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Abstract

Watermelon research in Southern Africa, has predominantly observed the
clear existence of the sweet watermelon and cow melon forms of watermelon,
cultivated on farm and even some occurring in the wild. Molecular characte-
rization of 48 watermelon accessions collected from National Genebank of
Zimbabwe using 9 SSR markers generated a total of 49 putative alleles. The
average number of alleles detected by each primer was 5.4. Analysis of mole-
cular variance within and among accessions of watermelons revealed that only
39% of the total variation resides between these two groups (cow-melons and
sweet watermelons), 24% between accession within groups and 37% within
accessions. Multivariate analyses employed provide evidence of the existence
of introgression between sweet water melons and cow melons, as reflected by
some accessions of cow melons, clustering into a hybridogenous group. Most
of watermelon accessions within the hybridogenous group [A (II)] were col-
lected from drier communal areas, while those accessions within the cow me-
lon group [A (I)] are mostly from research centers. The separation of cow
melons into distinct groups could be indicative of a possible formation of an
isolated evolutionary unit.
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1. Introduction

Watermelon is an economically important vegetable crop of the family Cucubi-
taceae, subfamily Cucubitoideae, tribe Benincaseae and subtribe Benincainae [1].
The family consists of 119 genera with 825 species [2]. The species Citrullus la-
natus (Thunberg) Matsumura and Nakai consist of two botanical varieties: C.
lanatus var. lanatus, the cultivated watermelon widely grown around the world
and C. lanatus var. citroides, a wild form found in Southern Africa and also cul-
tivated for feeding animals [3]. Previously, the cultivated species C. Janatus in-
cluded three subspecies: 1) lanatus, 2) vulgaris with two varieties, var. vulgaris
and var. cordophanus, and 3) mucosospermus [4].

The recent molecular phylogenetic analysis found that the three subspecies of
C. lanatus were in fact unrelated species [5]. In their work, [5] and [6] echoed
another suggestion that the genus Citrullus includes seven species: 1) C. Janatus
with the sweet watermelon group as C. /anatus subsp. vulgaris, 2) C. amarus, also
known as C. Janatus var. caffrorum or C. lanatus var. citroides, 3) C. mucosos-
permus, the “egusi” melon, previously treated as a subspecies of C. Janatus, 4) C.
colocynthis, which is perennial and growing in northern Africa and adjacent
Asia, 5) C. ecirrhosus, a tendril-less South African endemic, another perennial
wild species, 6) C. rehAmii, an annual wild species and 7) C. naudininus from the
Namib-Kalahari regions.

According to [1], C. lanatus var. lanatus (sweet watermelon) and C. lanatus
var cirtoides (cow-melons), are the two major forms of watermelons that are na-
tive to southern Africa countries such as Botswana, Malawi, Republic of South
Africa, Zambia and Zimbabwe. C. Janatus var. citroides is often cultivated in ru-
ral homes for human consumption through Nhopi (porridge made from their
pulp), and stock feed [7]. The C. Janatusvar. lanatus is cultivated extensively and
it emerged as results of human intervention, selecting for reddish colour and
sweetness. Both species are extensively distributed across Zimbabwe.

Currently several molecular markers have been used to assess the genetic di-
versity of watermelon. ISSR [8], SSR [9]-[16], SRAP [11] [17], EST-PCR [18],
and HFO-TAG markers [19] have been used to estimate the genetic relationship
among cultivated watermelons and different Citrullus species. Studies by [13]
and [19] revealed low levels of DNA polymorphism among cultivated waterme-
lons but high genetic diversity among the Citrullus subspecies. [20] and [21] also
revealed very low genetic diversity in cultivated watermelon. In [22], wide varia-
tion was found within the local landraces whereas the genetic basis of the com-
mercial type appeared to be narrow. The objective of the study is to use the SSR
markers to examine the genetic relationships among some cultivated Zimbab-
wean watermelon genetic resources stored in the National Genebank, many of
which were not part of the previous studies. Apart from assessing genetic rela-
tedness, the study of the remaining watermelon accessions was done to complete
the molecular characterization of the watermelon accessions from National Ge-

nebank of Zimbabwe.
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2. Material and Methods
2.1. Plant Materials and DNA Extraction

A total of 48 accessions of Citrullus lanatus were obtained from National Gene-
bank of Zimbabwe housed at the Genetic Resources and Biotechnology Institute
of Zimbabwe. The accessions were originally collected from across the country
in Zimbabwe (Table 1) and were not included in previous studies. The DNA ex-

traction and SSR analysis was carried out at SLU Alnarp, Sweden. Five plants

Table 1. List of watermelon material with their place of collection (groups according to
multivariate analysis).

GROUP A
SUB I Cow-melons

GROUP B Sweet watermelon

Accessions No. Place of collection Accessions No. Place of collection

CWM176 HRI SWM1027 CBI
CWM180 HRI SWM2703 Gwanda
CWM2706 Gwanda SWM1029 CBI
CWM184 HRI SWM2705 Gwanda
CWM2699 Gwanda SWM325 CTDO
CWM2708 Gwanda SWM2605 Muzarabani
CWM182 HRI SWM2630 Murehwa
CWM187 HRI SWM2633 Chiredzi
CWM185 HRI SWM1012 CBI
CWM183 HRI SWM2634 Chiredzi
CWM186 HRI SWM1014 CBI
CWM1030 CBI SWM1023 CBI
SUB II Cow-melons SWM1008 CBI
Accessions No. Place of collection SWM2684 Gutu
CWM2688 Chivi SWM1019 CBI
CWM2703 Gwanda SWM1025 CBI
CWM2722 Zvishavane SWM1018 CBI
CWM2725 Zvishavane SWM1021 CBI
CWM2707 Gwanda SWM1024 CBI
CWM2711 Gwanda SWM1028 CBI
CWM2729 Zvishavane SWM1011 CBI
CWM2709 Gwanda SWM2685 Chilonga
CWMS531 HRI SWM2731 Mashava
CWM2691 Dhonza SWM1015 CBI
CWM2723 Zvishavane SWM2025 CBI

*The first three letters and numbers correspond to the accession number, CWM refers Cow-melon and
SWM is Sweet watermelon. HRI and CBI is the name of the institute that donated the accession which is the
Horticulture Research Institute and Crop Breeding Institute respectively.
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from each accession were planted in pots in the greenhouse at 25°C at SLU-Alnarp,
Sweden. Young leaves were collected from each watermelon genotype and im-
mediately frozen in liquid nitrogen and stored at —80°C. High molecular weight
genomic DNA was extracted from the leaf samples using the Qiagen Plant Mini
Kit. DNA concentration was measured with a Nan Drop, ND 100 spectropho-
tometer (Nano Drop Technologies, Inc. Wilmington, DE, USA) and gel electro-
phoresis. DNA was diluted in water to a final concentration of 50 ng/uL and
stored at —20°C.

2.2. SSR Analyses

Nine SSR primer pairs originally published by [23] and previously employed by
[1] [3] in Zimbabwe watermelon accessions, were used in this study (Table 2).
These primers were previously screened and have been used to provide a basis
for comparison across all watermelon accessions for future Zimbabwe.

Amplification reactions were performed in 10 pL, containing 0.1 of 5 U-uL™
Tag DNA polymerase, 0.1 ul of each primer (100 pM) (Eurofins MWG Operon
Ebersberg, Germany), 7.1 ul dH,0, 1 pul of DNA template (10 ng-pl™), 0.2 pl of
10 mM dNTPs, 0.4 pl of 25 mM MgCl, and 1 pl of reaction buffer (Thermo
Fisher Scientific, Surrey, UK). The amplification was performed in a Master
Gradient thermal cycler (Eppendorf) using a program consisting of an initial
denaturation step of 94°C, 30 s at appropriate annealing temperature, 30 s at
72°C, and a final extension of 7 min at 72°C. 4.0 pl of the reaction volume from
ten randomly selected samples was checked for successful amplification on 2%
agarose gels with subsequent visualization of fragment using UV illumination.
The size of the amplified products was calculated based on an internal standard
(500ROXTM Size Standard; Applied Biosystems) using GeneMarker Software
Version 1.85 (SoftGenetics, State College, PA, USA).

Table 2. Description of SSR loci used in the study.

SSR Marker SSR Motif* AT (°C) AN  Fragment size or range Colour
MCPI-07 (AAG), 55 6 232-255 Hex
MCPI-28 (AAG), 55 9 240-289 Fam
MCPI-03 (TG)s 55 9 212-254 Fam
MCPI-32 (AAG)5(ATC), 55 10 245-282 Fam
MCPI-21 (AG), 55 14 176-234 Hex
MCPI-12 (AAG),Ng(AT)y 55 16 214-332 Hex
MCPI-13 (AG),s 55 19 184-235 Hex
MCPI-14 (AAT) s 55 26 218-291 Fam
MCPI-37 (AAT), 55 27 160-270 Fam

*SSR motifs (markers) described by [23].
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2.3. Data Analysis

For single-locus evaluations of the SSR data, all SSR fragments were scored as
allele size at each locus. The polymorphic information content (PIC) values for

each locus were then calculated according to the formula:
PIC=1-XP°

where P, was the frequency of the ith allele [24].

Data from the nine SSR loci from 48 accessions were then collected into mul-
ti-locus profiles of allele size, and the resultant data matrix was used for subse-
quent analyses. The programme, GenAIEx 6 [25] was used to calculate the percen-
tage of polymorphic alleles within each accession, the allele-specific F-statistics
(Fy9), the expected heterozygosity (H), the observed heterozygosity (H,), and
Shannon’s index of diversity (/). Testing short allele dominance was carried out
by regression of allele-specific F statistics on allele sizes. A significant negative
slope indicated that short allele dominance may be suspected [26].

Gy values for genetic differentiations among accessions were calculated ac-

cording to the formula:

GST :(Hr_ HS)/HT

where H; was the total genetic diversity and Hs was the mean within-accession
diversity [27].

Analyses of molecular variance (AMOVA), to estimate the partitioning of ge-
netic variation at different levels, between sweet watermelons and cow-melons,
between and within accessions, and between the USA and five African countries,
were calculated using Arlequin Version 3.0 [28]. AMOVA calculations yielded
an independent estimate (QS7) of accession differentiation for comparison with
Nei’s G, Levels of similarity among and within accessions were also investi-
gated using multivariate methods. Nei’s genetic similarity matrix generated by
GenAIEx 6 was used as an input matrix to construct a UPGMA cluster analysis
with NSTSYS-pc Version 2.2 [29]. The distortion effect was estimated using a
cophenetic correlation analysis. As a means to verify groups derived from the
cluster analysis, and being more useful for data that lack a strong hierarchical

structure, a principal co-ordinate analysis (PCO) was computed in GenAIEx 6.

3. Results
3.1. Polymorphism and Allelic Diversity of SSR Markers

Primer sequence information and the range of amplified product sizes among
the watermelon accessions are presented in Table 3. The 9 SSR markers gener-
ated a total of 49 putative alleles for the sampled watermelon population. The
number of alleles detected by each primer set ranged from 2 to 13, with an aver-
age of 5.4.

The total number of alleles for the marker MCPI-07-M13 and MCPI-28-M13
loci produced the highest number of alleles 13 and 10 respectively, while the
least marker MCPI-14-M13 produced only two alleles. PIC values ranged
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Table 3. Description of SSR loci used and PIC values.

Primer SSR Motif AT (“C) fra:;I:eii :ifzes AN F, H, H, PIC
MCPI-07 (AAG)9 55 216-281 13 0017 0231 0235 0.989
MCPI-28 (AAG)9 55 178-226 10 0.316 0.125 0.182 0.970
MCPI-21 (AG)11 55 131-231 6 —-0.928 0.949 0.492 0.955
MCPI-32  (AAG)S(ATC)S 55 164-238 6  —0.658 0.148 0.089 0.943
MCPI-37 (AAG)9 55 234-254 3 -0.970 1.000 0.508 0.847
MCPI-03 (TG)8 55 192-207 3 -0.965 0279 0.142 0.837
MCPI-13 (AG)25 55 280-289 3 —0.190 0.030 0.025 0.833
MCPI-12 (AAG)7N69(AT)26 55 177-218 3 0.213  0.020 0.025 0.791
MCPI-14 (AAT)15 55 266-269 2 -0784 0.179 0.100 0.735
Mean - 5444 —0.439 0.329 0.200 0.878

*SSR motifs (markers) described by [23], AT, annealing temperature; AN, total number of polymorphic al-
leles for each primer pair present in accessions; Fj, allele-specific F-statistics for all accessions; H,, observed
heterozygosity; H,, expected heterozygosity; PIC, polymorphic information content

between 0.73 (for marker MCPI-14-M13) and 0.98 (for marker MCPI-07-M13)
with a mean 0.87. The observed heterozygosity (H,) values ranged from 0.025
(MCPI-12-M13) to 1.00 (MCPI-37-M13), with a mean of 0.329. Expected hete-
rozygosity (H,), as a measure of allelic diversity at a locus, ranged from 0.025
(MCPI-12-M13 and MCPI-13-M13) to 0.50 (MCPI-37-M13) with a mean of
0.20.

Fixation index (F) exhibited contrasting ranging from —0.97 to 0.31 with a
mean of —0.43. F represents the average deviation of the population’s genotypic
proportions from Hardy-Weinberg equilibrium for a locus and the values
ranged from 0 to 1. A negative F value represents an excess of heterozygotes.
MCPI-37-M13, 50% of the citron watermelon landraces are expected to be hete-
rozygous at the specific locus under random mating conditions; however 100%
of the genotypes at this locus were heterozygotes. This may be due to the high
outcrossing nature of citron watermelon or mutation as at that specific locus
(Table 4).

Analysis of molecular variance (AMOVA) within and among the 48 acces-
sions revealed that 39% of the total variation resided between the two major
groups (Ze, cow-melon and sweet watermelon), 24% between accessions
within groups, and 37% within accessions (Table 5). The overall Gy, for be-
tween-accession differentiation was 0.67, slightly higher than the AMOV A value
of 0.63. Separate calculations for differentiation among cow-melon (Gg; = 0.55;
@y = 0.54) and among sweet watermelon accessions (Ggp = 0.44; @y = 0.41),
respectively, produced slightly lower values for the former compared to the lat-

ter.
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Table 4. Within-accession genetic variation in watermelons collections in Zimbabwe.

Pop NPL %PL H, H, I
Cow melons
CWM176 5.000 44.44% 0.378 (0.161) 0.204 (0.082)  0.302 (0.120)
CWMI180 5.000 55.56% 0.467 (0.160) 0.278 (0.093)  0.438 (0.159)
CWM182 5.000 33.33% 0.222 (0.147) 0.147 (0.075)  0.210 (0.106)
CWM183 5.000 44.44% 0.311 (0.146) 0.178 (0.077)  0.258 (0.108)
CWM184 4.000 22.22% 0.222 (0.147) 0.111 (0.073)  0.154 (0.102)
CWM185 6.000 44.44% 0.222 (0.147) 0.173 (0.073)  0.254 (0.104)
CWM186 5.000 22.22% 0.222 (0.147) 0.111 (0.073)  0.154 (0.102)
CWM187 5.000 22.22% 0.222 (0.147) 0.111 (0.073)  0.154 (0.102)
CWM2688 1.000 33.33% 0.333 (0.167) 0.167 (0.083)  0.231 (0.116)
CWM2691 4.000 55.56% 0.333 (0.167) 0.302 (0.097)  0.455 (0.150)
CWM2699 5.000 44.44% 0.267 (0.141) 0.204 (0.084)  0.321 (0.131)
CWM2703 3.000 44.44% 0.333 (0.167) 0.216 (0.086)  0.302 (0.119)
CWM2706 2.000 44.44% 0.333 (0.144) 0.222 (0.090)  0.332 (0.138)
CWM2707 5.000 55.56% 0.356 (0.148) 0.260 (0.093)  0.423 (0.156)
CWM2708 5.000 55.56% 0.356 (0.148) 0.222 (0.078)  0.336 (0.113)
CWM2709 1.000 44.44% 0.444 (0.176) 0.222 (0.088)  0.308 (0.122)
CWM2711 5.000 44.44% 0.311 (0.146) 0.244 (0.099)  0.395 (0.167)
CWM2722 4.000 33.33% 0.333 (0.167) 0.177 (0.089)  0.262 (0.134)
CWM2723 4.000 11.11% 0.111 (0.111) 0.056 (0.056)  0.077 (0.077)
CWM2725 4.000 33.33% 0.333 (0.167) 0.167 (0.083)  0.231 (0.116)
CWM2729 1.000 44.44% 0.444 (0.176) 0.222 (0.088)  0.308 (0.122)
CWM531 5.000 66.67% 0.333 (0.137) 0.331 (0.089)  0.508 (0.142)
CWM1030 4.000 55.56% 0.444 (0.149) 0.271 (0.086)  0.378 (0.120)
Mean 41.55% 0.319 (0.160) 0.200 (0.088)  0.295 (0.130)
Sweet watermelons

SWM1008 5.000 33.33% 0.267 (0.145) 0.149 (0.076)  0.225 (0.113)
SWM1011 5.000 33.33% 0.244 (0.144) 0.131 (0.072)  0.190 (0.101)
SWM1012 5.000 44.44% 0.356 (0.152) 0.236 (0.094)  0.346 (0.142)
SWM1014 2.000 22.22% 0.222 (0.147) 0.111 (0.073)  0.154 (0.102)
SWM1015 4.000 66.67% 0.556 (0.160) 0.299 (0.080)  0.423 (0.111)
SWM1018 2.000 44.44% 0.389 (0.162) 0.208 (0.083)  0.294 (0.117)
SWM1019 4.000 44.44% 0.361 (0.162) 0.219 (0.087)  0.305 (0.120)
SWM1021 3.000 55.56% 0.481 (0.168) 0.265 (0.089)  0.393 (0.133)
SWM1023 2.000 33.33% 0.333 (0.167) 0.167 (0.083)  0.231 (0.116)
SWM1024 5.000 55.56% 0.467 (0.170) 0.242 (0.084)  0.344 (0.116)
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Continued

SWM1025
SWM1027
SWM1028
SWM1029
SWM2025
SWM2605
SWM2630
SWM2633
SWM2634
SWM2684
SWM2685
SWM2703
SWM2705
SWM2731
SWM325
Mean

Grand Mean

1.000

2.000

2.000

3.000

4.000

5.000

1.000

4.000

5.000

5.000

5.000

6.000

2.000

2.000

5.000

33.33%

33.33%

66.67%

66.67%

44.44%

55.56%

22.22%

55.56%

44.44%

22.22%

22.22%

66.67%

22.22%

22.22%

44.44%

42.22%

41.90%

0.333 (0.167)
0.333 (0.167)
0.556 (0.176)
0.519 (0.158)
0.361 (0.162)
0.378 (0.147)
0.222 (0.147)
0.361 (0.162)
0.311 (0.146)
0.222 (0.147)
0.222 (0.147)
0.296 (0.138)
0.222 (0.147)
0.222 (0.147)
0.222 (0.147)
0.338 (0.155)

0.329 (0.022)

0.167 (0.083)
0.167 (0.083)
0.347 (0.088)
0.284 (0.077)
0.191 (0.081)
0.264 (0.087)
0.111 (0.073)
0.267 (0.085)
0.211 (0.084)
0.111 (0.073)
0.111 (0.073)
0.270 (0.074)
0.111 (0.073)
0.125 (0.083)
0.236 (0.094)
0.200 (0.081)

0.200 (0.012)

0.231 (0.116)
0.231 (0.116)
0.501 (0.131)
0.408 (0.107)
0.273 (0.113)
0.435 (0.152)
0.154 (0.102)
0.390 (0.123)
0.326 (0.132)
0.154 (0.102)
0.154 (0.102)
0.440 (0.120)
0.154 (0.102)
0.193 (0.131)
0.346 (0.142)
0.292 (0.118)

0.293 (0.017)

Other acronyms or symbols used: NPL, number of plants sampled; %PL, percentage polymorphic alleles;
H,, observed heterozygosity; H,, expected heterozygosity;  Shannon’s index. Standard errors are indicated
in parenthesis showing the sampling error of the mean.

Table 5. Partitioning of genetic variation using Fg; and AMOVA on SSR data taking into

account (a) no prior grouping of accessions, and (b, ¢) grouping into two major forms

(cow-melons and sweet watermelons).

Source of Variation SSR
(a) Partitioning all accessions
Ger 0.670
gy 0.634
(b) Partitioning with two major forms of cow-melons and sweet watermelons
Between group diversity (AMOVA) 39%*
Between accessions within groups (AMOVA) 24%*
Within accession diversity (AMOVA) 37%*
(c) Partitioning per each major form
Cow-melons
Ggr 0.545
Ogr 0.541
Sweet watermelons
Ger 0.435
[OF 0.408

*Significant at 1%, P < 0.01.
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3.2. Multivariate Analyses

A dendrogram using UPGMA analysis was constructed based on the corres-
ponding genetic similarity coefficient among the tested 25 sweet watermelons
and 23 cow melon populations (Table 2). In this study, all the Citrullus species
were grouped into two main clusters, with a similarity index of 48%, for the Ci-
trullus lanatus forms of cow melons and sweet watermelons.

The cow melon cluster was further subdivided into two subgroups; with sub-
group A (I) consisting of 12 cow melon accessions and the second subgroup A
(II) consisted of 11 samples of cow melons (Figure 1 and Figure 2). From the
cluster analysis, the sub I cluster the accession were predominantly collected
from Horticulture Research Institute. Sub II of the group A the accessions were
collected from parts of Zimbabwe located close together and sharing boundaries,
Le., Zvishavane, Gwanda, Chivi and Dhonza. The group B consisted of sweet
watermelons; the accessions were mainly collected from Crop Breeding Institute
and a few from Gwanda, Murehwa, Chiredzi, Chilonga and Mashava. The PCA

(Figure 2) also showed the same grouping of these accessions into three clusters.

CWM176
CWM180
CWM2706
CWM184
CWM2699 | |
CWM2708
CWM182
CWM187
CWM185
CWM183 A
CWM186
CWM1030
CWM2688
A CWM2703
CWM2722
CWM2725
CWM2707 § 11
CWM2711
CWM2729
CWM2709
CWMS531

I CWM2691
CWM2723

SWM1027
SWM2703
SWM1029
SWM2705
SWM325
SWM2605
B — [ SWM2630
L SWM2633
SWM1012
SWM2634
SWM1014
swmi1023 | B
SWM1008
SWM2684
SWM1019
SWM1025
SWM2025
SWM1018
SWM1021
SWM1024
SWM1028
SWM1011
SWM2685
SWM2731
. SWM1015

029 046 064 082 100
Nei Genetic Idensity

Figure 1. Dendrogram of watermelon accessions using UPMA based on Nei’s
genetic identity.
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CWM1030 J—
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CWM176

CWM2699

N

0-266

UTZOU

Coord. 1

Figure 2. Principal coordinate analysis (PCoA) for Genebank accessions.

4. Discussion

The nine loci used in this study where chosen based on previous information
about their ability to produce unambiguously scored fragments and the level of
polymorphism [1] [3] [23]. The nine primer pairs presented easily interpreted
polymorphic amplification (Table 3). A total of 49 alleles were detected on the
nine microsatellites analysed. The number of alleles per locus ranged from 2
(MCPI-14 to 13 MCP-07), with an average of 5.4 alleles per locus on 48 water-
melon accessions that is, 23 cow melons and 25 sweet watermelons (Table 3).
The number of microsatellite markers capable of detecting polymorphism in
this study was higher than reported by [1], who produced a total of 43 alleles
with an average of 4.8 alleles per locus with the same number of SSR primer
pairs. The results from this study were higher possibly due to better variability
among the samples than the one used by [1]. Similarly, these results were higher
compared to the results reported by [9] of 4.7 alleles per locus, when seven SSR
markers were assessed in 33 water melon accessions, including Citrullus lanatus
var. Janatus, C. lanatus var. citroides and C. colocynthis. Furthermore, the allele
mean described was higher than the results reported by [10], [23] and [30] who
found 3.6, 2.8, and 3.9 alleles per locus. However, the average alleles per locus for
this study was lower than reported by [31], where 72 alleles were detected with a
mean of 7.2 per locus evaluated from 10 SSR markers. According to [32], the ap-
plication of highly polymorphic markers may lead to a slight overestimation of

the diversity.
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According to [33], the Polymorphic Information Content (PIC) is said to be
an indicative of the marker quality in genetic studies. The PIC with value greater
than 0.5 is considered very informative, with values between 0.25 and 0.50, me-
dium informative, and values lower than 0.25 less informative. The PIC ranged
from 0.73 in locus MCPI-14 to 0.98 in locus MCPI-07 (Table 3). The results
from this study had very high PIC value with the mean 0.87 suggesting to be
very highly informative.

Analysis of molecular variance within and among accessions of watermelons
revealed that only 39% of the total variation resided between these two groups
(cow-melons and sweet watermelons), 24% between accession within groups
and 37% within accessions. The overall Gg; for between accession differentiation
was 0.67 and @y AMOVA of 0.63. Calculations carried out separately for diffe-
rentiation among cow melon and among sweet watermelon accessions, respec-
tively, produced almost similar values (Ggr = 0.55 and @y, = 0.54) for the cow
melon and for the sweet watermelon (Gg; = 0.44 and @g; = 0.41). Both the Gg;
and AMOVA @y, estimates were much higher compared to those reported by
[1]. According to [34], the interpretation of Gy and ®g; as measures of differen-
tiation may produce nonsensical results when diversity is high.

The grouping of these accessions that were collected from different parts of
Zimbabwe as reflected by cluster analysis and principal coordinate analysis
shows how farmers exchange their seeds under informal seed exchanges and
farmers practices. Farmers like to share their seeds with other neighbouring
farmers, in-laws in different villages or province and exchange during seed fairs
and sometimes give their daughter some seeds during marriage time. This way
the water melons or cow melons are often grown in the more marginal area were
they adapt to the agro-ecological conditions without difficulties. The grouping of
these accessions together is also indicative of the fact that the sweet water melons
or cow melons have reached to different parts of Zimbabwe through seed ex-
change by farmers. The local seed sources or farmers’ local landrace seeds have
advantage in that they adapt to agro-ecological conditions of a given area. Pre-
vious studies also highlighted the separate groupings between cow-melons and
sweet watermelons [1] [3] [35] [36].

The Sub-cluster A (II) (Table 2, Figure 1 and Figure 2) shows that famers are
always selecting for better cow melon seeds to mitigate against the effects of cli-
mate change. These turn to affect the characteristics of these accessions since the
plants are open-pollinated and there is rarely an isolation distance practiced
on-farm [1]. Because of this, introgression between sweet water melons and cow
melons is enhanced resulting in sub cluster A (II) which looks like a hybrido-
genous cluster. The fact that the areas in which the accessions making the hy-
bridogenous group share boundaries, but being distantly separated from those
from Sub-cluster A (1) postulate to a possible formation of an isolated evolutio-
nary unit. Although [35] highlighted the possible existence of a niche for devel-
opment of a hybridogenous form, this study seems to provide an elaborate evi-

dence for its existence.
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5. Conclusion

In the study an attempt was made to examine the extent of genetic variation
present in the commonly cultivated sweet watermelon and cow melon genotypes
as well as their precise identification through efficiency of polymorphic SSR
primers. The study revealed high genetic differentiation among all the waterme-
lon accessions under study. Furthermore, the Zimbabwean watermelon genetic
resources are highly represented by the major two forms, the cow-melons and
the sweet watermelons, while showing a possible existence of the hybridogenous
watermelon type. The hybridogenous form is made from accessions previously
classified as cow melon accessions, but which are developing into an isolated
evolutionary unit. This study could therefore be useful in breeding programmes

and for broadening the genetic basis of watermelons.
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