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9th.  BLSATE:  http://www.ncbi.nlm.nih.gov/BLASTOl A H < 7hsaitt. o] ZRIa:WE o043 M9 454
vl 3 HPH-S http://www.ncbi.nlm.nih.gov/BLAST/blast_help.htmlol A &1& 4= Qit}.
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Sambrook et al. Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press(2001)ef 7l
Al o] At

o] A3k TrwEe, AEAY] £ 29 A GhANA SRR o] &= oud A% o] &

S o9don, oE Bo], SP6 TEWEH, T7 TELE, T3 TERE, PN TERE, S55o fuFE
ZeRy, AgZey 2Aola ulolz A (CallV) 358 TREE, w=Zd WNetolAl(nos) TREE, JIYE 2}
olZ whol| 2 355 XEWH, FriawQl whEdEE vpolels ZRRE, FHy dRS RE dole]s X
RE, HERQ -1 50X o]E st2EAdgtolA]l A& AHFEE(ssRIBISCO) O] FfEd ZRRE, o
APl EZE ER| QAN HOlE o|amelolA(TP]) ZREE, oAl ~e] ofdd EAY T HAEN T elo}A|
(APRT) =Z2RH, SEIQ XElolAd] T2 HE 2 BCB(blue copper binding protein) TZREHE X33},
7P vi A Sl W] A ZRRE= BB ZRRE.

=)
=

2 d o] urgAe Fdde] mEd, 2 b Agtel 3'-wwhe] ZEjotdldstE oAl &8 A A1d
Age otazuteEls FulIA s 2y AlElobA] FHAEREE folE Z(NOS 3' end)(Bevan et al.,
Nucleic Acids Research, 11(2):369-385(1983)), ¢}1ZwrH 2 FHIle]dxe] SETQI AEfolA] FHAZ
FEH fFaE A, EvE B Ao ZREokA oA [ e I fHAke] 31 2w -, CallV 355 HHdlo]
B 2 0CS HuUlo]E (octopine synthase terminator)AES Egsth. 74 npgkdsiAl= 2 Iy A3tsh
ZYoluldstE of7|A7]E 3 - Z8] A Alad A E2 NOS A Eoltt.

Aemoz, 47 Wt eXe B TAdde % p-2ETRUTHDE IPsE FA4E T4
o gwavh.  me, Bodyel vEE A8 5424 A derteld, Aa, shtviela, =
Ae|ivhol 2, shol1mvteldl §) mE AZA(el: vhaE) WA FARE: Werkoldl E2EEULTeholy
(npt 1), Go]Lznjolal ExEdss ol (hpr), 5)% e,
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o) v A Fdde] mEw, iyl Asdds A
Uzl ot

B oA go] “plo]ldg] WE” = Ti(tumor inducible) ZE}Aw|ZoA o]Fo] FHQ3 FE]
border)®} RB(right border)& 7HAe Eet~n =9 Bl FEAQECEE &7ivd a3 fAAxE 7H &
Zgansgs F IR o] 2 WEHE Wit B dwol FAHAIE oluzutg gl B we Ay
SUQEE AEe dde] A3k FloldH o= Folgtk Fil, 53] & WA A& 3

N
Y 7#FEE A olagvty ee FHuA| Al A~ (Agrobacterium tumefaciens) AGL1©
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!
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2 o] Az AEE ofa2dH g Rel =Yste WS PRl Al TAE v HHE T AAE F
gom, o= W UAR F=ZAH(particle bombardment), 71T (electroporation), & A
(transfection), @lEFolMElo]E® (lithium acetate method), H¥ZFZW(heat shock) & F5-s]*H
thaw method) Fol ew, 7 vigtAsiAl= W5-3" ¥ (freeze-thaw method) < ©]-&3Hc}.
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2 5 e dE o) fwbel st AR FAABNL S A, oprutH

AFEE 2= 9J o (Chilton et ai. Cell 11:263:271(1977)), A=A 9lgAd ZalFZ

NS x3eA % HEHE olgde AdE H7|H-FTH(electroporation)

A AES FAHAINAZA 5 Jh(lorz et ai. Mol. Genet. 199:178-182;(1985)). SIE=

HEEE A8 AXUE =
o], T-DNA ¥

A=A (microparticle

o

)

H
bombardment), Zzlolgl@ Z2]= A H (polyethylene glycol-mediated uptake)S o]&3 4 3},
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e
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= 53] A 5,004,863, 5,349,124 % 5,416,011 Z). FAA=
Al

Eib EA4E e m Aetel JER WEAY 9

|A2~(Agrobacterium tumefaciens)® 2% A|XY Fx} 5& #FAA7]= WHo|g (= n|gt
Sl Al

B oA, S0 ARG & A4 AZRY o 443 AERZ 28T - A% AE, AE 24
ECL N § e LERIOE Elt
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AA -
A R RE

(3

29 wab9 21E (monocotyledonous plant)< &
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H a
#49 & Qom, 53 EriEsh go
N

JHo]l H8E 5 e 2
plant) =& W, B, vy

E e Az e A Asst 349 2k -
AgHe A% 5o 488 4 2 wE xe)d ~Ed s e AL kot © EFAo.  wpeH
s, B oddel we W, W, wel, $55, 3, 44, U, B, A9 % £48 L@hE 4F 4BF of
SIEAZ, WE, P, 3, W], EvhE, Fu, ool uiF, @e), o, b, 5 ¥ g wges A
A AER QA W, Bah, WA, AYER, ARES, 571, 9% 2 fAE TPes S84RF Ahd

. A Ry

WO, B, Bl gobel, %, f4E, 7, AT, 47 % vhhe
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2, obgelnt Edad 9 dAudeel1e~E ¥ete ARAERE 7AW ToRRE HUd: A%
(e} 1
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. AE J¥gE wmE Ut AZRs2 R AEAY] Ud T AR = TS Zddel 2 4y A
Atk ofmEurElElel g3 =dE Y FHAE Toee AEAY dY e ARss G FxE
W] wel A= ¢ Juh(EE: vstET 53] Al 5,004,863, 5,349,124 2 5,416,011 %).
B owme] nlazdt e w2, B oawe) AEAE W, W ®y, e FoAx, 9, 2 Ag Z
FTE Xehe AF AER ofelEAl, wF, 15, @Y, EvE, Fub Qo] gujE, Fe), sHh
o, Fv g GEs 2eehe A AER QA e, H53h, A, AMgSS, AR, B4, 833 2 A
& Xt 5&4=R AbE, aiur, diEuE, S, ok, 2%, =, 2, AR, A 3 ouhgd
g el A5 A, g e s, Ade, sdlelAd, =3k, g 9 EYS Xt 3l 2 ol
aepe, HEZEY, extEnets, dndst, Eua5 3 ddddee]astaE Edee AARAERE A
H woERYH Mudn. wHu s s s, Y] AEAE QA '@l 53, 3, AMETS, AR,
S, 9T 3 fFAE 28k 58EFolt

a7
2 ige] B4 9 olidE gokstd theF

(a) ¥ AP NIES AL olu]izil HES IYseE wEU QB AE e 7] Ado] A4dd 4
st ] 3 % Z~(abiotic stress) AFdA g ZAE, A

1

= 7]
ZAE] = HEAS AEA, v A AEA AU 2 AEA HAAEY 2B AFAS
= =

A ged sedzel @ ABAe] Aol Frhske] A%
A AgE A5 ALel e FAS Aatol Hsetel Yuele I

ggel HAIE et AL UE
o, AN Fatel ¥ WP 0 A APsuA d. o WA oA ¥ 4P n
How ety A1 Aow, ¥ owwel axol ue ¥ wwel ezt olE Aol o
Al FAAeIA 4 P Aol glelA Ay Rele,

o,
2
1
tlo -
N

Ao

A8 Ag ¢ A9 99

AE A5 ¥ YF =

olg}H) 5 Al 2~ (Arabidopsis thaliana ecotype Columbia) 2 3 (Brassica napus L. cv. W3, A&, 9,
Agak & Bha)) A E 5% AfF Sto|EFETO]E L 0.15% Triton-X 10094 78 E<F W Atsla & A
A3k & MS Z#o]E(0.5X% Murashige-Skoog salts, pH 5.7; 1 % sucrose; % 0.8% agar)ollA] AAA AT,
AZ NS WAA 110 umolm s © ¥ ZE stel A AFAZ F, 16 h/8 h Wike] F75 AL 65% S
FASHE 23C AWE HA AFAFT.  4FH ofgFAIA A EA e 3FH A 2= (seedling) & =
24 H2E Add o] &35,

T-DNA A1 EFQI(AtGSTF2 Salk 086446, LACS4 Salk 140210, 110108, 147467, LTI30 Salk 030173, 114914 X

AtTRXhS  Salk 144251, 144259) M Z Ohio State University(Columbus, OH, USA)¢] ABRC(Arabidopsis
Biological Resource Centre) 258 F+43}t}.

%3 2hel NE 5% AF stolEFEdo]E @ 0.15% Triton-X 100014 3% HF W Atsla FHFE AH 3
S MS Z¥olE(0.5X Murashige-Skoog salts, pH 5.7; 1 % sucrose; 2 0.8% agar)olA AAAIAT. A=

NS EiASl A 110 pmolm s © W Z% oA AWFAZ 2. 16 h/8 h wt:dre] F712 74A I 60% FEES GF
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shiz 23C M obe] How $A APAAH

2Eg2x FHal H ZalF olio]

%9 vho ol, @ Ao Tl AE|ul(Brassica napus L. cv. WIE, AEA, 2, A2k 9
At 37E FA A4S Sl 2hoR Fo sEds Ao olgag. A 24 4% A W

A e AR ARt 5ske] 80Tl Rytstal Aol o] &3t

Zeld mgdel tidk aakE HAES] e, obebulsaAls B oA AEAls et 22 =z x9S
TR 2R AuelA AT o 23604 AR Bt 1T e ¥ 23604 C
-12C7HA AF § -12°Cell A 4rE E9k A wAl o 20l 124

Zad 5, A=Ales A 28T A AWl 25 st *ﬁ%"\liﬁl‘?} 4 B =4 stellx
54 2=olA HA AEA F Hob

S
29 1 AEATIA AL Teden A w4 WA, o

N

olgHl A A~ Salk HZ 5% AF sto]TZEalo]E 2 0.15% Triton-X 10004 3% &<t
2 A3 3 NS =¥ °]E(0.5X Murashige-Skoog salts, pH 5.7; 1 % sucrose; % 0.8% agar)ollA AAA
AE NS HIAGIA 110 umolm s o B Z%E sholA WAL F, 16 h/8 h Wigke] F718 7FA I 65%
S ASE 23T AW ke Fom §A ARART. T AEdsE AR F, LED 08 Lo
Ak &k 2AGA 8AIZE B -1T A W 2o A 1AIRE uity 1CTE WFAA -1CHE -11C7HA
S, S11TCoA AR B A Al F 2304 1247F E9F 4T A, FE=E 2EdZ2 A -, 4
AES A% 230 A% AN 27 S ARAAT. A AF 23 Sl 2% FF FBAN F, 54
Tl AA| AEA F Aolde *ﬁ‘%‘ﬂgl NEES At A2 AFAFS Hrlskrk. A2 25719 A
ASAA N2 SPAoR A WA BRHRAY. v FERLEEAAES dehac,

o

ra

i

el

o,

k]

N olN
=

3

nﬂﬂ fo Mg X (B oz O
o :
Moo

2 E AE
AtGSTF2 Hfolua] ¥E] AF

Fel A9 R o Wdst HAAE oF 20 ngel o714 Col-09) A% DNA
2@ &7 % 1«] AtGSTF2 2gteo]M & &g3ste] P(RE &H3ITE. PR 1 unit9 Ex-Taq(Takara)& ©]-83}¢]
30 AFO]Z (94T 30%; 64T, 30%; 2 72T, 1¥)= AAF o, EEE PR AHELS 1% ol7f= 2o &8

ol
r

ol
2 32

|

PR
o]~E F3&lo] QIAEX 11 A F= J|E(QIAGEN) = 3|43} t}. 53 PCR 9HS pGEM-T easy ®E (Promeg
a)dl Adste] Zkan = AxsPY.  Axd SYgAv=E E Coli (Top 100 954 EdAEo]H o
2 FY% —?m 100 pg/pl®l FIAR 9 40 u] 2% X-gals EFets LB FHC]EoA AEAA EF-FolE
Aelo] ofd] @d F2YE F53Qtt. 53 F2UYE LB AA #wiAdA wjgst EEauEE digeR
@il Not 1 Zﬂfﬂ'iii A8 oAFE A A7IME S T8, gd¥ F82v =71 ORF(open
reading frame)E X35E 860 bpe] AtGSTF2 §AHAE xEgsitte= S st

pCAMBIA 33015 Hind 111 ¥ ZFdy$-(Klenow) EAE g dle] BEHE dr=z = 5 oAl Pu/lg A 85k
2840 bp(pCAMBIA 3301 9 E]2] lacZ LuHE 3 ° sk & 27} grolAle] A (self
ligation)A]Zthk.  BCB A (Blue copper binding protein, CA78771)¢] 1573bp Y~E® (upstream)S-E] 7l
Al ZEAIO7FA ] NEE dast dE ] Feokl ATFas Flo Agssict.  olgA AxH nfojygy] HE
¢} pGEM-T easy WE]o] A% AtGSTF2E BamHlE Pst]1 o2 xg]dte] T4 2]7}A|(Roche)E o]-&3fo] 14Tl A
1242 o)A} Whg A7 AZAS . Ad" WEE £ Coli(Top 10)°] €572 EdAEro)ds B FY3
T, 50 pg/pee) Fhviol S ek LB wiAol A ArEdte] Eehm| = (pBI3301:BCB:AtGSTR2) S A4tskel e
N AKE Bami1 2 Pst]l AFEALE o] 835t s,

LTI30 #lo]yi2] ¥E A=

FAAY] gk BAubH o) Wil Eolx o wWEstE §AAE ¢k 20 ngd oN71F Col-09] A% DNA
9 37 ¥ 19 LTI30 Zglo|wE &83le] P(RE 2R3, PCRE 1 unit® Ex-Taq(Takara)S o] &3}
30 AFO]E(94T 30%; 64T, 30%; % 72T, 13)E AAs¥on, 8HEH PR AHeS 1% op/t2 20 A &2

_10_



[0065]
[0066]

[0067]

[0068]
[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

ZIHSd 10-2011-0043985

ol~& F 3l QIAEX 11 A % 7]|E(QIAGEN)Z 3|F3ltt. 4538 PR @S pGEM-T easy ¥ E{(Promeg
a)oll “0‘6}04 Zyan =g AZ3YT. AP ZSHAUEE E (oli (Top 10')d 4%2 ERATH|HL
2 FYst I 100 pe/we] 4 AY D 40 wo] 2% X—galg X3E LB ZH o EoA AFAA EF-3lolE
Age] o8 dd FEYE 53, F53 FEYUE LB AA Al wjgsle] EEtavEE giFeR

A Nor 1 Aarz A oJFE 3l ﬂaiﬂr QA7IME B Fd, A" ZEAv| =7} ORF(open
reading frame)E X33} 585 bpel LTI30 FAAS ZEsthE= AL 4159},

Ak upe) o), F24d LTI30S o]&3ko] pBI3301:BCB:LTI3NS #|%3}git).
AtTRXH5 vlo]u2] ¥lE] AJZ

FAA A B H 23] WEloA Solxoz WHdte FHAE F 20 ngel W71 Col-02] A5 DNA
2 3}7] ¥ 19 AtTRXHS Zgto]wE #83le] P(RE &W&F.  PRE 1 unite] Ex-Taq(Takara)S ©]-8&-3}o]
30 AFO1E(94°C 30%; 64T, 30%; 2 72°C, 13)= AAsgom, grg PR AHES 19 o7}z Q204 &t
o]~E F &bl QIAEX II A FF J1EQIAGEN)ZE 3]<=sldtt. 453k PCR 9 pGEM-T easy H“Ei(Promeg
a)oll Adste] Egtan =g ARG, AxE FYAU=F E Coli (Top 10')o] €54 Edsxvold

B FYS 5, 100 pg/meo] F¥A™ 340 mo] 2% X-galS FEFele= LB S0l EddA A "E‘T_-Q]'O]——
Agle] oz @ FEUE A5k, 5% FEUE LB AA wiAldlA wjgste] EetavEE giFoR

dal Not 1 AFEALZ A AFE FAAH. A7Id BEAE B, E#el®l ZEk2u| =7} ORF(open
reading frame)S X33}= 997 bp AtTRXHS FAAES Eeh3ttl= AL 3213,

Ae3l vho) o], F R AtTRUSE o] 83Fo] pBI3301:BCB:AtTRXHSE A %8} v},

RAV II H}o]y]z] ¥lg A=Z

Y] Hk BARH 93] Wgte A Eeoldor wddtE FHAE oF 20 ngel o7& Col-02] A5 DNA
9 3}7] ¥ 19 RAVII Zgo|wE &83le] P(RE R3¢t PCRS 1 unit® Ex-Taq(Takara)S o] &3}
30 AFO]E(94C 30%; 64T, 30%; % 72T, 18)2 AA e, grd PR AEL 1% o7f2 20 &8
o] ~Z F3lo] QIAEX II A F= 7]E(QIAGEN)E 3|438l3itt. 453k PCR @S pGEM-T easy H“Ei(Promeg
a)ell st Egav =g AxsGlh. Axzd ZHAvE=EE E Coli (Top 1010 €F34 EREdold

2 Fek 5, 100 pg/we] FIA™H 2L 40 M?A 2% X-galS 33} LB S0 EdA AAFAA E-‘—F_ﬁl'o]——
Aee old] @l FRUE 539t 53 Z2UE LB AA wjAloA wjUdste] EZEAvEE dHoR
A Not 1 AFELAR A ojBz= Fholslaltt. AVNAE BEAS E&, " ZF2Au =7} ORF(open
reading frame)ES X35} 1072 bpe] RAVII F-4xE &3t AL #<¢lslot).

Ar4dt wpel o), F 2y E RAVIIES o] 83} pBI3301:BCB:RAVIIS A| %3} t}.

¥ 1
FRA-Fo 4 Zefolv] ALE.
A Satolv] A PR HA=L7]
)%
AtGSTF2 5' CGCGGATCCATGGCAGGTATCAAAGTTTTC 3' ~ 860 bp
5' CCAATGCATTGGTTCTGCAGAATTTCTCACTGAAC 3'
LTI30 5" CGCGGATCCATGAATTCTCACCAGAATC 3" ~ 585 bp
5' CCAATGCATTGGTTCTGCAGAATCTAGTGATGAC 3'
AtTRXH5 5' CGCGGATCCATGGCCGGTGAAGGAGAAGTG 3' ~ 997 bp
5' CCAATGCATTGGTTCTGCAGAATCAATCAAGCAGA 3’
RAVII 5" GGTGCCATGGATGGATTCTAGTTG 3' ~ 1072 bp
5' ACTAGGTCACCTCACAAAGCATTG 3'

T-DNA 4}9¢] &9l

theo] ZREZ welt HEHT(homozygous) SAWolAES Ha ettt Al T-DNA A4 EdAWolAE
TAIR(www.arabidopsis.org) % Salk Insertional Mutant Databases (http://signal.salk.edu/tabout.html)=
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o FelA A FAES e ARAZEH dolA PR WS A8 AHgEY. =
39S 9%k Zglo]HE SIGnAL iSect Tools (http://signal.salk.edu/isects.html)olA] =|-&3}F
eralitt.  PCRE o] &3lo] TAHE TFHAY EAWAE &lsty] &, 49 HAAe

Lo rr 2

A< (5'-GCGTGGACCGCTTGCAACT-3" ) o] 4 Alo]E(http://signal.salk.edu/tdnaprimers.2.html)el
A F&3ht. olg&H  FHA-Fold  EZgolw] AMEE v Ak SALK_086446, 5'-
TGCATGGAAAAGGTTCATACC-3"' (7 HhHak) el 5'-AGCTGGTGCATTTGAGAAATG-3" (3 H+3k); SALK_140210, 5'-
CTTTCCATCTACAATCTCGCG-3' (8H3F) 2 5'-CGGATATCAAAATCTCAAATTCTTG-3' (9"3F);  SALK 147467,  5'-
TCAACCAAATTCATGCAACTG-3' (7 HHak) el 5'-CCCTTTTCCCTCCACTATCAG-3" (93H+ak); SALK_110108, 5'-
TCAACCAAATTCATGCAACTG-3' (73 HHak) el 5'-TTTCCCTCCACTATCAGCAAC-3' (9 ¥3)); SALK_030173, 5'-
CCTATCTGCGTGCAATCTTTC-3"' (7 HhHak) el 5'-AGTAGCACCATGATGACCTGG-3 ' (9 ¥13}); SALK_114914, 5'-
TAACAGGATTTGATCCTTGCG-3' (8 3F) 2 5'-CGTCATTCCTTTCTTCTCGTG-3' (Wh3F); SALK 144251 2 SALK_ 144259,
5'-CTCGAATCATCTCTCTGTGCC-3' (g "aF) = 5'-TTCTCTTGTTATGTCCAGGGC-3' (9 +3).

PCR-7]wtel %xjx}‘ FX (genotyping)< ExTaq Z#]™EkA|(TaKaRa, Shuzo, Japan)® AASFATE. ¥k =274
< O3 2k 4°Co A SR For WAATE= JNA] WA 25 ALo]Z(94°C, 30%; 50C, 30%; ¥ 72T,
135); 2 72TCoA 73 & AFAI7I= G

RNA 3], Z2H Fx @ olo]7Zo]go]

Mz

K}

1 g9 7|ExAxozRE RNeasy A& 1Y 7]E(Quiagen, Valencia, CA, USA)ES o]&3le] & RNAS

1otk Z2](A) RNAZ cDNA @4 71E(GibeoBRL, Rockville, MD, USA)® o]%F-7}et DNAZ @37,

TFAA a9t FHE AEHAE 98 5WskE cDNA whola R ool 7t ARSE A THEom et al. 2006).
Hodlm o] mlo]gRojgo]= FrFH el FE f-H A (reference genes) ¥ olydl, SAGE 2 SSH(Suppression
Subtractive Hybridization) Ho]E]ZH-E H&E 1,482 cDNA T 2B E X33 TF. FA|= 3DNA o#o] 350
Wd ofdlo] HZE 71E(Genisphere, HatWeld, PA, USA)E o]€3 7Hd4 Wyoz AAFHJY., A=
1g®l & RNAE Cy3- H+= Cy5-5ol4 3DNA A ME=Z e AdAF Zefo|mE o] &ato] JHhAsIT. o]
T, St B7dE cDNAsS 3DNA A AJokE o] &sto] A Mt AFR A Cy3-3DNA = Cy5-3DNAZ -3
AT, ZF wlo]aR ol oldlA F Je] AR Tl AR WE EA O]E zstete wYS ARE
ol-gsted F I EHAl HIFS AAE3A. 45CellA 16A13F Ft EASA 5, Eofol=E AlHetaL
ArrayWoRx(Applied Precision, Issaquah, WA, USA)E o]&3s}lo] ~ A TIFF e Hozmr
E] ImaGene image analysis software package(BioDiscovery, LosAngeles, CA, USA)S o]&3te %= 3k
(Intensity values)S A=3lslct. F7FAel BAS 98, dolHE  ImaGeneoll 4]  GeneSight
4.0(BioDiscovery) 22 T}

2

e
ol

g

#AR B 24

RT-PCR #4& 948l a9l TRXRS, GSTF2, LACSZ 2 LTI309) W3t Fax-5o]4 Zelolmsg thy )
GSTFZ, 5'~TCCATGGCAGGTATCAAAGTTTTC-3"' (A ¥}3F) 2 5'-TTCTGCAGAATTTCTCACTGAAC-3"' (& 4}ak); LACS4,
Forward:5'-ATGTCGCAGCAGAAGAAATAC-3' (3 +)-&k) 2 5'-CTCTGGAAGCAAATTTTGCAT-3' (& 4}ak); TRXhS, 5'-
TCCATGGCCGGTGAAGGAGAAG-3" (7 "&F) 2 5'-TTCTGCAGAATCAAT CAAGCAG-3' (9W1&k); LTI130, 5'-
TCCATGAATTCTCACCAGAATC-3' (8 3F) = 5'-TTCTGCAGAATCTAGTGATGAC-3' (&3W1-3F). A=A " 37E 2E9
o) Ao RHE E RNAE FE3519T). W-AekA RT-PCR #4](Leblanc et al., 1999)& &, 2 wge =
RNAZ 30 wo] ¥H2 451 pgd] 283l (dT);s Z2kol™, 2.5 mM dNTPs 2 & dAt& 2 (New England Biolabs,

Beverly)]olA <A A}slitt.

x} 7}k cDNA Aol o] &¥ ko] BHM(aliquot)ol ExTaq Za]w A7} AFRE AT, ¥e =L
3} 72l 94T 58 ol WAATE JRA] A 25 AFO]EH(94°C, 30%; 50T, 30%; % 72C, 1&); A
72CAA 78 B AN = EA.
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FANE, A, Fd, 9 2 @) A2 whE(cold stress)ell tidt AwkS &, who]A R oj o] A
230 Aad Zx @ WMagke =2 ImaGene 4.0 o]n %] AZE o] (BioDiscovery)E o]83dto] Ak3lalg ).
GeneSight AXE9o}(BioDiscovery)ol AAdl= A, Z+ ofgo]le dHolHE &%= 7|8 #F1a AE
(Weighted Lowess)® ZW2E 2Z7-A3¥ 3]7H (robust local-linear regression; Lowess)ol| 9|3 Z 3151
o 3 &= EE HEAl"(replicate) EEFOl= Aol F N (duplicate) 2=3+& A F kel Hifol
AFS-E AT} HE|Z AdozRE dojx wd dolge wuE AZZ A (hierarchical clustering)
GeneSight AZEHo]E o] &3 FFgo tarlxa wEZoR 2AAE3Y.  H-3g F= 2Ed vt gy
A B 04 A RE 712 %k (baseline) &2 o] -85}, -55 2E# 2 dolAd 1h, 3h, 8h, 24 h 2 72 h A
55 @ 49 vagor AAsglr. Id Zaatdd dolee] S &olstAl sl As, 7 AMEZE AR
Ho] o]&HATt.  7]% HEE MapMan BIN version 2.6.12%¥ F#i3dt to|E]E o]&sle] T3+ H(Thimm,
et al., 2004).

GSFAE o]& 3t mlo] 7 Zofgo] tjo]g #4

GSEAE= A4 % (predefined) 44 AEEC] & %%‘%ﬂﬁ1ﬁiﬂfﬂ HAH = A o tE AAs
gk SAA] WHeltt.  WAAE FHA AEE A thAE ARl EAshE

U 9%, $dI FHAA A JtHaEe FH, £ /\]—% A7F Ao MEL 4= k. wEkA, GSEAE
AR g2 dEEE a2 MEE 54 4 A= WHolY(Mootha, et al., 2003; Subramanian, et al.,
2005).  FAHS, s, 2, G 2 FuDo] AL ¥hE(cold stress)ol tigh AhE 9f3, 1.6k F=
AEH A Ho AHRES VEYT 2 F5-23 FAR A EE o]&3Fe] GSEA(Gene Set Enrichment Analysis;
Subramanian etal.,2005)% #2831}, s %de} HNEES o|&3&to], GSEA7} GSEA AZE o]
(http://www.broad.mit.edu/gsea) & AAIEATF. JAZYAWE Fh(enrichment score, ES)] F8A4ES 3dtslr]
gaf, 8 FA|So] AdojH oz WA ESZ 2000 wHEH o7 AA(recalcu ate) s&ltt. ﬁ%-%‘?ﬂ% Rl
2 A E A ZLEE ESe oA 93 AeITE 0.059 p-at 2 0.259 2H 7&5( Ise discovery rate,
FDR) O &3t #toz AFo=on, UEHA FAA AEdA AE== 54 TS fg ALEE 50%
AYUER 0.109 p-#t 2 0.409] FDROl A3l gtz Aot

m° rm

ts, MERFHA wee

pul
7
Tl

& W, 3E-0E fA4 2R dojd AmE £ 3

7FA 9] 7 A(* *uL—EruL, A d, Aksbg, v, ”ﬂ | *EE]*) 0}01]/‘1 °H7]
A (Arabidopsis thaliana, Col-0) %‘%‘—‘?—(Shoot) 7)ol A AXNEYT, =ZA Frbe 3E S HolxE MY
Hoee-2d A AEs ARx-Ea WE Sl vf- FEs A (improbably large) % B/E= ohd-d

FFo R olF 7HA A ~EH~ 24

[e] L5

A3 2%
A B ofgfH]FAIZA FE 2EF2 B TP [Py #4]

2 g AsES g T s §A dEurdis, A, f9, 94 2 g 2 ooleu| A~ 2 iz
AS HARESSY. dXk olsle] 2%=E XAH AlZF 1+4(1h, 3h, 8h, 24h ¥ 72h) 22 x| 9 ofH|FA]
2 AEANE AP st JoA] FAR BH Ao Fr AEHA FIE ZABIYTHE 1), oA 29 fx AE
HES e AR AZAEES 7HTH ofebrlEAl 2] A, G oleke] ko] aF FlF FolAH 24l Qlo]
FEFINAAR, F, A F #Helo AeE 7243 = 2Ed s Ao osA fAe S5 e
g 2 AR Aee, S5 2Ed s wg AFAES VIS $E A

B, A 9 oolebulEAlL (Fe] ZEld AAES vlasty] flal, E 2404 AAE el wet A 9 ookeh
HlFA 2o A ZE]d ofAjo]lE Adellrt. ol H|FAAE FHA #d 3 AEE(survival rate) S HuLs}
7] gk giZzwr e R ol &k, AE AEES A AR 2AdA IE F 25 Ad A3, ZA
HAE $Fo| BE AEFE52 A48 4% dAE ekl
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g
I

2Eg 2 4 SpoA A B olH[FA|Le] AR} BH 4

Ay Ft, AEAE AL A FAAEY] FER 5
Yehdth, e, 2= 2Ef s Fo} 2 we Zam)
Hhg-o] x4 71zg Adetr] gl Aoy, B ek
e ‘Fr2EP2F(Coldstresschip)’ ©] S8+ A2 E3}E olglv| 5 A2 cDNA wlo]a =2
5}0&;}' Fr 2~2Ef 2 oA FAA B 2AEE BoF AWEA A (circadian clock)e] &I}
&, A% FH(continuous light)S Fol®: 5-74 F<F Ayt  o]dd, B dyxs5e Z=
olgfr|FAI~ G B FEoA AR YEA BddEHE FHAES A™Er] 93 FEAEYAHS
ACHEom, et al.,2006). FEZEH2HL A2 wbgdd 5Z3}F(synchronization) o] F7]4 o= w3
= FAAES] AR (genome-wide) TS £A4387] 98] AREEUAT. A WS 9 A2 whg 7He
x U}gl W3S 0ColA o A 240 h, 1 h, 3h, 8h, 24 h ¥ 72 oz Al Fo FAolM 2AS
FoH=E 3). 7t A /\]E—E‘ o] FRojgol= A G & FEe HHH vusgltt. dAHHAE, v
-AgE olgtHlF A~ Col-05 o] &atltt. wlH =<l vl-Aelgl ofebu|sFAl 2 RNA 2 A1 RNA A EZF 242t
Cy3 B Cy5 thol& —E/‘éﬁ}ﬂ‘iit}. =3ty mpolaRojgol= Cy3 H Cyb Wr=oll ek + 7] Eel¥E dolA
A2 285k, vk Wages dils BAdsr] 98] vlolaRolde] &etolre] i $AE 29
FoFH UE ASERFE (y3/Cyd Al1d ZE7F BFIE ST =, =132 Ad H] gh(log2 signal
ratio value)o] AZHE A2-Ae Fx1 of vl-Aelgl oletu]FAl~ ko] AAF gl WstE yebditt.
mo]FRojgole] fFHA WoldE HAsstal whe]amolHo] AR AFEE Fol7] fla, ZF Aol FHof
T 7 e 53EAA 243 Ads AAESlT. tol7b Hubd EA AddE kel AL #%
(reproducibility values, R)< 0.76°14 0.9022 Yep=d, o] o W= ®EAQ AL ousig,
T 2EY 2 9t A Od Ao WEES A %‘.@(tlme course)= &3l ©H F A H ofehrlE

AlZzol A Bl s it

)
X

1)

3
.

m = |m
flo

B Iy T S )
it ot K

1

o

N

2

o

o iy —r iy
(M >H |
=
[> [~
o
o
rO
gﬂ
N

o

OFO o | l>
o
Ach
=
o
iR
_E

[ o 2
o,
25 -
[HON
gﬂ

fr W (m
gﬂ
33 I
o

2,

1,
) lo
do
2or

-
ol
ad

I
3

2
R

dGE AR} AE FoA] UHE 2EH 2 NPYS S FAF FB AIHEY §5

o] 2olg o] Ael we} AelE 2371 FHAA AEEC &k

4 @ ARE Holx &), FHA AE “‘ﬁOETH AeE FAR7E ARA-Ed #HAE ThedEs AL
SHATH. ol 74 te 3E ZEdHX(AE, ARY, 9 7he, s, sk, v, A 2 o4
2EY ) oA ozl ofgH|FAI 2~ W HoHERE J2A-EF #1E A4t tE 3 AE
Ya7te] ARE EZ ite] T3 fAx AERZRE 9o]x Z7Henriched) §8A o] Ux|&F ).
23709 FE-wtdE HA} MEES FoA olF FHA A E(DR_43x52y, DR_56x47y, DR_60x56y, DR_56x52y,
DR_66x33y, DL_56x46y, UR_56x46y, UL_45x54y 2 UL_56x46y)7} Z7]0lq Ad-Z2HFE= Aoz FAHHoH
% 5B), X e 4 A E(DR_66x33y, DR_28x33y, DR_54x43y, DR_47x32y, UL_47x31ly 2 UR_47x31y)7} &f

F-2AdH= AoR AAHAG(E 54 R F 2). oy TE-EdEE A4 AE FolAM DR43x52yE A,

UV-B, A5t 2EdA B 7hg AEAA(ZFE 2B 3ok o] vk, Aed d3eS DR_43xb52y

A AES] e AR Rkl EE-ARA I dEFH v A el o] 7 oRe) A

= HedsAl HY 5(IRXA-5) 3 tlate] =AM =2(XERO2) / A 2—2d & 30(LTI30) = S1H Ak, =

g, A7t oA ) B A ARe] fAAAE A3 E DLUS6x46y R UL_56x46y 70 AF AEe] Sk Al 7R Ak

7 A=A dasoel glglon, A B W-B AEd s whel #efshs o YEwt.  ols #xA
=]

rlr

=T EE2-S-EWAFH A 2(4t6STF2) B G3ll-A4-CoA E7HAI(LACSH 2 SR1HATh. LACSA Td2
AolA BE sEUA W ol A B WV-B AEdASE Aol Tk, GSF2 fAAE fAN 2o
sEY2E e YA Basel Yok EF, WRAA Fo-APYR BAY K94 AESES 3A
W-B ~Ed~ske #As0 Qvh.  DRS6xATy HAA AES B A fAAE BS-q34 ® ohieh Uv-

2EYAYE BEFo] rl.  oE FHASL (STF2E BAEYU. =3, ST ¢ ZREU-TE gwEe
Aot A@Eo] 9dvk.  RAVII(REGULATOR OF THE ATPASE OF THE VACUOLAR MEMBRANE), H]H14-whg-Al chald
(AI6), ZREA-¥= SWMA(TH3) B M= 7 e dugo] dubd o= A3 Bl (V-B ~E# 2 whgol 3o
ghtd. DR_44xB3y FAA ME F F A7 FE-AdAd #-EEo] o, FH 2EdHzox E3E o
Atk o5 FAAEL Ras-HHEHE GIP-Z2F dWA(r4B) 2 23 @A (expressed protein)® 545 AT},
B, DR_60x56y A MES] F FHA= FE-AaAdol waEo] glom, UV-B 2Eg 2o x§ =] gl

_14_



ZIHSd 10-2011-0043985

ok o] FHAE SFEYolE &4 wdy] dMA(GRI)E AT, wEld, 22 EF9 Hrld
w2} DR_43x52y, DR_56x47y, UL_56x46y 2 DL_56x46¢] A&t  FHA AEANA HAE TRYAS, LACS,
LTI30 B GSTF2 f-AaAE0°] F&3 FAAZ A=A, o8 FdxEe] 74 2Edx AdHdS S7HA17]
7] 9% e fRAR e 5 Q.

x 2
[0096] vl 7HA] o2 3 ~Eg s A AeE §RHA AEe 2 A=,

Adge fFHa ME - 2E#HA-AYE FAZNEH AR~ EF
A g2 AES] 84 14 o Al#

ol & 1.5K ojdle] |el& 272D |te 2E# 29 #HEA

’ge]
TR A R I 0 T I el P =

DR_43x52y |2 E] 2 7541 h5(TRXh5) |Atlg45145 |+ + + + A2
A guba whld  |At3g50970 |+ + + (true)
30(LTI30)

DR_44x53y |3 Wy ey At1g10410 |+ QQr
Ras-A¥ GTP-ZA 3 o |At5g47200 |+
1 2 (RAB)

DL_56x46y |7 ZFEE L S-EWA |At4g02520 + A
244 F2(GSTF2)
4l o}ba-CoA E]7}A] |At4g23850 |+ +
4(LACS4)

UR_56x46y |17 ZREEL SSEWA [At1g02920 |+ + QR
A 2}A F7(GSTF7)
7k Sl HAE 24 ZF |At1g07080
H EHE
39 & A (GILTD)
RAVII(ATPase At 1g68840 +
regulator of
vacuolar membrane)
Zetes Edavda | At2g22900
A 7(GTD)
e 7 gide] e | At3g01290
oH| E T 2~-1H-3-A o |At3g28940 +
w2 (AIG)
FFEE L S-EAX [At4g02520 +
244 F2(GSTF2)

UL_56x46y |6 we 7 yde] oz | At3g01290 + AR
FFEE L S-EAA [At4g02520 +
244 F2(GSTF2)
A4l ob-CoA E]7}A] |At4g23850 |+ +
4(LACS4)

DR_56x47y |8 ZR2EEL SSEWA [At1g02920 |+ + FE]
A 2}A F7(GSTF7)
RAVII(ATPase At 168840 +
regulator of
vacuolar membrane)
ZREU-AH At2g41100 |+ +
w2 (TCH3)
e 7 yde] oz | At3g01290 +
ojH] S AU ~-vkS- A o | At3g28940 +
WA (AIG)

DR_56x55y |6 TH =Ml Folal [At2g22430 A A
A Z = (false)
I (HD-Zip1)
Folal-F 5 W b |At5g21090
w2 (LRP)
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DR_60x56y |10 FFEMO]E &4 |At1g35710 + AA
a e oA (GLR3)
B-1,3 At3g57260
=204 (BG2)
[ = At5g38480
S1ZH(RCI1A)
DR_66x33y |10 A Al A -FAF At1g12090 + 73]
DPH“ 2 (ELP)
AL tFo]l=2 A |At1g64710
A
U kel At 1g65490

2HE YA FeAl At3g02580
AMP-9]&A4] S a4 |At3g48990

[n2-1 Tz At5g02790
UL_45x54y |2 We 7 szl wheld | At3g01290 AA
UL_47x3ly |4 Wie 7 szl wheld | At3g01290 SRR
=etol=Z A SolEE |At3g26720 +
A
UR_47x3ly |4 Wi 7 mja] el |At3g01290 A A
=etolzZ A SFolEE |At3g26720 +
A
DR_47x32y |3 We 7 side] el | At3g01290 AA
DR_28x33y |3 RGP2(reversibly At5g15650 AA

glycosylated
polypeptide 2)

A} (core gene)} BHE R PO AEHAEL FMoR FAHAT
A} FHEE FEE +2 v
(e}
&

*
Of

AR} NE FoA ZB2A-EZ

*
B
> o> o

DA e 2Es wgo] ¥3E Awdew AuAWED f
AES] HARS EAsE 0 208 48 b= gaE olvs,

ofFFH]FAI LA EFE AEdL Y] e FAF e FE FIA}EY Y FU

FAlA FE 2Edfs wkgo] vlal @A Zgste], HEE s 2Ed2 AFEAS SIS TR &
ARE F Ul NS fFHAANIRXRS, LACS4, LTI30 and GSTF2)o] Rt} A A= om AEdqi F= ~E
g z=ol Fosithes As ‘%ﬁé}"ﬂﬁr v fFdaks & 034 AsAlddA 2= g sl 7148 5+ e
AxRE A7) 9ste], o] fFAAES] T-DNA 49 BIES ol&sle] Edwold dg ~3uds 53l o714

EAWAES Bsidtt. U FAAES cDNA mlojaRojHole £ T AEY X fE tgE
w39 Uelitl,  RI-PCR Ao W2w, o] $ANEL Fr ~Efrd o] A3-ZdAEE Zo] dolxg]
o}, trxhb5 ) o

5 EAAO A (SALK_144251 2 SALK_144259)2] T-DNAE AtTRXh5(At1g45145; F 7fe] dldo] &3
Axpe] JHAl ZE(AIG) ©]% F WA dEo] EAISk= 1004 bp 2 1039 bpe] Aol ZHz AAEATHE 64).
A AP A-PCT #2412 AtTRXES mRNAS] & #dlo] HEHA] FRSS YeEbdTH = 6E).  ou3t =k 3
252 e, ol trxh5(SALK 144251 and SALK_144259)7F Y-o}%(K/0) SdAWolAgdE AL on| s},

TS A

(<3

lacs4d EAR VAN (SALK_140210, SALK_110108 X SALK_147467)°] T-DNAE At ILACS4(At4g23850) Akl 5'-H]
F2(UTR), 5'-UTRe] 5'-get H2=ER (713 bp 2 586 bp)oll 242t AA=HATH(E 6B). A AL E A-PCT

1__‘_1

BAo) wrEw, 3w|3 W=7} Jacs4(SALK_140210 2 SALK_110108)01A AZ&H+=dl, ol ¥Y-uL(K/D) &4
WolAets AL Au|sth(= 6E).  gstf2 AWMl A(SALK_086446)2] T-DNAE AtGST2(At4g02520) 721212
5'-@th WA S R (UTR), 5'-UTRS] 5'-2¢k 520 bp J2EH AAHATHE 60).  FHAFEA-PCT £
w2 3u|g W=7} gst F2(SALK 086446)o01 A HEE A=, ol gstf2(SALK 086446)7F Y-t (K/D) &4
HolAlgteE  AS ugti (= 6E). 1130 SAWO A (SALK_ 114914 2 SALK_030173)9] T-DNAE

LTI30(At3g50970) Aol 5'-RHA K (UTR), 5'-UTRY 5 -2¢k 803 bp Y2EH| ZHzh AAHUH =
6D). AAALEA-PCT BAo] waw, 8|u|g M=o} [730(SALK 114914 and SALK 030173)9) A 7AZ=¥3=d],
ol Y-tb2(K/D) EdWolAgtE AL gudth(= 6E).  o]E SALK ¢l AEAEY IS piaE 2E
gl = E5ka oFAFWD) # AT E 7).
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2
12
rﬂ

B ARE 0] olglnu| B A oA FE-AEA o] Bolsl= x| oBE AAS ] Y8, o] SALK ko] Zelmo]
ASs oG I 2= 2EULE Ay, AtTRYAS K/O =AWl HEAlEe Fro =F4
WT dizare] Yetdls 2R g% o 9zs 4E8S BAth(= x4 H2=Eo A AtTRXhS K/O
o] AEAE(SALK 144251 2 SALK 144259)S WI 2153} HILO}O% 7Jr7Jr 3.4% 2 2.8%9 AEES e
ow (% 9B), lacsd K/D EAWo] ABAS(SALK 140210 2 SALK 110108)S Z+2F 6.3% 2 5.0%9 AE=&S
UEPATH (= 90).  gstf2 K/D EdWo] A EA|(SALK_086446) = A= Z& whdo] W 2 EAE 33%7F AEs
HE 9D). = HZEOA [¢/30 K/D EAWO] AEANE(SALK 114914 R SALK_030173)& WI A EA 7} H|
wate] Zh7b 15.0% 2 0%9] AEES YERITH(E 9E). = HEe Aolde W SALK 2l AEAe <)

o 2
rR Hob

o 1%
E 2 i

ié it

A AFH &g W YAZAL ZFE opIARG.  EE, WT AEAL 4 K0 L KD HEAE U
Mste] Aztow o a FAS AR 8). A% AnE o 4459 4 £xol P
9 sgom oy £l U@ w5 V%S AT ey ARH) F7hsh Aol Qrks AL @

2
b B A vl RS (IRWS, LACSY, LTI30 B GST2)0] F= 2~Ed o] gl 2&x
3} M B AEHZ O AJYS SIS H 719 5 dus SAE AeEdh

FHEE EP=AY HEA ] Az

Ag Am B AY W] 7iEsd ukep Zo], 2 dEzES Aoy AAEHESS AZSITHE 10A).
AzE Py AXEHELSL o7& XM (floral dipping)E Ea 2lE&x )
Tl TAE HE AL £ 0.019Y SFEAVNE IdEFS 233+ Basta §98 A-83) il
star, WA HEZ T2 FAE FRIIY. T2 FAES 0.5X MS, 1% FARLAE 50 pgo] DL-EAV =Bl
(DL-phosphinothricin, PPT)S #H7}3F wix o] 553l Basta 43S 7HX= WA A3 A =5 =3¢
skl Fpol-2Fo] AAHOR p-gho] 0.05 wRkQl 1S FHopddE T-DNAZF ¢ 7H9)7F A 2oz 153
AT 3).

Z 3
T2 Aol A 7t FAAE @ she T@Ee wele] A A

& 719 9] TRXE5S FHThEdAYE 84 A

ol wheel A whaEr, vheel WA X @S 3019 Ad e X = (0-e) Je(uhzEF) +
(0-e) /e(itz=EF); X'gho] 3.84 ©]5kel A9, p>0.05.

PEEIEED RS EEEL CEE
= gk A 2 2 2
# g e IO S B o o s B e e B LG B [P TS W e
BER 2 &4
#1150 98 36 16 100.5 |98 25 [6.25 |0.06 [0.24
33.5 |36 2.5 625 017
#3 |140 104 32 4 102 104 |2 [4.00 o.04 [0.16
34 32 2 4.0 [0.13
#7 |15 109 35 10 108 109 1 1o Joor  Jo.04
36 35 1 100 10.03

3 7h 9] LTI30E ApEdAyle A=A A9
dpsel, vl ARA miaE, whsEh Wb Xake 301e) AoiE: X = (0e) Je(MAE) 4
(0-e)’/e(b2El); X'gho] 3.84 o]3he) S, p0.05.

12 Ao el shol-c-Alole] HgA 714
# %‘ B]—iE}R B]—iE}S Hlu]——O]- 12’] 7]E]]5<] (0-e) (o—e)z (o—e)z/e XZ
ek A2

#3 172 123 43 6 124.5 123 1.5 2.25 0.02 0.07
41.5 43 -1.5 2.25 0.05

#5 276 203 62 11 198.75 1203 -4.25 118.06 0.09 0.38
66.25 62 4.25 18.06 0.29

#6 227 166 59 2 168.75 |166 2.75 7.56 0.05 0.17
56.25 59 -2.75 17.56 0.13
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[0105]

[0106]

[0107]

[0108]
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@ 7he) RVILE FThEANT)E 484 A9
dpsel, vl A miaE, whsEh Wb Xake 3i1e) AoiE: X = (0e) Je(MAE) 4
(0-e)’/e(b2l); X'gho] 3.84 o]3hel S, p0.05.

12 sriurd 29l ol-z7lole] A3 114
= J — )=k % 2 _ p
# [ B]—iE}R B]—iE}S }H\l D%:f]‘ T ] 7]EHX] (o-e) (o—e)z (o—e)z/e XZ
2 54 A=A
#1 113 79 26 8 78.75 79 -0.25 10.06 0.00 0.00
26.25 26 0.25 0.06 0.00

@ shw)e) GSIF2E BOpEANJE A4EA A9
dheel, whath A vhael, vhee v Xghe 3019 la g X = (ome) Ve(vh2E}) +
(0-e)*/e(MH2=EF); X'gkol 3.84 ol&tel S, p>0.05.

T2 dpopard 29l Fhol-2=H o9 A4 A4
# % H]—Z_\_E}-R H]—_)_\_E}-S ﬂ;‘%o} —17_%_]'—] 7]1:]]5(] (O—e) (0—6)2 (o—e)z/e XZ
A2 A 2= A

#1 116 87 23 6 82.5 87 -4.5 20.25 0.23 1.11
27.5 23 4.5 20.25 0.88

#9 128 91 33 4 93 91 2 4.00 0.04 0.17
31 33 -2 4.00 0.12

#14 184 142 41 1 137.25 [142 -4.75 122.56 0.16 0.71
45.75 41 4.75 22.56 0.565

A g 7 faAsd Folda

sto] RT-PCRZE &Qlsigict. Frpdrddo] H5¥ T2 AEAs MEAoR 13 45 SRt
T3 Aol Al thA] Basta AEZES AA T 2L ¢

Al F RNAE EElste 7 §Hxte FAvEd JA=E 7 F

AZdGTr. L A%, 7 §AA BE AEE W W71 (Col-0) ¢ Rlalste] A
AATHE 10B).

slo] RT-PCR=Z

Qe BAT 5

)
>
il
lo,
A
o
2
ro
[d
k)
o
oN
(T
S
>
ofo

s

dGE FAN} FPEEE EDEAY YA = 2Edze] e APy

AtTRXhS7} ofghu]igAl o] FE-AFAdol 7ssks A AFE AAs7] fdl, ols EdxAlY A=AES ofd
| zg4

Y e Yool EdRio)e} s 2E ~EYAE A, 33%2] W A EAvte] Tl HAEA A&
3k wbHol | AtTRXAS O/E A1 EAQ #3-7 D #1-12 2015L Zg|A HAEA okl (o] AEA ] Hle) zHzt
64% 2 50% AE AEIATHE 124).  tIFE] §T AEA oA ~Ed A o &4 AlQloz <o) 3}

o]
3}(leaf yellowing)”7} A&= whAo] | AtTRYAS O/E A=A Ao Zai4 AHE &
2 Yehith(=E 11A).  o)# 3k A= ArTRYAS mRNAS] FF o] #zAd &% a7t
B3 75S S5t oy Ao Friet AdBEo] ukes AL ou|sit),

AtGSTF2 O/E 2 EA = ZFxo =FH o]Fd okd tizvy vusty ¥ =& AEES Y= 11C 2
T 120).  33%9] WI AEARke] F= ~Ed 2o o8] fikye oA AFAA &4 2 Al 1dE S
HolW AEI whHol|  AtGSTF2 0/E A EAQ #1-6, #9-12 2 #14-5 H1E5S 27 @ &4k w 93%, 87% 2
75% = AEIATHE 120).  olEd A3 ArGSTR29) FH o] fFAad 2 upe} of7|E &ael o
3 B35 V)5S st 2 ARAFY ke daEY vke AS ou] s,

k
o
o
o
=

LTI30 Zpopatd 2 EA(#6-5 2 #3-6)9 WT A EA(Col-0)E AF WA 23C HY zHo= 35 1+ A%
NA ZFE 2EHAE 71§, AAAHQ A 2F S IHAA YEES SHIAT. W AEAE A
o] sl A4y} A T AEd o] tid)] 33%9 AEES YERNJAAIRE, LTI30 Fopdde A& (#6-5 2
#3-6)5L 747k oF 80% % 4599 AEES vebick.  wEbAd, LTI30 Fohdd A EAe 2= AEf 2 i)

O~
= =
AaAdS AT, ALY AT} LT1309 2d #HHly dxstteE AL Slsidrh(E 11 9 % 12).

RAVIT Feohdd A=A (#1-1) ¢k WT A2 (Col-0)E 95 w2l 23T FY

=z
= -
SEAE G F, PR 2ANN 27 B ABAA YEES SASYG. 0T 4BAE Qo) Pl

[¢]
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7 A 25 2E s g 33%9 AEES YERAA T, RAVII Iopddd A3 (#1-1D)E 70%9] A&
&5 vl webd, RAVII o A EAe = AEd s g AdAHS 7Y, AdAdel FEr}
RAVITS] 2y gwlyl X3t AL Fosdoi(= 11 € = 12).

oo W oW 54 $ES A /&St vh FAA B 442 7k AelA oiA ol
FAR AEe WA Mg THAY Wolu], olo] W Wi W ABHE Aol ohd He P
webA, 2 owne] AAAe) Wels BRE TR 19 B gste] JojArka & otk
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R fate] W@ siRle] th@ RI-PR $A412 Ueich, A% AR D 29 Pyel ZAE uks o] 43
3 ANE Azl 0T AMelN olFH HEAZYE FEE RAE olekel 7 Al te RI-PR 24
NS, BN FFR 92719 FA49 p-REUe) dNe Festel fuA wde wakE 233
k. g volzzoldlo] ME 7 A9le] sl tEith,  ATY HE ol AZMER 2E-Aed
FA o u-Ael e oh7lgTHe] vlg gk olvlskn ol AAMA Mol WaHE e

ARA-Ea ] ol AduE gE-Ed FdA AES AAE YERIY. &= A= 4
2 Jeldty, = 5BE EAH o R Ask-zAE I8

Ut Hl
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=6 S HolFE ZAxloltd, E 6A-6DE ZF Akl T-DNA A A
Aok, g w9 gk b Zhzh ok doupae] B9 s Jepdt, A E e T-DNA A
e ¢z}t bp, @7 A T 6AE AtTRXHS A Xfoll T-DNAZF AMd® o7l SALK 144251
SALK_144251 Q9] A A4S Uehig. T 6BE AtLACSA A T-DNAZE AQE of 713 th
SALK_140210, SALK_110108 R SALK_147467 2}R1°] A= F/4& Yepditt. & 6C% AtGSTF2 F-Z =kl T-DNAZ}
Al N7l SALK_086446 2119] Alw T4S JERAY. & 6D LTI30 frxxbel T-DNAZF A= ol7]7%
O SALK 130173 2 SALK 114914 #%19] A& FAL viehditt. T 6EE 7 FARE(ATIRXHS, ATLACS4,
ATGSTF2 2 LTI30) AAAES WT FEnH|o} ol ZEF](Col-0) 2 T-DNA-4ld E¢iwo] gelEoq #2413k RT-
PCR A¥olrt. A oA 37 & AGE AA AEANA F RNAE FE3Th. FHA-5ol4 =gt
o & o]g3te] RT-P(RS AHAIEIGen, FEd Id s WA gz 2439},

T 72 3R FAAE gk T-DNA Y-ofx EdRelAEe RdYE BHolFE Aot  wol ¥ 33 5
ZEZn)o} o ZEF)(Col-0) 2 T-DNA H-o}-% Edmo] &kl
NHZEFI(Col-0) D Attrxhs B A BAE(SALK 144251 L SALK 14425109 RIAH S HAFE
= 7B FEV|o} oNFELY(Col-0) B Atgstf? EAWo]l AEAE(SIK 086446)2] HIFS HAAFE
. E FEu|o} AFEY(Col-0) B Atlacs4 EAMo] A EAE(SALK 140210
HoFE Aroltt. = e ZEVo AZE(Col-0) E 1£i30 B ABAE(SALK_ 130173 2

¥ 88 BT 2Bl @ Fu A4 TDNM Yook Eehdo] Bt BAY
g olAlol).  ® sA-8DE LAl e ok¥B(Col-0) R T-DNA Yok E

3
R Aol ZlEe] BEFPS H|
Wk Adolty,  AKEL ZHAS AEstal 25 Foll vk, giEA AEAEe RolAa 9. =
8AE FEWoF ANZEF(Col-0) D Attrxhs B0l ANEAE(SALK 144251 2 SALK 144251)9) TS Al
g Axfolt}, T 8B ZFEHlo} ANFEA(Col-0) D Atlacsd EAWol AEBAE(SAK 140210 2

oJF= Aot L 8CE 2o} A FZEFIL(Col-0) L Argstf2 SAWo] AEA|
= Adelty. X 8D FFEHoF ANZEFY(Col-0) B [ti30 =AWl A&

% 9% Fo sEYs] @ FHOFA% DN Yook EWo] Ee] weS Uehit daelrh(zald
A oel). o Zely AFA Aol EWe vehdth, % 080D 378 o/1gTH AEAE
meg A4 oldo] Aol melgel wEFW F 2F Bk 3By W FEulol o eI (Col-0) % SALK
sovel HEAEY Ty AFYoIMe] AEEL S ddolh. MY AR HYHOE 364 uy
Sotkn = 16).  MEE OlETd st thgd 2o B HAEd old BANCE FoF Aol

Uehdith:  p<0.05,  p<0.01, | p<0.001. % 9BE Zald AZA ofMolel A W L Attrxhs A EA
(SALK_144251 2 SALK_144251)9] AE&S Yehl= Z#Zelty. = 90 =Zejd A4 ojAlo]ola §T %
Atlacsd 2V = A (SALK_140210 2 SALK_110108)2] AE&S YehE aeglZolth. = 9D g A4 oA
ool A WI B Atgstf2 A=A (SALK_086446)S] BEES YEhllE T Ze|tt. & 9Ev ZgA A oAl
MM WT 2 1¢730 2 EA(SALK_130173 2 SALK_114914)¢] AEES JERE o},

= 102 AE JAAZE wlolyg] wWE Azt 2 HAASE AEAANA ZF FHARe] popdd S g2l8k A
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<212> DNA

<213> Arabidopsis thaliana

<400> 1
atgtcgcagc

agaccatcag

atcgaaggaa

aatccaatgc

acataccaag

gttaaggacg

atggaggctt

gatgctgtgg

aagatctctg

agcttcegggg

tatgcttggg

aagaaaagcg

gtgatgatat

agtgctaacg

atctttgacc

cgaggggatg

agaagaaata

ttggtccagt

tggatagttg

tgggacgceg

aagtctacga

aagcaaaatg

gtaatgcaca

aattcatcat

agttgttcaa

gtgtctcacg

atgaattttt

acatttgcac

ctaacgaaag

aggctctgac

gagttatcga

taaaattgtt

catcttccaa

gtaccggagt

ttgggatgtt

cgagattgta

cattgtcatg

tggtatctat

tggactctat

ttcccattca

gacatgccca

tgaacaaaaa

gaagctgggt

gattatgtat

cattgtgact

tgtgaaagat

ggagtgtttc

gatcgaagac

gttgaagaag

atctttgcca

ttccgeatgt

gatggaaagc

aaacttggaa

ggtgcaaatt

tgtgtaccgt

gaggtttcaa

aactcgacag

gaagaagctg

gaaggaaagc

acgagtggaa

Cctaatcgctg

gtgtatcttt

attcaacatg

cttgctgage

gcaaagaagg

aggacggatt

ctgttgagaa

cgggtaagta

attctctcag

ctcctgagtg

tatatgatac

ttgtetttgt

agtacatgaa

aaacttttgg

aatatgatct

ccactggtga

gagtgatccg

cttatcttcc

gtgctgcaat

ttaaaccaac
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gtatccaaac

tgtctggcaa
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aactgttgtg

gttggttata
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CCCaaaggga
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gctgtaccte gtgtectgga

ggattcttaa aaaagttcat

aagggacagt ctcatgtgga

aaacaaggac tcggaggcaa

cacgtagagt catttctaag

actgaaagct gtgctggaac

gttggtccac cagtgccaaa

gatgctcttg cgagtactgce

ggttactaca aacgtgaaga

ggtgatgttg gtgagtggcea

atctttaaac tctcacaagg

gaagtacaag ctgttgattc

gctatcgeca acccaaacca

ggtgactatg acgctctctg

gttaaaatgg ccaaagagaa

gacccagtgce catttgacat

cctcagttge tgaaatacta

aaatttgctt ccagagggta

<210> 2
<211> 666
<212> PRT

tagagtatac

atttgattct

ggcctceteca

tgtgaggatt

agtggtggca

ttttgtcteg

cgttgatata

acgtggtgaa

tctcacgaaa

accagatgga

agagtatgtt

cgtgtgggtg

gcatatcctt

tcaaaatgaa

aaagatgaaa

ggaacgagat

ccagagtgtg

g

tcaggtcttc

gcattttect

ctttttgaca

attctatctg

tgctgtcatg

ctgccagatg

cgccttgaat

atctgcattc

gaggttctca

agcatgaaga

gcggtggaga

tacggtaaca

gaacgctggg

aaggcaaagg

gggttcgaga

cttcttacgce

atcgacgaaa

agaagaagct

ataaatttgg

aacttgtgtt

gagctgcetce

ttctccaagg

aactaggtat

ccgtececcga

ggggaaagac

ttgatggatg

taattgacag

acatagaaaa

gcetttgagte

ctgcagaaaa

aattcattct

tcatcaaggc

cgaccttcaa

tgtacaagac

_35_

ttctgatggt

ttatatgaag

cagcaaggtt

tcttgctagt

atacggtctt

gctceggeaca

gatggaatat

ccttttetcet

gctgcacaca

gaagaagaat

catatacggt

Ccttcctaata

cggtgtgagt

cggagaactt

gattcatctt

daagaaaagg

cataaatgca

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2001
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<213>

<400>
Met Ser
1

Gly Ser

Ala Lys

Asp Val
50

Gly Arg
65

Thr Tyr

Arg Ser

Asn Ser

Leu Tyr

130

Phe Ile

145

Lys Ile

Lys Thr

Ala Glu

Arabidopsis thaliana

2

Gln Gln Lys Lys Tyr

5

Asp Gly Arg Pro Ser

Asp

35

Phe

Arg

Gln

Val

Pro

115

Cys

Ile

Ser

Val

Thr
195

20

Gly Phe

Arg Met

Glu Ile

Glu Val
85

Gly Val
100

Glu Trp

Val Pro

Ser His

Glu Leu
165

Val Ser
180

Phe Gly

Leu Gly Glu Gly Lys

Pro Asp

Ser Val
55

Val Asp

70

Tyr Asp

Lys Asp

Ile Ile

Leu Tyr

135

Ser Glu

150

Phe Lys

Phe Gly

Leu Val

Gln Tyr

[le Phe GIn Val Glu Glu Gly Lys Glu

Val

Pro

40

Glu

Gly

Ile

Glu

Ser

120

Asp

Val

Thr

Gly

Ile

200

Asp

Gly

25

Ile

Lys

Lys

Val

Ala

105

Met

Thr

Ser

Cys

Val

185

Tyr

Leu

10

Pro Val Tyr

Glu Gly Met

Tyr Pro Asn
60

Pro Gly Lys
75

Met Lys Leu
90

Lys Cys Gly

Glu Ala Cys

Leu Gly Ala
140

Ile Val Phe
155

Pro Asn Ser

170

Ser Arg Glu

Ala Trp Asp

Pro Ile Lys

Arg Ser
30

Asp Ser
45

Asn Pro

Tyr Val

Gly Asn

Ile Tyr
110

Asn Ala
125

Asp Ala

Val Glu

Thr Glu

Gln Lys
190

Glu Phe
205

Lys Lys

_36_

15

Ile

Cys

Met

Trp

Ser

95

Gly

His

Val

Glu

Tyr

175

Glu

Leu

Ser

Phe

Trp

Leu

Gln

80

Leu

Ala

Gly

Glu

Lys

160

Met

Glu

Lys

Asp
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Ile

225

Val

Arg

Leu

Cys

Lys

305

Ala

Leu

Ser

Ser

Gly

385

His

Gly

Asp

210

Cys

Met

Leu

Ser

Phe

290

Leu

Val

Ser

Tyr

Pro

370

Gly

Val

Tyr

Glu

Thr Ile Met

Ile Ser Asn
245

Leu Lys Ser
260

Tyr Leu Pro

275

Ile Gln His

Leu Ile Glu

Pro Arg Val
325

Asp Gly Gly
340

Lys Phe Gly

355

Leu Phe Asp

Asn Val Arg

Glu Ser Phe
405

Gly Leu Thr
420

Leu Gly Met
435

215

Tyr Thr Ser
230

Glu Ser Ile

Ala Asn Glu

Leu Ala His
280

Gly Ala Ala
295

Asp Leu Ala
310

Leu Asp Arg

Phe Leu Lys

Met Lys
360

Tyr

Leu Val
375

Lys

Ile
390

Ile Leu

Leu Arg Val

Glu Ser Cys

Leu Gly Thr
440

Gly Thr Thr
235

Val Thr Leu

250

Ala Leu Thr
265

Ile Phe Asp

Ile Gly Phe

Glu Leu Lys
315

Val Tyr Ser

330

Lys Phe Ile

345

Lys Gly Gln

Phe Ser Lys

Ser Gly Ala

395

Val Ala Cys

410

Ala Gly Thr
425

Val Gly Pro

220

Gly

Ile

Val

Arg

Trp

300

Pro

Gly

Phe

Ser

Val

380

Ala

Cys

Phe

Pro

Asp

Ala

Lys

Val

285

Arg

Thr

Leu

Asp

His

365

Lys

Pro

His

Val

Val
445

Pro Lys

Gly Val
255

Asp Val
270

Ile Glu

Gly Asp

Ile Phe

Gln Lys
335

Ser Ala

350

Val Glu

Gln Gly

Leu Ala

Val Leu

415

Ser Leu

430

Pro Asn

_37_

Gly

240

Ile

Tyr

Glu

Val

Cys

320

Lys

Phe

Ala

Leu

Ser

400

Gln

Pro

Val
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Asp

Ser

465

Gly

Trp

Lys

Tyr

Val

545

Ala

Asn

Lys

Met

Phe

625

Pro

Thr

Ile Arg
450

Thr Ala

Tyr Tyr

Leu His

Ile Ile

515

Val
530

Ala

Asp Ser

Ile Ala

Gly Val

Glu Phe

595

Lys Gly

610

Asp Met

Gln Leu

Ile Asn

Leu Glu Ser

Arg Gly Glu
470

Lys Arg Glu
485

Thr Gly Asp
500

Asp Arg Lys

Val Glu Asn

Val Trp Val
550

Asn Pro Asn
565

Ser Gly Asp
580

Ile Leu Gly

Phe Glu Ile

Glu Arg Asp
630

Leu Lys Tyr
645

Ala Lys Phe
660

Val

455

Ile

Asp

Val

Lys

Ile

535

Tyr

Gln

Tyr

Glu

Ile

615

Leu

Tyr

Ala

Pro Glu Met

Cys Ile Arg

Leu Thr Lys

490

Gly Glu Trp
505

Asn Ile Phe
520

Glu Asn Ile

Gly Asn Ser

His Ile Leu
570

Asp Ala Leu
585

Leu Val
600

Lys

Lys Ala Ile

Leu Thr Pro

Gln Ser Val

650

Ser Arg Gly
665

Glu

Gly

475

Glu

Gln

Lys

Tyr

Phe

955

Glu

Cys

Met

His

Thr

635

Ile

Tyr Asp Ala
460

Lys Thr Leu

Val Leu Ile

Pro Asp Gly
510

Leu Ser Gln
525

Gly Glu Val
540

Glu Ser Phe

Arg Trp Ala

Gln Asn Glu
590

Ala Lys Glu
605

Leu Asp Pro

620

Phe Lys Lys

Asp Glu Met

_38_

Leu

Phe

Asp

495

Ser

Gly

Gln

Leu

Ala

975

Lys

Lys

Val

Lys

Tyr
655

Ala

Ser

480

Gly

Met

Glu

Ala

Ile

560

Glu

Ala

Lys

Pro

Arg

640

Lys
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