
JOURNAL OF TROPICAL LIFE SCIENCE 
2023, Vol. 13, No. 2, 319 – 334 

http://dx.doi.org/10.11594/jtls.13.02.10 

 

 

 

How to cite: 

Khairi NNBM, Othman HSBM (2023) Morphological and Genetic Analysis of Momordica cochinchinensis (Lour.) Spreng. 

(Gac) from Different Accessions in Malaysia. Journal of Tropical Life Science 13 (2): 319 – 334. doi: 10.11594/jtls.13.02.10. 

Research Article  
 

 

Morphological and Genetic Analysis of Momordica cochinchinensis (Lour.) 

Spreng. (Gac) from Different Accessions in Malaysia 
  

Nurin Nazihah binti Mohd Khairi *, Halimaton Saadiah binti Mohd Othman   
 

Department of Biotechnology, Kulliyyah of Science, International Islamic University Malaysia, 25200 Kuantan, 

Pahang, Malaysia 

 
 

Article history: 

Submission June 2022 

Revised June 2022 

Accepted September 2022 

 

 

ABSTRACT 

 

Momordica cochinchinensis or gac fruit is a 'superfruit' that is well-known in Vietnam. 

Gac is an orange fruit that is ovoid in shape and has a soft spiny texture. In Malaysia, 

gac fruit is a new and less known plant. This study aimed to characterize gac fruit 

using morphological analysis involving both vegetative and reproductive parts and to 

characterize the genetic diversity in gac fruit by using Inter-simple sequence repeat 

(ISSR) analysis. Four different gac accessions were collected from different areas 

(Kota Damansara (Selangor), Melaka Tengah (Melaka), Hulu Langat (Selangor) and 

Kuantan (Pahang)) were cultivated under tropical conditions in Kuantan, Pahang. The 

gac accessions showed differences in morphological characters. Generally, the gac 

fruits were reddish-orange in colour, the leaf was dark green on the adaxial part and 

light green on the abaxial part, and the female and male flower was light yellow and 

white in color. The fruit weight ranged from 193.72 g (GD) to 334.70 g (GH) with 

varied shapes and spike density. DNA extraction was following the CTAB method. 

All 30 primers showed high levels of polymorphism (83%) and the polymorphism 

information content (PIC) with the mean of 0.48.  Nei's genetic distance coefficient 

ranged between 0.27 and 0.6 with the mean value of 0.41. Dendrogram based on UP-

GMA analysis grouped the four gac accessions into two main groups. Cluster I con-

sisted of accession GD, GM and GH while cluster II consisted of only GX. Results 

from both morphological and molecular analysis showed genetic diversities in all four 

gac fruits studied. 
 

Keywords: Gac fruit, Genetic analysis, Inter-simpler Sequence Repeat (ISSR), Mor-

phology, Phylogenetic tree  
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Introduction 

Momordica cochinchinensis, also known as 

gac fruit, is a 'superfruit' popular in Vietnam [1]. 

Other names for gac fruit are baby jackfruit, sweet 

gourd and Cochinchin gourd. Momordica is the 

family of Cucurbitaceae [2], while cochinchinen-

sis named from a region in northern Vietnam 

called Cochinchina [3]. Gac fruit has been wide-

spread across Southeast Asia, Malaysia, and India 

[4]. 

Gac fruit is an orange-red fruit with an ovoid 

shape and has a soft spiny texture. Gac fruit is a 

climber plant that can climb up to 20 meters. It has 

tuberous roots and brown or grey-black seeds. The 

gac fruit tastes like papaya [5]. Traditionally, Vi-

etnamese people use gac fruit in their rice, called 

Xoi Gac, as a red colorant, especially during their 

wedding ceremony. Furthermore, mature gac fruit 

is used as a cosmetics product in Thailand due to 

their photoprotection against UV radiation [6]. 

Moreover, gac fruit has been studied to have 

high carotenoids. Carotenoids are phytochemical 

properties containing nutrition values that give 

various health benefits [6]. Gac fruit has β-caro-

tene and lycopene; these two phytochemical prop-

erties are antioxidant substances. The highest an-

tioxidant activity of gac fruit can be seen during 

the immature stage of the fruit [6]. It also has the 

potential for antimicrobial properties. The lyco-

pene concentration is five times greater than some 

famous fruits analyzed like tomato, papaya, guava 
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and watermelon since its gac fruit is abundant in 

carotenoids. Gac aril has the greatest β-carotene 

concentration of all fruits and vegetables. For in-

stance, eight times greater than the level of carrots, 

which are classified as high in β-carotene [4]. 

Gac fruit is also known as the 'fruit of heaven' 

as its acclaimed properties in enhancing lifespan, 

strength and vitality. Thus, gac fruit has many ben-

efits in preventing severe diseases. The lycopene 

concentration has a cholesterol-reducing effect 

and can lower the risk of death from chronic dis-

eases such as cancers. The apoptosis in human 

MCF-7 breast cancer cells can be induced by gac 

fruit aril extract [7]. 

Gac fruit is a new and less-known plant in Ma-

laysia. Malaysians still unheard of gac fruit be-

cause gac fruit originated from Vietnam and is not 

well-introduced and common in Malaysia like any 

other fruit like avocados and peaches. Information 

on gac fruit regarding classification in morphol-

ogy and genetic diversity study is still inadequate 

in Malaysia [8]. In the context of breeding devel-

opment of gac fruit, it becomes a challenge as 

there is a lack of information on cultivation in Ma-

laysia. The gac fruit itself is a dioecious plant 

where hand pollination or natural pollinator is re-

quired to increase the fruit set because gac fruit 

yield has always been the common cause of the 

requirement for pollination to occur and happen is 

low [9]. Plant sex cannot be determined from seed 

and can be defined only upon flowering. Insuffi-

cient information is known to assess gac fruit's 

market potential, growth potential, and post-har-

vest needs [10]. Even though gac fruit is commer-

cially developed on a limited scale in Vietnam and 

Thailand, little is known about its yield capacity or 

the production parameters that influence yield and 

fruit quality, particularly if grown in Malaysia's 

tropical climate. 

Identifying morphological and molecular var-

iation is essential as these data complement each 

other. In many cases, clear molecular differentia-

tion could confirm morphology-based species hy-

potheses. It is not enough to depend on morphol-

ogy alone. Molecular evidence will continue to en-

hance the knowledge of phylogenetic relations for 

ever-increasing molecular datasets. Genetic diver-

sity can be conducted using the ISSR marker to 

analyze gac fruit. ISSR is among the molecular 

markers that can be used despite foreknowledge of 

the DNA sequence to identify polymorphisms in 

microsatellites and inter-microsatellite loci. The 

ISSR marker is one of the markers that produce 

high polymorphism, robust, rapid, simple, repro-

ducible, and inexpensive [11]. Through this pro-

ject, molecular and morphological information 

will help identify the genetic variability of gac 

fruit. Higher variability in the initial breeding ma-

terial thus ensures more significant chances of pro-

ducing desired crop plant forms. This study aimed 

to characterize gac fruit using morphological anal-

ysis involving both vegetative and reproductive 

parts and characterize the genetic diversity in gac 

fruit by using Inter-simpler sequence repeat 

(ISSR) analysis. 

 

Material and Methods 

Sample collection 

A total of four different gac accessions (seeds) 

were collected in Damasara (GD), Melaka (GM), 

Hulu Langat (GH) and Kuantan (GX). In August 

2019, the gac fruit's seeds were sown by hand in 

plastic pots. They were transplanted into polybags 

at an experimental plot at Kulliyyah of Science In-

ternational Islamic University Malaysia (IIUM) 

Kuantan, Pahang. A Completely Randomized De-

sign (CRD) was used for the experimental design 

(Figure 1). The experimental units consisted of 

five replications of four different gac accessions 

with one meter spacing between rows and 50 cm 

spacing between plants within rows. Polyvinyl 

chloride (PVC) structures were used to function as 

the trellis to help support the plant twirl and climb 

up. The trellis was arranged along the rows. Or-

ganic chicken manure and Caviota 2000 Liquid 

Fertilizer were used every week. Natural fungicide 

was also applied when necessary. 

 

Morphological evaluation 

The morphological traits were studied and rec-

orded. The fruits were sliced; the seeds were ex-

tracted from the arils for preservation at -20°C. 

The characteristics of the plant were studied, such 

as leaves, flowers, fruits and seeds.  

 

Quantitative characters of gac fruit 

Quantitative characteristics of gac fruit were 

characterized, including the fruit weight, fruit 

width, fruit length, seed weight, seed length, leaf 

length, and leaf width. All the characteristics were 

recorded and calculated, such as the minimum and 

maximum values and mean. 
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Morphological data analysis 

The means of each of the quantitative charac-

ters were tested using R studio tools for significant 

differences via analysis of variance (ANOVA). 

The Tukey test was used to compare the mean of 

all the recorded parameters. Relationship evalua-

tion between the examined variables and a corre-

lation test was also performed [12]. 

 

DNA extraction 

The DNA was extracted from the young leaves 

of each four accessions using the CTAB method 

according to the protocol described with a few 

modifications with single elution [13]. 

 

ISSR amplification 

A total of 30 ISSR markers (Table 1) were 

used for application in the genetic diversity of gac. 

The composition of PCR reactions was performed 

as follows: 12.5 μL of 2X MyTAQ Red Mix (Bio-

line, UK), 250 ng of extracted DNA, 50 μM of pri-

mer and PCR for the final volume of 25 μL. PCR 

amplification. The amplification for primer was as 

follows: initial denaturation at 94°C for 5 minutes, 

followed by 40 cycles of 94°C for 1 minute, an-

nealing for 1 minute (annealing temperature var-

ied for each primer as stated in Table 1), and elon-

gation at 72°C for 1 minute and final extension at 

72°C for 7 minutes [9]. The amplified DNA was 

separated by electrophoresis in 1.2% agarose (Vi-

vantis Inc., USA) gel in 1X TAE buffer and 5 μL 

of HyperLadderTM 1kb (Bioline Reagents Ltd, 

UK), which then was photographed over ultravio-

let light in a Gel DocTM XR+ System with Image 

LabTM Software (Bio-Rad, Australia). Images 

were used to score amplification products and set 

up the binary data. 

 

Scoring and molecular data analysis 

Thirty ISSR primers were tested on the four 

different gac fruit accessions. The amplified frag-

ments were scored manually for their presence 

(denoted as 1) and absence (marked as 0). The 

fragment data from the primers were pooled to 

generate a binary matrix, which was then used for 

phylogenetic analysis. Fragment size was com-

pared to a molecular weight of the 1 kb DNA lad-

der. Software NTSYSpc version 2.1 was used 

[14], and the distance matrix was computed using 

Nei's genetic method [15] for phylogenetic analy-

sis. The dendrogram was generated using the dis-

tance matrix output into the unweighted pair group 

method with arithmetic mean analysis (UPGMA). 

The average polymorphic information content 

(PIC) and marker index (MI) were calculated for 

each primer combination using the formula as: 

 

PIC = 1 –i   =i=1nfi2 - Equation 1 

         

Where fi is the frequency (f) of the ith allele, 

the PIC value provides an estimate of a marker's 

discriminatory power by balancing the number 

and frequency of alleles at a given locus [16, 17]. 

The PIC product and the number of polymorphic 

bands per assay unit were calculated as marker in-

dices [18]. For analysis, unique marker bands pro-

duced by each primer combination were consid-

ered genetically dominant. The average PIC value 

for each primer pair was obtained by averaging the 

PIC values for each marker band morphotype 

 
Figure 1. The Experimental Design Using Completely Randomised Design (CRD) 
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(absence or presence) scored. In the same way, MI 

was determined as the product of the number of 

polymorphic bands and the corresponding PIC 

value per locus per primer pair [19]. 

 
Results and Discussion 

Morphological characterization 

Due to the limited source of gac seeds culti-

vated and found around Malaysia, 4 gac fruit ac-

cessions were recorded, consisting of GD, GM, 

GH and GX. These gac fruit accessions were col-

lected from different localities i.e., Kota Dam-

ansara (Selangor), Melaka Tengah (Melaka), Hulu 

Langat (Selangor) and Kuantan (Pahang). Gac 

fruit showed significant morphological diversity 

depending on the country and location in which it 

is cultivated [9], with variations in both vegetative 

(leaves) and reproductive (fruits and seeds) com-

ponents. Thus, morphological characterization of 

gac fruit was divided into 2 different characteriza-

tions, i.e., qualitative and quantitative. 

 

Qualitative characteristics of Momordica 

cochinchinensis 

Qualitative characteristics are characteristics 

that can be observed physically while conducting 

any study. Based on observation, the characteris-

tics can be classified into 4 parts, e.g. the flower, 

seed, fruit and leaf (Table 2). All the leaves' results 

showed diverse variability in the leaf's character-

istics. 

GD, GM and GH shared the same leaf mor-

phology regarding the color and leaf parts. Dark 

green adaxial and light green abaxial parts charac-

terized 3 accessions. However, for accession GX 

the adaxial part was deep green in color, while the 

other 3 accessions had broadly acuminate apices. 

GH was distinctively different from the 

Table 1. List of annealing temperatures and primer sequences of ISSR primers. 

No. Primer Primer Sequence (5’-3’) 
Annealing temperature 

(°C) 

1 ISSR1 5’-GAG AGA CAG ACA GAC A-3’ 47 

2 ISSR2 5’-GTG GTG GTG GTG GTG-3’ 47 

3 MISSR1 5’-GAG AGA GAG AGA GAG AC-3’ 42 

4 MISSR4 5’-GTG TGT GTG TGT GTG TC-3’ 51 

5 MISSR8_1 5’-GAG AGA GAG AGA GAG ACT-3’ 51 

6 MISSR8_2 5’-GAG AGA GAG AGA GAG ATT-3’ 42 

7 IS12 5’-AGA GAG AGA GAG AGA GT-3’ 45 

8 IS19 5’-CTC TCT CTC TCT CTC TT-3’ 51 

9 IS20 5’-CAC ACA CAC ACA CAC AA-3’ 51 

10 IS21 5’-CAC ACA CAC ACA CAC AG-3’ 51 

11 IS22 5’-GTG TGT GTG TGT GTG TA-3’ 51 

12 IS23 5’-GTG TGT GTG TGT GTG TC-3’ 51 

13 IS25 5’-TCT CTC TCT CTC TCT CA-3’ 47 

14 IS26 5’-GTG TGT GTG TGT GTG TGT-3’ 56 

15 IS30 5’-ACA CAC ACA CAC ACA CC-3’ 55 

16 IS34/1 5’-GAG AGA GAG AGA GAG ACT-3’ 46 

17 IS34/2 5’-GAG AGA GAG AGA GAG ATT-3’ 51 

18 IS42/2 5’-ACA CAC ACA CAC ACA CTG-3’ 53 

19 IS44/2 5’-ACA CAC ACA CAC ACA CTT-3’ 53 

20 IS45/1 5’-TGT GTG TGT GTG TGT GAT-3’ 53 

21 IS50 5’-GAA GAA GAA GAA GAA GAA-3’ 54.2 

22 IS54 5’-AGA GAG AGA GAG AGA GC-3’ 55 

23 IS55 5’-AGA GAG AGA GAG AGA GA-3’ 51 

24 IS56 5’-TCT CTC TCT CTC TCT CC-3’ 51 

25 IS57 5’-GAG AGA GAG AGA GAG ACT-3’ 46 

26 IS58/1 5’-GTG TGT GTG TGT GTG TCC-3’ 55 

27 IS58/2 5’-GTG TGT GTG TGT GTG TTC-3’ 53 

28 IS78 5’-AGA AGA AGA AGA AGA AGA AGA-3’ 46 

29 IS85 5’-CTC TCT CTC TCA CC-3’ 46 

30 IS90 5’-AGA GAG AGA GAG AGA GG-3’ 51 
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rest of the with its abruptly acuminate apices (Ta-

ble 2). 

Furthermore, GX was the only accession with 

a distinct leaf base which was cordate and doubly 

serrate edges (Figure 3). On the other hand, the 

other 3 accessions (GD, GM and GH) had an au-

riculate base and dentate edges (Table 2). This 

suggested that the character was common from the 

rest, indicating that the gene is responsible for the 

auriculate base and dentate edges being expressed 

more phenotypically than cordate and doubly ser-

rate edges. As for the leaf shape, the four acces-

sions also showed similar characteristics regard-

ing the shape of the leaf (palmatipartite), alternate 

leaf arrangement, palmate leaf's venation and ten-

drils [20]. This indicates the control from hetero-

zygous alleles for both the characters. All 4-acces-

sion had glabrous surfaces except for GX, which 

had a smoother and shinier surface. Figure 3 dis-

plays the morphology of gac fruit leaves. It is 

unknown whether the variations in leaf diversity 

are due to genetic or environmental factors. Like-

wise, whether the diversity of gac vegetative com-

ponents correlates with economically significant 

characteristics such as increased fruit yield (num-

ber of fruits per plant and size) or nutritional and 

phytochemical content. 

The flower is one of the reproductive compo-

nents that has been studied. The male and female 

flowers of the gac fruit had the same color: light 

yellow. However, the female flower of GH had a 

slightly different color which was creamy yellow 

similar to GX accessions (Table 2). In another re-

ported study, the flowers were white to ivory yel-

low [21, 22]. Figure 2 shows the morphology of 

the gac fruit flowers. 

Fruit is a reproductive component that shows 

wide variations. The fruit characteristics for GD 

accession were reddish-orange in color, globose-

oval in shape with medium spike density. The 

 
Figure 2. Flower Morphology. (A) Front View of Male Flowers. (B) Side View of Male Flowers. (C) Front 

View of the Female Flower. (D) Side View of Female Flowers. The Red Arrows Indicate the Pres-

ence of the Ovary (Female Reproductive Part). 
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unripe fruit was yellowish-orange, globose-oval in 

shape with dense spike density for GM accessions. 

At the same time, the fruit characteristics for GH 

accession were orange in color with a tapered 

shape and sparse spike density. In comparison, GX 

has ripe orange fruit with no spike density and a 

globose oval shape. In previous literature, the 

spine density of the fruits varies, ranging from 

dense spines to hard and widely spaced [23] and 

no spines [9] (Table 2). It is uncertain if these dis-

tinctions are genetic or environmental in origin, 

however, they may be impacted by abiotic varia-

bles such as collecting locations or soil nutrients. 

Figure 4 illustrates the fruit morphology of gac. 

In another study [9], the fruit shape ranged 

from globose to globose oval in Southern Vi-

etnam, Northern Vietnam (globose, globose oval, 

oval and tapering), Central Vietnam (globose oval 

and oval) and Thailand (globose, globose oval and 

oval). Globose and oval-shaped fruits were identi-

fied in both Vietnam and Thailand accessions, 

whereas tapered fruits were only observed in 

accessions from the northern part of the country. 

The fruits have a variety of spiky surfaces, ranging 

from densely to lightly covered with spines. The 

presence of sparsely spiky surfaces was only de-

tected in 1 accession from Northern Vietnam. It 

was discovered that Vietnam accessions had the 

greatest variety of fruit shapes, surface texture and 

seeds, with globose to tapered shapes strongly as-

sociated with sparsely spiky surfaces. The fruits 

were harvested after they reached maturity and 

turned from orangey-red to dark red in color [24]. 

The duration for the fruit to mature took 4 to 10 

weeks. 

The size of the ripe gac fruit can be varied. 

However, from the observations, different acces-

sions required different duration for the fruit to 

ripen as the sizes were different. Bigger fruits took 

longer to mature, especially those collected from 

GH (Hulu Langat). Fruits from GD (Damansara) 

appeared smaller than GH, even though they had 

reached the mature ripeness stage. At this rate, GD 

 

 

 
Figure 3. Leaves and Seeds Extracted from Aril. (A) Seeds Extracted from Aril. (B) Adaxial Part of Leaves. 

(C) Abaxial Part of Leaves. Scale Bars: 2cm. 
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only took less than 5 weeks for the fruit to be har-

vested. In this instance, the essential stage is im-

portant as the gac fruit needs to be harvested be-

fore fully ripe to avoid wilting [25].  

The reproductive components, the gac fruit 

seeds, can be classified into mature and immature 

seeds, whereas the mature seeds for GD and GX 

were dark brown in color and GH seeds were 

black. The immature gac fruit seeds were creamy-

 

 

 

 
Figure 4. Fruit Morphology. (A) Gac Fruit at the Field. (B) Front View of Gac Fruit. (C) Cross-Section of Gac 

Fruit. (D) Close-up of the Cross-Section. Abaxial Part of Leaves. Scale Bars: 2 cm. 
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yellow in color. Previous literature stated that the 

seed varied in shape and colors from brown to 

light-black, brown to blackish, black and dark 

black (Table 2; Figure 3) [9, 24]. 

 

Quantitative data analysis of M. 

cochinchinensis 
The morphological evaluations of gac fruit 

quantitative data indicated significant differences 

among the 10 morphological characters studied. 

Quantifying quantitative differences in morpho-

logical characteristics such as fruit weight, fruit 

width, fruit length, seed weight, seed length, leaf 

length and leaf width is possible. Table 3 shows 

the means comparison of quantitative morpholog-

ical characteristics of 4 gac accessions at p ≤ 0.05. 

Results from this analysis were in accordance, 

which showed high genetic diversity in the gac 

fruit studied [22]. In the study, fruit-morphologi-

cal characters revealed highly significant differ-

ences among 16 gac accessions, with a high confi-

dence interval at P ≤ 0.001. 

The leaf of the gac fruit was selected ran-

domly. For the width of the leaf, GD recorded the 

smallest with 14.63 cm, while the biggest was GM 

with 18.17 cm, which showed highly significant 

differences between these two accessions. GH and 

GX respectively recorded 15.93 cm and 17.20 cm. 

The lowest length recorded for GD was 14.93 cm, 

while the longest was GX with 18.6 cm. GH and 

GX had the leaf length of 18.50 cm and 18.43 cm, 

respectively (Table 3). The leaf length parameter 

showed that there was a high significant difference 

especially in accessions GD compared to the other 

3 accessions (GM, GH and GX).  Comparable leaf 

width results were observed.  On average, leaf size 

is about 10 to 16 cm [21], and it was reported that 

the length of the leaf is 8 to 18 cm long [8]. All of 

the gac fruit accessions in this study had three-

lobed leaves. However, gac fruit leaves have been 

observed in three-lobed and five-lobed [9]. This 

may be due to different site collections of the seeds 

in Vietnam and Thailand. 

From the observation, the number of flower 

petals for both male and female flowers was 5 pet-

als. The result was in line with the previous study 

reported [22]. Based on Table 3, GX accession 

recorded the highest fruit weight with 384.73 g, 

followed by GH (334.70 g), GM (285.57 g) and 

GD (193.72 g). This result showed that GD and 

GH showed a highly significant difference be-

tween each other. The highest fruit width was rec-

orded in GH, with 8.67 cm. The second highest 

width was GX with 8.57 cm, then GM with 8.13 

cm while GD had the lowest fruit width with 7.93 

cm. GH attained the maximum fruit length with 

12.13 cm, followed by GX (11.68 cm), GM (11.17 

cm) and GD (9.42 cm). In a study, fruit weight 

ranged from 0.6 to 2.7 kg per fruit and fruit length 

ranged from 13.7 to 21.3 cm [24]. This showed 

that the gac fruits had considerable variability in 

the fruit morphological parameters studied. 

The random collection of gac fruit seeds from 

4 accessions showed that the average weight per 

10 seeds for GD (22.9 g), GH (34.9 g), the least 

was GM (14.3 g) and the highest was GX (39.4 g) 

which showed that accessions GX and GM 

showed high significant different (Table 3). Seed 

length of the gac fruit showed that GD had 2.98 

cm, GM had the lowest length of 1.43 cm, GH had 

3.49 cm and lastly, the highest was 3.94 cm for 

GX. This showed that accessions GM and GX had 

high significant differences from each other (Ta-

ble 3). However, in a study, 10-seed weight of 16 

gac accessions ranged from 21.9 to 44.4 g [26]. 

Moreover, the total number of seeds per fruit was 

21 (GD, GH and GX) and 20 for GM. The research 

in Thailand, the highest number of seeds per fruit 

recorded was 40 seeds compared to South 

Table 3. Means comparison of quantitative morphological characteristics of 4 gac accessions 

Traits 
Accessions 

p-value 
GD GM GH GX 

Leaf width (cm) 14.63 ± 0.85b 18.17 ± 1.04a 15.93 ± 0.51ab 17. 20 ± 0.98a 0.00549 

Leaf length (cm) 14.93 + 0.15b 18.6 ± 0.66a 18.5 ± 1.25a 18.43 ± 1.01a 0.002067 

Fruit length (cm) 9.42 ± 0.07c 11.17 ± 0.2b 12.13 ± 0.15a 11.68 ± 0.08b 5.34e-08 

Fruit weight (g) 
193.72 ± 

0.33c 
285.57 ± 0.51b 

334.70 ± 

0.44a 

384.73 ± 

0.21a 
2e-16 

Fruit width (cm) 7.93 ± 0.15b 8.13 ± 0.15b 8.67 ± 0.21a 8.57 ± 0.06a 0.00104 

Mature seed weight 

(g) 
2.29 ± 0.02a 1.43 ± 0.03c 3.49 ± 0.10a 3.94 ± 0.01b 2.67e-15 

Seed length (cm) 2.98 ± 0.19a 2.20 ± 0.26b 3.10 ± 0.10a 3.93 ± 0.03c 1.40e-05 
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Vietnam, which was 10 seeds. The seed weight 

ranged from 0.88 to 4.64 mg and the length ranged 

from 18.03 to 34.84 mm [9]. The length of the seed 

varied from 18.03 to 34.84 mm. The number of 

seeds per fruit may range from 7 to 54. The coun-

try and location where the seeds were collected 

impact the seeds' morphological variabilities. 

 

Molecular studies 

DNA-based molecular markers are prefera-

ble compared to morphological markers as they 

can give a better estimate of genetic diversity and 

are not influenced by the environment [27]. The 

ISSR method was adopted in this study. Apart 

from its capacity to assess genetic diversity 

amongst closely related species, ISSR offers 

Table 4. ISSR data for molecular characterization 4 gac accessions 

Primer NPB NMB NTB PIC PP MI 

ISSR1 11 7 18 0.39 61.11 23.74 

ISSR2 9 4 13 0.44 69.23 30.47 

MISSR1 13 0 13 0.50 100.00 49.50 

MISSR4 9 1 10 0.46 90.00 41.65 

MISSR8_1 9 2 11 0.46 81.82 37.87 

MISSR8_2 5 2 7 0.48 71.43 34.07 

IS20 6 2 8 0.38 75.00 28.20 

IS21 7 0 7 0.50 100.00 50.00 

IS22 6 0 6 0.49 100.00 48.61 

IS25 9 0 9 0.50 100.00 49.85 

IS30 13 1 14 0.50 92.86 46.37 

IS34/1 7 1 8 0.47 87.50 41.01 

IS34/2 11 0 11 0.48 100.00 48.35 

IS42/1 11 1 12 0.50 91.67 45.52 

IS42/2 11 2 13 0.49 84.62 41.31 

IS44/1 11 2 13 0.50 84.62 42.06 

IS44/2 2 1 3 0.49 66.67 32.41 

IS45/1 8 1 9 0.50 88.89 44.31 

IS45/2 18 0 18 0.50 100.00 50.00 

IS50 5 5 10 0.42 50.00 21.00 

IS52/1 15 3 18 0.50 83.33 41.63 

IS52/2 6 3 9 0.46 66.67 30.76 

IS54 7 3 10 0.47 70.00 32.81 

IS56 6 2 8 0.49 75.00 36.91 

IS57 9 4 13 0.45 69.23 31.34 

IS58/1 9 2 11 0.49 81.82 40.15 

IS58/2 12 0 12 0.50 100.00 49.65 

IS78 12 1 13 0.50 92.31 46.15 

IS83 9 3 12 0.49 75.00 36.46 

IS85 14 3 17 0.48 82.35 39.43 

Total 280 56 336 14.25 2491.11 1191.58 

Average/Primer 9.33EMR 1.87 11.20MR 0.48 83.04 39.72 

Note. NPB: Number of polymorphic bands, NMB: number of monomorphic bands, NTB: number of total bands 

scored, PIC: polymorphic information content, PP: percentage of polymorphism, MI: marker index, MR: mul-

tiple ratios, EMR: effective multiple ratio. 
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several significant advantages, including its speed, 

cost-effectiveness, simplicity and dependability 

[9]. 

DNA extraction and quantification 

The total genomic DNA of all 4 gac accessions 

were successfully extracted from the young leaves 

through a modified CTAB extraction method. The 

average concentration of genomic DNA ranged 

from 135.5 (GH) to 196.8 (GD) ng/µL. DNA 

quantification was conducted through spectrome-

try adjusted at 260/280 nm and agarose gel elec-

trophoresis to confirm the purity of DNA. GD has 

the highest concentration of nucleic acid (196.8 

ng) from all 4 samples, with a purity of 1.34. How-

ever, sample GX has the second-lowest nucleic 

acid concentration (171.9 ng) even though the 

lowest purity recorded was the lowest with 0.88. 

If the ratio is significantly lower (1.6), it may sug-

gest the presence of proteins, phenol or other con-

taminants with a strong absorption band at or near 

280 nm. 

  

ISSR analysis 

Thirty ISSR primers were used to identify the 

variability of 4 gac fruit accessions in this study. 

From all the 30 primers used, all of them showed 

variable banding patterns. All the banding patterns 

of 30 ISSR primers were used to identify the DNA 

variability in gac fruit. 

 

Marker informativeness 

Overall, there were a total of 336 bands pro-

duced using 30 ISSR primers in 4 gac fruit acces-

sions (Table 4). The total number of band scores 

ranged from 3 (IS44/2) to 18 (ISSR1, IS45/2 and 

IS52/1) with an average of 11.20 bands per primer. 

The size of amplified products ranged from 200 bp 

to 10037 bp. 

From the 336 amplified bands, 280 were poly-

morphic bands and 56 were monomorphic bands. 

The number of polymorphic bands varied from 2 

(IS44/2) to 18 (IS45/2). The average number of 

polymorphic bands was 9.33 per primer. The rela-

tive polymorphism was lowest for primer IS50 

(50%) and primer IS21, IS22, IS25, IS34/2 IS45/2 

and IS58/2 displayed the highest percentage of 

polymorphism (100%) with an average of 83.04%. 

This is corroborated by a study that used 2 ISSR 

primers i.e., (GACA)4 to amplify all 20 loci that 

were polymorphic between 550 and 2500 bp and 

(GTG)5 to amplify all 42 gac samples that were 

polymorphic between 350 and 3000 bp [9]. 

The data collected from ISSR profiles using 30 

primers were used to evaluate the efficacy of 

markers in genetic diversity studies using 2 param-

eters i.e., polymorphic information content (PIC) 

and marker index (MI) (Table 4). 

The PIC values varied from 0.39 to 0.50 with 

an average of 0.48. This indicates that level of 

gene variation, when PIC>0.5, the locus was of 

high diversity among the gac fruit accessions. 

Most primers showed PIC values between 0.46 

and 0.50. The high PIC values may be due to the 

abundance of diverse gac fruit accessions and 

highly informative markers. This high level of pol-

ymorphism demonstrates the markers' usefulness 

in the genetic analysis of gac fruit. 

The MI for each primer is reflective of the gen-

eral usefulness of the marker system used [28]. MI 

is derived from the product of PIC and EMR 

which reflects the positive correlation between 

these two. Primers IS21 and IS45/2 gave the high-

est MI (50.00) and primer IS50 showed the lowest 

MI (21.00). The average MI recorded was 39.72. 

EMR readings are often positively correlated with 

the degree of polymorphism and are proportional 

to polymorphic loci. Primer IS45/2 gave the high-

est EMR value (18) and the average EMR was 

9.33 per primer (Table 4). Marker indices are used 

extensively as tools to resolve the discriminatory 

power of numerous markers evaluation of wild 

Salvia [29], Gladiolus hybridus Hort. [30], Perov-

skia abrotanoides [31] and Bambara groundnut 

[32]. From these, ISSR markers used in this study 

revealed high polymorphism in gac fruit, sugges-

ting the numerous high variation microsatellite 

loci in the gac fruit genome. 

The percentage of polymorphism across all the 

samples was 83.04% (Table 4). This finding de-

monstrated that the 30 ISSR primers used were ca-

pable of showing a high degree of variations in gac 

fruit accessions. This is further supported by a pre-

vious study on the use of ISSR markers to show 

the genetic diversity of gac fruit in Vietnam and 

Thailand which showed a high degree of poly-

Table 5. Jaccard’s similarity among the 4 gac fruit 

accessions collected. 

Accessions GD GM GH GX 

GD     

GM 0.67    

GH 0.51 0.53   

GX 0.33 0.27 0.32  

Mean 0.50 0.40 0.32 0.41a 
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morphism (>90%) [9]. Polymorphism in ISSR is 

highly variable in a few different species studied 

before where Rhodiola chrysanthemifolia rec-

orded a polymorphism level of 89.7% [31], 92% 

in mulberry [13], 91.03% in Vigna unguiculata 

spp. Sesquipedalis [33], 57.5% in Viagna mungo 

[34] and 73.6% in Tribulus terrestris [35]. Gener-

ally, ISSR markers are useful and efficient for 

identifying hybrids in controlled crosses from the 

different genetic backgrounds [36], but also can be 

used extensively for fingerprinting, phylogenetic 

analysis, population structure analysis, varie-

tal/line identification, genetic mapping and 

marker-assisted selection [37]. 

 

Phylogenetic analysis 

The phylogenetic analysis result is critical for 

elucidating biological diversity and genetic classi-

fications among 4 gac fruit accessions to aid in the 

development of future plant breeding systems. 

The genetic relationship between 4 gac fruit 

accessions was illustrated using Jaccard's similar-

ity coefficient (Table 4) in a dendrogram (phylo-

genetic tree). Sequential agglomerative hierar-

chical nested clustering (SAHN) analysis and the 

unweighted pair group method of arithmetic aver-

ages were used to create the phylogenetic tree 

(UPGMA) (Figure 5). NTSYSpc software was 

used to calculate Jaccard's pairwise similarity co-

efficient using 30 primers. The mean similarity co-

efficient was 0.41, with values ranging from 0.31 

(GH and GX) to 0.67 (GD and GM) (Table 5). The 

wide range of genetic similarities between gac 

fruit accessions reveals the significant heterogene-

ity among them. In a study, the genetic similarities 

of 42 gac fruit accessions using ISSR data and 

found that T1 toT3 accessions were the most ge-

netically similar (100% similar to each other) [22]. 

Phylogenetic tree analysis showed the group-

ing of all gac fruit accessions into 2 main groups 

at the similarity coefficient of 0.31 (Figure 5). 

Cluster I was the biggest group which consisted of 

3 accessions (GD, GM and GH). This proved that 

individual segments are most similar to each other 

with a similarity coefficient of 0.50. Data sug-

gested that GD and GM were the closest to each 

other (0.67).  While GH was closer to GD (0.51) 

and GM (0.53) in Group I. 

Group II consisted of only accession GX. It is 

obvious that GX was excluded from the rest of the 

accessions and grouped in a separate branch 

(clade) at a similarity coefficient of 0.31 as the 

most distant of all in Group II. This showed that 

GX had substantially different characteristics from 

the distribution in the remaining accessions.  This 

showed that there were high genetic variabilities 

among the gac fruit accessions. GX was observed 

to be divided into Group II, implying that human-

induced purposeful and unintentional seed, fruit 

and plant interchange enhances species dispersion 

and, as a long-term effect, may alter the genetic 

structure of the species. GX also was collected on 

the East Coast of Malaysia (Pahang) while the 

other 3 accessions were collected on the West 

Coast of Malaysia (Selangor and Melaka). This 

shows that differences identified at the genetic 

level might be due to geographical variations be-

tween the collection's locality. Farmers collected 

gac fruits and seeds from the wild and exchanged 

them with other farmers, relatives and acquaint-

ances. Due to human and environmental interac-

tions, this random exchange of seeds contributes 

to increasing genetic diversity and gene flow [38, 

39]. 

GD and GM, which had the highest similarity 

coefficient values of 0.67, indicated that these ac-

cessions evolved in close proximity and may have 

been influenced by similar evolutionary factors. 

Group I accession (GD, GM and GH) had the 

greatest intra-group distances. This indicates that 

these 3 accessions share a nearly identical genetic 

makeup with only a few minor differences due to 

the evolutionary channel. Indeed, several acces-

sions have developed with close associations, pos-

sibly as a result of exchanges between similar lo-

calities as the gac fruits were collected in areas 

around Malaysia. 

Gac fruit is a dioecious plant that reproductive 

procedures often result in a population with a high 

degree of genetic heterogeneity due to gene mate-

rial exchanged via outcrossing breeding systems 

[26, 40]. Corresponding with this, dioecious 

Momordica species exhibit a more significant pro-

portion of genetic diversity than monoecious spe-

cies [10], probably owing to their pollination strat-

egy, which includes wind and insects [10, 41]. 

However, this strategy's reproductive success may 

be compromised by self-incompatibility [42], ge-

ographical constraints and pollinators' short 

flight distance. The human factor has previously 

been proven to be responsible for the absence of 

association between genetic and geographical dis-

tance in some circumstances [43]. 
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Conclusion 

In conclusion, gac fruit accessions collected 

from different locations in Malaysia showed high 

genetic diversity in both morphological and mo-

lecular. Due to many morphological similarities 

observed in the four gac fruit accessions studied, 

the use of ISSR markers had enabled us to differ-

entiate between these four genotypes genetically. 

ISSR markers have been proven to be a practical 

approach to identifying gac fruit's genetic diver-

sity, soon initiating a large-scale Malaysian gac 

fruit breeding program. 
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