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Identification and classification of the WRKY transcription factors
family in barley
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Table 1- Name and URL address of the databases exploited in the current research

Database

URL

The international barley sequencing consortium (IBSC)
GeneBank

Plant Transcription Factors Database (PTFDB)
Gramineae Transcription factor database (GTFDB)
Pfam

Ensemble Plants

Weblogo
Fao

http://webbl asti pk-gaters ebende/barley
http://www ncbi.nlm.nih.gov

http://planttfdbcbi edu.cn
http://gramineaetfdbpscrike.njp
http://pfamsanger.ac.uk/
http://plantsensembl .org/
http://webl ogoberkel eyedu/logo.cgi
http://faostatfao.org
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Table 2- List of WRKY transcription factor family membersin barley, chromosomal position, protein length and the

position of conserved domain

Name Chromosome Pervious Name UniGene Protein ID MIPS acc No Protein Length (WRKY Domain)
No

HVWRKY1 [ — MLOC_57051 290(138-199)
HVWRKY?2 1 e e e MLOC 71477 340(182-240)
HVWRKY3 1 - e MLOC 79171 140(1-50)
HVWRKY4 1 Hv29798 ABI13397 MLOC_5971 309(113-172)
HVWRKY5 e e MLOC_11088 289(135-196)
HVWRKY6 1 e - e MLOC_15430 300(105-164)
HVYWRKY7 1 HVWRKY43 Hv29827 ABI13408 MLOC_72586 512(178-235)-(344-402)
HVWRKY8 1 HVWRKY 19 Hv15087 ABI13385 MLOC_81131 248(125-183)
HVWRKY9 1 HVWRKY 20 Hv29796 BAJ94655 MLOC_10264 216(128-186)
HVWRKY10 1 HVWRKY 13 Hv18628 ABI13379 MLOC 32433 139(60-118)
HVWRKY11 1 HVWRKY 29 Hv29824 ABI13395 MLOC_65699 247(96-156)
HVWRKY12 1 e MLOC_17779 149(1-53)
HVWRKY13 1 e MLOC_44947 196(54-112)
HVWRKY14 1 HVWRKY 17 Hv29828 BAJ98268 MLOC_12079 199(108-166)
HVWRKY15 2 HVWRKY 30 Hv3567 BAJ92999 MLOC 71897 328(148-208)
HVWRKY16 2 e e MLOC_7000 321(140-204)
HVWRKY17 2 HVWRKY 41 Hv9019 ABI13406 MLOC_5850 489(218-273)-(383-441)
HVWRKY18 2 e - e MLOC_58026 285(127-184)
HVWRKY19 2 HVWRKY 46 Hv15882 AAQB3830 MLOC 74884 573(189-246)-(362-420)
HVWRKY20 2 HVWRKY 12 Hv14881 BAJ86072 MLOC_36657 216(123-181)
HVWRKY21 2 HVWRKY 10 Hv7458 BAJ97150 MLOC_63184 318(247-305)
HVWRKY22 2 e ABI13378 e 205(112-170)
HVWRKY23 2 HVWRKY4 Hv13574 BAK023311 MLOC_74606 348(117-175)
HVWRKY24 2 e Hv33030 BAKO079591 MLOC_77883 736(300_356)-(530-587)
HYWRKY25 2 e e MLOC_66345 179(100-158)
HVWRKY?26 2 Hv10971 BAKO03156 MLOC 22106 326(230-278)
HVWRKY27 3 - e MLOC_68061 114(23-80)
HVWRKY28 3 — MLOC_54895 205(183-205)
HVWRKY?29 3 Hv4932 BAJ96003 MLOC_68299 569(301-359)
HVWRKY30 3 Hv16746 BAJ98040 MLOC_54606 364(168-225)s
HVWRKY31 3 Hv33406 BAJ997161 MLOC 7126 320(137-198)
HVWRKY32 3 Hv21259 BAJ89144 MLOC_44455 308(125-186)
HVWRKY33 3 - e e 569(302-360)
HVWRKY34 3 Hv18266 ABI13410 MLOC 14821 297(74-132)
HVWRKY35 3 e - e MLOC_54950 231(152-210)
HVWRKY36 3 HVWRKY 39 Hv16074 ABI13404 MLOC 69778 275(105-163)
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HVWRKY37 3 e — MLOC_3853 189(117-175)
HVWRKY38 3 MLOC_6114 256(54-112)
HVWRKY39 3 L — MLOC_34506 360(120-183)
HVWRKY40 3 Hv29825 ABI13412 MLOC_19031 197(37-97)
HVWRKY41 3 e B — MLOC_67851 207(23-81)
HVWRKY42 3 HVWRKY 37 Hv19834 BAJ992451 MLOC_7939 475(216-274)
HVWRKY43 3 — MLOC_7470 230(152-208)
HVWRKY44 4 MLOC_31894 372(90-148)-(250-308)
HVWRKY45 4 MLOC_57764 206(33-94)
HVWRKY46 4 MLOC_16746 96(42-96)
HVWRKY47 4 Hv26258 MLOC_77258 360(225-283)-(286-344)
HVWRKY48 4 S S MLOC_56822 225(140-1198)
HVWRKY49 4 HVWRKY 34 Hv1750 ABI13400 MLOC_34522 223(45-103)
HVWRKY50 5 HVWRKY15 Hv15485 BAKO01500 MLOC_59259 303(136-193)
HVWRKY51 5 — Hv36645 BAJI50061 MLOC_59246 87(1-35)
HVWRKY52 5 S MLOC_69575 360(92-148)-(248-306)
HVWRKY53 5 S— MLOC_22356 286(220-278)
HVWRKY54 5 HYWRKY 22 Hv29810 ABI13388 MLOC_45055 187(130-188)
HVWRKY55 5 HVWRKY40 Hv29818 ABI13405 MLOC_10687 181(145-181)
HVWRKY56 5 HVWRKY 28 Hv13249 ABI13394 MLOC_52504 346(123-181)
HVWRKY57 5 HVWRKY42 Hv15670 ABI13407 MLOC_58019 274(86-144)
HVWRKY58 5 HVWRKY 24 Hv29804 ABI13390 MLOC_74974 214(18-56)
HVWRKY59 5 e — MLOC_66612 299(231_289)
HVWRKY60 5 HVWRKY9 Hv17161 ABI13375 MLOC_76441 339(269-328)
HVWRKY61 5 HVWRKY11 Hv15434 ABI13377 MLOC_67268 87(12-69)
HVWRKY62 5 — — MLOC_58349 256(154-215)
HVWRKY63 5 — L — MLOC_68369 337(149-207)
HVWRKY64 5 HVWRKY8 Hv29784 BAK059431 MLOC_56247 355(289-346)
HVWRKY65 6 HVWRKY 1 Hv20710 BAJ1478 MLOC_60890 353(187-244)
HVWRKY66 6 — Hv33156 BAK03476 MLOC_64446 488(234-291)
HVWRKY67 6 MLOC_12078 227(153-211)
HVWRKY68 7 S— MLOC_66134 308(110-168)
HVWRKY69 7 HVWRKY 23 Hv4870 MLOC_70190 382(310-368)
HVWRKY70 7 — — MLOC_60283 609(230-258)
HVWRKY71 7 — L — MLOC_78461 341(115-173)
HVWRKYT72  -oeee HVWRKY2 Hv13583 CAH68818 P 314(166-224)
HVWRKY73 HVWRKY5 Hv22109 CAH68821 MLOC_66204 245(123-181)
HVWRKY74 — Hv26258 —— 340(273-231)
HVWRKY75  --eeev Hv25183 — 493(208-266)-(376-434)
HVWRKY76  -eme- Hv22109 F— 237(116-173)
HVWRKY77 Hv20442 F— 521(199-255)-(367-424)
HVWRKY78 Hv13583 BAJ0162 — 264(127-186)
HVWRKY79  --eeev Hv33326 BAJ98419 — 314(165-223)
HVWRKY80  ---m- Hv32682 BAJI9717 F— 229(69-128)
HVWRKY81 Hv26258 BAK 00560 F— 353(275-313)
HVWRKY82 — Hv1115 BAKO01005 — 254(94-155)
HVWRKY83  ---mev HVWRKY 14 Hv29823 ABI13380 — 88(11-69)
HVWRKY84  -ceee HVWRKY 16 Hv29833 ABI13382 F— 169(113-169)
HVWRKY85 HVWRKY18 Hv29775 ABI13384 F— 187(127-185)
HVWRKY86 HVWRKY 21 Hv21259 ABI13387 — 266(136-204)
HVWRKY87 e HYWRKY 25 Hv29821 ABI13391 — 168(27-85)
HVWRKY88 - HVWRKY 26 Hv1115 ABI13392 F— 209(63-121)
HVWRKY89 HVWRKY 27 Hv29820 ABI13393 F— 173(125-163)
HVYWRKY90 HVWRKY 32 Hv15495 ABI13398 — 330(145-203)
HVWRKYOL  ---eev HVWRKY 33 Hv16020 ABI13399 e 142(70-128)
HVWRKY92  --eee HVWRKY 44 Hv29819 ABI13411 MLOC_58423 144(46-104)
HVWRKY93 S— ABRS7003 MLOC_21482 281(80-138)
HVYWRKY94 ABL11228 P 103(65-103)
HVWRKY95 e — . 53(23-53)
HVWRKY96 == HVWRKY6 D — 219(186-219)
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Figure 1- Phylogenetic tree of WRKY transcription factor family membersin barley, multiple sequence alignment were
performed using Clustalx 2010 software and phylogenetic trees were constructed using the Neighbor-Joining (NJ) method with

bootstrap values from 1,000 replicates and drawn by MEGAA4.
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Figure 2. The consensus sequences of the conserved regions in WRKY transcription factor family subgroups of barley

designed by Weblogo tool (table 1)
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ABSTRACT

iotic and abiotic stresses are the most important constraints on production by

crop plants, including barley. Transcription factors are involved in the regulation

of biotic and abiotic stress- response genes and the WRKY transcription factor

family encodes alarge group of them. Therefore, identification and classification
of these factors represent important steps in our quest to find smart strategies for
enhancing stress tolerance in plants. In an attempt to identify WRKY transcription
factors in barley, multiple searches were done in Plant TFDB and Gramineae TFDB
databases. Rice WRKY -conserved sequences were used as the templates for tBLASTN
searches in the nr, EST and HTGS datasets for finding new members in barley. An
HMM search was used to find sequences containing WRKY conserved domains. The
identified 96 HYWRKYs as well as one member of each WRKY subgroup from
Arabidopsis, rice and wheat were subjected to multiple alignment using clustalx software
and phylogenetic trees were reconstructed using MEGAG6 software based on neighbor-
joining method with a 1000 repeats bootstrap index. Sequences were divided into 3
groups based on the number of WRKY domains and the structure of zinc-finger motifs.
Conclusively, there were 13 proteins with 2 WRKY conserved domain in group |, 30
proteins with 1 WRKY conserved domain and Cx7Cxo3HxC zinc-finger motif in group
[11 and other proteins with 1 WRKY conserved domain and Cx4.5CXz2-23HXH zinc-finger
motif in group 1. Regarding the role of group Il in plant tolerance to abiotic and biotic
stresses, it can be argued that the higher percentage presence of group Il members in
barley that are similar to rice than to other higher plants can be attributed to duplications
in wild monocotyledous ancestors and natural selection for more resistant genotypes in
harsh conditions.
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