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PROJECT SB 2 Enhancmg the Understandmg and Use of Agrobaodaversaty 
Through Baotechnologacal Methods 

EXECUTIVE SUMMARY 

ProJect SB 2 was orgaruzed m the second part of 1996 and resulted from the mergmg of former 
ProJects #14 (Understandmg Spec1es Genetlc D1Vers1ty) and #15 (Broaderung the Genet1c Base 
ofGene Pools) In retrospectlve the phylosophy and strategy on agroblOd!vers~ty research at 
CIAT m general and about project 14 resulted from earher act!Vltles Wltlun the Sc1ent1fic 
Resources Group (SRG) on Genetlc D1vers1ty between 1994 95 The maJor lughhghts of proJect 
SB 2 are surnmanzed by outputs 

Output 1.1 Knowledge on gene pool structure at mtra and mter spec1fic leve! enbanced 

(1) In 1996 the AFLP technology has been used for assessmg changes m genetlc vanab1hty 
of common bean landraces resultmg from soc1al econom1c forces m Rwanda on the one 
hand and prov1ded more mformat10n on the taxonom1c relat10nslups of P lunatus and 
three related Phaseolus spp On the other hand uruque !dent1ficat10n of 105 Mamhot 
access10ns suggests that AFLP can help to develop spec1es speclfic markers for stud1es 
of mtrogress10n 

(n) Assessment of genet1c relat10nslups of Cuban nce vanetles and Passiflora genet1c 
resources have been conducted usmg RAPOs AFLPs and chloroplast DNA markers 
The latter 1s a collaboratlve effort Wlth CORPOICA and IPGRI Wlth Andean countnes 
for the conservatwn and use of passlfloras 

(m) Molecular markers have also been used for studymg the populatlon structure of cassava 
bactenal bhght pathogen (Xanthomonas axonopod1s pv mamhofls) A PCR based assay 
usmg a dot blot techruque has been developed for d1agnost1cs oftlus pathogen Wlthm 
the ORSTOM CIA T proJect 

Output 1 .2 Agroecolog~cal, agronom1c and genom1c mformatlon assembled and mtegrated 

(1) Generatlon oftralt spec1fic genet1c stocks 1s key to the use ofmolecular marker 
technology for gene taggmg and marker ass1sted select10n m germplasm development 
RILs of common bean for taggmg 1mportant trruts e g beanfly root length low P 
effic1ency have been generated Slmllarly cassava stocks are bemg constructed under 
common genetlc background for key tralts such as cyanogeruc potent1al photosynthet1c 
rate res1stance to bactenos1s post harvest detenorat10n dry matter content and 
morpholog¡cal tralts Genetlc stocks for res1stance to spec1fic nce blast hneages and for 



apom!XIS m Brach1ana ha ve al so been generated at CIA T 

(u) In 1996 molecular markers were used for gene taggmg of followmg tralts 

One SCAR was des1gned for a gene tag for res1stance to common bactenal bhght 
(CBB) ofbeans explammg up to 23% of vanab1hty m CBB reactJon SCARs are 
useful for more rehable gene !dentlficat10n usmg PCR technology 

An AFLP cloned fragment was hnked to a res1stance gene for nce blast pathogen 
hneage SRL 1 Anda RFLP marker hnked to the cv Fanny res1stance gene was 
mapped to nce chromosome 11 The approach known as Genom1c RFLP Substract10n 
1s bemg 1mplemented to fine map nce blast res1stance genes of the durable res1stant cv 
O Llanos 5 

A SCAR was des1gned from a RAPD marker hnked to the apom1ct1c phenotype m 
Brach1ana ruz1enz1s x B bnzantha populat10n Mappmg d1stance was estlmated at 4 
cM m the B ruz1enz1s x B decumbens populatlon and at 13 cM m the B ruz1enz1s x B 
bnzantha populat10n A RFLP probe from the Comell nce map was also hnked to the 
SCAR and Wlth apom!XIS 

(111) In the last few years GIS have been apphed to the explorat10n of b!Od!vers~ty m the Wlld 
relatlves of Phaseolus vu/gar1s Stylosanthes spp and Mamhot spp Bean favonng 
chmates were 1dent1fied where Wlld beans have not prev10usly been collected s!milarly 
new collectmg areas were suggested for Stylosanthes sp off scabra and mformat10n to 
clanfy S gwanens1s taxonomy was also prov1ded by GIS analys1s of genetlc resources 
Further to the generatJon of probab1hty maps for five Mamhot spp GIS was recently al so 
apphed to the mappmg the potent!al presence of pests 

Outputs 1.3 TecbDlques for assessmg genehc dJVersJty developed 

(1) Construct1on of the cassava molecular genet1c map contmued m the BRU m 1996 
L1nkage maps for the female and maJe parents have been constructed mvolvmg 168 and 
159 markers (RFLP RAPD m1crosatelhte and 1sozyme loc1) w1th 20 and 24 hnkage 
groups respect1vely Further work Wlli seek to merge both maps and mcrease the 
mappmg dens1ty A proJect has been 1rut1ated to map ACMV res1stance genes m 
collaborat!On Wlth liT A 

(u) Refinement of AFLP and m1crosatelhte marker technolog1es for charactenzat10n and 
analys1s of bean and cassava d1vers~ty has been carned out m 1996 It was determmed 
that the number of pnmers for sound germplasm class¡ficatlon usmg AFLPs can be one 
on the other hand a procedure was carned out to speed up the !solatlon of genom1c 
fragments contammg GA sequence repeats for use as m1crosatelhte markers m P 
vulgans In collaborat10n w1th the USDA Plant Conservat10n Urut Georg1a and the 
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Uruvers1ty of Georg.a 8 cassava m1crosatelhtes ha ve been generated and three tested at 
CIA T w1th large geneuc d1vers•ty detected m 7 Mamhot Taxa 

(m) Usmg rubber plant DNA probes from CIRAD 60% homology was detected by 
hybnd1zat10n Wlth DNA ofthe cassava mappmg parents operung the way for 
comparauve genom1c stud1es Through collaborauon w1th the Uruv of Cahforrua, Dav1s 
cassava sequences were 1dentlfied homologous to a nce res1stant gene agamst 
Xanthomonas bactenal bhght Work 1s underway to test 1fthe cassava clone 
homologous to the nce gene has a role m the reactlon of cassava to CBB 

OuQ¡ut 2.1 Exotlc or novel genes and gene combmatJons made accesslble for broadenmg 
the genetlc base of cultJvated gene pools 

(1) Identlficauon transfer and uuhzatwn ofuseful genes and gene combmatwns from Wlld 
germplasm and related spec1es m nce and common bean contmued m 1996 ExpiOJtatwn 
oftransgress1ve segregatwn m nce through crosses Wlth Oryza rufipogon O barthu and 
O glabernma has moved forward Wlth generatwn of second backcross F2 fam1hes and 
agronorruc and molecular charactenzatlon of these 1s underway m order to 1dent1fy QTLs 
on y1eld and other 1mportant tra!ts 

(u) Earher successful transfer of useful tra!ts from Phaseo/us acutifollus to P vulgans 
through mterespeclfic hybnd¡zatwn ruded by embryo rescue contmued m 1996 w1th 
congru1ty backcrossmg for transfemng genes(s) for leafhopper and bruclud res1stance 
From the 1mt.al recurrent backcrosses two !mes w1th comparatlvely Jugh levels of 
res1stance to bactenal bhght were developed after 6 years of mtens1ve field evaluat10n 
and selectwn 

(m) Research on nce genetlc transformatlon as a means of effic1ently transfemng otheTWise 
non access1ble genes has contmued Wlth RHBV Th1s year transgemc nce plants 
generated at CIA T ha ve been challenged Wlth the vlfUS and plants selected Wlth very low 
or no d1sease symptoms v1s a v1s the non transformed control plants 

OuQ!ut 2.2 Knowledge generated on mechamsms of genetlc vanabdlty of plant response to 
b10t!clab10hc stress 

(1) ldent1ficatwn of pomts for genetlc mtervent10n !S a pre reqws1te to the 1mplementauon 
of effic1ent germplasm screenmg and the controVmanagement of constramts One bwtlc 
and one abwt1c constrrunt have been pursued m 1996 The strategy for searclung genes 
mvolved m res1stance to the bean weevil mcluded the 1solat10n of speclfic cONA clones 
from res1stant genotypes usmg a dlfferent!al display approach On the other hand usmg 
BrachJarJa as a model ¡ns¡ghts mto mecharusms of ac1d s01l tolerance were obtamed as 
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they relate to the actlvltles of key enzymes m volved m nutnent uptake the mappmg of 
nutnents m root tlps and the charactenzatlon of plant organ1c ac1ds 

(n) Work on the potentlal of cassava as a carotene source contmued wuh the evaluauon of 
h1gh carotene genotypes m d1fferent env1ronments A yellow root gene pool1s bemg 
formed usmg selected parental genotypes to develop a select10n prograrn for mcreased 
carotene content 

(111) Flf'teen cassava clones Wlth low cyan1de levels were selected as prom1smg res1stance to 
the burroWing bug e berg1 Prev10usly res1stance to e berg1 had only been detected m 
h1gh cyarude (above 200 ppm) clones 

Output 2.3 lmproved gene transfer methodolog1es developed for broademng the genet1c 
base of cultJVated gene pools 

(1) Two cnt1cal developments occurred th1s year at CIA T m genetlc transformat10n On the 
one hand the generat10n of transgemc cassava through an Agrobactenum med1ated 
methodology was confirmed by molecular and gene express10n assays on the other hand 
generat10n of common bean transgemc plants was aclueved usmg particle bombardment 
and a regeneratlon techmque Wlth three well known vaneties Transformaban cassettes 
have been constructed harbonng transgenes for transformatlon res1stance agamst the 
cassava stem borer 

(n) Transformat10n effic1ency of md1ca nce vars has been 1mproved and development of a 
methodology for Brach1ar1a transgenesis has further advanced usmg the part1cle 
bombardment m both cases Study and management of apomixis Wlll requue an effic1ent 
transformat10n system m Brach1Ur1a 

Outnut 3.1 Avadabd1ty of genes genehc stocks genom1c maps probes cell culhlres/hnes 

Development of a cassava genome data base 1s underway Wlth CBN cooperat10n Other 
matenal such as plant genetlc stocks for genome mappmg maps and probes vectors and 
tlssue cultures for transformat10n are bemg assembled and documented 

Outnut 3.2 Collaborahon w1th CIA T partners on methods and techmques for 
understandmg genehc d1vers1ty and broadenmg the genehc base of gene pools 

In 1996 two Workshops and one Trrumng Course were orgaruzed at CIAT on top1cs deahng 
w1th agrob10d1versity evaluat10n/assessment conservat10n and use of modern molecular and 
cellular technolog1es In additlon m 1996 32 scientlsts from NARS and AROS attended 
spec1ahzed tra1mng on selected advanced bwtechnologies Particlpants from Colombia 
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Argentma, Cuba, Peru Costa Rica, Ecuador Belgtum USA CIAT Regwnal Cooperatwn 
contnbuted w1th part1al support for LDCs part!c!pants 

1996 PUBLICATIONS 

In 1996 staff contnbutmg to ProJect SB 2 pubhshed 16 papers m Refereed Joumals 15 as 
Conference Proceedmgs and Posters and 5 as research Theses 

CIAT AND PARTNERS PRINCIPAL STAFF CONTRIBUTING TO PROJECT SB 2 

In 1996 28 pnnc1pal staff from CIAT and 26 from partner orgaruzatwns m developmg and 
developed countnes contnbuted to Project SB 2 

CONTRIBUTING DONORS TO PROJECT SB 2 

In 1996 eleven donor agencies from developed (8) and developmg (3) countnes contnbuted 
to ProJeCt SB 2 
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PROJECT SB-2 

Enhancmg the Understandmg and Use of 
AgrobiOdiversity Through BIOtechnological Methods 

ANNUAL REPORT 1996 

REPORT PROJECT OBJECTIVE 1 

To 1m pro ve the understandmg of the genetlc diversity of wlld and cultivated spec1es for 
1mproved conservatlon and broaderung the genet1c base of gene pools 

OUTPUT 11 KNOWLEDGE ON GENE POOL STRUCTURE AT INTRA AND INTER 
SPECIFIC LEVEL ENHANCED 

1 1 1 Genettc structure of P vutgans 

F Pedraza1 M C Duquel J Gu1tlerrezl J Tohme3 and S Beebe1 

1 Bean Genet1cs 2 Bwmetncs 3 Bwtechnology Research Urut 

Progress was reg1stered m the goal of eluc1datmg the genetlc structure of cwtlvated landraces of 
P vulgarrs The statistical analys1s of 269 Mesoamencan landraces wh1ch was reported on a 
prehmmary bas1s m 1995 was completed and a manuscnpt prepared for submisswn Th1s has now 
passed the CIA T mtemal rev1ew process and Wlll be submltted as a comparuon paper to one on a 
companson of the core and reserve collectwns based on RAPD band frequenc1es Both stud1es 
utihzed the same data on Mex1can accesswns Wlth the study of genetlc structure mcludmg an 
additional89 access10ns from Central Amenca and other regwns Followmg the analys1s ofthe 269 
accesswns a subset of 8 pnmers was 1dent!fied among the 39 used These 8 pnmers reproduced the 
groups formed by the 39 Wlth about 88% accuracy (1e Wlth 12% errors) at the leve! ofraces and 
groups Wlthm races Plans were formwated to screen the remamder of the Mesoamencan accesswns 
m the core to complete a molecular classificatlon of these DNA has been extracted and at time of 
tlus wntmg RAPD analys1s 1s ready to begm 

A subset of the Andean accesswns m the core was Identlfied to represent m a total of 200 landraces 
the range of growth hablts agroecolog1cal envuonments and geograplucal d1stnbut10n A large 
sample ofnuna types was mcluded These 200 accesswns have been analyzed at the Uruversity of 
W1sconsm usmg RAPD andan analys1s by AFLP m CIAT 1s nearly complete These analyses Wlll 
perm1t a companson of RAPD and AFLP as tools for study of genetlc d1vers1ty of bean and Wlll 
pro vide a broad database of molecular markers Wlth whiCh to V!Sual!ze the structure of cult1vated 
Andean germplasm 



1 1 2 Studtes of Phaseo/us /unatus L and re/ated spectes of South Amenca usmg 
Ampltfied Fragment Length Polymorphtsm (AFLPs) 

A Lucia Caicedo1 E Gmtan' M C Duque2 O Toro' D Debouck3 and J Tohme' 
1 BIOtechnology Research Umt 2 Biometncs 3 Gene!Ic Rcsources Umt 

The genus Phaseolus may ha ve about fifty species all of neo tropical ongm Whiie the Mesoamenca 
reg10n may harbor at least sorne forty species (Debouck 1991 Delgado Salmas 1985) South 
Amenca may only harbor SIX to eight species as wiid plants Most South Amencan Phaseo/us sensu 
stncto species have their range of distnbutiOn apparently hmited to the Andean region 

Harms (Harms 1921) has descnbed two new species P augustl Harms and P pachyrrh1 01des 
Harms from Huancavehca and Jurun Peru respec!Ively the latter havmg larger peduncles and 
bracts Macbnde 1943 noted the httle differences between these two taxa observmg that P 
pachyrrh1z01des some!Imes displays unsymmetncal lobed lateral leaflets On the other hand Piper 
1926 named P boliVIanus Piper a new species from Cochabamba, Bohvm He men!Ioned P 
pachyrrh1z01des but cunously not P augustl and did not cross refer to any ofthem Macbnde 1943 
considered P boliVIanus as not distmct enough from P auguslt and put It m synonymy 

The ques!Ions we are trymg to address are I) are P auguslt and P pachyrrh1zotdes distmct species? 
u) can P bollVtanus be merged Wlth P augustl? 111) IS P roset different from the Andean wild Lima 
bean Sorne new Insights on these quest10ns seem possible than.ks to new germplasm made available 
by explora!Ions carned out m ongmal Andean habitats m 1985 1996 and to the use of AFLP 
techruque to measure and understand geneuc diversity (Vos el al 1995 Tohrue et al 1996) that has 
been successfully apphed to Phaseolus beans 

Progress Report One hundred and twenty access10ns belongmg to a total of 71 populat10ns of 
wild South Amencan Phaseolus species were mcluded m this study P lunatus Cighteen 
access10ns from Colombia (Magdalena, Cundmarnarca and Boyaca) 14 from Ecuador (Chimborazo 
El Oro and LoJa) 15 from Peru (CaJamarca and Jurun) and one access10n from Argentma was used 
P augustt Four access10ns from Ecuador (Azuay and LoJa) 18 from Peru (Cuzco and Pmra) ten 
from BollVla (Cochabamba and Chuqwsaca) and seven access10ns from Argentma (Salta, Tucuman 
and Jujuy) were mcluded P pachyrrh1z01des Thirty accessions exclusively from Peru (Amazonas 
CaJamarca, Jurun and Apunmac) were studied P boltvtanus Only three access10ns were obtamed 
one from Peru (Cuzco) and two from BoliVIa (Cochabamba) In addition two Central Amencan P 
/unatus access10ns from Guatemala and Costa Rica were analyzed to determme their rela!Ionship 
With the South Amencan matenal Five access10ns of South Amencan P vulgar1s and one P 
costartcens1s were also mcluded as outgroups 

Amphfied fragment length polymorplusrns were generated usmg the technique descnbed by Vos et 
al (1995) and modified by the B10technology Research Urut at CIA T (Gonzalez et al 1995) 
Pnmers complementary to adapter sequences havmg one additlonal nucleoude on their 3 end were 
used to carry out a selectlve pre amphficat10n of the DNA template The pnmer sequence 
complementary to the EcoRI end was 5 GACTGCGT ACCAA TTCA (E + A) The Msel pnmer 
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sequence was GA TGAGTCCTGAGT AAG (M + G) Letters m bold correspond to the first 
selecttve nucleottde The pnmer complementary to the EcoRI end of the templa te DNA E + AAC 
(5 GACTGCGTACCA A TTCAAC) was used m combmatton w1th the Msel pnmer M+ GT A (5 
GATGAGTCCTGAGTAAGTA) Another EcoRI pnmer E + AGT (5 
GACTGCGTACCAATTCAGT) was used m combmatwn w1th the Msel pnmer M+ GAC (5 
GATGAGTCCTGAGTAAGAC) 

Data was scored as presencelabsence of band where 1 corresponded to presence of band and O to 
1ts absence Only mtense bands were scored famt and ladderhke sequences ofbands were 1gnored 
The Ne1 L1 coeffic1ent of slrnllanty (1 979) was calculated for each pau of accesswns w1th each 
pnmer combmatton Dendogram results were supported by multtple correspondence analyses were 
camed out w1th Corresp procedure of the SAS stattsttcs package (SAS lnslltute lnc 1989) 

Heterogene1ty or gene d!vers1ty for each observed gene pool was calculated accordmg to formulas 
presented by Ne1 ( 1987) Heterogene1ty was ca1cu1ated for each band leve! and then averaged out 
for the total measure 

The results ehc1t the followmg pomts for d!scuss1on F1rst m companson to spec1es such as P 
vulgans and P costancenszs P lunatus and related taxa are relabvely d1stant (Table 2) Although 
our analys1s mcludes oruy a few Phaseolus spec1es these results are cons1stent w1th those obtamed 
by (Marechal el al 1978) showmg an orgaruzatwn of tlus genus mto gene pools w1th the common 
bean and the L1ma bean bemg at the extremes They are also cons1stent w1th cpDNA analys1s data 
(Llaca el al 1994 Schrmt el al 1993) showmg nollceable d1stance between P lunalus and the 
group of spec1es related to P vulgarzs Agam m sp1te of too few spec1es bemg analyzed P augustl 
and P pachyrnzozdes form a contmuurn hnked to P lunalus confirmmg early observatwns 
(Debouck 1991) 

Second the ex1stence oftwo rnaJor gene pools m w¡ld L1ma bean as ev1denced on polymorplusms 
m seed storage protems (Gullerrez Salgado el al 1995) and allozymes (Maquet el al 1994) seems 
to be confirmed Wlth 3 groups The Wlld form Wlth shghtly larger seeds m the westem Andean range 
of Ecuador and northem Peru clearly separates at O 58 O 71 w1th 95% confidence from the form 
d1stnbuted m the eastem lowland South Amencan trop1cs lnterestmgly the small seeded w1ld L1ma 
beans from Central Amen ca separate from the ones of South Amen ca, but the sample 1s too small 
to ra1se a defimllve concluswn However sorne Colomb1an matenals namely from the Andean 
departments of Boyacá and Cundmamarca, although close to the lowland neotrop1cal w1ld L1ma 
bean separate to form another group 

Tlurd P auguslz P boiiVlanus and P pachyrrzzozdes seem to form a contmuurn rather than three 
dlfferent clear-cut enlllles Tberr low leve! of separallon would questwn mamtaJ.mng these three taxa 
as separate spec1es there would be mstead cons1dered as one but polymorph1c spec1es 
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1 1 3 Assessment of P vulqans genet1c d1vers1ty m Rwanda 

E Ga1tan1 M e Duque2 S Beebe3 and J Tohme1 

1 B1otechnology Research Umt 2 B10metncs 3 Bean Genet1cs 

A proJect was 1mttated as part ofthe Seed ofHope lruttattve to assess the degree of genettc d1vers1ty 
change and/or loss as a result ofthe c1vll war m Rwanda lmttally collecttons forrn 1984 and 1995 
were compared by usmg seeds shape color pattem seeds coat bnlhance and seed s1ze These 
compansons suggested that there has been a loss of vanab1hty m 1995 compared to what ex1sted m 
1984 We extended the morpholog1cal analys1s to mclude AFLP fingerpnntmg data 

Progress Report AFLP fingerpnntmg was perforrned as descnbed by Vos et al 1995 w1th sorne 
mod1ficat10ns (Tohme et al 1996) F1ve hundred ng ofDNA forrn each sarnple were double d1gested 
wtth EcoRI and Msel enzymes and mcubated at 37 e 1 h and then adapters were added and th1s 
m1xture 

E1ghty one combmattons for EcoRI and Msel adapters were des1gned by addmg 1 and 3 randomly 
selected nucleottdes to the 3 end Based on the result of the survey two combmattons of pnmers 
were selected to be used m th1s study Two consecut1ve ampltficattons w1th one and three extra 
nucleottdes per pnmer were carned out m a PTe 100 programmable therrnal controller (MJ 
Research) 5¡¡1 of double d1gested and adapter hgated DNA were ampltfied usmg each pnmer w1th 
an extra nucleottde A shght smear was observed when 20¡¡1 ofthe PeR product were loaded on a 
1 5% agarose gel For the second amphficat10n 5 ng of pnmers for EcoRI w1th three extra 
nucleottdes were end labeled by usmg gamma 32P ATP tlurty ng ofthe non labeled for Msel were 
added and 10¡¡1 ofa 1 20 d1lutton ofthe lntttal PeR product Th1s second amphficattOn was carned 
out by programmmg a touchdown cycle pro file (Don et Al 1991) Selecttve amphfied fragments 
were m1xed w1th an equal volurne ofloadmg buffer denatured at 95 e for 3 mm and mcubated m 
an 1ce bath for 5 mm Four ¡¡1 of each sample were loaded mto 6% polyacrylam1de denatunng gel 
and runnmg at 40 V /cm for 2 h at 50 e 

Part of these two collecttOns had been fingerpnnted usmg AFLP techruque DNA was extracted from 
593 access1ons from the collectton held at eiA T and 324 forrn 1995 collectton 462 access1ons have 
been screened w1th two patr of AFLP pnmers combmattons PElA/ PMIA combmat10n gave a 
average of92 well scorable bands and PE!e/PM!e combmat10n gave 84 bands 

The data matnx obtamed for presence or absence ofbands was Ne1 L1 (1979) defimtton The matnx 
of d1stances was analyzed usmg the UPMGA method of the software NTSYS Prehmmary 
dendrograrns were generated w1th the TREE program ofNTSYS Max1murn d1vers1ty among groups 
formed by NTSYS analys1s was O 48 as measured by Ne1 s d1stance We observed greater 
heterogenetty m 1984 collectton that 1995 correspondmg O 27 to 1985 collectton and O 23 to 1995 
collect10n 

elasstficatton of beans MaJor groups or gene pools were recogmzed m Mesoamenca and Andes 
P vulgarzs gerrnplasm although the separatton among commumttes was not clearly defined In th1s 
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analysts we observed a mtxture of genotypes betwecn close and dtstant commumllcs Wc planto 
contmue the AFLP analysts usmg two pnmers combmattons for both 1984 and 1995 collecltons and 
companng these collecttons wtth a selected sub set of Latm Amenca germplams from the core 
collectton 

1 1 4 Evaluatlon of Mamhot Genetlc D1vers1ty w1th Molecular Markers 

AFLP analysiS of m ter and mtraspecafic daversaty 

A e Roa1 M M Maya1 E Barrera1 M e Duque2 J Tohmel and M Bomerbale1 

1 eassava Genettcsl 2 Btometncs 3 Btotechnology Research Umt 

Advantages of AFLP as genettc markers for cassava mclude the large amount of data pomts 
generated per expenment and the lack of reqwrement for much prevtous mformallon about the 
spectes under study A set of 1 OS Mamhot accessaons has been evaluated wtth AFLPs at eiA T to 
esttmate genettc relattonslups wtthm the genus The set mcluded 35 cassava landraces 3 1mproved 
hybnds and 67 mdtvtduals from the followtng laxa M aescu/ifol~a M carthagmens1s M 
brachyloba M lrlstls M esculenta subsp jlabellifoila and M escu/enta subsp peruVIana Selecttve 
amphficatton of EcoRI Msei restnctton fragments was realtzed wtth two dtfferent + 11+ 3 AFLP 
pnmer combmattons 

Progress Repon Fmgerpnnts .of each genotype conststed of from 17 to 51 bands confirmmg the 
htgh mformatton content obtamable wtth thts type of marker Data were regtstered as presence or 
absence ofbands m each accesston and the results converted toa sumlanty matnx based on AFLP 
products held m common between pa1rs ofmd¡v¡duals UPGMA analys1s clustered the access1ons 
mto etght groups that correspond largely w1th pnor taxononuc class•ficatton (fig 1) Dtscrete groups 
were formed for the spectes M aescu/ifoila M brachyloba and M carthagmens1s (clusters 1 2 
and 3 respecttvely) and cassava (M esculenta cluster 8) Most accesstons pertammg to M 
escu/enta subspp jlabellifoila and peruv1ana fell mto a mtXed cluster (7) Three smaller groups were 
formed by two patrs ofmd!Viduals collected at htgher altitudes ofthe M esculenta subspec1es (4 
and S) and M lrlstiS (6) The accesstons representtng cassava appear as a compact group (8) wtth 
greater stmdanty among 1ts members than m the next cluster (7) Because cluster 7 compnsed a 
miXture of M esculenta subspp jlabel/ifo/¡a and peruv~ana accesstons these two subspec1es were 
pooled mto a smgle group for subsequent analyses Tlus group of accesstons compnsed of the wtld 
subspectes of M esculenta was the most closely related to cassava among the taxa analyzed The 
analysts permttted the umque tdenttficatton of each mdtvtdual mdtcattng that the collectton does 
not contam genettc duphcates and facdttated analysts ofthe dtstnbuuon of genettc dtvers•ty among 
accesstons and spectes Spectes spectfic markers whtch may be useful m germplasm classtficatton 
or mtrogresston studtes were suggested by the umque presence and absence of AFLP products m 
samples of each of the three wtld spectes 

Mean stmdanttes between paus of mdtvtduals wtthm the stx resultmg groups were stgmficantly 
dtfferent (P<O OS) accordmg to Duncan s multtple range test (Table 1) As expected mtraspec1fic 
stmdanty (Table 1 dtagonal) was greater m all cases than mterspectfic (Table 1 upper tnangle) 
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Table 1 

Group 

ESC 

AES 

BLO 

CTH 

TST 

Genetoc Similanty values (mean±SD) between (upper tnangle) and wnhm (diagonal) groups ofMamhot gennplasm based on all pairwise Similantoes 
between mdividuals Different leners on the diagonal mdicate sigmficant differences (P<O 05) by Duncan s multiple range test 

ESC AES BLO CTH TST ESC FLA PER 
(n=38) (n=8) (n=3) (n=25) (n=4) (n=14) 

O 85±0 03ab o 31±0 03 o 41±0 02 o 47±0 03 o 65±0 03 070±011 

O 86±0 06a o 26±0 02 o 26±0 02 o 27±0 02 o 27±0 05 

O 84±0 07ab 043±0 04 o 41±0 03 o 40±0 05 

O 77±0 09cb o 45±0 04 046±0 06 

O 88±0 04a o 67±0 11 

ESCFLA PER O 70±0 15c 

ESC = M esculenta AES = M aescu/ifolia BLO =M brachy/oba CTH =M carthagmenSIS TST =M trulls ESC FLA PER = M esculenta subspp 
f/abel/ifo/ia and peruvtana 
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11 5 Molecular charactenzat1on ofCassava Bactenal Bllght Collaborat1ve pro)ect 
ORSTOM CIAT 

S Restrepo1 G Mosquera' A F Lopez1 M Bomerbale2 and V Verd1er 
1 Cassava Pathology (ORSTOM) 2 Cassava Genettcs 

Cassava bactenal bhght (CBB) ts a maJordtsease m Latm Amenca causmg senous crop losses wh1ch 
affects both y1eld and plantmg matenal The causal agent 1s Xanthomonas axonopodzs pv mamhotls 
(Xam) Smce the begmmng ofthe project (Apnll995) surveys were conducted m Colombm morder 
to evaluate the 1rnpact of the d1sease the genetlc and pathogemc d!vers1ty of the causal agent and 
the leve! of res1stance of the cassava core collectton and the vanettes culttvated The prmc1pal 
objectlve ofth1s proJect 1s to develop mformatwn on pathogen populatwn structure host pathogen 
mteracttons genetlcs of res1stance and detectlon methods Results w!ll perm1t to define a global 
strategy to control the d1sease 

1 1 5 1 Analys1s of pathogen populatlon diversity 

Ge11et1c cf¡aracterlzatwn. Knowledge of pathogen populatton structure 1s essentml for formulatmg 
long term d1sease management strateg1es lnformatwn on pathogen d1vemty can be used m 
charactenzmg and deploymg res1stant germplasm In Colomb1a, Xam strams were collected m 
d1fferent edaphochmatlc zones m d1fferent s1tes and m varwus fields A combmatwn of v1rulence 
analys1s and molecular genetlc charactenzatlon !S bemg used for the evaluatlon of ex1stmg 
b10d1verslty among strams of Xam D1fferent types of genehc methods are bemg apphed for stram 
charactenzat1on based on restncl!On fragment length polymorph1sm analys1s (RFLP) wtth '\am 
probes e1ther genom1c or plasm!dlc as well as umversal probes (nbotypmg) In Colombm 250 
1solates have been charactenzed w1th these tools resultmg m the descnpt1on of 26 d1fferent bcnet1c 
groups Sorne of these groups were w1dely d1stnbuted m the d1fferent Colomb1an ecozones 
suggestmg patterns of pathogen m1gratton Cluster analys1s among the groups tends to reflect the1r 
ecogeograph1c d1stnbutwn and areas of umque d1vemty have been 1dent1fied The h1ghest leve! of 
genetlc d1vers1ty was found among Xam strams collected m expenmental fields where a h1gh number 
of genotypes were cultlvated (V!llav!cencw Car¡magua) The lowest leve! of genetlc d!vers1ty was 
found m ECZS (Caj1b1o Mondomo) a zone ofh1gh altttude 1solated by the andean mountams Few 
number of cassava vanetles are culttvated m th1s zone wh1ch can explam the low leve! of genetlc 
d!vers1ty observed w1tlun the pathogen populatwn Strams of th1s zone were also stud1ed for plasm1d 
content showmg a great homogenelty AFLP s stud1es are bemg developed to further charactenze 
th1s populatwn of Xam 

Patl10gemc cllaractenzatwn Pathogeruc1ty of all Colomb1an strams was assessed on a susceptible 
cultivar (MColl522) by stem puncture and leaf moculatwn m greenhouse cond!l!Ons Results have 
shown that most of the strams are h1ghly pathogeme when moculated by stem puncture V armtlon 
among the reactwns to fohar moculatlon md1cates vanable aggress!v1ty A correlatlon between 
genetlc groups and pathogemclty has not yet been demonstrated 
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1 1 S 2 Charactenzahon of stram cult1var mterachons 

Unul now no dlfTerenuauon of races of Xam are known and no genes governmg reststance m 
cassava have been descnbed Representauve strams of Xam from each geneuc group descnbed (26) 
are bemg used to screen a set of 12 cassava germplasm representmg a range of reststance and 
suscephblltty Dtfferenhal reactwns between strams and genotypes have been observed and the 
anal ysts are under study 

1 1 S 3 Genehes of the pathogen Express10n of a pathogemc1ty gene 

A pathogemctty gene (pthB located on a plasmtd that ts wtdespread wtthm Xam strams has been 
prevtously charactenzed DNA sequencmg revealed that thts gene ts a member of a gene famtly 
named avrlpth whtch ts well descnbed m other plant pathogemc Xanthomonas The expresston of 
the pthB gene and tts role m the plant pathogen mteracuon are bemg studted The codmg regton of 
the pthB gene (fragment Bam Bam) has been cloned m a pET vector m order to express the 
correspondmg protem Further stud1es on the punficat10n charactenzatlon and 
tmmunocytolocahzatwn of thts protem are planned 

1 1 S 4 ldentdicatJon of so urce of res1stance 

Xam ts a vascular pathogen that enters vessels after a prehmmary phase of mtercellular development 
m the mesophyl In susceptible plants symptoms are charactenzed by leaf wlltmg and stem 
exudates whtle reststant plant shows lurnted stem necrosts The number of mfected vessels ts lower 
m reststant than m suscepttble culuvars 

Screenmg cassava core collectton The mam objectlve ts to evaluate reststance to CBB m cassava 
cultlvars both m field and m greenhouse condttlons The pnnctpal cntenum used for the greenhouse 
evaluatlon JS sconng symptom evolutlon over one month Stem moculauons are done on one month 
old cassava plants The reacuons are evaluated at 8 15 30 days after moculatton accordmg to a scale 
ranged from Oto 5 Ftfty one vanetles were moculated wtth d1fferent strams each expenment was 
rephcated at least 12 times A group of reststant culttvars has been tdentlfied arnong whtch Mnga 19 
(=TMS91934) 6culttvarsMBRA,Mcol22 CM523 7 CM6438 14 SM524 1 SM1053 12 SGI07 
35 A set of 12 culttvars showmg dtfferent reacttons were selected for further evaluatwn wtth a larger 
group of strams (see 1 2) 

The 51 culuvars tested were mu!Uphcated m the field (ICA Palnura) morder to obtam a good quahty 
and quanuty of stake matenals These culuvars have been transferred for the first evaluatton m Los 
Llanos and are evaluated m field condttton (4 evaluatton dunng the cycle) Evaluatton of thts 
matenal1s planned m dtfferent s1tes of the 3 ECZ where we ha ve shown a clear dtfferenttatwn of the 
pathogen populatton structure 

Genettc cltaractertzatwn ofresutance. Evaluat10n ofthe CIAT mappmg progeny (TMS 30572 x 
CM 2177 2) w1th one reference stram of Xam revealed a wtde range of transgresstve genettc 
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segregallon Th1s populat10n IS bemg evaluate w1th a representallve set of strams as a mean of 
locahzmg res1stance genes (see MB) We hope to 1dent1fy combmat10ns of alleles that prov1de 
greater res1stance than the parental clones exh1b1t The genellc map of cassava will be apphed to the 
development of molecular markers to ass1st m breedmg for res1stance to CBB 

l l 5 5 Development of detechon methods for Xam 

Xam IS transm1tted m vegetallve and sexual seed of cassava and 1s a target of mtemat10nal 
phytosan1tary quarantme efforts D1agnos1s based on field mspecllon has hm1tat1ons especmlly smce 
Xam can surv1ve m llssues w1thout causmg symptoms D1fferent approaches have been dcveloped 
based on molecular genet1c mformat10n and monoclonal antlbody technology (MABs) morder to 
1mprove the detecllon methods 

Seed transm/Sston Frmts collected m mfected fields have been treated m the laboratory m order to 
reveal the ex1stence of natural Xam mfecllon The pathogen has been 1solated both from frmts and 
seeds collected m d1fferent fields Presence of the bactena was revealed after seed washes and 
embryon macerallon d1lut1on senes and numerallon on LPGA medmm 

Development of seed and seedlmgs mocu/at1on methods Art1fic1al moculat10n techn1ques ha ve 
been developed on dry seeds (1mmemon and vacuum mfiltrauon w1th a cahbrated suspens10n of 
bactena) and on germmated seeds (puncture of the embryon w1th a cahbrated suspens10n) 8oth 
techn1ques revealed the appar1t1on of CBB symptoms on seedhngs 5 to 7 days after moculat10n 
confirmmg that Xam can md11ce symptom mto seedlmgs Another moculat10n techn1que has been 
developed on seedhng (by stem puncture) wluch al so allowed the appar1t1on of d1sease symptoms 
m the plantlet 

SurviVal of Xam m the seed Stud1es on the surv1val of Xam mto the seed have been mvesllgated 
After moculat10n (1mmers1on and vacuum mfiltrat10n) seeds were held at room temperature for 
severa! days The number of bactena present m the seed was esllmated 8 15 22 30 days after 
moculat10n Results obtamed have shown the ab1hty of Xam to surv1ve m the seed 

Development of E//Sa Two MABs were generated wh1ch react to all pathogemc Xam strams 
(ORSTOM) and theu use mELISA 1s bemg developed F1rst resu1ts have shown a pos1t1ve reacllon 
w1th bactenal culture and mfected leafsamples w1th both the two MABs 

Development of PCR and dot blot assays We have developed a PCR based assay for Xam Two 
pnmersXam1V andXam1K wh1ch are h1ghly spec1fic for Xam allow the amphficat10n ofa DNA 
fragment (900bp) only from pathogemc strams of Xam PCR has been performed by usmg Xam 
DNA moculated leaf and stem llssues and field mfected samples The PCR react10n was sens1t1ve 
as the m1mmum concentrat10n detected was 3 1 ()2 cfu per mi m mfected samples 
A dot blot test usmg the amphfied DNA fragment (900bp) has been developed and the sens1tlv1ty 
of detectlon was m the range of 1 Ong of DNA per dot and as 1 3 103 cfu/ml m plant extracts 
Interference from other bactena assoc1ated w1th Mamhot spp was not observed The two techn1ques 
have g1ven prom1smg results allowmg the detecllon of Xam m mfected plant samples Methods for 
the detect10n of Xam m cassava seeds are m progress 
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11 6 Analysts of genettc relattonshtps among Cuban nce vanettes usmg RAPO and 
AFLP markers 

J L Fuentes' F Escobar G Gallego2 M C Duque' and J Tohme2 

1 Institute for Apphed Nuclear Research Cuba 2 810technology Research Umt 3 Btomctncs 

As part of a trammg program a compartson of RAPD and AFLP markers for germplasm 
classtficat!On and the assessment ofthe leve! ofthe genetic dtverstty wtthm a group of Cuban nce 
vaneties was camed out by lng Jorge Fuentes from the lnstitute for Apphed Nuclear Research 
Cuba 

Progress Re¡¡ort Twenty one nce varteties were selected from those used by maJor genettc 
tmprovement programs m Cuba DNA samples were extracted accordmg to the method descnbed 
by Dellaporta et al (1983) For RAPD analysts SO ng DNA of each vartety were amphfied usmg 
24 ohgonucleotides The samples were amphfied m a buffer solution contammg 2 S mM MgCI2 50 
mM KCI 1 O mM Tns HCI O 1% Tnton X 100 O 2 mM dNTPs O O 1% BSA and 80 nM pnmer 
under the followmg condttions S mm at 9S C 1 mm at 9S C 1 mm at 36 C and 2 mm at 72 C 
for 3S cycles then S mm at 72 C The amphfied DNA were separated m 1 S% agarose gel that 
contamed O S mcg/mL of ethtdtUm bromtde and then photographed wtth POLAR OID FOTODYNE 
eqmpment AFLP fingerpnntmg was performed as descnbed by Vos et al 199S Wtth sorne 
modtficatiOns (Tohme et al 1996) Four AFLP combma!Ions were used 

To study gene!Ic stmtlanty data were obtamed by readmg the fingerprmts of the dtfferent vaneties 
studted on the basts of the presence (1) or absence (O) of each band Genet1c stmtlanty between 
van elles was estimated by usmg the smulanty mdexes proposed by Net and Lt ( 1979) and So ka! and 
Mtchener (1958) and the statistical software NTSYS PC (Rohlf 1988) Dendrograms wcre 
constructed usmg cluster analysts (UPGMA) wtth the same sta!Is!Ical software The cophenetic 
coeffictents of correla!Ion (Sokal & Rohlf 1962) for the matnxes wtth data on RAPD AFLP and 
both types of markers were calculated to venfy the usefulness of the method used to explam gene!Ic 
dtverstty among mdlVlduals Also the three matnxes of stmtlanty were compared among 
themselves by Mantel s test (Mantel 1967) and the degree of congruence m estimatmg genetic 
stmtlartty was determmed for each type of marker 

Stxty RAPD ohgonucleo!Ides were analyzed m the study of these 24 showed conststent and 
reproductble bands ofwluch 87% (21) were polymorpluc In general the dtfferent ohgonucleotides 
detected polymorplusms among the 21 vanettes studted The average number of polymorphtc bands 
per pnmer for RAPD data was 2 9S wluch does not dtffer from the overall average calculated from 
other authors (2 86) Results mdtcate that these pnmers may be very useful for nce germplasm 
classtficatiOn 

The four AFLP combmat10ns y1elded an average number of 20 7S polymorphtc bands per 
combma!Ion wluch 1s twtce that obtamed by Macktll et al ( 1996) Thts stgmficant mercase could 
be attnbuted to the low number of combmations tested by these authors 
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The average value of genetic simiianty among Japoruca vaneties was O 48 for RAPO data and O 55 
for AFLP data whereas correspondmg values for Indica vaneties were O 87 (RAPOs) andO 67 
(AFLPs) AFLP markers detect 18% more vanabihty than RAPO markers When on1y Cuban 
vaneties were mcluded m the analysis tlus value was 21% AFLP po1ymorplusms was detected m 
the fingerpnnts of mutants or !mes resultmg from somaclonal vanat10n data, mdicatmg the capacity 
of this type of marker to detect differences even m vaneties that genetically are closely related 

Cluster analyzed was also conducted and dendrograms constructed from matnxes of genetic distance 
with data from RAPO and AFLP markers both alone and combmed In both cases the different 
vaneties were grouped mto two well defined groups belongmg to the Indica and Japoruca 
subspecies Also m both analysis the nce vanety Pokkaii was grouped apart, apparently bemg more 
assoc~ated With the Indica group of vanetles despite Its Japoruca ongm The Japomca gerrnplasm 
has been further subdiVIded mto Japomca Tropical (Oka 1958) or Javanica (Chang 1976) and 
Japomcum vaneties from temperate countnes (Maclull 1995) These findmgs are supported by the 
results of the study 

The high consistency of resu1ts Wlth both types of markers should be highhghted Only small 
differences were found m the position ofthe cultivars (vanetles 0ryZJca Llanos 5 L 8554 IAC 16) 
withm the dendrograms Such consistency IS supported by the correlat10n values obtamed by 
Mente! s test (Mente! 1967) wluch compared the matnxes of sumlanty for RAPO and AFLP data, 
both mdependently and combmed The correlat10n value obtamed for RAPO and AFLP markers 
(O 71) also mdicates that the estimates of genetic relationslup per type of marker are adequately 
related 

1 1 7 Charactenzahon and genehc vanabd1ty of Passiflora spp from the Andean regmn 

1 Sanchez1 F AngeF O FaJardo' M Grum3 and J Tohme2 

1 Genetlc Resources Program CORPOICA 2 8IOtechnology Research Umt CIA T 3 IPGRI 
Amencas 

Passion fnnts are very unportant as genetlc resources and Its charactenzat10n and evaluat10n of wiid 
and cultivated populat10n IS a pnonty for Andean countnes Very httle IS known on the considerable 
genetic vanabihty of Passzjlora as theu prospecuon evaluauon and study IS Just startmg Passzjlora 
genus ongmates from the tropical ramforest reg10ns of the new world (South Amenca) These 
species are found from sea leve! to the lugh Andes general1y as low density populatiOns The species 
are open polhnated and probab1y pollmated by Iarge bees other by hurnmmgbrrds Pass10n flowers 
belong to the order Vwlales and the famiiy Passzjloraceae wluch has 18 genera Passzjlora IS by 
far the largest genus Wlth 400 species (Escobar 1988) 

Passzjlora species are very diflicult to classify acurately Sorne of them are so Widely vaned and 
other so resemblant to each other Many species and vaneties of Passzjlora have been carefully and 
acurately recorded however It would be very difficult to obtam hvmg specimens of most of these 
species In order to extend our knowledge by keepmg comprehensive collectiOns of the genus such 
as the nat10nal collectiOns orgamsed by IPGRI m Colombia, Ecuador Venezuela and Peru many 
rare species wiii always be safe from extmct10n and avatlable for mvestigatiOn 
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In thts study genetlc charactenzatlon vanab1hty evaluauon and mutat10nal analys1s of chloroplast 
DNA vanauon ha ve been used to explore the evolut10n and the relat10nsh1p of spec1es complex m 
Passiflora 

The results by genom1c and molecular charactenzatlon den ved from Passiflora analys1s Wlll prov1de 
the bases to charactenze d1fferent spec1es acces10ns and ongms trruts m mtra and mterspeclfic 
crosses for further 1mprovement, Wlth multlphcat10n of selected genotypes and conservat10n of the 
Passiflora as a vahous genetlc resources Thls work Wlll contnbute to the recent nat10nal efforts to 
collect charactenze and evaluate the Passiflora frmt germplasm wh1ch 1s recogruzed as a reg10nal 
pnonty 

Progress Report Passiflora seeds or explants were germmated m the green house and transfered to 
the field at La Selva, Rlo Negro (Antloqma) The youngest leaves were harvested from each plant 
and frozen m hqmd mtrogen for the DNA extract10n Total DNA from th1rty s1x (36) Passiflora 
sp was ¡solated from 3 S g frozen leaves from a smgle plant per access10n as descnbed by 
Dellaporta et al w1th sorne mod¡ficatlons Approx1mately ISO J.lg oftotal DNA was obtamed per 
gram ofyoung fresh leafussue RFLP and RAPO markers were carned out For RFLP markers 
total DNA ( 4 J.lg) was d1gested Wlth four d1fferent restnctlon endonucleases They areHmd III Eco 
RI A va 1 and Hae III DNA labelhng and Jubndlzat10n procedures were carned out as prev10usly 
descnbed (Angel et al 1993) 

E1ght heterologous cpDNA probes (Petuma and mungbean) were hybnchzed sequentlally to DNA 
d1splaymg 18 d1fferent chloroplast DNA molecules Ofthe 32 successful hybnd1zat10ns 28 gave 
nse to polymorpluc patterns The large maJonty mterspec1fic polymorplusrns were observed m the 
mverted repeat reg1on (IR) reg10n homologous to the 16 2 Kb mungbean cpDNA fragrnent MBI and 
m the large smgle copy (LSC) reg10n homologous to the 7 8 Kb mungbean chloroplast DNA 
fragment MBIO Eco RI and Ava I restnct10n d1gests showed the maJonty of the observed 
mterspec1fic cpDNA vanatlon followed by Haelll and Hmdlll The most polyrnorpluc combmat10ns 
probe/restnct10n enzyme were MBUAva I and MBIO!Eco RI shoWlng each 9 dlfferent hybnd¡zatlOn 
patterns m 36 access10ns used No polyrnorplusm was found when Hae III restncct10n enzyme was 
combmed w1th three (MB2 Pl4 P22) out of 8 probes tested md1catmg no vanat1on m G C nch 
sequences m Passiflora present m reg10ns homologous to these pro bes Su:rularly MB 1 O located 
m the large smgle copy reg10n d1d not show polymorplusm when was combmed w1th Hmd III 

In thts work 6 of the 8 probes evaluated were ah le to detect at least one mtraspec1fic polyrnorplusm 
Eco RI restncuon d1gests showed the majonty of the observed mtraspec1fic cpDNA var1at1on 
Intraspec1fic cpDNA vanat10n was observed among mdlv!duals Wlthm P /¡gu/ans P edulls P 
m1xta and P maliformrs The RFLPs observed may have resulted from delet10n and msert10n 
phenomena However comparatlve restnctlon s1te mappmg of the cp genomes m d1fferent 
Passiflora spec1es are necessary to determme the cause and the exact locat10ns of the observed 
polymorplusms The genet1c d1stances and cluster analys1s (UPGMA and W ARD s method) expresed 
as genet1c d1ferences between two Passif/ora sp access10ns showed h1gh leve! of polymorph1sm 
among the spec1es stud1ed These results and the future stud1es Wlth new access10ns also could help 
us to eluc1date the problems m the actual taxonomy 
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The RAPO markers were camed out wtth 52 Passiflora accesswns 1ssues from 14 spec1es For 
these analys1s 183 random pnmers were eva1uated 50 ofthem showed polymorplnsm md1catmg 
h1gh leve! of polymorplnsm mtra spec1es m P lzgulans glVln good bases for the 1mprovement of 
tlns spec1es The RAPO markers also md1cated a great genetlc flow mter spec1es spec!ally between 
P mzxta y P mollzsszma Tlus result 1s oflngh mterest to carry out taxononuc classlficatwn stud1es 
The Pars1mony analys1s shows that P conacea and P adenopoda are the more anc1ent spec1es 
Tlns analys1s also showed P lzgularzs and P maliformzs ongmate from the same branch as well as 
m P mollzszma and P mzxta These analys1s are m progress and wtll be camed out wtth new 
accesswns All these results wtll help us to start the genet1c 1mprovement of the most pronusmg 
Passzjlora spec1es and theu closest relat¡ves 
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1 1 8 A PCR method to tdentJfy Fusanum ThlelaVlQl!SIS and Pvth1um spec1es 
CharactenzatJon of strams 

Ehzabeth Alvarez 
Cassava Pathology 

Isolatlon A collectwn of27 Fusanum spp 13 Thzelavwpszs spp and 9 Pythzum spp strruns was 
estabhshed from plantauons at Vlllav!cencw and Tumaco In addttton monosponc cultures from 
these stra1ns were obtamed 

Pathogemcttv A pathogemc1ty test was performed at the greenhouse by cuttmg 01! palm leaves wtth 
sc1ssors prevwusly deepen mto an spore suspenswn (1 x 1 O spore/ml) The seedlmgs were observed 
for necrottc les10ns developed along the leaves 4 to 7 days after the mcubat10n Of the 49 strams 
tested only 13 Thzelavzopszs spp mduced necrotlc 1eaf symptorns Strruns obtamed from Tumaco were 
h1ghly pathogemc compared wtth the ones from VIllavicenclo 

Resu1ts of the two expenments measunng aggress1veness were very similar those 1solates 
cons1dered to be most aggress1ve m the first remamed the same m the second expenment and the 
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same was true for those strams that were the least aggresstve The greatest vanabthty occurred wtth 
tsolates of mtermedmte mfect10n leve! the non pathogemc tsolates mcludmg 27 Fusarwm spp and 
9 Pyth1um spp strams mamfested the same negatiVe response m the two expenments 

Molecular cbaractenzal!on DNA was extracted from all strams followmg the protocol of Lee and 
Taylor (PCR protocols 1991) amphfical!on of the 1 T S reg10n was obtamed wtth all strams The P 
C R products generated wtth the pnmer 1 T S 4 and 1 T S 5 were dtgested wtth each of four 
restncl!on enzymes Restnct10n ofthe rDNA ytelded 2 or 3 bands dependmg on the enzyme and the 
stram D1fferent restncl!on pattem types were recorded usmg the restnct10n enzymes Cfol Alul 
Mspl and the pattems corresponded to Fusanum Pythwm and Th1elavwps1s 

RAPPDs we screened 11 random 10 mer pnmers and found four that generated polymorphtsm and 
conststently produced the same bands m rephcate tralls RAPO pnmer OPA4 OPAIO detected 
geneuc vanatlon among Th1elavwps1s spp strams 

OUTPUT 1 2 AGROECOLOGICAL, AGRONOMIC AND GENOMIC INFORMATION 
ASSEMBLED AND INTEGRA TED 

1 2 1 lntegrahon of Agroecologu:al agronom1c and molecular data 

S Beebe1 and J Tohme2 

1 Bean Genellcs 2 BIOtechnology Research Umt 

(1) Yteld data was taken on two repel!ttons ofthe bean core collect10n m Popayan (1700 mas!) 
Response to photopenod was evaluated on the bush types (hab1ts 1 2 and 3) m Palmtra and those 
access10ns whtch were evaluated as senstllve were evaluated as well m Popayan 
(u) In order to use w1ld germplasm for tmprovmg yteld m beans three wtld bean access10ns were 
tdenttfied based on AFLP analys1s as bemg espectally dtverse These ongmated m Mextco 
Colombia and Argentma All have been crossed to three commercml cult!vars of contrastmg bean 
races DOR390 Pmto V tila and ICA Cennsa The cross wtth Mex1can and Colomb1an wtlds have 
been advanced to the first backcross These Wlll be carned forward to a second backcross selfed 
and evaluated for yteld to tdenl!fy QTLs for yte1d potenttal 

1 2 2 A new vanant of arcelm from southern Mex1co 

Jorge Acosta1 Constanza Qumtero2 Jatme Vargas' Orlando Toro2 Joe Tohme3 & Cesar Cardona4 

1 INIAFAP Mex1co 2 Genet1c Resources Umt 3 B10technology Research Umt 4 Bean 
Entomology 

The wtld form of P vulgans 1s wtdely dtstnbuted m Mextco from the northem state of Chthuahua 
to the southem one of Chtapas along the westem Sterra Madre and m the volcantc axes m central 
Mex1co In 1ts range of d1strtbut10n P vulgans colomzes many and vaned ecologtcal mches wtth 
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secondary vegetallon (disturbed hab1tats) for exarnple 11 grows m the semmnd reg1on m the state of 
Durango m areas that rece1ve around 350 mm of yearly preclpltallon to around 2000 mm m the 
subtrop1cal areas of Ch1apas P vulgarzs IS mamly found at altitudes between 800 and 1 800 mas! 
(Miranda, 1987 Gentry 1969 Delgado Salmas et al 1988) A1though most ofthe trmts related to 
adaptallon are quanlltahve (Bennett 1970) there are also 1m portan! lra!ts under the control of maJor 
genes An exarnple of the last lra!ts 1s the res1stance to bruch1ds wh1ch 1s due to the presence of a 
speclfic seed protem Arcehn only found m the wlld form of P vu/garzs (Shoonhoven et al 1983) 

Progress Report A field exploratwn mmed to collect W1ld germplasm of Phaseo/us spp was 
conducted m the fall of 1992 m the Southem states of Oaxaca and Ch1apas Mex1co area located 
m the nuddle ofthe regwn known as MesoAmenca Tlus explorat10n was part of an INIFAP CIAT 
mlhatlve to fill maJor collectmg gaps m the representat1on of w!ld P vulgarzs m that reg10n of 
Mex1co (Acosta et al 1993) The collected populatwns were assayed at CIAT for reactwns to both 
brucluds and seed protems (phaseohn and arcehn) Res1stance to Zabrotes was detected The 
res1stant !mes were then screened for the presence of arcehn and to determme the kmd of var1ants 
present 

Total seed protem was extracted from O 01 g of crude cotyledon llssue m O 1 mi O 5 M Nacl buffered 
at pH 2 4 After bemg shaken three limes at 5 mm mtervals the m1xture was centnfuged at 12000 
rpm for 15 nun Equal volume of supematant and crackmg buffer were m1xed Brown el al ( 1981) 
b01led for 5 mm and centr1fuged at 14000 rpm for 15 mm 

Protems were separated accordmg to the1r molecular we1ght usmg one d1menswnal SOS PAGE 
electrophores1s m a vertical apparatus Laemmh U K (1970) as mod1fied by Ma and Bhss 
(1978) The slab gels were 1 5 mm th1ck Wlth 13 5% acrylarn1de m the runnmg gel and 4% 
acrylarn1de m the stackmg gel An ahquot of 1 O ul was then apphed to the gel Electrophores1s was 
performed for 5 h at 50 mA Gels were stamed overrught w1th Coomass1e Blue and then destamed 
w1th m1xture ofmethanol acellc ac1d and destllled water (m a rallo of6 1 13) 

Two d1menswnal IEF/SDS PAGE was done accordmg to a method descnbed by Anderson L 
(1988) usmg 13 86% acrylanude slab gel for SDS PAGE except that no stackmg gel was mcluded 
Electrophores1s was performed overrught at 40 mA Arcehn was s1lver stmned accordmg to a 
method descnbed by Blum el al (1987) 

The arcehn vanant present m tJ.e !mes from Cluapas was clearly d1stmct fromthe prevwusly reported 
vanants The arcehn vanants 1 2 3 and 4 wh1ch had been charactenzed prevwusly Hartweck el al 
(1991) arcehn 5 L101 L and R Bolhru ( 1989) Goossens el al ( 1994) and arcehn 6 Santmo el al 
(1991) all cons1sts of severa! polypeplldes These polypeplldes were al so found for the novel 
arcehn 7 vanant, wluch cons1sts oftwo related polypeplldes hke arcelm 5 w1th the except10n that 
arcehn 7 does not have the pohpepllde Are Se as descnbed m Goossens el al (1994) for arcehn 5 
The populallons contammg the new arcehn alleles were collected at the Depreswn Central of 
Chmpas area located between the S1erra Madre del Sur and the Central H1ghlands The area 1s of 
subtrop1cal chmate w1th a yearly preclpltallon rangmg across locat10ns from 1000 to 2000 mm Most 
of the area 1s devoted to cattle rmsmg w1th small portwns of ramfed and 1rngated agnculturc In 
add11lon to P vulgarzs others Wlld spec1es of Phaseolus also grow m the area (A costa et al 1993) 
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Dunng the exploratlon conducted m Chiapas dunng 1992 only a small portlon of the central part 
of the state was covered In add1t10n m the sampled area new Iands had been recen ti y opened for 
croppmg and cattle rmsmg wtth a mdtscnmmated use of herbtctdes that accordmg to mtervtewed 
farmers were damagmg the prev10usly large populat10ns of fnJOI de monte (wtld P vulgans) 
(Acosta et al 1 992) Furthennore m the state there extsts other wtld and culttvated spectes of 
Phaseolus However due to an accelerated rate of eros10n there 1s a real need for explormg and 
collectmg m the rest of the state The findmg of th1s new var1ant 1s the first reported m the state of 
Chmpas stressmg the need for further explorat10n and charactenzat10n of P vulgan~ 

1 2 3 Gene taggmg of agronom1c tra1ts m bean 

F Pedraza1 M Rojas2 G Gallego2 J Tohme2 and S Beebe1 

1 Bean Genetlcs 2 Btotechnology Research Umt 

Phenotyp1c data was obtamed or !S m the process for severa! Importan! tratts AII phenotyp1c data 
m beans 1s taken on Recombmant Inbred Lmes (RILs) usually on F5 den ved !mes One populat10n 
segregatmg for bean fly res1stance was sent to Tanzama for screemng there Wtth the msect A very 
mterestmg populatlon between an Andean low phosphorus toleran! Iandrace G 19833 and a 
Mesoamencan bred cultivar DOR364 was evaluated for root tra1ts Broad dtfferences were 
observed for total root Iength whtch appeared to be the tra!t that explmned best the d1fference among 
the parental genotypes m response to low P RFLP were utlhzed to analyze the two parents and 80% 
of pro bes proved to be polymorphtc A framework W!Il be apphed to the pro gen y to tag genes for 
root Iength Meanwhtle data on yte1d perfonnance w1th and w1thout P stress have been obtamed 
y1eld QTL w!ll also be sought Other populat10ns of RILs are bemg advanced for other traits 

Another populatlon 1s bemg advanced whtch 1s segregatmg for tra!ts relevan! to P nutntiOn G21212 
1s especially effictent m P uptake per gram root BA TSSI 1s meffictent It 1s hoped to study th1s 
populat10n w1th colleagues at Pennsylvanta State Umverstty to tag relevan! tra1ts Two other 
populatlons mvolvmg access10ns wllh P use effictency trmts are also bemg advanced 

Sequence Charactenzed Amphfied Reg10ns (SCARs) are PCR fragments that have been converted 
to stte spectfic pnmers SCARs are an 1mportant part of a MAS strategy smce they penn1t more 
rehable PCR tdentlficatton of destrable genes wtth less var1abthty than RAPOs among dtfferent 
laboratones and PCR procedures Importan! progress m Phaseolus was recorded m the preparat10n 
of SCARs for two tra!ts One SCAR was obla!ned for a gene tag for res1stance to Common Bactenal 
Bhght (CBB) Thts gene was obla!ned ongmally from P acutifoltus through XAN 159 and severa! 
mtennedmte generatlons The tag (as well as the SCAR amphfied product) was present m the 
ongmal acutifoltus parental !me and of course m SEL 1309 whtch was used as the CBB res1stant 
parent m the markmg populat10n Thts marker explamed 23% of the vanab1hty m CBB reactlon 
and represented a dtfference of about 1 5 on the 1 9 CBB scale 

The second SCAR developed was based on a pmr of codommant bands markmg an 1mportant 
BGMV res1stance gene denved from Garrapatos These bands were Identlfied by colleagues m 
Puerto Rico (P Mildas team at USDA and J Beaver at Umvers1ty ofMayaguez) In the process of 
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sequencmg these bands we reahzed that umque sequences m the two bands were almost non 
existen! Two sets of SCARs were developed but both sets contmued to amphf:Y both codommant 
bands and It IS stdl necessary to select on the basis ofband weight lt was also possible to create a 
SCAR that amplfied the resistan! band exclusively We contmue to compare notes With colleagues 
to IdentifY other Importan! BGMV gene tags to develop as SCARs 

1 2 4 Taggmg of nce blast res1stance genes 

G Gallego' J Lopez1 M La Rota' F Correa2 and J Tohmel 
1 810technology Research Umt 2 Rice Pathology 

The mappmg ofresistant genes to Colombian nce blast m severa! crosses has been contmued wllh 
the rud of di verse techmques such as RFLP AFLP microsatelhtes and lately wlth the construct10n 
of a highly polymorphic genomic hbrary (genomic subtract10n) 

In the case of AFLPs a marker hnked to a resistan! gene for hneage SRL 1 has been found m the 
Doubled Hapl01d cross between Frumy a susceptible cultivar and Irat13 resistan! to many ofthe 
Colombian blast Isolates Only 6% recombmat10n between marker and the resistance gene was 
detected The band has been cloned and sequenced and SCAR pnmers are bemg designed The 
AFLP cloned fragment has already been used as an RFLP probe shoWing a smgle band pattern 

The second mappmg populatiOn consistmg ofDH !mes from the cross between Frumy the standard 
susceptible !me and Colombia 1 a cultivar resistan! to many blast Isolates hneages shows very httle 
polymorplusm when usmg RFLPs (79 polymorpluc pro bes out of 274 tested) as well as a very high 
distortion m the segregation of alleles usually towards Frumy s alleles Nevertheless It has been 
possible to associate a few RFLP markers to difieren! clusters of resistan! genes m this populat10n 
Lmked markers belong either to chromosome 11 or 12 of the molecular map though sorne 
mconsistencies have been found probably dueto the skewed segregat10n A hnkage to the Frumy 
resistan! gene to a selected Iso1ates form ALL 7 has been confirmed The gene mapped to 
chromosome 11 near the PI 1 The gene IS either close1y hnked to PI 1 or allehc to It Fme mappmg 
ofthe reg10ns contrunmg the resistan! genes IS underway We planto use nucrosatelhtes to complete 
the mappmg m this populat10n 

DissectiOn ofresistance to blast m Llanos 5 Recombmant mbred !mes were generated between the 
cultivar Frumy (susceptible to most Isolates) and Oryz1ca Llanos 5 considered resistan! to al! 
common Isolates hneages m Colombia Isolates from the mrun MGR lmeage have been used to 
screen the whole R!Ls Screenmg the R!Ls With RFLP pro bes from the maps of Cornell and Japan 
IS also underway 90 probes out of 140 tested so far proved to be polymorpluc The mappmg of 
these probes IS proceedmg as well as the IdentificatiOn ofmore polymorphic clones We have also 
Imtiated the use of AFLP pnmers and microsatelhtes on the R!Ls 

A novel method called Genomic RFLP Subtract10n IS also bemg mtroduced to fine map the 
resistance genes m O Llanos 5 The method Imphes the Isolation of unique fragments of DNA 
present m a population or m a genotype (called Tracer) m tlus case present m O Llanos S and absent 
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m the other populatwn or genotype such as Fanny (Dnver) These fragments are then used as 
probes to screen both genotypes and their progeny m a present/absent allele pattem The 
Identificauon of such RFLP fragments could accelerate the fine mappmg of resistance genes m O 
Llanos 5 The first subtract10n hbrary IS scheduled for testmg m December 

l 2 S Identtfymg markers hnked to the apomiXIS gene m Brach1ana 

A Berna!' P Rocha1 J Vargas1 J Miles2 and J Tohme1 

1 B10technology Research Urut 2 Tropical Forages Geneucs 

Severa! species of Brachzarza forage grasses are Widely sown m tropical Amenca Two closely 
related commercial species B decumbens and B brzzantha are tetrapl01d and reproduce by 
aposporous apomiXls Reproducuve mode IS comhtloned by a smgle gene With apomiXIS dommant 
to sexuality Our geno me research seeks to 1) tag and fine map the apomiXIS locus With molecular 
markers 2) expl01t tightly hnked PCR based markers m an apphed Brachzarza breedmg program 
3) locate the aporruxis locus on a complete Brachzarza genetic map constructed With heterologous 
probes from the nce and maize RFLP maps 

Progress Report Two hybnd mappmg populatlons were generated by crossmg a B brzzantha and 
a B decumbens clone each to the same tetraplOidized sexual B ruzzzzenszs b10type (B ruzzzzenzzs 
(CIAT 4403)X B brzzantha (CIAT 26646) [1013 cross] and B ruzzzzenzzs (CIAT 4403)X B 
decumbens (CIA T 606) [1 O 15 cross]) Both progerues were phenotyped With b esterase analysis for 
the selecuon of the hybnds IndlVldual hybnds m each populauon were phenotyped for reproductlve 
mode by microscopic observatwn of embryo sac structure m a Illlillmum of 20 ovanes with 
classifiable sacs RAPDs AFLP and RFLPs markers were used to screen the two mappmg 
populat10ns The data was analyzed with MAPMAKER (LOD score 6 00 and recombmat10n value 
of25%) 

The proJect made a sigruficant progress m 1996 To date 111 RFLP probes selected from the 
framework map of nce ha ve been evaluated on parentals 624 RAPD and 175 AFLP pnmers ha ve 
been screened on bulk DNA Linked pnmers were Identified and a SCAR was designed from the 
RAPD pnmer lmked to the aporructlc phenotype m the B ruzzzzenszs x B brzzantha populat10n The 
SCAR was hnked With reproductlve mode phenotype m both populat10ns With mappmg distance 
estimated at 4 cM m the B ruzzzzenszs x B decumbens populat10n and 13 cM m the B ruzzzzenszs 
x B brzzantha populauon We have also Identlfied a RFLP probe from the Comell nce map which 
IS hnked with the SCAR and With apomiXIs Current efforts are rumed at fine mappmg and at 
comparauve mappmg between Brachzarza mruze and nce 
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1 2 6 Evaluat10n of useful varJabJhty m c:assava usmg tra1t spec:dic: genehe stoc:ks 

T Sanchez' J Bedoya1 M Cayon1 V Verd1erl M El Sharkawy' C lgles•as' and M Bomerbale' 
1 Cassava Genellcs 2 Cassava Pathology 3 Cassava Phys10logy 

Cassava varielles are fixed hybnd genotypes that have been selected to posses a successful 
combmallon of genes controlhng Importan! adaptive and quahty traits Sexual progemes from 
crosses arnong clones however represent random combmattons ofthe factors that have contnbuted 
to the vanelles success and as such offer advantages m genellc studies RecombiDant progemes 
from controlled crosses between selected have been produce Ideal genetic stocks for studies of 
parameters such as hentabihty genellc lmkage and correlallon arnong 1mportant cassava 
charactensllcs Such genellc stocks have been constructed at CIA T ID order to pro vide a w1de range 
of genellc vanabliity for each of severa! key charactensllcs m a common genellc background or sets 
of backgrounds and opllmal hnkage d1sequthbnum arnong genellc factors which contnbute to a 
tra1t as well as arnong d1fferent traits under Slmultaneous evaluation 

Herztabzluy of cyanogemc potentzal 

lndlviduals from 1 O sexual progemes from crosses between cassava clones w1th low and high 
cyanogemc potenual and the parental clones were evaluated m two edaphochmatic zones dunng 
1995 6 to contnbute to esllmates of the hentabihty of cyanogemc potenual A subset of this 
matenal representmg the most vanable farnihes Identified m 1994 5 were also grown ID two 
additional s1tes to estimate the mfluence of env1ronmental effects and genotype x env1ronment 
mteraction on varmb1hty for the sarne tra1t Hentab1hty of cyanogens m the root parenchyma was 
found to range between O 6 and O 9 (P= O 0001) with correlations as h1gh as r2= 9 m three years 
by analys1s of parent offsprmg regress10n Evaluation of the sarne genellc stocks m contrastiDg 
env1ronments of Palmira (Valle) Quthchao (Cauca) PIVIJay (Magdalena) and Ararnasm (GuaJtra) 
wlil contnbute to our knowledge of genotype x envuonmental mteract10n for cyanogenes1s 

Varzatzon m photosynthetzc rates 

A stmliar approach to the above 1s bemg taken to analyze the hentabthty of photosynthetlc rates and 
the degree of the1r genetlc correlation wtth productiVIty under drought stress Photosyntheuc rate 1s 
measured w1th a Ltcor meter m mmoles C02/m2/sec m rephcated measurements taken throughout 
the growtng season S1x recombmant farnthes are under field evaluat10n m Quthchao dunng 1996 
and early analys1s shows moderate hentab1hty that 1s progeny performance tends to correlate well 
wtth parental performance for tlns charactenstic Agronomtc data mcludmg yteld of above and below 
ground parts wtll be taken on these matenals ID early 1997 for the second consecutive year These 
gene!Jc stocks wtll be valuable for assessmg the relat10nsh1p between photosynthellc rate and 
b10mass accumulat10n as the w1de range ofvanab1hty presented ID the unselected progemes 1s under 
evaluated m a smgle env1ronment 

Genetzc mappmg populatzon 

The molecular map of cassava now prov1des d1rect measures of genellc dlstiDCIIOn at dtscrete loc1 
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throughout the genome The apphcat10n of the map to breedmg object1ves depends on the 
s1multaneous morutonng of molecular (genotyp1c) and whole plant (phenotyp1c) vanauon m a the 
mappmg progeny Although the cassava map was drawn on segregat1on of molecular markers m 
90 md¡v¡duaJs ofthe progeny an addlt!Onal60 mdlVlduals (total 150) from the sarne cross have been 
propagated vegetatlvely to allow the analys1s of an adequate stock for quantltatlve trruts Molecular 
markers from the map of 90 md¡v¡duals are currently bemg scored on the remammg md¡v¡duals 
wh1ch Wlll add resoluuon to the segregat1on data 

The progeny on wluch the cassava map was developed was selected for both genetlc polymorplusm 
and 1mportant phenotyp1c dlfTerences presented by 1ts parents Dunng the development of the map 
ISO clones of mappmg progeny have been propagated for field evaluatlon and prehmmary 
mfonnatlon has been gathered on the range of vanabi11ty presented for root qual1ty res1stance and 
phys10log¡cal parameters Orily non destruct1ve assays such as root qual1ty and phys!Ologlcal 
characters can be measured dunng the propagatlon phase m additlon to analyses such as for d1sease 
res1stance that can be made on separate cuttlngs grown m the greenhouse Data was taken m 1996 
for the mappmg progeny on 1) morpholog¡cal descnptors res1stance to bactenos!S ( usmg one strrun 
under greenhouse condltlons) cyanogeruc potentlal (root parenchyma) post harvest detenorat10n 
and dry matter evaluat10n of photosynthetlc rate 1s currently bemg conducted on the mappmg 
progeny together Wlth the analys1s of the trrut spec1fic genetlc stocks A W!de range of segregat10n 
has been observed for res1stance to bactenos1s photosynthetlc rate cyanogenes1s penshab1hty and 
dry matter content m these prelmunary tnals and rephcated expenments are plarmed to grun 
mcreased preclSlon on measurements ofthe genetlc components oftlus vanance Our goals are to 
1dent1fy the 1mportant loc1 controllmg these trruts by the1r cosegregatlon Wlth mapped molecular 
markers and apply the resultlng genetlc mformatlon and gene tags to 1mprovmg selectlon schemes 
Once markers representmg genetlc loe¡ that explrun a s¡gmficant proportlon of the phenotyp1c 
vanab1hty are !denufied they can be developed as gene tags and used as correlat!Ve screens m 
select10n programs 

1 2 7 GIS mappmg for germplasms dutnbunon 

P G Jones 

Land Management Umt 

W1th the early collaborat10n of Dr N1ck Galwey we have been mvestlgatmg the poss¡b¡hty of 
mappmg the distnbuuon ofWlld Phaseolus vu/gans We developed a number ofuseful techmques 
for relatmg a calibrat!On set of gennplasm collect10n or herbanum passport data to chmate data 
from the CIA T chmate database 

In 1996 the ong1nal paper dehneatlng these methods (Jones et al 1996) was accepted for pubhcatlon 
m the Journal BHxhvers1ty and Conservatlon We have gone on to study the genera of Stylosanthes 
and Mamhot We have even apphed the mappmg techmques toa major pest of cassava and other 
crops 
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Geograplucal lnformallon Systems (GIS) have to date been apphed mamly to the study and plannmg 
of land use but we should be able to apply the techmque to explormg biOdiversity m the wiid 
relatives of crop plants Germplasm collecllons ofthese wild relatives contam m their passport data 
a wealth of mformatlon on the geographic distnbution of the species Herbanum collectiOns are 
another Importan! source of such data 

Here we present a method of objectlvely evaluatmg the entena from the spaual distnbution of 
germplasm bank access10ns or Herbaria specimens We envisage that we wiii mcorporate m future 
studies further vanables such as sml charactenstlcs and disturbance by human agencies 

Plraseolus Vu/garrs 

The data avatlable from the wild P vulgans collectlon mdicate that It gives an mcomplete coverage 
ofthe geograplucal distnbution of the species and thus probably also of Its genetic diversity Further 
exploratlon and collectiOn IS needed A method that can focus the explorat10n effort IS mvaluable 
m completmg our picture ofthe genetlc divers~ty ofthis species We have developed a procedure 
to use the germplasm collectlon held m trust at CIA T together With the CIA T eh mate data base for 
Latm Amenca, as a basis for predictmg the sites where WIId P vulgans beans are hkely to be found 

IdentifyJDg "bean favormg" chmates 

The passport data for the locatlon of ongm of each Wiid bean access10n consist of the latitude 
longitude and elevatlon of the collectlon si te We use this chmatic data to estlmate the eh mate of 
each locat10n where wiid beans have been obtamed usmg a two stage process 

First we estlmate the mean monthly values for ratnfall temperature and dturnal temperature range 
at the locauon m questlon by mterpola!Ion between the five closest stauons for which records are 
avatlable usmg an mverse square weighted distance We adjust the temperature values accordmg 
to the mterpolauon pomt s elevatlon 

Second we address the problem ofthe tmung ofthe maJOr seasons throughout the year We use the 
modified 12 pomt Founer transform to rotate the chmate data toa standard date This version ofthe 
transform conserves the mtegral witlun each monthly diVISIOn The Fourier coefficients are then 
expressed as the phase angles and atnphtudes of the siX F ouner funct10n frequencies The phase 
angle for the first componen! ofthe ratnfall Founer funcuon often represents the date relallve to the 
1st of January on whtch the ratnfa!IIS ata maxlffiurn We subtract this from all the phase angles for 
all chmatlc vanables and then calculate the mverse ofthe Founer transforms to produce a ngidly 
rotated set of cltmate data havmg the satne form and mtegral as the ongmal This ensures that 
chmates at different locat10ns are not treated as dissimiiar mere! y because therr ramfall maxima and 
associated values of other vanables occur at different limes of the year 
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We apply pnnc1pal components analys1s produced by the PCP command of Genstat (PCP) to the 
resultmg 36 chmatlc vanables to 1dent1fy a smaller number of pnnc1pal componcnts compos1te 
vanables uncorrelated w1th each other wh1ch account for most of the vanatlon m chmates among 
wdd bean locatlons We fit a multlvanate Normal d1stnbut10n to the pnnc1pal components so that 
we can calculate a probab1hty dens1ty for any chmate 

Next we apply the chmate est1mat10n procedure to a contment w1de datase! denved by mterpolallon 
to the 1 O mmute (18 km at the equator) gnd g1ven by the Natlonal Oceanograph1c and Atmosphenc 
Agency (NO AA) d1g1tal elevallon model usmg the same mterpolallon procedure as for the access10n 
pomts 

The procedure descnbed above depends on the assumpt10n that the spec1es occurs m a contmuous 
range of chmates that can be descnbed by a smgle multlvanate normal c:hstnbutlon Th1s m1ght not 
be the case To check tlus we apply luerarclucal cluster analys1s usmg the group average method 
to chmates ofthe access10n locatlons We can then map the clusters usmg the Fortran program to 
construct an IDRISI 1mage 

We thus 1dent1fied a nurnber of areas m Colombia that ha ve bean favonng chmates but where wdd 
beans have not prev10usly been collected We have confirmed that the natural vegetat10n m one of 
these areas corresponds closely to the type Wlth wh1ch the Wild bean 1s assocmted and we have 
recovered weedy types from th1s area, although the Wild bean 1tselfhas not so far been found In 
another prom1smg area, farmer anecdotes mentlon Wild beans growmg along roads1des and field 
margms 

The most telhng confirmatlon of the procedure s vahd1ty comes from area 3 (North Santander 
Department) wluch 1s clearly a contmuatlon of a maJor potentlal area m the lughlands of Venezuela 
Ev1dence that the wdd bean occurs m tlus area comes from pubhshed herbanurn sources not mcluded 
m the cahbrat10n set Further field exploratlon of the d1stnbut1on of P vulgarrs m wh1ch the 
pred1ct10ns made here wdl be both used and tested 1s underway 

Classdicahon of chmates where the wlld common bean occurs 

There 1s ev1dence that we may be dealmg Wlth more than one populatlon The method was therefore 
extended to dlVlde crop or spec1es chmates mto severa! groups The procedure 1dent1fies groups as 
Andean Central Amencan and Mex1can 

Stylosantlles Spec1es 

We selected five sets of access1ons of Sty/osanthes spec1es from the germplasm banks of CIA T and 
CSIRO then plotted the spec1es d1stnbut1ons as for Phaseolus vu/garrs The trop1callegume genus 
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Stylosanthes has prov1ded severa! spec1es w1th potenllal for pasture and sml 1mprovement that have 
been comprehens1vely mvestlgated and 1mproved over the last 20 years As most spec1es are nallve 
to the Arnencas th1s 1s the1r center of d¡vers1ty 

Other factors may be 1mportant locally 

Stylosanthes gwanens1s sensu lato 1s a Pan Arnencan spec1es most w¡dely found throughout the 
contment Many of the potent1al areas for collectwn ha ve been explored Y et there would appear 
to be a broad area of potenual exploratwn for S gwanensiS through southem Peru and northem 
BollVIa The apparent absence of S gwanens1s from the m tenor lowlands of South A menea could 
be because S gwanens1s 1s mtolerant of penods of extended waterloggmg or because of 1ts poor 
adaptatlon to the shady forest env1ronment However S gwanens1s has been collected m h1gh 
ramfall areas (annual ramfall >7000 mm) of the hum1d trop1cs such as the Colomb1an Choco 
department where 11 was found relatlvely frequently at roads1des lts apparent absence could also 
be because of muumal collectlon carned out m these reg1ons Thus 11 may be worthwhlle to cons1der 
other envuonmental charactenst1cs such as chem¡cal and phys1cal sml factors for potentml 
d1stnbut1on of the spec1es Th1s would be m add1t1on to plant explorauon mlsswns to areas where 
the spec1es has potenual but has not yet been collected 

A vahdahon of the method 

A serendlpltous ddliculty led us to an unplanned vahdatwn of the classlficallon and mappmg 
procedure There are usually small errors of locatlon m the files used for the analys1s In the case 
of S hamata over 20 accesswns were collected m the small 1slands throughout the Car1bbean 
parllcularly sorne m the Bahamas Shght errors m the passport data and mmor systematlc errors m 
the chmate database made 11 ddlicult for us to al1gn sorne access1ons w1th the correct 1sland Smce 
they then fell m the sea, we dec1ded to ehmmate them from the cahbrat10n set We went ahead and 
fitted the model to the contmental pomts Once mapped the unplanned vahdallon became obv1ous 
The 1slands onto wluch we had been trymg to al1gn the recalc1trant pomts ht up as h1ghly probable 
chmates for S hamata 

Potenhal for further collectton 

The most stnkmg md¡cat1on of potentlal new collectmg areas 1s the case of Stylosanthes sp aff 
scabra There 1s now ev1dence that tlus spec1es 1s d1stmct from S scabra Recently much mterest 
has been generated for tlus plant m Austraha because of 1ts frost tolerance and adaptatlon to heavy 
smls of central and southem Queensland 

Accesswn pomts are hrn1ted to an area m the states of Bahm and M mas Gerrus m eastem Braz~l The 
chmate probab1hty dens1ty map shows major potentlal collectlon areas m southem Braz1l eastem 
Paraguay and northem Argentma New collectlon mlss¡ons m1ght explore these areas 
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Specaes consast of dafferent populataons 

S guzanenszs has a wtde natural d1stnbut1on m tropical Amenca, but the collect10n pomts do not all 
fall m lugh probab!llty areas whereas most of the pomts m Branl do Are there m fact two or more 
populat10ns of the spec1es wtth d1fferent chmat1c requ1rements? 

F1ttmg a smgle multtvanate normal d1stnbut10n to the cal1brat10n set when the set 1s a composlte 
populat10n may cause spunous reg10ns of lugh probab1hty where no access10ns ex1st or access10n 
s1tes mareas of low probah1hty We apphed the chmate clustenng techruque already used on 
Phaseolus vulgarzs th1s case Further work on the genet1c charactenzat10n of samples of these 
populat10ns !S helpmg to prove tlus hypothes1s 

In May Mark Sawkms amved to work wtth us for 3 months fmanced by the Royal Botaruc Gardens 
at Kew He 1s studymg at the Umvers1ty ofBummgharn m England We pushed on wtth the stud1es 
of Stylosanthes and mapped spec1es probab1hty models of S vzscosa S humzlzs and S capllata 

Stylosanthes gu1anens1S 

We obtamed data of 561 charactenzed access10ns of S guzanenszs Polyacrylam1de gel 
electrophores1s (PAGE) had been used on three enzyme systems ("-esterase p esterase and .. pACP) 
wtth a total of 40 bands of 1soenzyme data 

We merged the data w1th locat10n data for the spec1es From tlus we created a combmed chmates 
file of 449 records and undertook a PCP analys1s We then put the scores through a h1erarch1cal 
cluster analys1s From scatterplots ofthe PCP scores on prurs of d1mens10ns we found that a small 
group of access10ns had formed away from the mrun group WJthm an elhpse of two standard 
devmt10ns from the ongm ldent1fymg the access1ons m tlus group from passport data, we found that 
the group was catalogued as bemg S guzanenszs var pauczjlora After clustenng the data, we 
1dentlfied and removed the access10ns of tlus vanety from the mrun S guzanenszs file Tlus !S 

another case of the power of the techruque Had we not known that these access10ns clustered 
d1fferently to the rest we would not have notlced them as d1fferent taxonom1cally 

Smce the presence or absence of an enzyme type 1s marked m the bands of an electrophores1s gel 
1t occurred to us that th1s presence or absence m bmary form could be regarded as a s1mple bmary 
sequence analogous to a chromosome for the purposes of a genet1c algonthm A genetlc algonthm 
operates on a bmary stnng to produce mutatlons and recomb1nat10ns as 1f 1t were the DNA of a 
hvmg orgarusm A separate subroutme evaluates the fitness ofthe DNA stnng The select10n 
process can often converge on a mathemat1cal solunon much faster than an exhaust1ve search for the 
total number of combmatlons 
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Usmg the tsoenzyme data as the chromosomes and the chmate clusters as the phenotyptc solutwn 
we made many different analyses for S gutanens1s We wrote a number of dtfferent routmes to 
evaluate the fitness of a chromosome The basts of all was that they should explam to a 
maxtmum the dtfferentmllon of tsoenzyme data between the chosen chmate cluster groups 

The exhausllve search for combmatwns of tsoenzyme bands would have taken '40 (faetona! 40 
operallons = O 8 x 1 04~ The most modem computer would be unable to fimsh thts operallon befo re 
the end ofthe umverse as we know ti The genellc algonthm homed m on posstble soluttons wtthm 
m mutes 

lt would be vam to expect that the raw tsoenzyme data would produce a complete solution 
explammg the chmate clusters However we have mdtcatwns that sorne tsoenzyme bands may be 
dtfferenllatmg sorne chrnate clusters Table 1 shows the frequenctes of" esterase bands 8 and 1 O 
m selected chmate groups as tdenttfied by the genellc algonthm These data gtve us no mstght mto 
what ts actually occumng but do gtve us hope for the future 

Table 1 Frequency of combmat1ons of 11 esterase bands 8 and 1 O m selected chmate groups 

Chmate Number of access1ons m bands 

group Ne1tber Only8 Only 10 Both Total 

3 23 2 6 34 

2 3 o 10 14 

S 20 37 14 81 IS2 

6 9 63 6 70 147 

7 S 6S 2 16 88 

Mam/101 Spectes 

We have also produced probabthty maps for five spectes of Mamhot the wtld relatives of cassava 
Mamhot escu/entum Of the five spectes mapped many drew concemed attenllon from genellc 
experts m the field Mamhot carthmagens1s has been collected mamly from the North Coast regwn 
of Colombia and from Venezuela Our mappmg shows that there may be potenllal collectmg areas 
m Yucatan and Cuba but the mam area of chmattc stmdanty ts m northeast Braztl lt would appear 
strange that a spectes cowd cross the Onnoco/ Amazon regton when tt was adapted to severe drought 
stress m an area of the Canbbean north coast However our colleague Dr Antomo Costa Allem 
taxonomtst at CENAR GEN m Braztl assured us that there dtd extst a Mamhot spectes taxonomtcally 
mdtstmgutshable from Carthmagensts m Braztl m the area m questwn 
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An area where we are on sohd ground 1s m the d1rect precursors of Mamhot escu/entum M 
jlabe/lifoila and M peruvwna are known to be the closest hvmg relallves of M esculentum from 
genellc stud1es The d1stnbut10n maps of these spec1es are based on a few access10ns but show a 
stnkmg Slmllanty It 1s telhng that the maJOr modern plantmgs of cassava are geograph!Cally 
1solated from these areas Crops transplanted from theu areas of ongm often escape the1r pnnc1pal 
predators and d1seases-note the case ofthe mealybug m Afnca It would seem prudent to study 
the plantmgs of cassava m the new colorust areas of Acre and Rondorua m BraZI! to see 1f pathogens 
and pests new to the rest ofthe cassava plantmg world may cometo the fore and be exported from 
these areas 

Cyrtomenus berg1 a Pest of Cassava 

The mappmg techruques are not hrruted to plant spec1es They can also be used to track the presence 
of msects and the d1seases they cause We have been collaboratmg Wlth the entomology un1t of the 
Cassava Program m mappmg the poten tia! presence of the pest Cyrtomenus bergr 

We found once agam that a smgle clunate popuJallOn d1d not descnbe the fui! range ofthe orgarusm 
We have now made a number ofanalyses seekmg a rat1onal clustenng ofthe enVlronments reported 
for the pest Most cases ( 41 out of 66) can apparently be ass1gned to a common chmate However 
at least four more chmate clusters are needed to explam the remwrung 25 access10ns 

ArachiS sp the Ancestors ofthe Peanut and Prom1siDg Forage Spec1es 

We have begun analys1s of access1ons ofthe genus Arachrs Taken from herbanum and germplasm 
collect10n records we are workmg up the geograpluc cal!brat10n sets for over 60 spec1es 

Conclusmns 

By applymg the techruque to many dlfferent cases we are learrung both theu power and theu 
potenllal p1tfalls for the uncnllcal user The resuJts must be used together Wlth tradJtlOnal knowledge 
of centers of ongm and factors mfluencmg d1ssemmat10n 

The resolut10n of the chmate files at 1 O mmutes of are (about 18 km) lea ves a lot to be deSJred 
parllcularly m broken mountamous terrwn Tlus Wlll be solved m the near future when we construct 
new mterpolated chmate files Wlth a preciSlon of30 seconds ofarc (about 1 km) 

Apparently we can use the methods to ask tluee types of quest10ns F1rst where are other potenllal 
areas? Second are we dealmg Wlth a smgle uruform popuJallon? Tlurd are spec1es that have been 
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narned as d1fferent occupymg the sarne env¡rorunenta1 ruche and ¡f so cou1d they be close1y re1ated 
taxononuca11y and geneucal1y? lfwe combme tradltlonal gennp1asm collectlon and taxonomy w1th 
GIS and genetlc markmg techruques we should have a powerfu1 too! to both pose and answer such 
quest10ns The techruque seems to hold cons1derable prom1se m 1dent1fymg key areas for m s1tu 
conservatlon 

For a fui! treatment of th1s research see the 1996 de!ailed report of the Land Management Urut 
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1 3 1 Construchon of a molecular genehc map of cassava 

M Fregene1 F Angel' R Gomez1 F Rodnguez1 P Chavarnaga2 M Boruerbale3 and J Tohme1 

1 B10technology Research Urut 2 Uruv of Georg1a, Athens 3 Cassava Genetlcs 

The geneucs of 1mportant agronom1c trwts of cassava (Mamhot esculenta Crantz) are less well 
understood contrasted to other maJor sources of calones that feed mankmd A genetlc lmkage map 
of cassava has been constructed Wlth molecular markers as a first step towards marker a1ded 
analy¡s¡s of quantltatlve tnuts m cassava. The map Wlll also serve as a too! for cassava breedmg vm 
assocmt10n of map based markers Wlth 1mportant trwts m and the deve1opment of marker a1ded 
se1ectl0n schemes Ct.rrent status of the genetlc map of cassava IS summansed below and future 
perspecuves bnefly stated 

Progress Report One hundred and thirty two RFLP 30 RAPO 3 m1crosatelhte and 3 ¡soenyme loc1 
segregatlng m the garnetes of the female parent (TMS 30572) of the F 1 mappmg popu1atl0n define 
20 hnkage groups spanrung 931 6cM w1th an average marker dens1ty of one marker every ScM 
Twenty s1x RFLP markers and one 1soenzyme marker remarn unlmked L1nkage groups are named 
alphabetically unt11 they can be corre1ated to earher named chromosome karyotypes (Magoon et al 
1969) Based on the segregatlon data reported here the length of the cassava genome 1s estlmated 
to be 1 610cM W1th a total map 1ength of932cM th1s 1mphes that the present framework map 
covers rough1y 60% of the cassava genome One hundred and seven RFLP 50 RAPO 1 
m1crosatelhte and 1 1soenzyme smg1e dose markers segregatmg from the garnetes of the ma1e 
parent (CM 2177 2) scored m the F1 mappmg populatlons defme 24 hnkage groups (not shown) wtth 
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a total dtstance of 1 220cM A stmtlar esumate of genome stze based on mappmg data from the 
male gametes suggests that the length ofthe cassava genome ts 2 OlOcM 

The most sahent dlfference observed between the male and female denved framework maps ts the 
greater geneuc dtstances on the male denved map between markers common to both parents (allehc 
bndges) lntervals are larger m the male denved map than m the female denved map m etght 
mstances and m only two mstances does the female denved map dtsplay larger genetlc dtstances 
A paued T test of the 1 O mtervals showed stgmficantly (P<O O 1) greater dtstances m the mal e 
denved map suggestmg a reduced recombmallon rate m gametes of the female parent Thts 
observallon ts remforced by the greater overalllength of the mal e den ved famework map and tts 
larger estlmate of genome stze compared to the female We are currently workmg wtth the 
computer package Jom Map 2 O (Stam et al 1993) to develop a consensus map based on male and 
female denved framework maps 

Thtrty percent of all RFLP markers on the female den ved cassava genetlc map were found to be 
hnked m the repuls10n phase Thts figure ts less than the 50% expected for hnkage of smgle dose 
markers m allopolypl01ds or dtpl01ds (Wu et al 1992) On the other hand tt dtffers markedly from 
the complete absence of hnkages m the repulston phase expected for autopolypl01ds The 30% 
figure of markers hnked m the repuls10n phase and presence of entlre groups not presentmg markers 
hnked m repulston tmphes that a stgmficant amount of random pamng occurs m cassava The 
karyology of the 18 hapl01d chromosomes of cassava reveals 6 tdenttcal patrs and 3 dtfferent paus 
of homologous chromosomes (Magoon et al 1969) Assummg random assortment between 
homoeologous chromosome~ of the stx prurs of tdenllcal chromosomes a reduct10n of 66 7% would 
be expected ofall markers hnked m repulston (16 7% as agamst 50%) The percentage ofmarkers 
hnked m the repuls10n phase m the genetlc map of cassava reported here 30% ts stgmficantly 
lugher than thts 1t ts not clear at tlus stage tf the htgher number of markers found m repuls10n than 
expected from the karyology of cassava (Magoon et al 1969) supports the predommance of dtsomtc 
mhentance as suggested by pamng behav10ur (Bat 1992) and mhentance of tsoenzyme loct (Roca 
et al 1992 Lefevre and Charner 1993) 

Stx duphcated loct were detected from the segregallon of smgle dose markers den ved from 36 
cONA and over 200 genomtc sequences Our results reveal a few randomly dtstnbuted duphcated 
loct less than 5% of the total number of markers a number correspondmg roughly to that reported 
m many dtpl01ds (Causse et al 1994) lt remams to be deterrnmed w'lether the duphcated loct 
represen! vesllges of an anctent allopolypl01d or random genomtc duphcat10n events m a dtpl01d or 
dtpl01dtzed genome We are currently placmg more cONA markers on the cassava map m an 
attempt to resol ve the emgma of genome duphcallon m cassava, a putauve allopolypl01d cONA 
sequences are known to be relatlvely more conserved than genomtc clones and are expected to be 
very valuable addtllons to the cassava map 

Planned developments for the genettc map of cassava mcludes addtllon of more molecular markers 
preferably mtcrosatelhte markers and cONA clones and JOmmg the male/female den ved maps 
Mtcrosatelhte markers showed a htgher level of polymorphtsm than any other marker m the 
mtraspectfic cross used m generatmg the cassava genellc map whtle cON As wtll be most useful m 
definmg the geno me structure Secondly the cON N AFLP techmque (Bachem et al 1996) would 
be employed m generatmg expressed sequence tags (ESTs) for the cassava map m an attempt to 
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place known gene sequences on the map The 150 plants ofthe Fl mappmg populatwn have also 
been scored for severa! lra!ts m the field m two env1ronments and QTL analys1s have been 1mt1ated 
usmg map based markers (Bomerbale 1996 unpubhshed data) A backcross populatlon 
(backcrossed to the female paren! TMS 30572) has become ava!lable for better resolutwn of 
1dent1fied QTLs and for the genellc mappmg of sources of res1stance to the Afncan cassava mosa1c 
d1sease (ACMD) (m collaborat10n Wlth the Intemallonal Inslltute ofTrop1cal Agnculture liT A) The 
backcross populallon would be genotyped shortly makmg ava1lable a b!Oiog¡cally umfied map 
for compar1son w1th the comprom1se map usmg Jom map 

1 3 2 Determmatmn of adequate number of AFLP pnmers for germplasm classdicatmn m 
beans 

A L Crucedo1 E Ga1tan1 M Duque2 S Bee!Jel and J Tohrne1 

1 B10technology Research Umt 2 810metncs 3 Bean Genetlcs 

In order to esllmate the number of pnmers necessary for a sound phylogenellc analys1s and 
germplasm class¡ficallon a subset of w!ld Phaseolus access10ns were analyzed wuh a set of 6 
d1fferent AFLP pnmers Thuty mne access10ns of Wlld South Amen can Phaseolus (P luna tus P 
augustl P pachyrrhrzmdes and P boliVIanus) spec1es where chosen at random from a b1gger 
collectlon cons1stmg of 120 access10ns One culllvated access10n from the common bean P 
vulgarrs was also mcluded as a an outgroup 

Progress R¡;port The AFLP protocol used was that descnbed by Vos et al (1995) w1th 
mod¡ficai!Ons mtroduced by the B10technology Research Umt at CIAT (Gonzalez et al 1995) The 
folloWing pnmer combmat10ns were used (E+ AAC/ M+ GTA (A) E+ AACI M+ GCG (AB) 
E+AGT/M +GAC (C) I:+ACN M +GGT(D) E+ ATC/M+GCA(G) E+ AGN M+ GAG 
{H)) 

Al! forty access1ons were pnmed w1th s1x dlfTerent pnmer combmatwns to carry out the second 
selectlve amphficat10n Data was scored as presence and absence of band w1th a 1 correspondmg 
to presence andO correspondmg to absence ofband Only well defined bands were mcluded m the 
analys1s For each ofthe pnmers employed Ne1 L1 coeffic1ents of slmllanty {1979) were den ved 
between al! access10ns Dendograms were generated usmg the algonthrn UPGMA (Sneath and 
Sokal 1973) from the SAHN clustenng procedure of NTSYS vers10n 1 80 (Rohlf 1994) 
Cophenellc correlat10ns and correlatlons between Slmllanty matr1xes of each pnmer combmallon 
were obtruned usmg the program MXCOMP ofNTSYS 

Add!tlonally slmlianty matnxes were generated for each poss1ble permutatlon of the s1x pnmers 
used That IS first data from each pnmer was combmed w1th data from every other pnmer to 
generate two pnmer Slmliarlty matr1xes then data from each ofthese pnmer paus was combmed 
Wlth data from every remrumng pnmer to generate three pnmer Slmlianty matnxes Tlus procedure 
was contmued unlll al! 63 poss1ble pnmer combmatlons had been used to obtam smulanty matnxes 
The last matnx obtamed was denved from data of al! pnmer combmallons pooled together 
Correlat10n coefic1ents between s1mllanty matnxes of each permutat10n and the last matnx obtamed 
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were calculated For each ofthe matnxes obtamed the average sumlanty value the standard error 
the vanat10n coeffic1ent and the longltude of the confidence mterval were also calculated 

Each ofthe pnmers employed m the analys1s revealed dlfferent levels ofpolymorph!sm All pnmer 
combmahons had s1mliar levels of c1tosmes and guanmes varymg between two and four However 
the pnmer Wlth the lowest CG content (E+ AACI M+ GTA) d1d reveal the greatest amount of 
amphficat10n products The pnmer w1th the greatest CG content (E + AACI M + GCG) d1d not 
amphfy the lowest number of bands contrary to expectat10n 

Sumlar1ty matnxes obtamed for the forty access1ons evaluated w1th each of the s1x pnmer 
combmat10ns were lughly correlated (Table) w1th r:;, O 75 m most cases There was one excepllon 
however Pnmer E + AACI M + GCG gave very low levels of matnx correlallon wllh other pnmers 
(0 42 ~ r ~ O 64) suggestmg that the fragments amphfied contamed d1fferent mformat10n about the 
stucture of acces10n relatiOnshlps 

To observe 1f there was any relahonsh1p between the d1fferent charactensllcs wh1ch a pnmer may 
exlub1t, two m u! tiple correspondence analyses were carned out on data from all pnmer combmat10ns 
(Table) One analys1s mcluded all forty acces10ns stud1ed (complete) and the other excluded the 
only mdlVldual belongmg to P vu/garzs (restncted) In the complete analys1s only bands wh1ch 
contnbuted to the format10n of groups m the second d1menswn were taken mto account Th1s was 
done because the great d1fference exlub1ted between P vulgarzs and the other md¡v¡duals obscured 
all other vanallon m the first d1menswn d1fferences between the groups made up of P /unatus P 
augus/1 P pachyrrh1z01des and P bollVlanus could only be observed from the second d1menswn 
In the restncted mulllple correspondence analys1s bands contr1butmg to the first and second 
d1menswn were taken mto account 

No clear relatwnsh1p was observed between the number of polymorph1c bands amphfied by each 
pnmer combmallon and the number of bands w1th wh1ch each contnbuted to the formahon of 
d1screte groups m the mulllple correspondence analys1s It should be pomted out however that the 
two pnmers Wlth the lowest number of polymorph1c bands (E+ AGT/ M + GAC and E + A TCI M 
+ GCA) were the ones wluch contnbuted the least to group formallon m the mulllple correspondence 
analys1s Contrary to tlus ev1dence was the fact that the h1ghly polymorph1c pnmer E+ AACI M 
+ GT A also contnbuted very httle mformahon to the analys1s Correlatwn coeffic1ents calculated 
between each smulanty matnx and that of all pnmers combmed were m general very lugh and w1th 
httle d1fference between them lt 1s noteworthy that the pnmer E + AAC/ M + GCG was once 
agam the one Wlth the lowest value ofr (r =O 71) 

The correlallon analys1s carned out on all poss1ble pnmer permutat1ons revealed that as the number 
of pnmers used mcreased the correlahon between these Slmdanty matnxes and that obtamed from 
all s1x pnmers also mcreased In add1hon the range of values taken on by each correlallon 
coeffic1ent decreased w1th each pnmer added The first tendency 1s h1ghly pred1ctable as a 
proportwn of a total 1s bemg mcreased Wlth each pnmer add1t10n wh1ch leads to mcreasmg 
slmllarlty between the the part and the whole However the range of values wh1ch r too k on was 
h1ghly mterestmg JUSI changmg from the use of one pnmer to two d!m1mshed the range by 56% 
(fromr=071 994tor=086 096) 
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Average Similanty values also showed a tendency to stab1hze as pnmers were added to the analys1s 
Most of the pnmer permutat10ns gave average values of similanty 1ns1de the O 6 and O 8 range 
mdependent of the number of pnmers employed S1mlianty values tended to stab1hze around O 7 
Therefore no permutat10n gave values radically d1fferent to the last one obtamed 

The vanat10n coeffic1ent measure wluch g1ves m percentages a relat10nslup between the standard 
dev1at10n and the average smulanty value of each matnx stabiiiZed ata value close to 20% Usmg 
one pnmer gave values between 15 and 35% W1th three pnmers these vanatlon coeffic1ent values 
dimimshed by 60% to a range between 17 and 25% Th1s analys1s suggests that analyses carned 
out w1th more than three pnmers would be unnecesary 

eonfidence mterval lengths obtamed for each of the pnmer permutat10ns evaluated were all very 
small and Similar to each other (close toO 02) even when only one pnmer was used (F1g) The 
lengths ofthe confidence mtervals were a very small percentage ofthe actual surulanty values never 
exceedmg the values of 2 4% (data not shown) As the s1ze of the confidence mtervals d1d not 
change apprecmbly as the number of pnmers used was mcreased the analys1s suggests that the use 
of only one pnmer could be suffic1ent 

1.3 3 Enncbment of a P. vulgans genom1c hbrary for GA sequence repeats 

E Grutan and J Tolune 
B10technolgy Research Umt 

Short tandem repeat (STR) loc1 as know as microsatelhte loc1 are Widely used for genehc hnkage 
and mappmg stud1es dueto therr lugh levels ofpolymorplusm Widespread genmruc d!stnbut1on and 
rap1d analys1s Severa! methods ha ve been developed to speed up the 1solahon of genorruc fragments 
contammg such s1mple repeats Screemng genorruc short fragment hbranes w1th s1mple repeat 
ohgonucleohde pro bes has pro ven successful for 1solauon of large number of GA repeats but th1s 
approach reqmres a lot of tlme and needs severa! rounds of hybnd1zat10n to obtrun a pure clone 

50 ug of genom1c DNA were d1gested usmg 500 umts ofTsp 509 (AA TT) at 65 e ovem1gth and 
ran on a m 1 5% low meltmg pomt (lmp) agarose gel Fragments between 100 and SOObp were 
exc1sed and punfied from the low melhng pomt agarose gel usmg Phenol eh!oroform methodology 
About 5 ug s1ze fract10nated genom1c DNA were hgated With 50 uM of Tsp adapters contammg 
EcoRI s1te 

A total of 500 pmol of b10hmlated ohgoprobe (GA) 13 was attached to 2 mg of steptav1dm coated 
magneuc beads (prev10uly washed With PBS Buffer) m 200 ¡.ti ofwater at room temperaurre for 1 
hour Excess unbound ohgo was removed With 400¡.tl ofl X BW Buffer The beads were d1ssolved 
m 400¡.tl 5XSSe O 1 %SDS and then dH>'!olved m 300 ¡.ti 1 OXSSe+ O 1 %SDS prewarmed at 65 e 
Sug ofDNA were denatured m a volumen of 150 ¡.ti by pleacmg It at 95 e for 5 mm The DNA was 
hybnd¡zed Wlth beads+ohgonucleohde dunng 3 hours at 65 e 

Beads were repeatedly sed1mented by apphcat10n of a magnet1c field and washed 2X S mm each at 
room temperaurre m 400¡.tl of 2XSSe+O 1 %SDS followed by once at 65 e m 2XSSe+O 1 %SDS 
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and a final wash m 200~1 of TE + 50mM Nael Fmally tlus mixture was resuspended m a final 
volumen of 200~1 of TE The last of each set of washes was retamed for PeR amphficauon 
Followmg these washes the beads were resuspended m 50~1 ofwater plus 3~1 of2M NaOH and 
mcubated at room temperature for 20 mm to release any bound sequence The beads were then 
removed and the supernatant was accurately neutralized by addltlon of3~1 !OXTE (lOmM Tns 
Hel 1 OmM EDTA pH 7 3) 2~1 1 25M acuc acid The supematant was desalted by passage through 
MaglC Mmicolumns followmg manufacturer s mtrucuons Ahquots were amphfied exponenually 
m 25~1 PeR contammg 2~1 of desalted template O 2mM total dNTP O 2~1 Taq DNA 
Polymerase O S~M ofboth pnmers usmg a Hot Start PeR amphficat10n once Smm at 94 C once 
3 mm at 80 e (add the enz¡me mix) and 20 times 45 sec at 94 e 45 sec at 56 e and 1 5 mm at 
72 e A fmally extens10n step at 72 e for 5 mm Thls PeR product was desalted agam usmg Magic 
Muucolumns and resuspended m 40~1 of water for future digest!On The PeR fragments ennched 
for (GA)l3 sequences were digested Wlth EcoRI and re hgated mto fresh EcoRI pBluescnpt 
(Stratagene) digested and dephosphonlated usmg T4 DNA Ligase These recombmants were 
transformed mto competent MRF Blue E co/1 ce lis and the resultmg colorues were screened Wlth 
the b10tmylated probe (GA)l3 usmg standard methods 

Severa! clones from tlus hbrary were sequenced and dlfferent sizes of GA simple sequence repeat 
were idenufied We are m the process of generated flankmg pnmers for subsequent use m mappmg 
and germplasm charactenzatlon 

1.3 4 Mu:rosatelbte analysu 1n Cassava 

P ehavanaga1 A e Roa3 G Gallego2 M M Maya3 J Tohme1 and M Boruerbalel 
1 Uruv of Georgia, Athens 2 Biotechnology Research Urut 3 eassava Geneucs 

Microsatelhtes are codommant genet!c markers especially useful for mappmg and diversity studies 
m heterozygous species such as cassava They represent a type of DNA ~equence that 1s 
hypervanable and therefore usually detect a larger number of alleles per locus Witlun populauons 

or germplasm collect10ns than other types of markers Pnmer sequences for the amphficatlon of 15 
m1crosatelhtes cloned from cassava at the Uruv of Georgia were made avadable to eiA T m 1996 
The maJonty of the cassava microsatelhtes 1denufied so far correspond to short stretches of GA 
repeats desp1te a search for different types Wlth a set of 7 ohgonucleoudes Inforrnatlveness of the 
pnmers was assessed at the Uruv of Georgia on a set of 44 cassava genotypes and the most 
1nformauve are bemg used to charactenze the core collection This analys1s was fac1htated by a small 
grant from USAID perrruttmg trauung of a eiAT ass1stant m the USDA Plant Conservation Urut 
of Gnffm Georgia. 

At CIA T three rrucrosatelhtes have been apphed to the collectlon of cultlvated and Wlld germplasm 
descnbed abo ve Table 1 presents an example of the genetic d¡verslty detected m 7 Man1hot taxa 
w1th the m1crosatelhte marker GAI2 A total of 18 alleles were detected m 105 genotypes w1th 
between 2 and 1 O al! eles m a g1ven taxon (Table 1) The frequenc1es of vanous al! eles m d1fferent 
components of the gene pool can be used to descnbe the structure of genetlc divemty Addlt!Onal 
m1crosatelhtes GAGG5 and GA21 revealed 8 and 9 alleles respecuvely m same germplasm set 
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Segregat10n analys1s of 8 mJcrosatelhtes m the cassava mappmg populatJon (CM7857) md1cate that 
7 represen! smgle loc1 and one corresponds to a duphcated locus m the cassava genome The 
remrurung mJcrosatelhtes wlll be apphed to the wlld spec1es collecuon dunng 1997 to contnbute to 
the analys1s of gene u e relatJOnshJps 

Table 1 Frequencoes ofalleles ofmocrosatelhte GA 12 recorded on dofferent Manohot specoes 
ESC AES BLO CTH ESC FLA ESC PER TST 

Allele Frequency (p¡) 

1 o 17 003 
2 o 03 025 
3 o 13 
4 008 o 50 
5 o 13 
6 006 o 13 
7 002 006 
8 040 021 
9 002 
10 022 o 13 008 009 
11 o 37 010 o 33 025 
12 006 008 006 
13 o 08 o 03 
14 o 83 o 13 o 06 
15 o 41 o 08 o 31 
16 006 
17 094 004 
18 002 

Numberof 38 8 3 24 12 16 4 
lndovoduals (n) 

$ 1 3 5 Eva/uatlon of cassava dtverstty wtth hetero/ogous probes(comparattve genome 
mapp1ng) 

M M Maya' E Barrera' V Verd1erand M Bomerbale1 

1 Cassava GenetJcs 2 Cassava Pathology 

Euphorb1aceae 

ConservatJon between related spec1es at the DNA leve! often perrmts the use of DNA markers across 
members of the same plant fam1ly Th1s can prov1de complementary mforrnauon on genome 
evolutJon and gene phylogeny as well as mcreasmg the number of markers avallable for map 
development Hybnd1zatiOn of DNA of the cassava mappmg parents (TMS30572 and CM2177 2) 
on Southem blots was perforrned usmg DNA probes from rubber (Hevea brasllzenszs 
Euphorb1aceae) from CIRAD to deterrnme the feas1b1hty offuture comparatJve mappmg Twenty 
five genoffilc probes from rubber have been evaluated for homology and polymorph1sm m cassava 
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usmg five restnctwn enzymes and vanous hybnd1zat10n stnngenc1es F1fteen (60%) ofthe probes 
tested showed strong homology wlth cassava DNA and polymorph1sm whtch should permlt theu 
locahzat!On on the cassava genetlc map Two probes d1d not hybnd1ze and the remamder produced 
weak s1gnals md1catmg that vanous parts of the cassava and rubber genomes have d1verged at 
difieren! rates 

Heterologous genes for diSease resiStan ce 

Xanthomonas campestns pv man1hou (Xcm) 1s the causal agent ofthe senous system1c d1sease 
cassava bactenal bhght (CBB) Homology among pathogeruc1ty determmants (avr pth and hrp 
genes) from vanous Xanthomonas speczes on hosts as d1verse as nce tomato c1trus and cassava was 
reported by ORSTOM m 1994 In the mterest oftestmg the hypothes1s that homologous systems of 
res1stance to related pathogens such as Xanthomonas may funcuon m d1stantly related plants the 
CIA T ORSTOM collaborauon m Cassava Pathology and Genetlcs was extended to the Umv of 
California, Dav1s where a gene for res1stance to Xanthomonas spec1es (Xa 21) has been 1solated 
from nce (Grammeae) The d1scovery of res1stance genes m cassava v1a mformatwn from 
heterologous systerns would be a s¡gmficant advance both m plant pathology and cassava geneucs/ 
breedmg In Dav1s the protem encoded by Xa 21 was expressed and sequenced followmg PCR 
amphficatlon of the res1stance gene F our cassava vanetles Wlth varymg reactwns to CBB were sent 
as DNA extracts to VC DaV!s and amphficauon ofhomologous sequences from cassava Wlth pnmer 
sequences fromXa21 (nce) was successful Wlth the res1stant vaneues only An 846bp PCR product 
from cassava was cloned and sequenced revealmg htgh homology Wlth the nce gene 

The new cassava clone (PCR250) homologous to Xa21 m nce was used at CIA T as an RFLP probe 
to mvestlgate a poss1ble role m host reactwn to CBB Upon hybnd1zat1on to survey filters the 
cassava genet1c mappmg populatwn was polymorphtc for PCR250 Wlth the restnctlon enzyme 
Hmdlll and the probe was mapped toa mmor (female parent denved) hnkage group of2 RAPOs 
and 1 cassava cONA marker S1multaneously molecular segregatwn data was tested for correlatwn 
wtth phenotyptc data generated by the greenhouse moculatwn of the same progeny w1th a stram 
(X2 7) of X cm The cassava mappmg populatwn presented a full range of res1stance susceptible 
react1ons lo thts stram of Xcm However no correlat1on was found between the populatwn s 
genotype at the PCR250 locus and the greenhouse reactwn to X27 Xcm Two hypothes1s were 
generated whtch Wlll be tested m further collaboratwn 1) the gene respons1ble for res1stance m nce 
1s present m cassava, but does not serve a res1stance funcuon or 2) stram X27 of Xcm does not 
respond to the cloned gene but additlonal stnuns of the pathogen affectmg cassava may well be 
sensitlve to 11 Additlonal strams are now avrulable through the CIA T ORSTOM collaboratwn and 
wiii be tested on thts populatwn together Wlth add!tlonal related DNA sequences that have been 
1solated from nce Thts and other related DNA sequences from nce Wlll be also mvestlgated for 
homology m a Wlder range of cassava germplasm whtch has been selected for the1r d1fferent 
reactwns to CBB to expand on earher results whtch showed d1fferenual reactlon w1th res1stant and 
susceptible vanetles 
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REPORT PROJECT OBJECTIVE 2 

To IdentJfy and access exotJc or novel genes and gene combmahons for broademng the 
genet1c base of gene pools 

OUTPUT 2 1 EXOTIC OR NOVEL GENES AND GENE COMBINATIONS MADE 
ACCESSIBLE FOR BROADENING THE GENETIC BASE OF CULTIVA TED GENE 
POOLS 

2 1 1 A novel approach for the IdentJfication and uhhzation of genes from wiid Oryza 
germplasm 

C Martmez1 J Loper Joe Tohmd M Chateti A fischer1 J Borreo1 H Rrumrez1 

1 Rice Genet1cs 2 B10technology Research Urut 

Much concern and h1gh pnonty has been g1ven to mcreasmg the y1eld potential and broaderung 
the genet1c base of cultivated nce DifTerent approaches (hybnd nce recurrent select10n new 
plant type etc) are bemg used by severa! groups to address these Issues However another 
alternative already proven to work well m tornato offers a great potential for nce Tlus breedmg 
strategy makes use of wild germplasm a backcrossmg scheme and molecular markers for the 
genetic Irnprovement of cult!Vated nce Molecular markers wiii allow the !dentificatiOn of 
pos1tive alleles (QTLs) from the wild spec1es m early segregatmg generat10ns and the 

mtrogress10n ofthese pos1tive alleles mto selected 1mproved cultivars v1a marker ruded 
select¡on The mam goal1s to Implement a breedmg strategy for the systemat1c d1scovery and 
transfer of genes assoc1ated With y1eld and other agronom1c trruts of econom1c 1mportance from 
Wild germplasm mto cultivated nce 

Progress Rt;port Startmg m 1994 smgle crosses between seven 1mproved 1mgated cultivars 
(Bg 90 2 Oryzzca Llanos 5 Oryzzca 3 More/os A 88 Lemont Cypres and Jupzter) five upland 
cultivars (Cazapo Progresso CT6196 33 11 1 3 Oryzzca Sabana 6 and Oryzzca Tunpana 7) 
and three Wild nce spec1es (O rufipogon O barth11 andO g/aberrzma) were made (Table 1) F1 

plants were backcrossed to the 1mproved nce cultivar and approx 100 180 F1BC1 seeds were 
produced Based on field performance and genetic potent1al three cross cornbmatwns mrunly 
BG90 210 rufipogon O Llanos 51 O rufipogon. and Cazapo 1 O rufipogon were chosen for the 
next backcrossmg Best FIBC1 plants (40 50) were 1dentified usmg negative selectlon aga1nst 
obv1ous undes1rable trruts (spreadmg plant type excess1ve shattenng long awn dark color 
grruns h!gh stenhty) and used for the second backcross to the 1mproved cultivar Approx 900 
1000 F 1B~ seeds were produced per cross combmation the F1BC2 generatiOn was evaluated 
under field cond1tions early m 1996 and agrun negative select10n agrunst undes1rable agronom1c 
trruts was apphed Around 300 F1B~ plants were selected per cross combmation and harvested 
mdiVldually F2 seed was used to plant rephcated y1eld trials IS four locat10ns (CIAT Palm1ra and 
Santa Rosa, la Libertad Exp Station m VI!Iavicenclo and Saldaña Tohma) mcludmg the 
parents F 1 and commercial standard vaneties as checks These y1eld mals are under way 
however field observat10ns suggest that m the case of Bg90 2/ O rufipogon there are severa! 
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F2BC2 progemes that look supenor to Bg90 2m tenns ofy1eld potentlal and gram length In all 
three cross combmauons all F2BC2 fam1hes are very s1mllar to the recurren! parent and show 
very httle segregatlon Molecular charactenzat10n of the parents F 1 and F 1 BC 1 was airead y 
done wh1le molecular charactenzatlon of the F2 BC2 fam1hes 1s underway Th1s molecular data 
together w1th data on 12 agronom1c trmts (mcludmg y1eld) wtll be used to 1dent1fy F2BC2 
fam1hes carrymg pos1t1ve alleles from the w1ld parent to contmue the backcrossmg scheme 

Table 1 lnter spec1fic crosses made between several1mproved Imgated and upland r1ce cult1vars and three W1ld 
spec1es of r1ce 

O rufipogon 1 

O barthu/ 

O glaberr,ma 1 

Remarks 
(1) =SINGLE CROSS MADE 

BG90 2// 2 • BG90 2 (3) 
MORELOS A88// 2• MORELOS A88 (3) 
ORYZ!CA 3//2 ORYZ!CA 3 (3) 
ORYZICA LLANOS 51/2 ORYZICA LLANOS 5 (3) 
LEMONT 1/ LEMONT (2) 
RU94030006 // RU94030006 (2) 
CYPRESS // CYPRESS (2) 
ORYZ!CA SABANA 6//2 • ORYZICA SABANA 6 (3) 
ORYZ!CA TUR!PANA 7 (1) 
PROGRESSO (l) 
CT6196 33 11 1 3 (l) 
CAlA PO// 2 CA lAPO (3) 

BG90 2 // BG90 2 (2) 
MORELOS A88 // 2• MORELOS A88 (3) 
ORYZICA 3 //2 ORYZ!CA 3 (3) 
ORY!CA LLANOS 5 /1 ORYZICA LLANOS 5 (2) 
LEMONT // LEMONT (2) 
RU94030006 // RU94030006 (2) 
CYPRESS // CYPRESS (2) 
ORYZ!CA SABANA 6 /1 ORYZ!CA SABANA 6 (2) 
ORYZICA TURIPANA 7// ORYZICA TURIPANA 7 (2) 
PROGRESSO (1) 
CT6196 33 11 1 3// CT6!96 33 1 1 1 3 (2) 
CAIAPO (1) 

BG90 2 1/ BG90 2 (2) 
MORELOSA88 (1) 
ORYZICA 3 11 ORYZ!CA 3 (2) 
ORYZICA LLANOS 5 (1) 
LEMONT (1) 
RU94030006 1/ RU94030006 (2) 
CYPRESS (1) 
OR YZICA SABANA 6 1/ OR YZ!CA SABANA 6 (2) 
ORYZICA TURIPANA 7 1/ ORYZ!CA SABANA 7 (2) 
PROGRESSO (1) 
CT6196 33 11 1 3 (1) 
CA!APO (1) 

(2) = FIRST BACKCROSS MADE IN SOME CASES SECO NO BACKCROSS UNDER WA Y 
(3) = SECOND BACK CROSS MADE IN SOME CASES REPLICATED YIELD TRIALS WITH F2BC2 

PROGENIES UNDERWAY 
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2 1 2 Makmg useful traats avaalable to Pbaseolus yuleans tbrougb mterespecafic 
bybndiZ8tJ.on wath P. acutlfolms 

S P Smgh' W Roca 2 A Cnollo1 P Herrera2 

1 Bean Oenet1cs 2 BIOtechnology Research Urut 

Tlus research started m 1989 and so far has resulted m the product10n of large nurnbers of fertile 
mterespeclfic hybnds for field evaluat10n and select10n of agronom1cally desuable !mes 

The progress ach1eved so far ts a consequence of solvmg the followmg barners to gene transfer 
between P acutifolzus and P vulgarzs 

(1) Identification ofnon carner genotypes ofmcompat1b1ltty factors as factlttator parentals 
part1cularly for the first mterespec1fic crosses The common bean cv lea P1JaO and the 
tepary cv 040001 were used as factlttators of mterespectfic hybndtzatlon 

(u) Des1gn and appltcatlon ofa two step m vztro culture techruque ofrescued embryos to 
avOid embryo abort1on espec1ally after 18 20 days from pollmation 

(m) Idenuficat10n of hybnd seedltngs atan very early stage usmg D1aphorase aso enzyme 
fingerpnntmg 

(tv) Increasmg mtrogresston oftepary bean trru.ts through congrutty backcrossmg (Haglugt 
and Ascher 1988) Congruaty backcrossmg also allowed to mcrease ferttltty and reduce 
the requtrement of embryo rescue m advanced hybnds (MeJ1a J1menez et al 1994) 

Progress an 1996 

1 lnterespectfic congrutty back crosses between P vulgarzs and cult1vated and wtld P 
acutifolzus genotypes contmued along two avenues (1) congruaty backcrosses contmued 
from the 8th to the 10th cycle usmg the tepary bean cv 040001 (res1stant to bactenal 
bltght) (u) morder to unprove the level ofbactenal bltght reststance on the one hand 
and to add new sources of reststances add1t10nal tepary genotypes were mtroduced mto 
congruaty backcrossmg cv 040022 (reststant to bactenal bltght) cv 040035 (res1stant to 
Empoasca and bactenal bltght) wtld genotypes 040102 (Empoasca, Acanthosceildes 
obtectus) 040253 (reststant toA obtectus and bactenal bltght) 040054 (transformed 
wtth Arceltn 5 gene) 
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2 The a1m of crossmg common bean (Phaseolus vulgans) Wlth tepary bean (P acutifolzus) 
was expanded from that of transfemng h1gh levels of res1stance to common bactenal 
bhght to those oftransfemng genes(s) for leafhopper and bruclud res1stance and 
transformat10n capaclty Tepary access10ns 040035 040036 040054 O 40102 
040199 and 040253 were therefore hybnd1zed succesfully Wlth common bean cultivar 
!CA PIJaO A separate congrulty backcrossmg program between ICAPIJao and each 
tepary access10n was Imtiated Progemes from other congru1ty backcrosses mvolvmg 
tepary access10n 040001 were already advanced 

3 From the Imtlal recurrent backcrosses of common bean Wlth tepary beans two !mes 
V AX 1 and V AX 2 Wlth comparatlvely h1gh levels of res1stance (Table 1) were 
developed after 6 years of mtens!Ve field evaluatlon and select10n among severa! 
thousand progerues When the common bhght react10n of a res1stant tepary bean (e g 
access10n 040001) was compared Wlth that of V AX 1 and V AX 2 1t was clear that not 
all the res1stance genes found m the tepary beans were transferred to the two !mes 
Pyram1dmg res1stance from vanous spec1es and sources seems to be the next most 
prom1smg step for CBB res1stance breedmg (Table 1) 

4 Congru1ty backcrossmg Wlth runner bean (P coccmeus) access10ns O 35170 and 
035171 both unmune to the bean golden moslllc virus (BOMV) was also contmued 
The F 2 and F 3 progemes obtlllned from the Imtlal crosses and congru1ty backcrosses were 
grown m the field at CIAT Qwhchao to advance generat10n and fixatlon oftralts 

5 One access10n of P costansens1s was crossed Wlth ICA PIJao Wlthout usmg embryo 
rescue Th1s access10n d1d not flower for the few years 1t grew at CIAT Popayan But 
when Dr Daniel Debouck took cuttmgs from Popayan to Tenenfe 1t flowered witlun less 
than ayear Thus takmg advantage of1ts flowenng crosses were made Wlth !CA PIJao 
But so far all F 1 hybnds have had problems Seedhngs and young plants ha ve elther 
been very weak or d1ed We do not yer understand why Attempts are bemg made to 
grow the F 1 hybnds m a cooler env1ronment and to mduce rootmg to make cuttmgs for 
mult1phcat10n Ne1ther do we know the complementary attnbutes of the P costancens1s 
access10n 

P1ans for 1997 

The common bean molecular maps generated at the Uruvs ofCal1forrua and Flonda have been 
merged (Oepts Uruv ofCal1f Dav1s) Markers from the merged map can be used for 
morutonng the mtrogress10n of chromosomal segments from tepary mto congru1ty generat10ns 

Th1s approach Wlll prov1de a qwck and secure way for the select10n of mtrogressed !mes and thus 
accelerate the product10n of hybnds 

In sltu DNA hybnd1zat10n can also contnbute towards the same objectlve 
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Table 1 Companson of react1on to Xanthomonas campestns pv phaseoh (Xcp) of common bean lmes w1th 
pyrarmded res1stance and those obtamed from mterespeclfic crosses of P vulgans x P acut1fohus evaluated at 
CIA T QU!hchao m 1996 

ldent1ficatwn 

From Pyram1ded res1stance 

PVPA 9576 14 1 x XAN 309 

PVPA 9576 14 2 x XAN 263 

PVPA 9576 14 1 x XAN 310 

From P. vulgarts 1. P. acullfohus 

VAX 1 

VAX2 

Checks 

ICA PtJao 2 

G 40001 3 

LSD (005) 

Razorblade 

1 4 

1 5 

1 8 

30 

28 

84 

l 3 

08 

Xcp react1on 1 

Aspemon 

22 

20 

20 

23 

25 

77 

27 

l 3 

Mean of five evaluauons m each ofthree rephcates on a 1 to 9 scale where 1 3~ res1stant, 4 6 = mtermed1ate 
and 7 9 = susceptible 

2 Susceptible P vulgariS 
3 Res1stant P acutifo/¡us 
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2 1 3 Control of RHBV tbrougb Coat Protem Med1ated Cross ProtectJon and Anh Sense 
RNA Strateg¡es 

Z Lentlm 12 L Calvert 3 E Tabares2 I Lozano3 M Cuervo3 W Roca2 

1 Rice Genetlcs 2 B10technology Research Umt 3 VIrology Umt 

Background Rice hoJa blanca VIrus (RHBV) IS present throughout much of tropical Amenca 
(Morales and Niessen 1983) When epidemics occur yield losses may reach 100% smce there IS 
hnuted distnbutlon of the vanetles that are resistan! to both the vector and the vuus The planthopper 
msect Tagosodes oryZicola (Murr) IS the vector ofRHBV and also a senous pest ofnce that causes 
direct damage Sorne very popular vanetles are resistant to the vector but are susceptible to the 
virus The uncertamty of epidemics mduces farrners to spray up to 5 6 times to control this 
planthopper vector of RHBV There IS a need to mcorporate additional sources of resistance mto 
Improved germplasm to ensure stable and durable resistance smce the resistance IS from a smgle 
resistant source Moreover the source of resistance does not confer Imrnunity m most comrnercial 
vaneties Therefore farrners start applymg msecticides even when about 1 0% of the plants from 
resistan! cultivars start showmg RHBV symptoms 

The mam goal oftlus proJect IS to provide new source(s) ofresistance to mimmize the possibihty 
ofan outbreak ofthe disease by (I) transformmg nce Wlth novel gene(s) for RHBV resistance and 
(n) mcorporatmg these genes mto Latm Amencan comrnercial vaneties or mto genotypes to be used 
as parents m breedmg RHBV IS a member of the tenuiVIrus group The molecular charactenzatiOn 
of RHBV and the preparation of cONA hbranes (Ramirez et al 1992 and 1993) has led to the 
design of novel VIrus resistan! strategies to genetically engmeer comrnercially groWII nce cultivar 
Two different strategies are bemg attempted a) the nucleocapside (NC) cross protectlon and b) the 
antisense gene doWII regulatiOn of the maJor NS4 protem The NC mediated cross protectiOn has 
been successful for the tenwvrrus RStV (Hayakawa et al 1992) The strategy for the express10n of 
the RNA4 IS to determme the function of the maJor NS4 protem and study the potential for a 
different method of producmg viral resistan! plants The doWII regulatiOn of tlus protem may be a 
novel method of producmg virus resistan! plants by breakmg the cycle of transmiSSion 

Progress Re¡;¡ort The direct dehver of genes mto Imrnature embryos or Imrnature panicle den ved 
calh IS conducted usmg ONA coated gold particles accelerated by the POS 1000/He system The 
tropical Imgated Latm Amencan mdzcas vanet1es OryZica 1 Cica 8 and lntl and the tropical 
upland Japomca lme CT 6241 17 1 5 1 are used as targets Constructs contalmng the RHBV NC 
or the antisense RHBV NS4 genes dnven by the 35S CaMV promoter are bemg used The 35S 
CaMV hph gene IS used as the selectJVe marker The putatlve transgemc events are recovered 
usmg a step-Wise selectiOn on culture medmm contammg 30 mg/1 hygromycm B (hyg B) followed 

r 
by 50 mg/1 hyg B throughout plant regeneration (LI et al 1993) With tlus system one Hyg plant 
!me might be recovered from 2 to 33 explants Imtially bombarded dependmg on the genotype 
Smgle or multiple copies of the transgenes are noted Segregat10ns of 3 1 among offspnng of 
transgemc plants are recovered mdicatmg Mendehan mhentance from smgle genetic locus of a 
funct10nal hph gene But also sorne transgemc plants shoWing skewed segregatiOn pattems are 
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obtamed Stmtlar results had been reported m transgeruc nce (Cooley et al 1995 Chnstou 1995) 
Posstble mterpretat10n of these results may mclude the hnkage of the transgene WJth semtdommant 
or dommant lethal mutatwns mact!VaUon of the transgene by methylatwn and/or exclSlon of the 
transgene from the genome (Hayakawa et al 1992) The co transformauon rate for two unhnked 
transgenes !S from 30% to 60% Detruled data on the effictency of recovenng transgeruc plants and 
the stabthty of expresswn and tnhentance of the transgenes mtroduced usmg thts methodology can 
be found m the Annual Reports of 1995 and 1994 

After the complete step WJSe selectwn process throughout plant regenerat10n on 50 mg/1 hyg B a 
total of 165 plants from the anttsense RHBV NS4 and 187 plants from the RHBV NC 
bombardments had been recovered Southem blot of genomtc DNA and Northem blot of the plants 
recovered from the anttsense RHBV NS4 bombardments mdtcated that 2 ofthese plants (1 2 %) 
contam and express the anttsense RNA4 gene The tdenuficatwn oftransgeruc plants that express 
the RHBV antisense may allow for the analysts of the affect of the maJor non structural gene and 
to deterrrune the down regulatwn ofthts vtral gene confers reststance to RHBV 

Stxty ofthe 187 (32%) plants recovered from the RHBV NC expenments contrun the RHBV gene 
In all cases larger NC fragments than the expected Iength were vtsualtzed on the Southem blots 
suggestmg the presence of rearrangements Apparently a vanety of mtegraUon pattems had been 
obtamed m other works spectally when crrcular plasrrud 1s used (Hayakawa et al 1992) Therefore 
currents expenments mclude the hneanzatwn ofthe expresston vector before bombardment 
Nmeteen TO plants shoWJng mtegration ofthe RHBV NC gene as mdtcated by Southem blots were 
analyzed for tnhentance of the hph reststance and RHBV NC genes by genetlc and molecular 
analyses of the transgeruc TI progeny Genetlc analyses were conducted by evaluatmg the reststance 
to hygromycm of TI seeds germmated m v1tro Ftve of the runeteen plants dtd not tnhented 
hygromycm reststance (rat10 O 1 reststant sucepttble) m the TI progeny (Table 1) About 58% of 
the To !mes showed a skewed segregatlon of 1 1 (reststant suceptible) and whereas 16% showed 
a segregatwn of 3 1 mdtcatmg the tnhentance of a smgle active locus (Table 1) A sample of 9 
plants mcludmg 1 1 or 3 1 segregations rattos were analyzed by Southem blots The two !mes that 
showed a 3 1 ratio for hygromycm reststance also showed a 3 1 ratto for the presence of the hph and 
RHBV NC genes m the TI progeny confirmmg the tnhentance of a smgle acttve Iocus for the 
transgenes However those !mes shoWJng a 1 1 orO 1 (reststant susceptible) ratio for hygromycm 
reststance showed segretatwns of 1 O (homozygous) or 3 1 (heterozygous smgle Iocus) for the 
mtegratwn of the transgenes m the genome of the plants suggestmg that the skewed segregatwns 
noted for hygromycm reststance ts probably due to macttvation of the hph gene expresswn 
(Table 1) Based on the tnhentance analyses s1x plants were choosen (Table 1) and evaluated for 
RHBV reststance under btosafety greenhouse condttions Twenty five day old TI plants of each TO 
!me choosen were tnfected WJth proven vtruhferous plant hoppers two per plant Plants were 
enclosed WJthm a plasttc tube and the msects were allowed to feed on the plants for 5 days to ensure 
a htgh pressure oflnfectation Plants were scored for the presence ofthe RHBV dtsease symptoms 
every two days for 25 days At 40 day-old plants were evaluated for the leve! of the dtsease reactwn 
wtth a scale of 1 (dead plant) 2 (dtseased Iow vtgor) 3 (dtseased mtermedtate vtgor) 4 (vtgor 
sorne ullers free of dtsease symptoms) and 5 (healthy plant no dtsease symptoms) and leaf tissue 
were analyzed by ELISA usmg an antibody spectfic for the RHBV RNA4 to detect the presence of 
the vtrus parttcles 
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Prehmmary evaluatwns tests showed 8 TI !mes denved from the A3-49 TO !me wlth attenuated 
d1sease symptoms and mcreased perfonnance for vanous agronom1c tralts respect to the non 
transgemc control mfected Wlth RHBV (Table 2) These results are promiSing however to clearly 
detennme 1fthese plants are true res1stant, selfed progeny seeds (T2 generatwn) of each ofthese TI 
!mes Wlll be evaluated for RHBV res1stance and for expresswn and mtegrat10n of the RHBV 
transgene to confinn the mhentance and stab1hty ofthe RHBV transgenes Currently the generatwn 
oftransgemc plants carrymg vanous verswns ofthe RHBV NS4 and RHBV NC sense and antlsense 
to modulate dlfferent levels ofthe RHBV transgene expresswn !S m progress Future work mcludes 
the genetlc and molecular charactenzanon of these plants jomtly Wlth the RHBV res1stance 
evaluatwns to detennme the effic1ency of the dlfTerent strateg1es to confer protectlon to the v1rus 
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Table 1 lnhentance of the hph res1stance and RHBV NC genes by genet1c and molecular analyses of the transgemc 
TI progeny 

Hygromycm res1stance1 Southem bloí' 
observed rat1o observed rat1o 

TO hne RS X' p Present absent X' p 

AJ 48 1 1 040 o 53 3 1 005 o 83 
A3-49* 1 1 o 34 o 56 1 o 
A3 50 1 1 069 041 1 o 
A3 57 3 1 o 13 072 3 1 o 01 090 
A3 58 1 1 029 059 3 1 005 o 83 
A3 59 o 1 NE 
A3 60 o 1 NE 
A3 61 o 1 NE 
A3 64 1 1 o 82 037 NE 
A3 72 o 1 NE 
A3 74 1 1 069 041 NE 
A3 75 o 1 3 1 000 1 00 
A376 1 1 o 82 037 NE 
A3 77 3 1 o 05 o 83 NE 
A3 78 1 1 o 53 047 1 o 
A3 81 1 1 009 076 NE 
A3 83 1 1 034 056 3 1 043 o 52 
A3 84 1 1 029 o 59 NE 
A3 85* 3 1 o 67 o 41 3 1 011 074 

1 Twenty TI seeds analyzed per TO lme 2 Ten plants analyzed per TO !me except for A3 57 where 23 p1ants were 
assayed Lmes choosen for RHBV res1stance tests NE= not evaluated 

Table 2 Evaluatlons of TI progeny plants from !me A3-49 for RHBV res1stance and agronom1c tra1ts under 
greenhouse cond1t1ons 

Lme Flowenng He1ght Flowers/ Grams/ Fert1hty D1sease E LISA 
A3 (days) (cm) Tdlers pan1cle Plan! (/) react1on (umts) 

49 27 121 55 8 67 110 23 4 o 568 

49 34 127 55 44 54 5 9 3 o 153 

49 37 124 62 23 56 40 3 5 0071 

49 39 126 57 15 63 287 22 4 o 372 

49 56 126 86 12 83 696 70 4 o 558 

49 60 133 66 12 114 396 32 4 o 787 

49 75 125 78 15 67 147 16 3 o !52 

49 101 113 78 14 71 376 28 4 0432 

Control 

lnfected mean 141 66 5 53 o o 2 0440 

Sd 29 15 4 55 o o o 111 

Non mean 117 83 15 106 1594 87 5 0005 
mfected 

Sd 11 3 8 18 454 8 o 0001 
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OUTPUT 2 2 KNOWLEDGE GENERATED ON MECHANISMS OF GENETIC 
VARIABILITY OF PLANT RESPONSE TO BIOTIC/ABIOTIC STRESS 

2 2 1 Molecular Bas1s ofRes1stance to the Bean Weevd Acanthoscehdes obtectus 

Lu1sa Foryl Fernando AngeJI Cesar Cardona2 W!lharn Roca' 
1 810technology Research Urut 2 Sean Entomology 

The bean weev!l (Acanthoscelzdes obtectus) 1s a maJor pest of stored beans m the Amencas and m 
Afnca 1t has not been poss1ble so far to transfer res1stance genes naturaly found m sorne w1ld 
Mex1can Phaseolus spp mto commerc1al cvs Inhentance seems to be complex 

The mam objective of tlus project 1s to search for gene products that d1ffer between res1stant and 
susceptible genotypes usmg d1fferential display For tlus purpose we are usmg a novel techruque 
by wluch d1fferential arnphficat10n of cONA sequences IS generated Wlth a random PCR approach 
(L1ang et al 1 992) Recently a non rad10active protocol for tlus techruque m manunal1an ce lis was 
descnbed (Sokolov et al 1994) 

Progress Report. We have 1mplemented the non rad!Oactlve techruque for Phaseo/us durmg pod 
filhng stage TotaJ RNA has been 1solated from d1fferent genotypes res1stant and susceptible to 
Acanthosceltdes obtectus belongmg to P acutifolzus and P lunatus Genotypes chosen for the assay 
were from Braz!l m the case of P lunatus and from Mex1co m the case of P acutifolzus 

~ In order to rrururmze d1fferences between transcnpts from d1fferent genotypes totaJ RNAs were 
1 1 

bulked mto two groups RNA from res1stant and RNA from susceptible genotypes from each 
1 

spec1es Poly A+ RNA was 1solated by chromatography usmg ohgodT celluJose columns and mRNA 
1solated was quantified and used m reverse transcíÍpt1on (RT)-PCR expenments For RT PCR 

/ 
assays pnmers used for frrst strand synthes1s were hexanucleotides as suggested prev10usly 
(Sokolov et al 1994) The second strand synthes1s was carned out usmg random pnmers of 10 
nucleotldes m length The PCR products Wére separated m agarose gels (2%) and bands present m 
reststant but absent m susceptible sarnples have been tsolated from the gel rearnphfied and are ready 
to be cloned m pCRII plasm1d 

So far 21 bands have been 1solated and are bemg cloned m order to be used as probes m Northem 
hybnd1zat10n expenments Spec1fic clones only hybnd1zmg Wlth RNA 1solated from res1stant 
genotypes WIII be subjected to more analys1s as temporal express10n occurs dunng pod filhng 
subsequent1y these Wlll be sequenced 
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2 2 2 MechaDJsms of ac1d sml tolerance m Brach1ana 

P Wenzl' L 1 Manc1lla1 AL Chaves1 N L Lasso1 C Pmeda2 1M Rao3 J Mayer" 
1 Bwtechnology Research Urut 2 Nat!onal Accelerator Center Faura, South Afnca, 3 Trop1cal 
Forages Physwlogy 4 Agrevo Co Bogota 

The aun of the proJeCt JS to get Jns!ghts IDto mecharusms of ac1d s01l tolerance of three Brachzarza 
spec1es wluch are beiDg used as parents m a breedmg program at CIAT B decumbens cv Bas1hsk 
(well adapted) B brzzantha cv Marandu (less pemstent) and B ruzzzzenszs cv Common (poorly 
pemstent) 

The so called ac1d soll syndrome a mult!ple edapluc stress sJtuatlon consJstlng of Al toXIcJty and 
low avaJlab!hty of essentlal nutnents such as N P K Ca and Mg was s1mulated by low wruc 
strength hydroporuc solutwn cultures usmg GEOCHEM 2 O model Mam treatments were a control 
solut!on (ca) that contamed suffic1ent nutnents anda mult!ple stress solut!on (st+Al) that composed 
oflow levels ofN P K Ca, and Mg m combmatlon With a lugh Al concentratlon ( {AI3 

} = 44 mM) 
To separate the effects of low nutnent stress and Al toxJclty an Al contammg control solutwn 
(co+Al} and a nutnent stress solutwn Wlthout Al (st) were used as well Relatlve growth m the 
st+ A/treatment With respect to the ca treatment was m the same order as ac1d so JI pers1stence under 
field condltwns (BRU Annual Report 1995) Usmg these four d1fferent treatments severa( 
expenmental approaches are bemg pursued (1) evaluat10n of plant growth responses to nutnent 
supply and Al toXIclty Wlth a spec1al focus on root system arclutecture (n) measurement of actlVItJes 
oftwo key enzymes mvolved m nutnent uptake (m) mappmg ofnutnent d1stnbut!on ID root tlps on 
a nucro scale (1v) charactenzat!On of plant metabohtes such as phenohc secondaiy compounds and 
orgaruc ac1ds wluch could be relevant to nutnent acqws1tlon and Al detoXIficatwn and (v) Jsolat!On 
of ac1d s01l stress mduced genes 

Progress R<:¡¡ort (1) Plant growth responses to nutrzent supply Plants were grown ID a senes of 
solutlons With decreasiDg levels of a smgle nutnent or mcreasmg levels of Al Severa! shoot and root 
growth charactenstlcs mcludiDg shoot bwmass leaf area root bwmass total root length root 
d1ameter d1stnbut1on root system topology (magrutude total extenor path length, alt!tude) and root 
system fractal dnnens10n were measured Root parameters were evaluated on scanned unages of root 
systems With the program WmRHIZO wluch helped to charactenze more closely the 1Dterspec1fic 
d1fferences ID adaptlve phenotyp1c plastlc1ty of the root system as mfluenced by low levels of certam 
essentlal nutnents ID culture medmm 

(n) Key enzymes znvolved zn nutrzent uptake and utzlzzatzon The H translocatmg ATPase ofthe 
plasma membrane plays a key role m plant nutnt10n because 1t creates an electrochem¡caJ proton 
grad1ent that 1s used as dnviDg force for nutnent uptake Plants were grown under four treatment 
condltwns descnbed above and root plasma membranes were extracted and punfied by means of a 
two phase part1t10n method Stud1es With spec1fic 1Diub1tors ofthe H ATPase as well as of other 
enzymes from other membranes revealed a lugh degree of punty Measurements on enzyme kmetlcs 
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y1elded the followmg results (1) Al stress under h1gh and low nutnent supply (co+AI st+AI) 
mcreased the speed of proton transport across the plasmamembrane as morutored by the vmax value 
of ATP hydrolys1s With the notable exceptwn of B ruzzzzenszs grown under st+AI cond1t10ns (n) 
the affimty of the enzyme towards A TP ( descnbed by 1ts K, value) decreased under Al stress for 
both B decumbens and B ruz!Zienszs With the exceptlon of B ruzzzzenszs grown m the st+ Al solutwn 
where U remamed lugh and (m) the H ATPase of B bnzantha was generally less respons1ve 

Root ac1d phosphatases play an 1mportant role m the mtra and extracellular mob1hzat1on of 
orgarucally bound Preserves under P-defic1ent cond1t1ons Ac1d phosphatase act1v1ty was measured 
m root extracts ofhydropomcally grown plants Results md1cated that (1) Al stress could mduce a 
5 to 1 O fold mcrease of specdic actiVIty of the enzyme m all three spec1es (n) low nutnent stress 
could tngger a 5 fold mcrease of spec1fic actiVJty m B ruz!Zienszs but not m the other two spec1es 
and (m) the root ac1d phosphatase of B decumbens plants grown under Al stress became more Al 
tolerant than that of those that were grown Without Al a reactlon that was not observed With the 
other two spec1es (Table 1) 

Table 1 Charactenst1cs of the root ac1d phosphatase from three Brachtana spec1es 

Treatment 

co 
co+AI 

st 
st+AI 

B ruz/z¡ensls B decumbens B brtzantha 
Spec1fic Al Spec1fic Al Spec1fic Al 
acbv1ty lnhibrtlon• acbv1ty lnhlbillon actlvlty 1nh1bllion 

20±1 81±3 17±1 60±0 20±3 88±4 
74±2 88±5 183±2 20±2 96±2 84±1 
1 05± 1 52±2 26±2 7 4±3 29±5 79±2 
93±2 64±2 91±0 42±1 112±2 85±2 

1n nmole substrate mg prote1n 1 h 1 
"m% 1mMAICI3 

(m) Nutrzent mappmg m root tzps Nutnent uptake 1s generally cons1dered to be spec1ally act1ve m 
root tlps D1fferences m uptake mecharusms or preferences towards certam elements e g m the 
context of the aruon cat:Jon balance could result m d1fferent levels and/or d1stnbut10ns of nutnents 
m root tlp tlssue In order to map these changes serrunal root t1ps of plants grown under four 
d1fferent treatrnent solutwns were lyopluhzed and scanned With Proton Induced X ray EmiSSIOn 
(PIXE) With a spat:Jal resolut10n at 5 ¡.an The resultrng 2-d~menswnal maps of Al P Ca, K Mg S1 
S Cl and Fe are bemg analyzed 

(1v) Characterzzatzon ofplant metabolztes A senes ofphenohc secondary compounds have been 
found to act as s1gnalmg molecules for the 1mt1at10n and funct:Jomng of plant rrucrobe symbwses 
(symbwses With N fixmg bactena and arbuscular mycorrluzae)wluch play a key role m nutnent 
acqws1t10n from mfemle solis Thus phenohc compounds m roots ofhydropomcally grown plants 
were analyzed by reverse phase HPLC A drarnat1c accunmlatJOn (at least 10 fold) oftwo maJor 
compounds was observed With B ruzzzzenszs but not With e1ther B brzzantha or B decumbens when 
grown under low nutnent stress (st st+ Al) Tlus observatwn was cons1stent With prevwus findmg 
that the concentratlon of these compounds m sml grown plants of B ruzzzzenszs was about 5 to 1 O 
fold greater than that of the other two spec1es Further research work 1s m progress to deterrnme 

48 



whether lack of supply of wluch essentlal nutnent could mduce tlus effect m B ruz/Zlensls A 
punficat10n procedure 1s bemg developed to determme the molecular structure of these two 
compounds Orgaruc ac1ds have been shown to be mvolved m Al tolerance as well as m P stress 
response m plants A techmque for orgaruc ac1d pur1ficat10n and HPLC analys1s was opt1m1zed to 
perm1t the quant1ficat10n of 11 phys10log¡cally Importan! ac1ds Apphcahon of tlus techmque to root 
extracts of plants grown under four d1fferent treatrnents clearly demonstrated that all three spec1es 
accumulated Citnc ac1d under Al stress Accumulat10n and/or exudation of c1tnc ac1d was 1mphcated 
to confer Al tolerance m ma1ze and beans Interestmgly c1tnc ac1d was not mduced by Iow Ievels 
of P wh1ch suggests that the presence of Al rather than Al mduced P defic1ency tnggers tlus 
response 

(v) Inductwn of genes under s1mulated ac1d s01l stress Isolat10n of stress mduced genes prov1des 
a duect approach to charactenze molecular mecharusms underlymg ab10t1c stresses Tlus approach 
IS not b1ased towards the supposihon of certam hypotheses concermng adaptat10n mecharusms 
Companson of the ONA sequences of Isolated genes With known genes m databases and evaluat10n 
of the1r mducibihty by d1fferent stress factors can yteld valuable mformat10n Wlth respect to the1r 
role m ac1d so¡l adaptahon Smce the offspnng of an mterspec1fic cross between the best and the 
Iess adapted spec1es (B decumbens x B ruz1Z1ens1s) shows a pronounced heteros1s effect It carmot 
be used to 1solate genes m volved m ac1d soii adaptahon by means of a segregatmg populat10n based 
approach Thus a subtract1ve hybnd1zat10n techmque IS bemg apphed to 1solate genes that are 
specifically mduced m B decumbens but not m B ruz1Z1ens1s under s1mulated ac1d s01l stress 
(st+Al) when compared to control cond1t10ns (co) In order to obtam full length clones a number 
of techmques mcludmg Isolahon of total RNA mRNA punficatlon ds cONA synthes1s on 
paramagnetlc beads and PCR amphficat10n of cONA have been currently optlmized 

2 2 3 Res1stance of cassava to Cyrtomenus hu&J 

L Rus and A Bellott1 
Cassava Entomology 

The screemng of I 75 low cyarude clones for res1stance agamst the e berg1 was repeated dunng 
1996 The clones had been selected from the CIA T Core Collectlon for theu cyarude content of less 
than 50 ppm m fresh we1ght The screemng took place m Santagueda, m the provmce of Caldas 
Colombia an area heavlly mfested by e berg1 on land leased from Umvers1dad de Caldas The 
clones were planted m a random1zed block des1gn of 6 rephcates w1th each clone represented once 
m each rephcate 

The damage leve! was general! y lugher tlus year compared to 1995 f¡fteen common clones Wlthm 
the group of the 25 less damaged clones each year were selected as prom1smg clones of res1stance 
toe berg1 (Table 1) Eleven ofthese fifteen clones are lugh y1eldmg The common most damaged 
clone both years was MCUB8 wluch Will serve as a control m the future 
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The res1stance of these clones WIII ha ve to be venfied ID a monoculture des1gn With plots cons1st1Dg 
of a sllDllar clone The mecharusms causiDg the apparent res1stance IS stiii a subject of speculatiOn 

eyamde 

e berg1 1s a generahst With many host plants wluch has not co evo! ved w1th cassava It feeds on 
the cassava roots wluch IS the part of cassava, that vanes the most ID tenns of cyan1de content The 
susceptibihty to e berg1 among 33 cassava clones (Euro Core CollectiOn) representiDg a broad 
distnbution of cyamde and starch content was tested ID the field ID a random1zed block des1gn With 
4 rephcates 

No relat10n was found between the leve! of damage caused by e berg¡ and the starch content nor 
the dry matter content When the damage leve! was plotted agamst the cyan1de content the means 
fell w1tlun a tnangle With no h1gh damage scores ID lugh cyamde contammg clones and both lugh 
and low damage scores ID low cyan1de contammg clones (Figure 1) No statistical model could fit 
the data well Th1s data fit mto a tnangle has been seen before when testmg clones With very 
d1fferent genetic background and too much nmse mterfenng 

Table 1 F1fteen low cyamde cassava clones of low damage leve! caused by C berg1 and 
a h1ghly susceptible control 

Clone Damage Max Y1eld Cyan1de content 
leve\* damage CIAT (ppm dry we1ght) 

(O 6 scale) leve! (t/ha) 
1991 1993 

MECU2l o 55± o 12 200 3 80 67 78 

MCOL3l7 066±0 11 l 33 262 104 163 

MCOL\667 054±0 14 1 07 16 56 218 87 

MBRA675 080±011 1 75 23 93 59 175 

MPANIOO 067±0 16 2 00 240 67 49 

MCOL\389 o 95 ±o 17 2 67 1000 117 97 

MPER597 070±011 1 69 10 38 90 148 

MPER569 090±0 14 2 75 7 14 34 99 

MPER213 091±011 313 9 34 92 131 

MBRA712 o 80 ±o 13 2 78 3 68 133 

MCOL707 1 08 ±o 14 260 14 30 76 60 

MPER458 080±011 2 20 998 56 122 

CM489 1 101±010 2 50 31 79 86 170 

MPERI83 088±0 15 240 23 94 102 148 

MCOL\185 1 02±0 17 400 842 39 86 

MCUBS 4 54± o 12 S 61 1244 105 139 

*Values are means ±standard error 
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However we aspued to test the effect of cyanogen m 1ts real medlUm 1 e m cassava roots rather 
than an artificial medlUm WJthout bemg able to mcorporate the cyarude the same way as m the plant 
tlssue 

Tlurteen s1bhngs from the AM264 famliy had appeared WJth varymg cyarude content Usmg these 
to test the effect of cyanogen to e berg1 WJth hope to be able to reduce the nmse due to more 
genetlc slmllanty between the clones The s1blmgs were den ved from a cross between a h1gh and 
a low cyarude contammg clone wh1ch had been selfed to segregate for cyan1de levels m the roots 

Damage leve! caused by e berg1 m response to the cyarude content m the 13 s1bhng clones was 
tested m the field m a random1zed block des1gn of ten rephcates The mean damage score of 
commerc1al root (>250 gram) was plotted agamst the mean cyarude content of each clone anda 
s1gmmd model was found to descnbe the relatlon see figure 2 Desp1te the low damage leve! m 
general and the low cyarude leve! found m the clones at tlus field s1te 1t was found that clones WJth 
a cyan1de content less than 120 ppm was sigruficantly lugher than clones Wlth a cyan1de content 
abo ve 200 ppm Damage leve! of clones of a cyarude content between 120 and 200 ppm was very 
vanable 

Reproduct10n of e berg1 m response to the cyarude content m the 13 s1bhng clones was tested m 
the laboratory usmg four repbcates of each clone and 20 pars WJtlun each rephcate The tnallasted 
80 days Cassava roots were changed daliy and the total and the free cyarude content was measured 
before the root parenchyma was exposed to the msects The mean of the accumulated ovlpOSltlon 
per female dunng 80 days was plotted agamst the mean cyarude content of each clone and a s1gmmd 
model was found to descnbe the relat1on (Figure 3) Ov!posltiOn on clones WJth a cyan1de content 
less than 120 ppm was sigruficantly h1gher than clones Wlth a cyarude content above 200 ppm 
Ovlpos!tlon on clones of a cyarude content between 120 and 200 ppm was very vanable 
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2 2 4 Explonng the genet1c potenhal and stab1hty of carotene content m cassava roots 

C lglestas1 A L Chaves2 and F CalleZ 
1 Cassava Program 2 Bwtechnology Research Umt 

Improvmg the effictency wtth whtch cassava acqutres mtcronutnents and accumulates them m 
the roots and lea ves can have an enormous potenttal not only m terms of human nutntton but 
al so m terms of crop productton An strategy to approach th1s problem ts to enhance the m tero 
nutnent status of cassava through plant breedmg 

The acttvtttes camed out here mcluded (t) quanttficatton oftotal carotenes content on fresh 
roots of 14 selected genotypes planted m three dtfferents regwns (Palmtra V tllavtcencw and 
Medta Luna) (11) evaluauon ofthe effects of envtromental vanallon on carotenes content m the 
selected genotypes (111) determmatton ofthe envtronments wtth greater potenttal for expresston 
ofthe tratt 

Progress Report Prevwus work demonstrated the feas1b1hty ofbreedmg cassava for h1gh 
carotene content the roots and mamta1mng those htgh levels m the final products afier 
processmg ( Igles1as et al 1996 Euphyttca, m press) A group of 14 selected genotypes was 
recently eva1uated m three d1fferent ecosystems sub hum1d (CIA T Palmtra)) ac1d sotl savanna 
(V1llavtcenc1o) and m1d altttude (Med1a Luna) morder to study the stabdtty of carotene 
concentratwn m front of envtronmental changes 

There were s1gmficant d1fferences (P<O 001) among evaluatton s1tes Average carotene 
concentratmn for all the evaluates genotypes (See F1gure 1) m the sub hum1d ecosystcm was 
doub1e (1 63 mg/100g ofroots) the one observed m the more fertde m1d altttude s1te (O 82 
mg/1 OOg) W1th the ac1d sod savanna ecosystem falhng m between (1 35 mg/1 OOg) Although 
there were stgmficant mteracttons Wtth the stte of eva1uatton (parttcularly for 5 ofthe evaluated 
genotypes) testmg m the stte w1th the greatest expressmn for the trmt (sub hum1d ecosystem) 
w11l result m a more prec1se screemng a broader expresston range and a h1gher hentabd1ty than 
m other env1ronments Sub hum1d trop1cs 1s the most tmportant ecosystem for cassava 
productwn m Afnca and Latm Amenca 

A yellow root gene poo11s bemg formed by the recombmatwn of selected parental genotypes 
wtth the purpose of startmg a recurren! se1ectton program for mcreased carotene content such 
populattons wtll also be transferred to Afnca where adatattve selectmn can lead to the 
tdenttficatton of sUJtable genotypes mareas ofhlgh demand for yellow root cassava (1 e Ghana) 
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F1gure 1 Interact10n by genotype for root carotene content 
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Future Work.. We are m the process of screerung leaves of selected genotypes wtth htgh 
carotene content ofCIATs germplasm collectlon morder to correlate 1t wtth the results 
obtamed With cassava roots 
We wll also charactenze the genetlc d1vers~ty Withm cultJvated cassava wlth respect to vttamm C 
content 
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2 2 S The effects of pre harvest prunmg of cassava upon post harvest physJOiog1cal 
detenorahon (PPD) potenhal scopolehn and dry matter contents 

G M O Bnen1 Q van 01rschot1 O Orozco1 A L Chaves2 

1 Cassava Quahty 2 B10technology Research 

Plants of two cassava cultlvars one susceptible to PPD and the other h1ghly res1stant were 
harvested (1) Wlthout prurung and (n) at vanous mtervals after prurung Sample roots were taken for 
the evaluatwn of scopoletm content dry matter content and PPD The three parameters wcre 
observed ID relatwn to time after prumng 

In the PPD susceptible cultivar a sharp downward trend ID VISible PPD dunng the post prunmg 
penod was accompamed by a s1m1lar trend ID the scopoletln contents m samples taken A s1gmficant 
correlatlon between the two parameters was observed (R = O 81) 1mplymg that prumng as well as 
leadmg to reduced PPD susceptlbil1ty also led to reduced parenchymal scopoletm contents 
In the PPD res1stant cultivar a notable overall reduct10n m PPD was observed and scopoletiD 
content also decreased generally However sorne md¡v¡dual results contrad1cted the general trend 
around 3% of results matched relat!Vely lugh scopoletm levels (> 4 mg/kg fresh we1ght bas1s) w1th 
zero VISible PPD 

W1th both cultlvars 1t was noted that DMC wh1ch underwent sorne mmor fluctuatlons after prunmg 
d1d not correlate s1gmficantly Wlth VISible PPD (R < O 1) 
The ev1dence suggests that there IS no Simple stra1ghtforward hnk between e1ther DMC or 
scopoletiD and PPD 

Comments 

Effect of pre haryest prumn~ upon PPD Substantlal reductlons m PPD suscept1b1hty occurred 
durmg the 39 day post prunmg penod Between days 0-4 and day 25 a maJor decrease m PPD 
susceptlb1hty was md1cated m the PPD susceptible cult1var M Col 22 The PPD res1stant cultivar 
M Bra 337 cons1stently had very low PPD results at no pomt h1gher than 20% Both cullivars 
reached a m1mmum value for PPD suscept1b1hty between day 25 and day 39 The final results on 
day 39 remamed well below the 1mhal values The effect of prurung upon PPD m the cultivar M Col 
22 wluch produced a pre prurung mean PPD result of 65% was remarkable at 25 days after prurung 
a mean PPD result of 4 3% was observed 

Parenchymal scopoletiD ID relahon to PPD after prunmg W1th the cultivar M Col 22 notable 
correlahons between scopoletin content and VISible PPD were observed throughout the post prumng 
penod (R = O 81 p > O 0001 Wlth PPD assayed 24 h post harvest 176 observatlons R = O 61 p > 
O 05 w1th PPD assayed 5 days post harvest 11 pooled observatlons F1gure 1) As PPD decreased 
after prurung so d1d scopoletiD content 
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The cultivar M Bra 337 on the other hand showed a much lower correlatlon between scopoletm 
content and viSible PPD (R = O 26 p > O 0005 w1th PPD assayed 24 h post harvest 176 
observatlons R = O O 1 p > O 97 w1th PPD assayed 5 days post harvest 11 pooled observatlons 
Figure 2) Jt should be stressed however that over 70% ofthe mdividual M Bra 337 observatlons 
mvo1ved scopoletm contents of less than 1 mglkg (fresh bas1s) and that 48% of observatlons were 
w1thm two times the magmtude of the detect10n hm1t (O 2 mglkg fb) W1th such low 1evels of 
scopoletm m the samples 1t could be argued that any correlat10n between scopoletm and visible PPD 
m1ght be d1storted toa considerable degree E ven so there occurred 5 mdividual observatlons w1th 
scopoletm values of over 4 mg/kg (fb) w1th PPD values of 0% Th1s appears to demonstrate 
conclusively that there cannot be a stra1ghtforward correlatlon between parenchymal scopoletm 
content and PPD 

Parenchymal DMC m relatwn to PPD afier prumng W1th the cultivar M Col 22 no s1gmficant 
correlatlon was observed between DMC and PPD (R =O 08 p > O 3 w1th DMC assayed 24 h post 
harvest 176 observat10ns R = O 006 p > O 98 w1th DMC assayed 5 days post harvest 11 pooled 
observat10ns Figure 3) 

W1th the cultivar M Bra 337 no Sigmficant correlatlon was observed between DMC and PPD when 
DMC was assayed at 24 h post harvest (R =O 03 p >O 71 174 observat10ns) Interestmg1y the 
pooled and averaged DMC resu1ts taken at 5 days post harvest produced a much better corre1atlon 
(R = O 59 p > O 06 11 pooled observat10ns Figure 4) However any mferences of a true correlatlon 
here should be treated With cautlon as the 24 h results when pooled and averaged also 1mproved 
markedly m terms of correlauon between the two pararneters (R = O 24 p > O 48) 

Further research The ev1dence suggests that there IS no sunple stra~ghtforward hnk between e1ther 
scopoletm or DMC and PPD 

Further research 31med at controlhng PPD by non conventlonal genetlc means should therefore be 
focused upon other enzymes and/or metabohtes The enzyme chalcone synthase ofkey 1mportance 
m flavonmd b10synthes1s along w1th polyphenol oxidase and related enzymes could be of pnme 
1mportance and lugh specificity m causmg the symptoms of PPD 

2 2 6 Molecular Mecbamsms of cassava pbys1ology under stress Tbe role of glycme 
decarboxylase 

Faustma G1raldo1 Fernando Angel' Mabrouk El Sharkaw12 Wilharn Roca' 
1 B10technology Research Umt 2 Cassava Phys10logy 

Earher work at CIA T has shown that cassava can adopt to stress situatiOns such as drought by 
expressmg a photosynthetlc mechamsm resemblmg mtermediate C3 C4 plants Part1cularly certam 
enzymes mvolved m photosynthesis!photorespiratlon change the1r spec1fic actlvitles under stress on 
the one hand and the foliar anatomy of sorne cassava vanetles and w!ld Man1hot spp stud1ed al so 
shows mtermed1ate charactenstJcs 
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Our research a1ms at charactenzmg enzyme actiVIIIes locahzed m particular fohar llssues and cell 

Glycme decarboxylase 1s a mullienzyme complex ofthe photoresprratory pathway made up by four 
suburut protems P H Y and L Genes codmg for T and H suburuts ha ve been cloned and sequenced 
m Ptsum satlvum (pea) So/anum tuberosum (potato) and Flavena prmglet 

Progress Report In order to destgn pnmers for tsolatwn of the genes codmg for T and H subumts 
m cassava, the three sequences belongmg to the three spectes mentwned were ahgned and sorne 
conserved sequences were chosen to construct speclfic pnmers Pnmers 19 nucleolldes m length 
den ved from sequences codmg for T and H protems to carry out PCR amphficauons usmg cassava 
DNA as template were used 

An amphfied fragment (O 4 Kb) obtamed Wlth pnmers denved from T sequence was tsolated and 
cloned m pCRII plasmtd Cloned fragment was labeled and probed Wlth DNA dtgests of cassava, 
pea and potato Strong hybndtzalion was observed Wlth dtgests of cassava DNA and one band of2 O 
Kb was detected m Hmd III dtgests When Eco RI dtgests were probed a 1 6 Kb fragment was 
observed In Pea and potato one Eco RI fragment {1 4 Kb) and one Hmd III fragment (1 7 Kb) were 
detected but the hybndtzatwn stgnal was weaker than the one observed m cassava The d1stnbutton 
of glycme decarboxylase has been recently detemmed m C3 C4 and C3 C4 mtermedtate spectes 
(Reyes Femandez et al 1995) In C3 spectes tt was located m mtthocondna of mesophyl cells 
whtle m C4 and m mtermedtate spectes the enzyme was found exclustvely m bundle sheat 
mttochondna Cloned fragments here can be used to tsolate cONA clones from a cONA hbrary of 
cassava m order to be used as probe m In slfu hybndtzallon expenments In sttu hybndtzatwn could 
show m whtch llssue ts expressed tlus enzyme Tlus approach can contnbute to gam an 
understandmg about m cassava, llssues the compartrnentatlon of thts enzyme and hence to better 
understand the physwlogtcal mechamsms underlymg the photosyntettc rates of cassava under 
drought stress and lugh temperatures 
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OUTPUT 2 3 IMPROVED GENE TRANSFER METHODOLOGIES DEVELOPED FOR 
BROADENING THE GENETIC BASE OF CUL TIV ATEO GENE POOLS 

2 3 1 Comparative Study of Two Methodolog~es for lmprovmg Genetlc Transformahon of 
Rtce 

Z Lenlim E Tabares W Roca 
Bwtechnology Research Umt 

In order to apply genet1c engmeenng successfully to crop tmprovement tt should be posstble to 
generate transgemc plants Wlth a htgh effictency An mcreased effictency for the generatwn of 
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transgemc plants IS relevant smce there IS a number of evidences mdicatmg that generally a low 
percentage of transgemc !mes show the leve! of gene expression needed to confer the trmt of 
mterest and few trangemc !mes Wlll stably express and mhented the transgene mtroduce after 
severa! generabons of sexual cycle With the aim of Improvmg the generat10n oftransgemc nce 
from md1ca nce at CIAT a comparahve study was conducted to revise two most used 
methodologies for genehc transformahon of nce by parucle bombardment Herem IS reported 
the progress attamed usmg the md1ca vanety BR IRGA 409 a popular BrazJhan variety 
developed from CIA T germplasm mamly grown m Southem part of the country which IS the 
maJor nce producmg area of Latm Amen ca 

Progress Reoort The direct dehver of genes mto mature embryos was conducted usmg DNA 
coated gold particles accelerated by the POS 1 000/He system The tropical Imgated Latm 
Amencan md1ca vanety BR IRGA 409 was used as target Co transformahon expenments were 
conducted usmg equal arnounts ofthe pActiD construct (McElroy et al 1990 kmdly provided 
by Dr R Wu Comell Umversity) contmmng the GUS reporter gene under the control ofthe nce 
actm l promoter and a construct contmmng the hph selechve gene encodmg for hygromycm 
resistance (Hyg ') dnven by the 35S CaMV promoter 

Mature embryos were pre treated for 4 hours before bombardment cultunng them on NBA (LI et 
al 1993) medJUm standard medJUm used at CIAT or CC (Chnstou 1995) medJUm both 
contammg O 4 M Manrutol About 16 hr after bombardment embryos were transferred onto 
medJUm Wlthout manrutol and With or Wlthout hygromycm (hyg) for selectJon Four selecbon 
systems for hygromycm resistance were used after bombardment ( 1) Embryos bombarded on 
NBA were cultured on NBA without hygromycm for a week and then transferred to 30 mg/1 hyg 
for 3 weeks resistant callus were subcultured on the sarne medJUm for a month selected callus 
on tlus medJUm were then transferred onto 50 mg/1 Hyg and then to regenerahon medJUm 
contmmng 50 mg/1 Hyg (standard selecctJOn schemme used at CIAT accordmg to L1 et al 1993) 
(2) The sarne procedure as before but replacmg NBA medJUm for CC medJUm (3) Embryos 
bombarded on CC medJUm were transferred onto CC medJUm contmnmg 30 mg/1 Hyg or (4) 
Onto CC Wlth 50 mg/1 one day after bombardment accordmg to Chnstou ( 1995) res1stant 
callus recovered from 30 mg/1 Hyg were transferred onto 50 mg/1 callus selected on 50 mg/1 
were cultured on regeneratwn med¡um contammg 50 mg/1 Hyg 

About tw¡ce as many embryos bombarded on med1um CC showed GUS trans1ent expresswn 
after 24 hr ofbombardment respect to those on NBA med1um The number ofblue spots per 
embryo bombarded was also h1gher (data not shown) E1ghty four to 100% ofbombarded 
embryos developed Hyg res1stant (Hyg ) callus when selectwn was lmhated a day after 
bombardment on SO mg/1 or 30 mg/1 hyg respectlvely whereas 36% to 68% embryos developed 
Hyg callus when selectwn started a week after bombardment (Table 1) The number Hyg callus 
generated on CC med1um was also h1gher than on NBA med1um (Table 1) 
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Table 1 Hygromycm res1stant callus obtamed from mature embryos of BR IRGA 
409 after four d1fferent select1on treatments 

Explant Explants w1th 
Bombardment Hyg' callus Hygr 

Treatment' 1 Hyg callus callus /explant 

33 36(7) 27 2 3(2 1) 

2 28 68(46) 66 3 5(2 1) 

3 32 100(0) 101 3 1(2 4) 

4 34 84(22) 114 3 9(2 6) 

Treatments for select1on on hygromycm after bombardment (1) and (2) embryos were cultured on NBA or CC for a 
week w1thout hygromycm and then transferred onto 30 mg/1 (3) and (4) embryos cultured on CC and placed on 
select1on medmm w1th 30 mg/1 or 50 mg/1 Hyg one day after bombardment, respect1vely Numbers m parentheses 
refer to the standard deviation 

The CC medmm contams 3 5 h1gher leve! of calcmm than NBA and nce callus develops 
slower respect to the NBA medmm (data not shown) The lugher levels of calciUm m the CC 
mediUm may md the repamng of plama membrane and cell wall mcreasmg the surv1val of the 
cells from the phys!cal damage caused by the bombardment and may also favored the d!VIS!on 
of the transgemc ce lis respect to the nontransgemc ones m the presence of the select1ve agent 
smce CC medmm 1s suboptlmal for callus formatwn The formatlon of Hyg' callus was VISible 
Withm 1 2 weeks when selectwn started one day after the bombardment whereas 1t took 4 6 
weeks m the other treatrnents The poss!bihty of 1mt1atmg earher the selectwn on 50 mg/1 hyg 
(the lethal concentratwn for selectwn) Will allow to reduce the process of generatmg 
transgemc nce from 4 months to two months smce the regeneratwn onto the selectwn mediUm 
contammg 50 mg/1 hyg could be lmt¡ated one month after bombardment Plant regeneratwn 
from these Hyg callus !S underway Comparatlve evaluatwns of these treatrnents w¡th other 
genotypes IS also m progress 
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2 3 2 Genehc transformahon of cassava 

E Torres L Manclila, F Angel W M Roca 
B10technology Research Umt 

FollowiDg our ¡mtlal work of transfonmng cassava v1a Agrobaetenum tumefae~ens th1s year our 
efforts focused on (1) confirmat10n of 1Dsert10n and express10n of transgenes ID regenerated 
transforrned cassava plants usiDg molecular and res1stance assays (n) testiDg and choosiDg a 
selectable marker for transforrnallon expenments (m) the construcllon of vector a 
transforrnatlon vector for res1stance agaiDst the cassava stem borer (1v) 1solat1on and clonmg of 
starch branchiDg enzyme 

Progress Report. 

1 Confirmahon of cassava transformat10n 

(1) Molecular assay. PCR aod Southern aoalys1s Plant DNA was arnphfied USIDg npt 11 spec1fic 
pnmers transferred to Hybond N+ was hybnd1zed Wlth the PGV 1040 plasm1d 6 kb fragment At 
leas! one of the four DNAs was clearly pos1tlve (plan! 53 5 2) a weak s1gnal was detected m 
plant 207 al so md1cat1Dg arnphficat10n of npt 11 spec1fic sequence Detected band was 1 2 Kb m 
s1ze correspondmg to the fragment prev10usly arnphfied by PCR DNA from two other (plants 
137 1 1 and 57 1 2) were negat1ve as well as the non transforrned plants 

When total plant DNA was d1gested w1th control Bgl 11 and hybnd1zed Wlth npt 11 punfied 
fragment obtamed from T DNA three strong s1gnals m plant 53 5 2 were ev1dent 1Dd1cat1Dg 
three d1fferent T DNA msert10ns IDto host DNA Two of the three 1Dsert10ns lost Bgl 11 
restnctlon s1tes generatmg bands heav1er than 6 kb In order to confirrn that the T DNA was 
IDtegrated mto host DNA a restnct10n enzyme Sea 1 havmg only restnct10n s1te mto the T DNA 
was used to d1gest total DNA When the npt 11 gene was used as probe three d1fferent bands 
were detected confirrnmg that 3 d1fferent msert10ns are present ID plant 53 S 2 When Sea 1 was 
used the smallest band detected was 9 3 kb md1cat1ng that the next Sea 1 restnct10n s1te 1s a least 
3 3 kb mto host DNA from Bgl 11 s1te m the nght border flakmg the T DNA 
As expected no hybnd1zmg band were observed m control DNA 

(n) Basta Reslstaoce assay Analys1s for express10n ofthe bar gene was made only on the 
preselected plants w1th PCR Plants were propageted m the green house and were sprayed w1th 
40ml/m2 of a 150mg/L PPT solut10n Prev10us expenments Wlth Basta where were camed out 
w1th d1fferents concentrat10ns (25 250 mg/1) ID order to deterrnme the max1mum res1stance leve! 
to PPT The transforrned plants expresSIDg herb1c1de res1stance were 53 5 2 and 207 the same 
plants that gave pos1hve s¡gnals w1th I'CR 

In conclus10n our results demonstrate the generat10n of non ch1menc transgemc cassava plants 
w1th rate effic1ency transforrnat10n of 2% 
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2 Chmcc of .. sclcctablc markcr 

In orden to detcrnunc the ciTccllvencss of markcr genes m sclcctmb transformcd cmbryobcn1c 
tissuc !Issue growth mhibitor curves wcrc cstabhshed lor cotylcdonary !cave~ obtamcd lrom 
somallc embryos thc anllbiOIIc hygromycm (2 64 m¡,/1) thc hcrbiCidc phosplunotncm (8 
50mgll) and the sugar mannose (1 20 gil) wcre tcstcd as selcetim a!,ents Thc genes encodm!, 
these products are hph (hygromycm phosphotransferasc) bar (neomycm phosphotr.1nsferasc) 
and mannose 1somerasc 
The paramcters evaluatcd at 8 15 and 30 days aficr culture wcrc vmb1hty t..lllus and cmb1yos 
(1) Hygromycm afier 15 days m thc mtroducllon mcdmm ofsomallc cmbryos tht. Vltblilty 
was reduced to 20% w1th 16 mg/1 h1gher conccntrat10ns klllcd thc llssuc and mducuon ol lnablc 
and embryogemc callus werc arrestcd (f1g 1) 

(n) Phosphmotncm two sources ofphophnotncm was used 
PPT (Sigma) and the commercml herbicide Basta (1-loechst ) The latter contanus 200 gil l'PT 
Cxplant viabihty was more aiTected w1th Basta than w1th PPT Concentrallons of !lasta up to 
8mgllmhibited callus and embryos wh1le concentrallones lugher than 40 mg/1 k11led thc ussuc 

(m) Mannose Concectra!Ions between 5O to20 g/1 reduced up to 60% ofllssue vmb1hty The 
mduc!Ion of callus and embryos was mlub1tcd al concentrallons abo ve 5 ¡,11 (f 1g 2) 

In conclus1on both hygromycm (15mgll) and phosplunotncm (!lasta 8 m¡,/1 PPT 40m¡,/l) wcre 
effic1ent as selecllon agents Mannose had no eiTcct on vmb1hty of explants 
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flg 1 Effect of hygromycm on ussuc vmb1hty callus growht and embryos mductwn alter 20 
da y of culture 
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o 2 S 

Mannose(g/1) 

10 20 

e Y•ab•hty 

• Callus 
DEmbryos 

F1g 2 Effect of mannose on tJssue callus growth and cmbryos mductwn allcr 20 d.1ys ol ~..ulturc 

3 Construchon of transformahon cassettes for cassava 

(1)Piasm¡d pSGh The plasm1d pSGh was denved from pSG Manl The mannosc 1somcrasc gene of 
pSG Manl was detected usmg Hmd 111 enzyme The hygromycm B (hph) gene from plasnud pTRA 
151 was cloned mto tlus s1te pSGh contams the codmg reg10n of Streptom1ces hygro~cop1cus hph 
gene betwen the cnhanced 35S promotor ofCaMV and the transcnptJon tcrmmator lrom a tumor 
morpho1ogy 1arge gen (tml) The hph gene 1s 1 7 Kbp and can be !so1ated usmg Hmd 111 d•gcsllon 
In add!tlon pSGh contams the gus mtron gene and thc spectmom•c•nlstreptonucm rcs•stcncc 
genes The 2 5 Kbp Gus mtron gene 1s obtamed from the p1asmid d1gested W!th Pst I Ttranslormed 
bactena w1th pSGh were selected by the1r resJstantce m to LB Wlth hygromycm up to 1 00 ~Lbfm1 

F•g 1 Organ1zal!on of plasm1d pSGh 

Psll Psll 

R8HI O _.,tro 1181 3SS .... ... L8 

1 7 Kili> 

(u) Plasm1d PBIIOI Adic!Onally another gene was cloned m to pBIIOI plasm1d 1he plasnuds 
pBlCH and PBICry were constructed by hgat10n of the 3 O Kbp codm rcg10n of Cry IA(b) bcnc 
from Bac11lus thurmg1ens1s (Plantek Co) m to the Xba I sJte ofpBIOI The pBICH contams the 
hph gene from pTRA 151 m the Sma 1 si te of pB 1 O 1 The product of Sma 1 digcstJon IS a 4 7 Kbp 
fragment that consJsts of Cry and hph gene The pBI 1 O 1 dcnvahve has a kanan1ycm rcsistancc 
( npt ll) and P gus genes The molecular s1ze of plasm1d PBICry IS 15 2 Kbp and 17 Kbp for pBICI-l 
([Ig 2) 
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F1g 2 Plasm1ds pBICH and pBICry contammg the Cry IA(b) and hph genes and 

pBICH .. .. 
(IEI ~uflill1 ... i .. ill r- ..,_ ...¡ .. ... ... 

pBICry 

u 14181 -

4 Clonmg and sequenemg of the stareh branehmg enzyme 

A 3 O Kbp clone contammg the starch branclung enzyme gene (BE) was 1solated from a cDNA 
hbrary of S tuberosum usmg the homology gene of pea The BE of potatoes was amphfied by PCR 
and cloned mto Eco R 1 s1te of PCR Scnpt vector In order to express the protem m E coll the 
Suma 1/Sac I Be d1gested gene was cloned mto Sma I s1te of pUC 18 and pUC 19 vectors and the 
transformed bactena were mduced w1th IPTG 

pBE 

future plans 

Place mto the pSGh construct the Cry IA(b) gen and for cassava transformatlon v1a 
Agrobacterzum usmg the denved bmary system 

Evaluatlon of msectlc!dal act!VIty of Bt toxm w1th larvaes of the lep1dopter stemborer Chtlomma 
clarkez 

Test other strams of Agrobacterzum tumefactens for cassava transformatlon 
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2 3 3 Development of an efficJent genetJc transformat1on protocolm common bean 

A MeJia1 A M Gomez1 N Royero1 F Gualdo1 H J Jacobsen2 and WM Roca1 

1 810technology Research Urut 2 Uruvemty ofHannover Germany 

The Genetic transformatton of common bean has been largely difficult mamly because ofthe 
recalcitrance of this species to convent10nal m vztro tlssue culture plant regenerat10n To 
overcome problems ansmg from the lack of protocols for plant regenerat10n Russell et al ( 1993) 
apphed the b10hst1c methodology to directly mtroduce DNA mto of menstematlc ce lis of mature 
seeds and produced the first transgeruc bean plants Thts approach was based on the 
methodology developed by Chnstou et al ( 1990) With soybean 

Although these works showed for the first time that transgeruc bean plants can be obtamed by 
DNA bombardment mto menstems the methodology used however has lurutations mamly the 
low rate of menstem transformation the difficulty m applymg m vztro selection for the 
Identification of transgeruc shoot and the low efficiency m regenerat10n of transgeruc plants 

Usmg Agrobacterzum tumejac1ens as a vector the genetic transformat10n of a Wild genotype of 
the tepary bean (Phaseolus acutifollus) has been aclueved recently (Dillen et al m press) The 
transformat10n protocol however couldn t be apphed to common bean economically the most 
Important species of the genus 

Progress report In 1994 as an outcomes of tlus proJect we were able to mduce an organogemc 
callus named menstematic callus (m callus) mvolvmg hundreds ofmenstems With none or few 
unorgaruzed growth Dunng 1995 we also developed a methodology for recovenng fertile plants 
efficiently by mtcrograftmg shoots developed from m calh Use ofm calh for genetic 
transformat10n of common bean has the followmg advantages over the bombardment of mature 
seed menstems a) many more menstematic regenerable reg10ns are exposed to the proJectiles 
carrymg DNA b) an m v1tro select10n step oftransformed tissue can be apphed efficiently 

In 1995 we bombarded 238 petrt dishes With m calh of 5 agronomic Importan! cultivars of 
common bean m 29 sess10ns Marker genes that confer resistance to hygromycm (hph gene) or 
phosphmothncm (pat and bar genes) and the gus mtron gene have been used for developmg the 
transformat10n methodology These marker genes were cotransformed m two separate plasmids 

From the bombarded tlssue the proJect team was able to select more than 500 clones which have 
shown resistance dunng at least 3 subcultures on select10n media From the selected clones m 
total 107 p1ants have been regenerated dunng 1996 99 of wluch ha ve shown to be ferti1e and 
ha ve produced progeny (Tab1e 1) 
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Table 1 Ferule plants regenerated from transformed m calh selected as hygromycm or phosphmothncm reststant 

Cultivar Bombarded Petn As phosphmothncm or Fertlle plants 
dJshes hygromycm reststant selected regenerated 

clones 
Bayo Madero 113 430 80 
C20 40 63 14 
A295 37 31 3 
ICA PtJao 36 13 
Canoca 12 2 
Total 238 539 99 

Genet1c analys1s usmg the polymerase cham reactwn has been performed m sorne of the 
regenerated plants Of 3 7 analyzed plants regenerated from clones selected WJth phosphmothncm 
or hygromycm 21 ha ve shown the presence of fragments of one or both of these genes (Table 2) 

Table 2 Results ofthe PCR analysts of pnmary transformants and tts progeny for the presence or absence of 
transferred marker genes 

Cultivar 

Bayo Madero 
C20 
A295 
Total 

Posttive plants for the byg 
gene/ Analyzed piants 

14/25 
519 
2/3 

21/37 

Positive piants for the pat 
gene/ Analyzed piants 

8/26 
618 
2/3 

16/37 

As expected a segregation ofthe presence ofthe hph and the pat gene has been found m the 
pro gen y of al! transformed !mes w1th pos1tive progeny 

Furthermore hygromycm res1stance has been analyzed m progeny plants The progeny of S 
plants from 3 d1fferent cultivars that have res1sted germmat10n m vltro m a culture medmm With 
hygromycm have shown to be PCR pos1tive for the hph gene These results show that tlus gene 
IS expressed m sorne transformants at the seedhng leve! 

Currently we are workmg to obtam further molecular genet1c ev1dences for stable mtegration of 
the transferred genes m progeny plants by analyzmg the genom1c DNA by Southern blot 
hybndizatwn 

These results show that the methodology developed for the genet1c transformatwn of common 
bean usmg the particle bombardment of menstematic calh can be used m the productwn of 
transgeruc plants of severa! common bean cultivars of agronom1c 1mportance 

Future work The proJect that has a durat10n of three years and IS financed by BMZ GTZ 1s now 
commg to an end (Dec 1996) A request for add1tional support for a two year penod has been 
presented to the fundmg agency Dunng th1s time we plan to perform further mhentance and gene 
express10n analys1s of the transferred genes and to develop transgeruc stocks w1th tolerance to 
phosphmothncm the active compound ofthe herbicJde BastaTM Tlus tra1t has been 1dentified by 
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sorne breeders and bean producers as an tmportant lratt that could reduce costs of bean 
producllon 

Transformallon wtth two genes that modtfY fatty actd metabohsm (an anllsense DNA ofthe sn 
Glycerol 3 Phosphate Acyltransferru.e GPAT from common bean and oleate selecttve GPA T of 
spmach see Wolter et al 1993) tsolated an analyzed m the laboratory of Prof Dr Hetz m 
Hamburg Germany wtll be mtllated Expresston ofthe two genes m transgemc common bean 
should confer chtllmg tolerance 

Other genes of agronomtc tmportance that could be tested m transgemc bean plants are genes that 
confer reststance to msects hke the Bt toxm protemase and alfa amylase mhtbttors 
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2 3 4 Development of Brach!8r!8 genehc transformahon 

L Galmdo Z Lenttm W Roca 

B1otechnology Research Urut 

The development of genellc transformat10n of brachtar1a 1s underway for 1ts use m genellc 
stud1es w1th homologous lratls (1 e apom1x1s) and on germplasm development w1th heterologous 
tra1ts (1 e msect reststance) A methodology was prev10usly developed at the Umt for plant 
regeneratJOn from vanous Brachzarza spec1es Prohferat1on of embryogeruc callus den ved from 
the scutelum node of mature embryos and plant d1fferenllat10n through somallc embryogenes1s 
were ach1eved (Lems 1994) Last year a prehmmary report was presented on 1mUal attempts for 
the development of transformat10n by part1cle bombardment Thts year progress 1s presented on 
the evaluatlon of culturmg parameters that may allow to mcrease the effic1ency of transgene 
transfer mto Brachzarza 
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Progress Report. The effect of pos1t10mng scutellum explant when cultunng 1solated embryos 
for callus mduct10n was evaluated Table 1 shows an mcrease of about two fold m the 
product10n of embryogemc callus when the scutellum IS facmg up Wlthout d1rect contact w1th the 
culture med1um alloWing a lugher gas exchange Current work mcludes the companson of 
vanous med1a compos1t10n to opt1m1ze callus format10n from 1solated embryos used as target for 
bombardment and from complete seeds for the mass product10n of callus Use md1v1dual 
embryogemc callus 1s sought as target tlssue when the response of 1solated embryos 1s low and 
lughly heterogenous as 1t occurs w1th B ruz¡z¡enszs (data not shown) 

Table 1 Productlon of embryogemc callus from tsolated mature embyos of Brachtarta 

Spectes Scutellum' Explants' Embryogemc Embryogemc Embryogemc 
postllon 

No callus callus ( /) callus/explant 

B bnzantha Stde up 60 45 (24) 32 (18) 22 (O 7) 

Stde down 60 24 (14) 23 (14) 1 1 (O 4) 

B decumbens Stde up 60 66 (5) 45 (5) 67 (2 O) 

Stde down 60 24 (2) 30 (10) 24 (1 1) 
1 Postlton for callus mductton Stde down scutellum stde m contact wtth the culture medmm 'Three rephcates per 
treatment of twenty embryos per rephcate Number ts parentheses refer to Sderror 

The culture post10n of embryos after the bombardment also affects the leve! of trans1ent 
express10n of the gus gene (Table 2) A substant1al mcrease m B glucoromdase express10n was 
noted when embryos were cultured scutellum s1de up after bombardment Tlus leve! of 
express10n was 1mproved respect to last year results 

Table 2 Transtent expresston of gus gene m Brachtarta scutellum after 48hr ofbombardment 
wtth pAct 1 D plasmtd usmg the PDS 1000 He btohsttc system 

Scutellum1 No No blue spots No blue spots 

Spectes posttton embryos total perembryo 

B brtzantha Stde down 280 306 1 1 

Stde up 40 426 104(1 1) 

B decumbens Stde down 300 240 08 

Stde up 40 123 3 1 (O 6) 

At present the effect of the scutellum pos1t1on 1s bemg momtored on the stab1e express10n of the 
gus gene severa! weeks after bombardment and on the effic1ency for recovenng transgemc plants 
both expressmg the B glucoromadase and res1stant to hygrom1cm 
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2 3 5 Cryopreservatmn of cassava shoot hps ID hqutd mtrogen 

R H Escobar1 W M Roca1 M Gualdo1 G Reyna1 G Mafla1 

1 Btotechnology Research Urut 2 Genet1c Resources Urut 

We have developed an tmproved techruque mvolvmg prograrnmed freezmg ofpre cultured shoot 
Ups to mcrease success rate of cassava cryopreservat10n Observed genotyp1c response to 
cryopreservat10n has prompted to adjust the bas1c protocol for obtauung mcreased response and 
accesstb1hty ofthe techruque toa Wlder range of cassava vanetles 

Progress Report 1 We evaluated the CIAT cryopreservat10n protocol ( 1992) under two freezmg 
rates (raptd and prograrnmed) It was observed that no dlfferences ex1st m v1ablhty between the 
two freezmg rates Wlth culttvars tested (Table 1) Sorne such as MMex 71 MVen 232 MEcu 
117 M Col 1389 and MCol297 showed low shoot growth response M Col 1468 revealed lugh 
vtablitty response but Wlthout shoot development MCol 1468 1s known for 1ts low tlssue cultllre 
response 

2 When the shoot Up s1ze was mcreased a dramaucally tmproved response Wlth two ofthe most 
recalc1trant genotypes was obtamed (Table 2) There seems to ex1st a strong relauon slup 
between s1ze and pre treatment on 4E medmm Tlus medmm mduces cells Wlth menstemauc 
behav10r able to support dehydrat10n and show good response after cryopreservat10n 

3 Htgher responses were obtamed Wlth a range of genotypes when larger shoot Ups were used 
(Table 3) Tlus shows a cntlcal step m the reculture medmm makmg tt necessary to modtfy the 
current to reculture medmm In tlus expenment we observed structllres hke shoots that stopped 
groWJng and were eventually covered Wlth callus Add1t10n of !mM asparagme and lugh 
cttolurun w1thout auxms has tmproved the surv1val and shoot growth on recultllre med1a, as 
callus formauon stopped 

It 1s known that cassava shoot tlps respond well to KmetiD and 21P (O 3 1 mg/1) and to BAP 
(O 04 O 3 mg/1) ( BRU Annual Report 1995) We have tested asparagme Wlth sorne cultlvars that 
show lugh v¡ab1hty response Wlth the wm at 1mprov1Dg shoot t1ps recovery (Table 4) 

4 Use of large quant1ty of canes per freezmg expenment (e1ght vanettes per expenment use 24 
canes ID the freezmg charnber) causes changes ID the freezmg curve Ata dlfferent temperatllre 
(freezmg pomt) tlus change could mod1fy the response of cryopreserved tlssue (Table 5) For tlus 
reason 1t ts necessary to spec1fy the quanuty of canes per expenment ID order to mod1fy the 
temperatllre curve 
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Future Work 1 lt has been shown that shoots from m vuro culture schow dlfferent response 
compared to greenhouse den ved F or th1s reason a system Wlll be developed to prov1de shoot 
ap1ces rap1dly and m a large quantmg Testmg d1fferent c1tokuuns for a short t1me will also be 
pursued for mcreasmg v~ab1hty and frequency of shoot recovery after freezmg 

2 As we haven t observed d1fferences between freezmg rates 1t m1ght be beneficia! to 
Implemente a shoot tip encapsulauon techruque 

3 Media With lower osmot1c concentrat10n Wlll be tested on cultlvars W!th recalcitran! behav10r 

4 Preculture medmm Wlll be mod1fied to 1mprove shoot tlps recovery 

5 Develop the logistical aspects for 1mplementanng the cassava m vztro base collectlon m hqmd 
rutrogen at CIA T 
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Table 1 Effect of slow (prograrnmed) and rap1d freezmg rates on cryopreservauon of 

d1fferent cassava genotypes 

Vanety Freezms V1ab1htv Shoot erowth 

M Bra 12 Rap1d 466 20 o 
Prograrnmed 600 20 o 

M Bra 507 Rap1d 866 13 3 
Prograrnmed 666 200 

MCol297 Rap1d 9 1 00 
Prograrnmed 200 00 

M Co\304 Rap1d 266 66 
Prograrnmed 66 00 

M Coll389 Rap1d 25 o 00 
Prograrnmed 14 3 00 

M Col1468 Rap1d 660 66 
Prograrnmed 77 00 

M Ecu 50 Rap1d 77 00 
Prograrnmed 200 66 

M Ecu 117 Rap1d 18 2 00 
Prograrnmed 83 00 

M Gua 14 Rapld 77 77 
Prograrnmed 23 o 00 

M Mal48 Rapld 33 3 33 3 
Prograrnmed 500 18 7 

M Mex 71 Rap1d 300 00 
Prograrnmed 15 4 00 

M Par 71 Rap1d 714 28 6 
Prograrnmed 286 14 3 

M Ven 232 Rapld 00 00 
Prograrnmed 77 00 

MCol22 Rap1d 944 55 5 
Prograrnmed 88 8 66 6 

Table 2 Effect of shoot t1ps stze on cryopreservauon of recalcitran cassava varlet1es 

Var1etv Freezms 

M Col 1389 Large Rap1d 
Prograrnm 

M Col 1389 Central Rap1d 
Prograrnm 

M Ecu 11 7 Large Rap1d 
Prograrnm 

M Ecu 1 1 7 Central Rap1d 
Programm 

Large ap1cal dome + 4 5 pr1mord1a 

Central ap1cal dome + 2 3 pr1mord1a 

71 

V1ab1htv Shoot growth 

70 o 00 
727 9 1 
25 o 00 
14 3 00 
1000 85 7 

1000 14 3 
18 2 00 
83 00 



Table 3 Genotyp1c effect on cassava cryopreservat1on usmg large shoot t1ps w1th rap1d and 

slow (programmed) freezmg 

Var1etv Freezmg V~ab1hty Shoot growth 

M Bra 12 Rap1d 64 7 294 
Programmed 786 28 6 

M Bra 507 Rapld 75 o 18 7 
Programmed 562 18 7 

M Bra 191 Rap1d 800 53 3 
Programmed 1000 68 7 

M Col297 Rap1d 706 17 6 
Programmed 400 33 3 

MCol304 Rap1d 64 7 00 
Programmed 466 00 

M Col1389 Rap1d 13 3 66 
Programmed 30 7 77 

M Coll468 Rap1d 25 o 00 
Programmed 286 00 

M Col1734 Rap1d 25 o 83 
Programmed 11 7 58 

M Col1736 Rapld 166 00 
Programmed 00 00 

M CR 113 Rap1d 53 3 66 
Programmed 75 o 12 5 

MDom2 Rap1d 52 6 53 
Programmed 38 8 22 2 

M Ecu 50 Rap1d 562 18 7 
Programmed 42 8 28 5 

MEcu 117 Rap1d 520 214 
Programmed 70 6 17 6 

M Gua 14 Rap1d 643 35 7 
Programmed 47 1 176 

MMal48 Rap1d 866 53 3 
Programmed 444 00 

M Mex 71 Rapld 78 5 72 
Programmed 00 00 

M Par 71 Rapld 1000 82 3 
Programmed 666 00 

M Per 303 Rapld 53 3 266 
Programmed 714 14 3 

M Ven232 Rapld 11 1 00 
Programmed 62 00 

MCol22 Rap1d 87 5 500 
Programmed 466 00 
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Table 4 Effect of raptd and slow (programmed) freezmg on cassava 

cryopreserved shoot ttps recovered on a mod1fied re culture mediUm 

Vanety Freezmg Vtabthty 

M Bra 191 Raptd 73 3 
Prograrnmed 84 2 

M Col1734 Raptd 91 6 
Prograrnmed 71 4 

M Col1736 Raptd 53 3 
Programmed 214 

M CR 113 Raptd 45 o 
Programmed 56 2 

Table S Effect of raptd and slow (prograrnmed) freezmg usmg larger numbers of varteltes 

per freezmg expenment 

Vanettes Freezmg Vtabthty Shoot growth 

MCol304 Raptd 63 6 18 1 
Prograrnmed 100 o 54 5 

M Col1389 Raptd 909 9 1 
Prograrnmed 900 lOO 

M Col1468 Raptd 53 8 00 
Prograrnmed 84 6 00 

MPar71 Raptd 84 6 76 9 
Prograrnmed 92 8 71 4 
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REPORT PROJECT OBJECTIVE 3 

To collaboratJve w1th the NARS of developmg countnes for the apphcatJon of modero 
technology to the charactenzatJon of agrob10d1Vers1ty and broademng the genetlc base of 
gene pools 

OUTPUT 3 1 A V AILABILITY OF GENES GENETIC STOCKS GENOMIC MAPS, 
PRO BES CELL CUL TURES/LINES 

3 1 1 Development ofthe cassava genome database 

R Unbe' F Rodnguer M Fregene2 J Tohme2 M Boruerbalel 

1 GIS Urut 2 Bwtechnology Research Urut 3 Cassava Genehcs 

The database under development through a sarnll grant from the Cassava B1otechnology Network 
was furthered th1s year by the addltwn of mformat1on on genet1c lmkage groups drawn on 
segregatwn of RFLPs and RAPDs m the cassava mappmg progeny The data base formuled under 
the model of ACeDB (USDA) now contams mformat10n the DNA clones used to generate the 
cassava map mcludmg the1r segregatlon pattems m CM7857 as entered by electroruc scanrung of 
autorad10grams and the md!v!duals used to generate segregat10n data, as well as graphtc 1mages of 
the hnkage relat10nshtps among markers Thts mformat10n Wlll be made pubhc through the World 
W1de Web dunng 1997 The same data base Wlll house phenotyp1c data wh1ch IS bemg generated 
on the cassava mappmg pro gen y to fac1htate the analys1s of marker correlat10ns or quantltatlve 
tralls anal ys1s 

3 1 2 Development of collectJons of genetlc molecular cell matenal at CIA T 

J Tohme' W Roca' F Angel' Z Lentlru1 A MeJ!a1 M Fregene1 M Boruerbale2 C Igles1as2 

S Beebe3 J Miles• C Martmez' F Correa• A Bellott17 

1 Bwtechnology Research Umt 2 Cassava Genet1cs 3 Bean Geneucs 4 Forages Genet1cs 5 
Rice Genet1cs 6 Rice Pathology 7 Cassava Entomology 

W1th the advent ofb10technology a range oftype and classes ofplant microbial and arthropod 
genetlc and molecular matenal ha ve been generated andlor acqu1red through research at CIA T or 
exchanges Wlth collaboratlve orgaruzat10ns These matenals need to be properly documented 
mamtamedlstored the1r v1abihty momtoredltested recovered for amphficat10n/mcrease and made 
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ava.lable for d!stnbutwnlexchange Wlth NARS and AROS sc1ent¡sts Hence tlus actlv1ty becomes 
one of new Curatorsh1p resembhng the class!cal role m genetlc resources 

The folloWlng categones or types of matenal are mcluded 

(1) Plant genet1c stocks for genom1c mappmg of cassava (CIAT and liTA) Rlce (Comell Uruv) 
Bean (Umv California, Umv Flonda) 

(n) Tra1t speclfic genet1c stocks for gene taggmg Cassava, (ACMV res1stance photosynthet1c 
effic1ency cyanogenes1s wlute fly post harvest detenoratwn) bean (vanous bwtlc and 
abwtlc stresses) nce (blast res1stance) Brachwrza ( apom!XIS) 

(m) Genom¡c/molecular maps and probes Rlce (map w1th nearly 500 probes) common bean (map 
w1th 250 probes) cassava (map Wlth 300 probes) 

(1v) Transformatlon vectors and plasm1ds 10 strains of Agrobacterzum tumejasc1ens 7 
transformatlon plasm1ds gene constructs (mcludmg codmg sequences) gene promoters 
enhancers ID!tlatlon and termmat1on sequences selectwn and reporter marker genes) 

(v) T1ssue cultures regeneratlve !mes (vanetles) for genet1c transformat10n of cassava, common 
bean nce and Brachwrw 

OUTPUT 3 2 COLLABORATION WITH CIAT PARTNERS ON METHODS ANO 
TECHNIQUES FOR UNDERST ANDING GENETIC DIVERSITY ANO BROADENING 
THE GENETIC BASE OF GENE POOLS 

3 2 1 Workshops and Trammg Courses 

In 1996 the folloWlng actlv!tles were orgamzed and carned out as part of ProJeCt 14 efforts 

( 1) Workshop on Management and Operatwns of m vuro gene banks (January 1996) Orgamzed 
by 1PGRI and CIAT Wlth the partlc!patwn of28 sc1entlsts from DCs and LDCs The 
workshop s outcome was a set of recommendatwns for germplasm curators on establishment 
management and operatmg m vuro gene banks 

Fundmg System W!de Program on Genetlc Resources 
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9 Yan X Beebe S Lynch J 1995 Genet1c vanat10n for phosphorus effic1ency of 
common bean m constrastmg s01l types 1 Vegetative response 1995 Crop Sc1ence 
35 1086 1093 

1 O Y an X Beebe S Lynch J 1995 Genetlc vanat10n for phosphorus effic1ency of 
common bean m constrastmg s01l types 11 Y1eld response Crop Sc1ence 35 1094 
1099 

11 Lentlm Z Nossa, E Martmez C P Ceballos H 1996 lntrogress10n oflugh response 
to anther culture mto mdzca nce Internat10nal Rice Research Notes (IRRN) Dec m 
press 

12 Angel F Barney VE Tohme J andRoca, WM (1996) Stab1htyofcassavaplantsat 
the DNA leve! after retnval from 1 O years on m v1tro storage Euplutyca 90(3) 307 
313 

13 Gomez R Angel F Bomerbale MW Rodnguez F Tohme J Roca, WM 1996 
Inhentance ofrandom arnphfied polymorpluc DNA markers m cassava (Mamhot 
esculenta Cranzt) Genome 39 1039 1043 

14 Fregene MA Angel F Gomez R Rodnguez F Bomerbale M Chavarnaga P 
Roca, W and Tohme J ( 1996) A Molecular Genetlc Map of Cassava Theoretlcal 
and Appl Genet1cs m press 

15 Gonzalez D O Palaczos N Gallego G and Tohme J ( eds) 1995 Protocolos para 
Marcadores Moleculares CIAT Umdad de Bwtecnolog¡a 82p 

16 Jones PG Galway NW Beebe SE Tohme J 1996 TheuseofGeograpluc 
Informatzon Systems m bzodzverszty exploratlon and conservatzon BIOdiversity and 
Conservatlon m press 

8 OTHER CONFERENCE PROCEEDINGS POSTERS 

Verd1er V Restrepo S Boher B N1cole M Ge1ger J P Alvares E Bomerbale M 
1996 Cassava bactenal bhght recent acluevement m understandmg the d1sease In 
Proceedmgs 3rd Internatlonal meetmg Cassava B10technology Network Karnpala 
Uganda, 23 38 August m press 
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2 Verd1er V euny G Ass1gbetse K Ge1ger JP Bouchr e 1996 eharactenzatwn of 
pathogemc1ty gene pth B m Xanthomonas campestr1 pv mamhots Posters 8th Int 
eongress Molecular Plant M1crobe Interact10ns 14 19 July Knoxv11le USA 

3 Verd1er V Ass1gnbetse K Mosquera, G Restrepo S Alvarez E Ge1ger JP 1996 
Detect10n of Xanthomonas campestr1 pv man1hot1s by doc blot hybnd1zat10n and 
polymerase react10n assays Poster 9th Int eonference Plant Pathogemc Bactena, 
India, August 26 29 

4 Restrepo S Verd1er V Alvarez, E 1996 V anatlon de Xanthomonas campestn pv 
mamhous en eolomb1e et ecolog1e Poster Lemes Reencantres Phytobactenlog1e 
Anssms 59 Feuner 13lp 

5 Restrepo S Verd1er V Mosquera, G Genstl A Laberry R V elle T Alvarez E 
1996 eassava bactenal bhght m South Amenca pathogemc and genet1c 
charactenzauon of the causal agent and 1ts apphcatlons to screenmg methods In 
Procc 3r Int meetmg eassava B1otechnology Network Kampala, Uganda, 23 28 
August m press 

6 Restrepo S Verd1er V A1varez, E 1996 Polymorplusme de 1 ADN et vanab1hte du 
pouvmr pathogene de Xanthomonas campestns pv Mamhotls en Amenca due Sud 
Poster IV eme eongres de la Soc1ete Francmse de Phytohatholog1e N1ce 19 22 Nov 

7 O Bnen GM 01rschot, Q van Orozco O ehavez, AL and Mayer J 1996 The effects 
of pre harvest rumung of cassava potent1al scopoletm and dry matter contents 
Poster 3rd Int Meetmg eassava B1otechnology Network Kampala, Uganda, 23 28 
August m press 

8 Fregene M Angel F Gomez, R Rodnguez, F Maya, M ehavarnaga P Bomerbale 
M Iglesias e Tohme J and Roca, WM 1996 Molecular genetlc map of cassava 
(Mamhot esculenta eranzt) In Procc 3r Int Meetmg eassava B10technology 
Network Kampala, Uganda, August 23 28 In press 

9 Bomerbale M Maya, MM Barrera, E Fregene M Verd1er V Bedoya, J and Roa, 
A e 1996 Apphcat10n of molecular markers to genet1c mappmg and germplasm 
charactenzat1on m cassava In 3r Int meeting eassava Bwtechnology Network 
Kampala, U ganda August 23 28 In press 
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10 Sama, R Torres E Angel F and Roca, WM 1996 Transgeruc Cassava In 3 d 

Int meeting Cassava Bwtechnology Network Kampala, Uganda August 23 28 In 
press 

11 Escobar R H and Roca, WM 1996 Cryopreservatwn of cassava shoot tlps through rap1d 
freezmg ~ In 3rd Int meetmg Cassava Bwtechnology Network Kampala 
Uganda, August 23 28 In press 

12 Lentm1 Z Calvert L Tabares E Lozano I Rarrurez B C Roca W M 1996 Genet1c 
transformatwn of nce WJth vual genes for novel resJstance agamst nce hoJa blanca 
v1rus In Khush G S (Ed ) Rice Genetlcs III Intematwnal Rice Research Instltute 
Press ManJla, Ph1hpmes p 780 784 

13 Lentm1 Z Martmez C P Roca W M (Eds ) 1996 Rice Anther Culture m Germplasm 
development for Latm Amenca and the Canbbean A handbook Centro Intematlonal 
de Agncultura Trop1cal(CIA T) Rockefeller FoundatJOn Fundac1on Polar CIA T 
Press Cah Colomb1a (In press) 

14 Lentlm Z Martmez C P Roca W M (Eds) 1996 The Use of Anther Culture m Rice 
Breedmg An Audwtutonal V1deo Centro Intematwnal de Agncultura Trop1cal 
(CIAT) Rockefeller Foundat10n Fundacwn Polar CIAT Trammg Departrnent Cah 
Colomb1a Duratwn 20 mm 

15 Smgh S P Munoz C G Roca, W M and Pastor Corrales M A 1996 Breedmg 
common bean for common bactenal bhght res1stance m the trop1cs In 1"" taller 
mtemacwnal sobre bactenos1s comun del fnJol Documento 96/2 PRO FRIJOL pp 
24 36 

1996 THESIS 

1 Caractenzacwn y anal1s1s de la vanabJ11dad genet1ca de Pass1floraceas Juss med1ante el uso de 
marcadores Moleculares (RAPD) D1ego Alberto FaJardo Ram1rez 

2 OptlmJzacwn de una metodolog1a para la mducc1ón y prohferacwn de embnones somatlcos de 
yuca (Mamhot esculenta Crantz) Juan Guillermo Cobo Horrero 

80 



3 AFLP charactenzat10n of wlld South Amen can Phaseo/us spectes Ana Lucta Catcedo 

4 MarcaJe de genes que confieren reststencta al arroz a hnaJes colombtanos de Pyncularw 
grzsea Maunc10 La Rota, 

5 Atslamtento y Caractenzac10n de cDNAs espectficos de Phaseo/us reststentes a 
Acanthoscelzdes obtectus LuiSa Femanda Fory 

CIAT ANO PARTNERS PRINCIPAL STAFF CONTRIBUTING TO PROJECT SB 2 IN 
1996 

1 CIAT 

1 1 Btotechnology Research Urut W Roca, J Tohme Z Lenttru F Angel A Mejta, M 
Fregene P Wenzl 

1 2 Genettc Resources Urut D Debouck 

1 3 Bean Program S Beebe S Stngh e Cardona 

1 4 Cassava Program M Boruerbale V Verdter e lglestas M El Sharkawy G O Bnen A 
Bellottt A M Thro 

1 5 Rtce Program C Martmez, F Correa 

1 6 Troptcal Forrages Program J Mtles 1 Rao 

1 7 Land Use Urut P Jones R Unbe 

1 8 Btometry M C Duque 

1 9 Vtrology L Calvert 

1 1 O RegiOnal Cooperat10n R Posada, A Caldas 

2 PARTNERS 

2 1 CORPOieA 1 Sanchez 

2 2 Purdue Uruv West Laffayette M Levy 

2 3 Comell Uruv lthaca S McCouch 

2 4 Umv ofGeorgta, Athens G Kochert P Chavarnaga 

2 5 Nuclear Research lnst Habana J L Fuentes 

2 6 IPGRI Amencas Office M Grum Rome F Engelmann J Toll 

2 7 INIF AP Mextco J Acosta 
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2 8 Uruv ofHannover Gennany H J Jacobsen 

2 9 Corp BIOTEC UNIV ALLE Cab J Cabra 

2 10 Umv ofGhent BelgiUm G Angenon M Dillen M van Montagu 

2 11 Umv ofHamburg Gennany F P Wolter E Hemz 

2 12 liTA Nigena F Dixon R Asiedu 

2 13 Instituto A von Humboldt Colombia C Samper 

2 14 Uruv Nacional Bogota A Chaparro 

2 15 Instituto Smclu Colombia R Arthunduaga 

2 16 Waslungton Umv St LoUis B Schaal 

2 21 Uruv ofBath Bath U K G Henshaw J Beeclung 

2 22 Uruv of New Castle U K M Hughes 

2 23 Umv of Costa Rica San Jose 

2 24 EMBRAP A Brasil E GUimaraes 

2 25 Uruv ofTuscia, Italy J P Solen 

2 26 Umv ofWisconsm J NienhUis 

CONTRIBUTING DONORS TO PROJECT SB 2 IN 1996 

1 The Rockefeller Foundat10n Rice B10technolgy and Cassava genomic mappmg and gene 
taggmg 

2 BMZ/GTZ Common bean genetic transfonnat10n 

3 AGCD Belgium Biotechnology for explmtlng exotlc Phaseo/us gennplasm to Improve 
comrnon bean 

4 DGIS The Netherlands/CBN Cassava transfonnat10n and trammg actlvlties 

5 Austnan Govennent Acid tolerance mecharusms Wlth Brach~ana 

6 Itahan Govennent Bean transfonnation 

7 ORSTOM Cassava bactenal bbght diVefSity pathogerucity/d~agnostics 

8 FLAR Rice transfonnat10n 

9 IAEA/F AO Durable resistance to Rice blast 

1 O BIDIIPGRI Passiflora divefSity 

11 USAIDIUSDA Plant Conservat10n Urut Georgia Cassava microsatelbtes 

12 System wide Program on Genetic Resources 
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