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Recent advances resulting in increased callus induction and
plant regeneration combined with modifications in methods for
handling large numbers of anthers/calluses have reduced the
problems- that formerly restricted the application of anther
culture to a high volume rice improvement program. The
ﬂi?ficﬁlties of screening/selecting at the level of callus
induction, plantlet regeneration, or R, plants are discussed,
The problems involved in generating ané mags screening 20,000
or more R, diploid lines are presented.

Although ‘it has been 17 vyears since Niizeki and Oono (8)
demonstrated that diploid rice plants could be regenerated from
haploid anthers, the practical application of this technique for
varietal iwprovement has been largely neglected. The exceptlon has
been China, where several commercial varieties have been produced via
the anther culture method. The slow adoption of anther culture as a
rice breeding tool 1s a result of the many difficulties invelved in
generating useful dipleid plants., The low rate of callus iInduction
from anthers combined with the small percentage of calluses that
produce useful plants certalnly has not been appealing to a plant
breeder. Furthermore, the methods employed i1n extracting anthers and
placing them om media for callus induction, with subsequent transfer
te regeneration media are suitable for conducting small experiments
but are not appropriate for a breeding program that requires tens of
thousands of regenerated plants, Significant progress has been made
in recant years in anther culture technology but the technique still
remains largely in the laboratory dn the hands of the tissue

culturalists and not in the field with the tice breeder.
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Rice anther culture research at the Centro Internacional de Apri-
cultura Tropical (CIAT) in Colombia began only a few years ago.
Initial efforts mainly were to familiarize ocurselves with the existing
techniques and to construct the necessary infrastructure. More
recently, we have concentrated on developing methodology to produce
large numbers of regenerated plants. This reflects our interest
within the Rice Program in incorporating anther culture inte the main

stream of our existing breeding progranm.

CIAT Rice Program vresponsibilities include providing improved
lines te the national programs of Mexico and the countries of Central
Amerleca, the Caribbean and Scuth America, Experience hag taught us
that it 1is not feasible to breed plants din Colombia that are
adequately adapted to a2ll the diverse environments in these regions,
A more practical approach may be the development of regional breeding
programs that should be wmore capable of addressing localized
production constraints, For example, the Southern Cone of South
America which includes soutbern Brasil, Uruguay, northern Argentina
and central Chile 1s a2 major rvice producing area, with a complex of
problemns most of which camnot be addressed at CIAT. Rice varieties in
these areas must possess cold tolerance, be reasonably resistant to
the local blast complex as well as have tolerance to Fe toxicity
{southern Brazil) and resistance to the straighthead digease
(Argentina). The principal limitation to rice varietal improvement in

this region is its slowness, given only generation per vear with the



conventional breeding methods resulting in 10 or more years to produce
a commercial wariety, Theoretically, the anther culture procedure
could reduce the time required to generate a commercial variety to
under 4 vyears, Consequently, our ultimate goal at CIAT 1is to
develop anther culture technology that can be wused by national
programs in areas where conventional breeding methods are inadequate.
This may take one or two forms -- provide for local evaluation
regenerated R2 lines from CIAT crosses between parents offering

appropriate traits and/or assisting in the establishment of regional

anther culture facilities for local production of regenerated lines.

CONSIDERATIONS FOR ANTHER CULTURE BREEDING

Induction problem

A primary limitation in wusing anther culture in varietal improvement
has been the low percentage of anthers that ferm calluses. Although
this problem remains, considerable advances have been made during the
last 10 years. Anthers having pollen in the mid to late uninucleate
stage are the most suitable for callus induction and this stage is
easily identified in the field. Cold shocking anthers at 8° C for 4-8
days stimulates callus formation. Improvements in media composition,
including liquid nutrient cultures containing 3-4% sucrose and 1-2 ppm
2,4-D or NAA, have resulted in further increases in callus induction.
Through the use of these improved methods, it is not uncommon to
observe 25-50%7 callus dipnduction i1in many varieties. This is a

remarkable achievement as 15 years ago reports of less than 17 callus



formation were common. However, the low rate of callus induction of

indica types is still a major obstacle.

The influence of media composition has been one of the wmost
researched areas in anther culture. However, there is no general
agreement on which media are superior, as variety x medium
interactions are always significart, The universal medfium, in which
anthers from all wvarieties are capable of high percent callus
induction, has not been developed, nor is there reason to believe that
suck a2 medium exists. Varletal differences 1in response to soil
nutrient levels Is a well known phenomenon, and one would be surprised
not to observe a similar response for callus induction in media of
varyiong nutrient and hormonal composition. Another problem is that
almost all research conducted on media has utilized japonica types.
Consequently, it is not surprising that the media presently available
are more suitable for japonica than indica types. Chinese sclentists
have reported that anthers from Fl hybrids of japonica x indica
crosses cultured on the Né medium (originally developed for japonicas)
resulted in a biased callus induction and subsequent regeneration of
japonica types (2). The genmeralization that anthers from japonicas
are easler to culture may well be due to the extensive research
conducted on these rice types. If equal research efforts were devoted

to indicas, we may find that indicas respond to anther culture as well

as japonicas.

Fortunately, it is not necessary to rely upon only one induction

medium for a program where mass production of RE lines ig the goal.



We routinely use 2 or 3 media for cultivating anthers of ¥, hybrids -

the N, medium supplemented with sucrose and auxin, and two versions of

6
the the potato extract media also contaiming auxins. These wmedia are
also used extensively by Chinese scientists. By employing several
media and staggering plantings of F1 hybrids and ratooning, one can
gignificantly increase the probability of generating a sufficlent
number of calluses. The staggered plantings/ratooning permit
assessment of callus induction in the various media, If callus

induction is superior in one of the media, anthers from the later

planting are cultured only in the best medium,

Successful In vitro selection for desireable plant traits at the
callus induction level has not been demonstrated. The relatively low
inherent percentage of callus induction combined with the differential

responses of F, hybrids and varieties to media composition and other

1

unknown factors render selection at this stage extremely difficult.

Plant Repeneration

Calius growth and the subsequent regeneration of plants have received
much less attention than callius induction. This may be due te the
large amount of d{oformation already available on regeneration of
plants from callus tissue in several crops. The most significant
achievement in rice has been the employment of the two-gtep process in
which calluses are induced on 1liquid media containing auzins and are
transferred to solid media containing cytokinins (4). The stage of

callus transfer appears to be critical, as calluses allowed to grow



excessively on induction 1media seldom vregenerate plants when
transferred to regeneration medis. There is without a doubt a strong
varietal influence on the efficiency of plant regeneration <£rom
callus, However, recent work, again with japonica types, routinely
reports 50% regeneration, but regeneration of indica types is

glgnificantly less,

The pessibility of applying in wvitro selection pressure at the
regeneration level ie fregquently proposed, Differences in callus
growth in media containing Al have been demonstrated in several crops,
e.g. Carrots, tomate and sorghum (5,7,10)}, However, varietal response
to Al at the regenerative level may not he related to field reactions.
Even at the whole plant level, there deoes not appear to be a
significant correlation between the reaction in nutrient solutions
containing Al and responses in the fleld on acid soils., This is not
surprising, since soil acidity is complex, finvolving toxic levels of
Al combined with deficlencies in Ca and/or T as well as other
microoutrients., It 1s doubtful that one can simulate such a

complicated factor as the soil acidity complex ip vitro.

It bas alsc been suggested that amending anther culture medis at
the callus or regeperation stage with pathogen-preoduced toxins could
be an effective means of pre-screening regenerated plants for disease
resistance (8). While this 1s an attractive idea, and should be
explored, we feel that the evidence 418 lacking to support a
large-scale effort in this area. Very few pathogen-produced toxins

are primary determinants of disease and thus are inappropriate for



such a method, We suspect that screening in witro for toxin telerance
would merely select for easily overcome resistance {akin to a
hypersensitive response), Furthermore, it is hipghly unlikely that
diseases with very complex etiology will be overcome by exposing
callus in vitre to only one or a few of the hundreds or thousands of
pathogen products that result in a disease relatiomship between the
rice plant and the pathogen. A final concern is how well the response
of undifferentiated tissue will correspond to that of a maturing plant
in the field, Can we expect a plant regenerated from c¢allus and
tolerant to one or more toxins to be resistant to neck blast? In a
field situation even adult plants resistant to leaf blast may be very

susceptible to neck blast,

Parental selection

Evaluation of parents for callus induction and regemeration abilities
is often considered important. However, convincing data are lacking
to support this conclusion. Generally, pollem from the F1 exhibits
hybrid vigor for regeneration, but callus induction does not appear to
follow any consistent pattern. More data are required to demonstrate
the benefits of parental selection before one can justify restricting
the crossing program based upon callus induction and regeneration
capabilities. At CIAT, we prefer to increase either the number of

crogses or the number of anthers cultured as opposed to confining the

breeding program to a few crosses of known parental capability.



R lines

With the presently available techniques and knowledge of anther
culture, the only currently feasible breeding approach dinvolves
evaluation and selection of homozygous RZ lines. Consequently, the
anther culture procedure becomes no more than a wmeans of reaching
homozygoesity in a reduced period of time. In this light, breeding vis
anther culture is similar to the single seed descent (55D) method (1),
The $8D method has been shown to be an effective breeding procedure
for many dimportant <crops, especially in areas where only one
generation/yesr can be advanced., Both methods also have the sanme
limitation In that thousands of fixed lines are produced that have
not received prior selection pressure. Consequently, success in using
anther culture for varietal improvement depends to a large extent upon
the development of screening techniques capasble of handling thousands
of fixed lines using only small quantities of R2 seed, Another
serious problem confronting breeding wvia anther culture 1is the
capacity to regenerate sufficient material to have a reasonable chance
of encountering large numbers of useful R, lines.
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Population Requirements

Experienced rice breeders using conventional methods normally attempt
to obtain an Fz population of 4,000 te 5,000 plants/cross. Although
it is difficult to wake am analogy with anther culture, Chinese
sclentists have ealculated that an equivalent population would be in

the order of 100 to 150 regenerated plants (9). Although we question

the equivalence of a large F2 with 3 reduced number of unevaluated



regenerated plants, we accept 125 RZ plants/crose as a reasonable
target. Thus, a rough estimate can be made of the number of anthers
and calluses required to regenerate the desired amount of R2 material,
One panicle taken from the field when the distance between the auricle
of the flag leaf and the subtending leaf 1g 4 to 7 cm will produce
approximately 25 florets containing pollen in the mid to 1late
uninucleate stage. From each floret approximately 2 te 3 anthers can
be separated with ease, resulting in approximately 60 anthers/panicle,
Assuming a 25% ecallus induction rate, each panicle would produce about
15 calluses, 1If a 257 regeneration rate is cbtalned, 4 plants would
result, and approximately half of these Rl plants would be diploid.
Consequently, from each panicle 2 diplold plants can be axpected.
However, only about 507 of the diploid RE plants mnmight be
agronomically acceptable, resulting in asbout one useful Rg plant from
each panicle harvested. To obtain the target population of 125 R2
plants, roughly 100 FI panicles will be required from each cross. For
2 natlonal program, it may be considered that 100 crosses/year is
adequate, Consequently, If anther culture is to be used as & breeding
tool, one must be capable of handling approximately 10,000 panicles
from ¥, hybrids, 600,000 anthers, 150,000 calluseg, and 75,000 R

1
plants per year. The 75,000 R

1

1 plants would result in about 15,000

useful diploid Rz lines. This 1l1llustrates the problems of how to
regenerate such a large volume of lines and how to expose them to

selection pressures to identify elite lines,
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METHODS FOR GENERATING R2 LIRES

Induction Phase

The techuniques normally used for isolating anthers from panicles and
placing them on induction media are laborious. The most time consuming
step is the cutting of Individual florets to extract the anthers., The
method we employ consists of the following:

" Approximately 100 panicles are harvested from each cross at
the uninucleate stage, wrapped in aluminum foil, and cold
shocked for 3-10 days at 8° C.

Immmature spilklets are surface sterilized, and the top and
bottom portions of the panicle discarded, leaving
approximately 25 florets, which are removed and dissected at
the base,

Anthers are extracted from the cut florets by tapping the cut
floret on the induction flask. Another method in which
anthers are extracted in mass appears to be promising but more
work is required to reduce the high amount of contamination.
The induction flask is sealed and placed in the dark at about

20° ¢ for callus induction.

Each flask contains the anthers from one panicle. All procedures are
conducted under a flow hood using sterile conditions. Using this
method approximately 150 panicles (9,000 anthers) can be prepared

dai}.y ™



Regeneration

In each dinduction £lask approximately 15 calluses are normally
produced. Close observation is required, as callus formation is never
uniform, When there are more than 10 small calluses/flask they are
transferred to the regeneration mediun. When only a few calluses are
present it is necessary to declde to transfer or wait for mere callus
formation, If the latter 1is the rcase and new cazlluses appear, the
first formed calluses are discarded, since large calluses seldom
regenerate plants., Calluses are transferred In mass by filtering the
entire contents of the Induction flask on a Buchner fummel apparatus.
It is important to use a flat vacuum filter te obtain a uniform
dispersion of the calluses on the fllter paper. Uninitlated anthers
and small calluses are collected on a8 9 em filter, which is the same
size as the regeneration container. The filter paper is inverted and
placed on top of the induction medium and tapped lightly to embed the
calluses in the medium. The filter paper is removed, and the calluses
remain on the medium. The regeneration contalner is sealed and placed
under artificial lighting until regeneration, With this method, one
person can prepare approximately 150 to 200 flasks/day containing 3
total of 2,000 to 3,000 calluses, This is equivalent to 1,5 to 2
crogses/day. The advantage of this method is that the unit of work is
the panicle, eliminating the need to transfer Individually thousands

of calluses to test tubes.

In summary, twe laboratory assistants using the previocusly

indicated methods can handle 100 crosses per year. 1In developing
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thege techmiques a deliberate attempt has been made to employ locally
available glassware. This is dimportant as imported scientific
glassware is expensive, and with the large wvolume of material
the total cost would be prohibitive for many developing countries.
Baby food lars (125 ml) are ideal for callus inductlion flasks and are
readily available. Regular fruit jars {9 ¢m diameter) can be cut and
made into regeneration containers. 1In Colombla, we have purchased
sufficient glassware te handle 100 c¢rosses/yvear at a total cost of

approximately US$1,200.

Evalution of R2 Lines

Rl plants are dinappropriate for secreening as they are weak, and
diploids canncot be distinguished wuntil {lowering. Once RE seeds
(approximately 20 g/plant) are obtained, the procedure for selecting
elite lines is similar to any other breeding method. Due to the large
number of lines involved, screening in the field under heavy pressure
is required, The materizl is first screened for tolerance to the
easiest character, eliminating many of the lines., Material gselected in
the first test I1s further screened for tolerance to the next easlest
congtraint, and the process continues wuntil the pumber of lines has

been reduced to a sufficlently small number that can be handled in an

observation nursgery.

We have made approximately 100 triple crosses designed for

southern Brazil, which ghould result in approximately 15,000 Rz lines,

A 3g sample is evaluated for blast resistance, resulting in about 50%
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rejection. Since there is a high correlation between leaf bHlast and
panicle blast resistance, this screening is done only at the leal
stage requiring only 50 days. Duplicate 3 g samples of the blast
resultant R2 lines are screened for Fe tolerance, Again, 504 of the
entries are discarded: this test requires approximately 60 days. White
belly determipation 1s conducted using remnant 3g samples of the 3,000
R2 lines possessing blast resistance and Fe toxicity tolerance, The

remaining 10 g of remnant R, seed of about 1,500 selected lines are

2
planted in 4 row plots in southern Brazil, where the lines are
evaluated for phenotypic characters and cold tolerance, Elite selected

lines are sent to Uruguay, which has the same vield constraints, This

whole process commencing with panicles of Fl hybrids requires

3?4919ximately 1.5 wmonths for callee induction, 1.5 months for

1 growth, 2 months for testing for blast

Wresistance, 2 months for Fe tolerance and 1 month for white belly

determination. Consequently, in 1 vyear lines are available for
observation nurgeries, Using conventional breeding methods te arrive
at the same stage, at least 4 vears would be required at CIAT, where
2 generations are produced/vear., If the anther culture process were
applied to Brazil which has only 1 field generationjfyear, the savings

in time would be considerably greater,

A similar scheme 18 being used for Chile and Argentina. In the
latter case, a 3g sample of Rz seeds 1is used to screen for blast and
the selected lines are tested for strailghthead resistance. Resistance

to the straighthead disease can be evaluated using arsenic which has
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been ghown to mimic the disease (3). Lastly, white belly is
determined, Again, the remnant Rz geeds are tested in observation

nurseries in Argentina,

PERSPECTIVES FOR BREEDING VIA ANTHER CULTURE

The varied rice ecologies 1In Latin America offer distinet
examples of possible application of anther culture to varietal
improvement, These include the Southern Cone, upland rice for acid
savanna soils, and tropical Mexlico. These examples are characterized
by wvast preductlon potential addressed by conventional breeding
programs restricted to one generation/year.

We consider that anther culture has the potential to reduce
considerably the time required to produce fixed lines. Tts wtility in
high wvolume breeding programs will depend upon resolving remaining
limjtations and uncertainties, including:

° Continued inmprovement in the efficlency of callus induction
and plant regeneration in indica c<rosses 1is essential to
reduce the wvolume of panicles, florets and anthers
processed.

Fleld experience with R2 lines from many crosses is required
to estimate the population desired/cross to simulate progeny
sizes used in conventional rice breeding.

Similarly, only extensive field experience will indicate
whether doubled hapleids give goodly numbers of normal,

agranomically useful lines.
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The CIAT Rice Program is concentrating on these and other
problems with the goal of moving anther culture from the laboratory to
rice hreeders' fields. If success is achieved, we believe that
serious consideration should be given to establishing anther culture
facilities within selected national programs. We would continue to
improve methods and tyazin national scientists for local application of

anther culture to high volume rice breeding programs.
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