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Agrobacterium 7+
Agrobacterium #|7A

Shoot

o] Agrobacterium-vi7| & & A3t

r)
FAAS AEAS AtSIZ gene®] A B EE 4

FAA A=A Ax 2 NaCl 2Ed 2 AFA
FuEed
A =
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stolonifera)®} Ao 2 ¢ FAsH AWL-A o] 15~25CE nUE=Z AR

s, Aol wa whE AHS drk= ARl vk Ay dxdd AY= T H

of wtar, whE AHoR Qs e 5|9 WY F7IZF dasty e dig
AR o] yol AzAl £ Bo] &7HE T ¥HE AT W&F dH 2=
&7

e B Azold auE ¥ AEA 8% WHew nxd gL
zEHzG] N AGEES ASHAY Pz YAl BRH A &
A7} wEo] wo] 2e¥mw 3

[e)
T -
del Hek 3AL aRHoz ANT F dE TL 5

gugvlel 4
RS

AgAel CCCHE zinc finger proteing Uo3tst= FHAR ArSZF1
AtSZF2 (salt-inducible zinc finger)&= 7] gt & Z=E o 93]
mRNA HAMA o] IA S7bstd, A Al agdo] dig Widel 24 57t
H Aes By vk Qv & ATl EEAECA F84d0] ElE ofrE
N AtSZF A2t AdvlAR par FHAAE Agrostis mongolica Roshev.©l
L]jste] SAFAEd 2o gk A B v AdgA AlxzA AdE JdYE et
A} BT

dAHdg  FAYE A x5 918}e]  AtSIAArabidopsis  thaliana
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Stress—Induced Zinc finger) F+XAE XE3$Fs}+= Agrobacterium tumetfaciens
AGL1 straing Agrostis mongolica Roshev. ¢ s Abell A g wjday 72

ol ZAAATG. FEUNF F A st A 2 AT 99

—

=

mg/L, 3 mg/L, 5 mg/L% phosphinothricin®] ¥3g% #®jX|oAq GAEH=Z A
stglom, Aitd A &A= PAT protein detection kitE AF&3le] 22} A3}

A= genomic-PCRE 338t #Fxxke] == &<ls}

¥
v
2
(i3
5]
1>
(i

=
ek S 48] H8 sEem &3 §F 3F 3 cEAFth Azl oE
WS BAs7] el ofE Y A BF =S5 A @ 7Y AL
2 3 97k BET 2y, oY A 231 A

3] aAbg vk FA A2 EA (4, 9, 10 lines)E2 Ax AT

RAES AT + Ut Ax 2004 AEEY 524 AFE A7 9398

TE &5 54 49, oYY FAAS A= line b AE2AE F 144 A
. ]

A
A AFAE line 4, 9, 102 214
st

5

)

o
N
_IZ
%01'
£
uly
Z,
[ab)

Q
6
—
o
S
O
o
S
w
o
(e
al
o
B
%
=2
>,
2
AC)
ol
ol
£

T 74 A He ol ask (500 mM)e] ATl A ofdE R A FHH
2% lines9 oo IAF #EHUT, A7 T 149 Aol 100 m
gl o F el SlellA aAF PH I lFo] EAH ATt A 2
A= 300 2 500 mM NaCl Azl A AA A&Ae] ol 1At 3eE
ok AzAE ste] 3 gol A Foli= 100 mM A Fol AR oL ¢hH
TALE QAT FAAZAE lineol AoIA+= 200 mM NaCl A o= BE
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e BARAT o AN, HNIW fehe) ASIZ/ASIFZ FAANE
P A BANE B METHAE obyFe ABel wa| Axst o

et Aol SAH UG 2 H A
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5|
ol

I
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F A

Table 1. Agrobacterium—mediated transformation efficiency for A.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

a9 2

1. Transcriptional regulatory networks of abiotic stress signals and
gene expression

2. T-DNA construct of binary vector plasmid pNB96

3. Procedures of Agrobacterium-mediated transformation

4. Production of AtSIZ-transgenic Agrostis mongolica Roshev.

5. PCR analysis of AtSIZ gene in transgenic and wild-type Agrostis
mongolica Roshev. plants.

6. RT-PCR analysis of AtSILZ and 18S rRNA gene in transgenic and
wild—type Agrostis mongolica Roshev. plants.

7. The morphological phenotype of the transgenic and wild-type
plants after stop-watering.

8. Tiller number of wild-type and transgenic plants under drought
test

9. Water content of wild-type and transgenic plants under drought
test

10. Total chlorophyll content of wild-type and transgenic plants
under drought test.

11. High-salt tolerance of transgenic plants containing AtSI”Z.

12. Total chlorophyll content of wild-type and transgenic plants

under salt stress.
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SIS

ABRE ABA-responsive element

ABA Abscisic acid

ABF ABRE-binding factor

AREB ABRE-binding protein

AtSIZ Arabidopsis thaliana stress inducible zinc finger
bp Base pair(s)

CaMV Cauliflower mosaic virus

CTAB Cetyltrimethyllammonium bromide
cDNA Complementary DNA

CRT C-repeat

CBF C-repeat-binding factor

DREs Dehydration— or salt stress—responsive elements
DREB DRE-binding protein

EtBr Ethidium bromide

kb Kilo base pair(s)

mRNA Messenger RNA

mg Milligram

mM Millimolar

npt II Neomycine phosphotransferase Il
NOS Nopaline synthase

PPT Phosphinothricin

PCR Polymerase chain reaction
RT-PCR  Reverse transcription-PCR

rpm Revolution time

NaCl Sodium chloride

T-DNA Transfer DNA

_Vi_
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e @ FEs b Fol o8 AEUAE AR 442 Aslse] we 3

23 T} ZoklA = AAAES A= 84 T styoln d AAHL
=]

AT AA oIt (Zhu, 2001, Zhu, 2002, Zhu, 2003). 2L A5 714 F
Qsta FEg 54 F shutolr|®E shAIRE A AR WistE: Adof ke A
ojmalz| e gtk AES Ax g a9 gk A8 vhgS sigton Ex4, A
XA FEoll AT ol FEA, A FEA R 4G WS slof Ao}
2S5 tHHasegawa et al., 2000, Zhu, 2002). 4% ~E#x Hg7]4&
olgfatr] s 54 zEgze i o] FRHE v fHAEC] &
2 HAar, 1 5o FRSISHA ATFHAT. 1 AF, AF ~Ed s vk §4
o] BAS freshe tde AsAG AAZE EAsk oleg s

= ABA-9E4 EE ABA-H|EA AHEE E3slal oWl AodY A2 F

9, 1P W GG gL BE AT 2B 2N TEHoE 4§

Zo] B3 A tH(Knight and Knight, 2001, Zhu, 2002, Shinozaki et al., 2003).
ABAT 319 2 Ax SO digh A= H& Hbg % - fAHoA Fa3 o

eS8t (Zhy, 2001, Zhu, 2002), 2E#d2x 27 sloll A ABA-9]E&% o] ALY
ABA-MIS|2H ARE Bo) AE U9 e FAdEe] AR FEEG
(Shinozaki and Yamaguchi=Shinozaki, 2000, Xiong et al., 2002, Zhu, 2002,
Shinozaki et al., 2003). °o]#1& FHAES A== AEo] 2E 2 Ay
A S g Wk e AEds wgeld fAde W A5 ue =
A3t= 7155 drth(Yamaguchi-Shinozaki and Shinozaki, 2006).

HLol= of7|FHE o83 AFolA ZEd 2ol o3 FiEHeE fdA
FHol| #oJsk= cis—9} trans—acting factors7} 98 ¥4%50]4 $31(Zhu, 2002,
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Drought, High salinity Cold
Biotic stress ; ; ‘

and wounding Signal Perception
Signal \1 \
transduction
JA ABA biosynthesis
- T

>/ "“"*l \ NAC [_Bﬁe_az_ DREB1/CBF

transcription | MyB2, MYC2 || NAC || AREB/ABF || HD-ZIP || (APZERF) || (AP2ERF)

factors | (MYB, MYC) || (RD26) (bZIP) \ /
ool ’
Cis-acting DRE/CRT
elements MYBRS, MYCRS ABRE e (G/ACCGAC)
(YAACR, CANNTG) (ACGTGGC) RD29A
gene
p. - RD22 Gly RD298, RD20A l
e | | }
function

Gene Products Involved in Stress Response and Tolerance

Fig. 1. Transcriptional regulatory networks of abiotic stress signals and

gene expression (revised by Yamaguchi-Shinozaki and Shinozaki, 2006)

Shinozaki et al., 2003). ABREs (ABA-responsive elements) ¢ DREs
(dehydration— or salt stress-responsive elements) &= 37 ~Ed# 2o 9]

FrEsv ABA-1E 75t ABA-HSEH fAAEY] wAe 2

[d

2RE g &A= F Mo F23F positive cis—acting elements & U
Z QltH(Yamaguchi-Shinozaki and Shinozaki, 1994, Shinozaki et al., 2003,
Yamaguchi-Shinozaki and Shinozaki, 2005). RD29A®} 2 ABA-HHS
marker FAAEL 159 TR HE O DREs 9 ABREs 995 x3sta glo
1 ABA-9|EZ% 7 &9t ABA-H|OEH AEY XA vh3 AR o3 &AdstE
A th(shitani et al., 1997). ERF/AP2 family transcription factors¢l DREB2s
(DRE-binding protein 2) <A DRE cis—acting elementE 7}A]al o™,
ABA-R|g &% Wy oR o E& Ax ~EHA w3 HF fHx HEAS x
A3s}= F 29 transcriptional activators ©]tH(Liu et al., 1998, Nakashima et

al.,, 2000). Basic leucine zipper(bZIP) family®] transcription factors¢l
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AREB/ABF(ABRE-binding protein/factor)?} ABI5+= ABRE cis—acting
elemento] A% 4 dom™ ABA-dependent gene expression®] 93] A
st tH(Choi et al.,, 2000, Finkelstein and Lynch, 2000, Lopez-Molina and
Chua, 2000, Uno et al., 2000, Kang et al., 2002). o]} o] ZHA} 24 <lx}
= 2EHA AS oA A2E# 2 ik vk A dAAE 243
ot Rk FH 2o ATtoll ok, of71 T Al el 1170
gl dSo] FAFSE CCCH-type zinc finger motifE 7FA™(Kim et al.,
2008) °]& F#AAEL CCCH-type zinc finger family?] &}¢] L&l 38l
o2 oA rt olgd FHAE F PEIISRE 43 A= widAds
15

dst, SZFE IEd AR 7AW HEAls o APl SXE e B

il

v}

ot
o

e 229 o

ol

Lo

S

BN
ol

el

N

o2 HWaE v Qal, SIFIY SIF2S A& oo gk HhS *

= A THLI and Thomas, 1998, Sun et al., 2007).

Agrostis mongolica Roshev. (A. mongolica) & XE74°02 F2& 3ty
A28 HMEIHAS AR fFd #A Y= A=olth(Vergara and
Bughrara, 2003). o] A& &3 WA Fa3 TEA H
=, AY, 5 PALEeRE dE AgdY. tgE B2 HEIHA T3 vizvbH

=)
2, A mongolica © BFAEZ0°] 15~25T HE=E

o E# WE Agow o, v BEAE dlof s Frgow 434 2
SFAE PelHop Ak Td ol d@ AAHe] W ol Fx FAE 9

A GEFE Bol BH0PL 0T 4 glon], nelE A ME L 2

g R Aol oW1 frelel AtSIZZASZFZ FRAARE EEke

H
Ax 2 d 2Bz A o]l Sxd dddg JoE Az A9

A
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I As 2 w3

Y (A, mongolica)®] WAy e~ F2A W AZA AFS= oln B
19 v 9= WS o] 8319 tH(Enkhchimeg et al., 2005). Za7t] o] Zx}o
A ArEls wpdAl A as A s FA ajA]e] XAgste] 25T, SERedA 25

14 3448 49 AR AT

o
=
o
)
=
=z
o

ol
on
=
o|N
1>

>

A& e AL2SH Agrobacterium &3 9 binary vector

ALSLZ AR =4 AFESE vectori= binary vector?l pNB96S %
T-DNA W&ol dual 35S promoter®} 35S terminator AFelol| AtSLZ A =}7}
AdEle] ek 1 9o A8 markerZA HIAEIA Al Z2A AFAHS YERA
3}i= phosphinothricin acetyltransferase gene (bar) +AA7F 323 Hof At}

(Fig. 2).

Agrobacterium Zt

20 mle] LB #x oA 0.D.s00=0.6~0.8 B== A&k pNBI6o] L= o] 2l
TAgrobacteriums YA & HAAAA LB #lAE AAS & 100 mg/Le]
acetosyringone (3,5-dimethoxy-4-hydroxy-acetophenon, Aldrich)®} 20

mg/Le] pluronic F68 ©] E3= o] Sl= 40 mle] Hauj=lol AAE & 5 Hj

w4 e AMEe 110rpm, 28 TN 108 b 2R e e
o 7+ 25T, =AM Wl FshA )

Agrobacterium |7

T WSSt AHAZRYE Agrobacteriums AASH7] fEA AeAE EH
T2 AATE 3 1000 mg/L cefotaxime©] H7lE W2 QA A3t filter

paper® o]Fo] FES AAFAY. FES AAIN A= 250 mg/l
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cefotaxime©o] H71¥ ZBej2 F2] wjA]ol] X|43ste] 25T, =AM 15 3h

—
jus)
_

Shoot R 3! FRTE AEHQ MY

A A=AE AL 27171 918l 1 mg/Lel phosphinothricin©] 3
7} shoot = wiA|oll Agrobacterium®] AAR B 2~& X|/stal 25T, &
A 25 3P viged. Ae225E FRE 442 shootE 3 mg/Le
phosphinothricin®] % 7}Fg shoot % wixol AlthuFeta 2 EAe] Zo]r}
5cm ©o]%¢ A 5 mg/Le phosphinothricine] H7FE root fri= HI A ol A

rootE FE3I T A2 shoote root7} FEH AEAE B o] 23}

HUHE AB0 PR £

5 mg/L2e phosphinothricin®] A7FH root %= HjX| oA S A3 &
A3 FTHA N AtSIZ geneo] E=UHAJ=AE FQlst7] 3] genomic—PCR
4 & 338kt Total genomic DNAYE FA:8 FH A9} ofAd F 1%t
o] 9l xx o 2XE CTAB method (Murray and Thomson 1980)E ©°]&3 =
=33t & 20 we] PCR ®HbgHof Qi FZ3F 25 ng genomic DNA,
2mM MgClo7}F 3E3Hel Taqg polymerase buffer, 25 mM dNTP, 1U Taq DNA
polymerase(TAKARA, Japan)¢} 10 pM<€] primers& AF-83k3th. oF 1.8kb =
71¢] AtSIZ  geneZ >&3}17] ks pimer &=+ 5' forward
primer(5'-TTATGCCACAATCTGCTGCTCAT=-3") ¢ 3' reverse primer(5'-
ATGTGCGGTGCAAAGAGCAAC-3)& AF&3st3lth. PCR Whg2 95T 53 T

Ni

pre—denaturetion & denaturation (95C, 1%), annealing (60T, 1&),

extension (72T, 2%¥) 9 ZHdoA 35 cycle F33¥T. 1T F post
elongatione 72TColA 10% ¥EEAIF T PCR AHES 1% Agarose gel ©lA]

A7) dEstel EtBr 94 5 WES Slskilo.

i
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RT-PCR £M

AEe] o 2AS vy AAELR Wd A Ao Ya A7 ey
s Fol7be 3 22 FErE E wzkA skl 24

H 9 2AS HE 1.5 ml tubeol] ©3al Trizol Reagent(Invitrogen)E ©]-&3}
of AxAte] A3 ZREZC wdl total RNAE FE3Ith First ¢DNA
strand ¥4 %2 RT-PCR Access RT-PCR System (Promega)g ©]-&3}¢]
AzAke] AAd =z g8t HF 9 10 W A2 1 g 9 total
RNA, 1 u¢ AMV/TI] reaction buffer, 1 p¢ dANTP mixture, 2 ¢ MgCly, (25
mM), 1 0 oligo dT primer, 0.5 g RNase inhibitor, 0.4 W AMV reverse

transcriptaseZ} L3t == A XA T ALSIZ F-Axe] wHE o = Folslv]

A e oA 2

Q)8 AF&3F oligonucleotide primerss 4719 genomic-PCRo| 7]43F setZ
AF8-3kSlt)k.  Standard controlZi  18S rRNAo| 5ol primer set (
5°-ATGATAACTCGACGGATCGC-3'¢} 5'-CCTCCAATGGATCCTCGTTA-3")
E AH838H3ITE PCRS 4719 genomic-PCRY-#-o] 7]&=8t =¥ TdstA &

et o, 1% agarose gelollA] A7) Fale] M=S 2laliT),

i X
jus]
=
%0,
rlr
T
v,
(@)
jon
@
=5
(S
=)
S
)
lo,
oZ
oL
-2
k=)
=
ne
N
ne
Y
i
o
tl
N
1>
il
2
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ool 25+£3C, A
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A HAEE
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& F 9 A

==
54
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100, 200, 300, 500 mMe] = A 3|4
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. 23 9@ a3z

S z%tC|e| Agrobacterium-j 7 & ZE Mz

A (A, mongolica)®] “HA e ~E 0|83t Agrobacterium V7§ 3
AA3 wHe ojn] Haud v e WHS ol &35 tHEnkhchimeg et al.,
2005). °F 160070¢] wjAl A zo AtSIZ genes X E st
tumefacienss FHAANA T5MYF 2 o AA AAS AFHFig. 3). #HAA
AY 25 1~5 mg/L PPT7F EZH e A wixd  A4E s
PPT-resistant A& ZFAS il multiple shootsE FA s 2351
th. gkdo] PPT-sensitive AelXs daAAE wm aARSEITHFig. 4. A). &

Ao M= AT viAR AxA AJAY FHAR] bar genes AMESIloR®E,

32,
aly
i

FAAZ) g8 #AAN Ag s 93 wE X PPT-resistant shootsTZ 7
A TH(Table 1.). 1 Ay, Al A Ao g dAHE a8
oF 12% AEglom, olgst g&2 7| WE 22 Agrobacterium vl 7Y
FAA3 a8 7.4% (Yu et al., 2000), 36.7% (Chai et al., 2004), 36.2%
(Luo et al., 2004), 19.4% (Han et al., 2005) ol Hl&] =5 WU} o= &
gt A5 Mg} ~E AMES Enkhchimeg et al.(2005)9] Hiro] WM E v
FXeld], o] MwulARZ A& PPTO e 2| 2e] 77kAd o] hygromycin
wr} 7] Wi d Aoz ddE. ABA §A40] #olst= VuNCEDI A%
Agronacterium "l7} & A3 o]ld dAFoAx=  WHE 18 ~(Agrostis
palustris L.) 72227} PPToll ®17kale] wjx]o] 10 mg/Le H7}3lo] = F42] o]
AA =, 20 mg/L PPT7F H7Fe iAol A= shoot®] Aj&3t7F Ao F4
AE shootE ¥ & §lobs Hi(Aswath et al., 2005)7F Utk F=dE @

o

o?i

transformed cellZ4%-E callus7} S "5 A3, 71 callusZ45E shoot’} A
232 u non-transformed buds”} transformed cell®] Qo] HAE 4+ 9o
™ transformed cellE ®H33AY nursing 3h7] Wl (Orlikowska and

Nowak, 1997) wjokdli= %<t escapeE FH A3 3dl7] Y3t w=go] a3} A
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3} A A PPT-resistant 7222+ multiple shootE& A3t 1(Fig. 4.
B) ©]& shootE WMo = 7t7} Feste] Adst Az, & AejroA fegt

A3 A¥E7) FESEE chimera¥ S & 9 3L, 3 callusollA4] #3}% shoot

ol ool e S g1st A3, PAT positiveE YERH 7IAIE3 PAT
negative® YERA 7AEo] FESITHFig. 4. D). ©]i= Enkhchimeg et

S A9 S B escape’t U ThsAol 7] W& soRE FAHAEI FA
7F PAAS SHAEY] PATHHA ] ddAAH L] atold wE A 7154
= AS e Az

SETE A=H 2l ASIZ gene2| MY U T EY

Dual 35S promoter?] 4 3ol A= W71 & 789 ALSLZ genes &L
Zge =9srE . dE A3t A EA 9 genomic DNA -9 ArSIZ geneo| 4F
AH A=A Flstr] s PPT= 14} e A=A & PAT-positive $1 7l

A &9 genomic-PCRS 313ttt PCR =S 7|95 ¢ 23, BE §
AAZ A EA oA 1.8 kb9 ArSIZ =7} AE% WbH ofAd A&

=7} AEEA @A (Fig. 5). ©] A3 PAT-positiveQl FZ A3 2 &3 o =
AtSIZ geneo]l =9H ] AFS & 5 AU E=ZF APE ALSIZ gened] HE
= Z<st7] #8) RT-PCR 4 & sttt B4 00 A 7% o4 E 3 9
A7 AEA ] QoA FE3F total RNAE o]&3te] RT-PCRS 3 3 4
2}, internal control® A}&-%F 18S rRNAT A A 2HA| 9} of oA fF-ASHA
HEs WH, ASLZ gene ofAlY A EAdAE TdEEA Za(Fig. 6 WT

lane) A AE A EAEANH= FasL A (Fig. 6, lane A, 1~11)S &9 &

_10_
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ogt
pA
rA
Tot
1z
Mo
=
10
Y
kM
p
2
Q
(@)

>
|m
g

|>
A
0ok
0)-

=
&3 of¥d Y FAASA SWH lined AP ¥ 14 A He= EHE o] At
7 A #E oM (Fig. 7. C) 210 Ayt s8] A BK(Fig. 7

AA8A 119 lined A £ & Do] HA uAle o™ (Fig. 7. E), th& ¥4

(Fig. 9, 10). o5 Aol A ASIZ 7} =¥d FAASE A= opd o] Ha)
Ax 2EH 2o st Aol S Aol A=A
Tl FAAS o)y o 2Ed 2o digk AAdS A7 el ok 1)

7t FA A% A &lineEl NaCl2 0, 100, 200, 300, 500 mM2] s== A&}
g I3 AEAES] WslE #E/2AEIGIT 2 A A A F 7] Ay
2} a1xEe] NaCl A TolME ok gint olvel A3k A& line 1, 29
oAM= o mAE BEHATKFig. 11. B). Ag 14¥ Fol= 100 mM2
NaCl A2 FellA okAd A&EA 9 oo uAF Hglen (Fig. 11. C) 219 &
ol 300 mM# 500 mM NaCl Az Zhzbe| A okl P o FA48 2 Eo] &
T ZARFTHFig. 11. D). 200 mM NaCl 2] ¥ 28%o] A A=A L2 ¢

e vad A, obgd Al Aoy FEAT AR line 4, 5, 9

2

_11_
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We o 13l AE/ZH

i glgel #2
F opg® Avsl 4AAY Aol FEFR o
2

ry
N
i,
-~
=
e
0Q
—
=
g
Z,
Q)
a
W
m
=
W
2
AL

ol AtSIZ/AtSZF2E LA of71Z o7t ol tigk Aol Fopxlv=
H 31 (Sun et al.,, 2007)9} ¥x|st= Aot

NGl el ASIZ genes =Y FAAF Flined] Hx 9 o

Efa AGAHS A A3, ASIZ/AtSZE genes HEAAZ A A A

Z Wk oy} ¢lol] e AL F HAFol FelH At

AlEo] FH¥ Ao Wl nkgete= A= We FAAET AZEHA -

wolet FAA] transcription? L 3k FAAEo] EAd3hY

= 5 multiple signaling pathwayoll ¢al ZdFch FHZos=, ZHE9 AHAAS

1

mongolica ¥ 71

B4 7] 2o

_

42 ZAA97) 99 oleldt 24 §94F HBA genome U EQto]
7 2EUs ARHE FAATIE A7 gol ol FefAa gtk

DREB(dehydration—-responsive transcription factors)®} CBF1(C-repeat
binding factors)& ~Ed# 2o 98] FE%o] DRE? CRT cis—acting element
o] ZA%}3l+= transcription factor®, Arabidopsis®] CBF1FdAE kel 2
oA cold-related genes® W& o] &Y UaL, T3}ctA] & of 7] el A
% freezing tolerance’} S7IEtE Kt dth(Jaglo-Ottosen et
al.,1998). gk L familyql CBF3 FHAE o7&l A A AI A3
freezing tolerance’} <7}sk3l o™, CaMV 35S promoter ¢} RD29ANA
Z} 3t DRE-containing promoter?] Z=4 s}l Z+zb off 7% o] FAAIAIZ A
7}, W (freezing), 1, @ 2Edz0] U Aol S7HP 0 Buge] 3l
H(Gilmour, S. J. et al., 2000, Kauga, M. et al., 1999, Liu, Q. et al., 1998).
I Qex o7t CBF3E wwl(Kasuga, M. et al.,, 2004)¢} wl5=(Brassica
napus, Jaglo, K. R. et al., 2001, Zhang, J. Z. et al., 2004)°ll4 LA Al
< o, f71%d CBF1< 35S promoter =4 3ol o 7]t (Gilmour, S. J. et

_12_
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al., 2000, Jaglo-Ottosen et al.,1998), Ev}lE(Hsieh, T. H. et al., 2002,
Hsieh, T. H. et al., 2002, Lee, J. T. et al., 2003), ®7](Owens, C. L. et al.
2002), ¥l5Uahlo, K. R. et al., 2001, Zhang, J. Z. et al, 2004)) & =4
A& HLHEAS W freezing E drought o et A&Ado] F7E AT =
st o 71" 29l DREBIA/CBF3E RD29A promoter® x4 3&lo] ©A}$]
A1 E9] wheat(Pellegrineschi, A. et al.,, 2004), tall fescue(Zhao, J. et al.,
2007014 FdE B9 Ax AFdol S3E Ruk Sivh Wiz 9y 4
&2l ¥ o] OsDREBIA®} <49 ZmDREB12 717} o 7] o)Al 2k v o]
AzA S JeERRtHDubouzet, J. G. et al.,, 2003, Qin, F. et al., 2004).

bZIP(basic leucine zipper) transcription factor$l ABRE-binding
protein(AREB)/ABRE-binding factor(ABF)& ABA-responsive gene & &ol A
F93F cis—acting element?l ABRE(ABA-responsive element)el] ZAgre 4=
%lal, ABA-dependent genes? WHS SASIAXIY of7|Ad  f <
AREB2/ABF49] @2 of 7]t A &Ale] =%, €, chilling, freezing, heat
o Bt AgAdS T3 (Kang et al, 2002, Kim, S. et al., 2004)A17]3L, o 7]4
o el ABF37E Ihddd A5 Y A=9d &5 (Enkhchimeg et al,
2005)%%E ofugt Wxtqy A E<Ql H(Oh et al, 2005)¢ Fi%tl(Agrostis
mongolica, Enkhchimeg et al., 2006)o 4 7z gk A3 o] SHEH A=
Bk Qo

T3 zinc finger motifE 7k F-elAl &gk cold-inducible zinc finger
protein SCOF1& 7] diel Hulell @A A3, H2(cold) stressol
st Aol FHHJATKim et al.,, 2001), f714d] el C2H2 type zinc
finger protein®l STZ <A] ef7]dtjol] IPUAAIA Az AFAdo] SX=HAH
(Sakamoto, H. et al.,, 2004)= Xil7} v}, CCCH type zinc finger motif<]
WA 713 obA] WA E A= Fkoy AEAlelA T & L
CCCH-type zinc finger protein®l of7|&the] HUA1-S Zr2] A2l 7| doj A vt
AFR o™ AG pre-mRNA9] AT3te] processings =215t Aoz A A
ATHLI et al., 2001, Cheng et al., 2003). =3 ¥ 2] CCCH-type zinc finger
protein?l OsDOS+= 219 =3} A A3 A#E o] IthKong et al., 2006).
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o] AFto] 9ostH, of7|Hh genome ol A CCCH-type zinc finger
motifE 7H o & 4 11719 protein & SOMNUSE F2pe] whojel] 3
ol&tH (Kim et al., 2008), PEI1 22 &&{xl fHzts sfRAS 2dste 310
2 Wiy wp lar, AtSZF1¥ AtSZF22 2 &< el ok wg-S FH k(LI
and Thomas, 1998; Sun et al., 2007).

HoAd o) A3 AtSIZ/AtS/F2+= salt stressoll 98 =™, AtSZFIF}
7NN GEoR ke FEAS Hola, ' o FAH SR Hol AtSZFI
np 7R 2 ALSZFZ 9] Mol =)k salt stressoll 3 regulator®ZA]
kg0 #oJetti(Sun et al., 2007). Y 9] HIoA T o 7]l A
35SUAtSZFI FHd AlZle W ol g 3wt SHAaL, Ax wkgof
gk AtSZFOl 7)ol Wik Has glioh 2 Aol E oA feet

::J‘

AtSIZ/ALSZEZ2 genes 4 d A7l P A A3 A mongolica. s A|Z3FAIL o=
FAAR JYES ¢ 2EH2 Bu olyg xR 2EHXoE Aol F3

Hles ST & AT Ayl M ASIZZAISZEE A e B o}

gk wAY HEAHE A% sEdze] B 43S AN BHoE o

oo

A. mongolica ¢ Agrobacterium-")7) A dgke] 3t o]xd R &
ot HEIgAE ofdthAdel AFE9 open fielddA 5 7F S = of
P FEAAS Y BF dAds UEWA @dral daHo] v Fady
(A. mongolica)7} AF%E2] 7]3odA EUES YHEE AL A+
3

o] Fauzr el skl AHetA E7) wEd ol

Attt Bugdos 27 FES Sta, Eujdoly, o]F v £ (Belanger et al.,
2003)17] wZoll Edelehs 542 Tk S s S A olF o
= oprld 4 e #4 ol W e 2 5 dd agER Sy
= &R AA BYS 9% target AERE F83 AEolg & A
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RB 1.8kb LB

[} {onos| NPTE | 3NOs|{Dual 355-pro|  AtSIZ [355-ter| | p35s | bar |3nosHJ]

EcoRI Notl

Fig. 2. T-DNA construct of binary vector plasmid pNB96.

RB, right border; LB, left border; pNOS, NOS promoter; 3NOS, NOS
terminator; p35s, CaMV 35S promoter; Dual 35D-pro, dual 35S promoter;
35S-ter, CaMV 35S terminator; NPTI, neomycin phosphotransferase II

; bar, phosphinothricin acetyltransferase gene
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Fig. 3. Procedures of Agrobacterium—mediated transformation
A, Pre-cultivation in dark for 3days; B, Agrobacterium culture final
0.D.600=0.3~0.4; C, Re-suspension ; D, Infection; E, Co-cultivation on

solid medium in dark for 3~bdays; F, Agrobacterium elimination
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Fig. 4. Production of AtSIZ-transgenic Agrostis mongolica Roshev.

A, Callus growth in PPT-containing medium (1 mg/l PPT); B, Multiple
shoot formation in PPT-containing medium(3 mg/l PPT); C, Root
formation in PPT-containing medium(5 mg/l PPT); D, PAT protein

detection
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Table 1. Agrobacterium—mediated transformation efficiency for A.

mongolica
No. infected calli No. PPT-resistant shoots(%)
1 507 73 (14.4%)
2 513 53 (10.3%)
3 609 76 (12.5%)

@ jeju
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MPCWT 1 2 4 5 9 10 11

Fig. 5. PCR analysis of AtSIZ gene in transgenic and wild-type Agrostis
mongolica Roshev. plants.
M, molecular marker; PC, AtSIZ plasmid DNA as positive control; WT,

non-transgenic plant; 1~11, putative transgenic plants
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—Y 185 rRNA

Fig. 6. RT-PCR analysis of AtSLZ and 18S rRNA gene in transgenic and
wild-type Agrostis mongolica Roshev. plants.

WT, non-transgenic plant; A, 1~11, putative transgenic plant lines
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Fig. 7. The morphological phenotype of the transgenic and wild-type
plants after stop—watering.

The plants were grown in soil in separate pots for 21 days under
temperature controlled green house conditions. Afterward, watering was
withdrawn and photographs were taken after O(A), 7(B), 14(C), 21(D),
28(E) days of drought.
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Fig. 8. Tiller number of wild-type and transgenic plants under drought
test

Each tiller number of tested—plants were measured at O, 7. 14, 21 and 28
days after water withholding. Each value represents the mean of tested

three plants. Bars refer to standard error.
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Fig. 9. Water content of wild-type and transgenic plants under drought

test

Each water content of tested-plants leaves were measured at O, 7. 14,
21 and 28 days after water withholding. Each wvalue represents the mean

of tested three plants. Bars refer to standard error.
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Fig. 10. Total chlorophyll content of wild-type and transgenic plants
under drought test.

Each chlorophyll content of tested—-plants leaves were measured at O, 7.
14, 21 and 28 days after water withholding. Each value represents the

mean of tested three plants. Bars refer to standard error.
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Fig. 11. High-salt tolerance of transgenic plants containing AtSLZ
(continued).

For experiment, 7 plants, representing different lines, were grown in soil
in one pot for 21 days under temperature controlled green house
conditions. Afterward, those plants were soaked in various concentrations
of NaCl solutions for 2 days and photographs were taken after 0(A), 7(B),
14(C), 21(D), 28(E) days of salt treatment.
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Fig. 11. High-salt tolerance of transgenic plants containing AtSLZ
(continued).

For experiment, 7 plants, representing different lines, were grown in soil
in one pot for 21 days under temperature controlled green house
conditions. Afterward, those plants were soaked in various concentrations
of NaCl solutions for 2 days and photographs were taken after 0(A), 7(B),
14(C), 21(D), 28(E) days of salt treatment.
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Fig. 11. High-salt tolerance of transgenic plants containing AtSIZ.

For experiment, 7 plants, representing different lines, were grown in soil
in one pot for 21 days under temperature controlled green house
conditions. Afterward, those plants were soaked in various concentrations
of NaCl solutions for 2 days and photographs were taken after 0(A), 7(B),
14(C), 21(D), 28(E) days of salt treatment.
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Fig. 12. Total chlorophyll content of wild-type and transgenic plants
under salt stress.

Each chlorophyll content of tested-plants leaves were measured at O, 7.
14, 21 and 28 days after salt treatment(A, O mM NaCl; B, 200 mM NaCl).
Each value represents the mean of tested plants. Bars refer to standard

error.
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