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Abstract 

WRKY proteins are plant-specific transcriptional factors associated with regulation of defense responses to both 

biotic and abiotic stresses. in the present study, degenerate PCR primers were designed to the highly conserved 

WRKY DNA binding domain and these were used to isolate putative WRKY genes from coconut. Six DNA frag­

ments were isolated using five pairs of degenerate pri mers and these Were cloned. Sequencing of these cloned 

fragments was done and their amino acid sequences ded uced. Homology search of the deduced amino acid sequences 

against non-redundant GenBank protein database revealed significant sequence similarity of two of the cloned frag­

ments to known WRK Y genes. The other four cloned fragments showed homology to known stress responsive genes. 

Cluster analysis based on neighbour-joining method was carried out using the putative coconut WRKY genes with other 

known WRKY genes. These results demonstrate that PCR amplification with appropriately designed 

degenerate primers is an efficient approach for cloning WRKY genes. 


Key words: Coconut, WRKY gene~, degenerate primers. PCR, cloning 

Introduction 	 conserved domains of different genes offer possibility 
of amplify ing DNA fragments analogous to stressAreas of serious concern for coconut production are 
responsive genes by PCR using degenerate primers for the sensitivi ty of the coconut palm to biotic and abiotic 
these conserved motifs. 	 .stress conditions. While funga l, bacterial, viral and vi roid 

pathogens contribute substantially to losses in coconut, The WRKYproteins are a superfamily of transcdptional 
phYloplasma causing lethal yellowing in Mexico and root regulators, which are involved, in vadous physiological 
(Wilt) disease in India represents the most devastating programs, including biotic and abiotic stress responses as 
pathogen in coconut. With reference to abiotic stress, well as development processes (Li et ai., 2004; Pnueli et 
ensitivity to drought is a highly important factor, since aI., 2002; Johnson et at. , 2002). The name of the WRKY 

itlirnits coconut propagation to the coastal areas where family itself is derived from the most prominent feature 
ra infall prevails. Thus, breeding in cocon ut has to aim of these proteins, the WRKY domain, constituted by about 
for high yielding hybrids with tolerance or resistance to 60 am ino acid residues. In this WRKY domain, a 
drought and biotic stresses. conserved WRKYGQK sequence is followed by a C2H2­

or C2HC- type ofzinc fi nger motif (Eulgem ef al., 2(00).Identification of regulatory "ge nes 	or sign ali ng 
All WRKY proteins contain either one or two copies ofcomponents in defense and st ress responses is one of 
trus highly conserved domain. The fully sequencedthe mos t critical steps lead ing to elucidation of plant 
A rabidopsis genome reveals 72-74 members of thede fense and stress tolerance mechanism. There are 
WRKY gene group in the genome. These can be dividedseveral strategies for isolation of cand idate genes. The 

"For correspundence 
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WRKY genes in coconllt 

into three groups with several subgroups on the basis of 

their WRKY domains and their phylogenetic clades 

(Eulgem et aI., 2000; Dong et at., 2003). 


WRKY genes encode transcription regulators with 

diverse functions that have been impOitant for plant 

development and defense responses. Expression analyses 

of the Arabidopsis thaliana WRKY gene family indicated 


. that 49 members of the gene group were differentially 
regulated in plants infected with an av irulent stra in of 
the bacterial pathogen Pseudomonas syrillgae or treated 
by salicylic acid (Dong et at., 2003). Studies indicate that 
WRKYgenes play an important role in the signaling cascade 
of innate immunity in Arabidopsis (Asai et at., 2002; Li et 
al., 2004) as well as in other plant species such as tobacco 
(Chen and Chen, 2000; Liu et at., 2004) and rice (Guo 
et at., 2004). Induction of WRKYgenes has been observed 
in the desert legume Retama raetam by drought stress 
(Pnueli et at., 2002) and in Nicotiana tabacum by 
wounding (Hara et at., 2000). Evidence is accumulating 
that WRKY genes may be involved in development and 
metabolic processes, such as in the seed coat and 
trichome development of Arabidopsis (Johnson et at .• 
2002), the somatic embryogenesis of orchard grass 
(Krassimira and Conger, 2002), in the gibbere llin 
signaling pathway in rice aleurone cells (Zhang et at., 
2004), carbohydrate anabolism (Sun et at., 2003) and in 
the regulation of sesquiterpene synthesis (Xu et at., 
2004). As such, the phylogenetic analyses of WRKY 
genes can serve as a useful guide for studying their roles 
in plants. 

Borrone et al. (2004) reported the use of degenerate 

primer pairs designed to specifically amplify WRKY gene 

fragments direct ly from cocoa genomic DNA. With the 

above background and considering the potential of DNA 

markers, the present study was undertaken to design 

degenerate primers for WRKY transcri ption fac tors, and 

to clone and sequence WRKYtransc ription fac tors from 

coconut using the designed degenerate primers. 


Materials and Methods 

Primer design 

The nucleotide and protein sequences pertaining to 
WRKY transcription factors were retrieved froni the NCB I. 

Sequences were extracted both in GenBank and FASTA 

fOlmat. Sequence conversion and separation was done by 

using SEQVERTER programme . Mu ltiple sequence 

alignment of protein sequence was done by offl ine 

program CLUSATX. Coding region was selected wi th 

BIOEDIT program on the basis of GenBank informal ion 

and only coding region of nucleotide was used for further 

analysis. All three open reading frames for the coding 

region of nucleotide sequences were also analyzed with 
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WINGENE program. After multiple alignmen t, protein 
conserved domain position in nucleotide sequence was 
determined us ing BIOEDIT program. Nuc leotide 
sequences coding for conserved domain amino acids 
were selected for oligomer designing. Oligomer sequence 
was selected with minimum degeneracy and high G-C 
content. The primers were checked for their quality (GC 
per cent, annealing temperature, presence of dimers) 
using the software FASTPCR programme. The • 
degenerate pri mers designed to amplify putative WRKY 
transcription factors in coconut are given in Table 1. 


Table 1. Details of degenerate primers designed and used to 


amplify putative coconut WRKYtranscription factors " 


S.No. Primer Sequence (5' ·3') 

I. 	 WRKYFI TACGAGAGGAGCTAAACAGAG 
WRKYR I TTTTGTCCGTATTTCCTCC 

2. 	 WRKYF2 AGATGGATTTCAATGGAGG 
WRKYR2 CATCCCCTTCAGAAGCATTTGG 

3. 	 WRKYF3 TACCAATGGCGCAAGTACGG 
WRKYR3 GGTTGTGCTCGCCCTCGTA 

4. 	 WRKYF4 ATGGATCCGTGGATTAGCACCCAG 
WRKYR4 TCAATCCTTGGTCGGCGAGAGCTC 

5. 	 WRKYF I TACGAGAGGAGCTAAACAGAG 
WRKYR 2 CATCCCCTTCAGAAGCATTTGG 

Plant materials 

Ge nomic DNA of drought resistant accession, 
Pallikkara Tall I, was used for the isolation of WRKY 
transcription factors gene sequences. DNA was extracted 
from spindle leaves following the method ofUpadhyay 
et al. (1999) wit~ slight modifications. 

Standardization of peR parameters 

Initially, the optimum annealing temperatures were 
detennined for each primer pair using gradient PCR. 
Once optimized, the PCR reaction was conducted in 
volumes of 

20 ILl containing 50 ng genomic DNA, 0.2 1M each of 
forward and reverse primers, 50 1M of each dNTPs (Mis 
Bangalore Genei Pvt. Ltd. , Bangalore), 'IX buffer (10 
rnMTris-Hcl (pH 8.3), 50 mM KCI, l.5 mM MgCI ) and

2
0.5 Units of Taq DNA polymerase 

(Mis Bangalore Genei Pvt. Ltd., Bangalore). 

peR amplifications were performed on a Eppendorf 
gradient thermal cycler with a PCR profile of 94°C for 5 
min fo llowed by 35 cycles of 1 min at 94°C, 1 min at the 
different annealing temperatures optimized and 1 min 
at noc with a final extension for 15 min at n°e. 

Agarose gel electrophoresis of amplified products 

After amplification, the peR products were resolved 
in 1.2 per cent agarose gel using IX TOE buffer, stained 



with ethidium bromide, visualized in gel documentation 
system (Alpha ImagerTM 1200, MIs Alpha Inoolech Corp., 

t 	 CA USA) and results documented. The sizes of the 
amplified fragments were estimated by comparison with 
a 100 bp ladder (MIs Bangalore Genei Pvt. Ltd., 
Bangalore). 

• 

Isolation of DNA fragments from agarose gel 

The PCR fragments were excised from the agarose 
gel and purified using Perfectprep® Gel CLeanup Kit 
(MIs Eppendorf). For elution of DNA fragments, 1.2 
per cent low melting agarose was used since gels from 
low melting agarose exhibit low background 
fluorescence using ethidium bromide staining. The band 
corresponding to the desired DNA fragment was cut 
uSTng a sterile scalpel. Care was taken to avoid much 
exposure to UV on a UV transilluminator. The agarose 
piece was treated as described in the kit. The purified 
DNA was then eluted from the membrane and the eluted 
DNA fragments were stored at -20°C. 

Cloning of the eluted fragments 

Cloning of the eluted fragments was carried out using 
the InsTIA clone™ PCR Product Cloning Kit (MIs MBI 
Ferrnentas Inc. , USA), which is a convenient system for 
one-step cloning of PCR-amplified DNA fragments. 
Ligation of PCR amplified purified DNA fragment was 
performed using pTZ57R/T vector (Figure 1) as 
described in supplier's manual. Vector (pTZ57R!f) and 

Coconut:rR3A 
Clpslcua 
leta.. 
Glycine 
OryZl 
Hicotiana 
lrabidDpail 

cons 

LB- agar plates [ampicillin (100 ppm) I IYI'G (100 ppm) I 
X-gal (160 ppm)1 and incubated overnight at 37°C. The 
recombinant clones were identified by blue/white colony 
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COCO"utTR3A
inserts were taken in 1:3 ratio. Ligation was conducted 
in volumes of 30 #,1 containing 3 #,1 of plasmid vector 
pTZ57RIT DNA (0.165#,g, 0.18 pmol ends), 4 #,1 of 

Arabldopalseluted PCR fragment (approx. 0.54 pmol ends), 3 #,1 of 
lOX ligation buffer, 3 ",I of PEG 4000 solution and 1 ",I .-- ­
of T4 DNA Ligase (5 Units). The ligation mixture was 
incubated at 22°C overnight. 

65 

303 350 

313 360 


2' 

'-- ­

311 
 361 
Cap.leum206 253 

21 74 

148 
 195 

331 	 .. 38' '---
Nicoli.". 

Fig. 1 Multiple alignment or deduced amino acid sequence of Coc TR3A 
with other related sequences 

'--- ­

Transformation of E. coli strains and selection of G 

recombinant clones 

Transformation was carried out using 
TransformAid™ Bacterial Transformation System. After 
transformation. the cells were fmally plated on pre-wanned 0.1 
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selection. 

Clone analysis by PCR 

Colony PCR was carried out for direct analysis of 
the positive transformants. 

One colony was picked up and resuspended in 20 ",I 
of the PCR mixture. The reaction mixture was incubated 
for 5 min at 94°C to lyse the cells and inactivate the 
nucleuses. PCR amplification was carried out and the PCR 
products visualized by agarose gel electrophoresis. 

Isolation of recombinant plasmid DNA 

Highly pure plasmid DNA was obtained by means of 
GenElute™ Plasmid Miniprep Kit (MIs Sigma). 

PCR amplification of recombinant plasmid DNA 

PCR was carried out using the recombinant plasmid 
DNA as template. The PCR products were analyzed on 
1.5 per cent agarose gel. 

Restriction digestion of recombinant plasmid 
DNA 

For releasing the insert, the choice of restriction 
endonucleases for digestion was made after checking 
the restriction map of the corresponding gene using the 
software RESTRICTION MAPPER (version 3.0) (hup:1 
Iwww.restrictionmapper.or~). Double digestions of the 
plasmid DNA was performed with the restriction 
enzymes Eco Rl and Bam ill (MIs Fennentas) according 

Fig. 2 Phylogenetic tree based on neighbour.joining method of deduced 
amino acid sequence elf Coc TRJA with other related sequences. The scale 
bar represents a distance of 0.1 amino acid substitutions per site. 

http:Iwww.restrictionmapper.or


WRKY genes in COCOI/ut 

to the manufacturer's instructions. Nonnally, 0.1-10 flg of 
the plasmid DNA was restricted by 1-8 Units of the 
restriction endonucleases. Specific enzyme buffer 
provided with the enzyme were used to achieve best 
results. Incubation time was 2- 16 hours at 37"C. After 
incubation, the restriction endonucleases were denatured 
by incubati ng the mixture at 72 °C for 10 min. The 
digested DNA was a na ly zed by agarose gel 
electrophoresis. 

Sequencing of cloned fragments 

The recombinant plasmids were sent for sequencing 
to MIs First Base Asia, S ingapore. The sequencing was 
done from one end of the vector with M13 primer using 
BigDye® Terminator v3.1 Sequencing Kit and analyzed 
on ABI PR ISM® 377 Genetic Analyzer. 

Sequence analysis 

The nucleotide sequences from the M13 forward primer 
was screened for the presence of vector contamination using 
VecScreen (Altschul et ai., 1997). The contaminated region 
was cut using the software WlNGENE (version 2.31). 
The amino acids were deduced from the nucleotide 
sequences in all possible frames using the trans late option 

Table 2. Band size of fragments eluted from gel after amplification 
of coconut genomic D NA with different degenerate 

primers and the name designated. 

S. Primer Band size Annealing Name 
No. eluted temp. (uC) designated 

(bp) 

I WRKYFI/RI - 250 bp 53 CDC TRI 

2 WRKYF2IR2 - 700 bp 53 Coc TR2 · 

3 WRKYF3/R3 - 300 bp 57 CocTR3A 

- 270 bp 57 Coc TR3B 

4 WRKY F4/R4 -700 bp 50 CocTR4 

5 WRKYFI/R2 - 550 bp 50 Coc TR5 

at the ExPASy (Expert Protein Analysis System) 
proteom ics server at the Swiss Inst itute of 
Bioinformatics. The resulting amino acids were 
subjected to similarity search using a local alignment 
search algorithm, BLAST (Altschul ef al., 1997). The 
scores of alignment were computed with reference to 
block substitution matri x (BLOSUM). The result of the 
homology search is detailed as maximum identi ty for 
increased length of subject sequences. higher positive 
values and decreasing E-values. Lower the E-value, the 
more similar the sequences in terms of homology to the 
prev iously reported similar sequences in the database. 

Evolutionary relationships among the sequences were 
charted out by cluster analysis. Amino acid sequences 
deduced from nudeotides sequences were al igned using 
T-COFFEE programme (Notredame et 01., 20(0) . A 

genetic matri x was calculated from the alignment data 
and analyzed with the neighbour-joining method (Saitou 
and Nei, 1987). The phylograms were constructed using 
the PHYLIP phylogenetic tree tool (Felsenstein, 1989). 

Results and Discussion 

Gene amplification 

Amplification of WRKY genes in coconut was done 
using coconut genomic DNA as template and five 
degenerate primer pairs. Initia lly, gradient PCR was 
can-ied out to select the optimum annealing temperature 
for PCR. All the five primers 

gave good amplification. The annealing temperatures 
optimized for the different primer pairs are given in Table 
2. The optimized annealing temperatures were used to 
amplify putative WRKY genes in coconut. The different 
putative WRKY genes amplified in coconut using the five 
WRKY degenerate primer pairs is given in Plate 1. 

Elution of the PCR fragments 

The PCR amplified fragments were electrophoresed 
on a 1.2 per cent low melting agarose gel and required 
band sizes were el uted. Primer WRKYF41R4 and WRKY 
F lIRl gave multiple bands . For these primers, the 
expected band size or lhe strongest bands were eluted 
(Table 2). One primer combination WRKY F3/R3 
amplified two strong ba nds (P late 1) and both were 
eluted. After e lution, the fragments were run in a 1.2 per 
cent agarose gel. P late. 2 depicts the eluted putative 
WRKY fragments amp lified in coconut. The DNA 
concentration was around 50-75 ng IlI'l invariably for 
all the fragments. 

Transformation of the ligated product into E. coli 

The eluted products were ligated with pTZS7R1T. E. 
coli (DHSa) was transformed with the ligated 
re combi nant pTZS7R/T vectors carrying inserts. 
Colonies started to emerge from 16'h hour. Combinations 
of blue and white colonies were obtained confirming 
successful transformation. 

Colony PCR 

The agar plates containing the transformed colon ies 
were screened for recombinant positive clones. W hi te 
colonies were picked up and were grown in LB broth 
containing ampic illin. The recombinant colonies were 
screened for the presence of inserts by colony peR. For 
compari son, genomic DNA samples were a lso used 
separately for PCR. After PCR, the amp licons were 
e lectrophoresed in agarose gel. There was amplification 
of expected size in all the recombinan t c lones. Plate 3 
depicts amplification of expected s izes for the fragment 
Coc TR4 amplified by the primer pairs WRKYF4/R4. 
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Table 3. Summary of homology search performed for deduced Coc TRJA peptide sequence. 

S. No. Accession no. Definition Score(Bits) E-\'alue 

AY34 1856 OIY;l1 sativa WRKY16 mRNA. complete cds 65.7 I.OOE·12 

2 AY74053I Capsicum Q1/11uum WRKY·c mRNA. complete cds 74.3 7.00E-12 

3 AF439274 Re/allla rae/alii WRKY·like drought-induced 61.6 2.00E-11 
~ protein mRNA, complete cds 

4 AY323128 Glycille max putative WRKY-type DNA binding 61.6 2.00E-1I 
protein mRNA 

5 NM_105598 Arabidopsis WRKY57 mRNA, complete cds 70.3 3.00E-11 

6 AY547498 Nico/ialla benthamiana WRKYI mRNA, panial 59.7 I.00E-1O 
cds 

Checking the presence of insert in the recombinant 
plasmid by PCR 

The plasmids isolated from the recombinant clones 
were checked for the presence of insert by PCR. The . 
recombinant plasmids were amplified by the respective 
gene specific primers. All the recombinant clones 
exhibited specific amplification of expected size 
confirming the presence of the insert. 

Checking the presence of insert by restriction 
digestion 

Double digestion with restriction endonucleases was 
carried out to release the inserted DNA fragments from the 
recombinant plasmids. On resolving the digested mixture 
on a 1 per cent agarose gel. the inserts of expected sizes 
were released (Plate 4). This confinned that the plasmids 
contained the inserts. 

In silico analysis of the nucleotide sequences 

The recombinant plasmids. for which the 
confirmation tests were performed. were sent for · 
automated sequencing. 

search ofdeduced amino acid sequences of Coc TR3A with 
the reported sequences available in public databases gave 
489 hits. Some of the results obtained in the fonn of hits 
are given in Table 3. Coc TR3Ashowed homology to WRKY 
transcription factors from Oryza satjva. Capsicum annuum, 
Retama raetam, Glycine max, Arabidopsis thaliana, 
Nicotiana benthamiana. 

Multiple alignment of deduced amino acid sequence 
of Coc TR3A with related sequences is given in Figure 
1. A phylogenetic tree was constructed based on 
neighbour-joining method of deduced amino acid 
sequence of Coc TR3A with other related sequences (Fig. 
2). Five major clusters were obtained. Coc TR3A was 
found to fonn a distinct cluster. 

Sequence analysis of Coc TR3B 

The smaller fragment (- 270 bp) cloned after PCR 
amplification of coconut genomic DNA by the primer 
combination WRKY F31R3 after sequencing gave a final 
sequence of 238 bases after removal of vector backbone 
and was designated Coc TR3B (GenBank accession no. 

Table 4. Summary of homology search performed for deduced Coc TR38 peptide sequence. 

S. No. Accession no: Definition Score E-value 

(Bits) 

AB041520 Nico/iana /abaclltn mRNA for WRKY 90.4 7.00E-26 
transcription factor NtEIG-D48. complete cds 

2 AY062950 Arabidopsis /ha/ialla putative WRKY-type DNA 87.7 2.00E-25 
binding protein (At2g23320) mRNA, complete cds 

3 AY94Q680 lea mays WRKY I mRNA. complete cds 89 6.00E-25 

4 AYSJ4044 Capsel/a ru~/In WRKY transcription factor II 85.4 I.00E-24 
(WRKYII ) mRNA, complete cds 

5 AY077758 Physcomi/rella patens WRKY transcriplion factor 84.5 4.00E-24 
I (WRKY I) mRNA. complete cds 

Sequence analysis of Coc TR3A DQ861409). Homology search of deduced amino acid 
The larger fragment cloned after PCR amplification of sequences of Coc TR3A with the reported sequences 

cOConut genomic DNA by the primer combination WRKY available in public databases gave 748 hits. Some of the 
F3/R3 after sequencing gave a final sequence of 263 bases results obtained in the fonn of hits are given in Table 4. 
after removal of vector backbone and was designated Coc Coc TR3B showed homology to WRKY transcription 
TR3A (GenBank accession no. DQ86J408). Homology . factors from Nicotiona tabacum, A rabidopsis thaiiana, Zea 
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1 2 3 4 5 6 


lOOObp-+ 
8{)O'l.l)-+
700u~ 
6OObp-+ 
5{)O bp---+ 

400bp---+ 

300bp---+ 

1()(J bp--+ 

lOObp-+ 

Lane 1: 100 b:p ladder Lane 1: WRKYF4/R4 
Lane 3: WRKYFlIRl Lane 4: Jf'"RAT F11R1 
Lane 5: WRKY F3/RJ .Lane 6: WRKY FURl 

Plate 1. peR amplified putafiveWRKY genes in co<:onut 

1 2 3 

UIOO hI' ---+­

SOO bp ---+- "ill.•!! j 

100 bP----+O­

4 5 6 7 

·Lane J: 100 hp ladder ltitle 2: WRK1' F4IJl4 
Lane 3: WRK l'FlIR I Lane 4: WRKY F2/R2 . 
ulOe 5: WRKY F3/R3 A Lane 6~ rVRKY F 3fR3 B 
Lane 7: WRKY FIIRl 

Plate 2. I~lllted putativ(' \VRKY fragments after etectropbore.sis 
iii 1.2 %, agarose gel. 
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1 2 3 4 5 6 

700bP-J­
600bp-+ 

. . 

Plate 3. Colony peR to check the presence 
of i'oscrt, Coc TR4. 

1 2 3 4 

Lane 1: 100 bp ladder 
Laae2, 3: Colonies 
Lane 4.5: Genomic DNA 
Lane 6: Negative control 

3530bp-+ 

l027bp-+ 

564bp-+ 

Lane .I: Lambda DNA Eeo RllHind III double digest. 

Line 1: Undigested plasmid. 

Lane 3: Pla~m 'id digested with Eel) RI and Bam HI. 

Lane 4: 100 bl' ladder. 


I'late 4. Restriction digestion of recombinant plasmid for 
checking the presence of insert, Coc TRS. 
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mays, Capsella rubella and Physcolllitrella patens. 

Multiple alignment of deduced amino acid 
sequence of Coc TR3A with related sequences is given 
in Figure 3. A phylogenetic tree was constructed based 
on neighbour-joining method of deduced amino acid 
sequence ofCoc TR3B with other related sequences (Fig. 
4). Five major clusters were obtained. Cae TR3B was 
found to cl uster with WRKY transcriptional factors from 
Zea mays. 

BleaU.ana 246 290 
CoconutTRB 1 ";:-:', 11 
Arabidopsia 209 253 
Physcoraitrella 292 336 
Capsella 222 265 
Zea 301 345 

eona 361 	 405 

Micot.iolna 291 335 
CoconutTRB 12 53 
Arabidopais 
Phyacoirltl."el.la 
Cap.ella 
z•• 

2~4 

331 
266 
346 

~~~-i~,~.~~
~:.t&"''''''~'"l;..._~;..t 
~£~~:~;: ::..~:..:_.'..l~ 

~ 
.~ 

~ 
~. 

290 
39~ 
3J.O 
no 

con. 406 450 

Fig. 3 	 Multiple alignment of deduced amino acid sequence of Coe '(R3B 
with other related sequences 

Atabldopela 

NlcotJana 

Cap••lla 

~ 

Phy.comltt8la. 

-
Coc:onutTRS 

Zoo 

Fig. 4 	 Phylogenetic tree based on neighhour-joining method of deduced 
amino acid sequence of Coc TR3B with other related sequences. 
The scale bar represents a distance of 0.1 amino acid substitutions 
per site. 

Sequence analysis of Coc TRl, TR2. TR4 and 
TR5 

Coc TRI showed homology to hypothetical protein, 
putative relroelemenl pol protein, splicing co-acti vator 
subunit protein Epstein-Barr virus EBNA-l-Iike protein 
and BKRFI encoding EBNA-llike-protein from Oryza 
sativa. Coc TR2 showed homology to a polyprotein from 
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Oryza australiensis, hypothetical protein from Medicago 
trullcatuia, putative retrotransposon from Oryza sativa, 
putative integrase core domain from Oryza sativa, 
putative polyprotein from Soianum demissum (wild. 
potato), putative catechol O-methy \transferase from 
Arabidopsis thaliana, putative myosin-like protein from 
Oryza sativa and putative O-methyltransferase from 
Arabidopsis thaliana. 

Coc TR 4 showed homology to a transcription factor, 
BKRF 1 protein, CRKI protein, putati ve retrotransposon 
protein from Oryza sativa and BELl-like homeodomain 
5 protein and some other proteins from Arabidopsis 
thaiiana. Coc TR5 showed homology to putative cyclic 
nucleotide-gated ion channel and translation initiation 
factorfromArabidopsis thaliana, major antigen-like protein 
from Saisoia kali (Russian thistie), phosphatidylinositol4­
phosphate 5-kinase 1 precursor from Oryza sativa and 
NADH dehydrogenase subunit 4 from Corsinia coriandra. 

In the present study, degenerate primers were 
designed and used to amplify putative WRKY 
tran scrip tional factors in coconut. Six genomic 
fragments were isolated and sequenced. A PCR-based 
approach for cloning heterologous genes may result in 
amplification products of no functional significance 
(Leister et ai., 1996). However, in this study, out of the 
six fragments sequenced, two were related to WRKY 
genes from other plants and the remaining four were 
related by sequence to functional stress responsive genes. 

Coc TR3A and Coc TR3B showed homology to 
WRKY transcription factors from other plant species. 
WRKY genes are a family of regulatory genes that are 
associated with regulating defense responses to both 
abiotic and biotic stresses. Expression analyses of the 
Arabidopsis thaliana WRKY gene family indicated that 
49 members of the gene group were differentially 
regulated in plants infected with an avirulent strain of 
the bacterial pathogen Pseudomonas syringae or treated 
by salicylic acid (Dong et aI.. 2003). WRKY genes are 
also known to play important roles in the signaling cascade 
ofinnate immunity in Arabidopsis (Asai et ai., 2002; Li et 
al., 2004) as well as in tobacco (Chen and Chen, 2000; Liu 
et al., 2004) and rice (Guo et ai., 2(04). Induction of 
WRKY genes has been observed in the desert legume 
Retama raetam by drought stress (Pnueli et al., 2002). 

Deduced amino acid sequence of Coc TR4 and Coc 
TR2 showed homology to putative retroelements . 
Putative retroelement pol polyproteins have been shown 
to co-localize locally with di sease resistance genes in 
Arabinopsis and poplar (Lescot et ai., 2004) and in 
apricot (Soriano et al., 2005). The deduced ami no acid 
sequence of Coc TR 1 and Coc TR2 showed homology 



LO putative polyproteins. Homology of apricot disease 
resistance genes to polyproteins was reported by Soriano 
et al. (2005). 

This study is one of the first attempts to isolaLe, clone 
and characterize WRKYtranscription factors in coconut. 
The isolation and characterization of more of these genes 
is important because they may provide clues about the 
complex mechanisms of resi Lance to biotic and abiotic 
stress. They also offer starting points for direct clon ing 
of stress responsive genes. Furthermore, cloned genes 
can be transferred to other related palm species like 
arecanut and oil palm to study the resistance mechanism 
in completely different genetic backgrounds. 

The pair of degenerate primers designed and util ized 
in this study could be applied to isolate and chaTacteTize 
WRKY genes from other plant species as the WRKY 
domain is highly conserved. AJso, primers could be 
designed on the divergent DNA sequence regions to 
facilitate genetic mappi ng of the cloned WRKY sequences 
and an assessment of their potential linkages wilh biotic/ 
abiotic stress resistance genes in coconut once a mapping 
population segregating for drought tolerance becomes 
available. These markers could also be converted into 
sequence tagged site (STS) markers and supplement the 
limited SSR markers presently available in coconut for 
associati on mapping for identify ing markers linked to 
biotic/abiotic stress tolerance. 

Acknowledgement 

Dr Viswanathan (Senior Sc ientist, Suga rcane 
Breeding Institute), Dr Kasturi Bai, Dr Shamlna Azeez, 
Dr V. Arunachalam and Mr K. Devakumar (CPCRI, 
Kasaragod) are kindly acknowledged for facilities and 
assistance. 

References 
Altschul, S. F., T. L. Madden. A. A. Schaffer. 1. Zhang, Z. Zhang, 

W. Miller and DJ . Li pman . 1997. Gapped BLAST and PSI· 
BLAST: a new generation o f protein database search programs. 
Nucleic Acids Res., 25: 3389-3402. 

Asai. T.. G Tena. J. Plotnikova, M. R. Willmann. W. L. Chiu, L. 
Gomez-Gomez, T.Boller, F. M. Ausubel and J. Sheen. 2002. 
MAP ki nase signaling cascade in Arabidopsis innate immunity. 
Nature, 4 15: 977-983. 

Bairoeh , A . and R . Apweiler. 1999. The SWISS-PR OT protein 
sequence database and itssllpplement TrEMB L. Nucl. Acids 
Res. , 28: 45-48. 

Borronc. J. W_, D. N. Kuhn and R. J. Schnell. 2004. Isolat ion, 
charac teri7a.tion and development of WRKY genes a ll 'eful 
geneti<; markers in T1u:obroma cacao. TheOl: Appl. Gel/n .. 109: 
495- 507. 

Chen. C. and Z . Chen . 2000. Isolation and characteri'l.atian o f two 
pathogen · anda licylic acid-induced genes encoding II' /?KY 
DN A-hinding pnncins from tobacco. Plant Mol. Bioi., 42: 387­
396. 

M. K. Rajesh, M. Bharathi alld P. Nagaraian 

Dong J., C. Chen and Z. Chcn. 2003. Expression profiles of thc 
Arabidopsi$ WRKY gene superfamily during plant defcnse 
response. Plant Mol. Bioi., 51: 21-37. 

Eulgcm T.. P. J . Rushton. S. Robatzek and I. E. Somssich. 2000. 
The WRKY superfamily of plant transcription factors. Trends 
Plant Sci., 5: 199-206. 

Fclsenstein , J. 1989 . PHYLIP . Phylogeny Inference Package 
(Version 3.2). Cladistics. 5: 164-166. 

Guo. Z.1., YC. Kan. X.1 . Chen, D.B. Li and D.W. Wang. 2004. 
Characterization of a rice WRKY gene whose expression is 
induced upon pathogen attack and mechanical wounding. 
Acta Bot. Sin., 46: 955-964 . 

Hara, K., M. Vagi , T. Kusano and H. Sano. 2000. Rapid systemic 
accumulation of transcripts encoding a tobacco WRKY 
transcription factor upon wounding. Mol. Gen. Genet., 263: 30­
37. 

Johnson, C.S., B. Kolevski and D. R. Smyth. 2002. TRANSPARENT 
TESTA GLABRA2, a trichome and seed coat development gene 
ofArabidopsis, encodes a WRKYtranscription factor. Plant Cell, 
14: 1359-1375. 

Krassimi ra, S. A . and B. V. Conger. 2002. Isolation of two somatic 
embryogenesis-related genes from orchardgrass (Dactylis 
glomerata) . Plalll Sci ., 162: 301-307. 

Leister, D., A. Ballvoral , F. Salaminil and C . Gebhardt. 1996. A 
PCR-based approach for isolating pathogen resistance genes 
from potato with potential for wide application in plants. Nature 
Genetics, 14: 421- 429. 

Lescot. Moo S. Rombauts, 1. Zhang, S. Aubourg, C. Mathe. S. 
1ansson, P. Rouze and W. Boerjan. 2004. Annotation of a 95-kb 
Populus deltoids genomic sequence reveals a disease resistance 
gene cluster and novel class I and If transposable clements. TheOl: 
Appl. Gellet., 109: 10- 22. 

Li.1oo G Brader and E. T. PaIva. 2004. The WRKY 70 transcription 
factor: a node of convergence for jasmonate-mediated and 
salicylate-mediated signals in plant defense. Plant Cell, 16: 319­
331. 

Liu, Y , M. Schi, and S . P. Dinesh-Kumar. 2004. Involvement of 
MEKI, MAPKK, NTF6, MAPK, WRKYIMYB transcription 
factors , COIl and CTRI in N-mediated resistance to tobacco 
mosaic virus. PlalJl 1., 38: 800-809. 

Notredame C. D. G Higgins and 1. Heringa. 2000. T-Coffee: A novel 
method for fast and accurate multiple sequence alignment. 
J Mol Bioi., 302: 205-17. 

Pnueli . L., E. Hallak-Herr, M. Rozenberg. M. Cohen, P. Goloubinoff, 
A. Kaplan and R. Mill ler. 2002. Molecular and biochemical 
mechanisms associated with dormancy and drought tolerance 
in the desen legume Retama raetam. Plant Joo 31: 319-330. 

Saitou. N. and M. Nei. 1987. The neighbour-joining method : a new 
mcthod for reconstructing phylogenetic trees. Mol. BioI. Evol., 
4: 406-425. 

Soriano, 1. M .. S. Vilanova, C. Romero, G L1acer and M. L. Badenes. 
2005 . Characterization and mapping of NBS-LRR resistance 
gene analogs in apricot (PrtIllIlS armeniaca L.). TheOl: Appl. 
Gellet.. 110: 980- 989. 

Sun. c. ,S. Palmqvisl. H. Ol sson. M. Boren, S. Ahlandsberg and C. 
Jansson. 2003. A novel WRKY transcription factor. SUSIBA2. 
participates in ugnf signaling in barley by binding to the sugar­
responsi ve e\cmcills of the iso I promoter. Planl Cell, 15: 2076­
2092. 

527 



WRKY gellt's ill COCOIIIII 

Upatlhyay. A .. V.A. Parthasarathy. G Seemu and A. Karon. 1999. 

An cfficient mcthod of DNA extraction from coconut. 
Agrolmpica, 11: 35-38. 

Xu. Y. H., 1. W. Wang, S. Wang, J. Y. Wang and X. Y. Chen. 2004. 

Characterization of Ga WRKY I, a cotton transcription factor lhal 

528 

regulates the sesquiterpene synthasc gene (+)-dclta-cadinene 
synthase-A. PIOIII Physiol., 135: 507-715. 

Zhang Z.L., X. Zhen, X. Zou, J. Casaretto. T.H.D. Ho and Q. J. 
Shen. 2004. A rice WRKY gene encodes a transcriptional 
repressor of the gibberellin signaling pathway in aleurone cells. 
PlolII Physiol., 134: 1500-1513. 


