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Comparative Structural Analyses of Groundnut RGAs for Development of STS
Markers
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Abstract: Analyses of groundnut RGA database was done to select 21 RGAs out 450 RGAs which showed homology with Flax
rust resistance protein during Blast search. Multiple sequence alignments were performed on the 21 RGA sequences and a
cluster analysis was performed to generate a phylogenetic tree. The groundnut RGA nucleotide sequences were arranged into 6
groups based on genetic distances. One or two RGA sequences from the six groups were used to design eight RGA-sequence-
tagged site primers. Out of these eight primers 5 amplified with groundnut genomic DNA. Using these RGA-specific primers
screening for polymorphism between eight resistant and eight susceptible cultivars for rust and late leafspot diseases of groundnut
was carried out. None of these RGA-STS primers could detect polymorphism between them and even restriction analysis of
PCR products of all the amplified primers across all genotypes did not show any polymorphism. These results indicate that
RGAs may be more conserved with little variations at nucleotide levels and also there is need of large number of suitable RGA
resource to detect polymorphism in crop like groundnut where little polymorphism is reported because of its complex genome.
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INTRODUCTION

Groundnut (Arachis hypogaea L.,) is an important
oilseed crop and a prominant because of its
economically important commodity. It is grown in
six continents as an important oilseed crop in
approximately 32 m ha in over 100 countries
(larna.anthro.uga.edu). It is the third major oilseed
crop in the world next only to soybean and cotton. A.
hypogaea is believed to have originated in the Southern
Bolivia to Northern Argentina region of South
America. The present day groundnut is an
allotetraploid (2n=4x=40) while most of wild relatives
are diploid (2n=2x=20).

Prevalence of frequent abiotic and consistent
pressure of pests and diseases have limited groundnut
yield less than 900 kg per ha in most of the semiarid
situations. Foliar diseases especially rust caused by
Puccinia arachidis [Speg.] and late leaf spot caused by
Cercospora arachidicola [Hori] of groundnut and cause
toll of 50% losses in susceptible varieties. The chemical

control measures are are not economical besides their
ill effects on environment. Digenic rust resistance
inheritance has been reported by Bromfield and Bailey
(1972), Nigam et al. (1980) and Vindhiyavarman et al.
(1993). Partial dominance was the possible cause for
the highly resistant F1’s obtained from interspecific
crosses, where the almost immune wild species was
the donor for rust resistance (Singh et al. 1984).
Identification of resistant genotypes needs careful,
repeated and thorough screening under ideal
epiphytotic conditions, which is time consuming and
laborious. Molecular markers associated with rust
resistance would hasten the process of identification
of resistant genotypes. Molecular marker for a disease
resistance gene is determined by (i) how close the
marker is linked to the gene, (ii) how easy the marker
can be identified, and (iii) more importantly, whether
the marker is polymorphic. The resistance gene analog
polymorphism (RGAP) tech-nique (Chen et al. 1998),
which utilizes high-resolution electrophoresis and
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sensitive detection of polymerase chain reaction
(PCR) products amplified with primers based on
conserved domains of plant resistance genes, has
been used to identify molecular markers tightly
linked to or cosegregating with disease resistance
genes (Toojinda et al. 2000; Shi et al. 2001; Yan et al.
2003).

Plant R genes are characterized by several key
features including nucleotide-binding site (NBS)
domains, leucine-rich repeat (LRR) regions,
transmembrane (TM) regions, and serine/ threonine
kinase catalytic domains (Martin et al. 2003). Plant
resistance gene analogues (RGAs) have been isolated
from numerous plant species, using degenerate
primers designed from well-characterized R-gene
products, predominantly from NBS and LRR regions
(Leister et al. 1996; Chen et al. 1998; Madsen et al. 2003).
The use of degenerate R-gene primers has proven very
effective in identifying R genes from very diverse
species of plants. RGAs have been used as markers
to tag disease resistance genes in plants (Yan et al.
2003; Huang et al. 2004). STS and SSR markers are
simple, rapid and inexpensive, thus are suitable for
screening of breeding materials in MAS programs.
The breeding and selection of Theobroma cacao has
recently been benefited from the identification of RGA
DNA markers designed from the NBS and LRR
domains of known resistance genes (Kuhn et al. 2003)
and the DNA-binding domain and other conserved
motifs of the WRKY family of plant transcriptional
regulators (Borrone et al. 2004). Recent advances in
sequencing technology allow large-scale use for many
fragments and many individuals (Meyer et al. 1999)
and are improved with respect to cost and accuracy
(Marziali and Akeson, 2001). In NCBI GENBANK a
large number RGA sequences have been deposited,
which will be of great use for development RGA
makers at lesser expenses. STS markers are single-
copy DNA sequences of known map location could
serve as markers.

Cultivated groundnut exhibits a considerable
amount of variability for various morphological,
physiological and agronomic traits. However, a low
level of variation has been detected at DNA level
using RAPD (Halward et al. 1991, 1992; Subramanian
et al. 2000), ISSR (Raina et al. 2001), AFLP (Herselman
2003) and SSR (He et al. 2003) markers. With limited
sequence information in groundnut, few economically
important traits have been tagged using molecular
markers, namely, nematode resistance using RAPD
(Burrow et al. 1996; Garcia et al. 1996), resistance to
the aphid vector causing groundnut rosette disease

using AFLP (Herselman et al. 2004), and resistance to
seed infection by Aspergillus xavus using AFLP
analysis (Yong et al. 2005). In this study we attempt
to explore the available RGA sequences for their
homology loci with well known rust R genes from
wheat and flax.

MATERIALS AND METHODS

RGA sequences

Groundnut RGA sequences available in NCBI
GenBank database were downloaded through ftp and
also searched for reported rust genes in dicot species
such as soybean, flax and other pulses. Using BLAST
tool groundnut RGAs having homology with
reported rust R-genes from dicot species identified and
explored as RGA-STS markers. RGA nucleotide
sequences were aligned using the program Align X
(component of vector NTI, Invitrogen Inc., USA,
2006), with default cost settings for opening and
extending gaps. The neighbor-joining method was
used to generate a phylogenetic tree of the RGA
nucleotide sequences. The RGA sequences were then
analyzed by multiple sequence alignment using Align
X and were divided into groups according to genetic
relatedness. The PCR primers were designed for one
or two individual nucleotide sequence within each
of the group. Using FastPCR (Kalendar, 2004)
software.

DNA preparation

Total DNA was isolated from a set of 8 resistant and
8 susceptible breeding lines/ cultivars of groundnut
following CTAB protocol of Murry and Thompson
(1980), with suitable modifications. The genomic DNA
after RNase treatment was used as the template for
all PCR amplifications. Varieties with a 1-3 disease
score LSVT-2003-1, ISK-1-20004-4, IVT-1-2005-5,
GPBD-4, ASK-2005-1, OCG-17, DRT-2004-10 and
LSVT-2005-4 were designated as resistant and a 4-9
score JL-24, TMV-2, Dh-40, TAG-24, ICGV-9112-1 15-
T, TG-26 and TPG-41 as susceptible according to
Pande and Rao (2001).

PCR amplification

The functionality of the RGA-STS primers was
determined by PCR amplification using genomic
DNA. Working primer sets were screened for RGA-
STS polymorphisms in a set of resistant and
susceptible genotypes.

For PCR amplification, 20 pl reaction mixtures
containing 10 mM Tris-HCI (pH 8.8), 50 mM KCl, 10
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mM MgCl2, 2.5 mM of each of dNTPs, 20pM each of
forward and reverse primers, 50 ng of genomic DNA
and 2.5U Taqg DNA polymerase (MBI Fermentas).
Amplification conditions were; initial denaturation
at 94 °C for 4 min, followed by 30 cycles of 94 °C for 1
min, 50-56 °C (depending on the primer combination)
for 1 min and 72 °C for 1 min and a final extension of
72 °C for 20 min using a Master Cycler gradient 5331
(Eppendorf). The annealing temperature optimum for
each primer combination was determined by the
gradient function of thermal cycler before actual PCR
reaction for elution of the specific amplicon was
performed. The PCR products in 10 xl were resolved
in 1.2% agarose (Sigma-Aldrich, USA) gel using 1x
TBE (89mM Tris-HCI, 89 mM boric acid and 2mM
EDTA pH 8.0) buffer stained with ethiduim bromide
(0.75ug/ml) and visualized wunder UV
transilluminator (UVI Tech, England) and results
were documented. The size of the amplified
fragments was estimated by comparison with a 100-
bp ladder (Bangalore Genei Pvt. Ltd., Bangalore,
India). Restriction of PCR products amplified by
RGA-STS markers was carried out using four base
cutters (BsuRI and Tagl) under optimized restriction
conditions to look for restriction site differences. For
restriction 30 il reaction mixture containing 17 il
Nuclease free H,O, 2 il10X assay (10mM Tris
HCl1,100mM KCl, ImM EDTA, ImM DTT, 0.2mg/ml
BSA and 50% glycerol, pH 7.4) Buffer, 10 il PCR
products and 1il Enzyme from Fermentas were used.

RESULTS

DNA markers linked to traits of economic important
help in breeding programme. Identification of DNA
markers linked to rust disease in groundnut is
important for development of resistance cultivars. In
this study a bioinformatic approach was used to find
RGA-markers using RGA database and then their
functionality and ability to detect polymorphism was
tested in 8 resistant and 8 susceptible species. Out of
450 groundnut RGA sequences downloaded from
database 21 RGA sequences were chosen based on
their homology with flax (Linum usitatissimum) rust
R-genes; GIs are listed in Table 1. These selected
sequences were aligned (Fig. 1) and the cluster
analysis of these RGA sequences resulted in 6 groups
(Fig. 2), which clearly indicated groupings according
to sequence similarity. It is important to note that the
dendrogram representation of the cluster analysis that
have different branch lengths are representative of
the genetic distance among the RGA nucleotide
sequences. Overall, distinct six groups of RGAs

could be identified among those that shared
significant homology with flax RGAs. Eight primers
were designed using one or two sequences from six
groups and they were called as RGA-STS primers
(Table 2).

Five out of eight RGA-STS primer pairs amplified
a prominent DNA fragment of predicted size (Table
2) as visualized on 2% agarose gel. However, in two
instances, other DNA fragments of varying sizes were
also evident as faint, minor and prominent, major PCR
products (Plate 1). Groundnut genomic DNA from
the eight resistant and eight susceptible (for rust and
late leafspot) genotypes was amplified for
polymorphic DNA markers, using the RGA-STS
primers. Of the five RGA-STS primer pairs used in
the PCR reactions, none amplified DNA fragments
of those were polymorphic among groundnut
genotypes used (Plate 2). Even restriction digestion
of PCR products with four base restriction enzymes,
Tagl and BsuRI, did not result in any polymorphism
with respect to restriction enzymes sites (Plate 3).
These results indicate that the RGA sequences are less
variable parts of plant genome and indicated the need
to go further deeper at nucleotide by nucleotide
comparison between resistant and susceptible
cultivars.

DISCUSSION

Considerable efforts have been made to identify
sources of resistance to rust in groundnut because of
its importance worldwide. RGAs have been used to
identify candidates for resistance genes in several
plant species, and are believed to be significantly
associated with QTLs conferring resistance to pests
(Wisser et al. 2005). While the development of
molecular markers has shifted from anonymous DNA
fragments to Gene-based PCR markers, also called
functional markers. Utilizing RGA sequences
deposited in genbank for development of RGA
markers is a proven method. The breeding and
selection of Theobroma cacao has recently been
benefited from the identification of RGA DNA
markers designed from the NBS and LRR domains of
known resistance genes (Kuhn et al. 2003) and the
DNA-binding domain and other conserved motifs of
the WRKY family of plant transcriptional regulators
(Borrone et al. 2004).

Conventional groundnut breeding selections rely
mainly on bioassays such as severity of disease
symptoms and on the ability of the breeder to
identify desirable traits for generation advancement.
These techniques can be extremely subjective and
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bioassays can lead to false selections due to
environmental factors such as non-uniform
distribution of pathogens in the field. Clearly,
identification of R-gene-linked DN A markers and/
or genes that confer natural resistance to pests/
diseases would be greatly beneficial to the in terms
of overhead expenditures. But the development of
these RGA DNA markers until recently was too
expensive, laborious and inaccurate for routine use.
Recent advances in sequencing technology allow
large-scale use for many fragments and many
individuals (Meyer et al. 1999) and are improved
with respect to cost and accuracy (Marziali and
Akeson, 2001).

In this study, one of major concerns was to
develop RGA-STS markers derived from the RGA-
STS primer pairs (Table 2) designed from the cluster
analysis of peanut RGA resources (Fig. 2). There was
clear representation of the RGA groups assigned to
the groundnut RGAs using a dendrogram based on
genetic distance among the 21 groundnut RGAs.
Primers were designed for eight and only five of them
amplified. The groundnut RGA-STS primer pairs
designed from the individual sequences of RGAs of
different groups, were developed to amplify a major
DNA fragment of specific size. However, in two cases
of RGA-STS (AhRGA7627, AhRGA1206) primer
multiple bands were evident as major and minor
amplification products for each pair of RGA-STS
primers. In all cases, the major amplification products
of predicted sizes were present when PCR products
were resolved on a 2% agarose gel. Since the RGA-
STS primers are highly specific, it is presumed that
the other bands are also groundnut RGA sequences
representing an R-gene family containing the similar
motifs. This presumption conforms to observations
that many R-gene families cluster in plant genomes
to loci associated with resistance to a specific pathogen
or pathogens (Leister, 2004). Variations in the size of
genes may also be due to duplicated R-genes which
could also lead to multiple PCR products of varying
sizes as demonstrated in Plate 1.

Utilizing RGA sequences deposited in genbank
for development of RGA markers is a proven method
in several plant species, for example Hinchliffe et al.
(2005) developed nine polymorphic RGA-STS
markers in cotton using 99 cotton RGA nucleotide
sequences already deposited in GenBank and 57 of
RGA nucleotide sequences isolated and revealed by
them.

Out of five RGA-STS primers used in the present
study none amplified polymorphic amplicons and

restriction of PCR products of RGA-STS primers with
frequent cutters (BSuRI and Tagl restriction enzymes)
which may be because RGA sequences are less
variable parts of plant genome and variations in many
of these sequences differ only slightly by
substitutions, deletions, and/or insertions at the
nucleotide level or SNP level (SNPs are the most
abundant in the genome) as found in alignment of
groundnut RGA sequences. Another reason for this
is lack sufficient RGA resource having motif
conservation with reported rust R-genes to design
large number of RGA-STS primers needed to detect
polymorphism in crop like groundnut where
limited variations are detected because of complex
nature of its genome i.e. small chromosome
size, multiallelic loci, the presence of much
repetitive and redundant DNA and also functional
sequences being confined to a small region (Singh et
al. 1998).

Table 1
Groundnut RGAs showing similarity to gene putatively
involved in rust resistance in flax (Linum usitatissimum)
species; with their accession ID, No in dendrogram, e-values
in blast search and RGA groups based on
multiple alignment

Sl No Accession ID No in e-value RGA

dendrogram group
1 gi|62177627* 11 7.00E-98 RG1
2 gi| 62177533 12 3.00E-95 RG1
3 gi| 62177615 15 1.00E-92 RG I
4 gi|62177563* 16 2.00E-91 RG I
5 gi|62177545*% 20 9.00E-91 RG I
6 gi| 62361180 18 3.00E-90 RG III
7 gi|62361220 19 4.00E-89 RG III
8 gi|62361206* 22 3.00E-87 RG III
9 gi|62361294 23 2.00E-85 RG III
10 gi|62361200* 25 4.00E-79 RG III
11 gi| 62361158 26 6.00E-79 RG IV
12 gi|62361210* 27 6.00E-79 RG IV
13 gi|62361186 28 1.00E-78 RG IV
14 gi| 62361256 29 2.00E-78 RG IV
15 gi|37222014 30 2.00E-78 RG IV
16 gi|37221984 31 1.00E-77 RG IV
17 gi|62361222* 21 1.00E-77 RGV
18 gi| 62361240 24 4.00E-77 RGV
19 gi|62177625* 13 7.00E-77 RG VI
20 gi| 62177573 14 2.00E-76 RG VI
21 gi| 62177577 17 1.00E-92 RG VI

*RGAs selected for RGA-STS primers synthesis which were used
for RGA-STS marker development
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(34)304 400 4l 420 43t sl 450 460 470 gl 490 500 519
11(381) hcoazL-- --- - 1GHIAT IGC TAAGIGACCE TCAAIC ICT AGREC IC 11 8GY IGBRACGCCE 20 - - ---- MAARIGACANGECCCARNGCAR - - - - AC T AIGARGAIC T AIC CRL LR ACCA A
12 (76) RCGAGA-- - - - - ERAAT G0 JRAGIGACCE 1GAATC 1C T AGRGCIC D10 16T PR ACGECT IC- - - - MARAIGACARGECCCARRGCAR - - - - BCT AYGARGAICY AIC CAR TR AGTA A
13 (35) BCBABA- - --- - TGRART 160 TAAGICACCE TCAAIC 10T AGRGE 1E 110 15T PEELACGECT BE - - - -- - - HAAAYGACAASECCCA BRSCAR - - - - BC P AIGARGAIC Y AIC CRA TCRAGEA L
15 (30) ACAAGA-- - - - - IRHAGY 16C 1AGIGACCE Yok AC 10 NG IC 21C 5T PRARATGECY 20 - - - - - Mk ARG AC A BEEC CAG RASCAR - - - - ACT ATGARGGCC T AIC CAN TCRARIAG
16 (35) ACAkGh-- - - - - JGRAGE 150 TAAGIGACEE $CA AT0 00 S AGRGE 10 12C 16T IEORATGECT 1L - - - --- AARAYGACAAGEECAGAAGCAA - - - - AC T AIGARGGCC Y ATC CAR BCRACCAG
20 (375) ACALGA-- - -~ - JGRAGY ICT TRAGIGALCE IGAAIC 10T AGRGE IC 10 1GY PG ATGLCT IC- - - - -- -~ RARATGACARGECCAGRAGCAR - - - - ACT AIGARGGCCY AIC CRR ICRAGLAG
18 (30) BCRABA- - --- - TEAART 160 LAAGIGALCE SR ATC 10 T AC 160 IC 110 PGY PR ACGECT BE - - - ---- HAAAYGACA AEECCCA BRSCAR - - - - ACT AYGAAGACCT AIC CRA PCR AL AL
33 (F9) RCGhEA-- - - - - 1GRART TG TAAGEGACCE TEAATC 1C T ACTEC 10 170 PG PORRACGEOC B0 - - - - -- b ARG ACA BEEC CCR RASCAA - - - - AC? AIGARGACC T AIC CAA TCRACTA Y
19 {3B0) aCRAGA- - - - - - VERAAT IGC TARGYCACCE TEARTC 10 ACIGC I TIC 5T PR ACGCET IC- - —- - - - HAAATCRAGARCEC CCARRGCAR - - - - ACT AIGARGACC T AICCAR ICRAGTAA
22 (F9) ACGAEA-- - - - -YERAAY Y TANCEGACCE $CAATC TCY ACTGE 1 T 2EY IR ACGCCT 10 - —-- - - -~ RARATCAGAREEC CCARRECAR - - - - ACT AYGARGACC T AIC CAR ICRAGTAA
25 (F9) ACGhEh-- - - - - 1GRARY G0 PAAGEGECEE $CARIC TC T ACTEC 10 T TE PRI CORRACGECT B0 - ——- - - - Ak PG AGH ASEC OO BASCAT -~ - - ACT AICARGACCE AIC CAN TCRAGTAR
26 (35 ) RAGCC TAC AT 12GAGEGCET JGRATGAIGAAGA 116 L 1GEEIAGIG 2 11 GCAARTC ATGCAT 21C 22T -CIGGAGAGCGIC TAGE 112 IGRANA - - - - AL PG CAGAGRALTT GTT RARA- - - -
27 (375) 1C-CYPPCACAICIACCG - - - - - -~ CAYGATCAYIC Y YGEARC ALY T Y L == == === === = = = = = = e = e o e e e e e e e e e e e e e
28 (F5) ec-crerCACRICYACCE--- - -- CATGAYCAYIC T IGERACATC T Y GCICATY AYGCRT 2T - - - - - CEGARC AGHARYCCOGAGC CAR - - - - CI2 1GY YOECER IGE -~ - = - == - - -
29 (376) to-c1EICACRA ICTACCE--- - -- GRYGA TGN YIG T IGCRACAIC PP GCICAT Y ATGERT Y - - - - - GGGAAC AGHAACCOGAGCCAR -~ - -CYR G 9GE -~~~ == ===~ == === -
30 (348) ACCAZ TACCAT 1IGARGAC T G CICAIGAACA 3G 1 1GEERA T 1GC 1T ARACAARGASCAT 221 CARACAT GRGACA 1GA TACT AAC RAACAA T TAG AR PORGEGCARC 1GGEECARGATIC
31(03) RICHCE-- --- - IEICACCAT JATCCCAGEA FEACAR TIGCTTA 1 1C L TC ARA TACC AYGCAT TIGGR- - - - LCACACAAAG PE5- AGC GLACA- - - -GAGC PIGACHCARY ACGCRAGRAGATIC
24 (T9) BCANEA-- - - - - 1GAARD TG0 TAAGIGACCE $CHATC 0T HEARC 10 T 70 PEY PORR ACGECT B0 - - - - —- Hhh AP AC G OO AASCAR - - - - ACP AYCARGACCE AT CAL YCRAGTE S
21(382) ACRAGA-- - - - -CRRARY 1GT TRAGIGAEC ! Joh AYC 16D ARG TIC P10 8GY PECRACEECY B0 - - - -- -- HAAAPGACA BT CCA RASCAR - - - - ACT ATGARGACCE AIC CAR TCRAGTAA
14 (386) ACGAGA-- - -- - JGRAAT I JAAGEGACCC IGRATC 10 T AGRGCIC TIC 15T PORRACGLCT IC- —-- - - - AARAYGACARGECCCARRECAR - - - - ACT AIGARGAIC Y AIC CAR TCRAGTAA
17 (376) ACERAGA-- - - - - YSAAAY 16T YARGYGACCE TG AT 10 T ARRGE IC 2 1C 153 PEGRACGLCY 0 - - - - - AARAYGACARGECCCARRGCAR - - - - ACT AYGARGAICY AIC CRA TCRAGCA A

Figure 1: Multiple alignment of selected RGA sequences using Align X program and nucleotide changes in
RGA sequences are shown without colour
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Figure 2: Dendrogram representation of a Phylogenetic tree and RGA groups (RG I-VI) formed based on multiple
sequence alignment of selected RGA sequences listed in Table 2 with GenBank accession numbers
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Plate 2: Amplification pattern obtained with RGA-STS primer AhRGA1240 across 16 genotypes of groundnut
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Plate 3: Restriction digestion of PCR products of RGA-STS primer AhRGA1240 with restriction enzyme BsuRI
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