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Abstract: WRKY transcription factor is one of the most abundant transcription factors in higher plants, and
play an important role in plant growth and development, senescence, abiotic and biological stress. O. granulata
(Oryza meyeriana subsp. Granulata) , which serves as a closely related wild species of cultivated rice,
represents the characteristics of shade tolerance, drought tolerance and high resistance to bacterial blight,
becoming an important germplasm resources for cultivated rice improvement. In this study, using HMMER,
Pfam, SMART, TBtools, NCBI software and website, 94 genes encoding WRKY transcription factors
(OgWRKYs) were identified in O. granulata, which were unevenly distributed on 12 chromosomes. According
to the number of WRKY domains and the characteristics of zinc finger structure, they were divided into groups
I, 1T, 1T and IV. Group II had the most members (52), which was similar to other species. In addition to the
conserved WRKYGQK heptaeptides, six variants were identified, among which WRKYGHK, WRRYGQK,
WRKYAKK and WRKYSQK were new variants reported for the first time in plants. According to conserved
domain analysis, OgWRKY61, OgWRKY71 and OgWRKY 77a may be associated with plant disease resistance.
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KEGG pathway enrichment analysis showed that 14 OgWRKY transcription factors were enriched in plant-

pathogen interaction pathways, and 10 of them were simultaneously enriched in MAPK signaling pathways.
Further analysis of cis-acting elements suggested that OgWRKY30b, OgWRKY53, OgWRKYS88, OgWRKY96 and
OgWRKYI111 might play important roles in response to biological and abiotic stresses in O. granulata. The results
of qRT-PCR analysis showed that the expression of OgWRKY30b, OgWRKY53, OgWRKYS88 and OgWRKY111
genes were induced by PX099, while the expression of OgWRKY96 was inhibited by infection. The results of

this study provided important reference for future mining of OgWRKY's genes in O. granulata.

Key words: Oryza granulata; WRKY transcription factor; OgWRKYs ; genomics ; KEGG analysis
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Table 1 Real-time fluorescence quantitative primers for OgWRKY gene expression analysis

51¥1F41 (5'-3') Primer sequence(5'-3")

J ] Reverse

EIL/EAN

Primer name 1E 1A Forword

Actin GAGTATGATGAGTCGGGTCCAG
OgWRKY30b ATGCTTCATCTGCACCACAGGC

OgWRKY53 CGAGTAGTAGAGGCGAGCAAGA
OgWRKYS8 AGGATTGATGATGGATCTGCTGG
OgWRKY96 ACCACGTCTGGTCTGTCAGGTG
OgWRKY111 AGCACCGAATCGTGCTCCATG

ACACCAACAATCCCAAACAGAG
TGGTTTCTTGGTGGGAGAATGAAG
GCTTCCCTTCACCTGCTTCT
TCGCCACCTATAACCATCATCC
TTCGTGTGGCCTTGATTCACC

TCCAAGAACTCCGTCGTCGTC

2 HER59H
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FIFE A HMMER 3.0 Aok B A R R 20 il
FH 98 7k 4hih WRKY £ 11945 DNA J7 41, Hoh Ay
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bigd.big.ac.cn/gwh) ) . %, T80k B A= F
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Table 2 Information related to OgWRKY genes
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SEHEH MSU HEIA i O ey B oy et
Gene name MSU locus CDS ID amino acid WRKY motif Zinc finger type Subgroup Chromosome
OgWRKY1 LOC Os01g14440 GWHTAAEL025149 560 WRKYGQK C-X5-C-X23-HXH IIb 1
OgWRKY?2 LOC Os10g42850 GWHTAAEL017997 307 WRKYGQK C-X5-C-X23-HXH Ile 10
OgWRKY3 LOC 0s03g55080 GWHTAAEL008180 193 WRKYGQK C-X4-C-X23-HXH Ilc 3
OgWRKY4 LOC 0s03g55164 GWHTAAEL008165 423 WRKYGQK/ C-X4-C-X22-HXH/ Ia 3
WRKYGQK C-X4-C-X23-HXH

OgWRKYS5 LOC 0s05g04640 GWHTAAELO018663 505 WRKYGQK C-X5-C-X23-HXH IIb 5
OgWRKY6 LOC 0s03g58420 GWHTAAEL049835 388 WRKYGQK C-X5-C-X23-HXH 1d 3
OgWRKY7 LOC 0Os05g46020 GWHTAAEL027725 228 WRKYGKK C-X4-C-X23-HXH Ilc 5
OgWRKYS LOC 0s05g50610 GWHTAAELO012915 326 WRKYGQK C-X4-C-X23-HXH Ilc 5
OgWRKY9 LOC Os01g18584 GWHTAAEL003764 559 WRKYGQK C-X5-C-X23-HXH IIb 1
OgWRKY10 LOC 0Os01g09100 GWHTAAEL016201 208 WRKYGKK C-X4-C-X23-HXH Ilc 1
OgWRKY11 LOC 0s01g43650 GWHTAAEL042449 365 WRKYGQK C-X4-C-X23-HXH Ilc 1
OgWRKY12 LOC 0Os01g43550 GWHTAAEL042440 346 WRKYGQK C-X5-C-X23-HXH Ile 1
OgWRKY13 LOC 0Os01g54600 GWHTAAEL009521 328 WRKYGQK C-X5-C-X23-HXH Ile 1
OgWRKY14 LOC 0s01g53040 GWHTAAEL020175 311 WRKYGQK C-X5-C-X23-HXH Ile 1
OgWRKY15 LOC 0s01g46800 GWHTAAEL039613 355 WRKYGQK C-X7-C-X23-HXC 11 1
OgWRKY16 LOC 0Os01g47560 GWHTAAEL009341 366 WRKYGQK C-X4-C-X23-HXH Ilc 1
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OgWRKY17 LOC Os01g74140 GWHTAAEL021294 366 WRKYGQK C-X4-C-X23-HXH Ilc 1
OgWRKY18 LOC Os10g18099 GWHTAAEL003187 262 WRKYGEK C-X7-C-X24-HXC 11 10
OgWRKY19 LOC 0s05g49620 GWHTAAELO051876 134 WRKYGQK C-X7-C-X23-HXC I 5
OgWRKY20 LOC 0Os01g60540 GWHTAAEL035800 366 WRKYGQK C-X7-C-X24-HXC 11 1
OgWRKY21 LOC _0Os01g60640 GWHTAAEL035798 283 WRKYGQK C-X7-C-X23-HXC 11 1
OgWRKY22 LOC Os01g60490 GWHTAAEL035802 245 WRKYGQK C-X7-C-X24-HXC I 1
OgWRKY23a  LOC Os01g53260 GWHTAAEL020198 246 WRKYGQK C-X4-C-X23-HXH Ilc 1
OgWRKY23b  LOC Os01g53260 GWHTAAELO011964 185 WRKYGQK C-X4-C-X23-HXH Ilc 5
OgWRKY24 LOC Os01g61080 GWHTAAEL007473 546 WRKYGQK/ C-X4-C-X22-HXH/ Ia 1
WRKYGQK C-X4-C-X23-HXH
OgWRKY25 LOC 0Os08g13840 GWHTAAEL007440 281 WRKYGQK C-X5-C-X23-HXH IId 8
OgWRKY26 LOC Os01g51690 GWHTAAELO013662 224 WRKYGKK C-X4-C-X23-HXH Ilc 1
OgWRKY27 LOC 0Os01g40430 GWHTAAELO014181 162 WRKYGQK C-X5-C-X23-HXH 1Ib 1
OgWRKY28 LOC 0Os06g44010 GWHTAAEL042148 336 WRKYGQK C-X5-C-X23-HXH ITa 6
OgWRKY29 LOC 0s07g02060 GWHTAAEL008658 303 WRKYGQK C-X4-C-X23-HXH Ilc 7
OgWRKY30a  LOC _Os08g38990 GWHTAAEL023546 692 WRKYGQK/ C-X4-C-X22-HXH/ Ia 8
WRKYGQK C-X4-C-X23-HXH
OgWRKY30b  LOC Os08g38990 GWHTAAEL032254 699 WRKYGHK/ C-X4-C-X22-HXH/ la 9
WRKYGQK C-X4-C-X23-HXH
OgWRKY30c  LOC 0Os08g38990 GWHTAAEL023550 433 WRKYGQK NO v 8
OgWRKY31 LOC 0s06g30860 GWHTAAEL010974 383 WRKYGQK  C-X5-C-X23-H-X2-H Ile 6
OgWRKY32 LOC 0s02¢53100 GWHTAAELO017354 555 WRKYGQK C-X5-C-X23-HXH 1Ib 2
OgWRKY34 LOC_0s02g43560 GWHTAAEL010736 236 WRKYGQK C-X4-C-X23-HXH Ilc 2
OgWRKY35 LOC 0Os04g39570  GWHTAAEL040303 602 WRKYGQK C-X4-C-X23-HXH Ilc 4
OgWRKY36 LOC _Os04g46060 ~ GWHTAAEL006992 244 WRKYGQK C-X4-C-X23-HXH Ilc 4
OgWRKY37 LOC 0Os04g50920 GWHTAAELO016377 458 WRKYGQK C-X5-C-X23-HXH Ile 4
OgWRKY39 LOC 0s02g16540 GWHTAAELO019838 347 WRKYGQK C-X5-C-X23-HXH Ile 2
OgWRKY42 LOC_0s02g26430  GWHTAAEL048897 256 WRKYGQK C-X5-C-X23-HXH 11d 2
OgWRKY43 LOC 0s05g49210 GWHTAAELO011863 601 WRKYGQK C-X5-C-X23-HXH 1Ib 5
OgWRKY45 LOC 0s05g25770 GWHTAAELO048986 318 WRKYGQK C-X7-C-X23-HXC 11 5
OgWRKY46a  LOC Osl1g02480 GWHTAAEL040814 226 WRKYGEK C-X7-C-X24-HXC i 12
OgWRKY46b  LOC Osl11g02480 GWHTAAEL009148 224 WRKYGEK C-X7-C-X24-HXC 11 11
OgWRKY47 LOC _0Os07g48260 GWHTAAELO014235 293 WRKYGQK C-X7-C-X23-HXC 1T 7
OgWRKY48 LOC 0Os05g40060 GWHTAAEL042918 247 WRKYGQK C-X7-C-X23-HXC I 5
OgWRKY49 LOC 0s05g49100 GWHTAAELO042365 418 WRKYGQK C-X4-C-X23-HXH IIc 5
OgWRKYS51 LOC_0s04g21950 GWHTAAEL034539 326 WRKYGQK C-X5-C-X23-HXH I1d 4
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OgWRKY53 LOC 0s05g27730  GWHTAAEL032827 503 WRKYGQK/ C-X4-C-X23-HXH/ Ia 5
WRKYGQK C-X4-C-X23-HXH
OgWRKY54 LOC 0Os05g40080 GWHTAAEL042921 322 WRKYGQK C-X7-C-X26-HXC I 5
OgWRKYS55 LOC 0s03g20550 GWHTAAEL025612 210 WRKYGEK C-X7-C-X24-HXC I 3
OgWRKY56 LOC Os01g62514 GWHTAAEL024338 342 WRKYGQK C-X4-C-X23-HXH IIc 1
OgWRKYS57 LOC Os12g01180  GWHTAAEL037899 441 WRKYGQK C-X4-C-X22-HXH Ilc 11
OgWRKY61 LOC Osl1g45850 GWHTAAEL033777 1434 WRRYGQK/ C-X7-C-X23-HXC/ Ib 11
WRKYGQK C-X7-C-X23-HXC
OgWRKY62 LOC 0s09g25070 GWHTAAEL040421 298 WRKYGQK C-X5-C-X23-HXH Ila 9
OgWRKY64a  LOC Os12g02450 GWHTAAEL040816 315 WRKYGQK C-X7-C-X34-HXC I 12
OgWRKY64b  LOC Os12g02450 GWHTAAELO007837 309 WRKYGQK C-X7-C-X33-HXC 11 12
OgWRKY65 LOC 0Os12g02470  GWHTAAEL034479 333 WRKYGQK C-X7-C-X30-HXC I 12
OgWRKY66a  LOC _Os02g47060 GWHTAAEL006945 477 WRKYGQK C-X5-C-X23-HXH Ile 2
OgWRKY66b  LOC Os02g47060 GWHTAAEL043471 227 WRKYSQK NO v 9
OgWRKY67 LOC_0s05g09020  GWHTAAEL005696 215 WRKYGKK C-X4-C-X23-HXH Ilc 5
OgWRKY68 LOC Os04g51560 GWHTAAEL027974 305 WRKYGQK C-X5-C-X23-HXH 1d 4
OgWRKY69a  LOC Os08g29660 GWHTAAEL035782 315 WRKYGQK C-X7-C-X23-HXC 11 8
OgWRKY69h  LOC _0s08g29660 GWHTAAEL015346 405 WRKYGQK C-X7-C-X23-HXC I 5
OgWRKY70 LOC_0s05g39720  GWHTAAELO050973 573 WRKYGQK/ C-X4-C-X22-HXH/ Ia 5
WRKYGQK C-X4-C-X23-HXH
OgWRKY71 LOC 0s02g08440  GWHTAAEL038027 342 WRKYGQK C-X5-C-X23-HXH Ila 2
OgWRKY72 LOC Osl11g29870  GWHTAAELO015332 238 WRKYGQK C-X4-C-X23-HXH IIc 11
OgWRKY73 LOC 0Os06g05380 GWHTAAEL031376 531 WRKYGQK C-X5-C-X23-HXH 1Ib 6
OgWRKY74 LOC 0Os09¢16510 GWHTAAEL025256 342 WRKYGQK C-X7-C-X23-HXC I 9
OgWRKY76 LOC 0s09g25060 GWHTAAEL040423 330 WRKYGQK C-X5-C-X23-HXH Ila 9
OgWRKY77a  LOC Os01g40260 GWHTAAELO034111 1021 WRKYAKK C-X4-C-X23-HXH IIc 8
OgWRKY77b  LOC _Os01g40260 GWHTAAEL014193 213 WRKYGKK C-X4-C-X23-HXH Ilc 1
OgWRKY79 LOC 0s03g21710 GWHTAAELO014699 357 WRKYGQK C-X7-C-X23-HXC I 3
OgWRKYS80 LOC 0s03g63810 GWHTAAEL014025 372 WRKYGQK C-X5-C-X23-HXH Ile 3
OgWRKYS81 LOC 0s03g33012 GWHTAAELO013315 364 WRKYGQK/ C-X4-C-X22-HXH/ Ia 3
WRKYGQK C-X4-C-X23-HXH
OgWRKYS84 LOC_0s05g40070  GWHTAAEL042919 264 WRKYGEK C2XX v 5
OgWRKYS87 LOC 0s07g39480 GWHTAAEL027488 617 WRKYGQK/ C-X4-C-X22-HXH/ Ia 7
WRKYGQK C-X4-C-X23-HXH
OgWRKYSS LOC 0Os07g40570  GWHTAAEL023512 364 WRKYGQK/ C-X4-C-X22-HXH/ Ia 7
WRKYGQK C-X4-C-X23-HXH
OgWRKYS89 LOC_0s08g17400  GWHTAAELO015781 401 WRKYGQK/ C-X4-C-X22-HXH/ Ia 8

WRKYGQK

C-X4-C-X23-HXH
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Gene name MSU locus CDS ID Nu.mber (_)f WRKY motif Zinc finger type Group/ Chromosome
amino acid Subgroup
OgWRKY94 LOC 0Os12g40570 ~ GWHTAAELO024415 437 WRKYGQK C-X5-C-X23-HXH 1Id 12
OgWRKY96 LOC Os12g32250 GWHTAAEL050054 442 WRKYGQK/ C-X4-C-X22-HXH/ Ia 12
WRKYGQK C-X4-C-X23-HXH
OgWRKY102  LOC Os01g08710 GWHTAAEL016232 279 WRKYGQK C-X4-C-X23-HXH Ilc 1
OgWRKY104  LOC Oslig02520 GWHTAAELO009146 277 WRKYGQK C-X7-C-X27-HXC 1T 12
OgWRKY107  LOC _Os01g09080 GWHTAAEL016202 519 WRKYGQK C-X5-C-X23-HXH 1Ib 1
OgWRKY108  LOC Os01g60600 GWHTAAEL035799 337 WRKYGQK C-X7-C-X25-HXC I 1
OgWRKY109  LOC Os05g03900 GWHTAAELO018707 180 WRKYGQK C-X5-C-X23-HXH Ile 5
OgWRKY111 LOC 0s05g50700 GWHTAAELO012910 307 WRKYGQK C-X5-C-X23-HXH Ile 5
OgWRKY113  LOC _Os06g06360 GWHTAAEL007274 385 WRKYGQK C-X7-C-X23-HXC 111 6
OgWRKYI114a LOC Os12g02400 GWHTAAEL009150 360 WRKYGEK C-X7-C-X24-HXC I 11
OgWRKY114b LOC Os12g02400 GWHTAAELO038377 324 WRKYGEK C-X7-C-X24-HXC 1T 12
OgWRKY115  LOC 0s07g27670 ~GWHTAAEL008610 218 WRKYGQK NO v 7
OgWRKY116  LOC Os01g60520 GWHTAAEL035801 275 WRKYGQK C-X7-C-X24-HXC I 1
OgWRKYI12]1  LOC 0s03g53050 GWHTAAEL000091 388 WRKYGQK C-X5-C-X23-HXH IId 8

PERLET AR AT P Bl AN TR Y RKY BE RS R ) H A ] —> WRKY BE KB, HAR U S AR, 3 E S & S5 i a b o, T IX 43
When two or three predicted WRKY genes in O.granulata search for the same WRKY gene in Nipponbare, they are distinguished by adding a, b, and

c after the gene name according to the similarity

2.2 OgWRKYHZFRREFHZ

2% Xie % By Jr i, i MEGALL H iy
MUSCLE 347 OgWRKYs %5 [ (1) & JE iR 4> K 5 51
LEXT RIZEA 5B, 941~ OgWRKY £ [143 M 111,
LAV 441, T4HA 120805, %A A WRKY 45
e, Horp 5 C2H2 (C-X4-C-X22-23-HXH) B B 45
FEF A Ta W4 (11 1~ 1), &% C2HC (C-X7-C-
X23-HXC) BUEEHE B 19 A b WAL (1 N8R ) o 1T
HAT S2AE L, A — WRKY JEJF fil C2H2 7Y
PHE R , i — AR RS B P (0 P SRR L3R
la 1Ib Ilc  11d Fl e 5 MWE4H . a4 7% 4 C-X5-
CPVKKKVQR £ 7 (4 MEH ) ; b W.4H & A C-
X5-CPV (R/K)KQVQRC ¥ (8 ) 5 Tl W41
T C-X4-CHLJF (22 1M EH ) 5 Td W4 & A C-X5-
CPARKHVER %% (741 1) 5 e W2H &5 A C-X5-
C(P/A/M/S)ARK(Q/M)V(E/D) (11 4MEH) .
A A 26 W0, & A —1 WRKY 5 Ffil— 4>
COHC M Brde 3 . IVHA 4 MW, &
WRKY 27, {H /D B 5 3L 7 308 48 58 7 A 58
),

ARWFFELE R E W, 1o WA BAFAE T GG YL o fA

R PE R B AR R SE R A rp . PR A A i R 4
4 K 2 B WRKY B 51 (78 4> ) #B £ 7% £ 5F A9
WRKYGQK £ J¥ , /b % 5 WRKYGHK (1 /~) |
WRKYGKK (5) \WRKYGEK (7)) . WRRYGQK
(14~) \WRKYAKK (1) Fl WRKYSQK (1 ~) 4% 5
4, Horf WRKYAKK . WRKYGHK . WRRYGQK 7l
WRKY SQK, J& A G AE P AL HF A= 7 v S8 0 187428
SR L,%2).
23 FEEEMMALLEES T

94 1~ OgWRKY 5 KN Y5 59 4y A A8 PR B A=
FE 12 Z e R b A B e 2 1 2 1 5 e (o i
(234%), Y& S SRR (174, &R 105
YetafR(24), —28 OgWRKY K RAE YL A4 1.5 Fl
12 FRGEA A (K 2) , nTRE M e R & FH =4
BE A, X e B A RS AR R R AT T 2R T
(E3). g5 BN, R AR 641> OgWRKYs
FE IR 5 K R R e M L DR X o 108 B e s Y A
FIK ARG A E A 12 A A o 7 i DRI A8 i R AR
{EAEYIAb T FE TP 3B 2> WRKY F 6 5L & A= T 384
A S5, X S S5 T R X K R P PR R R AR
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Fig.2 Chromosome distribution and number of OgWRKY gene family
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B3 ERIEFFETBIATE WRKY EREFKELLES

Fig. 3 Collinearity analysis of WRKY gene families in O. granulata and rice
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151 OgWRKY 61, N i Fl C ¥ 45 44 S SR AE — 2
EJIT B 53 R Al — A 43 32, W /s PERL BT A6 F b
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IV 4 1 1% 52 4 4 4~ (OgWRKY30c , OgWRKY66b
OgWRKY84 Il OgWRKY115) , 43 I 5 7E Tlcl . Ile .,
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A': Phylogenetic tree constructed by WRKY domain of O.granulata; B: Phylogenetic tree constructed from full-length amino acid sequence of

WRKY protein of O.granulata; Different colors of clades represent different groups/subgroups, the protein names are orange for group IV members,

light pink for group Ib members, and purple for group Ilc members. Members of the IId subgroup are identified in green,

and members of the Ile subgroup are identified in blue
B4 FHEIFEREWRKY EAHNREXER
Fig. 4 Phylogenetic tree of WRKY proteins in O.granulata
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