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ABSTRACT

Acid lime (Citrus aurantifolia) is an important commercial fruits crop, cultivated in terai to high hills of Nepal. High
variation of acid lime fruits are observed in existing landraces due to crossing within the other citrus species. Determi-
nation of genetic variation is important to the plant breeders for development of high yielding variety and hybrids.
Therefore, an attempt has been made to study the genetic diversity of 62 acid lime landraces, collected from different
altitudinal range in the eastern part of Nepal, using SSR markers. Twelve Simple Sequence Repeat (SSR) primer pairs
were used to assess the genetic diversity of acid lime. The average genetic similarity level among the 62 accessions was
0.77, ranging from 0.54 to 1.0 and separated five major cluster groups. Total of 33 alleles were detected by eleven
primer pairs and size of alleles ranged from 50 to 225. Average polymorphic information content (PIC) value was 0.50,
whereas highest 0.75 and lowest 0.18 was observed in CATO1 and GTO03 loci respectively. The results of the study
clearly indicated that, SSR markers are highly polymorphic and more informative for the assessment of genetic diver-

sity of acid lime landraces.
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1. Introduction

Acid lime (Citrus aurantifolia Swingle) belongs to the
family Rutaceae and sub family Aurantiodae. It is one of
the important commercial fruits, which has been cul-
tivated in 60 out of 75 districts of Nepal from 125 m to
1800 m altitude range [1]. Production and productivity of
acid lime in Nepal is low, 8.4 ton per ha [2], as compared
to other countries like Argentina, 19 ton per ha and India,
12.2 ton per ha [3]. Low productivity is due to the limi-
tation of high yielding variety. It is cross pollinated crop.
Production and quality of fruits are decreasing every year
due to inbreeding depression, which may be the results of
crossing within the Citrus species. High level of genetic
erosion was observed in acid lime landraces, with narrow
genetic base [4]. In this context, study of genetic diver-
sity and conservation of genetic resources is urgent for
breeding and variety development program. Acid lime
fruit is an important source of vitamin “C” for human
nutrition. It has high medicinal values and used for the
prevention of various diseases like bones and joints, piles,
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dysentery, cold, influenza, constipation and scurvy [5].

Normally citrus plants are diploid, with chromosome
number 2n = 18. Flowers are cross pollinated produced
natural hybrid. Bud mutation also occurs, leading to
different morphological characters in different branches
of the same plant. So it has more scope of wide chro-
mosomal diversity within same species [6] for variety
development program. Limes hybridize freely with other
Citrus species, like lime and lemon, lime and kumquat
and developed many hybrids [7], or a tri-hybrid cross of
citron, pummelo and Microcitrus [8]. In addition to the
key lime, there is Tahiti or Persian lime (2n = 3x = 27),
presumably a hybrid of lime and citron. The Tahiti lime
is hardier and widely adopted in the subtropics; in South-
East Asia.

Nepal is the home land of citrus species because of
wide availability and cultivation of wild citrus species [9],
but limited work has been carried out on evaluation and
characterization of genetic materials. Assessment of
genetic diversity within the acid lime landraces is the
basis for breeding, conservation of genetic resources and
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variety development work. The estimation technique of
genetic diversity in the plant species is different. Tradi-
tionally, evaluation of germplasm has been carried out on
the basis of morphological traits [10]. In recent years, a
number of Polymerase Chain Reaction (PCR) based and
DNA based molecular marker technology have been
developed for the effective quantification of genetic vari-
ation and cultivar identity [11].

Molecular markers such as isozymes, Restriction Frag-
ment Length Polymorphism (RFLP) and Randomly Am-
plified Polymorphic DNA (RAPD) has been used to
study the genetic diversity, taxonomy, cultivar identifi-
cation [12-14] and the construction of genetic linkage
maps [15,16] in various Citrus species. During the last
decade, microsatellite or simple sequence repeats (SSR)
has been commonly used for genetic mapping [17] and
genetic diversity study [18]. It is regarded to be a more
reliable marker than the others, because they are highly
polymorphic and usually co-dominant [19-21], easy to
use, evenly distribution in the genome, transferable be-
tween laboratories and not influenced by environmental
condition [22]. Microsatellites are short sequence ele-
ments composed of tandem repeat units, 1 - 6 base pairs
(bp) in length [23]. These repeat sequences have shown
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to be highly polymorphic within species and applied in
population genetics [24], and genome mapping [25]. It
has been used in the genetic diversity studies of many
plant species, such as Citrus [26], apple [27], grape [28],
tomato [29], peanut [30], tea [31] and Litchi [32]. In
citrus and related genera, microsatellite has been used for
phylogenetic studies [33] assessment of genetic vari-
ability [34] and identification of zygotic plant [35]. This
study was carried out on existing acid lime orchards at
different altitudinal range in the eastern part of Nepal.
The main objective of this study is, to determine the
genetic diversity of acid lime landraces and select highly
variable genotypes for breeding and variety development
purpose, using SSR marker.

2. Materials and Methods
2.1. Plant Material

A total of 62 young expanding healthy leaf samples (6 - 8
weeks) were collected for DNA extraction from the far-
mer’s orchards of eastern Nepal. Samples were collected
randomly, from the selected trees of three agro ecological
domains representing terai, mid-hills and high-hills (Ta-
ble 1) and kept in silica gel. They were brought to Nepal
Academy of Science and Technology (NAST), Khumal-

Table 1. Altitudinal range, accessions number and locality details of sample collection sites of acid lime landraces.

Above 1200 m asl

600 - 1200 m asl

Less than 600 m asl

Acc No Altitude (M) VDC-Ward No. Acc No. Altitude (M) VDC-Ward No. Acc No. Altitude (M) VDC-Ward No.
LT-1 1605 Okhre-8 LD-49 1185 Bodhe-1 LM-43 135 Sunpur-2
LT-17 1750 Fachmara-7 LKv-60 1185 Balara-1 LM-44 135 Sunpur-2
LT-18 1710 Fachmara-9 LKm-61 1185 Balara-1 LM-45 135 Sunpur-2
LT-15 1655 Fachmara-9 LKr-62 1185 Balara-1 LM-58 135 Sunpur-2
LD-50 1638 Rajarani-9 LD-48 1181 Bodhe-1 LS-34 128 Narsing-2
LT-8 1505 Okhre-8 LD-25 1180 Balara-1 LS-35 128 Narsing-4
LT-22 1505 Sudap-1 LD-26 1175 Balara-1 LS-36 128 Narsing-4
LT-9 1500 Okhre-5 LD-27 1175 Balara-1 LS-37 128 Narsing-4
LT-21 1485 Fachamara-1 LD-28 1175 Balara-1 LS-38 128 Narsing-4
LT-20 1410 Fachamara-8 LD-29 1175 Balara-1 LS-39 128 Narsing-4
LT-16 1405 Fachamara-7 LD-30 1175 Balara-1 LS-40 128 Narsing-4
LT-19 1350 Fachamara-7 LD-59 1175 Balara-1 LS-41 128 Narsing-4
LT-13 1315 Fachamara-7 LT-4 1155 Okhre-1 LS-42 128 Narsing-4
LT-12 1310 Fachamara-7 LT-5 1155 Okhre-3 LS-56 128 Narsing-4
LT-14 1308 Fachamara-7 LT-6 1150 Okhre-3 LS-57 128 Narsing-4
LT-23 1308 Sudap-7 LD-31 1150 Dhnk-3 LM-51 125 Pathari-2
LT-3 1305 Okhre-8 LT-7 1145 Okhre-2 LM-52 125 Pathari-2
LD-24 1290 Balehara-8 LT-10 1135 Okhre-3 LM-53 125 Pathari-2
LT-2 1285 Okhre-1 LT-11 1130 Okhre-3 LM-54 125 Pathari-2
LD-46 1278 Bodhe-2 LD-32 1130 Balhra-3 LM-55 125 Pathari-2
LD-47 1278 Bodhe-2 LD-33 1130 Balhra-1 - - -

Note: LT = Lime Terhathum, LD = Lime Dhankuta, LM = Lime Morang, LS = Lime Sunsari, LKm = Lime Madrasi, LKr = Lime Rampur, LKv = Lime Bana-
rasi, VDC = Village Development Committee, m = meter, asl = above sea level.

Copyright © 2012 SciRes.
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tar laboratory for molecular study.

2.2. DNA lIsolation

Leaf samples (100 mg) were ground to a fine powder in
liquid nitrogen. DNA was extracted by using DNeasy
extraction mini-kit (QIAGEN, www//qiagen.com) pro-
cedures. The extracted DNA (200 pl) was stored at
—20°C until use. The quality and quantity of DNA were
determined by Bio-photometer (Eppendorf Company,
Germany).

2.3. SSR-PCR Optimization

A total of twelve published SSR primer pairs for citrus
species were used in the present study [36-38]. These
primers were selected based on Polymorphic Information
Content (PIC) values (Table 2). PCR amplification was
performed in BIOER Thermal cycler (Bioer Technology
Co. Ltd., China Version 2001.1.0). The PCR reactions

were performed in total volume 25 pl, containing 0.2
mM dNTPs, 2.5 mM MgCl,, 2.5 ul of 10x Taq buffer
[100 mM Tris-HCI, pH 8.8 at 25°C, 500 mM KCI 0.8%
(v/v), Nonidet P40]; 0.6 U Tag DNA polymerase (Fer-
mentas, Life science; 5 u/pl), 0.8 pmol of each primer
(Eurofins Genomic Test Pvt Ltd., Banglor, India) and 0.8
ng of template DNA. The PCR program consisted of
initial denaturation at 94°C for 5 min; 32 cycles of 94°C
for 1 minute; followed by annealing at 60°C for 30 sec;
extension at 72°C for 1 min and final elongation at 72°C
for 4 minute. The PCR products were separated on 3%
agarose gel (Embi Tec. San Diego, CA) and stained with
Ethidium bromide (10 mg/mL Promegha) for 35 minute
and de-stained in distilled water for 15 minutes. The
DNA fragments were photographed and documented
using Gel doc system (Syngene UK). Electrophoresis
was conducted in 1x TAE buffer (Tris, acetic acid and
EDTA buffer) at 100 volt for 45 minutes (9.0 V/cm).

Table 2. Nucleotide sequence, repeat motifs, number of alleles, allele size range and polymorphic information content (PIC)

value of 11 SSR primers pairs.

S No Locus Sequence (5’ -3") and (3’ - 57) Repeat Motif No of Alleles  Allele Size (bp) PIC
TAAA4SF GCACCTTTTATACCTGACTCGG TAA 4 80 - 150 0.65
: TAA45R TTCAGCATTTGAGTTGGTTACG
TAAS2F GATCTTGACTGAACTTAAAG TAA - - -
> TAAS52R ATGTATTGTGTTGATTACG
TAA41F AGGTCTACATTGGCATTGTC TAA 4 50-170 0.62
> TAA41R ACATGCAGTGCTATAATGAAGT
TAAISF GAAAGGGTTACTTGACCAGGC TAA 3 160 - 200 0.51
* TAAISR CTTCCCAGCTGCACAAGC
TAA3F AGAGAAGAAACATTTGCGGAGC TAA 3 130 - 170 0.63
> TAA3R GAGATGGGACTTGGTTCACACG
CATO1F GCTTTCGATCCCTCCACATA CAT/ 4 50-180 0.75
o CATO1R GATCCCTACAATCCTTGGTCC CTT
CACISF TAAATCTCCACTCTGCAAAAGC CAC 3 180 - 225 0.43
k CACISR GATAGGAAGCGTCGTAGACCC
TAA27F GGATGAAAAATGCTCAAAATG TAA 3 80 - 125 0.62
5 TAA27R  TAGTACCCACAGGGAAGAGAGC
CT19F CGCCAAGCTTACCACTCACTAC CT 3 50 - 155 0.34
> CT19R GCCACGATTTGTAGGGGATAG
TC26F CTTCCTCTTGCGGAGTGTTC TC 2 130 - 145 0.49
10 TC26R GAGGGAAAGCCCTAATCTCA
AG14F AAAGGGAAAGCCCTAATCTCA GA 2 125 - 140 0.36
- AGI4R CTTCCTCTTGCGGAGTGTTC
GTO3F GCCTTCTTGATTTACCGGAC GT 2 120 - 180 0.18
12 GTO3R TGCTCCGAACTTCATCATTG
Total 33 - 5.41
Mean 3 - 0.50
Copyright © 2012 SciRes. AJPS



Genetic Diversity Assessment of Acid Lime (Citrus aurantifolia Swingle) Landraces in Nepal, Using SSR Markers 1677

2.4. Data Analysis

Amplified fragment bands were scored as discrete vari-
able “1” is present and “0” is absence. The molecular
size of the PCR product was estimated by comparing the
position of band with 100 bp plus DNA ladder (Gene
Ruler™, Fermentas, Life Science). The binary data ma-
trix obtained from the SSR profile, generated by twelve
primers pair from 62 samples were analyzed using nu-
merical taxonomy and multivariate system (NTSYS-PC,
version 2.21i, Exeter software, Setauket, New York,
USA). Genetic similarity was calculated by using SIM-
QUAL (Similarity for qualitative data) computational
algorithm of Jaccards coefficient [39] methods. Based on
the similarity matrix, sequential agglomerative, hierar-
chical and nested clustering was performing using the
Unweighted Pair group method of Airthmetic Average
(UPGMA) algorithm. Diversity levels of loci were eva-
luated by polymorphic information content (PIC value)
according to the formula [40].

n

PIC=1-Y(R)

where, P; is frequency of the jth pattern for marker i and
the summation extends over n patterns.

3. Results

3.1. SSR Analysis and Genetic Diversity within
Accessions

Out of twelve SSR markers, eleven were amplified in the
62 DNA samples. Total number of alleles amplified by
eleven primers pair was 33, with average 3 alleles per
locus. The highest number of alleles was 4, in TAA45,
TAA41 and CATO1 loci and lowest number was 2, in
TC26, AG14 and GTO3 loci. The average polymorphic
information content (PIC) value was 0.50 and the highest
value was 0.75 and the lowest was 0.18 in CATOI and in
GTO03 locus respectively (Table 2). All the alleles ampli-
fied by CATO!1 primer pairs on acid lime accessions were
well distinguishable (Figure 1). Double and triple bands
were also amplified by the SSR primers in few acces-
sions. Few samples that were collected from terai site is
hybrid and that has been shown like double band but that
may be primer dimmer or hybrid (Figure 1, plate (d)).
The size of the allele amplified by the eleven primers
pairs was ranged from 50 to 225 bp.

3.2. Genetic Relationship of Acid Lime
Landraces

Data were collected based on the presence or absence of
binary scoring method. The binary data set was obtained
from SSR markers were used to create the correlation
matrix. The matrix was used to estimate the genetic

Copyright © 2012 SciRes.
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Figure 1. SSR Profile generated in 62 acid lime landraces by
CATO1 primer pair (a), (b), (c), and (d). Lanes marked M
are 100 bp plus molecular marker.

similarity between the acid lime accessions [41]. Based
on the dendrogram and Jaccard’s coefficient similarity
level, genetic relationship of within the 62 acid lime ac-
cessions was observed 54%. Total accessions were sepa-
rated into five major cluster groups. The majority of the
39 accessions are grouped under the cluster B, whereas
single accession LM-58, is in group “E”. Cluster group
“A” consisted of 14 accessions and group “C” consisted
of 6 accessions, whereas cluster “D” consisted of only
two LM-56 and LM-57 accessions (Figure 2). There was
small genetic variation between cluster group A, B and C
(75%, 72% and 73%), whereas group “E” had wider
variation (54%). Average genetic similarity among the
62 lime accessions was 77%, ranging from 54% to 100%.
Cluster group A, B, and C has narrower genetic relation-
ship than “D” and “E”. The result shows that, accessions
LT-2 and LT-3, LT-6 and LT-8, and LT-11 and LT-12
are in the same genetic level group under the cluster “A”,
where as LT-15, LT-16, LT-17 and LT-18, LT-23 and
LD-26, LS-34 and LM-44, LS-37 and LS-38, LD-32 and
LD-33, and LS-35 and LS-39 accessions are in the same
genetic level grouped under the cluster “B”. The acce-
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Figure 2. UPGMA (Unweighted pair group method based on arithmetic means) dendrogram derived from similarity matrix
of Jaccard’s coefficient, demonstrating the genetic relationships among 62 accession of acid lime landraces, based on 11 mic-

rosatellite markers.

ssions LS-56 and LS-57 are in the same genetic level in
group “D” where as LM-58 has wider dissimilarity in
group E (Figure 2).

4. Discussion

A total of twelve SSRs primer pairs were used for eva-
luation of genetic diversity in 62 acid lime accessions.
Among them, eleven primers pairs were amplified com-
putable bands; primer TAAS52 could not amplify and
escaped from scoring. The average number of alleles per
locus provides complementary information of polymer-
phism and more adequate to co-dominant markers, be-
cause dominant markers did not permit the detection of
all alleles [42]. In this study, total of 33 alleles were de-
tected with average number of alleles per locus was 3.
The highest number of alleles was 4 and it was observed
in CATO1, TAA14 and TAA47 loci and the lowest was 2
observed in TC26, AG14 and GTO03 loci. Maximum of 5
alleles amplified by CATO1, and TAA14 primer pairs
while a minimum of two alleles amplified by TC26 pri-
mers in Satsuma orange [43]. Average 6 alleles was ob-
served in Mandarin and lemon accessions [44], whereas

Copyright © 2012 SciRes.

4.4 alleles per locus was observed in the diversity of cit-
rus species by SSR markers [45]. On the other hand, 32
alleles were amplified by 9 SSR markers on Mandarin
germplasm in Brazil [46].

All the amplified alleles were polymorphic and PIC
values were 0.75 in CATO1 locus, which is the best and
most informative marker among the eleven SSR primers
pairs. Locus CATOl provide excellent fingerprint pa-
tterns and high polymorphism in citrus species [38]. PIC
value ranging from 0 to 0.59 (Mean = 0.19) in citrus and
its related genera [25]. On the other hand, PIC value of
SSRs primer ranges from 0.49 to 0.73 (Mean = 0.61) in
citrus species [47]. In the Figure 1 plate “D”, diploid
bands was visible in the few lime accession, that may be
primer dimmer or hybrids. Because, most of the samples
were collected from the seeded trees and may be cross
with other cultivars previously and SSR markers may
distinguished the genetic characters. A set of SSRs mar-
ker detect the considerable level of genetic variability
within the acid lime landraces [38].

The results shows the high level of genetic similarity
within the acid lime accession. The dendrogram shows
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that 62 acid lime accessions were separated in five
cluster groups. The cluster group “D” and “E” have
higher level of genetic distance, because these accessions
are morphologically different from other groups and
were collected from the terai. In the cluster group “C”
genetic similarity level was 0.73 and consisted of 6
accessions, containing thick peel higher juice percentage.
In the cluster group “A”, genetic similarity level was
observed 0.75. In this group the fruits have thin peel and
more acidic, and were collected from high and mid hills.
In the cluster group “B” genetic similarity level was
observed 0.73 and most of the accession are grouped
under this group representing all altitude range and does
not affect the environment.

High level of genetic diversity in acid lime landrace
has been reported by previous studies and composed of
different phenotype, genotype and large number of hy-
brid. This variation allows identifying the different cul-
tivars with molecular markers. Molecular marker may
provide information on the history and biology of cul-
tivars, but it does not necessary to reflect what may be
observed in morphological traits [48]. For a trait, like
fruit weight and juice it is likely that there were many
controlling gene spread throughout the genome. Our
results proved that, the accessions collected from diffe-
rent altitude range were morphologically similar, but
genetically distinct within the accessions, where high
variation was observed in terai accession than mid and
higher hills.

5. Conclusion

Identification of specific marker will become useful and
efficient tools in the breeding program of citrus species.
SSR marker proved the highly polymorphic and more
informative marker within the single species of acid lime
landraces. Among the tested SSR primers pairs CATO1,
TAA45, TAA41, TAA1S5 and TAA3 had higher PIC
values and were more informative for acid lime diversity
analysis. It is a cross pollinated crops and large amount
of genetic variation were exists within the accessions,
that can be use efficiently for gene tagging and genome
mapping of favorable traits such as larger fruit, high
juicy, potential to disease and insect resistance into the
cultivated genotype. The result of this study provides the
valuable information to breeders for efficient develop-
ment of new variety of acid lime.
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