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A7 2

A 1 &l JAA, 7] FEULERIE AEdE AEEF A24de wEULEE MER o]Fo FE BA
o7 = RAE.

A3 3

(a) MEEE AL olneAt EE ZHee FEFULE=E HME; (b) A7 wEeElQElol= M Ed 25
Ho= ZHit(operatively linked)=o] A3l AEAEAA RNA #AE A7 Z2EH,; 2 (¢) AEAE
A ZFgske] RNA EAke] 3'-wehe] ZElotdldstE oAl EE A Al AES XFee HAEEdE Ax
gt WIHE Xgels A8 AL 2B YA S8 ZAE.
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2 e E% WuEojx]ar 9Jth(Thomashow MF., 2010). A& AL ~E
Fa3F gude] ©-9ouwo] E3 FuFHE g rtolAl(ubiquitin ligase)7} 7]1%53dthar
Sl(ubiquitination)-26S EZE|o}F(proteasome) A]Z=Hlo o)k AFe] FQAJo| Bzt

L R, S, T, AR, d, 2, A B s X¥ee A AER, okEhlEAle, wE, F, 1
ab Qo] FulFE, Fe), Ik, ¥, dn 9 e Tehe Ala ZAEF, A4, wl,

= SAEF, AHU, AU, gl UE &
L HrF, A, SEY g s, A, Fhdle]
9 glo]gt, Y= FEY, o=, dndn, Efai 2
%— =

, 4
, =3k, W 2 5YS e IR ,

ldl v detol et~ E EFshe AARAER Aol el HE Be e A9, ALd =EFHE AT,

A7 FllE J= 7 Atk 53 A7 £ Aoy ofdiiA G 7 Wske] Fo] A7] wjite] 20T o]

3to] Ao A =FdE F Ak AL AFES Aslsta, FHAH a&S 9, Bde ¥d 9 w9 4

A3}A (spike) WES Wralste]l & (Grain yvield) S IA #AAITH(suh J. et al., 2010). <L#H= 49,

AAR Sharo A= A2 DA (reproductive stage) st A2 7137 TASIAYE At 19714, 19803, 1]
a1993del] WA W AatwAe] 747 17, 18, 20%7F £2S dlen, 1980l Al 3.9 t/hacl s
£S5 71=3 v 9t (Zhang et al., 2013).
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a2 ool w=HaH ey, 1 A} Capsicum annuum cv. Pukang Q2 R-E 233 CaPUBI F+AAS =3 A &4
o] Aol AL 2EdHZ~ Uigo] F3HE RS I3

2 HAA A g0 "AHZ 2EZX(cold stress)"E IHHAQ AE A FAH Hlste] W LEE oH]|EH,
A8 Fo wel Xolzp B 4= . dubdg oz oF 5, 15T o], © FAFOeR 10TCols, v o
TAAHSE 7T o3, WS v FAHOE 4T ol3te] & o3t ~EHAE ou|gitt,  o]d mE A &A9
EFgorr= 2o WA (expansion), AES(leaf-wilting), WM3F(chlorosis) @ #AM(necrosis)S XEFd}aL,
A2 7ol Ao 4 g Aste] AWE g

v e A Al oA, & wEe] wEUSERIE NI MIAdRS ALl wEUEelE AER
o

o] Fox Holt} NEEE A2rdel MAA LS GenBank Accession number, ABA59556.1¢l 3j@dls= A do)
o, gy, B2 oy °‘°1*14 A AMEE NEEF AIAEY otn it AES ZPste Ak AE] Ao
2 3, AEEF A2AEd dA-HA] Eethe AL THX A A E Eelr.

o] "Si(nucleic acids)"S DNA(gDNA @ cDNA) zg]al RNA BAE 2 o8 I3rals= on
E 7HAH, A A A 712 A B98 FEULER|EE Ao wEY el B ol & e ¢
71 F-917F WydE fAFA (analogue) = X $H$C}(Scheit, Nucleotide Analogs, John Wiley, New York(1980);
Uhlman % Peyman, Chemical Reviews, 90:543-584(1990)).
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o
o)

FAS zt= WolE uyItd, AL 2EyA WA F3ES 93 CaPUB1 Wil a&
TAE ol 71" MEy AAH2 YA (substantial identity)S YERHE A
AT, A7 AAA U wrg ol Aqddt 9ol e HEs F

FPAANA FFAoR ol &HE Y EE ol&ste] dEdld AES &
HA 60% o1de] s, Bok uigAst Al 70% olde] s, Hth ¥ vtEA A= 80% ol
, B o5y v sHAlE 90% o) s, 7}20]’ B}%‘*—]ﬂﬂ]% 95% o]l FsAdE UEhlle A
AEraE g deldE(alignment) -2 FEA A HAUT. HERIUES] digh
2 A g]FLS Smith and Waterman, Adv. App]. Math. 2:482(1981) Needleman and Wunsch, J.
Mol. Bio. 48:443(1970); Pearson and Lipman, Methods in Mol. Biol. 24: 307-31(1988); Higgins and Sharp,
Gene 73:237-44(1988); Higgins and Sharp, CABIOS 5:151-3(1989); Corpet et al., Nuc. Acids Res.
16:10881-90(1988); MHuang et al., Comp. Appl. BioSci. 8:155-65(1992) and Pearson et al., Meth. Mol.
Biol. 24:307-31(1994)°l 7§A1=o] QIAIRE, ole] @A = AL ofyrt. migAsA=, ¥ 22 ClustalX
2 NJ(neighbor—joining) ¥¢iz]&FS ©o]&3tty.  NCBI Basic Local Alignment Search Tool(BLAST; Altschul,
et al., J. Mol. Biol. 215:403-10(1990))-2 NBCI(National Center for Biological Information) oAl A<
7FssbH, Qe Aol blastp, blasm, blastx, tblastn and thlastx$} e ME 84 Tz gyl oF 5o
o] &g < 9lt}.  BLSATT= http://www.ncbi.nlm.nih.gov/BLASTOlA A& 7bsslth. o] TR O3WE o] 83 A
g AEA vl WS http://www.ncbi.nlm.nih.gov/BLAST/blast_help.htmloll A &<lg 4= i},
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o o2 o e wEd, B dye (a) AIEE A1IMEe ot HEs
A7 wEHSEl = /‘105011 25 o2 A3t (operatively linked)& o] Qi A&

25 2k-g-5ke] RNA #AF] 3'-dyte] ZlolddsE
_]
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4
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2 Z%(operatively linked)"2 3aF od xd MA(d: ZTERE, Aldg
A, T Axzdda A A9 oo g dak HdAatele] YFAel AFS ousiy, o]d <|F
7] 2 AEL 7] g i e WA 2/EE d S5 (translation)S F4A 3}
wowne] e Axge g FAE OGS PEe o FHE 5 oglon, ool W A PHe
Sambrook, et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press(2001)l
AAES] glom, o] F3HE 2 WAl FxZA AqHct.
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s Lo, B ol WEyl Iy WEola, 93 AXE £F2 3 Ao, AAE AN £ d= A
g3 22 RE (AW, pL. ZERE, frp TERE, Jac TERE, T7 TEYEH, rac T2RH 5), 59 7|
AE 98 golnF A g 2 AAEE £4 AEe sk o] dnbHoltt, &5 HNERAM E coli
7} olREE AL, E coli EYER A AHA=Reo Zzuy 9@ 9T ol —.—H(Yanofsky, Cc., 7.
Bacteriol., 158:1018-1024(1984)) 1g]al to}x] A9 8k T2 HE(pL Z=EXE, Herskowitz, [. and
Hagen, D., Ann. Rev. Genet., 14:399-445(1980))7} %4 R =2x] o]&" &4 Qlr}.

S, 2 oubyo] o]gdE 4 i WEE GAANAM TF AFEEE v =(d: pSK349, pSC101, ColEl,

pBR322, pUC8/9, pHC79, pGEX Al&]=, pET Al&)= % pUC19 %), A (4: Agt - A4B, A-Charon, A Azl %
MI3 5) H= whel2f2=(el: SV40 %—)—i— &&6}0% Az 5 Ao

2 odbgo] WE = OD2RE ddEE CaPUBlL @ HAE folstAl 7] sk, v Hdy §3E ¢ &
ATk, FFHE ALEe oA, SFEER SSEdaT A (Pharmacia, USA), CE2 A% o (NEB, USA),

FLAG(IBI, USA) % 6x His(hexahistidine; Quiagen, USA) S°] dtt. A7 AAES ¢33 F714< AL wj&
of, &FollA Wiy dWde Wy AZvEIHAE FI A&sta, golstA AAE

2 dgo] HEE AUy 2, A BdHeR ogHE A WA FRAE XF8E F doer,
S B9 dHAd, AelolAl, YA A, E2HEHYUE, 2EFErtoal, Jlulo]Al, AUELL, dlewlo]2l
2 g EZA Lol S gk WA FAx7) 9l

, & e ey 2E wEola, I A =, TE MEe AxoRRE F
RRE(: WERE LY ZIZRE 58 o)y 225EY fE ZZEEH(Y: ojdlmnle]Hq X~
2RE, WA Yo} Hlo]g]x 7.5K #EEH, Sv4o ﬂiua Abo] E v Z ZHE 9 HSVY tk
RRE)H7} o] &E F o, HAA FE AE
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A AeddA ZegEgdar, AL 2Bz g &4 Wds S8 283 &
tatel 7 kA f84dS Ztev. webd, B R HE =
e fsl FRACNA SdA R o] 8H = oHE AL ol
B, deZebe] Ato]l= upel# & (CaMlV) 35S ZEEEH, M

o]z wholelx 355 LEWEH, bl whdEd vielgs Z=
ERE, O]]E“‘IJ" BE vlolejes LR, fEReA-15-HA-E AV E JtE R Au AE
EIE(ssRUBISCO) 9] B+ ZREE, W Ao]EE EF| QA AHo]E ofhvetobal(TPI) ZREH, otz
Al29] obdld Ea¥ R AEWNLHE oA (APRT) Z2RE, SEvQ MNEefold ZZWE], BCB(blue copper
binding protein) Z®WE, SP6 TREE,6 T7 ZRKE, T3 ZRKE Y PN T2RHE E3er. 7P vhe
AapA= & el A9 ZRREHE S fHlAE Z2RE (plbi) ot

EHT Jo Prg Iy

wgel Aghek 3 -wee] EoldldstE o A7IE EY A AI2EXES olaEEtEH R FulaiAdle]
w3 Aepoba] FAAZEE fFE ZAMOS 3' end)(Bevan, et al., Nucleic Acids Research, 11(2):369-
385(1983)), ol1ZutelE]le FHlgAdl~o] SEHRQ] AlEfolAl FHAAZEE FdlE 2, ErfE EE A9
T 2yolA] JAA 1 &= F4xe] 3" =d FE ) CaMv 355 Erjdlo]Ey 2 0CS Elv|d|o]E (octopine synthase
terminator)¥S ¥t} 7P ulgz 0}74]‘:* 2 ol AH3e ZEoluldstE ofy|AI7E 3 -EH &
AATZE MEe =ZHUSA F A (nopaline synthase) FAAFe] £A 4 A (Thos) o] t}.

[‘r}ﬂ:

AuHom, 47 WEE ey B4 FANG L -FETa vl E nYte fA4E FHH0
2 ewdth E@, B odgel e A mA24 QYA ertelal, AWML, shtrtelal, s
Elertoldl, ol imutoldl §) R ertoldl EAEEULS

= AlzACe]: kel gk WA
grobAl(npt), ste]zzmtoldl EAFEMLT ol (hpt), §)E

W] AEUAS AxTUE] v d2t ol muEel - (Agrobacteriun) vlolU] WEHE & 5 9l

do e Ok

WA A A go] "HlolYg] @ E(binary vector)"+ Ti(tumor inducible) ZT}Am|=o]A o]Fo] Q3 2
¢l LB(left border)®} RB(right border)E 7MAl&= Zfau|=9}t B wEH Qe =8 K7]=d 2o 744
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248 7 EEanEgE TR Yo w2 dEE w9ty 2 a9y JAAEE ofazvtHe e
el A7 iﬂf?_EPO]C Aol o] A3k Zlojw o= Aol 53] I dgoA e FAdg
4 olarvE YR FFEE B4 otz E %ﬂ]-‘ﬂ-’\]ﬂ*(/&grobacterlum tumefaciens) LBA44047} w}e+2]
skt

oo Az WEE ofamutH el R =Yske WHS FYAelAl A" gYkd e T AAE
Qo dE 51 A F=ZAW(particle bombardment), H7]HEWH(electroporation), FAUAH
(transfection), @lHoFHElo]EH (lithium acetate method), G&ZAW(heat shock) = IE-siH

(freezethaw method) 5°] Ao}, o]o] AR =

FAANA gof " A

1
=
HEe] B4 5 BF EFehs ovlelth,

W i

2 oage] AEAE 5We] AR gow, XA, WF, gx 2 FE e Eﬂl"?"i‘iﬂ ARG A=
(dicotyledonous plant) % ®, ®ig], ®hr} %94 E‘rx}‘ﬂ *‘ﬁ(monocotyledonous plant) 3]
EnlEg} 7L°] 9] 7} a}:"} AL

\R=
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! ] d&EHor 229 2 FAANI F v 5 AEe diAd 3o ofugh
F A gow AT, E. coli M09, E. coli BL21, E. coli RR1, E. coli LE392, E. coli
E. coli X 1776, E. coli W3110, ®pAe]2~ ABEe X, vpael A FAAA 29 28 wpalgx & 35, 18
Axdg) Bl Fgg, Mgl mtEAlEs D gds YA T
T, B ouwe WEHE XY A
cerevisiae), =% AX, A
HepG2, 3T3, RIN & MDCK A|EF) 2 2 EAE So]

AlAl F&do] 7] wiEel, 7] FAAZTA = A
=2 ¥33li),

o] WY E & AX U= Rkete W, 5 Axrt 93 AxQl B9, CaCl, W (Cohen, S.N.

et al., Proc. Natl. Acac. Sci. USA, 9:2110-2114(1973)), 3}.}3F W (Cohen, S.N. et al., Proc. Natl.
Acac. Sci. USA, 9:2110-2114(1973); % Hanahan, D., J. Mol. Biol., 166:557-580(1983)) % 7] & W
(Dower, W.J. et al., Nucleic. Acids Res., 16:6127-6145(1988)) ol oal AAE & d}. T3, &5 A
E7F A8 AE Ao, wlAl FU™(Capecchi, M.R., Cell, 22:479(1980)), Z% XEAHolE AW
(Graham, F.L. et al., Virology, 52:456(1973)), A7] & (Neumann, E. et al., EMBO J., 1:841(1982)),
HEE-v) PRI H(Wong, T.K. et al., Gene, 10:87(1980)), DEAE-®]~Ee A2 (Gopal, Mol. Cell
Biol., 5:1188-1190(1985)), % -z HM}=HE(Yang et al., Proc. Natl. Acad. Sci., 87:9568-

HZ 4
LS
-
)
u
a

rr

oﬁt‘

BREN

=

7] A= &F ANERA, o]AE(Saccharomyce
ME(AAH, CHO MEF (Chinese hamster ovary), W138, BHK, C0S-7, 293,
1849 4 9o, A, 2 Iyl CaPlBl FdA= A&
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9572(1990)) Tol 93] HHE 5 AX W2 =9 4 o,
<
‘:r"

S5 ME U2 F9d dWEH e
£%+ CaPUB1 @A S A Hu},

wowre] e o gejel mew, ¥ wge ted wAE Tdshs AL AEds U4l a9 A48
HEAle) APy AZe

(a) A% AL EE 4% 21 ALRS AN obrledt ALR ol Fold vude ayshe ANLL
2 st Mz gaadshs Wi

s

MHWIHE

(Methods
L} ute] e
ol 7 A 2
MEYZ
o, T-DNA
icroparticle

2 dye] JAHE AEME 9 FAAZ AEAE AFsH7] Hote] GhAe LRk
of Enzymology, Vol. 153, (1987))el wig} A&
2 T g2 Y Fo HHAd AYste] AES FAATAL F da
&3 5 glem(Chilton, et al., Cell, 11:263:271(1977)), A4 dAHA Z2| 7w
EJAANA AES FAASIAZ 4= At (Lorz et ai. Mol. Genet. 199:178-182;(1985)). 04]%
= o= ¥9HE ol&ste Agoe AT W(electroporation), UAEA
bombardment ), Z&olez ZFe]E AW (polyethylene glycol-mediated uptake)S o] && =
HoR AES FAMIA Qo] ol AL&EHE AHo] oA
2 a2~ (Agrobacterium tumefaciens)® A& A¥. &
= A5,004,8633%., #15,349,1245 % A]5,416,0113%). TR
= AXY TAE WY BE Auste] AE2 SSAL 5 Q).
=
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CoAle AER A, WL, B8, WA, AEEE, ARRS, 8, J

CASRER, WK, O ol el R 9w, 9 A, 47 2 his
L 2EESYs, AMel, Adeld, %3, MF 2 BERS T 3

Ao, e, EALF 9 AdUdeel s Fase AR

hu & ov ob
ﬂ}-o@i:ml-m
: o

e s O
iy

N
=

it
o
g
ol
=
>
%)
Z %

o i

oo Hbde] glojA, AEAEY FAHe A TAE S WHo wEl AAE = 9on, o=
71T (Neumann, E., et al., EMBO J., 1:841(1982)), A ¥el=HE (Yang, et al., Proc. Natl. Acad.
Sci., 87:9568-9572(1990)) % ol zutyg]S—-mi/le HAAS (= %%Ef Al 5,004,8633%., A|5,349,124%

1 A)5,416,0118 ) 2shsit). o] FolA, ofaRutegg-wi7lE FEHdEo] 71 vhEA st

AR AEATY AEe FAAS wjIES A (d: hA dAA, FAA D AZzAo =EAA AA
=2 £ Q. gEASHn AgA PAS Foete TA FEAE oAHA Edsln e AR AxEE e
3k wjkE oA AFEta B&sr. oA Al TAE=, sfo]1Eulolal TATEMAHTGOMA GHA}, FYIE
zdo)E WA fAA D dlertola EazEAATG b (nptl]) AAHE EFsLE, oo FEHE AL of
Y},

AE A¥A T st AT AR RY AEAY] U T AR Y= HHS dhdAe & A Q).
olazuteggol o8] =dd o FARAE £ AEAY Y e AEstE GdAd FAE W

[e] s
™ ~I- RuA
et 2" F Yrh(rE SZ2E3F A5,004,86335, A5,349,124% © A]5,416,01135).
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2 ol glojA, A gk FAR g c}‘ﬁ% ofaZute|EE Al~EE o] g3l HAIEY, Ry} gk A=
ium tumefaciens)-vke|e] #E A|A~BlE o] &35lo] AA|FT),

obrzutEle g AsHE ol gshe Wl QolM, FAHA U AAdE Bl @A

8 2 Ttk ) 4%
REX ﬂ%[MM]“%Q:?QMIW%ﬂ e 2= WEs yaEe] 9= olrzule

W OHE o IR
AEA ] AZHEE AAATIE A (1) £ 2o OsDREBID @A S Idste FZdEel= AE;
(iD) 7] ()9 FEdSEo|= Mg Zsdox AgEm A FAxEANA 2-&3ke] RNA FAHE A7 =
ZHE; (ii1) AEAEAA 2H&3ste] 7] RNA 249 3'-"he] Zlotdd3lE of7|Al7]+ 3'-H]-3 53} K

1 2
A (b') 7] AHE AREAES ARs wfAolA AEstste] RS HE2AE A= .

e AEY FAATS Ti Zekav=E xdtets ofazvtH R FulgAdaE 7HA L A ETH(Depicker,
A., et al., Plant cell transformation by Agrobacterium plasmids. In Genetic Engineering of Plants,
Plenum Press, New York(1983)).

B} wlEbgskA=, pBinl9, pRD400, pRD320, pGA1611 % pGA1991z}t 22 mpolule] el A]lxw®lo] o] gHu}
(An, G., et al., Binary vectors" In Plant Gene Res. Manual, Martinus Nijhoff Publisher, New
York(1986); An et al., 1988; % Lee et al., 1999). & o] 33t vloju]g] HE = (i) A EolA 253t
v XZRRE; (i) 47 Z2EHC AsHox dd" 72 84 92 (1) Egetddst Alrd A4S =
ot dudosm, ) wMEE PEH Al FANgeld 2 FEEavel)E gt FA4E
wRbgek. mlely ] HlE o] o] &Y= ZREEC dE S5 FHIFY TRRE, Callv 358 T
BE, 2 222 9 =2 Aeobd(nos) ZR2EEE £33, old dAEHE AL ol

'_| E
A=, A7 29 A2 ofazvteols Fuo /\]‘ﬂigl H‘*“Oﬂ o]
3

ool met FAASE AES GAe FAE Wl o8 FAAE oI gldn.  dE 5o, ¥4
ek A=e] ZAHORREH AL DNA AISE ol&ste], PRE AAlshd Fdxe A= Ay dd= o
FAAL F9E Aok, HgUgeR, wd EE AW 229 AMse]l 4% oRE FA¥ = A
(Maniatis, et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y.(1989)).

B oWy CaPUBL 414 W GuAe HEA A 2z fd WHATH)S FAsHE O A KR

o}

() & wee] 248 W/ms Y olgay AL AEdxs Yol 08 A2AE Axdd, 48 44
e mow ¥ 4



[0072]

[0073]

[0074]
[0075]

[0076]

[0077]

[0078]
[0079]

[0080]

ZIHSd 10-2016-0053106

il
S
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9,

o

at CaPlBI 325 &xtat7] &) g frd=

lat M1k vlolda] #EpGA28972] H.T (border) Fio W
Aw g YERAL

ju
a
A

|
% 2% CaPUBIE =93¢ FAH3 v AEA 59 gl AHE 98 Axy Ad 55 #4E5 793 d9E
LERATE
3at= CaPUBI®] A& z=Ed ol dig AAES WA 7]=A] FQlstr] 98] A& 2Ed e o A4S
e ARE JERATE. ofAE A EA 3L, CaPUBI 3t} ¥ 13 A EAE AP o=E
&3t
T 3bhe oRAFE 2 %xﬂg} CaPUBI 2t} 4@ T3 A EAd AL ~EH2E
Z4zke] A EAe] AEE t& A A AHE BT 1HEZE YERIT
% 4% CaPUBl @A S mgshs 4k AES vehdth.

> &
mlm
=
BN
3t
lo
frt
>
oo
ol
N

X
Rl
i}
>
o

55 A9e WEs,

Wy A7 Hek A g

o, AAE Fatel B wEe U A Austud drh. ol WAL 94 B 49 un 74
Moz MA@sy] @ Aoz, ¥ owge axd wel ¥ owwe] Wl o5 Aol oja AFEA ghzrhs
AL AN B AN A7 Aol golA AT Aol

AA 4
A 1: Ubi:CaPUBl HopEd FAAS ¥ AEA A2}

CaPUBIS 3ehatalslr] Y8l CaPUBIS] cDNAS pENTR SD-TOPO ®E}(Invitrogen)ol] 4tigh %, LR A ZvolA] &
Z(Invitrogen)Z o]-&3to] SHE] pGA2897¢] X &Halitt. o] B AlEA o WA 7|7 Y ZeAn|=S
of1Eute| e F Fu|FAll LBA4404e] H7IHFH o R o] LBAM404E FH ASsdtt.  CaPlBl FAAE
at7] e T FAAES ARE vleluE] WE pGA2897¢] 7 Al (border) ¥ RAEE T 1o YERS
ok, X 194, #FF H-Y(Left border, LB)$} $= XU (Right border, RB) Alo]ol $X}l= DNA A Ho] o}
a2k 2o} LBA44040l ol&] okAlF A EA Alwdl AdPut. CaPlBl FAAE fHlFAE T2 R E(Ubiquitin
promoter)ol] o3| 4 VHEEF 2H Y=t

ORPYF T TS 40% HA(FI-AmER)o] 3083 A A § Had B2 53] o] AFHE F

19 et A AYsid. A" FAE 3% 22, CHU wix|(4 g/L, Duchedfa Biochem), ZMARW]:=Ab

(casamino acid)(300 mg/L, Duchedfa Biochem), L-ZE71(2.9 g/L, Duchefa Biochem), 2,4-D(2 mg/L, sigma

aldrich), 0.002% Az}o]EZ A= N6D vjx]o] 4lar 28ToA 74 o] njefsle] njolZFH 7MeiX(callus)
frEsilet. o] e FAH3E oA FA [AFd ol 1=2ube ER Fu|FAldl2 LBA44049F 497 i

Fafo] FAetal, s|1=Eulolil B FAAE ol &3t MEA Atve AHAE AEEgit. A" AYae
Aap Aol E7doe] EE A3} wjA|o w]gFste](Sohn et al., Korean J. Breed. 38(3) @ 173~179 (2006))
0 AEAE 5330, A FA A AEAE Fo82 &4 A4 71T

J}o o2, mim

AAe] 2: Ubi:CaPUBl by FAAE W AEAMAA Y CaPUBI F73A Zd &<l
2-1. Total RNA F= Wy

kAL WA (vegetative stage)® oFAZEF CaPUBl Hohdd 3 AA
g 5 FA Zobd 7FEE eI 2 nl/g o RNA FE 453} 4
doj ] ThA] AlolE 3, 4ColA 13000 rpme. 2 1047F 94 Hels)
k. oA 4TColA 13000 rpme 2 P4 Hlsle] RNAS A A

3 4 o o

o] NS Zaro] A Ny}
© 2 & RNA(total RNA)E F%3}

ﬂidiﬂﬁo&
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Y53 RNAE A#Fstar, 2 BET 2 pg¥o 5% T RNAZF-E] cDNAE #Ash7] %’46& W FANESS A
At S dlgs 2ZEke]™9F TOPscript @.Xd/\]- E(enzynomics)E ©o]&3te] & RNARFE] Tdrte
cDNAZS ettt A3 cDNA 2 FH oz dlo] (aPIBIS SolH oz FEA 7] P(RE Wttt 10X
Taq E&|#gtolAl &% & H(Intron) 2 ul, dNIP %?{M(ﬂr 1.25 mM) 2 wb, CaPUBIOl AFRZ<Q AWk Zlo|n
o ouek ZefolwE ZH7F 10 pmole M, 2l 1 F319 Taq DNA E&|™etobAl(intron)E Fol ¥Hg&E9] 79
2 20 w0 2 WHEQITE.  BIORAD C-1000 DNA A9 AMifﬂi PCRS F33ttt. 95Tl 383 AAFAZ
. 95TAlA 30%, 52°ColA 30%, 72ColA 60%F wHiels AL 253 F=8slga, wpxqt %ﬂ]oﬂzﬂ 72°C
A 3R FULE SERES S T NEES of/fR oA~ Ao Ho] Y] JdFoR 247Ho}0% gelstict.
Aol AH&H Zefolm = ofgfo] 3 1 HERHAT.

AAle] 3: Ubi:CaPlBl JHEE FAAE B HEA Y SHAA A

CaPUBIE It Idshs T0 A8 W A EA 9 oflF dS dALALE o83 deA F4 1+ %, 0.8 ml
o] DNA 3% =N(CTAB W3}; CTAB 2 g, PVP-40 2 g, o}==3=H2F 0.08 g, 5 M NaCl 28.4 ml, 0.5 M
EDTA(pH 8.0) 4 ml, 1 M Tris-Cl(pH 8.0)/100 ml)& 21 Ao]FAT}t. 657 9

F(incubatio
st SEZXES 0.8 ml €] HojE F, 4TolA] 13000 rpmeZ U4 F2]3s} =

2ko] A7

d =
SN Aol THA 4TlA 13000 rpme2 A4 EElste] st o Awy DNAE FE35H9
o 2Elg A7 DNAE EcoRl AFEA=E 12A17F St S8 Zskth. o]& 0.8% o7z o2 A Zo
A7) JdEor HMNE F RAPW F5(capillary transfer) WS olfa] UUE w1 72 (membrane)ell
&4 of wnegle] hphel AmAolw 32'E EAP Lzns gl 1647 T4 EA4F
(hybridization)& &3kl 2X SSPE $kEefo = 2084 29, 1X SSPE ¢hFf o= 1084 2W HeojEr. vt
Aupoz B QLS [Pl FHste] Hd ghele AEsiltk. ZRBIAC ARRE etoln= F19] U

At

1
=z2}0|of ME
RT-PCR
OsUBQI0RT FW 5'-ATGCAGATCTTTGTGAAGAC-3'
OsUBQI0 RT RV 5'-TTACTGACCACCACGGAGGC-3'
CaPUBI RT FW 5'-CAATCCCTTACGAGCATAGAG-3'
CaPUBI RT RV 5'-TTGGTAGTGTGGATGCTTCG-3'
genomic Southern blot assay probe 2t
Hph probe FW 5'-GAGCCTGACCTATTGCATCTC-3'
Hoh probe RV 5'-AGTACTTCTACACAGCCATCGG-3'

Ao 4: Ubi:CaPUBl HohEd FAAE B HEA S A2 AFH BRI £4

CaPUBIE ®ol =93I8le ® A& ZEHZd uigd Aol WaE=A IRl 3] AT A=A
CaPUBI ¥t} & T3 A &AL FAE 40% Fa(Fa-T2eg2)0l 3023t % 3 5, 4T 1Y B AL Ay
sk, AEs FAE 4 0.7% J‘rO]EO]-ﬂ(phytoagar)ﬂ z39 A (MS medium 2.2 g/L(duchefa),
3% FAE2)0 Ao1A 28T W olA doprl7]ar, 2o] At F- CaPUBI erE}%fﬂ Azl szl B &
A (Duchefa) 7} 40 mg/L == XE3tE NS BjA(REPWELS /3= MS HiA] 2.2 g/L(Duchefa), 3% 3=

N

;

H
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2, JolEobrh 7 g/1 L)E &R Eopd 2HE 7ol Aupw shte] shitel opdE} CaPlBI Hvh E A=
AE TEstel AolFal 28T wiFdelA 45 &k ARAIRGA6ARE F 23/823F oF =31). 9] S 4
T Aol Yol AL SAAEHR 6247 =FAZ &, BA] 28C MiFE=2 FAFAT.  AEES s
ANAY 25 AFozRE 109 o) de] A%ts wole &7] Fiol Al Abd o] JPH A Fol 2FAS
He As 7lees 2483ltt. ofF A=Al A5 0%l 7k AEES Beloy CaPlBI Fhitd A=
AH2, e A5 70%0 Doh= AEES UEhlig. o7 daE S CaPlBls Blol ZQdEiis w A
2E gz gk Aol %%ﬁl FdE= Ae A0

a3

1. ojazute|golg ol8ald CaPlBl HHAE Wol Edahe 27 T 4

obrzutelelolg ol g3l CaPlBl FAAE Wl HUsts 24 WY 4P FARAT.  oFYF We] Ao
g ofazueleolt FPAIIES 39Uk o A WFE olF, Sl1@rlolal Brh FRE wAelA wloka)

of wr(border) AT27k QY Ael2E AEagie.  AEE AsvY AR S AH CaPBIS
stk wdshe 4EAS Ageart.  A5¢ FLAD 10 JBANA RAE FEHC] AN 0SS E
= o

cDNAE 3t %, CaPUBIE: 5—01@9& ZEZANZ F 9 ZgolmE AFRSle] RT-PCRE &3O 24 (CaPUBI
FAAS AEANA CaPlUBIo] mRNA G50l A

ruB‘:

2. CaPUBIS =493 FFAAE ¥ AEA9 59 g2 A

CaPUBIS =3k & Al

3} CaPUBI Iehtd A &EA9] oA A" DNAE FE3F ¥, EcoRl Adaiz S8 A2k, A3 A=
4l DNAE op7tR2 e A Ao 7] sz His & yd X

AE TR2HE ALgsle] TAELE Fgsoan = ZHels A

3. A2 2EH X Y A #F

CaPUBI®] A& 2ET 2 W3t AAdS MspA7]=A 2elehr] S8 AL 2Edzd Wit 43S #2ssl
T okAF AEAS CaPUBI THth HE T3 AEAZS 28T FHolA Lol A 79 71L& F, shte] 34| of
AE ANEAS} CaPlBl Wk HEA ABAE A Aurh. 28TolAM 4F e FIHE 18 the, 4T A2 A

stk AT AE

of Yo A2 2EF2E 643 & F, thA] 28T A= $A Ao] 3EH=A g2l

Aol A AL 2EH2ZHE 35S A 3 Po] A T Ao TE JfAZF A E3ST). Hh
CaPUB1 Hohard A EA(#2, 4)9 A5 ofdFol nld] 5 B A7 A& o, AL

AAHAG o] 3L o]Fo thA] APHE FAHS YA (F=: X 3a).

SFAE ABAG CaPlBl T} BA T3 ABA AL AEAAE Fu o Hual 29w
AEAS AEEE B AUE ol 4EE Texe denien. el A9 sue) A9 v 5
Gz T 2). #19) B3 490 ARE W SAAAGAT: L 3. CaB A0 wH 2248 ABA)

AL 2EY 2z Addol les AY9T 5 AN (FH=E: = 3b).

X2
OFAI & (Wild-type) CaPUB1#2
HFE Al _ e e o .
SEEE My Ale |[MESAS wEg (o) | HEUAS |YESNE |0 o)
EOHH % | A | C5F EOH S | M [T=F
1 8 0 0 8 4 50
2 9 0 0 9 0 100
3 6 0 0 6 3 50

_12_
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571
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77T
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OF i & (Wild-type)

[0097]

pE
3%

[0098]

Aol

[i3
=

EEEEE

8|

8

+od

o

°f 9
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X1

=

7

=

#5
- 13 -

3} 19

2y
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,—TL

J

-8

9 =

#3
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- e - e a——

Ubi:CaPUB1 transgenic plant(TO0)
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k1
:
[\

Genomic Southern blot
Ubi:CaPUBT TO @ EHE B A EH|
#5

WT #1 #2 #3

W

~ —2kb

Cold,4°C Recover
. 4 ¥

Line#2 23 days 45days

WT CaPUB1

Line#4

37 days

WT CaPUB1

_14_



EW3p

100

Survival ratic (Cold)

80

60 -
40 -
20 -

WT CaPuB1 #2

(replicates=3)

100

Survival ratio (Cold)

80
60

|
|
40!
20{

WT CaPUB1#4 [(replicaies=4)

Er4

Grust .

Aqdz

<110>

<120>

1 96 1316 1405 bp

1 gggatccgge acgaggettg tttttagtea tatttgeaat ctitcttata agattetect

61 ccttcgaata atcttgaaaa attttcaaag tacaaatgga agaaattcaa gtaccacctt

121 atttcctety tccgattica ctggagatga tgaaagatce agtcacgatc tegactggaa
181 taacatacga tcgagagaac atcgagagat ggatattctc agctaagaac aatacgtgtc
241 cggttacgaa gcaatcoctt acgageatag agttgaccece taatgteact ctacgacgat
301 tcatccaate gtggtgtact ctcaatgegt coccatggeat cgagaggtic cotacaccga
361 agectcoggt cagcaaaget caaatcttaa agetcatgaa agaagcgaaa tcgegcgaaa
421 tgcaaatgaa atcactcaac acacttagat ccatagettc tgtgaacgat gotaacaage
481 gttgecatgga gtctgeggge gecageggagt tettagecte tgttgtgatt gattcgagtg
541 atgtgttggg tgaagagggt ttcatgagta ctaaagatga agcattaage atcctetace
601 aactcaagtt atcagaagat ggattgaggt cactcatcac gagtggaaat ggtgaattca
661 tcgagtcact gacacgcgtc atgcagcgtg ggagctatga gtcaagggct tacgcggtga
721 tgctgatgaa agacatgtic gaagcatcca cactaccaac tctatttteg agcttgaaga
781 aagagttctt cgctcaagty gttcgagtct tgagggatga gatctctcaa aaggecacca
841 aagcgtcatt gcaagtgcta gogcacgegt gtecatttgg gaggaacaga gtgaaageag
901 ctgaggcagg agccgttagy gttttggtgg acctictget cgattcatec gagaaaagga
961 cetgegaact gatgetaate ttgctggate aaatttgtca gagcgeagaa gggagagecy
1021 agctgttgaa tcatccggga gggttageca togictcgaa gaaaatactt agggtttcga
1081 aagtagggag cgaaagggca atcaagatat tgcattcgat atcaaagttt tcatcaacac
1141 aaagtgttgt tcaagagatg ttgagtttgg gtgtigtgge aaagetttgt ttggtacttc
1201 aagttgattg tggaagtasa gctaaggata gagctagaga tattctcaaa attcatgeaa
1261 aggcatggag gaattctcct tgtataccta tgaatttatt atcttcatat ccattttagg
1321 aaaataggac caaaagagca aacaattgta atgatitgat agasatagga aacacaaaaa
1381 agaaatcagt aaatgatttg tgtac

=
-
Industry—Academic Cooperation Foundation, Yonsei University

Compositions for Enhancing Cold Stress Tolerance and Transgenic

_15_

ZIHSd 10-2016-0053106



Plants Using the Same

PN140524

KopatentIn 2.0

<130>

<160> 2
<170>

<210> 1
<211> 407
<212> PRT
<213>

<400> 1

Capsicum annuum cv. Pukang

Met Glu Glu Ile Gln Val Pro Pro Tyr Phe Leu Cys Pro

1

Glu Met Met

5

Lys Asp Pro

20

10

Val Thr Ile Ser Thr Gly Ile

25

Arg Glu Asn Ile Glu Arg Trp Ile Phe Ser Ala Lys Asn

35
Pro Val Thr
50
Thr Leu Arg
65

Gly Ile Glu

Ile Leu Lys

Lys Gln Ser

Arg Phe Ile
70
Arg Phe Pro

85

Leu Met Lys

100

40 45
Leu Thr Ser Ile Glu Leu Thr
95 60
Gln Ser Trp Cys Thr Leu Asn
75
Thr Pro Lys Pro Pro Val Ser
90

Glu Ala Lys Ser Arg Glu Met

105

Ser Leu Asn Thr Leu Arg Ser Ile Ala Ser Val Asn Asp

115
Arg Cys Met
130
Ile Asp Ser
145

Asp Glu Ala

Leu Arg Ser

Glu Ser Ala

Ser Asp Val
150

Leu Ser Ile

165

Leu Ile Thr

120 125
Gly Ala Ala Glu Phe Leu Ala
135 140
Leu Gly Glu Glu Gly Phe Met
155

Leu Tyr Gln Leu Lys Leu Ser

170

Ser Gly Asn Gly Glu Phe Ile

Ile Ser Leu
15

Thr Tyr Asp

30

Asn Thr Cys

Pro Asn Val

Ala Ser His

Lys Ala Gln

GIn Met Lys
110

Ala Asn Lys

Ser Val Val

Ser Thr Lys

160

Glu Asp Gly

175

Glu Ser Leu

_16_
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Thr

Met

Ser

225

Asp

His

Thr

305

Ser

Lys

Lys
385

Leu

180

Arg Val Met

195

Leu Met Lys
210

Ser Leu Lys

Ile Ser

Ala Cys Pro
260

Val Arg Val

275

Cys Glu Leu

290

Gly Arg Ala

Lys Lys

Ile Leu His

340

Glu Met Leu
355

Val Asp Cys

370

Ile His Ala

Leu Ser Ser

<210> 2

<211>

<212>

1405

DNA

Gln

Asp

Lys

245

Phe

Leu

Met

Leu
325

Ser

Ser

Lys

Tyr

405

Arg Gly Ser
200

Met Phe Glu

215

Glu Phe Phe

230

Lys Ala Thr
Gly Arg Asn
Val Asp Leu

280
Leu Ile Leu
295

Leu Leu Asn

310
Arg Val Ser

[le Ser Lys
Leu Gly Val

360
Lys Ala

Ser

375

185

Tyr

Lys

Arg

265

Leu

Leu

His

Lys

Phe

345

Val

Lys

Ser

250

Val

Leu

Asp

Pro

Val
330

Ser

Asp

Ala Trp Arg Asn Ser

390

Pro Phe

Ser Arg Ala
205

Thr Leu Pro

220

Val

Val Arg

235

Ser Leu Gln

Lys Ala Ala

Asp Ser Ser
285

Ile Cys

Gly Ser

Ser Thr

Lys Leu Cys

365

Arg Ala Arg
380

Pro Cys

395

190
Tyr Ala

Thr Leu

Val Leu

Val Leu

255

Glu Lys

Gln Ser

Arg Ala
335
Ser Val

350

Leu Val

Asp

Pro Met

_17_

Val

Phe

Arg

240

Arg

Val

320

Val

Leu

Leu

Asn

400

ZIHSdl 10-2016-0053106



ZIHSdl 10-2016-0053106

<213> Capsicum annuum cv. Pukang

<400> 2

gggatccggce acgaggettg tttttagtca tatttgcaat ctttcttata agattctect 60
ccttcgaata atcttgaaaa attttcaaag tacaaatgga agaaattcaa gtaccacctt 120
atttcctctg tccgatttca ctggagatga tgaaagatcc agtcacgatc tcgactggaa 180
taacatacga tcgagagaac atcgagagat ggatattctc agctaagaac aatacgtgtc 240
cggttacgaa gcaatccctt acgagcatag agttgacccc taatgtcact ctacgacgat 300
tcatccaatc gtggtgtact ctcaatgegt cccatggcat cgagaggttc cctacaccga 360
agcctceccggt cagcaaagct caaatcttaa agctcatgaa agaagcgaaa tcgcegcecgaaa 420
tgcaaatgaa atcactcaac acacttagat ccatagcttc tgtgaacgat gctaacaagc 480
gttgcatgga gtctgcggge gcageggagt tcttagecte tgttgtgatt gattcgagtg 540
atgtgttggg tgaagagggt ttcatgagta ctaaagatga agcattaagc atcctctacc 600
aactcaagtt atcagaagat ggattgaggt cactcatcac gagtggaaat ggtgaattca 660
tcgagtcact gacacgcgtc atgcagegtg ggagctatga gtcaaggget tacgeggtga 720
tgctgatgaa agacatgttc gaagcatcca cactaccaac tctattttcg agcttgaaga 780
aagagttctt cgctcaagtg gttcgagtct tgagggatga gatctctcaa aaggccacca 840
aagcgtcatt gcaagtgcta gecgcacgegt gtccatttgg gaggaacaga gtgaaagcag 900
ctgaggcagg agccgttagg gttttggtgg accttctget cgattcatcc gagaaaagga 960
cctgecgaact gatgctaatc ttgectggatc aaatttgtca gagegcagaa gggagagecg 1020
agctgttgaa tcatccggga gggttageca tcgtctcgaa gaaaatactt agggtttcga 1080
aagtagggag cgaaagggca atcaagatat tgcattcgat atcaaagttt tcatcaacac 1140
aaagtgttgt tcaagagatg ttgagtttgg gtgttgtgge aaagetttgt ttggtactte 1200
aagttgattg tggaagtaaa gctaaggata gagctagaga tattctcaaa attcatgcaa 1260
aggcatggag gaattctcct tgtataccta tgaatttatt atcttcatat ccattttagg 1320
aaaataggac caaaagagca aacaattgta atgatttgat agaaatagga aacacaaaaa 1380
agaaatcagt aaatgatttg tgtac 1405
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