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Development of improved varieties of sweet potato to meet specific end users in the sub-Saharan
African region has the potential of transforming the crop’s market, consumption and health benefits.
Molecular biology techniques such as fingerprinting are key to crop improvement, and critical for
numerous genetic studies. This study, carried out in Ghana, seeks to determine genetic relatedness
among two populations of sweet potato (released and elite), as well as to identify polymorphic and
informative markers for diversity studies. Twenty expressed sequence tags-simple sequence repeat
(EST-SSR) markers were used for analysis of DNA assembled. A total of 169 alleles were obtained, with
an average of 8.5 alleles per locus. Pairwise genetic distance among genotypes ranged from 12 — 89.
GenAlex v6.4 analysis showed that a higher genetic diversity existed within elite genotypes than the
released lines. Results analyzed using Popgene version 1.31 software indicated that on the basis of
both populations studied, EST-SSR markers utilized were very polymorphic (95%) and showed genetic
diversity (I =0.888, H.= 0.548) suggesting high heterozygosity in the collected varieties. The overall F;
(0.372%) and F;s (0.088%) suggest high genetic diversity within populations, and gene flow (1.95)
indicate an exchange of genes between released sweet potatoes and elite ones. Ewens-Watterson test
was conducted to test the neutrality. From the results obtained, markers CB329940, CB330477 and
CB330936 showed high allelic polymorphism among varieties used and were recommended to be
included in diversity studies.

Key words: Genetic diversity, genetic relatedness, expressed sequence tags-simple sequence repeat (EST-
SSR), populations, released sweet potato, elite sweet potato.

INTRODUCTION

Sweet potato (Ipomoea batatas (L.) Lam), belongs to the
family Convolvulaceae. The crop has enormous
potentials to be used as a staple and/or cash crop for
food security, poverty reduction, industry, livestock feed
and export in Ghana as well as the sub-region. The

expanded use of the orange-fleshed varieties, which
contain high amounts of beta-carotene (a precursor for
vitamin A) in food-based nutritional programmes can
significantly serve as an inexpensive affordable source
for combating vitamin-A deficiency (Kurabachew, 2015).
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Sweet potato (Ipomoea batatas (L.) Lam.) (Batatas an
Arawak name) was domesticated some 5000 years ago
in tropical America (Austin, 1988). Austin (1988)
postulated that sweet potato and its wild Ipomoea
species originate from regions between the Yucatan
Peninsula of Mexico and the Orinoco River in Venezuela.
This postulation was based on the morphological
characters, however, based on molecular markers, the
highest diversity of species, was found in Central
America (Huang and Sun, 2000).

Economically, sweet potato production worldwide is
ranked seventh. Cultivation of the crop covers
approximately 9 million hectares, with yield of 140 million
tons, averaging about 14 ton/ha (FAOSTAT, 2001).
Developing countries, account for over 95% of the world’s
production of sweetpotato, with Asia leading, followed by
Africa and then the rest of the world (80, 15 and 5%
respectively) (Bottema, 1992; FAO, 2001).

Sweet potato clones found in Pacific Islands and other
tropical countries mostly produce flowers, in
inflorescences, clusters of up to 22 buds grow out of the
leaf axils. The flowers are composed of stigma on top of
the pistil (the female part) and 5 anthers on top of the 5
stamens (the male parts), and usually, they open once,
soon after daybreak, and fades by noon. Different clones
have different stamen length, where the stamens are
shorter than the pistil, pollination occurs easily otherwise
it is difficult. Most clones have some extent of
incompatibility hence self-fertilization. It is therefore
difficult to obtain seeds from crosses between certain
parents, due to cross-incompatibility (Wilson et al., 1989).
The crop is mostly cultivated by means of the vegetative
vine.

The development of specific varieties to meet specific
end uses in Ghana and the sub-region has the potential
of transforming the crop’s production, uses, market
potential, consumption and health benefits through a
significant diversification in product forms and better
integration into smallholder farming systems. Hence,
there is need to develop varieties for specific end-users
that are accepted by farmers, consumers and agro-
industrialists. These varieties to be developed must be
high vyielding, pests and disease tolerant, store better,
posses high dry matter, and high nutritive value (such as
high beta-carotene, protein), good for food and industrial
products.

Crop variety development requires comprehensive
breeding programs and this may take several years to
come up with a variety of interest as morphological and
biochemical technique are the applications used to
characterize accessions. However, with the advent of
molecular marker application, the period for developing a
variety can be drastically reduced and the PCR based
technology facilitates tagging and introgression of traits of
interest. Hence, the development of molecular markers
that facilitate the analysis of genetic traits is important for
crop improvement (Gupta et al., 1999). Characteristics
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such as unlimited number of markers, absence of
environmental influence, great number of polymorphic
loci, access to contribution of both parents and possibility
of comparing genotypes based on the DNA, make
molecular markers very powerful for genetic diversity
estimates (Park et al., 2009).

One of the highly utilized molecular marker systems is
microsatellite, which is also called simple sequence
repeats (SSRs). These are small tandemly repeats
sequence (1-6 bp) that are widely dispersed in eukaryotic
genomes (Powell et al., 1996). Microsatellites also show
Mendelian inheritance and co-dominance. It has high
level of polymorphism (Powell et al., 1996) and has been
used in forensic studies, cultivar identification,
evolutionary studies and genetic diversity analysis (Roder
et al., 1998; Buteler et al., 1999). In recent times, some
studies in fingerprinting used microsatellites derived from
expressed sequence tags (EST) database. Expressed
sequence tags are small pieces of DNA seguence,
usually 200 to 500 nucleotides long generated by
sequencing either one or both ends of an expressed
gene from a cDNA library. This strategy is an extremely
efficient way to find new genes (Kim et al., 2016). It is
efficient for comparing gene diversity in different
organisms, gene evolution studies, searching databases
for putative orthologues, development of probes for gene
expression studies and detection of SNPs and are
associated with particular traits (Hanna et al., 2005; Zhou
et al.,, 2015; Khimoun et al., 2017). Thus, molecular
markers provide critical and indispensable information
required for plant breeding programmes. This information
highly complements morphological data and hastens the
varietal selection process. Studies by Roullier et al.
(2013) analyzing the origin of sweet potato in New
Guinea utilized both chloroplast and nuclear
microsatellites. Su et al. (2017) carried out general
assessment of population structure and genetic diversity
using specific length amplified fragment (SLAF)
sequences, which reported the most saturated single
nucleotide polymorphism (SNP) markers, revealing large
variations within accessions. Hu et al. (2004) developed
and characterized sweet potato microsatellite markers.
The study developed 151 primer pairs, which obtained
120 scorable microsatellites. Seventy five EST SSR loci
showed length polymorphism and 71% were associated
with some genes.

Expressed sequence tags (EST) markers belong to
transcribed regions within the genome and are expected
to be highly conserved and may be associated with
genes which may have known functions. The present
study used EST SSR markers to establish the genetic
diversity and differentiation among populations of
released sweet potato varieties in Ghana and other elite
varieties assembled locally and from abroad by the
breeding program for crop improvement. It also aimed to
assess the level of polymorphism of EST-SSRs on some
varieties of sweet potato and recommend the efficient
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ones for future studies.

MATERIALS AND METHODS
Source of sweet potato accessions

Plant materials for the study (Table 1) were obtained from the
CSIR-CRI sweet potato breeding program. Released varieties
comprised of sweet potato varieties which the breeding team had
evaluated comprehensively on the field and officially approved as
known varieties by the National Varietal release committee in
Ghana. The elite varieties are accessions with promising attributes
which are under evaluation by the breeding research team.

DNA extraction and PCR

Vine cuttings (3-4 nodes) of 21 elite and nine released sweet potato
varieties (Table 1) were grown in pots and two-week old leaves
collected for DNA extraction using modified protocol of Egnin et al.
(1998). Genomic DNA was run on 0.8% agarose gel to determine
the quality.

Twenty sweet potato EST SSR markers (Table 2) were used for
the diversity studies (He et al., 1995; Hu et al., 2004). PCR
amplification reaction volume of 10 yL was set up separately for
each accession containing 50 ng template DNA, 1x PCR buffer, 1.5
mM MgCl,, 0.2 mM dNTP, 250 nM each of forward and reverse
primers and 0.25 U Taq polymerase nuclease-free water was
added to make a final volume of 10 pL per reaction. Gen Amp PCR
System 9700 PCR was used and cycling conditions comprised of
initial denaturation at 95°C for two min, 30 cycles of denaturation at
95°C for 1 min, annealing at 55°C for 1 min, extension at 72°C for
one minute, and a final extension for 10 min at 72°C and holding at
4°C was included. The products of PCR were run on 6% non-
denatured polyacrylamide gel.

Bands scoring

Following PCR with 20 EST SSR primers and resolution in
polyacrylamide gel visualized by silver staining, the amplified EST-
SSR DNA bands representing different alleles were scored guided
by 50 base pair ladder to indicate the corresponding band sizes as
alleles. To conduct POPGENE analysis, the scored ampicons were
recorded as heterozygous genotypes (AB, AC, BC.. .) data. Based
on amplification, an allele was recorded as present (1) or absent (0)
for GenAlEx v6.4 analysis.

Data analysis

Genetic diversity parameters calculated were average observed
allele number (Na), percentage of polymorphic loci (P), observed
heterozygosity (Ho), expected heterozygosity (He), Nei
heterozygosity (Nei He), Shannon’s diversity index (1) and gene flow
(Nm) to estimate the level of genetic diversity (Cao et al., 2006).
The F-statistics, Fis, Fir and Fs, (Cao et al., 2006) were also
computed for polymorphic loci to test for the deviation from Hardy-
Weinberg equilibrium and to estimate genetic differentiation among
the sweet potato populations under study. The out-crossing rate [t =
(1-Fi)/(1 + Fit)] was calculated based on the Fit values to estimate
indirectly the mating pattern of the populations (Wright, 1978). All
the genetic diversity and genetic differentiation parameters
calculations were performed using POPGENE version 1.31
software (Yeh et al., 1999). Popgene is a Microsoft Window-based
computer package for the analysis of genetic variation within and
among natural populations (Yeh et al., 1999), where data was

Table 1. List of sweet potato varieties used for the study.

Elite varieties Released varieties
Cemsa 74-228 Ogyefo
Humbachero Okumkom
Blesbok Sauti
Wagabolige Santom Pona
Kemb 37 Tek Santom
Ningshu 1 Apomuden
Zapallo Faara
Tanzania Otoo

NCSU 1560 CRI-Hi Starch
SPK 004

Xushu 18

Zambezi

Mohc

Santom Amaro

Resisto

Jonathan

Brondal

Naveto

Yan Shu

Jewel

Beaureguard

scored as co-dominate diploid. Furthermore, the genotype banding
patterns were converted to ‘1’ (present) and ‘0’ (absence) matrix
and subjected to analysis using GenAlEx v6.4 (Peakall and
Smouse, 2012) to estimate the genetic diversity among the
genotypes. First, pairwise genetic distance matrix was generated
between the genotypes. Then, analysis of molecular variance
(AMOVA) was done to test significant intra-population and inter-
population molecular variance, as well the significance of the
Pairwise Population distances (PhiPT) among the populations
based on 9,999 permutations. Finally, principal coordinate analysis
(PCoA) was used to visualize the genetic diversity generated by the
EST markers for each individual genotype.

RESULTS AND DISCUSSION

Genetic diversity and polymorphism among sweet
potato varieties

Establishing genetic relatedness among accessions is
critical in any breeding program and this can be obtained
by using molecular markers. This current study reports
the analysis based on released and elite varieties as two
sets of populations. According to the results generated
using 20 EST SSR (Table 3) analysis with Popgene
version 1.31, on basis of the released varieties population
only, 12 out of the twenty loci representing 60% were
found to be polymorphic. The observed number and
effective number of alleles were 2.357 + 0.885 of alleles
(na), and 1.981 + 0.688 (ne), respectively and mean
genetic diversity index was (I) 0.675 £+ 0.425. On the



Quain et al. 17

Table 2. The twenty sweet potato EST-SSR markers used for the study.

o *Reference
SIN PRIMER PRIMER Sequence (5'-3') Type of repeats size (bp)
BU692248-F CTCCATTGCCGTACCTTTTC
1 BU692248-R AATGGCTGGATTTCTCATCG (CeMB(CCe)e °17
BU692559-F CATGCTTACCCAGCAGTTCA
2 (AT)12 496
BU692559-R CATATTGCAGGGCCAAAACT
3 CB329940-F CCCTATTTCAGCTCACTAAGCAA (CTT)7 986
CB329940-R CCAGCTGTCTTCCTCATGGT
CB330025-F GAATTGATTCGGCAAAAGGA
4 CB330025-R GTATGGTGCGACCCGAATAG (CAAYT 503
CB330144-F TGCATGATTATTCGTCCTGAA
5 CB330144-R AGCGAGAGGTGGTTCTTCTG (AGCT)S 1018
CB330269-F TCTTTTGCATCAAAGAAATCCA
6 (GAA)8 502
CB330269-R CCTCAGCTTCTGGGAAACAG
CB330645-F TTCATGCTTCGTTTTGATGC
! CB330645-R CAGATGAGTGGTCTGGCCTTA (TCAGA) 493
CB330679-F CATATCAGGGGCTGCTTCAT
8 CB330679-R CGTTTGCTGAGGAAGTGGAT (CARYT 746
BU692220-F TGGTATTGGGTTAGGCGGTA
9 BU692220-R ACCTCCACCGTAGCCACTT (TGG)6 523
BU692095-F TAACCATAGCCCCCAACAAC
10 BU692095-R TACGAGCCTTCTGGTCCTTC (TCY7(TADS 186
CB330141-F GCAAGAAAAAGAAGTGAAGGAAAG
11 CB330141-R GAACCACCAGTTCCTCATCC (AGAAG)6 663
CB330192-F AGAAGGAAAAGCAGCGAGAA
12 CB330192-R CGCCAAGAGACCTCATCAA (AG)13 843
CB330296-F CATGGACGCTCCAAAACC
13 CB330296-R CAGCTCCTCCTCGTCTTCAG (CTT6 558
14 CB330416-F GCAATCTGCAGAAGGTGTGA (AT)9 715
CB330416-R TTGTACAAACGTCAAAACATGAA
CB330471-F GCTTCCATTCACTCCATCGT
15 CB330471-R TTCGCATGTTGTTGGATGAT (GAA)? 545
CB330477-F TGCAGGCTTAGCATACACAG
16 CB330477-R GCCGTTGATCTTGATGAGTC (GAA)E 22
CB330657-F GGCTTAGCGCACTCTCTGTC
17 CB330657-R ATCTCTTTCCCGATCCCATC (AG)18 520
CB330759-F TGCCTCCGACTTCAGTCTCT
18 CB330759-R CTTTGACCCCAAAAGAGTGC (ceey 719
CB330798-F TTAAATTAGATCCCCCTCCTCC
19 (ACT)7 692
CB330798-R CCCATGAGAAATCATAGCATACGG
CB330936-F CATATCAGGGGCTGCTTCAT
20 CB330936-R CGTTTGCTGAGGAAGTGGAT (CAN)E 42
*Gene sequence: https://research.cip.cgiar.org/confluence/download/attachments/33456162/Ipomoea_batatasEST -

reducido.txt.cap.singlets?version=1&modificationDate=1275655131000&api=v2.

basis of the elite population, 2.65 + 0.875 observed
number of alleles (na), 1.939 + 0.583 effective number of
alleles (ne) and a mean genetic diversity index of (I)
0.705 = 0.3630 were obtained. Seventeen out of the
twenty loci (85%) were found to be polymorphic (Table
3). The EST SSR were thus less polymorphic in the

released varieties than among the elite varieties, and this
could be due to selecting preferences breeders use to
select varieties for release. Overall, only one locus was
not polymorphic, presenting 95% of the loci as
polymorphic (Table 4). The markers (loci) used were
most polymorphic when all samples were analyzed
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Table 3. Genetic variation statistics revealed by 20 EST SSR markers.

Samples Na Ne PL P (%) Ho He | Fis Fit Fst t Nm
Release varieties 2.375+ 0.885 1.981+ 0.688 12 60 0.486 0.414 0.675+ 0.425

Elite accessions 2.650 0.875 1.939+ 0.583 17 85 0.317 0.424 0.704 0.363

Over all 3.000+ 0.562 2.255+ 0.469 19 95 0.341 0.529 0.888+0.240  0.088 0.372 0.311 0.458 0.553

Na = Average number of alleles; Ne = average number of effective alleles; PL = number of polymorphic loci; P= percentage of polymorphic loci; Ho= observed heterozygosity;
He = expected heterozygosity (Nei, 1973); | = Shannon diversity index; Fis, Fit and Fst= estimates of F-statistics of regional populations; t = out crossing rate; Nm= gene flow.

Table 4. Summary of genetic variation statistics for all loci.

Locus (marker) Sample size na* ne* I*

BU692248 18 3.000 2.314 0.937
BU692559 20 3.000 1.681 0.731
CB329940 46 3.000 2.867 1.075
CB330025 28 3.000 1.782 0.759
CB330144 42 3.000 2.279 0.949
CB330269 50 3.000 2.505 1.005
CB330645 46 3.000 2.685 1.034
CB330679 12 3.000 2.571 1.011
BU69220 30 3.000 2.113 0.811
BU692095 22 3.000 1.906 0.816
CB330141 48 3.000 1.843 0.714
CB330192 32 3.000 2.236 0.926
CB330296 46 3.000 2.438 0.972
CB330416 48 3.000 1.917 0.837
CB330471 2 1.000 1.000 0.000
CB330477 56 3.000 2.975 1.095
CB330657 22 3.000 2.602 1.021
CB330759 34 3.000 2.321 0.963
CB330798 50 4.000 2.345 0.998
CB330936 48 4.000 2.711 1.098
Mean 35 3.000 2.255 0.888
St. Dev 0.562 0.469 0.240

*na = observed number of alleles; *ne = effective number of alleles [Kimura and Crow (1964)]; *I =
Shannon's Information index [Lewontin (1972)].



together and least polymorphic when the released
varieties population was analysed. Observed number of
alleles (na) is the actual number of alleles in a population
and effective number of alleles is the number of equally
frequent alleles required to obtain the same
expected heterozygosity (Nei, 1973) in population being
studied (Yeh et al., 1999; Sharma et al., 2016). These
values were low in the population of released varieties.
Kim et al. (2016) examining the polymorphism of EST-
SSR markers in cultivated sweet potato reported that
68.9% were polymorphic among the 20 cultivars.

Genetic differentiation among the elite and released
varieties of sweet potato populations studied revealed
observed heterozygosity (H,), expected heterozygosity
(He) and Nei's expected heterozygosity (Nei's Hg) of
0.0.341, 0.548 and 0.529, respectively (Table 3). Higher
observed heterozygosity values of 0.71 (Rodriguez-
Bonilla et al., 2014) and 0.75 (Roullier et al., 2013) have
been reported for sweet potato populations studied in
Pueto Rico and Kenya, respectively. Some estimated
genetic variability parameters for the two sub-populations
interestingly showed some level of uniform distribution in
PL, P (%), He, H, and Nei H.. Nevertheless, genetic
diversity scores recorded by twelve loci among the
released varieties (Table 1) were higher than values
recorded for these sub-populations than the overall
population (Table 2). The discrepancies in scores may be
due to a high genetic overlap as a result of probable
common ancestry or exchange of plant materials among
breeders and growers at different geographical areas
(Muller et al., 2001).

In the overall population analysis (Table 4), the mean
allele sample size was 35, with 3 + 0.562 observed
number of alleles (na), 2.255 + 0.469 effective number of
alleles (ne) and a mean genetic diversity index of (I)
0.888 + 0.240. Comparatively, Ochieng et al. (2015)
reported 1.552 mean number of effective alleles when 12
microsatellite markers were used to screen 68 sweet
potato accessions. Three loci namely CB329940,
CB330477 and CB330936, recorded the highest genetic
diversity index values in this study. Locus CB330471 on
the other hand, recorded the least number of alleles (2)
and | value. The high allelic polymorphism revealed by
the EST-SSR markers and the absence of monomorphic
locus indicates that the markers used were very
informative, and vital for sweet potato genetic diversity
studies especially loci CB330477 which has allele sample
size of 56, with effective allele number of 2.975 and high
diversity (I = 1.095), suggesting that in selecting EST-
SSR markers for biodiversity studies of sweet potato,
these loci should be given priority. High genetic diversity
observed in this study when both populations were pulled
together is consistent with finding obtained by Veasey et
al. (2008) who also recorded high level of polymorphism
(95.8%) with an average of six polymorphic bands per
SSR primer for 78 sweet potato accessions in Brazil.
Yang et al. (2014) also obtained 122 alleles with an
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average of 4.07 per primer pair through the use of 30
sweet potato SSR primers for evaluation of 380
accessions. This reveals richness of alleles and diversity
in sweet potato collections. As discussed by Hu et al.
(2004), some of these EST SSR primers used in this
study have significant homology to known genes of other
plants as revealed by BLASTX. The primer CB329940
(has high ne value of 2.867) has significant homology
with cab 16 mRNA for major chlorophyll a/b binding
protein in Nicotiana tobacum, and primer CB330471 (ne
value of 1) has homology with putative wound — induced
protein in Medicago sativa (Hu et al., 2004).

Genetic differentiation among populations

The mean estimates of F-statistics (Wright's fixation
indices) were determined to measure the deviations of
genotypic frequencies using four parameters, within
population inbreeding estimate (Fijg), measurement of

population differentiation (Fgt), Total inbreeding estimate
(Fip), and gene flow (Nem) among the accessions at the

various loci as shown in Table 5. The overall genetic
study showed low values of Fi (0.088) and F; (0.372)
among the population. The Fg value reveals that 31.14%
of the total genetic diversity exists among the population.
The study also revealed high overall outcrossing and
gene flow rates of 0.458 and 0.553, respectively. Low
values of F; and F;s coupled with high outcrossing rate
and gene flow values from the study clearly indicates a
high degree of heterozygosity among the assembled
accessions as evident by the recorded observed and
expected heterozygosity (Table 4). Low scores of F; and
Fs, also suggest that the populations are void of
inbreeding but contain far more heterozygotes than
expected based on Hardy-Weinberg equilibrium. This is
true to the fact that accessions used in this study are
collections and have not been subjected to crosses by
the breeding program. This may also be due to the fact
that sweet potato is routinely propagated by the used of
vegetative parts and the populations studied in this
research had not been interbred. Thus, there was
excessive outbreeding resulting in  heterozygote
advantage, probably due to having assembled the
accessions from different sources. This level of
heterozygosity may also be due to sharing of common
parental genes among accessions. Fst score indicates
that, there are far more similarities among sweet potato
populations studied than differences and hence similar
allelic frequencies within each population (Holsinger and
Weir, 2009).

Ewen’s Watterson test was performed to test the
neutrality for the EST SSR markers. The statistics F (sum
of squares of allele frequency) and limit (upper and lower)
at 95% confidence region for the test were calculated
using the algorithm by Manly method utilizing 1000
simulations as implemented in Popgene software (Table
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Table 5. Summary of F-statistics and gene flow for all loci.

Locus (marker) Sample size Fis Fit Fst Nm*
BU692248 18 1.000 1.000 0.477 0.274
BU692559 20 0.753 0.941 0.762 0.078
CB329940 46 0.881 0.948 0.562 0.195
CB330025 28 1.000 1.000 0.745 0.086
CB330144 42 0.012 0.127 0.118 1.876
CB330269 50 0.897 0.939 0.407 0.365
CB330645 46 -0.599 -0.493 0.067 3.507
CB330679 12 -0.154 0.091 0.212 0.929
BU69220 30 0.598 0.721 0.305 0.571
BU692095 22 0.059 0.562 0.534 0.218
CB330141 48 0.129 0.174 0.052 4572
CB330192 32 0.649 0.722 0.206 0.966
CB330296 46 0.336 0.381 0.068 3.435
CB330416 48 -0.167 0.256 0.362 0.440
CB330471 2 0.000 1.000 1.000 0.000
CB330477 56 0.150 0.211 0.072 3.232
CB330657 22 -0.624 0.447 0.659 0.129
CB330759 34 -0.474 0.111 0.397 0.380
CB330798 50 -0.371 -0.301 0.051 4.657
CB330936 48 -0.532 -0.358 0.114 1.951
Mean 35 0.088 0.372 0.311 0.553

*Nm = Gene flow estimated from Fst = 0.25 (1 - Fst)/Fst.

Table 6. The Overall Ewens-Watterson Test for Neutrality for Twenty EST SSR used to analyze elite and released sweet potato

varieties.
Locus (maker) Obs. F Min F Max F Mean* SE* L95* U9s*
BU692248 0.432 0.333 0.803 0.552 0.019 0.352 0.796
BU692559 0.595 0.333 0.820 0.552 0.019 0.345 0.815
CB329940 0.349 0.333 0.917 0.627 0.028 0.356 0.916
CB330025 0.561 0.333 0.867 0.584 0.023 0.349 0.865
CB330144 0.439 0.333 0.909 0.613 0.025 0.355 0.908
CB330269 0.399 0.333 0.923 0.632 0.029 0.366 0.922
CB330645 0.372 0.333 0.917 0.630 0.027 0.356 0.916
CB330679 0.389 0.333 0.722 0.502 0.012 0.347 0.708
BU69220 0.473 0.333 0.876 0.595 0.023 0.360 0.873
BU692095 0.525 0.333 0.835 0.566 0.020 0.355 0.831
CB330141 0.543 0.333 0.920 0.629 0.029 0.360 0.919
CB330192 0.447 0.333 0.883 0.597 0.024 0.357 0.881
CB330296 0.410 0.333 0.917 0.627 0.027 0.358 0.916
CB330416 0.522 0.333 0.920 0.624 0.029 0.352 0.919
CB330471 1.000 1.000 1.000 0.000 0.000 0.0000 0.000
CB330477 0.336 0.333 0.931 0.647 0.029 0.355 0.931
CB330657 0.384 0.333 0.835 0.571 0.021 0.351 0.831
CB330759 0.431 0.333 0.889 0.603 0.026 0.355 0.888
CB330798 0.426 0.250 0.887 0.519 0.023 0.292 0.849
CB330936 0.369 0.250 0.883 0.519 0.022 0.298 0.843
6). The overall test for neutrality across the two CB330477, all the observed F-values are within the lower

populations revealed that except at loci CB330471 and and upper limits of the 95% confidence interval, and
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Table 7. EST SSR primer information following analysis with collection of 30 sweet potato lines.

Number of alleles

*Reference size Range of allele size

Primer Type of repeats obtained (bp) obtained (bp)
BU692248 (CCT)6(CCG)6 4 517 75 -190
BU692559 (AT)12 10 496 125 -390
CB329940 (CTT)7 6 986 150 - 200
CB330025 (GAA)7 10 503 180 — 300
CB330144 (AGCT)5 8 1018 100 - 210
CB330269 (GAA)8 6 502 93 - 180
CB330645 (TCAGA)4 3 493 150 - 170
CB330679 (CAA)7 11 746 150 - 350
BU692220 (TGG)6 7 523 200 - 310
BU692095 (TC)7(TA|)6 3 186 240 - 310
CB330141 (AGAAG)6 9 663 180 — 280
CB330192 (AG)13 10 843 150 — 290
CB330296 (CTT)6 5 558 180 — 220
CB330416 (AT)9 8 715 180 — 280
CB330471 (GAA)7 14 545 110 - 280
CB330477 (GAA)6 10 722 170 - 320
CB330657 (AG)18 14 520 110 - 250
CB330759 (GGC)7 8 719 210 - 450
CB330798 (ACT)7 11 692 150 — 300
CB330936 (CAA)8 12 742 100 — 320
*Gene sequence: https://research.cip.cgiar.org/confluence/download/attachments/33456162/Ipomoea_batatasEST-

reducido.txt.cap.singlets?version=1&modificationDate=1275655131000&api=v2.

these are the two loci with the least and high genetic
diversity index respectively, earlier reported on this study.
Similar observations were made by Deepika (2012)
(Table 6).

Pairwise genetic distance

A total of 169 alleles were obtained using a set of 20
Expressed Sequence Tag (EST) markers (Table 7). An
average of 8.5 alleles per locus were observed, a higher
value (11.08) was reported where 23 SSR markers were
used to study 137 sweet potato accessions (Rodriguez-
Bonilla et al., 2014). The loci reporting the highest
number of alleles (14) were CB330471 and CB330657.
Incidentally the POPGENE analysis revealed that the
locus CB330471 has the least number of effective alleles
(Table 5) and that the overall test for neutrality across the
two populations (Table 6) revealed that this loci does not
have its observed F-values within the lower and upper
limits of the 95% confidence interval. The allele sizes
ranged from 75 (BU692248) to 450 bp (CB330759).

On a scale of 0 — 100, the pairwise genetic distance
among the genotypes ranged from 12 — 89 (Figure 1).
The lowest genetic distance of 12 was observed between
Naveto and Yan shu of the elite population, while the
highest genetic distance of 89 was observed between

Tek Santom and Jewel which belong to released and
elite populations, respectively. This relatedness is higher
than dissimilarity range of 0 — 69 reported by Somé et al.,
(2014), where SSR markers were used and 74 — 87
reported by Nair et al., (2016) where Start Condon
Targeted (SCoT) primers were used for the studies. The
result of the pairwise genetic distance shows that all the
varieties are genetically distinct, with no duplicates
among them, unlike report by Somé et al., (2014) where
nine duplicates were identified among the collections.
This report reveals the extent of relatedness and provides
a guide for breeding program when selecting lines for
crosses. These results (Table 8) indicate that to generate
well diverse progeny in a breeding program, a cross
between Tek Santom and Jewel or Beauregard (related
to Tek Santom at distance unit of 85) should be
considered.

Analysis of molecular variance (AMOVA)

Analysis of molecular variance (AMOVA) generated an
intra-population molecular variance of 76% and an inter-
population molecular variance of 24% for the elite and
released populations (Figure 2). Analysis of molecular
variance with SCoT primers, however, revealed 95.29%
diversity within and 4.71% among populations used (Nair
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Figure 1. Electrophoretic profile on 6% non-denatured polyacrylamide gel for EST SSR primer CB330759. Label “M” is the 100
base pair DNA ladder and “C” is the negative control of the PCR reaction where water was used. Numbers 1-30 are the sweet
potato collections analyzed.

Table 8. Pairwise genetic distance matrix (Genetic Dissimilarity) generated for elite and released sweet potato genotypes.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
0 Ogyefo (1)
34 0 Okumkom (2)
48 44 0 Santi (3)
51 59 37 O Santom Pona (4)
64 58 58 37 O Tek Santom (5)
65 65 53 38 23 O Apomuden (6)
64 58 44 43 36 29 O Faara (7)
65 71 43 42 49 34 25 0 Otoo (8)
70 62 48 49 50 39 28 27 O Hi-starch (9)
72 70 56 45 52 43 32 27 30 O Patron (10)
76 70 54 53 54 47 38 31 28 30 O Santom Amaro (11)
45 59 29 40 63 54 45 42 45 47 49 O Resisto (12)
76 70 54 63 76 71 58 53 54 60 60 49 0 Jonathan (13)
73 71 55 64 75 74 57 50 53 55 57 50 23 O Brondal (14)
73 77 57 72 77 72 59 54 55 59 59 48 29 24 0 Naveto (15)
73 73 53 74 81 78 63 56 61 65 65 48 25 22 12 O Yan shu (16)
75 75 59 80 89 8 73 68 67 71 71 54 33 28 26 20 O Jewel (17)
77 81 63 74 85 82 65 56 59 59 63 48 35 30 34 32 26 0 Beauregard (18)
70 76 56 61 72 65 58 49 54 54 62 43 32 35 27 27 29 21 O Cemsa 74-288 (19)
69 77 55 66 75 74 61 52 57 53 61 40 41 34 34 34 32 26 29 0 Humbachero (20)
74 84 64 65 76 75 66 59 68 60 64 53 44 39 49 45 33 33 36 31 0 Blesbok (21)




Table 8. Contd.
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68 82 58 63 74 69 66 53 64 60 66
54 72 42 51 70 61 54 53 56 60 68
65 79 53 64 73 68 63 54 63 59 67
63 75 59 66 73 72 63 60 65 63 59
67 71 57 64 79 74 63 64 67 59 61
66 74 56 67 78 73 64 65 68 68 70
40 58 34 45 62 57 50 49 52 54 60
68 74 56 61 76 69 60 57 60 62 66
71 77 63 72 85 76 63 64 69 67 67

43 38 43 41 37 39 39 26 31 22 O
29 48 47 45 41 41 47 36 35 34 34
44 41 50 50 44 46 44 39 40 31 27
50 59 64 62 58 62 66 65 60 61 59
56 61 64 62 58 62 70 65 66 65 61
57 64 63 63 61 65 69 66 67 74 66
19 50 57 51 45 53 55 48 47 54 46
53 56 59 59 55 61 67 60 61 56 54
58 57 62 58 60 64 62 59 58 65 59

41
53
59
58
28
48
61

Wagabolige (22)
Kemb 37 (23)

0 Ningshu 1 (24)
56 0 Zapallo (25)
60 28 O Tanzania (26)
59 37 25 O NCSU 1560 (27)
41 43 43 44 O SPK 004 (28)
556 35 25 32 42 O Xushu 18 (29)
62 50 42 37 55 39 0 Zambesi(30)

NB. Corresponding assigned sweet potato accession number as in the first row are as in parenthesis in the last column.

Figure 2. Intra (within) and inter

(among)  population  molecular
variance generated for 20 elite and
nine released sweet potato
genotypes. Pops = population.

et al,, 2016). The mean sum of squares within
population (SSWP) was 20.37 for the released
genotypes, and 21.87 for the elite genotypes
indicating that there is a higher genetic diversity
within the elite genotypes than the released lines.
A pairwise PhiPT population value of 0.24
(P<0.001) observed between the released and

elite genotypes, indicates that the two populations
are significantly genetically distinct.

Principal coordinate analysis (PCoA)

The principal component analysis (PCA)
generated is presented in Figure 3. A clear
separation was observed between the released
and the elite genotypes. Samples were dispersed
in all the four quadrats. The elite lines, Jewel,
Beauregard, Brondal, Naveto, Jonathan, Yan shu,
Ningshu, Humbachero, Wagabolige, Blesbok and
Cemsa 74-288, clustered relatively closer. NCSU
1560, Zapallo, Xushu, Zambesi and Tanzania
were in another cluster. Resisto and SPK 004
occupied a very close Eigen space. The fact that
Santom Amaro clustered with the released
genotypes Patron, Otoo and Hi-Starch indicates
the possibility of being a close relative to these
released lines. In an analysis of 68 sweet potato
accessions with SSR markers, only one accession
fell in the fourth quadrat (Ochieng et al, 2015),
whereas PCoA confirmed weak differentiation
among samples from New Guinea (Roullier et al.,
2013). This clearly confirms the analysis using

POPGENE that the two populations (elite and
released collections) are distinct. It is evident that
the elite lines are promising line which when
introgressed into the released lines will generate
diverged progeny.

CONCLUSION AND RECOMMENDATIONS

In  conclusion, this study provides relevant
information required for marker assisted breeding.
There is genetic diversity among individuals of the
two populations studied but with high level of
heterozygosity. Three EST SSR markers with high
value of effective alleles have been identified and
are recommended for future studies. The study
used two different software to establish the
genetic relatedness of the two populations
(released and elite) and confirmed that they are
very diverse and are promising collections for the
introgression of elite genes that could produce
lines with resistance to biotic and abiotic stresses.
Further studies should be done to determine
contrasting traits or genes that exist among these
genotypes since a lot of information can be
obtained from BLASTX.
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Figure 3. PCA analysis generated by GenAlEx v6.4 for released and elite sweet potato genotypes.
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