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ABSTRACT

Inter simple sequence repeat (ISSR)-PCR is a technique, which involves the use of microsatellite
sequence as primers in a polymerase chain reaction to generate multilocus markers. Twenty-four
mulberry accessions were obtained from the Central Sericulture Germplasm Resource Center,
Hosur, Tamil Nadu were screened using Inter simple sequence repeat technique, with eight
primers. Out of eight primers, only three primers viz., UBC 807, UBC 809 and UBC 811 produced
100 per cent polymorphism in mulberry accessions. The highest Polymorphism information content
value was observed with the primer UBC 807 and the lowest PIC value was observed with the
primer UBC 811. The mulberry accessions A18 (MI-0685) and A8 (MI-0535) were found to be the
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closest at the similarity coefficient of 0.93. Mean genetic diversity and PIC were 0.35 to 0.29,
respectively. The genetic similarity coefficient ranged from 0.913 A18 (MI-0685) to 0.535 A8 (MI-
0535). The phylogenetic tree was obtained using the UPGMA method using the total number of
amplified Inter simple sequence repeat fragments. The result from the cluster analysis indicated
that the mulberry accessions MI-0017, MI-0763, MI-0663, MI-0652, MI-0349, V-1 (check variety),
MI-0034 and MI-0768 were distinct from other accessions.

Keywords: Mulberry; molecular marker; genetic diversity; inter simple sequence repeat.

1. INTRODUCTION

“Mulberry (Morus indica. L) a deep rooted
perennial deciduous herb belonging to the family
Moraceae is a high biomass producing foliage
plant. It is exploited on a commercial scale for
silk production. It has different ploidy levels and
most of the genotypes available are diploids
(2n=28), but the plant exhibits higher ploidy
levels i.e., 3n=42, 4n=56, 6n=84 and docasaploid
22n=308" (Basaviah et al., 1989). “Leaf quality is
an important parameter used for evaluation of
mulberry plants aimed at selecting superior
varieties for rearing performance. Around 60% of
the total cost of cocoon production goes towards
mulberry  production alone in Sericulture”
(Veerapuranarayanappa et al., 2013).
“Germplasm resources are very much required
for the continuous improvement of crop plants,
where genetic characterization is essential for
scientific germplasm conservation and
characterization permits the estimation of genetic
relatedness and diversity” (Keshavamurthy et al.,
2013). “In order to assess the characterization
among species, DNA markers have gained
popularity among conservationists, geneticists
and breeders basically because of its stability
and ease to generate maximum information in
comparatively less time. PCR based markers
have the potential to screen large number of
samples quickly to elucidate accurate genetic
information” (Girish et al., 2015). “Recently, DNA
based molecular markers have increasingly been
applied in tree improvement programmes for
guantification of genetic diversity. These markers
have little been affected by environment and
developmental stages” (Haines and Martin,
1995). “Markers also have important immediate
application in supportive research for tropical
hardwoods and non-industrial species mainly for
guantification of genetic diversity. There are
several methods based on DNA markers viz.,

RFLP (Restriction Fragment Length
Polymorphism), RAPD (Randomly Amplified
Polymorphic DNA), SSR (Simple Sequence
Repeats), ISSR (Inter Simple Sequence

Repeats), AFLP (Amplified Fragment Length

Polymorphism) etc. Among these techniques,
ISSR marker is very significant because this
marker in its simplest form, does not require
genomic knowledge to design arbitrary sequence
oligonucleotide primers” (Gonzalez et al., 2005).
But the use of molecular markers for genetic
diversity studies in mulberry underscores the
research needs.

2. MATERIALS AND METHODS
2.1 Plant Materials

Table 1 lists the accessions of mulberry used in
the current study and their origins. Twenty-four
mulberry materials, were obtained from the
Central Sericulture Germplasm Resource Center,
Hosur, Tamil Nadu.

2.2 Extraction and
Genomic DNA

Quantification of

It is necessary to check the quality and
concentration of DNA for carrying out PCR
reaction. Genomic DNA was quantified using the
spectrophotometer and the concentration of
nucleic acids were determined by measuring the
sample OD (optical density) at 260 nm against
blank. The ratio A260/A280 was used to estimate
the purity of nucleic acid. Pure DNA had a ratio
approximately ~1.8-2.0. The quality of DNA was
also checked using 0.8 per cent agarose gel
electrophoresis. The DNA was then diluted to
appropriate concentration for use in molecular
analysis.

2.3 Polymerase Chain Reaction Using
ISSR Primers

“Extracted and quantified genomic DNA was
subjected to polymerase chain reaction (PCR)
using a thermal cycler (Eppendorf master cycler
personal, Germany) for performing ISSR
profiling” (Wiliams et al, 1990) to identify
polymorphism from the collected germplasm.
This included random decamers as primers and
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the list of primers (Table 2) used for the
polymorphic markers towards identification and
characterization of the germplasm and the
varieties within the species.

DNA from the collected twenty four test
accessions along with V-1 as check variety was
amplified using a set of 15 arbitary
oligonucleotide decamer primers. Amplification
reaction were in volume of 25.0 pL of sterilized
double distilled water, 2.5 pL of 10 X buffer A,
1.0 pL of Dntp (2.5 Mm each), 1.0 pL of primer (1
MM) and 0.3 pL (~ 1.0 U) of Taq polymerase in
4.0 pL of the template DNA. Amplication were
performed using 0.2 ml PCR tubes (Axygen Inc.,
USA) in an Eppendorf master cycler personal
programmed for 40 cycles consisting of 30
seconds in 94 °C; one minute in 36 ° C and 2.5
minutes in 72 °© C denaturing, annealing and
extension respectively. These cycles were
proceeded by a step for an initial denaturation of
five minutes at 94 ° C and the cycles followed by
a final extension of ten minutes at 72°c. It was
then programmed to maintain at 4°C until usage
for electrophoresis.

2.4 Electrophoresis of PCR Products and
Its Documentation

Amplified products along with the 6X tracking dye
were resolved electrophoretically based on their
molecular weight by running the products on a
1.2 per cent agarose gel matrix using a
submarine electrophoresis with 1X TAE buffer
(Sambrook and Russell, 2001) at 5 V cm-1. After
the run,ithe gel was stained using ethidium
bromide (Sharp et al., 1973) solution for five to
ten minutes and was destained using distilled
water for two to three minutes. Ethidium bromide
fluoresced orange upon UV illumination (310-320
nm). The gel image was documented using a
Herolab documentation unit (Herolab 442 K,
E.A.S.Y., Germany).

2.5 Data Analysis

Documented gel was wused to score
polymorphism by the presence or absence of

the bands. Also, monomorphic bands were
scored to calculate the percentage of
polymorphism.

Table 1. List of mulberry test accessions under Morus indica used in this study

SI.No  Accession Number Name Origin

1 MI-0017 Sujanpur -5 Punjab

2 MI-0395 Tingari Uttar Pradesh

3 MI-0349 Garobadha — 2 Meghalaya

4 MI-0034 Sujanpur — 1 Punjab

5 MI-0425 Deharadun Local -11 Tamil Nadu

6 MI-0490 Kakathodepaalam Kerala

7 MI-0652 Pouri — 2 Punjab

8 MI-0535 Araku Local - 2 Himachal Pradesh

9 MI-0543 Palampur Local Tamil Nadu

10 MI-0536 Ananthagiri Local Tamil Nadu

11 MI-0558 Kollihills — 2 Uttaranchal

12 MI-0613 Chandrapuri Jammu and Kashmir
13 MI-0615 Ukhimath Jammu and Kashmir
14 MI-0651 Rajouri Jammu and Kashmir
15 MI-0495 Lingamala — 1 Uttar Pradesh

16 MI-0658 Roop Nagar Himachal Pradesh
17 MI-0677 Durgapur — 3 Rajasthan

18 MI-0685 Khakad — 2 Rajasthan

19 MI-0686 Mount Abu — 1 Kerala

20 MI-0763 Saranath — 2 Tripura

21 MI-0718 Chozhiakadu Uttar Pradesh

22 MI-0768 Mangari Uttar Pradesh

23 MI-0663 Chauntra - 2 Rajasthan

24 MI-0845 Rajapur — 2 Tripura

25 V-1 (check variety) Victory - 1
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Table 2. List of primers used for ISSR amplication

S.No Primers Primer sequence 5’-3’

1 UBC 807 AGAGAGAGAGAGAGAGT

2 UBC 809 AGAGAGAGAGAGAGAGG

3 UBC 811 GAGAGAGAGAGAGAGAC
4 UBC 820 GTGTGTGTGTGTGTGTC

5 UBC 821 GTGTGTGTGTGTGTGTT

6 UBC 834 AGAGAGAGAGAGAGAGYT
7 UBC 841 GAGAGAGAGAGAGAGAYC
8 UBC 856 GTGTGTGTGTGTGTGTCTA

2.6 Scoring of Bands

“Clear and unambiguous bands of ISSR markers
were scored based on the presence or absence
of the corresponding band among the genotypes.
The scores ‘1’ and ‘0’ indicated the presence and
absence of bands respectively. In case of binary
coding, a data matrix computing of ‘1’ and ‘0’ was
formed and subjected to cluster analysis.
Sequential Agglomerative Hierarchial Non-
overlapping (SAHN) clustering was performed on
similarity matrix using dice coefficient for the
binary data (obtained through scoring) utilizing
the Unweighted Pair Group Method with
Arithmetic Average (UPGMA) method. This was
done by using NTSYSpc version 2.02” (Rohlf,
2002).

“The confidence limits for the groupings by
dendrogram were computed by using WINBOOT,
a program for performing bootstrap analysis of
binary data to determine the confidence limits of
UPGMA based dendrograms” (Yap and Nelson,
1996). Boot straping involved repeated sampling
with replacement of the characters in matrix of
operational taxonomic unit (OTU) characters to
create numerous bootstrap matrices of the same
size as the original matrix.

2.7 Computation of Similarity Indices

From the binary code matrices obtained from the
ISSR markers, the Jaccard’s similarity indices
were computed for the twenty four test
accessions of Morus indica using the SIMQUAL
programme of NTSYSpc version 2.02 as follows,
Jaccard (1908) similarity index.

Slij = a/(n-d)
Where,
Sl ij = Similarity between it" and ji" samples

a = Number of electromorphs/traits commonly
shared

d = Number of electromorphs/traits absent in ith
and jth samples but present in other samples

n = (b+c) i.e. the number of unmatches

b = Number of electromorphs/traits present in it
samples but absent in jt" samples

¢ = Number of electromorphs/traits present in j
samples but absent in it"samples.

2.8 Polymorphosim Information Content

Polymorphism information content (PIC) or
expected heterozygosity scores for each ISSR
marker was calculated based on the formula
given by Anderson et al. (1993).

n
PIC = 1- 3 P
J=1

Where,

Pij is the frequency of jin allele for the marker i
and the summation extends over n alleles.

3. RESULTS

The details of the nucleotide sequence of
selected primers used to generate PCR
products, summary of total number of
polymorphic DNA fragments generated and
percentage of polymorphism. Out of 8 primers
used, only three Primers (UBC 807, UBC 809
and UBC 811) showed polymorphism in twenty
four accessions.

3.1 Polymorphism Revealed by ISSR
Markers

For ISSR markers, the polymorphic information
content values ranged from 0.29 to 0.35. The
mean PIC value for polymorphic bands was 0.32
with the highest PIC value of 0.35 with primer
UBC 807 and the lowest PIC value of 0.29 with
primer UBC 811 (Table 3, Plate 1a, b, c).
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3.2 Genetic  Variation and Cluster
Analysis Based on ISSR Markers

The genetic distance between the analyzed
individuals was calculated by simple matching
method to obtain a matrix of genetic distance.
The Jaccard’'s co-efficient of similarity values
ranged from 0.913 to 0.535 which indicated high
level of genetic variation among the genotypes
studied. The highest value of similarity coefficient
of 0.913 was found between the A18 (MI-0685)

and A8 (MI-0535) and it was followed by
similarity coefficient of 0.535 between the
genotypes A20 (MI-0763) and A4 (MI-0034)
(Table 4, Fig. 1). The average linkage between
the genotypes was used for constructing a
phylogenetic tree. The UPGMA cluster analysis
indicated the presence of distinct major clusters.
Among the clusters, cluster Il and IV constituted
only one accession each. The result provided
valid guidelines for collection, conservation and
identification of mulberry genetic resources.

Table 3. Random ISSR primers used for DNA amplication of test mulberry accessions

SI.No  Primers Sequence 5’ - 3’ Total number PIC values
of bands

1 UBC 807 AGAGAGAGAGAGAGAGT 10 0.35

2 UBC 809 AGAGAGAGAGAGAGAGG 9 0.31

3 UBC 811 GAGAGAGAGAGAGAGAC 7 0.29

Mean 0.32

a. UBC 807 (AGAGAGAGAGAGAGAGT)

M 1
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c. UBC 811 (GAGAGAGAGAGAGAGAC)

M1 2345 678 9 101112

1314 15161718 19 2021222324 25

Plate 1. ISSR profile of test mulberry accessions

Table 4. ISSR similarity matrix of test mulberry accessions

Accs| 1 2 3 4 5 € 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 | 24 | 25
1 11.000
2 |0.596 |1.000
3 ]0.625|0.686] 1.000
4 ]0.591)0.568) 0.660 | 1.000
5 10.63710.698)0.921]0.672)1.000
6 10.7111]0.655]0.8240.7190.862 | 1.000
7 10.618]0.615)0.614]0.653)0.627 |0.758] 1.000
8 ]0.728 10.644)0.750]0.670)0.816 |0.885]0.716 1.000
9 |0.649 |0.618]0.796 | 0.654 | 0.836 | 0.783 ] 0.583 | 0.830 | 1.000
10 | 0.706 |0.649]0.7580.714 ] 0.8627 | 0.898] 0.724 1 0.883 | 0.779| 1.000
11 [ 0.633 |0.576]0.7110.637 | 0.779 | 0.850 | 0.650 | 0.866 | 0.762] 0.847 | 1.000
12 |0.736 |0.593]0.728 ] 0.680 | 0.796 | 0.898 ] 0.694 |1 0.883 | 0.810 0.864 | 0.847 | 1.000
13 10.586 |0.673]0.792]0.648 | 0.667 | 0.810] 0.631]0.766 [ 0.781] 0.807 | 0.821]0.775[1.000
14 ]0.727 10.576]0.750]0.703 ] 0.789 | 0.862| 0.714 ] 0.847 | 0.771] 0.827 | 0.810 | 0.859 [ 0.767 | 1.000
15 | 0.701 |0.614]0.694 | 0.709 | 0.762 | 0.864 | 0.689 | 0.881 | 0.716] 0.862 | 0.844 | 0.862 [ 0.771]0.824 | 1.000
16 | 0.719 |0.576]0.741]0.666 | 0.779 | 0.850 0.677 | 0.898 | 0.824 ] 0.847 | 0.830 | 0.847 | 0.728 | 0.810 0.844 | 1.000
17 |0.694 |0.637/0.716 [0.6720.763 | 0.652 0.663 ] 0.900 | 0.796 | 0.913 ] 0.833 | 0.850 | 0.762 0.783 | 0.816 | 0.833 | 1.000
18 | 0.689 |0.576]0.741]0.666 | 0.776 | 0.650 | 0.650 {0.931|0.824 0.816 ) 0.894 | 0.847 | 0.758 | 0.842 | 0.877 | 0.894 | 0.833 | 1.000
19 |0.677 |0.6490.789[0.627 | 0.659 |0.636 | 0.666 | 0.815|0.842 0.864 | 0.879]0.833 | 0.8390.827 | 0.830 | 0.847 | 0.881) 0.879 | 1.000
20 | 0.820 |0.584]0.649]0.535|0.644 |0.7580.607 | 0.793 |0.672] 0.724 | 0.736 | 0.785 0.631]0.732] 0.750 | 0.771 | 0.771] 0.771 ] 0.771 | 1.000
21 |0.696 |0.607]0.719]0.566 | 0.789 |0.600 0.627 | 0.647 | 0.771] 0.796 | 0.6420.796 | 0.767 | 0.769 ] 0.762 | 0.779 | 0.877 | 0.842] 0.892 | 0.763 | 1.000
22 |0.578 |0.574]0.6600.641]0.701 |0.6880.596 |0.793 ]0.777] 0.663 | 0.694 | 0.663 | 0.709) 0.701 ] 0.736 | 0.724 10.728 1 0.785]0.771 | 0.631] 0.701 ] 1.000
23 |0.800 |0.660/0.706{0.631]0.775 |0.879]0.701]0.92910.789/ 0.877 | 0.859]0.910]0.754 0.807 | 0.842 [ 0.859 | 0.89410.859 ] 0.877 | 0.886] 0.82410.719 | 1.000
24 |0.5676 [0.561/0.732]0.62510.771 0.813]0.666 {0.630|0.785]0.8420.762|0.8100.750/0.836 | 0.807 | 0.824 ] 0.796 ] 0.824 | 0.842 |10.701 0.771 0.684 | 0.789] 1.00
25 |0.636 |0.603|0.7220.641)0.701 |0.775|0.716|0.762 | 0.664] 0.741] 0.694 | 0.741 ] 0.6200.732 0.677 | 0.754 | 0.726 ] 0.754 | 0.711 | 0.660| 0.672] 0.586 | 0.719] 0.77 |1.00
1 MI-0017 1" MI-0558 21 Mi-0718
2 MI-0395 12 MI-0613 22 MI-0768
3 MI-0349 13 MI-0615 23 MI-0663
4 MI-0034 14 MI-0651 24 MI-845
5 MI-0425 15 MI-0435 25 V-1(Check variety)
6 MI-0490 16 MI-0658
7 MI-0652 17 MI-0677
8 MI-0535 18 MI-0685
9 MI-0543 19 MI-0686
10 MI-0536 20 MI-0763

4. DISSCUSSION

“Assessment of genetic diversity is a prerequisite
for efficient conservation and utilization of genetic
resources. During the past two decades, several
high-throughput PCR-based technologies such
as inter-simple sequence repeats (ISSR) and
amplified fragment length polymorphisms (AFLP)
have been developed to assay genetic

polymorphism at the DNA level” (Shyamsundar
et al.,, 2014). “An advantage of ISSRs is that in
their simplest form, no prior genomic knowledge
is required to design arbitrary sequence
oligonucleotide primers” (Gonzalez et al., 2005).
“With the large array of molecular analytical
techniques available, it has become possible to
provide an accurate and unambiguous tool for
evaluation of genetic diversity and identification
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of germplasm” (Simmons et al., 2007) and (Li et
al., 2008). “Assessment of genetic variation
within the species based on morphological and
polypeptide descriptions, provide more speed,
accurate and detailed information” (Williams et
al., 1990). “DNA marker studies had been
successfully employed in plants to understand
provenance variation” (Chalmers et al., 1992),
geotypic identity (Keil and Griffin  1994),
molecular  characterization of germplasm
(Maechado et al., 1996), molecular systematics
(Harris, 1995) genetic diversity (Varghese et al.,
1997) and DNA finger printing studies of plants
(Caetano-Anolles et al., 1991).

“ISSR has been used for diversity assessment by
many researchers in tropical
and temperate plants. Extensive studies have
already been reported in mulberry” (Karku et al.,
1996). ISSR technique was used to study the
genetic structure and relationship between
species and populations. Similarity, DNA based
ISSR techniques have been successfully utilized in
many genera and species of mulberry Vijayan et al.
(2004a) and (Ahmed sumbul, 2025). The variation
in genetic distance among the different mulberry
accessions revealed by ISSR tech-niques
reflected a high level of polymorphism at the
DNA level. Earlier studies by Sharma et al.
(2000) using the AFLP tech-nique also showed a

large genetic variation among different Morus
genotypes.

In the present study, mulberry accessions
showed 25 reproducible bands from 3 primers.
The primers produced 100 per cent
polymorphism (UBC 807, UBC 809 and UBC
811). The highest PIC values were observed with
the primer UBC 807 and the lowest PIC
values was observed with primer UBC 811.
Polymorpic information content were
documented by (Emine orhan et al. 2024). “The
present investigation revealed that mulberry
accessions used for diversity through ISSR,
showed moderate level of genetic variations.
Polymorphism in  mulberry accessions were
documented” (Girish et al., 2015) and (Miran A et
al., 2023). Similar findings were noticed by
(Keshavamurthy et al., 2013) among 26 diverse
germplasm  of mulberry collected from
germplasm bank at Bangalore University, India.
The overall percentage of polymorphism was
found to be 55.83 per cent by ISSR marker.
Among the germplasm, S 36, V1, S54 and M5
showed close similarity. Zhao et al. (2007) further
reported a higher value of 0.4912 within
cultivated species of mulberry for the same.
Aggarwal et al. (2004) also reported “a higher Ho
value of 0.59 across 45 mulberry genotypes from
species of diverse origin using SSR markers”.

1
Cluster I —
| —
| :
Closter IT
1
Cluster V 5
Cluster ITT | L,
Cluster VI
Cluster VII Cluster IV
| 1
L MI-0017 8. AD0535 15 MI-0495 22, A[O-0768
I OMI-039F 9.AO-0843  16.MI-0635 23 A[-0663
3 MI-0349  10.MI-0536  17.MI-06TT 24, MI-0348
4. MI-0034 1L MI-0358  18.MI-0685 25 V-1(Check variety)
5. MI-0425 11 MI-0613  19.MMI-0635
6. MI-0490 13 MI-0615  20.MI-0763
7. MI-0652 14 MI-06S1 21 MI-0TIS
Fig. 1. Dendogram of test mulberry accessions based on jaccard’s similarity coefficient
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In mulberry accessions, the average linkage
between the accessions was used for
constructing a phylogenetic tree. The association
amongst different mulberry accessions was
presented in the form of dendrogram. The
accessions A18 (MI-0685) and accession A8 (MI-
0535), were closest at the similarity coefficient
1.000. The accessions A20 (MI-0763) and A4
(MI-0034) were the farthest or most diverse and
dissimilar to all others. Similar grouping pattern
within species and related genotypes are evident
from the earlier report in mulberry
(Keshavamurthy et al.,, 2013) and (Girish et al.,
2015). Koidzumi (1973) considered that M. Ihou,
M. multicaulis and M. latifolia are similar and
belong to a single species. The percent
polymorphic loci revealed an average of 74.47%
in all the mulberry accessions studied using SSR
markers. This value was lower than 85 and 91%
shown in RAPD and DAMD markers by
Bhattacharyya and Ranade (2001). Earlier, Sharma
et al. (2000) had reported a higher average value
of 81.2%. Additionally, a higher value of 86%
was reported by Vijayan et al. (2004a) and Zhao
et al. (2007). “These values suggest a high level
of genetic variabilty among the accessions
studied. Such high level of genetic diversity can
be attributed to the mode of reproduction of
these accessions. Vegetatively propagated
species such as mulberry often have minute
unobserved changes in passage of time and
accumulation of these changes can lead to
significant changes in plant population. Such
variability could come from mutation” (Vijayan,
2009) and/or long cultivation periods
(Bhattacharyya and Ranade 2001). “Mulberry is
a highly heterozygous and outcrossing species
and therefore it is expectable that its accessions
exhibit a high level of polymorphism” (Awasthi et
al., 2004).

5. CONCLUSION

The results obtained by ISSR analysis of
mulberry accessions were in general agreement
with our morphological classification, suggesting
that ISSR is a simple and effective molecular
marker technique and could be successfully
applied to the study of genetic relationships, to
the conservation and identification of mulberry
collections, and to plant breeding. Our results
also suggest that molecular tools should be used
for the classification of the genus Morus.
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