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Abstract The Arabidopsis SHL1 (Short Life I) gene
encodes a small nuclear protein that is critical for the proper
expression of the developmental programs that are responsible
for controlling plant stature, senescence, flowering and seed
formation. The SHL1 contains a single PHD finger domain
that works in conjunction with a bromo-adjacent homology
(BAH) motif that is thought to function significantly in
protein-protein interactions. The TCH4 gene of the Ara-
bidopsis encodes a xylogluclan endotransglucosylase/hydrolase
that is transcriptionally regulated by a variety of hormonal
and environmental stimuli. We report here in this study that
the SHL1 exhibits sequence specific DNA binding properties,
recognizing a 14 bp region of the TCH4 promoter in vitro,
spanning nucleotides —262 to 275 (GGAAAAAACTCCCA).

Chiefly, the nuclear extracts of Arabidopsis contain a protein
with similar binding properties as recombinant SHLL1, which
is absent in identified transgenic plants that are noted as
expressing antisense SHL1 RNA. Interestingly, the SHL1

gene expression with a BL treatment in characteristically
wild types of seedlings showed that the transcript level of
SHL1 is significantly down regulated by the BL treatment.

The SHL1 may play a subtle role in regulating the kinetics of
induction of the TCH4 in response to several stimuli i vivo.
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ME

o 7]t SHL1(Short Life 1) 574 A}+= BAH = Q1 2} C-Z et
o] PHD finger & < (PHD finger domain)-& 7} % 22 s thul 2]
< rosketth SHLI A4S THEA A Z-& o, o] o
A= 7j et 2 e3hrF S 5w, A D 2 Aol A7t
70k v ofl, QFE| Al A oA o] 749, off 44 (dwarfism)-&
S-dkskar, A AFo] X o B ) (Muessig et al. 2000), SHLI -4 2}
U of ¥ s}o]| o7k o] 2j gt Al o W SR o A o] AvkS
28t A H A Y Sl s A= oA 7HA] ¥E Xl Bhrt
T}, of714th TCH4 (TOUCH4) 8- A= XTH (Xyloglucan
Endotransglucosylase/Hydrolase) & ¢ 3 3}5} 1, o] = W 1}
ol Al Al a8 Aol Bofdh= A S 2 KAk ¢ th(Xuetal.
1995). TCH4 57 A} = Brassinosteroids (BRs) & 2 21} 2.4
(Auxin), 9+ #] 2](Darkness), 7 % A}=r(Touch), ==} 22 A
A=l sl A =0l Al 24 Fl Th(liev et al. 2002). BR
TEES ANE AHRO|E sE2ROF AFo ARy} vt
2 AEA - HAEA AE 2o i S 5 A= A
ol 910} W& Zwlo] Wolgheh. BR A5 AT Alo] A o] 2
AH 2ol 5e FAUSeA AT E o shon, x5
A| @1 BRI (Brassinosteroid Insensitive 1)I} X % 5=-8&|(co-
receptor) 21 BAK1 (BRII-Associated Receptor Kinase 1)©. 2 5
E] AJ&Fsto], A1k © 2 BESI/BZRI AARRIZAA(BR T2
sof ol gh A2 e) A% 9 AR A A S A7) 4
ol §AREe] wH e 2aehs A Y EH o] 45
o2 2-8)°] §4 0 2 BR AL 5S|4/ 52 Fch(Nolan
etal. 2017).
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A Bufo]| A2 & 3= 9] BL (brassinolide)} 24-epiBL (epi-
brassinolide), F+ BR & 2 &2 off 7| & t]] & 22} (peduncle)
AgE Ao, A A o2 e A-S Az B3
BL & 222 of 7| tf o] ZZAFF 0} A5 A A Z ¥ invitro
o A ¥ 7453t So] A mRNAS] ' a ¢Fofl F & vzt
N7 arl(F4 7 SHHl) A=A oA
A17%-22,4-D7} o} 24-epiBLo| &J3)) A A =] =1, o] 2} 22
A A Hhgo A A 2 - RA 4G5t 51 ARE
1 6] 3¢l th(Clouse et al. 1993).

SHLI GH 8 & 24 287 9] 548 5o| o], SHLI §-40
ALO] QPR A A HAMA S A FAHE A=A 9] g
At A AS Hol=d|, o] =BREZEZ A9 =2BR
A TGS 9 ohefeh e A A ol A 9] of 71 =
Ho A 9] 23 E 1} o} F-AFSFEH(Muessig et al. 2000). SHLI
1} TCH47}F -2 g A A of] BT 7Hs A& &l st ¢
off = FAA Abol o] A A AT AHES Flsk it &
o G-= SHL19| in vitroo)| 4| TCH4 G- A} 2 & R E] 9] 14bp
Q714 e Q4lsls A S0l DNA 2 whj o],
SHLI 5 A2k 7F A AL =20l A BL 2 2% A 2] of] o]l =7
S| T 9SS B Al ATLE Foto] W et} s}

Mz W A i

M ZE R Z2U7} CHAE &
ol 717 tff 3}l =(Col-0; 3-day-old) > = - -2 ¢ cDNA =}
o] B 2] 2] (Arabidopsis Biological Resource Center stock number
CD4-14)0] 4| Z.7] 482 3] SHLI cDNA (full-length) £ 5
2] 5} 4 t}. Standard Plaque Lift Procesure (Ausubel et al., 1994)
2 34 WhHEsto] sl o, B3 (probe) o 2 off 7] 4
EST 181F3T72 ©|-83} %1 th. 1271 9] positive clone2 4 ¢ 11,
in vivo A A|(excision) &, o} 7t 2 A A A7|HF o7 IA7E
2439 o, 71A 2 Z8tAu|EE dye-terminator DNA
sequencing 3} % T

Insert2 = SHLI cDNA (full-length)©] PCR ZZ M Z-2 o]
ZAH(E. coli) WHMNE pCAL-n-EK (Stratagene La Jolla, CA,
USA)E 0|85} LIC (Ligation independent cloning) 3} %3 17,
71 A 3} CBP (calmodulin binding peptide)S SHL1 N-Z¢hof| §
gelolch. ol el g 407 ofu| Akl N-wrek H71E ) 2
% EA Sholl 25 5 ¥ (calmodulin) 21814 42| A A2
€19 & 4 4] 8} 91 o, LIC 20| o) & 0] -3 insert DNA %
Z WA} pCAL-n-EK HE 29 §3}, o] E. coli BL21
(DE3)pLysS cello] @28 2ks}o] 2} 23 phat & wh
A ZREY A4 I 2urE T a2 CBP-SHLI )23
A S AA s BE TS Affinity LIC Cloning &
Protein Purification Kit Manual (http://www.stratagene.com/manuals/

204300pd)0] A E 02 He 00, 1 AT g
A 25k el A2 SHLT Tl 2 of A )| 2287) ofw| Ak 3
g &l of] CBP 23H4 3# A (MKRRWKKNFIAVSAANRFKKISS
SGALLVPRGSGSGDDDDK)7} ¢ % o} ¢l th.

22} E. coli expression constructs= pCAL-n-EK vectorE 0]-&
sho] WS¢l e, SHL1 el 2 ] PHD finger domian<- A 7|
3}t PHDI Z g}o] (5’ - CTCGAATTCCT TGAACACG
GTGACTCTGTCAGG-3’)+=SHLI T2 9] 1 ~ 141 o} 1] L= Ab
= Y 2. 3}5}= DNA fragmentE &/ 5}7] 91l AHE-2HLICS’
Zapo|m el Aghstm, SFE| EcoRl sites £2gH &
EcoR1 site PHD2 3 2}o] (5’ - AAGGAATTCGA GTCCCCA
CAACAGCAGAATTTG- 3”)+= SHLI1 Tl 2] 9] 188~228 o}u]
4hE 92 3}51= DNA fragmentE /g 57| 91l AR&-gH
LIC 3* e}o|mj o} A5}, oFFFof EcoRl siteE 4 ¢15F
Aot & fragment2] EcoR1 At &, o] & ligationdt A 7}, PHD
A G99 HA| 4671 ofw|i=Ako]l 47)9) ofm]i=Ab
(Lys-Glu-Phe-Glu) ©. & o %]l SHL1 TS o5 3ls=
417 DNA fragmentE W= &, 2> 4SS Aol L= 5%
T4 o A pfu DNA polymerase (Stratagene)S AF-8-5F%1 S
™, DNA A g 2415 5o A2 e skl

Gel Mobility Shift Assay

PCR $2& £6| TCHA § 07 Z2RE 9| 717} o2 B
9] DNA 232 A4 th tehdlf (5° - AACCGCGTGATT
TCCAAATCC - 3°)2} tchd1r (5> - GGTTCGTATAGAGGAAG
GTTCG-3’) Za}o|u] & o] §-3}o] TCH4 9 A2} T & 1 g 9]
-186 t0-619]) 3]} 5} = PCR A&, tch42f (5> - GTGGTAAAGA
ATCCAACTCTC - 3°)¢} tch42r (5 - TTGGCTTTGGAAATCA
CGCGG-3) Lo HE 0]83}9] 314 to -1639] 3| F3}=
PCR AHE, tchd3f (5 - GAGACCACAAAAATTACTCAAA GTTC
-3")9} tch43r (5 - GAGAGTTGGATTCTTTACCAC - 3’) 2}
o[ & 0]-§5}0 -588t0-2949]| 3l F5}+= PCR A< 9H/d 5f
%Atk ZH7Fo] PCR 114 of A1, 100 pl PCR BF-§-&ofl+= buffer
(10 mM Tris-HCI pH 9.0, 50 mM KCl, 0.1% Triton X-100, 0.8
mg/ml bovine serum albumin, 1.8 mM MgCl,)2} 200 uM dNTPs,
TCH4 AR T2 B E| (958 to-1)7} A+ 9] = o 8+ Bluescript
KS-plasmid (Stratagene) 5 ng, Z+Zz}9] Zztol 1 uM, TAQ
DNA polymerase (Promega, Madison, WI, USA) 10 units, TAQ-
Start Antibody (Clontech, Palo Alto, CA, USA)7} 335 Al 319
t}. 28 =0} 94°C o A denaturationd} ¢ 11, 302 -1 94°C; 30
% 201 58°C; 18 7F72°C 2 A2 2 PCRE 43 5}o] DNA
FE5klom, 57 72°Co| A extensiond}$i Tt o] &
QIAquick Gel Extraction Kit (Qiagen, Calencia, CA, USA)E- ©]
L5lo] A A5} 01, TCH4 8- A A} = 2 B E] 9] -285 t0-256
o] A+-3-3}+= 30-mer oligonucleotide £ $H44 5141 th.

CIAP (calf intestinal alkaline phosphatase) = PCR fragment&

T
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QI AFSISE B phenol/chloroform extractionT} of 8Fg 2 A
(ethanol precipitation)2 =23t &, &2 AH3}E DNA (Ing/ul)
£ T4 polynucleotide kinase (Promega)$} 1 pCi/ul [y-"*P]JATP
(3,000 Ci/mmol, New England Nuclear, Boston, MA, USA)<- ©]
£3}o] 5°-dehof #4|3}9 o NucTrap column (Stratagene)=-
ol A=A 2 w2 U LE =5 DNAR R E £33
ok ol 7] 4o gkl 3% W kel 2-DNA 28 w8 o
& A3 RS Mikami et al. (1995)0] %41 51] 91 poly
ddC2 B B0| AL AL, HF A W
non-denaturing 5% PAGE (in 1X TBE)Z &913}% o1, o] %
AL 25 A B (autoradiography) 0 2 A 715 2F01 811 )

Linker Scanning Mutagenesis

TCH4 3-8 2} 32 2 1 E] 9] 399 to -1800] s aHe o o of 4]
Zk7F 10 bpA #j2ju|d-F 28-S 53 F 12709 linker
scanning & 1 0] & 3-step PCR mutagenesis (Li and Shapiro,
1993) W} © & ZH|5HI T} TCH4 A%} 2 1 g o -958
to -19)| 3| Z3}+= & 9 (nucleotides 40,185 to 39,227 of Genbank
accession number AB011482)-& 323}5l1l ¢l+= pBITGE +38
© 2 351t} I-step PCROJ A] 37-3 2}o] o] & Isp3 (5~ CTCAG
GATCCTCTAGATGCATGCTCGAT - 3)2 A-g-5190.m,
5°-zg}o] i 2= ZFZF 30-mer sequence (wild-type TCH4 -4
A} 32 2 1 E] 9] 10 bp; 1] 2] v -3 7F 2] $HEl 10 bp; wild-type
TCH4 402 Z21E 2] 10bp)& &3 5c}. 5-Z 2ol
2 AF8-5 30-mer sequence= TSI} ok (& A RE 5
Aol A Q).

I-step PCROJ| A @ o] 57}t AbHa5 Isp3 Zefo]m &} 3F
7| 2-step THU7HEf PCROJ A ARE-8EGlom, o] 2 ¢ &Y
71 AFES 5°-32 2fo] i & 1sp5 (5° - CTCAAAGCTTGCATG
CCTGCAG GTCGAC - 3")2} 37 3-step PCRoJ| 4] AH&-31 itk

RNA & 3! RT-PCR

Total RNAE F=3}7] 4, 2] 100 mg & 500 pL TRIzol
reagent (RNAiso plus, Takara Bio Inc., Japan)E ¢} plastic-
Teflon homogenizer & 2 315} 91 t}. 3= % RNA©J| RNase-free
DNase 1 (Ambion)& | 2|5} genomic DNAE A7 5} 4 1L,
NonoDrop (Thermo) 2. = RNA 5 =& &=43l9 o1, o}/l 2
AA A7 EOoR S5 ISt o] 2 ReverTra Ace-
a-First-strand cDNA Synthesis kit (Toyobo Co., Ltd. Japan)E- ©|
-§-5tof cDNAE sttt

Genomic DNAQ] ZZ-2 A 3}sl 11, A2} Eo]AlL ¢
3ff ol &= F919] ¢cDNA sequenceo]| A Zfo] W& t] &}l 5}3]
1,cDNAZ 23 © & 3} standard PCRS E-3f 2+2+0] L}
Hol SoldS dAstl e, oA A A7|dFoer
band®] ==& B 7}kl eh 39 WHE5}of RT-PCR& >34 3}

Ao, o A I EJF =7 2 0 2 39 v s}o] Y s)
.
21

SHL13} TCH4 Afo] &f 2] 2] Q1 A} & 485 el sfalz; &
Aol A= in vitroo]| A SHL1 A %3+ T 2 o] TCH4 74
A} L 2 WE o] Aget=A] 218171 913 EMSA (Gel Mobility
Shift Assays)S =34 5} % t}. Figure 1A A B+ Z1 4 &, CBP-
SHL1 A 2 3} thil & o] TCH4 04 2} = 2 1 E] ©] 314t0-163
o] sj@sk= PCR fragment®] o5& A HA|7|AL glow,
-588 10 -294 & 9 1} -186 to -61 G Ao A= AFSHA| gkttt

TYTY'W

A

CBP-SHL1
Free Probe
CBP-SHIL.1
Free Probe
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L ] ] ]
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b
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B B B B [ e I I B R
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& & & & &as @ caas e B
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Fig. 1 The Recombinant SHL1 binds to a specific sequence of
the TCH4 promoter in vitro. (A) The gel mobility shift assays
in the presence of poly dI-dC show that the recombinant SHL1
(CBP-SHL1) binds to a sequence within a PCR fragment
representing -163 to -314 of the TCH4 promoter. (B) The linker
scanning mutagenesis was performed on successive 10 bp
fragments from -180 to -300 of the -163 to -314 PCR fragment,
which resulted in an exchange of pyrimidines and purines within
the 10 bp region
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Fig. 2 The recombinant SHL1 binds a synthetic 30-mer. Gel
mobility shift assays in the presence of the poly dI-dC to indicate
that the CBP-SHLI1 binds a double-stranded oligonucleotide
representing -256 to -285 of the TCH4 promoter. The arrow
shows a band corresponding to the labeled oligonucleotide
complexed with CBP-SHL1, which disappears when incubated
with the unlabeled competitor

Zt7}o] PCR fragment’} P 2= F2& Lsgls o,
CBP-SHLI ) %3 thil 2l o] TCH4 A4} I & W E] 9] -293
to-187 % A o] /] Aa}aH= 71 © & A} E T} CBP-SHLI 7] %
oY) A% AdL mot FAALR el Sl
30010-180 % €] 4] 1451 ©. 2 10 bp) Sl lo|3hgh 12
7l &] &2 A} (linker scanning) & ¢ ¥ o] & 9HE %1 37, Figure
1B A 2. TFA] 5] 226010270 & & T} 27010 -280 & & E- v
o] 9] 7 %-of CBP-SHLI A %3 Thuf 2 3}o] Agto] & A3
sk leh whebA, invitrool| A &) A o] §let, -260 to -280
% Hofl CBP-SHL1 A}z thaf o] Q1A 5k A Hol EA)
T Ao E AREH, o] 5 Y587 $18) -256 t0-2859]] /-5

Agrslal Q1.0 o, 3 A 5}A] 9-2(cold probe) 30-mer
sequence®] Z}Z} 9] ‘5 o A= F |3} 30-mer sequence?} 73
A3l S-S H o] F ). o] += 30-mer sequence?] 23 E9|
4 HojFa it

30 bp G ol A CBP-SHL1 A= o] Agtste=
S 471 AdE 9el7] fall, 6709 AR A ZejawSe
Q=S FAslg o], 27he dSH o2 ShpX Taln]
-5 7F 2| 3= o] Q) ). Figure 30 A H= Z1 A, 285 to
-27631} -260 to -256 Ato] ©f & %11 o] = CBP-SHLI A =3
uj o] Agtalt] GRS 79 F7) I, 27510261
Kol o] Bt io] ol A= 25| AHEHA] QkSrh. whekAl, CBP-
SHLI 2} 25 chu) Ko] 91 4]3}= B8] o] 15bp &7] 4]
Yol 9le o2 ARE o4 HAS Hef FHHOR
QFoluf7] 913 27510-260 4 & U ol 4 €145 .2 2bp 7]

-285 -280 -275 -270 -265 -260
TCH4 =WT ETTTT'}CT‘GA[‘?GM;‘J!AACTE!CCFJ-:!‘TCC&
TCH4-M1 AGGGETUTGAGGAAAARACTCCCAAATCCA
TCH4-M2  CTTTTGAGTCOCARARRACTCCCAAATOCA
TCH4-M3 CTTTTTCTGATTCCCAAACTCCCARATCCA
TCH4-M4 CTTTTTCTGAGGAAACCCAGCCCAAATCCA
TCH4-M5 CTTTTTCTGAGGAAAARLCTAARGEATCCA
TCH4-M& CTTTTTCTGAGGAAAARACTCCCAACGAAC
TCH4-M7 CTTTTTCTGATTARAARACTCCCAAATCCA
TCH4-M8 CTTTTTCTGAGGCCARAACTCCCARATOCA
TCH4-MY9 CTTTTTCTGAGGAACCAACTCCCARATCCA

TCH4-M10 CTTTTTCTGAGGAAAACCCTCCCAAATCCA
TCH4-M11 CTTTTTCTGAGGAAARRARGCCCAAATCCA
TCH4-M12 CTTTTTCTGAGGARAARACTAACAAATCCA
TCH4-M13 CTTTTTCTGAGGAAAARACTCCACAATCCA
TCH4-M14 CTTTTTCTGAGGAAARRACTCCCACCTOCA

=
=
=]
=
a
=
=
=
=

I
=
1
=
=
&
=
L ad

FREE PROBE
TCH4-WT
TCH4-M1
TCH4-M2

« TCH4-M3
TCH4-M4

+ TCH4-M5
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TCH4-M7
TCH4-MS8
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TCH4-MI1D
TCH4-MI1
TCH4-M12
TCH4-M13

| TCH4-M14

Wi

Fig. 3 The refinement of the recombinant SHL1 binding site.
The gel mobility shift assays were performed as described in
Fig. 2 using the wild-type -256 to -285 TCH4 promoter sequence,
or a similar double-stranded oligonucleotide containing the indicated
mutations. The panel on the left shows that the noted sequences
between -261 and -275 are essential for CBP-SHL1 binding,
while the panel on the right further refines the binding sequence
to -262 to -275 (GGAAAAAACTCCCA)

o5 952l 2 A hefol A5} 0.0, Figure 3014
AA Y, -275t0-262 A F W 9] 2= &1 ¥ o] o 4| CBP-SHLI
Az el o] Aol B3] 24akoc o) invinool
A] 14 bp sequence (GGAAAAAACTCCCA)©f| CBP-SHLI1 #j| %
3 b o] ¢l el o ool £AFHS Kol

Figures 1-39] A3}= in virroo]| A SHL1 A 2 ¢ chal & o]
TCH4 {71 AF 22 5 H 9] -275 0 26201 s ot= 574 A4
of Agstal QI3 TguWsHA Hoj=a glow, AR ol
A 3 SHL1 Ty 2 o] o] &} FAlet Aot J A& B 7Hs
d& ERlst7] 918l 2 A-Z12 off 7|7 off oFAE % (C24 ecotype)
¥} SHL1 §-AA7F @ 51A] ob= 2711 9] 53 4] Q] antisense
SHLI line(a-SHL-33, a-SHL-39) ©. 2 H.E] SThl .9 =
3tk Figure 4ol 4] %2 A ¥, C4 Sjpu 2 7223}
2|5t TCH4 -285t0 -246 % ol A B F 37 WHEES & 4=
o, 374 5 2709 o] SHLI A= o
TCH4-M4 (270 t0 -265 = &1 1 0] )2k TCH4-MS (-265 t0 26
Aol sl &> A% Solde 7HA AL e, 7}
o] LEh vl = o] whul 2l dto] antisense SHLI line @] 3

i\

i)
S
v do o %0 Rd ok

o o3t
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Free Probe
CBP-SHL1
CBP-SHL1w/oPHD

H
Fig. 4 The CBP-SHL1 binding to the 7CH4 promoter is PHD
finger-dependent. The gel mobility shift assays were performed
as described in Fig. 2 using the wild-type 0256 to -285 TCH4

promoter sequence. The CBP-SHL1w/oPHD, which lacks the
PHD finger, failed to bind the 7CH4 promoter sequence

200 &40 g A0 kg of o] ] 4

SHLI th} 2 Q] 7154 o] &t
TCH4 &7} 2 B E-GUS (B-glucuronidase)E- ©]-&-3t
A AFEZ958t0-1 AFo] A7 A Hol DA g (heat), 4]

2] (darkness), & Z A= (touch), BR & 2 X 2 Xl(auxin)o] o
gk GUS reporter gene®| W& =5 AHs}7| o 5E54H
(Iliev et al., 2002; Xu et al., 1995), -260 to -280 % & o] o] & 5t &}
=of th3t TCH4 F-3 4} T2 R g o Hhgof] B4 U Ao
2o ¢ ok & OE SH| 2% 9 2= A, SHLI
FAA A o] glo] BL & 22 9] JoFS ghelstr] 9fal, &2
AZE o714 o3 0 2 HE total RNAS =
11, RT-PCRES £3f SHLI1, TCH4 S 2} o] dtd =S =
A} Figure 5o A 2= A 4=, SHLI, TCH4 94 7]
ol BL 32 A gfof o A2 oz F435] a4
7bah ot whekA] SHLI e 2 o] TCH4 - 2} e of
2A) 24 ZH(negative regulator) 2 4] 7] 5 74 9|
o Z AR T}

iy
o 3

2 ofN el O 3@ rfm

M oxt

rir ;g ¥

s

= o]
[

EMSA 7| ¥ (gel mobility shift assays)@}- A =g} thal 21 5 o] &
5o, B A tof| A= SHLI Tl A o] jnvitroo| A GGAAAAA
ACTCCCA A% €1415H= 49 5ol 4 DNA 2 73
A& A AFHTE o] AP of 7| AT TCH4 AR} Z & 1 g
©]-262t0-275 G A of] EA|5IH, S W o] 4 At o] 7]
X1 ol 2bp 230 2 SHLL A 23} chu o] Afo] 2
28] sk 7] wizoll of H71M B AT AVl

Aol A H A& &5 3k 22 ol HAL 679} A

Col-0
Ohr 90min 10"M BL
—-— SHL1
B | TCH4
- ctin
0.7
R — mOhr
£ 00min
& 0.5 -
2
g2 04 -
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W 03 T
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£ I
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0 i |
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Fig. 5 The expression of SHL! and TCH4 in wild type seedlings.
The total RNA was isolated from wily-type Arabidopsis
seedlings. The plants were treated with 0.001% ethanol or
10"M brassinolide for 90 minutes prior to the harvest

2l ot (A)E 7HA AL Sl=dl, SHL1 =3 @i Z o]
polyA-rich @ ool A= §ol4 AgS HolX = gttt 2
A% 14bp A F F SHL1 T 2 o Q1 Ao Y32 54
oA A 5 Q=R E Zelstr] §18) 22t 1bpH ]
F Ao dfsf ob& kA= 4
A7l thgt J . glo]= SHL
Pk off 7] of Al (genome)ol] EA 5h= 123t A
o] 942 SFela} 20| B7H5H o S 5o, 1dbp
717w 735 (AT5¢57560, TCH4) ol 7 23] & 3}t
12k, Zo] Zel 2okA 3 7 S(GAAAAAACTCCCA)
ofj & o] )3t}
invitroo]| A= SHL1 THal 2l o] sl 4| & E 0] % DNA 4
3P| 2, TCHA 47 218 283} o] o]
479291 ol oha A 427 3 oA SHLI e
7} TCH4 A2} L2 R E 9] 262t0-275 A7) AT &
2 45T Bast ook 9 32 Foli SHLI A2 gl
Tt EZEo] invitroo] A €] ARHY & b= Tl F o] e of
)20, o] o] A4 U} SHLI ) 2ol A1}, 345 3t}
S SHLIS % 8 2 51 EChE A2 So| 2 DNA 2
chil el Ao g AbR E Tl 13 in vivo footprinting (Paul
and Feri, 1998)3} 22 7| &S ©]-8-3F TCH4 - 2} 3 2 1L
o} SHLI e 29 Zgo] et S8 ZAL A2 A A
SHLIS| A} 27 e ato] ot kelo] 1 2 al.
TCHA § 714} 2 o] 910 SHLIS] 715 %843 o]

B} 5 b2 H2 invivoo] 4] SHLL s 2 o] 5 <)o)
$242 Aok Ao|th TCHA S 72 Wl 437}

o 1o N ook |
l‘lO T 10 m>~

{1

= n2

AL A i A R s <
O]

O

N
:E
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= YA, 2= 2 AT HEO BREEEI} &
Aol ol 24 =, 24 &4 -y, 53] 4279 st
A2 G4 Fofl A= 71l A TCH4 {3 247F A &
Atk (Xuetal,, 1995). 5° ko] HE 9(5-UTR) A G o] 4
HE of 71 o) TCH4 -4 A1) 2= 1 §:GUS §-3 A 7}, H
FAAS AEA oA HofRA= TCH4 =g dof| et 2
o], GUS f+ &= & 1} F-AFSE s &5 2 ¢l =], TCH4 54 =}
7F oheFet A=l Yol 2 A QS HolErh HalE
Hhof wh= ¥, TCH4 -4 A} I 2 WL E 9 45 to -1470] 3 g3}
= 102 bp fragment= 4 A 2], & A=, 94 2,BR 22
A=l gk e & -8k o of] F=5tcH(Iliev et al., 2002).
whe} A, in vivool 4] @] SHL1 The A3} TCH4 §- 4 A T2 12
E] 7bo] Agto] -] 7} invirroo| A EQlgh A3t -2 Eo] 4
= ZE =, TCHA F- A A -2 of] 9lo] -260 to -280 <
oo A o] SHLI ©hi 2 Aol e shA]= AT, th4l
o] Aol EAMoI7F S W, HF A=of tigt F-= F
glo] olof gt tete] H= Aoz Helth & ¢1-7l 0] o]
A Fofl thgtinvivool 4 2] SHL1 T 2 o] A gtof| tf gt g o]
& 5243 off 742 = o] 23k §h-g-ofl SHL1 T 2l o] o]
st o thalf F=5517] ol &= oF4] o] =2t

BR & 2% 2] o) w£ seedling T4 2] SHL1, TCH4 574
A drdlof gk RT-PCR A} &5 HIR O 2, SHLI T 2 o]
TCH4 5 A AF9] -4 %A AH(negative regulator) 2 4] 8-}
= 0] s e, Tk S Aol fl 29§27
& Ak o] 2 7 TCH4 3144 23 of oA 7} TCH4 ¢
AR w2 E e 26210275 FelolAl o] Aol o 4
29l ATIA), oW ThE Tl A B A0 o
of =] o sl A= oF 2| 7HA] BE e 2| A] 2 qkTt.

A2 o2, SHL1 ¢ 2 o] in vivoo]| A TCH4 S-H =} %
Aol o] SaTFFA QAR oA Y B 2] 2FGkA|
ok, 2 Atz o] Eltinviroo| A o] A A A= 23] £
A AY SN A S Hh Ak Sl Ao 8 A2 &
& 7t @ Aol
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