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,\BSTRAC1' 

Cassava 1 s  :i starchy staple food ofLrop1cal Afnca whose yield 1s alJ'ccted by several biotic 

stresses ln1provcd cassava cultavars 1h01 arc resistant 10 b1011c stresses \vere developed to 

hoo�I cassava production Also, some N1genan londmces of cassava 1h01 arc resistant 10 

sonic of these stresses have been discovered Simple sequence repents (SSR) are 

moleculor n1orl..crs \lillh high d1scnm1nn1ory pO\\Cr and 1echn1cal nnd nnolyucal s1n1phcn) 

SSR markers have been applied successfully to crops such ns nee CO\\'PC:3, sorghun,. and 

sunfio'l.11cr but scarcely used on cassava Based on this. the study cvalu111cd the gcncuc 

divcrsny bet\\een improved cassava cul1111ors and commonly Sf'0\\11 N111c:r1t1n landmccs 

using sample sequence rcpc:31 {SSR} m.irl..cis and also dc1cm11ncd the SSR markers lllnt 

could rc:id1ly bo used for genotype 1dcnulicnl1on of cull1va1cd cassava 10 N1gcnt1 

Por the cvalutiuon of  gcncnc d1vers11y, 31 1mp1ovcd culuvars ond S N1gcnnn landmccs of 

ausnva were 11$SCS5Cd 01 genomic dcoxynbonuclc1c acid (DNA} level \,11h SSR 1T111rkcis 

Polymerase ch.11n rc:iction (PCR) an1phlicn11on of the genomic DNA of tho culu,11rs were 

earned out with 16 polyn1orph1c SSR pnmcrs A 101111 of 38 d1s11nc:1 nnd scomblo ONA 

bands �cncm1cd were u�cd for d:u:i nnolys1s by Numcncal Taxonomy ond Ntul11vnnn1e 

,Wly�,s System (NTSYS) Pt1nc:1p�I componcnl :111.1ly\1,, ,,h1ch r�'llcalcd the maJor 

underlying sources of, an;illon, ,,':Is al\o c:1111cd out u,11111 Sw11,11cul Analyse\ Sy�h!lll 
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Ill 

(S,\S) For gcno1ypc 1dcn11fic:i11on s1udy, 16 SSR morkers ,,ere :issessed using 36 

gcno1ypcs of c.1ssav:1 Datn fron, each primer ,vere :inolyzcd by NTSYS :ind pnmers mo1 

i,tcncr:itcd bc1wccn 6 and 9 cluster groups at O 70 s1n11lan1y coeffic1en1s \\Cre selected 

Comb1nn11ons of datn fron1 selected primer.. were abo analy1.cd by NTSYS to )elect 

n11n1mum nun1ber of SSR markers for genotype 1dcn11fic:i11on of cult" ntcd cassava 1n 

N1gena 

The results of genetic diversity study 1den111ied 12 d1s11nct DNA cluster groups nt O 70 

s1m1lon1y coefficient. the s1m1lan1y 1nd1ccs ranged from 0. 12 to O 8·1 I he closest gencuc 

reln11onsl11p bct\\cen 11nprovcd cult1von and N1»ennn lnndmces \Y!\5 obscr\ cd at O 82 

samtlanly coeffic1en1 ,..,h,lc lhc rno�I d1s1nn1 rcl1111onsl11p \YM al O 55 �1n11lun1y 

cocffic1cnt Ten pnnc1�I componen1s th,1t contnb1,1ed 70 59 �o of the vnnn11on obser\ ed 

among me cassava cull1vnrs \\'ere revealed The first :ind tenth pnnc1p.1I components 

conlnbutcd 11 70 and 4 03 °•oft he van:incc of gencuc d1sU1ncc, respecuvcly The resullS 

of the dctcrm1nn11on of SSR markers for 11cno1y11c 1dcn111ic;111on study reve:iled Ii\ e 

polymorpluc SSR miukers th:11 could rc:1d1ly he u�cd for genotype 1dcn111ic.,11on of 

culttvntcd aus.:ivo., becllu\c 1hey ,,ere nblc to d1s11ngu1)h 1h11 36 cass.1,,1 yl!notypcs at O 95 

s1m11:inry coefficient l·urthcnnorc. the 1c�ults or tJ11i �tudy rc,e.ilcd thnt SSR 11n111crs 1ha1 

amph(u:d ONA f1or11 improved c.1�lll,n succo�fullv did )O 111 Ntitcrtnn landratl:li 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



1\ 

SSR n1arkcrs detected polymorphisms among 1mpro,.cd cult,vors and N1genon landroccs 

of cassava and arc therefore ,deal molecular tools for genetic and genotype 1dcnuficn11on 

of cult1vntcd cassava ,n Nigeria that could be exploited 1n cassava breeding programs 

Kc) "'Ortis: Gcnc11c d1vcrs11y, SSR 111arkcrs, ln1provcd cassava cuhtvnrs, Londroc�. 

/1/0111/,01 .:.,c11l01110 Crantz. 
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I 

CIIAPTER ONE 

INTRODUCTION 

There 1s need to achieve rood self-suffic1cncy 1n order 10 ensure the o,•eroll secunty of 

Afnca The crops to be targeted 10 soh e this problem of rood madt!qU8C) should be 

staple crops thnt sust:un local culture ond commun1ues such ns rice. sorghum, maize, 

potatoes. tomatoes Md trop1cnl fnllts. beans, yam, cassnvn ond planlllln Cnssa1 o.. o 

root crop, 1s n crop or choice bccnuse 11 pJars an unportont role in rood secunty 

particularh· 1n drought· prone areas :ind during the limes or fnm1ne. 

Food and Agriculture Orgaruza_uon (FAO. 1997) reponed that cossa,a accounts for 

0,cr 60�o of the d111ly calonc 1ntai.e of some 500 m1lhon people 1n the sub-Saharan 

Afnco.. Nores ( 1992) ranl.ed tll.'IS'l'll among the ten most 1mporto.n1 crops 1n the 

dc,elop1ng \\Orld and lhc most unponont crop m sub-Sohnmn Africa, nlule �wel.e 

(200 I) classtlied II as the second most unpon11111 food in Africa 

1n conuust 10 mon)' other crops that 111c high!} 1 ulncr11ble to en1 ironn11:ntal �re�,.:� 

dunng the cnucal SIJISCS of plont dc1elopmcnt, cas511111 hDS the od1ont.1gcs of bc1nµ 

\\ell wpted 10 11 \\Ide: rll/11,'C of cn11ronmCJ1141 ,ucsses ond gro111ng ,cry \\ell 1n II fcu 

fc:n,tc: $01I 11r1d lhoc: m».l' c=,1111 crop of choice for mill) fnnncrs m Afnca 
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Cassava. fl,fo111ho1 l!sc11/c111a Crantz •� an in1portant starchy staple of the lo\, tropics Its

storage roots are a valuable source of energy calorie.\ and the n1ain nutntional content 

1s carbohydrate It has a small an1ount of protein, rang111g from one lo two percent on a 

fresh \vcight basis. rt i s  rich in vitamin C and calcium, ,vith accep111blc levels of 

vitnn:un A and B and other nutrients, but deficient in essential ammo acids such as 

methionine and tl)'Ptophan (Bomierbale et ol. 1997) 

In Nigerin, 11 1s the main source of energy-rich food The root is processed and 

prepared as gan and to a lesser e.,-tent as /11/11. for home consumption and s.ale 1n local 

markets Leaves and tendrils contain n1uch higher protein content and some people 

consume them as a vegetable (Fregenc, 1996) i\Jso, a S\Yect vanety of cassava 1s 

boiled and eaten as goro ,�,lh pepper sauce in Northern Nigeria Casso\•a 1s also used

as an animlll feed lllld as starch locally 

Jn Ghana. cassava is cullivatcd os a reserve crop against IC411 periods, lx.-cause it can

wrvive all weather condition� ft is the last resort for food, when then: 11 a severe

h r h 
r---' crops SC\'cral food items arc produced from c.,1saw 1n tluss onage o ol er ,uuu 

I ft,',, cas!<lva flour (J.."11/..,1111,•), bread, J:Ofl lllp/oca, cassavacountry; cxamp es :ire "' • 

dough, starch and b1S0JII (KurMh, 200I)
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Cassava also finds uses 1n industnes for example, as a component in the manufacture 

of druBI- a binding n1atenal in  construction. and as a ffi\V n1aterial in the distillation of 

alcoholic beverages, and starch 1n textiles industries (Kulata, 200 I). Dung (200 I) 

reponed that VEDAN-VIFTNAAt, a company in Vietnam collected and processed 

cassava at  a large scale for many industrial uses. such as paper. te.xtlles. manufacture 

of adhesive, for oil drilling, n1aking diITerenr chemicals such as glutamic acid, lysine 

and 1nodified starch Denvcd sugar products from cassava ore mannitol, glucose, 

fructose and maltose syrup By products of cassava used in industries include ethanol 

glucose paste, and glue (11ataya t•t al, 200 I) 

Recent econont1c odvanccn1cnt has turned cassnvn in10 o cash crop, since several uems 

are proce!l'ied from it in some pan or Afnca for various uses (Bencsi i:t al., 2001)

These products could be sold to 1n1cre)led industries or C.'11:portcd for 1ncon1e 

generation In fact. Benes, et al (2001) rcponed that mnny 1ndustric:; 1n Mala\vi nrc 

showing intcre'il tn the use of CU-\ava but the hmitauon is in tJ1c quality or cnss:,vo 

needed for flour, starch. and glucose making Also. tl1cy need to be nssured of the 

regular supply or cassava throughou1 the yc.1r t-.lony countrit!J, therefore, ltand a 

chance of in1proving their economy through c:usava 1f 1he co1u1rai111, 10 us production 

are addresse<J and �lvcd 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



There arc many constra1111s to cassava production in 1\frica. ,vhich limit its role as a
food sccunty crop and also as a cash crop (i) It is produced by resource poor famiers.
(1i) it is also being neglected by many Afucan governments and international donor
agencies. because of the myth about its nutntional value. Cassava ,vas ca1egori2ed as
one of undeserved group of n1inor crops ,vith negl1giblc support for its research and
development (Nares. I 992) (iii) Diseases. pests. ,vceds. poor soils, and agronomic and
soc10-cconomic factors affect its yteld (rv) The roots of some cassava species have a
high content of cyanogenic glycosidcs. ,vhich necessitate eX'tensive processing before
cassava is edible (Ugorji, 1998) All these constraints, together '"1th post-harvest
deterioration are major targets for the c:a.ssnva breedin8 scheme

The best solution to problems of increasing cassavn production so it can serve as the
mrun food secunty crop and also as a cash crop 1n Africa ond developing countries rs
by increasing yield per hectare through a comb1na1ton of improved farming systems
and the development of better varietrl:) to boost production through resistance 10

di'iea.'IC:S, pcs1� and drought SuCCNsful U$4:: of bio1c<1hnolo8}' for fllnnt Jlropngollon

and breeding can dramatically raise cassava production 
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So. a need for cuhivar selection becomes paramount The n,ajor goal of selection m 

breeding 1s the 1denti.6catioo of desirable genotypes Effective selecuon 1n breeding 1s 

based upon the eXJstence of genetic variability 1n the gene pools accessible 10 cassava 

breeders 

The e'(tent of genetic variability depends on the gennplasm included in II Ho,vever. 

success in cassava 1mprovcn1cn1 1s lughly rchan1 on the efficient mnnipulallon of the 

genetic variability in its gene pool The larger the genetic variability ,vithin the cassava 

gene pool, the higher the number of ne,v varieties Lhnt can be produced and the lower 

the susceptibility of ne,v varieues to diseases and pests prevalent 10 the targeted orcas 

The geneuc resource of cassava consists of landruccs, unprovcd varieties, mutants, ond 

related ,vild species (Ng. 1995, BoOJJcrbalc et t1l, 1997) "-lany researchers have 

proved that these relatives of cassava arc sources of rcs,stnncc to some of the biotic 

btresses of cassava These useful trait� could be nn additional vo.notion to  enlarge the 

exi�ting casuva gene ponl Ch:1ve1 ( 1990) reponcd the potential of wild rcl,uives of 

cassava as sources of genes resistant 10 certain pes1s and d111enscs. ond tolcn1111 10 the 

most common STres� They proV1de high genetic vanllbili1y for 1mpon:1n1 

b,ochc:mtcal chanic1cris1ic1 such a.� low hydrocyamc ne1d con1cn1 and h11!h protein 

con1cn1 
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Improved vanelles of cassava have been developed based on sonic of these stresses
and they exhibit lo\v hydrocyanogen content, lugh yielding cap11bili1ies, high carotene
content (yello\v roots), high carbohydrate levels for starch producuon, resistance 10
cassava mosaic virus and other pests and diseases For exan1ple, scien11s1s a t  the
lntellllltionnl Institute of Tropical Agriculture (IJTA) developed high yielding Tropical
Manihot Species (Th1S) varie1ies that have transformed cassava fron1 a lo\\ yielding
famine reserve crop to a high yielding cnsh crop for both rural and urban consumers
(Nweke, 200 I)

Several improved genotypes and their �ced populations have been developed for n
range of ecologies that include \VCtlnnd, valley:-.. n1oist and dry savannas. and 1he mid
altitudes These incorporate multiple pest and disease rcsistnncc. desired trails of early
vigor 1n plant growth for high foliage yield, appropnatc plant hon1culturc ond early
bulking of storage roots, with high dry matter nd carotene contcnL, low cy:inidc
content., case of peeling, occcpuble root \hape and food qu111iry (Di�on ('f nl. 200 I)
The improved cassava varicti� are useful 1n wb-Soharon Afrie4., IU n mnJor source of
income froni industrial = Bnd in the animal feed scc1or iu well n.s IT1lllly 000•

tnsditional food use.� <Di,on r:f ul · 2001) 
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Cassa\a land races ha, e been sho,,n 10 have specific en\lronmcnlnl odoptl\ 11, that 

could be used to boost cnssa,o producuon Recent I), s1gn1fic1lnt ad, nnces have been 

made 1n broadening lhe genetic bose or cossa,·a and di\ ers1f) ing resistance 10 the 

maJor b101tc and ob1ollc stresses Ill sub-Sohnron Afnco. One of these hos been through 

the 1ntrogrl!Ss1on of Laun An1encan landraces ,,1th Afncnn landraces lo confer 

reSJslanco or reduce lhe susccp11b1lll} or cnssa,n germplasms' to cossa,·a mosruc 

disease Currently. se,eml N1genan lnndraces hove been 1dcn111icd that sho1v e,lrcme 

rcs1s1ancc 10 cnsso, n mosruc disease (J\1.ano cl al. 2001) It \\DS also rcponcd thnt the

add1uonal vanob1hl)' or the pre, 1ously untnpped Arncan londmccs hos pro,cn useful 

for 1mpro11ng the breeding population for des,mblc trotlS espcc,oll) for res1s1o.ncc 10 

the cnssa,n moso1c d1Seose, nnd green m11e ns \\ell os preferred rood qunluy, nnd 

canopy chornctcnsncs (Dixon c1 al 2001) 

A prereqU1S1tc for Qll)' genetic 1mpro1cmcn1 progrnm or cossn1·a lS the 1Jio11lcdgo of 

the c,tcnt of gcnclle 111110110n present 111th1n ,\f(ln//,01 species, 1111d also the scneuc

dlslll.rlcc bel\,ccn c:1SS.i1·n nnd closeh rcl11ttd ,pecies ThcSc! ore 1mpon11nt m the 

,dcnttlicauon of close reln11,cs or c-osu,o., fron, ,1h1ch good h�bnds could be 

produced, and through \\h1ch 1ntrogrcss1on or dcs1111blc llllltll into cmso1n 1s pou1ble 

These arc �rul m broadening the gcncuc ba.se or C4.SSa,a to produce no,1 slllblc 

,ancucs nnd hence 1ncreiue cu.n111
1

1 producuon to perform 1lS 1110 l4rget�d roles. food

5eeunt\  1111d ca,h crop 
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Objectives of the project 

International lnslltulc of Tropical Agncullurc (IITA). lbadan, released some improved 

cuh1vars of cassava that arc lugh yielding, resistant to diseases and pests and "i1h lo\\ 

cyanogen content, to N1gennn farmers 1n 2000, through national programs The 

fam1ers failed to label them. and n1ixed them with their local breeds IIT A could 

neither identify 1hc improved culuvnrs fron1 the Nigerian lnndraces \\ith 1hc fom1crs 

nor 1n 1he1r local n1nrkets, to verify if the improved cassava sa1isficd the obove

mcn11oned qu11l111es t.1oleculnr marker(s) is I ore therefore needed to idcnufy the 

cassava genotypes and also to assess the genetic chvcrsuy bet,,..ccn the improved 

cuh,vurs and Nigenon landmces 

Specific ObJCCIIVCS 

I To cvnluote ihc genetic diversity on1ong intprovc:d cassaw culuvors ond conunonly 

N. 
· 

I dmccs using Simple Sequence Repcat (SSR) markers, and
grown 1gcnan an 

2 To detem,ine SSR ntnrker(s) Uull could bo used for genotype identification of

cuh,vnted cas�vo in Nigcrill 
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CIIAf>TER nvo 

LI l'ERATURF REVIEW

2. I. Manihot species ;1nc.l it� taxonomy

Afa11ihot species are members of the fa,nily £11phorb1acea sub-fan,ily ('ro101101dar 

nod tribe A,/anlhot. They occur ns herbs, shrubs, and 1rees, among ,vhich production of 

late, and cyanogenic glucosides occurs Rogers and Appan ( 1973) rcponcd that 

Bauhis 1n 165 I ,vas the first European botanist 10 describe a plnnt from the !l,enus 

Afa111ho1, from studies of n species collected in Brazil and thot in 17S3 l.uuuieus 

placed 1he only species of A,/a11lho1 kno,vn 01 thnt tune in 1hc genus Jnrropha nod 

designated i t  Jalropha 111ou1hot In 17�3 Adnnson (quoted 10 Rogers nnd Appan. 

1973) recognized and described Ala111ho1 os n disltnct genus ,vhile Crnntz 10 1776 

(Rogers and App:m. 1973) provided the first published r1.-c:ord of 1he cuh1gen Al 

esc11/,:11ra There ren1ained considerable confusion over the clwilicnlion of Cll�savn 

cuhivars for O long tin1e Classification based on the level of 1 ICN conccnrrnrion 

divided the cuhivnrs into high I ICN content typc.s, i e, biuer cnssnvil and type� ,vith

lo,v I ICN content. 1 e , sweet co�savn 

l"he most clt\bornte cla.ssificallon 1n the genus A·la111hn1 todoy 15 the dc,crip1ion of 9R 

· cd ,nro 19 sections and the \Cf)aration of one species into a new Henu\1pcc1e!, group 

called ,nu,uho/ottl�, based on 4'·1 descriptor� front plant rnorphology nnd groiith habu

b I' 4nd Avpan ( 197)) The gcnu) Aft1111l1111 oc,urs nu1urnlly onh· in therr1111s y ,ogcr-5 .. • , 
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10 

\Vcstem hemisphere beh,een 1he sou1h \\CSI Unucd Slates of 1\mcnca (JJ 
0S) und 

,\rgcntina (33 °S) (Jennings. 1995) Earliest ,vorkcrs believed that Laun Amenca ,vas 

the most like!\' are:i of origin of cassavn.. because of the immense variability found 1n 

man) e&s-'-llva culuvan. in Laun America The nrca 1s home to 1hc lnrges1 forms of 

ea.; 5.3\'3 landra� and ,\fa111ho1 species The presence of mcrnbcr) 1n t\fnca and Asm 

an � allributcd to introductions through in1cma1ional programs bcg111mns from che 

164111 
Cfflllm (Fregcnc. 1996) c��va, ,\fa111/to1 cscult•11ra Cra,u:, includes nil 1.no .... 'l'I

cultivvs Common names arc yucca (Spo.rush), ntt1111oc (French), n,ancl,oca 

i Portuguese), and cassa\'a (Eng.lish) (Bomierbale er al., 1997) 

Earl} domestication of cusa,'I began "1th selection for large roots more erect plane 

type v.ith less bninchcd g1011o1h. nnd the ability 10 Qlabli�h easily from stem cutllnl!,.\ 

Current Rlections for cassa,-a arc high )icld1ng vancues ,vich res1s1ancc 10 ca,,:svn 

mowc c.1JSC.1se (CMD) cassava bacaeria blight {CBB), c:as�\/ll mealy bug (CRB) 

casw.-a green miles (CG!\.i). and cassava anihraaiosc disease (C .\D) \ cl low rooc 

ilah that has high carotcne contcnl ond lo" C)1100gmic po11:n11al, good x,1r1 (grah.'t.l, 

fermented, and roasted), froh c-a•g,11 qunhty, llld good pounJrng 11ual11y arc aho 

needed All these arc included In the 1n1p1c»cmcnt wianc lor CUll!\'ll 
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2 2 �lolccular genetic divcrsit)· studies in cassava 

Genetic d1vers11v studies. either in understanding the intc.--rch11ionship in Aln111ho1

�pecies. mapping the g�on,e. or cloning specilie genes. arc necessary and important 

for anv gene11c improven1cn1 scheme of cassava The ,nnjor 1n1crcs1 lies in developing 

and adoptins efficient methods for a5.SC£sing diversity thnt cnn be used for the 

definition of the reprcstntati, c :.ubset of Ala111hu1 gennplosm for eon\crvation nnd 

utilization Bomierl>JJc ,:t al. ( 1997) reported that further efforts 1n the study and use 

of senctic diversity are needed in order to confinn pos�ible nc,v sources of resistance 

from do� rdath cs of species for a breeding prognun Kno,vlcdgc of genetic diversity 

m c:ass:i\'a is needed for 11.s genetic improvement program, to confirm possible nc,v 

sources of resistance 10 disn.ses, pests. and other ccolog,cnl factors that constrain us 

productnity 

�c dn.eraity studies in }.fa111/l(Jf species were very scanty 1n the past decades 

Among the few y.-erc the Studies by Casvalho ,•r ul. (1992) thnt 11\\es,ed 

polymorphism in Alanthot c\C/1/,:11/a Crantl using mitochondnn DNA vi.i rccombin3nt 

DNA (R�trictJon fragment l.cngth Polymorphism, ltl•LI>) :ind aho nudc.ir DN \ via

Polymer. e Clwn Reaction (PC R) ·1 he results eilabh,hcd the: 1pccic1 rd11tun,h1p nnd 

d . •·�• cu'-· individual1 1n I gcmiplas,11 bJnl. An11cl ,., ,i/ , ( 1992) nlso 1st,ngu1,..� par11 uu 

cd I tu·"• studies on ca,�,n using scnonuc llNA bni<'d nn n1,1 r nndcan, 0111 po ) morp .... 

Random Aniphlic:d l'olyrnorph1c l)NA (llAl'I)) low gmct1c d1\cr•11\ '"" oh\Cf\OO

&motfD the cult1v111�-d CJ1U1\t1 used 
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Frcgcnc ( 1996) first elucidated the phylogeny and HL'<onomy of 1he genus i\f,1111/,01

using RI· LP as a first step to,vards the dcvelopmeni of cassavn breeding program I le 

suggested thn1 cassava orisinatcd fro1n the domestication of sonic tuberous accessions 

of wild !vla111!,01 species closely related to cassava The rnosi likely ,,ild progcnuor 1s 

,\ f .  t•.1c11/e111u subspp. flabclll(ollu. !vl. l11s//s, and A,/ 1nn1111

!'here hos been great 11nprovcn1cn1 1n the sludy of genetic diversity in cassava since 

the elucidnL1011 of the phylogeny of cassnva by Fregene ( 199<>) Tonuknn et nJ ( 1997)

studied the geneuc diversity 1n cassava using RAPD. also Frcgcne ,·t e1/., (2000) did a 

study that assessed genetic differentiation in cassava landraces from Tanzania.. 

Nigerin, Bnwl. Colombia. Guntemaln. Mexico, Peru. 1\q�cntinn. nnd Vcnt:.Wcln using 

Sunple Sequence Rc1>cat (SSR) n,nrkcr:; Lo,,, level of gcncuc diffcren11011on 1vns

observed overall 1n cassava landraces studied 

The focus of study in cassava now 1s to improve the rc:51stancc of cossnvn to diseases

and pe.�t<i (Dixon e/ al, 200 I) ltcs1sll1Jlcc is bcmg tought 1n closcl}' rc:latcd �pec1e� of

ca�<;ava l lus hos led 10 the gcncuc diversity studici, an1ong cassnvu cult1var"i and

related species such as landrnccs. improved cuhivnrs. ,vild �pcc1e�. nnd so on

(Homierbnlc rt"'·· /997) rn recent tune\ some N1gcnon londnaccs were d1seo,cred to 

b I t to �-�savo n1os.11c d1s�e V1nunlly, no wori.. has been done on 1hec -.ery re�1\ an .... 

d Oil., t-,1ncrian landr.ic:cs and impro,"-d eult1\·ar� 01 cn��a\·,1 .\l!tlll!IIC I\Cf)ll)' Ulll a r 

d I t C diversllY \vould be useli1I 1n lhc hybnd1u111on ilnd 1111rogrc�,100)(U > on t 111 gene 1 

of u�ful genes 1n10 cass:ivn gcrmplai,n
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2 l :\lolccul:1r n1:irkcr, tool, u,ccJ in genetic di\c"'it) ,1udic, 

(,c-ncuc d1v1."I 11y Mudy ,vns fonnc,ly b,iscd on 1norpholl1wcnl chnructmM1t") 

C\loccn,c d��'nplll11l na1u111I occurrence ot 1n1cr-spl-c11ic h�bnds, t1c1h1111cd HCnl." 

e,;chans� :unong �p..-c,c:. ot'.\/11111//01 I\� well 11, 1hc ca1c:gon1n11on of indi111duals bai.ed 

on rompu1�-r-:li<lcd nn:ihs1, (Ro!!cr, nnd 1\pp.1n. l'l73) l lowc11cr, funhcr rCSCJrch on 

lhc .:-lwu.::1erin11on of the <:as..a\11 gene pool is needed The ad, ancc in 1he 

de\ eloprnent of method, u�iny DNA polymorphi�ms ns n1olccula.r morlcr� ,, having a

S1£1U11can1 1mpact on �tudie!. !iUch os specie,; evolu1ion, 111olcculnr 10,onom,·. genc1ic 

diagno. is as ,,etl as breeding (Carvalho i•t nl. 1992). 

D�A molecular niarlcrs are or t,110 lypcs. PCR-ba<,ed ond non-PCR-ba� -\n 

cumple of non PCR-bascd mnrkcr is Rcs1nc1cd Fnigmcnt Lcnsth Polymorphism 

{RFLP) (Beckmann and Sollers. 1983). ,vhich involves the use or sou1hcm bloning 

and hence is 1ime consuming. and 1cchrucally difficull 10 use 1n species ,vi1h 11 large 

genome Analysis IJ aJw very cosily PCR-bn'i«I molecular mnrlcrs ore curren1ly in 

use now, because of 1hcir odvnnu:igcs o,'Cr non-PCR-bascd markers few or 1hc 

advonaagcs arc u rollw� 1hcy require o smoll quanu1y of DNA ond II short 11mti for

cx�nt and hence 1hcy ore 1hc mosl commonly �d for crop� Rca11cn1, u\cd tor

lhc Ii ( DNA u'lln" PCR 1cchniquc: include 1hc follow1n!t, PCR buOi:r (20amp1 ttl!UOn O "' 

m:.I Tns I ICI (pit '> 0) 2s 1nM Ii.Cl), "iOu\l dt'<>X)n11cluMJt 1nphospha1c, (dNTP:a)

1 Sl\.i MgCh 2 un,is ol /J,,•r111u, ,11111utt,·11, pol)rncrnsc, tlnuhl� th:1oni1cd \\ulcr nod

sample DNA 
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!\ 1os1 con1monly used PCR based n1nrkers that have been developed over the pas1 fe,v 

)C.1r\ and are available for studies of gene1ic d1vcrs1ty 1n plants include Random 

Amplified Polymorph,c DNA (RAPD) (\\lillian1s 1.•1 al, 1990) othcnv1se kno,vn as 

Arbitrarilv Primed PC'R (AP-PCR. \\'elsh 1.•t al. 1991) An1plificd Fragment Length 

Polymorplusm (AFLP) (Vos 1.•/ al 1995), nnd M,crosatcllites / Simple Sequence 

Repc-31 ( '�R) marken. (Tautz., 1989) Sin1ple Sequence Repent (SSR) 1narker� have 

bttn confirmed 10 be the mo�t infonnativc and appropna1e for cassava Ct-1ba c1 al

.:000) Pcrani .:1 al (2000) also supported SSR nuirkcrs as the most infonnaLivc for 

pltnt'- Their main advantage is that they arc highly variable dominant loci and 

lhese:fou: are ideal tools for many genetic 11pplica11ons 

2 4 Simple Sequence Repent/ i\licrosntcllitc l\lnrkcrs 

!>.1iaowclhtcs rnAti.crs / Simple Sequence llcpc,us (SS�). also c.illcd Simple 

Tandem Repeats (STR.s) (Taut1 I 989), consist of tnndcm repeats of rch11ively short 

DNA M:qucnc:es ( 1-7 bases long) that arc K<1tlcrcd throughout the gcno,ne of 

1.·ukaryot1.•.s cells and make up l O 10 8�, of genome eon1en1 (Pcrern ,,, al., 2000)

Because: of the "mpliclly of assay of co-donun:incc and jlrong d1scrimiru11ory power 

due 10 high allelic divcnuy SSR marl.er.; can provide 1nforn1011on more ca�ily than

DNA b --' u=cuc m�rS.e1s MlCh a� JU· I P nnd ll,\l'Opr�1001 • as.,...,�.. • 

\, 1 abl b .� of all SSR 11111,�crs ore co do1111nam:c, (011111) nllclc!i Uh' founJ4 U C Dllfl UI'-" • • 

, .. lac-' 111J1v1Juo11), lt'Chmcnl )1111phcll), �t'll\llivuv, nnah·ucnlnmong clot.c:ly � ,:u 

Arc 11118111t,1uuoutly ICUll'Cl, anti lullhl) r,·111ut1u,1hhi) .111d 111c hi •hr.11nphc11y (d11111 o 

build ,.. ore uruluunly 1.lr•pc:r114'tl 1hro11Mhuu1 gr110111c ,1 1!�1111,·nth II\a 111cc 1111,r.,a• 
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e,el)· lOKb' :\1icrosatellites arc becoming popular tools 1n molecular genetic analysts 

�licro1,;11elli1e length polyntorph1�n, has been apphed to forensic analysis (Khasa et al 

2000). the analysis of genetic structure. porentogc. ond gene no,v of plant and ruurnol 

populations (kent ,•t al., 2000) 

Genetic analvsi� using micro�tclln� 1nvoh·C1> PCR an1phficotion of D"11\ using 

nhgonuclrot1dc pnmcrs complcmcnlJU) 10 a flanking region of n given micro�telhte 

locus. SIU fructionauon of lhc imphficd product by polyacrylnmidc gel 

dcctrophorcsi5 (PAGE) or metaphor agarose electrophoresis. and detection of D:\ ·\

fuitt11+eu:. on the cd through swrung or \.U automated sy�tems The 1ntcrprcuu1on of 
� -

t.m: �OQJS mari;c:r b, one of the numerous �tatisllcal aruilyscs (c g. J\e1 unbiased 

Slll!Slia It I 9S7 Gcmtlll , 4nd 1''TS YS ,. 2 Oj) is uM:ful in Mudies of populouon 

gcncua (Pc:rcru rt al 2000), and fot map conaruaion (l<en1 ,., al, 2000) Cu1Tcn1 

rctezrcb tm suggested 1!111 1bc lcq;th ,'UlaUOn bct11,ccn alleles on SSR locus arc 

acatcd b) slippage of DNA Jd)-meruc dunng the rcpllcation of the tandem Jtpt':11§

f�US b) 1 (a1huc of DNA n11un11di � CQZ}tna to rcst0<c the ongnul 

f 

�mk �\lffllOC Rcpc:atJ and dtt rd a

u \u rt ul I i12J ltu.:sd ='-

:r::'Jfl"'t"J (//'rl��lf];,:o ,=:u I I

I ) dft,n r.;:,-,J 1

IU Ill I / ) 

cJ I 

' ----·l) 

I 
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lh 

,i,as able 10 detl.-CI genetic divcrstty nrnong cli1e sorghun1 inbred hncs ,v11h SSR 

markers 

SSR nurkef!> ha\c been sho\\n by n1an>' scien11s1s 10 detect n1ore poly111orphis111 than 

olhc,- nun.er- in some crop� Dhsh l'/ ul. ( 1999) in their s1udy dt1cc1cd n1ore 

rolymruphi.sm 1n Ions grain rice cuhivn,� using simple sequence length polv111orph1sn1 

thln amplified ti-agmc:nt length polyn1orph1sn1 (AfLP produced 375 polyrnorphic 

products \\1lh a mean number or 15 polymorpbic bands per primer the mean number 

of po})morphic produas obtained per 101cr-SSR PCR ,vus 18 7 per primer) Also. 

Joobcur .-, al, 12000) used 54 R,\PD markers and 6 SSR markers on a molecular 

m:ul.:er m3p 1,1,1th 120 RFLP and 7 1-.ozyme. and created more groups \VJlh SSR 1han 

AJaY e, al ( t 999) in their study on the evaluation or genetic d1vers11y nnd genome 

rmge,p,inung or f'a11dor,:a (Oi!Ullon1acea} pt11idora11a us1na RAJ>D and 1n1er-SSR 

PCR. indicated that mter,SSlu revealed higher scnc:uc v1nn11on arnong the cuhrvt1N>

of /'. Jl<llldlJrcJllil than RAJID I hey concluded 111111 SSR nwkcr, nppe,,rt.-d to be 

optimal for mapping and map 1n1n\fc:rc:ncc 10 d11lcrent popula1 1nn�. due 10 

charaacnsues of co-dom1111nce and a high lc-v(I of polyn1orph1s1n 

iln 4'I ul (ZOOO) cloned nod developed 172 nc" SSlt nuu�c:ra fhr tl C' c.i,u,a •rnontC' 

and placed Jc, of ihc-sc m:uJ crs on the c\lJlln HI 11' ftarne \\lltl 111a11 1,f t'l\\l\il

1 l(hcd b} 1, ni , 1•Yx,, 11111 led 10 the Jt1t11111ll uf • fi" 1111II ""lJli 00 II
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crc.11ion of one OC\\' group I le rcponcd 1h01 the abundnncc of allelic bridges as sho\�n 

hy SSR n1arkcrs \vould lead 10 1he dcvelop,ncnt of a conscn\us map of 1hc male and 

female - dcnvcd linkage bridges, JO¾ as against 10°,o for Rfl P, 1n t.lS\J\11

SSR n1.1rl,.cr-. ha,c also found applicnuon� ,n hun1an gcncllc�. Brown rt 11/. ( 1996) 

reponcd th.lt I 00 SSR loci ,vere nUlppcd ,n the hurnan gcnon11: by Hud-.on and 

co\\orl.;n� 1 hey also reported that a novl!I mechanism for the an1plilica11011 of 1ri

nudeo11de S�R $CC!UCnccs, either ,vithin or pro,unal to hcrcd1tol) disease genes. 

seem.,; 10 be the root cause of these genetic abnormo.hhcs found in Ai•111,r<'1 , ,/1.f.:ru,.•

and lhnu11,g1u11 \ dl\ea-.e 
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3.1 Plant samples

IN 

Cli,\PTER ·rtill.EE

MATERIALS AND METHODS

1111� r.:,earch \Vari.. \\'lb �pon.\Ored and earned out 01 IITA-lbodon
Thim-one improved cassavu cultivars and 5 Nigerian londmces \Vere selected
random!\ from IIT \ collecuons on the field The non1cs of the cuhivors ond their
rcdi� are li�.ied in Table I The stcnti. of the plants \\'ere collec1ed and lnbeled 1-
36. and \\ere grouped into two, improved cultivnr� (JC) and Nigerian landraces (LR)
(Table 1) The plants \\CfC g10\\'0 from stem cunmgs in hvo rows in o bed Plant

� "'li I metre by I mct.re 

The :,oung feaOeis were collcc:1cd ,n an ice bucket, 8 d11ys aOcr planting, 0 I gram of

each sample was qwckly weighed transferred into eppcndorf tubes nnd stored 111 -80
0
c for funhcr usage 
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l'ahlc I. The li11 of 36 CAssava gcnocypcs U!!Cd for genccic diversi1y nnd genotype 
idcn1ilic111io11 studies

c.,,�1\-. tcno11p,:s
I NRll2 ff !IC')

2 NR/120!1 CIC) 

1 w:u1c1c>
--., 91934 (/(")

S 3000 I CIC) 
C. 30S72 (IC)

7 114537 (IC)

8 fl2Alo661 (IC) 

9 SOl9S(ICr
to11Thx,110 CIC) 

II NR8o82 (IC)
�--- -12 �(2)1425 (IC) 

l'<dlp,rc,, 
Unl.,101\n 

U11l.1m"11 

58308 'O)llllJBb.:a dudu

58308 • 0)1111Jgbo dudu

Loil p:ull(l'QC 

S8308'0nuoca de SMLo

Ca lJln 111) 

SSJ08 • O)llfUltb.> dwu 

SSJOS• brauas

C4lanna 
·5inos • 58198

S l:ICJll • Ul'IIIIOI
Ca1anoa 
Untnm,n 

Jc: Stmta 

SJanta 

S!IJ-08 • O)Vll£be hmJun 

C<W!l1a ftnol�p:t 
20 JOJJ7 CIC) 

21 9i,,JOS7 (IC) 

22. \VI09).D (IC)
21 WR202•19 (IC)

2-1 osw1»1 CIC>
:U. NR89107 (IC)

26 \V4092 (IC) 

27 rMI' SI 

-28 1}.U! 2 (lR) 
29 ThU: I (l.R) 

JO Thll! 7 CI.R) 

.ll 11'11! 59 {l.R) 

IJ JOSSS (IC) J..w .. 

I� ?2/llllC. {IC) 

IS JOSSSI', :(IC)
IC. 91"12327 (IC)

-17 l004l�IC) -

II 9IIU2J11 (IC' 

19 Wll20-IU (K")

SIJOS • O)vu,gbll 
?I'll? • Thll. I 

5� 1(11! • o,wual-cl dudu 

IMI, I K <11b11n, 
's•lO� • 0,'11t\1�be dudu 

SHlO.�' bnloal Jc: s..nu 

C.:•n• 

)�108' '"'""' Jc s.,.ni,, 

Catan.-

IC - lmpro�c:d Cuh1vats and

I ll-Landr:ic�-s

Jl 089/0002.l 

J1 .Slll(IC) 
}.I C.0.14-1 (IC) 

)) 001� (IC) 
I<, tJi�

Poo1grac 
,sJ-Os or 

JOSSS • TME I½ 11b 

Pma11 ,1od 1971 
S8 lOS' UtQQca Jc: San1n
t:a1:1nno 
Nrulla-l OP -
Unl.no,,n 

SR .IU� • llrana, Jc: �nla 
Co!Ann.:, 
IA:ldnlce 

l.anJni« 

� 

umdtiicc 

� 

suos•n,_,, de S:u\ta
C..tasu,,, •....-y la.... crui,4c
l'!'P•louon 
Ulll.nov.n 
N1£CN � Moor rt.ni.1a,in
N1scn., c� l'.toa, rlA11ta1ton
N1r<1111 � Moor PWILIIIOQ

-

--
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3 2 DNA �xtrnction

PRINCIPLE 

The basic steps 10 DNA extraction include: Orcak1ng open the cell (,vall) to  relc.ise the
nucleus fhe nucleus (if present) is  then opened to release 1he DNA The DNA should

ho,vevcr be protcc1cd from enzymes 1hn1 causes degradation by using pro1cincascs

The released DNA is then prec1pi1a1ed in alcohol CeU ,valls are opened up using

deiergent and salt solutions Centrifugation 1s then used 10 break do\vn 1he cell ,valls.

cell membranes, and nuclear membranes using a centrifuge or n blender DNA 1s 1hcn

selec1ively prcc1pi1a1cd using c1hanol, air-dried, and finally rcsuspcnd in ,varer 10

solubili.te it and 1s ready for use as stock 

PROCEDURE 

Tola! genomic DNA ,vas extracted from fresh and young lenvcs using DNeasy mini 

plan1 kit purchnscd from Qiagcn ln1emational The kit con111ins the follo1Ying rcagen1s,

lys15 buffer, precipitant buffer, b1od111g buflcr, ,vMhing buffer, eh.n1on buffer, and

RNAsc A (nanies nnd compos1uon of the buOcn nre listed m appendix A) The plon1

material was mechanically disrupted 10 hqutd nitrogen nnd !hen lyscd wi1h the lyses

buffer AP I that had been previously nu.xcd 1vith RNAsc and 1ncubo1ed 111 6S0c Aller

I 
. 

d I • -��l••ndcs were snh precipitated usinu buffer \P2 Cell dcbnsYi.cs, proteins an po y ............. • -

-�., cd in O �insle s1cp by o bncf spin 1hrou!lh 11 ,hrcddcr, a...... prcc1p11a1cs were rcmov 

1 1 1  -.Uflflli�-d TI1c lysare \\,lJ 111111,fcrrcd 10 i,unique fihration and homogc,uz.11100 11 1 , 

• ,.., Al'J prc,·iouily 1111"<cd with ethanol wa� ad,lcd ro promoicnev. tube, b111d1ng buucr, ,, 

bmd,nt.i or ONA 10 ihe I>Nca�y n1e111brant", )upphcd Ilic �mrlc \\il� then uppht'd 10 n
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l)Neasy spin column and spun bneOy 1n a m,croccntrifuge Contaminants such as 

proteins and polysncchande.s were removed from bond DNA by two \vash,ng steps 

using buffer AW Pure DNA was eluted 1n a small volume of lo\v salt buffer AE that 

had been previously mixed w11h ethanol and centrifuged The final DNA ,vas 

dissolved in Tris EDTA (TE) buOcr (10 mM Tns liCI and lmM EDTA) and made 

into a concentration of20ng /ul 

Qi:igen mini plant ONA cxtr.iction 1>rotocol 

The weighed young leaves ,vere ground 1n liquid nitrogen into line po,\!der The DNA 

\Vas quickly e.-<trnctcd using Qiagcn mini plan, kit. according to its protocol as follo\vs 

I Cell wa., lysed by oddil1on of 1100 µJ of buOc:r ,\PI and 4 µI of RNAsc A stocl.. 

solution ( I 00 n1g/ml) to I 00 n1g of gtound net \YC1ght plant nnd voncxed vigorously 

2 Tiie mixture \VOS incubated for I O n1in at 65
°
C, nu.xed 2-3 limes. during incubillion

by ,nvening the tubes 

J too ul of bulfcr AP2 was added to the lysatc, nuxed. and incubated for 5 rrun on ice .

4 The ly!illte ,V11s applied to the QIA shredder spin column silting io a 2 ml colfecuon

tube and centrifuged for 2 rrun o t  14000 r Pm

5 The now through ,vas 1ransferrcd to a new tube and I 5 volun1e of buffer ,\PJ/t

\�c15 added Md m1)(ed by p,peung 

0 <>SO ul of the mi,turc: from above ,vos applied 10 1he ONc;isy �pin column and

-
fi t SOOO ,1,m ond 1hc no,v through \YU d1SC4rded TI1 i� �h:p ,vosccntnfui!cd or I m,n a 

ea, llcd uut 1 \YlCC 

7 . A\J" •dded to 1hc ONe.1sy Column and ecn1rifu11cd ror t 111111 111
500 "' of Jlunc:r "' \�ll.!I " 

8000 rp111
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8 500 ul of 13u0cr AW \Yas again added to the DNcasy spin column and centrifuged 

for 2 m1n at 14000 rpn1 

9 The DNeasy colu,nn ,vas tran�ferred to o I 5 ml nucrocentrifuge tube nnd 100 ul of 

preheated Buffer A� at 65 °c \Yas added and incubated for 5 nun at room temperature 

and then centrifuged for lmin at 8000 rpm to elute the ONA 

A second elution ,vns perfonned as 1n (9) above, the DNA samples ,vere air dried for I 

hr 

3.2.1 DNA quantification 

11,c DNA of each ph1nt sample ,vus qua.ntllicd using l lo1.-ch51 dyc332S8 ,Ylth 

Flouromctcr TD-700 Rutner Designs 

PR.JNC1PLE· 

Hoechst 3J2S8 is a class of bis-benzcmididazolc fluorescent dye, ,vhich binds non-

J • 1 • 1 I -... ,1 specificity into the minor groove or double stranded DNA1nterca Olive y Wit I lie, 

n- d' r H I d c 10 DNA increases the fluorescent yield from O Ol to O 60 The1n 1ng o oec 1s1 y 

I ,.1, �vimnlly at 3S4ntn ond cnuts nu1iomally 01 ·192nm, ,vhcndye alone absorbs 10".1 m..,. 

bo _ II)" 01 36snm and emits 01 4S8n111und, 11 absorbs nuL'Ulllll 

PROCIOURF 

I "SO H'ul and JOO ng/ul) of DNA �olu11011s ,�c:rc prepaRd·1 hrcc atondard� (500 nwu • .,_ nw 

·J.; �upphcd and nlso a blnnl. cont.iininij onl) , I r:,.;rfio,n the calf thyn111� ONA 510'-

b uiung 1n the l111:1hcs1 conccntrallon lollo,, cd b, 11
rJ11: maclunc \\II\ l."lthbiotcd y p 

• t1nd n hlank Ja,1 nl 1111 ltcadtn� ol the f>N,\ 1.:111,plc,IO\\Cf 111111 lhe IC."tSl 10:)fltcll\�ly
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\Vere taken a11er con1pletion of calibrauon and results were pnntcd out The genotypes 

and their DNA conccntrauons arc listed 1n appcndLx C 

3.2 2 DNA quality 

DNA quality was checked by runrnng the DNA samples on 1% ognrosc gel, in O 51\1 

TUE buO-er at lOOVolts for 2 hours Visunlizntion of the DNA bands ,ws done by  

staining 1n clhidiun1 bromide and destaining in disritled \Yater and the photograph \Vas

taken. Smearing or Discrete bands \vcrc checked for Smearing indicated the presence 

of shredded ONA 

3.3 Primer scrccnin� test 

SSR Primers &om Ma111hol csc11l1!11ID CrunlZ cloned by Mba llE.C and purchased 

from Rcscach GcnellCS USA were used Thell nnmes, repc.it types, rep�t number 11nd 

right and left sequences and sizes are listed 1n Tobie 2. A totlll number or 65 SSR 

primers and their revcr� were randonlly $Clcctcd and used for nmplificauon of

i;cnonuc DNA of!J snmples, �domly selected rrom the 36 scnotypC) 

3,4 Polymerase (;hain Reuction omplificntion of ONA from the 36 

ca��a,a cultivurs 

l'RINCll'l I· 

r I . (t'CR) ,s II method of nucleic nc1d 1)nlh�1, by ,,tuch 11o yincra.M: chain ,action

L- ,.. 1·1 ·•lly ,cphcatcd II 111,oh �"S I\\O ohsonucl('(ltlllC J'IMIIICll>
p1111cul u o,.. \ can = ipc-.1 ,. 

I ,._ 1 10 be 11mphficJ ilntl rcpc.11rd C) des ,,, hc.t1 d�11ai11ra11on1 1111 Oaru,; rhc DNA ,,agnlOl 
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of lhc DNA. annealing of the primers to their complernentary sequences and ex1ension 

of the annealed pnmers with DNA polymerase The enzy,ne for DNA synthesis is 

obtained frorn a bacterium, 11,ennus aq11a11c11s and hence nnmed Taq µ0(1•111erasc. II 

can survive a very lugh temperature \Yhich is needed for DNA syn1hesrs The primers 

hybridize to the opposite strands of the target sequence and are oriented so tha1 DNA

synthesis by the polyn,crasc proceeds across the region bet \Veen I he primers. The 

c,tensron products themselves arc also con1plcmcr11ary to and capable of binding 

pnmer.; Successive cycles of amplificauon esscnunlly double !he amount of 1he 1arge1 

DNA synthesized in the previous cycle The result i s  an c.xponen1ial accumula1ion of 

the specific 1arget fragmenrs 

PROCEDURC 

T wcnty-two microsatcllite markers that showed polymorphism from primer scrcerung 

tests were used Their names, repcalS and numbers are li5tcd 111 Tobie 2 The PCR 

reacuons were carried out in a fhemolyne Amplitron 11 Thcm1ocycltr It involved

three steps that were re�tcd o number of umcs (26 cycles)

1 DNA denaturouon The template DNA ,vns d1�10Cu1ted into single \trand by 

heating the .ample D1 92 °C bricO)' 

turc wns lowered 10 5S 'C- to :,llo" b1nd1ng of the2 Pnmer llflncahn1;t 1 he tempera 

ucnce on single: l)NA pnmer :, 10 rhe complementary sot 

3 I, . I lit• ten,.,..,11,ure ,�-as 1ncrt':t\cd 10 72 C fhc three cnJ1 ol' 1h,·nmer CXICll)IOll .. -

1 nded 10"11rds c.1ch other with 1he I\C\\I)· •yn1hcs11roolrgonuclcoudc: pnmcrs v,erc: c, c 

l)NA 

•
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The 1>CR program used ,vas SSRTD-55 and consisted of the follo,ving profiles

Step I 94 °c - 5 00 n1in 

Step2 94 °c -0 45 n1in 

denaturing 

StepJ 65 °c - I 00 min annealing 

Step 4 72 °c- I 00 min Ex-tension (repeat steps 2 to 4 (10 times 

with progressive decreases in temperature from 65 °c 10 SS 
0c at the rate of0.5 °c per 

cycle) 

Step 6 94 °C -0 45 min 

Step 7 55 °c - I 00 min 

Step 8 72 °c . I 00 min repeat steps 6 to 8, 26 tin1cs and 

Kc:1:p al 4 °c for for futher usage 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



26 

Table 2. list of SSR markers. n.-pcat types and pnmcrs used for the srud, 

-
SSR LOCUS REPl:.A T TYl'ES 

SSRV 3 (CA) 1

SSRY9 (GTl 1, 

SSRY 4S (CT). 

SSRY 4ll (GA):., 

SSRY SI (CT)11CG(CT)11(CA 

)11 

SSRY 50 (CAi (N),.(GA)11

SSRY ll (CT) 

SSRY 66 (GA)1.MGA 

SSRV 7R (C1)z:

SSRV 100 ccn.,n ccn 1

SSRY 101 <Gen, 

SSRV 175 (0A)311 

SSRY 111 (01\):r,

SSRV tor, <CT) 24 

SSRY JS 
cG1)1(i(((il)l ICO

A)IY

- -

LEFT PRl}.iERS 

TTAGCCAGGCCACTCiTTCTT 

ACMTTCATCATGAGTCATC 

AACT 

TGAAACrGTl"IGCAAATTAC 

GA 

TGAAAATCTCACTGGCATTA 

TIT 
AGGTTGGATGCTTGAAGGAA 

CCGCTTAACTCCTTGCTGTC 

GCAAOAATTCCACCAGGMG 

A 1'C1 CAGC1TCCAACTC1T 

TCAT 

TGCACACGTfCTG1TICCA 

T 

ATCCTfOCCTGACA"I I I IG 

C 

GGAGAATACCACCGACAO 

GA 

IGACTAGCAGACACCGGT

1TA 

GCAlCIT ACATCCAGM l

AClGI 

GGAAAC"TG<TTGC.AC'I\M

(it\ 

GCAGTAAAl CA rr< C.-1 CC'AA

RIGllT PRll\lER 

CCAAGAGATTGCACTAGCGA 

CCCiTTATTCiTTCCTGGTCCT 

TCCACiTTCACATGTAGTTGGCT 

TCATAAAGCTCGTGATITCCA 

GGATGCAGGAGTGC1 CAACf 

CAAGTGGATGAGCTACGCAA 

C1\ATGATGGTMGATGGTGCG 

CGAAATGCTfGGAGACAGGT 

MG 

ATGCCTCCACGTCCAGATAC 

ITCGCAGAG1·ccAA"rron G 

ACAGCAGCMTCACCA"l"l"l"C 

Gen Al\CAGTCCtv\ TAACG,\ 

TAAGG 

OMGOMTGCCTOOCTf \,\ \ 

CAuC AAGA<:t \ 1 ( \C CAC, TT 

T 

CTGATC'AGCACrOAIOCATGI 
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l'ablc 3 TI1e PCR reaction 1ni.xture for 25ng/ul of DNA u1 20ul 

UplliO XIOPCR 

No or Burrer 

s:11nplc 

904 2.0 

36 325.44 72.0 

P-1 - Rigl11 pnmcr

P-2 · Ldl primer

Taq -Toq polymcra.sc. nnd 

UpH-0 - Uhm pun: "�let

MnCI, 

20 

72.0 

dNTP- P-1 P-2 Toq DNA 

5m?\.I 2Sn8ful 

OR 2.0 20 016 2.0 

28 8 72.0 72 0 S. 76 E.1ch
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3.5 Gel electrophoresis of the amplified products 

PRINCIPLE 

El .cctrophoresis i s  movement of molecules in an electric field and the separa11on of 

DN,\ fragments is based on the number of nucleotide units they contain DNA is 

negatively charsed and therefore ,vould migrate 10 the anode. Shon DNA fragments 

,vould migrate faster than the long fragments This method is sensitive 10 the extent 

that DNA frag,nenls up to the 200 nucleoLides long can be separated from each other, 

even if they differ by only one nucleotide (Dnmell et al 1986) 

PROCEDURE 

l\1etaphor agaro� gel ,vns first cast by sumng 4g of the gel into IOOn1I ofTrism:i base 

buffer {TBE) and the solution \\115 heated 1n an oven The solution ,vas allo,,ed to cool 

for 20-30 rrunutcs and poured in a prepared gel bo� Gel combs ,vitJ1 20 teeth ,vere

qu. kJ d · I I unmerscd 1n the ho1 solu1ion and allo,vcd 10 solidifytc · y an n1e11cu ous y 

·\mplificd DNA was mi,cd ,vith crcsol red dye 1n ratio one to one. The n1i�ure \\11\S

t ... 1 11 d n in an electric field 111 120V for 2 10 J hours using an EO..,c,d into the ge we an ru 

C l\1idi cell Primo CC 330 electrophorC$is gd IYstcm
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3 6 \'isuali.zation and docun1cotation 

PRlNClJ>LE. 

DNA fonns a red nuoresce-complex \vith clh1dium bromide that can be visualized 

under a fluorescent lamp 

PROCEDURE 

The gels \Vctc stained in 1 Omg/ml ethidium bromide for 5 nuns and destained 1n 

disliUcd v.ater for ten mins and the photographs ,vcre taken using Polaroid film 667 

black and wlutc color 

3 7 Scoring of D1'A bands on gel 

The gds ,vcre $COrcd on a scoring sheet. for each SSH. pnrncr used, 11 binary number 

wu used, and prCM:nCC or a D1''A band was M:Orcd u I and absence as 0 

3 8 DA1'A ANAL'\ SJ<; 

3 8,1 Pol.)morpbism ofS5R marker.. an ca��a\·a cultlvnn.

Numbers or allele!'i for each SSR pnmcr �in; v.crc ulculatrd from the abo\cd d:111

Polymorphic infonnnuon content was alwlatcd for each SSR nwl:a1 u�ns 1hc

fonnu1ar PIC I - t 111'1
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3.8.2 Evaluation of genetic diversity 

Generated data from 3 7 ,vas as bled · d · · scm into a ata motn.x. This data matri"< ,vas then

subjected lo Numeric Ta."<onomy System of Statistics v 2 Oj (N ISYS, Roulph, 2000) 

and Principal Component Analysis (PCA) in Statistics Analysis System VS (SAS. 

2000) 

3 8 2 1 Numeric Ta�nomy Systen1 of Statistic (NTS't'S) Analysis 

Similarity md1ccs bctwcco p3irs of genotypeS ,vcrc calculated for the combinotion of 

data from the 16 primers by selecung Similally for Qualitative Analysis (Sl\.lQU1-\L) 

using method ofi Jaccard ( 1908) Simila.nty Cocffie1cnt ('fnble 4), The similarity data 

matrix was then used for dustcring of the gcnot� ba�d on Un\ve1ghted Pair 

ClustCfing Group Arithmetic Average (UPCG�1A), ,...,tuch docs no1 consider the joint 

abi.ence of a ONA band u an indicaLion of 11milari1y, by sclccung Sequential and

I lietan:hial Numcnc opuon (SAHN} in clustering and the clustcnns ,vu used 10

&cncratc dendrogranu (fig 1, 2, and)) by sdect1ng tree plot op11on 

The sinula.rity index of Jawsrd bet�ecn plant , and j is 8JVcn by 

s,,"-.1 / (a-t·b+c) 

0,, • I • Sij 

\'"- -- r 1 ___ ,., .... prC$C111 1n bo1h plants I and j h II 1he number of•uac a 1s the nunibcr o C...,_,.., .. 

�L-_ nd J and c " 1hc number ot du,aarr• JIIC'St'nt 1n j and... "" actcn present ,n I a not tn 

OOC 1n, and I) 1s 1h.: dblAlll cocfliacnt
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3 8 .2 2 Princir,al C'on1poncnts Analysis 

Pnncipal Component Analys1� (PCA) \Yh1ch operate, on an n•p units by variables datn 

arm}' (matrix) ,vas also carried out using SAS Y8 (Statistical Analysis System S,\S, 

Institute, Inc , Cary, NC) PCA reveals the major underlying sources or Ylll'iation, i e,. 

c1gcnvectors/latenl vectors/princ1paJ component. in such a way tha1 1he ftrs1 component 

has n1a:<imum Yariation the second component is uncorrelated ,Yith the first. and ha� 

the n1a.x1mum or the remaining variation. the third component is uncorrelated ,Yith the 

previous co1nponcnts, and has the mnxin1um or the ren1aining variation and so on 

Scaucr diagrams or the scores ror d1rrerent components (PRIN2 • PRINI, PRJNJ •

PRJN2 and PRIN3 • pRfN I) which are u�cful in revealing a group1ny or ordination of 

the units, ,verc plotted SAS procedure for Pnnc1pal Componen1 Analysis is PROC

PRINCO�lP 

3 8 f SSR m"rkcrs for neno"'-•pc identification of.3 Determination o " t, •J 

cultivntcd cassava in Nigeria using NTSYS 

S -·cd ror geno1ype idcn1ilica11on of 1hc J6 gcno1ypes of1x1ecn SSR llllll'kcrs , .. ere ass ...... 

. f ••eh primer ,�ere analy,cd by NTSYS, primers 1hatcassava cult1vars Da111 o ...... 

I .,,0ups were sth:clcd Tiic: :1elcc1cd prin1crs' dn1al!<=neratcd between 6 and 9 c U\ltr .,,. 

. l a.nd onnly,cd on NTliYS to sclcc1 1hc 1111nin1um
Y.etc combined in vnnous num ,crs 

scd ror gcnorypc uJc:n111ica11on of cuh1vn1cd Cil\S,l"'anumber) ol primers 1ha1 could be u 

111 Nigcna 
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32 

Cl IAJ1TER FOUR

EXPERIMENTS AND RESULTS

Experiment I: Polyn1orphis1n or SSR markers
cultivars 

Introduction

1n cassa,11 

The advance 1n the development of methods using DNA polymorphisms as n1olecular 

marl..crs is 111a1Jng a significant irnpact on s1udies such as species evoluuon. molcculor 

ta'<onomy, gcneuc diversity, gencuc diagnosis, as well a� breeding (Carvalho et lll

1992) SSR ore new PCR-bascd DN1\ markers that arc currently used for genetic 

studies The main advantage of SSR markers is that they arc highly vanable dominant 

loci nnd therefore an ideal 1001 for ITlllny genetic npplicat1ons 

Procedure 

Genomic ONA fronl 36 accc,,ions of cassnV11 cultivnn ,vcn: amplified using PCR 
technique ,vith 8 set of 6S SSR primer pairs The DNA amplification products ,verc 
scored and the genemtcd data ,vcre anaty,cd using NTSYS soflwurc packngcd by 

Roulph, 2000 Polymorphic information content ,vn.s caculatcd sing the formula

PIC (P)-I- t np1. where np is the allele number

llc�ults 
T . 

1 1,vo or three alleles 1h.1t sho,�cd polymorplusn1 �cnty-1\vo of 1hcse pnnicf'!I ,ave 
d l•'<IUl1JIIC) arc ,hown 1n l'la1c, I and 2 ,,luh: ,I;nmung the casuva culuvar� use -

, •. 1 c nniphlicd produ,i- or no PC'R frag111c111 al ull ·>.:>R pnm" pair) yicldL-d monon1orp 11 

1 I' lied clt3r polyn1orph1c bands on -1�,;, metaphor " SSR prin1crs pnir-5 th:ll a111p J 1 

1 lb co�:r,a,·:i cull!\ 11rs lhcsc pnrnc:rs anti their111 , · o�e gel were U!i,(,-d 10 annlyz, 1 1" 

I tcd 1n 'l'nblc JrcP(.lt ty� and rcpcilt nu111bc:rs arc I) 
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11,e allele number vancd fron1 2 to 4 ,vith an average of 2 4, primer pairs of SSRY 

(45) only an1plilicd four alleles , the maximum number , ,vhile prin1er pairs of SSR 'I

( I 'I), SSR Y ( I 00), and SSRY (SI) a,nplified three alleles and the rest an1plified 1,vo 

allele� each fhe polymorphic infonnation content ranged from 0 .  21 to O 66 

(Appendx E) 

Conclusion 

SSR marker, detected polymorphisms a1nong the cassava cuhivars used for 

the study and hence could be used for genetic opphc-011ons 111 cassava 
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JI 

') - ., S 6 7 8 9 I O 11 12 I J 14 IS 16 17 18 19 20 

t 

ll 22 23 24 25 26 27 28 29 JO 31 32 33 3•1 .35 36 

rlotc I Polymorph,mis or ONA nllc:le., omong the 36 cnsso,o cultlv11rs U\cd for genetic

diversity �tudy using SSRY 100 
1 lo 36 nrc the genotypes numbers
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JS 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 • 

33 

3'1 

JS 

36 �-

fllaie 2. l'CR 11mplllica11011 producis ol llu: )6 casi;avn cult1v11r,

111 N1gcrio b.) SSR 'I' 9

')-

3 

7 

l 
10 

I I 

12 

13 

14 

IS 

16 

17 

18 

19 

20 
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4.2 Experiment 2: Evaluation of genetic diversity between improved 

cassava and commonly gro,vn Nigerian lanclraccs 

Introduction 

Evaluation of genetic diversity in cassava 1s a prerequisite 10 any genetic 1mproven1cnt 

program The higher the genetic diversity ,vithm cassava gene pool, lhc lnrger the 

number of ne\v varieties that could be produced and the less suscepuble the nev,i 

varieues WIii be 10 the diseases and pests prevalent 1n the targeted area The lo,ver the 

genetic diversity presents within cassavn species, the C11Sicr the formation of hybrids 

nnd 1n1rogession of useful genes an1ong the cassnva cullivars 

Procedure 

Tlurty-onc iniprovcd cu1tivnrs and S Nigennn land111ccs of cnssnva were llSSCSScd n1

genomic deoxyribonucleic acid (ONA) level \Yllh SSR mnrkcrs. Polymem.sc chnin

reaction (PCR) amplificauon of the genoiruc DNA or the cull.ivnrs ,verc C4rried out

with 16 polymorphic SSR primers thot produced clw- and scorable bonds (sec detail in

2 d .,.,,.ed using NTSYS and also dcndrogrurm ( l·ig.s I, 2, and
P�se 9) The ala \VD5 onw;"' 

n-netlc rela11onship amon� the culuvors '"ere constructed3) that showed the � ... , 

___ , __ .,,. usin" rrinc1pal Components Procedure ,n SAS toI he �e dau1 wu also w....,,........ 0 

revealed the n1ajor source of variation
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Results 

4.2.1 Nl'S,1S Analysis 

In  totnl 18 clear and scorablc DNA bands \vcrc detected anions the J6 cassava 

cuhivnrs The SSR pnmers \Vere able to distinguish all the 36 culuvors. none of the 

pnn1cr pairs \vas able to distinguish all cuhivars ,vhen treated alone. \Vhen all the 

pnmcr pairs \vcrc considered together. the 36 genotypes ,11cre disunguished A

dcndrogmm \YOS generated by complete cluster analysis based on �1milarity indices, 

,11h1ch sho\ved the genetic similarity nn,ong the 36 cns5.1va cult1vars used for the study 

The s1m1lnnty indices ranged fron1 0 42 to O 84 ("I able ·1) l'wclvc d1st1nc1 clustcr

groups ,vcre identified a t  O 70 similarity indc"< The dc11drogrnn1 is sho""" 10 Fig I The 

clustcnng \vas as follo,vs from left to right 

CluMer I It contains only accession TME 59

Cluster 11 T,vo genotypes, ThfE 7 and TMF 2, \\ ere pr�cnt 1n tlus cluster 

and the similarity inde:< behvccn them is O 76

CluMer 111 There \vcre t,vo subgroups. 'a' and 'b' subgroup 'a' hod genotypes

089/000ll and 1 ME I and )ubgroup 'b had genotype SOJQS only Similarity 1ndc"<

• • is o 76 and interpola1ed \Vllh subgroup 'b' at abt!t�·ecn genotypes 1n subgroup 11 

,illlllllrity index ofO 72

Cluster IV It had only 8cnolype! OSSIO 150-l

· 
1hi� ch1'1Cr .ubgroup 'a' had gcnol)·peClu\lcr V 'fhcre \%CfC 1,,0 �ubgroups 111 

• 1 divided 1010 I\\O 'b1' and 'bi'. 'b1' h11d gcnol)pc,
'>2,0057 and �ubgroup 'b' '' 11111 icr 
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JI( 

60506 and 60.J47 ,vith sim,lanty 1nd1ces of O 84 and 'b2' hod genotype 90257 The

s,milanty index bct,vecn. the genotypes 111 subgroup 'n' and 'b' 1s O 71 and bet,\:een the 

subgroups 'b, and 'b2 is O 75 

Cluster VI C'onipnscd subgroup 'n' and 'b', �ub8roup ·a· had genotypes TME SI and 

9210326 and subgroup 'b' had genotype NR8082, only The similarity 1ndc, betv.een 

the genotypes 1n 'a 1s 0.82 ond similarity index bet,vccn subgroup n nnd 'b' as O 7J 

Cluster \'II It contained subgroup 'n' and 'b', subgroup 'a' \V&S fi.1nher divided 1010 a, 

and a1, n, had genotype NR89107 and n1 had genotypes \V820249 nnd 30040 The

similnnty index bet,vccn the t,,•o genotypes in subgroup 'n2· •� O 82 The similarity 

index between lhc t\YO sub -groups ·a, and '01' 1s O 75 Sub - group b had t\�O

genotypes only. \V t 095-0 and 84537 ,vith similarity indc.\'. ofO 82 bct,vecn them

Cluster Vl II It had genotype 5 I 8 only

Cluster 1X This cluster had genotypes 60444 ond \V4092 The &imilnrity andc.\

between them is O 74 

Cluster x. Tlus cootD.ined t\YO sub- groups 'a' and 'b'. subgroup 'o' contained

genot)'J>cs 811001 1 O, S2/00661, 91/02324, 305S3P3-2, 91/02327 nnd 30572 ,vh,le

b ",22 l(2) 1425 9 I 934 30555, 30337 and NR8208 The highest
\\I group 'b' had W82v-t • • • · 

t.l cl ster 1s betwecn genotype, 81/00110 and 82/00661 genetic sin11l11rity found an us u 

(0 112), 91/02327 and 30572(0112). and 3o337nnd NRSl03 (O 82)

Cluster Xl Only genotype: 3000 I wa\ present
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Cluster XII This contained genotype NR8212 only 

In gcncr.11, the closest rclnuves \Vere genotypes 60S06 and 60447 01 sunilarity 1nde:1. of 

0.84 and the n10s1 distnnt releuves were genotype.,; ThlE S9 ond NR82 I 21 ThlE 2 and 

30555, NR8208. 50395, and 84537, TME 7 and 4(2) 1425. 82/00661, nnd 518 and 

60444, all nt O 42 s1milnnty index_ and related to others at O 56 s1milnrity The highest 

genetic rclauonship bct\vccn i1nprovcd cassava nnd Nigerian landmces \Vas at 

similarity level of 79"/o nnd \Vas between genotype NR89107 (IC) ond ThfE S l(LR) 

(Table 5) 
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40 

40 

Tobie 4. Gcnclic s1mil:lril)· indc� mntri,: do1.1 lllllong the 36 C.JSS3\'II genotypes ustd for genetic di,ersity the study

NAB212 I 00 

NR820& 0.$9 I 00 

90257 o.58 0.11 1 .00

91934 0810790GOI.OO 

:!0001 066 04701!6053 1 00  

30572 050 08&061063058100 

�537 05S06a0660630580�1.00 
82AJOl!el O 47 0 68 0 530 CISO 50 0 7106111.00· 

50J95 o ee o ea o 550.740470 530 ,2 0111, oo
81100110 0 5S O 74 061 0 630 53 0 68053 0 B2 0 74 1 .00
NR&Da.2 0610830r.60.58063053 0 63045058058 I 00 

4(2)1425 0 58 0 660 630.710SOO71061068 0 550 710 61 I 00 
= 055 0.74 07807405306801!1108I 06306306306& 100 

ll2J0326 06106110.71068 0 580.690630610630410740710631 00 

30553Pl-2 0., 0.68 0810.080530.7901180.780 530.74 0 580710 74 0631.00 
91102321 o 53 o 1 1  o 630 760 Ee o a20.11 o.74 oe1 o 78061 o.74 o 11 o&a on 1 oo

30040 0 58 0116 05110 61055 0680.710580 SOO e, 0 610630 6106607101!11 I 00 

91102324 0 55 0 68061074 0.5110 740.68 0710.63074 063066074 0 630.74 0 82071 1 00  

wa20-22 o.611 o 78 o 14 o 78 o 61 0.11 o 61 o 74 o ea o 7 8  o &1a.no11o660.680 74 o 63 o.78 1 oo

30337 0 63 0 112 0.74 0.76 0 550.710710680 Ill 0.78 0 610790112 0.710.711074 0 74 0 710.74 1.00 

92/0057 o 81 o 530660.630 58047063 oeeoo:t o SJ 0930 ,so63o 630 58061 o sso63ossoss 100 

w1oss.o o 58 o.&1o55o63o550.65 1 . 00  o 74 o 61 o.eeo 680 68068 o ra o 71o.790.63078 011110 610e& too 

W82Q249 061 0 .68068 01!806301180790 710530.880 510.l!ll063 0630790.71101120.74 0 710710.5&0.711 00 

oe&'OtS04 0 53 0 660 74 0 660.650IMI0680.530 Ill 0550680.53078 0.710680630 630810&308&0.710113055 I 00 

NR89107 068 0 68 0 G8 0 61 0.61 0610.71047 0 Ill 0�0.710.530 71 O.liilO 550.580 711�710.5801180CilSOS30 71 0118 t 00 

\\'4092 0 58 0 680 6 3  0 810550.650 66 0.5110680 78 0610.58061 0.81061074 0 630 780IS3011805507401!80 IS30 74 t.00

Tl.161 O 68 O 71 0 63 0 81 0.68 0 71071 05301110.68071063 0 68 0 820 81 o.oa O 74 0 e&O 53 0.7 4  0 SOO 1180 9110 610 7'061 I 00

T>I.E2 0 SO O  42050 0 53 0.$3 0 470 47 0 45 0630530 SJ0.45042 0 580 470550810.61104SO 500 5301110S:S0.010 010.710551 00 

TME1 0 50 O 63 0610680 470630 630 6110 74063 0 530 500680 740151l0.74 063 06J 0500118 074 0 7101130 7110 71 OSI O 71 O& t 00 

TUE, o 53 O 500 580 550 550610 5.5042 Oe80500111 042055061 05500301180tll 053 047 0810�0610740 OI OOIO.ell0.7110 7111 00

TME!MI O 4 2  0 50 0 58 0 55 0 50 0 71 0.61 0 63 0 610610550118 0 88050 0 61108110 50 0 7105110 580.01 0 ell O 81 OSIOQ06'0,$10IIOO 71 011111 00 

081l-1I002J O 47 O 500 830 55 O 450 �o 4$ 0 sao 7106101'10e30 55 o.ell O 01 0.530580.,0053 OQOIIOO..UO 50 0030.530470 .,.ONO Td05'01'41 00

�,a O 55 0 58 o ss o 53 o 58 o 111 o.58 o 711 o .111 o& o 530 e, otD o.,. o se o ee O"'-'O s:, o crooeeoMo 1, 0•1 o 1111 o .tS o •• 063 o :i, o<U o�o tJO o,, , ro
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\\, 820249 

�107 
rR80S2 

NI 

N 

911 0326 
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cndrogran1 sho,ving tJ1e genetic 1vcrs11y a111011g 1hc 36 cassava

l:tn otypcs based on UPCGMA usmg; NTSYS
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lntra-vanet)' genetic diversity

This sho,vs \he gene\ic diversi\y \\'lthin each vnncty, 1 c. the improved \'ariety and local
variety used  for this study Kno,vlcdgc of the genetic diversity ,v11lun the gene pools
of each variety indicates ho,v nuiny ne,v genotypes could be developed from the gene
pools The h1gller the genetic diversity ,vithin a gene pool the lrger 1he number of new
genotypes that could be obtained fron1 11.

fl'\1PROVEO CASS,\ VA The similarity mdxe ranged from 0.42 to 0.84. (Table 4), at
0 70 sunilanty mdiccs. the.re were 11 cluster groups The clos�1 relatives \\ere

genotypes 60447 and 60S06 (Mmilanty ind� of 0.84) and the mos, distant rclauvcs 

\\Cfe genotypes s 18 and 60444 and S039S and 84537 (similarity indc.x of0.42) 

1'1Cl:::RIAN I.ANORACCS The sunilarit)' indices ranged from O S5 10 0 76

ITable 3) There ,,ere three group1 at O 70 limilarity indiccs. group one n1ade up of

,-,. ... S ,._., ..-..1E I Thill 2 and ThfF. 7, while group three consisted''"IC 9 only, group two 11au • ,. 

of l�iE SI The mosl closd)' related genot)J>('.' "Cfe Tf.1H 2 and Th1fl 7 11 �in11lnri1y

,...., . 1 dlltcd gmol)'J>Ci "Cfe Tr.1E � I and I r,.11; 2 at
u,uci.; of O 76 and the nlO!>l distant Y ' 

I cd to othcrJ al o 63 11m1lanty 1ndc,
SU!uwtt) index ofO SS and \\c:rc: re lit 
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c·onclu<1ion 

Gcnc1tc d1vcni1y between improved ca�sava nnd commonly grown Nigerian rac� is 

medi11n1 and this therefore will fac1l11a1c the formation of hybnds and introgression of 

useful genes bchvccn them More ne\v genotypes could be developed from the 

improved ca,;<;ava than the Nigerian landraccs 
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4.2.21·he Principal Component Analysis (PRlNCOl\1P PftOCEOl RE)

lhc binary data genenited from the 36 genotypes ,..,ere subjected 10 Pnnc1pal 

Component ,\naly�1s (PCA) using SAS. tt niade use of the matlix dnto of the variable!>, 

f<1 produce ten eigenvectors, ,vh1ch contributed 70 4% of the total variation found 

among the 36 cultivars 1'he first ten principal components were associated ,vith 11 70.

9 23, 7 95, 7 76. 7 29. 6 69. S 84, S 44 4 46, and 4 03�o of the variance of the genetic 

distance (70 59% totnl)

There ,,ere also main nllelcs/primers that contributed highly to the proponion found in

each pn·ncipal ort·ions contributed by cnch pnnctpnl component andcomponent, prop . 

the contribution of each allele/primer to eac 1 pn I • ncipal component ore listed 1n

d nd principnl components scores gencrnted aappendix F The plot of the first nn seeo 

nl d d the plot of second 11.nd 1hird princip.allelttcr l!,nlpb of the genotypes and so so 1 

tornponents scores (l·1g.s 4, S & 6)

d d firs• principal componentj than \to1e variation \\'SS observed in the plot of sccon on 

. ond al�o the �econd and third tJ 
I mponents scores IC Plo1� of first and third principo co · 

of 1he fiNI princ1pnl componen1 and secondPnnc,pa.1 components scores ·fhe plol
. rclouonslup� an1ons the .JC>

Pr I cd in1crcs11ng lllcipaJ component,;" scores !> tO\\ 
TI • four dillcrcnc quiu.lrant, tc

. utc:d 1hcmselvcs 11110EC11ot}'fle$ The 36 !(C:not)pc.:. dt5inb 

1 - \\'820-I"" I mpro\'cd CU 11\'llf• --· 
lo � wtcly of I IC: I 

l\c:t lefl qundra111 � 11� compose 
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\\'820249, OSR/01504, 604•1·1, NR8208 4(2)142S, and NR8212. 1he upper lell quadr11n1
\\a� ol-.o co1nposcd of 1n1provcd culuvors only 82/00661 30555PJ-2 30572 91/02327.
81/00110. 91/02324, and \Vl09S-D, ,vhilc 84537 and 91934 \\ere at 1hc O O score
lc,el lhe lov,er nght quadrant ,vos also con1posed of seven improved cullivars, 90257,
50395 3000 I 300-10 92/0326, NR89 I 07, and NR8083 and hvo landraces Tl\[E 7 and
T\H:. 51 The upper right quadrant con1a1ncd 1hree Nigerian landraees l�lL I Tl\lE 2.

and T\1F. 59. and five in,provcd cuhivars, 60506, S 18, 60447, 92/0057, and 30572
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-t3 Experiment 3: Determination of SSR marker (s) that could be used
for genotype identification of cultivated cassava in Nigeria
Introduction 

The larger the numbers of cuhivars used for s1udy. tJ1e higher the number of markers 

nttdcd for assessment. Use of many markers for a small number of san1pling n1ateri11ls 

is a ,vaste of tune nnd tJ1crc 1s need 10 save time during laboratory \\·Ori.. in order to

facilitate r�reh ,vork and encourage scientists 

Procedure

S,... SSR cd ,.;nn 36 gcnorvnes of cassava cullivnrs in Nigeria .-.ccn mnrkcrs \VCf'C a:ISCSS U=•o •Jr 

D I f . 
__ ..,i b NTS'l'S prin1crs 1hl11 generated between 6 ond <>a a o each pnmer were anal,......., Y 

_.., rime�• dalo were combined in vuriou� cluster groups were selected The sclccti.-... P 

h minimum numbc� of prime� 1lu11 could l'Umbcrs and analyzed on NTSYS to .sdcct 1 c 

L _  

1 . cd CIISS4Vll in N1gen111>1: U!>Cd for genotype 1dcnlifical1on of cu uval 

, 36 cassava cullivan u)C(i in thh N I I · dcnufy the 011c of the SSR markers could M> c Y 1 

• , 
h I 70,� i!Od fOO,o 5111Ufanl) 

...,.5 togc1 er a ' lludy Th 1 .• ..a 
cassava gcnot) r-

cy c uster..., mnny 
1
. SSR m.Jtlcrs 1hA1'lld - dctcctt:d five polymorp uc , 

� rombination of d1110 of pnmett

d I disllnl!Uish 1hc J6 """ I · SSR nw�ctll1 H: nunimurn nun1bcr of 
tllJII could rei I y 
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genotypes or cassava The similarity indices ranged from 0.19 to  O 94 (Table 6), the

pnme� d1fferent1ated the genotypes into 16 cluster groups at O 70 similarity index and 

distinguished them at O 95 similarity index. The clustering \vas as follo,v from !ell to 

nght (Fig 7) 

Cluster group 1 Tl\1E 59 

Cluster group I] 91/02324 

Cluster group DI \VI 095-D 

Cluster group rv 84537 and W820249 

Cluster group V 90257 and 60506 

CluMer group VI There were I\VO su groups,b 
,
0, and 'b' subgroup 'a' had genotype 

\V820422 and "b' had 518 81/00110 and 82100661

Cluster group VII had genotype 91934 
• 'a contained 60441, \V4092. 91/02327,Clu..'itcr group \'ITI had subgroup a nnd b ' 

555 60447 30337 and NR8208
�(2)142S. 30572 and 'b had J0555P,.1. JO 

lE., d Tt.lE 7t1uster group rx had genotypes T,\ - an 

Cluner group X NR89107 and 30().tO

C1u,1cr group XJ 92/0057

• d Th1f'l I o.nd 088/0 I S0-1 and
C' • ' d 'b', a ha lu�ter group XII had subgroups 8 an 

tcTiut}'J>es NR8082 and 92/0326

d 089/0002.3 "'ae present
l'lu11'1 l!loup Xllf genotypes 50395 an 

C.'lu 01ype JOOI
stcr group .'<IV contaJned only gctl 

b hlld 
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L� out , I 1he le, 1na1l.e1s Ulk� for c..'\UIUJ111on ofthH roctic dn r 

c.)llld be rt':ld11\ u :d fur gl"ll(ll\pt- 1de1111fi,u11on ufcult1\;atcd ea ,-.. , l\ --·· 
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Table s .  Generic: sinuL1n1r m:un., dJla or 1b: ¼ cuhl\1J1cd CIS$1\:t ror SCllDl}JJC iJc11111ic:lllon 

N�t2 I 00 
NR.S21Je O 55 I 00 
8Cl2S7 0.'4075100 
81834 OJI 0.750 B3 1 00 
XIOOI O B3 0 31 0.5e 031 1 00
30572 058 0.75 O B3 0 S3 OM I 00
&4537 0580750SOOB30'4075100 8210oeet 0380560560.$110500560.58 I 005CXl9S OS305e0.56011110.380-M0.310.35100 811'00110 o .w o 750.75 0530 44 o.1so.soo a1 o.56 1 oo NRa082 08305604C0.5eG..500-M0.550.3IOB30'4 100 412)1425 o soo •o.se oeeo.500.e10.1111075 o.:sooa, o s,, oo J0555 03Soe1 o.5eo.ao.25oeeo1111063osooeeosoos:s1 oo 92111328 0 B3 08905e 0.580500 '40 SII0.500830.560.8110830.SO I 00 305s:3P3-2 o 38 041 058 o • o:se oeeo.e1 o 750 :iao1111 o soo 75CUIII o.s:s 1 oo ll1/a2327 OU 0750630750.560M0.750890«0750560.IM08110550.81 I 00 30040 0 56 0830500.380"'4 0.630750.310 310.380 550 .C..056 0.580560.50 I 00 91/02324 0500118058 0.69 0.38 0690890.83 G.500.580.:.00.830750.380630flll0581 00 W820422 0630690&90.58 osoo1111055 o 750 soo.e, 050075050 0500500ll8o 44075, oo 30337 o.soo 94 o as oo 0..38 o 81 0.811 o 830 soo41 0.50o 75oea 0-«1 o ea 081 058o s,o s, 1 co fl".J00/57 o 58 oso o.so o 50 o..., 0.2s o so o sa o  sa 0.38 o.&eo .c.. 05110.69 o.se o.38 osoo.seo ... o" 1 oo W1085-0 o.sa 0630500B304C 0830.750890580830880.et 0.58 0 690890.750.5004190.0.58 O 50 I CO �'\/8202411 o 560 63063050 o.sa o a,  o eeo.sa0 31 0.500.c.. o.seose o .c.. oeeoa, oB3o.56osao.560.soo93 1 oo oe&'OISCM O 50 0 810.69 0.690.380560!i80.3a083058 0750500 75 0.7SOB30580.0630.S00.7509804CO-M I 00 NRll9107 0 56 0500.500.38 0 "'4 0500830 1110"'4 0.25 0580310 560-M 044038 Oll805803I O ,M OB30360B3089 I OO W40112 0.560 750.75 0 630.'4 0.75 0 63 0 "'4 0.560B30,-MOll90.58 O« 0560750B30690fill0.6110380530630.$80 B3 I 00 TMESI 069 0630500..380 69 0 750630.310'40500690 580580611058053 0750'40'-' 0 6110.3&0.500.SOO 69013 050 I 00 TMEl O 50 0 440 560.56 05004' 0 31013 0750310630380.38 0 500.2504' 0580S00380 3' 0 '4 04'03101530811089056 I QO TMEI 0'4 0630.50 0 630.31038 0500 .31 o.eeo.380fill0 JI OliS OS9058038 0830.58031 0550830500380&1OB30.330100. I 00 TME7 0.63 04' o.'4 o 44 o.soo,u 0.'40.oo o 630 1110630.250..38 o.soo.25031 0880380Zo 38044 0310. ... 083oa1 0.seoeeollao• 100 TMESi o 4-4 o.soosooso o ..... o.63 050 o .c.c 054osoo.4C0560690J1 osaoa,o.soosoo.u osao.3eoa:, osoo.c..0,13 075 osooeeo=oosa, 00 OS'D0023 o se o.soo500500..., o.JS 02so.:i1 0.81 o.so o 680.c.c o.s,011110.u 0340390.31 031 o 55oa,03110.zso•o.500.3ao930• o75o•a 50 1 00 518 0 63 0890 560560.50 0 590.«07501130810500 75083 063083 0.119 0310630.750.7$0 « 0•031050011105e0.580la0-'402$0550.55 1 00 aoc•4 oso 041 oae o &eo:sa o 111oei10.soo500119 o.soo 7'083 o50o s,0.411 oeeo.rso r.so1So31 oeeosaoa,osaoMosaoa,o'4o.SOoee0.lf o,o, 00 &0«1 063 094 o 111 o so.:ia 0590119 050083 OliSo soo11301soa30.75os o sao53oa3oeaosaoseo•o 75ase 0,1 osao soos,os,0.sao511oc,075, oo
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CHAPTER FIVE

DISCUSSION 

� I \licrosntellitcs marker., polyn1orphism

l'.ticro�tdhtcs markers have sho,vn high levcls of polymorplusm 10 oiany unportant 

crop<; tllC'luding nee (Ory-:a ."(lt11u L. Bligh et al., 1999), Sorghum (Sorgl1111r, b1color. 

5111ilh t'I al., 2000), gnJ)C'ine ( J i11:. 1•111,jcro, D1 Gaspe ro c!f al., 2000), CO\vpea ( I ?g1Ja

ltfrglltntlara L.Chcn-Dao et al 2001 ), almond ( Pn11111s pandorea and P a111ygcl11l11l,

� er al, 1999). \\·heat ( Tr111c:11111 acS111'1Jn1 L 1\Junad, 2002 ), sun Oo\,·er 

CHeiu»,tmu wurnu1 L 'r'u �, al., 2002) and melon (C11c11111il r,1,:/0 l Druun-Poleg t'/

rzl. 200 I ) 

n..  aJso polymorphic in C3li.'14Vll TI1e•i:c P:escru study sho"-ed that SSR markers ,,ere

r:e-s....... • 
10 ,en with mean of .S 9 and tn C0\\�3..·-......,g- of allele per primer in ,sorghum ,s one 

d nly '"'O 10 four aJleles ,,,th 1n�3n of ll u '"-o to loe\ en wich mean of 4 7 Jn ,ws sru y, o 

scd All the SSR printer p.urs 1h31
2 4 \\,ere gcncnucd from 1he )6 cassava aJlti,'11/S u 

�ull did so in Niga1an l411dn1c<--:s, ,n �Hed ONA from improved cau:a,,. $I.IC� Y 

of this i1udy sflo\\,ed tlut SSR \\ffC

lbe prl'$CJU .iudy Funhennorc, the resulrs

lt,�f.lduaule 10 CIS'-1\'I
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Tiiough the lc .. cl of polyrnorph1sn1 1n cassava is rclali\cly h18h, 11 1s much lo\.\cr rhan
m Olhcr crops <>nc pos,1blc tc.1son 1s th:11 most nu11crials used 1n the present stud)
Wttc lron1 the II f,\ breeding progr.1111 \.\hile others were clonL-s fron1 Mime other

rnstnutc� ,1ntl t\\ o. 1hc Nigcru111 land races ,vith dt:'lmble trnus, could be one or the 

C'.\011, wurccs of the 1n1provcd cas'\8\.71 I Ienco. the cultivar'I had a rclauvcl)· Jo,, 

\oothcr reason for the lo,,· level of poly1norph1sn1 is that cuhivatt.-d c.iss.1,11 ,s

rtbtt,ch lo\\ in genetic diversity coniparcd ,virh orhcr crops The follo,,1ng

I 1992 (i:.ozynu: n14rl.crs), Angd •' e1/,'CSCarchcr., have rcponed this, Sama ct a ·, 

al 1991 Ugol). ,. 1998 (R.t\PD) and Frcgenc �, al 20001992 (RFLP), Tonukari et 
(SSR1

< 2 
r cnssn\'n culrivnrs·· (,,nc1Jc divcnity/pol) ,norphtSnJ 0 

d er.,uy ,n li!J'gc number ot plantsSSI{ markers have been used to SIUdy gencuc ,v 

naower and n1ony ltidud1ng nee, sorghun1, wheat, su 
orhcr crops. Tiicy could also

Ii ·e polymorpluc SSR mJJrl.c:f'>
d In foci. 1" duitrtguish cassava culuvars ,n this SIU y 

36 oble 10 d,11tOf!Ut�h the 
SI SSRY IJ)\YCfC '5Sity 100, SSRY •IS SSRY 48 s5RY 

�lava l!tnotypcs i1ud1cd 
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Genetic diversity 1n ea h b ssava as oon previously studied using some o1hcr molecularmar"ers and lo,v or mcd· - . ium genetic d1vcrs1ty ,vas observed (Sarria et al 1992(1sozymc marl-.ers), Angel et al .• 1992 (RFLP) Tonukan et al 1""7 U , • -, ;rJ , 801)1 1998 
(RAPO) and Fregene e/ al., 2000 (SSR) In the present study. also. 1hcre ,vas
modcra1cly lo,v genellc diversity 1n cassava cultivars studied

The dcndrognun constructed on NTSYS using sin1ilarity inde."< based on lJPG�fA

shov.ed I hat at O 70 similanty index I he 31 improved cultivars and S Nigerian 
1andraccs ,vere clustered mto 12 main d1s11nct groups Nigerian landrnce ThlE 59

formed a distinct group {group I). l\VO Nigerian landrncc:s (TMF 2 and T�IE 7) also
fonnect a group (group n) ,vhile the remaining lnndrnccs (T�1E I and T�1E SI) ,,-ere
found among Lhe improved cultivars in separa1c groups (group Ill and \1
rt\l)ecti\'cJy) These close Nigerian landraccs could be easily hybridlled \\11h ihc:
llllpro, ed culu, �

h._ cnis &1nd firs1 ond durd pnnc1p3l ·•ie SC&11er plot of 1hc ftrSI two pnnc1paJ conipon 

co........ . I amonll the ca>Sava culu,a� I he-.. ,....,nc:nts 1n SAS also showed a close reJarioni up 

r� I f the lirsl 1wo princ1p.:1I componcnl� �cor�,llllups ihowcd by the sc.anc:r (UtlP 1 0 

'--a . . he dctidrognll1l by NTSYS �tnny ol 1he
t *'1nos1 Errular to 1hc ones ob!>Crvcd 10 1 

I SlllllC clu\lcr ilfOUP or nc::u
ere 11l!IO Ill I IC Ypei fou11d in the 6-tme quo.drlll11 w 

'·le 10 dL•nuuc-a10 du." 1n1pro,eJlil(l n'10C:01f \VIII dv 
Hluups N,,nc of the pnnc,pal "''111·-
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S9 

cult1vars from the N" · I d •scnan an races in the scatter graphs, olthough PRINl groupedall Nigerian landraccs into the right half of the plot but ,vith inclusion of  some
improved cultivars, \Vh1ch did not give a clear-cut division between the improved and
the 'N1grian landraces

There \•,as great similarity benveen NTSYS and PCA results, therefore, useful 

•nformo11on 111 PCA could be applied 10 NTSYS result., lhe first ten principol

components could be used to represent variables that contributed the \lllllallon found

among the cultivars because they contributed 70 s�. of tl1e total variation The

renuun1ng could be ignored as minimal tvlain alleles tlutt cootnbutcd @.really to cnch

Principal components' proportion could be taken as the main alleles that contributed to

the -vanot1on found an1ong the 36 cult1vars

rh I r titan that ob�crvcd in 1mpro,·ed c gcne11c diversity 10 Nigerian landrnces 1� owe 

ea - llllldroccs ronged from O SS 10 O 76SSava 1 he similanty indices 1n the Nigenon

1i O 84 'Tliis indicated that the lowest� •le that of the in1proved 1s frorn O 42 to

. . . dices level "luJe th:11 of the rcta11o�hip in Nigcnon laodrnccs ,vos at SS% s1milanty in 

. hi Mein from the Iocr thnr the unprovt:<J 
COsSQva ,vas at 42'h, s1rruJnn1y level TJus m1s 

me ecolog,cnl zones \�hile the�igcuan landta<:eli were donu:stic:11tcd in the 58 

I •1 miohr hnve hnd d,, erse tn,,.. 
• ·ouc sources t i.. ,,. .. .,,ovcd \�ere obuuncd from d1ffcrcnl ex 

dcndrog rnn1 produced by RAJ'O
'�&ts of c:colowcnJ ,ones Cornpnn)()n of the
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60 

( I onukari e1 / a • 1997 and Ugol)·i, 1998) h 6 ov,ed consistency t on y 1n the large 
gro11pin11,s This lack of consistency between different marker techniques was also
observed in cowpca (Chen-Dao et al., 2001) This may be due to the fact that different

marl.er tcchn1quc d d"ffi s elect • crent co1nponents of ON.A vonation, subJCCl lo different 

cvolui,onary mechanisms 

S.J Dctcnninntion of SSR mnrker(s) tbnt

idcntificar f • • ion o cult1vntcd cassava in Nigcri11

could be used for genotype 

S
SR markers ,vere polymorphic in the cassava cultivars used 10 this s1udy to 1he c,tcnt

that five polymorphic $SR markers ,vcrc able to identify the 36 ca�sava genotypes

\ludicd at 95% similarity level This sho,vs that one need not undergo the stress of

Pnrners screening or the application of too mnny SSR markers for the iden1ifico11on of

Clssava cultivars, So, the nuninium number of highly polymorphic SSR primers for

the 36 <:as'lava genotypes adentificntion ,vas five and they ,verc SSRY 100, SSRY 45,

SSR.y 48, SSRY 51• and SSRY 13 The larger the number of genotypes.. the higher the

'limber f . . · Thi rcsuh runhcr confirmed the PCA
0 markers required for adcntificauon 5 

1CSlllts f
f vanotion observed mnong the C,!\SSllvn

0 the mnJor underlying sources 0 

CUltrva,s Th _ r. d omong the rc,v maJor priancn 10 princip31 

csc pnmcrs ,vcrc ,oun 

torn gl I polymorphlc informnuon con1cn1
J>Onents 1, 2. o.nd 3, o.nd also have hs 1e:. 

\lluc., 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



61 

CJ IAl>'rER SIX

SUMMARY AND CONCLUSION

6 I S11tnn1ary 

I SSR markers were polymorphic in cassava, the degree of polymorphism \VDS

hoi�cvcr lo,ver than for other crops T\\'O 10 four alleles \vcrc amplified per primer 

pair 1vh1cl I · 1 1s O\ver than 1n crops such as rice and sorghum Tlus might be due 10 the
low genetic base of cassava

2 SSR markers that amplified DNA from improved cnssavn successfully did so in

Nigenan landraccs and they ,vcrc aJso rcproduciblo in the ca��v11 genotype.� studied

3 The genetic diversity bet ,vecn ihc in,provcd cultivars and the Nigcnon landrnccs of

�va 1vas moderately low 'fhc lughcst genetic relationship \VOS ot 79% nnd l01\'cst

\Vas a1 420., TI· 1 Ii r. •1. t tltc liomU1tion of hybrids and introgres.ion of
,o us t 1ere ore ,act rt.a cs 

Uleful genes among the improved cassava and the Nigerian ln.ndroces

4 Tli • . . landrocc:s (O.SS to O 76 sim,lanty
ere 1vas 101,,.cr genetic d1vcrs11y 111 Nrgcnnn

irid, . to o 84 similiuity 1nd1�) (IOS.\ibly
CCs) than in improved cassava cu1t1vnrs (0.4Z

i..... _  d. eM range of ecolog1c.il 1onc:s 
"'"�SC in1proved cnssovn culuvar:. 1nie,hl hnvc O iv 

tha1 •n torporntc n1ulliplc troll�
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5 No vanetiC!> demarcation \VOS observed 1n this study, 1n fact there \VOS a close 

@cnctlc relationship bet\vecn Nigerian landraces and the improved cuhjvnrs assessed 

which indicated that Nigerian landmccs could be exotic sources for improved cassava 

6 Five SSR n1nrkers could easily be used for cassava genotypes idcn1ificauon of

cult1va1ed cassava in Nigcnn. they are SSRY 51. SSRV 13 SSRY 100 SSRY 45. and

SSRV 48 because they \Vere able to distinguish the 36 cassava genotypes a1 0 95

$!milari1y index

6.2 Conclusion

SS �•s••vn cul11v11rs used ,n 1lus 51udy and uR detected polyn1orphisms runong "" .,.. 

. . it lllld genotypes· iden111ica1iontherefore an  ideal molecuh1r tool for genetic divers Y 

d conservation of cultivn1cd cassava
lludics It could ruso be used for the collcctJon an · 

· 
b ecding programsin Niitcria that could be exploited in C4SS11VO r 
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Recommendation 

This �tudy revealed a close scncllc relationship bct�vcen improved cas�va cuhivars 

and commonly grown Nigcnan lnndraccs The Nigcnan ltu1drnces could therefore be 

developed easily through hybridizn1ion \vith improved cassava and 1ntrogrcssion of 

d�irahle genes from improved cassava l-lcnce.. Nigerian cassava could serve ils t\vo 

targeted roles, as both a food security crop and a cash crop
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APPENOlCES

Appcndi, A 

i\1attrials, Hcagents, nod Equipn1c111
�faterials and Reagents

Eppendorf1ubcs (0 S, I 5 ond 2nils)

�1,c:ro-p1pc11es {2 5-1000 µI, n1anual and con1pu1eri1.ed) 

PCR Nbcs

Foil sheet

Cellophane paper

Scissors 

Scoring sheets

TBe buffer

Agarosc powder
\letaphor Agarose
C' reso1 red dye

O,"jlfed WOter

TI; ("I 1'1'1-FOT A)

l'N� burrcr 
•\b'Olutc ethanol
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Qiagen �lin1-plan1 DN,\ cxtrnc11on ku Ly,,s buffer. AP I O S M l:.DT A. Sodium dodecylsulphatc and I M tris -HCIPrcc1pnan1 buffer. 1\P2 - Phenol Chloroform lsoamyl alcohol (v/v) 24 2S I Binding buOcr. ,\PJ 3 r-.1 Potassium acetate (pi I 5 5) \Vashmg buffer A\\' • 50 mM MOP( N-morpholino) propane sulphoruc acid (pH7 5-7 6) Elution Buffer 50 mM trisHCI {pll 8. 1-8 2), I 4 t-1 lllaCI, I 5 �. {v/v)ethanol 
Deo>,yribonucleoside triphosphates (dNTPs)

PCR buffer (Tris J ICI KCI and Bovine sl!rum olbu,run) 

n1fm10I aq11a1tc11., polymerase 
Ca!fthyn,u� DNA 

EQUIPMENT 

\Vater bath 

Autoelavc machine 
�flCfoWave:;

'11crocen1nfuge
f:Jctrophoresis box and 100b

1101lroid Camera and f·1h11
�luoro,neier

C0n,Pute, wares nnd scann1np n,achini: 
''C'I( 1'11ath1ni:
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Appendi"' 8 

Preparation of Solutions

I 100 1nl of 0.5M EDTA 18g of disodium e1hylenedian11ne tetraace1ate \vas 

added to 90 ml of distilled l hO and the pH ,vas adjusted to 8.0 and 1he solution was

made up to I 00 nll ,vi1h distilled H10 

2 IM Tris· 1000 mJ was prepared by dissolving 121 lg ofTris base in 800 ml of

distilled 1-120 and the pH ,vas adjusted to desired pi I and n1ode up lo 1000 nil will,

di�IJllcd ,vater

3 000 ml of I or-1 1·0E, 1he TRISMA BASE EDT A (TBE)· To prepare 1 

following milcture were put into 900 ml of distilled ,vaier.

•ru base

Boric acid 

108 g 

SS g 

to, A
40 ml ofO SM or 7 2 S

• dilu11on foctor (C1 V1lJld made up to 1000 ml. To make OS M TOI:.,
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4 TRIS EDTA (TE) (IOml\1 Tri� HCI (121g) and lrru\1 EDI,\ (036g) ,n
1000ml) 100 ml \\'3S prepared ,vith the follo\,1ng mi:,cture
Tri� HCI (I:\ 1)

EDTA(05:\1) 

I ml 

200 µI 

l'F"(IO a:.�t TrisliO ( I 21&) and O lm\1 EDT,\ (0 036 S), 100 ml

Tns Hal I t-.1) lmJ 

EDT A (0 5 t.f) 2 0 µI 

Q.::lc up With distilled I f:0 10 I 00 ml 

e 500 ml of lhc dyeIOr-,.1 TRIS - Sodiun1 EOTA (Th'E}--Dyc To prqw 

!'cit:(100 M) 60S 

.\ 1 (10�) I 

I I 
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6 Deoxynucleotidc triphospalcs (dNTPs)· Prcparntion of 100 µI of 2 s ml\1

dNTP!> from the stock solution. 

dG, dT and dC ( I 00 mM) dilution factor ,vas used to prepare the amount needed, 

c1v1 c2v2

25mM • 1001- IOOmM •y

\· 25ml\1•1oou111oomM-25µ1 

2 S 111 of each stock ,vas added to 90 µI ofO !TE 

J f distiUed \Vllter nnd brought 7 I% Agarose gel I g of agorose po,vdcr 1n I 00 "' 0 

cool to SS-60
o

C and poured to the boil in micro,vaves The solution ,vas nllo,vcd 10

lllto &cl tray for electrophoresis

dcd 2S0nil pn.--chillcd distilled8
· 4% Metaphor agarose I Og of agarosc was nd 10 

. lvcd The soluuon ,v11s
was v.cll d1sso 'Water and stirred continuously until the aguo� 

1 troy for 
SS°C and poured into sc 

boiled tn microwaves and allo"•.-ed to cool 10

dcttrophorcs1s 
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;so mls Calf thymus standards SOOnglul, 2SOnglul and IOOnglul Cnlf thymus
DNA 1W1S supplied as stock I mg This was diluted v.ith I ml of" I TNH buOer and
81u factor \\'as used for prqw-at,on of the t� standards
CtVI C2\'2

Ferst ,,,.. 

,'ul X SO ul = 1000 ng ul X \ 2

� ll 50 ul / I 000 � \ :? 
\'2 2S ul 

I · h . I TNE bufTcr 2S .. al lmg.lm) of ltod: �-as w:cn and nude up 10 50 u v.11 x 

''cll x 50 u1 / I OOOngfuJ • "'2 
� 125g 

.s ul aftJae •od: �-u made to soul �ith 37 s ul of:it rrJ1a

-....a 50ul/ 1000nsfu.Jsr\'2 
tJ 5ul 
c... 

Oul �uh :,; I WI ,.Gflbe •od: solution �-as made up to 5 
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Appendix C 

Concentration of DNA C:\"tracted from the 36 cassava cultivars as

measured by 1-luorometer 

I uh Genotypes 
I Lab r-

DNt\ cone DNA cone Gcnot� 

�o 
ng/ul No nwul -

I NR 8212 56.69 19 \\'820-142 129 20 
NR8208 � 453 10 20 30337 163. I 0

l 
' 902S7 423 20 21 92/00S7 84 10

232 204 91934 574 10 .,., \\'1095-D -
-... s 30001 2) \\'820249 45.30 677 50 

6 305n 317 90 24 0S8/0ISO-l 402.60 
-

25 NR89l07 )2) 00 84537 205.10 
\\/4092 J 19 30 82/00661 221-50 26 

20230 9 
Tt.iESI 50395 298 10 27 

10 Th11'!2 327 40 81/()()J 10 104 -40 2S -
)J6 70 Thffil 11 

NJtsos2 28SJO 29 � · - 267 70'l}.1£7 12 
JO �2)1425 180 .so - S760Tt.1F.S9 13 31 � 305.SS 22020 

65 70
OS9JOOO"..J l4 32 9210326 31.3 60 

2M{i10 
SIS IS -

;; _,, 1()600
305.SSP.s-, 7900 

w,t44 � 
16 - 91/0327 289 10 3• -- 12.J 00 

-� 6()447 17 -,� 
JS JC1J4o -

?<I 'l J 372 80 '7,owolg f� - -

13691I02J24 S090 
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Appendix D 

Eigenvalues of the Correlnt1on Matrix

Eigenvalue Diflcrcnce Proponion Cumulauvc 

4 32 854248 0 91426657 0 1170 0 1170 

, 

3 41427590 
� 

0 4715592 8 0 0923 0.2093 

) 
2 94271663 0 07206303 0 0795 0.288S 

2 87065360 0 17489952 0 0776 0,3664 

s 
2 69575408 0 2 206352 7 0072 9 04392 

6 
247511881 0,31484303 00669 0 5061 

7 
2.1602 7577 0 14678692 0 0584 O.S64S

8 
2 01348885 0 36202 2 2 5 O 0544 0 6189 

9 
165146661 0 15903352 00446 0 6636 

IO 
I 492 43309 00403 0 7039 
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ZI 13A 

ll 1313 

ll lJC 

Z230A 

l2JOB 

ll l9A 

21190 

Zl64A 

Zl64B 

?.52;\ 

ZS2e 

zs2c

l1t4A

Z I 1<19

?.73,\

Z1313 

l.&g ·\

1\8a

Pnnl Pnn2 

Kl 

PnnJ Prin4 Prin5 

2113A 0 132822 136709 0 103471 -003281 0 167843

ZI 13B 0 005457 - 204197 0.313724 0 083434 -.093967

ZI lJC -.041732 0 224921 -.325942 -092367 0 130926

Z230A - 087852 0 074546 0.025006 0.054110 0 483821

2230B 0 069622 - 099767 0 128565 -183534 -.202112

ZI 19A 0 000000 0.000000 0 000000 0 000000 0.000000 

Zl 190 0 179457 -105172 0 162334 O 151287 O 019277

Zl64A 0.088512 0.174690 -.013807 0.231427 - 124442

21648 0 001270 0 061962 -157860 0 203885 -.0-17718 

Z52A - 271245 0 114488 0 149393 • 113623 O 225590 

252B 0 341082 -.267867 • 068742 0.067429 • I 01328

Z52c 0.32S313 -208768 0.019568 O 170302 -051162 

2 I I 4A - 233286 - 289645 O 13S 14S o 155704 O 015014 

oosssss 
-.0-157�6

ll 140 0 135020 0.398163 _ 069S24

0 091359 - I 52201 0007877

Z7JA 0 192278 O 27967·1

0 .  10J.a62 _ 137240

2738 -001197 O 220767
- 026532 

-097750 • I 327·16

188,\ o 06720·1
0 146378 O 133492 

l.8811 0 015388 O 283-18� 0 010173 0 278713
• 079,IOII
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2168,\ 7168A • 108538 -327038 - I 56511 -105904 0 017601
Zl68B Zl680 0 068994 -092401 • 048606 -185223 0.310606
Zl67A 7167,\ - 132606 -024355 0 044868 0 164082 -127117
Zl670 21678 0 3 11468 0.015306 - 1505 I 6 0 000466 0 132615

Zl67C Zl67C 0 005642 0 195702 0 227838 0.067308 O 124074 

29,\ L9A 0 117407 -085500 -245973 0 174184 -�6-W

298 2913 0 119858 0 201273 0 097381 0 196957 0 081155 

Z49A Z49A - 168869 0.127870 -.143257 0.275285 • 130899

2498 249B 0 290854 0 020382 -.2622•18 0 038006 O 112392 

249(: Z49C 0 089140 - 033019 0.056033 O 096823 04•16221

246:\ 246A 0 054415 0.057518 O 363353 • Q061)9 0 210888

Z46U 2468 -113731 0 106551 O 033210 -067788 • 171125

lA6c Z46C 0.234243 -.115749 0.140786 0.219224 0 033089 

l46D 246D -.301845 - 055973 -.048156 O 196225 O 133782

l.4� 
Z4A -024886 0.000932 0063666 O 385163 0.058286

l.4n 
O 041254 O 309519 o 114190248 -054866 - 029574

z166" Zl66A • 037014 -096363 • 180779 O 218953 o 142269

0.094167216613 • 061164 71660 -086779 • 255•188• 148125 

• ()4))52�12SA o l7J4SSZl2SA • 045127 O J 894460 051365 

o 058702'12so O 139517112sa 148016 • 0895030 187692 
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I 1g(nvcc1ors Pnn<> flnn7 Prin8 J>11n9 PnnlO 

711 JA 0 l1!7-123 - OoH2•1<, 0 1 SHH71! - o 17,l•lo - 198038

1.111n • 2Rl I 88 0 I JJ800 • 000522 0 01552.l 0 0318�S 

Z 11 l(' -000872 -0971 I I 0 0·11·1·16 • 150454 0 32238() 

Z2JO,\ 0 163732 -006209 - 03·1299 -091333 0 109121 

22308 0 07557'- - 2631S0 0 146330 -.Q.14709 0 068450 

Zt 19A 0.000000 0 000000 0 000000 0 000000 0 000000 

ZI 198 -112813 - 161327 - 029693 • 245623 0 189477 

ZlfHA 0 112707 0 23986S - 129841 0 I S2•144 -106181

ZltHB 0067822 - 252192 0 183528 0 285756 0 007720 
252,\ 0 136270 0 089557 0 0714-1S 0 13632-1 - 031190

Z528 0064019 - 011020 - 082280 - 064422 - 167381

zs2c 0 17447S • 0S0799 0 08S 144 - 018642 0 030841 
ZI 14A 0.201S03 0.079946 - 042023 0 083071 0.026633 
ZI 148 - 207757 0 0189S8 • 1S7898 - 111088 0 031923 
Z7JA - 098492 0 089822 0 244-129 0 0601S8 0 117487 
/.738 -063050 0 131816 0 208'146 - 2S323S 0 038399 
/88A 0 291507 0 010�45 0 298074 -019091 0 200620 
7Rl!O 0 2238-14 0 100�14 0 128838 0 001827 - I IOIJCJ
/.J68A 0 07-1467 0 0-16 IS4 - I •186<,11 0 223•108 0 110667 
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ll68(l -011615

/167A O 192743 

Zl67Il O 074378 

Zl67C O 191057 

Z9A 0 009748 

l98 0 198072 

Z-19A -072214

7.•198 -119265

/·19C -063232

Z·16A -000784

7.468 0 133268 

LA6C -291917

2.460 • 021082

Z4A -1875S1

7AB • 208608

Zl66A -013379

Zl66B - 194509

0 306978 

0 154244 

-085249

0 182872 

0 I 15243 

-087724

-052869

0 066529 

•. 106753 

- 078730

0 301054 

0 123220 

• 217887

0 065776 

• 249576

0 204077 

0 306683 

/l2SA · 191241 0 197692

71258 0 131132 0.311534 

0 020530 

·.068425

- 219331

• 169698

0 391668 

-256134

0 059118 

• 128017

0 169848 

0 038537 

0 007202 

0 136921 

100343 

0 044345 

0 043440

0 350016 

0 086332

• 177817

-.176197 

• 217893

• 384207

0 034455 

• 169797

-040928

0 083178 

0 243419 

• 000530

0 060100 

0 3385<12 

0 205853 

0. 11604 I

• 20-1055

• 227499

0 136202 

0 067447 

0 034453

0 153701

0 180414

0 179806 

0 135575 

• 091415

• 217380

0 238728 

0 236214 

066849 

-135621

0 113094 

• 092330

0 300744 

• 045337

·.071902

0 020369 

0,231601 

• 248060

• 202719

0 223312 

0 169279
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\prlcndi, I•. 

SSR n1arl-.crs nnd lhl!1r poly1norph1c 111fon11at1011 contc111

-

Primers Polymorphic informatron
con1en1 

SSRY113 
062 

SSRY230 
039 

SSRY119 
0 27 

SSRY184 
0.36 

SSRY52 
0 61 

SSRY114 
044 

SSRY73 
0 19 

SSRY88 0 35 
SSRY168 04 
SSRY167 

0.63 
SSRY9 0,21 

SSRY49 0.52 
SSRY46 0.66 
SSRY4 0.42 

SSRY166 0.3 
SSRY125 0.36 

Relationship between Polymorphlsms 
Information Content and SSR Markers O SSRY113

assRY230 

OSSRY119 

0SSRY164 

•ssRvs2

OSSRY114 

•ssRY73

OSSRV88 

• SSRY1681

las�RYt67)
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