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ABSTRACF
Cassava 1s a starchy staple food of Lropical Africa whosc yield 1s affected by sever) brottc
stresses. Improved cassava cultivars that ase resistant to biotic stresses were developed 10
hoost cassava production. Also, some Nigenan landraces of cossava that arc resistant to
sonic of these stresses have been discovered Simple scquence repeats (SSR) are
moleculasr markers with high-discnminatoty power and techmical and analytical simplicity
SSR markers have been applicd suceessfully to crops such as nice, cowpea. sorghum, and
sunflower but scarcely uscd on cassava. 8ased on ilis, the study cvalupied the genctic
diversity between improved cassava cuitivars and commonty growit Nigerian landraces
using simple sequence repeat (SSR) markeis and also detemained the SSR markers that

could rcadily be used for genotype identification of cultivated cassava 1o Nigena.

FFor the cvaluation of genetic diversity, 31 imptoved culuvars and 5 Nigenan landmaces of
cassava were assesscd o1 genomic decoxynbonucleic acid (DNA) level with SSR maikers
Polymerase chain reaction (PCR) amplification of the gecnomic DNA of the cultivars wese
camvied out with 16 polymoiphic SSR primers. A total of 38 distinct and scorable DNA
bonds gencraicd were uscd for data analysis by Numernical Taxonomy and Multivanate
Analysis System (NESYS) Prnncipal component analysis, which revealed the major

underlymg sources of vanation, was also carrsed out ussng Slatistical Analysis Systei
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(SAS) Tor genotype identification study, 16 SSR markers were assessed using 36
gcnotypes of cassava. Data from each primer were analyzcd by NTSYS and primers that
gieneraicd between 6 and 9 cluster groups at 0 70 sinulanty coeflicients were selected
Combinations of datn froni selected primers were also analyzed by NTSYS 1o sefect

mintmum number of SSR markers for genotype identification of culivated cassave n

Nigena

The results of genetic diversity study identified 12 destinct DNA cluster groups nt 0 70
similarity coeflicient | the similanty indices ranged from .42 10 0 84 The closest genctic
reiationship bctween nnproved cultivars and Nigenan landraces was cobscrved at 0 82
similanty coefficient; while the most disiant relationslup was at 055 sinmlanty
cocfYicicnt Fen pnncipal components that contnbined 70 §9 %o of the vanation obsened
among the cassava cultivars were sevealed. The first and tenth prnincipal components
contnbuted 11 70 and 4.03 % of the vanance of genetse distance, respectively. The results
of the detemination of SSR maskers for genotyhe identilication study revealed five
polymotphic SSR markess thai could readily he used for genotype identification of
cultivated cassava, because thicy wese able 10 distinguish the 36 cassiiva Benotypes al 0 95

similanty coeflicient. Futtheanore, the results of tlns study revealed that SSR prinnets tha

amplified DNA from improved cassava successfully did so 1n Nigerian landraces
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tphisms among improved cultivers and Nigenon landmces
lc'q._lnr tools for genctic and genotype identification

d c t S AV ’fhﬂfgcj:‘h'.thm could be exploited in cassava breeding programs.

\ }‘.-rrf:,__"?il Q“ﬂhﬂﬂélﬁi}’\ SSR markers, Impeoved cassava cultivars. 1andiaces,

thot esculenta Crantz,
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CHAPTER ONE

INTRODUCTION

Thete is need to achieve food sell-sulficicncy in order to ensure the overail security of
Afnca The crops to be targeted to solve this problem of food 1nadequacy should be
siaple crops that sustain local culture and communiues such as rice, sorghum, masze,
potatoes. tomatoes and tropical frulis, beans, yam, cassava and plantain. Cassava, o

root crop, 1s a crop ol choice because 1t plays an 1mporent role 1n food secunty,

panticulasly in drought- prone areas and during the times of famine

Food and Agriculture Orgzumtuon (FAO, 1 997) reponed that cassava accounts for
oser 60% of the daily calone intake of some 500 million people in the sub.Soharan
Afnca Nores (1992) ranked cassava among the ten most impoitant crops in the
desveloping world and the most unponant crop in sub-Scharan Afiica. while Nweke

{2001 ) classifiext 11 as the second mest imponant food in Afiica

In contrast o many othes crops that are highly vulnerable 1o environmientn] stresses
dunng the cntical stages of plant development, cassava has the advwantages of being
well adapied o 4 wide range of environmenta) stresses aid growing veey wellin a less

fensle soil and these mak e cassava & crop of choice for mauy (Gnners in Africa
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Cassava, Mamhot escufenta Crantz is an iniportant starchy staple of the low tropics lts
storage roots arc a valuable source of encrgy calorics and the main nutritional content
< . 4

1s carbohydrate. It has a small antount of protein, ranging from one to two percent on a
fresh weight basts. It is rich in vitamin C and calcium, witl: acceptable levels of
vitamin A and B and other nutiients, but deficicnt in essential amino acids such as

methionine and tiyptophan (Boruierbale ¢t af, 1997)

[n Nigeria, it 1s the main source of energy-rich food The root is processed and
prepared as gari and to a lesser extent as fi/k. for home consumption and sale in local
markels Leaves and tendsils contain much higler protein content and some people
consume them as a vegetable (Fregene, 1996) Also, a sweet vancty of cassava is
boiled and ealen as goro with pepper sauce in Northern Nigeria Cassava ;s also used

as an animal fced and as starch locally

In Ghana, cassava is cultivalcd as a ©seTve crop against lean periods. because it can
survive al! weather conditions it is the last resort for food. when there is a severc
shortage of other food ciops Scveral food items ace produced from cassava in tlys

country; examples are fu/ji. cassava tlour (Aovkame), bread, gori, taptoca, cassava

dough. starch, angd biscuil (Kumah, 2001)
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?assava also finds uses n industnes for example, as a component in the manufacture

E'E'dﬁ:gs" 3 bl-nding matenal in constiuction, and as a raw matesial in the distillation of
al"(:oholic beverages, and starch in textiles industries (Kulata, 20¢1), Dung (2001)
reported that VEDAN-VIETNAM. a company in Victnam collecied and processed
cassava at a large scale for many industrial uses, such as paper, textiles. manufacture
of adhesive, for oil drilling, making dilferent chemicals such as glutamic acid, lysine
and modified starch- Denved sugar products from cassava ore mannitol, glucose.
fructose* and maltose syiup- By producls of cassava used in industries include clhanoll

glucosc paste and glue (Mataya ef o/, 2001)

Recent econonuc odvancement has tumned cassava inlo o cash crop, since several items
are processed from it in some part of Afnca for various uses (Benesi ¢f al., 200{)
These products could be sold (o inicrested industiies or expoited for income
generation- In fact, Beness ¢f af (2001) reporied that many industnes in Malaws are
showing interest 1n the use of cassava but the limitation is in tlic quality of cassava
\ needed for flour, starch, and glucose making Also, they need to be assured of the
regular supply ol cassseva (hroughout the year Many countrics, therefore, stand a

chance of improving their ¢conomy through cassava if the coastraints 10 1Is production

are addressed and solved
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There arc many constraints 10 cassava production in Africa, which limit iis rolc as a

food security crop and also as a cash crop. (i) It is produced by resource poor farmers,

(si) it is aiso being neglected by many African govemments and international donor

agencies, because of the myth about its nutntional value Cassava was categorized as

one of undeserved group of minor crops with negligible support for its rescarch and

development (Nores, 1992) (iii) Diseases, pests, weeds, poor soils, and agronomic and

socio-cconomic lactors affiect its yicld. (iv) The roots of some cassava species have a

high content of cyanogenic glycosides. which necessitate extensive processing before

cassava is edible (Ugoji. 1998) All these coastraints. together with post-harvest

deterioration are major targets (or the cassava breeding scheme

The best solution to problems of INCreasing cassava production so i can serve as the
|

main (ood security crop and also as a cash crop in Africa and developing countries IS

by increasing yield per hectare thfough a combination of improved farming systems
i

and the devclopment of better varieties to boost production through resistance to

discases, pests, and drought. Suceessful use of biotechnology for plant Propagation

and breeding can dramatically raise cassava production
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0. a need for cultivar seiection becomes paramount The major goa! of selection 1n
breeding 1s the identification of desirable genotypes Effcctive selection in breeding is

based upon the existence of genetic variability in the gene pools accessible to cassava

breeders.

The extent of genetic vanability depends on the germplasm included in it. Hosvever
success in cassava improvement s highly reliant on the efficient manipulation of the
genetic variability in its gene pool, The larger the genetic variability within the cassava
gene pool, the higher the number of ncw varieties that can be produced and the lower

the susceptibility of new varieties to discases and pests prevalent in the targeted arcas

The genetic resource of cassava consists of fandraces, improved varicties, mutants, and
relatcd wild species (Ng, 1995, Bomierbale er af.. 1997) Many researchers have
proved that these relatives of cassava arc sources of resistance to some of the biotic
stresses of cassava, These useful traits could be an additional vanation to enlarge the
existing cassava genc poci. Chavez (£990) repornied the potential of wild relalives of
cassava as sources of gencs resistant (0 certain pests and discases. and tolemm to the
most common Siresscs  They provide high genctic vansbilily for impottant
biochemical characienstics sich as low hydrocyanic acid conienl and high protein

content

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



s . ]
R ——

Cassava mosaic virus and other pests and diseases. For example, scientists at the

Intetnational Institute of Tropical Agriculiure (HTA) developed high yiclding Tropical

Manihot Species (TMS) varieties that have transformed cassava f(ron

a low yiclding
famine reserve crop 1o a high yielding cash crop for both rural and urban consume:s

(Nweke, 2001)

Several improved genotypes and their seed populations have been developed for a

range o{ ecologies that include wetland, valleys, moist and dry savannas. and the mid

allitudes. These incorporate multiple pest and discase resistance, desired traits of early

vigor in plant growth for high foliage yteld, appropriate plang horttculture ond early

bulking of storage roots, with high dry matter nd carotenc content. fow cyanide

content, easc of peeling, acceprable root shape and food quality (Dixon ¢/ of., 2001)

The improved cassava vancties are useful in sub-Saharan Allice, as a major source of

income fiom industrial vses and in the animal feed Sector as well as many pon.

tradstional food uses (Dixon ¢t u/,, 2001)
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lé;a'ssd\'ir jand races have been shown to have specilic environmental adeptuvity thai
could be used 10 boost cassava produclion. Recently, significam advanoes have been
made in broadening the genetic base of cassava and diversifying resistance to the
major biotic and abiolic siresses in sub-Saharan Africa One of these has been through
the introgression of Latn Amencan landraces with African landiaces 1o confer
resistanco or rcduce the suscepibility of cassava geimplasms' to cassavn mosaic
disease. Cuirently, several Nigenan landraces have been idenified 1hat show extreme
resistance to cassava mosaic disease (Akano eral, 2001} It was also reponted that Lthe
add:tional vanability of the previously untapped Afncan landraces has proven useful

for improving the breeding population for desirable traits especially: for resistancc to
the cassava mosaic disease, and green mile, as well as preferred food quality, and

canopy chassctenistics {Dixon er af . 2001)

A prerequisite for any genetic improsement program of cassava ts the kiowledge of
the cxient of genclic vanolion present within Afanthiot species. and atso, the genelic
distance between cassasa and closcly related species These are impontant in the
ideniificauon of close relaiives of cassava. from which good hybnds could be
produced, and through which introgression ol desirable trauts into cassova 1s possible
These are uselul in broadening 1he genctic base of cassava to produce new stable

vancues and hence Increase cassava production to perform us two 1argeted roles. food

secunly aid cash crop:
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ﬁje’cﬁves of the project

International Institute of Tropical Agnculture (JITA), Ibadan, released some improved
cullivars of cassava that are high yielding, resistant 1o diseases and pests and with low
eyanogen content, to Nigenan farmers sn 2000, through national programs  The
farmers failed to label them. and mixed them with their local Greeds HTA could
neither identify the improved cultivars from the Nigerian landraces with the farmers
nor in their local markels, to verify if the improved cassava satisfied the above-
mentioned quutities  Molecular marker(s) s / are therefore needed 10 identify the

cassava genotypes and also 10 assess the genctic diversity between the improved

cultivars and Nigerian landraces

Specific objectives
| To evaluate the genetic diversity among improved cassava cultwvars and canymonly

grown Nigcrian fandraces using Simple Sequence Repeat (SSR) markers. and

2 To determine SSR marker(s) that could be used for genotype identification of

ayultivated cassava in Nigciia
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CHAPTER TWO
LITERATURE REVIEW
2. 1. Manihot species and its taxonomy

Aanihe species are members of the family Luphorbiacea sub-famiuly Crotonordae
and tribe Afunrihot. They occur as herbs, shrubs, and trces, among which production of
latex and cyanogenic glucosides occurs. Rogers and Appan (1973) rcportied that
Bauhis in 1651 was the first Europcan botanist to describe a plant from the genus
Aamhot, from studies of & species collected in Brazii and that in 1753, Linnaeus
placed the only species of Afanihot known at that tune in the genus Jatropha and
designated it Jatropha mammhot. 1n 1753, Adanson (quoted in Rogers and Appan,
1973) recogmzed and described Afamhor as a distinct genus while Crantz 1n 1776
{Rogers and Appan. 1973) provided the first published record of the cultigen Af.
escilenta There remained considerabic confusion over the classilication of cassava
cultivars for a long time Classification based on the level of HCN conceniration
divided the cultivars into high MCN content types, ic, bitter cassava and types with

low HCN contenl. i e , sweet ¢assava

1'he mosy claborate classification in the genus Afamhor today 139 the description of 98
species, grouped into 19 sections and the separation of onc species inlo a new genus

called manihoiotdes based on 44 descriptors from plant morphotogy and growth habit

traits by liogers and APpan, (1973) The Benus Munrtir occurs noturally only in the
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Westem hcrm'sphcr'c betw'een the south west United States of America (33 °S) and
‘Argentina (33 "S) (Jennings. 1995) FEarliest workers believed that Latin Amenca was
the most likely arca of origin of cassava, because of the immense variability found n
many cassava cultivars in Latin Amesica. The arca is home to the Jargest forms of
cassava landraces and Afarniior species. The presence of members 1 Affica and Asia
can be atubuted to introductions through intcmational programs beginning from the
16® century (Fregene, 1996) Cassava, Afamhot esculenta Crantz, includes all known
allsvars. Common names are jucca (Spamish), manec (French), mandioca

{Portuguese), and cassava (English) (Bomiesbalc ef a., 1997)

Early domestication of cassava began wath sclection for large roots, more erect plant
type with less branched growth. and the ability (o establish easily from stem cuttings
Cuntent selections for cassava are high vielding varieties with resislance (o cassava
mosaic disesse (CMD), cassava bactaia blight (CBB), cassava mealy bug (CBB)
2ssava green mites (CGM), and cassava anthraaiose discase {CAD) Yellow rool
flexh that has lugh carotene content and low Cyanogenic polential, good gt (Rrated,
fomenied, and roasied), fiesh cassava Qushity, and good pounding Quality arc also

needed All these are inciuded in the improvement scheme lor cassava
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2.2 Molecular genctic diversity studies in cassava

Genetic diversity studics. cithier in understanding the intcr-relationship in A femihor
species mapping the genome, or cloning specitic genes, are necessary and important
for any genetic improvenment scheme of cassava. The innjor interest lies in developing
and adopting ecfficient methods for assessing diversity that can be used for the
definition of the representative subsct of Afamfror gennplasm for conservation nnd
uiz2eon Bomigbalc e al.. {1997) reported that further cBorsis in the study and use
of genetic diversity are nceded in order to confinn possible new sources of resistance
fiom close relatives of species for a breeding progrem Knowledge of genetic diversity
o cassava is needed for its Benciic improvement program, 1o confirm possible ncw

sacTes of resstance (o diseases, pesis, and other ecological factors that constrain its

productnaty

Genetic dnversity studies in Manrhot spedes were very scanty in the past decades
Among the (ew were the studies by Carvalho of o/, (1992), that nssessed
polymosphigm in Aanihot esculvnia Craniz using mitochondna DNA via recombinant
DNA (Restriction Fragment Length Polymorphism, RI'LP) and also nuclear DNA vin
Polymerase Chain Resction (PCR) 1'he resulis established the species relationship and
distingidnes pativlyF 'ndividuals n 8 germplasm bank. Angel ¢f wl, (1992) also
- ijnw:;w, studies on cassava using Benoniic IDNA based on RF1.P and
Random Ampiified Polyinorphic DNA (RAI'D). low genctic diversny was ohsenod

amony the cuiitvaled cassava used
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l%‘igcﬁc (1996) first clucidated the phylogeny and 1axonomy of the genus Afanrhot
using RELP: as a first sticp towards the devetopment of cassava breeding program iHe
suggested thal cassava originated from the domestication of some tuberous accessions

of wild AMdamihiot species closely related to cassava, The most likely wild progenitor 1s

Af- escudenta subspp. flabelhfolia, M. fristis and M invinu,

There has been great improvement in the study of genctic diversity in cassava since
the clucidation of the phylogeny of cassava by Fregene (1996} Tonukari et al (1997)
studied the genetic diversily in cassava using RAPD, also Fregene ¢7 af.. (2000) did a
study that assessed geneijc differentiation in cassava landraces from Tanzania,
Nigeria, Brazil. Colombia, Guatemala, Mexico, Peru, Argentina, and Venezuela using
Sitnpte Sequence Repeat (SSR) niarkers  Low level of genetic differentisiion was

observed overall in cassava landraces studied

The focus of study in cassava now is Lo improve the resistance of cassava 1o disesses
and pests (Dixon ¢f g/, 2001). Resistance 1s being sought in eloscly related species of
cassava Tlis has led to ihe genctic diversity studies anong cassava culiivars and
related species such as landraces, impfoved cuhivars, wild species, and so on
(Botnierbale ¢f «t/. 19927)_ 1n recent tunes some Nigenan lendraces were discovered 1o
Ve very resistant fo eossava mosaic disease. Virtually, no work lus been done on the
genetic diversity umong Nigenan landraccs and improved cultivars of cassavy A
study on this yenclic diversity sould be uselut in the hybndization and INITORTCSsion

of uscful genes into casssva germplasin
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| %‘Mnli'r-ulzir markers tools used in genetic diversity studies

CGenetic d;vc:‘:!y siudy was formerly based on morphological charactenisnes
cvioenic desenption, natural occurrence of inter-specitic hybnds, faciitated yenc
exchangd among species of AManthot, as well as the categonzatton of individuals based
on computer-aided analysis (Rogers and Appan, 1973} tlowever. further rescarch on
the claracterization of the cassava genc pool is needed The advance in the
development of methods using DNA polymorphisms as molccutar markers is having a

siomuficant impact on studies such as species evolution, molecular taxonomy. genetic

duagnosis as well as breeding (Carvalho ¢ral, 1992),

DNA molecular markers are of two types, PCR-based and non-PCR-based An
example of non PCR-based marker is Resincted Frawment Length Polymorphism
(RFLP) (Beckmann and Sollers, 1983). which involves the use of southem blotung
and hence is time copsuming, and technically difficult to use in species with a large
genomc  Analysis is also very costly. pCR-based molecular markers are currently in
use now, becausc of their advantiges over non-PCR-based markers. Few of the
advantages arc as follws: they require a small quantity of DNA and a short tyme for
experiment . and hence they are the most commonly used for crops. Reawents used for
the ampitication of PNA using PCR tcchnique include the following, PCR bufter {20
mM Tris 11C) (pi1 9.0) 25 M KCl), 50uM deoxynucloside triphosphates (NTPs),

| SM MyC f, 2 units of Fwrmos auptaeddfcns polyincrose, double cheionized water, and

sample DNA
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‘l—\?ost' commonly used PCR based niarkers that have been devetoped over the past few
5"&3 and arc available for studies of genetic diversity in plants include [Random
Amplified Polymorphic DNA (RAPD) (Williams ¢/ o/ 1990) otherwisc known as
Asbitrarily Pamed PCR (AP-PCR, Welsh ¢/ al., 1991), Amplified Fragment Length
Polymorphism (AFLP) (Vos ¢ al, 199S), and Microsatellites / Simple Sequence
Repent (SCSR) markers (Tautz, 1989) Simple Sequence Repeat (SSR) snarkers have
been confismed to be the most inforinative and appropriate for cassava (Mba et w/_
2000) Peaara e¢r al/ (2000) also supported SSR nuckers as the most infoninative for
plants Their main advantage is that they are highly variable dominant loci and

thevefore are 1deal tools for many genetic applications

2 4 Simple Sequence Repceat / Microsatellite Markers

Microsaicllites markers / Simple Sequence Repeats (SSRs), also called Simple
Tandem Repeats (STRs) (Tautz, 1989), consist of tandem repeats of relatively short
DNA sequences (1-7 bases long) that arc scaticred throughout the genome of
cukaryotes cells and make up 12 to 80% of genome content (Perera ¢f af, 2000)
Because of the simplicity of assay of o-donunfnce, and strong discriminatory power
duc 10 high allelic divessity, SSR mackers can pravide informiation more casily than

previous DNA-based genetic markefs such as RFLP and RAPD

Valuable ailribuies of all SSR wrarkers arc co-dotuinance, (nunY alleles are found
among  closely related individuals), techuical sunplicity, sensitlvitv,  analyticat
sinplicity (data are unsmbiguously scored, and lughly ceproducibile) gnd pee histh

~ abundance (markers are wnilonily dispersed throughuut genmnie us frequently i
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- U ations (Kent ef af., 2000).

Hmcﬂc analyss using microsatellites involves PCR amplification of DNA using
I'oligomxdeolidc pnimess complementasy to a flanking region of a given microsarellite
locus. size fractionation of the amplified product by polyacrylamide gel
adecarophoesis (PAGE) or metaphor agarose cleetrophioresis, and detection of DN\
fragments oo tbe gel through staimng or via automated systems The intespretation of
the singledocus masker by one of the numerous siatistical anatyses (c.g., Nei unbiased
sEigics H 1987 Gowvwat v and NTSYS v 2.05) is useful in studies of population
genetics (Porena ef al, 2000), and for map coastruction (Kent of af, 2000) Current
reSemed has suggesed thal the length vanalion between alleles on SSR locus are
cemed by stippage of DNA polymenase dunng the replication of the landem repeats

followed by a fathue of INA omsmatch (rpasr enzymes (0 reMore the onginal

recuwTence

Alwnad (2002) assessed the gonomse diversity among wheat ([riticum o 1)
based on Semolc Socucnoe Repests and devecied 3 lugh level of polymorphism amony
the cultivars wed  Yu ¢t of (20012) Audsed @i diversty among clite inbrad bines
of cultivaied swlowor (1 clavuli: SR L) usieg SSR markers Chem-ldan of
1) dorosmoxd the pemwin pinulantcy and iclationalugn seeg cowpea breedig
s and cultivasy using smple sequence ropesl markers Ak, Seuth of of (200)
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bic to detect genetic diversity among clite sorghum inbred fines with SSR

markers

SSR markers have been shown by many scicntists to detect more polymocphism than
other markers in some crops. Bligh ¢t of, {1999) in their study delected more
Polymosphism in long 2rgin tice cultivars using simple scquence tengih polymorphism
than ampliicd fragment leagth polymorphism (AFLP produced 375 polymorphic
poducts with a mean number of 15 polymoipbic bands per pnmee, the mean aumber
of polymoiphic products abtained per intesr-SSR PCR was 18 7 per primer) Also,
Jacbewus 1 al , (2000) used 54 RAPD markers and 6 SSR markers on a molecular

marker map with 120 RFLP and 7 Isozyme, and created more groups with SSR than

with RAPD.

Ajay et al (1999) in their study on the evaluation of genetic diversity and genome

fmgmmining of Faxdorea (Bigihomacea) pandorana using RAPD and inter-SSR

PCR. indicated that Inter-SSRs revealed higher genetic vanintion among the culivars

of P, preusdirama than RAPD. They concluded 1hm SSR ntaskers eppesred to be
ophimal for mapping and map transference 1o diflerent populatinng, due to

characienstics of co.dominance and 8 high level of polyniorplissm

Ii{b' ¢t al (2000) cloned and developed 172 new SSR maukess for the caviava Renone

and placed 3¢ of thoee markers on the cvisting RIVE frame work map of cacaava

ydicd by Lrgyeng §1490), tis ted to the Jounl of a few Small Mroupy Ay ¢
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of or 'LF pra uﬁ.jl!ﬂponeu*?}hat the abundance of allelic bridges as shown

. (R L ) !
“mark ‘ vould lead to the developinent of a consensus map of the male and

e - derived linkage bridges, 36% as against 10% for RFLP, in cassava.

4
TN

. markers have also found applications in human genclics. Brown ¢ af (1996)
dried that 100 SSR loci were mapped in the human genome by Hudson and
oworkers  They also reported that a novel mechanism for the amplification of ti-

‘oucleotide SSR sequences, cither within or proxiinal o herediary disease genes,

enis 10 be the root cause of these genetic abnormalities found in Kvmeds' s disease

L

and Hunungion's disease.
i
I
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CHAPTER THREE

MATERIALS AND METIHODS

3.1 Plant samples

This rescarch work was sponsored and carnied out st HTA-lbadan
Thity—one improved cassavy cultivars and S Nigerian landraces were selected

randomly from LITA collections on the Gield. The names of ihe cultivars and their

pedigrees are listed in Table 1 The siems of the plants were coliected and labeled 1.
36. and were grouped into t(wo, improved cullivars (IC} and Nigerian landraces (LR)
(Table 1} The plants were grown {tom stem cuitings in 1wo rows in a bed Plam

p2ong was I metre by | metre

The young leaflets were cotlected in an ice bucket, B days after planting; 0.1 gram of
€ach sample was quickly weighed. tansferred into eppendorf tubes nnd stofed at - 80

°C for Fusther usage
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OH studics

list of 36 cassava
genoly pes used for genelic diversity and genotype

2). 920057 (IC)

-__—_'-‘
30355 * T™ME [¥% «:b

58308 *Oynrugba dudu

2. WIS D(ICY

b - Parcut stack 1977
$8308 Oynaugha dindis 23 W820249(IC) 58308*Branca  de  Sanen |
dnta
(Calnns
Lon podigree 2108801367 ({C) Nadkfs-2 OP
58308*Braka  dc  Santa | 3% NR89I0T (IC) Unlnow
Catanna !
$430% * Oyarugha dudu 26 W1092 (IC) SRR e
Santh
- Catanna
58308° brand J¢ Santa | 27 1ME 5] Landnee
B Calanna
| 950383 ) 58308 * s8198 T N E2 Ry vy
10. 81R0OT10 (IC) 58308*Branca e Sanls |25 TME I (LR) Landbece
Cawrine
_lf.mzaoﬁ(:) : Unknown 30.TAE 7().R) Landrece
13730555 (iC) 58308 °* Oyengha &sly | 32 08900023 52308 Brmyes
4 2m32¢ (IC) 95939 TME | Calnrd eeery | P
* o evanide
| popuialion
15 308550 2 (IC) 58203 * Oymrughe dinin 33, SIR(KC) Uaknown
: _LG-NIOZ}I?(!C) TMEET % mbling M. 0H4(IC) NIga1a ex hoar by
17.3003IC) 138363 * Oyaruaba duda 35 &AT(IC) =
L | NBETV ox Maoe plantation
9INIZE (IC SRE® brance Sc Nanle | 36 600 Nipeitn o Mooy Plantstion
| Caanrne
--_.______.___ =
9. Wii0923 (ic) 38308° braxe uUc Sandd n
| Catanns
IC. Improved Cultivars and

LR-Landegces
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3.2 DNA extraction

PRINCIPLE:

Thebasic steps in DNA extraction include: Breaking open the celi (wail) to release the

nuclcus. The nucleus (if present) is then opcned to release the DNA, The DNA should
however be protected from enzymes that causes dcgradation by using protcincascs
The released DNA is then  precipitated in alcohol. Cell walls are opened up using
detergent and sali solutions. Centrifugetion is then used 1o break down the cell walls,
ccll membranes, and nuclcar membranes using o centrifuge or a blender DNA is then
sclectively precipitated using cthanol, air-diied, and finally resuspend in water to

solubilize it and is ready forusc as stock

PROCEDURE::

Tolal genomic DNA twas extracted {rom fiesh and young lcaves using DNeasy minj
plant kit purchased from Qiagen {ntemational. The kit contoins the following reagems,
lysis bugter. precipitant buller, biading buffer, washing bufler, clution bufler, and
RNAsc A (names and compasition of the buffiers arc lisied 10 appendix A)  The plant
material was mechanically disrupted 10 liqutd mtrogen and then lysed with tlic lyses
bulfer. AP| (hat had been previously nuxcd with ®NAsc and incubated at 65'C  Afier
lyses, protcins and polysacchandes were salv precipitated using buffer AP2 Cell debns

and precinitates were removed in a single step by o bref spin tiirough a shredder. a

unique (ilintion and homogenizanon pint, supplicd. The lysate was trausferved to a
irail

new’ tube, binding bulfer, AP3 presiously mixed with ctlonol was added to promote

binding of DN A 10 the DNeasy mebeanc, supplicd The sample was then applied to a
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ché'sy spin column and spun briefly in a microcentrifuge Contaminants such as

proteins and polysacchandes were removed from bond DNA by two washing steps

us;ng buffcr AW Pure DNA was cluted in a small volume of low sall buffer AE that
had been previously mixed with cthanol and centrifiged The linal DNA was

dissolved in Tris EDTA (TE) bufter (10 mM Tns HCl and ImM EDTA) and made

1nto a conceniration of 20ng /ul

Qiagen mini plant DNA extraction protocol

The weighed young leaves wete ground in liquid nitrogen into fine powder, The DNA
was quickly extracted using Qiagen min: plant kit, according 1o its protocol as follows

!, Cecll was lysed by addition of 400 yl of buffer APl and 4 pl of RNAsc A stock
solution (100 mg/ml) to 100 mg of ground net weiglu plant and vortexed vigorously

2 The mixture was incubated for 10 min at 65°C, mixed 2.3 times, during incubation
by inverting the tubes

3 100 ul of bul¥er AP2 was added to the lysaie, muxed. and incubated for S twin on ica

i 4 The lyeate was applied to the QIA shredder spin column sitting in a 2 ml collection

tube and centrifisged for 2 sin at 14000 rp.m

$ The flow through was ttansferred to a new tube and 1 S volume of byffer AP3/E
‘ was added and mrxed by pipeting

6 650 u) of the mixture from above was applicd to the DNeasy spin cojumn and

centnfuged for Imin at 8000 rpm and the flow through was discarded Tlis step was

camied out [wice

7 500 ul of Buffer AW was added 1O the DNcasy Colunin and centrifuied for | min at

8000 rpiu
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%‘ 506 ul of Buffer AW was again added 10 the DNcasy spin column and centrifiiged

‘I;Or 2 m;n at 14000 rpm

9 The DNeasy column was transferred to a | 5 ml microcentriftige tube and 100 ul of
preheated Buffier AE at 65 °C was added and incubated for S min at room temperature
and then centrifuged for 1min at 8000 pm to elutc the DNA

A sccond clution was perforined as in (9) above. the DNA samiples were air dried for |

hr-

3.2.1. DNA quantification

The DNA of each plamt samplc was quantificd using Floechst dye33258 with

Flourometer TD-700 Rutner Designs

PRINCIPLE:

Hocchst 33258 is a class of bis-benzemididazole fluorescent dye, which binds non-
intercalativdy with high specificity into the minor groove of double siranded DNA
Binding of Hoechst dye 1o DNA increascs the fluorescent yicld from 0.01 10 0.60 The
dye alonc absorbs light maxiMally at 354nm and enuts macimally a1 4920m, when

bound, it absorbs maxinally at 365nm and emils at 458nm

PROCEDURE

Three standards (S00 ng/ul. 250 n/ul and 100 ng/ul} of DNA solutions were prepared
from the colf thymas DNA stock supplicd and nlso a blank containing only X1 TN
The machinc was calibroted by puning in the highest concentration lollowed by a

lowes gnd 1he least respectively and 3 biank last of all Readings ol the DNA sainpley
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oW, . : .
were taken afier completion of calibration and results were printed out The genotypes

and their DNA concentrations arc listed in appendix C

3.2.2. DNA quality

DNA quality was checked by running the DNA samples on 1% agasose gel. in O SM
TBE buller at 100Voits for 2 hours Visualization of the DNA bands was done by
staining in cthidium bromide and destaining in distilled water and the photograph was

faker. Smearing or Discrete bands were checked for. Smcasing indicated the presence

of shredded DNA

3.3 Primer screening test

SSR Primers from AManihot esculento Crantz cloned by Mba R.E.C and purchased
ftom Reseach Genetics USA were used. Their names, repeat types, repeat number and
nght and fef sequences and sizes are listed in Teble 2. A total number of 65 SSR
pimess and their reverse were 1andomly selected and used for amplification of

Benonuc DNA of 8 samples, randomly sefected from the 36 genotypes

3.4 Polymerasc Chain Reaction amplification of DNA from the 36
Cassava Cultiviis

PRINCIPLS:
Pulymerase chain reaction (PCR) 1s 8 method of nucleic acid synthests by which a
paiticular DNA can be spealically replisated 11 imvolves two oligonucicatide pnmets

that (ask lic DNA frugment 10 ¢ amplified and repeated €ycles oF heat denauration
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e DNA. annealing of the primers fo their complenentary sequences and extension

of the annealed pﬁmets with DNA polymerase. The enzyme for DNA synthesis is
obtained from a bactetium, Thermos aquratictis and hence named 7aq polymerase. it
can survive a very high temperature which is needed for DNA synthes's The primers
hybndize 10 the opposite strands of the largel sequence and are oriented so that DNA
synthesis by the polymerase proceeds across the region beiween the primers. The
extension products themselves 2re also complementary 1o and capable of binding
pnmers. Successive cycles of amplification esscnuially double the amount of the target
DNA synthesized in the previous cycle The resull is an exponential accumulation of

the specific target fragments

PROCEDURE

Twenty-two microsatellite markers that showed polymorphism fom pamer screcning
tests were used Their names, repeats and numbers are lisied i Table 2. The PCR
reactions were camied out in a Themolyne Amplitron |1 Thermocycler. 1t involved
three g1cps thar were repesied s number of umes (26 cycles)

I DNA denatutation: The templeic DNA was dissocialed into single strand by

heating the sample at 72 °C bricfly

2 aner mn&ﬁns The ‘empcm“"'c was lOwel’Od to 55 I:’(:, lo allow blndmg Of lhc

primers 1o the complementary sequence on single DNA

3. Primer extension: The temperalure was incredscd 10 72°C. The three ends of the

oligonucleoude primers were extended towards cach other with the newly synihesized

DNA
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E epl o °t'_ S.00 niin denaturing
Step2: 94 °C - 0.45 min

fﬁ;ﬁ;-; 65 °C - 1.00 min anncaling

nused was SSRTD.55 and consisted of the following profiles

Step 4- 72 °C - 1.00 min Extension (sepeat steps 2 to 4 (10 times

with progressive decreascs in temperature from 65 °C 1055 °C at the rate of 05 °C per
ycle)

Step 6: 94 °C - 0.45 min

Step 7; 55 °C - 1.00 min

Step 8- 72°C . 1.00 min repeat steps 6 10 8, 26 times and

woep at 4 *C for for futher usage.
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Table 2. List of SSR markers. repeat 1vpes and primers used for the study

SSRY 48

SSRY $1

SSRY 50
SSRY 13

REPEAT TYPES LEFT PRIMERS RIGHT PRIMER
(CA) - TrTAGCCAGGCCACTGTTCTT CCAACAGATTGCACTAGCGA
(GT) s ACAATTCATCATGAGTCATC CCGTTAITGYTCCTGGTCCT
AACT
(CT) > TGAAACIGTITGCAAATTAC TCCAGTTCACATGTAGITGGCT
GA
(GA) = TGAAAATCTCACTGGCATIA TCATAAAGCTCGTGATITCCA
TST
(CTh;CG(CT):(CA AGGTTGGATGCTIGAAGGAA GGATGCAGGAGTGCTCAACT
)IO
(CANNI(GA)s CCGCTTAACTCCIGCTGIC CAAGTGGATGAGCTACGCAA
(€T = GCAAGAATTCCACCAGGAAG CAATGATGGTAAGATGGTGCG
ATCICAGCITCCAACTCIT CGAAATGCTIGGAGACAGGT
SSRY 66 (GA) s AAGA s AAG
TGCACACGTTCTGITTCCA
ATGCCTCCACGTCCAGATAC
SSRY 78 (CT) T
ATCCTTGCCTGACATTTTG .
TTCGCAGAGTCCAATTGTIG
- GGAGAATACCACCGACAG |, .\~ GCAATCACC WhTUE
TGACTAGCAGACACCGGT  GCTTAACAGTCCAATAACGA
SSRY 175  (GA)38 TTA TAAGG
CITACATCCAGAAT
B arAl GAAGOAATGCCTAGGCTTAAA
111 (GAY» ACTG1
GGAAACTGCTTGCACAAA  CAGCAAGACCATCACCAGTT
SSRY K|
106 (CD2 GA T
(GGG T -~ AAACCATTCCTCCAA  CTGATCAGCAGGATGCATGFK

SSRY 15

AllY
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e W

— e p——

== UpH:O  X10PCR  MgCl:, dNIP; P.l P2 Taq  DNA

~of  Buller Smhd 2Sag/ul
20 20 20 08 20 20 016 20
32544 720 o 288 720 720 $16 Each

- Right priuct,

.2 - Left prumer,

‘Taq - Taq polymerase, and
_iﬂ-lao - Uttra pure water
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3.5- Gel electrophoresis of the amplified products

PRINCIPLE

Electrophoresis is movement of molecules in an clectsic field and the scparation of
DNA fragments is based on the number of nucleotide units they contain DNA is
negatively charged and therefore would migrate to the anode Short DNA fragments
would migrate faster than the long fragments This method is sensitive to the extent
that DNA fraginents up to the 200 nucleotides long can be separated from cach other,

even if they differ by only onc nucleotide (Damell 7 af 1986)

PROCEDURE:

Metaphor agarosc gel was first cast by surving 4g of the gel into 100mi of Tiisma base
buffer (TBE) and the solution was hcated 1n an oven The solutjon was allowed to cool
for 20-30 minuies and Poured in a prepared 8el box Gel combs with 20 tecth were
quickly and meticulously Onmersed in the hot solution and allowed to solidify

Amplified DNA was mixed with cresol red dye 1n ratio one 10 one. The mixture was

loaded 1nto (he gel well and run In 3n electric ficld at 120V for 2 to 3 hours using an -

C Midi cell Primo EC 330 eiect rophoresis gel system
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3.6 Visualization and documentation
PRINCIPLE;

DNA fonins a red fluoresce-complex with cthidium bromide that cain He visualized

under a fluorescent lamp

PROCEDURE:

The gels were stained in 10mg/mi ethidium bromide for 5 mins. and destained in
distilled water for tcn mins. and the photographs were taken using Polaroid (ilm 667

black and white color

3.7 Scoring af DNA bands on gel

The gels were scored on a scoring shert; for cach SSR primer used, a binary numper

was used, and presence of a DNA band was scored as | and absence as 0

38 DATA ANALYSIS
38.1 Polymorphism of SSR markers in cassava cullivars

Numbers of alleles for =ach SSR primer pairs were calculated from the aboved dasa
Polymoiphic infonnasion content was calculgied for cach SSR nwrkers using the

formular PIC =1 - & nP’
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3.8.2 Evaluation of gcenetic diversity

Gencrated data from 3.7 was asscmbied into a data matnx This data mairix was then

subjected to Numeric Taxonomy System of Statistics v. 2 0j (NTSYS. Roulph, 2000)
and Principal Component Analysis (PCA) in Statistics Analysis System V8 (SAS,

2000):

3.8.2.1 Numeric Taxanomy System of Statistic (NTSYS) Analysis

Stmilarity 1ndices between pairs of genotypes were calcufaied for the combination of
data fiom the 16 primers by selecting Similaity for Qualitative Analysis (SINQUAL)
ustng method of Jaccard (1908) Stmilanty Coefiicient (fable 4). The similarity data
Mairix was then used for clustering of the genotypes based on Unweighted Pgir
Clustering Group Arithmetic Avarage (UPCGMA), wlich does not consider the joint
absence of a DNA band as an indication of ®milarity, by sclecting Sequential and
Higrarchin! Numeric opyon (SAHN) in clustering and the clustenng was used 10
g&ncrate dendroyrams (Fig I, 2. and 3) by selecting tree plot option

The sinulanty index of Jacenzd between plant 1 and j is given by

S,,'-a / (a4 b+c)

Drl'l - Sy

Where » is the numbes of characters preschi In both plants § and j, b 15 the mumber of

characters presesi in i and pot 1n ) and c is the numbes of characters present in j and

ORiniand n is 1he distant Coctlicrent

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



31
3 8.22 Principal Components Analysis

Pn?wipal Componcnt Analysis (PCA) which operates on an n*p units by variables data
array (matrix) was also carried out using SAS v8 (Statistical Analysis System SAS,
Institute, Inc, Cary, NC). PCA rcveals the major underlying sources of vanation, i c,.
cigcnvcctors/lalcnl vectors/principal component, in such a way that the first component
has maximum variation, the second component is uncorrelated wiith the first, and has
the maximum of 1he remaining vasiation. the third component is uncorrelated with the
Previous components, and has thc maximum of the remaining variation. and so on
Scatier diagiams of the scores for different components (PRIN2 * PRINI, PRINI ¢
PRIN2 and PRIN3 * PRIN 1), which are usclul in revcaling a grouping or ordination of

the units, were ploticd SAS procedure for Prncipal Component Analysis is I'ROC
PRINCOANP

383 petermination of SSR markers for genotype identification of
cultivated cassava in Nigeria using NTSYS
Sixicen SSR markers were assessed for genotype idennilication of the 36 genotypes of

Cassava CU“EVBrS Dats “r &Ch plimcr werc anﬂlﬂod by NTSYS. primcrs that

Benerated between 6 and 9 cluster groups were selecied. The selected primers’ daia

were .gmbined in vn‘ious numbcrs and analyzcd on NTSYS 10 sclecet the uaInNILm
C |

AMbers ofprimers that could be used for genotype wbentification of cultivated cassava

N Nigeng
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CHAPTER FOUR

EXPERIMENTS AND RESULTS

41 Experiment 1: Polymorphisin of SSR markers

cultivars

N cassavi

Introduction

The advance in the devclopment of methods using DNA polymosphisms as mol ecular
markers is taking a significant impact on studics such as species evolution, motecutar
taxonomy, genetic diversity, genctic diagnosis. as well as breeding (Carvatho ¢f of
1992). SSR are new PCR.based DNA markers thai are currently used for genetic

studies- The main advantage of SSR markers is that they are highly vasniable dominant

loci and (herefore an ideal 100l for many genetic applications

Procedure

Genomic DNA fron, 36 accessions of cassava culiivars were amplified using PCR
lechnique with a set of 65 SSR primer pairs. The DNA amplification producls were
sCoted and the gencrated data were analyzed using NTSYS software packaged by

Roulph. 2000 polymorphic information conicnt was caculated sing the formula

PIC (p)=1- F np?, whercnp is the alicle number

Resujgs

Vwenty.two of these primers have (wo of three alleles that showed polymorplusn

ANONg the cazx .ultivars used, Exaniples arc shown tn Plates | and 2, wiufe 43

SSR primer pairs yiclded monomorphi® aniplified products or o PCR fralnteht at all

LN primcrs pairs that alup’i“@d

888105 pel were ysed (o analyze the 3@ COSSAY
d in lable 3

clear polymorphic bands on % mectaphor

a cultivars These pnmers andl their

CPeat types and repeat Dumbers ase histe
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R markers detected polymorphisms among the cassava cultivars used for

e study and hence could be used for genetic applications i cassava
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8122 23 24 25 26 27 2 20 30 3 32 I 34 35 36

Plate 3, Polymorphisms of DNA allcles amiong the 36 cassava cultivars used for genetic
diversity study using SSRY 100
I't0 36 are the genotypes numbers
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Plate 2, PCR amplilication products of the 36 cassava cultivars
in Nigerio by SSRY 9
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sxperiment 2: Kvaluation of genetic diversity between improved

cassava and com monly grown Nigerian lanidraces

Introductiun

Evaluation of genetic diversity in cassava is a prercquisite to any genctic smprovenient
program- The higher the genetic diversity withm cassava gene pool, the larger the
number of ncw varicties that could be produced and the less susceptible the new
vanieties will be to the diseascs and pests prevalent in the targeted area The lower the
genetic diversity presents within cassava species, tlic casier the formation of hybrids

and inirogession of useftil genes among the cassava culiivars

Procedurc

Thirty-onc improved cultivars 8nd 5 Nigenan landyaces of cassava were assessed at
genomic deoxyribonucleic acid (DNA) level with SSR markers. Polymerace chain
reaction (PCR) amplification of the genomic DNA of the culivars were camied out
with 16 polymorphic SSR primers that produced clear and seorsble bands (sec detayl jn
Page 29) The data was andlyzed USing NTSYS and also dendrogsaimns ( Figs 1, 2. and

3) that showed the genctlc rfelavionship among the cultvars were constructed

The game dats was 2!so annlyzed ustng Principal Components {"rocedure in SAS 1o

revealed the major source of variation
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I NTSYS Analysis

{n total* 38 clear and scorable DNA bands were detected among the 36 cassava

cultivars The SSR prnmers were able to distinguish all the 36 cultivars, none of the

-4 . o .
pntficr pairs was able to distinguish all cullivars when treated alonc \When all the

bf:;mcr pairs were considered together, the 36 8cnotypes wcere distinguished A
dendrogram was gencrated by complete cluster analysis based on similarity indices,
which showed the genetic similarity antong the 36 cassava cultivars used for the study
The similanty indices ranged from 042 10 084 (Table 4) Twelve distinct cluster
£foups were identified at 0 70 similarity index. The dendrogram is shown in Fig | The
clustering was as follows from led! to right

Cluster t: It contains only accession TME 59

Cluster 11° Two genotypes, TME 7 and TME 2, were present i this cluster
and the similatity index between them is 0.76

Cluster 111. There were two subgioups, 'a’ and ‘b’. subgroup ‘a' had Benotypes

089/00023 and TME 1 and subgroup ‘b’ had genotype 50395 only Similasity jndex

between genotypes iIn subgroup ‘s' is 0.76 and intcrpolated with subgroup ‘b' at a

sinularity index of 0 72
Cluster IV: It had only genotype 088/01504

Cluster V. There were two subgroups in this cluster. ‘ubgroup ‘a’ liad genoype

920057 and subgroup ‘b’ 1$ further divided 110 two by and *ba’, ‘by* had genotypes
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MOG and 60447 with simulanty ndices of 084 and ‘bs' had genotype 90257 The

similanty index between. the genotypes 1n subgroup ‘a’ and 'b’ 1s O 71 and between the
éulb'éroups ‘b, and ‘b’ is 0-75

:C.tustcr VI Compnised subgroup ‘a’ and ‘b’, subgroup ‘a’ had genoiypes TME S1 and
92/0326 and subgroup 'b’ had genotype NRB0OB2, only The similarity index between
the penotypesin *a’ 35 0.82 and similarity index between subgroup ‘a* and *b’ 15 0 73
Cluster VLI It contained subgroup ‘a* and *b’. subgroup 2’ was further divided 1nto a,
and a;, 2, had genotype NR89107 and a; had genotypes ‘820249 and 30040 The
similanty index between the two genotypes in subgroup ‘a:* 1s 082 The similarity
indeX between the two sub -groups °a;’ and ‘22’ 1s 0.75. Sub - group b had two
genotypes only, W 095-D and 84537, with simiiasity index of 0.82 between them
Cluster VEIl: 1t had genotype 518 only

Cluster 1X. This cluster had genotypes 60444 and W4092. The similarity jndex
between themis 074

Cluster X: This conlained two sub- groups 'a’ and 'b’. subgroup ‘a’ contained
Benotypes 81/00110, 82/00661, 91/02324, 30553P3-2, 91/02327 and 30572 while
Subproup *b* had W820422. 4(2)1425, 91934. 30555, 30337, and NR8208. The highest
Benctic sinularity found in tlds cluster is belween genolypes 81/00110 and 82/00661

(0 82), 91/02327 and 30572 (0.82), and 3033 7and NRR8208 (0.82)

Cluster Xi: Qnly genorype 30001 was ReRED
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i This containcd genotype NR8212 only

ner :,' l.fle_cl'osést relatives were genotypes 60506 and 60447 at similarity index of

the most distant relatives were genotypes TME 59 and NR82125. TME 2 and
5, INR8208, 50395, and 84537. TME 7 and 4(2) 1425, 82/0066!, and S18 and
)444, all at 0,42 similarity index. and related 1o others at 0.56 similarity. The highest

elic relationship between mmproved cassava aond Nigenan landraces was at

similarity level of 79% and was between genotype NR82107 (IC) and TME 5I(LR)

(Table 5}
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Table 4. Genelic simitarity index matrix daty amongihe 36 cassava Ecnotypes used for gEnetic diversity the sundy

NR3212 100

NRE208 0.66 1 00

90257 058071 1,00

91934 0610790866 1.00

30001 066 0470068053 100

30572 050 068061063055 t 00

84537 0550630660630.580 74 100

6200881 047 0680530 65050071068 1.00

50385 006 0630 550.74047051042001100

81/00{10 0.550.74'0.610680530.68053082 Q74100

NR3082 0610.630660.58063053063045058058100

4(2)1425 0580.660630.710500710610680 S507106% 100

305SS 05507407607405306806380610630630630661.00

920320 0610660710680580.540630610430530 74 0.710.43 1 00
30553P3-2 045 068 0610.880530.790680780 530740 58071074 0 63 100

91/0232? 053 0710630760060 82071074 06%0,280.610.740 71068 A2 1 00

30040 053 0.650.580610550680.71058050061061063061066071084100

91/02324 055068061074 0.580.740620710.630740630.65074 061 0.74 0620 711.00

W820422 068 076074 076.0610.710610 74 086076061 C.790 71 0 86 0S8 0.740 63078 1 00

30337 06 0820740.760550.710710680810.780610,79082074 076074 0740 710.74 1.00

§2/0057 0610510 65063058047 0630680.630 530630450630 630580610.550630330.551.00

W10850 053 0610550630 550551.000.74 0610680680680650 780.710.790 630760680 &8 055 1.00

WR20249 061 0680650880630630790710530.680580.680630630 700.760820740710710.540.711.00
084/01504 053 068 0740 66 0.550 860 660.530610.550.680.530760.71 068063063061 0.530.68 0.710 &3 0.55 ¥ 00
NR89107 0.68 0 63058061061 0610710470610.550.710.530710580550.580 79G.740.530630680 63071 066 1.00
w4022 058 0.650630610.5506560560.580680760610.530610610610740630760830.830550740680630.74100
TMES] 0680 7106306106850750710530610680710630680620810880740€80830740.500630.960.69076068 1.00
TME2 0.50042050051053.0.470470.450630.5 052045042 0.560470 50,6058 045050 0530 81053061041 0.710.551 00

YME! 00 063 0610680470630 830850740530430500680740 6307 063089050065074 0710630 78071 081071068 1 00
0.5 050 0.580/850.550 610.550.42 0650 50061 04205506105506308306! 053047061055061074088068082076078100
) : 0'550.56 0680.500680080 580-710550580.610680610 5304 0680'380060 71065 1.00

042 $80.550 500 71 0.610 63061 059
g'._l-i!l:pup_ 4 0410630 55089061 0570586.300.51083080037050 0.6305904703500880 0048063 1.00
' 4S0E)0650680880710470680430610530W0DOK08081300

83055045055045036497106?
: 0680 SI08 0380630800
w,,,_mb$ q W AFRICAN‘D?GITAL HEALTH REPOSITORY PROJECT
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0.63
ic diversity among the 36 cassava

"B1. A dendrogram showing the gencl
8€hotyDes based on UPCGMA using NTSYS
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' penctic diversity

S the genetic diversity within cach variety, i.e, the improved vaneiy and local

Y, used for this study. Knowledge of the genetic diversity witlin the gene pools
variety indicates how many new genolypes could be developed from the gene
Is. The higher the genetic diversily within a gene pool the Irger the number of new

enotypes that could be obiained from it

IMPROVED CASSAVA" The similarity indxe ranged from 0.42 to 0,84, (Table 4), at
0.70 similarity indices, there were |1 cluster groups. The closest relatives were
Benolypes 60447 and 60506 (similanty index of 0 84) and the mos! distant relatyves

WEI€ genotypes 518 and 60444, and 50395 and 84537 (simifarity index of 0.42)

NGERIAN 1LLAN DRACES: The sumlarity indiccs ranged (rom 0 .55 to 0 76
(Table 3) There were (hree groups ai 0.70 similanity indices. group one made up of
TME 59 only. group two had TME 1, TME 2 and TME 7, while group tliree consisied

Of TME $!_ The most closcly selaled genotypes were TME 2 and TME 7 & similarity

index 0£0.76 snd the most distantly srelsted genotypes were TME 51 and TME 2

Ml)- index of 0 55 and wese telated (O others a1 0.6 smilanty index
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Wersity between improved cassava and commonly grown Nigesian races 1s

3l ':vl'is‘ therefore will facilitate the formation of hybrids and ntrogression of
‘between them. More new genotypes could be developed from the

oved cassava than the Nigerian landraces.
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e Principal Component Analysis (p

" ] [
e bina'r'y data gencrated from the 36 genotypes were subjected io Pnncipal
L
i

.t'ifn‘p'sln;n /\nalys'l's (PCA) using SAS. it made usc of the matnx data of the variables,

RINCOMP PROCEDURE)

L . .
o pPodutc ten eigenvectors, which contributed 70 4% of the total variation found
.y

among the 36 cultivars 'he first ten princspal components were associated with 11 70,
m, 795, 7.76. 7.29. 6.69, 5.84, 5.44, 4 46, and 4 03% of the variance of the genetic

distance (70.59%. total).

‘There were also main allcles/primers that contributed highly to the proportion found in
tach principal component; proportions contribuicd by cach pnancipal component and
the contribution of cach allele/primer to eacir prncipal component are hsted in
3PPendix E The plot of the first and second principal components scores generated a

iatter graph of the genotypes and so also did the plot of second and third principal

SoMponcnis scores (Iigs 4, 5 & 6)

More variation was observed in the plot of second ond first principal components than

e piors of first and third principal components scores and also the sccond and third

Pringpy) components’ scores. The plot of the first principal component and second

! - ' ' ' th
Pilicipy; CBmporencs  scorés  showed interesting rclationships aniong the 36
c

mseives into four different quadrants. The

80l mes. The 36 genotypes disinbuted L

S qund omposed solely of the improved ¢cultivars, W820422,
unaiast was C

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



> 47

I" "'

08¢ 04, 60444, NRB208, 4(2)1425, and NR8212; the upper left quadrant

&
ks

posed of improved cultivars only 82/00661, 305553

| -2,30572,91/02327,
10. 91702324
|

+ and W1095-D, while 84537 and 91934 were at the 00 score

| s
e ;'Mef right quadrant was also composed of seven improved cultivars, 90257

395, 3000] , 30040, 92/0326, NR891 07, and NR8O83 and two landyaces TME 7 and
i

IME 51 The upper right quadrant contained three Nigerian fandraces TME |, TME -

nd TMI: 59, gnd five improved cultivars, 60506, 518, 60447, 92/0057, and 30572
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= El . 1 . .
, Periment 3: Determination of SSR marker (s) that couid be uscd

for identificat;
genotype identification of culfivaied cassava in Nigeiia

Introduction

Tle Jatger 1he numbers of cultivars used for study, the higher the number of markers

needed for assessment. Use of many maskers for a small number of samphng matenals

S @ waste of yme and there is nced (0 save time during faboratory work in order 10

. . -
facilitaic research work and encourage Sctentists.

PrUCCdU re

Sicteen SSR markers were assessed using 36 genotypes of cassava cultivars in Nigeria
Daia of cach pnmer were analyzed by NTSYS, primers that generated between 6 and 9
Cluster groups were selected The sclecied primers’ data were combined in various
Tumbers 5pd analyzed on NTSYS (c select the minimum numbers of primers that could

be used for genotypc identification of cultivated cassova in Nigena.

Resyjqs

anc Qf lllc SSR markess COUld SO'C’y idcnﬁfy the 36 ¢a3sava CU]'im used in \his

oy, They clustered many cassava Benotypes together at 70% and 1005 xiniladlty

s Combination of data of primers detected five polymorphic SSR maskers that
readily disunguish the 36

could
® the nunimurn number of SSR markers thal
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ypes of cassava The similarity indices ranged fiom 0.19 10 094 (Table 6), the
t "‘B‘Tﬁi’crem"ialcd the genotypes into 16 cluster groups at 0 70 similanty index and
1"’ rﬁﬁ‘él‘fcd them at 0.95 similarity index. The clustering was as follow fiom lell 10
cigh (P, 7).

Cluster group I: TME 59

Cluster group 111 91/02324

-~ Cluster group 111: W1095.D

Cluster group FV- 84537 and W820249

~ Cluster group V- 90257 and 60506

Cluster group VI: There were two subgroups, ‘@’ and 'b* subgroup ‘a” had genotype

W820422 and b’ 1iad 518, 81/00110 and 82/00661

‘Cluster group VII- had genotype 91934
Q-l}_x_stﬂ group VHil- had subgroup 'a’ and ‘b’,’a’ coniained 60444, W4092, 91/02327,

32)1425. 30572 and *b* had 3055532, 30555, 60447, 30337 and NREZ0S

1
Huster oroup X: NR89107 and 30040

luster .
group XI: 92/0057 ,
a” had TME | and 088/01504 and *b’ had

ste7 proup X1 had subgroups '8’ and 'b’,
SOIYPCS NRBOR? and 92/0326

| were present
SRister o0 x50 genotypes 50395 and 089/00023

Y 3001
USter group X1V- contained only genotype
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k'S vul of'the 16 mai kers used foe evaluation of lhus nenctic diverraty

oukd be readily wad fur genotype identification of culiivaled cassava a) Nigensa.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



59

- =,
X

1 | NRE2]2
| = TMES)
3000

]

]

W 50395
F [ —089/00023

]

|

[}

L

]

(]

|

:

TME?
TME?
NR8082
9210326

| ~088/01 S04
-~ ) TMEL
: 92/0057

30040
——ivR89107

NR 8208
— = Joix?
——4&00437

i

i

1

:

|

:

|

i

1

:

: : 30585
; =
E

[

:

|

—.

L— ——30553p).
30572
M2y 42
_—l' Y1/02127
' (w4092
l6p11s
919349
$2/00661
fe=e -531/003 1 0
' W 820422
518
90257
60506
HISYY

————— W 820249
: W 109S. 1)
91702324

-+, TMLSY
“

LY

1

n
== - -—y —— g

R e b C o2 094

043 959 0.71
Cocfficicnl

' e Gifseation bY (ive polymorphic SSR
7 A dengrogram showing the genotype identifica

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT






55

Table $° Genetic gnulanty matnx dal of the 36 culiiimed Qeana for seron e idemfictsen

NR&I2 100
NREXNS® 08 :00

NSy C+440751 00
21634 0310750 100

30001 0630310.5% 0311.00

30572 0380.75 0 &0 &3 055 100

94537 0380750S00&)0 44075100

&00en 1 0330560500540500550.581 00

0395 08305605608903804‘&31&301GD

810770 044 0750.75083 0440.7%0.50 081 038 1.00
NROCB2— 0830500440560500140560380830A41m)
NCAL & 050089 0.58 0.89 0.50 0.81 0630750500a3108 100

YME2
TME7




CHAPTER FIVE

DISCUSSION

B
1 .I‘
13

L
Icrosatellites markens Polymorphism

0sateilites markers have shown high levels of polymorplusm in many important

oyt Y :
"‘!I o ,i.ldudjng nce (Onz=a somua L, Bligh et al., 1999), Sorghum (Sorg/nun bicolor.

&

muh er al, 2000), erapevine (Fitis vinifera, Dt Gaspero ¢t al., 2000), cowpea (/igna

Orpwicviaio L..Chen-Dao er al., 2001}, almond ( Srimus pandorea and P. amygedalus,

o al, 1999). wheat (7rrticum acstvum L., Alunad, 2002 ), sun flower
.
(Hebaryjns cwvnus [ Yu et al., 2002) and melon (Cuctmnis mefo 1. Danin-Poleg vf

: -'!00‘!}.

% presen < dy showed that SSR markers wese also polymorphic in cassava. Tlie

r _
SEDer of allele per primer in Sorghum is one to ten with mean of 3.9 and in cowpea,

28 1wo (o scven with mean of 4 7 In this study, only Iwo (o four allcles with imean of

$ were genenaicd from the 36 cassava cultivars used. All the SSR primer pauts that

&riified DNA from improved va successfully did 0 in Nigenan landraces, n

% Preseny sudy. Furthenmote. the fesults of this study showed that S3R were

&

UGl in gasiana
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t level of 1S | I
¢l of polymorphism in cassava I$ relatively high, it is much lower than

crops. One possible resson is that

Most materials used in the present study

I.I ¥
*1e from the ITA breeding progran

l‘v

ttutes and two, the Nigernan landraces with desirble teans, could be one of the

while others were clones {ion1 some other

votic sources of the improvcd cassava. Hence, the cultivars had a relatively low

"mthc: rason for the low level of polymorphisai is that cultivated cassava is
|
fdathely tow g genelic diversity comparcd with other crops. The foliowing

- !S2ychers have reported this, Sama er al., 1992 (isozyme markers), Angel et of,

“92 (RFLP), Tonukari er. al, 1997, Ugorji, 1998 (RAPD) and Fregene ¢/ al, 2000

(SSR)

2 Genetic diversity/polymerpliisim of €1ssava cultivars

SR markers have been used to study genctic diversity in largc number of plants

duding e, sorghum, wheat, sunflower, nd mony other crops. They could also

tingyish cassava culiivars in this study. In fact, live polymorphic SSR markers

VA yenotypes studied
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A

diversity jn cass
- a l
va has been Previously studied using some other molecyl
cular

and low I ic dj
Or medium genetic diversity was observed (Sarria er

al., 1992
me markers), Angel er af.,

i ".'*]" .

1992 (RFLP), Tonukan et g/
PD) and Fregene of al., 2000

s

1997, Ugorji, 1993

(SSR). In the present study, also,

I there was

‘wdcratcl ic diversity &
Y low genelic diversity in cassava cultivars studied

i
The dendrogram constructed on NTSYS using similarity index based on UPGAMA

el B

shawed 1hat at 070 similanty index, the 3t improved cullivars and S Nigerian

landraces WETC clustered mto 12 main distinct groups Nigerian landrace TME 59

formed 4 gistinct group (group 1), two Nigesion fandraces (TME 2 and TME 7) also

formeg 8 group (group 1), while the remaining landraces (TME I and TME S1) were

foung 8mong the improved cultivars in separaic groups (Sroup 1l and VI

. These close Nigerian landiaces could be easily hybiidized with the
10w od culttvars

 The SCalter plot of 1he firsi two principal components and first and third poncipal

%"‘NS in SAS also showed a close relationslyp among the cassava culuvars. The

W : incipal components scores
nships show ed by the scatter 8/8ph of the lirsy two Principal poncents 5

Were .“W similar 1o the ones Observed in the dendrogram by NTSYS. Many of the

¢ alsa tn the swne clusicr @roup or near

B,
— TIPS found in the same quadrant wer

~imptoy
"7 Woups. Nape of (e principal colmpanents Was able to demarcate thelmproved
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om the Nigen 1
genan landraces in (he Scatter graphs, elthough PRIN] grouped

Nigerian Jandraces ; i
| €es nto the gt half of the plot but with inclusion of some

ved culti ich di i
vars, which did not give a clear-cut division between the improved and

the Nigrian |andraces.

‘ ® ]
There was great simularity between NTSYS and PCA resulis. therefore. usefitl

il::fa'nﬂal;on m PCA could be applied to NTSYS resul, the fust ten principal
I&’mpvﬂl!nts could be used to represent variables that coniributed the vanation found
among the cultivars because they contributed 70.5%% of the total variation The
f€maining could pe sgnored as minimal. Main alieics that cortnbuted greatly to cach

Fincipa| components’ proportion could be taken as the main alleles that contributed to

e variagion found among the 36 cultivars.

The genclic djversity in Nigerian landraces is lower than that observed in improved

5583 The gimifanity indices in the Nigerian landrascs ranged fom 0.35 fo 076

While (hat of the improved is from 042 1o 0 84. This indicated that the lowest

10nship iq Nigcnan landraces was at 55% similanty indices level while that ol the

“POyed Cassava was pt 429% sintilarity level This migh! stem trom the fact thn the

| ] h e
Werian lndraces were donicsticated in the seFl€ ccological zones while th

] had diverse
Qx#d wefe obtmuned from differcnt eXOliC sourcts that might have

RAPD
of ecological zones Companson of the dendrograni produced by
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i et al., 1997 and Ugorji, 1998) showed consistency only in the large

. Thus lack of consistency between different marker techniques was also
red in cowpea (Chen-Dao ¢/ #i., 2001) This may be due 10 the fact that different
marker techniques detect different components of DNA variation, subject io different

evolulionary mechanisms

.3 Detcrmination of SSR marker(s) that couid be used for genolype

llm‘milic:llion of cultivated cassava in Nigeria

SSR markers were polymorphic in the cassava cultivars uscd in this study to the extent

that five polymorphic SSR markers were able to identify the 36 cassava genolypes

studied a1 959 similatity level. This shows that one need not undergo the stress of

Primers screening or the application of too many SSR markers for theidentification of

: : . G
Cas8ava oyliivars, So, the nunimwm number of highly polymosphic SSR primers for

100, SSRY 45,
B 36 caseava genotypes identification WeS five and they were SSRY
o1 of genotypes. the higher the

SSRY 48, SSRY 51, and SSRY 13. The larger the numb
further confirmed the PCA

- . i [
Bimber of markers required for :dentification. This resV h
. obseived among (hc cassava
sulis of (he major underlying SOUTCES 0 R TRNES : in principal
' nmers in
Gﬁl;gan_ Thcsc r‘imes Were rOUﬂd arno“g lhc fcw mﬂ}or P
. polymolPhiC information content

Mponents |, 3, and 3. and also have meles

Wlyes

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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CHAPTER SIX

SUMMARY AND CONCLUSION

0.1, Summary

1. S8 » il
' SSR markers were polymorphic in cassava Lhe degree of polymorphism was

‘however lower than for other crops. Two to four alleles were amphfied per primer

PAIC which ts lawer than in crops such as rice and sorghum. This might be due to the

-

| ¥ genelic base of cassava.

|
< SSR markers (hat amplitied DNA from improved cassava successfully did so in

Nigerian jandraces and they were also reproducible in the cnssava genotypes studied

The genetic diversity between the improved cultivars and the Nigenian landraces of

QAS8ava was modesately low. Fhe hughest genetic rclationship was at 79% and lowest

a3 8l 424 This (herefore facilitates the Tormation of hybrids and introgcession of

sef; S
Ul genes among the improved cassava and the Nigenan landraces

ces (0.55 to 0.76 similanty

T J— L) - ~ran landra
“ There yas lower genetic diversity M Nigcnan

™ similatity indices), possibly
"\%es) than in smproved cassava cultivars (042 [0 Lo

.: erse range of ecoloyical zones

>

. . - 0 div
improved cnssava cultivars might have

* ®orporate ntultiple traits
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lics demarcalion was observed in this study, in fact there was a close
| hﬁlﬂp between Nigerian landraces and the improved cultivais assessed

dicated that Nigerian landraces could be exotic sources for improved cassava

<. Conclusion

R detected polymorphisms among cassavi coltivars used in this swudy and s

ic divets! * identification
O an ideal molecular tool for genctic divetsily and genotypes' identii

. ' ion of cultivated cassava
188, [t could also be used for the coliecuon and conservation O

i | . e
B8ria that could be exploited in cassava breoding Progis
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aled a closc genetic relationship between improved casseva culiivars
grown Nigerian landraces. The Nigerian landraces could therefore be
d h'-s-l‘iy through hybridization with improved cassava and imrogression of
nes fiom improved cassava. llence. Nigerian cassava could serve its two

les. as both a food security crop and a cash crop
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. APPENDICES

lix A

1Y, Reagents, and Equipment

als anc Reagents

dorf tubes (0.5, 1 5 and 2mis)

I
-
“Pipeties (2.5-1000 pi, manual and conputerized)

\ W
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A extraction kit
b r: Al’lj ghsenMo[E[();TA Sodium dodecyisulphatc and 1 M trisHCI
L R A loroform : Isoamyl alcohol (viv) 24 - 25 - |
Otassium acetate (pH S 5)

."'-.-:A:W E S )
795-!171;4) MOP( N-morpholino) propane suiphonic acid (pH

- 50 mM 14siHCI (pH 8.1-82), [ 4 M NaCl. 15 @3 (viv)
ethanol

ibonucleoside inphosphates (dNTPs)

[
e

CR bufler (Tris FIC], KXCI and Bovine sesum albumin)

MgCl,

b -
=

i
1 her;

% aquatiicus polymerase
Lalfthyns pna

EQUIPMENT
|

Water bath

110¢lave machine

'l

OWa veg

3081 rifyge

= :
f0Phoresis box and 100
1
' camera and Filin
lli.!
10lnetor

!

p"‘ﬂ‘ Wares and SCMning maclun¢

machne
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1A‘| t.'

% -'. | 'f'Solulions
| of 0.5M EDTA 18g of disodium cthylenediamine tetraacetate was
o h rl- a . . )
ed 10 90 ml of distilled 1120 and the pH was adjustcd to 8.0 and the solution was

ade up 10100 ml with distilled FI20.

S IV TTS® 1000 mt was preparcd by dissolving 121.1g of Tns base in 800 ml of

distill ed H:0 and the pH was adjusted to desired pH and madc up to 1000 mt with

dutilled yater

: '?",RISMA BASE EDTA (TBE) To prepare 1000 ml of 10M TBE, the

o .
—WIBE mixiure were put into 900 ml of distilled wates,

108 g
55¢g
40miof05SMor728

N used.
™ mage 4p 10 1000 ml o make 0.5 M TBE, dilution fretor (GV1- GYAINE
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(TE) (10mM Tris HCL (121g) and 1 EDTA (0.36g) in

L)
L
L]
'I

‘ml w3as prepared with the following mixture

M) 1 ml
SM) 200 yl
" made up with distilled H:0 to 100 m|

£

@M TrisHCI (1 21g) and 0 1mM EDTA (0036 8). 100 m!
CHO () M) (=

A (05 \) 2

Bk up with disttied 11:0) to 100

& 10M TRIS . Sodium EDTA (TNE)Dye To prepare 500 mi of the dye

(100 m\9) 605 g

10 miM) 1 f g

2938

v msures were s topehes and 10 P
P00 madie p 16 500 e with disilied wates

adjusted 10 74 with concesiraled
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Xynuc ﬁﬂé'tripliospanes (dNTPs): Preparation of 100 pl of 25 mM
M e - .
m the stock solution,

T and dC (100 mM):_ dilution factor was vsed to prepare the amount needed,

001= toomM +V

JIPE
T .:.'.
')

N

25 il of each stock was added to 90 ul of 0 1TE

mM *100 ul / 100 mM =2 S pl

|
. 1% Agarose pel 1g of agarosc powder in 100 mj of distilled water and brought

» € boil in microwaves. The solution was allowed to cool 10 55-60°C and poured

4! {

tray for electrophoresis.

¢ was added to 250m| pre-chilled distilled

ved. The solution was

7% Metaphor agarose: 10g of agaros
Ll

L3 —
WA

& and gticred continuously until the

N T
oiled

agarosc Was well dissol

5$°C and poured 1Mo gel tray for

10 microwaves and ailowed to cool to

“CU0phoresis.
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F
‘ thymus standards 500ng/ul, 250ng/ul and 100ngul- C alf thymys

180 as stock img. This was diluted with Iml of x| TNE builer and

tor was used for Preparation of the three standards

ol X S0 ul = 1000 ngiul X \2

S0 ul/ 1000 = \7

S o lmg/m of gock was taken and niade up 1o S0 ul with x1 TNE bulfer

e

-

%l 150 ul / | 000mg/u! = v2
12 Su

= 0l the 5ock was made to S0 u! with 37 5 ul of x1 TNE

&

W 350 ul /1000 agAy = V2
S u

L VI : 1H
L Mwmmw”mupwmmibxlﬂl.
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ent aﬁm'n.of DNA extracted from the 36 cassava cultivars as

——

measured by Fluorometer

DNA conc

Lab. Genotypes DNA conc.
ng\ll NoO. ny\ﬂ
56.69 19 | W820492 | 12920
453.10 20 30337 163.10
423 20 21 92/0057 84.10
574 10 23 Wi09s.0 123220
677 50 23 W820249 14530
31790 24 088/01504 | 402.60
205.10 25 NR89107 |32300
221 50 W4092 3930
50395 298 10 |21 TMES) 20230
81/00010 | 10440 3 TME2 32740
NR80g» jL 285 30 29 TME] 336:2
TV 267
42)i425 | 180 50 30 T™E? I s
- 57
| 30855 220 20 31 TMES9 =5
Jles=toe
089/0002)
32
i 30535Py, | 7900 33 o |
A —-———"__'-m Imw
| ! 910327 289 10 34 A B
B L e
————— w - e
91202324 136 ' il
ﬂ 2 i50 90 1 o ===
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Eigenvalue
432854248
341427590
294271663
287065360
2.69575408
24751188
2.16027577
2.01348885
1.65146661

1.492433 09

Correlation Matrix

Diflcrence

09142657
047155928
0.072063 03
0.17489952
022063527
0.31484303
0.14678692
0.36202225

0.15903352

01170
00923
0.0795
00776
00729
00669
00584
0.0544

00446

0,0403

Proportion  Cunwistive

0 1t70
0.2093
0.2888
0.3664
04392
0.5061
0.5645
0.6189
0.6636

0.7039
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Prnl  Prn2  prin3 Prind  Prins

83N Z1I13A  0.132822 - 136709 0.103471 -003281 0167843

Z2113B 0.005457 -204197 0.313724 0083434 -.093967
Z2113C  .041732 0224921 -325942 -092367 0.130926
2230A -087852 0.074546 0.025006 0.054110 0.483822
2230B  0.069622 - 099767 0.128565 - 183534 -.202112
Z119A 0.000000 0.000000 0,000000 0000000 0.000000

2119B 0179457 -105172 0162334 0151287 0019277

ZI164A 0.088512 0.174690 -.013807 0.231427 - 124442

Z164B 0001270 0061962 -.157860 0203885 -017718

A 252A  .271245 0114488 0149393 - 113623 0.225590

II
= 101328
=8 252B 0341082 -267867 -068742 0067429 1
_051162

C 252 328313 _208768 0019568 0 170302

lr
.MA Z114A .233286 - 239645 0135145 0.

.069524 0058553
_ 52201 0007877

4 -015756
8 21148 0135020 0.398163

8 2BA g 92278 0279671 0091359

40
- 103462 - 1372
" 2838 o653 -001197 0220767 O
097750 - 132716
788 0 067201 -~
A 0146378 0133492 e 108

8713
/888 0015388 0283485 0010173 ool
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- 108538 - 327038 -.156511 - 105904 0.017601

m "
68B 0068994 092401 -048606 - 185223 0.310606

Z167A . 132606 -024355 0.044868 0.164082 - 127117

Z167B  0.3)1468 0.015306 -.150516 0.000466 0.1326]5

267C 216
- ¢167C 0005642 0195702 0227838 0067308 0124074

DA 294 0.117407

298 yop

-085500 -245973 0174184  -004644
0119858 0201273 0097381 0196957 0081155
Z499A . 168869 0.127870 -..143257 0275285 - 130899
¢49B 0290854 0020382 -262248 0038006 0.112392
Z49C 0089140 -033019 0056033 0096823 0.44622]
€46A 0054415 0057518 0363353 -006139 0210888
2468 . 113731 0.106551 0033210 -067788 -171425
Z96C  0.219224 0033089 0234243 -.115749 0.140786

€460 _301845 -0s5973 -048156 0.196225 0133762

Up .
" YA 02486 0000932 0063666 0385163 0058286

-054866 - 020574 0041254 0309519 0114190

Z166A -.037014 -096363 -.180779 0218953 0aaY

167
Z2166B 43125 - 086779 -255488 -06116 iy

- 043352
ZI125A 0051365 -045127 0189446 FLBAZ

- 0 058702
fleu #1258 0 1376092 - 148016 - 089503 0.139517

-
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Z113B
Z13C
Z230A
22308
2119A
Z119B
Z164A
2164B
252A

2528

z52C

ZI114A

Z1148B
Z13A
£713B
LB8A
7838

Z168A

0 387423
- 283]88
-.000872
0.163732
0.075575
0.000000
- 112813
0.112707
0.067822
0.136270
0.064019
0.174475
0.201503
- 207757
- 098492
- 063050

0.291507

0223844

0074467

Pran?

- 068216
0133800
- 097111
~.006209
- 263150
0.000000
-.161327
0239865
-252192
0.039557
-011020
-.050799
0.07994¢6
00i8958
0.025822
0.i31816
0.010845
0. 100514

0 0.16454

¥3

Pun8

0158878
- 000522
0.0-44d46
-034299
0.146330
0.000000
- 029693
- 129841
0.183528
0.0714:5
-.082280
0085144
-.042023
-.157898
0244429
0.298446
0298074

0128838

-.118668

Pna9 Pnnl0
-017446  -.198038
0015523  0.03185%
- 150454 0322386
-091333  0.10912]
-.0:14709 0068450
0000000  0.000000

-245623 0.189477

0152444 - 10618]

0.285756  0.007720

0.136324  .031190
-064422 . 16738]

- 018642  0.030841

0083071  0,026633
-111088 0031923
0060158 017487
-253235 0038399

= 019091 0200620
0004827 _ | 0130
"0.223408

0110667
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-011615
L167A 0192743
Z167B 0074378

Z167C 0 191057
Z9A

0009748
298 0 (98072
Z199A | 072214
Z49B .- 19265
249C - 063232
246A . 000784
Z468B  0.133268
246C . 291917
ZA6D  .021082
24A . 18755)
24B - 208608
£166A _ 013379
21668 . 194509
Z123A . 19124]

21258 0131132

0.306978
0.154244
- 085249
0.182872

0.115243

- 087724
-.052869
0.066529
-.106753
-.078730
0301054
0.123220
-217887
0.065776

-.249576

0204077

0306633

0.19769

0311534

B4

0020530 -217893 0.179806
-068425  .384207 0 135575
219333 0034455 .091415
- 169698  -169797 - 217380
0391668 -040928 0238728
-256134 0083178 0236214
0059118 0243419 - g6849
128017 -000530 . 13562
0.169848  0.060100 0 1}3004
0038537 0338542 - 92330
0007202 0205853 ¢ 300744
01136921  0,)604; -045337
“100343 - -204055  _ 07190,
0.044345 . 227499 0.020369
0043440 0136202 0.23160]
0350016  0gg7447 248060
0086332 ¢ 034453 _ 5997 lg
T8I 01537010 0994315
~176197 ¢ 130434

0169279
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Appendiy i

SSR : ! C 1
markers and their polymorphic nformation conient

Primers Polymorphic informalion
SSRY113 c%néezm_
SSRY230 0.39
SSRY119 0.27
SSRY 184 0.38
SSRY52 061
SSRY114 044
SSRY73 0.19
SSRYa3 0.35
SSRY1686 0.4
SSRY167 0.63

SSRY9 0.21
SSRY49 0.52
SSRY46 0.68

SSRY4 0.42
SSRY166 0.3

. SSRY125 0.36

Relationship between Polymorphlsms
Information Content and SSR Markers
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OSSRY113
Bl SSRY230
O SSRY119
(] SSRY164
B SSRY52

[0 SSrRy114

B SSRY73 |

[J sSRYBS8

g SSRY168

M SSRY167)






