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ABSTRACT

Mulberry molecular analysis in Indonesia has not been widely reported, so research towards
molecular genetics needs to be done. Random Amplified Polymorphic DNA (RAPD) and Inter Simple
Sequence Repeats (ISSR) markers are reliable methods for identifying varieties by DNA
polymorphism analysis to reveal genetic diversity of three provenances in South Sulawesi.
This study aims to see the opportunities for polymorphisms using RAPD and ISSR markers in
mulberry plants so that it is considered very important to be used as basic information in
mulberry plant breeding and conservation programs in the future. The results of primary selected
using RAPD markers on mulberry. Successfully amplified 8 out of 10 primers with clear
polymorphic bands, namely primers OPK-20, OPA-15, OPA-05, OPAD-11, OPG-19, OPAE- 11,
OPP-08, and OPD-20. Whereas, the primary ISSR 10 markers, namely UBC 810, UBC 813, UBC
814, UBC 820, UBC 822, UBC 823, UBC 824, UBC 827, UBC 830, and UBC 868 were successfully
amplified with polymorphic and bright bands so that they can be used for diversity analysis for
mulberry.
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INTRODUCTION Single Nucleotide Polymorphism (SNP), Random

Amplified Polymorphic DNA (RAPD), Sequence
The molecular markers that have been Characterized  Amplified Region (SCAR),
successfully developed have primarily overcome Amplified Fragment Length Polymorphism
the issues associated with the phenotype-based (AFLP), and Inter Simple Sequence Repeats
classification. Well-known molecular markers for (ISSR) markers [1].

diversity analysis are Restriction Fragment Length

Polymorphism (RFLP), Cleaved Amplified RAPD marker can be relied on to detect
Polymorphic Sequence (CAPS), Sequence-Tagged polymorphic nucleotide sequences with PCR
Site (STS), Simple Sequence Repeat (SSR), (Polymerase Chain Reaction) procedure, and a
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single RAPD primer is useful for generating
molecular markers [2]. This technique has several
advantages over RFLP (Restriction Fragment
Length Polymorphism) technique because of its
simplicity, fast, only requires a small amount of
DNA as a template, and does not require initial
information on the target genome. Several studies
assessing  genetic  diversity and taxonomic
relationships of wvarious plants have been
conducted based on this technique. However,
RAPD amplification profile is influenced by the
parameters that affect the PCR reaction. The
probability of reproducing the same RAPD band
pattern is low, and consequently, the application
of RAPD has been limited [3].

ISSR marker is a multi-locus marker based on the
amplification (duplication) of DNA fragment,
which is flanked by simple nucleotide sequence
repeat in a reverse orientation. These sequences
are scattered throughout the genome. The role of
repetitive fragments in chromosomes can be a
high probability area of crossing over during
chromosome reduction (meiosis). Amplification
with ISSR primers reveals several loci per primer
than RAPD analysis [4]. This primer does not
require a specific locus because it will search for
any site in the genome that contains a
microsatellite motif [5]. Analysis using ISSR
markers has been carried out on many plant
species, with various purposes, such as the genetic
diversity and relationships of mulberry in India [6]
and the study of Morus Alba genetic stability via
tissue culture in China [7].

Mulberry (Morus sp) is a native plant from China
widespread throughout tropical and sub-tropical
climates. It is a long-lived plant and can adapt
well to several types of soil. It has a vital role in
the silk business because its leaves are the forage
for silkworms (Bombyx mori) [8].

One of the first steps that can be taken to protect
against mulberry pests and diseases is through a
molecular approach. This approach using DNA
markers has succeeded in forming molecular
markers capable of detecting specific genes and
traits, especially traits associated with the desired
character.

Molecular analysis on mulberry in Indonesia has
not been reported. Thus research towards
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molecular genetics needs to be conducted. This
study aimed to analyze DNA polymorphisms by
using RAPD and ISSR markers on mulberry
plants. It will provide basic genetic information
regarding this species for supporting future
mulberry plant breeding and conservation
programs.

MATERIALS AND METHODS

Plant Materials
The samples were collected from several
plantations in  Soppeng, Enrekang, and

Wajodistricts. Laboratory activities were carried
out at Laboratory of Biotechnology and Tree
Breeding, Faculty of Forestry, Universitas
Hasanuddin, Makassar.

DNA Isolation

The DNA isolation process was performed using
the Cetyl Trimethyl Ammonium Bromide (CTAB)
method with modifications [9]. Young leaf
samples without leaf venations were weighed as
much as 200 mg and then placed into a mortar.
500 pl of CTAB buffer was added, the leaves
were crushed into powder, poured into a 2 ml
tube, and vortexed for 15 seconds. The tubes
containing the solution were incubated in a water
bath at 65°C for 90 minutes; the solution was
reversed every 30 minutes. A 100 ml of isoamyl
alcohol chloroform solution was added to the
incubated samples. The tube containing the
solution was centrifuged at 10,000 rpm for 10
minutes. The supernatant was transferred to a new
tube then powed with 800 ml isopropanol
solution. The supernatant was centrifuged at 1,000
rpm for 5 minutes. The supernatant solution was
removed; the tube was then dried overnight.

The process of separating DNA from other
components was carried out by adding 500 pl of
TE buffer into a dry tube then centrifuged at
10,000 rpm for 10 minutes. The solution was
transferred to a new tube, 100 pl of chloroform
was added and centrifuged at a speed of 10,000
rpm for 10 minutes. The solution was transferred
to a new tube, and 100 pl of sodium acetate and
800 pl of isopropanol were added. The tubes were
centrifuged at 10,000 rpm for 10 minutes. The
solution was discarded, the precipitate was




collected and dried overnight. A total of 100 pl
ddH;0 was added to the dry tube and centrifuged
at 10,000 rpm for 1 minute. The extracted DNA
solution was added with 4 pl of RNAs and
centrifuged at a speed of 10,000 rpm for 1 minute.
Lastly, the DNA solution was stored in a freezer at
-20°C.

Primer Selection

Primer selection is conducted to determine RAPD
and ISSR primers that produce clear DNA bands
that representing loci. This phase was performed
by amplifying the same DNA samples using
different primers under the same condition. Thus,
the optimum conditions and the band variation
level produced by each primer can be obtained.
Four samples used in the selection were taken
from each provenance. The total number of
samples tested was 12 samples. The selection
process was done to select polymorphic primers,
which can amplify the DNAs and determine the
right annealing temperature.

RESULTS AND DISCUSSION

Primers selection on 10 RAPD primers had
selected eight polymorphic primers, OPK-20,
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OPA-15, OPA-05, OPAD-11, OPG-19, OPAE-11,
OPP-08, and OPD-20. Two out of 10 did not
produce any bands, namely OPO-14, and OPC-11.
Meanwhile, all ISSR primers successfully
amplified the 12 samples tested. The primers used
for further analysis were primers that produced
clear, bright, and polymorphic bands [10].
Visualizations of DNA bands using RAPD and
ISSR primers are presented in Figs. 1 and 2.

The primers successfully amplified DNA bands
with different sizes, numbers, and intensities. The
number and intensity of DNA bands produced by
PCR amplification are highly dependent on how
the primer recognizes its complementary DNA
sequence in the DNA template used [11].

The primer selections using OPA-15 and OPAD-
11 (Fig. 1) showed polymorphic bands; hence
these primes can distinguish the individuals by
performing different allele sizes of the bands. The
OPA-15 amplified 11 samples, OPAD-11 only
amplified 4 samples. In comparison, OPAC-12
showed

and OPC-11 no DNA bands were
generated  (data not  shown in  the
electropherogram). OPA-15 primers showed

successful amplification in cocoa [12], bamboo
[13], and Korean mulberry [14].

Table 1. Mulberry amplification results using RAPD and ISSR primers

Annealing

Number of samples

No. Primer Name temperature ('C) amplified Notes
RAPD ( Random Amplified Poly morphic DNA )
1 OPK -20 42,2 8 Polymorphic
2 OPA-15 37 11 Polymorphic
3 OPA-03 326 7 Polymorphic
4 OPAD-11 36.6 7 Polymorphic
5 OPG-19 37.5 4 Polymorphic
6 OPAE-11 40,5 4 Polymorphic
7 OPAC-12 - - No band
8 OPC-11 - No band
9 OPP-08 39.3 7 Polymorphic
10 QOPD-20 42,8 11 Polymorphic
ISSR ( Inter-Simple Sequence Repeats)
1 UBC 810 49,1 11 Polymorphic
2 UBC 813 45,1 11 Polymorphic
3 UBC 814 48,4 11 Polymorphic,
4 UBC 820 49,3 11 Polymorphic
5 UBC #22 45,3 12 Polymorphic
6 UBC 823 49.8 12 Polymorphic
7 UBC 824 47,9 10 Polymorphic
8 UBC 827 50,2 12 Polymorphic
9 UBC 830 52,1 11 Polymorphic
10 UBC 868 47,7 12 Polymorphic
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Fig. 1. Electropherogram of PCR amplification products using RAPD primers OPA-15and OPAD-

11

(Notes: M = 100 bp Marker and 1-12 = mulberry)

UBC-820 Primer

Fig. 2. Electropherogram of PCR amplification products using ISSR primer UBC-820

(Notes: M = Marker and 1-12 = mulberry)

The low consistency of PCR bands using RAPD
could be due to imperfect annealing primer to the
DNA template as the result of inaccurate PCR
reaction concentration and DNA template quality
[15,16]. Ali et al. [17] stated that DNA template is
closely related to the primer concentration. It is
necessary to optimize the ratio between the
concentration of DNA template and primer. An
incompatible ratio between primer and DNA
template causes the RAPD band product to be
inconsistent.
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The ISSR primer amplification using UBC 820
(Fig. 2) produced bright and polymorphic bands.
However, some primers showed smeary and thick
bands. A smeary band can be a residue of the
solution carried during the isolation process, or it
could also be DNA that was degraded in the
isolation process [18]. Also, the location of the
DNA band far above the DNA marker band
indicates that the size of the isolated DNA is very
large. The higher the DNA size, the slower the
band migrates in  agarose during the




electrophoresis process. Primers with smear bands
cannot be used for genetic diversity analysis
because they may lead to data misinterpretation

[10].

Selection of annealing temperature is a step that
affects the success of amplification because
primer attachment to an already open DNA strand
requires an optimal temperature. Too high
temperature causes amplification failure because
there is no primer adhesion; otherwise, if the
temperature is too low, it causes the primer to
stick to another side, resulting in low specificity of
the DNA formed. The annealing temperature
selection is based on the primer used. The
conventional  breeding process has  been
undertaken to breed mulberry cultivar during the
past few decades in order to develop the mulberry
varieties with high yield crops.  Thus, the
evaluation of the genetic relationship of Morus
genotypes is important for measuring the genetic
divergence among different mulberry cultivars,
predicting progeny performance, and selecting
parents for hybridization [19].

CONCLUSION

Primers selection using RAPD markers on
mulberry (Morus sp.) had successtully amplified 8
out of 10 primers with clear polymorphic bands,
namely OPK-20, OPA-15, OPA-05, OPAD-11,
OPG-19, OPAE-11, OPP-08, and OPD-20
primers. Whereas, the 10 primers ISSR markers
that successfully amplified polymorphic and
bright bands were UBC 810, UBC 813, UBC
814,UBC 820, UBC 822, UBC 823, UBC 824,
UBC 827, UBC 830, and UBC 868. Thus,
these primers will be wused in the genetic
diversity analysis of mulberry.

COMPETING INTERESTS

Authors have declared that no competing interests
exist.

ACKNOWLEDGEMENT

We would like to thank gratefully acknowledge
financial support from the Directorate General of
Higher Education, Ministry of Education and
Culture, The republic of Indonesia for financing
this research during the academic year 2021, also

110

Akzad et al.

to the South Sulawesi research and Development
office on the Development of Superior Mulberry
for Improving Quality of Silkworms’ Cocoon
Grant 2020 for the genetic material mulberry.

REFERENCES

1. Zietkiewicz E, Rafalski A, Labuda D.
Genome fingerprinting by simple sequence
repeat (SSR-) anchored polymerase chain
reaction amplification. Genomics. 1994;20:
176-83.

Williams JGK, Kubelik AR, Livak KI,
Rafalski JA, Tingey SV. DNA
Polymorphisms amplified by arbitrary
primers are useful as genetic markers.
Nucleic Acids Research. 1990;18:6531-
6535.

Wang RRC, Chen J, Joppa LR. Production
and identification of chromosome spacific
RAPD markers for langdon durum wheat
disomic substitution lines. Crop Science.
1995:35:886-888.

Wolff KE, Zietkiewiez H  Hofira.
Identification of chrysanthemum cultivars
and stability of DNA fingerprint pattern.
Theoretical Applied Genetics. 199519:429-
447.

Fang DQ, Roose ML, Krueger RR,
Federica CT. Fingerprinting trifoliate
orange  germplasm  accessions  with
isozymes, rflps, and inter simple sequence
repeat markers. Theoretical Applied
Genetics. 1997:95:211-219.

Aswathi AK, Nagaraja GM, Naik GV,
Kanginakudru S, Thangavelu K, Nagaraju
J. Genetic diversity and relationships in
mulberry (Genus morus) as revealed by
RAPD and ISSR marker assays. BMC
Genet. 2004:5(1).

Rohela, Gulab Khan, Phanikanth Jogam,
Mohammad Yaseen Mir, Aftab Ahmad
Shabnam, Pawan Shukla, et al. Indirect
regeneration and genetic fidelity analysis of
acclimated plantlets through SCoT and
ISSR Markers in Morus alba L. Cv.
Chinese White. Biotechnology Reports.
2020;25:¢00417.

Sunanto H. Budidaya murbei dan usaha
persuteraan alam. Kanisius. Yogyakarta;
1997.

6.




Larekeng SH, Maskromo I, Purwito A,
Matjik AN, dan Sudarsono. Pollen
dispersal and pollination patterns studies
in pati kopyor coconut using molecular
markers.Cord. International Journal on
Coconut R & D. 2015:31(1).

Larekeng S, Dermawan R, Iswoyo H,
Mustari K. RAPD primer screening for
amplification on Katokkon pepper from
Toraja, South Sulawesi, Indonesia. IOP
Conference Series: Earth and
Environmental Science. 2019;270:012023.
Available:https://doi.org/10.1088/1755-
1315/270/1/012023

Kaur P, Pandey DK, Gupta RC, Dey A.
Assessment of genetic diversity among
different population of five Swertia species
by using molecular and phytochemical
markers. Industrial Crops and Products.
2019:138:111569.
Available:https://doi.org/10.1016/].indcrop.
2019.111569

Syahri YF, Rauf M, Paembonan SA,
Larekeng SH, Cahyaningsih YF. RAPD
amplification on cocoa (Theobroma cacao

L.) from East Kolaka, Southeast
Sulawesi Province. IOP Conference Series:
Earth and  Environmental Science.
2019:270(1).

Available:https://doi.org/10.1088/1755-
1315/270/1/012052

Makmur MF, Larekeng SH, Restu M.
Genetic diversity of eight types of bamboo
based on random amplified polymorphic
DNA (rapd) markers. Plant Archives.
2020:20:2333-2337.

Sheet S, Ghosh K, Acharya S, Kim KP, Lee
YS. Estimating genetic conformism of
Korean mulberry cultivars using random

16.

Akzad et al.

amplified polymorphic DNA and inter-
simple sequence repeat profiling. Plants.
2018:7(1).
Available:https://doi.org/10.3390/plants701
0021

Pharmawati M. Optimalisasi Ekstraksi
DNA dan PCR-RAPD Pada grevillea spp.
(Proteaceae). J. Biologi. 2009;13(1):12-16.
Budiani A, Woelan S, Minarsih H,
Nuhaimi-Haris, Putranto RA. Evaluasi 18
primer SSR untuk pengembangan sidikjari
DNA tanaman karet (Hevea brasiliensis
Muell. Arg.) Evaluation of 18 SSR primers
to develop DNA fingerprint of rubber tree
(Hevea brasiliensis Muell. Arg.). E-Journal
Menara Perkebunan. 2016:82(2):81-94.
Available: https://doi.org/10.22302/ppbbi.ju
r.mp.v82i2.23

Ali BA, TH Huang, Salem HH, Xie QD.
Influence of thermal cycler day to day
reproducibility of random amplified
polymorphic DNA fingerprints.
Biotechnology. 2006;5:324-329.

Mulyani Y, Purwanto A, Nurruhwati L
Perbandingan beberapa metodeisolasi DNA
untuk deteksi dini Koi Herpes Virus (KHV)
pada ikan mas (Cyprinus carpio L.).
fakultas perikanan dan ilmukelautan,
universitas padjadjaran. JurnalAkuatika
/MaretTahun. 201 1;11(1).

Wang Z, Zhang Y, Dai F, Luo G, Xiao G,
Tang C. Genetic diversity among mulberry
genotypes from seven  countries.
Physiology and Molecular Biology of
Plants. 2017:23(2):421-427.

Available: https://doi.org/10.1007/s12298-
017-0427-x

© Copyright International Knowledge Press. All vights reserved.




DETECTING DNA POLYMORPHISM ON MULBERRY (Morus Sp.)
USING RAPD AND ISSR MARKERS

ORIGINALITY REPORT

16, 10, 9 3

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

garuda.ristekbrin.go.id

Internet Source

Mehry Askari, Seyed Mehdi Talebi, Alex
Matsyura. "Genotypes Identification in Iranian
Morus alba L. Populations Using Inter-simple
Sequence Repeat Markers", Iranian Journal of
Science and Technology, Transactions A:
Science, 2020

Publication

www.gecekitapligi.com

Internet Source

T

-~

Prabhjot Kaur, R. C. Gupta, Abhijit Dey,
Tabarak Malik, Devendra Kumar Pandey.
"Optimization of salicylic acid and chitosan
treatment for bitter secoiridoid and xanthone
glycosides production in shoot cultures of
Swertia paniculata using response surface
methodology and artificial neural network",
BMC Plant Biology, 2020

Publication

T




o

fac.ksu.edu.sa

Internet Source

T

Submitted to Waterford Institute of
Technology

Student Paper

(K

B B

jurnal.unpad.ac.id

Internet Source

(K

J R Batti, S H Larekeng, M A Arsyad, Gusmiaty,
M Restu. "In vitro growth response on three
provenances of Jabon Merah based on auxin
and cytokinin combinations", IOP Conference
Series: Earth and Environmental Science, 2020

Publication

T

V CY Sumule, U Arsyad, B Bachtiar, Wahyuni.
"Compatibility of land use with spatial
patterns of the Saddang Hulu Subwatershed",
|OP Conference Series: Earth and
Environmental Science, 2020

Publication

T

—
)

Submitted to Kyungpook National University

Student Paper

T

—_—
—

academic.oup.com

Internet Source

T

journal.uinjkt.ac.id

Internet Source

(K




13

A H Auni, B Bachtiar, S A Paembonan, S H
Larekeng. " Growth analysis of mangrove ( bl)
propagule toward differences in types of
water and planting media at Makassar
mangrove center ", IOP Conference Series:
Earth and Environmental Science, 2020

Publication

<1%

ANDREA D. WOLFE. "Assessing hybridization
in natural populations of Penstemon
(Scrophulariaceae) using hypervariable
intersimple sequence repeat (ISSR) bands",
Molecular Ecology, 9/1998

Publication

<1%

Anish Kumar Sharma, Jyotsana Pandit, Khyati
Harkhani. "Molecular Diversity of Chlorpyrifos
Degrading Bacteria Isolated from Apple
Orchard Soils of Himachal Pradesh", Journal of
Pure and Applied Microbiology, 2021

Publication

<1%

Duraisamy Kalpana, Hyo-Jung Cha, Tae-Ki
Choi, Yang-Soo Lee. "ldentification of Genetic
Relationships Among Morus alba Genotypes
Based on RAPD and ISSR Fingerprinting",
Korean Journal of Plant Resources, 2011

Publication

<1%

Submitted to University of Bath

Student Paper

<1%




—
00

www.generationcp.org

Internet Source

<1%

celleenetherapy2014.conferenceseries.net

Intern%t Source py <1 %

Y.-W. Nam. "Construction of two BAC libraries <1 o
from cucumber (Cucumis sativus L.) and °
identification of clones linked to yield
component quantitative trait loci", Theoretical
and Applied Genetics, 06/2005
Publication
arizona.openrepository.com

Internet Sourcep p y <1 %
www.drugs.com

Internet Sourceg <1 %
www.frontiersin.or

Internet Source g <1 %
journal.unhas.ac.id

-Ilnternet Source <1 %
www.atmos-meas-tech.net

Internet Source <1 %
www.koreascience.or.kr

Internet Source <1 %

J. Y. HSIAQ, S. M. LEE. " Genetic diversity and <1 o

microgeographic differentiation of Yushan



cane (; Poaceae) in Taiwan ", Molecular
Ecology, 2003

Publication

ejournal.umm.ac.id 1
Internet Source < %

www.srs.fs.fed.us
Internet Source <1 %

Stukenbrock, E.H.. "Development and
amplification of multiple co-dominant genetic
markers from single spores of arbuscular
mycorrhizal fungi by nested multiplex PCR",
Fungal Genetics and Biology, 200501

Publication

<1%

Exclude quotes On Exclude matches Off

Exclude bibliography On



DETECTING DNA POLYMORPHISM ON MULBERRY (Morus Sp.)
USING RAPD AND ISSR MARKERS

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6




