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Identification of Populus trichocarpa WRKY Gene Family and Its’
Response to Drought Stress

ZHOU Jing®, ZENG Meiyan’, AN Xinmin*
(College of Biological Science and Technology, Beijing Forestry University, Beijing 100083, China)

Abstract WRKY is a widely studied plant transcription factor in recent years. Its amino (N-) terminus

contains a highly conserved heptapeptide WRKYGQK, which can interact with the cis-acting element W-box [(T)
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(T)TGAC(C/T)] specific binding occurs, thereby regulating the expression of downstream target genes. In this study,
the bioinformatics method was used to identify the WRKY transcription factors of poplar, sequence analysis, chromo-
somal localization, domain analysis, phylogenetic analysis and tissue expression analysis. The result suggested that
122 members of the poplar WRKY family were identified, and classed into 3 major categories (34 class I members, 78
class II members, and 10 class III members). Chromosomal localization analysis indicated that the number of WRKY
genes located on each chromosome was different, and no distribution on chromosome 9, it presented an uneven distri-
bution. Further phylogenetic analysis revealed that the WRKY family members formed three major clades. In addition,
combined with gene structure analysis, the WRKY genes located in the same clades usually have similar motifs and ex-
ons/intron structure pattern, indicating the functional similarity of WRKY gene. Finally, we performed analysis, found
that 62 family members were involved in response to drought stress, it can be divided into five gene clusters (I, II, 111,
IV, V), and most of the four clusters I, III, IV and V are significantly up-regulated under drought stress for about 8§ h.
Class II was significantly up-regulated during drought stress for 2 to 4 h, while PtWRKY70, PtWRKY81, PtWRKY104,
and PtWRKY108 were significantly down-regulated after drought stress treatment, it indicates that WRKY gene plays
an important role in response to drought stress. In this study, we performed a comprehensive indentification of poplar
WRKY gene family, this work enriched our understanding of WRKY gene family, and provided valuable candidate

genes information for the poplar drought-resistant breeding.
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Table 1 The WRKY transcript factor gene family in Populus trichocarpa
E VSRS EAE IR e A Foi WRKYRXHER  #fR&5 K/haa p7FHiDa S5HIA
Gene name TF ID Location Group ~ WRKY Zinc-finger  Size /aa MW /Da pl
domain

PtWRKYI Potri.016G083600.4  Chr16:6510114..6514741 I WRKYGQK  C2H2 353 39174 9.00
PtWRKY2 Potri.016G083600.8  Chr16:6510114..6513283 I WRKYGQK  C2H2 469 51478 9.54
PtWRKY3 Potri.016G083600.2  Chr16:6510114..6514760 I WRKYGQK  C2H2 382 42 169 10.07
PtWRKY4 Potri.016G083600.1  Chr16:6509598..6514741 I WRKYGQK  C2H2 469 51478 9.54
PtWRKYS Potri.006G133200.2  Chr06:10970146..10974788 1 WRKYGQK  C2H2 359 39 889 7.98
PtWRKY6 Potri.006G133200.1  Chr06:10969866..10974789 1 WRKYGQK  C2H2 475 51956 9.27
PtWRKY7 Potri.013G153400.1  Chr13:15672152..15675074 1 WRKYGQK  C2H2 591 64 859 7.39
PtWRKYS Potri.006G105300.1  Chr06:8125329..8128097 I WRKYGQK  C2H2 546 60 267 8.97
PtWRKY9 Potri.016G128300.1  Chr16:13096393..13099016 1 WRKYGQK  C2H2 579 63902 6.19
PtWRKYI10 Potri.008G091900.1  Chr08:5759575..5763061 I WRKYGQK  C2H2 492 54 084 8.61
PtWRKYI11 Potri.010G163000.1  Chr10:16770595..16774139 1 WRKYGQK  C2H2 499 54 477 8.53
PtWRKYI2 Potri.011G169300.1  Chr11:18450851..18455892 1 WRKYGQK  C2H2 725 78 360 5.78
PtWRKYI3 Potri.011G169300.2  Chr11:18450668..18455252 1 WRKYGQK  C2H2 708 76 488 5.88
PtWRKY14 Potri.001G361600.1  Chr01:37367919..37373720 1 WRKYGQK  C2H2 558 60 507 6.55
PtWRKYI5 Potri.001G361600.2  Chr01:37367548..37373720 1 WRKYGQK  C2H2 557 60 355 6.55
PtWRKYI16 Potri.011G087900.1  Chr11:10507794..10514869 1 WRKYGQK  C2H2 561 60 791 7.00
PtWRKYI17 Potri.011G087900.2  Chr11:10508420..10514869 1 WRKYGQK  C2H2 442 48 188 6.78
PtWRKYIS8 Potri.004G120800.1  Chr04:11338804..11343998 1 WRKYGQK  C2H2 543 59 493 7.40
PtWRKYI19 Potri.004G120800.2  Chr04:11338805..11343998 1 WRKYGQK  C2H2 482 53037 6.80
PtWRKY20 Potri.017G088300.1  Chr17:10559295..10564769 1 WRKYGQK  C2H2 535 58 597 8.00
PtWRKY21 Potri.017G088300.2  Chr17:10559234..10564794 1 WRKYGQK  C2H2 532 58210 7.81
PtWRKY22 Potri.013G086000.1 ~ Chr13:8100301..8104436 I WRKYGQK  C2H2 716 78 379 6.63
PtWRKY23 Potri.002G221600.2  Chr02:20862009..20864972 1 WRKYGQK  C2H2 316 35021 8.05
PtWRKY24 Potri.014G164300.4  Chr14:12986031..12989438 1 WRKYGQK  C2H2 485 53339 5.96
PtWRKY25 Potri.014G164300.1  Chr14:12985555..12989438 1 WRKYGQK  C2H2 485 53339 5.96
PtWRKY26 Potri.014G164300.3  Chr14:12985663..12989438 1 WRKYGQK  C2H2 327 36242 7.27
PtWRKY27 Potri.014G164300.5  Chr14:12986954..12989438 1 WRKYGQK  C2H2 485 53339 5.96
PtWRKY28 Potri.006G184800.1  Chr06:19846841..19852326 1 WRKYGQK  C2H2 522 56 862 6.31
PtWRKY29 Potri.006G184800.3  Chr06:19846931..19852326 1 WRKYGQK  C2H2 506 55031 6.20
PtWRKY30 Potri.018G107000.2  Chr18:13340741..13347701 1 WRKYGQK  C2H2 523 57419 5.75
PtWRKY31 Potri.018G107000.1  Chr18:13340738..13347744 1 WRKYGQK  C2H2 531 58308 5.60
PtWRKY32 Potri.018G107000.3  Chr18:13340738..13347701 I WRKYGQK  C2H2 520 57 121 5.68
PtWRKY34 Potri.018G019000.1  Chr18:1444549..1447195 1 WRKYGQK  C2H2 466 51055 8.94
PtWRKY35 Potri.016G099900.1  Chr16:9770417..9772150 Ila WRKYGQK  C2H2 309 34 650 5.75
PtWRKY36 Potri.001G472800.5  Chr01:50403473..50406166  1la WRKYGQK  C2H2 533 57616 6.40
PtWRKY37 Potri.001G472800.6  Chr01:50403473..50405665  1Ila WRKYGQK  C2H2 513 55598 6.39
PtWRKY38 Potri.001G472800.2  Chr01:4503179..4509102 Ila WRKYGQK  C2H2 731 78 653 6.15
PtWRKY39 Potri.001G472800.1  Chr01:3209312..3211607 Ila WRKYGQK  C2H2 732 78 819 6.24
PtWRKY40 Potri.001G472800.3  Chr01:7812739..7813453 Ila WRKYGQK  C2H2 731 78713 6.15
PtWRKY41 Potri.005G085200.1  Chr01:33209754..33213251  1la WRKYGKK  C2H2 206 22 848 6.06
PtWRKY42 Potri.007G079800.2  Chr07:10382370..10385056  Ila WRKYGQK  C2H2 190 21 650 6.50
PtWRKY43 Potri.006G224100.1  Chr01:36029746..36031662  Ila WRKYGKK  C2H2 165 18 780 5.35
PtWRKY44 Potri.002G138900.1  Chr02:9218413..9220464 Ila WRKYGQK  C2H2 203 23399 7.61
PtWRKY45 Potri.014G050000.1  Chr14:4012998..4017289 Ila WRKYGQK  C2H2 228 26 381 6.27
PtWRKY46 Potri.005G086400.1  Chr05:6445488..6450574 Ila WRKYGQK  C2H2 223 25 445 9.08
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domain

PtWRKY47 Potri.007G078200.1 ~ Chr07:10194776..10198496  1la WRKYGQK  C2H2 233 26 349 9.50
PtWRKY48 Potri.001G328000.1  Chr03:15201353..15202963  1la WRKYGQK  C2H2 267 30671 8.95
PtWRKY49 Potri.T043800.1 Chr03:17915557..17918119  Ila WRKYGQK  C2H2 186 21227 9.96
PtWRKY50 Potri.012G101000.1 ~ Chr02:15398964..15402809  Ila WRKYGQK  C2H2 186 21471 8.98
PtWRKY51 Potri.015G099200.1  Chr15:11835261..11837075  Ila WRKYGQK  C2H2 178 20368 9.68
PtWRKY52 Potri.002G164900.1  Chr02:12450751..12452084  Ila WRKYGQK  C2H2 193 21 869 9.22
PtWRKY53 Potri.002G193000.1  Chr01:50403473..50408934  Ila WRKYGQK  C2H2 317 35363 6.78
PtWRKY54 Potri.014G118200.1  Chr14:9188997..9190859 Ila WRKYGQK  C2H2 319 35854 7.34
PtWRKYS5S5 Potri.008G103300.1  Chr02:2783127..2786060 Ila WRKYGQK  C2H2 368 40 848 7.34
PtWRKY56 Potri.008G094000.1  Chr08:5884501..5889490 Ila WRKYGQK  C2H2 293 32219 5.81
PtWRKY57 Potri.010G160100.1 ~ Chr10:16599809..16606223  Ila WRKYGQK  C2H2 293 32560 6.43
PtWRKY58 Potri.002G059100.1  Chr01:50403473..50407630  1Ila WRKYGQK  C2H2 325 36 541 7.28
PtWRKY59 Potri.002G059100.2  Chr02:3993054..3995674 Ila WRKYGQK  C2H2 324 36 454 7.28
PtWRKY60 Potri.005G203200.1  Chr05:21797854..21801101 Ila WRKYGQK  C2H2 322 36271 7.34
PtWRKY61 Potri.001G352400.1  Chr01:50403473..50408374  Ila WRKYGQK  C2H2 312 34 855 6.34
PtWRKY62 Potri.011G079300.1 ~ Chrl11:7865659..7867200 Ila WRKYGQK  C2H2 306 33899 7.67
PtWRKY63 Potri.001G208600.1 ~ Chr01:20898737..20901171 1Ib WRKYGQK  C2H2 519 56 452 5.88
PtWRKY64 Potri.002G228400.3  Chr02:21820126..21822589  1IIb WRKYGQK  C2H2 613 66262 6.12
PtWRKY65 Potri.011G007800.2  Chrl11:575924..578528 Ilc WRKYGQK  C2H2 590 64114 6.64
PtWRKY66 Potri.011G007800.3  Chrl11:576073..578528 Ilc WRKYGQK  C2H2 438 47 496 8.37
PtWRKY67 Potri.011G007800.1  Chr05:6324424..6327310 Ilc WRKYGQK  C2H2 593 64 455 6.64
PtWRKY68 Potri.004G007500.1 ~ Chr04:479125..481848 Ilc WRKYGQK  C2H2 578 62371 6.73
PtWRKY69 Potri.014G111900.1 ~ Chr05:3917572..3920158 Ilc WRKYGQK  C2H2 502 54 005 6.99
PtWRKY70 Potri.014G155100.1  Chr05:11954643..11956649  Ilc WRKYGQK  C2H2 624 67 396 5.78
PtWRKY71 Potri.002G228400.1  Chr02:21820126..21822588  Ilc WRKYGQK  C2H2 617 66 773 6.34
PtWRKY72 Potri.002G228400.2  Chr02:21819882..21822588  Ilc WRKYGQK  C2H2 576 62 053 6.17
PtWRKY73 Potri.002G186600.2  Chr02:14641652..14644811 Ilc WRKYGQK  C2H2 366 38918 8.27
PtWRKY74 Potri.015G064100.1  Chr05:23151059..23153203  Ilc WRKYGQK  C2H2 628 67 455 6.21
PtWRKY75 Potri.017G079500.1  Chr17:9321138..9323815 Ilc WRKYGQK  C2H2 538 58296 6.26
PtWRKY76 Potri.018G019700.1  Chr18:1491298..1492943 Ilc WRKYGQK  C2H2 271 30441 7.52
PtWRKY77 Potri.001G044500.2  Chr01:3209319..3211607 Ilc WRKYGQK  C2H2 252 28 673 9.03
PtWRKY78 Potri.003G182200.1 ~ Chr03:18904988..18907381 Ilc WRKYGQK  C2H2 319 35634 8.48
PtWRKY79 Potri.001G044500.1  Chr06:5375343..5377292 Ilc WRKYGQK  C2H2 318 35092 8.85
PtWRKYS80 Potri.006G263600.1  Chr06:23609786..23611128  Ilc WRKYGQK  C2H2 320 35376 8.34
PtWRKYS1 Potri.018G019800.1 ~ Chr06:26679119..26680878  Ilc WRKYGQK  C2H2 320 35530 9.27
PtWRKYS82 Potri.018G019800.4  Chr18:1505147..1507003 Ilc WRKYGQK  C2H2 259 28 521 9.49
PtWRKYS83 Potri.007G047400.1 ~ Chr17:15509535..15511261 1Id WRKYGQK  C2H2 335 36762 9.97
PtWRKY84 Potri.005G141400.1  Chr17:12179899..12182330  IId WRKYGQK  C2H2 331 36592 9.56
PtWRKYS85 Potri.014G024200.1  Chr18:587550..590270 1d WRKYGQK  C2H2 388 42 890 9.61
PtWRKYS86 Potri.014G024200.2  Chr14:2074654..2077158 1Id WRKYGQK  C2H2 361 39823 9.55
PtWRKYS87 Potri.014G024200.3  Chr14:2074706..2077146 11d WRKYGQK  C2H2 360 39736 9.55
PtWRKYS88 Potri.018G008500.1  Chr18:1505147..1507026 1d WRKYGQK  C2H2 338 36782 9.73
PtWRKYS89 Potri.006G072400.1  Chr18:15890044..15892257  1Id WRKYGQK  C2H2 301 32861 10.21
PtWRKY90 Potri.018G139300.1  scaffold 41:135129..137486  1Id WRKYGQK  C2H2 300 32972 10.19
PtWRKY91 Potri.002G043500.1  Chr14:8765075..8768810 11d WRKYGQK  C2H2 351 38872 10.07
PtWRKY92 Potri.005G219500.1  Chr14:9270774..9272792 11d WRKYGQK  C2H2 347 38513 9.93
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PtWRKY93 Potri.005G055300.1  Chr14:12072684..12075554  11d WRKYGQK  C2H2 353 39 651 10.02
PtWRKY94 Potri.013G042600.1  Chr15:8835584..8840603 1d WRKYGQK  C2H2 354 40 034 10.11
PtWRKY95 Potri.001G121300.1 ~ Chr01:9788352..9790660 1Id WRKYGQK  C2H2 314 35150 9.72
PtWRKY96 Potri.003G111900.1  Chr14:7118925..7121224 11d WRKYGQK  C2H2 310 35031 9.77
PtWRKY97 Potri.003G111900.2  Chr03:13552524..13555165  1Id WRKYGQK  C2H2 304 34 367 9.77
PtWRKY98 Potri.011G070100.1 ~ Chr14:2074611..2077146 1le WRKYGQK  C2H2 268 30018 5.74
PtWRKY99 Potri.002G164400.2  Chr02:12421400..12423249  Ile WRKYGQK  C2H2 310 33774 7.99
PtWRKYI100 Potri.014G090300.2  Chr14:7098996..7100670 Ile WRKYGQK  C2H2 322 35287 7.90
PtWRKY101 Potri.002G164400.1  Chr10:15695587..15697571 Ile WRKYGQK  C2H2 354 38 804 6.15
PtWRKY102 Potri.001G099000.1  Chr07:4352721..4355025 Ile WRKYGQK  C2H2 167 18 805 5.77
PtWRKY103 Potri.003G132700.1 ~ Chr08:6548117..6549941 Ile WRKYGQK  C2H2 330 36 992 5.36
PtWRKY104 Potri.017G149000.1  Chrl11:6568512..6570537 Ile WRKYGQK  C2H2 412 45573 5.60
PtWRKY105 Potri.004G072000.1  Chr04:6057099..6058855 Ile WRKYGQK  C2H2 430 46 958 4.92
PtWRKY106 Potri.001G460600.1  Chr01:49433744..49436406  lle WRKYGQK  C2H2 423 45979 5.61
PtWRKY107 Potri.011G157100.1  Chrl11:17485027..17487804  Ile WRKYGQK  C2H2 450 48 539 5.39
PtWRKY108 Potri.014G119800.1  Chr13:2993743..2996226 Ile WRKYGQK  C2H2 262 29 866 5.11
PtWRKY109 Potri.014G119800.2  Chr14:9270953..9272792 Ile WRKYGQK  C2H2 235 26 809 4.89
PtWRKY110 Potri.002G195300.1  Chrl12:12608185..12609465  Ile WRKYGQK  C2H2 245 27 662 5.67
PtWRKY111 Potri.002G195300.2  Chr02:15629980..15631893  Ile WRKYGQK  C2H2 245 27 662 5.67
PtWRKY112 Potri.002G195300.3  Chr02:15629985..15631893  Ile WRKYGQK  C2H2 245 27 886 5.94
PtWRKY113 Potri.001G092900.1  Chr01:7326486..7329009 111 WRKYGQK  C2HC 338 37925 5.74
PtWRKY114 Potri.003G138600.1  Chr03:15656901..15658916  1II WRKYGQK  C2HC 342 38 349 5.09
PtWRKY115 Potri.012G031700.1  Chr12:2820069..2822264 11 WRKYGQK  C2HC 371 41314 5.46
PtWRKYI116 Potri.002G168700.1  Chr02:12778165..12781030  1II WRKYGQK  C2HC 363 40 894 5.77
PtWRKYI117 Potri.014G096200.1  Chr14:7526597..7529192 11 WRKYGQK  C2HC 365 41 134 4.93
PtWRKYI118 Potri.013G090300.1  Chr13:9541636..9543313 11 WRKYGQK  C2HC 324 36 651 5.15
PtWRKYI119 Potri.006G109100.1  Chr06:8522038..8524071 11 WRKYGQK  C2HC 333 37 646 6.05
PtWRKY120 Potri.016G137900.1  Chr16:14049379..14051741  1II WRKYGQK  C2HC 321 36 005 5.81
PtWRKYI121 Potri.013G090400.1  Chr13:9549330..9551441 111 WRKYGQK  C2HC 352 38989 5.67
PtWRKY122 Potri.019G059300.1  Chr19:9106420..9108112 111 WRKYGQK  C2HC 252 26 661 6.38
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Fig.3 Phylogenetic relationships of WRKY conserved domain in type III of Populus trichocarpa and
Arabidopsis WRKY proteins
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Fig.7 Expression profile of 62 PtWRKY genes under drought stress
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