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An understanding of morphological and genetic diversity of sweet potato landraces is fundamental to 
any breeding program in a country. Fifty-nine sweet potato accessions from three eco-geographical 
populations of northern, south eastern and southern Malawi were examined using ten Simple Sequence 
Repeats (SSR) loci and seven International Board for Plant Genetic Resources (IBPGR) descriptors of 
sweet potato. The study generated a total of 30 alleles with a mean of 3 alleles per locus and a range of 
2 to 5 alleles per locus. The primers were highly polymorphic and discriminatory with Polymorphism 
Information Content (PIC) mean of 0.55 and a range of 0.29 to 0.75, implying that allelic diversity and 
molecular relationships revealed by the study are strongly supported. Mean Nei’ gene diversity (h=0.30) 
and Shannon information index (I=0.43) showed moderate genetic diversity of the populations with 
landraces (h=0.32; I=0.47) exhibiting more genetic diversity than introductions (h=0.25; I=0.38). SSR and 
morphological markers differently distinguished the accessions as evidenced by poor correspondence 
of genetic and morphological distance matrices (Mantel’ Test, r=0.1095). However, cluster analysis 
indicated high variability among accessions at morphological (50% dissimilarity) and genetic (64% 
dissimilarity) level. Therefore, Malawian sweet potato landraces harbour considerably high 
morphological and genetic diversity warranting use in breeding programs.  
 
Key words: Simple sequence repeats (SSR) loci, morphological diversity, sweet potato accessions, genetic 
diversity, descriptors, polymorphism. 

 
 
INTRODUCTION 
 
Sweet potato (Ipomoea batatas (L.) Lam)  is  the  seventh  most valuable staple crop  in  the  world  by  fresh  weight 
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and fifth in developing countries after rice, wheat, maize, 
and cassava (FAO, 2004). In sub-Saharan Africa (SSA) 
the crop is cultivated on more than 3 million hectares, 
yielding an estimated ca 13 million tonnes annually (Low 
and van Jaarswels, 2008).  

In Malawi, sweet potato is the second important root 
crop after cassava and most widely grown in the country. 
Its production increased by 370% from 1995 to 2006 
(FEWS/MoAFS, 1995, 2006) indicating the potential of 
the crop to alleviate poverty among estimated two million 
low income small holders farmers who cultivate 0.23 
hectare of land on average (Malawi Government, 1999). 
Sweet potatoes are known to be rich in vitamins (A, C, D 
and E), highly productive with low demand on labour and 
inputs as well as tolerant to recalcitrant growing 
conditions, hence, suitable for marginal lands. These 
attributes render the crop appealing to low income 
farmers (Sreekanth et al., 2010) resulting in increasing 
importance of the crop over other crops in recent years in 
SSA (Walker et al., 2011). 

In general, systematic plant breeding and efficient 
utilization of agricultural inputs has increased crop 
productivity in the past century (Warburton et al., 2002). 
However, increased productivity has often resulted in 
decreased genetic diversity within gene pools (Fernie et 
al., 2006) due to many compounding factors including 
inbreeding. This trend is particularly worrisome among 
vegetatively propagated crops like sweet potatoes and in 
particular landraces which have a diverse genetic base 
but are rarely integrated into the plant breeding programs 
due to their low production performance. This observation 
necessitates characterization of sweet potato landraces 
in Malawi in order to inform rational use and conservation 
of the present sweet potato genetic resources (Fraleigh, 
2006). 

Identification and release of sweet potato cultivars in 
Malawi is

 
mainly based on morphological and 

agronomical characteristics (Chipungu et al., 1999) 
making morpho-agronomic characterization the main 
driver of collection and utilization of sweet potato 
germplasm in any breeding program in Malawi. While 
sweet potato morphological descriptors have been 
variously used (Vimala et al., 2012; Norman et al., 2014; 
Rahman et al., 2015; Amoatey et al., 2016; Mbithe et al., 
2016; Su et al., 2016) and proven useful for preliminary 
evaluation of accessions due to their considerable 
discriminatory power, the present trend is to use 
molecular marker based characterization as a 
complementary tool to validate morphological 
characterization findings (Changadeya et al., 2012a; 
Malviya et al., 2012). 

 
Molecular markers have 

increasingly been employed to investigate sweet potato 
genetic diversity for germplasm conservation and genetic 

 
 
 
 
enhancement (Veasey et al., 2008; Karuri et al., 2010; 
Moulin et al., 2012; Cruz da Silva et al., 2013; Maquia et 
al., 2013; Camargo et al., 2013; Ochieng et al., 2015; 
Naidoo et al., 2016).  

Therefore, this study was conducted to assess the level 
of genetic diversity in Malawian accessions using simple 
sequence repeats (SSRs) molecular markers and 
validate the degree of relatedness of the morphologically 
divergent sweet potato accessions from different 
geographical sources. 
 
 
MATERIALS AND METHODS 
 
Accessions collection 
 
A total 268 sweet potato germplasm accessions were collected for 
morphological characterization from the Northern, South Eastern 
and Southern (Lower Shire) Regions of Malawi (Figure 1 and Table 
1). Prior information on areas of high production and varietal 
diversity obtained from Karonga, Mzuzu, Blantyre and Shire Valley 
Agricultural Development Divisions (ADDS) offices facilitated the 
accession collection (Figure 1). 

A total of 59 accessions that showed wide morphological 
distances within and among geographical populations, namely, the 
North, South East, the Lower Shire Valley and introductions were 
sampled for further analysis using SSR markers. Sample leaves for 
DNA analysis were obtained from the Bvumbwe Agricultural 
Research Station field where the 268 accessions were planted for 
morphological characterization. DNA analysis was conducted at 
University of Malawi, Chancellor College, Department of Biological 
Sciences, Molecular Biology and Ecology Research Unit (MBERU) 
DNA Laboratory.   
 
 
Morphological characterization  
 
Detailed comparisons using morphological descriptors (Table 2) 
aimed at isolation of potential duplicates among the accessions 
(Huaman et al., 1999) were carried out at Bvumbwe Agricultural 
Research Station. Sweet potato vines (25 to 30 cm long) were 
planted and grown following standard procedures. Characterization 
of above ground morphology of plants started at 80 to 100 days 
after planting (Mok and Schmiediche, 1998). Seven IBPGR 
descriptors for sweet potato (Huaman, 1991; CIP et al., 1991) were 
used for the discriminatory assessment. The descriptors used had a 
total of 47 different character states (classes) (Table 2). 
Morphological indicators on roots were done at harvest (5 months 
after planting). Data was collected from four randomly sampled 
plants per accession. These descriptors were qualitatively and 
quantitatively scored (Huaman, 1991). 
 
 
Genetic characterization 
 
DNA extraction  
 
Total genomic DNA from freshly harvested leaves was extracted 
using a modified cetyltrimethylammonium bromide (CTAB) 
procedure (Doyle and Doyle, 1990; Edwards et al., 1991). Four leaf
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Figure 1. Map of Malawi showing sweet potato collection sites and 
Agricultural Development Divisions (ADD). 

 
 
 

Table 1. Number of sweet potato accessions collected per district and farmer in Malawi. 
  

District 
Accessions  per district  Number of Farmers per district  Cultivars per farmer 

Number %  Interviewed Donors %  Mean Maximum 

North          

Chitipa 58 22  20 12 60  4.83 12 

Karonga 29 11  20 8 40  3.62 6 

Mzimba 46 17  20 13 65  3.54 12 

          

South           

Chikwawa 42 16  20 11 55  3.81 8 

Nsanje 77 29  20 12 60  6.41 16 

          

South east          

Phalombe 12 4  20 4 20  3.00 3 

Mulanje 4 1  20 2 10  2.00 2 

Total 268 100  140 62 44    

Mean  38.26 14.29  20 8.86 44  3.85 8.43 

±SD 25.54 -  - 4.34 -  1.40 5.16 
 

SD: Standard deviation. 

 
 
 
discs were ground with the aid of carborundum powder in 2 ml 
microcentrifuge tubes. A total of 500 µl of preheated (60°C) 

extraction buffer (1.5% CTAB, 100 mM Tris-HCl, 20 mM EDTA, 1.4 
mM NaCl, 0.2µl β-mercaptoethanol) was added and the mixture
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Table 2. Phenotypic classes of morphological traits used for diversity analysis in sweet potato in seven districts in Malawi. 
 

Character Abbreviation Character states  IBPGR/CIP code 
No. of 

classes 

Vine inter node length VL Very short (<3 cm); short (3-5 cm); intermediate (6-9 cm); Long (10-12 cm); very long (>12 cm) 1, 3, 5, 7, 9 5 

Vine inter node diameter VD Very thin (< 4 mm); thin (4-6 mm); intermediate (7-9 mm); thick (10-12 mm); very thick (>12) 1, 3, 5, 7, 9 5 

Vine tip hairiness TP None, sparse, moderate, heavy, very heavy 0, 3, 5, 7, 9 5 

Leaf lobe number LN 1, 3, 5, 7, 9 1, 3, 5, 7, 9 5 
     

Petiole pigmentation PP 
Green; Green with purple near stem; Green with purple near leaf; Green with purple at both ends; Green with 
purple stripes; Purple with green near leaf; Some petioles purple, others green, totally  and  mostly purple 

1, 2, 3, 4, 5, 6, 7, 8, 9 9 

     

Storage root shape RS Round; round elliptic; elliptic; obovate; ovate; oblong; long oblong; long elliptic; long irregular or curved. 1, 2, 3, 4, 5, 6, 7, 8, 9 9 
     

Predominant flesh colour FC 
White; Cream; Dark cream; Pale yellow; Dark yellow; Pale orange; Intermediate orange; Dark orange; Strongly 
pigmented with anthocyanins 

1, 2, 3, 4, 5, 6, 7, 8, 9 9 

     

Total classes - - - 47 

 
 
 
incubated at 60°C (water bath) for 60 min. An equal 
volume (500 µl) of chloroform: isoamyl-alcohol (24:1, v/v) 
was added and the homogenate mixed on shaker for 20 
min. The mixture was centrifuged at 15000 rpm for 15 min 
in a Tomy high speed microcentrifuge. Thereafter, 450 µl of 
supernatant was transferred into 2.0 ml microfuge tubes, 
100 µl of 20% SDS added, mixed and incubated at 65°C 
for 10 min in a water bath. Potassium acetate (500 µl; 5 M) 
was added and mixture incubated at 4°C for 20 min and 
centrifuged at 15 000 rpm for 10 min. The DNA in the 
supernatant was precipitated in 700 µl cold isopropanol at -
20°C for 1 to 2 h. After centrifugation at 15000 g for 15 min, 
the alcohol was decanted, and the DNA pellets were rinsed 
with 70% cold ethanol and centrifuged again for 5 min. The 
DNA pellets were air dried for 15 min before suspension in 
50 µl Tris-EDTA buffer (pH 8.0). The DNA extracts were 
further purified by repeated phenol-chloroform and 
chloroform: isoamylalcohol procedures in order to remove 
PCR inhibitors before resuspension in 50 µl TE after air 
drying.  
 
 
DNA amplification and visualisation 
 
The Polymerase Chain Reaction (PCR) using ten SSR 
primers (Table 3) was carried out in a mini-cycler model 
PTC-150 (MJ Research Inc, Watertown, USA). PCR final 

volume for each tube was 13.11 µl, comprising 2 µl of 25 
ng/µl genomic DNA, 5.7 µl double distilled water, 1 µl of 10 
mM dNTP mix, 1.25 µl of 10X PCR buffer, 1.6 µl of 25 mM 
Magnesium Chloride (MgCl2), 0.75 µl of 15 pmol of both 
forward and reverse primers and 0.06 µl of 5 u/µl Taq DNA 
polymerase stored in buffer A (Promega, 2000), was used.  

PCR steps included the following: initial denaturing at 
94°C for 2 min, then 30 amplification cycles of denaturing 
at 94°C for 30 s, annealing at an optimal temperature for a 
specific primer pair for 15 s and extension at 72°C for 30 s. 
The final extension was at 72°C for 20 min followed by a 
soaking temperature of 4°C. The amplified products of 
PCR were resolved using 6% polyacrylamide gel 

electrophoresis in BIORAD Sequi-Gen GT Nucleic Acid 
Electrophoresis Cell where pGem DNA marker (Promega, 

2000) and  X174 DNA/Hinf 1 (Promega, 2000) were used 
as band size standard markers.  
 
 
Data analysis 
 
Statistical analysis for loci variability 
 
In order to investigate the genetic variation among sweet 
potato accessions in the study, the 59 accessions were 
assigned to five population groups, namely, North (1), 
South East (2), Shire Valley(3), Landraces  (a  combination 

of North, South East and Shire valley) (4) and introductions 
(5). Allelic variation was estimated by the total number of 
alleles amplified per loci and population. Polymorphism 

Information Content (PIC), a measure of variability of each 
locus was calculated as described by Saal and Wracke 
(1999): 
 

 
 
where pi is the frequency of the ith allele out of the total 
number of alleles at a SSR locus and n is the total number 
of different alleles for that locus. 
 
 

Analysis of genetic variation 
 
Owing to difficulty in estimation of exact number of copies 
of individual alleles among polyploids like sweet potatoes, 
allelic data is usually analyzed at binary data matrix and 
SSRs are considered as dominant markers (Lian et al., 
2003). Therefore, each allelic band was considered as a 
binary character and was scored as 1 (present) or 0 
(absent) for each sample, hence, generating a data matrix 
usable in POPGENE freeware version 1.31 (Yeh et al., 
1999). Two measures of genetic diversity; Nei’s genetic
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Table 3. Microsatellite (SSR) primers used in the study. 
 

Primer Primer sequences (5´-3´) Primer source 
Observed allele 

size range 

Expected allele 

size range 
Ta1 (°C) 

IB-S09 
F  GCTGCTCAATCCCTCTCCTT 

Benavides (2002-2203) 46-52 * 60 
R  GGAACTCGATACAGCGTGGT 

      

IB-S10 
F  CTACGATCTCTCGGTGACG 

Benavides (2002-2203) 350-396 * 60 
R  CAGCTTCTCCACTCCCTAC 

      

IB-R13 
F  GTACCGAGCCAGACAGGATG 

Karuri et al. (2010) 222-226 * 60 
R  CCTTTGGGATTGGAACACAC 

      

IB-R16 
F  GACTTCCTTGGTGTAGTTGC 

Karuri et al. (2010) 218-240 131-237 60 
R  AGGGTTAAGCGGGAGACT 

      

IB-R19 
F  GGCTAGTGGAGAAGGTCAA 

Karuri et al. (2010) 218-222 190-208 60 
R  AGAAGTAGAACTCCGTCACC 

      

IB-CIP-5R 
F  CCTCAACGAATTTGACCTC 

Yanez (2002) 120-128 * 65 
R  GATGACGGTGTGTCTGAAG 

      

IB-242 
F  GCGGAACGGACGAGAAAA 

Buteler et al. (1999) 124-132 95-135 58 
R  ATGGCAGAGTGAAAATGGAACA 

      

IB-286 
F  AGCCACTCCAACAGCACATA 

Buteler et al. (1999) 100-106 90-122 57 
R  GGTTTCCCAATCAGCAATTC 

      

IB-297 
F  GCAATTTCACACACAAACACG 

Buteler et al. (1999) 126-138 130-200 58 
R  CCCTTCTTCCACCACTTTCA 

      

IB-324 
F  TTTGGCATGGGCCTGTATT 

Tseng et al. (2002) 126-134 * 56 
R  GTTCTTCTGCACTGCCTGATTC 

 

Ta
1
=Optimal annealing temperature, *Required information the fields not available. 

 
 
 
diversity (h) (Nei, 1973a, b) and Shannon’s information index (I) 
(Lewontin, 1974) were computed in POPGENE. 

Pearson’s correlation coefficient was calculated to estimate the 
degree of association among indices. The significance of the 
coefficients was calculated at P<0.05 using the t- statistics (Sokal 
and Rholf, 1969). 
 
 
Cluster analysis comparison using SSR and morphological 
markers 
 
The data on morphological traits and SSR of the 59 accessions 
were transformed into binary data matrixes. The presence of a SSR 
allele at a particular locus and a character state in a particular class 
for morphological traits was recorded as 1 and 0 for present and 
absent, respectively. Based on the presence/absence, dissimilarity 
coefficients were generated using the SIMINT module (NTSYS pc 
2.11c software (Rholf, 2001)). The default parameter DIST (average 
genetic distance) was used to generate the binary data matrix. 
Dendrograms were generated from the sequential, agglomerative, 
hierarchical, and nested (SAHN) clustering method using the 

Unweighted Pair Group Method and Arithmetic Average (UPGMA) 
(Sneath and Sokal, 1973; Rholf, 2001) using NTSYS pc 2.11. 
Correlations between similarity matrices from morphological and 
SSR coefficients were calculated by Pearson’s product-moment. 
The significance of the correlation was tested by Mantel's test 
(Mantel, 1967) using the NTSYS program (MXCOMP option). 
 
 
RESULTS AND DISCUSSION 
 
Variation of SSR markers 
 
Number of alleles and size range  
 

The total number and size range of alleles at each locus 
among the five populations are presented in Table 4. The 
total number of alleles scored varied among the ten loci 
and five populations. The highest number scored with 
reference to all populations was at locus IB-297 (5
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Table 4. Number of alleles (A) and size ranges (SR) in base pairs (bp) in 59 sweet potato accessions at ten SSR loci. 
  

Population 
Locus IB-R16  Locus  IB-324  Locus  IB-297  Locus  IB-242  Locus  IB-286 

A SR  A SR  A SR  A SR  A SR 

Shire Valley 2 218-240  3 126-134  5 126-138  4 124-132  4 100-106 

South East 2 218  3 126-134  5 126-138  4 124-132  4 100-106 

North 2 218-240  3 126-134  5 126-138  4 124-132  4 100-106 
               

*Landraces 2 218-240  3 126-134  5 126-138  4 124-132  4 100-106 

Introductions 2 218-240  3 126-134  5 126-138  4 124-132  4 100-106 
               

All populations 2 218-240  3 126-134  5 126-138  4 124-132  4 100-106 
               

Population 
Locus  IB-R19  Locus  IB-R13  Locus  IB CIP-5R  Locus  IB-SO9  Locus  IB-S10 

A SR  A SR  A SR  A SR  A SR 

Shire Valley 2 218-222  2 222-226  3 120-128  3 46-52  2 350-396 

South East 2 218-222  2 222-226  3 120-128  3 46-52  2 350-396 

North 2 218-222  2 222-226  3 120-128  3 46-52  2 350-396 
               

*Landraces 2 218-222  2 222-226  3 120-128  3 46-52  3 350-396 

Introductions 2 218-222  2 222-226  3 120-128  3 46-52  2 350-396 
               

All populations 2 218-222  2 222-226  3 120-128  3 46-52  2 350-396 
 

*Landraces = combination of South East, North and Shire valley populations. 

 
 
 
alleles) and the least at loci IB-R16 (2 alleles), IB-
R19 (2 alleles), IB-R 13(2 alleles) and IB-S10 (2 
alleles). A total of 30 allele sizes with a range of 
two to five alleles and a mean of three alleles per 
locus were observed in the study. Gichuru et al. 
(2006) also generated two to five alleles in 57 
sweet potato landraces from Kenya, Uganda and 
Tanzania using four SSR primers. Another study 
on sweet potato by Kiarie et al. (2016) which used 
ten SSR markers revealed a total number of 
alleles of 18 with an average of 3 alleles per 
locus. Low total numbers of alleles (23) were also 
recorded among Kenyan sweet potato in a study 
by Karuri et al. (2010) which employed six SSR 
markers. The average number of alleles per locus 

in their study was 3.67. Such findings from Kenya, 
which is a secondary centre of sweet potato 
diversity implies the Malawian accession are 
equally genetically diverse given that Karuri et al. 
(2010) genotypes revealed high levels of 
observed heterozygosity ranging from 0.21 to 1.0. 
High genotypes diversity among Kenyan sweet 
potato has been previously observed by other 
researchers (Gichuru et al., 2006; Njuguna, 2005; 
Karuri et al., 2009). A study by Roullier et al. 
(2013c) of 369 landraces in Papua New Guinea, 
another secondary centre of sweet potato 
diversity, revealed 16 alleles at six SSR loci with a 
mean of 6.7 alleles per locus. A higher number of 
total alleles was however reported by Zhang et al. 

(2000) who reported 70 SSR variants from six loci 
in 113 accessions from three geographic origins, 
averaging 11.67 variants per loci. The high 
number of variants generated in this study could 
be attributed to the large number of accessions 
and the wide geographical sampling range (Zhang 
et al., 2000). Random mutations that occur over 
time as a result of asexual propagation of sweet 
potato via vines can explain the allelic diversity 
observed in the present study (Villordon and 
LaBonte, 1995; Zohary, 2004; Purugganan and 
Fuller, 2009; Roullier et al., 2011; Roullier et al., 
2013b). Such mutations are also the cause of 
allelic diversity among banana cultivars which are 
also vegetatively propagated (Changadeya et al.,
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Table 5. Polymorphism information content (PIC), Nei’s (h) gene diversity measure and Shannon information index (I) at six SSR loc i for all sweet potato accessions.  
 

Population N 

Primer PIC values 

h I 
IBR-16 IB-324 IB-297 IB-242 IB-286 IB-R19 IB-R13 IB-CIPR5 IB-S09 IB-S10 

Mean 

PIC 
± SE 

Shire Valley 19 0.42 0.66 0.75 0.71 0.46 0.45 0.46 0.63 0.66 0.46 0.57 0.02 0.37 0.49 

South East Region 7 0.00 0.60 0.75 0.67 0.67 0.42 0.44 0.62 0.63 0.46 0.53 0.04 0.25 0.36 

Northern Region 24 0.38 0.66 0.77 0.69 0.39 0.48 0.46 0.64 0.66 0.47 0.56 0.03 0.32 0.47 

Introductions 9 0.30 0.57 0.73 0.69 0.42 0.46 0.47 0.59 0.63 0.38 0.52 0.01 0.25 0.38 

Landraces 50 0.37 0.66 0.77 0.70 0.46 0.46 0.46 0.64 0.66 0.47 0.57 0.04 0.32 0.47 

                

Mean 59 0.29 0.63 0.75 0.69 0.48 0.45 0.46 0.62 0.65 0.45 0.55 - 0.30 0.43 

± SE - 0.01 0.04 0.05 0.03 0.06 0.04 0.03 0.02 0.02 0.03 0.04 - 0.05 0.06 
 

SE: Standard error. 

 
 
 
2012b). Ultimately, genetic diversity of the studied 
materials is the most important factor limiting 
average number of alleles identified per SSR 
locus during screening. However, factors such as 
number of SSR loci and repeat types and 
methodologies employed for detection of 
polymorphic markers influence allelic differences 
(Legesse et al., 2007). This study used 
Polyacrylamide Gel Electrophoresis (PAGE) 
which is considered second best to Automated 
Sequencer Capillary Electrophoresis (ASCE) in 
terms of efficiency of resolving allelic variations at 
a finer scale than Metaphor

®
 Agarose Gel 

Electrophoresis (MAGE) (Sanchez-Perez et al., 
2006). 
 

 
Polymorphism Information Content (PIC) of 
the six SSR loci 
 

A summary of PIC, Nei’s gene diversity (h) and 
Shannon information index (I) is presented in 
Table 5.   

Mean PIC for the primers ranged from 0.29  (IB- 

R16) to 0.75 (IB-297) with mean value of 55. On 
average the primers revealed the highest 
polymorphism in Shire valley and landraces 
populations (PIC, 0.57) and the lowest in 
introduction population (PIC, 0.52). The primers 
mean PIC of 0.55 implies that the loci used in the 
study were highly polymorphic and discriminatory 
since any PIC value > 0.5 indicates highly 
polymorphic locus (Botstein et al., 1980). 
Therefore, the allelic diversity and molecular 
relationships in this study are strongly supported. 
The mean PIC value reported in this study is 
higher than 0.46, 0.28, 0.39, 0.47, 0.27, 0.42, and 
0.36 reported for sorghum (Geleta et al., 2006), 
cucumber (Danin-Poleg et al., 2001), potato 
(Ashkenazi et al., 2001), sweet potato (Karuri et 
al., 2010), sweet potato (Ochieng et al., 2015), 
sweet potato (Naidoo et al., 2016), sweet potato 
(Kiarie et al., 2016), respectively. Hao et al. (2006) 
recommended that any objective evaluation of 
genetic diversity among germplasm collections 
needs to consider, both, the number of alleles per 
locus and their respective PIC values in 
combination. The PIC values per locus in the 

current study showed a significant and positive 
correlation with the number of alleles per locus (r 
= 0.81, P < 0.05). The results are consistent with 
those of Yu et al. (2003) and Jain et al. (2004) in 
rice (r = 0.62, 0.72, respectively) and by Vaz Patto 
et al. (2004) in maize (r = 0.85). The findings, 
therefore, suggest that in general the sweet potato 
accessions harbour high genetic divergence and 
the highest are exhibited by landraces and Shire 
valley accessions and the lowest are in 
introductions. This observation also indicates that 
local allelic diversity in landraces can be relied 
upon in breeding programs other than imported 
diversity in introductions. 
 
 
Genetic diversity among geographical 
populations 
 
Genetic diversity among the populations as 
measured by Nei’s gene diversity (mean h=0.30) 
measure and Shannon information index (mean 
I=0.43) showed that the populations were 
moderately diverse (Table 5). The two indices
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were positively and significantly correlated (r=0.84) and 
the differences among populations for h and I indices 
were significant at p< 0.05. The indices confirmed the 
findings from individual population PIC indicating that 
Shire valley (h=0.37; I=0.49) and Landraces (h=0.32; 
I=0.47) accessions were the most genetically diverse and 
introductions (h=0.25; I=0.38) and south east region 
(h=0.25; I=0.36) accessions were the least diverse (Table 
5). Ochieng et al. (2015) in their study of 68 sweet potato 
accessions and 12 SSR loci reported similarly moderate 
mean gene diversity (h=0.34). Kiarie et al. (2016) using 
ten SSR loci on 18 sweet potato accessions recorded 
moderate gene diversity of 0.41. Crus da Silva et al. 
(2013) detected moderate mean gene diversity (h=0.27) 
using RAPD molecular markers on Northeastern Brazilian 
sweet potato. Similar moderate to low gene diversity 
values have been registered in other crops such in 
mulberry population (h= 0.20) (Zhao et al., 2006) and 
Medicago citrina populations (h= 0.15) (Juan et al., 
2004). However, some sweet potato studies in some 
parts of the world, have documented very high gene 
diversity (h); Mesoamerica (h=0.71), Venezuela-
Colombia (h=0.70) and Peru-Ecuador (h= 0.52). Such 
findings are an indication of the richness of the Latin 
American gene pool as a centre of sweet potato diversity 
(Zhang et al., 2000). 
 
 

Comparison between morphological and SSR data 
 
UPGMA-based cluster analyses on binary data of seven 
morphological traits and 59 sweet potato accessions are 
shown in Figure 3. The morphological clustering grouped 
the accessions into three main clusters A, B and C 
consisting of a singleton accession in clusters B, 27 in 
cluster A and 31 accessions in cluster C. The clusters A 
and C comprised of accessions from all sources under 
study namely North, South East, Shire Valley and 
introductions while the singleton cluster contains 
accession Tchubatchuba from the Northern population. 
The clusters A and C were further sub grouped to 
establish any possibilities of the accessions to cluster 
according to sources of origin.  

The composition of sub clusters I, II, III and IV of main 
cluster A contained accessions from all sources of origins 
while sub cluster V contained accessions from the 
Northern population and included Yoyera which was also 
sampled in the Shire Valley. While sub cluster I of main 
cluster C contained accessions from all sources of 
origins, sub cluster II contained accessions from the 
North including Tsambalimodzi which was also sampled 
from the Shire valley and an introduction A45, which 
originates from the Republic of South Africa. All the 
accessions in sub cluster III of C originated from the 
Shire valley.  

In SSR analysis, a dendrogram for landraces (north, 
south east and Shire valley) (50) excluding nine 
introductions was generated. SSR clustering grouped the 

 
 
 
 
50 landrace accessions into two main groups A and B 
composed of 16 and 34 accessions, respectively (Figure 
3). Groups A and B generated sub clusters I to II and I to 
IV, respectively. The accessions in group A and its sub 
clusters I and II did not show the tendency to cluster 
according to the three eco-geographical sources. 
However, sub clusters I and III of main cluster B grouped 
accessions according to eco-geographical origins. Sub 
cluster I contained accessions from the North while sub 
cluster III contained accessions from the Shire valley.  

Generally, morphological clustering of sweet potato 
was different from SSR clustering in the present study as 
different clusters contained different accessions. This 
implies that the two methods distinguished the genotypes 
in the accessions differently.  This was further evidenced 
by the Mantel (1967) matrix correspondence test that 
demonstrated that there was low correspondence 
between the distance matrices generated from SSR and 
morphological traits (r = 0.1095). Low association 
between SSR and morphological data has been reported 
in different crops indicating independent nature of 
morphological and genetic variation since SSR loci are 
part of non-coding DNA which is not expressed and 
therefore not subjected to the same forces of selection 
which shape phenotypic characters (Kjaer et al., 2004; 
Vieira et al., 2007).   

High variability was detected at both morphological 
(50% dissimilarity) and genetic (64% dissimilarity) level 
as expressed in the clustering patterns. However, both 
cluster (Figures 2 and 3), accessions exhibited some 
degree of clustering according to eco-geographical 
associations, suggesting a genetic distinction. This 
observation is contrary to what Gichuru et al. (2006) 
showed where morphological clustering was irrespective 
of geographical origin but SSR analysis tended to cluster 
Tanzanian landraces together from the Kenyan and 
Ugandan accessions. The tendency of sweet potato to 
cluster according to geographical source was also 
reported using other molecular methods such as random 
amplified polymorphic DNA, RAPD (Gichuki et al., 2003), 
Amplified Fragment Length Polymorphism (AFLP) (Zhang 
et al., 1998) and Selective Amplification of Microsatellite 
Polymorphic loci (SAMPL) (Tseng et al., 2002). The 
pattern of some accessions in this study to cluster 
irrespective of eco-geographical origin implies some 
similarity among them which could be due to gene flow 
which is facilitated by long term tradition of sharing vines 
among farmers as well as recent increased efforts by 
NGOs to distribute massively sweet potato vines 
especially during years of drought. Other studies have 
documented human mediated sweet potato gene flow 
since prehistorical era (Roullier et al., 2013a). 
 
 
Conclusions 
 

Morphological and SSR markers displayed considerably 
high genetic diversity of the sweet potato accessions as
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Figure 2. Cluster analysis of 59 sweet potato accessions on seven IBPGR morphological traits. 

 
 
 

substantiated by diversity measures used in the study, 
therefore the landraces can be used in breeding 
programs. Each method of characterization distinguished 
the genotypes in the accessions differently thus can be 
used effectively in any sweet potato characterization 
program    regardless    of    low     correlation     between 

morphological and SSR markers. 
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Figure 3. Cluster analysis of 50 landrace sweet potato accessions using ten SSR loci. 

 
 
 
REFERENCES 
 
Amoatey HM,  Sossah FL, Ahiakpa JK, Quartey EK, Appiah AS, 

Segbefia MM (2016). Phenotypic profiles of different accessions of 
sweet potato (Ipomoea batatas (L.) Lam) in  the coastal savanna 
agro-ecological zone of Ghana. Afr. J. Agric. Res. 11(26):2316-2328. 

Ashkenazi V, Chani E, Lavi U, Levy D, Hillel J, Veilleux RE (2001). 
Development of microsatellite markers in potato and their use in 
phylogenetic and fingerprinting analysis. Genome 44:50-62. 

Buteler MI, Jarret RL, LaBonte DR (1999). Sequence characterization of 
microsatellite in diploid and polyploid Ipomoea. Theor. Appl. Genet. 
99:123-132. 

Camargo LKP, Mogor AF, Resende JTV, Da–Silva PR (2013). 
Establishment and molecular characterization of sweet potato 
germplasm bank of the highlands of Parana  State, Brazil. Genet. 
Mol. Res. 12(4):5574-5588. 

Changadeya W, Ambali AJD, Laisnez L (2012a). Comparative study of 
molecular and morphological methods for investigating genetic  



 
 
 
 

relationships among Bvumbwe Agriculture Research Station field 
gene bank banana cultivars. Int. J. Phys. Soc. Sci. 2 (9):132-152.  

Changadeya W, Kaunda E, Ambali A (2012b). Molecular 
characterization of Musa L. cultivars cultivated in Malawi using 
microsatellite markers. Afr. J. Biotechnol. 11:4140-4157. 

Chipungu FP, Benesi IRM, Moyo CC, Mkumbira J, Sauti RFN, Soko 
MM, Sandifolo V (1999).  Field evaluation of introduced 
sweetpotato clones in Malawi. In. food security and crop 
diversification in SADC Countries: the role of cassava and 
sweetpotato. MO Akoroda  and JM Teri (eds.). Proceedings of the 
scientific workshop of the Southern African Root Crops Research 
Network (SARRNET) held at Pamodzi Hotel, Lusaka, Zambia, Pp. 
151-156.  

CIP, AVRDC, IBPG (1991). Descriptors for sweet potato. Z. Huaman 
(ed.). International Board for Plant Genetic Resources (IBPGR). Italy, 
Rome. 

Cruz da Silva AV, Andrade LNT, Rabbani ARC, Nunes MUC, Pinheiro 
LR (2013). Genetic diversity of sweet potatoes collection form 
Northeastern Brazil. Afr. J. Biotechnol. 13(10):1109-1116. 

Danin-Poleg Y, Reis N, Tzuri G, Katzir N (2001). Development and 
characterization of microsatellite markers in Cucumis. Theor. Appl. 
Genet. 102:61-72. 

Doyle JJ, Doyle JL (1990). Isolation of plant DNA from fresh tissue. 
Focus 12:13-20. 

Edwards K, Johnstone C, Thompson C (1991). A simple and rapid 
method for the preparation  of plant genomic DNA for PCR analysis. 
Nucleic Acids Res. 19:1349. 

FAO (2004). The state of food insecurity in the world. Monitoring 
progress towards the world  food summit and millennium 
development goals. Rome, Italy. 

Fernie AR, Tadmor Y, Zamir D (2006). Natural genetic variation for 
improving crop quality. Curr. Opin. Plant Biol. 9:196-202. 

FEWS/MoAFS (1995 to 2006). FAO/WFP crop and food supply 
assessment mission to Malawi. 

Fraleigh B (2006). Global overview of crop genetic resources. In. 
Ruane, J., Sonnino, A. (Eds.), The Role of Biotechnology in Exploring 
and Protecting Agricultural Genetic Resources.  FAO of the United 
Nations, Rome, Pp. 21-32. 

Geleta N, Labuschagne M, Viljoen C (2006). Genetic diversity analysis 
in sorghum germplasm as estimated by AFLP, SSR and morpho-
agronomical markers. Biodivers. Conserv. 15(10):3251-3265. 

Gichuki ST, Berenyi M, Zhang D, Hermann M, Schmidt J, Glöss J, Burg 
K (2003). Genetic diversity in sweetpotato [Ipomoea batatas (L.) 
Lam.] in relationship to geographic  sources as assessed with 
RAPD markers. Gen. Res. Crop Evol. 50:429-437. 

Gichuru V, Aritua V, Lubega GW, Edema R, Adipala E, Rubaihayo PR 
(2006). A preliminary analysis of diversity among East African sweet 
potato landraces using morphological and simple sequence repeats 
(SSR) markers. International Society for Horticultural Science. ISHS. 
Acta Hortic. 703:23-32. 

Hao CY, Zhang XY, Wang LF, Dong YS, Shang XW, Jia JZ (2006). 
Genetic diversity and  core collection evaluations in common 
wheat germplasm from the Northwestern Spring Wheat Region in 
China. Mol. Breed. 17(1):69-77. 

Huaman Z (1991). Descriptor for sweet potato. CIP, AVRDC, IBPGR. 
International Board for Plant Genetic Resources, Rome, Italy. 

Huaman Z, Aguilar C, Ortiz R (1999). Selecting a Peruvian sweet potato 
core collection on the basis of morphological, eco-geographical, and 
disease and pest reaction data. Theor. Appl. Genet. 98:840-844. 

Jain SK, Qualset CO, Bhatt GM, Wu KK (2004). Geographical patterns 
of phenotypic diversity in a world collection of durum wheat. Crop Sci. 
15:700-706. 

Juan A, Crespo MB, Cowan RS, Lexer C, Fay MF (2004). Patterns of 
variability and gene flow in Medicago citrina, an endangered endemic 
of islands in the western  Mediterranean, as revealed by AFLP. 
Mol. Ecol. 13(9):2679-2690. 

Karuri HW, Ateka EM, Amata R, Nyende AB, Muigai AWT (2009). 
Morphological markers cannot reliably identify and classify sweet 
potato genotypes based on resistance to sweet potato virus disease 
and dry matter content. J. Appl. Bio. Sci. 15:820-828. 

Karuri HW, Ateka EM, Amata R, Nyende AB, Muigai AWT, Mwasame E, 
Gichuki ST (2010). Evaluating diversity among Kenyan sweet potato  

Chipungu et al.           1295 
 
 
 

genotypes using  morphological and  SSR markers. Int. J. Agric. 
Biol. 12:33-38. 

Kiarie SM, Karanja LS, Obonyo MA, Wachira FN (2016). Application of 
SSR markers in determination of putative resistance to SPVD and 
genetic diversity among orange flashed sweet potato. J. Adv. Biol. 
Biotechnol. 9(2):1-10. 

Kjaer A, Barfod AS, Asmussen CB, Sberd O (2004). Investigation o 
fgenetic and morphological variation in the Sago Palm (metroxylon 
sagu; Arecaceae) In Papua New Guinea. Ann. Bot. 94:109-117. 

Legesse BW, Myburg AA, Pixley KV, Botha AM (2007). Genetic 
diversity of African maize inbred lines revealed by SSR markers. 
Hereditas 144(1):10-17. 

Lewontin RC (1974). The genetic basis of evolutionary change. 
Columbia University Press, New York. 

Lian CL, Oishi R, Miyashita N, Nara K, Nakaya H, Wu B, Zhou ZH, 
Hogetsu T (2003). Genetic structure and reproductive dynamics of 
Salix reinii during primary sucession of Mount Fuji, as revealed by 
nuclear and chloroplast microsatellite analysis. Mol. Ecol. 12:609-
618. 

Low JW, van Jaarswels PJ (2008). The potential contribution of bread 
buns fortified with β-carotene-rich sweet potato in Central 
Mozambique. Food Nutr. Bull. 29:98-107. 

Malawi Government (1999). Malawi agricultural and natural resources 
research master plan. National Research Council of Malawi, 
Lilongwe, Malawi. 

Malviya N, Sarangi BK, Yadav MK, Yadav D (2012). Analysis of genetic 
diversity in cowpea (Vigna unguiculata L. Walp.) cultivars with 
random amplified polymorphic DNA markers. Plant Syst. Evol. 
298:523-526. 

Mantel NA (1967). The detection of disease clustering and a 
generalized regression approach. Cancer Res. 27:209-220. 

Maquia I, Muocha I, Naico A, Martin N, Gouveia M, Andrade L, Goulao 
LF, Ribeiro AI (2013). Molecular, morphological and agronomic 
characterization of sweet potato (Ipomoea  batatas L.) 
germplasm collection from Mozambique: Genotype selection for 
drought prone regions. S. Afr. J. Bot. 88:142-151. 

Mbithe MJ, Steven R, Agili S, Kivuva MB, Kioko WF, Kuria E (2016). 
Morphological characterization of selected Ugandan sweet potato 
(Ipomoea batatas (L.) Lam) varieties  for food and feed. J. 
Phylogenetics Evol. Biol. 4(2):163. 

Mok IG, Schmiediche P (1998). Collecting, characterizing, and 
maintaining sweet potato germplasm in Indonesia. CIP, Indonesia, 
Pp. 3-34. 

Moulin MM, Rodrigues R, Gonçalves LSA, Sudré CPA, Pereira MG, 
(2012). A comparison of RAPD and ISSR markers reveals genetic 
diversity among sweet potato landraces (Ipomoea batatas (L.) Lam.). 
Acta Sci. Agron. 34:139-147. 

Naidoo SLM, Laurie SM, Odeny DA, Vorrster BJ, Mphela WM, Greyling 
MM, Crampton BG (2016). Genetic analysis of yield and flesh colour 
in sweet potato. Afr. Crop Sci J. 24(1):61-73. 

Nei M (1973a). Genetic distance between populations. Am. Nat. 
106:283-292 

Nei M. (1973b). Analysis of gene diversity in subdivided populations. 
Proc. Natl. Acad. Sci. 70:3321-3323. 

Njuguna W (2005). Characterization of Kenyan sweet potato 
[Ipomoeabatatas (L.) Lam] germplasm using morphological and 
molecular markers. MSc. Thesis, Kenyatta University 

Norman PE, Beah AA, Samba JA, Tucker MJ, Benya MT, Fomba SN 
(2014). Agro-phenotypic characterization of sweet potato (Ipomoea 
batatas (L.) Lam) genotype using factor and cluster analyses. Agric. 
Sci. Res. J. 4(2):30-38. 

Ochieng LA, Githiri SM, Nyende BA, Murungi LK, Kimani NC, Macharia 
GK, Karanja L (2015). Analysis of the genetic diversity of selected 
east African sweet potato (Ipomoea batatas (L.) Lam) accessions 
using microsatellite markers. Afr. J. Biotechnol. 14(34):2583-2591. 

Promega (2000). Life Science Catalog. www.promega.com. 
Purugganan MD, Fuller DQ (2009). The nature of selection during plant 

domestication. Nature 457:843-848.  
Rahman H, Saiful Islam AFM,  Maleque A, Tabassum R (2015). 

Morpho-physiological evaluation of sweet potato (Ipomoea batatas 
(L.) Lam) genotypes in acidic soil. Asian J. Crop Sci. 7:267-276. 

Rholf JR (2001). NTSYSpc Version 2.11c Numerical Taxonomy and 



1296          Afr. J. Biotechnol. 
 
 
 

Multivariate Analysis System, Exeter Software, New York. 
Roullier C, Benoit L, McKey D, Lebot V (2013a). Historical collections 

reveal patterns of diffusion of sweet potato in Oceania obscured by 
modern plant movements and recombination. Proc. Natl. Acad. Sci. 
USA. 110(6):2205-2210.  

Roullier C, Duputié A, Wennekes P, Benoit L, Manuel V, Rossel G, Tay 
D, McKey D, Lebot V (2013b). Disentangling Ipomoea batatas 
polyploidization history: consequences for the domesticated 
genepool. PLoS One 8(5):e62707.  

Roullier C, Kambouo R, Paofa J, McKey D, Lebot V (2013c). On the 
origin of sweet potato (Ipomoea batatas (L.) Lam) genetic diversity in 
New Guinea, a secondary centre of diversity. Heredity 110(6):594-
604. 

Roullier C, Rossel G, Tay D, Mckey D, Lebot V (2011). Combining 
chloroplast and nuclear microsatellites to investigate origin and 
dispersion of New World sweet potato landraces. Mol. Ecol. 
20(19):3963-3977. 

Saal B, Wricke G (1999). Development of simple sequence repeat 
markers in rye (Secale cereale L.). Genome 42:964-972. 

Sanchez-Pérez R, Ballester J, Dicenta F, Arus P, Martínez-Gόmez P 
(2006). Comparison of SSR polymorphism using automated capillary 
sequencers, and polyacrylamide and  agarose gel electrophoresis: 
Implications for the assessment of genetic diversity and relatedness 
in almond. Sci. Hortic. 108:310-316. 

Sneath PHA, Sokal RR (1973). Numerical taxonomy. Freeman, San 
Francisco, Pp. 281-298. 

Sokal RR, Rholf FJ (1969). Biometry. Freeman, San Francisco. 
Sreekanth A, Nedunchezhiyan M, Laxminarayana K, Misra RS, 

Rajasekhara RK, Siva Kumar PS (2010). In. Attaluri S, Janardhan 
KV, Light, A. (Eds.), Sustainable Sweet potato  Production and 
Utilization in Orissa, India. International Potato Center (CIP), 
Bhubaneswar, Pp. 11-18. 

Su W, Liu Y, lei J, Wang L, Chai S, Jiao C, Yang X (2016). Phenotypic 
variation analysis of sweet potato germplasm resources from different 
agro-climate zones in the world. Am. J. Exp. Agric. 13(6):1-13. 

Tseng YT, Lo HF, Hwang SY (2002). Genotyping and assessment of 
genetic relationships in elite polycross breeding cultivars of sweet 
potato in Taiwan based on SAMPL polymorphisms. Bot. Bull. Acad. 
Sin. 43:99-105. 

Vaz Patto MC, Satovic Z, Pêgo S, Fevereiro P (2004). Assessing the 
genetic diversity of Portuguese maize germplasm using microsatellite 
markers. Euphytica 137:63-72. 

Veasey EA, Borges A, Rosa MS, Silva JRQ, Bressan EA, Peroni N 
(2008). Genetic diversity in Brazilian sweet potato (Ipomoea batatas 
(L.) Lam., Solanales, Convolvulaceae) landraces assessed with 
microsatellite markers. Genet. Mol. Biol. 31:725-733. 

Vieira E, Carvalho F, Bertan I, Kopp M, Zimmer P, Benin G, da Silva J, 
Hartwig I, Malone G, de Oliviera A. (2007). Association between 
genetic distances in wheat  (Triticum aestivum L.) as estimated by 
AFLP and morphological markers. Gen. Mol. Biol. 30:392-399. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Villordon AQ, LaBonte DR (1995). Variation in randomly amplified DNA 

markers and storage yield in ‘Jewel’ sweet potato clones. J. Am. Soc. 
Hortic. Sci. 120:734-740. 

Vimala B, Sreekanth, A, Hariprakash B, Wolfgang G (2012). Variation in 
morphological  characters and storage root yield among exotic 
ornage-fleshed sweet potato clones and seedling population. J. Root 
Crops 38(1):32-37. 

Walker T, Thiele G, Suarez V, Crissman C (2011). Hindsight and 
Foresight about Sweet Potato Production and Consumption. 
International Potato Center (CIP), Lima. 

Warburton ML, Zianchun X, Crossa J, Franco J, Melchinger AE, Frisch 
M, Bohn M,Hoisington D (2002). Genetic characterisation of CIMMYT 
inbred maize lines and open pollinated populations using large scale 
fingerprinting methods. Crop Sci. 42:1832-1840. 

Yanez AVO (2002). Aislamiento y caracterizacion de marcadores 
moleculares microsatelites a partir de la construccion de librerias 
genomicas enriquecidas de camote (Ipomoea batatas (L) Lam). 
Universidad Nacional Mayor de San Marcos, Facultad de Ciencias 
Biologicas, EAP, Lima, Peru. 

Yeh FC, Yang R, Boyle T (1999). POPGENE VERSION 1.31, Microsoft 
Window-based Freeware for Population Genetics Analysis. Quick 
User Guide, University of Alberta and  Centre for International 
Forestry Research. 

Yu YG, Sanghai-Marrof MA, Buss GR, Maughan PJ, Tolin SA (2003). 
RFLP and microsatellite mapping of a gene for soybean mosaic virus 
resistance. Phytopathology 84:60-64. 

Zhang D, Cervantes J, Huamán Z, Carey E, Ghislain M (1998). 
Assessing genetic diversity of sweet potato (Ipomoea batatas (L.) 
Lam.) cultivars from tropical America using AFLP. Genet. Res. Crop 
Evol. 47:659-665. 

Zhang DP, Carbajulca D, Ojeda L, Rossel G, Milla S, Herrera C, 
Ghislain M (2000). Microsatellite analysis of genetic diversity in sweet 
potato varieties from Latin America. CIP Program Report 1999–2000. 
International Potato Center, Lima, Peru. Pp. 295-301. 

Zhao WG, Zhang JQ, Wang YH, Chen TT, Yin YL, Huang YP, Pan YL, 
Yang YH (2006). Analysis of genetic diversity in wild populations of 
mulberry from western part of Northeast China determined by ISSR 
Markers. J. Genet. Mol. Biol. 17:196-203. 

Zohary D (2004). Unconscious selection and the evolution of 
domesticated plants. Econ. Bot. 58:5-10.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


