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ABSTRACT
In the present study, the isolation and characterization of full-length CC-NBS-LRR type disease resistance (SbRGA114)
homologous gene from sorghum (Sorghum bicolor (L.) Moench). Based on the short sequence information of previously
isolated sorghum resistance gene analogue, SRGA114, a 3,220 bp composite cDNA was amplified using 5’ and 3’ rapid
amplification of cDNA ends (RACE) technique. Further, the entire coding region of 2,733 bp was cloned by nested RT-
PCR using specific primers designed for 5’ and 3’ RACE products. It encodes a predicted polypeptide of 910 amino acids
with a computed molecular weight of 104.1kDa. The deduced SbRGA114 protein consists of an N-terminal coiled-coil
(CC) domain, nucleotide binding site (NBS), three perfect leucine rich repeats (LRR) and nine potential N-linked
glycosylation sites. These domains are known to participate in protein-protein interaction and signal transduction during
plant response to pathogens. Sequence analysis of SbRGA114 showed high homology with reported NBS-LRR type
resistance genes of maize, barley and rice.
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INTRODUCTION
Plants have developed complicated defense mechanism
during evolution to resist the pathogens that they
encountered. Gene for gene concept of disease resistance
involves two processes: perception of pathogen attack,
followed by response to limit the disease. Perception for
pathogen strains, encoded by disease resistance gene (R)
involves receptors with a high degree of specificity. Data
from the molecular analysis supports the model in which
the products of R genes act receptor for the direct or
indirect products of pathogen avirulence (Avr) gene[1].
Thus, plants can activate a very effective arsenal of
inducible defense responses, comprised of the genetically
programmed suicide of infected cells (hypersensitive
response, HR)[2], as well as tissue reinforcement[3], and
phytoalexins production at the site of infection[4].
However, programmed cell death in plants is especially
prominent in response to abiotic and biotic stimuli[5].
These local responses can in turn trigger a long lasting
systematic response (systemic acquired resistance, SAR),
which highpoints the plant for resistance against a broad
spectrum of pathogen[6]. Disease resistance genes have
been cloned from several plant species and are mainly
categorized into eight classes based on the structural
similarities of their predicted protein products[7]. Most R
genes contain a nucleotide binding site (NBS) attached to
a C-terminal leucine rich repeat of flexible length. These
domains contribute in protein protein interface and signal
transduction[8,9] such genes are called NBS-LRR genes and

represent the most prevalent class[10]. NBS domain usually
found in ATP or GTP binding proteins and is essential for
catalytic activity of these proteins as it functions directly
in ATP and GTP binding[11]. NBS-LRR resistance genes
are further subdivided into TIR-NBS-LRR and CC-NBS-
LRR groups. The TIR homologous domain has been
detected in the N- terminal region, suggesting a function
similar to Toll receptors that are original discovery of the
Drosophila Toll protein and mammalian interleukin-1
receptor and their homologs are related to apoptosis of the
cell[12]. Hence TIR homologous domains are involved in
the resistance response in plants[13], whereas, the CC-NBS-
LRR genes contain a leucine zipper coiled-coil domain
instead of a TIR domain and involved in[14,15]. To date the
isolation of resistance genes has required the difficult and
complex procedure of map based cloning and transposon
tagging. Polymerase chain reaction (PCR) is one method
that allows a more efficient means of isolating further
resistance genes. PCR degenerate primers based on short
stretches of amino acids conserved among  NBS-LRR R
genes are used to isolate resistance gene analogs (RGAs)
and resistance gene like sequences from several plant
genotypes (Soybean, Sorghum, Rice, Barley, maize, and
Potato).
In the present study, we report the cloning of full-length
NBS-LRR class resistance gene homologue using short
sequence information from previously characterized RGAs
of Sorghum[16] by performing Rapid Amplification of
cDNA Ends PCR (RACE- PCR).
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MATERIALS & METHODS
Plant materials and RNA extraction
Seeds of sorghum [Sorghum bicolor (L.) Moench] M35-1
moderately foliar disease resistant cultivars were grown in
the greenhouse. Three week seedlings were inoculated
with spores of Colletotrichum graminicola (anthracnose
causing pathogen) in order to induce plant–pathogen
interaction and for salicylic acid (SA) treatment; seedlings
were sprayed with 2.5mM SA. The three week old
pathogen inoculated seedlings, leaves serve as the starting
material for RNA isolation. The sample was powdered in
liquid nitrogen with pestle and mortar and the total RNA
was extracted using RNeasy ® plant mini kit (QIAGEN
sciences,Maryland, USA) conferring to the manufacturer’s
instructions. Further poly (A)+ RNA was separated using a
NucleoTrap®MRNAmini kit(Macherey-Nagel, Germany).
3’ and 5’ RACE-PCR
In order to generate unknown 3’fragment of the gene,
cDNA synthesis was performed with the 3’ RACE system
for rapid amplification of cDNA ends using SMART
RACE cDNA amplification kit (Clontech, Palo, Alto, CA,
USA). Basically an aliquot of isolated poly (A)+ RNA (
approximately 0.5µg ) was used as the template and the
subsequently 3’RACE reaction was performed with a gene
specific sense primer MR70F (5’-CTGGATGATGTCTG
GGACCAGGAAG-3’) designed specifically to elucidated
RGA signature sequence as per the manufacturer’s
instruction. PCR was carried out in a total volume of 50µl,
containing 2.5 µl 3’RACE ready cDNA, 10 picomol of
MR70F and universal primer mix (UPM, supplied in the
kit), 10µ mole dNTP, 1x PCR buffer and 1.5U Taq
polymerase. Higher annealing temperature of primer
allowed the use of Touch-down PCR program, which
significantly reduced the nonspecific amplification,
allowing the critical amount of gene product to
accumulate. The Reverse transcription (RT-PCR) PCR
reaction was performed under the following conditions:
Initial five cycles of amplification (94ºC -30s, 72ºC -3
min) followed by next five cycles (94ºC -30, 70ºC -30s,
72ºC -3 min) and then 25 cycles of amplification (94ºC -
30s, 68ºC -30s, 72ºC -3 min) with a final extension for 30
minutes at 72ºC. PCR products were separated on 0.8 %
agarose gel (Plate1), target DNA band corresponding to
2.0 kb was purified using Perfect prep® Gel Clean up
(Eppendorf AG, Hamburg, Germany), ligated in to T/A
cloning vector pTZ57R/T (Fermentes, EU) followed by
transformation into E. coli strain DH5ά. Competent cells
were prepared using CaCl2 double suspension method,
while heat shock method was adopted for transformation
in terms of the protocol of [40]. After confirmation of the
clones through restriction and PCR analysis, positive
clones were sequenced using M13 Forward and M13R
primers. While to explore 5’ end of the gene, 5’RACE-
PCR was performed similar 3’RACE, except the 5’RACE
ready cDNA and antisense primer MRP70R (5’-CTTGA
GCATTTCCCAGAGGCTGGAT-3’)designed specifically
for above said RGA sequence were made worse.
Compared to 3’RACE-PCR, a shorter extension of 2 min
was given in the touch-down PCR program, as the

expected size of amplicon from 5’RACE was around 1-1.5
kb. Analysis of PCR product on 0.8 % agarose gel showed
the presence of expected 1.4kb amplicon (Plate 2). Elution
of the band, ligation, E. coli transformation and
sequencing was done as mentioned above.
Generation of SbRGA114 full-length cDNA sequence
By comparing and aligning the overlapping sequences of
3’ and 5’ RACE products, the full-length cDNA sequence
of the sorghum NBS-LRR type disease resistance gene
homologue was deduced using VECTOR NTI 10.0.
Further complete CDS was obtained through nested RT-
PCR, using a new pair of primers SRGF1 (5'-GGCC
TCGACCCCATTTGTGTAGT-3’) and SRGR1 (5'-TGCG
GAAGGAACATATCTGCCC-3’) designed specifically to
the UTRs of the deduced sequence (Plate 3). PCR was
carried out in a total volume of 20µl reaction solution
containing 2.5µl 5’RACE ready cDNA, SRGF1 and
SRGR1 primers (10pmol), 10mM dNTP, 1x assay buffer
5A (plus Mg 2+) and 1.5 U of XT-5 polymerase (Bangalore
Genei, India) using the following PCR program: 94ºC for
3 min, by 36 cycles of amplification (94ºC for 40s, 55ºC
for 40s, 72ºC for 4 min) and by 72ºC for 45 min. Ligation
of the amplified DNA fragment with pTZ57R/T vector,
transformation of DH5 ά and sequencing were carried out
as mentioned above.
Computer analysis
Encoded amino acid sequence of SbRGA114 was deduced
using GENSCAN tool. The analysis and comparison of
nucleotide and amino acid sequence with those released in
NCBI database (www.ncbi.nlm.nih.gov) were done using
the BLAST analysis algorithm. While, the structure of the
SbRGA114 domain was analyzed with MEME (Multiple
expectation maximization for motif elicitation). COILS
program was made use to identify putative LZ structure/
domain in the cloned SbRGA114 protein. Cluster analysis
was done using MEGA 4.1 software [41]. In the cluster
analysis, along with SbRGA114 protein, we involved
RPM1, RPP8, RPS2, L6, RPP5, N and Xa21 sequences.

RESULTS
Cloning and sequence analysis of SbRGA114 full-length
cDNA
By performing 3’ and 5’ RACE-PCR, 3’ cDNA end of
2006 bp (Figure 1) and 5’ cDNA end of 1374 bp (Figure
2) were obtained respectively. By aligning and assembling
these products having overlapping region of 160 bp,
complete cDNA designated as SbRGA114 was deduced,
obtained by nested RT-PCR (Figure 3) and further verified
by sequencing. The full-length deduced SbRGA114 cDNA
was 3220 bp (include 28 bp poly (A)+ tail ) containing a
2733 bp open reading frame (ORF) with 5’ un-translated
region (UTR) of 371 bp upstream of the start codon and 88
bp 3’ UTR downstream of the stop codon. The 5’ UTR
possessed a moderate   G+C content (53.6 %), while 3’
UTR region had lower G+C content (43.2 %). Sequence
comparison in NCBI database revealed that SbRGA114
had high homology with R-genes reported in other plant
species.
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FIGURE 1: PCR amplified band (2006bp) of 3’ cDNA end
of SbRGA114 gene with background amplification due to
non- specific priming of UPM primer. M, indicate 1 kb
ladder.

FIGURE 2: PCR amplified band (1374bp) of 5’ cDNA end
of SbRGA114 gene with background amplification due to
non- specific priming of UPM primer. M, indicate 100bp
ladder.

FIGURE 3: Amplicon of 2808 bp obtained by Nested RT-PCR. Lane 1-5 represents generation of full-length cDNA of
SbRGA114, which include complete ORF, 48bp, 25bp of 5’ and 3’ UTRs respectively.

Characterization of predicted SbRGA114 protein
In silico translation of SbRGA114 starting from the ATG
codon yielded a protein of 910 amino acids, with a
calculated molecular weight of 104.1kDa. The SbRGA114
protein harbored several regions of similarity to the
polypeptide encoded by the known resistance genes.
Similarity was mainly in the regions of functional protein
domains, which included NBS and perfect LRR motifs.
COILS program[17] could detect putative coiled-coil
(leucine zipper) domain at the N-terminal sequence of
SbRGA114. Eight major NBS motifs viz., P-loop, RNBS-
A, Kinase2a, RNBS-B, RNBS-C, GLPL, RNBS-D and
MHDV, starting from the N-terminus of NBS domain
were identified using MEME software (Figure 4). The
exact start of NBS domain is not well defined in most of
the characterized TNL and CNL proteins; however the
NBS- domain always preceded by a pre P-loop conserved
sequences. within the NBS domain, kinase-1a (P-loop)

motif has been identified with conserved sequences of
GMGGLGKTT (201-209), RNBS-A motif (218-248) and
consensus sequence KCLIVLDDVW (277-286)
corresponding to kinase-2a motif. Kinase 2a motif
contained four consecutive hydrophobic amino acids
(LIVL) followed by a conserved aspartate (D) and
tryptophan (W) at the end site.  RNBS-B motif with
consensus SRIIITTRK (304-312) and RNBS-C motif was
found with an arginine (R) residue (325-345). Consensus
GLPLA (amino acid 369-373), corresponding to Domain2
(hydrophobic domain) and RNBS-D domain,
CFLYCSLFP (426-434) were also identified. Total 8
major conserved motifs called MHDV, which are highly
conserved in maximum CC-NBS-LRR genes, with minor
modification in TIR-NBS-LRR protein, was identified
with the consensus CTMHDIVRDLALSVA at 493-507
positions.
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FIGURE 4: Clustal W multiple sequence analysis of deduced SbRGA114 amino acid sequence with CC-NBS-LRR type
Arabidopsis RPM1 (AF122982.1), RPP8 (AAC83165.1) and RPS2 (AAM90884.1). Arrows indicate the potential N-linked
glycosylation sites. Major domains identified by MEME are underlined.

In the region of LRR, three perfect repeats, each of 23
amino acid long leucine rich repeat motifs were identified
(577-645). The conserved aliphatic residue of the β-turn-
β-sheet domain (xxLxLxx) was located within the
imperfect recurrences (Figure 5). There are 7 possible N-
linked glycosylation locations NxS/T in the SbRGA114
protein (amino acid 18, 221, 413, 459, 709, 804 and 894)
which may interact with other proteins in defense reaction

signal-transduction pathway. Unlike additional motifs
found in several Arabidopsis NBS-LRR proteins, no
additional domains were identified after a LRR region in
the C-terminus of SbRGA114 protein. Cluster analysis was
done using MEGA 4.1 software clearly revealed the
grouping of SbRGA114 with non-TIR type resistance
protein (Figure 6).

FIGURE 5: Cluster analysis of SbRGA114 with known resistance protein using MEGA 4.1 by neighbor joining method.
Sequences cited are Arabidopsis RPP8 (AAC83165.1), RPM1 (AF122982.1), RPS2 (AAM90884.1) and RPP5
(AAF08790.1), tobacco N (Q40392), flax L6 (AAA91022.1) and rice (BAD73428.1). Units at branching indicate bootstrap
values.
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FIGURE 6: The consensus in three perfect LRRs of SbRGA114 is indicated in the line above the alignments of LRRs. Y-
represents hydrophobic amino acid (L or I or V) and X- represents any amino acid residue.

DISCUSSION
Increasing productivity and production of food crops is the
need of the hour due to increasing population and decrease
in agricultural land. The insect pest and disease continues
to cause heavy losses. So far, the best way to tackle any
disease is to breed resistant cultivar. Recent developments
in molecular biology and biotechnology have provided a
number of tools to study the interaction between plants
and pathogens. In the present study, we have isolated and
characterized a full-length disease resistance gene
homologue (SbRGA114) from sorghum encoding a CC-
NBS-LRR type protein. Similarity searches in NCBI
database revealed that, of the previously characterized 13
analogue sequences, SRGA114 shared extensive homology
with NBS-LRR type R genes reported in other cereals,
indicating its uniqueness. In several mapping studies,
RGAs have been demonstrated to be linked with the
recognized R-genes, counting Lr10 gene of wheat that was
isolated by RGA screening[18]. Hence, it thought
appropriate to clone full-length version gene of which
SRGA114 was a part.
The SbRGA114 protein shared 29 % identified with the
Arabidopsis RPM1 protein encoding bacterial blight
resistance[19],While, 24 and 20% identity with Arabidopsis
RPP8 and RPS2 proteins [20,21], respectively. It had 17 %
identified with the tobacco 'N' protein conferring tobacco
mosaic virus (TMV) resistance[22], 14% identity with
RPP5 protein of Arabidopsis conferring resistance to
fungal pathogen Perunospora parasitica[23], and 13%
identity with flax rust resistance protein L6[24]. The
domains present in SbRGA114 distinguished it from other
classes of R-genes eg., tomato Pto[25], tomato Cf-2, Cf-4,
Cf-5, Cf-9[26-29] and the rice Xa-21[30]which have a
serine/threonine kinase or an extra-cytoplasmic LRR
domain or both. The domain of SbRGA114 i.e. NBS
reported to show the amino acid motifs conserved among
the known resistance proteins[31]. Suggesting their possible
role in activation of kinases or as G-proteins in signal
transduction[32]. LRR domain is known to be involved in
ligand binding and pathogen recognition, through protein-
protein interaction[33]. While, the amino-terminal leucine
zipper domain facilitates the formation of coiled-coil
structure to promote either dimerization or specific
interaction with other proteins. The presence of pre loop
consensus on the NBS domain is found similar to
Arabidopsis R genes, which was identified in SbRGA114

gene with the consensus DEDLVGIE (amino acid 170-
175)[34]. The kinase-1a (P-loop) motif involved in
interaction with phosphates and Mg2+ ions [35]. Kinase-2a
motif, known to function in phosphotransfer reaction [36].
RNBS-B motif & RNBS-C motif involved in purine or
ribose binding[37]. It has been observed from the analysis
of resistant gene sequences from rice, barley and maize
that monocots lack a family of NBS-LRR genes with a
TIR motif, instead a non-TIR sub groups of NBS-LRR
genes are common[38]. Sorghum one of the major cereal
crop and member of the grass family, has been considered
as non-TIR monocot. However, only few reports on
sorghum sequences were used to pull this inference[39]. It
was substantiated by the analysis of cloned sorghum
SbRGA114 gene.
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