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Abstract

Groundnut(Arachis hypogaea L.), ian important subsistence oil yielding crop of the
semi-arid tropics and often exposed to severalrenmiental cues (high temperature, drought &
heavy metal). The WRKY transcription factor (TF)oise of the master regulator, and play vital
role in stress responses. However, far less infbomas available on functional characterization
and tolerance mechanism of stress responsive WR¥¢gin groundnut till date. In this study,
a comprehensive phylogenetic, protein featurese gémucture and motif analysis of WRKY TF
gene family was carried out. We conducted exprasgiofiling of 10 WRKY genes under high
temperature, drought and heavy metal (GH@1 various tissues. Majority of the AhWRKY
(Arachis hypogaeaWRKY) proteins were clustered and share close tioglship with
Arabidopsis and Glycine max RT- qPCR analysis oAhWRKYgenes revealed differential
expression either in their transcript abundancendheir expression patterns in response to at
least one abiotic stress. In particulAhWRKY4lexpressiorievel was found to be maximum in
all the stress condition®©n the other handAhWRKY20Gand AhWRKY 22vere down regulated.

The obtained data demonstrate tARWRKY4Imay act as a positive regulator in drought/ high



temperature/heavy metal and would exhibit strelgance mechanism by activation of stress-

associated gene expression.
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1. Introduction

Groundnut Arachis hypogaea.l.is an oil yielding crop cultivated worldwide ande of
the major grain legumes in tropical and subtropicegions, often exposed to maximum
temperature of >40 °C for a short periods duringngng season and low or erratic rainfall
results in reducing its yield by 40%. However, pioductivity is majorly affected by high
temperature, drought, and heavy metal, associattiid iwcreased population, inherit food
demand and global climate change. WRKY superfamilytranscription factors (TFs) are
composed of several proteins involved in transoatl regulation of developmental processes
and stress responsgld. The WRKY TFs characterized by unique WRKYGQ@t6tif followed
by a zinc-finger-like motif gH, or GHC and evolutionarily highly conservg@]. A single
WRKY transcription factor might mediate transcrgptal reprogramming associated with several
signaling pathways. However, recent advances rededle enormous significance in eliciting
responses induced by abiotic stress conditions.irisdance, over-expression of WRKY&hd
WRKY11 from ricein Arabidopsisresults in enhanced tolerance to salt and drowgyh][ Niu
and Wang et al [5, 6] identified 53 TaWRKYr{ticum aestivumVRKY) genes through wheat
ESTs and demonstrated the over-expression of TaWRKNMWRKY10 and TaWRKY19
exhibiting increased stress tolerance. Recent stigthyonstrated that, WRKY proteins are also
involved in regulating developmental processes atiins, cytokinins, and steroids in the
downstream of hormone signaling in the antagonigtitctions of salicylic acid (SA) and

jasmonic acid (JA)/ethylene (ET) [7]. lArabidopsisexpression ofTaWRKY79from wheat
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produced longer primary roots than the wild typethe presence of either NaCl or ABA.
OsWRKY31(Oriza sativd/RKY) andAtWRKY70 (Arabidopsis thalian&RKY') were reported

to be involved in regulation of disease resistamoet growth, auxin and immune responses,
senescence, defense signaling pathways respectivglggesting their involvement in
synchronization of multiple biological processes9B Transgenic Arabidopsis over- expressing
GmWRKY21 gene fromGlycine maxwere more tolerant to cold, and induced GmWRKY54
displayed more salt and drought than those of wide, whereas over-expression of

GmWRKY13 results in increased sensitivity to saldl anannitol stress [10].

More recently, over-expression of GSWRKY2GBlycine sojaWRKY), a member of
WRKY subgroup llI, in alfalfa enhanced to both dgbtiand salt tolerance of the transgenic
plants [2]. InPopulus simonii20 WRKY genes showed differential response tooweribiotic
and abiotic stress conditions suggesting they cpldg vital role in imparting stress tolerance
[11]. Extensive research on WRKY TFs has been edrout in the recent past in several crop
plants such as rice [12], cucumber [13], maize [d4d tomato [15], due to their important role
in various biological, physiological and moleculprocesses. However, expression and
characterization analysis of essential membershe$sa TFs under different abiotic stress in
groundnut is yet to be investigated. In the presaidy, we have analyzed 10 WRKY encoding
transcripts for gene structure, evolutionary relahip, conserved motifs and expression
analysis under high temperature, drought and hesatal stress in groundnut. For the first time
we demonstrated the transcriptional activation biAMRKY41 that would confer drought/ high
temperature/ heavy metal tolerance by activationcelfular antioxidant systems or stress

associated genes in groundnut.

2. Material and Methods



2.1. ldentification, characterization and sub- celllar localization of WRKY genes

We retrieved 10 WRKY genes from Plant Transcriptidractor Database
(http://planttfdb.cbi.pku.edu.cn/) which shared lwbogy with stress responsive WRKY genes
from Arabidopsisand Glycine max.The length, molecular weight and pl of each deduce
polypeptide were calculated using the ExpasyPratRdool (http://web.expasy.org/protparam/).
The putative WRKY homologs were determined by BLAST
(https://www.arabidopsis.org/Blast/index.jsp). et CELLO (http://cello.life.nctu.edu.tw/)
and WOLF PSORT (http://www.genscript.com/psort/wpHort.html) programs were used to
predict the sub- cellular localizations. Multiplegsience alignment of candidate domains from
groundnut,Arabidopsisand Glycine maxwas performed using clustalw from Bioedit. To study
the homology among the 10 WRKY genes, phylogertetie was constructed using Neighbour
joining method in MEGA/6.0.

2.2. Conserved motifs and Gene structure analysis

The MEME Suite tool v4.9.1 (http://meme.nbcr.netinge[16] was used for analysis of

the conserved motifs of AhWRKY protein sequencesnés Structure Display Server from

Center for Bioinformatics, Peking University, wased to display the exon- intron junctions
(http://gsds.cbi.pku.edu.cn/index.php). The genoamcd MRNA sequences of WRKY genes
were downloaded and used as query for generasrgeite structure. The number of introns and
exons were estimated based on this alignment anfiroed by the coordinates given in the

sequences.

2.3. Plant material and abiotic stress treatments



Seeds of groundnut (ICGV1999) were surface-stedliand grown under controlled
conditions at 28 °C day/25 °C night with a 12-mtig2-h dark photo period. After 10 days of
germination, seedlings (shoot, leaf, cotyledonmséad root) were exposed to high-temperature
[42 °C for 2h (induction) followed by 48 °C for 6hProught stress was stimulated by
withholding water for 5 days and for heavy metaéss, seedlings were hydroponically exposed
to 300uM CdC] for 72h. After the stress treatment, control atréss exposed tissues were

harvested immediately and stored at -80 °C fohfuranalysis.

2.4. Gene Expression Analysis by gPCR anéearson correlation

Total RNA was isolated from control and stresstaedissues (shoot, leaf, cotyledon,
stem and root) using TRiZol (Invitrogen) accordiegthe manufacturer’s instructions and then
treated with RNAase-free DNAase | (Promega). AllRsamples were quantified by Nanodrop
2000 (Thermo Scientific). cDNA was synthesized byerse transcription with 500ng of total
RNA using PrimeScript RT Reagent Kit (Takara) adeng to the manufacturer’s instructions.
Gene specific primers were designed using PrimefBvare. Table 1 depicts the forward and
reverse primers for 10 WRKY genes, their amplicemgth and melting temperature. gRT- PCR
reactions were performed using SYBR Green PCR Masbe (Takara) on Lightcycler96 Real
time PCR (Roche). Each PCR reaction giPdncluded 2ul cDNA, 1x SYBR Green Master mix,
0.5 ul sequence specific forward primer (M), 0.5 ul reverse primer (1QM), and 7ul sterile
water. Actin was used as a reference for quartiéyeixpression A AhWRKYgenes. The reaction
conditions were 95 °C for 10 min followed by 40 legof 95 °C for 15 s, 55 °C for 30s and 72
°C for 15s. Three biological replicates were usgte AA®* method was used for quantification.
To analyse the gPCR results of stress inducible RRW genes for statistical significance,

Pearson correlation coefficient was used to caleul® and p values. STRING 10



(http://string.embl.dg/ computational tool was used to predict the pnetgrotein interaction of

the stress inducible AhAWRKY proteinsAmabidopsiswith the default parameters.



Table 1: Primers used for Real time PCR

Gene Forward Primer (5- 3) Reverse Primer (5'- 3) Amplicon Length Tm
(bp) °C)
Actin TTGGAATGGGTCAGAAGGATGC AGTGGTGCCTCAGTAAGAAGC 196 57.13
AhWRKY41 CCTCTGAGGGAGGACAATCA AAGGCCACTCTCAAAGCTCA 108 60.19
AhWRKY20 AATGCTGGTTGCCCTGTTAG CCATCCCAAGATCAAGGCTA 205 60.13
AhWRKY4  GGTGGAGAATCCGATGAGAA ATCAGCCAAATCCTCTCCCT 147 60
AhWRKY40 TGGCTGAAATGCTTTCTGTG TCTCGGAGTTCCCATTGTTC 180 60
AhWRKY12 GCTACAGCCACAGTCACAGC TCGGATCCATGCTTCTAACC 106 60
AhWRKY15 TGCAGCAGTGTAAGAGGGTG CAGCTGCAGTGAGAGAGTGG 115 59.91
AhWRKY69 GAAGCAAGTTGAACGAAGCC GAGGAGGAAGAGGAGGAGGA 114 59.83
AhWRKY3  AGGGTTGAGTCCTTCTGGGT GGAGCTGTCGGAGCTGTTAC 177 60
AhWRKY2  GCTAGAGCAGGGTTCAATGC GGGTGGTAGGACTGAGACCA 124 59.9
AhWRKY44 ATCAGCCATGAAAGATTCGG GCGGATGTTAAAGCCTTCTG 140 60




3. Results

3.1. Characterization ofAhWRKY genes and Sub- cellular Localization

We obtained 1AhWRKYgenes and their corresponding protein sequenoes Rlant
Transcription Factor database. Basic informatiée Inolecular weight and pl are depicted in
Table 2. The average polypeptide length was 34sRlues with the length ranging from 199 aa
(AhWRKY44) to 568 aa (AhWRKY3). The pl values rangem 5.2559 to 10.2566. The metal
chelation zinc finger motif pattern of the thre@gps were C-X5C-Xa-oHxH (C2H2) (1), C-
X5CXz2-23HXH (C2H2) (1) and C-%-CXy3-HXC (C2HC) (lIl). The sub-cellular localization of
10 AhWRKY proteins were analyzed using WOLF PSORT

(http://www.genscript.com/psort/wolf_psort.ntml) canCELLO (http://cello.life.nctu.edu.tw/

[17] programs. The results showed 9 of 10 AhWRKWteins were predicted to be localized in

nucleus and 3 of 10 proteins were predicted tabalized in cytoplasm and chloroplast.

3.2. Multiple sequence alignment and phylogeneticalysis

To analyze the features of AhWRKY domain in groungdnve performed multiple
sequence alignment of the conserved domains defieed Arabidopsisand Glycine max The
sequence alignment reveals that all the 10 AhWRKd¥tgins share the conserved domain
(WRKYGQK) and zinc finger motifs (Figure. 1). Toanxine their evolutionary relationship, we
constructed phylogenetic tree and showed well arganclassification of 10 AhWRKYSs falls
into group | (AhWRKY20, AhWRKY3 and AhWRKY2), groupa (AhWRKY40), group lic
(AhWRKY12), group Illd (AhWRKY15), group Ille (AhWRKE®2, AhWRKY44 and

AhWRKY®69) and group Ill (AhWRKY41) (Figure. 2).



Table 2: Features of 10 WRKY Proteins in groundnut

GmWRKY Deduced polypeptide Subcellular localization
Protein TF ID Group Domain
homolog [ (aa) pl MW
(kDa) PSORT CELLO

AhWRKY41 | Ahy002014 41 218 9.7727) 25.211 Nuclear Nuclear Glll|  C-XCXx3-HXC
AhWRKY20 | Ahy003521 20 358 7.9025| 39.382 Nuclear Nuclear Gl C2%6-C-Xo2-24xH
AhWRKY22 | Ahy008917 22 370 5.2559| 40.371 Nuclear Nuclear Glle] C-X5CX22-23-Hx
AhWRKY40 | Ahy011981 40 320 8.2094| 35.704 Nuclear Nuclear Glla] GCs&Xz2-23HxH
AhWRKY12 | Ahy014145 12 218 8.0863 24.62 Cytoplasm Nuclear Glic| GCs&Xz2-23HxH
AhWRKY15 | Ahy014372 15 368310.2566] 39.276 Nuclear Nuclear Glld] Cs&Xz2-23HxH
AhWRKY69 | Ahy014637 69 235 5.3279| 24.885 Nuclear, cytoplasn Nuclear Glle  GSXo-23HxH
AhWRKY3 | Ahy017324 3 568 7.9178 61.9 Nuclear Nuclear Gl CX5-C-Xg2-2HxH
AhWRKY?2 | Ahy018168 2 559 5.175| 60.538 Nuclear Nuclear Gl C2%-C-Xz2-24HxH
AhWRKY44 | Ahy020733 44 199 8.57| 22.147 Nuclear, choloroplast Nuclear Glle | C-XCXoz-23xHxH




Group L
NT

AhWREY20: SDDCYNWREYCQRELVECSEEPRSYYE EVEELFERSHDGOQITEIIYRG! PEE
GmMWREY20: SDDGYNARKYCCRHVEC EVEELFERSHDGQITEIIYECSTHDHEEE
AEWREYZ20: WREYGQRHVEGSSEFPRSY EVEELFERSHDSCITDITIYRCSTHDHEER
ZhWREY3: 'NREIEQEQVK-SE_QRU;;K PVEEEVERLAPDGHITEIIYEGQHNHERD
CIMWREYS3 = HREYSQRQVESSEY VVEEEVERAPDSHITEIIYE EEED
LAtWREY3: AREYCSQEGVECSDEPRSY YR PVEEEVERSLDGQVTEILY ELP
AhWREY2 = ‘NHREYCSGECVEGSEYPRSYYER EVEMEVERSEEGHITEIIYECSHHNHPEE
CIWREYZ = IREYGORQVECSSEYPRSYY LVEEEVERSHESHITEITYE! LEP
ALtWREYZ = HRERYSCRLVESSEYERSYYE LVEEEVERSRECHITEIIYECAHNHLED
CT o
AhWREYZ20 = ARRYCLEVVRCNENERSYYR EVREHEVERLASHDPEAVITTYEGE
CmWREY20: WREYGCRVVES H?_?RD””K PVEEHVERESHEDERAVITTYEGH
AEWREYZ20: AREY S CEVVRENEN PVREHVERASHDERLVITTYEGH
LhWREY3: HREYGOH MVEREHVEREASSDERELZVITTYEGEH
CmWREY3 : AREYGRE MNVREEVERASTDERAVITTYEG
AEWREY3: MERY G0 SVREHVEREZTDERLAVVTTYES
ZhWREYZ2 : ARE ¥ CCEV TVREEVERESHDLESVITTYEGH
CmWREY 2 = REYGCH TVREHVERASHDLESVITTYEGEH
LEWREY2: IREYGRHE MTVREHEVERLASHDLESVITTYEGH
Groap IT
AZhWREY40 - WREICORVTRONESPRAYEE PVEREVORSVEDQSVLVATY
AtWREY40: HREYSCRVTRONESERAYFE qVKKK?QRq?EDkSVI?“T'
CIMWREY40 : 'GRREYSQREVTRONECPRAYER EVEEEVQRSVDDQSVLVATY
AhWREY12: WREYGCREVVENSLEERSYY NCRVEERVERLSEDCRMVITTYEGR
AtWREY12: HREYGCEVVENSLEPRSYY IPRVEERVERLSEDCEMVITTYESR
CmWREY12 : IREYCCEVVENSLEPRSYY VERRVERLSEDCRMVITTYEGR
DhWREY15: FEDDYSWEEYCCE] G PAREHVERALDDESMLYVVTYEGE
AtWREY15: PEDDYSWREYGGE GCEARRHVERALZDDSSMLIVTYEGD
GmMWREY15: EEDDYSWREXCCEE PAZREHVERALDDESMLVVTYEGE
LhWREYZ22 - IZHBREYCGRE SSeEGCLAREGVERNRTDETMEIVTY TAE
LAtWREYZ22: | IREYGE0R ST SEGCLARRECVERNRSDPEMEIVTY TR
CmMWREYZ22 = WREYSOER SSSECCLARECVERNRSDETMEIVTYTAE
AhWREYES = WANREYSGEE S8RCICPARECVERSRYDETELIVTYNYEH
LtWREYED: IREYCEQEE S8 8EGCPAREQVERSRVDESEIMITYA
CmMWEEYS2 - REYCQE S SSERGCPAREQVERSEVDETELIVTE
LhWREY44 = SYNWREYSQE THEN—CEVEEEVERS-FDGCIAEIVYEGE
AhWREY41 - DOYNWREYCGEDILGARYPRSYYRCITE R“-k, WATECVORSDEDPTIFDITYEGRE
AtWRKY41: DIFSWRRYGCRDILGARE PRSYYRCIFRNTQYCHATRCVERSDEDETIFEVTYRGT
CMHREY53> DSYNHREYGCEDILSEEYPRSYYR —RxT%_ AATEQVQRSDEDETVEDITYRGK

Figure. 1: Multiple sequence alignment of conserved WRKY domeafrom groundnut,
Arabidopsisand Glycine max.NT and CT represent N termini and C termini of @Grol
WRKY domains respectively. The highly conserved KM&QK domain is indicated in the
box. Cystein (C) and histidine (H) are also repmnése within the box, which indicate the zinc
finger motifs.
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Figure. 2: Unrooted Phylogenetic tree of groundnéabidopsisand Glycine maxWRKY
sequences. The tree was constructed by the MEGB ptgram with the Neighbor-Joining
algorithm. The evolutionary relations were calcaethtising the p-distance method.

3.3. Analysis of motif composition and Gene structe

The WRKY gene family share significant sequencaseovation within domain regions
and to investigate the homologous sequence andeney of the most prevalent amino acids,
sequence logos were produced using the amino agitkaces of AhWRKY proteins in MEME
Suite tool and six motifs were defined (Figure.&a). Group | consist of AAWRKY?20 shares
all the six conserved motifs while AhWRKY3 and Ah\WWR2 share five motifs. Group Il
members (AhWRKY40, 12, 15, 22, 69, 44) shares molif 2 and 5. Group IlI member
AhWRKY41 shares motifs 1, 2 and 6.The gene strecamalysis revealed that the WRKY genes
harbored at least two exons with varying lengthadidition, a separate phylogenetic tree was

11



generated from the complete protein sequences hfeaWRKY genes. The most closely related
members in the same subfamilies shared similar/arton structures in terms of intron number
and exon length (Figure. 4).

3.4. Expression patterns oAhWRKY genes under different abiotic stress treatments

In order to characterize the relative expressiofW&KY genes under different abiotic
stress, we conducted gPCR. Under high temperatteessAhWRKY 2, 40, 41, 68nd44 were
found to be up- regulated by 2.9, 1.3, 4.7, 5.2 BO@ folds respectively (Figure. 6, 7 & 8). On
the other handAhWRKY 20, 22, 12, 1&nd3 were down regulated by 0.26, 0.36, 0.91, 0.73 and
0.59 fold respectively (Figure. 5, 6 & 7). Duringpdght period AhWRKY4land2 showed 2.4
and 2 fold up regulation whileAhWRKY40shows significant down regulation by 0.48 fold
(Figure. 6 & 5). Under heavy metal stress, mostth#f genes were down regulated while
AhWRKY3is significantly up regulated by 6.85 fold. To suarize the overall expression
patterns,AhWRKY41showed induced expression in all three stress tondi (Figure. 8).
AhWRKY?2and 69 showed enhanced expression under high temperatdedrought while
AhWRKY 15hows up-regulation during drought and heavy m&talss AhLWRKY20gene was
repressed in all the three stress conditions. Ther @enes show differential expression patterns
under different abiotic stress which may indicdte tnvolvement of these genes in complex
stress regulatory mechanisms. The tissue spegifieession (leaf, cotyledon, stem and root) data
of 10 AhWRKYgenes under abiotic stress were depicted in Figuré, 7 & 8. Analysis of
Pearson correlation co-efficient of qPCR resulthvir value of 0.997 and p-value of 0.00001,
indicating that the results are highly significaihe prediction of protein- protein interaction
between stress inducible AhWRKY orthologs Arabidopsiswas studied by STRING 10

program. The interaction network shows that outlof AhWRKY stress inducible proteins,
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AhWRKY40, AhWRKY15, AhWRKY22 and AhWRIY44 shows their association wi

WRKY18, GUN5, WRKY33, STZ, RHL41, DI2, CZF1 and CML38 (Figure).
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Figure 9: Proteinprotein interaction of AhWRK proteins from STRING progre.
AhWRKY40 representeds WRKY40, AhWRKY15 as WRKY15, AhWRKY22 as WRKY.
and AhWRKY44 as TTG2



4. Discussion

Plants have developed a great ability to reprogtheir transcriptome in a highly
dynamic and temporal approach through an integnagdadork of transcription factors to adapt
to the changing environmental stress conditionsoAgnthese, WRKY proteins are important
members of transcription factors involved in regjola of plant stress responses [18]. It has been
well documented that WRKY TFs were connected wéhous plant defense mechanisms under
abiotic stress conditiord9]. Meanwhile, nonA//RKYgenes that enhance plant drought and salt
stress by either efficient ROS elimination throuthie activation of the cellular antioxidant
systems or the activation of stress-associated sgdrave been extensively reported in
Arabidopsis [20, 21],0Oryza sativa[22, 23], Poncirus trifoliate[24, 25], and wheat [26, 27].
Functional characterization and deciphering thesstrtolerance mechanism by WRKY was
elucidated only in model crops. In groundnut, nporés on expression and functional
characterization of stress associated WRKYs areddill date.Multiple sequence alignment of
the groundnut WRKY domain shows homology witrabidopsisandGlycine max Hence, we
predict that the functional annotations of AhWRKYaynbe fairly similar to AtWRKYs and
GmWRKYs. Phylogenetic analysis reveals that 10 WRKwre classified into three groups. Of
the three, the Group Il were found to be abundahich includesAhWRKY22, AhWRKY40,
AhWRKY12, AhAWRKY15, AhWRKY&® AhWRKY44were further assembled into four sub-
groups (lla, llic, lld and lle). The WRKY protein Ibaging to Group | identified in every
ancestral organism has two WRKY domains and reptegke ancestral form and evolved early
[14]. In addition, motifs analysis using MEME tamnfirms the presence of WRKY domain and
zinc finger motifs. Motifs 1 and 3 are WRKY domaiantaining motifs and motif 2 and 5 are

zinc finger containing domains are present inkadl WRKY proteins. Previously, it was reported

18



that, among the two domains only the C- terminahdm belonging to Group | has sequence
specific DNA binding activity with W- box while Netminal domain showed weaker binding
activity [28]. However, the N-terminal WRKY domaimight alternatively provide an interface
for protein-protein interactions that coincide wikie function of zinc finger like domains [14]. It
was assumed that, due to the variability in thetedminal domain during evolution, it may be
evolved into another pattern to accomplish otheyuleory functions or deleted from the
sequence. The functions of other motifs are yéketelucidated. In addition, there is similarity in
the distribution of conserved motifs and the numiifeexons.As WRKY genes are themselves
transcriptionally regulated, understanding the l&tguy processes governed by these genes is a
challenge. However, their distinct expression patte various tissues under specific biological
condition might unfold the regulatory functions thiese transcription factors. Several studies
have described the essential roles of WRKY TF&@regulation of gene expression [29- 32]. In
various plants such alrabidopsis Oriza sativa Glycine max wheat, cotton, maize and
Populus a number of WRKY genes are characterized thattiom as key regulators in signaling
pathways for resistance to abiotic stress [33-13[7,11]. In present study, we imposed three
abiotic stress treatments such as high temperatinoeight and heavy metal on 10 day old
seedlings and studied expression analysis of AhWRKNes. The results indicated that most of
the AhWRKY genes were induced in various tissuesn@ared to the drought and heavy metal
stress, there are few reports on response of WR&ég to high temperature streSBWRKY41

is induced in all the three stresses in variousu@s including leaf, cotyledon, stem and root
indicating that it may be involved in multi abiostress response. Zhong et al. [38] reported the
regulation of ABI3 expression and seed dormancWRKY41 and ABA inArabidopsis.Luo et

al. [39] demonstrated the tolerance GEWRKY20over-expression lines to drought which
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exhibited decreased water loss rate and stomataitgein Arabidopsis and also showed the
transgenic lines mediated ABA signaling by selesdfivoromoting the expression of negative
regulators and repressing the positive regulators. study emphasize thahWRKY 20shares
homology withGmWRKY 20s repressed in all three abiotic stress condstiandAhWRKY 40s
repressed in drought and heavy metal stress sugipeste genes might play an important role in
drought stress response and ABA signaling. Xiara).g40] analysed the physiological function
of the ArabidopsisWRKY22 during dark-induced senescence which wapmassed by light and
promoted by darkness, thus evidences the participaif AtWRKY22 in the dark-induced
senescence. Our results showed &aWVRKY?22epressed in all three stress conditions which
gives a clue that it could be involved in seneseefkarther AhAWRKY 2wvas induced in response
to high temperature and drought stress and evidesbhews its homology in Arabidopsis,
WRKY2 transcription factor mediates seed germimatamd post germination developmental
arrest by ABA [41]. Lai et al. [42] demonstrateck thositive role of WRKY3 and WRKY4 in
plant resistance to necrotrophic pathogens. Iniagdg, AhWRKY3is highly induced under
cadmium which gives evidence for its vital roleheavy metal stress responses in groundnut.
WRKY TFs were implicated integrating ROS homeostagegulation and abiotic stress
resistance in many crops. A recent study explok®ITEALA 2 is regulated by different
members of WRKY and NAC family, in addition, th@ki between the ROS-response ZAT12
zinc finger protein and iron regulation in cell8[45]. The protein-protein interaction network
identified WRKY18, GUN5, WRKY33, STZ, RHL41, DICZZF1 and CML38 which show
association with AhWRKY proteins. WRKY18 and WRKY3Bteracting with elicitor-
responsivecis-acting element, positively modulates defensetedlgene expression and disease

resistance [45, 46]. GUN5 (GENOMES UNCOUPLED 5),maltifunctional protein was
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involved in chlorophyll synthesis, plastid to nugderetrograde signalling and ABA perception
[47]. STZ (salt tolerance zinc finger), was foundépress the stress responsive genes DREB1A
and LTI78 and could be involved in jasmonate (J&Jyesignaling response. Similarly, RHL41

is involved in light acclimation, cold and oxidatistress responses [48], while DIC2 could be
involved in protecting plant cells against oxidatistress. CZF1 (zinc finger CCCH domain-
containing protein) is involved in salt stress ms®e. The interaction of AAWRKY TFs with

above proteins suggests that, they may be invalvadiotic stress responses by ABA signaling.

5. Conclusion

Various abiotic stress such as high temperatumygiht and heavy metal adversely affect
plant growth and development. WRKY Transcriptiontfes are known to regulate plant stress
responses by altering the expression of stressomege geneslin this study we have
characterized the expression of 10 WRKY transaipftiactors from groundnut. The findings
demonstrate that AhAWRKY41 would be a positive ratul involved multi abiotic stress
tolerance. The tissue specific expression analysM/RKY TFs under different abiotic stress
and theirin silico characterization may help in complete understandihregulatory role of

these factors.
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