric field strength were observed to be the most
important factors influencing transformation, Optimized frequencies of transient
expression were obtained when tissue pieces bearing globular-stage embryos were
preincubated at 37 oC for 1 h, in sodium aspartate buffer containing plasmid DNA
and electroporated with a single electric pulse (750V/cm, 960¡¡F capacitance) .
Under these conditions, it was possible to obtain express ion in 75% of the tissue
pieces electroporated, with an average of 174 ( ± 35.6) GUS spots per replicate (of
approximately 20 pieces) . The strengths and eHiciencies of several promoters in
cassava lea ves and embryos were compared following transformation by particle
bombardment.

INTRODUCTION

The gene transfer method most widely used for the genetic engineering of
dicotyledonous plants is Agrobacteríum co-cultivation , but a significant number of
species show poor compatibility with Agrobacterium 1 oms, 1992), This difficulty
has stimulated the development of direct gene transfer techniques such as particle
bombardment and protoplast electroporation. But the disadvantage with protoplastmediated transformation is the difficulty in regenerating plants from protoplasts of
many important crop plants, To avoid this , several attempts have been made to
transform intact cells and tissues by electroporation, In an early study, Lindsey and
Jones (1989) reported transient express ion after the electroporation of enzymicallytreated sugarbeet suspension cells, but subsequent studies have involved cereal
species, Oekeyser et al. (19901 demonstrated transient expression in electroporated
leaf base tissue of rice, wheat and barley. Songstad et al. (19931 achieved
transient express ion in immature zygotic embryos of maize and Kloti et al. (19931
of wheat , O'Halluin et al. (19921 have recovered transformants of two maize
genotypes after electroporation of immature embryos or primary callus pieces .
These studies have established tissue electroporation as a technique
applicable to the transformation of cereal species but to date there exists little data
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on its utility for transforming dicot species .
Here, we describe a tissue
electroporation procedurefor routine transformation of embryogenic cassava tissues
and describe the influence of a number of biological and electrical parameters on
transformation eHiciency. Previous attempts ha ve been made to transform cassava;
Calderón-Urrea (1988) reported marker gene expression (GUS, bar and npt/f) in cell
lines produced from Agrobacterium infection, while Franche et al. (1991) and AriasGarzon and Sayre (1993) reported transient GUS expression in leaf and root tissues
following bombardment, but to date there is no report of stably-transformed
cassava plants .

MATERIALS ANO METHOOS
Plant material
Somatic embryos of the cassava cultivar CMC 76 were initiated from immature leaf
lobes according to Stamp and Henshaw (1987a) . Once induced, the somatic
embryos were maintained indefinitely in cyclic embryogenesis by monthly subculture
onto fresh induction medium .

Plasmid
For transient expression, all plasmids used were coded for GUS expression .
Plasmids pOEA (supplied by Plant Genetic Systems Inc., Gent). pCGUS (from N.
Halford) and pCalGUS (from V . Walbot) contained the CaMV35S promoter; pPat425
(from G. Ooms) contained the patatin promoter; pHMWGUS (from N. Halford)
, Jntained the HMW glutenin promoter; pAct1 OGUS (from O. McElroy) contained the
rice actin promoter; and pAHC25 (from P. Quail) contained the maize ubiquitin
promoter. For stable transformation pOE11 O (from :"8S, Gent) containing the bar
gene fused to the CaMV35S promoter was used.

Electroporatlon apparatus
A Bio-Rad Gene Pulser (Bio-Rad Laboratories) which delivered an exponentially
decaying pulse was used, together with a capacitance extender.

Electroporation of embryos
The basic protocol for tissue electroporation was adapted from O'Halluin et al.
(1992). Embryogenic tissue, bearing somatic embryos, was cut into pieces of
approximately 2 mm diameter. From 20-to-30 tissue pie ces were placed in each
electroporation cuvette containing 300 pi KCI electroporation buHer (80 mM KCI,
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5 mM CaCI 2 , 10 mM HEPES, 0.425M mannitoll. and 20p of plasmid DNA (pDE4).
The tissue pieces were allowed to incubate in the DNA solution for 1 h at room
temperature (22 OC), then trans1erred to an ice bath for 10 mino Electroporation
was carried out by a single electric pulse 01 field strength 375V/cm discharged from
a 960pF capacitor. Pulse length was measured and recorded for each electrical
discharge. Immediately after the delivery of the pulse, the cuvettes were replaced
on ice for 10 min and the embryos were subsequently transferred to induction
medium and incubated for 4 days at 26 oC, befo re harvesting for GUS expression
assays. Control embryogenic tissues were either untreated, incubated in buffer and
plasmid DNA but not electroporated. or electroporated with an equal volume of TE
buffer (10 mM Tris-HCI. 0.1 mM EDT A) to re place the DNA.
To optimize transient transformation frequencies for cassava. the following
parameters were investigated :
Development and physiological status 01 tissues
Embryo development stage - globular. torpedo and secondary stages or
embryos.
Tissue age (days since last subculture) - somatic embryo cultures 01' 1 to
30 days since last subculture.
Culture age (since induction 1rom immature leaves) - embryogenic tissues
5 and 10 months since initiation 1rom leaves were compared with cultures (13 and
14 months old) maintained in long term embryogenesis.
Factors affecting DNA uptake
Size of tissue pieces - 1 mm diameter tissue -Dieces were compared with
2 mm diameter pieces.
Enzyme treatment - somatic embryo tissue pieces were digested for 3-' O min
in 0.3% macerozyme, then washed twice in electroporation buffer. prior to
incubation in the DNA solution.
Removal of nucleases - washing in distilled water or sorbitol buffer ('20 gIl
sorbitol, 5 g/l sucrose) prior to incubation. In a separate experimento tissues were
incubated in DNA and buffer for 1 h. then placed in fresh DNA solution and
incubated for a further hour and compared with controls of 1- and 2-h incubation
without changing the DNA.
Electroporation buffer composition - KCI buffer was compared with an
aspartate buffer (ASP) containing 80 mM potassium aspartate. 5 mM CaCI 2 •
10 mM HEPES and 0.425M mannitol (Tada et al.. 1990).
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Plasmid DNA concentration -10, 20 and 40pg of DNA (Le ., equivalent to
32 .3, 62.5 and 117.6pg DNA/ml, respectively).
Pre·electroporation incubation duration - incubation durations of 1, 2, 3, 6.
18 and 24 h.
Pre-electroporation incubation temperature - 1 h incubation at O, 4, 22, 37
and 42 oC.
Electrical parameters
Cuvene type - Two makes of disposable electroporation cuvenes (Bio-Rad
and Flowgen) were compared , both having electrodes 4 mm aparto
Electric field strength - single pulses of field strengths 250V/cm, 375V/cm,
500V/cm, 750V/cm and 1000V/cm.
Pulse numbers - 1, 2 or 3 pulses at field strengths of 375V/cm and 750V/cm .

Particle gun apparatus
The particle bombardment apparatus was the Bio-Rad PDS-1 ooO/He system which
fired plasmid-coated gold microprojectiles by helium pressure.
Three helium pressures (900 psi, 1100 psi and 1350 psi) and the plasmids
pDE4, pCGUS. pCaIGUS, pPat425, pHMWGUS, pActlDGUS and pAHC25 were
compared for transient expression efficiency in cassava leaves and embryos.

GUS assays
For qualitative analyses of transient GUS expression, the explants were
histologically stained in a solution containing 1 mM of the chromogenic substrate
5-bromo-4-chloro-3-indolyl-l1-glucuronide (X-Gluc) for 24 h in the dark, at 37 oC.

RESULTS
Tissue electroporation
Transient GUS expression in embryogenic tissues
Electroporation treatment appeared not to have any deleterious effects on
cassava cultures, as the treated tissues retained the same embryogenic capacity as
the controls (data not shown) .
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In initial electroporation experiments, using the ' basic protocol' (see Material
and Methods), an average of 35.9% of the tissue pieces showed GUS expression,
with an average of 12.5 (± 0.5) blue spots per replicate (one replicate was the
content of a single cuvette, i.e., 20-30 pieces of 2 mm diameter tissue pieces).
Controls never developed blue spots .
Optimized eleetroporation conditions for GUS expression
The following parameters were observed to influence transformation
efficiency .
Embryo developmental stage. Torpedo stage embryos gave the highest
number of expression spots (102 .8 ± 29.2) per replieate, with fewer spots for the
globular embryos (73.4 ± 37.9) and the lowest number for the secondary embryos
(45.6 ± 7.6). The blue spots rarely appeared on the cut edge of the tissue pieces
but always on the hypoeotyl of the embryo, and espeeially on the pro-cotyledonary
regions .
Tissue age. The embryogenesis cycle is 30 days . Tissues from between 1
and 30 days since subculture were compared. Tissues were most amenable to ONA.
introduction soon after subculture and near the end of the culture period, and least ·
so at about 15 days after subculture. This result corresponded to the proportion of
torpedo stage embryos observed on the tissues at the time (data not shown).
Culture age (sin ce Induction from immature leaves). Tissues with torpedo
stage embryos, taken from long-term cultures, were compared with tissues which
had been recently induced from immature leaflet cultures . Cultures of 10 months
or more gave very poor levels of expression, while 5-month old cultures were
extremely responsive to ONA introduction.
Electroporatlon buffer composition . Two different electroporation buffers,
containing either KCI or potassium aspartate (ASP) as the major salt, were
compared. The ASP buffer gave a significantly greater number of spots per
replicate than the KCI buffer (82.5 ± 18.4 compared with 49.3 ± 12.2).
Duratlon of pre-electroporation incubation. Optimal express ion was observed
when the tissue was incubated for three to 6 h before electroporation, with lower
expression when incubated for shorter or longer times. The expression was lower
after 24 h than after 1 h, and the tissues showed clear signs of damage (white and
swollen) after this time.
Pre-electroporation incubation temperature. Tissue was incubated with ONA
at various temperatures for 1 h and then cooled for 10 min on ice before
electroporation. The level of expression increased when the incubation temperature
was raised from O to 37 oC, with a significant reduction in GUS expression
associated with signs of tissue damage at 42 oC.
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Eleetrle field strength. Eleetrie field strength had a dramatie effeet on
transient expression. The highest number of express ion spots was observed with
treatments at 750V/cm, with 50% of the tissue pieces bearing spots and an
average of 77 .5 (± 14.0) spots per replicate. This eonstituted a more than 4-fold
increase over the express ion levels achieved with 375V/cm used in the basic
protocol. Complete tissue death occurred within 24 h when 1OOOV Icm was used.
Pulse number . Embryogenic tissues were electroporated with one, two or
three consecutive pulses of field strength 250V/cm, 375V/cm or 750V/cm . The
resulting transient GUS express ion showed that the effect of multiple pulses was
additive, i.e., three pulses of 250V/cm, or two pulses of 375V/cm gave similar
frequencies of transformation spots per replicate as a single pulse of 750V/cm.
Damage to tissues was also cumulative.
From these observations, optimized transformation frequencies were obtained
using torpedo stage embryos taken at the end of the subculture period from cultures
not above 5 months old. Explants 2 mm in size were preincubated in potassium
aspartate buffer, containing 20pg of plasmid DNA at 22 oC for 3 h, or at 37 oC for
1 h and, after cooling on ice, electroporated with one pulse at 1ield strength
750V/cm. Under these conditions, expression was obtained in 75% of the tissue
pieces, with an average 01 174 (± 35.6) spots per replicate.

Partiele bombardment experiments
Bombardment at different hellum pressures
In both explant tissues 1100 psi gave the highest level of transient
expression. The highest number 01 plantlets were also recovered from embryos
bombarded at this pressure.
Somatie embryo . were induced from leaves
bombarded at 900 psi and 1100 psi; the latter trealment produced three times as
manyembryos.
Promoter compariaon In leaves end sometie embryos
The plasmid pOE4 clearly gave the highest level 01 GUS expression, but the
other two plasmids eontaining CaMV35S promoters were also efficient in leaves
and embryos (Table 11. The monacot promoters 01 the rice aetin and maize
ubiquitin genes gave low levels of expression, while the patatin promoter was only
expressed in embryos.

OISCUSSION
Gene transfer via tissue electroporation has been reported in 1reshly isolated or
cultured cereal tissues (Oekeyser et al., 1990; Li et al., 1991; O'Halluin et al. ,
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1992; Songstad et al., 1993; Klóti et al., 19931, in microspores of tobacco (AbdulBaki et al., 19901 and rapeseed (Jardinaud et al., 19931. in meristematic tissues of
sugarcane (Arencibia et al., 19.921 and in enzymically treated suspension culture
ce lis of sugarbeet (Lindsey and Jones, 19891 . In the present paper, we describe
how this approach can be used to obtain efficient and reproducible gene transfer
into somatic embryos of cassava.
Transient expression in cassava tissues was initially achieved using the
protocol reported by O'Halluin et al. (19921 for immature maize embryos. But the
efficiency was low and a series of experiments was carried out in order to identify
and optimize the parameters affecting the process.
A major factor which influenced expression was electric field strength. A very
low frequency of expression was observed at 250V/cm but the express ion
increased in proportion to the voltage, with an optimum at 750V/cm. This result
agrees with the suggestion (Benz et al., 1979) that the size and number of pores
increases with the electric field strength. Reduction in GUS expression was recorded
for field strengths above 750V/cm. This was associated with tissue death, possibly
due to irreversible damage to the cell membrane. Guerche et al. (1987) reported
that transient expression in tobacco protoplasts increased linearly with the number
of consecutive pulses, whereas Songstad et al. (1993) showed that a single pulse
gave a higher level of transient express ion in immature maize embryos than five
consecutive pulses. The latter observation may be due to tissue damage, as our
results showed that tissue death occurred when three pulses of 375V/cm or
750V/cm were used. But we also observed a cumulative increase in expression
frequency with multiple pulses, as described by Guerche et al. (1987).
It was clear from the initial experiments that there was considerable variation
in expression frequency when all physical parameters were held constant. This was
attributed to variation in the sample tissue. With plant protoplasts, it is well
documented that large differences in transformation competence occur among
different cultivars (Joersbo and Brunstedt, 1991), and between protoplasts from
different cell lines (Zaghmout and Trolinder, 1993). Cassava tissues of different
developmental stages might therefore be expected to show similar variation.
Torpedo stage somatic embryos were the most responsive to electroporation, with
transient express ion spots predominantly located around the pro-cotyledonary
regions. This tissue is the youngest and most rapidly expanding area of the
embryo, which may facilitate ONa uptake. Conversely, the compact globular
embryos and secondary embryos (which are basically densely packed globular
embryos protruding from the hypocotyl of torpedo embryosl, are less amenable to
electroporation. Large sections of torpedo embryos may show expression but the
plantlets recovered directly from such embryos would most likely be chimeric and
the ce lis would probably not be transgenic. It is possible, however, to induce
secondary embryos from these pro-cotyledonary regions (Stamp and Henshaw,
1987a), and experiments are underway to isolate and electroporate only these
regions.
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Tissue age had a striking influence on transformation efficiency; a cyclic
response being observed, with transformation efficiency being high at the start of
the growth passage, declining over 9 days of culture, and then increasing again over
the next 20 days. This cycle correlated very closely with the proportion of mature
torpedo-stage embryos in the culture, as secondary embryos form on the initial
inoculum of torpedo embryos and then mature over the later stages of the
subculture periodo
The culture age of the tissue (since induction from leaf lobes) was also an
important factor, with lower frequencies of transient gene expression being obtained
with older tissues. The tissues were highly responsive to electroporation at
5 months from induction but the frequency of transient express ion had more than
halved by 10 months and continued to decline thereafter. Long-term cultures also
showed reduced regeneration capacity.
Fromm et al. (1985) reported DNA concentration to be a factor limiting
transient expression in plant protoplasts. In our study, increasing or decreasing the
DNA concentration had no effect on the express ion frequency, suggesting that
20pg was sufficient to provide an excess of DNA surrounding the tissues. In cereal
leaf tissue electroporation, Dekeyser et al. (1990) emphasized that degradation of
plasmid DNA by nucleases released by wounded tissues was a major problem, but
this again proved not to be the case with our system. Indeed, attempts to remove
nucleases from the incubation buffer by washing the tissues with either distilled
water or sorbitol buffer had negative effects on transformation frequencies. In the
standard procedure, cassava tissues were harvested from maintenance cultures and
chopped dry befo re immersion into the DNA-containing electroporation buffer. If
the tissue pieces were washed prior to transfer to the ONA solution, the intercellular
spaces and/or cell wall pores might beco me filled with the washing solution which
must then be replaced by DNA-containing buffer, thus limiting transformation
frequency.
It has been proposed that DNA permeates the cell wall during the incubation
period to accumulate around the plasma membrane. The formation of pores in the
membrane is then triggered by the electrical pulse, allowing uptake of DNA into the
cell (Dekeyser et al., 1990). If this is the mechanism, maximizing DNA passage
across the cell wall might by expected to improve transformation efficiency. Our
data support this proposal in that extending the preincubation duration from 1 to
3 h gave a 52% increase in transient expression frequency, while preincubating the
tissue with DNA at 37 oC gave more than double the expression frequency obtained
by preincubating at room temperature (22 OC). Preincubation periods longer than
6 h (18 and 24 h) gave lower transformation frequencies, which may have been due
to degradation of the plasmid by nuclease activity or to deleterious effects on tissue
viability. A short period of incubation on ice, prior to electroporation, was found to
be essential. The omission of this step, which is included to reduce tissue damage
by heat generated during electroporation and to delay pore closure post 310

electroporation (Joersbo and Brunstedt, 19911. drastically reduced tissue survival
and transient expression levels.
15 it apparent that the amount of DNA used in ou r experiments was
sufficiently high to abrogate any possible effects of deterioratlon by nucleases, the
limiting factor being the movement of this DNA into the tissue and ce 115 befo re and
during electroporation. But this movement was not improved by vacuum infiltration
or enzyme digestion, the latter treatment also reducing the embryogenic response
of the tissues.

An alternative electroporation buffer was tested in response to the suggestion
by Tada et al. (1990) that chloride gas and chloride ions are relea sed from KCI
buffers during electroporation, leading to tissue damage . Songtad et al. (1993)
further reported a 65% reduction in transient expression when the KCI content of
the buffer was doubled. In our experiments, the tissues electroporated in ASP
buffer gave a 29% increase in transient expression, providing support for these
previous studies.
Size and number of protoplasts or embryos in the electroporation cuvette are
important factors, for example, Songstad et al. (1993) recorded a 12-fold increase
in transient expression when one embryo (rather than 12) was electroporated per
cuvette. In the present experiment, we established that a few large pieces (20-30
of approximately 2 mm diameter) gave 31.6% higher expression frequency than
many smaller pieces (35-45 of approximately 1 mm diameter).
In conclusion, the study described here provides an excellent basis for the
production of stably transformed cassava plants using well-established conditions
for regeneration from somatic embryos (Stamp and Henshaw, 1987b; Raemakers
et al., 1993; Mathews et al., 1993). Plantlets have been recovered from embryos,
electroporated and bombarded with the GUS gene, tissues transformed with a
selectable marker gene (bar). and are at present growing under selection conditions.
This will facilitate the manipulation of cassava to improve its agronomic
performance, and the composition and storage quality of the storage roots for
human consumption, livestock feed, and as industrial raw material. In addition, this
work extends the studies on tissue electroporation of cereal species to a dicot crop.
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Table 1. Levels 01 transient G US express ion in eassava lea ves and somatie embryos following
particle bombardment with different promoter eonstruets.
Plasmid

Promoter

Ranking 01 transient expression"
Embryos

Leaves

pDE4

CaMV35S

1

1

pCGUS

CaMV35S

3

3

pCalGUS

CaMV35S + Adh intron

2

2

pPat425

Patatin

5

pHMWGUS

HMW glutenin

pAetlDGUS

Rice aetin

pAHC25

Maize ubiquitin

a.
b,

=

highest expression.

= no expression.
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IMPROVING THE REGENERATION OF PLANTLETS
FROM SOMATIC EMBRVOS OF CASSAVA

H. Mathews', C. SchOpke', R. Carcamo', R. N. Beachy' and C. FauQuet'
'IlTABfTSRI, la JoUa, USA (H. M. now at Agritope Inc., Beaverton, USA};
'llTAB/ORSTOM, La JoUa, USA

At the CBN meeting in Cartagena 1992, cassava reoeneration Irom somatic embryos
was identilied as an area that raquired improvement il genetic translormation were
to succeed. Additionally, it was recommended that the range 01 cultivars Irom
which plants can be reoenerated should be extended. This paper deals with both
the improvement 01 the regeneration procedure and its application to different
cultivars. Using the cv . M Col 1505, a new reoeneration protocol lor cassava was
developed, resulting in a dramatic improvement 01 plant recovery Irom somatic
embryos. It includes the translar 01 somatic embryos to a charcoal-containing,
maturation medium and the subseQuent desiccation 01 mature embryos. These
embryos can regenerate into plants with IreQuencies 01 around 85%. Compared to
earlier protocols, the time needed for plantlet development Irom somatic embryos
is reduced Irom 125 to 70 days. Embryo garmination includes both root and shoot
development in contrast to the previoul protocol, where embryos rarely lorm a
primary root system. Having established the new regeneration protocol, it was
applied to one South Amenean and two Alrican cultivars, using M Col 1505 as a
control.
Somatic embryos that had been induced on madia with 2,4dichlorophenoxyacetic acid (2,4-D}, picloram and dicamba were subjectad to the
new procadure.
Plantlet. could be regeneratad Irom all cultivars, clearty
demonstrating the potential 01 this new regeneration system . Areas that can benefit
immediately Irom this development are genetic translormation and synthetic seed
technology.

INTROOUCTION
Many biotechnological applications for plants require an°efficient system for the
regeneration from ce lis or tissues. In cassava, nearly all plant parts have been used
to establish in vitro cultures (Roca, 1984) . But successful plant regeneration is
restricted mainly to young leaves, embryos and shoot meristems. Stamp and
Henshaw (1982, 1986) developed a regeneration protocol that is based on soma tic
embryogenesis_ First, somatic embryos are induced on cotyledons or young leaf
lobes with 2,4-0.
Subsequently, by reducing or eliminating the 2,4-0
concentration, the shoot development is facilitated. Shoot development can be
improved by adding 6-benzylaminopurine (BAPI and/or gibberellic acid (GA) to the
culture medium. Many workers have used this method with modifications.
Although it is thus possible to regenerate cassava plants from a limited number of
cultivars, the efficiency is relatively low. Using these cultivars that best respond
to somatic embryogenesis, the number of plants that can be regenerated per initial
explant is in the range of 0.5 to 1.5. The highest regeneration efficiency
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documented so far is 10.2 plantlets per leaf lobe (Raemakers et al., 1993); but this
was achieved in a single experiment (at about 19 weeks) using 16 leaf lobes of the
highly embryogenic cassava cultivar M Col 22.
It has been shown that the regeneration efficiency of somatic embryos can
be improved by simulating the environment of a zygotic embryo during its
development . Various authors have found that desiccation of somatic embryos prior
to germination can have a striking effect on germination rate (e.g., Kermode et al.,
1989; Fuji et al., 1990; Senaratna et al., 1990). We used a similar approach to
improve the regeneration efficiency of cassava soma tic embryos. Part of the results
described here have been published (Mathews et al., 1993) .

MATERIAlS ANO METHOOS
Plant material
In vitro shoot cultures of two South American (M Col 1505, M Mex 55) and two
African (TMS 90059, TMS 90853) cassava cultivars were maintained in Magentaboxes (Sigma) in a culture medium containing MS macro- and microelements .
(Murashige and Skoog, 1962), MS vitamins (ibid .), CuSo. 2 pM (Schopke et al.,
1993). sucrose 20 g/l, and phytagel 2 g/l (Sigma). The pH was adjusted to 5.8
before autoclaving. Every five to 6 weeks, tips and nodal cuttings were transferred
to fresh medium . To produce young leaf lobes, nodal stem cuttings were
transferred to 9-cm petri dishes containing the same medium as described before.
Except when otherwise mentioned, all plani: material was kept at 25°C with a
photoperiod of 16 h (90-110 pmol s-1 m-2 PAR, Sylvania Cool White fluorescent
lamps) and a relative humidity of the culture room between 60% and 80%.

Induction of somatic embryos
Young leaves that developed from nodal explants 10 to 15 days after explanting
were used to induce embryogenesis . Individualleaf lobes were cut and cultured on
embryo induction medium. For the initial experiments with cv. M Col 1505,
4 mg/l 2,4-0 was used as growth regulator. To compare different cultivars, a range
of concentrations of 2,4-0, picloram, or dicamba were used (Table 1). Ouring the
induction phasfI the cultures were kept in darkness.

Maturatlon of IOmatlc embryos
After 17 days' culture on induction medium, explants with clumps of globular-stage
embryos were transferred to growth regulator-free medium composed of MS
minerals, 'cassava vitamins' (10 mg/l thiamine HCI, 1.5 mg/l pyridoxine HC1,
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1.5 mg/l nieotinie aeid, 2 mg/l glyeine, 100 mg/l inositol) supplemented with
aetivated ehareoal 5 gIl, suerose 30 gIl, and phytagel 3 gIl. Here some 01 the
globular embryos developed into mature embryos, i.e., distinet bipolar units with
well-developed eotyledons, an apical meristem and a root axis . These mature
embryos were harvested and used 10r desiccation experiments. In one experiment
the remaining cluster 01 immature embryos was again translerred to maturation
medium; and the process 01 embryo maturation, desiccation and regeneration was
repeated 10ur times.
Deaiceation of mature aomatie ambryos, garmination and plant raganaration
Mature somatic embryos that were easily separable were isolated Irom the embryo
clumps . They were translerred to empty 6-cm petri dishes that were then sealed
with paralilm M (American National Can Company) and kept under culture
conditions as described 10r shoot cultures. After the embryos had lost about 17%
01 their initial weight (6 to 8 days). they were placed on a germination medium
consisting 01 1/2 concentrated MS macro- and microelements. cassava vitamins.
sucrose 20 gIl and phytagel 2 gIl. On this medium, germination and regeneration
took place. 1 Plant regeneration was evaluated 30 days after the transler 01·,
desiccated mature embryos to germination medium.

Prollfaration of ambryo elumpa and maturation of ambryoa derivad therefrom
Prolileration 01 secondary somatic embryos at the globular stage was achieved by
monthly subculture of embryo clumps on MS medium supplemented with
2 mg/l 2,4-0. Except 10r the light (20-30 pmol 5-1 m-2 PAR. Sylvania Cool White
Iluorescent lamps. indirect). the culture conditions were the same as described
under "Plant Material". In a 4-month periodo 100-200 somatic embryo clumps
composed 01 about 100 globular-stage. somatic embryos per clump could be raised
Irom one leaf lobe . Like primary embryos. they developed into mature cotyledonary
5tage embryos upon transfer to maturation medium with activated charcoal. After
desiccation and culture on germination medium. they were capable of growing into
complete plantlets. Embryo clumps that had been subcultured 10r 2 years were
used to compare different culture media (see results) with respect to embryo
maturation. They were transferred to 9-cm petri dishes with one 01 four different
culture media. Each treatment consisted 01 live dishes with six embryo clumps per
dish. After 3 weeks. the number of mature embryos was counted.

1.

Germination refers to elongation; plant regeneration to development of plantlets with a well·
established root system and a shoot with at least the first pair of leaves .
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RESUL TS ANO OISCUSSIONS

Development of an improved regeneration protoeol for eassava ev. M Col 1505
Regeneration of plantlets from leaf lobes
Starting with 336 leaf lobe explants (5- 11 mm). after 2 weeks on embryo
induction medium. 85% of the explants showed globular embryos on the adaxial
surface. One hundred of these explants with embryos were transferred to
maturation medium. where after 18 days. 80% produeed mature bipolar green
embryos. Mature embryos were collected and subjected to desiccation and
germination. The remaining clusters of immature embryos were transferred to fresh
maturation medium. This was repeated four times. resulting in a total of five
harvests of mature embryos. Since the maturation of embryos was asynchronous.
the intervals between harvests varied (for details see Mathews et al.. 1993).
Figure 1 summarizes the results of this experimento Within 52 days. 1178 mature
embryos were harvested. Although the number of mature embryos isolated per
harvest showed an increase. the germination rate of the desiccated embryos
declined . As a result. the absolute numbers of plants regenerated per harvest of
mature embryos were about the same. At 15 weeks since the start of the
experimento the number of regenerated plantlets per initially explanted leaf lobe was
6; that per embryo-producing leaf lobe. 7 . 1. It is very probable that these numbers
would increase with further repetitive cycles of maturation. desiccation and plant
regeneration. The first transplantable plantlets (from the first harvest of mature
embryos) were recovered after just 70 days.
Maturatlon of seeondary embryos
In the regeneration protocol described above . the formation of mature
embryos on a charcoal-containing culture medium is a crucial step. We compared
the effect of this medium on embryo maturation with tw,o other media that have
been used in the standard regeneration protocol for the shoot development of
embryos induced with 2.4-0: MS medium with 001 mg/I 2.4-0 and 0.1 mg/I BAP
(after Stamp and Henshaw. 1987a. 1987b); and MS medium with 0.1 mg/I BAP.
0.01 mg/I a- naphthaleneacetic acid (NAA). and 1 mg/I gibberellic acid (after
Szabados et al.. 1987). MS basal medium was used as a control. Figure 2
summarizes the results of this experimento It is evident that the medium with
activated charcoal leads to the highest number of mature embryos. The average
number of mature embryos per embryo clump is about five times that on the
medium with 2.4-0 + NAA + GA. One possible explanation is that the charcoal
reduces inhibitory levels of growth regulators that are a consequence of the
treatment for inducing embryogenesis. On the other hand. it could be that
remaining levels of the growth regulator used for the induction (in this case 2,4-0)
are reduced to such an extent that they permit the development of a larger number
of mature embryos.
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Application of the new regeneration protocol to different cassava cultivars
Having established the new regeneration protocol, it was applied to one South
American and two African cultivars, using M Col 1505 as a control. As liule was
known about the embryogenic potential of the cultivars M Mex 55, TMS 90059 and
TMS 90853, three growth regulators (2,4-0, picloram and dicamba) were used at
four concentrations to increase the probability of finding conditions for inducing
somatic embryos. Although the number of explants per treatment (1 5 or 10) was
rather low, we think that so me general conclusions can be drawn from this
experimento
Any of the growth regulators al any of the concentrations used was capable
of inducing embryogenesis in leaf lobes from the two South American cultivars.
Each treatment resulted in at least a few plantlets (Table 1). The low conversion
rate from mature embryos to plants was unexpected. This is probably due to the
still incompletely defined desiccation treatment. Our method seems to work well
if batches of 20 to 30 mature embryos are desiccated together in one dish. But if
there are fewer embryos (as occurred in this experiment beca use of the relatively
small number of explants), they dry out faster and irreversible damage may occur.
The desiccation step still has a lot of room for improvement. Currently we are
investigating the use of chambers with controlled humidity to dry embryos in order
to obtain more uniform results.
Compared to the South American cultivars, leaf lobes of the two African
cultivars produced fewer embryos, and not all treatments induced embryogenesis
(Table 1 A). The number of treatments resulting in the formation of mature embryos
on maturation medium was reduced to 50% in cv. TMS 90059 and to 58% in cV.
TMS 90853 (Table 1 B). But nearly all treatments that led to mature embryos
eventually led to plantlet development (Table 1C). Here the maturation seems to
play a more important role in the regeneration procesa than the conversion of
embryos to plantlets.
The differences observed among cultivars confirm the general observation
that African cultivars are often les s amenable to methods that are used for induction
of somatic embryogenesis in South American cultivars. One conclusion, however,
applied to all cultivars tested: among the growth regulators used, 2,4-0 is the most
efficient with regard to the number of explants that can be induced to form soma tic
embryos. Picloram and dicamba are less efficient, except in cv. M Col 1505, where
picloram performs nearly as well as 2,4-0.
The finding that the new regeneration protocol is not restricted to a "model"
cultivar is important for its general applicability. Its usefulness is also demonstrated
by the fact that at least five laboratoríes are now usíng it as standard procedure .
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Potential applications of the new regeneratíon protocol
One of the main factors that has restricted applying transformation methods to
cassava is the low regeneration frequency of somatic embryos, especially with 50called "recalcitrant" cultivars . This low regeneration frequency is further decreased
by transformation procedures . With the new regeneration protocol, the chances of
obtaining transgenic cassava plants will be much higher. The protocol can be used
with different cultivars although each of the steps (i.e., induction, maturation, and
desiccation of embryos and the regeneration of plants) has to be optimized.
Another area where the new system may ha ve great impact is that of
artificial seed production. Artificial seed technology takes advantage of the fact that
in several species it is possible to treat somatic embryos in such a way that they
can be used as seeds . This treatment includes encapsulating the embryos in a gel
containing nutrients and coating this gel to prevent desiccation. A major factor
affecting the conversion of artificial seeds into plants is the quality of the embryos,
i.e., the capacity to form a vigorous root and shoot system. With our new
regeneration protocol, conversion frequencies of up to 85% can be achieved.
Because of its strong heterozygosity, cassava is propagated mainly by stem
cuttings, not by seeds. New cassava lines are produced by hybridization ·.o r by
selection of available clones. Once established, a new líne has to be propagated in
large quantities in order to be distributed to farmers. Compared to propagation by
seeds, propagation by stem cuttings is far more time-consuming and labor-intensive.
The use of artificial seeds during this last phase in developing a new cultivar would
both increase the propagation rate of propagules and facilitate their distribution.
This would also be true for a clone obtained by ge~etic transformation that has
proven to be useful and is ready for large-scale planting.
Cassava germplasm exchange among countries and continents today is done
by shipping stem cuttings or in vitro shoots. If a method could be found to store
desiccated embryos or artificial seeds without losing the ability to germinate,
germplasm exchange would become much easier.
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Table 1. The effect of three growth regulators on the induction of somatic embryogenesis, embryo maturation, and plant regeneration in
four cassava cultivars.

MCol 1505'

Cultivar
Cancn.
(rnglll

A

8
t.l
N
N

C

•

2,4-0

2,4-0

MM ex 55'

TMS 90059'

OIC

PIC

2,4-0

OIC

PIC

2,4·0
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2,4-0
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0.1

0.1
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acid; ole

a
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1.7

0.1

0 .1

0.8

0.3

0.8
0.9

0.1

0.3
0.3

0 .1

0.1

= pieloram .

A

= Induction 01 somatic embryogenesis . (No. 01 explants/treatment = 15 exeept

B

= Maturation 01 embryos.

lor ev . MMex 55 with dicamba
embryos alter 2 weeks on induction medium with 2,4·0, pielor.m or dicamba.

e=

TMS 90853'

= 10.) Pereentage 01 leallobes lorming

Embryos Irom dilferent induction media were maint.ined separately and translerred to maturation medium. In 50 ·70 d, three
to lour times (dependent on cultivar) mature embryos were harvested. Average no. 01 mature embryos lormed/leal lobe with respect to the medium
where they were induced are shown.
Plantlet formation after transfar 01 desiccated. mature embryos to germination medium. The average no. 01 plantlets lormed per leal lobe are given.

Mature embryos
1

2
Harv••t

Germinated embryos

3
4

Regenerated plants
5

Figure 1. Maturation, germination and plant regeneration 01 somatic embryos 01 cassava
cv. M Col 1505. Embryos that had been induced on young leal lobes were translerred to
maturation medium . Mature embryos developing on this medium were harvested ,
desiccated, and subcultured on Iresh maturation medium and the whole process repeated
lour times . The chart shows the number 01 mature embryos, germinated embryos , and
regenerated plants that resulted Irom each 01 the live harvests.

4.5
4

3.5
3
2.5
2
1.5
1

0.5
O
MS

MS + 2,4-0 + BAP + GA
MS + 2,4-0 + BAP
MS + acto charcoal

Figure 2. Comparison 01 different culture media lor the maturation 01 somatic embryos derived Irom
secondary embryo c1umps . Embryo c1umps were transferred to tour different culture
media. Three weeks later the number 01 mature embryos was counted. The chart shows
the average number 01 mature embryos produced per embryo clump ± standard error
(N = 30).
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Inlormation on in vitro embryogenic potentiality 01 native cassava cultivars are
limited. Therelore, investigations on in vitro culture in cassava (Mllnihot eseu/eMII
Crantz) were carried out with the objective 01 inducing callus and regenerating plants
Irom seleeted explants 01 two cultivars, CO .2 and Co.3, having high yield potential
and bener adaptability. The explants used were shoot tip, stem segments, axillary
buds and young leal lobes. Murashige and Skoog (M S) medium supplemented with
seven le veis 01 2,4-0 (0-6 mg¡-') and sucrose (2%) were used lor callus induction.
Oifferences were observed with respect to callus induction IreQuency and callus
growth. Out 01 seven combinations 01 treatments tried, shoot tip and young leal
lobe 01 CO.2 responded bener than the other explants. They recorded 100% callus
induction in two combinations having 5 and 6 mg¡-') 01 2,4-0 and in the same
treatment, stem segment5 (44%) and axillary buds (58%) recorded 10werfreQuency.
Shoot tip and young leal lobe 01 the other genotype, Co.3, ha va recorded maximum
a 95%-100% callusing Irequency in the sama combination. The othar two explants,
axillary bud and stem segmenta, recorded higher frequency in combinations having
6 mg 2,4-0. Among savan media combinations tried lor differantiation of callus for
somatic embryoganesis, shoot tip produced somatic embryoids on MS + 2,4-0
10.01 mg/l) + BAP 10.1 mg/l) + GA, 11 .0 mg/l) in about 40% of the cultures and
these later developed into shootlets. Protein Profile study of SOS-PAGE showed that
specific proteins appear or disappear at differen! 5tages of calli differentiation
derived Irom young leal lobe and shoot tipo The results of this study indicate the
possibility of regenerating many plants for lurther selection.

INTRODUCTION

Cassava (Manihot esculenta Crantz) is cultivated throughout the tropics for its
starchy and tuberous roots. It is a subsistence crop in Africa and an industrial crop
in Latin America. Although this crop is the fourth highest source of carbohydrates
in the tropics after rice, sugarcane and maize, it has not received much attention
from agricultural researchers in the pasto Because of its broad adaptability to a
variety of soil and cl imatic conditions, its drought tolerance and ability to grow on
depleted and marginal soils, it has of late gained entry into many food industries,
particular)y in developed countries. So me of the factors that decrease the yield
include varietal difterences, diseases and pests.

In vitro methods, including recombinant ONA technology, ofter ways of
improving cassava cultivars. Efticient reproducible plant regeneration methods linked
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with viable transgenic system are essential prerequisites for its successful
achievement and applications.
In cassava, leaves and shoots ha ve occasionally been regenerated from callus
derived from stem segments (Tilquin, 1979) or from mesophyll protoplasts (Shahin
and Shepard, 1980). Somatic embryogenesis has been induced on cotyledons
(Stamp and Henshaw, 1987); on young leaf lobes of in vitro cloned plants
(Szabados et al., 1987; Mathews et al., 1993; Raemakers et al., 1993); and on
immature leaf on MS medium containing 2,4-0 at different levels 2-16 mgl"
(Mroginsky and 5cocchi, 1992; Cabral et al. , 1992). Picloram and dicamba have
been used to induce callus from leaf lobes for induction of somatic embryos
(Sudarmonowati and Henshaw, 1992; Taylor et al., 1992). The capacity to
undergo embryogenesis depends to a larger extent on a genotype of explants. But
all parts of certain cultivars failed to undergo embryogenesis on medium
supplemented with different levels of 2,4-0 and/or NAA or in combination with
cytokinin (Sundaramonowati, 1990).
At present, the embryogenic system is the only regeneration system in
cassava that has potential for use in genetic transformation. The present study
describes the protocol for somatic embryogenesis and plant regeneration in two
Indian cassava cultivars, Co-2 and Co-3, which are highly adapted for general
cultivation in Tamil Nadu 5tate. They have field tolerance to Indian cassava mosaic
virus.

MATERIALS ANO METHOOS
Cuttings with three to four nodes were prepared from 5- to 6-month old, fieldgrown plants of two cassava cultivars, Co-2 and Co-3, and were planted in pots
kept in the greenhouse. The explants, namely Sh001 tip, young leaf lobes, stem
segments and axillary buds, were collected from 15 day-old sprouts for tissue
culture studies. The length of shoot tip was 0.5 to 0 .6 cm. The axillary buds
adhering to the stem were cut to 0.5 to 0.8 cm size and immature stem segments
to 0.5 to 0.6 cm. The leaf lobes were collected from young leaves and were from
0 .5 to 0.6 cm in length. Surface sterilization was effected using mercuric chloride
by immersing in 0.05% solution for two minutes. The explants were repeatedly
washed in sterile water to get rid of the sterilent traces.
MS medium with 2,4-0 (0-6 mgl") was used for callus induction. It was
fortified with different levels of auxins viz. seven levels of 2,4-0, and one level each
of NAA and picloram. Cytokinin (BAP) and GA 3 were used for differentiation. The
pH of the medium was adjusted to 5.8 and gelled with agar (0.8%).
The sterile shoot tips were inoculated using sterile forceps so that one-fourth
of its bottom portion was inserted into the medium at one explant per tube. The
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axillary bud, stem segments and young leaf lobe were placed in such a way that a
small portio n of these were in the medium . The cultures were incubated in
darkness for callus induction and in light for differentiation at 25 + 2 oC and a
relative humidity of 50%-60%. The photoregulation given was 16 h light and 8 h
dark with fluorescent lamps. Calli, formed from shoot tip and young leaf lobe, were
separated and cultured for proliferation and differentiation. Electrophoretic protein
patterns was studied by SOS-PAGE 12.5% gel (Laemmli, 1970) using explants viz.
shot-tip and young leaf lo be and their calli at different stages.

RESULTS ANO OISCUSSION

Figure 1 shows the percentage of calli induction in cultured explants for different
levels of 2,4-0 in two cassava varieties. Maximum callusing frequency was
observed in shoot tip (100%) and young leaf lobe (95%) of Co 2 on the same MS
medium supplemented with 2,4-0 (5 mgl,1). In variety C03, the callusing frequency
in shoot tip was 95% and young leaf lobe, and 100% in medium supplemented
with 2,4-0 (6 mgl'1). The callusing frequency in different explants ranged from
30%-100% in Co 2 and Co 3.
The callus induction was at its maximum on medium fortified with two high
levels of 2,4-0 (5 and 6 mgl,1) under study from all explants of two varieties . This
callus was friable, embryogenic and light yellow in colour. The callus induction
started from the basal portion of the shoot tip and axillary buds, then progressed
all around. In stem segments, swelling was observed around 4 to 5 days after
inoculation at the cut ends in contact with media, and callus growth progressed all
around. The young leaf lo bes beca me swollen and produced light yellow, friable,
nodular and embryogenic callus (Figure 2) which progressed along the leaf margin
and veins, covering the entire leaf lobes after 4 weeks of culture.
The embryogenic calli induced from shoot tip and young leaf lobe explants
were cut into small pieces and transferred to different media containing various
combinations of 2,4-0, NAA, picloram, BAP and GA 3 to promote further
proliferation and differentiation of somatic embryos, and development of plantlets.
Initially green folious structures were formed then plantlets with cotyledon-like
lea ves emerged by the outgrowth of the shoot and root axis at about 3 weeks of
incubation.
The callus formed by culturing shoot tip and young leaf lobes on a medium
containing 5 mgl'1 of 2,4-0 in the first culture system, differentiated into somatic
embryoids (Figures 3A and 3B) in three combinations of media tested. Among
these, the media containing 2,4-0 (0.01 mg'11. BAP (0.1 mgl,1) and GA 3 (1.0 mgr· 1)
was found to be the best, resulting in the production of somatic embryoids in about
40% of cultures (Table 1). The somatic embryoids induced from the two explants,
shoot tip and young leaf lobe, developed into a cluster of shoots (Figure 3C) which
326

developed into normal plantlets after transferring to hormone free medium
(Figure 4). These plants were gradually hardened (Figure 5) and transferred to the
greenhouse for further growth and development.
The cailus of the other two explants, stem segment and axillary bud, even
after subculturing onto different media combinations did not differentiate for
somatic embryoids, only proliferation occurring even after prolonged subculture .
Since they appear to be embryogenic, they are being tried in different media
combinations with different growth regulators.
Protein profile study revealed that the young leaf contains higher
concentration of protein 9 .39 mg/g. In the shoot tip, young leaf lobe and in their
caili, protein content ranged from 4.79 to 7.25 mllg . Figure 6 shows protein profile
from young leaf (lane 1) and revealed a distinct band at Relative mobility (Rm) of
0.043, 0.114, 0 .129. The differentiated caili from young leaf lobe (lane 4) had an
intense band at Rm 0.543 and lacked bands at Rm 0.80 and 0.83 . Figure 7 shows
two unique bands for shoot tip (lane 1) at Rm 0 .057 and 0.314, for proliferated caili
(lane 3) at Rm 0.34 and for differentiated calli from shoot tip (lane 4) at Rm 0.77.
The differentiated caili derived from shoot tip (lane 4) lack specific bands at Rm
0.26,0.61, and 0.77.
Our results indicate that somatic embryos increased significantly foilowing
certain modifications of the procedures (Szabados et al., 1987) . Our investigations
reveal that shoot tip induced callus was more efficient in induction of soma tic
embryoids (40%) when compared to young leaf lobes (30%). Our results also
suggest that inclusion of picloram favored the somatic embryo formation without
rhizogenesis, both in shoot tip and young leaf lobe induced callus. Similar
observations have been observed in picloram induced callus of cassava leaf lobes
(Sundarmonowati and Henshaw, 1992; Taylor et al., 1992). Protein profile study
showed that specific proteins differs at different stages of calli differentiation
derived from shoot tip and young leaf lobe during somatic embryogenesis. This
result is in agreement with an earlier study on carrot somatic embryogenesis (Sung
and Okimoto, 1983). So the use of shoot tip induced callus may prove more
beneficial for genetic transformation studies and for regenerating many plants for
further selection in cassava.
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Table 1. Effeet of different hormones on somatie embryogenesis in eassava shoot tip and young
leaf lobe eallus of ev. Co 2.
Shoot tip

MS + hormonal supplements Imgl")

Somatie
embryos

Root

Young leaf lobe
Somatie
embryos

Root

1. Control
2. 2,4-0 (0.01)

+(25.0)

+(20.0)

3. 2,4-0 (0.01) + BAP (0.1)

+(10.0)

4. BAP(O.1) + GA, (1.0)

+(25.0)

+(20.0)

5. 2,4-0(0.01) + BAP(O.l) + GA, (1.0)

+ (40.0)

+(35.0)

+(35.0)

6. NAA (0.1) + BAP(O.l) + GA, (1.0)

+(10.0)

+(25.0)

+(25.0)

7. Pieloram (0.1) + BAP(O.l) + GA, (1.0)

+ (20.0)

+

Production of embryos or roots on Calli.

Figures in parenthesis indicate percentage values.
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Figure 2 . Callus induction frequency in Co 2 and Co 3.
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Figure 4. Reet develepment.
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Figure 5. Plant hardening.
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HISTOLOGV OF SOMATIC EMBRVOGENESIS ANO
EVALUATION OF SOMACLONAL VARIATION

C. J. J. M. Raemakers, E. Jacobsen and R. G. F. Visser
The Graduate School Experimental Plant Sciences,
Oepartment 01 Plant Breeding, Agricultural University Wageningen,
The Netherlands

Genetic modification 01 cassava is dependent on the availability 01 efficient
regeneration procedures and the resulting plants should be true to type. A system
has been developed where somatic embryos can be cultured to produce secondary
embryos (cyclic somatic embryogenesisl. The origin 01 secondary embryos was
studied using histological and scanning electron microscopical techniques . It was
concluded that secondary embryos originate directly Irom the explant, Irom internal
celllayers and from multiple cells. These three characteristics explain the difficulties
observed in using somatic embryogenesis lor plant translormation purposes .
Strategies to overcome these problems will be discussed. Further, it was observed
that most mature embryos did not possess a root meristem because 01 the callusing
effect 01 2,4-0 . This might explain the difficulties observed with shoot eonversion
01 somátie embryos. An advantage 01 the multieellular origin 01 somatie embryos
is the laet that it might give rise to genetically stable plants . Although a elear
example 01 genetic induced variation was lound, it was concluded that the
regeneration proeess was not aecompanied with elear negative plant developmental
eharacteristies .

INTRODUCTION

Cassava (Manihot esculenta Crantz) is one of the most important food crops in the
lowland tropics (Cock, 1985). It faces several problems such as low protein
content and the presence of toxic cyanogenic glycosides in the tuberized roots.
Biotechnology may be a means of overcoming these problems. 50 efforts are being
made to implement molecular -and cellular - genetic techniques in cassava breeding
programs. 5uch techniques require efficient regeneration procedures. In cassava,
the only routinely available course of plant regeneration is somatic embryogenesis .
Primary somatic embryos can be initiated from zygotic embryos (5tamp and
Henshaw, 1982) or from leaves (5tamp and Henshaw, 1987b; 5zabados et al.,
1987;. Raemakers et al. , 1993b). Under the appropriate conditions, somatic
embryos undergo repetitive cycles of embryogenesis (Stamp and Henshaw, 1987a;
Szabados et al., 1987; Raemakers et al., 1993a, 1993c; Mathews et al., 1993).
Cyclic somatic embryogenesis is an elegant system to be used in conjunction
with plant transformation. For transformation it is imperative to know how somatic
embryos originate and develop. Therefore the ontogeny of cyclic embryogenesis
in cassava is analyzed in this report o The use of cyclic embryogenesis for cassava
transformation is discussed.
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One of the side-effects of long-term regeneration is the occurrence of
phenotypic variation , usually referred to as somaclonal variation (Larkin and
Scowcroft, 1981). Breeders have recognized somaclonal variation of genetic origin
as a novel source of genetic variation but undesirable if regeneration is used with
genetic engineering. Therefore, the morphology of 485 in vitro grown regenerants,
originating from embryos that had undergone up to 17 cycles of embryogenesis
were compared with that of control plants. Also, more than 100 independent
regenerants having undergone one, three or seven cycles of somatic embryogenesis
were transferred to the greenhouse and evaluated for 37 qualitative and quantitative
leaf, shoot, root and flower characters, chosen from the cassava descriptor list
issued by the International Board of Plant Genetic Resources (Gulick et al., 1984) .
The occurrence of somaclonal variation was investigated and the nature of the
observed variation is presented and discussed.

MATERIALS ANO METHOOS
Initiation and maintenanca of embryogenic culturas
The basal media (BM) consisted of Murashige and Skoog (1962) mineral salts and
vitamins, 20 g/l sucrose and 7 g/l Oaichin agar. The pH was adjusted to 5.7 before
autoclaving (20 min, 120 OC). The temperature in the culture room was 30 oC, the
day length 12 h and the irradiance 40 pmolm- 2 s-1 •
Primary or first-cycle embryos were initiated on leaf explants isolated from
one greenhouse-grown M Col 22 plant. Secondary somatic embryos were initiated
on primary somatic embryos cultured on the same media as used for leaf explants .
In this way embryogenicity was maintained by cycling subculture of somatic
embryos. An embryogenic cycle consisted of two steps: step 1 for induction
of embryos (BM + 4 mg/l 2,4-0); and step 2 for germination of embryos
(BM + 0.1 mg/l BAI . In step 3 (BM + 1 mg/l BAI of the process, germinated
embryos developed into shoots. Germinated embryos that had undergone up to
17 cycles were used. In step 4, shoots were rooted on BM . Plants were also
maintained on BM.

Morphology of somatic embryogenasis
After 20 days of induction culture, the somatic embryo explants were fixed in
aqueous FAA solution, postfixed in saturated KMnO. for one min, rinsed thoroughly
and dehydrated through an ethanol series . Explants were prepared for scanning
electro n microscopy by critical point drying in CO 2 and coated with gold/palladium
in a sputter coater. The explants were examined and photographed in a Jeol-JSM5200 scanning electron microscope (SEMI at 15 kV.
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Histology of somatic embryogenesis
After 0,4.8 and 20 days of ínductíon culture, thírd cycle somatíc embryo expiants
were fíxed ín aqueous FAA solutíon (4% formalín, 5% acetíc acíd and 50%
ethanol), dehydrated through an ethanol se ríes of 70%, 80%. 90% and 100%.
Hereafter, the explants were embedded ín Technovít 7100. Sectíons of 4-6 Jim
were made with a Reichert-Jung 2050 Supercut microtome and stained with 1 %
toluidíne blue in an aqueous solution of 1 % Na-tetraborate and evaluated by light
microscopy.

Morphological evaluation of regeneration In "itro
The original plant that provided the leaf explants for first cycle embryogenesis was
transferred to in vitro. The resulting plants were maintained on BM and were used
as the "control group·. The in vitro growth characters of these control plants and
485 regenerants, having undergone up to 17 cycles of somatic embryogenesis,
were evaluated .

Morphological avaluation of regenerants In ,,1"0
In August 1991, 72 control plants and 109 randomly selected fírst, third and
seventh cycle regenerants were transferred to the greenhouse (Table 1) . From a
total of 759 plants, 52% survived the transfer to the greenhouse, the rest dying
from a fungal disease or wilting. From 105 regenerants, at least one plant survived
the transfer to the greenhouse. These first gene ratio n plants were evaluated after
7 months of growth and then multiplied by cunings to mínimize possible epígenetic
eHects of the in vitro culture on their performance ín the greenhouse . The cuníngs,
taken 2 cm below the apex, consísted of two to four nodes, were 3 to 10 cm long
and 0.5 to 1.5 cm thíck. The distal end was immersed in Rhizopon A powder
(indolebutyric acid) for rooting stímulatíon. To avoíd excessíve 1055 of moisture,
both ends of the cuttings were covered wíth paraplast. Cuttíngs were placed in
pots wíth a díameter of 21 cm. Of the total 766 cunings (control plants and plants
of regenerants) 92% sprouted, the rest shrivelled and díed . These second
generation plants were evaluated after 6 months of growth.
The plants were evaluated for 37 quantitative and qualitatíve morphological
characters. Most leaf and shoot characters were evaluated both in the first and
second generation plants, flower and root characters only in the second generation.
The data were statístícally analyzed using the Statistícal Package for the
Socíal Sciences (SPSS). Significant diHerences (p = 1 % or 10%) between means
of quantítatíve characters were determined using the Duncan Multíple Range test,
and for qualítative characters using the Pearson Chi-square test.
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RESULTS
Morphology of developing somatic embryos
Somatic embryos arose at the surface of the cotyledons of the explanted somatic
embryos from 13 days of culture onwards. The site of formation was independent
of the orientation of the explanted somatic embryo on the agar. and the newly
formed somatic embryos always developed with their shoot apices away from the
agar. Figure 1 A shows a SEM picture of explants with developing embryos at the
end of the induction culture (20 days). At several places the epidermis of the
cotyledon of the explant was disrupted by callus proliferation (CTC). One of the
embryos shown in Figure 1 A already has two large. green cotyledons and a welldeveloped shoot meristem (GE). This mature stage of development is called
"germinated embryo". The size of embryos ranged from 0.5 to 2 .0 cm (compare
Figures 1 A and 1 B).
Not all the embryos are directly connected with the cotyledon of the
explanted somatic embryo. Figure 1 B shows torpedo shaped somatic embryos
attached to a tissue which itself had developed on the cotyledon of the explant.
This particular tissue is called a meristematic mass (MM) because embryos
developed on it. Locally. the MM proliferated into callus (CMM). Sometimes
embryos were connected to each other by their basal parts (Figure 1B).
Polycotyledony. fasciation of embryos. and the formation of trumpet like cotyledons
were freQuently observed . But all these embryos initiated new embryos after
culture on induction medium (data now shown).

Histology of somatlc embryos 8t the onset of induction culture (T

= O d)

In young. torpedo-shaped embryos. no vascular t i.ssue was observed and the
In a ,more developed stage.
cotyledons were still primordial (Figure 2A).
procambium strands (PSI were observed in the hypocotyl of the embryo. but not yet
in the cotyledons (Figure 2B). Germinated embryos had thickened and their
cotyledons had enlarged. Cotyledons of germinated embryos were 9 to 25 cel!
layers thick and showed a continuous vascular system (Figures 2C and 20). The
mesophyll was parenchymatic. Usually the vascular system (VS) was located at the
adaxial side. Incidentally. newly formed embryos developed asynchronously on their
cotyledons (Figure 201. The vascular system of this embryo was not connected
with the vascular tissue of the parental embryo.

Histological changes in somatlc embryos durlng Induction culture (T = 4. 8 and
20 d)
First cell divisions in the cotyledons of explanted embryos were already observed
after 2 days of culture. In Figures 3A and 3B. cotyledons of explanted somatic
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embryos are shown after 4 days of induction culture. Usually the cotyledon in
contact with the agar increased in size more than the other (Figure 38). The
number of dividing cells depended on the developmental stage of the explanted
embryos at the onset of induction culture. When torpedo-shaped embryos (see e.g.
Figures 2A and 28) were explanted, only small groups of dividing cells developed
(Figure 3A). When germinated embryos were cultured (see e.g. Figures 2C and 20).
they responded by forming a broad strand of dividing ce lis in or near the vascular
tissue (Figure 38) and at the place of the presumed shoot meristem. The dividing
cells were small, had dense cytoplasm, and a large nucleus with prominent nucleoli
(Figures 3C and 3D). They are considered to be meristematic (MC) and potentially
embryogenic. In some cases, tracheids (T) were observed adjacent to the
meristematic cells, again showing that divisions started from ce lis near or in the
vascular tissue (Figure 3D). Other ce lis were larger, poorly stained with toluidine
blue and their nuclei and nucleoli less frequently observed. They were not
embryogenic.
Continued division of the meristematic ce lis led either to distinct globular
embryos, often organized in a broad band throughout the cotyledon (Figures 4A,
48, G), or to a less differentiated meristematic mass (Figure 4A, MM) from which
the embryos arose by budding. These developments were observed from 8 days
of induction culture onwards. Embryo development was often restricted to parts
of the mesophyll (Figures 4A and 48) but embryos were also formed from mesophyl
and epidermal tissue opposite to the agar (Figure 4C). In so me cases, embryos
seemed to develop from a few ce lis (Figure 40). At the base, these embryos were
two ce lis thick, indicating an oligocellular origino
After 20 days of induction culture, well-developed embryos were observed
(Figure 5). They were formed either directly connected with the explant
(Figures 5A, 58, 5C) or with the meristematic mass (Figure 50).
Most
nonembryogenic cells had turned into callus ce lis (F;"ures 5A, 5C). Ouring culture
also, embryogenic cells turned into callus (Figures 5A, CMM). especially those cells
which were in or near the agar. Because of this callusing reaction, embryos could
be embedded in a callus layer and a root meristem was not distinguished.
Embryogenesis did not proceed in a fixed pattern. Sometimes globular
embryos were sustained by multicellular suspensors (Figure 5A). At other times
suspensor-like structures were absent. Embryos might be formed near the surface
(Figures 5A and 58) or endogenously from the meristematic mass (Figure 50). They
could be connected with the underlying tissue by procambial-like strands (Figure 5C)
or were completely devoid of such connections (Figures 5A, 58). 8ut all these
different patterns led to the formation of mature germinated embryos.
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Morphological avaluatlon of raganarants in vítro
Only one of the 485 independent regenerants evaluated in vitro differed from the
control plants. This regenerant of a sever-'1-cycle, somatic embryo had variegated
leaves. This phenomenon was not obser \ "d in the plant initiaUy developed from a
somatic embryo, but only after its subculture. Two of the four cuttings produced
plants with variegated leaves, while the other two stiU had normal green leaves . The
green plants remained green after further subculture, whereas the variegated plants
gave rise either to plants with normal green, variegated or albino leaves (Figure 6A).
After several subcultures, green spots sometimes appeared on the lea ves of albino
plants (Figure 68).

Morphological evaluation of regenarants in tha greenhouse
Virus-lika symptoms
Ouring the 1991 winter, it beca me obvious that the original greenhousegrown M Col 22 plant, from which the embryogenic procedure was initiated, was
virus infected. Leaves beca me chlorotic and had necrotic spots. The ,same
symptoms (Figure 6C) were observed in the first generation plants. In the three
groups of regenerants, a significantly (p = 1 %) lower percentage of plants
(3%-11 %) showed symptoms than in the control group (66%). After 3 months of
growth, more than 95% of the second generation plants had symptoms. In the
control group, the symptoms were significantly (p = 1 %) more severe than in the
three groups of regenerants.
Shoot and leaf charactera
The first gene ratio n plants were evaluated for ,12 leaf and shoot characters .
Significant differencea were observed between the control and at least one of the
three groups of regenerants in 7 of the 12 characters (Table 2). In the second
generation this was reduced to two (plant length, and leaf width). In the second
generation, plants were evaluated for six more characters, of which none differed
significantly between the control group and the three groups of regenerants (result
not shown).
In the first generation, 38% of the control plants had eUiptic-53%
pandurate-'-and the remaining 9% oblanceolate-or lanceolate-shaped leaves
(Figure 60). This was significantly different from the regenerants of the first
(p = 1 %) and seventh cycles (p = 10%). In the second generation, the shape of
the leaf lobes had changed: almost aU control plants had pandurate- and only 2%
eUiptic-shaped leaves. No significant differences were found with the regenerants
(Table 2).
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Flowering cherecters
In the first generation, the plants did not form apical branches, indicative for
flowering. In the second generation, 89% of the control group plants formed apical
branches. Of these plants, 85% had two and 15% had three apical branches. AII
plants with apical branching formed flowers (Figure 6E) but on most plants, they
aborted in an early stage of development. Flowers developed sepals in only 24 of
the 700 plants and only four plants formed capsules.
The plants were evaluated for seven characters and significant differences
were found between control plants and one or more of the three groups of
regenerants, for the mean levels of flowering (Table 2). In 43% of the plants, the
first level apical branches rebranched (second level); sometimes up to four levels
were formed. The mean level of apical branching in the control was significantly
lower (p = 10%) than in the first and seventh cycles and significantly higher in
first-cycle regenerants.
Root cherecters
In the second generation, plants were evaluated for 12 root characters. The.
control group diHered significantly from at least one group of the regenerants for
seven of them (Table 2). The three groups of regenerants had a significantly
(p = 10%) higher number of tuberized roots and a higher (p = 1 %) total fresh root
weight than control plants. The dry matter content was similar for first and seventh
cycle regenerants and significantly (p = 1 %) lower for third cycle regenerants
(Table 2).
The variation observed in surface texture was greater in the three groups of
regenerants than in the control group. In 92% of the control plants, the root form
was conical/cylindrical and in 8%, fusiform. In the three groups of regenerants,
between 51 % and 77% of the plants had conical/cylindrical roots, 19% to 26%
fusiform roots, and 4% to 23% had irregularly formed roots (Figure 6). The
diHerences between the third- and seventh-cycle regenerants and the control plants
10%).
were significant (p

=

Of the control plants, 92% had roots growing horizontally, compared with
54% to 83% of the regenerants. Only the difference between control and seventhcycle regeneran'ts was significant Ip = 10%). For both root characters form and
growth direction, the diHerence between the control group and the regenerants was
highest for the seventh- and lowest for the first-cycle regenerants. For example,
only 4% of first-cycle regenerant plants and 23% of seventh-cycle regenerant
plants had irregularly formed roots. Irregularity of root form was not found for all
plants of one regenerant. Plants with normally shaped roots were also found,
indicating a non-genetic origin of the variation.
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OISCUSSION
In both primary (Stamp, 1987) and cyclic embryogenesis of cassava, the origin of
the embryos was multicellular, although there is also evidence for oligocellular origin
(Figure 40) . Cyclic embryos were only initiated on the cotyledons of somatic
embryos. But in cassava, proliferation of somatic embryos of the hypocotyls has
been observed (Mathews et al., 1993). Cyclic embryos originated both from
specific organs and from specific cells. In cassava two types of origin were
distinguished. Either the embryos originated completely from internal ce lis (see
Figure 4A) or from internal and epidermal cells (see Figure 4C). When embryos
arose from internal meristematic cell layers, they had to form their own epidermis.
In the other case, the embryo epidermis was derived 1rom that 01 the explanted
embryo.
In culture, only a 1ew embryos will develop a primary root. As can be seen
in Figures 2 to 6, most embryos had no clear root meristem. This was due to the
basal part 01 the embryos being in contact with the agar and subjected to callus
10rmation because 01 the 2,4-0 in the medium. Mathews et al. (1993) showed that
bipolar embryos could be 10rmed i1 the embryos were trans1erred after 10 days of
induction medium to a medium with activated charcoal to minimize the callusing
e11ect 01 2,4-0.
.
In cyclic embryogenesis in cassava, the 1irst embryogenic divisions led either
to direct somatic embryogenesis or to the formation 01 a meristematic mass on
which several somatic embryos later developed (Figure 6). Also, in primary
embryogenesis 01 cassava (Stamp, 1987) the 10rmation 01 a meristematic mass
preceded the 10rmation 01 embryos.
Such a developmental pattern has
characteristics 01 both direct and indirect embryogenesis. It can be regarded as
direct because the embryogenic tissue is an integral part 01 the original explant, and
it can be regarded as indirect beca use cells first have to divide befo re they can
express the ability to form embryos.
Cassava is amenable for transformation by particle bombardment and
transformed ce lis are able to divide (results not shown). Only a 1raction of the
transformed cells developed into embryogenic competent cells.
However,
completely transformed embryos were not found. The results presented in this
paper show that embryos originated from mesophyll cells which are not easily
penetrated by Agrobscterium or particle gun bombardment. This paper shows that
transformation experiments may be most profitable when globular embryos come
within reach at the surface 01 the explants, that is, after 8 days of culture.
Additionally, beca use 01 their multicellular origin, embryos could be chimeric at
most, as recently shown. In G/ycine max (Finer and McMullen, 1991), Brassica
napus (Swanson and Erickson, 1989), and Jug/sns regia (McGranahan et al., 1988)
chimeric-trans10rmed embryos were success1ully cultured by cyclic, somatic
embryogenesis to produce complete, transformed embryos. The same type of
experiments are currently being done with cassava somatic embryos.
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The process of direct embryogenesis in cassava is accompanied by
somaclonal variation (SV). SV can be either genetic or epigenetic (Larkin et al.,
1981). An example of genetic SV is variegation, observed in one of 485
regenerants evaluated in vitro. The variegated cassava phenotype was not
observed in the plant initially derived from the somatic embryo but in cuttings made
of this plant, indicating that the embryo was chimeric for this trait .
Two generations of plants of 105 randomly selected regenerants were
evaluated in the greenhouse. In the first generation, differences from the control
were observed in the majority of the leaf and shoot characters. Most of the
differences had disappeared in the second generation. Flower and root characters
could only be evaluated in the second generation . Despite the fact that almost all
plants, both controls and regenerants, formed apical branches indicative of flower
induction, only a few plants developed fertile flowers and set seed . This may be
due to the climatic conditions in the greenhouse or it may be intrinsic to the clone
used. In Colombia, under more optimal conditions, flowering and seed set of
regenerants was comparable with control plants (Szabados et al., 1987).
Regenerants had a higher number of tuberized roots with a higher total, fresh
weight . The position, shape and texture of the tuber roots were less uniform than
in control plants.
A reasonable explanation for the differences found for quantitative characters
is the fact that virus symptoms were more severe in control plants than in
regenerants but it is unlikely that this also explains the differences found in
qualitative root characters. The fact that plants of one regenerant showed variation
for these qualitative root characters, suggests that the origin is epigenetic, caused
by physiological changes during the regeneration procedure and that as soon as
plants return to their normal physiological state, this epigenetically induced SV will
disappear. This means that more than two generations are needed to select true-totype plants.
.
This is the contrast to what has been reported for in vitro propagated plants.
Tissue culture induced variation was completely absent in second generation plants
(CIAT, 1986; Bravato et al., 1993).
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T .ble 1. Number of regeneranta and planta per regenerant evaluated in virro and in the greenhouse.
Embryogenic cycle

2

3

4

7

17

Control

In vitro

No . of regenerants

150

23

74

124

64

50

No. of plants per cycle

100

184

592

372

512

150

400

Gr...,hou..

8

45

56

No. of first generation plants/cycle

134

113

111

37

No. of second generation plants/cycle

300

176

122

63

No. of regeneranta
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Table 2 . Level 01 signilicance 01 difference8 in Qualitative and Quantitative (italics) characters
between control plants and regenerant planta 01 the tirat and second generation (in bold
percentile differences lrom control far Quantitative character.) .
Signilicance leval/ln bold dilfarance Irom control in percentages
First ganaration
(7 months)

Leal eharlct.,.
colour unexpanded leavas
colour 01 l irst expanded leal
shape 01 leal loba
place 01 highest width
length of leaf lobes
width leaf lobe
length/width leaf lobe
number of leaf lobes per leaf
Shoot eharlctara
shape 01 stem
growth habit 01 stem (zig-zag)
basal branching (sida shoots)
virus symptoms
length of shoot

Cycle 1

Cycle 3

Cycle 7

Cycle 1

Cycle 3

Cycle 7

ns
11
11
11
11+14
ns
1+12
ns

ns
11
ns
ns
11+15

ns
ns
ns
ns
ns

ns
ns
ns
ns
ns

ns
ns
ns
ns
ns

" -10

"-6

" -6

ns
ns

ns
11
1
ns
1+8
1+8
ns
ns

ns
ns

ns
ns

ns
ns

ns
ns
ns
1

ns
ns
ns
1

ns
ns
ns
1

ns
ns
ns
1

ns
ns
ns

"+28

"+38

"+42

ns
ns
ns
1
ns

"+ 18

"+17

ns
ns
ns
ns

ns
ns
ns
ns

ns
ns
ns
ns

"+20

" -11

"+9

ns

ns

ns

,

,
,

"+11

Flower cha,acte,.
lirst level apical branching
second leval aplcal branching
abortion
colour 01 sepals
le veis of flowering
no. of (ilSt level branches
Root cha,actar.
lorm

ns
ns
ns

constrictions
position

,

surlace textura
ease 01 periderm removal

ns
ns
ns
ns

&ase 01 cortex removal
colour auter surface cortex
colour 01 ¡nner surface cortex

number o( tuberized roots
f,esh weight roots
f,esh weight per root
dry matte, content

ns

= not signilicant;

Second ganeration
(6 monthsl

", I

'+9
"+33
'+21
ns

=

ns
ns

ns

"ns

"ns

ns
ns
ns

ns
ns
ns

'+22
11+22
ns
'·11

'+20
"+22

signilicant at 1 % and 10%, respectivaly in Chi-squara te.
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ns
ns

Figure 1. Scanning electron micrograph 01 newly lormed somatic embryos of cassava after 20 days
01 culture on induction medium . (A) Embryo formation directly from cotyledon, and
lB) on a meristematic mass. Note callus formation from meristematic mass ICMM).
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Figure 2. light micrograph of longitudinal sections of 80matic ambryos of cassava . (A) Young,
torpado-shaped embryo (bar = 95 pm); (B) further- developed, torpedo-shapad embryo
(bar = 190 Jlm) and (C) germinatad ambryo (bar = 95 JI). (O) idem in (C), note small,
newly formed embryo on left cotyladon (bar = 190 Jlm).
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Rgure 3. Histology of explanted somatic embryo after 4 days of induction culture . (A) Explanted
embryo was torpedo-shaped at T = O days and formed only some groups of dividing cells
(bar = 190 Jlml; (BI explanted embryo was mature or geminated at T = O days and formed
a broad band of meristematic cells in the mesophyll (bar = 190 Jlml; (CI detail of clusters
of meristematic cells in and near the meristele of a cotyledon (bar = 24 Jlml; (DI idem in
(CI but showing tracheids near the meristematic cell clusters (bar = 24 Jlml.
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Rgur.4. Histology of somatic embryos, explanted at the germinated stage, and cultured for 8 days.

(Al Distinct globular embryos and a meristematic mass (bar = , 90 pml; (81 detail of
globular embryos of (Al showing endogenous development of somatic embryos
(bar = 24 pm); (el embryo formation from internal as well as epidermal cell layers
(bar = 24 pml; (DI development of somatic embryo with oligocellular origin (bar = 24 pm).
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Figure 5. Histology of somatic embryos explanted at tha garminated stage. and culturad for 20 days.
(A) Formation of embryos direct from the cotyledon. Nota the well-developed suspensor
like structure (bar = 190 pm); (B) as A but not accompanied by abundant callus formation.
Note the fusion of the basal parts of two embryos (bar = 190 pm); (e) formation of
somatic embryo connected with a procambium like strand to the meristematic mass
(bar = 190 pm); (D) formation of somatic embryos from a meristematic mass
(bar = 190 pm) ,
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Explanation of abbreviations used in Figures 1 to 5

AB

~

abaxial side

AD

=

adaxial side

CMM

=

callua proliferation from meriatematic mass

CTC

=

callus tissue proliferated from cotyledon of explantad embryo

MC

-

meristematic or embryogenic celia

MM

=

meristematic or embryogenic masa

GB

globular embryo

GE

germinatad embryo

NEC

=

PS

non embryogenic cell.
procambium stranda

S

=

suspensor

T

=

tracheid

TS
VS

torpedo-shaped embryo

=

vascular tissue

353

,
;

~

I
"
~:

"

,

,
;p.. ,
'fi~

','1 ,
-¡

. .-" .. ...... ",,.
'"
•
,

~

.,.~

¡\/;

.

.

"A

Rgure 6 , Morphology of embryo derived plants. (A) variegated (top) and albino-like plant (bottom);
(B) detail of leaf of albino-like plant; (e) first generation plants 3 mont hs after transfer of
in vitro to the greenhouse; (D) different leaf shapes observed after 3 months of growth
(from left to right: oblaneeolate, elliptie. pandurate and laneeolate); (E) development of
flowers in the branch point; (F) different root forms observed (from left to right: conical,
conical-cylindrical, fusiform. irregular) .
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NAA-INDUCED SOMATIC EMBRYOGENESIS IN CASSAVA

e . J. J . M . Raemakers, E. Sofiari, E. Kanju ,
E. Jacobsen and R. G. F. Visser
The Graduate School Experimental Plant Sciences,
Oepanment of Plant Bteeding, Agricultural University Wageningen,
The Netherlands

The synthetic auxins 2,4-0, pieloram and dicamba ha ve been successfully used to
induce primary somatic embryogenesis (PSEI of leaf explants . These auxins can also
be usad for the multiplication of somatic embryos of cyclic somatic embryogenesis
(SeEI . The natural auxins NAA, IAA and IBA are not capabla of inducing PSE,
However, NAA has the capacity to induce eSE. NAA-induced eSE has several
advantages compared to 2,4-0-induced eSE, The number of newly formed embryos
is higher and the time reQuired for somatic embryos to become mature is only
12-15 days compared to 25-40 days for 2,4-0 induced eSE , The most interesting
difference is the fact that NAA-induced, cyclic, somatic embryos possess a elear
root meristem , This is absent in 2,4-0 -induced embryos because this pan of the
ambryo is sensitive to callus formation. In the clone Adira 1, NAA-induced embryos
sometimes spontaneoualy form taproots. In moat other clones, NAA-induced
embryos have t o be de.iccated befare they form taproots and, if this is combinad
with culture on cytokinin- supplemented medium, leads to an increased ability to
develop into shoota, 2,4-O-induced embryos rarely form primary roots .

INTROOUCTION
Somatic embryogenesis in cassava was first described by Stamp and Henshaw in
1982, With a two-step procedure, somatic embryos were formed from the
cotyledon or from the embryogenic axis of zygotic embryos. In the first step
embryos were induced, After 20 days, the explants were transferred to step two
for maturation of embryos. The primary mature embryos so obtained give a new
cycle of embryogenesis after culture on induction medium (Szabados et al., 1987;
Stamp and Henshaw, 1987b; Raemakers et al., 1993a, 1993b, 1993c; Mathews
et al., 1993). Repeated subculture allows the development of a continuously
proliferating culture, cyclic somatic embryogenesis (eSE) . Oichlorophenoxyacetic
acid (2,4-0) is the commonly used auxin for the induction of embryos.
Embryogenesis induced by 2,4-0 has several disadvantages. One of these, the
origin of embryos, has been discussed in another paper. It has further been shown
that only a fraction of the initially induced, globular embryos develop into mature
embryos.
Recently it was shown that this was improved by transferring the explants
after 15 days of induction medium to a medium without any growth regulator,
supplemented with 0.5% charcoal (Mathews et al., 1993). This procedure
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increased the number of mature embryos from 0 .4 (procedure of Stamp and
Henshaw, 1987bl to 3 .4/1eaf explant.lt was also found that charcoal-supplemented
medium improved maturation (results not shownl.
Another problem is that 2,4-0-induced embryos have a low ability to develop
into shoots. Since Stamp and Henshaw's original work, two methods to obtain
plants from somatic embryos have been described in the literature. In one of these,
the BA method described by Raemakers et al. (1993a), mature embryos are cultured
on medium with a high BA concentration . In the other (desiccation) method
(Mathews et al., 1993), mature embryos are desiccated before being cultured on
medium without any growth regulator. In both methods, a reasonable number of
the embryos develop into shoots . But in the BA method, the plants are in the first
instance malformed and develop slowly while in the desiccation method they are
normal and develop fasto In the BA method, shoot formation precedes root
formation, the opposite of in the desiccation method. This suggests that root
formation is essential for a normal and high-frequency germination of somatic
embryos.
In this report the eHect of auxins on the induction of primary and cyclic
somatic embryos is given. Further, the ability of somatic embryos induced by
different auxins to form roots and shoots is investigated .

MATERIALS ANO METHOOS
Primary embryogenesls
Leaf explants from greenhouse and in vitro grown plants of several clones
(Table 1) were cultured on basal medium (BM) supplemented with 2,4-0
(1-32 mg/l), dicamba (1-16 mglll, picloram (1-16 mglll, 1-40 mg/l naphthalene
acetic acid (NAA), 1-40 mg/l indole acetic acid (lAA) anq 1-40 mg/l indole butyric
acid (IBA). After 90 days the explants were transferred to BM supplemented with
0 . 1 mg/l BA. Explants were cultured both in solid (7 gIl Oachin agar) and liquid
medium BM consisting of Murashige and Skoog salts and vitamins and
20 gIl sucrose . Before autoclaving, the pH was adjusted to 5.6. The temperature
in the growth chamber was 30 oC, the photoperiod 12 h and the irradiance
40 pEm 2s1.

Cycllc 30matic ambryoganaala
Mature primary embryos were cultured in liquid medium supplemented with the
same growth regulators as used for primary embryogenesis. Every 10-to-24 days
newly formed, mature embryos were isolated and used for a new cycle of
embryogenesis. Mature embryos are defined as embryos with a clear hypocotyl and
large green cotyledons .
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Germination of embryos
Germination of embryos is defined as the development of primary embryos into a
shoot. For this desiccated and nondesiccated, mature embryos were cultured for
shoot development on solid BM or BM + 4 mg/l BA. For desiccation, mature
embryos were stored for 10 days in a box which contained a salt solution for
controlled dehydration.

RESULTS
Effect of different auxins on prlmary and cycllc somatlc embryogenesis
Over a 5-year period, a total of 22 clones (Table 1) were evaluated for their
embryogenic capacity. For this purpose, leaf explants were cultured on liquid and
solid media supplemented with different auxins. Table 2 summarizes the results.
Somatic embryos were only formed after culture on solid medium and never
after culture in liquid medium. Somatic embryos were only observed if the auxins
picloram, dicamba or 2,4-0 were used and not with IAA, IBA and NAA. The 22
tested clones had in common that they were all tested for primary embryogenesis
on 2,4-0-supplemented media. Only four of them (TMS30221, TMS3000 1 ,
TMS30572 and Sao Paulo) did not give mature somatic embryos. Most of the
embryogenic clones formed less than one mature embryo per leaf explant. The
clones M Col 1505, M Col 22 and Gading gave the highest numbers of mature
embryos. Only for the clone M Col 22 was the effect of 2,4-0, picloram and
dicamba compared systematically . It was found that picloram gave slightly, but not
significantly, better results than 2,4-0, in turn slightly better than dicamba. The
differences between dicamba and picloram were significant (p = 10%). Mature
embryos of 14 clones were evaluated for their ability t o form new somatic embryos
on medium supplemented with different auxins. Table 2 summarizes the results.
New somatic embryos were formed both in liquid and ' solid medium. In liquid
medium 2-to-3 times more embryos were formed than in solid medium. Not only
2,4-0, picloram and dicamba but also NAA had the capacity to induce a new cycle
of embryogenesis. IBA and IAA did not induce cyclic embryogenesis . Oespite the
fact that in most clones only a few mature primary embryos were available, all
clones, except TMS60506. gave new mature embryos after culture on 2,4-0supplemented medium. In seven clones, embryogenicity was maintained by regular
subculture of mature embryos for over 1 year. As for primary embryogenesis,
picio ram was slightly better than 2,4-0 and significantly (p = 10%) better than
dicamba in the clone M Col 22 .
NAA was used successfully in TMS90853, Adira 1, Adira 4. M Col 22,
M Col 1505 and Gading. Embryogenecity was maintained by regular subculture for
over 1 year. In general, more mature embryos were produced in NAA-supplemented
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medium than in 2,4-0, picio ram or dicamba supplemented medium . Further, the
development of NAA-induced embryos was faster than with 2,4-0, dicamba or
picloram . The next section gives differences between NAA- and 2,4-0-induced,
cyclic somatic embryos with respect to root formation .

Root formation of NAA compared to 2,4-0-induced soma tic embryos
2,4-0-induced somatic embryos with a tap root were never observed during culture.
Also adventitious roots were not formed . Histologically it was shown that, in most
cases, the basal part of 2,4-0-induced embryos is not enclosed by an epidermis and
they also do not possess a clear root meristem.
The basal part of NAA-induced embryos is enclosed by an epidermis and
possesses a more or less active root meristem (results not shown). NAA can
stimulate adventitious root formation and somatic embryogenesis or give shoot
conversion (Table 3) depending on its concentration and on the developmental stage
of the somatic embryo .
Young somatic embryos cultured on a medium
supplemented with 1 mg/l NAA underwent a new cycle of embryogenesis . Ten
mg/l NAA is optimal for the production of new cyclic somatic embryos. Mature
embryos cultured on 1 mg/l NAA convert into a shoot, and higher concentrations
of NAA lead to the formation of callus with adventitious roots . Concentrations
aboye 20 mg/l NAA are toxic for young embryos and aboye 40 mg/l for mature
embryos .
There are genotypic differences in the ability of somatic embryos to form
roots. NAA-induced embryos of Ad ira 1 easily form taproots. Sometimes this can
already be observed during liquid culture but mostly after transfer to a solid medium
without any growth regulator. This taproot is very thin and does not grow
vigorously. There is no indication that these emb ·- ¡os .convert more easily into
shoots .
Table 4 summarizes the results of an experiment where mature embryos were
desiccated (or not) before they were cultured on a basal medium with or without
4 mg/l BA. Root formation was only observed in desiccated embryos. For the
NAA-induced embryos this was independent of the medium whereas for the 2,4-0induced embryos it was only observad after culture on BA medium . The
morphology of the roots in these three treatments was different. The NAA-induced
embryos, cultured on BA medium, had a thick, vigorously growing root while in the
two other treatments thin, slow-growing roots were formed. Oevelopment of
embryos into shoots was only observed in desiccated embryos (Table 4). The
highest frequency was found in desiccated, NAA-induced embryos cultured on
4 mg/l BA. The morphology of the stem and leaves was normal but the plants were
branched and had short internodes . This is probably caused by the high BA
concentration in the medium.
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DISCUSSION
Cyclic somatic embryogenesis differs in many respects from primary embryogenesis.
Primary embryos are only formed if the adaxial side of the explant is cultured on the
agar. Liquid culture regimes do not initiate primary embryogenesis. In cyclic
embryogenesis, there is no preference for a specific orientation of the explant.
Liquid culture regimes are more efficient for embryo production than solid ones. In
cyclic somatic embryogenesis, the response is largely independent of the clone,
whereas in primary embryogenesis the response is strongly clone dependent. As
with primary embryogenesis picloram and dicamba are able to initiate somatic
embryogenesis (Raemakers, 1993). In our experiments with M Col 22 we found
that picloram was slightly bener and dicamba slightly worse than 2,4-0. Others
have shown that dicamba (1 -66 mgll) and picio ram (1 - 12 mg/l) are superior to
2,4-0 for inducing embryogenesis in certain cassava clones (Ng, 1992;
Sudarmonawati and Henshaw, 1993; Taylor and Henshaw, 1993).
This report shows that NAA can also induce cyclic somatic embryogenesis.
NAA-induced embryogenesis differs in many aspects from 2,4-0-induced
embryogenesis . This report concentrated on differences observed in root-forming
ability of somatic embryos. It is believed that root formation is essential .for a
normal and high frequency germination (formation of shoots).
In the original method of Stamp and Henshaw (1987a, 1987b), mature
embryos were cultured on basal medium supplemented with 0.1 mg/l BAP
(6-Benzylaminopurine) plus 0 .01 mg/l 2,4-0 for shoot development. Shoot recovery
was increased by using higher BA concentrations. On 1 mg/l BA 76% of the
mature embryos of the clone M Col 22 develop into shoots, compared to 33% for
embryos cultured on 0.1 mg/l BA (Raemakers et al., 1993a) . The ability of mature
embryos to develop into shoots is clone-dependent. In the clones Gading
(Indonesia), M Col 22 (Colombia) and TMS90853 (f'o.!··Jeria) more than 50% of the
mature embryos developed into shoots and in the clones Tjurug (Indonesia) and
M Col 1505 (Colombia) less than 15% (Raemakers, 1.993, Raemakers et al.,
1993b). Mathews et al. (1993) used another procedure. They desiccated 2,4-0induced mature somatic embryos of the clone M Col 1 505 and then cultured them
on medium without any growth regulator. Without desiccation, only 12% of the
mature primary embryos formed a root and 2% formed shoots, whereas 94 0ft, of
desiccated embryos rooted and 85% shooted. In the desiccation method of shoot
recovery, root formation precedes the formation of a shoot whereas, in the methods
using BA, it is the reverse. Further, it was reported that in the desiccation methods,
the shoots were morphologically normal whereas in the BA method they were at
first malformed.
We also observed that desiccation increased the frequency of root formation
in 2,4-D·induced embryos. But they were mostly adventitious roots and did not
improve the germination of embryos. Differences in the culture systems may
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explain this. In the method of Mathews et al. (1993). explants were cultured for
maturation on medium without any growth regulator, supplemented with charcoal.
Mature embryos were then desiccated . Charcoal may decrease the callusing eHect
of 2.4-0 so allowing a normal root development and consequent germination. In
our culture system, there is no charcoal step and so embryos are longer exposed to
2,4-0 and beca use of that do not possess a functional root meristem.
A functional root meristem was observed in NAA-induced embryos. In
Adira 1 it sometimes spontaneously developed into a tap root . But in most clones,
desiccation was needed for taproot development. Oesiccation alone did not allow
shoot development for which desiccated embryos ha ve to be cultured on
BA-supplemented medium. A vigorously growing root is then formed and the stem
and lea ves of the shoot have a normal morphology . However the plants are more
branched and have short internodes caused by the high BA concentration . That a
root is also formed is unexpected however, as a concentration of 0.1 mg/l BA
completely blocks adventitious root formation of nodal cuttings in cassava .
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Table 1. Clones usad lor somatic embryogenesis.
Indonesia

Nigeria

Colombia

Zimbabwe

Venezuela

BrazK

Adira 1

TMS50395

M COL 1505

Line 2

M Ven 77

Sáo Paulo

Tjurug

TMS60444

M COL 22

Adira 4

TMS90059

Mangi 4

TMS30572

Gading

TMS(211244

Faroka

TMS60506
TMS90853
TMS30555
TMS30211
TMS30395
TMS30001

Table 2. Summary 01 the effect 01 solidified media with different auxins on primary and cyclic
somatic embryogenesis 01 cassava.

Auxin·

Primary embryooenesis'

Cyclic embryogenesis'

no.
clones
tested

no.
clone.
with ME

MEllE

no.
clones
tested

no.
clones
with ME

ME/E

22

18

>2

14

13

5-15

Dicamba (1-16 mg/l)

2

2

>1

4

4

10

Picloram (1-16 mg/l)

2

2

>2

4

4

12

NAA (1 -40 mg/l)

6

5

5-15

2

3

O

O

IBA (1 -40 mg/l)

2

O
O
O

5

IAA (1 -40 mg/l)

O
O
O

3

O

O

2,4-0 (1 -32 mg/l)

a. 2,4-0 = dichlorophenoxyacetie aeid; IAA
NAA = naphthalene acetie aeid.
b. ME = mature embryo, MElLE

~

= indole aeetie acid;

mature embryoneal explant.

c. MEIE = mature embryo/embryo.
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IBA

= indole butyrie acid,

Tabla 3. Interaction between naphthalene acetic acid (NAA) and the developmental staga of the
somatic embryo of M Col 22.'
NAA (mg/l)

10

20

40

Torpedo embryo

SE

SE

NE

NG

Mature embryo

S

AR

AR

NG

a. AA = adventitious shoot 1ormation; NG
SE = somatic embryogenesis.

=

no growth; S

shoot conversion 01 somatic embryos;

Table 4. The eHect of desiccation and subsequent culture for 3 weeks on basal medium with 1+)
or without 4 mg/1 eA H on percentage embryoa showing root and shoot formation of
naphthalene acetic .cid (NAA) and dichlorophenoxyacetic acid (2,4-0) induced mature
embryoa of TMS90853 .
Oesiccated

Non-desiccated

2,4-0

NAA

+

+

Root formation

30

60

o

30

Shoot formation

12

78

19

28
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2,4-0

NAA

+

o
o

o
o

+

o

o

o

o

INDUCTION OF SOMATIC EMBRYOGENESIS IN
INDONESIAN CASSAVA GENOTYPES

E. Sudarmonowati and A . S. Bachtiar
R&

o Center for Biotechnology,

Indonesia n Institute for Sciences
(LlPI), Bogor, Indonesia

The effect of the types and concentration of growth regulators and amino-acids
supplemented to MS medium, in combination with the size of leaf lobes on the
induction of somatic embryogenesis in Indonesia cassava genotypes was
investigated. Results indicated that the occurrence of somatic embryogenesis was
genotype dependent. Only three out of 17 genotypes could produce somatic
embryos although most of them were able to produce embryogenic callus . The
highest freQuency of explants producing somatic embryos (25%1 was obtained from
leaf lobes of genotype 1-3-3 cultured on medium containing 4 .0 mgll of 2,4-0 .
Several genotypes seemed to reQuire glutamine to undergo soma tic embryogenesis.

INTROOUCTION
As cassava is an important staple tood in certain parts of Indonesia, research on its
improvement is prerequisite. The capability ot Indonesian cassava genotypes ot
undergoing somatic embryogenesis is of great value towards this end.
Somatic embryogenesis has been proved best for the regeneration system in
South America and Atrican cultivars (Stamp and Henshaw, 1986; Szabados et al.,
1987; Sudarmonowati and Henshaw, 1993; Taylor et al., 1993; Mroginski and
Scocchi, 1993) and has potential for use in genetic transformation procedures
(Chavarriaga et al., 1993).
Raemakers et al. (1993) reported work on somatic embryogenesis of tour
Indonesian genotypes (Gading, Tjurug, Mangi 4 and Faroka) but the percentage ot
explants producing somatic embryos was low (6%-29%) and only one genotype
could produce somatic embryos at the highest percentage (29%). It is theretore
necessary to investigate the capability of a wider range of Indonesian cassava
genotypes of undergoing somatic embryogenesis.

MATERIALS ANO METHOOS
Source of explants
Shoot tips containing young leaf lobes were taken from greenhouse-grown plants
at the Central Research Institute for Food Crops (CRIFC). Ministry of Agriculture and
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at the R & o Center for Biotechnology (UPO, Bogor, Indonesia. CRIFC, Bogor,
Indonesia also provided stem cuttings. The age of plants from which the shoot tips
were taken was between two and a half and four and a half months .

Media and culture conditions
Unless otherwise stated, the basal medium used was M5 supplemented with 2%
(w/v) sucrose and 0.6% (w/v) Oxoid NO.3 agar. AII media were adjusted to pH 5.8
with 0 . 1/1.0 KOH or 0.1/1.0 HCI prior to autoclaving at 1.87 bar for 20 minutes.
Media were dispensed in 9-cm petri dishes and sealed with Parafilm M . Unless
otherwise stated, cultures were incubated at 25 ± 1 oC with a photoperiod 01
12 h.

Experimental procedures
Medium-sized (3-to-5 mm in length) young leaf lobes of 12 genotypes (Kenaga,
Doro, NN pahit, Antang, 1-20-2, 1-3-3, Ongri, Kuning, Busiron, Karet, 5ukarogi and
5ihang) were cultured on medium supplemented with 2.0, 4.0 or 6.0 mg/l 2,4-0.
While three ranges of size (5 = 1-3, M = 3-5, L = 5-9 mm) of young leaf lobes 01
five other genotypes (Adira 1, Adira IV, 19-12, 39-2 and 50-2) were cultured on
induction medium (stage-l) containing one of the following: 2.0, 4.0 or 6.0 mg/I
2,4-0 alone; 2.0 or 6.0 mg/l *-naphthaleneacetic acid (NAA) in combination with
0.1 mg/l BAP (6-Benzylaminopurine); 4.0 mg/l 2,4-0 in combination with 0.05 mg/l
BAP and 200-400 mg/I glutamine or casein hydrolyzate.
After 3 weeks on stage-l medium, cultures were trans1erred onto stage-II
medium containing 0.01 mg/I 2,4-0, 0.1 mg/l BAP and 1.0 mg/l GA3 (gibberellic
acid) .
RESULTS
Results indicated that somatic embryogenesis occurring in Indonesian cassava
genotypes depended on genotype .
AII genotypes could undergo somatic
embryogenesis depending on the composition of medium used (Tables 1 and 2).
But only three genotypes (1-3-3, Karet, Adira IV) were able to produce somatic
embryos. The highest percentage 01 explants producing embryogenic callus (100%)
was obtained from lea1 lobes of genotypes Adira I and 39-2 on medium
supplemented with 200 mg/I glutamine. While the highest percentage 01 explants
producing somatic embryos (25 %) was obtained 1rom that 01 genotype 1-3-3
cultured on medium containing solely 2,4-0 (Table 1).
It was revealed that some genotypes required 2,4-0 as low as 2.0 mg/l to
produce embryogenic callus but the period 01 incubation required in stage-l medium
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was 3 weeks or more, and no somatic embryos could be produced (Table 2) . When
the concentration of 2,4-0 was increased up to 6 .0 mg/I all explants failed to
undergo somatic embryogenesis, most drying and turning brown .
Adding
glutamine, at a concentration of 200-400 mg/I, to stage-I medium resulted in a
higher percentage of explants producing embryogenic callus in most genotypes tried
(Table 2). It was also noticed that explants cultured on media containing glutamine
could produce embryogenic callus earlier (2 weeks on stage-I media). It seemed that
200 mg/I of glutamine gave a better result than 400 mg/I as explants cultured on
that medium could produce embryogenic callus at a higher frequency.
Casein hydrolysate as high as 200 and 400 mg/I added to stage-I medium
dried most explants of genotypes tried.
Adding NAA instead of 2,4-0, combined with BAP, to stage-I medium led to
a higher production of embryogenic callus, although friable callus also existed.

DISCUSSION

Indonesian genotypes seemed to need a longer incubation period in stage-I medium
than that of South American genotypes wh ich only required 2 weeks
(Sudarmonowati and Henshaw, 1992). This was presumably caused by the
incubation temperature used (25 ± 1 OC) which was lower than Taylor et al.
(1993) reported for the induction of somatic embryogenesis from African cassava
genotypes and than Mroginski and Scocchi (1993) reported for that from
Argentinean.
The fact that all genotypes tried were able to produce embryogenic callus but
14 of them failed to develop somatic embryos indicates that with a modification of
culture media and incubation in future experiments, these genotypes show potential
for somatic embryo production. Further experiments employing different growth
regulators such as picloram and dicamba added to stage-I medium, and higher
concentrations of sucrose in combination with incubation conditions are now in
progress. Also, as glutamine seemed to be critical for the induction of somatic
embryogenesis in certain genotypes, investigation is needed of an appropriate
duration in stage-I medium containing glutamine, and of optimum composition of
stage-II medium, to convert the embryogenic callus into somatic embryos.
The positive effect of glutamine did not support the previous result which
suggests that glutamine did not increase the percentage of somatic embryogenesis
in CMC 76, a South American cassava cultivar (Sudarmonowati, 1990).
In addition to the four Indonesian genotypes (Tjurug, Gading, Mangi, Faroka)
Raemakers et al. (1993) reported on, the ability to undergo somatic embryogenesis
of a wider range of Indonesian cassava genotypes would benefit future genetic
transformation programs for Indonesian cassava improvement.
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Table 1. Induction 01 somatic embryogenesis on medium containing 4.0 mg/l 2.4-0 I,om leal lobes
01 Indonesian cassava genotypes.
No.

Cultivar

Explants producing
embryogenic callus

Explants producing
somatic embryos

(%)

(%)

1

Kenanga

25

2

35

3

00'0
NN pahit

4

Antang

40

No. 01 embryos
produced per explant

40

5

1-3 -3

80

6

Ongri

65

7

1-20-2

40

8

Kuning

25

9

Busi,on

65

10

Karet

46

11

Sukarogi

35

12

Sihang

35
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25

9 .5

5

2

Table 2. The eHect 01 media composition on the induction 01 soma tic embryogenesis Irom leal
lo bes 01 Indonesian cassava genotypes .
Cult ivar

Media
(mg/l) •

Size 01

leaf robes··

Exp lants producing
embryogenic callus
(%1

Adira I

2.0 O

4 .0 D

6.0 O

L

20

M

30

S

40

L

20

M

20

S

30

L

4 .0 D + 0.05BAP+200 Glutamine

4 .0 O+0.05BAP+400 Glutamine

4.0 O +0.05BAP + 200 Casein hydr.

L

100

M

60

S

100

L

90

M

80

S

40

L

M

S
4 .0 0+ 0.05BAP + 400 Casein hydr.

L
M

S
2.0NAA+0.1BAP

L

6.0NAA+0.1BAP

50

M

50

S

40

L

40

M

60

S

60
(Continuedl
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Table 2. ¡Continuad).
Cultivar

Size 01
1881 lobes··

Media
{mgm·

Explants producing
embryogenic callu$
(%)

Adira IV

2.0 O

4.0 O

6 .0 O

L

10

M

20

S

30

L

10

M

10

S

40···

L
M
S

4 .0 D+0 .05BAP+200 Glutamine

4 .0 D+0 .05BAP+400 Glutamine

4.0 0+ 0.05BAP + 200 Casein hydr.

L

90

M

90

S

80

L

50

M

60

S

70

L
M
S

4 .0 0+ 0.05BAP + 400 Casein hydr.

L

M
S
2.0NAA +0.1 BAP

6.0NAA +0. 1 BAP

L

60

M

50

S

70

L

60

M

50

S

60
(Continued)
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Tabla 2 . (Continuad) .
Cultivar

19-12

Media
(moJI) •

Size 01
leal lobes··

2.0 O

L
M

Explants producinO
embryooenic callus
1%)

10

S

4 .0 O

L
M

20

S

6 .0 O

L
M
S

4 .0 0+ O.05BAP + 200 Glutamine

4 .0

o + 0 .05BAP + 400

Glutamine

4 .0 D + 0.05BAP+200 casein hydr .

L

70

M

80

S

80

L

80

M

80

S

90

L
M
,0:

4.0 0+ 0.05BAP + 400 casein hydr.

L
M
S

2 .0NAA +O.1BAP

6 .0NAA+0.1BAP

L

30

M

40

S

30

L

60

M

50

S

40
(Continuad)
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Tabla 2 . (Continuad) .

Cu ltivar

Size 01

Madia
(mg/l)"

l68f lobes··

Explants producing
embryogenic callus
(% )

39-2

2 .0 O

L

10

M
S
4 .0 O

L

10

M
S
6.0 O

L

M
S
4.0 D+0.05BAP+200 Glutamine

4.0 O + O.05BAP + 400 Glutamine

4.0 D+0 .05BAP+200 Casein hydr.

L

100

M

100

S

100

L

100

M

90

S

100

L

M
S
4.0 D+0 .05BAP+400 Casein hydr.

L
M
S

2.0NAA+0.1BAP

L

6 .0NAA +0.1 BAP

60

M

50

S

60

L

50

M

50

S

60
(Continuad)
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Table 2. (Continued)'

Cult ivar

S ile 01

Media
Imgn¡o

leaf ¡obes··

Explants producing
embryogenic callus
(%)

50-2

2,0 O

4.0 O

L

10

M
S

10
20

L

M
S
6.0 O

10
10

L
M

S
4.0 0+ 0.05BAP + 200 Glutamine

S

80
90
80

L

90

L
M

4.0 0+0.05BAP+400 Glutamine

4 .0 0+0.05BAP+200 Casein hydr.

M

60

S

80

L
M

S
4.0 0+0 .05BAP+400 Casein hydr.

L

M
S
2.0NAA +0 .1 BAP

6 .0NAA+0 .1 BAP

• O = 2,4-0.
•• S - 1-3 mm, M = 3-5 mm, L = 5-9 mm in lenoth_
••• 20% 01 embryogenic callus converted 10 soma tic embryos.
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L

50

M

40

S

60

L

60

M
S

50

60

EMBRYOGENESIS ANO REGENERATlON FROM
CASSAVA CALLI OF ANTHER ANO LEAF

A , M ukheriee
Central Tuber Crops Research Institute ICTCR I),
Trivandrum. India

Experiments were conducted to regenerate plants Irom cassava anther and leal
explants . Factors affecting callusing and embryogenesis are presented here. Callus
could be produced Irom anthers luninucleate stage) 01 eight cassava genotypes on
MS medium supplemented with 2.4-0 12 to 4 pM) or NAA + BAP 11 pM each),
Callusing was less in 2,4-0 medium 120%-40%) than NAA + BAP medium
170%-80%), Embryogenesis could be induced only in 2,4-0 mediated callus on
subculture to MS medium containing BAP 15 tO 20 pM) alone or in combination with
NAA 11 p) and GA, 10.1 pM) at different photoperiods , Embryogenesis was lound
to be maximum at 12 h photoperiod and lurther differentiation into root and shoot
primordia was lound to occur only under 24 h photoperiod. Callus was also
produced lrom immature lea ves 01 meristem-derived plants in 2,4-0 or NAA + BAP
supplemented MS media, Embryogenesis and plant regeneration could be achieved
Irom 2.4-0 supplemented medium but not Irom the other source , Influence 01
growth regulators and photoperiod in stimulating embryogenesis have been
highlighted. These results could possibly be exploited lar induction 01 haploidy and
genetic manipulation in cassava .

INTRODUCTION
Genetic manipulation of cassava using in vitro techniques depends on successful
regeneration from tissues in vitro. Somatic embryogenesis and regeneration in
cassava have been reported first from seedling tissues (Stamp and Henshaw, 1982)
and subsequently from young leaf (Stamp and Henshaw, 1987; Szabados et al.,
1987).
Work with a wider range of genotypes has shown that somatic
embryogenesis in cassava is strongly influenced by genotype (Sudarmonowati and
Henshaw, 1993). Though much information has been gathered on embryogenesis
and regeneration from somatic tissue (Ieaf), reports on embryogenesis and
regeneration from anther are stilllimited (Mukherjee et al., 1989). Such knowledge
is essential to induce haploidy in heterozygous crop like cassava.
In the course of the present investigation, experiments were conducted to
regenerate plants from anther as well as leaf explants. The effects of various
factors on callusing and embryogenesis are presented.
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MATERIALS ANO METHOOS
Explants
Flower buds 1 to 2.5 mm in size (corresponding to uninucleate stagel. collected
from eight genotypes, were used as explant source for anther culture. Immature
leaf lobes (1-8 mml of in vitro-grown (meristem-derivedl plants of two genotypes
were used for leaf culture.

Media and culture conditions
Anthers removed aseptically from flower buds and immature leaf lobes were
cultured on MS medium supplemented with sucrose (3%1, 2,4-0 (2 to 4 tJMI or
NAA and BAP (1 tJ eachl. The pH was adjusted to 5.8 prior to addition of agar
(0.6%1. Cultures were incubated at 26 ± 1 oC with 8 h photoperiod and 30 tJM
m' 2 s" irradiance for 2 to 4 weeks. Embryogenic calli were then subcultured on
medium without any growth regulator and containing BAP alone (5 to 20 tJMI or in
combination with NAA (1 tJMI and GA 3 (0.1 tJMI at 8, 12 and 24 h photoperiods
for 4 weeks.
.
RESULTS
Anther culture
Callus could be produced from anthers of all the genotypes but percentage of
anthers responded to callusing was found to vary with genotypes and growth
regulators (Figure 11. Genotype Ce 603 gave maximum response. Callusing was
less in 2,4-0 than in NAA + BAP. Callus morphology was also different with
growth regulators. It was 50ft and friable in 2,4-0 (Figure 2AI, hard and compact
in BAP + NAA. Histological studies of these calli hac;l shown development of
proembryoids (Figure 2BI only from 2,4-0 induced calli.
Embryogenesis was observed only from 2,4-0 cultures on subculture to
media containing BAP alone or in combination with NAA, GA3 (Figure 2CI. Figure
3 shows the eHect of growth regulators and photoperiods on embryogenesis from
anther callus. Maximum embryogenesis could be obtained at 12 h photoperiod
(Figure 201. Though percentage of cultures responded to embryogenesis was
greater at 12 h, further differentiation into root and shoot primordia was observed
at 24 h photoperiod (Figures 4A and 4BI.

Leaf culture
Immature leaf lobes (1-to-3 mml of both the genotypes (M4 and H 2261 could
produce callus in both the media but differentiation was observed only from
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2,4-0-mediated callus at 24 h photoperiod. Leaf lobes of 3-to-8 mm size were
found to produce roots, embryoids (Figure 4C) in 2,4-0 medium, and shoot on
transfer to medium without growth regulator (Figure 40).

CONCLUSIONS
2,4-0 was found to stimulate embryogenesis from both the explants. BAP and
photoperiod were found effective in inducing morphogenesis of embryoids. Further
manipulation of growth regulators and photoperiod is necessary for regeneration of
whole plant from anther. The results obtained could possibly be exploited fer
induction 01 haploidy and genetic manipulation in cassava.
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Rgure 2. Embryogenesis from anther callu s: A = Callus produced from anther in MS + 2,4-0
medium . B
=
Proembryoid s (1 70 x) developed in 2,4-0 induced callus .
Oifferentiation of embryog enic callus in BAP medium at 8 h photoperiod.
C
O = Oifferentiation of embryogenic callus in BAP medium at 12 h photoperiod .
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Figure 4 . Morphogenesis of embryoids developed from anther and leaf explants: A and B =
Development of embryoids of anther callus into root and shoot primordia at 24 h
photoperiod.
and = Roots, embryoids and shoot developed from immature leaf lobes.
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