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Identification of WRKY Gene Family and Analysis of Drought Stress
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Abstract: [Objectivel Poncirus polyandra, a relative species of citrus, is a resistant rootstock widely used in
grafting. It is also a plant species with extremely small populations in Yunnan. The WRKY family, as one of the
largest families of transcription factors in plants, plays a vital role in plant response to abiotic stresses such as

drought, cold and salt. However, the current understandings of WRKY genes in P. polyandra are limited. The
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purpose of this study is to analysis the function of WRKY genes and screen the genes with potential drought
resistances in P. polyandra. [Methods] Based on the genome-wide data of P. polyandra, WRKY genes were
identified by HMMER, NCBI-CDD and SMART searches. Comprehensive analyses were systematically
performed using bioinformatics methods, including the physicochemical properties, sequence characteristics,
phylogenetic relationships, chromosome localization, collinearity, gene structure and cis-acting elements of the
PpWRKY family members. In order to verify the drought resistance function of WRKY gene family members,
one-year old P. polyandra seedlings were used as experimental materials. In the drought stress experiments,
the seedlings were treated with 20% PEG-6000 solution. The leaves were respectively collected after O h, 3 h,
6 h, 12 h and 24 h, and stored in the refrigerator at -80 “C. Real-time fluorescence quantitative analysis was
carried out to study the effects of drought stress on the expression patterns of these genes. [Results] Amount
to 46 WRKY family genes were identified in the genome of P. polyandra and named PpWRKYI1-PpWRKY46.
The results showed that the length of PpWRKY protein ranged from 116 to 1103 amino acids. Among them,
the molecular weight of PpWRKY21 was the lowest (13213.48 kDa), whereas PpWRKY23 had the highest
molecular weight (120198.96 kDa). The protein isoelectric points (pl) ranged from 4.93 (PpWRKY24) to 9.8
(PPWRKY17), and 61% of them was lower than 7.0, indicating that most of the proteins were acidic.
Subcellular localization results exhibited that PpWRKY23 was located in lysosomes and vacuoles, and other
PpWRKY genes were located in the nucleus. Phylogenetic analysis revealed that PpWRKY proteins could be
classified into three groups, namely groups I, II and III. Group II had the most members (31), which was
further divided into five subgroups (Il a- Il ¢), containing three, eight, nine, five, and six PpWRKY members
separately. WRKY domain multiple sequence alignment analysis demonstrated that only the typical
heptaeptides of PpWRKY 15 and PpWRKY?21 in subgroup IIc had single amino acid variation. Chromosome
localization analysis revealed that WRKY family genes were unevenly distributed on nine chromosomes in P.
polyandra. The genes clustered on chromosome one were the most, with a total of nine genes. But there was
only one gene distributed on chromosome four. We found 24 duplicate gene pairs in the PpWRKY family,
including four tandem duplicate gene pairs and 20 fragment duplicate gene pairs in the P. polyandra genome,
suggesting that fragment replication was the main driving force for the expansion of PpWRKY gene family
members. The Ka/Ks values of replicated WRKY genes in P. polyandra were all less than one, suggesting that
these genes might have undergone purification selection. Intergenomic collinearity analysis indicated that there
were 88 pairs of collinearity genes between P. polyandra and P. trifoliata. A cis-acting element analysis of the
P. polyandra WRKY gene family members identified eight types of cis-elements related to plant hormone and
stress responses. Among these, 26 PpWRKY genes contained a drought inducible element (MBS), 37 PnWRKY
genes contained an abscisic acid-responsive element (ABRE), and 17 PpWRKY genes contained a low
temperature response element (LTR). This suggested that the PpWRKY gene plays an important role in the
regulation of hormone and stress in P. polyandra. To mine the drought-resistant WRKY gene in P. polyandra,
we analyzed the transcriptomic data of P. trifoliata under drought stress treaments. Reaults revealed that 37 out
of the 53 WRKY genes in P. trifoliata were significantly upregulated by drought, indicating that these genes
might play an important role in drought resistance. Then, we screened nine homologous drought resistance

candidate genes of P. polyandra which have a high homology with P trifoliata, such as PpWRKYS,



PpWRKY12, PpWRKY13, PpWRKY19, PbWRKY23, PbWRKY27, PbWRKY28, PpWRKY30 and PpWRKY41.
Their expression patterns under drought stress were detected by real-time fluorescence quantification, and the
results revealed that all nine genes were significantly up-regulated under drought stress. Among these genes,
the expression of PpWRKY12, PpWRKY19, PpWRKY23, PpWRKY27, PpWRKY28 and PpWRKY30 genes
reached the peak after 6h of drought stress, which were 3.63-fold, 2.25-fold, 1.48-fold, 2.63-fold, 3.22-fold,
and 2.89-fold of the control, respectively. PpWRKYS and PpWRKY13 genes exhibited peak expression after 12
h of drought treatment, which were 2.6-fold and 2.9-fold of the control, separately, and the expression of
PpWRKY41 was the highest after 24 h of drought treatment, which was 2.92-fold of the control. The results
demonstrated that these nine WRKY genes might be involved in the defence response of P. polyandra to
drought stress. The results of protein interaction prediction showed that 12 PpWRKY proteins may be involved
in regulating stomatal movement through MYB transcription factor mediated ABA signal to affect drought
tolerance of plants. [ Conclusion] A total of 46 WRKY genes were identified in P. polyandra. The expression
levels of PpWRKYS, PpWRKYI12, PpWRKY13, PpWRKY19, PpWRKY23, PpWRKY27, PpWRKY2S,
PpWRKY30 and PpWRKY41 significantly increased under drought stress, demonstrating that these genes may
participate in the process of responses to drought. This study provides new information for analysing the
function of WRKY gene and its regulatory mechanism in response to drought stress in P. polyandra, and
provides excellent genetic resources for breeding drought-tolerant citrus varieties.
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1.1 ERM WRKY BERERIEEE KBRS

B AR R A AR AR 5 5 5 R R 2T, WRKY #5745 /385 41 (PF03106) S M InterPro

(https://www.ebi.ac.uk/interpro/) ¥ 2 F % Bt HMMER #4F8Fa D /Rl KA, 76 & RARIIZ
¥ o®m o ¥ Pt R ® . W o® M & A F 4 A A NCBI-CDD
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 1 SMART  (Chttp://smart.embl-heidelberg.de/) %k

I PR BEAT 25300 1, BIBRTE WRKY ZEMM B, A& e & RARM WRKY H:R 5 7. FIH
ExPASy (https://web.expasy.org/protparam/) [l -1 [¥] ProtParam T..H 73 #fr'& AR WRKY & H 17 H1K
B MRS IR A . FIH Euk-mPLoc2.0  Chttp://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) £
28 W4 3t 047 S 41 i 5 7 3 #
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FH MEGA11 #AFH ) MUSCLE X & EARFIHUE I+ WRKY 4% 5K 7 [ & 2R R 77 51 3547 2 FP 41 B
Xt MR EE RGEK B W, bootstrap H A 1000, 5 H ggtree St HEAL R EAT 4028, FI | DNAMAN
A% PpWRKY's 8 145 W4 A 51 1) WRKY 45443803047 2 17 51 Lo B T Rk o
1.3 PpWRKY B FE B9t (R E ML FN L% 14 53 47

M Phytozome Chttps://phytozome-next.jgi.doe.gov/info/Ptrifoliata_v1 3 1) KRk T2k AN 1) 4= 5 K B
AOFE DRI RS AT, ERAPEE DR ZH 08 e AR UR A 58 il /7 IRV R, i3 TBtools ) MCScanX Mg Xy &
RARGEAT RN SRR RI L LR 00T, FETHE s RAR T BUE F LR X 1) Ka/Ks HUAR
1.4 PpWRKY SIEEE LM RTEF REMIE

FIH MEME  (http: / meme suite.org/tools/meme) £ £k /43 T & B A WRKY Z i 2 1 O {7 3
Fr, WE motif 54 10; i#id TBtools i M & RN L PR I8 SO R 4 U s RAR WRKY FIRIE I
YR TN G AL EE R A NCBI-CDD 3HL PpWRKY S R 1 IR <1 45 M B 45 B . il
TBtools #14:f{] Gene Structure View T E 347 AT A4k .
1.5 ERM WRKY EEBaIFIRNAER T2

] F] TBtools %1442 B PpWRKYs 3t Al | ¥i# 2000 bp M) B 5 7 FF 5, ¥ H 422 3 Plant CARE
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/& PRINA905931. FiFIH HMMER #4458 #AK WRKY FKIREER, J7in 1.1, FFsEid i WRKY £:H
ID $EECAE BT S A HE S5 0 hy 1.5 hy 6 h F1 24 h (#5408, FIH TBtools #4347 AT AL -
I J5 il TBtools A ik & H 2% BRI WRKY 3R 5 s RAIE R 43817 Blast, #1104 5E
B'5 AP BOE HEA
1.7 SERFRIEEE PCR (qQRT-PCR) RIEDH

Az B A MOl 5 TR 2 B i 2 S & (0 — 2R B RARUE R SEIO AR S B 34— B0 & RARS)
Hi, FHREEH 20%H) PEG-6000 VAR AL BRI TR e, A3 ANEE, 7300 T4 0. 3. 6. 12
A1 24 h J5 REMF, £ T-80 CUk#. FIH HiPure Plant RNA Plus Kit k718 (EFAEY, Jbn) #2
HUE BARR 5 RNA, 285 VL 75 B I S8 AR MR BR A 7] GE = #E DI All-in-One First-Strand Synthesis
MasterMix (with dsDNase) [ % 157 &6 A1 RNA [ 5% il cDNA . 383 Vector NTI %Eit 514 (& 1D,
WIGTEAETAM TR ARAR (R G . L Actin ZFIE AN S, i F488 SYBR qPCR Mix
RHERRFGE LA A%, ERE) T qQRT-PCR K&l MAAZR 10 pL: 5 pL F488 SYBR qPCR
Mix, 0.25uL 1E[A 5140, 0.25 pL A 5140, 1 ul cDNA, 3.5 uL ddH,0. ¥ R : 95 °CHiAE 1% 30~60

S: 95 °CAEHE 10's, 60 °CIBK 30's, 40 AMEFR. FoH 2-CT J7 il BT Feik 00,
% 1 BT RT-PCR K54
Table 1 Primers for RT-PCR

Elk7) IEmGY (53" G (5~31

primer Forward primer Reverse primer

Actin CCGACCGTATGAGCAAGGAAA TTCCTGTGGACAATGGATGGA
PpWRKYS ACGAAGGGCCACCTTCTGAT TGGTTATGGCTAGAGGTGTAGGTG
PpWRKYI2 TCGACCGGACAAACCATCACTC TTCCCAGAAATTGCCGCAGC
PpWRKYI13 AAGCACAACCATGATGTTCCGG TGTTAGGATGATGAGCCACCGC
PpWRKY19 AGTCTGAGCAATCTGCCGTACATC AGTCTCTGACTCGCAATTCGATTG
PpWRKY23 AGCTTTGTGACCGAATGCCAAG ATGCACTGAGCCTCAGGACCTTC
PpWRKY27 ATGCTGTCTCCTTCCCTTCTGG TCAGGAACCTGATGACCAAGTTG
PpWRKY28 AGCTACTACCGATGCACGCATC TGCATCTGGTTCAAGATGTGCTC
PpWRKY30 ATGTTGAGAGAGCATCTACGGACCC TGTGGCTACTATTCTTACCAGCCGG
PpWRKY41 ATCAAGGGCTCACCATACCCAC AATGACGGTGCTCTCCTTCGTAC

1.8 PpWRKY EH EEM LT
FH string 11.5 Chttp://string-db.org/) 4 72 7l PpWRKY & 1 -5 14 A8 P i 52 14 1 MYB &
(AtMYBI15. AtMYB44 #1 AIMYB96) HIAHEAE R /4%, ke XA I i 25, LA
AT R A5 B R B HAE M 2% K
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2.1 ERM WRKY EREREEE KBRS
155 RARIE R 2 48 R 31 49 26 B WRKY 253800 2 (1 P 41, 51B% 3 2% (evm.model.LG09.1378.

evm.model. LG05.2450 A1 evm.model.LG05.872) A& L WRKY 25 HME TP oG, &EMNE
FOARFER 2 %552 3] 46 /> PpWRKY B:[Hl, $2 HRILAE Gt ik b (1A BT diy 44 9 PpWRKY I~PpWRKY46

(£2) . BAMFESNEREN, %0 46 A PPWRKY & A MZIEBREE N 116~1103 aa, HH
PpWRKY21 7> ¥ i B ik, A 13213.48 kDa; PpWRKY23 7> TSR E s, ¥ 120198.96 kDa. &%
B (pD) N 4.93 (PpWRKY24) ~9.8 (PpWRKY17) , b 61%K&E AZH SKT 7.0, HHER
B WRKY A K 2Btk A0 e R i as R BoR, Bk PpWRKY23 &AL T BEARFIBOE AL, HAR
45 A~ PpWRKY JE[R ¥ 58 o0 T 4 A%

& 2 PpWRKY EEHEXER
Table 2 Information related to PpWRKY genes

IR B R A V240 v T
£ 1D EYSES FH TR et fh

Number of Group/ Prediction of subcellular
Gene ID Gene name PI Mw/Da Chromosome

amino acid Subgroup localization
evm.model. LG01.326 PpWRKY1 342 6.32 37421.21 ITe 1 S k%
evm.model. LG01.3345 PpWRKY2 602 6.23 65 179.94 II'b 1 S k%
evm.model. LG01.3451 PpWRKY3 307 5.77 34362.27 ITe 1 S k%
evm.model.LG01.3503 PpWRKY4 336 5.2 37 632.48 il 1 Sk
evm.model. LG01.369 PpWRKYS5 359 5.02 40 495.95 il 1 Sk
evm.model. LG01.510 PpWRKY6 501 7.23 54 333.76 II'b 1 S k%
evm.model. LG01.572 PpWRKY7 323 8.78 35708.04 ITc 1 S k%
evm.model. LG01.594 PpWRKYS 274 5.18 31021.3 ITe 1 S k%
evm.model. LG01.944 PpWRKY9 353 9.69 39621.87 IId 1 S k%
evm.model. LG02.1969 PpWRKY10 393 5.88 43909.87 II'b 2 Sk
evm.model. LG02.452 PpWRKY11 359 9.3 38791.88 IId 2 Sk
evm.model. LG03.1430 PpWRKY12 320 8.35 35519.57 ITa 3 S k%
evm.model.LG03.1603 PpWRKY13 595 7.09 65 006.34 la 3 S k%
evm.model.LG03.1900 PpWRKY14 230 9.1 25906.22 IIc 3 S k%
evm.model.LG03.1927 PpWRKYI15 202 7.18 23128.21 ITc 3 S k%
evm.model. LG03.424 PpWRKYI16 363 9.38 40 112.03 IId 3 Sk
evm.model. LG04.829 PpWRKY17 358 9.8 40 365.76 IId 4 S k%
evm.model. LG05.1194 PpWRKY18 599 6.45 65 236.13 II'b 5 S k%
evm.model. LG05.1295 PpWRKYI19 488 6.27 53121.33 la 5 S k%
evm.model. LG05.1970 PpWRKY20 492 6.07 53073.03 ITe 5 S k%
evm.model. LG05.22 PpWRKY21 116 9.67 13213.48 IIc 5 Sk
evm.model. LG05.2392 PpWRKY22 265 5.2 30 068.16 ITe 5 S k%
evm.model. LG05.2539 PpWRKY23 1103 6.1 120 199 b 5 WA
evm.model.LG06.1687 PpWRKY24 405 4.93 44907.2 ITe 6 S k%
evm.model.LG06.1727 PpWRKY25 382 5.35 42 079.37 il 6 S k%

evim.model. LG06.91 PpWRKY26 372 6 40 961.72 e 6 Sk
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Number of Group/ Prediction of subcellular
Gene ID Gene name PI Mw/Da Chromosome
amino acid Subgroup localization

evm.model.LG07.1123 PpWRKY27 305 7 3391231 Ilc 7 Y A%
evim.model.LG07.1630 PpWRKY28 193 9.12 21 656.09 e 7 EH)UE
evim.model.LG07.1989 PpWRKY29 568 6.64 62 894.97 b 7 EH)UE
evm.model.LG07.2082 PpWRKY30 468 7.71 50 962.14 la 7 2%
evm.model.LG07.2104 PpWRKY31 291 6.19 32079.37 e 7 )R
evm.model.LG07.279 PpWRKY32 356 6.57 39395.82 I 7 2%
evim.model.LG07.280 PpWRKY33 309 6.02 35007.62 11 7 YR
evm.model.LG07.926 PpWRKY34 154 9.64 17 280.34 Ilc 7 2%
evim.model.LG08.140 PpWRKY35 257 8.41 28 673.11 la 8 YR
evm.model LG08.141 PpWRKY36 321 7.17 35906.14 Ma 8 2%
evm.model LG08.1427 ~ PpWRKY37 569 6.6 62 543.49 b 8 EH)UR
evim.model. LG08.1495 PpWRKY38 563 6.47 60 903.47 la 8 YR
evm.model LG08.1635 PpWRKY39 721 5.78 77 868.67 la 8 2%
evim.model LG08.2185 PpWRKY40 485 6.31 53220.25 la 8 EH)UE
evm.model. LG0S8.66 PpWRKY41 341 9.56 36 671.4 Id 8 2%
evm.model.LG09.1053 PpWRKY42 331 5.48 36 852.64 11 9 )R
evim.model LG09.1115 PpWRKY43 569 6.48 62 646.18 la 9 YR
evm.model. LG09.135 PpWRKY44 588 5.96 63 697.51 Ilb 9 2%
evm.model. LG09.1507 ~ PpWRKY45 469 8.42 52130.91 la 9 EH)UE
evm.model. LG09.37 PpWRKY46 497 7 54 874.39 la 9 2%

22 ERMA WRKY RIEEBRIFIILEN ARG LT

= AR T WRKY HEAFHIME RS K BEMAERER, 46 > PpWRKY AN 1. 11,
344 (B D o Hrp, THMBAERS, 7314, w50k 5 ME4A (Ma~1e) , KK
FH 3. 8. 9. 5H1 6/ PpWRKY HEitd; [ FIIIHDHIEH 9 M6 Mkt & RAR WRKY 45445 (1)
ZIFHILN R IR, TH 9 NEAWE C2H2 ERET, J8 T la W4, KR{E PpWRKY HEH RN
& C2HC RYBEFRIE 71 Ib AL i (B 2) o BT Il 4L PpWRKY 15 1 PpWRKY21 2 [ 7F WRKY
SERIR LK A _E B T RN R IR R AR S, PpWRKY 15 A1 Q #% K &, PpWRKY21 /) R # K
B, HAR 44 > PpWRKY FEDR 55 % 52 35 BAG JL AL () WRKY &5 84 38R fiE /7 41) WRKYGQK, it ]
PpWRKYs R G AR P PERLR, W~ 12455 DR 5 M 4 i 1) 8 1 O PE AR A v R G GBI AR 5 Th R
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Fig. 1 Phylogenetic trees of WRKY family members of Poncirus polyandra and Arabidopsis thaliana
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Fig.3 Chromosome localization and collinearity analysis of WRKY gene family of Poncirus polyandra
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Table 3 Analysis of evolutionary selection pressure of WRKY gene family in Poncirus polyandra

ETba) AR [F LA A [ L RAR AT AR LRASATA/ R LRASIE AL
Gene Pair Ka Ks Ka/Ks EffectiveLen
PpWRKYI1-PpWRKY3 0.472 743 091 1.693 329 527 0.279 179 618 891
PpWRKYI1-PpWRKY24 0.544 214 695 1.705 310 132 0.319 129 456 936
PpWRKY2-PpWRKY29 0.381 015 57 1.484 446 351 0.256 671 836 1617

PpWRKY2-PpWRKY44 0.369 024 58 1.182 774 268 0.311999 162 1641




PpWRKY3-PpWRKY24 0.552 613 297 3.330 629 746 0.165 918 562 843

PpWRKY5-PpWRKY4 0.413 011 094 2.339 242 867 0.176 557 595 972
PpWRKY4-PpWRKY25 0.394 458 768 2.249 854 199 0.175 326 369 969
PpWRKY4-PWRKY42 0.629 533 389 NaN NaN 792
PpWRKYS5-PpWRKY25 0.406 770 881 2.408 042 46 0.168 921 806 1014
PpWRKY7-PpWRKY26 0.351 616 092 2.180 353 963 0.161 265 601 915
PpWRKY9-PpWRKY17 0.301 116 399 2.806 189 938 0.107 304 354 987
PpWRKYI11-PpWRKY16  0.353 671 882 1.528 342 258 0.231 408 822 1026
PpWRKYI12-PpWRKY35  0.482 939 687 NaN NaN 714
PpWRKYI13-PpWRKY43  0.301 185 505 1.585 841 657 0.189 921 55 1569
PpWRKYI18-PpWRKY37  0.394 549 307 2.173 707 703 0.181 509 826 1521
PpWRKYI19-PpWRKY38  0.568 454 942 1.456 897 398 0.390 181 864 1257
PpWRKY34-PpWRKY28  0.332 928 003 1.911 064 164 0.174 210 793 456
PpWRKY29-PpWRKY44 ~ 0.442 097 469 1.709 517 499 0.258 609 502 1593
PpWRKY34-PpWRKY31  0.603 872 571 NaN NaN 450
PpWRKY33-PpWRKY42  0.558 069 516 1.872 714 226 0.298 000 362 873
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Fig. 4 Collinearity analysis of WRKY gene families of Poncirus polyandra and Poncirus trifoliata
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Fig.5 Conserved motif, conserved domain and gene structure of PpWRKYs
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Fig. 6 Analysis of cis-acting elements in promoter regions of PpWRKYs family members
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Fig. 7 Expression pattern of WRKYs gene in Poncirus trifoliata under drought stress
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Fig. 8 Expression analysis of PpWRKYs gene under drought stress
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Fig. 9 PpWRKYs protein interaction network

3%
3.1 PpWRKY EFE R xR LEHI4FAE

WRKY $£ R 00 K/ BA RS e, JUHR BEA Y b (1) WRKY H: R BUCR LEAR A 50 151
. ZEM A 50 A WRKY BB, TR A E A 92 B, AW GUE RAUTE M /NEA,
U EH 46 A WRKY BRI SR, SHERY (41 4) o HETB (474 FAEARBY (51 4) A
YD ) WRKY FERHE ZFEA KR, HEWFIFE (74 4 o KRBT (98 ) FIKEBRT (188 A4N) &k
KDL, & RA 1 WRKY SERBCRE B Rk, Bgh BAE — @ R b SR Wu SRR, T4
WRKY # g FFEMY) P S E AN E, BIERN ERR B2 R, Ay B A R iR
B3 R BT KT B AR 46 A PpWRKY #4309 1+ IDRIIIEE 3 4, Hob TSR RN RZ,



R (67%) , FFATr S AN, XA RER B R F e EEEE . B, fE
9484 (Oryza barthii A.Chev.) « B /7B 4R (Oryza meridionalis Ng) FEBEARS (Oryza rufipogon
Grif.) MY WRKY 3 FFH#&A 1b WARART, (HE RAFAREES 1 b WA WRKY ¥
SRR, HED R AR WRKY He PR 5 R4k e e

R ) B AL ) 2 e 24 R B 1 o 8 R el T R A ) 2 T e 1 EE BT A0S, & RAR PpWRKY &
[l — WL P Ap AT S AR — 5, AR E R . RS T RI, F AL WRKY 3L 14 8T
HEAFAE, (H11d. e WAL WRKY E:R )47 R A, 17 Tay 1Ta f11Tb WAL
SRR AR, R, HEDIX 2840 27 0 A (R SO AL B R AE Th e R REAH Rl . WRKYGQK
FP 3 178 A B> 380 WRKY #3t[F 15 DNA £56 8 ) 0o, fRap 5088 2 7 51 Hest 23 Bt B,
= RAH 46 4~ WRKY 5 HR & 525010 WRKY g544938, HE4& 5 DNA /7519 R AE H G #F W-box 45
A IIRE ST SR, PPWRKY K Il e A1 2 A8 I WRKYGQK -BJik 75143 51 48 7y WRKY GKK

(PpWRKY15) 1 WKKYGQK (PpWRKY21) , XM DNA 455 MEE e RAET. K
WEFE T PpWRKY 3[R K RATAE 4 % BEEE LR 20 X 7 BE L (R, B0 Be L2 & ERA WRKY
BRI 2 By 18 5 2, X5 FRAMNSE S WRKY FE R 5% (1037 18 7 AR, Ka/Ks>1 R I,
Ka/Ks=1 Fox PR FE, Ka/Ks<l FRaifeis. & R 20 x5 BEE HI3E N 1 Ka/Ks BT 1, 1iE
HAIX S DR /E S AR h, AT REMS B AR BRI R T F AR AR AL 140,

3.2 PpWRKY EREREMINEE D i R FIEFF =

TEVE 52T R a2 5 R HVERR (ABA) 7K I3 =442, ABA g L5 e i) A IR
FEAEHRDTT 2 W ie ke 21 AR B 31, ABA Il PR A% 2 e BT 2 a5 5 5 Sl itz — 1,
1E ABA KBt ®RAE S, 530 T X AE/E ABRE HUFERIEHE 24 ABA 5, MM EEAEY T 2B iy
Wi P44, E S ERAR T, 80.4%H) PpWRKY HER 5 31X 54 132 > ABRE, UHI K&/ PpWRKY A
A REiEE ABA izt 2 5T RmR. BEFXEATREHE SO (MBS) WEEW 2 5EY%T
Fpa e, B, JE3 3T X & MBS JUAER AeMyC2 FEH, HRIEZ T FA ABA %S, JF
HiL 3Rk ArMYC2 W R % ABA BA B i EUE . 785 AR WRKY 2 5 31 X A74E 38 A
MBS o, HEMHEN & RAE T MBS St BT 2 e .

Y52 3T R a R, WRKY B w7 3R, iR —AME 5 M L%, RASERIEY)
FIptiiPElel, anEK ZmWRKY40 FEH R IE 25 8hF . &M ABA 30, HiE ScWRKYS J
DR RE % 4 25 s AT R i i SR 1818, AL PhrWRKYS3 FE R # T2 1 ABA %5 KiE LiARX,
HAEMFRIAL B i 60k PorWRKYS3 B[R H g 35 B o0 T S i), Amtsid, & RARIESZ
B AR RS WRKY BERE TR il N RIA R i, UKL WRKY DR AE AR T 5 e (i o
TR RERC R T IR AR RE A o BEARIEASHIE FE s RARAR I T 2 e N i s R, (HAR S & RARSE
G R AP, RF] AR FIE WRKY DRI T 538 T 1R 2k A 0L 97k B BRAR 10 52 ik DR ey — b )
fit. PpWRKYI12. PpWRKYI3 Fl PpWRKY23 73 il 5L+ 1 1K) AtWRKY40 (AT1G80840) . AtWRKY33

(AT2G38470) 1 AtWRKY6 (ATIG62300) RAE—#. WIFTKIN, AtWRKY40 £+ Wl T H5h T



ik, JFHEReug i TR BUR A RE DI FNEIE T RE J) RS 5 G T T 5 AR AR e S AR O
AtWRKY33 3B ABA 33Kk, 112 50T RAENKZ MU HEty; AWRKY6 H)5&
X523 ABA 1T, JF B IS & B vl BN RAVT JE R B3R IA R 98 ABA 15 55 @12 i
KHEHEN ABI3 ABI4 M1 ABI5 132182, [Kth, NS BRAR ) PpWRKY12, PpWRKY13 A PpWRKY23
L EA N T R WA R Th S . AR TS KB PpWRKY12. PpWRKY13 Rl PpWRKY23 :[R )3 81 R #547
1E ABA W jofE, Hor, PpWRKYI2 Al PpWRKY23 43 5l &4 e ma N oA+ 595 S ook, JFH
qRT-PCR S50 UF B IX 3 MR 3552 T S Wi i S 3R 16 . X B8 45 UL B PpWRKYI12. PpWRKY13 Al
PpWRKY23 2K 7] 2 5 & RAHKAE T 5 e ik 72 . tb4h, PpWRKYS. PpWRKY19. PpWRKY27 .
PpWRKY28. PpWRKY30 F1 PpWRKY41 H£[R 53 7] 54U 55 I 1 [f) AtWRKY22 . AtWRKYI. AtWRKY7I .
AtWRKY75 . AtWRKY4 1 AtWRKY17 FE K ()7 SUARMAER &, B IT 11X 6 AP 751 5 77 [ T 5T
KR IARIE . AR PoWRKYS. PpWRKY19. PpWRKY27. PpWRKY2S8. PpWRKY30 Fl PpWRKY41
SR A& B vE e N o, BRIL LA, PpWRKYS. PpWRKY19. PpWRKY30 Kl PpWRKY41 & RIBA7A4E
TR I, 1 PpWRKY28 JE A& A Hram Nooft. Bk, HENX 6 4>H: AT f8 B 4 sl a2 4 1
BiFESFRIE NIIFX 6 MER S TR T FMHa il S, Ao 7 e e T S a3 5 ik K
o, SRR IX 6 NEER A SEZ T R A is SRk, B PpWRKYI19. PpWRKY27. PpWRKY2S8 Al
PpWRKY30 F:KI{ETFALFE 6 h J5 RIS FIL P, WX 4 A PpWRKY K W] BeAE 1 5 bhid 1) %
AR
3.3 PpWRKY &R E{EFUN

A BAEINA B T 78 PpWRKY 2 H AN AN D)EE. AtWRKY40 (PpWRKY12, 36) J& T
P& i O R 52N E A AR, WTREE B RARVAEK R & A AIEHE Y e R R AE A .
JRTHR AR I, PRI IT A MYB44 I MYBI15 2 (il i ABA {55 7 MR HESFLOCH, My + 5
(e 52 PR3, ARBF7H, B A BAE TR B AtWRKY22 (PpWRKY3, 8) fil AtWRKY41 (PpWRKY4,
25)1 5 AtMYB44 FE FHH HAER , At(WRKY46(PpWRKY5) il AtWRKY48(PpWRKY26) 1] 5 AtMYBI5
EAEMIEAER, M AtWRKY33 (PpWRKY13, 43) . AtWRKY40 (PpWRKY12, 36) il AtWRKY70
(PpWRKY33, 42) 5 H5X M4 MYB EE A EAEH, H#Edll PpWRKY3. PpWRKY4. PpWRKYS5.
PpWRKYS. PpWRKY12. PpWRKY13. PpWRKY25 Hl PpWRKY26. PpWRKY33. PpWRKY36.
PpWRKY42 Fl PpWRKY43 " fit 5 MYB & H HAE, Mt ABA (552 51 L3 REmEY)
(I 44 . ArMYB96 13 2ik AT AR E 3 Bt 5 AR ) 5 BB R, AT 5 400 B I R i 24540, AtMYB96
HARAKE WRKY EABEZEAE, HiEid 5 AMYB44 HAE, A2 5 WRKY &AX T2, 40
BTk, AT T it — PR R WRKY e K715 & RA P it B L SR gL k4
4 &

A FNE RART S E B 46 A WRKY B[R, ARSI AGLE 9 skqe ik b, DL BEEHIE NI
FHRY I R TR . PpWRKY IR 5 e T i 5 R AR 4010 B 3 95 DAL 5 . qRT-PCR 92 B0AIE )
PpWRKYS. PpWRKY12. PpWRKYI3. PpWRKYI9, PpWRKY23. PpWRKY27. PpWRKY28. PpWRKY30



A PpWRKY41 MRS 5 & RS TR WHE MmN . & A BEAES RRHAE 12 4 PpWRKY & [ 7] Al

MYB #3510 5 ABA {552 5SS ALIZ sl R Y I A% B 5045 R ] 5 84T PpWRKY
B PR PR D BE AR S LA TSR BE S KA
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