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ABSTRACT

Ethno-botanical, morphological and molecular characterization approaches were used to
determine the genetic relationship among 91 accessions assembled as Pona in the
Dioscorea  rotundata-cayenensis complex in Ghana, Ethno-botanical classification
categorized the Pona complex into four groups: true pona, kulunku, laribako-la and
laribako-nya. Ordination analysis using morphological data showed a wide dispersion
among the accessions. Clustering using one hundred and eleven (111) characters revealed
5 morphotypes in the Pona complex and positively identified the check variety Dente.
They are true Pona, Laribako, Mu€hymudi | Kulubku, Fuseini, and Numbe. Subsequent
study of DNA variation among accessions using 13 polymorphic Simple Sequence Repeats
(SSRs) revealed 3 morph-types and two sets of hybrids as well as the check, Dente.
Combination of ethno-botany, morphological-and molecular analysis besides identifying
the check Dente and *GRI:Kukrupa’ also revéaled 6 morphotypes of the Pona complex as

authentic Pona, Laribako, Muchumudu Kidunky, Fuseini and Numbo.
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CHAPTER 1
1.0 INTRODUCTION

Yam (Dioscorea spp.) is a tuber ufop, a polyploid and multi-species. The
cultivated species arc generally vegetatively propagated and the wild species sexually
propagated. Ninety-six per cent (96%) of the world yam production occurs in the yam
belt of West and Central Africa. OF this figure Nigeria (67.0%), Cote d’Ivoire (12.0%),
Ghana (6.5%) and Benin (4.5%) account for 90% of the production (FAO, 2007). Yam
is a staple food crop of over 300 million peaple in tropics and subtropics. It is the food

of choice at festive occasions, and the IIJJ:l_i_Y,.{.:I."{}p that is celebrated.

Yam is grown for their statch¥tubers (both cultivated and wild). Tt contains
aromatic substances that act as appetizesst is also known to have medicinal properties
and can improve fecundity. Yams good petassium-sodium balance ensures protection
against osteoporosis and heart diseases Yamproducts have a lower glycemic index than
potato produets;-pratecting against obesityand diabetes. The cooked yam has about 2%

protein which is'equal to that of potatoes but two times that of eassava.

Yam however is.a crop that has suffered @ lot from' institutional neglect. Yam
producing countries ofithe world arc in the tropicssand have poor economies that
support little or-inadequate agricultural research (TITA, 1995). Yams thus belong to a
group of crops labeled” “orphancd crops”, which-havesnot received research attention
for a long period of time and-very-little imiproyemenit, has been made to the erop (Otoo,
2007).-An Ghana, until May 2005, there had not been any formal release of any yam

— e
variety. Farmers grow what they perceive to be “good”, selecting against “bad™ crop,
thus leading 1o the depletion of the genetic base of the crop. Therc are as many vam

varicties as there are ethnic groups which care to name them (Otoo, 2001; Asemota et

al., 1996; Dansi e al., 1999). Again, breeding and selection of yam cultivars with novel



or improved characteristics currently suffers from the fact that traditional cultivars have
not been adequately characterized (Asiedu ez al, 1998). This makes reference to
varieties ambiguous, unreliable and impossible to determine the true genetic variation
in yams. Some elite cultivars of the [ rotundata-cayenensis complex, such as Pona
and Laribako have sweet, floury and fragrant tuber flesh and are the most preferred
cultivars by consumers in Ghana, yet there is no easy means of identifying such yams
morphologically. This seriously affects the reliable identification of cultivars for
germplasm management and improvemgent, Ealkloge. from the Guinea Savannah
agroecology surrounding the name.-iarﬁ’u#gg_huw_qﬁr §uggests that it is a “feminine” or

“smaller” type of Pona.

Knowledge of genetic, Mariation ang? relationshi ps between accessions or
genotypes is important to understand the genetic.variability available and its potential
use in breedifgpiagramsi-estimate’any. possible: loss of genetic diversity, offer
evidence of the cvalutionary forces Shaping the genotypic diversitics, and to choose the
genotypes to be given priority for conservation (Thormann er al 1994). Systems of
classification and identification based on morphological characters (Dansi et al., 1998,
1999, 2000), soluble tuber protein profifes (Tkediobi and Igbeanusi, 1983) or isozyme
patterns (Dansi ergfp20005 Mignouna ef al,, 2003a)Have been used to characterize

yam germplasm.

,.-*th_amgrertfffﬂ_gf;ggnetic resource collections has thus been greatly facilitated
hy_lhe availability of a number of molecular marker systems (Beyene et al, 2005).
Morphological traits were among the first markers used in germplasm management, but
they have a number of limitations, including low polymorphism, late expression, and
vulnerability to envireamental influences (Smith and Smith. 1992). Yam genotypes

classified in the same cultivar aroup based on morphology were often genetically

different, emphasizing the need for molecular fingerprinting in yam vermplasm

>
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characterization (Mignouna er al.. 1998). On the other hand, DNA markers, though
expensive to deteet, do not have such limitations. They can be used 1o detect variation
and have proven to be effective tools for distinguishing between closely related
genotypes. Ditlerent types of molecular markers have been used to assess the genetic
diversity in crop species, but no single technique is universally ideal (Mignouna et al,,
2003a). Therefore, the choice of the technique depends on the objective of the study,
financial constraints, skills and facilities available. However, recent work done by
Mignouna er al (2003h) indicated that amplified dragment length polvmorphisms
(AFLPs) showed the highest ;Jﬁgiﬁncj&:ﬁin’ﬁjg&ctjgg’f polymorphism and revealed genetic
relationships that most closely reflectedfmorphological classification and could be done
al a reasonable cost. AFLP is a multiloeus marker technique developed by Vos er al
(1995). AFLP markers are genomicydragments detected after sclective PCR
amplification-which provides a numberiof appealing features.in the fingerprinting of
genomes of different complexity (Vos e/ all, 1995) This technique has been used to
identify markers for discaséresistince 1oc| (Recker et al, 1995) 1o fingerprint DNAs
(Vos er al,, 1995) and to assess relationships between molecular polvmorphism and
hybrid perforignée in maize (Ajmone-Marsan ¢/ al, 1998) and germplasm
characterization in vams (Mignouna er af, 2003¢c). Tihas highmultiplex ratio, offering it
a unique advantage when genome COVERAge I8 a major issue due to the presence of
[inkag_;_:__disequiiihrium such as in inbred lines and breeding materials (Pejic et af.,

1998}, It can alsamed, making il more preferable to RELP.

Generally, AFLPs (Vos et al, 1995) and microsaicllites. ar simple sequence
repeats (S5Rs) (Taule, 1989) are the most frequently used molecular markers in the
analysis of genetic resources. because they can be auwtomated and so have great
potential in large-scale genetic diversity studies, Sim ple Sequence Repeats (SSRs), also

known as microsatellites or short tandem repeats (STRs), have proven to be a most

o
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important resource for polymorphic markers and have been used very successfully in
both mammalian and plant genome mapping-smdiﬂs (Pejic er al, 1998).

S8R refers to the observed interspersion of eukaryotic genomes with tandem
repeats of short DNA sequences, SSR polymorphisms have been extensively used as
genetic markers in mammals (Tautz, 1989); they occur i requently also in plant genome,
showing an extensive variation in different individuals and accessions (Akkaya er al.,
1992; Pejic et al,, 1998). SSR and AFLP profiling technologies are good candidates for
replacing RFLP markers in genetic similagity ¢slimaies-and varicty description, and that
they have comparable accuragyNn [prouping inbied' lines selected by pedigree (Pejic et
al, 1998). They are generally muchi simpler to apply and more sensitive to
morphological and biochemical methods or the RFLP-based fingerprinting techniques:
yet they provide results correlated with ﬂigggj _fmm RELP analyses (Pejic et af., 1998},
SSR loci are-eo-dominant markers and are more informative thai RAPDs and RFLPs
(Antonio et al~2004), The major strength of microsatellifes therefore lies in the
expected high polymorphism; co-dominant inheritance, high abundance and an even
distribution across the genome (Mignouna et al . 2003¢).

The chitfSifiesomal locatiens of SSR. markers arc frequently known. thus
providing additional infosniation in genetic diversity studies. Powell et al., (1996)
examined the utility of AFEP, RAPD  andvSSR-"markers for soybean germplasm
analysis by evaluating information content (expected heterozygosity). number of loci
silﬁlﬂ’lﬁﬁé-é;siy amperimenl (multiplex ratio) and eflectiveness in assessing
relationships between accessions. In their study SSR markers had the highest expected

heterozygosity, while AFLP markers had the highest effective multiplex ratio,

The Pona vams of Ghana are a class of vam that belongs to the Dioscorea
rotundata-cavenensis complex. The authentic Pona has unique rheological properties

including aroma and taste. These vams are the choicest on both local and foreign

4



markets. The problem facing consumers and researchers is that the authentic Pong is
not easily discernible by morphological characters. The authentic Pong is only known
after cooking because of its peculiar aroma and taste. They are given the premium
value wherever they are sold. Market women and farmers have different opinions about
the true Pona, hence they tend to deceive buyers with any L. rotundata variety as the
Pona, in order to sell at higher prices. The problem is that both sellers and consumers

are not very certain of the true nature of the Pona yam.

If Ghana is to maintajn Werfpositidn a§ (He lIeading exporter of the crop, it must
ensure purity of its varicties thatwl inetilFetnfd€nce in the markets, Furthermore, the
informal nature of the yam trade and exchange of planting materials among farmers,
have led to duplication of plantingumaterials whose ethnic or local names have changed
in different localities. Thus, e same material may be called differently in another
region,

The gencral “objective “of this swdy therefore-Wvas to use ethno-botany,
morphological and ‘moleeular technigues (S8Rs) 10 determine the true Poma. The
specific objectives of the study werce to;

(i) Investigate genetic diversity and refationshi psamdng 91 supposed Pora vam
accessions using cthno=batan¥morphological an@8 SR markers.

(i1) Assess the correlation between genelic distance estimates of Pona complex

based on morphological4aits and molecular markers.

(111) Identify the authentic Pona using morphological, molecular, rheological

data and farmers” opinion.

(iv) Identify distinct genotvpes and eliminate obvious duplicates from the

germplasm, and

(vi) Select core collection of Pona accessions for conservation and future wirk,



CHAPTER 2

2.0. REVIEW OF LITERATURE.

2.1. Yam Diversity
Yams (Dioscorea spp.) constitute an economical ly important staple food for millions of

people in the tropics and subtropics (Mignouna et al, 2003b). Its production has
therefore been important to the survival and welfarc of many generations of people in
the tropics and continues to be very important for ensuring sustainable food security

and income gencration.

Botanically, yam belohgst0 the' eefitls Disscorea in the family Dioscorsaceae
and Oreer Dioscoreales. The famil y Diescoreaceae now contain four distinet genera,
Dioscorea. Stenomeris, Tacca (previously in Taccaceae), and Trichopus (Caddick er
al, 2002). And the diocegious Dicscoreaceae genera. Bordereq, Epipetrum,
Nanarepenta, Rajemia, Taimes. and ﬁﬂu.:.-‘fmrrm. are nested within Dioscorea in
phylogenetic analvses (Caddick-et ai., 2002). Dioscerea isen economically imporiant,
anmueal or perennial tuber-bearing, d]nccfuus?.'_climbiﬁg, tropical genus of monocots
that looks like a dicots. Fhe occurrerice of 4 vestigiakelément of a second cotyledon in
a number of'species, the shape “and_venation of the lcaves. and the nature of the
inflorescence provideSwonig-evidence that Dioseerea Spp..et their ancestors are closely
related to the dicotyledons—Again/varms exhitil distinct changes in shoot apical
meristem _{_SAM] structure and phyllotaxy during phase transition from Juvenile to

e

adult, also a feature of dicots.

In West Africa. there exists a species complex, . rotundaia Poir. and D
cavenensis Lam. Phenotypically D. rotundata (white-fleshed tubers and 6-8 months
growth period). and D, cavenensis (vellow-fleshed tubers and 8-12 months arowth
period) can easily be distinguished from each other. however. there exist many

intermediate forms. Domestication is on-going (Vernier, 2003). There is an intens|ve

[



vegetative propagation of the collected plants from forest areas (which could be wild or
inter-specific hybrids). Over time, tubers with new genctic characteristics emerge
resulting in potential polyclonality of'a given varicty even at ficld level. Since there has
been institutional neglect, and the genetics and genomics of this crop is least
understood due to several biological constraints and research negligence. Several grey
arcas exist with respect to identification of the varieties.

Dioscorea rotundata-cayenensis complexes are indigenous to West Africa and
have been cultivated from time jmumemosial in &vhang=with little improvement to the
crop from the formal sector (@tde, 200%). ©LAbaws00 known yam species, only ahout
six are important as staples in the tropies, namely: D. rotundata, D, cavenensis, D,
alata, D. dumetorium, D. hulbifera and [} eseulenta (Coursey, 1969). Together they
account for 90% of all yams SEOWnansthe tropics (Hahn er al, 987}, All the edible
yams species-mentioned aboye are srowhin Ghana (Akwaag eral 1996). Even though
farmers have been selecting genotypes they perceiveto bé “sdod” and selected against
“bad” genotypes (Otoo, 2000b), there is <till 4 greatdeal of diversity within species and
such diversity could easily be'séen on individual farmies fields or farming village. For
instance, in @ StUdy conducted by .Akm_ag el al 1996 in Brong Ahafo Region of
Ghana, 26 yam cblfivars we® documented as being grown'infust four villages.

Yam is also an open-pellnated Srop-and flawers profusely especially in the
wild form. The fruits are allowed 1o fall freely and may germinate to produce new vam
varieties which mm;ed later by farmers. This will add to the diversity within
species existing within a farming setup.

2.2 Genetic Diversity Studies
Genetic diversilistudjcs and analysis involve three basic steps: (i}, description

of variation within and between populations, regions, or area: (ii). assessment of
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relationships  individuals. populations, regions, area; and (iii), cxpression of
relationships between results obtained from different sets of characters.

Describing the diversity may be done within a population or between
populations and may also extend to larger units such as areas and regions (Hoogendijk
and Williams, 2001). Calculating the distances (geometric or genetic) among all pairs
of subjects of study can be used to assess the relationships between individuals.
populations, regions or areas. Using any classification and for ordination methads, the
relationships among indiufduzgs,;cginl‘ls Or argasecansthen be established. The results of
genetic diversity studies u&fng différenl Japprdaches can be used to Propose
scientifically based recommendations faFstrategies and future actions that best promote
the conservalion and use of LUnique Erop genetie resources (Hoogendijk and Williams.

2001).

2.2.1 Deseribing Diversity
There are four methods for measufing genetic diversity, namely farmers’

perceptions and folk' classification, morphological _ceharacterization, biochemical

characterization and molecular charaoterization (Hoogendijk atd Williams, 2001 ).

2.2.1.1 Farmers’ perceptions and Ethno=botany Classification

ﬂp_@ﬁ;rbotan}f E[q;s_gﬂ]caﬁeﬁ—is a vernacular naming system, and can be contrasted
with scientific taxonomy. Names are often derived from particular characteristics of the
-matcrial. such as distinctive morphological or agronomic traits, place of origin or
special uses (Hoogendijk and Williams. 2001). These names may also form part of
informal but structured classitication schemes or “ethno-botany™/ “folk taxonomy”

reflecting or providing some insight into what may be relationships among varictics.



Folk taxonomies are therefore generated from social knowledge and are used in
everyday language. They are distinguished from scientific taxonomies that claim to be
disembedded from social relations and thus objective and universal. Anthropologists
have observed that taxonomies are generally embedded in local cultural and social
systems, and serve various social functions (Mekbib, 2007).

Folk taxenomy is not only the historical root of modern biological classification
but it is also crucially important to modern research scientists, who often rely on
traditional knowledge when im-u;srj,gutin g, native.spesigs (Rosenberger, 2006). This is
especially true as they examipsbigdingrsicy,in complex tropical environments, where
local people are apt to recognize a vast nlimber of organisms (Rosenberger. 2006).

It is important 1o exploge and document farmers’ perceptions of diversity
because it provides an entry poiat intothe body of detailed knowledge held by farmers,
who probably-.know more, than anydne clse. about the material to be studied
(Hoogendijk and Williams, 2001). Other benefits wdentificd by Hoogendijk and
Williams (2001) to be derivéd by using folk taxotomyare:

l. Documentation of the Farmerts perception of a local varicly because that is the only
unit of diversity that the farmer recoghize mangage and conserye;

2. Providing clues for genetisaffinities and distance.

3. Revealing with respectiioiuses; cuttural wale, -nutritional qualities, and culinary
importance of the different varieties; and

4. Tt alsp pmvidm indications for selecting an appropriate. more in-depth
characterization method.

However, the following weaknesses can however been cited for folk taxonomy:
d) The use of different names for genetically similar material or the use of same

name for genetically different material, and
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b) Repeatability of research results due to inconsistencies in data collection and

analvsis.

2.2.1.2. Morphological characterization

The use of molecular techniques for analysis of genetic diversity and the
structure of germplasm, the first conceptual step in marker-assisted breeding, has been
fruitful for many species (Naylor et al, 2007). However, before the advent of
molecular markers morphajogical dedgeriplorS ™ WEIT employed for germplasm
management. ]"»“Icnrplumlc*.-gicai' deseripfions=carprovide unique identification of
cultivated varieties. The application ofmorphological descriptor lists is the simplest of
the formal. standardized. repeatable methods of measuring crop genetic diversily
(Hoogendijk and Williams, 2001): 'Mnrphn]ﬂgi_mr trails were among the earliest
markers used i sermplasm-managemment, but they have a nwmber of limitations,
including low polvmoerphism. low heritability, late' expression, and vulnerability to

environmental influences {Smithand Smith, 1992).

The majn:advantages of conducling morphological-haracterization are that
published descriptor.Iists are readily available i mM@Stnajor crop species, it can be
carried out in situ (on-farm). ft-is-relatively imeéxXpensive, and it is relatively easy to

carry eat (Hoogendijk and Williams, 2001).
s s

Morphological characterization is therefore a highly recommended first step
that should be made before more in-depth biochemical or molecular studies are
allempted. Principal Components Analysis (PCA) of the characterization results can
identily a few key or ‘minimum’ descriptors that effectively account for the majority of

the diversity observed. saving time and clfort for future characterization efforts. This
10



approach has been used successfully for characterizing sapote (Pouteria sapota) in
Guatemala and Cuba (Hoogendijk and Williams, 2001). A large number of
polymorphic markers are required to measure genetic relationships and genetic
diversity in a reliable manner (Tatineni et al, 1996). This limits the use of
morphological characters and isozymes, which are few or lack adeguate levels of

polymorphism in yams (Hoogendijk and Williams, 2001).

Smith and Smith (1992) identified the following weaknesses as some of the
limiting factors hindering the“wse o morpholggical characterization for diversity
studies:

a) Difficulty in taking environmental fhfluences into account in the case of
quantitative characters;

b) Unayailability of descripter lists for many ncglected and-underutilized crops:
and

c) For most morpholegieal. traits, the Genetic control is unknown, although it is

known that multiple cenotypes ean give phenotypes of similar outward dppearance.

2.2.1.3. Molecular Charaeterization

Molecular genetic markérs-have-developed into powerful tools for analyzing
ganEit rc]aliunshiWnelic diversity (Tatineni ¢t al, 1996). They can detec
variation directly at the DNA level. Molecular marker data therefore can assist in
taxonomic evaluation, particularly the aceurate identification of germplasm (REF?777),
These methods are therefore being adopted rapidly by crop improvement researchers
globally as an effectiverand appropriate tool for basic and applied studies addressing
biological components in agricultural production systems (llash and Bramel-Cox.

2000). There are several groups of techniques current] y available. The most frequently
11



employed include RFLP, RAPD, AFLP, STMS (sequence-tagged microsatellites), and
sequencing. Each technique has its own particular advantages and drawbacks in terms
of their applicability for different research objectives. When choosing an appropriate
technique, there are aspects that should be taken into account, such as the degree of
comparability between experiments, the cost and availability of reagents and
equipment, the availability of crop-specific protocols and technical expertise
(Hoogendijk and Williams, 2001 K

Depending on the research guestians, angthec.cansideration may be whether it
is of importance to detect m—ﬁ.ﬂm: ifanag. SL]IIIE techniques, such as RAPD and AFLP.
do not detect co-dominance and therefore cannot measure allelic frequency. While
AFLP and RAPD are both sultable for some diversity studies, it should be noted that
the results obtained with RAPL are.notalways comparable between laboratories and
sometimes evea.between experiments. RELP isan excellent non-saridom technique, but
rather cxpensivesMicrosatellites; also known @s SSRsrequirgspecilic primers that can
be costly, and are not yet-available for many  speeies, particularly neglected and
underutilized crops (Seotti ef af - 1999), Gene sequencing is a wonderfully detailed
characterization—ofy the ‘DNA molectile,«Base-pair by bage pair. but the excessive
investment of time and resources Fequired fo condutl stichwork remains far beyond the
capacity of most national presrammes: Generally. the molecular markers can be

grouped into two: protein and DNA markers.

e _'_,_..--—""-'—_-_

2.2.1.3.1 Protein markers

Protein markers were among the first group of molecular markers exploited for
genetic diversity assessment and genetic linkage map development (Harsh and Bramel-
Cox, 2000). They are the basis for a newly emerging research area called proteomics,

They also provide some of the most cost-elfective tools for datg poinl generation:

[‘J



especially when iso-electric focussing equipment is used to precisely distinguish
between very similar versions of proteins. Harsh and Bramel-Cox (2000) listed the
following major limitations of these markers as:

a) Much of the genome (including much of the polymorphic portions of it that are
less subject to evolutionary restrictions) does not code for genes,

b) Different biochemical procedures are required to visualize allelic differences for
enzymes having different functions, and

) Many several post-transcoiptional  stepsesemoved from underlying DNA
sequence polymorphism and lhtf&_t&ﬁ’l hask.yari alion present at that level. For example,
differences in tri-nuclectide sequences coding for the same amino acid, intron
sequences that are post-transcriptionally. rémoved from the mRNA, and posi-
translational modification can all eontribute-to reduced polymorphism expression at the

protein leveleompared to that at the DNA level

2.2.1.3.2, Biochemical chaFacterization

This technigue inyolves separation of functionally equivalent enzyme molecules
according to their differing e'[l:;:trosn;rtic eharges, sizes, and melecular conformations,
followed by :hci'r.sf:tin-ing-.{frilhsi. 1999} Inheritante-analysis of the resulting banding
patterns enables inference of their mode-of irheritance and. consequently, allows them
to be _u_sed as genetic markers (REF7??). Biochemical characterization, most
frequently, involvemg_gcl electrophoresis on easily extracted proteins, such as

~1sozymes, seed storage proteins. flavonoids. and others (Hoogendijk and Williams,

2001).

Isaenzymes, the electrophoretically separable variants of one enzyme system
(Bergmann ef al, 1989), are coded by genes at one ar often several loci. Variants that

arc coded by alleles al the same locus are called allozymes (REF?77). Multilocus
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analysis considers the results for various loci belonging to one or, more commonly, a
large number of enzyme systems. In fact, isoenzymes are still widely used as genetic
markers because they are inexpensive compared to DNA markers, the laboratory
protocols are well-established in numerous tree species, they are products of structural
genes whose roles in metabolism are known in most cases, and, most importantly, their

typical levels of variation makes them suitable markers for a number of purposes.

The usefulness of a marker completely depends on its characteristics, Enzyme
molecules are direct products oF gends, a_nd thus 6EDNA. and play essential roles in the
primary and secondary metabolism of organisms (Gillet, 1999). Enzyme molecules are
composed of chains of amino acids asdetermined by the DNA sequences of the coding
genes. Differences in the totalielectrostatic charges of their amino acid sequences
indicate the existence of differences in the DNA sequences (Gillet, 1999). Allozymes
almost always differ direte-single ntcleotide Substitutions.at the locus that cause the
substitution of single amino acide-of different chargessas a rule, isvenzymes coded by
different loci differ in Size. Size*differences result from insertions or deletions of

nucleotides that lead to a'longer or shorier aminoacid Sequence.

Even llmugﬁ biochemical analvses arc sormetimes’ more expensive than
morphological characterizationgsueh studies arectelatively simple to conduct, relatively
inexpensive with regard to extraction, reagents and laboratory equipment required in
comparison to molecular r_nf:thorjs. and the results obtained have excellent
comparability and repeatability (Hoogendijk and Williams, 2001).

One of the major advantages of biochemical characterization methods is that
they are capable of detecting different alleles. Co-dominant markers such as isozymes.
enable the researcher to determine allelic frequencies and thereby directly measure

genctic diversity. Allelic frequency is extremely important information for population
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genetics studies, for example, to determine the effective population size (Cervus, 2007).
In case appropriate protocols are not available for the species investigated, existing

protocols for related or similar species may be adapted.

Weaknesses of biochemical characterization include the fact that limiled
detection systems are available and they detect relatively few polymorphic loci and
therefore are not very useful, particularly peanut (drachis vpogaea) (Hoogendijk and

Williams, 2001),

2.2.1.3.3. DNA markers

DNA markers are highly reliable selegtion tools as they as stable, not influenced
by environmental conditions and relatively €asy to score in an experienced laboratory
(Peleman and van der Voort, 2003). DNA-based fingerprinting technologies have
proven usefullin genetic similarity studies (Pejic eral - 1998). The DNA markers differ
in their technique for pelymorphism detection. ‘They may be hybridisation-based (e.g.,
RFLP), or polvmerase chain reaction (PCRj-based (e.g., RAPD and A FLP); they may
detect single locus, oligo-loguss or multiple-loeus différences: and the markers detected
may be inherited-in 'a _presence/*abseiiee, 6r co-dominant mianficr (Mignouna er. al.,
2004).

Most points on molecularmarker=based genetic linkage map are anonymous
E}H,i _;ji:ulymurphisnji‘{g;g_u_mslrictinn fragment length polymorphism (RFLP). random
amplified polymorphic DNA (RAPD), amplified fragment length polymorphism
(AFLP). and microsatellite markers) and do not correspond to any known funclion,
with the exception of few molecular markers including coding DNA (IHash and
Bramel-Cox. 2000), —

The general limitation of DNA markers therefore is that the anonyvimous DNA

markers generated by a great variety of techniques, results in great diversity in
13



reliability (repeatability and robustness) of the system. Coupled with its difficulty,
expense, and the nature of the palymurphisﬁ they detect makes the use of DNA
markers unpopular. However, recent studies by Pejic er al., (1998). has shown that
apart from RAPD, the other DNA markers provide consistent information for
germplasm identification and pedigree validation.

The DNA markers which have gained global acceptance and usage are AFLP,
RFLP, RAPD and SSR. Apart from morphological traits (Dansi ef al,, 1998, 1999),
isozymic techniques [IJarm :5, "y[}ﬂ Mlgm nd Dansi, 2003) and flow
cytometry (Dansi er al, "{J{l t!'ﬁ'% ﬁ@%@cs rovide opportunities to obtain
high amplification of genetic traits fof the development of genetic maps, variety
identification and for the analysis of important morphological and agronomic traits
(Dansi et al, 2000: Tostain etﬂﬂmri’mn et al, 2003), Molecular markers
showing a high.Jevel of gul}_'lﬁ“ﬁifphm-‘nn V_ﬁi'amz materials include microsatellites
(Sonnante e al. ~1994; Akkayaeral, 1995), RAPDs (Williams ef al., 1990: Williams
el al, 1993; Dansi er aly 2000).and AFLP [Vm@fuﬂ' 1995; Tostain et al, 2002;
Tostain ez al., 2003; Kiambi ef af2005): RAPD markers have been shown to be useful
in assessing ifilfa-Specific Gﬁ'ffihlﬂf-é;;eiﬁé ‘genetic variability 'in many crop plant
species (Liu and "‘Fufrﬁi;;r, 1993; Haley er al . Iﬁm;l(’%giﬁﬁ}'w al., 2003; Ravi ef al.,

2003).

o

IJJIS_.'i-A-mpIiFﬂFagm i-ength polymorphism (AFLP)

AFLP is a PCR-based genetic fingerprinting technique. It uses restriction enzymes to
cut genomic DNA, followed by ligation of complementary double stranded adaptors 1o
the ends of the restriction fragments. A subset of the restriction fragments are then

amplified using 2 primers complementary to the adaptor and restriction site fragments.



The fragments are visualized on denaturing polyacrylamide gels through cither

autoradiographic or fluorescence methodologies.

2.2.1.3.3.2. Random amplified polymorphic DNA (RAPD)

The technique of random amplification of polymorphic DNA (RAPD), which is simply
PCR amplification of genomic DNA by a single short oligonucleotide primer, produces
complex patterns of anonymgus, pg_i}-mamgvhiu DiNA=dragments (Clark and Lanigan,
1993). The information pmvt@é{i_—._]:lg fﬁ%ﬂ‘@;ﬁ!ﬁﬂmgﬁbutfem; has proved to be of great
utility (Clark and Lanigan, 1993),

RAPD by the PCR is a mgans of rapidly detecting polymorphisms for genetic
mapping and strain jdcntiﬁ;;uti{:ﬂ:!Wé}shiapd"ﬁchJeliand. 1990; Williams et al, 1990).
It is a very useful technique do evaluatedaxonomic identity and kinship (Hadrys et al.,
1992). They are-technically Simpler than other DNA-based markers (e.g. RFLPs),
facilitate studies of large mumbers ‘of loti, and ‘are eXpected to provide a far more
random sample of genomic than do allozymes (Aagaard e of, 1998). This method
applies the PCR with a sing!e-ﬁmrt-.aligﬁnuclmﬁﬂe' primer (o randomly amplified short

fragments of genomic DNA, which are size-fractioniled bysagarose gel electrophoresis.

RAPDs survey numerous loci in the genome making the method particularly
attractive iﬁr.anat}'m -distam:t: and phylogeny reconstruction. Polymorphism
is detected as band presence versus absence and may be caused either by failure 1o
prime a site in some individuals because of nucleotide sequence differences or by
insertions or deletions in the fragment between two conserved primer sites (Clark and
Lanigan. 1993). The RAPD method therefore is only wseful in genetic analysis if
variation in banding patterns represents allelic segregation at independent loci. True
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allelic segregation can also be confused with intermittent PCR artefacts (Riedy et al,
1992). They are also quick (Welsh and MecClelland, 1990) and well adapted for the
efficient non-radicactive DNA fingerprinting of genotypes (dos Santos ef al.. 1994).

Its usage is however limited by the fact that its amplification and data scoring are not

reproducible (Demeke et al,, 1997; Karp et al,, 1997).

2.2.1.3.3.3 Restriction fragment length polymorphism (RFLP)

The discrimination power of restriction, fragmentdength. polymorphisms (RLFPs) has
been extensively studicd in malwe, fas s thelr wse infestablishing relationships with
yield and heterosis (Melchinger, 1990 There are however several drawbacks to
RLFPs. Amongst them are that large quantities of DNA are required, is costly, the
lechnique is difficult to automate, ik rmiu-ﬁ'ps- aizeable laboratories and specialized

cquipment (Pejic.et al, 1998), andthe uséof radioactive probes makes it hazardous.

2.2.1.3.3.4. Simple Scquenge Repeits (SSR)
The microsatellites (SSRs, or Simple Sequence Repeats) have proven to be very useful

for the purpose of tnyeiling genetic diversity in many plants(Seetti er al., 1999).

The variahfliL}f- atuniiterasatellite loci is duet6 the differences in the number of
repeal units, It is therefore easily-detectable 48 variation in length of a DNA fragment

obtained-through PCR amplification from the whole genome (Scotti et al, 1999). SSRs
= T f_

have been applied 1o several problems in which the fingerprinting of genetic diversity

——and differentiation is needed (Scotti et al., 2000).

SSRs arc codominant in character, making it possible to distinguish between
plants that are homozygeus and heterozvgous at a gene locus (Powell e al, 1996),
The microsatellites have advantages in among-population differentiation studies as well

(Gillet, 1999). Yams gencrally display a low level of among-population divergence.
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This is confirmed by analyses carried out by Dansi er al, (1998), leading to

classification of Laribako and Pona as one variety.

Data from SSR markers can be used either as single loci (if they are unlinked)
or as haplotypes-if they are linked, as is the case with plastidial markers, (Scotti ef al.,
2000). Microsatellites also convey an extra amount of information, compared to other
classes of markers, thanks to the underlying mutational model (Stepwise Mutation

Model), and that they often carry high numbers of alleles at very low frequencies or
“private” alleles, that is, allelds pFeSent fnlonl , Sur ew populations (Scotti er. al..
2000). This greatly mmrihutK Nuuu t I'the genetic relationships among
populations and among individual cmptim__;_liu. 1999).  For instance in a survey on
natural populations of Norway ag:ime L{Pﬁm ablies Karst), on v two loci with no allele

had a frequency higher than 0. 1ﬁ'w#wijfmnr{ than 1300 individuals (Scotti er

al., 2000).

.....

interpretation of SSR arifbli-ﬂuﬁﬁn:qau;:_rg_;; (A). Stutter bands can appear along with
the band corresponding to the expecied fragment. This will cause (1) uncertainty in the

o

" r;_.. ’ = — ‘*(}'t-‘ # 4
homozygote, if the twe bands.dre so close on thegeltharthe ladders produced by the
: Hr*> SAMNE ?‘.";- 5 ¥
two alleles overlap. The former problem-eanbé casily overcome by running an internal

z \ W —— ¥ f <}
Setinetitn of lf!é'fé!jgle size and (ii). the.possibility of lmﬁt}ﬁﬁ@ a heterozygote for a

slandarﬂ”fég.allcle M/__ﬂ_!.gg_;izﬂ}, plus a molecular size marker, along with the test
samples. The standard will help to identify the *“true” band among those amplified in
— the PCR. Generally speaking, the introduction of internal size standards is a very

efficient strategy in microsatellite gel runs. because they can help in all cases in which

the scoring of fragment sizes is uncertain (Scotti ef ¢l 2000).



(B). The presence of mull alleles. These alleles are not amplified and therefore are not
scored al all on the gels. They can therefore lead 1o underestimates of heterozygosity.
This problem has no direct troubleshooting, since there is no direct way to turn these

(partially) dominant loci into codominant, and can have consistent effects (Scotti ef al

2000).

In this study, SSR markers were used because of the following attributes: (a). In
terms of equipment and costs, only basic molecular biology equipment is needed- a
PCR thermal cyeler, an elecledphoresis ecll | i vcrﬁcul acrylamide gels and the

equipment for film/gel development.

(b). In terms ol PCR efficiency, SSR PCRUis a rather robust one and in general does not

require highly purified DNA.

(¢). In terms of technical-skills and backgrotind necessary-1o _perform SSRs, basic
knowledge in molecular-biglogy.is'all that 18 required to setup an experiment involying

the use of SSRs. The only techniques involved are PCR and zel run.

(d). PCR reaction_tan be scaled down, saying.monev on the reagents and allowing to
get a strong signalon'the eel Even with very small dmotints o femplate genomic DNA

-down to 1.5 ng (Scotti ef alf, EI'J'{E}',-

2.2.2. iauamii}ing genelicdiversity: measuring intra-population genetic diversity

__——There are two bases for measuring intra-population genetic diversity- on the number of

variants and frequency of variants.



2221 Intra-population genetic diversity on the basis of number of variants
On the basis of number of variants: one can assess polymorphism or rate of
polymorphism, proportion of polymorphic loci, richness of allelic variants (A) and

average number of alleles per locus.

2.2.2.1.1 Polymorphism or rate of polymorphism (Pj)
This measure provides eriteria to demonstrate that a gene is showing variation. A gene
is said to be polymorphic if the frequency of ope of itsalleles is less than or equal to
0.95 or 0.99 (Cornell LFniversiljléf"i_{}l?h

Pj = q < 0.950r Pj = q < 0.99.
where,
Pj = rate of polymorphism; q = allaie.ﬁuquﬁugy
Its calculation-is.through dirgct observation of ‘Whether the definition is fulfilled and
can be used with-egdominant markers and, very restrictively, with dominant markers
(Cornell University, 2003 ), This.is because the ‘estiniaté based on dominant markers
wauld be biased below the real number .

A polymorphic gencis usuaLI} one” for-which the most-common allele has a
frequency of less thani(),95, Rare alleles are defined as thase with frequencies of less
than 0.005 (Cornell Universityss2003);the Timibof allcle frequency, which is set at
0.95 {qr__ﬂ.‘-‘??} is arbitrary, its objective being to help identify those genes in which

allelic variation is csmmon (Cavalli-Sforza and Bodmer. 1981).

_—-_-_._._-

2.2.2.1.2 Proportion of polymorphic loci

This measure expresses The percentage of variable loci in a population. Its calculation
is based on directly counting polymorphic and total loci and can be used with

codominant markers and. very restrictively, with dominant markers (Comnell
21




University, 2003). This is the number of polvmorphic loci divided by the total number

of loci (polymorphic and monomaorphic), that is:

P= 5/ Mgl

where.

P = proportion of polymorphic loci; np; = number of polymorphic loci and g, = total
number of loci

2.22.13 Richness of allelic variants (A)

This measure refers to the mlmfziﬁ of 'wrialits in a“aan;p:j-u The measure of diversity is
IN N ‘

(A - 1) variants because, within a nmnuniurphju population, the degree of diversity is

zero (A - 1 =0). For a given gene ip/a sample, this measure tells how many allelic

variants can be found. It is however sensitive to sample size and even though the

distribution of alleles does not matter. th'::_ maximum number of alleles does (Cornell

University, 2003). However,-it can ofly be applied togo-deminant markers such as

SSRs (Cornell University, 2003)..

222.1.4 Average number of alleles per locus
Another measure éf imca-population. genetic diversity is the E}‘EM}:.L number of alleles
per locus. It is the sum-of all defected alleles in alblocivdivided by the total number of

loci.

e e :(13"‘{]2“1

——where,

K = the number of loci: ni = the number of alleles detected per locus.
I'his measure provides complementary information to that of polymorphism. and

requires only counting the number of alleles per locus and then calculating the average.
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ILis best applied with codominant markers such as SSRs, because dominant markers do

not permit the detection of all alleles (Cornell Liniversity, 2003),

2.2.2.2. Intra-population genetic diversity on the basis of the frequency of variants
On the basis of the frequency of variants the intra-population genetic diversity can be
measured by assessing the cff_n;cii.ve number of alleles (Ae), and average expected

heterozygosity (He: Nei’s genetic\diversity)

22221 Effective number of alleles (Ae)
This measure tells about the number of alleles that would be expected in a locus in each

population. It is defined as the number of alicles that can be present in a population.

A =1/1'= h) = 11£p2
where, :
pi = frequency of the ith allclc in aloecus; h= 1 = Epi and 2 = heterozygosity in a locus
Effective number. of alleles {Ae}- is—calculated by inverting the measure of
homozygosity in a lacts. It ean also be used with codbminant'markers such as $SRs. Its
calculation is however sampling $ize depenident,
This measure of diversity may also be informative for establishing collecting strategies.

For example, we estimate it in a given sample. We then verify it in a different sample

___———or the entire collection. If the fizure obtained the second time is less than the first

estimated number. this could mean that our collecting strategy needs revising.

(R
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Another measure of intra-population genetic diversity is the Average expected
heterozygosity (He) (Nei's genetic diversity [D]). This is the probability that, at a single

locus, any two alleles, chosen at random from the population, are different to each other

There are three calculations that are possible:
* A locus with two alleles: hj=1—p* — ¢
* A locus j with i alleles: hj = | - Epi’
* Average for several loci: H = Ei"h/L.
Where,
hj = heterozygosity per locus; p and q= allele ﬁequcmies; H = average heterozygosity

for several loci and L = total number of loci

The average expected hef€rozygosity is ealculated by subiracting from 1 the
expected frequencies of hompzygates in ;_}:'."in:‘rcus_: The operation is repeated for all loci
and the average then performed, it can be applied to all-markers; both codominants and
dominants. The estimated value may be affecied by those alleles present at higher
frequencies. It ranges from 0 to- 1, and it iS'maximized when there are many alleles at
equal frequencies.-A minimum of 30 loci i 20-individuals per population should be
analyzed to reduce thé risk of statistical bias (Cornet) UniVersity/2003),

The average Hr over all [0chis an estimate-of theextent of penetic variability in the

population.

S : _,_...—'—"""--_-_
_——-2.2.2.2.2. Calculating intra-population distance, using microsatellites

Intra-population distance is the average of the sum of squares of the differences in the

number of repeats between alleles,
— 2t it
2n(2n—-1;
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The average intra-population distance may be calculated for all analyzed loci (ds).

Sw = (1/0‘5)2;8‘.\;]

Where,
aij = size of the allele of the i copy (i =1, 2. ..., 2n) in the j" population (j=1,2, ...,

ds); n = number of individuals in the sample

There are two considerations:

The calculation of distance between two alleles is a transformation of the number of
repeats. One difficulty in using SSRs to estimate genetic distances is their high rate of

mutation,

2.2.3. Expression of relationships between results obtained from different sets of
characters (classification or clustering)

There are twomain methods for expressing relationships between resilts obtained from

different sets of characters:clustéring and ordination.

2.2.3.1 Clustering Method

Cluster analysis, alse called seginentation-analysis. or laxenomy analysis is a group of
multivariate techniques uget 46 group objccts (Sibjcets: respondents, products, etc.)
based on the characteristics they possees Fach object within the cluster will be similar
to c_:xfn:_rg-.csthﬂr object,_and-different from objects in other clusters. In other words,

homogeneity is maximized within clusters and heterogeneity is maximized between

—-—-_F-_—

them. Cluster analysis is an exploratory data analysis tool for solving classification
problems. Each cluster thus describes, in terms of the data collected, the class to which
its members belong: and this description may be abstracted through use from the

particular 10 the general class ur type. It is therefore a multivariate procedure for

]
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detecting natural groupings in data. This is the pracess of grouping (or clustering)
objects in categories or classes based on their common attributes or relationships.
Cluster analysis is therefore very useful because it allows one to visualize similarities

among taxa by the levels at which they are grouped together (Crawford, 1990),

To measure distance among clusters a number of methods is available and
varies according to the way in which 'closest' is defined at each stage of merging

groups. The following possibilities are available.

* Single Link (Nearest neighbeugy defines ghe sunthariy~between two clusters as the
maximum similarity between any twd samplesn thesc chusters.

* Complete Link (*farthest neighbour’) defines the similarity between two clusters as
the minimum similarity between ay. two samples in those clusters (Aldenderfer et af.,
1984).

" Average ik (WRGMA -punweighted pair-group. method using the arithmetic
average’) defines the similatity beiween a cluster and Wwo merging clusters as the
average of the similaritiesswith each of the original €lusters. It therefore replaces two
merging clusters by theirmean. unweighted by eluster size(Kumar er. al, 1994),

* Group Average —anaverage is takenroverall the samples in the'two merging clusters,
Thus, the original Clusters dre replaced by their meansWeighted by cluster size (Gower,
1967)

* Median Sorting can be thought of in terms of clusters being represented by points in a

- S s _.,-l"_'-..--_-_._ - - -
multidimensional space; when two clusters join. the new cluster is represented by the

———midpoint of the original cluster points (Gower, 1967).

Other methods available for measuring distances among data points are:
= Unweighted pair-group method using the centroid (UPGMC). It is based on the

distance between the mean values for each group (Kumar ec.al.. 1994).

T



= Weighted ﬂmMMhmﬁ{WMhﬁ].hﬂuhm
Taxonomic Units (OTUs) median value in the groups (Gower, 1967).
-erd.ltnnrhwimdnmofﬂ:sqmrddiﬂlmruplhurﬂ‘ms It is also
known as the method of minimal variance because, while taking the squared values, it
becomes a very sensitive method (different OTUs will look more dissimilar and similar
OTUs will look even closer). It may be used with Euclidian distances and molecular
data when a high number of DNA bands are available.

Most data sets may be thought of as a matrix of # units (rows) by p variables
(columns). The first step in cIK N Ulignq:ﬁhmcm of the similarity or
distance matrix (Aldenderfer and Blashfigld, 1984). Here a matrix of n rows by n

columns in which the element a, de

' '%mwiatiun between the * and the jth

and the cell entries are a meas re of simila Fdistance for any pair of cases. The
~:="_‘ = : m— - —— 'l ! F"/

1 en 1wo gro spﬂn.-, mare simifar they are. Statistical

o Vs

clustering methods use ztyﬂaﬁmw |

are three wa,s Hugrfg}\&

-*F,a: ‘-h\_,*
overlapping (Garcia er uf =

2.2.31.1 Hierarch iﬁﬁfl_:n_:;l;g

———Hierarchical clustering is a way 1o investigate grouping in one’s data, simultancously
over a vanety of scales, by creating a cluster tree. The tree is not a single set of clusters,
but rather a multilevel hierarchy, where clusters at one level are joined 10 clusters at the
next higher level. This allows one to decide what level or scale of clustering is most

appropriate in an application (Hastic et al = 2009),
27




There are two ways of classifying hierarchical clustering — agglomerative and
divisive. The agglomerative hierarchical methods operate on a matrix of similarities for
a set of units. The divisive hierarchical method is a clustering procedure whereby all
objects begin in a single cluster, then the subsequent steps, each cluster is divided into
two clusters containing objects that are the most dissimilar. This is the opposite of
agglomerative methods. It is ofien found that using this method provides a more
acceptable classification into a small number of major groups — the groupings obtained

are also more robust to any aberrant similarities between individual pairs of units.

In agglomeratie clmaleriﬁg. the procediffe B8Bins With each object in a separate
cluster. In each subsequent step, the twa object clusters that are the most similar are
combined into a new cluster. Thig'is repeated until al! objects are combined into a
single cluster. This method is hewever criticized for concentrating initial attention on
individual units and small groups sincedmportant groupings could be influenced by the

chance merging of twewmits at an‘early-stage of clustering,

2.2.3.1.2. Non-hierarchical clustering

These methods gmm'lly operate on-units by variates matrix-and scek to partition the
units into a specified numbEr6f groups 1o optimize Seme criterion. The most common

criterion used is maximizing the between groups sum of squares, which is equivalent to

e

miniuﬁxi—ngtﬁc within-grempsstum of squares. This method assigns each individual to a
unique group by comparing it with the initial classes so that its positioning is the most
appropriate.

Clustering  starts with some initial classification and using an iterative
procedure, units are moved between groups until no move gives an improvement in the

criterion, This is taken as the optimum grouping,

28
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There are three main objectives for clustering data; to find natural groupings as
in taxonomy. to simplify data (data reduction) and to understand the data better than

producing a distribution as a whole (relationship identification).

For a data set made up of m objects, there are m fm-1)/2 pairs in the data set. The result

of this computation is commonly known as a distance or dissimilarity matrix.

2.2.3.1.3. Overlapping clustering

In this method, unlike the 110n~hiﬁt%rclﬂi&alﬁc.lﬁstcéﬁng‘gheﬁ: individuals are assigned to
1 L g % ?‘" - y a

a unique grouping, individuals may belong to more than one group.

Associations may also be expressed as similarities or distances, Similarities are
usually constrained to lie in the range [0, 1] with “seli-similarities’ taking the value 1.
Distances or dissiniilaritics are eomplemientary to similaritics ~they.are usually non-
negative with self-distance zero. Similaritiés can easily be capverted to distances and

vice-versa.

Three types of data_commonly encountered in practice are binary, qualitative (with

more than two stat'&sjﬁngj quantitative (Kaufman et al, 1990);

Binary Bata: Data is in a form of presence (1) and absence (0). Similarity coefficient is

e _.__d_.--"'-'_'__
calculated by either simple matching or Jaccard's method. In the simple maiching

— method;

Similarity coefficient = similar/ (similar + dissimilar):
and Jaccard’s suggests that if a scoring in neither accession do not contribute to inter-
site similarity then,
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Similarity coefficient = only positive similar/ (similar + dissimilar),

Qualitative Data: Qualitative data is extremely varied in nature. It includes virtually
any information that can be captured that is not numerical in nature, These refer to
characters or qualities, and are either binary or categorical: binary, taking only two
values: present (1) or absent (0); categorical, taking a value among many possibilities,
and are either ordinal or nominal: Ordinal: categories that have an order and Nominal:

categories that are unrelated (Aldenderfer et ., 1984).

For characters such as colour and shape there are_oflengmore than two states of the
character, and coded values are JuSed [foM\estimation_of similarity indices. When zero

pairs are available, data is adjusted as binary’data.

Quantitative Data: Distances rather than similarities are considered when dealing with
quantitative data. The common measure is the Euelidean distance. The general formula
for the (squared) Ftielidean distance between units / and j, based on p quantitative

variables xk (k = 1. p)is

dr": 1/ipE X3 .--2r_}
e i (Summation from k =1 1o k =p).

In the formula, the distance between units for the kih wariable is divided by rk to allow
for differing scales.of measurement. When included; the valbeof r is usuvally set to
either the standard deviation ot the range-of the Variable, ensurin 2 that distances do not

exceed 1.

-

A == i --H_'_.___..-——-— ., ) 1
Euclidean distance is sensitive to unusually large differences between units for a single

—— variable, A more robust alternative 15 the City-block or Manhattan distance measure:

d,, = { |."IP}E{:‘"-JA = xr-'v}r*

(Summation from k =1 to k =p).
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2.2.3.2. Ordination

Ordination is the arrangement or ‘ordering’ of éampln-:: units along coordinate systems.
The purpose of ordination, as well as classification methods, is to interpret patterns in
the composition of samples. This is a multivariate method that complements clustering,
and is usually considered to be an approach that is closer to biclogical reality. With
ordination methods, we want to represent the relationships of samples in a simple way
by reducing the real situation to a *low dimensional space’ (Gauch,1982).

In principle, ordination is both an exploratory _and hypothesis-testing tool.
Numerical taxonomic techniquas“have hgen, mmc;.gs;ffullgr used by many workers to
classify variation patterns at both intra and interspecific levels (Sneath and Sokal. 1973:
Chheda and Fatokun, 1982; Arivo, 1991),

Principal component analySis (PCAJ 5@ descriptive technique which reveals
the pattern of. character varigtion among. individual accession. Its further reduces
multivariate data inle units or companent therehy a-:munfing fora meaningful amount
of variation in a population, It is however Aot suitable for molecular data (IPGRI and

Cornell University, 2003),

1.3. Analysis of Molecular Marker Data
For molecular marker datdy there are-three fiethods for displaying relationships:
principal coordinates analysis (PCoA), nonmetric multi-dimensional scaling (NMDS)

and ﬁ'r'r'ésﬁn ndenceanalysis (CA).

Principal Coordinates Analysis (PCoA) also known as Multidimensional
Scaling (MDS), is a more general projection method than PCA. This is because PCoA
can use any distance mmatrix. However, because PCoA uses a distance matrix all
information about the original variables is lost and the analysis relates only to the cases.

Principal coordinates analysis therefore attempts to represent distances between
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samples and may accommodate matrices from different dissimilarity measures. It
maximizes the linear correlation between sample distances. When used with Euclidean
distances, the results are identical to PCA. If the distance matrix uses Euclidean
distances a PCoA and a PCA analysis would produce identical projections of the cases.

even though with some possible reflections or translations.
The differences between PCoA and PCA can be are summarized as:

. PCA searches for patterns_ip the variables, whereas PCoA searches for
similarities between cases,

2. PCA reduces variable dimensionality, by an eigen analysis of a correlation or
covariance matrix, whercas PCOA analySes a distance matrix. Many dilferent
distance matrices can be used as-long.as they metric, in particular they must
obey the'triangle’ rule,

The result of.a PCoA 1s asét of coerdinates on-anumberof derived axes such

Lad

that similar cases are close togethert It is-nat pessible to associate these axes
with any variables. PCA however generates axes which can be associated with

variables;

Nonmetric multidimensianal scaling (NMDS) on the.other hand works by maximizing
the rank order correlation and attempting-to find"the best shape to accommodate the
data, This teehniquijgﬂma_ihe basic configuration from the dissimilarity sample

matrix. With NMDS, only the pattern of points is relevant. not the origin, and the

———— %
representation may be rotated.

Correspondence analysis {CA) repeats the averages of sample scores and finds spots
where all samples falling in the same spot are as similar as possible and,

simultaneously, samples at different spols are as different as possible.
9
= o
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24 Concept of Core Collection
Core collections were first defined as a limited set of accessions which represents, with

a minimum of repetitiveness, the genetic diversity of a crop species and its wild
relatives (Frankel, 1984). This was later modified as “a limited set of accessions derived
from an existing germplasm collection, chosen to represent the genetic spectrum in the
whole collection, and including as much as possible of its genetic diversity™ (Brown,
1994). It is also defined as “a germplasm collection optimally representing specific
genetic diversity”, implying that size, type and origin of a core collection depends on

the requirements of the compiler {¥an Hintam, | uym

A core collection can be based on_a single existing collection or on several
existing collections, but it can also bela newly created entity. It can represent the
diversity in a complete genus, including wild species, or the diversity in a small part of
the genepool. It can contain as much diversiry as possible, but can also give higher
priority to a certain type ef material, seducing the {otal amaetint of diversity captured
(van Hintum, 1990).

Numerous examples of the establishment of core collections that have been
published including a core eollcetion representing the complete US germplasm
collection of peanut (Holbrook et af, !9’93}, cuitvated Brassica oleracea in European
collections (Boukema ard-Hiatom, _1994), lentil-acessionis from Chile, Greece and
Turkey (Erskine and Muehlbauer, 1991), the entire genepool of Hordeum (Hintum er
n!.,._ljlg};l-];' local maize—populations with a good combining ability (Radovic and

Jelovac, 1994) and Pisum sativum germplasm with disease resistance (Matthews and

i

Ambrose, 1994),

Numerous approaches have been adopted in an effort to select a representative

sample of a collection- from random selection (random core), to sequential set selection

ard
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and equidistant core (selection of accessions with accession numbers ending with a five

Or Zero).

The general procedure for creating a core collection can be divided in four steps:

I. Define the material that should be represented, ie. the domain of the core
collection. This can be a crop and its wild relatives, but can also be a small part of

the diversity of a crop such as material with specific traits or from a specific origin

region.

2, Divide the domain in types, \*ﬁhl‘{;l] ghmed T%:.U?as distinct as possible.
3. Choose the number of Lﬂlflthﬁiﬁh&hg dlg ILQ;ML them over the types based on

the relative importance of, and diversitylin the type.
4. Sclect the entries from each type,that are to besincluded in the core. This selection

can be made randomly, or if addithmaldmamw lable. on the basis of these data.

e

The objective shouid beto best represent the diversity in the group. Also practical
considerations can play a role’in this cthoice, Such a5 the availability of the seeds and
the reliability and quantity of the data on the accession, since it is desirable to have
readily availableauthentic and well d;ﬂunmicdmﬂbﬁai in thé core.
A major problem. ofthe maffagement of ex sifu p}qhi-g%wﬁ-ﬁsnurm (PGR) is the
low accessibility of the col Iac‘l_ie:ils ,Ei'?l} Elg;_:ruu:.}l}ﬁim These core collections were
invenl@,lu increase the accessibility of germplasm collections: low accessibility
implies low ;tilﬁatmmt management. A core collection therefore offers a
_____—good starting point for searches for new traits, and can be used for in-depth evaluation
increasing the knowledge of the entire collection (van Hintum. 1990).
All in all the concept of core collection is relevant in germplasm management as ‘
it was first proposed. 1

lul‘.l'
“‘I:fs :l‘.:E“'“ Ukivergiry [ [}
% AND TECH
raer

ASI-GmA



CHAPTER 3

+ 3.0 RESEARCH DESIGN AND METHODOLOGY

3.1 Study Areas

The accessions were collected from four yam growing agroecological zones in Ghana:
Coastal Savannah (Bodwease, Mankrong and Bontrase), Forest (Fumesua and Ejisu),
Forest-Savannah Transition Zone (Ejura, Wenchi, Techiman, and Kintampo), and
Guinea Savannah (East Gonja, Tolon/Kubungu, Nanumba North and Nanumba South)
(Fig. 1). These study areas weng selegredy becauseytheerop has co-existed with the
people in these locations from time immemorikandwich in farmers’ Pona varielies and
Pona look-alikes. Hence they would be suitdble for characterization and classification

of the Pona collection.

3.2 Germplasm Collection _
The general approach.te-thes Pong diversity studies was tocombine ethno-botany

(indigenous or folk) taxonomy, merphological and melecular characterization methods.
Ethno-botany classificationwsas employed at the followingstages of evaluation: at time
of collection of aceessions. vegetalive-and harvesiing stages of e accessions. A total
of 66 Pona-Laribake tubers et seedyams including Laribako-la and Laribako-nya
{(supposed male and female respectively) angd 1" Muchmmudu accession were collected

from the-study areas.
e W ,.u—'—'"-.--_-_— i
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Fig. 1.Yam production map of Ghana showing whete-Pona aecessions were collected.
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3.3 Evaluation

This activity was conducted at CSIR-Crops Research Institute on-station site al
Fumesua, Kumasi, Ghana and some farmer fields. A total of 66 Pona-Laribako
accessions including 3 released Pona varieties, | Muchumuche and 1 Dente (Table 1)
were planted in April 2006 and reclassified by expert farmers’ into 91 accessions
consisting of 43 Laribake. 40 true Pona, 5 Kulunku and 1 each of Muchumudu, *CRI-
Kukrupa®, and Dente (Table 2). Tuber_setts (300.:400g) wese planted in April 2006 on
mounds at a spacing of 1.5m x 1. 5myYam Wohnds wassingly staked with bamboo of 2-
3m high to enhance good canopy expression. Weeding was manually done as when
necessary. No chemical amendments, were appliedito the soils. The aerial parts of the
plant were assessed through May = Au_gust_; the haryested tubers in December. Single

harvesting was eonducted in December 2006,

The study was-repeated.in 2007 by planting the 9| atces®ions in April 2007 for
further characterization in Augmented RCBD with 3 blocks and 3 checks Dente,
CRIKukrupa and MankrongPana as replieated checks. Eaeh row had 8-10 clones of
cach accession, § plants were selected at random to record merphological traits. In
2007, the field was laid o reflest.the order given byth€ dendogram of 2006 results. so
that similar morphotypes could-be-prowni€lose to-each other and compared more
accurately. These morphological descriptions were repeated over two years to verify

= e —
the accuracy of the rated morphological traits.
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3.3.1 Ethno-botany or Folk Taxonomy

Various research methods were used in order to have a clear picture of Pona
classification. Focus Eroup interviews (287 tarmers), community-based Participatory Rural
Appraisals (PRA) in 9 districts and direct participatory on-farm assessment (20 farmers).
Key informants interviews involving 50 farmers and 30 agricultural extension agents and
yam sellers were done. Semi-structured interviews with 200 farmers were carried out to

quantify the indigenous taxonomy.

3.3.2. Morphological Characterization

Morphological  characterizations! was . conducted by  combining  in-situ
characterization in farmers’ fields at Kwamang Pepease —Forest zone and Bodwease
(Coastal Savannah) and ex-sitw charagterization nader controlled the controlled conditions
at Crops Research Institute Experitmental Station at Fumesua in 2006 and 2007. The ex-situ
characterization was carried out'te mop up séme accessions that the researcher missed at

collection time because farmers had planted alrcady.

The assessmenit.of the accessions-at Crops Rescarch Institute was conducted with
active participation of 7 expert, Poma farmers includingethc A'shanti Regional Best Yam

Farmer (2006) and farmers with not tessthan-15-years of Pona cultivation experience.
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Fig. 2: In-situ characterization at Kwamang —Pepease, Ashanti Region.

The descriptors used for morphological characterization (Appendix 1) consisted
mainly of descriptors selected by Hamon (1987) as the most pertinent for identification and
description of cultivated yams.in West Africa and those recommended by Martin and
Rhodes (1978) and IPGRI/TITA (1997) as cited by Daunsi'er-al. (1999) and modified to suit
the study. Additional farmers® deseriptors such as tuber striping or streaking, presence of
specific Fig., presence of colour bands (Dansi ef @f.; 1999) were also incorporated. A total
of 111 characiers (Appendix 1) weéie-seored on binary basis for differentiating the
accessions.

Two fa_mle'r field days were organized each year at vegetative, flowering and
harvcsﬁxig_s_tﬁges to iném-p.f??a_t-;?a;mcr knowledge of true Pona characteristics. Harvested

__yam-tubers were cooked and its rheological properties (aroma, texture and taste) assessed.

After assessment for year one, the expert yam farmers confirm and declassified some of
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the 1 : i . :
accessions leading to reclassification of the collected accessions to 91 accessions

(Table 2).

3.3.2.1. Data analysis

All data were converted to binary form using ALS Binary and clustering according to the

Darwin 5.1.531 neighbour-joining approach:.

A measure of diversity whigh glakes yintg aeeowyt proportional abundance and
evenness of categories, the Shannon“diverSity™idesx (H)"(Shannon and Weaver, 1949),
which assesses the diversity of cach trait in'the Pona yam collection, was assessed using

the formula:

H=_Zp1 Inpi
where:
H is the diversity index; In is the natural‘logarithm; i is an index number for each
trait present in a sample; pi is the mumber ofindividuals with the trait (ni) divided by the

total number of individuals () present inthe entire sample,

The means and standard errors of 26 quantitative traits were calculated for each

trait. Principal Cumpmsis (PCA) was used to assess the range of genotypic
——ariability in the population. In PCA analysis. the eigen values were correlation coefficient
between original variable. (morphological or molecular data) with respective principal
component (PC). Variationpercemtage expressed by each PC and accumulated variability

percentage were also generated. A two-dimensional scatter diagram of the PCs with
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variability >10% was then plotted to observe the dispersion of the accessions on the two

PCs.

Cluster analysis was used to estimate pair-wise genetic similarity values among accessions

using Jaccard's similarity coefficient, The similarity matrix was then used to construct a

phenogram.

3.3.3 Molecular Analysis

3.3.3.1. DNA Extraction -

Some accessions were lost (failure to germinate) before the molecular analysis, hence total
genomic DNA was exiracted from young freshly hirvested leaves of 72 yam accessions
from the experimental ficlds of thé Crops Researeh Institute, Fumesua, Ghana using

Qiagen DNeasy Plant Mini.Protoeol (Qiagen. 2006).

Hundred mulligram (100mg) fresh w’i‘:_j__ﬁht of sample material was grinded in a
mortar and pestle. This was followed by the addition of Wﬂyl and 4ul of Buffer AP1 and
RNase respectively, It was then vortexcd and incubated in a ‘p:chf;x:d water bath at 65°C
for 10 min during wl-iich'-’t:ht tube yvas inverted 3 ljms..li_uﬁfé‘:;:-&%:? wis added to the tube,
thoroughly mixed and inr.:uba!:eé__i ﬁr;;;ziba;l"qr;j‘n;ing;qs; The Tysate was centrifuged for 5 min
at 14.000 rpm. The lysate was pipetted into QlAshredder Mini spin column in a 2 ml

collection tube and cen‘rﬁﬁjﬁm 4.000 rpm for 2 min. The flow-through fraction was

___transferred into a new tube. and 1.5 volumes of Buffer AP3/E added and mixed by

pipetting. 630 pl of the mixture was transferred into a DNeasy Mini spin column in a 2ml
collection tube and centrifuged at 8.000 rpm for 1 min and the flow-through discarded.
Another 500 pl Buffer AW was added and centrifuged for 2 min at 14.000 rpm. The spin

column was transferred to a new 2 ml microcentrifuge tube and 100 pl of Buffer AE added
49
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for elution. The sample was then incubated at room temperature for 5 min, and centrifuged

for 1 min at 8000 rpm.

3.3.3.2. DNA Quality Testing and Quantification

DNA _extracts of 72 accessions averestransferred to=i#A 1n Nigeria for the molecular
analysis. DNA quantity and quality was determined at the Biotechnology laboratory of the
International Institute of Iropical Agrieulture (IITA) using spectrophotometer (Beckman
Coulter DU530) and the absorbanceread at 260nm and 280nm (A4 and Agg respectively)
levels. Each DNA sample was diluted ten times (2 ul DNA+ 18 pul Nuclease-free milli-Q
water). The milli-Q water was used as a treference sample to set the spectrophotometer at
260 nm wavelength (blanking). A10 ul volume of the diluted DNA sample was loaded to il

the curvette of the'spectrophotometer for estimation of the concentration.

The quality of DNA was assessed using the absorbance ratio at 260 and 280
wavelengths (Aje0/A2gp)svA.DNeasy purified DNA has an A,¢/Ago ratio of 1.7-1.9. An
Az60/ A ratio-equal to 1.8 1s generally ﬁénsidered to be pure (Quagen, 2006). On the other
hand an Ajso/Aggowalue-lower than 1.8 indicates-the presence of impurities. The DNA
concentration of the sampleS'was determinedwusing the double-stranded DNA standard of 1
Aze0 = 50 ugﬁ,ﬂ._gf DNA. The wark_ing concentration of 2.5ng/ul DNA was prepared based

 —— —
on the estimated concentration obtained from the spectrophotometer reading. The volume

ﬂ_mple needed to be diluted for the working sample concentration was calculated based

on the formula

\Y I :Cj er’fc I

L 5
.-l-l-q.
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where C,= initial concentration of the sample; C5= required concentration of the sample;

V2 = required volume of the sample; and V| = volume of the initial concentration needed

to be diluted to the required volume,

For samples with very weak concentration which required V' of greater or equal to 100 pl
no further dilution was done. For samples requiring V| of <100 pl, the volume was taken

and topped up to a final volume of 100pl.

3.3.3.3. Molecular Markers and Polyaterase Chain®Reactions

Amplifications were carried out in an automated@hermal cycler (Peltier Thermal Cycler
200). The PCR conditions described by -Kawehuk ¢/ ol (1996) were used with some
modifications (Migneuna ef al, 2003). Twenty-one (21) SSR primer pairs were used for
this study (Table 3). Amplification reactions. were carried out-in 20 ul reaction volumes
each containing 5ul of mastep mix BNA, buffer (ammbnium sulphate), deoxynucleoside
triphosphates (dNTP). 1.7 mMMgC1., 0.4 mM each of forward and reverse SSR primer.
and two units of Taq DN A, polymerase (Promega) (Table 4.),

Reactions were condueted in a I'hermal Cyelér of Protnega programmed for the
following procedures- initial denatiring-at"94%C-for 4 min for one cycle, followed by 35
cycles nl'_?j'f't. for 30 sec, 33.1°C for 1 min (annealing temperature depending on marker)

and 72°C for 1 min. Afier the 35 cycles, that is the primer extension stage, the samples

—-—--_._._

were held at 72°C for 7 min followed by 60°C for 30 min and then stored at 4°C. PCR
optimization was performed lor all markers and best performing conditions identified. The

optimization PCR reactions were carried out in 5 ul.
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3.3.3.4 DNA Fragment Analysis

Capillary electrophoresis was performed using a semi-automated system of ABI 3100
Genetic Analyzer in a 36 em capillary array using POP 4 (Performance Optimized
Polymer) matrix to separate amplified PCR products. Genotyping was done using Liz +
formamide at a ratio of 1: 94 per reaction as a size standard. Four negative controls (W1-
W4) and four already genotyped yam genotypes were deliberately added to the 72

accessions to test the extent to whigh the GaneMapper™brocedurcs could classify the

accessions,
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_Table 3: Set of Yam Microsatellite markers (SSR) used in fingerprinting

SNo | Marker name | Primer sequence (5'-3')°
TTCCCTAATTGTTCCICTIGTTG
1 YM-13 GICCTCGTTTICCCTCTGTGT (R?
AATTCGTGACATCGGTTTCICC (F)
2 YM-26 ACTCCCTGCCCACTCTGCT (R )
ATAGGAAGGCAATCAGG (F)
3 Dpribos ACCCATCGICTTACCC (R )
AATGCTTCGTAATCCAAC (F)
4 Dal FO8 CTATAAGGAATTGGIGCC (R)
TACGGCCTCACTCCAAACACTA (F)
3 YM-15 AAAATGGCCACGTCTAATCCTA (R )
AACATATAAAGAGAGATCA (F)
6 Dab2E09 ATAACCCTTAACTCCA (R )
GATGCTATGAACACAACTAA (F)
7 DalDO§ TTTGACAGTGAGAATGGA (R )
TATAATCGEGE GYGAGE ()
8 DalA0! TGITGGAAGCATAGAGAA (R,
AGACTCTTGERCATG )
g Dpr3Fo4 GCCTTGTTACTITATIC (R)
TGTAAGATGCCCACATT (F)
10 | Dab2D06 TCTCAGGCTTCAGGG (R},
CCCATGCTIGIAGTIGT (¥)
11 Dah2C05 TGCTCACCTCTITACTIG (R)
. GCCTTTGIGCGTATCT (F)
12 AATCGGCTACACTCATCT (R)
ICAAAGGAATGIIGGG (F)
13 | Dpr3Fi0 ACGCACATAGGGATIG [R)
CATCAATETTTCTCTGCTT (F)
14 | Dpr3BI12 CCATEACACAATCCATC (R).
TCCCCATAGAAACAAAGT (F)
15 | Dpr3Fi2 TCAAGCAACAGAAGGTG (R)
ACAAGAGAACCGACATAGT (T)
16 | Dab2D08 GATTIGCTITGAGTCCTT(R)
AATGAAGAAACGGGTGAGGAAGT (F);
17 | YM-5 CAGCCCAGTAGTTAGCCCATCT (R )~
GGAGFGCGGGGAGAGGAGAF)
18 | YM-28 CGGEGPGAGCTATTGGTGTGT (R )
TTGTCAGCGAAATAAGCAGAGA (F)
19 | YM-I CAACAGACGCAGCCCAACT (R )
CCACCCTCTACCTCAAGT (F)
20 | YM-19 | GAGGETTCTCCCACTAAGT (R)
TITGAACCTTGACTTTGGT (F)
| 21 | Dab2E07 | GAGTTCCTGTCCTTGGT (R )

i —

NB: Italicized primers were polymorphic and vice versa.

T e e e e

“F, forward primer; R, reverse primer.
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3.3.3.4.2. Size matching, binning, allele size calling and verification

The GeneMapper™ version 3.7 software (Applied Biosystems Inc.. Foster City,
CA 94404, USA) was used to generate genotype plots, Size matching/calling was based
on Local Southern Method algorithm with reference to a defined standard range, G575-
300(-250) Liz base pairs. To reduce bin sizes and increase inter-bin distances to
enhance efficient automated binning. Ghosh et al. (1997) external adjustments was
used to verify and augment the internal (GS75-500(-250) Liz size standards. For each
marker, alleles for the data set was sorted accordiag fewsize-and “tolerance level” of 0.4
base pairs selected as the minimum, allowable distange between adjacent bins in base
pairs. When the difference between two sequentially sized alleles is greater than the set
tolerance level a new hin is created. This procedure was conducicd for each marker
until all alleles were binned with Lthe smallestand largest sized alleles for any marker
representing the-start_of the fiest bin anddthe end of the last bin. Afler grouping the
alleles, the mean and ranges were calculated for all bins. The bin labels, which
represent the mean sizes rounded up to the nearest Wholé number was assigned to each
group. This data was then Submitted manually to the GeneMapperT™ software to
adjust the bins.t Fiture 3 is a rcpr.;:scnlative SSR prefile pbtamed for three yam
accessions with markerDab2EDT, as analyzed using gtaotyping GeneMapperTM v.3.7

(Applied Biosystems, USA).
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_—Fig. 3: Sample of SSR profiles obtained for three yam accessions with marker
Dab2E07 and analysed using genotyping GeneMapperTM v. 3.7 (Applied Biosystems,
USA)

56

A B e e o



3.3.3.4.2 Data Analysis

The polymorphic 13 $SR markers (Table 3) and 72 Pona complex accessions plus 4
checks from IITA yam collections were subjected to genc diversity and genetic
differentiation analysis with 4.0% missing data over all loci and accessions. Observed
allelic data were binned into discrete units and SSR fragment sizes were called using
GeneMapperTM software v.3.7 (Figure 4). For the following statistical analysis, the
fragment sizes generated by GeneMapperTM software v.3.7 in base pairs were
converted to binary data using the softwarg “ALS Bifiary"Ydeveloped by ICRISAT, The
use of binary format was detefmifed by pobyploinatire of the crop and different
ploidy levels of studied accessions.

The presence (1) or absep@e (0) of individual allele was scored for each
genatype across all SSR markersiused for the study, Missing data accounted for less
than 5% (i.e. markér=.genotype).of the entire data set. Pairwisc distance matrices were
computed using the-Jaccard, similarity. coefficient. The resulting matrices were
subjected to unweighted Neighbour-Joining methed (Saitou and Nei, 1987) to generate
structured tree (dendogram),. The structure of the genetieddiversity within population
was further analysed by factor analysis (PCA). Analysis was performed using DARwin
5.0.153 softwarc (devclaped by CIRAD) and SAS. w9 1 Neighbour-joining approach
was employed in classifying the aceessions.

SCERVUS 3.0.3 software was used in conducting allelic frequency analysis. .

S, Lo

Factorial analysis of correspondence was also conducted using DARwin version

— 35.0.133 to determine the genetic relationships among individuals. To determine the

similarily among the individuals, a neighbour-joining tree (Saitou and Nei, 1987) was
constructed based on the shared allele distance (D,s) between individuals using the
DARwin wversion 5.0.153 computer software. Cophenetic correlation values were

calculated to evaluate the robustness of the resuluing tree topologies.
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3.4 Core Collection Determination
The core collection was defined as Pona complex core collection and its size 10% of

the whole accession. Based on the ethno-botany. morphological and molecular data this

domain was further categorized based on the six classes identified: authentic Pona,

Laribako, Pona hybrids (Numbo), Laribako g useini), muchumudu and
kulunku. The core collection siz SMU U0'eagh for the stated categories.




CHAPTER 4
4.0 RESULTS AND DISCUSSIONS

4.1 Folk Taxonomy and Classification Based on Indigenous Expertise

Most named yam landraces are morphologically distinct (Tamuri ef af., 2008), Farmers
over the years have also identified the nutritional, medicinal and other values of each
folk species (Mekhib. 2007). The Dioscorea refundata-cayenensis complex is
indigenous to West Africa. Yam farmers in this region including Ghana have therefore
grown the crop from time imfnenfobial and thefeford are in a unique position to
contribute positively to plant breeding in general and yam breeding in particular (Otoo,
2001). The benefits that are implicit frém folkaames or taxonomy are the reflection of
associated values of each folk species (Mekbib, 2007).

Generally, there were two sehools of thought among the farmers from whom the
yams were collected. Some farmers. (60%:; N='287) claimed Pona was a big group
comprising FPona, Laribako-nya.and -Laribako-a, others’ (40%: N= 287) claimed
Laribako was rather the main group.with Pona, laribriko-nya (female Laribako) and
Laribako-la (male Laribake) as sub-grotipss henee both accessions of Laribako and
Pona represent thexPona complex-(Table-5).-In both Anstanges. therefore, farmers
claimed that Lariboko and Pentecare closely linkedagreeing with Dansi et al., (1999)
grouping of Pona and Laribako as cullivars of Pona group, Another group of yams
Ku."unhf?_f_j_unja Iawing fast-fast), which farmers claim belong to Pong
gmu; but matures faster (3 months) than Pona (4-6 months) and produces a
characteristic one tuber even though several sprouts will emerge from a seedvam

planted, was also included in the Pona complex. Farmers' classification of the Pona

complex can therelore beschematically represented as in Fig 4.
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Pona

Complex
|
| ]
Pona Laribako
| : 1 [ I 1
Tria Pona Kulunku Laribako-Nya] | Laribako-La
(Female) (Male)

Fig. 4: Schematic representation of folk taxonomic classification of the Pona complex.

A tolal of 27 characters\fere! Iisted by farmiers whom the yams were collected
from and the expert farmers as basis for classification of Pona complex (Table 5).
These characteristics ranged from leayes thfough vincs and fresh tuber to seedyam
differences. In each agro-ecology, farmers gencrally agreed in most of the
characteristics listed with a few exeeptions, ‘such as shade of leaf colour, and colour of
tuber flesh. This was understandable due to differences in-individual perception of
c¢olour, There were complete-agreement with regard to the external characteristics such
as tuber shape, presence of eracks on tuber, and characteristics of cooked tuber,

From the results of indigenous taxonomy and knowledge it can be concluded
that the term Poma'is &.complex and refers 1o a distinct group of D. rotundata variety
with great morphological diversity. This conceptis, similar to the assertion regarding
complexity of Guinea yam in genérat(Pansi €f al, 2000). Different authors consider
Guinca yam to be represented by one species, two species, or even a species complex

— _'_'_._r.'-_._-_-_'_
(Martin and Rhodes, 1978; Onyilagha and Lowe, 1985; Hamon and Toure, 1990;

—— Hamon ef al., 1992; Asemota ef al., 1996).
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Table 5; Summary of farmers’ criteria for classifying Pona and Laribako
Per Cent Farmers by Agroecology (%) Faxcperl Yam
5
Parameter Pomna Laribake (M=40) F N=60) FET (N=60) (G5 (N=120) Farmers (N=7)
LEAVES
size  Broad leaves small and narrow leaves 100 100 100 L) 100
colour Light green Dark green g0 50 70 70 100
surface Rough Smooth and shmny leaves G0 70 1] a0 4]
Lang after sprout
emergence and
emergence elongation of vines Emerge wilh sprotts 1410 10H) 100 100 100
VINES
size  Big and long vines Slender and leflg xines 100 100 100 100 100
thorniness  Sporadic Mil 100 100 10 106 L
internodes  Shorter fomger &) Bl B0 80 | 100
SPROUTS
Poma gives as many  No matter the no of sprouts,
tuber as the no of larbrako will always give just
Mumber sprouts a luber G0 20 Ta 20 100

Both scxes: female-faribake .._,, .__
SEX Male nya and male-larebrako la 100 100 100 100 | 160
NB: €S = COASTAL SAVANNAH: F = FOREST; FST = FOREST SAVANNAH TRANSITION; GS = GUINEA SAVANNAH; N = POPULAT]ON SIZE
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Tahle 5 continued.

FRESH
TUBER
SKIN
size  Thick
celour  Duark

texture  Hough

Number and
size Few but big tubers
Flesh ealonr  White —vellow
Late maturing (7-8
Maturity months)
Rionsgh and deep
Surface Eropves

g head and tapers

Shape to the fail
Hardiness Hard
Crown

Size  Rig

Imserted in the head

Position  of niber

Thin
Light

Smoots

Several small tubess

White

Smeoth and shallow grooves

Wide head with narcow criown

Soh

Small

Attached to the head of tuber

100
[O0
100

100

100
O

106

70

10H0)

1O

100

{ L]

104

100
100

1 00

90

o0
L0

LOG

(430}

L]
[0

106

80

100
100
100

1

100

100
100

Y tho

a0

100
100
100

100

100

100

100
100

100

100

NB: C5=COASTAL SAVANNAH; F= FOREST; FST = FOREST SAVANNAH TRANSITION; GS = GUINEA SAYANNAH: N = POPILATION SIZE
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Table 5 continued.

Texture
Hardiness
._i!..
Colour

Aroma
Seedyam

Colour

Special

Feature

ﬂm-.-._”_uu_. ..ewﬂ.u__ smooth m__ )1 ..fx 100 100
' f .

Hard Soft —
Less tasty and starchy

! .-.__. .-
than larbrako ._.,E:ng:n s 10 i 100
Off-white 1o yellow  White . 100 100
Sweel seented More ()

SCen
|

Kudunku type of Pong
Kulsnku means Fust
fast

100
__3
100
100
100
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The results also lend credence to the folklore from the Guinea Savannah
agroecology surrounding the name Laribako which suggests that it is a “feminine” or
“smaller” type of Pona. There are two schools of thoughts explaining the name Laribako.
One school of thought explained that a yam farmer in the Guinea Savannah who had a
daughter “Lariba” whom he reserved the most beautiful and small tubers for. He will often
call his daughter and ask her in Gonja language “ko” meaning take: hence Laribako. The
second school explained that the yams were as beautiful as the farmer’s daughter, Lariba,

hence Laribako meaning “Laribako § b}

4.2 Morphological characterization
Morphological analysis based on aerial and underground organs has shown significant
diversity within the cultivated yams of the D-eayenensis/D. rotundata complex (Dansi el
al., 1999). Generally, the Pona complex is in 3 votundara group and as such their vines
are characteristically wingless and stems climbed elockwise. Results of the morphological
analysis also confirmed the great-morphological diversity among the Pona accessions as
suggested by indigenous taxonomy (Table 6).

Some of the, aceessions that farmers classificd-ds dapibako were morphologically

identical to Pona and therefare elustered together,and'vice versa,

6



Table 6: Range of morphological

variability in Pona complex accessions in Ghana.

Range of variability
Parameter Laribako True Pona
Small and sapgitate (Fig.
Leaves Sa) Large and cordate (Fig. 5b)
light green deep green
shiny smooth surface rough and dull
already formed at develops long after emergence
emergence of sprout of sprout
vary, from long slender to long big,
“with'or Without spines (Figs. 6a and
Yines Spineless 6b)
sole sprouting (true Pona) to multiple
Sprout sole sprouting Sprouting (Kulunku)
Tuber Shape Cylindrical (Fig 7) oval-oblong (Fig. 7).
Tuber flesh
colour White white with yelfowish tint (Fig, 8)
Seedyvam
crown colour White (Fig 9) Purple (Fig 9)

Cooked tuber

very soft and very mealy

soft and mealy
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A. Characteristic narrow sagitate long
leaves of Laribako

 B. Characteristic broad cordate leaves

ol Pona

Fig. 5: Range of leaf shape of the Rona complex

!

A. Smooth and spinel
Laribako

s ma-ﬁf—' . —

B. Rough and spiny vines of Pona

—F1p-6: Range of vine characteristics of Pona complex

66




T O e———

-

Fig. 7: Vs?ry'ing mb-:lrr shape of Pongeemplex: characteristic oval-oblong shape (big-head
and tapering tail) of Pona (below), and cylindrical shape of Laribako (above).

Fig. 8: Varying tuber flesh characteristics of Pona complex
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Fig. 9: Varying head colouration of Pona gomplex seedyam: purple of Pona and white of
Laribako.

4.3 Diversity Assessment
The diversity of the collection was also assessed using Shannon’s diversity index. This
index provides;a measurement of both allelic richness and evenness. The Shannon’s
diversity valucs (H) can rangefrom 0 to 1: with a value ngar () indicating that the trait was
same for all accessions. Conversely, a-yaluengar.l indicatcs that the trait was very diverse
among the accessions. Hence, the higher the value of Shannon’s diversity index. the
greater the genetic divmﬁiin the population. There was a wide polymorphism range
___in quantitative the descriptors recorded (Table 7).
Results from Shannon’s diversity index analysis show that there were wide genetic

diversity between number of internodes to first branching, stem diameter, spine length,
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stem length, internode length, female flower length, male flower length, internode number,
tuber length and tuber width. suggesting that the accession can be classified based on the
aforementioned parameters.

Again, wide polymorphism was recorded for several of the qualitative
morphological characteristics which reflected in their Shannon’s Diversity Index values
(Table 8). Wide range of polymorphism was observed in the following qualitative
characteristics such as stem length, | stem diameter. internode number internode length,
branching, presence of waxingds/ [}l“hgﬁnie Jﬁrﬁ?‘agcui emergence, number of leaves,
maturity (tubers) after em::rgencc‘in. months, tuber size, corm position on tuber, tuber
shape, tendency of tuber to branch, hardness of tubers, skin colour at the head of the tuber,

total number of tubers harvested, total we nf harvested tubers, ease of peeling, cooking

time to softness, texture of cooked tuber and overall assessment of the cooked tuber.

Days to emergence for instance. had wide range of _p&bgnnrphjsm (6 classes; SDI=
1.00). Kulunku accessions emerged first (mean =7 DAP) Tollowed by Laribako (mean =10
DAP.), Pona (Mean =12 RAP.). MankrengPona (Mean = 13.7DAP), Muchumudu (Mean
=14 DAP) and Dente (Mean =16 DAP) iﬁ-:tewea;fiﬂg order of és__n::fg::nc:.

Again, accessions with.more internodes had. Jargcr#lrma than the accessions with
fewer internodes. The Muchmmitid aceessions! for-hstance, had larger stems with few

internodes as-compared with other accessions and also had a characteristic striation across

g S ,.-""F-.-__._—

the cross-section.

—  All the Pona and Laribako accessions, all the accessions that exhibited their

sexuality were males. All Pona and Laribako accessions including Laribako-nya (which)

farmers claimed were female did not show their sexuality. This could be explained that this
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group of accessions may be the female Pong-Laribake accessions which failed to exhibit

their sexuality because of unfavourable environmental conditions.

Table 7: Phenotypic diversity and Shannon diversity index of quantitative traits of Pona
Complex in Ghana

Noof  Shannon's

Sno  Quantitative traits Mean SE  Classes DI
1 Number of sprouts/seedyam 1.1 0.6 6 0.82
Number of internodes to first branching 19 04 3 1.00
3 Number of surviving plapis at W AP 63| 26 8 0.67
Number of leaves (30 davs after 4
4 emergence) 535 48 6 0.36
5 Number of veins per leaf 6.9 0.2 10 0.50
Stem diameter at 15 em from the
6 base(ecm) 4.8 0.5 3 1.00
7 Terminal leaflet length (cni) o) e O 6 0.51
g Terminal leaflet width (crm) %6 02 6 0.64
9 Numberof branches V447 15 0.57
10 Spine length(em) LT 03 3 1.00
11 Stem length (cm) MO} 5.8 3 1.00
12 Internode length (cm) - 10.7 I3 5 1.00
13 Female flower length (mmY T J 0l 3 1.00
14 Female flower diameter (6m) 05 04 3 0.39
15 Male flower itj:pgth (cm) 4.5 1.5 4 1.00
16 Male flower diamieter (i) 075" 0 3 0.61
17 Internode number 8.7 1.1 8 1.00
g Days to flowering from erniergence. 6 17 6 0.61
19 Number of inflorescence per plant 1.5 0.7 3 1.00
59 Awerage length of infrorescence (em) .30 05 3 0.44
71 Number of tubers per hill 1.3 048 3 0.64
5 Tuber length (cm) 40.8 0.86 4 1.00
23 Tuber width (cm) 275 056 4 1.00
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Table 8: Phenotypic diversi

ty and Shannon diversity index of qualitative traits of Pona Complex

in Ghana
Bescriptor Number S]:Lannt.m's
of Diversity
No. Descriptor Classes  Index
Stem length [cm]. Assessed at 20 days after
T.1.2 emergence. Mean of 10 plants 3 1.00
fod B Internode number [number] 9 1.00
7.1.4 Stem colour 3 0.69
% Absence/presence of waxiness 2 0.69
7.1.8 Absence/presence of hairs 1 0.54
7.1.9 AhsenceﬁprcﬂcncE of spinc§ 2 0.03
7.1.10 Absence/presence f dbldured sppt at $pine base 2 0.03
k11 Absence/presence of barky patches 2 0.01
7.1.12 Plant type 1 0.03
;i B Vigour 3 1.00
7.1.14 Twining habit 1 0.00
LELS Twining direction 1 0.00
7.1.16 Stem height 3 3 1.00
.17 Number of stems per plant 3 1.00
7.1.18 Stem ¢olour 3 0.61
7.1.19 Number nf{mrm&eﬁ to ﬁrsthranchmg 3 1.10
7.1.20 Branching (2 4.4) 12 0.42
Stem diametex [cm] (recorded at 15 cm frem the
T.12] base.of the plant -- 6 1.00
7.1.22 Sterveross-sectionshape at base I 0.70
Intemode: length fem] (Recorded at 1m}1ngh1
7.1.23 Average-ef 5 plants). 4 1.00
7.1.24 Absence/presence pf waxiness 2 1.00
7.1.34 Spines on stem base (2.4.6, 2.4.7) 3 1.00
7135 - ~  Spines on stem _above base 3 0.03
7136 Spine piﬁ-i;i;l:l-_m 4 0.02
_____'{11_.3? Spine shape 4 1.00
7.1.38 Spine length 4 0.01
7.1.39 Absence/presence of coalescent spines 4 0.02
7.1.40 Colour of spot at spine base 4 0.02
Mature leaves
7.2.) First leal emergence 3 1.00
1.2.2 Number of leaves 7 0.00
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Table 8 continued.

723
1.2.4
725
7.2.6
2.7
AL
7.2.10
7.2.11
7.2.12
7.2.12.]
12,122
7.2.14
T2.15
7.2.16
1.2.17
7.2.18
1.2:19
7.2.20
7.2.21
1.2.22
1.2.23
7.2.24
T.2.25
1.2.26
.2.27
7.2.28
1.2.29

FE30 -
7.2.31
_—---_.._
7232
7.2.33
7.2.34
7.3.35

71.2.3

o

Leaf colour

Ieaf margin colour

Vein colour

Petiole colour

Petiole wing colour

Position of leaves

Leaf density

Internode number to fully ex panded leaf [number]
Leaf type (2.5.3)

Leaf margin

Leaf lobation

Leatheriness

Leaf colour

Leaf vein colour (upper surface)

Leaf vein colour (lower surface)

Leaf margin coloar

Hairingss-of uppér-surface (2.5.6)
Hairiness of lower. surface (2.5.7)
Waxiness ofupperflower surface (2.5.8, 2.5.9)
Leaf shape (2.5.5)

Leaf apex shape

Undulation of leaf"

Distan_;:e between lobes

Upward-folding of Icaf along main vein
Downward arehing of lcaf along mainwein
Upward folding of teaflebes-ie-form a cup

— Downward arching of leaf lobes
-Eeaf meffs'un:meﬂHcm] (2.5.4) Observed on 20

adult leaves

Position of the widest part of the leaf
Tip length (2.6.5)

Tip colour

Petiole length

Petiole length in correlation to leaf blade

Hairiness of petiole

Iﬂi‘\Jl—'—'MM-hHM—I—WL—IML-Jn——L

bt = 2

e = T O |

Lo SR ¥ S VS I NG TR 1% TN 5 R %

0.01
0.00
0.02
0.01
0.01
0.00
0.02
0.00
0.70
0.70
1.00
0.70
1.00
1.00
0.04
0.70
0.00
0.00
(.00
0.69
0.70
0.87
(.54
042
0.56
1.00
0.68

1.00
.74
0.65
0.12
0.11
.14
().00)



Table 8 continued.

T.2.37
7.2.38
7239
7.2.40
a2
=33
7.3.4
7.3.5
71.3.6
T
7.3.8
139

7.3.10
1311
312
7
7.3.14
7.3.15
74.1

Adult
Plants

71.6.2
7.0.4
7.6.5
7.6.6
767

68
7.0.9
76.10
7.6.11

7.6.12

.-"'-FF..

Petiole colour

Petiole wing colour

Spininess of petiole (2.5.13)
Absence/presence of stipules (2.6.1)
Days to flowering after emergence |d]
Sex (2.7.2)

Inflorescence position

Number of inflorescences per plant (2.7.4)
Inflorescence smell

Inflorescence tvpe

Average length of inflorescence (2.7.3)

Number of inflorescences perifiternode
Number of female [lowers per inflorcscence
(2.7.5)

Flower colour (2.7.6)

Female flower length(2.7.0)
Female flower diameter [mm]
Male NMower diameter (2.7.8)
Male flowerlength [em]

Fruit formation [EE 1)

Maturity, (tubers)a fier emergence in-months;
<6=0; >6=1

Number of (ubersper hill; 0=15142-5=1
Relationship of tubers; 1-2=0;35=1
Absence/presence ol corms; 1=0; 2=1

Corm Emﬂn to tuber size); 3-5 =0, 7 =1
Corm ahility 1o be separated from tuber; NO =0),

YES =]

Corm type; 1 =0, 2 =]
Absence/presence of rhizome
Spininess of roots; 3=0: 7=1
Absence/presence of anchor roots

— D Ll b L e R OB e e RO L

= - - L R o I 5 T O

Ll ek B R Ia

e e - I o |

0.09
0.03
0.00
0.70
0.61
0.63
0.63
1.00
0.63
0.68
1.00
1.00

1.00
(.03
1.00
0.00
0.69
1.00
0.18

0.61
0.64
0.26
0.39
1.00

0.26
1.00
(.00
1.00
0.50



Table 8 continued.

7.6.13
7.6.14
7.6.15
7.6.16
7.6.19

= 7.6.19,

7.6.20
7.6.21
7.6.22
7.6.23
7.6.24
7.6.25
7.6.26
7.627

71.6.27.

7.6.28
7.6.29

7.6.30
71.6.31

7.6.32
7.6.33
7.6.34
7.6.35
1.6.36

7.6.37
8.1.1

oo S0 of Ge oo ::S‘
bl o
e EJ [ 3 B o |

=

1

1

Sprouting at harvest: no=0: a1

Tuber shape; 2-3=(): 4=|

Tendency of tuber to branch: 3 =0 5-7 = |

Place where tuber branches: 1=0. 2=1

Roots on the tuber surface; 3 =0, 7 =1

Spiny roots on the tuber surface; 3=0, 7=1

Place of roots on the tuber: 1 =(), 2=1

Prickly appearance of the tuber; NO =0, YES =
Wrinkles on tuber surface; 3 =0, 7=1
Absence/presende/of Blistarsion ﬁ.;['m.suri'ace
Absence/presence O éracks orrthe Taber Surface
Tuber skin thickness; <lmm=0, =1 mm

Tuber skin colour (beneath the'bark): 1=0. 2=1
Sprouting [%] <80=0:=>80=1 |

Number of months.
2I—la;n:lnfs.s of tubet; (When cu with a knife) 1=0,
Skin colour athead of the tuber: white=0;
purple=1"

Flesh colour.at central transverse cross-section: 1-
0;2-3 =1

Flesh colour of lower part of tuber; 1=0;2-3=1
Uniformity of flesh colour in cross-sectien: (From
cortex-Lo centre), no=0; yes=1

Texture'of flesh; 176,2-351
Timefordleshroxidation after cuttings150:2-3<1
Flesh oxidatioh eolowr:l=0:2-3=]

Amount of gum released by-cut tuber; 3=0, 5-7= |
Ability of cut tuber to irritate human skin (When

tuber is;ﬂﬁmim;-me arm). 3=0, 7=1

Total number of harvested tubers; <10 =0, =10 =]
Total weight of harvested tubers [kg]; <25=0.,
=23 =1

Ease of peeling: 1=0, 2=1

Preferred cooking method: 1=0. 2=1
Poundability of boiled wber: 1=0, 2=

Cooking time to softness [min]: <30 =0, =230 =]
Discolouration of cooking water: 1=0:2-3=1
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0.00
1.00
0.32
0.55
0.26
0.00
1.00
1.00
1.00
3.00
1.00
0.60
(.00
1.00
1.00

1.00
1.00

0.69
0.69

0.69
0.69
0.69
0.69
0.48

1.00
1.00

1.00
(.89
().33
(.44
1.00
0.69



Table 8 Continued.

8.3.5 Appearance of tuber afier cooking; 3-5 =0, 7=1 2 1.00
8.3.6 Colour of tuber after cooking; 1= 0, 2=] 2 0.69
8.3.7 Atiractiveness of cooked tuber; 3-5 =0, 7=1 2 0.69
8.3.8 Erosion of tuber upon cooking; no=0; yes= | 2 0.69
839 Texture of cooked tuber; 1 =0, 2-3 =| 3 0.00
8.3.10 Stickiness of cooked tuber: 1= 0, 2=1 2 0.69
8.3.11 Flavour of cooked tuber; 0=0, 1-2 =1 2 0.69
Absence/presence of moisture on cooked tuber:
83.14 no=(0; yes= 1 2 0.69
8.3.15 Overall assessmeat of dgoked tuberng-5 #0, 7=1 2 0.69

The information obtained from sgoring the 111 morphological traits was translated
into qualitative data with difTerent gharacter states bei ng present or absence (Table 2).
In multivariate analysis, the diversity of a dataset can be represented using factorial
analysis and {tree~mgthods . The fagiorial analyses aim mairily fto give an overall
representation of diversity-and el in the individual effects. On the other had, tree methods
tend to represent individual relations faithfully and may be less accurate for the global
structure., Thus, two different ways of viewing the data and must be considered
complementary tather than concurrent (Pervier et ol 2003 ) Henee. ordination method was
combined with clustenieprocedure.

Factorial analysis using the-principal cemponcnt analysis showed that out of the 82

Principal €omponent Axcs only 30 accounted for all the variation and only 8 had Eigen

values greater than 1.00 accounting for 92.44%. The scree test, however, revealed first 3

B PLAs were the modt important accounting for 81.35% of variation (Table 10). Hence

assessment was based on the first three principal component axes.

]
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Table 9: Eigen values of morphological data and per cent variation accounted for by the
first three principal component axes of the ordination of accessions.

PC Eigenvalue Difference “ of variance Accumulated variability (%)

1 36.21 11.34 42.12 42.12
2 24 88 16.01 28.93 71.04
3 8.87 5.74 10.31 81.35

In yams, general appearances of the plant and the tuber are of great importance in
identification of cultivars (Dani & & 1099). i Wher H‘_'ﬂ}uumri stics- tuber shape, presence
of wrinkles on tuber, presence of cracks on tuber .;surfm:n:. tuber skin colour, tuber flesh
colour, tuber flesh texture, skin thic kness, taber hardness and maturity period accounted
for the variation of PCA1. Spine'characteristios - presence of spines, spine length,position
and size accounted for variation observed i1 PCA2. Leaf characteristics - leaf colour, leaf
vein colour (upper-and lower surface) and-other parameters Such as stem colour sex,
sprouts, seedyam head coleur, mumber of tuber per hill including other tuber external
morphological characteristics such as. forking and forking positions accounted for variation

in PCA3. >
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4.4 Phcneﬁgﬁnal}'sis Based on Morphological Data

-

Germplasim c;:-li-l-ectiurrﬁf"i%_g?:ﬁtﬂ:cly propagated species, such as D, rotundata-cavenensis
____ often contains accessions which, although morphologically similar have different genetic
origins and vice versa (Lebot et al,, 1998).. Identical cultivars may have different names in
different collections and areas due to the numerous vernacular names. Hence putative
duplicates and cultivar misclassification were identified and removed. The majority of

cultivars were most likely clones of a common source. Since agronomically desirable traits
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such as yield, high dry matter are not expressed as morphological characteristics or linked
to them. it is important to have genctic markers that can be used to identify the genotypes.
Results of PCA analysis, that is, factorial analysis of morphological data using
DARwin 5.0.153 software and factor procedure showed generally that, the accessions were
grouped into four groups corresponding to the 4 quadrants (Fig. 10). Quadrant 1 had 18
accessions consisting of accessions mostly classified by farmers as Pona (88.8%)
including Kulunku (110K) and "CRI-Kukrupa® (107). Quadrant 11 had 13 accessions made
of mainly Laribako (92.3%) plug/1 070, Quadrantsill had the hi ghest number of accessions
(29) mainly Fona (96.6%) and Laribako ( 3.4%). Out of a total of 26 accessions in quadrant
IV, only 2 (7.7 %) (Muchumudu and MMankedng Fona) were not Laribako. It can therefore
conclude that quadrants 1 and Il were minor and major Pona quadrants, respectively.
Similarly, quadrants Il and [V*are minor and major Laribako quadrants, respectively.
However, within'both-Quadrants 1 and IL the_position 'of some accessions suggested that
there could be a sub-group each for the two quadrants, For instance, accessions 107 and
HOK in Quadrant I were so close to the origin compared to the others. Similarly,
accessions 102k-andy] 07L. in Quadrant Tl were so elose (o the positive abscissa, whilst the
rest of the accessions i the quadrant were all further away Net all the agroecologies were
represented in the four quadrants siigeesting thatiagroccology had effect on the spread of
the Pona complex accessions. Unlike in Benin where Kponan group had two cultivars with
dislinci_d_i-s_trié;ﬁnns:mr: the north and Laribako in the south of the country, in
——Ghana, Pona arc widely distributed from the Coastal Savannah, Forest through Forest-

Savannah Transition to Guinea Savannah in the north, with Laribako however. limited to

the north. =
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Further clustering of the morphological data with the Tree analysis concept using
the DARwin 5.0.153 software and tree construction procedure with the neighbour-joining
approach gave 4 main clusters Labariko (39 accessions), Pona (46 accessions) with two

10K (Kulunku-very early variety) and 107 Dente and "CRI-Kukrupa® -late maturing

variety, as outliers (Fig.11). Muchumudu clustered with other Laribako accessions.

Similarly, CRIPong and MankrongPona clustered with other Pona accessions.

Assessment of the morphological analysis fit for factorial and tree data, fit criterion for tree
had edge length sum of 5.03167 Meap erfor 0f%0.011: Mean absolute error of 0.037:
Maximum absolute error of 0.2561: Mean square error: of 0.0026 and Cophenetic r:
0.9794. A cophenetic value of 0.9 shaws thatithe phenogram trul v represents the genetic

structure of the population and no errors was generated by the methodology used.
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Based on the morphological characterization. Fowng complex can be schematically

represented as (Fig.12). The difference between the folk taxonomic classification and
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morphological characterization

classified as a new kind of Pona. This results suggest this may be a problem of linguistics.

is that Kulunku which seems to be a Laribako was

Fig. 12: Schematic. representation ‘of Pona complex based on morphological analysis.

PONA
COMPLEX
T 1
| |
AUTH : "
PONA HYBRIDS LARIHAKD ] KULUNKLU
NO SPINES SPINY STEM (SINGLE MUCHUMUDU (MULTIFLE
{MOST OF THE (FEW) SPHIjtJT] SPROUT)
COLLECTION
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4.5 Molecular Characterization

4.5.1 DNA Quantification and Quality Testing,

The quantitics and quality of DNA extracted from the Pona complex accessions are
presented in Table 11. An Asq/Aqg, ratio equal to or greater than 1.8 is generally
considered to be pure. On the other hand an Azeo/Azgg value lesser than 1.8 indicates
the presence of impurities (Qiagen, 2006). The Qiagen DNEasy yielded DNA of
Agen/Asgy ratio of 1.7-1.9. The results obtained indicate that the DNA samples had
Azeo/Azsp Tatio ranged of 1.02 -1 .4. [Fdnust 'fm_m.rc\_i‘cr he ridted that the PCR of $8R is
very robust and can even handle relatively impure DNA (Scotti ef af 2003). Hence

the DNA samples were pure enough for the analysis.

4.5.2 Allele Frequency Analysis
An electrophenogram_of somé aceessions studied with microsatellife markers is
pasted at Figure 3. The number ol peaks-corresponds ta the number of alleles at each
locus. A total of 27 loci were detected fromvthe 13 markers used in this study with an
average of 4.26 alleles per locus ranging from 2 1o 15 alleles per locus.ior Dab2E09
and Dpr3D06, respectively (Table ®1).-The mean—allelic richness ranged from 2
alleles per locus to 12 with anavetage-of 3.23 per loeus, mdieating there were many
allelic variants per locus.

Thc_al;;lf'TﬁﬁquenWﬁ]culuLeﬁ lwo common measures of variation

for each locus: expected heterozygosity and polymorphic information content (PIC)

e —

for each locus. Expected heterozygosity is caleulated using an unbiased formula from
allele frequencies assuming Hardy-Weinberg equilibrium (Nei 1987). This is a useful
measure ol informativeness ni'zilcn:us: loci with expected heterozygosity of 0.5 or less
are in general. nol very uselul tor large-scale parentage analysis.

§2

|

oy — ==



Table 10: Range of sizes and number of alleles detected using

Fona Complex accessions.

the 13 SSRs primers

SSR Min size  Max size Number
Marker detected detected of alleles Allele sizes identified
Name (bp) (bp) detected
DalF08 166 179 5 166, 170, 172, 175, 179
Dab2C05 178 193 3 178, 190, 193
Dab2D06 165 186 4 165, 1715 176, 186
Dab2EQ9 117 197 3 117, 120 (97
125, 127, 131, 133, 137, 139,
Dpr3Doé 125 170 12 ' -
143, 145, 148, 150, 160, 170
81,88, vs, 97, 09, 103, 118,
DpriFo4 81 131 11
T, 124.127. 111
DalAdl 212 s 4 2 12, 2305
YMI3 175 22T 4 175, 212,2 14, 225
70, 123" 186 197, 211, 223,
YMI15 170 203 e
228, 243
YM26 102 174 5 1027107 132,175, 179
223 229 300, 304. 308, 321,
DalD0§ 223 337 7 %
337
DalCI2 ~~ 140 e & 140, 158, 160
—— 102, 107, 111, 127, 129, 133,
[ 73 12

Dpr3F10 102

136, 142, 149, 155, 168, 173

B3



Genetic diversity indicated by expected heterozygosity (Hg) ranged from 0.514 for
Dab2E09 to 1.00 for Dpr3D06, DalC12, YMI5 and YM26 with a mean of 0.6279.
Generally the expected heterozygosity of the loci was greater than 0.5, except in
DATAOL indicating that a good parentage analysis can be obtained from the
molecular analysis. This is the probability that, at a single locus, any two alleles,
chosen at random from the population are different from each other. The average Hg
over all loci therefore estimates the extent of genetic variability in the population. At
most loci the observed hEiEJ‘DK}"g?S‘iiI}T :{VH'D]' wis Shigher than the expected
heterozygosity (Hi). The mean Hg value of 0.63 meant that there was some degree of
genetic variation among the population. Mean proportion of individuals typed was
0.20; Mean expected heterozygosity was 0,63 and Mean polymorphic information
content (PIC) was 0.46 (Table 12). Mean polymorphic information content (PIC)
values for all markers-used-was 0.53-and ranged from 0.00 to 0.89. Pelymorphic
information content (PIC)"is a mcasure of informativeness relatcd 0 expected
heterozygosity and likewise is galculated from allele frequencies (Botstein e al. 1980;

Hearne et af. 1992). 1t is commenly.used in linkage nlapplng‘

Deviations from Hardv-Weittherg equilibritim. at-many or.all_lotiare.an indicator of
population substructure. The poepalation. might be divided info a series of closely
related or inbred (amily groups or there may be hybridisation between genetically

differentiated species, subspeetesor taces (i.€. a mix of two or more populations).
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Deviations from Hardy-Weinberg equilibrium (HWE) were assessed using a chi-

square goodness-of-fit test, which compares observed genotype frequencies with
expected genotype frequencies that are calculated from allele frequencies assuming

Hardy-Weinberg equilibrium (Nei, 1987),

From this study, deviation from HWE was highly significant (p<0.001) for
primers YM13, YM26, DpriD06, YM13, Dab2E09, Dal D08, Dab2D06 and Dal FOS.
The relatively high number of loci that si gnificantly deviated from the H-W
equilibrium confirms that the Posna Lam@lm pgpul,ﬂum yaqﬁau[g}ﬁiructurm and that the
population is made up of closely related typesgsuch as Pona, larbako. Kilurku and
Muchumuchs which can casily be mistaken for Ponay It could also be attributed the
occurrence of hybridization between speeies or sub-specics or isolate breaking effect

(mixing of two or more previously isolated populations),

A null allele is any allete thal canpot be detected by the assay wSed to genotype
individuals at a particular loeus. Null alleles are @ eommon cause of apparent
deviations from Hardy-Wein berg equilibrium at microsatellitedeci (Pemberton er al.
1995), particularly where only a single Iﬁé—us’.'_'tihdwé adeviation, With microsatellite
loci, a null allele most oiteAcecturs_because of mutatiens Jdfione or both primer

,,,,,

This problem_is particularly common when the microsatellite locus is cloned in one
— = H_.___,_...--'__-_'_

species and typed in a different species using the same microsatellite primers

—Eervis, 2007).

The Null allele frequency also estimates frequency of the allele taking account of any
null allele present. They are meaningless if the estimated null allele frequency is
negative. From our study the null allele had no effect on the analysis since all the

b4
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estimates were negative, except for a few which had low population numbers and, as
such, could not be determined.

A gene is said to be polymorphic if the frequency of one of its alleles is less than or
equal to 0.95 or 0.99. Results obtained from allelic frequency analysis showed that all
the 13 primers were polymorphic (Appendix V), No rare allele (alleles with allelic
frequencies of less than 0.005) was obtained: this could be attributed to the genetic
relatedness of the accessions being studied, The proportion of polymorphic loci (the
number of polymorphic loci divided byfhdotal dlim Herfof loch) was 0.71. All the loci
except YMI3 212, Dpr3D06_127, * DaiD08™ 337 “and = Dpr3F10 107 were

heterozygotes.

4.5. 3. Ordination Analysis

Principal Coordinates afalysis_of the-molecular data showed that the first three
coordinates were importanty(Table12)..PCoA axes ), 2 and 3-aceotnted for 40.51%
of observed variation. The genetic distances generated using PCO software (Appendix

V) was used in generating the P€aA plots.

Table 12: Principal Coordinates Amalysis of Molecular data:

Principal Percentage of variation explained
Coordinates  Individual ~ Cumulative

~ Axis | 18.05% 18.05%

T Axis2 T 11.80% 29.85%

Axis 3 10.66% 40.51%

—

The plots of PCoA | versus PCoA2 using PCO software showed a wide dispersion of
accessions along the four quadrants (Fig, 13). Pona and Laribako accessions could be

found in all four quadranis suggesting that some of Pona accessions clustered with the
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Laribako accessions and vice versa. Quadrants 1 had 19 accessions of mostly
Laribako with 161P as the most distinct member of th.is group. Quadrant 11 had a few

(7 accessions) with 2 IITA checks (TDr1929 and TDr2689) grouped with 3 Pona and

9 Laribako accessions respectively. TDr1929 was the most distinet accession.

Mankrong Pona, a hybrid from IITA released as a new variety in Ghana (circled) was

on the horizontal line separating Quadrants I and 11. Quandrant 111 had the most (26)
accessions which was a mixture of Pona, Laribako. Muchumudu (115M) among

others. All the 15 accessions grouped i Qfadrdndiv wéte Poru.
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Fig. 13: PCoAl versus PCoA 2 of SSR allelic data for Pona complex in Ghana,
S = _H___.--'-'-_'ﬁ_
__A similar trend was obtained when PCoA 2 was plotted against PCoA3 (Fig. 14)
except that 4 accessions occupied the midpoint between Quadrants I and 11, Again

TDr1929 was the most distinet accession.
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Tree analysis of the molecular data using the DARwin 5.0.153 software and

tree construction procedure with the neighbour-joining approach showed large

number of inter- and intra-specific polymorphisms that enabled reliable

discrimination between the samples (Figure 15). Again, some of the Laribako

accessions clustered with Pona and vice versa,
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Fig. 14: Plot of PCuA2 against PCoA3 of SSR allclic data for Pong complex in

Ghana.

In the Molecular Analysis Fit criterion Tor tree of edge length sum: 2570.40;
Mean c:m;:g—j 28 Mean azb;gﬂum—eﬁen 7.77; Maximum absolute error: 50.60; Mean
square error: 107.40 and cophenetic r: 0.94. The phenogram truly represents the

—
genetic structure of the population and no errors were generated by the methodology

—

as indicated by the cophenetic value of 0.9. Hence the groupings of the accessions are

a true reflection of the relationships.
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Four main groups and two small ones were identified from the allelic data:
authenthic Pona, Laribako, Muchumudy, and Dente, and the minor groups were
Hybrid Pona and Hybrid Laribako (Fig. 15). All the IITA checks clustered with the
authenthic Pona. The Muchumudy group had 5 Laribako accessions in it. The

Laribako group also had some Pona accessions in it and vice versa.

The Dente group similarly had some Pona and Laribako accessions in it. Hybrid Pona
and hybrid Laribako had 8 and § #Cc@gsidnsl respeftivé " The generally high
polymorphism revealed by each of théspfimers faken separatively is not surprising

since molecular markers generally can distinguished between closely related

individuals.
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Fig.15: Genetic diversity trec of 72 accessions plus 4 IITA checks based on SSR data
using unweighted neighbour-joining analysis- -



4. 6. Comparison of morphological and molecular characterization

Morphological and molecular analysis identified 4 main groupings each within the Pona
complex and two minor groupings. However, whilst morphological analysis identified
Pona, Laribako, Dente, and Kulunku groupings; molecular analysis placed Kulunku in
Pona group and placed murlc aceessions in Muchumudy and Dente groupings,

In instances where morphological analysis differed from molecular analysis in the
grouping of accessions, there are two options available: (1) the combination of information
from different types of markers-that isy thoselthat refer 1o functional genes and those that
show polymorphism in the genomic |'cgirrns or (”Ejl combine morphological data and
molecular data, to give the best approximation to knowledge on the genetic variation
(Schneider er al, 2000). Combination of the merphological and molecular data, however,
led to formation of 6 clusters: Dente, Muchwmudu, Kulunku, CRI Kukrupa all stood alone
and the rest of thevaccessions grouped-into Porig and Laribako and hybrids of Pona and
Laribako (Fig. 16). The resultant 6 groupings truly tepresent the true genetic groupings of
the Pona complex since all available relationships have been captured by the data
generated.

A characterization. only -based on-morphologieal or agronomic traits is known to
mask important genetic information (Zannou ef 4l 2006). The importance of employing
novel and improved technologies such as molecular approaches in combination to

morphological analysis tannot therefore be over-emphasized.
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Fig. 16: Configuration of the combined morphological and molecular similarity data
using DARwin, v. 5.0.153.

Morphological analysis ot the accessions ofihe Péne eomplex germplasm resulted
in 4 main morphotypes (cultivars-groups): Ponu. Faribako. Dente, and Kulunku groups
(Fig. 17). The identity of these groupings is presented in Table 14. A group as defined by

i J_F.__,_.--'-"__
Dansi et al, (1999) is “a very particular cultivar or set of morphologically similar
e — X i - 3 L
cultivars such that the intra-group variabifity is lower than the inter-group variability . In

terms of maturity, all the accessions were carly maturing except Muchumudu and Dente |

which was not part of the Pona complex but a check).
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For all the groups, the aerial and underground parts were homogenous, except in

the true Pona where therc WEIC Some variations in tuber digitation (Table 14).

Not all Pona accessions had forked/digitate tuber. Forking when present may be
prominent or slight (Fig. 18),

Fig. 18: Sample of pona tubers showing digitations; digitate (A) to no digitation (B).
95



In terms of tuber shape, the true Pona and its ‘look-alikes’ differed principally in

terms of crown position on tuber. shape of tail and size of head in relation to tail,

o Al
Py

Fig. 19: Close up view of head region of Pona and its *look-alikes” showing position of

crowns on tuber.
06



The true Pona differ from its ‘look-alikes’ in having its crown well inserted into the head

of the tuber, as oppose to the crown standing on the head of the tuber (Fig. 19).

The tail region also differed significantly among Pona and its *look-alikes’ (Fig. 20).

True Pona Fusein Numbo Muchumudu

Fig. 20: Varying shape of tail of tuber Posta and its *lock-alikes’.

Muchumudu tubers have evenly shaped big tail (Fig. 20). Numbo tubers have
characteristic conical-shaped tail. Kulunku tubers have digitate tail. The tail region of
Fuseini looks like human foof, The tubers of the true Porg, on the other hand, are sagitate.

Fig. 21 shows the ‘size of head in relation to tail® variation between Pona and its
‘look-alikes”. The true: Pona has characteristics big head and tapers to the tail region.
Muchumudu on the ather hand has big head which centimies to the tail. Fuseini and
Laribake all have medium head which continués. to the tail. In contrast Numbo has small
head L‘Dmpap;d to broad tail. Kunluku also has small head and broad.

Flaﬁnj:rir-tgﬂ was ﬁm—ﬁ:l;c when they occurred. The Muchumudu group had

__similar vegetative characteristics as the true Pona but differed in terms of tuber quality in

having more watery flesh of freshly harvested tubers than the true Pona.
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Fruseini

s ==
Muchumudu Laribako Kulunku
o

Fig. 21: The varying ‘size of head in relation to tail’ and tail shape of Pona and its ‘look-
alikes’.
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They also had characteristic striations in the cross-section of the cut surface and

were similar to “Ahimon” in Benin (Dansi ¢r al., 1999). Its flowering was complex:

either male or female or monoecious, Ap intraclonal variation in sex determi Ston Tisve

been observed in “Ahimon™ where two individuals derived from the same original tuber

had tlowered differently as male and female (Dansi et af 1999).

After losing some water content after harvesting, Muchumudu tasted and smelled
like Pona. Muchumudu being late maturing usually comes to the market when the true
Pona has been exhausted, due to its similarity with Pong, it is marketed as Pona. This
accounts for its usage as Pona by yam dellersaficr storingsit far a while after harvesting.
It is worth noting that Dente was not part of accessions farmers claimed to be Pona.
Dente together with ‘CRI-Kukrupa’ (late maturing varicty) were deliberately included to
assess the effectiveness of the morphologieal charaeteristics in discriminating among the
accessions; the analysis identified theseunique accessions. It is only in the cooked tuber
state that the unique taste and flavour(a culinary characteristic of Pose) was undeniably
observed. This explains why most farmers in the market, where one cannot determine the
culinary characteristics, pass off most yam varicties as Pona.

Exlernally, the tubers of the trae Pong canbic identified by l66king at the insertion
of crown in the tuber, tail'shape, preSence of grooves on tHeauber'surface and the size of

head in relation to tail (Fig. 22).
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Fig. 22. External tuber charﬂctcnsu;q o au eﬁmc Sj} Inserted crown; (B)

relatively big head compare to tail (C); ﬁﬁ oves on tuber surface.

4.7 Combined Morphological and Molecular Charact tion

The combination of morphelogical and molecular data (Appendix IHI) and their
subsequent ordination and clustering is presented in Fig, lli_ahd-ﬁgg-.!“? respectively. The
ordination analysis of the c-:}mbi;:‘e{_i mﬂrphulug;calmdm@]:&eu]gr data (Fig. 16) showed
that there were subgroups withi ﬁm ;i?uadranthr mﬁﬁﬂﬁ&gﬂ{)uadmnl I, there was a
main Pona group consisting of 16 accessiuqs _'@;ﬂlﬁ’s_tanﬂ'alﬂne grﬂugsﬁzuf *CRI-Kukrupa’
(107) and Kulunku (110K). ‘Similarly,"2 groups were--;ubsem“&% Quadrant II, with a
major group of about 13 Pona accessions and-a-smaller "g'mup of 3 accessions of Pona.
Quadarnt 11 had one main Laribako and minor group of Pona. A distinct Dente (107D)
group, a 4-member Laribako group and a major Laribako group were found in Quadrant

S

V.
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Further analysis of the molecular data with the Tree analysis of the molecular data
using the DARwin 5.0.153 software and tree construction procedure with the neighbour-
joining approach showed large number of inter- and intra-specific polymorphisms that
reliably discriminate between the samples (Figure 17). Again, some of the Laribako
accessions clustered with Pona and vice versa indicating the close relationship between
the two varieties.

The local checks Dente (107D), and CRI-Kukrupa (107) were separated from the
rest and so was Muchumudu and Kulunky., A small group of 4 accessions including
MankrongPona were named Hybrid Lafibakdgdc o theirgloséness to the main Laribako
group. Similarly, a minor group consi::ting :;1“4 accessions were also named Hybrid Pona
due to their closeness to the main authentic Pane. It Bas been suggested that hybridization
between congeneric diploid taxa (often-speeies) followed by selection for one or more
recombinant types can lead to the formation of hew species (Grant, 1981). This might
have accounted for the emergenice of “hybrids” of pona and Laribako: The structure and
reproductive biology of these groups are presentad in Fablé 13, The characteristics of the

groupings are also presented in Lable 14;
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Table 14: Characteristics of the 6 groupings of yams identified within Pona complex,

Cultivar
Groups Major morphological characteristics
Stem smooth and unarmed. [eaf green and cordiform. Tuber long and
. oval-oblong;: roots unarmed: vines emerge long befure leaf emergence;

Mealy tuber; aromatic; thick tuber skin relative to Laribake; White-
yellowish tuber flesh colour, Crown of seed yam is red in colour.

Stf:_m smooth and unarmed. Leaf green and cordiform. Tuber long and
o r ¢ylindrical: roots unarmed; vines emerge with leaves; thin tuber skin;

Very mealy cooked tuber and aromatic, Crown of seedyam is white in
colour.

Stem smooth but armed. Leaf light green with smooth border. Leaf

cordiform; Late maturing; Tuber yellowish and finely striated. Tuber big

Muchumudu 5 4 unbranched:

roots armed; vines emefge’ldng Hefére kedf emefeence

Numerous vines (12-14)'yet Single tuber permotind. Stem smooth and
unarmed. Leaf green and cordiform. Tuber long and cylindrical:

roots unarmed; vines emerge withileaves. Thin tuber skin: Cooked tubet
mealy, aromatic.

Kunlunku

Stem rough and armed. Brown thorn; Leaf light green sagittate leaf,
Dente Tuber short with big head: Thick tuber skin; mealy cooked tuber:

grainy texture and non-agromatic

Stem rough and armed. Brown thermn; Leaflight green sagitiate leaf,

‘CRI- Tuber short with-big head: Thick tuber skin; mealy cooked tuber:
Kukrupa® . — e
grainy texture and aromatic. Multiple tubering
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4.9, Core Collection Determination

Based on the morphological and molecular data, a core Pona collection was made
consisting of 5 accessions each for Laribako (1021, 101L, 108L, 107L and 149L) and
Pona (128P, 134P, 114P and || IP). Accessions 124L, 115P, 110K and Muchumudu
were also selected to represent Laribako hybrid, Pona hybrid, Kulumku and
Muchumudy respectively, These materials would be conserved under slow growth in

vitro (tissue culture) systems to ensure that they do not become extinct under field

genebank conditions.
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CHAPTER 5

5.0

CONCLUSIONS AND RECOMMENDATIONS

From this study the following conclusions can be drawn:

2,

There is only one true Pona.

Pona complex is made up of six cultivars- Pona, Laribako, Kulunku, *Fuseini’,
‘Numbo® and Muchumudu due to their close similarity with respect to their
culinary attributes.

Morphological and folk taxonomy hecausg they _r_-_;;]'} mostly on phenotypic and
functional variation, Lgﬁxligdwﬁrw fodr E'T:H;Tiu:iz; as Mona at different times of
the year.

Molecular characterization was ableito differentiate between closely related

individuals.

- The genetic structure’ of “this "yam group was clearly defined when

morphelogical datd Was-combined with molecular analysis. This study confirms
the need to combine both .mnrphulng_icaj and m’d@far data for such analysis.

Germplasm collection of vegeiatively propagated specics such as D. rotundata-
cayenensis often contains accessions which although morphologically similar
have diffésent, genetic ‘originssand vice_versa. .ldh:[lﬁi‘;ﬂ cultivars may have

different narmes -inodifferent collections«and arcas due to the numerous

vernacular names hence putative-duplicates and cultivar misclassification were

. __:dja.cnt%ﬁed and/Em;_Q_[td'

&

The true Pona has the following characteristics: smooth and unarmed stem:
green and cordiform leaf: unarmed roots: at sprouting. vines emerge long before
leaf emergence; long and cylindrical wher: thick tuber skin relative 1o Laribaki.

cooked tuber is mealy and aromatic; tuber flesh is white with yellowish tint; the
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crown of the seedyam of authentic Pong is purple; and the crown of the tuber is
also well inserted in the tuber,

. A total of 13 DNA markers facilitated the identification of the authentic Pona.
They are DalF08, Dab2C{3, Dab2Dos, Dab2E09, Dpr3D06, Dpr3Fo4,
DalAO1, YM13, YM15, YM26, DalD08, DalC12, and Dpr3F10.

- A core collection of Pona collection was determined consisting of 3 accessions
each for Laribako (1021, 101L, I08L, 107L and 149L) and Pona (128P, 134P,
114P and 111P). Accessions 1241, 115P, 110K and Muchumudu for were
selected to represent Edgrihakd\hybrid, ot hybrid, Kedunku and Muchumud

respectively.
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RECOMMENDATIONS

l. The true Pona having been identified must be multiplied and disseminated to
farmers.

_1. If Ghana is to maintain its place as the leading exporter of yams, it must ensure
the purity of the varieties. In this regard, this findings will be made available to
the Ghana Standards Board to facilitate the yam export trade with respect to
varietal identification and ultimately to ensure purity of our varieties.

3. A regulatory body equivalent to Ghana Grains Development Board must be set

up to regulate the ndKNgHrg;Fm and tuber crops in general

and yams in particular.

4. Some selected farmers and jtfaders must also be trained in maintenance of

varietal purity and certifisd
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APPENDIX VI: PRINCIPAL COORDINATES (METRIC -DIMENSIONAL SCALING)

SCORES

Principal Coordinates Scores
Sample 1 2 3
1 0.17354 -0.1537 -0.0489
2 022102 -0.141 0.01514
3 0.08705 -0.2006 -0.0251
4 -0.0249 -0.0289 0.11045
5 -0.1585 0.20379 -0.1474
6 0.15963  -0.084 -0.0782
7 -0.0795 0.10069 -0.127
8 0.19089 _-0,0222 0.101
e KB USST
10 0.13649 | -0,0385 -0.0374
11 -0.4096 -0.2351 -0.331
12 0.11868 0.00876 -0.0381
13 0.17311 -0.0707 0.06346
14 0.24697 +0:1254 0.09478
15 -0.0426 0:33125 0.16457
16 -0.4235 (-0.2994 — -0:3122
17 0.13484 00136 4. %ﬁs%
18 0.00432- 02778 ~-0,0825.
19 0.12711 007398 C0.01759
20 0:17908 " =0:0832 0.07605
21 -0.2306" 0:28777 20,0829
22 -0.5973 001753 0.5209
23. 018676 -0.1077 0.07263.
24, 0.01%02 7-0.24 -0.0908
25 0.0154 035727 0.08448
26 1-0:2] 437 0:13846 05547 S
270.0885 [0.1925 012656~
28 -0.1191 140.06226—— 1 ~0.2534
29 0.04324  =02353—"1.00508
30 0.18096 -0.1331 0.00097
3109228 0.15014 40.0583
32 0.01256 0.09614 0.1551
33 -0.2307 0.06067 -0.1257
34 0259 0.06432 0.09177
35 0.07841 0.05264 -0.1209
36 0.19363 -0.0938 0.04309
37 006921 026197 -0.0285
38 -0.2342 0.27875 -0.0941
39 0.0517 -0.1877 0.01555
40 0.14085  -0.139 -0.0525
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APPENDIX VI: CONTINUED

41
42
43
44
45
46
47
48
49
50
51

52
53
54
55

56
57

71

0.17097 0.06569
-0.0497 0.00378
0.03519 -0.1597
-0.2837 0.20508
-0.5973 -0.1753

0.2297 -0.0386
0.17741 -0.0732
0.00372 0.23589
-0.0126 0.08427

0.06368 . 041043
-0.4865 }-0.22
0.01833 | -B.214

021849 -0.0427

0.16279 -0.06234

0.09708 0.15879
0.17885 0
0.13583

20,0465 0 n 7

72 0.18842 0.01106

73—0.0419 0.30829
74 007891 0.0529

75
76

-0.5973 -0.1753
-0.1502  -0.1501

0.01714
-0.2343
-0.1367
-0.0666
0.5209
0.14364
-0.0167
-0.02
-0.1985

Uil

0.15248
0.04461
'L'I EIIZES

0.197

-0.0201
-0.018
0.5209
-0.1379
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