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Isolation and characterization of freezing—tolerant

mutant using Arabidopsis activation tagging.
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Abstract

Low temperature is one of the most important environmental stress that
lead to the wvarious response of plants such as cold acclimation and
vernalization. Also extremely low temperatures(freezing temperatures) limit
the geographical distribution of plants and cause severer losses in crop
plants. Thus, freezing tolerance in crop plants is an important trait for its
commercial value. To find the possible genetic resource, a series of mutants
were i1solated with enhanced freezing tolerance in the absent of cold
acclimation by screening for Arabidopsis activation tagging mutants.
Arabidopsis activation tagging mutant showing resistance against freezing was
screened from 80,000 T1 activation tagged line. One mutant, freezing-tolerant
line 1-Dominant(ftl1-1D), showed dark green, dwarfism and late—flowering.
To get inside into molecular function of Freezing—Tolerant Line(FTLI), the
FTL1 gene was isolated by using plasmid DNA rescue. The rescued DNA
sequence was perfectly matched to ATI1G12610(DDFI) of Arabidopsis
genomic DNA sequence. Dwarf and Delayed Flowering 1(DDF1), a gene
previously reported that FTLI1/DDF1 encodes AP2 transcription factor and is
involved in the regulation of GA biosynthesis and stress tolerance.

ftl1-1D/ddf1 mutant enhanced not only cold tolerance, but also heat and
drought tolerance. However, these phenotype were restored by exogenous
gibberellin(GA3). To examine the FTL1/DDF1 gene expression pattern under
abiotic stresses, we monitored the time course of the accumulation of
FTL1/DDF1 mRNA under abiotic stresses by real-time PCR in wild type. The
level of FTLI/DDFI mRNA in wild type showd that FTLI/DDFI gene
expression 1s induced by cold, heat, drought and salt stresses. Therefore,

FTL1/DDFI plays a role in regulating responses to several abiotic stresses.
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Figure 1. Schematic diagram of activation tagging

Scheme showing principle of activation tagging. T-DNA region of
activation tagging vector pSKIO15. Restriction enzyme sites in bold
indicate limit of T-DNA internal sequences after plasmid rescue. pSKIO15
are identical except for the Kpn 1/ Hind Il fragment that contains the
selection marker including promoter and terminator sequences. pUC19
vector is a typical cloning vector consist ampicilline resistance site, and
origin of replication.

LB, left border of T-DNA; BAR, Basta selection marker; pUC 19,
pUC19 sequences; 35S enhancer, CaMV 35S enhancer; RB, right varder
of T-DNA; T3, T3 RNA polymerase promoter; T7, T7 RNA polymerase

promoter.
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Grow healthy Arabidopsis plants until they are flowering.

Prepare Agrobacterium tumeiaciences strain carrying gene of interest on binary vector.

v
Agrobacterium, resuspend to ODgy,=0.8 in 5% (w/v) Sucrose solution.

%
Before dipping, Silwet L-77 solution to concentration of 0.05% (v/v) and mix well.

y
Dip above-ground parts of plant in Agrobacterium solution for Smins.

\4
Place dipped plants cover for 24 or 48 hours to maintain high humidity.

W
Water and grow plants nomally, Stop watering as seeds become mature.

y
Harvest dry seed.

Figure 2. Flow chart illustrating the steps and time regime for the
production of transgenic Arabidopsis by floral dip methods.
Flow chart illustrating the steps of floral dip transformation of

Arabidopsis thaliana(S. Clough et al., 1998).
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2 s Wl A wdsidth ok E of71g el AR, e, JHE, 9
2Ef 25 Asiiith

A 2Ed A WA 257 | A=AEs 4T, & =4 sl
ol 2EHAE Aty AR 2E
5C, # x=7 3stoll vt o] o,
Hag AT 7HE 2Ed~E 1/2 MS #lx oA slgst 2] 2571 | AEAE
B 7 gxA GA 2A2=HA Adle] £717F ¢l Whatman 3MM paper®l]
HEFaL 22T, §5% 60%, 31 4 3o e WHoRE Asiditt. 9 2Edx
2 A8ty YaA 1/2 MS mjA A 23 AE & AEAE 250mM NaCl &
oo ¥e]7} 7| eF @7F FAt(Magome et al, 2004).

o] ~E# 2 A AZHHQ, 2, 4, 8, 24A7HE AEAE MEH

ufps
il
S
X
fu
_1

2
N
o

[>
[
I
BN
Ay
o

o

b -

ol

80Ce wHIsFY. wHAs FAWP  WMZL Trizol(ntrovitrogen  Life
Technologies, USA)E ©]&3}9] total RNAE FE3 & DDFI f73AF So]% <l
A2 tiAelE primer(Table 1)& real-time PCRS 3alo] Aol wha ok
FE BRlssit. PCR AHEE2 1.2% op7t2 22 AoA 7|53t &l

12. A=A M9 2EHE #d FAAES] SEEY

R oW1l ftll1-1D/ddf]1 EAWOA o] 2EH A A FHAAEY T
e vasty] 9k, 718t FAE Triton-X100°] #H7Fd 70% (v/v)
oetEy 70% (v/v) cl¥tEE EW A 5, ZHEI O folA dAFRAIA 1/2
MS A floll FEakqinh. 3 § 2k, F, F o] 2442 22T, 60%, 164
o A= WG &A Mgt 3E 25
of 80T H#sd. Bas] FAA HEE2 AAELE o] &sto] Estal
EH MZEL Trizol(Introvitrogen Life Technologies, USA)S ©]-83}o]

RNAZ #2893, ~Eds #d  §82 Solde Adz gz
T y

i o

£

primer(Table 1)E & real-time PCRS 33} t). oA d oA o] Hlagss 7]

o 7} fAA AU HEAESE TUEe Yehyglt,

MN
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Table 1. Primers used in this study.

Target Primer
Sequence(5'—3") Remarks

gene name
JK107 ATGAATAATGATGATATTATTCTGGC

DDF1 RT-PCR
JK108 TTAATATCTGTAACTCCACAATGAC
JK11 CTCAAGAGGTTCTCAGCAGTA

Tubulin RT-PCR
JK12 TCACCTTCTTCATCCGCAGTT
JK109 GATGATGTGGATTTGGGTTTTGGT

DDF1 Real time PCR
JK110 CATCATCGTCGTTGAGACTTCTTVCG
JK223 TTGCTCCCACAGGATTGACCACTG

ELFla RT-PCR(Achard et al, 2008)
JK224 TCACTTCGCACCCTTCTTGACG
JK131 GAGACCAACAAGAATGCCTTCCAAG

KIN1 Real time PCR
JK132 CCGCATCCGATACACTCTTTCCC
JK133 GAGGGAGGAGGAAGAAGGGAATAAC

RABI18 Real time PCR
JK134 ACCGTAGCCACCAGCATCATATC
JK119 CACAGCGGAGCCAAGCAGAG

CORI15A Real time PCR
JK120 GTTGAGAAACGACGACGAACTGAG
JK121 GATGACCTCAACGAAGCCACAAAG

COR15B Real time PCR
JK122 TTTCTCGCCATCCGCCAAGG
JK117 GTGCGACGGAGGAGGTGAAG

RD29A Real time PCR
JK118 GGAACAACAGTGGAGCCAAGTG
JK111 AAGTGAGAGAGCCAAACAAGAAAACC

CBF1 Real time PCR
JK112 GTAGCCGCCAAGCCGAGTC
JK113 TCTGAAATGTTTGGCTCCGATTACG

CBF2 Real time PCR
JK114 TCCTTCCCGCTGGTTTCTTGG
JK115 TCTGAAATGTTTGGCTCCGATTACG

CBF3 Real time PCR
JK116 TCCGACGAACTCCTCTGTATATTGG

_14_



. 23 92 u%

L A2 A Al mE of8Y of71Fdde] B3 F

oFdE o7 7E Aol =EFEAS W oW wheS
Al Ao wE oY o 7| dule] RdEYFS HESTE VEe] Fa £HE F
sto], oY oAU E S5T= AAE A Fol Ao =AY
(Jaglo-Ottosen et al, 1998). Ao AIAHS Zte EdWolAE Adstr] ¢

o A A 231 AAs] sk, #LI 230N 71 o8 E cWVEHE
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>
(i
2
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=3

HFER &30 A 490l AuAl HeAe] AL 7hsde Sder AEd +
AT A2l FE AIRe] A5F AEsI= AEAe AAF7E ol YA 2

& 3acl B AAE ofAY of7|Ati= 5TelA 24

A5l ARt AEEE e
WS w(Fig. 3b) —5CollA 6AIFF &b A2l =aFd shEollA o 50%2] i
o RE JNAZE AT ol 23t

__Ol__
A3E Edz, A2 AdES zte Sd¥olAE Ay A3 AL 2EY

2 2L BT 48A st Aesks Aor AAsta 5 AdAS st
ATt o]&t FAFSHAl -5TolA 2d7F Aol = ARS W ofAE of 7|7}
25 aApsitar e A th(Jaglo-Ottosen et al, 1998). 3 -6CoA 1A 7Hs
QF A=

of “EHAS W= 29 Ay} LA AEA T ALES g2l th
(Zhu et al, 2005). o|x& 7]Eo)] Hag of7] & oA e A& ~E#H o #H

H AYEs gsis w AR Az AAE 29 AP Aol gE AS B
T AT ol o] FEE AHE &1V ¢ HolA4E A EA|f v 2EYA
o] AE7F ARG &4Hx QO H(E. Ruelland et al, 2009), A7 A= A2

é

w28 ol whel AEAe] AEH: Fust F Qo Angr
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Figure 3. Effect of freezing stress on wild type plants according to
exposed time.

(a) Photograph analysis of wild type plants under freezing stress at
indicated time. Plants were exposed to -5C for 1, 3, 6, 12, 24, 48h,
respectively and photographed 7d after return to normal growth

condition (b) Survival rate of wild type under -5C at each time.
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2. 3 Ul EY Fold w2 okl ofr|Fue] 2EH

st A2 o7 ddel s AEsis ul, ko] EYF Folo] wabA A
=2A7F B AL 2EUS ArF gEA Selstaat A3k 3 Wl 4em,
8emz EY FolE tE2A ki ofAd of7|gue TAE FHFdth 22T,
wE 60%, LA 16417k, ¥ 8AITh o= A wjkalel A 3577 Ajnjet
&, -5C, & 27 slollA 48A17HEE Ao w=EFAZL A2 Hyrt 2 g

2o Al AAAL A 2A9 el 7 A HEA S BAFL
wshgT
o
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(a) (b)

Figure 4. Effect of freezing stress on wild type plants according to soil
height

Plants had first been grown in soil for 3 weeks with watering, then
incubated for 48h at —5C. Each plants was exposed to —5C for 48h,
and photographed 7d after return to normal growing conditions.

(@) Plants had been grown in soil 4cm height. () Plants had been grown

in soil 8cm height.

_18_



_]

A
R

[e)
T

i

[

F71 <l
o]

)=
o] dt}H(http://signal.salk.edu/tabout.html).

°©

A}l o]
H

e BE

ﬂ.

A= T-DNAZ}

o

A EERoA A
T

A4} wea ol

=
Ao 2 Agrobacteriums Vi E

o)

o5
7178t el -, Aw W

P Yo T W W T T W REF P I = 5
REN g W T TR o F %%ﬁ
o R T =l 9 B i
PERrdrBsgwy TR R
o < . N X om SN & o T W
-— vl E.E n — ~ .
T x BN g ¥ 8OOSR G s
o M O S L B - Qe ) - o o
N o © — = N | - X0 .
L B I B S = T O O
Ew TR ooy N W TR
0
) O o oﬁ FOO o~ ® o, oM OT o T A
P E T s h Thw g T PE®
T o= a ~o T oy X X0
X % gy & T ™ X i o ) 7L
= ~ -~ s E.L ;OO
R S B SO T N X x
,ﬂrL_W o M X ‘_ﬂa © J.M T o ‘UEU o0 ,M o X
o Lr o8 PR % T S
U EE o = = Z.E ST
T oy 2 o - < I IO~ — H o o
Womm g 2 R o F oM g F = X Soglis
I = - - M~ e o Ty _ g
B G 3 DR~ G S
= ¥ © T X LT W WE ~ 0 o N
L2 5T = o Ay oo Ry CHE-NCS
,UI N o] 0 ,ml o N C.L \n.,._-_W %0 _lf =0 ‘_FE =
T o 2 G O o X o N
T g =™ 3 e oW T - o i
— %0 ) o < X EE —_— = ‘UI = 3 . ‘%ﬁ
o o O ) S L g R = = AR
o g T ! K < S 0 ~ 0 oy
_ Bk < Yz S g om o
om0 SCE I L S B = S & o0
neow X R om0 = w 2 3 ® OB O m ol o5
Wi HE mo ~ N — N | m —_— ~a A L.E
= - = H P = o X oM = -
NN o s B N
) Jru S L VI - N OGS A R 7 5%
e - =R = B v R Y ®os o2y o 2
N = — 0 g8 9 0 1 — O T o
LrO 1o —_— 0 1) ﬁuu .U L.H ,W OL 0 UAIL Og
€ oE T o o ST G SO -t = ol W
L_olﬁﬁ%lagﬂ%l@ﬂm&%ﬂ
~ o W = 2 8 ' L - oo 2 T 3 T
o 2 N B3 % Z T o o 2 o <
- ) P E Jood o @ U
X H o ®™m T MM IR =B BT RN OOQ " T

o

T

=

=

1770 A

=
K

Foich 2271 )

°©

=

o

Freezing tolerance lines(FTLs)

=

=

1
s

o] Al

o]



Figure 5. Growth characteristics of the selected T1 freezing tolerant

lines (FTLs).

Each panel shows selected freezing tolerant lines(FTLs) from an
Arabidopsis activation tagging pool. Plants had first been grown for 1
weeks with watering, then sprayed Basta for selecting transgenic plants.
Selected plants maintained with watering additional 2 weeks and
incubated for 48h in -5C chamber. Then return to normal growing

conditions.
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4. 1% g5 9%l f1-1De) ¥E8F ¢ 54 £4

Obx AFS EF Murd Ao AIPHS HolE= Tl 5

= HolAl &, A2 =

A A, T3 Ade] RIHFS HO EAWO|AE  freezing tolerant
linel-1Dominant(fti1-1D)2 4439 tH(Fig. 6 a, b). ftl1-1D &AM o|A| 9]
T-DNA insertion copy & &21&}7] ¢5te] Ee] AL = 15 & T2 A&
Aol Basta® ##]s3ith. T-DNA Wi5-ol A& A2 wiAQl bar +A47F Slo
228 4= AAHFig. 1). 72 A3}, T2 A &4 = Bastad A4S 2= A=
A= 24670A], WS Hol= AEAE 7T97MAZ, Bastaol| Wighgk 2 &4 <}
Bastacll A& 2k A=A9 vl&o] 242F 13 3.1
A BAdd Aol T1 sddolAlet sd3 xS B om, o|¢
AbetAl 71 243t EdRolAld A EdMolAe] AP H Bastaol| g A3

S A ZreEgsE AS Ed vl i (Weigel et al, 2000). o]k Az}
£ E3}lo], Bastaol tigh A EZAWolAe] EHFHo] cosegregation® =

Jﬂ

Astect. oy et A= ftl1-1D EAMlA 7} single copy?] T-DNAZF 4
JE A EdHAYE out}. fH]-1D EAMolH o FHHGAS At
at7] 913 Bastas ©]-&3ato] Aalgitt Bastaol AFAS HAW
MAER T3 FAE F838te] ofe] AFe T3 TAE AATh thA] 7+ A8 ¥
2 T3 TAE EYl 9%31aL Bastags AsS #, & A&7} Bastacl
AgPE Holes 54 AT Adste s3HFAE AU

ftl1-1D EAWol Ao A 4d¥ T-DNA o] = 35S enhancerol] 23]
dAstE FaAE sA7] Hal, EHAv = 39 (plasmid DNA rescue)”|
S o] &3t 4t§l¥l T-DNA A9 genomic DNAS 3|F3lgivh. 3|4
genomic DNA®| ML A&l GenBenkoll SAE cf7]dte] Als MEe

AMsto] sl genomic DNAS] AHE A& AUt 7 A3 =AWl W
of 49lE T-DNA®l 1% fF8x= F 3= FAsAthFig. 60). AF 14
= 35S enhancer elementol] &alA HA}F o] ZF7teE FAAE EAE A}
R oW} fti1-1D EAWolA M A FHAA H Y Aol S A

)
N

33t 18 6.dolA H. 9|, internal control® tubulings AFg&3}e] ofAY

SAHo|A oA FAI FFEom  HHIS QY. ATIGIZ620%



ATIG12600 7= okd@ 3 EdWolAlelA Hoe Aol7b UAAT
ATIGI12610 Aol 45, ok @ Hlste] SAWHolA oA EHo] Folxink
(Fig. 6d). wW&hA, fti-1D =AW= ATIGI261X Dwarf and delayed
flowering 1, DDFI) 3=t HAME @43t AlA Aol gt A38s 27
Heloga AZEM(Fig.  6d), °lgjst  FHAE Freezing-Tolerance

Linel(FTL1)%. 2 g 3}5 T} FTL1/DDF1 A= APETALA2/

=

ethylene-responsive element binding factor (AP2/ERF)¢] CBF/DREBI1
subfamily®l 3t MARIALE 45 3hehS ER18gith. AP2/ERF family= 2
=0 Sol4qd dARIARE A glow, A Ul 7k 9] subfamily®2 173
t}HSaleh A. and M. Pagés et al., 2003).

w3k, 35S promoter®l] oA FTL1/DDF1 +AAE & Al 71 off 7] &) ¢
xTdYo] ft11-1D =AWl A&} FLTS Fltlth(Magome et al., 2004). w
etA, FTL1/DDFI Akl olsfx A2 =4, oA, 718t Ado sddS 2
= A Hasg.

T A= T uw

rlr
kv

DDFI f31A= GA A7 Ao 9len, DDFI #FiddA= GA 2
EdWolA e} FASE X F S Zt=tH(Magome et al, 2004). 3+ DDFI 4
A= FAARIANE dssistar Aol oist AddS 2dshe 9 Az
CBF FAAEY £ A5AS oA 7 (Magome et al, 2004), DDFI A=}
S} AL AgAre BAC I A= wud bk ¢k webd, DDFI 34
7} CBF §3AAE% fAFSHAl Aol digh Adn #ds 7S & Zlo=

71aE 4= Sl
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(a) (b)

(c) (d)
40 =AT1G12610(DDF1)
4X 35S enhancers - AT1G12600
RB E 30 L
- -AT1G12620
=
20
S
£ 10 | WT ftH-1D
°
[ 14
AT1G12620 AT1G12610 AT1G12600 0
WT ftli—1D

Figure 6. Characterization of gain-of-function mutant of ft/l1-1D

(@)-(m) Each panel shows WT(eft) and ft/1-1D(right) plants. Growth
characterization of ft/1-1D mutant compared with WT. (¢) The T-DNA
insertion locus in ft/I1-1D indicated by triangle. () Expression of
FTL1/DDFI gene in 10-day-old WT and f#/I-1D mutants. Tubulin was

used as a internal control.
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5. ftl1-1D/ddf] EQdo|A9 A2 AgdA FAY
AubeEl fH1-1D/ddf] Aol Ao A Ao gt Aol THHS F U
szl T3 A= AX Aad =@AA 9 f]-1D/ddf] EAH

A
OJAE Ao w=EFAIZ I o] wWE

N
o3
=
to
=
:
E
S
.~
gt
O
rE
o
i‘—";
il
off o
ne
rot
BN
r\l
9
>
N
o
id
5=
o\
o
)
wW
N
N
L

2w A 4d FHYH AEAY AE oAFE Sete=w

QoA 459 F EF IEHASH ofdE o de EF aAbsklt
(Fig. 7a-b). o] Ag& 3kl fl-1D/ddf] EAW]A 7} oA

o Aol gk Aol e stk ol gk Avl= ftll-1D/ddfl =
WolAo| A EgsE FTLI/DDF] §AA7 AL ~Ed 2 us Aagdy #
Ztets s ot olek fARSHAl FTLI/DDFI 7243 3£
HAWA CBFI = of 71 g oA 2R RS o, Aol of
F3S HYttJaglo-Ottosen et al, 1998). HU3t familyo] <38}
= DREBIB/CBF1, DREBIA/CBF3 A& oi71FddiolA ATHARNE o,
A2 7HE, g W3 AgS ztevta 4 A o (Jaglo-Ottosen et al,
1998, Liu et al, 1998, Kasuga et al, 1999), HolHH Fdl¥ OsDREBIA

TS A RGN AL, s, el te AdAde Edst

de 7%

filo

}6]'

off
ox
filo

rlo

ol
_

x{ 3k

[}

X
filo
K

S tH(Dubouzed et al, 2003, Ito et al, 2006). o]¢o%x &L subfamilyol
&et= CBFs mAAE oN71ddolA dpdaAzl dah, Ao dg A
H3om Ao wmEHo] uwel wdo] FrlEtta dE A Hfor reviews, see
Q. Liu et al, 1998; S.J. Gilmour et al, 1998; Z.K. Shinwari et al., 1998).
welA] Ao o&] FTLI/DDF1 f3Ae] wdo] f" Zo= 7|g .
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Figure 7. Response of ftl1-1D/ddf1 mutants to freezing stress.
(@a)-(b) Each panel show WT(eft) and ft/I-1D(right) plants had grown in
soil for 3 weeks(a), then incubated for 24h at -5C(b).
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rﬂE
qz
>

6. A2 A7 At W& FNH QA FTLI/DDF1 F3A+¢]
Aol sl FTL1/DDFI +3A7F 98-8 sh=A, vheS
oz wds HolEA dolry] 9t kY ofr|FuE A=
B e 2xd =FA7a AZMER FTLI/DDF1 Ak &3 sjels wet
=3
% 8ellA Kol npel o] ofAF o7 el AeS AEsilS w, 44]
kol & wi7kA FTLI1/DDF1 7d#ke] wae] Hap F7hebqlth. A& g 44
ol o= HAF FTLI/DDF1 #7d#pe] & o] ZAsARE, 1 2 59
A Al Aell wlgte] w55 sl o] A%E Fskel, FTLI/DDFI 4
A7b Aol oA wdol fRES Flskqlrh oY A= FTLI/DDFI

ftllo
rob
i)
)
LRy
=
rob
iy

l‘i

FAAS} e familyodll %3= DREBI/CBFs fAAME  fAS A3r W
g bk Aok o7 1F A st AtDREBI 1A 4T =28 A 10%
o] Azt Hdo] FruE & AT 4 Ao (Liu et al, 1998), CBF
FARERE 9T SxollA 0% wWHH Tdo] FrrETY AEg A 1A%
o] Hx Hie THALYS B F dAY(Medina et al, 1999). o]Lld %=
DREBIA/CBF3, DREBIB/CBFI, DREBIC/CBF2 Ax= of71&tol A A2
AN FE7F dva I tHfor reviews, see Q, Liu et al, 1998; S.J.
Gilmour et al, 1998; Z.K. Shinwari et al., 1998).
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10

Relative mRNA level

0 2 4 8 24
Times (hr)
Figure 8. Expression of FTL1/DDFI1 at low temperature
Real-time PCR analysis was used to determine transcript abundance in
12-day-old plants following expose to cold stress for the times indicated.
Each values indicates relative quantities with the non-treated sample (Oh)

set at 1.0.
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7. A2 £3Hcold-acclimation) Aol W& ftI1-1D/ddf]1 SIMoIAY AL
AP 243

A g W 2R =FHIW A EA(cold-acclimation) 52 =E5 A &
@ A& A (non-acclimation)ol] WA A2 Aol FTriEvta Aot
(Kirsten et al, 1998). ftlI-1D/ddfl =AH|A7} AL &3tell ofsf A2
ek Aol dviy F7ksk=A &Qletr] fleto], Edjt 20lA 7% oA
@ o7 fti1-1D/ddf] EARCIAE A= =3 Aot v A=
i, AL 2EdaE Al

2Eda A7t 2 sk v AAEQ A 2o mdddd %A 3E
1oAY, A2 w3k AT okEE o713
= 8T A2AdA 0% BEES Hol= Wdl, v A2 fll-1D/ddf] &
HolAl = Td3 =AM 20%9 AEES BATHFig. 9). olyd Add=, A2
3F Ao ofd | of|FuE T v Aelgre] EAMolATE Aol wigk A
FAol A st A= w3f Aol mE oY ofr|Ede] AEES
A EE, mA o] o P 6TAAN 0%7F AESA L A= oF 60%7F
AESATH(Fig. 9). ftll-1D/ddf] =AMl A| 9] %= ~10TlA A2 w3} 1
A EdHolAlE 0%, A7 BEE0] 80%e A== ogEY =4
Hol A ESo A A2 stol]l &fste] Ao tiE AdAde] T &
AN (Fig. 9). webA A2 £3F A9 oA F R wA g9 ZdAolA
7 A Ad AFAAES B, AR &3t AR Qlete] ofdE  of 7ot
ftl1-1D/ddf1 = ARl A A B Aol et Aol S7skaint.

2Eo] I e W 2%(cold-acclimation)ol] =&FH ™ Ao gk A&
Aol e tia} =20 Wiz AR e g4o Wah frxte] dd W
sl2 A mddPo] S (Kirsten et al, 1998). wehA 9 Ay A2
=3t A& Fote] Ao gk A3dol weE At whgolu; ARl A
Hoas, dibed, e 2d o] WEE, opAYI fl1-1D/ddfl =AW
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Figure 9. Enhanced freezing-tolerance of ftl1-1D/ddfl mutants by
cold-acclimation(CA).

Survival of WT and ft/I1-1D/ddfI plants without or with cold acclimation
at low temperatures. Cold acclimation was induced for 4d at 4C under
continued light. 3-weeks—-old plants exposed freezing stress for 24h at

indicated temperature, then returned to normal growth condition.
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8. GA;s Mol W& fI-1D/ddf] EQWNAY AL AFA A

GA AT #do] vt & DDFI FHAAE off 7] oAl #ptd Al
Re W, ofFEY 2439 GAZF A2 GA 23 =dWolAlet AR Z&
=49, W] Jiske]l @S BRItk w3k, DDFI dIdEAls o 2EY
of gk Adde] REES et I A o 28y DDFI SR v) 2
43 GAdl =E=W, oYY sde TP B H EdAA g F &
Ef o] gk AdAY RAFE oFBEY L3 o Fadval gl
H(Magome and colleagues et al, 2004). uwghx 43 e] GAE
ftl1-1D/ddf] &AMl Alel A 7IAl HH, Aol thdh Ao TP =
HEtE & Adom A, GAss Ao wE EdolAle] A=l g A

S

>

e

Aol xS A&
2 ok e o)At ftl1-1D/ddfl EGHo|AE =Us ZoA 7|
N3, GA; Y TFE 10°M X9 GAsS AEA 9o Axsgon 1 g

TolE GAss AL ES AEA oo Axsigivy e, AL &3k Aol
o F7VHAS ftl1-1D/ddf] &AWl A S A2l gk AP = GAz® 1S
of Wat=A Al Bk, GA; Aok 7 HETE 44 AL &3k Ay
oF v HYFR vre] ALl e xdEFS Auugith 1
ft11-1D/ddf1 =AWl ANA GAz " A2k SdAdojA T AEEo] AAs
Al ZFAsIthFig. 10b). 53], A &3t Aelg EdwelA A5, -8TA
100%9] AEES ZAW GAs v A2 F(Fig. 10a)9F v aste] GAs 2] 7ol A]
= 93 exdld o 5099 HEEE A8 tHFig. 10b). o3 AFE
Eokol, f1-1D/ddf] EA WA oA Aol ik AgAo] GAs H R Az}

J;
(@]
>
N
©
fr

AaskeE As gRlekial, A2 2Ed s st AgAdT GAS ARAE H=27)
AP ASS A5 = Juk. AAR, DDFI F4A2F AsAlo]l =& CBFI
FAAE AR o] FoAx = Ao gk A Wt Fo] GA A B2}
A3 A A (crosstalk) S zrE=thal g3 oW (Achard et al, 2008), DDFI

FHAAE iR 3 4 2Eg 2 oidt A w7t FolAE GA AFAE A
29 e Aol AL Aow o=3star dvt(Magome and colleagues et

al., 2008).
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Figure 10. Response of ftl1-1D/ddfl mutant to freezing stress with GA
treatment.

Plants had first grown for 4-week-old plants with GAj3 treatment or
without, then exposed freezing stress for 24h at indicated temperature,
then returned to normal growth condition.

(@) Survival of WT and ft/1-1D/ddf1 plants without or with cold acclimation
at low temperatures without GA treatment. Cold acclimation was induced
for 4d at 4C under continued light. (b) Survival of WT and ft/1-1D/ddf1
plants without or with cold acclimation at low temperatures in GA treated

plants. Cold acclimation was induced for 4d at 4C under continued light.

_31_



9. ftlI-1D/ddfl EdWolA Y 1L AP TIY

oM AES Folo, ftll1-1D/ddf1 EAWol A7} Ao thal] AgA S Zk=t}
= AL #9689, DDF1 3@ A7 4 2Ed 20 g3 =2 AP 2=

kv
rlr

AL oln BuE At (Magome et al, 2008). wWetA, ftl1-1D/ddf1 =<
HolA7F oy SF=EH 2z disid AdES 7HE Fem oA
ftl1-1D/ddf1 EQaol A3 ok E W71 FdE LT 2dAM 71 F a2
E=EA7IAL O REPE S A E YT

A, 1293 172 MS wi A oAl 7MW (in vivo) BlGE A EA 0 1 ~Ed
= Agste] Aol gdES BFESUT VIl vlgE A=AE 45T, §5%=

90% = A" AELANM Fa 47 bg& Al

=

i

N
N
(&)
—
(@)
(\]
o
w
(@)
N
(&)
o1
(&)

60min) &t 1L 2EH 2o =F A7l & oAl AAHQ] A Aol vk

oM Far AFEART MFEE FHU F 4do] AupAL A=A BE Ao
A

Al ASFFR W fH1-1D/ddf]1 EAWRo| Ao = TA3 2 2] A|gtol] =7]=
= 9 fA8= A4S B F Ao AESS AyEd, 3087 128 Ay

= uf ofAE o7 e
100%9] AE&S H, olAl= AL A AlZke] 600l ook 0%
AEES YERATHFig. 11h). ol¢k FAMRY A= FTLI/DDFI #34ek &<
gt AP2 #AFQlAte] DREB subfamilyol 3= fdAE 28d A7 of 7140
oA ZA~E# o gt AYAFS HAtta A JATHK. Nakashima, et
al.,, 2000, Q. Liu, et al, 1998, Y. Sakuma, et al, 2002, Y. Sahkuma, et al,
2006b) &3] DREB2 subgroup®l 43} DREBZA FAAE Id A7l of 7]
ol e AFAAS Wk, Lo wgske ohe fAAke] ddS fEA
A ol thaf Aol F7HES A Th(Y. Sakuma, et al, 2006b).

Azo] HEd AEUAE B HH AEA WelA barh wheAde] w2 5

Mt ox
o

Aol A AZF(ROS @ Reactive Oxygen Species)C @ H3A] FthHAllen et

al, 1995). ol&lgt A& Ztste], 12 2EFA A & AEA A T
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reviews, see; Campos et al., 2003).
ftI1-1D/ddf1 =AW o)A o] Lol theh A 3/d 9
A FEAskeEA ZRler] fske] vgd #e AdES TSIt EGA
fti1-1D/ddfl1 =dR oA et thx+¢l ok E o7 FAE st B4H
ol B 9 wigAlA 45 Ft 1A GAs A2 TE 10°M FE9 GAs

kel
[ﬁ
ot
o
)
=
2
A0
£
Lo
L)

= AEAY e AEEAL, GAsz 7] A= GAZF AlQg sFe &5 4
A9 Qo AT 12 AEYAE 50T AHEEda o u FRE
90%= skl 7HE 2Edze] g 23S HAsAFon, 2EYs A
T AAARJN A 29 wMiFHd &A IEARY. 1 AR, 19 12b,delA
Hol= AAY 2 2EHAR lete] okl o7 Fdl= IHHA X

GA; A2l stAl @& ftl1-1D/ddf]1 EARlA= 35t s gl 1
Hu GAsE Al EdwolAdAE B EH FASHA Yol vzl
&R th(Fig. 12d). o] AR, fH1-1D/ddf] S o)A 7} o that A A
S UER I, GA; Aol o] o] et Aol oY FERoR

e stk 7ol GAs Aol o8] Tde] frEHE FH4 1
T AH7F a2 tigt A4S B Bl JAH(C. B. Ko et al, 2007).
kA, GAZF Lo gk A w7t Fel Aol A& Aom FHrh
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Figure 11. Response of ftl1-1D/ddfl mutant to heat stress at seedling
stage.

(a)-(®) Each panel shows WT(upper) and ft/l1-1D/ddfI(lower) plants at
seedling stage on MS media. Plants were exposed to 45C for 0, 20, 30,
40, 50, 60min, respectively and photographed 7d after return to normal
growth condition. (h) Survival rate of WT and ft/I-1D/ddfI plants under
heat stress. Plants at seedling stage on MS media, then exposed heat
stress to 45C at indicated time, then returned to normal growth
condition. (i) Ion leakage of WT and ft/1-1D/ddfl plants under heat
stress. Plants at seedling stage on MS media, then exposed heat stress

to 45C at indicated time, then returned to normal growth condition.
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,v s 4

Figure 12. Response of ftl1-1D/ddf]1 mutant to heat stress.
(@a)-(d) Each panel shows WT(eft) and ft/I1-1D/ddfI(right) plants. Plants

had grown for 4 weeks in soil without(a,b) or with(c,d) GA treatment,

then incubated at 50T for 7d(b,d) after return to normal

condition.

growth
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10. fti1-1D/ddfl EdWlA Y 7 AP 2EY

UM ARE Eot, ftl1-1D/ddf] EAWMOIA 7L A&, o gk o]
OFAY o7 E Y H5s ST E HE SEAE A3
2ol thgk Aol U= AeRE o5 & F o] 2EH A Ao wE A=
Ao AP ES AT FUS ZAAA ftll-1D/ddf] EA oA 9} ofA
g A dE 7192 7 2EHAE AT @ F, H3
gk, GAs Aol wet 7haell gk A= oju gt Wsts dor|=A Ay
Bkt FA3 2HNAM ftll-1D/ddf1 EQ WAt ok o7 S 4531

i
ol
rU O
i
)
ol
on
38
i)
H

5 #Fete] IEVE T AEAY 5d9Y 2 o
13a,boll A Hol= AAH ofdd of7|die vl 3 A dFdo] A
S| 58] Fala wANSIR oW, fill-1D/ddf] EQAWOIAE &5 e B
T Tt 3B A 7ho] AAAR} frll-1D/ddf] EAWolA = AAA e A4S
ALA o R FA AT o] AE, 7k 2EHZ HEiA 1
WHol A7} oY of 7R AEAgo] AdE T ¢ AT olHE A
Y= FTLI/DDF1 A8} 5 d3e DREB familyol 43t DREBIs/CBFs +r
AAE A A o7 el fFARE ZA3E B UTHK. Nakashima, et
al., 2000, Y. Sakuma, et al, 2006a, Y. Sakuma, et al., 2006b). o]& 3
Axpe] sh9ol A 2Bz 9 Sl fHAE HAAA sl Ui A
S HATHV. Haake. et al, 2002, Y. Sakuma et al, 2006a). °o]2]o|% of
7174l DREB2A +AAHY. Sakuma, et al, 2006b), DREBIA 3%}
(Kasuga et al, 19995 HLAAAS o, 7Haol gt A3l F71skSle
ol Fad Adat Zol, GAy Aol oM ZhEol Wigh ftll-1D/ddf1
EdWo|A o] Aol oY o7l FEoE FAsteEA BV $ishd,

GAz A<t 1] A FoA 2Eg o wE 2

(i
M
ol

o
i
)
ol
on

2
o



o] Aux GAsE A ftl1-1D/ddf] EARIAE kA8 )74t FAL
ShAl 9lo] mi2al IEEA Feglon, dFd Fole 2egk Wt ¢ &4
SHAl =8 % th(Fig. 13c¢,d).

7ha 2Ed 2 Utk Adde AFHor 4817 flete] sdd 23
A 718 ok o7} frl-1D/ddf1 EARolAe] Qo GAsE AxESH
GAs A&7 GA; 7 AgF=E vrAddt. g7t AAE rosettes Axd 2

B HolE el SefFa, G4l Az wkded Fof 4 21310, 10,

20, 30, 40, 50, 60, 120, 180, 240, 300min)¥ =& A A=S& =AHstay +8
E£AES AXSEY. 1 A3} ok E o7 A E GAs AP 5ol & 7
E2E0o] A9 Apol7) 9l wbHO| f11-1D/ddfl EAWol Aol AolE= GAs

ul A @] gell vlske] GAs Aol A i EAEo] Folxth(Fig. 13e). ©]<f
FAFEHA 7HEol thE AFAAS 2t AS 2EdA A oY R FE
&2 gol as ovdt(Hsiao et al, 1973). wWebA, ftll-1D/ddfl EAA
ol A7} 7HEol thatel ok Y o7 gHR T AdAo] Fatv, GAs Aol 2§

N Ao obE FEoR ase elarrt.

o

:
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Figure 13. Response of ftl1-1D/ddfI mutant under drought stress.

(@)-(d) Each panel shows WT(eft) and ft/I-1D/ddfI(right) plants
without(a,b) or with GA treatment(c,d). Plants grown for 4 weeks in soil
with  watering, then stopped watering for additional 12d. (e)

Water-loss—analysis of WT and ft/1-1D/ddfl plants without or with GA

treatment.
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11. }F2EH 2 Ao wE opY of7| @t W| FILI/DDFI w39 &d F4
FTL1/DDF1 +3A7F @ 2E# 2(high salinity) shellA AsiAl wraddoka
B ¥ v o (Magome et al, 2004), oA AdS E3dlo] A Eo] e 2
wol| w=ZFHAS W FTLI/DDFI f3Ate] wdo] fwgsS Elsqlct. o
FrAFSHAl A =o] e} 7ol wEEW FTLI/DDF1 Ao i o
Ao otect weba FH~Ed o] e frzte] wd oGS EAEH]
s o717 E 1/2 MS HiH]ol] ok st 7] § 2
AL, A, 7He, § 2EdU2E 47 & AZHO, 2, 4, 8, 24hr)EE A s}
A 2EY2E A3 AEAZEE total RNAS F%3FaL real-time PCR&
o|-§3te] FTL1/DDFI Al #d gAs AzbEa Avugith, 1 Ay
FTLI1/DDF1 +3A= 72 2B A ¥2 g& g AS B th(Fig. 14a-d).
A2S A s A 4A3k] AR, FTLI/DDF1 f7AA2] @& o] ~Ew A A g
ARk 79) F7FEIA U HAH o r adteE AL B ¢ JATHFig. 14b). L
d 14bollA Hol= wpeh o] 74a& AP stAvia} FTLI/DDF1 3 Ake] 2d
o] FAsA Stsld o, g ~Eds Ao Hlste] FrhE wa o] u
T EF=AT S AYEE W, A8 Ede] FUkela AHE § 4[]
vzt ddo] o o] FUbehAl i FAHATHFig. 140). AEo] dell =%
H9S wo= 1Y 14del] Hol:= AAH A s Awlal FTLI/DDFI §AA1<]
w43 SRt oy Ay F 2A17F o] FoE wde] 2 Folmy

e Felaoint. oyt AR, AEA Mg ~EH x| v} FTLI/DDFI

=

BoAzE 8 N GAe 7] gEAY AL, 1, HE, d 2

X
N
L
i
1>
(i
)
=2

g el el FAAE Sdskes e FAskdvh ook FAE AnE,
FTLI1/DDF1 39} 593 DREB subfamilydl &3} DREB2ASt DREBZB
A7 A2t oiyet 7hE, o, el oF wde]l FrhES st
(for reviews, see Q, Liu et al, 1998; K. Nakasthima et al, 2000; Y.
Sakuma et al., 2006). ©|i= FTLI1/DDF1 f+3A7} Bl Ee4] m 4 ~Ed
zo gk Aol AFA M7tHFd ddE S dAlee Aotk

AAZ, A2 oA o] FrtEva 4l CBFI +8A7F ke stels

AL AL 2Edze d A AIF Baste] 2A4RA 4
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>

S Fdva gE s o™ (Anchard et al, 2008), FTLI/DDF1 %1#7t 4
Edize tig &9 AZY w7t FAM To3 2dARA 9dE +3
AoR oZsta YgrHMagome et al, 2008). wEtd HE AL Eslo]
FTL1/DDF1 +3A7F & Bk ofye} A2, a2, 7Hgol tid A& =
o #E AR g5H
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Figure 14. Expression levels of FTLI1/DDFI under abiotic stresses.

Time course of transcript levels under abiotic stress. Wild type plants at
seedling stage were exposed cold(a), drought(b), heat(c), salt(d) stress at
indicated time. FEach values indicates relative quantities with the
non-treated sample (Oh) set at 1.0. ELFla was used as a internal

control(Anchard et al., 2008).
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12. ftI1-1D/ddf] EQWoIA W 2E#HZ2 #H FHAAEY ¢ ¥

FTL1/DDF1 §3A9} =2 54 e& Hole CBF +3dA7F 433l st
CBF/DREB1 ZARIAE Aol gk A& A w7zt FA F8s =4
Az gy, o)lgd 9| Fdo] Hi= 39 §HAE(CBF regulons) 2~
Eg e REZeEte FRAER dEA Ak dxAQl d®%  COLD
-REGULATED 15A(COR15A), RESPONSIVE TO DESSICATION 29A(RD
29A), RESPONSIVE TO ABA 18(RAB 18), KIN, COLD-REGULATED
15B(COR15B)°] % tHAnchard et al., 2008).

FTL1/DDF1 frAA7F Aol tigh A& AggA vzt Fel A =
olall wuAl, ofAY o71Fet ftll-1D/ddf] EARoIA NN CBF AR
(CBFs)9t CBF/DREB1 HAQIALe] ola] A= #FXAHCBF regulons)E°l
AARl HAFTS ARSIt 1 AR, fl1-1D/ddf11 EAQAROI A A
d¥l FTL1/DDFI frxke] W& o] Hlste] CBFs FrdAES of8E of7]
et & 2d ol fIAA|T, CBF/DREB1 dARIAe] o8 2dH= #4
A= (CBF regulons)?! CORI15A, RD 29A, RAB 18, KIN, COR 15B fAA+=
opAF el wlE] Aol  FUFSFIthFig.  15).  ol¢k  fAME  AdE
DREBI1s/CBFs A& #dd A7 o714 diel A gRld uf 9lomw, ol
FrAzte] shejell A ~E# e wbgg e fHAE HHEAA o @H~EY
2o tigk AIAAS HAT(for reviews, see Q, Liu et al, 1998;
Jaglo—-Ottosen et al, 1998). 3 HEZXY {3t OsDREBZB F3AE o 7]
el #2dE A HS W, DREB2A HAFIA o olaird 2AHEE 319 FAAE
o] MHE FIHAA 7HE, a2 dg APAFS FAg v Jdvk(Matsukara et
al, 2010). ol&g+ A#NE Esto], FTLI/DDF] FAAE Ao gk 234
7t Fol #eEoe] Je Aoz odEn, 1 7|5o] CBFs A fAS

gt

O
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Figure 15. Relative expression levels of CBFs and CBF regulon in
ftl1-1D/ddf] mutant.

2-week-old plants of WT and ft/1-1D/ddfI plants grown on 1/2 MS agar
plate. Expression levels of CBFs and CBF regulons in ftl1-1D/ddfI
mutant, compared with WT. Each values indicates relative quantities with

WT set at 1.0.
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V. £33z

A, AL, The, 9 22 oY 7] SA2Ed s A2 S A E
ol] Fofjaclown, A= ALY dg "ojregl Al AH(Smirnoff et al,
1998). webA Ao 84 AeAds AT ems Ao AAA THAE Eol
7] flete] AE 2EY 2] g A7F &ds] @A Itk (Grover et al,
2003). 53] E¥l A &S5 o]&ste FAFAEYE XA doAH FHAAE T
=t 1 7les Aske 72 A9 FE dA9Ea dtk(BioWave
http://bric.postech.ac.kr/webzine). Webq B A= Agrobacteriumes "7 =
4 FA T-DNAS A<l ef7]gdel =sirzl Vs 85 =dvie] F
ol A HEE Aol 3t Ao Aol AlE Astar At oF 80000
oA70e] T1 7HA=FE oF 22709 A2 AFE SdHolAE Fregion, o
T A =4, 94, W] ke 2dg s Hel
freezing tolerant linel -1Dominant(ftll1-1D)= D
A= Basta A%S Fato] T3 AltHollA =9 T-DNAol Wik =4 EA
(homozygote)& BRI EZF2v= 34 7|HE o838t fl-1D A
ol e A4Y¥ T-DNAS 5% genomic DNAS 3|45} a 1ol Aol A
Freezing Tolerant Linel/Dwarf and Delayed Flowering 1(FTL1/DDF1) 4
Zkel AL7E sk s gl

FTLI/DDFI +3A#= Gibberellin(GA) A3HE¥ ##® FHARE, o7
oA IEHAA AEA= A el 243 GAVE ZAPE =dHoA=
ftll-1D =AWl At FARE FAES  ZE=tHMagome et al,  2004).
ft11-1D/ddf]1 &Q ol Aol A 7|Eo| 2%l DDFI #pEdA o & 2Ed= A
d ol AP (Magome et al, 2004) o Ao tgt Aol THHS
SQlsktt. WA ftl1-1D/ddf1 EAHOIA7E o] FFAE 2o E AFES
Hnol F Ao JINAth. ftl1-1D/ddfl1 EAR oA A A, 7HE, A 2~

g zol ek AFAS obdE ofrIFTiet Hla EA5E7] flste], A, a2,

1m
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5, 12 27 slolA 71V (n vivo) FA=Ae] AES AFS
th BE 2EH 2 AE Aol EdRolAZE dx2T0 of8E of7gdieh v

M 2Eds Aol etk o AnE Ba,

B
2449 GAZV A& FTLI/DDFI 3ddAe &4d% o] GAS AestA =¥
oY} FUI FAFOoR HHHIL, ol tF APAHE oY FEor
sttt G FH i Magome et al, 2004). GAs Aol o8l ftl1-1D/ddf] =
AWolAle] A2, a2, 7Hael gk xdFS AFe Ay, APAdo] Haee
As . olgst 235 Fstol, FTLI/DDF1 2@ A oA &4 9
GA7} S 2Ed 20 tgh Add wzidsa #dHo] das A58 AA
=, GA B =29 CBF rHaket e Aol gk AadA w7t
Hods d#Aol dth(Anchard et al, 2008). Hd A AE 2] Uik
FTL1/DDF1 7d7kek dddd AdA w7t FolA GA AHd d=ok 45 o
#Ado] ot dHA o™ (Magome et al, 2008), o]]o2] SHFA~EF 9}

% qlgte] 9l Zlow d3Hr

L
N
©
1S/

FTLI1/DDFI 2= A&, i, 7Fa, 9 2Ed 20 9ejA] ddo] =
AL o9} FAFSHAl FTLI/DDFI 3 Ake} Y s DREB1/CBF subfamilyol <

e B2 fdAEe] 54% 2EdL e o] SA2EY 2 e Wk

Oft

stohal dE At (for reviews, see Q. Liu et al, 1998; K. Nakasthima et al,
2000; Y. Sakuma et al, 2006). 53] A2ol|A @¥o] F=¥= CBFI 34
7 dmstels AARIARE A2l ik A wTtdEs - Bt
i H(Anchard et al, 2008). Wb, FTLI/DDFI +7d 27 A2, 7k, il
=, 9 22 A 2EY 2 digh AEe] A Wt FAA 2-lAEA F
Q3 A4S 7 F FoR diEn. FHEAEY 2 gk AE A wA
U3 FTLI/DDF1 378 A4S 1] S8 A2 2Ed2s A w7y
oMo A9 xR A8shE CBFs F3zket CBFI f3dztel ofd x4

= 399 2Ed A B8 FHAE(CBEF regulon)S EA2E wlAR A3l B
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A& ZAMeFAtHMagome et al, 2008, Anchard et al, 2008). = A},
ft11-1D/ddf1 EQA@ oA A A FTLI/DDFI -3 Atel|l Hl&]l CBFs #%
A EE xRl okAE ofrIddiel vk 2 Aelrb gIAAIRE CBF
regulon FAAEL oFA Yol Hlsle] fH1-1D/ddf] EQWHo|AANA =2 W3
FFes BT e AdRE Fshe], ftll-1D/ddfl  EAWolA A
FTL1/DDFI A7k Aol gt A3 wzbFol A CBFset frAbeh 244}
24 qTe YT Ao w oAqFHu. welbs FTLI/DDF1 w3 Akl oJs] =4
He A 23y S 2EY s gk A ke #AE e At

.

dod oz Atndrt
Aedom, o7 el 24 w4 AEWg o]&sto]l Aol dig AFA o
THE EAdWelAE A8t FTLI/DDFI F8AE S48tk FTLI/DDFI
O~

i
i
s
v
it}
o
2
Dy

o,

[o
i
ok
+
%0,
2
=
Jm
ol
3
h
N
S
)
~
o
2
L
o
i
rlo

AeAde HAYW CBFs +31A} 1 349l FH1AHCBF regulons)s TAMAZ

o]&3ste] Aol it A wiAYT ddH FAAAE A o)Ll

T et dutar AbRET E=3E o dof| By A Aol FASHA A
3 GAzx gl gallA SHHAEFY 2o W ftl1-1D/ddf1 SAWolAe] A 3EA

FTLI/DDF1 +7d#ke] A, &, 7kl tdt A4S S8 Hx9 Hiol
W, W A3E B FTLI/DDFI F72A7F &% A 2Eg 2 WA 2=

of oA f8F FAAdow Bed Aow sda.
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