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Identification and Functional Analysis of WRKY Gene

Family of Lonicera japonica Thunb.

YANG Jiaotong, LI Pengfei, XIAO Qiaoqiao

Resource Institute for Chinese & Ethnic Materia Medica of Guizhou University of

Traditional Chinese Medicine , Guiyang 550025, China

Abstract;: WRKY transcription factors play an important role in plants, and they participate in the regula-
tion of plant growth and development, hormone and stress response. In this study, the WRKY gene fami-
ly was identified based on the genomic information of Lonicera japonica, and the conserved domain, pro-
moter characteristics, evolutionary characteristics, gene duplication and expression of WRKY transcription

factors in two different transcriptomes were analyzed. Finally, 46 WRKY genes were identified from Loni-
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cera japonica » which could be divided into three subfamilies: I (16), Il (13), and [l (17) by evolutionary
analysis. The molecular weight of WRKY proteins ranged from 15 963. 55 to 80 967. 23 Da, the number of
amino acids ranged from 149 to 748, the isoelectric point ranged from 4. 75 to 9. 71, and the instability co-
efficient ranged from 40. 97 to 67. 76. Many elements involved in growth and development, and hormone
response present in the promoter region of WRKY in Lonicera japonica. By analyzing two different ex-
pression profiles, we found that WRKY transcription factors might regulate the flowering process. Our re-
search will lay a foundation for further functional studies of WRKY genes in Lonicera japonica.

Key words: Lonicera japonica; WRKY gene; functional analysis

SWRARKEE AN Z —, RS G M, ELoMAERWYHE . & EMH A%
B, A6 [ H 0 &R A AETE AL AZG, 1 H AW 6 &R AL 25k A 25t 4R 1 H oA 3 Sy
B B AOREDNR, FEEN AT, a2, R R. E 0w A RAE R Z MG, B
Sl BEER A HLRR IS = A T TR A R L e . Aok AN s MR AR . &
BRAEBR T 1 B2 7 T AT T N R Ah . e ket o R A REORE LA I B R A et
SHRALE 2 WA W B AE Y R HAE KA AT . SRR . SR A OB e T B SRR
Y FF & A B 5.

WRKY ¥ s A Z2EWFRA 0 — K5 W, WHEAEERS N WRKYGQK 2 2/ J7 41 1 14
£ WRKY SRR BRI H E g &, BFWR S & WRKY SRR KEAE 3 M ERES, I H
52 ANTWFRIE AT — A4 N 5 MR R E . A BF5E R WRKY 5 5% R 7 fig 1750 $8 3% ] B9 W-box
[(DYTGACC/T)] A I AT 4 4 &, U JA B SE R A o e . RS WRKY #5582 K778
ANFHL P HEEHEEEEH. WRKY SEFE T LR RS 04K LT, WHE T WRKY46 , WRKY54 Al
WRKY70 7] L ik 30 Z s b 4 o K 2 Bk 2. Ah ., WRKY Bt 738 2 5464 4 3t [ 0
W5 05 KA RER I Y R LR I P s WRK Y30 AT i R Mt ik . e KRS b s
WRKY47 0 L 2 858 K R b+ 52891 52 k. WRKY 25 A 7E B &AW 30 (B8 40 . BB R 25 9% R
PO 75 W & R B, A IT B WRK Y22 0% 38 i /K A% 2 F 2 3 12 15 -5 I8 4 JH o if e i) 5 Sk
PV g ERRR . WRKY JERAERIY) B A K & L BEIN 205  R AR T B R .

FIHT, Mok Z Y WRKY 06 3 N Bl 2% 2 HAR G T fE gl i, ) B0 0 3ok k700 o
UG A A AARAE N WRKY K 5 % 58 8 K WL ARGE . AT T WRKY % 10 F )5 51 X
S WRKY FIGRER AT %8, I3 T4 I i S 2 50l T o ge it A7 #0 , Rl R JF Jé & 8R4 WRKY
FE R T RE B 5 B A

1 #MR57RZX
1.1 £REWRKY EFRRERRLTE

Mo B B A5 B PO (CNCBY Y E SR AL 2 8 U F 51, A Plam M35 | 3 WRKY &
5T 51, R HMMER $PE 3 4 846 4 2 17 90 HEATPRA LSS 3 WRKY JE 3 — 25 60 A <7 35
A F CDD™Y i {1 i ik 3 X & 47 WRK'Y 57358
1.2 BHHERSH

# ] ExPASy TEZ#1F (https: //web. expasy. org/protparam/) X 5 % WRKY % [ (g 31 4k ¥ 57 #F 17
ST FEARALEE S T (Da) . EIRMRECR . S LA ARETE R IR W R BORM - 35 SR K
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Py

1.3 #HaHm

P4 A A R S WRKY & 119 WRKY 4589 380% 51 . fifi FH 3k 4k B 43 BT 3 1F Mega7'™ 8 Clust-
alx #EAT 2 790 HxF, SR JE ARG NJ J5 ik b A7 i A i 44 £ 55 50 7 . 0472 8. Poission correction, pairwise
deletion F1 bootstrap(1 000 K EE).
1.4 LS

il MCscanX #4477, FEBVAS BT 4 M Rl 0 M & k. 25 & R i e iR i B A5 B
fifi F TBtools R 22 il 3 PR 2 4 4.
1.5 BaFIRXIEATHESH

DA 4 3 IR A 0305 P2 R RE 0t . A TBtools™ 3R EUIE K E 37 2 000 bp 3L R4 F 5. SR )5 328 & Plant-
CARE M 35847 )53 s F IR XA e 43 e, B3 it TBrools " X i 8l F D B e A ik A7 ml LAk 35 1.
1.6 EZEBZEHUEST

HAE WRKY & [ #0955 B R 2538 2 015 8 (il TBrools 24" ol ¥4k £ 4R 46 WRKY & [
1) &5 A6 Bl
1.7 HRELSH

N4 B A6 T i 6 DR LB T2 (LjaFGD)Y ™ o 3 UG 41 A 7] 5% s 4 84 9 6 i . A TBtools Y heat-
map .22 WRKY BEH K GEFRBRE, iR RIE S SRR CR.

2 ERE55MH

2.1 &RIEVWRKY ERRKETESENLERAN
AWEFE R WRKY Z05 A 125 K 80K 45 8 S4B 1) WRKY FKIEHEH , #8 4 WAL 2 LR 4 K7 14t
YET 46 > WRKY 3. 45 R KW WRKY SE 8 (%) 4i i 8 (4> FHAE 15 963. 55~80 967. 23 Da Z[A], &
FERRBOCRAE 149~748 Z[a], S H 5 AE 4. 75~9. 71 Z ], REE REUAE 40.97~67.76 Z 0], B & %A
41.00~71. 05 Z 8], “F¥ R HiK PEAE —1. 147~ —0. 463 Z Al (& 1).
F 1 &R WRKY 2 E Rk R B LR H B

HE N 44 B 4> F it /Da HAEMBE A NSV R E ik Wi & % -2 2% i K
L;WRKY]I 27 900. 57 243 5. 38 54.55 41. 69 —1. 147
LjWRKY2 38 009.93 340 9.54 54. 80 65. 65 —0. 764
LjWRKY3 49 174. 20 439 8.15 61. 94 52. 85 —0.917
L;WRKY4 64 394. 07 589 6.56 40. 97 64. 48 —0.765
LjWRKY5 54 869.73 491 8. 36 43. 26 69. 16 —0.697
LjWRKY6 64 764. 46 593 6.62 54.01 55. 83 —0.793
L;WRKY7 61 331.69 564 5. 11 65. 24 59.52 —0.698
LjWRKYS8 47 826. 57 439 4. 96 50. 98 58. 91 —0.738
LjWRKY9 30 631. 95 267 5. 24 67.16 55. 17 —0. 960
LjWRKYI10 53 895. 25 492 7.26 48. 69 61.59 —0.550
L;WRKY11 24 131.10 212 8. 88 46. 55 55.19 —0. 897
LjWRKY12 57 302. 67 511 7.23 60. 59 44. 99 —1. 054
LjWRKY13 71 865.53 653 8. 83 43. 60 64.18 —0.782
LjWRKY14 36 578. 36 325 5.39 48. 14 58. 83 —0.699

LjWRKY15 33 584. 41 303 4. 85 54. 99 67.00 —0. 547
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Bk 1
S [N 2 R 73 ¥ & /Da AR A N SRR i 17 7 4 -2 2% i K T
L;WRKY16 59 613.03 549 6.57 47.78 61.04 —0.691
L;WRKY17 36 950. 09 333 7.59 67.76 48.92 —0. 876
L;WRKYI18 38 901. 82 349 5. 34 48. 55 59. 20 —0.709
L;WRKY19 38 774.78 350 9.63 51.03 63.51 —0.706
LjWRKY20 35 297. 41 320 8.42 50. 53 67.66 —0.699
L;WRKYZ21 58 334. 62 530 6.29 53.19 58.19 —0.783
LjWRKY22 52 491. 36 473 6.55 46. 36 60. 87 —0.689
L;WRKY23 32 772.24 293 6.01 57.22 55.19 —0. 859
LjWRKY24 38 549. 84 358 5.08 59. 66 44.72 —0.912
LjWRKY25 61 061.56 562 6. 81 47.97 62. 88 —0.678
L;WRKYZ26 35 745.53 325 9.59 44. 64 67.51 —0.599
LjWRKY27 32 006. 41 291 9.59 43. 22 68. 69 —0.542
LjWRKY28 52 099. 74 477 6. 00 52.74 62. 81 —0.703
LjWRKYZ29 42 251.08 378 9.45 48. 48 66. 80 —0.705
LjWRKY30 39 656. 05 355 4. 90 51. 82 68. 68 —0.648
LjWRKY31 17 683. 53 164 5.08 42.93 48. 84 —0.573
L;WRKY32 30 114. 10 266 9.19 51.63 71.05 —0.811
LjWRKY33 33 376. 28 298 5.93 50. 36 67.99 —0. 642
LjWRKY34 35 598. 65 321 5. 82 52.72 62. 27 —0.685
LjWRKY35 26 887.96 248 4. 86 48. 48 58. 15 —0.463
LjWRKY36 61 996. 34 569 6.58 50. 19 60. 97 —0.771
L;WRKY37 46 551.79 413 7.63 55. 49 69. 13 —0. 956
LjWRKY38 80 967. 23 748 6.02 55.11 53. 48 —0.791
LjWRKY39 23 767.73 224 9.71 47. 66 56.21 —0.623
LjWRKY40 23 767.73 224 9.71 47. 66 56. 21 —0.623
LjWRKY41 37 579.77 336 7.12 53.72 65. 24 —0. 858
LjWRKY42 21 931. 29 200 6.13 51. 04 41. 00 —0.876
L;WRKY43 35 182.18 305 5. 52 47. 68 63.61 —0.738
LjWRKY44 56 411.12 514 7.04 56.12 62.78 —0.730
LjWRKY45 18 324. 90 167 4.75 60. 82 54. 31 —0.906
LjWRKY46 15 963. 55 149 9.58 63.78 59. 60 —0.786

2.2 HURHZEST

AHIF 7T %t 4 AR AE AR I WRKY {57 25 ¥ 58U 51 BE 4T 1T 2 1590 He X, SR 4 Mega7 #4F 4 WRKY
R R AT AL R, F /R T H iTOL #4788 (8 1), 455 R W 4B M WRKY S5 ] 43
3 AW, Hodh R B LR B 02 16, 13, 17 4. B o, AWF58 x5 K 1955 2 [6) I8 56 R 9E 17 1
W, IfXF WRKY HERTE G 8L h etk #4781, K WRKY ZEA W B EEZ NS, X KU 7E SR
A6 1 Ak 2 B rhonT R &k AR A AR (& 2).
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2.3 BEHFEATHSN

XF WRKY 3 K 52 5 1) IR 3 5 XS S BE ST AR BEAT 20 M7, 45 SRR WIVF 2 506 4 (A part of a light re-
sponse element) . I Z W % (U auxin-response element) 13 5% Jif 2 (U1 wound-response element) #H 3¢ 1Y 3
RETCIF Y BUTE B AL WRKY ZFIEHEF 1Y )5 3 1 X (& 3), Sl &M AWM WRKY BHATEE2 5 16N
A TR N NI N A A

LWRKY4 — ———E——E L il i

4 . . I auxin-responsive element
leWRKY5 —ii—— i — - cis-acting element involved in low-temperature responsiveness
LJ_WRKW —A—a—4= ‘ i '_:J‘—” S i N cis-acting element involved in the abscisic acid responsiveness
L{WRKY77 —H——— _:"— —. Ly —— I cis-acting regulatory element
tnggig e = — & - |—; - 'i — B5— '_._-_.__ || cis-acting regulatory element essential for the anaerobic induction
Lj'WRKYSS e - o -. I-I— - - B B s EE W N cis-acting regulatory element involved in light responsiveness

3 3 3 cis-acting regulatory element involved in the MeJA-responsiveness
leWRKY41 [ - e, E light responsive element
LJ.WRKY42 Al—a— '—-'.— ﬂ;—l—l_‘— — & I part of a conserved DNA module involved in light responsiveness
LjIWRKYE —i—ins L HHE— '.— — part of a light responsive element
Lj.VVRKYQ —— —r—s——a— ‘.—I—l—- i B vound-responsive element
L{WRKV10 _.—._.—._.—H — = - BN cis-acting element involved in salicylic acid responsiveness
LJ_WRKY 2 Lh. - - a8 —— I cis-acting regulatory element related to meristem expression
LWRKY1 S —H L 3 — i — element for maximal elicitor-mediated activation (2copies)
L}_WRKY 14 _.fi‘ﬁ'_."—l o H+.-H—_—._"_ I gibberellin-responsive element and part of a light responsive element
LwRKY15 —EiHE— HE i — . i I \1YBHv1 binding site
L{VVRKY 11 ——i - = - = I (it of a conserved DNA module array (CMA3)
L].WRKY12 —i— L] “ -1 I cis-acting element involved in defense and stress responsiveness
LJIWRKYW — '—!—“ — = . - = iEm I gibberellin-responsive element
LwRKY23. —— B —— . & —— I MYB binding site involved in drought-inducibilty
LJ.WRKYZE - = Lk L il —i— I cis-acting element involved in gibberellin-responsiveness
Zﬁgﬁ; - — i .! L Ly L ——& I cis-acting regulatory element involved in circadian control

4 : I \VYB binding site involved in light responsiveness
leWRKY37 m— £ L !_ i .—.— _l BN part of a module for light response
LJIWRKY 34 ——F—THE——E—H —H_-_.-_._ 'r_ H_ I cis-acting regulatory element involved in auxin responsiveness
LJ_WRKY35 — & —8—%————8 i an . I cis-acting regulatory element involved in zein metabolism regulation
leWRKY 46 _.—._.-_._-_.'._ SR _E_.-_| ——— . I part of gapA in (gapA-CMA1) involved with light responsiveness
LJIWRKY3 —i-ii et L8 L - - [N cis-regulatory element involved in endosperm expression
LJIWRKYM e —.-_.—{ g A I cis-acting element involved in light responsiveness
L]lWRKY:i5 —— — . - __ L B I part of a light responsive module
L{WRKY 30 —it L - & = e N involved in pecific negative
LpReyts ——— - — R —— I 1Y binding site involved in flavonoid biosynthetic genes regulation
L/lWRKY 19 ——F+——i—H—a—a—a— a8 BN cis-acting regulatory element involved in seed-specific regulation
LJIWRKYZQ - e —a—a— _.—H_- & L part of an auxin-responsive element
LJIWRKY 38 - o L '_—._ — _.—._'._.—.-._ I cnhancer-like element involved in anoxic specific inducibility
L{M/RKY22 —iHi Ll —& & Hi—& = & = I part of a light response element
LI‘WRKY25 _._.—. —i—aa il i = 0 element involved in dif iation of the palisade cells
LWRKY28 ——fF— —HHH——1—&-—m i i
LWRKY31 ——— i ———— —& —HE—a8 — —i
LWRrky32 —i—iHB———a—ai+—aiH———8 85—
LiWRKY40 —EHE —i L —a——a—.
LWRKYs —————— ——H— i Hi— 85—
LWRKY2] —————————F+—8——— 71— —-HE
Lwrky2o #—E—1—#—R1F——0—8 -8 L L i
LWRKY43 ————— - - i H—
LWRKY44 —————————i——+——h— 1 —— —H—E—
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2.4 BEEEMESW

AW 5T 3 Plam 35 32 HE G £E LR T LW 4 4R 48 WRKY FIEE I e & A B INRESS (| O, &
BATA ) WRKY R &HA WRKY 255k, ¥4 WRKY £F&H 2 4~ WRKY 5/, EEERAES 1
g, —2 WRKY RHRZFHE SAHMM SR, W LiWRKYI13 BT &H 2 4 WRKY 45555, ©F &
A PK_Tyr_Ser-Thr 253k, 25 2 29 5 ARG %A Plant_zn_clust Z5 88, X 6450 1) 22 5 1] (B J2& 530
WRKY & A &£ R i iR 2 —.
2.5 RiKEDH

ARWFFE N LiaFGD 4 4R 16 Ty A5 PF L RI0HE 122 Pl S8 T W 21 AR A6 37 S B O ek (8, W T & 4R
16 WRKY S R0 B, ARYEHE MR — DM T L R AR (B 5). 38 1 dIBU 46 T 4h 28 0L 48 3
SR AL AR AR (B Sa), B 1 LB IS 1 R 5 2 R WRKY SERZEGZE I Rk m T
TR R, WA RBEE R A B B L T/EH. 8 1 ABHR S 3 A &I R B m T HAb
W1, UL AT BEAE R AL G A Sy b W R i R HE TR A 2 AUER AR X IR, 50 Y00 IR 20 D6 0 IR (A
5by. BB 2 BRI 2 FE. 5 4 B i WRKY JEFZEMOGERE T Rk 450 & T AT X, Bkl g2
5T A f, UL B a R R Z WRKY LA 825 T &4 16 0 T 18 T % b 245 3 72
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RErE/ERER . Wi A S Brh R ME EEAEH, RSB AL, T 52 MK 5 624 %,
WRKY F:HZ 5 &AL 608 15 BAR A il , (BRZEA RS AL M pF 5 h R B WRKY LG W g2 5
TAECHIE R s /ARG b R WRKYS 25 7 1 5 M Eh i gt 52 465 5 78 K o 9 #F 53 b 25 0
GmWRKY 3 K7 B K F ke &l B & FEAE DY . 088 4 Ml o B IR A B8 & B AE ) WRKY X T fig
B9 LY S

KREHHRC ARV EFMY N WRKY FER ZBEAELARET . 0050 & % ok #2 ol & & 2R
ARWFSEARE G AL WRKY JE R 50 4% 50 WRKY JER 208 T 3 MAF R R . ARy S B W5 %
Z B AT BE R TP A 4 25 S S B BB AFAE — S (0 4r Ak, I A: WRKY BRI Re i) ZREME. A B R W] 4
BRAETE A 1K A T Y R A5 0E  ARBFge X WRK'Y 5 D8 7 A [ 4 € ik 1 i 8 4 1 43 A if
T T 500, RIWRKY B PR AFAE 35 00 B AU AR 00, SR A% 1% 0 7T Re 2 Je R 6% Br 8. DA 43 #r
SEIR ORI R WRKY JE K Ih fig 40 A 4243 T 8L %
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