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ABSTRACT

Fifteen expressed sequence tag (EST)-derived simple sequence repeats (EST-SSRs) were used to investigate genetic
diversity in 139 plants obtained from seeds of 35 watermelon accessions collected from all the geographical provinces
of Zimbabwe. In addition, 15 plants representing three commercial varieties developed in the United States (USA) were
analyzed for comparison. A total of 65 alleles were detected among all the watermelon accessions. For the 13 polymor-
phic EST-SSR loci, number of alleles per locus varied from 2 to 13, with an average of 5 alleles per locus. Values for
the polymorphic information content increased as the number of alleles increased, and varied from 0.15 to 0.77 with an
average of 0.54 suggesting sufficient discriminatory power. Both cluster analysis and principal coordinate analysis
(PCA) produced two major clusters; one with the 22 cow-melon accessions and the other with the 16 sweet watermelon
accessions. Within the sweet watermelon group, two distinct sub-clusters formed, one of which contained only two of
the commercial varieties from USA. Partitioning of genetic variation in the Zimbabwean material using analysis of mo-
lecular variation (AMOVA) revealed that 64% of the total variation resides between the two major forms, i.e. sweet
watermelons and cow-melons, 28% between accessions within forms and 8% within accessions. The EST-SSR markers
revealed a somewhat higher diversity in sweet watermelon accessions compared to that of cow-melons. This finding is
contrary to previous reports using other markers (genomic SSR loci or RAPD) and/or a plant material that is likely to
have experienced more stringent selection procedures compared to the landraces analyzed in our study.
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1. Introduction Realizing the continuous loss of genetic diversity of

crop plants in farmers’ field and in nature, watermelon
has been given a priority status in regional conservation
programmes in Southern Africa. Here, it is regarded as
an underutilized crop, with a not yet fully explored po-
tential for crop improvement. Farmers’ landraces of wa-
termelon are expected to be drought tolerant and widely
adaptable. In addition, the extensive variation in traits
like fruit size and shape, colour pattern, rind colour, taste,
leaf structure and shape, suggests that valuable breeding
gains could be realized if this genetic variation was

Watermelon (Citrullus lanatus) plays a pivotal role in
drought-prone semi-arid areas of Africa with an annual
rainfall below 650 mm. This crop is grown mainly as an
important staple food (edible seeds and fruit flesh that
can be used for making porridge or used as a dessert) and
for animal feed. In southern Africa, watermelon has been
highly connected with traditional agriculture, in particu-
lar subsistence farming where farmers rely on the fruit
for survival, especially in times of prolonged drought.

This region contains wild and domesticated watermelons
with extensive morphological variation, and has been
postulated to be the centre of origin for watermelon [1].
World-wide, watermelon ranks as the fifth-most eco-
nomically important vegetable crop [2] and genetic ma-
terial from Africa plays an important role in breeding
programs.

Copyright © 2013 SciRes.

properly accessed.

Most studies on genetic variation in watermelon have
been focused on modern cultivated varieties from the
developed world, mostly USA and Asia, especially China
and South Korea. There have been few studies on land-
races in traditional agro-ecosystems, and most of these
have included Southern African material only when en-
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coded as US Plant Introductions and adapted to the US
environment. These accessions are therefore not truly
representative of the existing diversity in southern Af-
rica.

In recent years, the few studies on genetic diversity
carried out within Southern Africa [1,3,4], have indicated
considerable amounts of genetic diversity, with sweet
watermelon accessions containing almost as much vari-
ability as cow-melon accessions. On the contrary, studies
of genetic diversity in US Plant Introductions and elite
cultivars using isozymes [5] and randomly amplified
polymorphic DNA (RAPD) markers [6] have revealed
low marker polymorphism in sweet watermelon, despite
a wide range of fruit phenotypes.

The phenotypic diversity among watermelon cultivars
has been attributed to point mutations in genes control-
ling fruit colour, which may not be readily detected by
dominantly inherited markers [7]. The use of sequence-
related amplified polymorphism (SRAP) markers, known
to be associated with gene sequences, produced variable
marker profiles suggesting that considerable polymor-
phism exists in the vicinity of coding regions of the wa-
termelon genome [8]. For this reason, the development of
markers related to genes controlling fruit quality in wa-
termelon, by searching for oligonucleotides that occur in
high frequency in 4700 watermelon EST-unigenes was
initiated [8]. The markers designed from these EST-
unigenes included EST (expressed sequence tag)-derived
SSR (EST-SSR) markers. Availability of EST-SSR
marker sequences for oligonucleotide synthesis, in-
volvement of PCR amplification, the simplicity of pro-
tocol that produces reliable and easily detected amplifi-
cation products, their co-dominance and single locus
derivation, constitutes advantages over AFLP, RFLP and
RAPD markers [9]. Therefore, these markers are pres-
ently gaining momentum for estimating functional ge-
netic diversity in genebank collections [10].

The objective of the present study was to evaluate
polymorphism of EST-SSR markers in Zimbabwean wa-
termelon genebank collections to provide an assessment
of the potential level of functional genetic diversity in
landraces belonging to this crop.

2. Material and Methods
2.1. Plant Material and DNA Extraction

Seeds from thirty-five watermelon accessions, collected
in different regions of Zimbabwe, were obtained from the
National Genebank (Table 1). These accessions repre-
sented the two major forms of watermelons in Zimbabwe:
sweet watermelon (always cultivated) and cow-melon
including both cultivated types and wild-weedy types
that occur mostly in the outskirts of farmers’ fields and
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are used mainly in times of severe drought. In addition,
three commercial varieties of sweet watermelon were
obtained from the Harris Morgan Seed Company (Twin
Falls, ID, USA) for comparison. Seeds were germinated
in a greenhouse at 25°C at Balsgérd, Sweden. A total of
154 plants with an average of 4 plants per accession (the
range was 1 - 5 plants per accession), were chosen for
this study. DNA was extracted from young leaf tissue (10
pg) using the Qiagen DneasyTM Plant Mini Kit
(QIAGEN AB, Sollentuna, Sweden) following the
manufacturer’s protocol. DNA concentrations and sizes
were estimated visually using the DNA low mass lad-
der™ (Invitrogen, Life Technologies Carlsbad, CA, USA)
by electrophoresis in 2% (w/v) agarose gels stained in 3
ul of ethidium bromide (EtBr).

2.2. PCR Analysis

Fifteen EST-SSR primer pairs (Table 2) were chosen,
based on exhibiting high to medium polymorphism when
previously evaluated in 25 American watermelon heir-
loom cultivars and 13 US Plant Introductions (PIs) of
Citrullus sp. [8]. The PCR was performed in 10 pl total
volume of reactions following previous protocols [11].
The only change was for primer 3X1E06-2 for which a
primer concentration of 0.15 uM was used instead of the
0.25 uM used for the rest of the primers. PCR program
was as follows: 94°C at 3 min, 45 times 94°C at 1 min,
X°C at 1 min and 72°C at 2 min, and a final elongation
step of 72°C at 60 min. X denotes the different annealing
temperatures used for the different EST-SSR primers
(Table 2). The PCR products were stored at 4°C before
use. To check for successful amplification of the PCR
fragments, fragments were visualized in UV illumination
on 2% (w/v) agarose gels stained with ethidium bromide.
To separate DNA fragments and determine sizes, all
primer-pairs were fluorescently labeled at the 5’-end with
either FAM or HEX and samples pooled prior to separa-
tion. PCR products were separated and analyzed using
capillary gel electrophoresis on an ABI 3130XL Genetic
DNA Analyzer (Applied Biosystems, Carlsbad, CA,
USA). Size of the amplified products was calculated
based on an internal standard (SOOROXTM Size Stan-
dard, Applied Biosystems) using GeneMarker™ Software
version 1.85 (SoftGenetics, State College, PA, USA).

2.3. Data Analysis

For single-locus evaluations of the EST-SSR data, all
DNA fragments were scored as allele sizes at each locus.
The polymorphic information content (PIC) for each lo-
cus was then calculated according to the formula: PIC =
1- ZPi2 , where P; is the frequency of the i-th allele [12].
Data for all fifteen EST-SSR loci in the 154 plants from

AJPS



1450 Assessment of EST-SSR Markers for Evaluating Genetic Diversity in Watermelon Accessions from Zimbabwe

Table 1. Plant materials used in this study, deposited at the Zimbabwe National Genebank, showing accession code, accession

number and number of plants sampled (NPL).

Accession Code” Accession No. NPL Accession Code” Accession No. NPL
Cow-melons (CWM) Group
MMO036MC MMMO036 5 MM338MS MMM338 4
MMO063MW MMMO063 5 CM004MG CM4 5
MM101MD MMM101 3 CMO005SMG CM5 5
MMI112MN MMM112 5 CMO014MG CM14 5
MMI123MN MMM123 4 CM027MG CM27 5
MM133MN MMM133 3 CM028MG CM28 5
MM179MS MMM179 4 CM029MG CM29 5
MM211MD MMM211 3 CM032MG CM32 5
MM227ME MMM227 5 CMO033MG CM33 5
MM274ML MMM274 5 CM034MG CM34 5
MM324MN MMM324 1 CMO035MG CM35 5
Sweet watermelon (SWM) Group

CHLUS Q49226-Charleston 5 CM043MG CM43 5
CRSUS Q35081-Crimson Sweet 5 MM265MG MMM265 4
SUGUS Q20289-Sugarbaby 5 MM329MW MMM329 2
CMO001IMG CMl1 5 MM321MN MMM321 1
CMO019MG CM19 5 MM322MN MMM322 1
CM020MG CM20 5 MM326MN MMM326 1
CMO038MG CM38 5 MM330MW MMM330 2
MMMI127MN MM127 3 MM332MS MMM332 3

"The first two letters and three numbers correspond to the accession number. The last two letters of the accession code denote province in Zimbabwe (MC:
Mashonaland Central, MW: Mashonaland West, ME: Mashonaland East, MD: Midlands, MN: Matabeleland North, MS: Matabeleland South, MN: Manicaland
and MG: Masvingo) or country (US United States of America). The numbers refer to the accession number or name.

38 accessions were then collated into multi-locus profiles
of allele size, and the resultant data matrix was used for
subsequent analyses. The programme GenAlEx 6 [13]
was used to calculate the percentage of polymorphic al-
leles within each accession (that had at least three plants),
allele-specific F-statistics (Fjs), expected heterozygosity
(Hg), observed heterozygosity (Hp), and Shannon’s index
of diversity (I).

Ggr values for genetic differentiation among acces-
sions that had at least three plants were calculated on the
Zimbabwean material according to the formula: Ggp =
(Hr — Hs)/Hr where Hr is the total genetic diversity, and
HS is the mean within-accession diversity [14].

Analyses of molecular variance (AMOVA) were cal-
culated on the Zimbabwean material using Arlequin ver-
sion 3.0 [15], to estimate the partitioning of genetic

Copyright © 2013 SciRes.

variation at different levels; between the two major forms
sweet watermelons and cow-melons, and between and
within accessions within the two major forms. AMOVA
calculations yielded an independent estimate (®gr) of
accession differentiation for comparison with Nei’s Ggr.

Levels of similarity among and within accessions were
also investigated using multivariate methods. A Nei’s
genetic similarity matrix generated by GenAlEx 6 was
used as an input matrix to construct a UPGMA cluster
analysis with NTSYS-pc version 1.80 [16]. The distor-
tion effect was estimated using a cophenetic correlation
analysis. As a means of verifying groups derived with the
cluster analysis, and potentially being more informative
for data that lack a strong hierarchical structure, a prin-
cipal coordinate analysis (PCO) was computed in
GenAlEx 6.

AJPS



Assessment of EST-SSR Markers for Evaluating Genetic Diversity in Watermelon Accessions from Zimbabwe 1451

Table 2. Description of EST-SSR loci used and PIC values.

EST-SSR Marker” EST-SSR unigene AT (°C) AN Fragment size (bp) PIC
4X1F11-1 AL01004X1F11.f1-1 53.4 13 181, 1852’121(’)12’123(,)52’125(’)72’127(,)%12909’ 210, 0.77
5A1HO08-1 ALO01005A1HO8.f1-1 54.0 8 154, 178, 180, 184, 186, 188, 190, 192 0.74

1D08-1 ALO10001000D08 51.1 6 132, 147, 150, 151, 156, 162 0.60
3X1E06-2 ALO1003X1E06 58.1 6 137, 140, 149, 153, 156, 159 0.75
5SB1HO08-1 ALO1005B1H08 57.7 6 155, 159, 164, 168, 170, 174 0.29
5B1B01-1 AL01005B1B01.f1-1 53.5 6 188, 189, 190, 191, 193, 194 0.64

1C05-1 ALO10001000C05 54.4 5 193,197, 204, 206, 210 0.69
5B2G03-1 ALO1005B2G03 54.4 4 175,177, 183, 185 0.60
6A1C11-2 ALO1006A1CI11 54.4 3 183, 184, 185 0.50
6A1E07-1 ALO1006A1E07 54.4 2 134, 148 0.44
4X1F05-1 AL01004X1F05.f1-1 55.3 2 155, 158 0.42

1A10-2 ALO10001000A 10 54.4 2 175, 181 0.37
SA1B02-1 ALO1005A1B02 54.4 2 166, 169 0.15
3X1-A12 ALO1003X1A12 53.3 M 193 M
6A2F05-1 ALO1006A2F05 58.1 M 155 M

Mean (for polymorphic markers) 5 0.54

"EST-SSR: markers described in literature [8]; AT: annealing temperature, AN: total number of polymorphic alleles for each primer present in accessions, PIC:

polymorphic information content. M: denotes monomorphic allele.

3. Results

Thirteen EST-SSR loci generated polymorphic patterns,
with a PIC index ranging from 0.15 to 0.77 while two
loci (6A2F05-1 and 3X1-A12) produced a monomorphic
pattern (Table 2). A total of 65 EST-SSR alleles were
detected. The number of alleles ranged from 2 to 13 per
locus, with an average of 5 alleles. Significant correlation
was found between the PIC values and the number of
alleles (r = 0.946, P < 0.001), an indication that the
number of alleles can be used to evaluate genetic diver-
sity.

Four different estimators of within-accession variation
were calculated on the 29 Zimbabwean accessions that
were represented by at least three samples (Table 3). The
average values for all the four estimators were slightly
higher for sweet watermelon accessions compared to
accessions of cow-melons.

Analysis of molecular variance (AMOVA) within and
among the 35 Zimbabwean accessions revealed that 64%
of the total variation resides between cow-melons and
sweet watermelons, 28% between accessions within
these two forms, and 8% within accessions (Table 4).
The overall Ggr for between-accession differentiation

Copyright © 2013 SciRes.

was 0.75, slightly lower than the AMOVA ®gr value of
0.86. Calculations carried out separately for differentia-
tion among cow-melon and among sweet watermelon
accessions, respectively, produced substantially higher
values for the former (Ggr = 0.71 and ®gp = 0.81) com-
pared to the latter (Gt = 0.49 and @g7 = 0.56).

Both cluster analysis and principal coordinate analysis
retrieved the two major groups of cow-melon (cultivated
and wild-weedy types) and sweet watermelon (Figures 1
and 2). The cophenetic correlation between the genetic
similarity matrix and the cluster analysis was 0.946,
suggesting a very high goodness of fit. Sweet watermel-
ons differentiated from cow-melons at 38% genetic
similarity in the dendrogram. Within the sweet water-
melons, two major sub-clusters were found, one contain-
ing only two of the cultivated accessions (Crimson Sweet
and Sugarbaby) from USA, and another containing the
remainder. One cultivated accession (Charleston) from
USA associated with a smaller subcluster of sweet wa-
termelon accessions from Zimbabwe, being directly
linked to accession CM1. Within the two major groups,
there was no clustering pattern linked to geographical
areas (provinces) in Zimbabwe.

AJPS



1452 Assessment of EST-SSR Markers for Evaluating Genetic Diversity in Watermelon Accessions from Zimbabwe

Table 3. Average within-accession genetic variation of watermelon accessions (with at least 3 plants each) represented by the
two major groups, cow-melons (CWM) and sweet watermelons (SWM), showing number of plants sampled (NPL), percent-
age polymorphic alleles (%PL), observed heterozygosity (Ho), expected heterozygosity (Hg), and Shannon’s index (1). Sam-

pling error of the mean is given within parentheses.

Group No. of Accessions NPL %PL Ho Hg 1
CWM 21 96 24.4% (3.1%) 0.12 (0.2) 0.09 (0.01) 0.15 (0.02)
SWM 8 35 30.0% (7.3%) 0.12 (0.2) 0.12 (0.02) 0.18 (0.03)
Overall 29 131 26.2% (3.1%) 0.12 (0.01) 0.10 (0.01) 0.16 (0.02)
Table 4. Partitioning of EST-SSR-derived genetic variation MMO036MC
using Gst and AMOVA based on no prior grouping of ac- CMO035MG
cessions, and by grouping into the two major forms (cow- CMO028MG
melon or sweet watermelon), respectively. MMI79MS
CMO034MG
Source of variation MM101MD
CM027MG
Partitioning all accessions MM324MN
Ger 075 MM338MS
CMO05MG
Dgr 0.86" CM028MG
CMO033MG
Partitioning between the two major forms (cow-melon and sweet MM211MD
watermelon) CM004MG
Between forms diversity (AMOVA) 64%" CMO14MG
CMO032MG
Between accessions within forms (AMOVA) 28%" —MM274ML
MM227ME
Within accession diversity (AMOVA) 8%" WM MMI112MN
Partitioning within each major form MMO63MW
MM123MN
Cow-melon (cultivated and wild-weedy) MM133MN
MMI127MN
Gsr 0.71 MM321MN
O 081" MM265MG
MM326MN
Sweet watermelon MM322MN
MM332MS
Gst 049 MM330MW
. MM329MW
st 036 CM043MG
"Significant at P < 0.01. CMO19MG
CM020MG
4. Discussion (O LB G
SWM CHLUS
4.1. Evaluation of EST-SSR Markers CMO0IMG
{CRSUS
A major reason for using SSR loci developed from EST - _lsucgus
databases (EST-SSR) when screening germplasm is that 0.38 0.53 0.68 0.84 0.99

these loci may be linked to genes that regulate pheno-
typic traits. Associations found between EST-SSR geno-
types and phenotypic data can therefore lead to the iden-
tification of QTLs underlying these traits [17]. Although
not yet reported for watermelon, an association between
EST-SSR genotypes and phenotypic data has been docu-
mented in several other fruit and vegetable crops. While
genomic SSR-based patterns of genetic relatedness in
European chestnut (Castanea sativa) populations showed
only an overall association with geographic distances,

Copyright © 2013 SciRes.

Nei’s Genetic Identity Coefficient

Figure 1. UPGMA dendrogram of watermelon accessions
using EST-SSR data, showing two major clusters, CWM
cow-melon group (cultivated and wild-weedy) and SWM
sweet watermelon group. Initial two letters and three num-
bers in accession code correspond to the accession humber,
whereas the last two letters denote province in Zimbabwe
(MC Mashonaland Central, MW Mashonaland West, ME
Mashonaland East, MD Midlands, MN Matabeleland North,
MS Matabeleland South, MN Manicaland and MG Mas-
vingo) or country (US United States of America).
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EST-SSR-derived patterns were instead linked to a north-
southerly gradient, possibly connected with adaptive dif-
ferences in time of bud burst [18]. In cucumber (Cucumis
sativus), five accessions with resistance towards downy
mildew clustered closely when analyzed with EST-SSR
but not when analyzed with genomic SSR loci [19].

However, since EST-SSR are derived from more con-
served regions, they are also expected to exhibit lower
levels of polymorphism (measured, e.g., as number of
alleles per locus, PIC-values and/or expected heterozy-
gosity) than their genomic counterparts. Markedly lower
levels of variability after analysis of EST-SSR loci com-
pared to analysis of genomic SSR loci have thus been
reported for chestnut [18], cucumber [19] and eggplant
(Solanum melongena) [20]. Exceptions do, however,
occur; 22 EST-SSR loci exhibited an average PIC value
of 0.28 whereas 42 genomic SSR loci only had an aver-
age of 0.19 in a screening of potato germplasm [21]. In a
study of domesticated almond (Amygdalus communis)
and Chinese wild almond (A. nana), EST-SSR loci also
produced somewhat higher values for number of alleles
(3.14) and expected heterozygosity (0.3520) compared to
genomic SSR loci with 2.71 and 0.2338, respectively
[22]. This unexpected result was hypothesized to derive
from a greater cross-transferability of EST-SSRs com-
pared to genomic SSRs. This would, in turn, result in
fewer null-alleles when the EST-SSRs were applied in
materials different from those where they had been de-
veloped. Considerably fewer null alleles were also en-
countered using EST-SSRs in cucumber, but total num-
ber of detected alleles per locus was still lower than the
number of alleles for genomic SSR loci [19].

EST-SSRs have recently been developed for water-
melon by at least three research groups. Only 7 out of 31
loci produced polymorphism, and number of polymor-
phic alleles at these loci was only one or two when ap-
plied to 7 watermelon cultivars in India [23]. Considera-
bly higher levels of polymorphism were found in a study
of 25 heirloom cultivars and 13 United States Plant In-
troductions in USA [8]. This latter plant material was,
however, more heterogeneous including not just culti-
vated sweet watermelon forms but also cow-melons and
even the wild species C. colocynthis. Sixty-seven percent
of 257 EST-SSR primer pairs applied to eight Citrullus
samples, including one C. lanatus subsp. citroides and
one C. colocynthis, produced polymorphisms, and 79 of
these primer pairs were also able to amplify DNA of
Cucumis samples [24].

Thirteen of the 15 EST-SSR loci used in our study
generated polymorphic patterns with an average of 5
alleles per locus. In addition, a medium high polymor-
phic information content (PIC) value was obtained for
these primers, on average 0.54, suggesting sufficient dis-
criminatory power for differentiating watermelons at the

Copyright © 2013 SciRes.

country level. This PIC value is, however, considerably
lower than the values of 0.79 and 0.92 previously re-
corded for genomic SSR loci in studies of African mate-
rial of watermelon [1,3] as well as the value of 0.66 in a
study on 23 SSR loci chosen as a highly informative core
set [25]. The PIC value recorded in our study is still
higher than the PIC value of 0.34 [26] obtained for ge-
nomic SSR loci in another country-level study of water-
melon. A comparison between marker types is, however,
made ambiguous by differences in the way individual
loci are chosen for the studies [27].

4.2. Genetic Diversity in Watermelon

The genetic relationships among watermelon accessions
based on the fruit EST-SSR markers (Figures 1 and 2)
are consistent with our previous studies based on RAPD
and SSR markers [1,3]. The two multivariate analyses
used in the present study thus showed strong differentia-
tion between the sweet watermelons and cow-melons.
Previous studies using simple sequence repeats [4,25,26,
28], dominant molecular [29-33] and biochemical mark-
ers [5], have also demonstrated a strong differentiation
between sweet watermelons and cow-melons.

There was significant differentiation between acces-
sions in our study, both when calculated across all acces-
sions and when calculated within each of the two main
forms, cow-melons and sweet watermelons. When cal-
culated across all watermelon accessions, the estimates
of among-accession differentiation (®gy = 0.86, Ggr =
0.75) were higher compared to those obtained for the
regional study using genomic SSR loci (®gr = 0.48, Ggr
= 0.44) [3]. The existence of the two strongly differenti-
ated forms within our material augmented with the effec-
tiveness of EST-SSRs in differentiating among water-
melon accessions possibly accounted for this observed
discrepancy.

Mean values for expected heterozygosity (0.10) and
observed heterozygosity (0.12) within the watermelon
accessions were considerably lower than the mean values
reported for regional watermelon diversity using ge-
nomic SSR loci (Hg = 0.42, Hp = 0.34) [3]. This could be
an effect of the low number of investigated samples in
the present study (an average of four plants per acces-
sion). Accordingly, an increase in the sample size may
result in higher values for the observed and expected
heterozygosity, and ultimately resulting in an increased
overall variation [34]. Relatively low values were re-
ported also in the West African watermelon C. lanatus
oleaginous type (Hg = 0.19, Hy = 0.13) [35].

Mean value for within-accession observed heterozy-
gosity, expected heterozygosity and Shannon Index in
sweet watermelons (Hg = 0.12, Ho = 0.12, I = 0.18) was
slightly higher or similar to values obtained for cow-
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Figure 2. Two-dimensional plot of watermelon accessions using principal coordinate analyses on EST-SSR data. CWM refers
to cow-melon group (cultivated and wild forms) and SWM to sweet watermelon group. Initial two letters and three numbers
in accession code correspond to the accession number, whereas the last two letters denote province in Zimbabwe (MC:
Mashonaland Central, MW: Mashonaland West, ME: Mashonaland East, MD: Midlands, MN: Matabeleland North, MS:
Matabeleland South, MN: Manicaland and MG: Masvingo) or country (US United States of America).

melons (Hg = 0.09, Ho = 0.12, I = 0.15). Contrary to pre-
vious studies, where higher levels of genetic diversity
have been reported within accessions of C. lanatus var.
citroides compared to C. lanatus var. lanatus [5,28], this
study revealed that sweet watermelons accessions col-
lected from farmers’ fields may have just as high or even
higher within-accession diversity.

Sweet watermelons (®gr = 0.49, Gst = 0.56) were less
differentiated than cow-melons (®gr = 0.81, Ggr = 0.71).
To some extent, this may have been caused by the nega-
tive correlation between the mathematically constrained
parameters within-population and between-population
variation [36].

Although the accessions were highly diverse, the
grouping of accessions within the two major forms of
watermelon in Zimbabwe was not associated with geo-
graphic distances. This implies that considerable hetero-
geneity exists between landraces collected in different
farmers’ fields and between individual plants. Since the
genetic marker data was obtained using EST-SSR that
are putatively associated with the development and rip-
ening of fruit [8], patterns of similarities and dissimilari-
ties between and within accessions may, to some extent,
be linked to fruit genes.

Copyright © 2013 SciRes.

5. Conclusion

This study has shown that EST-SSR markers are useful
for elucidating genetic diversity of watermelon acces-
sions in Zimbabwe. Sweet watermelons and cow-melons
were strongly differentiated as in previous studies.
Within-accession variation was somewhat higher in
sweet watermelon than in cow-melons, which has not
been reported with other markers. Screening of gene-
bank materials with these markers has the added possible
benefit of identifying associations with phenotypic traits.
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