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ABSTRACT

Annona muricata L. commonly known as soursop is an underutilized fruit crop species in Sri Lanka
gaining much importance in the recent past due to its high nutritional and medicinal value. Soursop
germplasm collections are available within the country and assessing the genetic diversity is
needed to proceed with conservation, detecting promising lines and breeding programs. This study
was conducted to assess the genetic diversity of 50 soursop individuals using Inter-Simple
Sequence Repeat (ISSR) markers. The study was conducted at Plant Genetic Resources Centre
of the Department of Agriculture in Gannoruwa during 2017 to 2019. DNA of the 50 soursop
samples were extracted using CTAB method and Polymerase Chain Reaction (PCR) was carried
using 13 Inter Simple Sequence Repeat (ISSR) Markers. PCR products were visualized using 1.5
percent Agarose gel electrophoresis under the Biorad Gel documentation system and analyzed
using POPGENE 1.31. PCR amplified 139 bands from 13 ISSR markers among which 118 were
found to be polymorphic. The polymorphic band percentage was 85 percent while as the average
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Lanka.

number of bands observed (Na) was 1.8489 and the effective allele number (Ne) was 1.5377. The
Nei's gene diversity index (h) was 0.3079. The Shannon Information Index (I) found to be 0.4556.
Dendrogram constructed based on the UPGMA method clustered the studied accessions into four
major clusters at 80 percent similarity level. Results revealed considerable degree of genetic
diversity existed within the studied soursop germplasms at Sri Lanka. Existing genetic diversity
within soursop individuals will serve as germplasm bank to identify and utilize potential germplasm
resources for conservation and future breeding programs to develop quality soursop varieties in Sri

Keywords: Molecular characterization; soursop; ISSR markers; underutilized fruits; germplasm

conservation.
1. INTRODUCTION

Annona muricata L. is a specie belongs to family
Annonaceae, [1] commonly known as soursop. It
is a tropical fruit specie native to Central America
and Caribbean presently distributed in tropics
and sub tropics [2]. In Sri Lanka, the fruit is
unexploited as it is mostly confined to home
gardens and commonly known as “Katu Anoda"
or "Katu Artha" [3]. Lack of awareness among
people and unavailabilty of commercial
cultivations has made the fruit to be categorized
as an underutilized fruit species in Sri Lanka [3].
Soursop gained much importance in the recent
past due to its rich nutritional status containing
vitamins, minerals & bioactive chemical
substances [2,4]. These compounds including
acetogenins have anti-tumoral insecticidal,
antibacterial, immune-suppressant, pesticidal or
anthelminthic properties [5,6] with a significance
towards its medicinal value. The Soursop fruits
are consumed widely as fresh form and also
used in other industries such as wine, jellies,
beverages, jam, etc [7].

Assessing the genetic diversity of a plant species
aids and contributes in exploring biological
evolution and biodiversity, adaptation potential,
conservation and its use as genetic resources
[8]. Knowledge generated on genes, individuals,
species and communities will support towards
better understanding of biodiversity and
conservation of environmental resources using
adequate strategies [8]. Likewise, furthering
characterized information will maximize the
effective utilization of germplasms by the plant
scientists.

Morphological characterization will not be most
effective in germplasm characterization as they
are significantly affected by environmental
influences and changing climatic conditions [9].
Molecular characterization to assess the genetic
diversity using molecular markers contributes

more towards conservation and utilization of
biological resources [8], aids in management and
conservation of biodiversity, being an efficient
alternative to the conventional diversity analyses
[10]. Amplified Fragment Length Polymorphism
(AFLP), Restriction Fragment Length
Polymorphism (RFLP) are DNA based markers
which have been widely used in assessing
genetic diversity and genetic variations detected
by Random Amplified polymorphic DNA (RAPD)
were also quite efficient [11,12,13]. Inter Simple
Sequence Repeat (ISSR) markers were recently
introduced as a rapid inexpensive, repeatable
marker  generating  higher  polymorphism
compared to other marker techniques [14]. ISSR
markers are PCR based and are identified as a
marker which can rapidly differentiate between
closely related individuals [15]. Marker is much
informative  for species where genome
sequences are unavailable [16].

ISSR analysis is used in studies involved in
genetic identity, parentage, clone and strain
identification and taxonomic studies of closely
related species due to its ability to produce multi
locus finger printing profiles [17]. ISSR markers
have also reported to be suitable for
characterization of fruit species in combination
with other markers [18]. Many reports are
available on assessing the genetic diversity using
DNA markers among species of several
horticultural crops thus, it appeared that ISSR
markers are useful in elucidating the genetic
diversity of species towards their efficient
breeding and genetic resource management.
Due to the above-stated advantages, ISSR
markers are selected to assess the genetic
diversity of Annona muricata (L) germplasm in
present study.

Germplasm collections of soursop are available
in major research stations of the Department of
Agriculture, Sri Lanka. Assessment of the genetic
diversity of these genotypes have not been
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conducted properly. Currently there are no
developed cultivar or variety for soursop in Sri
Lanka and assessing the genetic diversity of the
existing germplasms will immensely support
towards selection, breeding and Marker Assisted
Selection (MAS) in development of high quality
soursop cultivars and varieties as well as in
future germplasm conservation strategies.
Therefore, this research study employed 13
ISSR markers to characterize selected soursop
germplams and determine the degree of genetic
diversity. This is the first report on
comprehensive molecular characterization of
soursop using ISSR markers to assess the
genetic diversity of Annona muricata (L) in Sri
Lanka.

2. MATERIALS AND METHODS

2.1 Plant Materials

The leaf samples were collected from 50
selected soursop individuals distributed in
central, Northern, Sabaragamuwa, and Uva

provinces in Sri Lanka. These samples were
selected to represent a wide geographical range
where the soursop plants are abundantly
available. Among these areas where samples
have been collected, Girandurukotte, Horana,
Gannoruwa and Ambatenna represents the
maintained germplasm collections of soursop
under the Department of Agriculture, Sri Lanka.
Young tender leaves from each soursop
genotype were collected and processed for DNA
extraction. Details of the collected soursop
germplasm have been indicated in Table 1 and
Fig. 1.

2.2 DNA Extraction & Detection

Genomic DNA was extracted from 2 g of fresh
leaves by Cetyl-Tri-methyl Ammonium Bromide
(CTAB) method [19] with a few modifications
(modified CTAB method). Leaves were grounded
in liquid nitrogen to form a fine powder and
transferred into a microtube containing 4 ml of
preheated (65°C) 2 percent CTAB Buffer (5M
NaCl, 0.5M EDTA, 1M Tris HCI, Distilled water)
at a water bath. 20 pl 0.2% beta-
mercaptoethanol was added together with a
pinch of Poly Vinyl Pyrrolidine (PVP). The
samples were incubated at 65°C for 45 minutes
while shaking the tubes. Samples were kept for
cooling and 4 ml of chloroform: Iso Amyl Alcohol
(24:1) was added. Tubes were shaken slowly for

10 minutes and centrifuged at 13,000 rotation per
minute (rpm) for 15 minutes. The supernatant
was separated into a new tube and pellet was
discarded. Chloroform: Iso Amyl Alcohol step
and centrifugation step was repeated once again.
The upper aqueous layer was separated and 2/3
of Ice Cold 100 percent Ethanol was added and
mixed slowly. Samples kept at -20°C for 2 hours
or overnight. Samples were centrifuged again at
10000 rpm at 4°C for 10 minutes. The pellet
obtained was washed two times with 70 percent
Ethanol and the pellet was air-dried. Finally, the
DNA pellets were dissolved in TE Buffer (50Mm
Tris HCI, 10 Mm EDTA). The DNA quality was
detected by 0.8 percent Agarose gel
electrophoresis run at 60 Volt for 30 minutes.
Raw DNA image was detected after ethidium
bromide staining and visualization through the
Bio-rad gel documentation system. Raw DNA
concentration was determined against Lambda
50 standard. DNA was diluted to 45 ng/ pl with
TE (Tris, EDTA) and stored at -20°C until
brought into use.

2.3 ISSR- PCR amplification

Thirteen ISSR markers (University of British
Columbia, Canada) were wused for PCR
amplification and genetic diversity assessment of
soursop (Table 2).

PCR amplification was carried out in a 10.00 pl
reaction volume containing 0.25 mM dNTP Mix, 2
mM MgCl,, 0.75 Units Taq DNA polymerase, 1x
PCR Buffer, 1.00 uM Primer 4.30 pl of distilled
water with 45 ng of genomic DNA. The
amplification was performed in a Veriti thermal
cycler (96 wells) of Applied Biosystems with
reaction conditions programmed as initial
denaturation at 94°C for 5 minutes followed by
second denaturation at 94°C for 45 seconds,
annealing at 52°C for 1 minute, extension at
72°C 2 minutes and a final Extension was done
for 10 minutes at 72°C. Amplicons were
separated by performing electrophoresis using
TBE (Tris-Boric-EDTA) buffer and using a 1X
buffer to have a final concentration of 1.5% in the
Agarose gel. As a reference, 100 base pair (bp)
DNA ladder (Promega, USA) was included in all
gels to estimate the size of the bands. The gel
was stained with ethidium bromide and
visualized under UV light using the BIORAD gel
documentation system (Bio Rad Laboratories,
Hercules, CA). Image editing was done using
Quantity One software.
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Table 1. Selected germplasm accession and their sites of collection along with their codes for
genetic diversity analysis through ISSR Markers in soursop (Annona muricata L.)

Name of the germplasm District Name of the germplasm Code
collection site accession

FRDI, Horana Kaluthara H-01 01
FRDI, Horana Kaluthara H-02 02
FRDI, Horana Kaluthara H-19 03
FRDI, Horana Kaluthara H-30 04
FRDI, Horana Kaluthara H-34 05
FRDI, Horana Kaluthara H-44 06
FRDI, Horana Kaluthara H-36 07
FRDI, Horana Kaluthara H-24 08
FRDI, Horana Kaluthara H-13 09
FRDI, Horana Kaluthara H-M2 10
IFCO Farm, Badulla Badulla RW 2899 11
IFCO Farm, Badulla Badulla RW 2898 12
IFCO Farm, Badulla Badulla RW 2918 13
IFCO Farm, Badulla Badulla RW 2921 14
IFCO Farm, Badulla Badulla RW 654 15
IFCO Farm, Badulla Badulla SSV 659 16
IFCO Farm, Badulla Badulla SSV 640 17
IFCO Farm, Badulla Badulla SSV 649 18
AF, HORDI, Ambatenna Kandy Am1 19
AF, HORDI, Ambatenna Kandy Am2 20
FCRDS, Gannoruwa Kandy G-01 21
FCRDS, Gannoruwa Kandy G-325 22
FCRDS, Gannoruwa Kandy G-A 23
FCRDS, Gannoruwa Kandy G-137 24
FCRDS, Gannoruwa Kandy G-AS 25
FCRDS, Gannoruwa Kandy G-41 26
ARS, Girandurukotte Badulla GK-175 27
ARS, Girandurukotte Badulla GK-159 28
ARS, Girandurukotte Badulla GK-170 29
ARS, Girandurukotte Badulla GK-197 30
ARS Girandurukotte Badulla GK-90 31
ARS Girandurukotte Badulla GK-167 32
ARS, Girandurukotte Badulla GK-168 33
ARS, Girandurukotte Badulla GK-29 34
ARS, Girandurukotte Badulla GK-25 35
ARS, Girandurukotte Badulla GK-195 36
ARS, Girandurukotte Badulla GK-68 37
ARS, Girandurukotte Badulla GK-172 38
ARS, Girandurukotte Badulla GK-30 39
ARS, Girandurukotte Badulla GK-171 40
Jaffna Jaffna J-1 41
Jaffna Jaffna J-2 42
Peradeniya Kandy PD 43
Kegalle Kegalle KG 44
Awissawella Colombo AW 45
Gampola Kandy GAM 46
Medawala Kandy MED 47
Kundasale Kandy KUN 48
Kadugannawa Kandy KAD 49
Pilimathalawa Kandy PIL 50

FRDI- Fruit Research & Development Institute; AF,HORDI-Ambatenna Farm, Horticultural Crop Research &
Development Institute; FCRDS-Fruit Crop Research & Development Station;, ARS- Agriculture Research Station
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Fig. 1. The map showing the districts of selected germplasm collection sites of accessions for
genetic diversity analysis through ISSR Markers in soursop (Annona muricata L.)

Table 2. ISSR markers used for screening of Soursop germplasms during 2017-2019

Marker Nucleotide Sequence Melting Annealing
name temperature temperature
UBC 812 GAG AGA GAG AGA GAG AA 47.1°C 52°C

UBC 841T GAG AGA GAG AGA GAG ATC 48.5°C 52°C

UBC 841Y  GAG AGA GAG AGA GAG ACC 45.7°C 52°C

UBC 873 GAC AGA CAG ACAGACA 47.4°C 52°C

UBC 888 (C,GorT)(A,GorT)(C,GorT)CAC ACA 52.4°C 52°C

CAC ACACA

UBC 807 AGA GAG AGA GAG AGA GT 48.9°C 52°C

UBC 809 AGA GAG AGA GAG AGA GG 51.3°C 58°C

UBC 840a GAG AGA GAG AGA GAG ACT 51.3°C 58°C

UBC 810 GAG AGA GAG AGA GAG AT 48.9°C 50°C

UBC 848a CAC ACA CAC ACA CAC AAG 51.3°C 52°C

UBC 850a GTG TGT GTG TGT GTG TCC 51.3°C 56°C

TC 10G TCT CTC TCT CTC TCT CTCTCG 51.3°C 58°C

UBC 855 ACA CAC ACACACACACT 49.8°C 50°C

2.4 Data Analysis

Amplified PCR products which resulted clear and
reproducible bands were selected to generate a
score file based on their presence (1) and

absence (0). The size of the amplicons were
estimated by a 100 bp DNA ladder. The genetic
relationship between selected accessions and
percentage of polymorphism was analyzed using
the Popgene version 1.31 software [20]. Genetic
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diversity was evaluated by calculating the overall
gene frequency, Nei's Genetic identity &
distance, Nei's (1978) Gene diversity (h),
Shannon’s Information Index (I), percentage of
polymorphic bands & Dendrogram based on
Nei’s (1972) genetic distance evaluated by
Unweighed Pair Group Method using Arithmetic
averages (UPGMA) [21]. Nei-Li similarity
coefficient [22] was used to describe the
relationships among the accessions and to
generate UPGMA dendrogram. The Polymorphic
Information Content (PIC) was calculated with
the following formula: PIC - 1- 3" P,-2 where j is
the i-th allele of the j-th marker, n is the number
of the j~th marker’s alleles, P is allele frequency
[23].

3. RESULTS

Thirteen ISSR markers were used to assess the
genetic diversity of fifty soursop genotypes. Band
amplification results yielded one hundred thirty
nine bands out of which one hundred eighteen
bands found to be polymorphic resulting 85
percent polymorphism. The size of the amplified
products ranged between 100 to 1500 base pair
(bp) compared to a 100 base pair ladder (Fig. 2).
The number of bands amplified by thirteen ISSR
markers ranged from eight (UBC 840a) to
thirteen (UBC 809) bands and the number of
polymorphic bands ranged from 4 (UBC 855) to
12 (UBC 809) where UBC 809 primer
generated highest number of bands (Table 3).
The highest percentage of polymorphic loci was
generated from primer UBC 841T, UBC 807 &

UBC 840a resulting 100 percent of
polymorphism. The polymorphism percentage for
primers ranged from 44.44 percent to 100
percent with an average of 85.12 percent (Table
3).

PIC values ranged from 0.201 to 0.401 with an
average of 0.305. Primer UBC 840a was the
most informative generating the highest PIC
value of 0.401 an indication of the effectiveness
of primers used in assessing genetic diversity of
soursop. The lowest PIC value belonged to ISSR
UBC 855 (0.179). The average gene diversity
ranged from 0.176 to 0.401. The average
effective allele number (Ne) was 1.5377 & the
average Nei's gene diversity index (h) was
0.3079. The average Shannon information index
() was 0.4556 indicating moderate level of
genetic diversity. The fragment size of the
thirteen primers ranged from 150 bp to 1500 bp
(Table 3).

The highest genetic identity coefficient of 0.9856
recorded between 22 (325) & 23 (A) genotypes
collected from FCRDS, Gannoruwa and between
06 (36) & 07 (44) genotypes collected from FRDI,
Horana and this seemed to depend on the similar
location and environmental conditions. Moreover,
the highest genetic distance coefficient of
0.6440 with a maximum distance was observed
between genotype 13 (RW 2918) from IFCO
farm, Badulla and 43 (J-2) genotype collected
from Jaffna. This might be due to variability in
environmental conditions and the originality of
the genotypes.

Table 3. ISSR data obtained for 50 genotypes including number of polymorphic bands,
percentage of polymorphism, gene diversity, Shannon’s information index and polymorphic
information content (PIC) values

ISSR Number of Number of Percentage of Gene Shannon’s PIC
marker amplified polymorphic polymorphism diversity information
bands bands % index

UBC 841T 11 11 100 0.373391 0.543109 0.373
UBC841Y 12 11 91.66 0.315367 0.472742 0.314
UBC 812 * 11 8 72.72 0.244936 0.369745 0.243
UBC 873 11 8 72.72 0.229145 0.348355 0.227
UBC 888 12 11 91.66 0.309183 0.467075 0.309
UBC 807 11 11 100 0.363191 0.534964 0.365
UBC 809 13 12 92.30 0.365954 0.529431 0.367
UBC 840a 8 8 100 0.401588 0.587213 0.401
UBC 810 10 9 90 0.32687 0.48026 0.327
UBC 848a 10 9 90 0.2021 0.32615 0.201
UBC 850a 12 10 83.33 0.34915 0.5045 0.349
TC 10G 9 7 77.77 0.326767 0.473822 0.320
UBC 855 9 4 44.44 0.176589 0.258722 0.179
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Fig. 2. Profile of the ISSR fragments amplified by primer UBC 841a for soursop (Annona
muricata L.) genotypes belonging to germplasm collections and different locations in
Sri Lanka. L indicates the 100 base pair DNA ladder (Promega, USA) and the number well
indicated each genotype of soursop
(27-GK-175, 28-GK-159, 29-GK-170, 30-GK-197, 31-GK-90, 32-GK-167, 33-GK-168, 34-GK-29, 35-GK-25, 36-
GK-195, 37-GK-68, 38-GK-172, 39-GK-30, 40-GK-171, 41-J-1)

A dendrogram based on UPGMA analysis is
presented in Fig. 3. According to the
dendrogram, fifty soursop genotypes were
separated into four major clusters at 80% genetic
similarity level (Fig. 3). In general, the samples
collected from major germplasm locations in
IFCO Farm, AF, HORDI, ARS, Girandurukotte
and FRDI, Horana formed distinct clusters in the
dendrogram exhibiting the geographical similarity
within the genotypes and it seemed that they
have the same genetic origin. The samples
collected from different geographical locations
and FCRDS, Gannoruwa genotypes grouped
together indicating genetic relatedness among
the genotypes.

Distinct separation of each genotype was
exhibited by the cluster analysis where the
dendrogram divided the fifty individuals in to four
major clusters. Cluster one composed of
genotypes from FRDI, Horana and divided into
two sub clusters (A1 & A2). Sub cluster A1
consisted of genotype M2 (10) and genotype 01
(01) obtained from FRDI, Horana and sub cluster
A2 with rest of the genotypes obtained from the
same germplasm. The division within the same
cluster may be due to unique morphological
characters such as large fruits with higher brix
values. These characters were prominently

expressed by the two genotypes (M2 and 01) in
sub cluster A1 compared to rest of the genotypes
clustered in the sub cluster A2 with similar
morphological characters such as leaf shape,
number of fruits, size of the fruits etc. within the
same germplasm. Cluster two composed of
accessions from FCRDS, Gannoruwa together
with genotypes collected from Jaffna (41, 42),
Peradeniya (43), Kegalle (44), Awissawella (45),
Gampola (46), Medawala (47), Kundasale (48),
Kadugannawa (49), and Pilimathalawa (50)
irrespective of the location where samples
collected. Cluster two divided into two sub
clusters as B1 with genotype 43 (Peradeniya) &
B2 with genotypes obtained from germplasm
collection at FCRDS, Gannoruwa (21, 22, 23, 24,
25, and 26) and genotypes obtained from
Pilimathalawa (50), Medawala (47), Gampola
(46), Awissawella (45) and Kegalle (44). These
genotypes were obtained from home gardens
representing different agro ecological regions of
the country where soursop plants are abundantly
available.

Cluster three included fourteen genotypes
collected from ARS, Girandurukotte
(27,28,29,30,31,32,33,34,35,36,37,38,39,40)

grouped according to the geographical origin of
the genotypes. The cluster provided evidence for
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the close proximity and similar morphology (leaf
type, fruit size, pulp colour, brix value) of the
genotypes within the same geographical location
sharing a common origin. Cluster four composed
of genotypes collected from IFCO Farm, Badulla
(11, 12, 13, 14, 15, 16, 17, 18) and AF, HORDI
(19, 20) which are distant locations yet grouping
together within the same cluster. Cluster four

o

divided in to two sub clusters as sub
cluster D1 and D2 with genotype 11 (RW 2899),
19 (Am1) in cluster D1 and genotype 12 (RW
2898), 13 (RW 2918) 14 (RW 2921), 15 (RW
654), 16 (SSV 659), 17 (SSV 640), 18 (SSV
649), 20 (Am 2) in Sub cluster D2. These
soursop genotypes may be genetically distant
relatives placed in the adjacent genetic groups.

18
Cluster 4

D2

a7 L IFCO Farm

15 & AF,
16 HORDI

c2

Cluster 3

30| ARS,
33| Girandurukotte

FCROS,

a1 Gannoruwa
42 = & olher

Cluster 2

B1

44 Iocalions

Cluster 1

o7
AZ =t —— ol FRDI,
— 08 Horana

20 10

Fig. 3. Dendrogram constructed with UPGMA clustering method among 50 germplasm
accessions of Annona muricata (L) using 13 ISSR markers
ARS-Girandurukotte;

FRDI-Horana
{Samples-IFCO Farm, Badulla -RW
2899(11),RW2898(12),RW2918(13),RW2921(14),RW654(15),SSV659(16), SSV640(17),SSV649(18),AF,HORDI-
Am 01(19),Am 02(20), FRDI, Horana — H-01 (01),H-02 (02), H-M2 (10),H-19 (03),H-34 (05),H-24 (08),H-44
(06),H-36 (07),H-13 (09),H-30 (04) FCRDS, Gannoruwa —G-01(21),G-325(22), G-A(23),G-137(24),G-AS(25), G-
41(26) J1(41), J2(42), PIL (50), AW(45), KG(44) , GAM (46),MED (47),KUN (48),KAD (49),PD (43)

ARS, Girandurukotte-GK-171 (40), GK-170 (29), GK-175 (27),GK-197 (30), GK-90 (31), GK-167 (32), GK-159
(28),GK-168 (33),GK-172 (38), GK-29 (34), GK-195 (36), GK-68 (37),GK-30 (39), GK-25 (35)}
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4. DISCUSSION

Tree species which are tropical and sub-tropical,
are still in the primitive stage of domestication
where their genetic resources are present in situ
or ex situ on farms, home gardens, orchards or in
natural populations [24]. Many of these plant
species are a source towards achieving food and
nutritional security [25] yet due to lack of
attention, these plant species remain
inadequately characterized and neglected by
research and conservation [25]. Soursop is an
underutilized fruit species in Sri Lanka [3] mostly
confined to home gardens. The present study is
the first attempt in comprehensive assessment of
genetic  diversity of available soursop
germplasms using ISSR markers conducted
in Sri Lanka. In the present study, thirteen
primers of ISSR used to assess genetic diversity
of fifty genotypes. The results revealed higher
degree of genetic variation among soursop
genotypes with 85% polymorphism. Diversity of a
species plays a major role in adapting to
environmental changes [26] yet genetic diversity
revealed by the present study of soursop
genotypes provided important insights of the
existing genetic diversity prevailing within
Sri Lanka.

The obtained dendrogram were able to display
the grouping of soursop genotypes in an effective
manner where no duplicates were identified
within the studied genotypes. Discrepancies
were evident with genotypes from different sites
of collection found clustering together indicating
no correlation between ISSR markers based
clustering and their geographical origin. The first
and third clusters were grouped in accordance
with the geographical location describing the
close genetic proximity of genotypes. Grouping
of samples together in each germplasm
collections may be due to the presence of a
common dgenetic origin among the samples
tested despite their geographical region. The
results provided a clear evidence for the genetic
diversity prevailed within the studied genotypes
of A. muricata.

The polymorphic information content value
provides the discriminating power of the locus
using expressed number of alleles and the
frequency of those alleles [27] being an important
tool in representing the genetic diversity.
Accordingly, the maximum PIC value for a
dominant marker is 0.5 [28] and the PIC value
generated in the present study by primer UBC
840a was 0.401. The higher PIC value

represented useful information in screening the
diversity and polymorphism among the studied
soursop genotypes. The Shannon’s Information
Index value of 0.4556 and gene diversity value of
0.3079 also provided evidence for moderate to
higher degree of diversity within the studied
soursop  genotypes. Soursop  genotypes
belonged to same germplasm collection site
indicated highest genetic identity coefficient of
0.9856 between 22 (325) & 23 (A) genotypes
collected from FCRDS, Gannoruwa and between
06 (36) & 07 (44) genotypes collected from FRDI,
Horana. A study evaluating the genetic diversity
of Annona crassiflora by Telles et al. (2003)
reported that lower genetic distance among
individuals within the same location may be due
to sharing a common ancestor [29].

Assessing the genetic diversity of a species can
aid in identifying alleles that might affect in the
ability of an organism to survive or enable to
prevail in its existing environment or in a more
diverse habitat. Revealing such variations is
valuable for germplasm conservation, individual
population, variety and breed identification [30].
Annona species were able to generate moderate
to higher degree of diversity in the previous
studies conducted. Ronning et al. [31] evaluated
genetic diversity of atemoya, sugar apple and
cherimola using 15 RAPD primers and observed
highly distinct polymorphic patterns. Five RAPD
primers were also utilized to assess the genetic
diversity of 11 sugar apple genotypes by Bharad
et al. [32] where 73% of polymorphism resulted.
Another study using thirty ISSR markers to
reveal the genetic diversity of four annona
species generated 58% polymorphism dividing in
to three maijor clusters [33].

Presently ISSR markers are routinely used in
ecological, evolutionary, taxonomical, phylogenic
and genetic studies of plant sciences [34,35].
The utility of ISSR markers in estimating the
genetic diversity has been demonstrated in many
crops as well as in underutilized crop species.
Thirty ISSR markers have been able to generate
58 percent polymorphism and effective clustering
of the Annona species in South Andamans and
proved to be suitable in characterization of
annona species as demonstrated by Ahmad in
2010 [33]. Similar studies have been conducted
in assessing the genetic diversity in Annonaceae
species. As a comparison, 15 selected primers
were used to evaluate genetic diversity of
Annona crassiflora and these primers generated
140 bands of which 123 (87.8 percent) were
polymorphic [36]. In contrast, 15 primers were
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selected to analyze genetic variation between A.
cherimola, A. squamosa and their hybrids where
a total of 92 bands were produced while 86
bands (93.5 percent) were polymorphic [24].

Similarly in the present study, 13 ISSR markers
were able to generate 139 bands where 118
found to be polymorphic with 86 percent
polymorphism. The amplification may depend on
the random marker sequence and their
compatibility within the genomic DNA [37] which
revealed a higher degree of polymorphism
among the studied genotypes. ISSR markers
were able to exhibit a unique banding pattern for
each marker generating different amplification
results and it highlighted the efficiency of ISSR
markers in identifying the genetic diversity and
determining polymorphisms in soursop
genotypes.

Different results were also reported in previous
studies in revealing the genetic diversity of
soursop. This may be due to the variability in
marker efficiency which may significantly vary in
different plant types. The extent of genetic
variation of the studied plant species and the
primer sequence may affect the degree of
polymorphism resulted from each marker. Except
for one primer (UBC 855) all the other 12 primers
were able to generate more than 70 percent
polymorphism in the studied soursop genotypes
in Sri Lanka. The clustering pattern also revealed
genetic  diversity existed among soursop
genotypes effectively. None of the evaluated
accessions of soursop were previously evaluated
for genetic diversity.

Plant genetic resources plays an important role
in biodiversity conservation by providing valuable
genetic variations which allows to develop new
and improved cultivars [38] yet many tree
species are increasingly vulnerable to loss of
genetic variability with the changes of climatic
factors [39]. Advantage of species with rich
genetic diversity like Annona muricata is that it
can easily adapt and conform to a wide range of
environmental conditions in comparison to none
genetically diverse species as those of the
domesticated crops [33]. The determination of
genetic variability is important for breeders when
developing varieties with better characteristics
and productivity [40]. The results generated from
this study can be combined with a detailed
morphological characterization of soursop and
this information can be used in future breeding
programs to develop elite soursop cultivars and
varieties in Sri Lanka.
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Previously Simple Sequence Repeat (SSR)
molecular markers developed for A. cherimola
were used to assess the genetic diversity of
soursop germplasm resources where no
significant variation was observed [41]. The
present study utilized ISSR molecular markers to
reveal the genetic diversity among selected
soursop germplasm within Sri Lanka and to our
knowledge it is the first such study conducted to
identify the genetic diversity among the soursop
genotypes. Higher degree of genetic variation
was observed among the studied genotypes of
soursop.

Studying the genetic diversity of Annona
muricata germplasm in Sri Lanka carried out
using ISSR markers has been effective in
generating considerable degree of
polymorphism. As the ISSR markers correspond
to gene rich regions linking coding regions [42],
incorporation of a relatively higher number of
ISSR markers will be effective in revealing a
higher degree of genetic diversity within a
species and in between species. This approach
will be useful in future work with relation to
genetic diversity assessment in soursop.

5. CONCLUSION

Characterization of the available germplasm of
soursop is an important step towards future
breeding, varietal development and genetic
resources conservation programs in Sri Lanka.
As the first approach, this study utilized fifty
genotypes selected from different germplasms
and locations to identify the existing genetic
diversity within the species. In the present study,
limited number of samples and ISSR markers
were able to generate a considerable degree of
polymorphism giving insights towards an intense
characterization program aiming crop
development. Future studies can be aimed at a
comprehensive phenotypic assessment and
incorporating more molecular tools and
techniques as whole genome sequencing for
soursop germplasm characterization.  This
approach would widen the scope towards
breeding of elite soursop varieties in Sri Lanka.
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