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Abstract

Check for

Pumpkins (Cucurbita pepo) are valuable sources of nutrients for human consumption and have a capacity to enhance
food security. However, their potential in Uganda has not been fully developed. There is limited information on pumpkin
diversity in Uganda. This study, therefore, evaluated the diversity of pumpkins in Uganda using sequence repeats
molecular and morphological markers. Correlation of morphology and genetic data was also evaluated. The 66 pumpkin
samples collected from the districts of Arua, Mbale, Mubende and Kabale were evaluated using 16 morphological traits
and 10 microsatellite markers. Morphologically the pumpkins showed high diversity and were ranked into three clusters.
The SSR markers detected high genetic diversity with an average percentage polymorphism of 79.47%. Significant
variation of pumpkin varieties within the district was revealed. The pumpkins were genetically ranked into six clusters.
Limited correlation between morphological and molecular data among pumpkins varieties was revealed indicating that
for pumpkins morphological and microsatellites data cannot be used interchangeably.
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Introduction

Pumpkins (Cucurbita pepo) are an important source of
nutrients for human nourishment with their seeds, leaves
and fruits all utilized as food. They contain biologically
active components such as para-aminobenzoic acid,
polysaccharides, fixed oils, sterols and proteins are beneficial
to human health [1,2]. Traditionally, pumpkins have been used
as anticancer, anti-oxidant, anti diabetic, antihyperlipidemic,
and antimicrobial [3,4]. Pumpkin fruits and leaves are used
as vegetables with their seed utilized as sauce and snacks.
Pumpkins are adapted to diverse climatic conditions and
are rich in various nutrients; therefore, their production
could contribute to improved household food security and
livelihoods [5].

Pumpkins are some of the most morphologically variable
plants in the entire plant kingdom [6]. A lot of variation has
been noticed in pumpkins both atits productive and vegetative
stages. Genetic diversity is assessed by different marker
systems. These markers include; those based on phenotypic
traits, those based on gene product (biochemical markers)
and those based on DNA also known as molecular markers
[7]. Molecular DNA markers are very crucial in analyzing
genetic diversity in species because they are abundant and
not influenced by changes in the plant development and
environment [8,9].

Despite the fact that pumpkins are an important food
source, with many health benefits, their potential has not
been fully developed in Uganda. Currently there is limited
information on the pumpkin genetic diversity in Uganda.
Research on pumpkins in Uganda has concentrated on
local knowledge of pumpkin production, performance
and utilization systems [10] and determination of their
micronutrients [11]. Limited research has also been done
on the genetic diversity of pumpkins from in Uganda using
morphological traits, molecular characterization [12], but
this research was done on selected production zones in
Uganda using only five AFLPs and SSRs primers. At least eight
primers are the required minimum number of microsatellite
loci needed to assess population genetic structure [13]. In
order to improve crop production, it is necessary to know the
amount of genetic diversity present within a crop population.
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Limited information on the pumpkin genetic diversity has,
therefore, hindered the use of the available gene pool in
breeding pumpkins with superior agronomic traits that meet
the ever growing market demand in Uganda. Furthermore,
conservation of the pumpkins’ gene pool is also difficult
since information on their diversity is limited. Without
better conservation methods in place, there is a likelihood of
genetic erosion of important pumpkin genes from the gene
pool. Therefore, this study aimed at determining the diversity
of pumpkins in Uganda using phenotypic and repeat DNA
markers. The correlation of data obtained using phenotypic
and repeat DNA markers was also evaluated.

Materials and Methods

Plant materials

The pumpkins samples were randomly selected from
the districts of Mubende, Arua, Mbale, and Kabale. These
districts were purposively selected since they are main
producers of pumpkins in Uganda [10]. The help of the village
Local Council One (LC1) chairpersons was enlisted to identify
ten homesteads randomly from each village. The pumpkin
fruit samples were collected from these ten homesteads in
each village. One pumpkin per variety was selected for all
the pumpkin varieties found in each homestead farm. All the
pumpkin samples collected in the 3 village in each district
were pooled together and a random sample of 20 pumpkins
was selected from the pool to represent all the pumpkins in
that district. In total 80 pumpkin samples were picked in all
the four districts. The pumpkins’ fruit morphological traits for
each pumpkin were identified and recorded. The seeds were
then extracted and dried and the morphological traits of each
pumpkin variety seeds recorded. The 80 pumpkin variety
seeds for were then planted and seeds from 66 pumpkin
varieties germinated as indicated in Table 1 below. These
were the only pumpkin varieties included in the study for
phenotypic and molecular characterization.

Morphological evaluation of pumpkins

The pumpkin descriptor list [14] was used to collect
the morphological data. The data was collected on eight
qualitative characters and eight quantitative characters.

The qualitative characters included; leaf colour, leaf shape,
fruit shape, predominant skin colour, stem end shape, fruit
ribbing, seed hull and seed coat colour. The quantitative
characters included; leave number per plant at six weeks,
length of vine at six weeks, leaf length, leaf width, petiole
length, seed length, seed width and weight of 100 seeds.
The quantitative data were taken as the mean value of three
measurements made on three plants per variety. The data on
qualitative descriptors were recorded after consulting a panel
of two plant science specialists while quantitative data were
recorded using the measuring devices as require.

DNA extraction and polymerase chain reaction

Three-week-old leaves growing from the planted pumpkin
seeds were used for DNA extraction. CTAB-based method
developed by Mace, et al. [15] was used to isolate genomic
DNA from the pumpkin varieties. The Nano Drop 2000C
spectrophotometer was used to determine the concentration
and purity of the DNA from each sample. Ten microsatellite
primers pairs confirmed for pumpkin DNA amplification by
Watcharawongpaiboon and Chunwongse, [16] and Priori,
et al. [17] were used to amplify the DNA. A total reaction
mixture of 25 pl for each primer set was used to test primer
amplification. The reaction mixture contained 2.5 uL of 10
mM MgCl,, 2.5 pL of 10X buffer, 2.5uL of 2.5 mM dNTPs,
0.5puL of 10.0 pmole/uL forward primer, 0.5 pL of 10.0 pmole/
UL reverse primer, 0.5 pL of 5 U/uLTaq Polymerase, 1.0 pL
of 60 ng/uL DNA, and 15.0 uL H,O for each primer. The PCR
running conditions were: Initial denaturation at 94 °C for 2
minutes, followed by 35 cycles of denaturation at 94 °C for
30 minutes, 1 min annealing at 53-62 °C (depending on the
annealing temperatures of the primers as indicated in the
Table 2 above), 1 min of extension at 72 °C, followed by a final
extension of 10 min at 72 °C. The PCR product was stained
with 5 pg/ml bromophenol blue and then and run on 3% w/v
agarose gel stained with 5 pg/ml of ethidium bromide. The
PCR products were analyzed on an 8% polyacrylamide gel
electrophoresis. For each PCR product, stained with 5 pug/ml
bromophenol blue, 4 uL were pipetted into a separate well of
the polyacrylamide gel. All the PCR products for all samples
and primers were run along with 50 bp DNA ladder on
polyacrylamide gel electrophoresis. After electrophoresis, the

Table 1: The basic statistical data of qualitative traits.

S/N Trait Minimum Maximum Mean Standard cv
Deviation
1 Leaf colour 1 2 1.862 0.348 18.69
2 Stem end shape 1 4 1.862 0.933 55.47
3 Blossom end shape 1 3 2.031 0.847 41.704
4 Fruit Shape 1 9 2.385 2.067 86.667
5 Fruit Colour 1 5 2.677 1.359 50.766
6 Fruit ribbing 0 7 2.646 2.407 90.967
7 Seed colour 1 3 2.246 0.791 35.22
8 Seed hull 0 1 0.488 0.211 43.238
52.84025

CV: Coefficient of Variance
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Table 2: The basic statistical data of quantitative traits.

S/N Trait Minimum Maximum Mean Standard cv
Deviation
1 Number of leaves 5 20 11.692 2.979 25.47
2 Length of vine (cm) 14 143 71.862 28.207 39.252
3 Leaf length (cm) 14 28.6 21.117 3.293 15.594
4 Leaf width (cm) 19 37 27.958 3.823 13.674
5 Petiole length (cm) 15.5 40.1 30.489 5.494 18.02
6 100 seed weight (g) 6 10.1 7.854 0.831 1.058
7 Seed width (cm) 0.6 0.85 0.75 0.23 30.667
8 Seed length (cm) 1.57 4.32 2.878 0.558 19.39
20.39

polyacrylamide gel was stained in 0.5 pg/l ethidium bromide
for 30 minutes and then visualized under UV light using the
Syngene U: Genius 3 gel documentation system (Integrated
Scientific Solution, Inc., San Deigo CA).

Data analysis

Gen Stat for Windows, 12™" edition was used to analyze
morphological data. The qualitative data was first coded
before analysis. Descriptive statistics were used to compare
the level of phenotypic variation. Principle component
analysis (PCA) was used to identify characteristics that
contribute significantly to the variability among the pumpkin.
Cluster analysis was conducted for grouping pumpkin
varieties. Gen Alex 6.5 [18] was used to analyze molecular
data. The presence or absence of each PCR amplification
product was manually scored as 1 or O respectively and
the resulting presence/absence data matrix was analyzed.
Genetic diversity parameters were then estimated. Cluster
analysis and Analysis of molecular variance (AMOVA) were
also. Mantel test was conducted for correlation between
morphological and genotypic data.

Results

Morphological characterization

The qualitative morphological traits (Table 1) of the 66
pumpkin varieties exhibited high coefficient of variance
with a mean of 52.84% that ranged from 18.69% to 90.67%.
The largest variation coefficient was 90.67% (for fruit
ribbing), followed by 86.67% (fruit shape). The quantitative
morphology traits (Table 2) had the mean coefficient of
variation of 20.39%, with a range of 1.06% to 39.25%.

Principal component analysis

The characters with Eigen values greater than one were
reduced to 6 PCs (Table 3) and these explained 70.54% of
the total variation. The first four PC accounted for more than
half of the variation. The first PC accounted for 25.52% of
the variation in the original data and was defined by number
of leaves, length of live, leaf length, leaf width and petiole
length. The second PC 2 contributed for 12.1% of the residual
variation unaccounted for by PC 1, and was defined with leaf
colour, seed length and seed hull. The third PC accounted for

10% of the residual variation unaccounted for by PC2; it was
defined by seed colour. The fourth PC accounted for 9% of the
residual variation unaccounted for by PC 3, and was positively
loaded with stem end shape, blossom end shape and fruit
shape. The scatter plot (Figure 1) revealed that the scattering
of pumpkins was in the four quartiles with majority of the
samples from all the districts densely scattering in the right
and left upper quartiles. A few pumpkin samples distantly
scattered in all the four quartiles away from other samples.
This indicates the high amounts of variation present among
them.

Morphological relationships among varieties

The pumpkin varieties were grouped into three main
clusters; I, Il and Ill (Figure 2). Further grouping within the
main clusters was observed. Majority of the samples, 34
samples fell into cluster I; followed by cluster Il with 19
samples. Cluster Il had only 13 samples. Pumpkins varieties
from different districts clustered together in the same cluster
(Figure 3 and Table 4).

Genetic diversity parameters across the 4
districts.

The pumpkin varieties from Arua had the highest average
number of different alleles and also the number of alleles with
a frequency of 2 5%. Shannon's information index was highest
in Mubende at 0.95 and lowest in Mbale at 0.70. The private
allele was found in Arua, Mbale and Kabale Populations. Arua
population had the highest number of private alleles with
3, followed by Mubende and Kabale population with only 1
private allele each. Mbale population had no private allele.
Heterozygosity was highest in Mubendeat 0.54 and lowest in
Mbale at 0.40 (Figure 4).

Genetic variance analysis

Analysis of Molecular Variance (AMOVA) (Table 5) revealed
that molecular diversity was 95% within individual pumpkin
and 5% of the total variation was attributed to differences
among varieties within populations in the districts. There
were significant variation of varieties within populations in
the district P < 0.05, but the variation between population
was not significant P > 0.05.

Anne et al. Arch Crop Sci 2022, 5(2):175-184

Open Access | Page 177 |



Citation: Anne K, Thaddeus B, Julius M (2022) Diversity of Pumpkins from Uganda Based on Phenotypic and Repeat DNA Markers. Arch Crop
Sci 5(2):175-184

Table 3: The principle components, their contribution to the total phenotypic variation.

Principal components

Phenotypic variable PC1 Cc2 PC3 PCa4 PC5 PC6
Number of leaves 0.461 0.162 0.035 0.000 0.005 0.000
Length of vine (cm) 0.648 0.036 0.003 0.000 0.001 0.012
Leaf length (cm) 0.413 0.049 0.060 0.019 0.113 0.000
Leaf width (cm) 0.621 0.030 0.024 0.044 0.072 0.008
Petiole length (cm) 0.522 0.010 0.020 0.033 0.006 0.119
Leaf colour 0.084 0.544 0.180 0.012 0.014 0.006
Stem end shape 0.036 0.027 0.000 0.265 0.177 0.245
Blossom end shape 0.066 0.112 0.104 0.200 0.141 0.006
Fruit Shape 0.011 0.010 0.116 0.486 0.000 0.026
Fruit Colour 0.076 0.016 0.037 0.032 0.296 0.022
Fruit ribbing 0.093 0.001 0.184 0.132 0.173 0.116
100 seed weight (g) 0.492 0.093 0.000 0.057 0.045 0.028
Seed width (cm) 0.139 0.065 0.153 0.005 0.140 0.267
Seed length (cm) 0.121 0.428 0.057 0.011 0.031 0.020
Seed colour 0.042 0.019 0.362 0.148 0.000 0.088
Seed hull 0.256 0.326 0.271 0.003 0.000 0.044
Eigen value 4.082 1.928 1.606 1.447 1.215 1.007
Variability (%) 25.515 12.052 10.040 9.042 7.596 6.293
Cumulative % 25.515 37.567 47.607 56.649 64.245 70.538

The values in bold correspond for each variable to the factor for which the squared cosine is the largest
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Figure 1: Principal component analysis showing scatterplot for varieties based on their phenotypic traits.
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Figure 2: Multivariate clustering of the 66 pumpkin varieties by the 16 phenotypic traits.

AP represents varieties from Arua; MuP represents varieties from Mubende; MP represents varieties from Mbale; and KP represents
varieties from Kabale.

Figure 3: Separation of pumpkin DNA samples amplified with primer CMTP204 using PAGE. M = 50 bp ladder, 1-16 Arua samples,
17-32 Mbale samples, 33-48 Mubende samples and 45-66 Kabale samples.

Table 4: Polymorphism detected by ten SSR in 66 pumpkin varieties.

SSR Marker A B C D E F H | J K Total Average
detected alleles 3 5 3 2 4 2 6 39 7.090909
ploymorpic alleles 2 5 4 2 2 3 3 1 5 31 5.636364
% polymorphorism | 66.67 100 80 66.67 100 75 60 50 83.33 100 79.49

A =PKCT 47, B =PKCT62, C = PKCT111, D = PKCT122, E = PKCT133, F = CMTP132, G = CMTP133, H = CMTP86, | = CMTP46, ) = CMTP204
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Figure 4: Allelic patterns across the populations in the districts.

Na = Number of alleles, Ne = Number of effective alleles, | = Shannon’s information index, Na Freq. 2 5% = Number of different alleles
with a frequency of 25%; Ne- Number of effective alleles, | = Shannon Diversity index; Private Alleles = Number of alleles unique to
a single population; Number of L Comm Alleles (< 25%)-Number of locally common alleles found in 25% or fewer populations; h =

Heterozygosity.
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Figure 5: Biplot (axes PC 1 and PC 2: 32.59 %)of the first two principal component factor scores showing variation in the 66 pumpkin
varieties from Arua (A), Mubende (Mu), Mbale (M) and Kabale (K).

Table 5: Analysis of molecular variance for SSR data across the districts.

Percentage
Source d.f. SS MmsS Variance components  of variation P-value
Among Pops 3 41.447 13.816 0.401 5 0.053
Within Pops 62 446.917 7.208 7.208 95 0.018
Total 65 488.364 7.609 100

Principle coordinate analysis

A principal coordinate analysis plot (Figure 5) revealed that
the first two principal coordinates accounted for 32.59% of
the total variation among accessions within the districts. The
first coordinate accounted for 17.01% and the second 15.58%
of the total variation (Figure 6). A significant overlap was
noted for most of the district with varieties from Mubende

being dispersed widely in the plot.

Genetic diversity and relationships among
varieties
The pumpkin varieties were grouped into six main clusters

(Figure 6); I, Il, 1, IV, V and VI. The Euclidean dissimilarity
coefficient ranged from 0-4.6 based on UPGMA. The largest

Anne et al. Arch Crop Sci 2022, 5(2):175-184

Open Access | Page 180 |



Citation: Anne K, Thaddeus B, Julius M (2022) Diversity of Pumpkins from Uganda Based on Phenotypic and Repeat DNA Markers. Arch Crop

Sci 5(2):175-184

Table 6: Pairwise population matrix of Nei’s genetic distance and identify between populations of the pumpkin varieties.

Nei's Pumpkin population
Genetic distance Arua

Mbale

Mubende

Kabale
Genetic identity Arua

Mbale

Mubende

Kabale

cluster Il had 25 varieties, and the second largest 22 varieties
while the smallest cluster I, had only one variety. The
clustering into the 6 clusters was not based on the varieties’
origin but their genetic relationship.

Genetic distance and identity between study
populations

The genetic identity (IN) ranged from 0.830 to 0.917,
while the genetic distance (D) varied from 0.087 to 0.186 with
SSR markers (Table 6). The Mubende populations were the
highest in genetic identity (IN = 0.917) and the closest in the
genetic distance (D = 0.087). The M bale populations were
the lowest in genetic identity (IN = 0.830) and the furthest in
genetic distance (D = 0.106).

Relationship between phenotypic and molecular
variation of the pumpkins

The correlation value was 0.0013 (Figure 7). The results
revealed that there that there is no correlation between the
phenotypic and genotypic methods used.

Discussion

Although pumpkins have been cultivated in Uganda for
a long time, their genetic diversity has not been properly
examined. This has greatly affected their utilization in the
breeding and conservation programs. In this study, the
genetic diversity of pumpkins in Uganda was investigated
using morphological features and Simple Sequence Repeats
markers.

The 16 morphological traits revealed phenotypic diversity
among pumpkins in Uganda (Table 1 and Table 2). The
quantitative traits such as seed width and length revealed
higher coefficient of variation (Table 2). Similar results were
revealed by AdeyemoandTijani, [19] and [20] among pumpkins
in Nigeria and China respectively. The principle component
analysis (Table 3) showed that there is morphological diversity
among pumpkins from Uganda. The characters that revealed
greater percentage of the total variation included number of
leaves at 6 weeks, length of vine at 6 weeks, leaf length, leaf
width and petiole length, leaf colour, seed length and seed
hull. Studies by [21] and [22] also observed similar characters.
The results of the PCA scatter plot (Figure 1) suggest that
majority of pumpkin populations in Uganda’s districts are
morphologically similar with some degree of variation among

Arua Mbale Mubende Kabale
- 0.106 0.087 0.119
- 0.186 0.114
- 0.106
0.899 -
0.917 0.830 -
0.888 0.893 0.899 -

them. This is in tandem with those of studies by [23] and [22].
The exchange of pumpkin seeds among farmers in Uganda
could be responsible for the similarity of pumpkins varieties
in Uganda’s distticts. Cluster analysis (Figure 2) grouped the
pumpkin varieties into three clusters with pumpkin varieties
from one appearing in different clusters based on their
morphological dissimilarity. Pumpkin varieties from Mubende
appeared in all the three clusters suggesting highest diversity
among them. Similar results were revealed by studies by [24]
and [23] which grouped pumpkin samples from different
locations in the same clusters and sub clusters. The high
morphological diversity among pumpkin varieties observed
can be attributed to many exotic cultivars introduced by
farmers. Introduction of dissimilar or closely related species
by farmers increase gene flow through exchange of genes
[25]. Farmers’ selections and the ever changing conditions of
the environment in the areas where pumpkins were collected
[19] also contribute to the high morphological diversity.

The genetic diversity analysis of pumpkins in Uganda was
done using ten microsatellite primer pairs. The percentage
polymorphic alleles (Table 4) varied from 50% to 100% and
an average of 79.47% indicating high genetic diversity among
pumpkins varieties in Uganda. The mean diversity index (H
= 0.48) and Shannon’s information index (I = 0.84) (Figure 4)
as revealed by SSR markers indicated high genetic diversity
among the pumpkin varieties studied. These results are in
tandem with results by Ntuli, et al. [22] among Cucurbitapepo
landraces in Kwa Zulu Natal. Higher average number of
different alleles and Number of different alleles with a
frequency of > 5% in Arua and Mubende districts indicate
high genetic variation within pumpkin varieties within these
districts. The high number and frequency of different alleles
contributes to the variation, survival and reproduction [26].
The number of effective alleles was less than the actual
number of alleles in all districts varieties which suggests
unequal allele frequencies and large variations. Private alleles
were found in Arua, Mubende and Kabale pumpkin varieties
with Arua showing the highest number of private alleles.
Private alleles present a good source of genetic variability
[27] with genetic distinctiveness measured as the number of
private (unique) alleles [28]. Arua population varieties were,
therefore, the most genetically distinct and variable in the
current study.

The analysis of molecular variance (AMOVA) (Table 5)
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Figure 7: Correlation between phenotypic and molecular variation among the pumpkin varieties.

showed high levels of genetic variation within populations
(95%) and very low levels of genetic variation among
populations (5%). These results revealed the existence of the
genetic variation within pumpkin varieties and are in tandem
with results revealed by [29] among pumpkin accessions
from Slovenia. Pumpkins are allogamous and monoecious;
therefore, they are cross pollinated which increases
variability among them. These results also indicate that the
geographical contribution to variation in pumpkins is lower
than the contribution of individual genotypes within the
population. Gene flow among pumpkin populations in Uganda
could be the cause of low levels of genetic variations among

population in the districts. Kimani, et al. [27] attributed low
variation among regions to the traditional farming systems
with the transit of pumpkin germplasm via human migration
and seed trade within districts. The principal coordinate
analysis scatter plot (Figure 5) revealed a substantial overlap
between pumpkin populations in the different districts
of Arua, Mbale and Kabale in the coordinate space with
varieties from Mubende scattering away from the other
districts. This suggests a close genetic similarity between the
pumpkin varieties that overlapped. The pumpkin varieties
from Mubende scattered away from those of other district
indicating they aren’t closely related to them. Cluster analysis
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(Figure 6) revealed high level of dissimilarity among pumpkin
varieties grouping them into 6 clusters. Four clusters |, I,
Il and IV had a mixture of individuals from all populations
grouped together. Cluster V had only individuals from Arua
and Cluster VI had only one individual from Mubende. The
mixture of individuals from different populations in the same
cluster, suggests that the individuals have the same origin
or they are from multiple introductions from several origins
[30]. The results also indicate that there is no significant
population differentiation among pumpkin varieties from
different locations in Uganda because of gene flow from one
location to another. The range of genetic identity and genetic
distance from 0.830t0 0.917, and 0.087 to 0.186 respectively
indicate that there is variability among pumpkin varieties
in Uganda (Table 6). Pumpkin varieties originating from the
same district were the most genetic similar with close genetic
distance. Similar results were reported among Cucurbitapepo
landraces cultivarsin Kwa Zulu Natal [22] and among Cucurbita
moschata germplasm accessions from Mesoamerica [31].
The maintenance of the production of landraces by farmers
may be responsible for the genetic similarities and short
distances of the pumpkins varieties in each district. The short
genetic distance observed reveal the close relatedness of the
different pumpkin populations in Uganda and are consistent
with AMOVA results (Table 5). The short genetic distances
indicate that of genetic material exchange can easily occur
among pumpkin populations. Evidence of gene flow and
cross-breeding between several Cucurbita species has been
reported by several authors [32,33].

Mantel’s test R = 0.0013 (Figure 7) revealed there is
limited correlation between the results obtained using
morphological features and the genetic markersin the current
study. This implies that morphological similarities of pumpkin
varieties are not a result of genetic similarity. The lack of
correlation between molecular and morphological data is
due the independent nature of molecular and morphological
variations [34]. The interaction between the genotype
and the environment is also responsible for the absence of
correlation between molecular and quantitative data as
revealed by the morphological markers and SSR markers.
The morphological characteristics are affected by both innate
factors and environmental factors; whereas differences in
DNA sequence revealed by SSR molecular markers are not
influenced by the ever changing environmental conditions
[35]. In the current study on the genetic diversity of pumpkins
in Uganda using phenotypic traits and SSR marker, the results
indicate that the molecular markers and morphological
marker are complementary to each other. The current study
results also indicate that molecular and morphological traits
cannot be used interchangeably.

Conclusion

Both morphological and simple sequence repeats markers
revealed high diversity among the pumpkin varieties in
Uganda. There is limited correlation between morphological
and simple sequence repeats data. Morphological traits and
simple sequence repeats markers, therefore, cannot be used
interchangeably to study the genetic diversity of pumpkins in
Uganda, but they complement each other.
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