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Miscanthus EST-originated Transcription Factor WRKY Expression
in Response to Low Temperature in Warm-season Turfgrasses

Sung Jin Chung, Young In Choi, and Geung-Joo Lee*

Dept. of Horticultural Science, Chungnam Nat’l Univ., Daejeon 305-764, Korea
(Received on November 09, 2013; Revised on December 08, 2013; Accepted on December 09, 2013)

ABSTRACT.

Whole genome transcriptomes from Miscanthus species were sequenced and analyzed, which

provided 50 different types of transcription factor (TF) involving various developmental processes or environmental
stresses. Among the explored TF, WRKY gene family was the major type and one of the WRKY genes,
MSIR7180 WRKY4, induced under low temperature environment was selected to investigate how the Miscanthus-
originated MSIR7180 WRKY4 TF responds when exposed to low temperature in four warm-season turfgrasses (Z.
matrella ‘Semil’, bermudagrass, St. Augustinegrass, and seashore paspalum). The MSIR7180 WRKY4 was
expressed higher during low temperature period in Bermudagrass, but the expression was enhanced in St.
Augustinegrass. In contrast, the gene in ‘Semil” cultivar was barely expressed and relatively less expressed, but
repressed gradually in seashore paspalum, which seems to allow two turfgrasses stay-green longer in the fall season.
The results indicate that bermudagrass and St. Augustinegrass adapt to low temperature quickly, but relative
tolerance to low or cold temperature at the molecular level needs to be further investigated at different physiological
stages and the corresponding genes systematically.
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M = 3L gleom, XSt A o] AeF 53] AEFolAM &

5] e ALFE HIEI T Wang et al., 2010).

ZAA}Q Ax(transcription factor; TF)E= 5013 A7 ES ] J7H4] deizl o8 AL AEL 77t o)A e
7HAAL 9= DNA A% @2 54 f427F mRNA - 7]5& 2olal gle 2R defith dAkes bZipe A
2 ArtEe HH T A Z2RE FeoA A8S E3F Y HAESH AsAE e wawAo] #ost
27 e deisto 2 AEA Y wE e oy &7 =4 —O] ABA (abscisic acid)ol] ¥Hg-sl= FAAE2] 2
adld g vhgS sk 28-S o}% Ao dHx ARRE-S FXleke 210 WAL E|Qlth(Jakoby et al., 2002).
2 THChen et al., 2012; Latchman, 1997). A& A& 7 & & 7&5}&} AE AR A AR £5HE MybS
o AGRAEE A A o WS AN ASE UV A, 4 A AE D WA SEd
delA Jeom shie] ArrassEe A B %Ol k7] 2ol Wigeke ZoF HAEAL 9Jtk(Cai et al., 2011; Dubos
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ol EST Au A2 ZAke4 WRKYS| WAE Zitje] A2 U wheA 369

WA - 2Hgo #ofdte AEo] v dEA ok
(Chen et al.,, 2012; Tang et al., 2005) OJE2 ¥EHe=
A5 A2 f9IE Blolu a8 e sdlE f2E o+
= AN o T “ﬂﬂ‘ﬂ S 2 2ol
Hofste oy S Agete] 1 7S P Ee
JAAezA HEAle] HEHE wole &S I

(Gao et al., 2002; Qin et al., 2004).

UAE At 27-35°Ce] 2% WA Y3 H5S
Hole Ao dHAAY £ B ZE7HE
3 Hed oj=

ALY Alo] o}F kil seashore paspalum®} bermudagrass
7V SRR, 29a AAeR S EXY7E =2 A
© 2 d#H A tHDuncan and Carrow, 2000). AT+ ©] & &
A5 Zjo A A2 RESAAH dEs FAHRE gE 2
FEE ‘ﬂff}c’fl ujekst ol o] AT G714
ARE S AdA F44 AE7F FH R 1
7@:]01]/\1 443 SAHRE L3 4 QS Ao
HtHDuncan and Carrow, 1999). AAZ 2] H|W
A AFE S A F2IF BEsEAY A3
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et al, 2011; Thomashow, 2010).
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NgH ME Y XNz
B Qo] ol g8 HEAL FdSmd £7 TE

ol B HAY Y 4% [fh 53 whlE
A “"(E}%W TFEZ, Zoysia matrella), bermudagrass (=
3%, Cynodon dactylon.), St. Augustinegrass (F]=F =
Zlobeh st %,
paspalum (P]=7 ZA|oF Skl 2%, Paspalum vaginatum)]
< ol&sto] AT TAE ol-8-8t] HAAIZ] Seashore
paspalump‘ ALl = FUA S o] &3l =2 }MJ_ &
E]QN x7qoﬂ,\1 15 cm x17:1_4 g}_,_oﬂ,\{ 47H 2] o]}\]- Ag
ﬂﬂr’\]ﬁ 3] A AEAE ol&shith 249 sk
o A 47 452 IHZHE RNA 55 9
9 AEIR 7 10°CE BT K6 B 8
1,3 2L 5 IApel 2
HS 213k RNAE &
N Aol 2 FA3

Stenotaphrum  secundatum), seashore

=

SAAPEE o] 8o} A& BT F RNA E49] o]
S e 2He BE 2AS YEL(S0C)0] B
ssich.

A HAtAo| EMMIL &

2 A o]&H Z“H’L Lo A eh o] s A&
9] shuel A EST (Expressed Sequence Tag)ollA] =2l
S THKim et al., 2013). &M (Miscanthus sinensis)<t

EAM(M. sacchariflorus) 252 A3} #5173 (thizome) =
F-E] RNeasy Plant Mini Kit (Qiagen, Seoul, Korea)S ©]
43te] & RNAE FZ3 H SuperScript I (Life
Technologies, Carlsbad, CA)Z ¢cDNAZ 33193, Roche
GS-FLX 454 9714 <€ #4171(Roche, Brandford, CT)E ©]
gt A7IME RS FRET T 409 JA} EST
AN AMERE 2H2F A3 Ashd 2A)olA gRE
DNA ©@¥H ZZFE-2 GS de novo assembler (version 2.6)
£ o] &3t FHAe e A S 2% ATk contige E
Az sk

GS-FLX H7IM<E #4FAE &8 NGS 4= 5
af Strgk oA 3 A8k ] EST tlo|El= dlolEu] o]
2= 714 (http://www.phytozome.net/)2 E3l| o 717 th <} H
oA B8Rl FHAE 7122 oA EST |71l i st
annotations T8ttt A AAbEE Q4 42 Jin
et al. (2013)°] 7St Plant Transcription Factor Database
v3.0 (http:/planttfdb.cbi.pku.edu.cn/)oll Y= HolE Hjo] 2
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Table 1. List of the identified transcription factors from two

Miscanthus species.

Transcription No. of isotig’
factor MSA MSA MSI MSI Total %
family leaf rhizome leaf rhizome
WRKY 55 48 83 40 226 9.6
ERF 43 66 54 49 212 9.0
bZIP 30 25 93 31 179 7.6
MYB related 58 51 32 20 161 6.8
NAC 40 32 56 28 156 6.6
MYB 25 39 40 34 138 59
bHLH 36 30 43 11 120 5.1
C2H2 38 21 27 26 112 48
ARF 18 31 23 21 93 39
TALE 9 20 22 25 76 3.2
GRAS 16 17 25 17 75 32
HSF 8 17 18 27 70 3.0
HD-ZIP 9 22 11 17 59 25
GATA 11 13 11 16 51 22
C3H 22 8 9 10 49 2.1
CO-like 14 5 18 7 4 19
CAMTA 4 10 20 9 43 1.8
Dof 6 15 10 7 38 1.6
MIKC 9 8 11 10 38 1.6
DBB 14 6 9 4 33 14
Trihelix 6 11 8 8 33 14
QG2-like 7 9 10 6 32 14
SBP 4 7 5 10 26 1.1
ARR 7 6 6 6 25 1.1
B3 3 5 9 6 23 1.0
LBD - 7 6 9 22 09
NF-YA 3 5 4 6 18 0.8
HB-other 2 3 6 6 17 0.7
EIL 5 2 7 2 16 0.7
NF-YC 4 3 5 3 15 0.6
Nin-like 4 3 7 1 15 0.6
RAV 7 - 5 2 14 0.6
HB-PHD 3 3 5 2 13 0.6
BESI 2 3 3 3 11 05
GRF 1 1 4 5 11 05
FARI1 2 1 4 3 10 04
NF-YB 1 2 3 4 10 04
TCP 3 4 2 - 9 0.4
AP2 4 1 2 1 8 0.3
BBR/BPC - 3 1 3 7 0.3
GeBP 1 2 3 1 7 0.3
NF-X1 4 - 2 - 6 0.3
S1Fa-like 1 1 1 1 4 0.2
SRS 1 - 1 2 4 0.2
Whirly - 1 2 1 4 0.2
CPP - 2 - 1 3 0.1
ZF-HD 1 1 1 - 3 0.1
\Y(074 - 1 - 1 2 0.1
E2F/DP - - - 1 1 0.04
YABBY - - 1 - 1 0.04

*MSA: M. sacchariflorus, MSI: M. sinensis.

LIX|& ZIC|9] WRKY FAIR4Ao| £4

A AALRAE BAE Az WRKY family7} i)
of 2 3t Z7]A e BRE T/ T MY =
S HIER E3(9.59%)30 3L, AL 2EH 20 2 E9]
oy 7]zt Hogitte AME 2AR 7 AN e o
2 A o] AL wkbgo xto|E dopry| st
WRKY HALe &S o= B4 s =3l

ZH] WRKY f-37ke] 971492 A transcriptiom
Alg Fall 4ozl EST Ho|HEFH plant TF DB(http:/
planttfdb.cbi.pku.edu.cn/)oll U= HIOlEE 7122 °F 230
o37fle] WRKY family$} 354 S Hol= isotigF-H &
B3tk 2 5 <F 8099709 isotig7t Al-&-ol wWhS-Ele=
WRKY family$} 52 4548 Hole Zo= IR
ok 8097l 2] A} isotigell Al Aolxl F7IME HREL
BLASTNS ©]-8-3o] NCBI databasedl| Al A 25 E
F} B 22593 ClustalW2 (http://www.ebi.ac.uk/Tools/
clustalw2)& ©]§3te] oA A=A A FEH o2 e}

= 9714¥ S 71%=E degenerate primerS T]A}15}S
THTable 3).

NCBI databasecl|A] ghH.gt ofg] 2]E4]¢] WRKY family
A= 413} phylogenetic treex= BioEdit 42X E ¢ o]
(V.7.0.9.0,  http://www.mbio.ncsu.edu/BioEdit/bioedit) 2}
Molecular Evolutionary Genetics Analysis (MEGA) A&
EdoJ(v.5.2, http://www.megasoftware.net) (Tamura et
al., 2011)E ©]-8-3} neighbor-joining methods.Z 243
3} tH(Saitou and Nei, 1987).

WRKY HAteaol Z| X2 8SYd 24

A 2(10°C)ollA] Fe] WRKY AALQ Ao WE fAke- &
ol 7] 915t 4% Y (100 mg)ZH-E Hybrid R
(Geneall, Seoul, Korea)E ©|-8&3}] F RNAE FE3I%
th. =¥ RNAE S$3EAE o|&ste AFste] Waal
(-80°C)ell H s}l ALE-3FAT} RT (reverse transcription)
PCR2 Takara RNA PCR Kit (AMV) Ver. 3.0 (Takara,
Shiga, Japan)E ©|-&st A|ZAF AREHIHS Wt AA|SH
A3, NCBIO| F7HE o] = =3t (Zoysia japonica)
beta-actin (GU290545, 1134bp)S 7|02 Al £
A Sl B AeHE 2F o ZRE EAlE A9 WRKY
AR A~ (MSAL314 WRKY33, MSAL1702_WRKY33,
MSIR7180_WRKY4)°] <l w&@Azto|E ZASIAT
(Table 3). DA FS ZALSH7] 918 SXH Actin 32+
salo]m Actin F: 5-ATG GCT GAC GGT GAG GAT
ATC-3’, Actin R: 5-TTA GAA GCA TTT CCG GIG
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Table 2. Miscanthus WRKY transcription factors responding to low temperature and their corresponding homologous genes from

Arabidopsis, rice and sorghum.

Miscanthus

Gene annotation”

. a A. thaliana 1D O. sativa ID S. bicolor ID

isotig No. Arabidopsis rice
MSAL isotig00314 AT2G38470.1 0s05g27730.1 Sb09g015900.1 AtWRKY33 OsWRKY53
MSAL isotig01702 AT2G38470.1 0s01g61080.1 Sb03g038510.1 AtWRKY33 OsWRKY24
MSAL isotig01948 AT4G23810.1 0s09g16510.1 Sb02g022290.1 AtWRKYS53 OsWRKY74
MSAL isotig04544 AT4G26640.2 0s07g39480.1 Sb02g037660.1 AtWRKY20 OsWRKY78
MSAL isotig05174 AT2G46400.1 0s09g16510.1 Sb02g022280.1 AtWRKY46 OsWRKY74
MSAR isotig05845 AT4G39410.1 0s01g08710.1 Sb03g003640.1 AtWRKY13 OsWRKY79
MSIR _isotig07180 AT1G13960.1 0s08g17400.1 Sb07g016330.1 AtWRKY4 OsWRKY

*MSAL: Leaf of M. sacchariflorus, MSAR: thizome of M. sacchariflorus, MSIR: rhizome of M. sinensis.
®Genes in bold letter were induced in response to low temperature in Arabidopsis or rice.
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2 94°Coll A 5E7F DNA 7hehe] WA, o]of 253]e ZAA
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3l HH S AA TS dEFh Ao ALusA
S Yol 7] f)ste] ARE-E MSIR7180 WRKY4 ZARS &
o] AMFFNHS-E 9404 527+ DNA 71ee] WAl o]o]
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Fg g e @e] WEl o)F Xshe Asw
Ho] s1¥ #a fARe] 28O oloixu HA}
o] #gel A AL A A Fol B &

Agtsle] G2 WS % (induction) & 9

rlo

2N R o & ol
it

_>‘~1_4
quf L:Q

Al (repression)stA] E k. & Ao = MLl 3 A&
74 A LZFE FHI )] A EST Sho]Heje] =
H f12 AAe 4 AAE st 2 F AS AR
o wre Ao WEste MAIRE 248 AL WA
Q oA wREAto]lE Yolhie S HEHOE STt

HAE Are B 783 548 7L Qo] ey
g A= 1l F85 A9 e ZAHLAR o] &H L 9]

AT A
AdA Type EZ7HA] 57 &
(Kusaba et al., 2013).

BEAAZ gE AALRE 9490 £RE £ 50 2RHE
eSS, 71 % WRKY family ARG A9} #4 Q= isotig
7} 26702 7P @o] WA I(9.6%), THE-O & ERF
AArg 29t BE e isotigZt 21270(9.0%), bZIP HALS
A9F 4 Q= isotigZt 17971(7.6%), Myb-related AL
29} A Q& isotig7} 16171(6.8%), 2] 32 NAC HA}
249 A U+ isotigZ/t 15671 (6.6%) o2 A4S 557
o E3t=| ATH(Table 1).

AN EFH 9 AW AALS A BXE HH BoAE=
oA MYB related A7 7HF 29EI(10.6%)
WRKY(10.1%)2} ERF(7.9%) 5-327F 7L Ths 22 EST
isotiget #H =L, A5 -9 ERF(11.5%), MYB_
related(8.9%), Z2]32 WRKY(8.3%) <co.2 B X3t 3
AN Aol ALE= bZIP(12.7%) FAA7F 7HE B
WRKY(11.4%), NAC(7.7%)=0. 2 X590, X317
o A1 ERF(9.7%), WRKY(7.9%) 28] 32 MYB(6.7%):=2-
2 =7 vehsth Jale 28¥EE CPPe VOZ 4
A= A sl AN FEE O, NF-X1-2 §Hi 2 Slej
A Az TE JAje] FRol whel E2F/DPE A
o] A5, YABBYE ZAel el et #zE= 3
S g T AR, YA D A AR BEE =
AZE gle Ao® eyt olelg AM=E &

U AAkeE A F EE

e g o
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Fig. 1. Five phylogenetic groups (group I to V) of Miscanthus cold-responding WRKY isotigs with relation to other WRKY
proteins from different plant species. Each Miscanthus isotig was shown with a dot and the WRKY number at the end of the isotig
depicts Arabidopsis gene. The WRKY families in the group I and IV in circles were reported to be induced, but those in the group
II, IIT and V in squares were repressed in response to cold treatment (Rushton et al., 2010).

d 24750 2= A ¢ 5 AT 7129 i
AlM e FLg AAE F924l, WRKY, CBF) family
b A& Fo wet 1~197707F4] ohgsiAl Eh v st
i, 9 E], A Ee 5 dEEHe 2R 9wl
, A 2EHAE W9S o 24 HE ddAto|7t 3l
th= ARo] B35 3 Jth(Rushton et al., 2010; Takuhara
et al., 2011).

WAE AAZE §AR FolA ALY o] A" Ao
WRKY AALR AR, wba] B A7 = A WRKY
familyE o 7173, ¥ 223 FFoA 75| B
WRKY FH2=3 vl AAgh Ao} oF 807H2] <A isotig
7} Ao wkgste] Wdo] fE Ee AEE Ao=
UE T, o]52 T3 AL TE UE HAEF 2ET
2> 7oA &gk EF ZHEo] WRKY FAAMS vf$- =
S AL Hole AL gl 4 ) tHRushton et al.,
2010). &A= 80712 A isotig T F7IME Loz} 7}
A A3 sl 7HE =2 A(e-value 715)o 2 ElE
770 A isotigE: AS F YA N7} HelA A
2o 3t wSAS V2R Ao e RS FS

%

o
o] 73 AWRKY4S} AWRKY33

N
(¢

H 2

2 e ddo] FAll dojdtial A ATH(Rushton
et al., 2010). W] 795 OsWRKY793F A -2ojA wt& o]
S7FIaL t2 WRKY family (OsWRKY Y26, OsWRKY39,
OsWRKY45, OsWRKY50, OsWRKYS51, OsWRKYS5,
OsWRKY62, OsWRKY66, OsWRKY67, OsWRKY6S,
OsWRKY74, OsWRKY78, OsWRKY93)= AE T B
F 3 JthRushton et al., 2010).

< ©]8-3}%] NCBI databasedll 55¥ o2

7 E vl ar o714 SR H7IMEELS ClustalW2
(http://www.ebi.ac.uk/Tools/clustalw2) & ©]&3}o] ofg 2]
B-A(Zea mays, Setaria italic, Oryza sativa, Triticum
aestivum, Brachypodium distachyon, Hordeum vulgare)©]
A7IME AEe} FAME A4S 918 alignments T3 g
A} e 2oz BEF 4 AUTHFig 1). ZHA
A" AHE 9ot group 13 Vel 43F= WRKY
family52 Ao 23S o Yol F71= 3, group II,
I, 283 Vol A& WRKY familyS2 #2014 A5
= Aoz 43 FtHRushton et al., 2010). 3 # 20l
Welo] S7HEE WRKY AR A5 Al29 o R RE
AZAR olFate] shi-o] A2 WAdol #oste FdA}
E(oll, AtABF4, AtDREBIA 5)°] T3d& =3t A==

¢
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Table 3. A degenerated primer used for expression analysis of warm-season turfgrass WRKY gene, which was designed from the
conserved region of the reported WRKY4 sequences of some plant species including Miscanthus EST. The zoysiagrass Actin gene

was used as a control.

Primer name® 5’ to 3’ sequence Target size (bp)
MSIR7180 WRKY4 F CATCAAGCAGCTTTGGCRAG 200
MSIR7180 WRKY4 R CGCCATCTRTAYCCATCACTC

Zoysia ACTIN_F ATGGCTGACGGTGAGGATATC L134
Zoysia ACTIN_R TTAGAAGCATTTCCGGTGAAC ’

* MSIR: rhizome of M. sinensis.

Z Matrella ‘Semil
30 5D

Bermudagrass
C iD 3D 5D M C 1D
Ty —

D.BKD% —— —

Z.oysia_Actin ” — — —

Seashore paspalum

St Augustlnegrass

M SD ,5D "M Cll} 3D 5D )
UBKb-> W —— <«

Zoysin__-\ctin“ — m

Fig.2. An RT-PCR analysis of the MSIR7180 WRKY4
transcription factor in four turfgrasses in response to low
temperature (10°C) for 1, 3, and 5 days treatment. Zoysiagrass
Actin gene was used as a loading control. The arrow indicates the
expected size of the WRKY4 gene.

|

O

stola F904 A9 4 AES Sl(Chen et al, 2012).
d2E zre] A H&%*é—g: Hlasly] §lste] Frhe
2 Ak 4712 FA Y )] MSIR7180_WRKY4
32 (Fig. 1 group IV)e] LS A2(10°C)olA =EA
2 5 ZAVSFATE. MSIR7180 WRKY4 -2 of 714
oF HloA A2 A7 F o] FUtEE AoE 4R
3L Y isotig7t ©]E frAAbe} Aol EoF FYE A
O 2 7¥FE o] WRKY49] °ol&2 B tH(Table 3 and Fig.
1). MSIR7180 WRKY4 A= %04 Afe] Aakd 3 ol
A RE SRIE A, Al olA E1E H7IME FrE o
AA gl AL Bk AaL of 71 9 H ot s
’go] ol Aat el A7IMEE o83t blast A S
AA|ste] Zatolw| | 2HE A& THTable 3).
MSIR7180_WRKY4 -37+8] Wl 2 4714 HAE
oA E4dFom g veuth HEtadise A
2717k FF frAzte] ol & Aole HolA] kot
H A (F7E )M e =& 43S Ho|il YU,

F%(Choi et al., 2013)
v oF3} A th(Fig. 2). 4 St
Ay

T, WS Sl Aolxl Al F
<A77 W ZE o fs
Augustinegrass= 3% FF Mol F xpo]7t §l
5AAFE EEo] Skl
< A x71¢] we]
Wk ol A%E {58 &
Augustinegrass= A2l =ZE A0S
= 4

32, ¥HHol| Seashore paspalum
Sl = ofeli A= kS e
&l

A

A2l Zsate] FH Ee A2 e Ho|A gk A
Aoz F7t)e} Seashore paspalum ] A WHS-
x| 2HEo] A oR =2 o= jMd & AUt
2 Aol AR W7 GAE Y BE A2 o

Els ‘HHO 02 A e GAE zd viste] A
Aog o} 2 Af Ao zs A2 digh WA
< dAdtstrlol= F27F o] Bl AR Szt R/
FollA M A2 ST 7R FH A7) 7] vl

_|

2 QY FAEE AS MSIR7180 WRKY4 5-7Ax}e] A&
HEgAg o] wol FRZIYe] =ojA= A #HHo] o B

th wEbA] A 7] 7ke] AR FA EHHA WEHd ol
S Y FF59 MES $I8lAM= Stay-greenol] #osl=

s WG

[‘2

o

FA2Hl, Ossgr), Aol Wgate] 2&8HA AE Ee=
24 AEsstg o g A8 ste 7]31‘01] Sanshl
A2k, LEAYS 3 A2 280l #oshe & e $HA
21, ddRA)E FHH o= iaﬂlsHOl: & dart 9l
o e ti(iang et al, 2007; Kusaba et al., 2013;
Thomashow, 2010).
o oF
v =
ol AAsks MM sinensis)SF B AWM.

sacchariflorus)®] 3 A7 22 ESTZHEH F32H<]
ArE 2dsks AAba s Gaste] A 2o whg-el=
AZE FEstal FAE el A2 jEg-9] xfol& 2
ol 7] 98t & AFE AT 4 A 94"
Arzd 948 /e T 50 T/FRE UEHL, 2 5

mﬁ :lo

F
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ol

83K - YA - olF

% o2 2= WRKY FAAES vl A sk A3
80712l A isotig7} Aol w3t LA F=
A g = AoR YRt 2 F of 71 Tel HoA A
2 Ag & ddo] FrtEE Zer &
MSIR7180 WRKY4 A5 t)do s 1 ddgdS =
Abgh A3} Witz e v ol A & HlszskAl A7)
7F B9 = fAAre] HHS BN, FATN(Z matrella)
7re] wujE Bl doizl MY FE52 A7 Y T
o] n|oksld . St. Augustinegrasse= 3Y FOH H| WG
o} & 2pol7} it sUAIFE] W&ol F713819 3L, Seashore
paspalum> A g] Z7]of] Wdo] Eoprt A7t g =™
Al oFsl| A= AES el o] AR vFo] & o ¥
thze 29} St. Augustine grasse= A2 HHS-AJo] A5}
< FH)SHAI T F3E] 9} Seashore paspalum-S
o] o] Zalo] A o8 =AMA] FAEE A
AtEe] A2 AgS A% = thE $HaRle] &
S A0 2 AAKY. FA 7|7ko] A gy

(e}
M=
F2o) Le PaNE O we fa4 2%

_I_IN./ oL

o]

Bl B oo [o (B & o

e o O Hi

F20{: DNA 2% @id AH2~Ed 2, RT-PCR, &
AP WRKY 54 =}
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