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Abstract

Inter simple sequence repeat (ISSR) markers were used
to analyze genetic diversity among twenty cultivated
groundnut ( Arac his hypogaea  L.) genotypes. Out of 154
amplicons produced by 21 ISSR primers, 115 were found
polymorphic (74.67%). The 3’-anchored primers based on
poly ‘GA’ and poly ‘AG’ motifs produced higher proportion
of polymorphism of 74.85% and 77.27%, respectively. The
primer UBC 810 identified 18 genotypes out of 20 studied
as it had the highest resolving power among the 21
primers. The dendrogram obtained from Ward method of
cluster analysis revealed four subclusters, of which
subcluster A and subcluster D contained resistant and
susceptible genotypes, respectively. Based on Kruskal-
Wallis one-way ANOVA, UBC 810 540 was found associated
with both rust and late leaf spot (LLS) resistance and UBC
810500 with LLS resistance.

Key words: Groundnut, foliar diseases, ISSR markers,
PIC, resolving power

Introduction

Groundnut (Arachis hypogaea L.), commonly known as
peanut, is an important legume and oilseed crop, which
originated in Bolivian region (South Bolivia-North
Western Argentina) [1]. It is being cultivated in different
agro-climatic conditions in many states in India. Around
80% of groundnut area is rainfed, wherein the foliar
diseases such as rust (Puccinia arachidis Speg.) and
late leaf spot (LLS) (Phaeoisariopsis personata Berk &
Curt.) are very much prevalent and cause yield losses
up to 50% [2]. Although, sufficient resistant source for
rust is available but very limited sources of resistance
exist for LLS within A. hypogaea gene pool. Earlier
efforts, made to introgress resistant genes from wild
Arachis species to cultivated groundnut, have had

limited success due to the linkage drag of undesirable
pod trait like poor shelling outturn and prominent
reticulation and deep constriction in the pods with
disease resistance [3]. In this regard, major emphasis
was directed towards crosses within diverse cultivated
groundnut genotypes differing in resistance against rust
and LLS. However, this attempt needs proper
documentation of genetic diversity among cultivated
groundnut genotypes differing in their resistance level
against both the diseases. Evaluation of genetic diversity
based on morphological features may not be efficient
as they are highly influenced by environments. To
overcome these problems, biochemical and molecular
techniques would be of great help. Earlier, limited
genetic variation had been reported from evaluation of
seed proteins [4]. Further, molecular marker systems
such as, Restriction Fragment Length Polymorphism
(RFLP) [5], Randomly Amplified Polymorphic DNA
(RAPD) [6, 7] and Amplified Fragment Length
Polymorphism (AFLP) [8] detected low level of genetic
diversity among cultivated groundnut genotypes. Inter
simple sequence repeat (ISSR) marker technique is a
PCR based method, which involves amplification of DNA
present at an amplifiable distance in between two
identical microsatellite repeats oriented in opposite
direction [9]. The technique uses microsatellites, usually
16-25 bp long as primers in a single primer PCR reaction
targeting multiple genomic loci to amplify the inter simple
repeat sequences of different sizes. ISSR’s have high
reproducibility possibly due to the use of longer primers
(16-25 bases) as compared to RAPD primers
(decamers) that permits the subsequent use of high
annealing temperature (45-60oC) leading to higher
stringency. Such DNA markers are considered best tool
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for determining genetic relationship/diversity as they are
abundant in number, highly polymorphic and are
independent of environmental interaction i.e. are highly
heritable. The present study investigates the genetic
diversity among the cultivated groundnut genotypes and
finds association of ISSR markers with resistance
against rust and LLS, the two important foliar diseases
of this crop worldwide.

Materials and Methods

A total of 20 genotypes of A. hypogaea L. were analyzed
(Table 1) by using 21 pre-screened ISSR primers (Table
2). These genotypes were grown in experimental fields
at Bhabha Atomic Research Centre, Trombay, Mumbai,
India in two rainy seasons (June–September) and were
evaluated for disease reaction against rust and LLS
based on modified 1-9 scale as described in
Subhramanyam et al. [10]. Young leaves from plants
were collected and DNA was extracted using the CTAB
procedure with minor modification [11]. DNA
concentrations and their purity were determined by

taking A260 and A260/A280 values in V-530 UV-VIS
Spectrophotometer (Jasco, Japan). Polymerase chain
reaction (PCR) was performed in Mastercycler gradient
(Eppendorf, Germany). Reaction mixture for PCR (25
µl) consisted of 1X Taq assay buffer (Bangalore Genei
Pvt. Ltd., Bangalore, India), 200 µM of each dNTP
(Promega, Madison, USA), 0.2 µM of primer (University
of British Columbia, Vancouver, Canada), 10 ηg
genomic DNA and 1U Taq polymerase (Bangalore Genei
Pvt. Ltd., Bangalore, India). The PCR protocol was as
follows: initial denaturation at 94oC for 7 min, 40 cycles’
94oC/30s, 50oC/45s, 72oC/60s and final extension at
72oC/10min. Amplification product were checked on
1.25% agarose gels in 0.5 X TBE buffer and visualized
by staining with 0.01% ethidium bromide. For
comparison of molecular size of amplicons 100 bp
ladder (Bangalore Genei Pvt. Ltd., Bangalore, India)
were also run along with each genotype. Only
reproducible and distinct bands were scored as 1/0
(presence /absence) for data analysis. Genetic
distances were calculated using simple Euclidean

Table 1. List of groundnut genotypes and their field reaction to rust and late leaf spot diseases

S. No. Genotype Pedigree Rust LLS

2004 2005 2004 2005

1 VG 9514 Arachis cardenasii X CO 1 1 1 1 1

2 GPBD 4 KRG 1 X ICGV 86855 3 2 2 2

3 GBFDS 272 Not known 1 1 1 1

4 NCAc 343 NC Bunch X PI 1216067 2 2 3 2

5 Mutant 28-2 EMS mutant of VL 1 3 3 2 2

6 DTG 57 TAG 24 X GPBD 4 3 2 1 1

7 DTG 60 TG 26 X Mutant 28-2 1 1 1 1

8 DTG 58 TG 26 X Mutant 28-2 1 1 1 1

9 DTG 27 TG 49 X B 37c 1 1 4 3

10 TDG 56 GPBD 4 X TG 49 3 2 1 1

11 TFDRG 5 TAG 24 X VG 9514 1 1 6 5

12 TMV 2 Mass selection from Gudhiatham bunch 8 9 8 9

13 SB XI Selection from EC 94943 8 8 9 9

14 JL 24 Ah 4213 X Ah 4354 9 9 9 9

15 TAG 24 TGS 2 X TGE 1 8 9 8 9

16 TG 37A TG 25 X TG 26 9 9 9 9

17 TG 39 TAG 24 X TG 19 8 7 9 9

18 TG 40 TAG 24 X TG 19 8 6 9 8

19 TPG 41 TG 28A X TG 22 8 9 8 8

20 TG 42 TG 19 X TG 26 8 9 8 9

Note: 1 = no disease and 9 = highly susceptible based on a 1-9 scale of field resistance10
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distance as d = Σ(x-y)1/2. The distance matrix was used
to construct dendrogram based on Ward method [12]
of clustering using STATISTICA software [13].
Polymorphism information content (PIC) for each
polymorphic band of a primer was calculated as 1-p2-
q2, where, p is band frequency and q is no band
(absence of band) frequency [14]. The average PIC for
a polymorphic primer was the sum of PIC of all
polymorphic bands divided by the number of
polymorphic bands. Resolving power for each primer
was calculated as Rp = Σ Ib. where, Ib =1-(2 x |0.5-p|),
where p is the proportion genotype containing the band
[15]. Single marker analysis was used to detect potential
association between marker classes (presence or
absence of the band) and their respective phenotypic

values (disease score). The data on each marker were
subjected to the non-parametric Kruskal-Wallis one-way
analysis of variance to identify marker potentiality linked
to disease [16]. The non-parametric method was chosen
instead of parametric ANOVA in view of the ordinal
nature of the disease phenotyping data (1-9 scale). The
test statistic H that has approximately a chi-square
distribution on K-1 (here K = 2) degrees of freedom was
tested for its significance and to detect the P value.

Result and discussion

Based on initial screening between resistant genotype,
VG 9514 and susceptible genotype, TAG 24, 21 ISSR
primers were selected for the present study. Incidentally,
all these 21 are dinucleotide repeats with 3’ anchored

Table 2. Molecular polymorphism, PIC values and Rp values of ISSR primers among 20 groundnut genotypes

Sr. No. Primer Sequence (5’-3’) Total Polymorphic % Polymor- PIC Rp
bands bands phism

1 UBC807 (AG)8T 11 8 72.7 0.16 2.2

2 UBC808 (AG)8C 8 6 75.0 0.12 1.1

3 UBC809 (AG)8G 9 9 100.0 0.30 3.6

4 UBC810 (GA)8T 14 13 92.8 0.23 5.0

5 UBC811 (GA)8C 3 2 66.6 0.21 0.9

6 UBC814 (CT)8A 3 3 100.0 0.42 2.0

7 UBC816 (CA)8T 2 2 100.0 0.35 1.0

8 UBC817 (CA)8T 15 8 53.0 0.10 2.0

9 UBC822 (TC)8A 6 1 16.6 0.02 0.1

10 UBC824 (TC)8G 2 2 100.0 0.35 0.9

11 UBC827 (AC)8G 6 4 66.6 0.08 0.5

12 UBC829 (TG)8C 2 2 100.0 0.46 1.5

13 UBC830 (TG) 8G 12 9 75.0 0.22 4.0

14 UBC834 (AG)8YT 8 4 50.0 0.11 1.1

15 UBC835 (AG)8YT 11 10 90.9 0.31 4.9

16 UBC836 (AG)8YA 12 9 75.0 0.20 3.8

17 UBC840 (GA)8YT 11 10 90.0 0.10 1.3

18 UBC841 (GA)8YC 2 1 50.0 0.19 0.5

19 UBC842 (GA)8YG 4 2 50.0 0.05 0.2

20 UBC844 (CT)8RC 3 2 66.0 0.12 0.4

21 UBC848 (CA)8RC 10 8 80.0 0.19 2.3

Total = 154 115

Mean = 7.3 5.47 74.67

Note: R = (A, G) and Y = (C, T)
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either by one or two bases. The PCR amplification using
these primers in 20 groundnut genotypes yielded 154
reproducible amplified bands (Table 2). The number of
amplified bands varied from 2 (UBC 841) to 15 (UBC
817), and sizes ranged from 200 to 2000 bp. Out of 154
bands, 115 were polymorphic (74.67%). The percentage
of polymorphism ranged from 50% (UBC 841, UBC 842)
to 100% (UBC 809, 814, 816, 824, 829 and 834) among
the primers. Average number of bands and polymorphic
bands per primer were 7.3 and 5.5, respectively. A
similar type of outcome with only 54.4% polymorphism
has been reported employing ISSR technique in analysis
of genetic diversity, varietal identification and
phylogenetic relationship in groundnut cultivars and its
wild species [17]. In mungbean (Vigna radiata L.
Wilczek), 65.9% polymorphism was revealed and it was
higher (83%) when whole set of germplasm comprising
varieties, land races and wild accessions was
considered [18]. The 3’anchored primers based on ‘AG’
and ‘GA’ motifs produced higher polymorphism of
77.27% and 74.85%, respectively. Additionally the
primers that were based on ‘AG’ motifs produced more
polymorphic bands on an average (9.83) than the
primers based on ‘GA’ motifs (5.75). Out of 21 ISSR
primers used in this study six having 3’ anchored ‘AG’
repeats generated 59 bands (38.3% of total bands)
where as four having 3’ ‘GA’ repeats generated 23
bands (14.93 %) (Table 2).  Thus the results highlighted
that frequency of ‘AG’/’GA’ repeats is quite higher in
groundnut genome [19]. In blackgram (Vigna mungo L.
Hepper) poly ‘GA’ and poly ‘AG’ primers also produce
more number of amplified bands [20]. Genetic distances

(Euclidean distance) among all possible pairs of
cultivated groundnut genotypes ranged from 3.7
(corresponds to ‘TG 40 x TPG 41’ pair) to 6.9
(corresponds to ‘TFDRG 5 x SB XI’ pair). Clustering
pattern with ISSR data (Fig. 1) revealed two main
clusters (‘A’ and ‘B’) at a genetic distance of 8.5. The
cluster ‘A’ was further subdivided into two clusters
namely ‘C’ and ‘D’ at a genetic distance of 6.75. The
cluster ‘C’ grouped four genotypes (VG 9514, DTG 27,
TDFRG 5 and GBFDS 272), which were all resistant to
rust and LLS. Among them VG 9514 was derived from
CO 1 and Arachis cardenasii Krapov. et. W. C. Gregory
[21], whereas TFDRG 5 was a recombinant line from
the cross involving VG 9514 and TAG 24 [22]. The
subcluster ‘D’ grouped five genotypes, which were
susceptible to rust, and LLS except NC Ac 343. Whereas
cluster ‘B’ was divided into two subclusters (‘E’ and ‘F’)
at a genetic distance of 8.1. The subcluster ‘E’ contained
both resistant genotypes (GPBD 4, DTG 57, Mutant 28-
2, DTG 60, DTG 58) and susceptible (JL 24 and TMV
2) genotypes. Incidentally DTG 58 and DTG 60 have
Mutant 28-2 as donor parent for LLS and rust resistance
in their pedigree. Among these, subcluster ‘F’ contained
four genotypes (SB XI, TAG 24, TG 37A and TG 42),
which were all susceptible to rust and LLS. Thus, the
cluster analysis showed good agreement between
molecular data and morphological data in respect of
disease reaction and pedigree. To find out any relation
between the marker data and disease reaction, single
ANOVA was made based on Kruskal-Wallis analysis.
The two polymorphic markers namely UBC 810540 (Hc
= 5.64, 0.05<P< 0.01) and UBC 810500 (Hc = 5.92,
0.05<P< 0.01) were found significantly associated with
LLS resistance. Whereas UBC 810540 (Hc = 5.12,
0.05<P< 0.01) associated with only rust resistance. The
primer UBC 810 contained ‘GA’ repeats with 3’ anchored
single base T and its two polymorphic bands were found
associated with resistance to rust and LLS. Recently,
three ‘GA’ based simple sequence repeat markers

Linkage Distance

TG 42

TG 37 A

TAG 24

SB XI

DTG 58

DTG 60

Mutant 28-2

TMV 2

DTG 57

JL 24

GPBD 4

TPG 41

TG 40

TG 39

TDG 56

NCAC 343

GBFDS 272

TFDRG 5

DTG 27

VG 9514

3 4 5 6 7 8 9

A

F

E

C

D

B

Fig. 1. Dendrogram showing relationship among
groundnut genotypes based on ISSR profile

M 1 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 1718 19 20

Fig. 2. Amplification profile of 20 groundnut genotypes
employing primer UBC 810. Note: M=100 bp
Ladder, Lane 1-20 were numbered as per the
genotypes name in Table 1
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(pPGPseq-17F6, pPGPseq-16C6 and pPGPseq-10D4)
were found associated with rust and LLS resistance
based on AMOVA and Kruskal-Wallis one-way ANOVA
[16]. The PIC as a relative measure of informativeness,
ranged between 0.10 (UBC 840) to 0.31 (UBC 835)
(Table 2). The estimation of Rp value revealed a large
variation (2.0 to 18) among primers (Table 2). The
highest Rp value was obtained in primer UBC 810 (Fig.
2) and UBC 835. Since, the higher PIC and Rp values
indicate more informativeness for genotype
discrimination and diversity studies, these primers would
be preferred for use in subsequent fingerprinting
research in cultivated groundnut. A similar type of
findings was obtained in fingerprinting of groundnut
accessions where PIC content varied from 0.1 to 0.5
and Primer Index varied from 0.35 to 1.73 for ISSR
primers [17]. These findings among different cultivated
groundnut genotypes support utility of ISSR primer in
genetic diversity studies. The present work indicates
high level of genetic variation among cultivated
groundnut genotypes, which otherwise show a low level
of polymorphism in different studies [5, 6, 7, 8]. Therefore
ISSR markers serve as a basis for future work on DNA
fingerprinting of closely related germplasm, tagging of
agronomic traits and linkage mapping in cultivated
groundnut.
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