Astan Journal of Blotechnology
and Bioresource Technology

Asian Journal of Biotechnology and Bioresource
Technology

Volume 10, Issue 1, Page 63-73, 2024; Article no.AJB2T.113740
ISSN: 2457-0125

Genetic Assessment of Leucaena
leucocephala (Lam.) de Wit
Provenances by Using ISSR Markers

P.Chezhian?3,V.Prasath®, K.Jayakumar? P.Selvakrishnan 2,
P. Leena Rosy 2, T. Stalin 2and R. Rajesh 2

a Department of Plantation, Tamil Nadu Newsprint and Papers Limited, Kagithapuram, Karur- 639136,
India.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information

DOI: 10.9734/AJB2T/2024/v10i1199

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/113740

Received: 21/12/2023
Accepted: 26/02/2024
Published: 29/02/2024

Original Research Article

ABSTRACT

Inter Simple Sequence Repeats (ISSR) technique was deployed for the estimation of genetic
diversity in18 Leucaena leucocephala provenances. Seeds of these provenances were collected
from across the country and planted at a single location in South India. To estimate the genetic
diversity/ polymorphism, DNA was extracted through Cetyl Trimethyl Ammonium Bromide (CTAB)
method, visualized and analyzed the DNA bands on UV trans- illuminator gel doc (a-imager 3.2).
Totally ten ISSR primers were used in this study. Among them, eight ISSR microsatellites showed a
high degree of polymorphism in all the eighteen leucaena provenances used in our study. These
primers successfully amplified a total of 645 bands, of which 577 bands (89 %) showed
polymorphism. On average, 14.92 bands per accession were obtained and 68.28 % provenances
were distinguished through these primers. The ISSR primer T(GT)9 was able to distinguish 100 % of
the L. luecocephalla provenances. Cluster analysis based on the genotypic similarities assembled
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the 18 leucaena accessions in to three clusters. The dendrogram generated based on the 8 ISSR
primers distinctively demarcated many of the L. leucocephalla accessions into different clusters
indicating vast genetic diversity among the provenances. The high degree of genetic variability
demonstrated by the ISSR molecular markers in L. leucocephalla can be used as a tool for
assessing genetic diversity and in future leucaena genetic improvement programs.

Keywords: Leucaena leucocephalla; ISSR; polymorphism; genetic variability.

1. INTRODUCTION

Leucaena leucocephala (Lam.) de wit is one of
the long-lived and fastest growing leguminous
tree species originated from Southern Mexico
and widely spread across 35 countries in various
continents except Antartica. It is also popularly
known as Subabul in India and due to its high
biomass productivity and vigorous coppicing
ability become more preferable species among
the tree cultivars to produce huge quantity woody
biomass for various applications. This
leguminous species is important and encouraged
under social forestry schemes for energy, fuel
and food purposes. In India around 25% of
hardwood raw material for pulp and paper
industry comes from L. leucocephala
plantation [1].

In recent times, genetic improvement of L.
leucocephala in India proved its good adaptability
and suitability for biomass production as
industrial raw material. The pulp quality is highly
suitable for paper making. The fast growing
nature of L. leucocephalla species can be a
viable preference in the industrial supply chain
mechanism to the pulp and paper industry’s
speedy development and large volume of raw
material requirement [2]. This pulpwood material
is string, light in weight, easy to work and gives
more attractive finish [3]. The major research
priority  for industrial application of L.
leucocephala has been focused on straight
boles, fewer branches and higher proportion of
wood and wider adaptability to different sites [4].

The advancement of molecular bio-technology
plays a key role in genetic population studies,

particularly detecting genetic variations or
polymorphism among and in between L.
leucocephalla traits cultivated across Indian

subcontinent. Molecular markers have proved as
a tool which is valuable in evaluation of genetic
diversity between species and population. The
choice of molecular marker technique depends
on the mode of inheritance, reproducibility and
simplicity [5]. A wide range of molecular markers
such as RAPD, ISSR, SSR, AFLP and RFLP are
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available in fingerprinting of cultivars, germplasm
identification and purity test. Among them, ISSR
markers are most reliable, simple, quick and cost
effective [6,7]. The ISSR method provides an
alternative choice to other systems for obtaining
highly reproducible markers without any
necessity for prior sequence information for
various genetic analyses. Because of those
abundant and rapidly evolving SSR regions,
ISSR amplification has the potential of revealing
larger numbers of polymorphic fragments per
primer than any other marker system used [8,9].
Brown-Guedira et al. [10] observed a higher level
of genetic diversity with the SSR system

compared to RAPD and other markers.
Therefore, ISSR technique is being used
extensively in several applications including
molecular  biology, plant breeding and

conservation of germplasm [11,12].

In our present study, we examined the genetic
diversity in eighteen provenance sources of L.
leucocephala  corresponding to  industrial
application i.e. raw material for pulp and paper
industry by using ISSR markers.

2. MATERIALS AND METHODS
2.1 Provenance Sources and Trial Details

Eighteen Leucaena leucocephala accessions
were planted in plantation research block of
Tamil Nadu Newsprint and Papers Limited, Karur
District in Tamil Nadu state (N11°06.0748’, E
077° 98.6061: 459 ft a.s.l). The details of
accessions studied in the present study are given
in Table 1. Fifty ramets of each accession were
planted in red sandy loam soil having the pH
range of 7-8. This site falls under semi-arid
climate with mean rainfall of 745 mm per annum.

2.2 DNA Extraction

DNA was isolated from juvenile leaf tissues
collected from 24 months old seedlings by the
CTAB method described by Doyle and Doyle [13]
as reported by Rawat et al. [14]. Total genomic
DNA was extracted from 100 mg of fresh, non-
microbial young leaves collected in five
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replications of 18 provenances (90 individuals).
The RNA was removed from the DNA extract by
treating it with RNase A (1 mg ml?l) for 30
minutes at 37°C. The resultant DNA was
dissolved in TE buffer and its concentration was
estimated by agarose gel (0.8%) electrophoresis
with a DNA (Bangalore Genei Ltd., India) as the
standard.

2.3DNA Quantification and Analysis
through ISSR Molecular Markers

Quantification of DNA was done by reading the
absorbance at 260 and 280 nm in a
spectrophotometer. The purity of DNA was
checked by running the samples on 0.8%
agarose gel in 1X TAE buffer (pH 8.0) stain
containing 2 ml of 0.3% Ethidium Bromide and
visualized on UV trans illuminator gel doc (Alfa
imager 3.2) to analyze the DNA bands.

Ten ISSR primers were screened for analysis
and DNA amplification was carried out in 10 ml
reaction volume containing genomic DNA 0.80
ml (30 ng/ml), 10 mM 1ml primers, 1 ml PCR
buffer, 0.40 ml dNTPs, 0.40 ml MgCl2 (0.3 u),
0.10 ml Taqg polymerase and 6.30 ml RNase free
double distilled water. Amplification cycle
consists of an initial 5 minutes denaturation at
94°C, 35 cycles for 1 minute at 50°C, 2 minutes

72°C and final extension step for 7 minutes at
72°C. The ISSR primers used in this study for
PCR amplification is given in Table 2, which were
obtained from University of British Colombia and
Centre for DNA fingerprinting and Diagnostics,
Hydrabad, India and are widely used for genetic
assessment of pulpwood tree crops in specific.
There were totally 18 primers initially screened
for polymorphism of L. leucocephalla. Of these
10 primers which were shown polymorphism
were chosen to study and remaining 8
monomorphic primers were excluded.

The amplified product loaded with 2 pl 6x loading
buffer were size fractionated by electrophoresis
on a 2% for ISSR agarose gel with 1 kb ladder
DNA using inter chelating agent ethidium
bromide and visualized on UV transilluminator to
determine the amplified clear bands to validate
the DNA quality and suitability for PCR reactions.

2.4 ISSR Amplification

ISSR amplifications were performed in 10ul
reactions volumes consisting 1 pl of 2.5 pMol/L
primers, 0.80ul of DNA template of L.
leucocephala species samples, 1ul 10X PCR
buffer, 2.5 mM MgClz, 40 pM dNTPs mix, 0.3 U
Tag DNA polymerase and finally 6.30 ml of
ddH20. The PCR condition was Initial

Table 1. Details of Leucaena leucacephala accessions examined in this study

Accession Accession Name Source of the Accessions Total trees and tree
No identity

1 BAIF1 BAIF Development Research 50 (B23)

2 BAIF2 Foundation, Pune, Maharastra, India 50 (B17)

3 CRIDAlL Central Research Institute for 50 (CR6)

4 CRIDA2 Dryland Agriculture, Hydrabad, 50 (CR33)

5 CRIDA3 Andra Pradesh, India 50 (CR49)

6 FCRI1 Forest College and Research 50 (TNAU26)
7 FCRI2 Institute, Mettupalayam, Tamil Nadu 50 (TNAU4)
8 FCRI3 Agricultural University, Tamil Nadu, 50 (TNAU12)
9 FCRI4 India 50 (TNAU17)
10 FCRI5 50 (TNAU43)
11 NAV1 Navsari Agricultural University, 50 (NAU36)
12 NAV2 Navsari, Gujarat, India. 50 (NAU25)
13 NAV3 50 (NAU44)
14 NAV4 50 (NAU36)
15 CFRHRD1 Center for Forestry Research and 50 (CFMP16)
16 CFRHRD2 Human Resource Development, 50 (CFMP5)
17 CFRHRD3 Chhindwara, Madya Pradesh, India 50 (CFMP43)
18 CFRHRD4 50 (CEMP29)
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Table 2. Characteristics of ISSR primers used for PCR amplification

Sl. Name of the Nucleotide sequence Tm (°C)  Amplification
no. primer

1 R(CA)7 GRTRCYGRTRCACACACACACACA 72 Polymorphic
2 T(GT)9 CRTAYGTGTGTGTGTGTGTGTGT 72 Polymorphic
3 TA(CAG)4 ARRTYCAGCAGCAGCAG 72 Polymorphic
4 RA(GCT)s AYARAGCTGCTGCTGCTGCTGCT 72 Polymorphic
5 (GA)R GAGAGAGAGAGAGAGARGY 72 Polymorphic
6 UBC810 GAGAGAGAGAGAGAGAT 72 Polymorphic
7 uBC842 GAGAGAGAGAGAGAGAYG 72 Polymorphic
8 (CAG)s CAGCAGCAGCAGCAG 72 Polymorphic
9 (GACA)4 GACAGACAGACAGACA 72 Polymorphic
10 (AG)sTC AGAGAGAGAGAGAGAGTC 72 Polymorphic

Y=(C, T); R=(A, G)

denaturation at 94°C for 5 minutes followed by
35 cycles of 1 minute at 94°C, 1 minute at 50°C,
2 minutes at 72°C and final extension of 7
minutes at 72°C. PCR was executed in “Techne
5000” 96 well Thermal Cycler”. Totally ten ISSR
primers (Table 2) were tested initially. Eight
primers amplified DNA well with polymorphic
bands and were selected for further use.

2.5 Cluster Analysis

Each distinct band in the gel was assigned
an identification number based on its position
and scores in visual observations i.e. present (1)
or absent (0) for each of the 90 individuals
with all the primers used in this study. The
scores of all primers were combined and
data matrix was created. The data matrix
was used to construct UPGMA (Un weighted

Pair Group Method of Arithmetic means)
dendrogram among the L. leucocephalla
provenances.

3. RESULTS AND DISCUSSION

Genetic assessment through DNA fingerprinting
of 18 L.leucocepahlla provenances using ISSR
markers namely R (CA)7, T(GT)s, TA(CAG)a,
RA(GCT)s, (GA)sR, UBC 810, UBC842, (CAG)s,
(GACA)4 and (AG)sTC revealed high intensity
bands with no smearing except the primers
R(CA)7 and (GACA)a.

3.1 Band Size

The amplified band size for 18 leucaena
provenances ranged from 100 to 2000 bp
(Table 3). The highest band size range of 200-
2000bp was recorded with the primer (CAG)s
and the narrow band size of 250-1100 bp was
observed with T(GT)e. Differences in samples
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and size of alleles contribute to the variation in
the band sizes of all the primers [15].

3.2 Number of Bands, Polymorphism and
Provenances Distinguished with ISSR
Markers

The total number of bands scored, number of
bands showing polymorphism, visible number of
bands per provenance and per cent provenance
distinguished with the respective primers are
depicted in Table 3. The respective profiles of all
18 L. leucocephalla provenances using the
primer UBC 842 (which showed the highest
percent of polymorphism) is shown in Fig. 1. A
total of 645 loci were amplified from 90
individuals belonging to the 18 provenances and
total number of amplified loci per ISSR primer
varied from 74 (with RA (GCT)e) to 89 (with T
(GT)e and TA (CAG)s). Polymorphism with a
range of 97 % (UBCB842) to 79 % ((CAG)s)
was recorded in the present estimation. The
primer T(GT)s showed 85 polymorphic bands
and lease number of 61 polymorphic bands was
observed with (CAG)s. The highest mean 16.47
bands were visible with the primer T(GT)s,
followed by TA(CAG)s with recording mean
number of bands as 16.45. All other primers
recorded within the range of 13.69 to 14.80
bands per provenance. Among all, the primer

T(GT)s was able to distinguish all the 18
provenances of L.leucocephalla (100 %),
followed by TA(CAG)s with 975 % of

corresponding parameter. The primer RA(GCT)s
performed the least (43.50 %) in differentiating
the leucaena provenances. The remaining five
primers ranged from 57.50 to 62.75 % in this
regard.

Earlier work carried out in India by Rajarajan et
al. [16] in studying genetic variability among 21 L.
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leucocephala accessions using simple SSR
markers resulted in 82.57 % of polymorphism
among the traits. Similar kind of analyzing
genetic variations among the accessions of other
pulpwood species like Casuarina [17,5],
Eucalyptus [18-20] and Populus [21,22] were
already well documented.

3.3 Percent Polymorphism Recorded in
Provenances with ISSR Markers

The degree of polymorphism found in the 18 L.
leucocephalla provenances accessed in our
study with all the ISSR primers is presented in
Table 4. The provenances BAIF1 and NAV3
recorded 100 % polymorphism with all the
primers. Following this, the provenances
CRIDA2, TNAU4, TNAUS5, NAV1, CFRHRD1 and
CFRHRD4 recorded > 90 % polymorphism. The
provenance CRIDA2 showed the least
polymorphism of 54.29 %. The remaining 9
provenances recorded the polymorphism in the
range of 82.86 to 89.54 %.

Leucaena leucocephalla, being a tetraploid
species (2n=4X=104) and regulated with
diversified gene sequences that are responsible
for different functional characteristics like
tetraploid biosynthesis [23], drought tolerance
[24], foliage nutrient content [25], chitinase
antifungal  biosynthesis [26], monolignolol
biosynthesis [27], mimosine biosynthesis [28]
and genes related to environmental stress

3 2§ & 55

7 8

response [29]. These diversified gene sequences
in turn expressed as high degree of
polymorphism among the various provenances of
L. leucocephalla [30].

3.4 Cluster Analysis of L. leucocephalla
Genetic Accessions

The dendrogram of ISSR data was able to clearly
distinguish the L. leucocephalla accessions and
established the uniqueness of the each
provenances. Distinct clusters and sub-clusters
were produced among the accessions, showing
appreciable genetic diversity of L. leucocephalla
species.

The application of unweighted pair group method
of arithmetic means (UPGMA) resolved the 18
genotypes into three major clusters having 6, 7
and 5 germplasm in Cl1, C2 and C3 clusters
respectively. As stated by Pande et al. [31] and
Chavan and Keerthika [32], the variation in
genotypic coefficient found in the dendrogram
among L. leucocephala provenances indicates
that considerable inter- genotypic variation exists
and that could be a major tool for further genetic
improvement in selecting site specific suitable
traits under large scale planting. Further, the
genetic diversity of Leucaena leucocephalla
provides an opportunity to improve in specific
applications as raw materials for various
industries  [33], including pulp and paper
industries in India [34].

9 10 11 12 13 14 15 16 17 18

Fig. 1. ISSR profiles for 18 accessions of L. leucocephalla based on the primer UBC842
(lanel- BAIF1, lane2- BAIF2, lane3- CRIDAL, lane4- CRIDAZ2, lane5- CRIDA3, lane6- FCRI1, lane7- FCRI2,
lane8- FCRI3, lane9- FCRI4, lanel0- FCRI5, lanell- NAV1, lanel2- NAV2, lanel3- NAV3, lanel4- NAV4,
lanel5- CFRHRD1, lanel6- CFRHRD2, lanel7- CFRHRD3 and lane18- CFRHRD4)
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Table 3. Microsatellite primers used in this study with their corresponding scores, size range, percent polymorphism, number of bands per
provenance and number of provenance distinguished in 18 Leucaena leucocephella accessions using ISSR primers

Primer Loci size Total No of No of bands Percentage Corresponding bands
range (bp) Bands Mono Poly Mono Poly Number of Provenance
Scored morphic morphic morphism morphism bands per distinguished (%)
provenance
T(GT)e 250 - 1100 89 4 85 4 96 16.47 100.00
(AG)sTC 250 - 1400 79 5 74 6 94 14.62 62.50
CAGs 200 -2000 77 16 61 21 79 14.25 57.50
UBC842 100 - 1150 78 2 76 3 97 14.43 60.00
(GA)R 250 -1500 80 11 69 14 86 14.80 62.75
UBC 810 150 -1500 79 12 67 15 85 14.62 62.50
RA(GCT)s 150 -2000 74 8 66 11 89 13.69 43.50
TA(CAG)4 200 -1500 89 10 79 11 89 16.45 97.50
Total - 645 68 577 - - - -
Mean - 80.63 8.50 72.13 11 89 14.92 68.28
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Table 4. Degree of polymorphism found in 18 Leucaena leucocephella provenances using ISSR primers (values in %)

Provenance ISSR Primers

T(GT)y (AG)sTC (CAG)s UBC842 (GA)sR UBC 810 RA (GCT)s TA (CAG)4 Mean
BAIF1 100 100 100 100 100 100 100 100 100.00
BAIF2 100 100 100 100 60 67 100 80 89.54
CRIDA1 100 100 80 100 80 33 100 63 84.76
CRIDA2 100 100 100 100 80 80 100 100 94.29
CRIDA2 100 100 80 100 0 0 0 100 54.29
TNAU1 100 40 80 100 100 100 90 100 87.14
TNAU2 100 100 40 100 100 80 100 100 88.57
TNAU3 100 80 60 100 80 100 60 40 82.86
TNAU4 100 100 100 100 100 70 100 100 95.71
TNAUS 60 100 100 100 100 100 100 100 94.29
NAV1 80 100 100 100 100 100 100 100 97.14
NAV2 100 100 60 100 100 100 60 100 88.57
NAV3 100 100 100 100 100 100 100 100 100.00
NAV4 100 100 60 100 67 100 100 80 89.54
CFRHRD1 80 100 60 100 100 100 100 100 91.43
CFRHRD2 100 100 40 80 100 100 100 100 88.57
CFRHRD3 100 67 60 100 80 100 100 60 86.68
CFRHRD4 100 100 100 60 100 100 100 80 94.29
Mean 95.56 93.71 78.89 96.67 85.93 85.00 89.44 89.03 89.31
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Fig. 2. Dendrogram showing genetic relationship among 18 accessions of L. leucocephalla
based on UPGMA analysis using 8 ISSR primers

4. CONCLUSION

ISSR primers are effective in quantification of
genetic variability among eighteen Luecaena
leucocephalla provenances. The highly effective
primer in the present study in distinguishing the
accessions is T(GT)g, which could able to
distinguish all the Leucaena leucocephalla
provenances. Therefore, this study concludes
that the high degree of genetic variability
among the Leucaena leucocephalla provenances
described by the ISSR markers can be

used as a basic contrivance for linkage
mapping in Leucaena genetic improvement
programs.
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