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Abstract Many crops including cereals, tuber crops, feeds,
and turf grasses are often damaged by various environmental
stresses such as drought, salt, cold, and high temperature,
causing the reduction of their productivity. Plants are sessile
and cannot escape from environmental stresses. Thus, plants
evolve in the direction of overcoming the environmental
stresses. Some plant genes such as ARF, ABI3, NAC, HSF,
and WRKY are known to respond to environmental stresses
as they transcriptionally regulate the stress response pathways.
For example, the OsWRKY76 gene contributes to the enhanced
resistance to low temperatures and pathogenic infections.
The AtWRKY?2S also plays a role in environmental stresses.
Zoysiagrass (Zoysia japonica Steud.) is popularly grown for
gardens and golf courses. However, the function of the
WRKY gene, another environmental stress-related gene, is
not known in zoysiagrass. In this study, the Zj/WRKY3 and
ZJWRKY7 genes with one shared WRKY domain have been
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isolated in zoysiagrass. The expression of these genes
increased in response to low temperature, drought, and salt
stresses. Furthermore, the infection of the brown patch-causing
Rhozoctonia solani induced the expression of ZjWRKY3 and
ZJWRKY?7. The corresponding proteins bind to the W-box of
the Zjchi promoter, possibly regulating their transcriptions.
The researchers suggest that the ZjWRKY3 and Z/WRKY7
genes transcriptionally regulate abiotic and biotic stress
related downstream genes
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AEE 7, AL, AL 22 a0t g AE Ao 97
& "r=ch(Smirnoff et al. 1988). o] 2 Qlalo] AYAFA| A, FA}
A A, 919 3t Fo] A o2 W E Y, 2459
FE7HAE Eol Al A e ATl 8
Yol "k 5] ATt A2 2 Aed 3, AE2F
4, ZEZH ol AA Hol ARG A& 0 s o @
o BRLEY Lo kFE e A9 gk B Ao
Aote HoR UM Al ZHA Bt a, T2 A =S
g ofojint. drjof] WA stE 2 24 v Y (large

patch), &2 H}5- 1 (dollar spot), 7] A]&-1}5- 1 (Pythium blight),
2890} 5 (brown patch), £ 9 anthracnose), T4
(yellow patchy 5 oF 1001 0] kel A 90 ], S1kr|o] 49
ol = Rhozoctonia solani AG-2-2 (IV)o]] 2] 5}o] ¥rAY 5= ZHA
H ol 7H4 & A 7F = AL Gl th(Jung et al. 2008).
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S 2] (Zoysia japonica Steud.)= AL 187 o] T3t 2]-3-8 o]
HOM A BE 7] 5ot Eokol A AT 4 97 wf&of
-8, 224, A, &5 A7 Sl ZEA A EH=E
Folnl, A Ael 2w o2 o] o $5|T 9lek. T3l 5
SR L R EL EPN S P R
2o AN, ¥ =3 5o dor|s AR HuEglr
o] Y3t AL AEY AL Ao o3t gFmul of gt

A g0l o5t AR, L8} AE AT Sk, o] HH 0.2
ohe ol ofet A3 S oFs} A7 4= oLt 42wk oy
2 4kg 4 0.2 thaks}A) ol S8 o] et 38, o, A% o
et e A E Y 2o ek A = @ ok whebA] AHE
o 2% Bohg Los L B And 2o ARL =
of &4 Qe AT uEA Bt Aot B &
A gko] 2] ok AEE A A AE 9 e ¢l sl
S FOREERDEEERT REISEEEE 1
%2 AL T Aok FLL 471714 o] Akt
o gol £ ol 9Asiek 104 Aol 3
HAS A7) 93] S+t (Zoysia japonica)@} %+ (Zoysia
matrella) 5-0] WLFHE ZrT] o A 2o et SXHE 2AL
Slo] AE AR GA 2 & A1E 81 tH(Marcum et al. 1994).
et 20034 S7kT) o] @ U AS Seo] e w A Kot
BhE o2 Aok BUL 9 4k BARFO| Ay
514 & 1 th(Toyama et al. 2003).

WRKY:: thefh 450 maslo] glon Az, A 5
t}oFst S AAEG Aof o] o}j'_ Q] tH(Chen et al. 2012;
Eulgem et al. 2000). %] B 1% =R oA &%kt o] WRKY &
AR} 137702 BRI, 1 3 207) ] WRKY S-AA7 8
AAEY Aof Wheol= Ao 72 B 5 th(Xie et al. 2015).
3 SXT O] ZINAC T} 7jGA20 & A, A =&, AFSFAE Y A
5 019 1A AEd A 240 BHEsHE Aom BT
(Zhang et al. 2016; Dai et al. 2012). w2t A] R o} &-4=3t %? g
F/3317] Sl A= 2EG 2o ek A3 Hl A
A2 oA olsfistaL, f-8& FAAE Waste ?LS’—]r
=o] I Q3| (Tuteja et al. 2005).

Hpgo] PALEA L LEHY AEYAE Q)
I FA o Al ol A Al 2 - o] |akrE 7Tt &
Ao B Aol el A3 s s Ul
& $AAGO) WA A ZHHTL o] HAAE] A
0] 2Eg A0 gt AEY Ziﬁ“é == ZE‘r(ShIlOZElkl
etal. 2000). A]=o] g A E g 2 of A 7}5}7] s A= Al e
A §AR, o S04 AR 04 5 2ot
F59 g AAL WAt of FoA 95 B9 A
Soh A BT S AR ] WS 3 B
A glom, e A E g Ao vhg-5h= T 34 Q1 AL
0] 2} 2 = DREB/CBFs, AREB/ABFs, NACs, NAMs, WRKY &
o] k2l A 9lek. 7L Fol A WRKY family = 412 Z0] 4 24]
AAFE A, NZE 2] 9o HEE WRKYGQKA & 2} C Utk
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] ¥ o] zinc finger-like motifE- 7}21 th. WRKY THH 21-2- domain
O] gLz o] wh2t = 71 ©] WRKY domaing- 22 3}5}= group I, 5}
9] domaing 3 3}F5}+= group II &} T2 & =, group I
QHII+= C Yol &2 8F= zine finger motife] 5 2 L 25
Th WRKY ©hefz 2 AEHA ghg §-3240] Z & B E 9
Z A 31+= cis-acting element®] W-boxo]| 23 3lo] A& AE
G 2 Ao 8- A Ae] AALE Z A ok (Bulgem T et al. 2000).
W- box 2] core sequence®] TGAC+= WRKY Tl 2 o] “A3lof
83k A dolgh= A o] th4>2] DNA binding A ¥ & &5t
Z 1 1] ¢] th(Ulker and Somssich, 2004; Ciolkowski et al. 2008;
Xiatian Wang et al. 2015). X Z7}A] 9] A+ A, WRKY 5 Z &}
= o 7] & tf o A 747l (Eulgemt et al. 2000), H o] A 1007} ©] A
9] & A7} ¥k A = 9 th(Zhang and Wang 2005; Ramamoorthy
etal. 2008). $H4 AE | 2 0f Wh-5-5l= WRKY7} Aol A B
o £AITHE o) = 4 B £ T2 o Fo| Brhsatol
3 7] 2o A Thopat A B A FRal7] gatolth ARt
A 8r5 2l WRKY 9] 7] 55 A B l‘n‘ﬂ«l WRKY38L %]
2 ThEAE A gl A AAZE £2 E Gtk (Xiong et
al. 2010). T3 9 9] WRKY33-& 112, A&, 7t 2 A E A Ab
o A WA S E Sl o, of 713 o apd A A o A 7HE
2B A gt AEE FE A= Aom BAuEY
(Heetal 2016). & A= bt 2B 20 2S5 = 57
El of A ﬂﬁ LB Ao HredE AARIAE 7] WRKY
TS Eejste] S AE Y 2o tigh g5 #4153t

Qo)A A F2 S 9okl A e Q) B2k
(Zoysia japonica Steud.) 9] A& o] &5}t WA Exr] £
A} 23] 2 7 7] 3 5 0.02% Tween203} 2% NaOCI 2 2057
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o 2 5141k o) el AHE S} Befo £ B Bt £}
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Table 1 A set of primers for WRKY genes cloning

Set PCR types Genes Oligo sequences(5' — 3%)
) Forward AAT GGM GGA AGT AYG GKC AGA
! Degenerate PCR 4 WRKYS Reverse GWG ACG AGY GCC GCC TTG AA
2 ZiWRKY7 Forward AAT GGM GGA AGT AYG GKC AGA
Reverse GWG ACG AGY GCC GCC TTG AA
cDNA synthesis
3 for3'-RACE CTG TGA ATG CTG CGA CTA CGA TXX XXX(T)18
4 ZIWRKY3 Forward AAG AAT CGG CAA GTG GCA AC
3 -RACE Reverse CTG TGA ATG CTG CGA CTA CGA TXXXX(T)
5 ZIWRKY7 Forward GTA CGA GGG CGA GCA TAA C
Reverse CTG TGA ATG CTG CGA CTA CGA TXXXX(T)
6 cDNA synthesis for ZjWRKY3 (®*GAG GAC AAC ACC A
7 5'RACE ZjWRKY7 ®*GAG TGG CTA CTG TCA
g Forward TGC AAC ACA AGC CTC TTA CC
ZIWRKY3 Reverse GAG AAG GCT GTG CCA TCT TA
9 Forward AAG AAT CGG CAA GTG GCA AC
5 _RACE Reverse GAG TAG GTA TCT CTG CAC TC
10 Forward CTT AGC CTC GTG GTG AAA GAC
ZIWRLY? Reverse GGT TTG TAC TCC TCC CGG ATA
1 Forward GAA GTA CGG GCA GAA GGT GA
Reverse GAC GTG CAC TCC ATC TGG T
. Forward CCC GGG TTA CAT CTG AGG ACC A
12 Full-lengh 4WRKY3 Reverse TCT AGA ATG GCC GGC ACA AG
13 ZIWRKY7 Forward GCC ATG GAT CCG TGG ATC GGC C
Reverse CTA CTG TTG CGT CGG CGA GAT AA
. Forward GGA TCC TGC ATG GCC GGC ACA
14 Real time PCR 4WRKY3 Reverse GAG CTC TTA CAT CTG AGG ACC
15 ZIWRKY7 Forward GGA TCC ATG GAT CCG TGG ATC
Reverse CGA CGC AAC AGT AGC CCG GG
* phosphorylation

St o] &, 4°C, 15000 rpmof| A] 1582-7F YAl Bl slo] A&
= vkl e, o] isopropanolS 3 7kskiT. o]
AA R 2 HE oA pellet-2 70% ethanol 2 A 2 O]-O:‘ S
1, 0.1% Dierhyl pyrocarbonate (DEPC) -84 0] %] 2] = RNase
free waterS ©]-8-35}0] = th o] &, =5 total RNAS 1%
agarose gel A7) 4 5& o] &-3}o] 2latgith 0.5 ule] oligo
dT primer, M-MLV 5x reaction buffer, 10 mM dNTP, 25 unit RNasin
Ribonuclease inhibitor, 200 unit M-MLV reverse transcriptase
(Promega), 1 ug®] RNA+= 1 st strand cDNATHA S 95} o] A&
%] 91 © i, PCR Thermal Cycler Dice (Takara) S ©]-&35}o] %
S} th(Table 1, primer set 3).

2

w

WRKY =EX=E2| =&

S22 8 WRKYSAAES Belel] Slelel NCBI
GeneBank data base= ©|-8 %] ¢) T}, H %] WRKY il 21 9] o}
uie Al HEE A% &, BEEWRKY domain® 2 H g
degenerate primerE A 25F 4T 0] &, FA H (DNAE 53
7} O & 0]-8-3}o] PCRE 218§ 5} 91 th(Table 1, primer set 1,2;
Table 2, condition 1).

g gy
amphﬁcatlon of ¢cDNA ends (RACE) &=
(Takara) &

71%ksle] & 71 9] full-length WRKY AR}

products+= pGEM-T easy vector (Promega) < ©]
sheit.

ZIWRKY SEXISO| ASA 24

B9 sequence] 7|HES}o], 5°/37 - Rapid
Full RACE Core Set
0]8-5}0] 4= ] ¢l tH(Table 1, primer set 3 ~ 11;
Table 2, condition 2 ~ 4). B} x| 2 © & 5/3"-RACE sequence©]|
2 cloning = ¢}
CH(Table 1, primer set 12, 13; Table 2, condition 5). $Z ¥ =
83} ] sequencing

Phylogenetic tree -4 o] = MEGA 6 program= ©]-&3} %t}
NCBI GenBank database S ©]-8-3}¢] o]u] 2 1% t}= WRKY
of ool e gk A & 2B 0 o), BAE R4 E Helg
7N o] WRKYG-7 Ak} v i E4] 5} 91 T} o] &, bioedit progrem
< 0|85k WRKY ofu| e Ak A G- 7 519 2 1, neighbor
joining ¥ & AF-8-5}9] phylogenetic tree £-4]-2 =31 5} 4 th.
B 0| o] 8% WRKY= TaWRKYI6 (EU665428), GmWRKYI3
(DQ322694), AtWRKY18 (JN848519), AtWRKY60 (NM 001335968),
OsWRKY76 (BK005079), AtWRKY40 (NM _106732), TaWRKYI
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Table 2 A List of PCR conditions for zoysiagrass WRKY genes
Initial Denatur- Anneal- Final
Conditions Reaction mixture Genes  denatura- . . Extension . Cycle
tion ation ng extension
c]?NA 30 ng, 10 x Ex Taq buffer 2 ul, dNTP ZIWRKY3
| Degenerate mixture of each 2.5 mM 2 ul, 1 unit Ex taq 94°C 94°C 55°C 7200 700 30
PCR DNA polymerase (Takara), 50 pmol each primer S5min 30 sec 30sec 30sec 10 min
set 0.4 ul ZWRKY7
C]?NA 50 ng, 10 x Ex Taq buffer 2 },l], dNTP ZjWRKY3
> 3-RACE mixture of each 2.5 mM 2 ul, 0.5 unit Ex taq 94°C 94°C 60°C e 790C 0
) DNA polymerase (Takara), 10 pmol each primer S5min 30 sec 30 sec 30 sec 10 min
set 0.5 ul ZWRKY7
C]?NA 30 ng, 10 x Ex Taq buffer 5 ul, dNTP ZjWRKY3
3 S.RACE mixture of each 2.5 mM 8 ul, 5 unit Ex taq 94°C 940C 58°C 790C 7200 o
) DNA polymerase (Takara), 20 pmol each primer 3min 30sec 30sec 30 sec 10 min
set 0.5 ul Z4WRKY7
PCR pro.duct 30 ng, 10 x Ex Taq buffer 5 ul, Z/WRKY3
4 Nested PCR dNTP mixture of each 2.5 mM 8 ul, 5 unit Ex 94°C 94°C 58°C 72°C 700 %
©s taq DNA polymerase (Takara), 20 pmol each ] 3min 30 sec 30sec 30sec 10 min
primer set 0.5 ul ZJWRKY7
c]?NA 30 ng, 10 x Ex Taq buffer 3 ul, ANTP Z/WRKY3
5 Full-length mixture of each 2.5 mM 3 ul, 1 unit Ex taq 94°C 94°C 65°C 72°C 700 30
PCR DNA polymerase (Takara), 10 pmol each primer 3min 30sec 30 sec 30 sec 10 min
set 0.4 ul Z4WRKY7
6 Real time cDNA 30 ng, Sybergreen supermix 10ul, 10 ZjWRKY3 95°C 95°C 60°C 10
PCR  pmol each primer set 0.5 ul, ZiWRKY7 30 sec Ssec 30 sec

(KT285206), ZmWRKYS2 (KJ728370), TaWRKY17 (EU665429),
TaWRKY27 (EU665431), NOWRKYI (AB022693), OsWRKY33
(BK005036), TaWRKYI3 (EU665426), TaWRKY18 (EU665443),
TaWRKY42 (EU665456), TaWRKYS (EU665434), AtWRKYS3
(NM 118512), TaWRKY19 (EU665430), AtWRKY6 (HM173628),
AOWRKY31 (NM 001341527), AWRKY42 (NM 001340482) o] T},
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Z 2 B total RNA+= Trizol reagent©] -85} ¢]
Uﬂ] M-MLV Reverse transcriptase (Promega) 2 o] &
ko] cDNAZ 3H4 811 T}, 3143 5 cDNA 1 ugS 1Q"™ SYBER-
GREEN supermix (BIO-RAD)E- ©]-&-3}0] Real-time PCRS- 4

RN
_OIL
?»’8.

Yoo 7k AE | Aof 3 L 2451 THTable 1, primer
set 14,15, Table 2 condition 6).

ED0|M ZJWRKY Ch

A9l W-box Z

15t

=4

ZJWRKY7} W-box9}9] A 55 31317 $13H¢] Yeast
one-hybrid assay (Matchmaker® Gold Yeast One-Hybrid Library
Screening System, Clontech)Z- <>3§ 5}%1 t}. Zoysiagrass Chitinases
(Zjchi) 2] W-box & 3 5F5}+= 2F 400 bp promoter A] -2 PCRS
Esto] ZZ513 Hind 9} Xho 1S AF8-510] pBait-AbAi
vectoro]] 4F¢) 54 th(Kang et al. 2016). €21 % pBait-AbAi
vectorE BsB 12 AF8-5}10] linearizationd} 2l Y1H gold yeast
strain (Clontech)o]] & 2 A 3} 31 & PCR-E £5} o] §-A R} 9] 4F
0] 8o 31t} Full - length Z/WRK Y31} Z/WRKY7-S PCRS
58to] 53 3F31 AL Hind 2} Xho -5 AHE-510] pGADT7-AD
vectore]l 4FQlsto] Aol AR8-5GITE o] H ol FEH|H bait
straing SD/-Lew/AbA Hl|X| o] plating 5}o] E|AES}IL bait
strain®]] pGADT7-AD vector £ & 2 28} 3} 9ot & 2 2 3 5t
SE-8 3| 45}o] SD/-Leu, SD/-Lew/AbA, SD/AbA200 (for control)
ulj 2] of] kAL 30°Cof Al 3L 7E vl g & A kS 22l 8
it
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WRKY REXES 224

WRKY family-&- 422 22 43}7] 9|5}0] NCBIZ % 5}o]

7|l 308 @4 0] 9SS T TSI WRKY
AAES] Y7148 Sslch BT WRKY
domain %] &-& 0]-8-3}¢] degenerate PCRS 3] 3191, 15
37/5" RACE & 2=3)3}9]h. 3°/5° RACE Z1HE E310] 7t

S A 2} 9] full-length F 7] A B oAAE 4= 1A 3L, o] 7]

family -&

Hhet O 2 full-length WRKY-$- A A& PCR3F A3} A
2 oF 1.7 kbp, T WA THH-& oF 1 kbpol| A Wi =7}
(Fig. 1A). full-length WRKY-5-AAE52] 7] 4 <
21 A AR SH2 ZmWRKY522} 81%9] /-5
Wow ZmWRKYS2+= o} 7hA] 7150 HaL e A] oF
CHFig. 2A). F HA| T H -2 OsWRKY763+ 75%2] 4673 &
E]‘(Flg 213) OsWRKY76-8- ¥ 7} Yl = 431 ¢ 9l
U =gl thet A3 i} A2 A E g Ao th 3t 4]
< L}E}lﬁé 20 2 B 315 ¢ th(Naoki et al. 2013). w}2t
TFo A EeE F o BE A AEY Ao F

e flo

e

L[:lu:o?t.é\éﬂlﬂ.
rﬁ:iﬁi

oo

ox 2 2

2o pe hroQ mo flo ofh fE 2z
rhe
ra "

A

B
ZjWRKY3 WRKY Zn-FG 1702 bp
ZjWRKY7 WRKY Zn-FG || 975 bp

Fig. 1 Cloning of Z/WRKY3 and ZjWRKY7 (A) RT-PCR for full-length ZjWRKY genes. For full-length sequence of two WRKY genes
performed RT-PCR, and amplified about 1 kp and 1.7 kb, respectively. (B) Structure of ZjWRKY3 and ZjWRKY7
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» PHSEQ BSBeBe ve 10.. ROEQ
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SPmUPPEE I PHPELESL TRVl
repEl LS T
ppEar 1 pHPELESL PTX

IFUREY?
TaWREY13
0sVRIYT6 b Y
Clustal Consensus **

FIWRKYT

TalRKY 19
0SWRKY 76 o
Clustal Consensus

a0 324
5 328
327
181

Fig. 2 Alignment of the cloned Z/WRKY3, ZiWRKY7 genes by using the Clustal X program. (A) Z/WRKY3 compared with ZmWRKYS52
and SiWRKY?2. (B) ZiWRKY7 compared with TaWRKY79 and OsWRKY76. Red box indicates the conserved WRKY domain. Red dot
indicates the Zinc finger motif. Zj, Zoysia japonica; Ta, Triticum aestivum; Zm, Zea may; Si, Solarium lycopersicum; Os, Oryzae

sativa
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= WRKYS A4S 222 o 48492, 1702 bp o] o] A
WA S ZWRKY3E, 975 bp Aolo] £ WA wHe
ZiWRKY7= tg ™ 519 tH(Fig. 1B).

Z)WRKY3, ZWRKY72| phylogenetic tree &A1

N

&) Bl 750 4 o2 AEE 9] WRKY-A1 4
52 NCBI GeneBankof| 4| =33t th5, MEGA6 Z = 19 <
o] &-3}o] Full-length WRKY-3-A A} A ORFHEEL 7| =
of 7150 &alX thE AEE59] WRKY family-§- 25+
E498}91 tHFig. 3). ZIWRKY3, ZJWRKY7 ©] 2] o] &= ZjWRKY2,
ZjWRKYS, ZjWRKY4 G- A= B & 31 2|7t 2 o Lo
A= oM @7t A8 % ZjWRKY3, Z/WRKY79F 2418 2]
kgt 1 Aa} ZIWRKY7-& TaWRKY16, GmWRKY13,
AtWRKY 18, AtWRKY60, OsWRKY76, AtWRK Y402 3 5}5}
o] group I1of| <3t A& 918 4= 21213, ©] group 1o <3}
= S S 4 2EYAG4E AEY A 5ol §Eg-oh=
7202 5 1% 9 THL. Chen et al. 2012). ZWRKY3-S- TaWRKY],
ZmWRKY52, TaWRKY17, TaWRKY27, NtWRKY 1, OsWRKY33,
TaWRKY13, TaWRKY 18 &3} group Illo] <3+ 21&
18k 4= Q) % th(Eulgem T et al. 2000). ZjWRKY3 2} 722

20| 438 TaWRKY 1S 11-&, =3}, AR AEF Ao H]—%{)—]_
I A H S W ARAE Aof gl LH**2 LHebd o}
I X 3 = ¢ cH(He et al. 2016). Group 119} &81+= F- AR &2
olg] 7HA] 87 AE g Ao o sl §H-3-5F Gl 0w A ZAE
Z2o|E Hofst= Ao 2 B uE QI th(Heetal. 2016, Ogata T

Group llI

AUWRKY 44
7

AWRKY 42 Grou p I I

AWRKY 31

OsVWRKY 76

AWVRKY 40
AWWRKY 18
AWVRKY60

TaWRKY 16
GMWRKY13

ALWRKYE2

TaWRKY 11

AWRKYS3 /

Fig. 3 Phylogenetic analysis of ZjWRKY in context with other
related WRKY proteins. The bootstrapped tree was constructed
using ClustalX and MEGA 6 software. Red box indicates the
ZjWRKY3 and ZjWRKY7

etal. 2015).

ZjWRKY33} ZjWRKY7-& 3}1} 9] domain: 3E§H5}= H]
2] 7}7h<E subfamily o] <8}A] gk ofn| Ak A H-& B w5
A3} A A o] 20%0] E3}slth WRKYZ-S subfamily-9-41
A A)ge] 15} 3ol A Eeluolo] ofa) sl A7)
i, olgfR Mgk Qs 24 7] Fol gt A 4= gL, o) g
gk apo] wf ol F- A g o A MBSk A A 0= o
A= T (Eulgem T et al. 2007).

=

9|3+ Z\WRKY3, ZJWRKY72) &

=

WRKY = &5 874 9] 415 & Adsh= AARRIARE KL E]
o] Qlth(Eulgem T et al. 2000). S#tt] ol A &2 $tZWRKYS3,
ZWRKY7 % o|u] H 1% Hie} Zho] ShA A E g Aof ool vE
golns AT SAT S B e ok T U 054
o 4 7B 278 A Lol 5] 425 2 A Aol
oh E3 7434 @ aovte] FUHE o] R H T}
(Kim 2005). whebA] 12 Lo M= %1 & S-8-of| a5

RS 710 ® SAY oA &2t ZWRKY3, ZJIWRKYT
o & AT A2 @ O) 2 oA o e & A7
AT} ZIWRKY3E A& A 2] 324K 7 7HA] A &4 0. &7 F7}
sto] 245 7|2 o2 o] oF 4ulf S}kl AL, Z/WRKY7
S AZ A & 270 & IS HolA] gt oLt 484
oA 245 7|0 & wEo] oF 2uf F715}S th(Fig
4A). A zof gk Bk &4 517 Sls 2ot s Uk A
£ X 0] =mannitol-S & 2|3t A1} Z/WRKY31} Z/WRKY7-& Z}
ZF 2A17E, 8A 7 Sof ke o] oF 1.5ul F-7}sh Gl th(Fig. 4B).
ol ek 98- ZIWRKY3-2 24| 7t $-of @ o] oF 2uf F7}
SFLaL, ZIWRKY7S 88X 7k3-of ¥tdl o] oF 4uff F7}sloith
(Fig. 4C). Z/WRKY3, Z/WRKY? B5 A& ~Ed A2 22 q)
= W A|Zko] Aof] wheh Whdl Fo] F 718t St ZIWRKY3->
A%, 4 AEH A A A 2A17F Fof| HEF o] 2% F7) 5}
WAL ZIWRKY7& A%, A S EE 2 A2 A A 7 5o Wl
Oko] S7Veteieh & A= ZWRKY3, ZjWRKY7 B A2,

Az, 49 A4 Edo] F71gt At oln] A
WRKYS’—]r U A AEY LY Aol 7T Ao
2 A A=t} E5] ZWRKY3-2ZjWRKY7 2.t} wh2 A| 7hof dt
o] S713t A o= Kol ZIWRKY30] S A E g 2o T
TR LS T AR AAH T ZWRKY70] A%, A &
Ef Ao A B g S-S WHES o] o oA = =5
71 Z 8.5}

SR oA ek B2 5htel 24 2 large patch)
9] W ¥+ (Rhozoctonia solani)®)| )3t ZiWRKY3, ZiWRKY72]
3-8 Z AT R solani * 2| gt AT} ZIWRKY3-S A
2] &35 e Frtoto] 4 o 2 7| o2 o] oF
254 F7FeFA AL, ZWRKY7E- A 2] 3 2| &2 0 2 F-7}35}0]



226 J Plant Biotechnol (2017) 44:220-228
(A) (B ”
A ZJWRKY3 ZJWRKY7 ZJWRKY + W-box|  Empty vector Positive control
6 3
% * P1
4 s | 2 ‘ )
SD/-Leu
9 | = = 1 i—i P1
i P2
o l 0 i ZjWRKY W-box
Oh 2h 12h 24h 48h oh 2h 12h 24h 48h © ZIWRKY3
B ZjWRKY3 ZJWRKY7
2 3
. T . SD/-Leu/AbA
2
14 %
1l
05 - |
0 - = | 0 ) w1 w2 w3 W4 W5 W6 W7
¢ 1h 2h 4h 8h 12h ¢ 1h 2h 4h sh 12h
Zjchil promoter
C ZjWRKY3 ZjWRKY7 P Po
= 8
®
5 6 T Fig. 6 Analysis of the W-box binding activity of ZjWRKY
4 using a yeast one-hybrid system. (A) Schematic diagrams. (B)
1 - » | Positive control. (C) ZjWRKY3 bind to W-box (P1, P2). (D)
B i Z ZjWRKY7 bind to W-box(P1, P2). (E) P1, promoter region 1.
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Fig. 4 Expression profiles of Z/WRKY3, ZIWRKY7 under treatments
with 4°C, drought, salt, in zoysiagrass leaves. The ZjActin gene
was used as an internal control for gRT-PCR. The Y-axis indicates
the relative expression level; X-axis indicated hours of stress
treatment. (A) Expression profiles of ZjWRKY genes under cold
(4°C), (B) drought (100 mM Mannitol) and (C) salinity (100
mM NaCl) growth conditions, respectively. *(P < 0.05)

ZjWRKY3

ZJWRKY7

5

> & & & & > & & &
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Fig. 5 Expression profiles of Z/WRKY3, ZjWRKY7 under treatments
R. solani in zoysiagrass leaves. The ZjActin gene was used as an
internal control for qRT-PCR. The Y-axis indicates the relative
expression level; X-axis (1, 2, 3 and 4d) indicated days of stress
treatment. *(P < 0.05)

3AREH AU G R S7Ist] g2 7o 2 Y
o] oF 354} 715} th(Fig. 5). R. solaniS %] 2] 3+ Z 1ol A =
ZiWRKY3, ZWRKY7 3.5 28 oFo] 27819 11, £3] ZIWRKYT
S ZjWRKY3 B8l A& Fo] of 104} o] 4 Z71sh Tt ZIWRKY7
A5 A 0] 71 =2 OsWRKY76-> 1 = & i of] ofj gt 1 4
of 8% A4S = Aoz HiEo] glth(Naoki et al.
2013). whetAl, ZIWRKY7= ¥ A3 WAUZNA H% 5
[ TS I AL E A S

S20IM ZWRKY3, ZWRKY72| W-box Zg 54

AlE WRKY = -2 Hro] o 54 21] 2 2 1 E of A TGAC
coresequence S ¥ 35} ThaFE W-boxo] o -2 2% 21
3t & ZE=rH(Yuetal. 2001). $FA =33 & 4] A 3o
A ZWRKY3, ZjWRKY70| ¥ et ol o) Hd o] 7= =
73S Btk wheba AP FHAAE Yol X zoysiagrass
chitinases (Zjchi) 2] promoter | & of] Z 2| 5}= W-box 2} ZjWRKY?3,
ZjWRKY79] E0]# A3lof tfj 3f yeast one-hybrid system=- A}
4510 K435} 9t} Prey vector?] pGADT7-AD vector2] GAL4
2795t =] Q13 ZIWRKY3, ZIWRKY7 + 1A+ fusion A] 7]
T Z2Y slo] el o) 18] 3l Bait vector?] pBait-AbAi
vector 2] Aureobasidin A (AbA) o] A &}4-& L}El = AURI-C
2} zoysiagrass Zjchi -3-71 &} promoter 2] & 2] W- box(TTGACC)
£ 2G5tz 2F 400 bp2] A FZ fusion A1 & S 21 513
t}. 18] 17 Yeast strain Y1HGoldof| & 2 A3} 8} ¢} Ao}
7] AbAE -8 SD/-Lew AbAH] Z] o] A =pGADT7-WRKY3/WRKY7
I} pBait-W-box & o] & A -out amrt 54 skl
Y of| pGADT7-WRKY3/WRKY7 T ¥-& 7 2-2} pBait-W-box
w8 9] BR} AR SoheS SHeIT 4 ek
S QY 22 AFS H pBait-AbAi, pGADTT-ADTF 2. 7
SIAE R F A5 GOT, AbAS HA S o
oz o AL B B} 2430 Fig 6)
ZiWRKY3, ZIWRKY7-S S7+t] o] H591R. solanio] ©]
3 & ol S7ksk oW ZjWRKY3, ZJWRKY70] ¥ A4 /4
TR} Zjchi 0] & W e W-boxol| Aggt A 7k= ZjWRKYS3,
ZJWRKY7°0] W A+t Q1A 5lof FARIAL= WA g 4
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