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Abstract: Arabidopsis TCH4 gene plays an important role in the biological processes related to plant secondary growth,
resistance to pathogen, and adaptation to environmental stresses. It is up-regulated by various hormonal, environmental, and
mechanical stimuli. Here, we identified 9 transcriptional regulatory elements from TCH4 promoter by bioinformatics ap-
proach. In which, 4 elements have been reported previously, and 5 elements are newly identified in this study. All of the
identified elements contain the sequences of known cis-elements. Especially, their distribution along some co-expressed
gene promoters and the orthologous promoters is typically clustered and syntenic. Based on our predictions and the infor-
mation of known cis-elements, a model representing the transcriptional regulation mechanism was proposed for TCH4 gene
in response to hormonal, mechanical, and environmental stimuli.
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TCH4 JE [H g 5 K 4 2R B N B 2 5% 7% I
(xyloglucan endotransglucosylase) ™, % i 7e 4 41
AR P RE U 5 L AN RE rp Y R R SROME, DA T 5 0
4 H BE (TR R i, R AR A P R AR AR L BT
o PRI M TR R EEAE M . KA, kol
A, R BT . ARSI R R e A i
2Pkt S A RS, TR E A IRk
W], TCH4 JE[R R IBAT A SR A1, BB | JE% .
fl . e AERER L SRR N (BR)SE MBS AN
R Bl L F A R REE S Ak, B Rl kL
SN . FKIRST AT EE M e P T o e B R 8
[l R A 25 SR AL TR TCH4A LIRS 8 T i ol
REJCAIT . 7R TCHA JEDNHE Sl 12 ML il 2 2R A Moy
PRFIBAT MR, W, WEMAEYAERET
AR TR X PR L AL e D 3B HL I Y
HEIAT

2002 4, lliev SRS 27 7 41 N Bk 52 6
8 THRIIT TCH4 B[RS gl A [m] Xt H 3R i
ks, 42 T AE R D Re I X, (H M AR
7N H 2 1) T A oC 44 RN AT AR Y R R AL . U5 Ok,
Yang® | Lit® Fil Godal™ ™45 /N2 43 511 R s 2
FRIBAFRGE M T TCHA RS sh FH A e gt
4, AR — 5 T B 00 7 7 f1 B 6 v 1 Bl
L, USSRz R Uik 7).

AR, AR EARER T, AT
FIRZH AR C RS T RGP R R 5 . SRiman
i) DS D] 2 TR 5000 v 2 40 0 1) Bt S R T AR
SRIB— PRI I ), H I R 2 2 AR s
BRI GG A SO HES) T A WE B 2E R B
B IX S RE T A T A v R T, DRt A K g
BT TAER I . 25 I8 3 5% S5 e Py

F 1 TCHA4 Rk LA R EE
Table 1 Microarray data containing up-regulated TCH4

[E] P8 A ST AR A L 4 3 TR sh 7 R i e i, AR
SCRHBIRE T TCHA ) H A& R JEZEF A1 TCH4 |1
R 2 SRR, X s i EE SRR
JCIFEAT T RGS T, S5RARBIH T 9 NIREIE T
Juff, A 44O R SOk iGE, 5 AT T R
AT PN S5 RPN E, MRS T
TCH4 JE[H 1y s P AL A AL

1 MR A
1.1 ##

A SCAE FH R ISE (Brassica rapa) TCH4 2K 5 5h
TI¥ 5 ATAG25810 A J5 5+ J7 41 ¥4k H DOOP
Bk I (http://doop.abc.huf), TCH4 ik FiFME A
¥ g SClk AR Bl R I L2 1 B
R B FH A 8 5t 91 Sk 0 e T 4 DR 2 R s
s R RBE RSN AR ER G 3 FIF5, e
Sk H Tair 4 7 (http//www.arabidopsis.org/), K&
>k 1 000 bp.

12 FHik
121 4R R BERA

FIF FASTA T HH () SSEARCH34 FiJFHLf
DOOP 54l g Hr A IS SR 45 2 7™ 4= TCHA JE A s 8+
R ORST B IR IARIE N S48 KT 85%, —
HP K L 5 bp.

122 ZHIRAA R

Kes AR SE B BER T 5~25 bp KA ER TR
J¥A, GeitHAE 22 53RN G 2h+ Fi 507 8
IS . JFAIA Fisher’s exact test #1175
2 SR IRIEIN o B B BE (P {1)28L. L P<0.05
PR 4 07 2B 1 e A B A R Ty A T AT IR 28, AT

TS JOBL SRR ® FHCR A6 T 12 ke U Sk
No. Treatment No. of genes No. of genes Detection method Reference

1 Cold inducement 939 933 Arabidopsis ATH1 Genome Arrays [12]

2 WRKY70 over-expression 331 310 Arabidopsis Genome Array [9]

3 IAA- and BL-inducement 32 32 Arabidopsis ATH1 Genome Arrays [11]

4 Darkness inducement 533 524 Arabidopsis ATH1 Genome Arrays [13]

5 Protoplasting treatment 356 344 Arabidopsis Genome Array [14]

6 Weight inducement 700 694 U95 GeneChip [2]

7 MKK?2 over-expression 152 152 Arabidopsis ATH1 Genome Arrays [15]

8 Touch inducement 750 749 Arabidopsis ATH1 Genome Arrays [13]

a: R JE SCHR I ARE LA SR REG by SR AN b MBI b S A 8 A 0 DR

a: The total number of up-regulated and down-regulated genes reported in the references; b: The actual number of genes used in our analysis.
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WebLogo (http//weblogo.berkeley.edu/logo.cgi) T. B
PR G

JA A g 1o i 78 A Sk . BT AR BR AR
WIS ATT S -
2 RS
2.1 RFRERIRA

REFFFRERY], LRI s 45 7 51 2 4R
HLE G SRR A A 5B 37 500 bp 1 Xk 8L bR
It TCH4 JEDH 15 8l 1 R SR S 86t % B, [-258, 48]
DX B B N 25 PR L JEVS L TR FI I SR R N R G
HAMGS AT, Hit, TCHA JEDE 3h 1 i
500 bp J&ABI ST E A o

FI ] SSEARCH34 727 #l DOOP %4k J28 H B
SEEEIR, RIS T 10 SRS R B (R 2).

F2 TCHAEFARBHFHHRTRENSMTH

10 SRS BERIE T TCH4 XA
(At5g57560)FliH = TCHA JE [R5 87 g 5 vl
LLE t, eTR SN Y 58 4 —80(E 1), X 3L
TCH4 JEPRITE S SR FAFTELR ST
22 REERFBERIARERTENITESR

FLAZA Y, B DR 2 5K 1 R WL A7 A 4 B )
Azl B 2E 5. Wik, RREEZS B, JEHE A%
W% S R F AR T A A WA R AR . S TR T
e MM A TCH4 JEHE G sl shaect, &
ITEEH T 8 EARFAM N RG22 R RIAFEF (R 1)
AT R ARG & A

GERFEW, 1N B(TCTTTZETA 8 B %
RIS AR S T 81, 5 A B 8 B R
FBEFLH PO A RT3 R B 6~7 B2
SRBIE P T, LA B 3 B

Table 2 Conserved segments and over-represented motifs in TCH4 promoter

85T Fi Bt Conserved segments

5T Fr BE R Y R ARG 14 Over-represented motifs in conserved segments

F% No.
J7%1] Sequence {ii & Location  J#5 No. WebLogo A% WebLogo pattern %4 Number (%)
02
1 CTTACTATATATACASP -38 Motif 1 ggﬂ . eaATATac 8 (100%)
2
2 ACCTTCCP 82 Motif 2 £HJACCTTC 3 (38%)
— NN W
3 TCTTT® -97 0 (0%)
. 02
4 AAGACGCGGCTTS _111 Motif 4 = Eﬂ_ . Acillo_— 8 (100%)
n2 T
5 CCAGCTGTS®? 126 Motif 5 EﬁcCA C 8 (100%)
MM D~ @
w2
6 CTTTTACS 151 Motif 6 EESCTTTT AC 7 (88%)
- W~
sD . nz Fhb
7 AAACAAAAACCGCGT® 196 Motif 7 Eﬁ,a_ _ARARCEGCaT 8 (100%)
[
8 ACATTAS 203 Motif 8 gﬁ ACATTA 7 (88%)
"2 —oNM= 0N w
9 AAATAAAAGTAATS? 239 Motif 9 £ Eﬂ _AAAGT AR~ 8 (100%)
a2 T
10 TTTTCTGAG® 286 Motif 10 £ ﬁTTTTCT 6 (75%)
—-NMETHOM~a S

W TR R R BRI TCHA B 2h TR sE TCHA J3 30 T8 i 2% S8 3L :; S: SSEARCH34 F& JF 1R 51 Hi Sk IR ~F 541 D 3

7 DOOP Hitla Ji Hll e i PR <7 ¥ 51 o

Notes: The underlined symbols indicate variable bases between orthologous promoters and TCH4 promoter. S indicates the conserved
sequence identified by SSEARCH34; D indicates the sequence come from DOOP database.

=500 —400 =300 -200 -100 -1
AT5G57560 e !
Brassica rapa 1_0 - S S o 2 H

1 RTFRBEEMMIT TCHA EFAFMR TCHA REBa FPHI&H 2

Fig. 1 Syntenic distribution of conserved segments in promoters of TCH4 from Arabidopsis and from Brassica rapa
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FR B A= BT 5 (% 2, BHE).

XA AT R K IE, 155 9 MR SRR
2), Hirh, Motif 1. Motif 4. Motif 5. Motif 7 F1 Motif
9 JEFE 8 B 25 R IR I I v Yy HoA AR AE (1 T,
1M Motif 2. Motif 6. Motif 8 I Motif 10 /& #4322
SR L P I R AT OC AR X R 9 N JT X TCH4
FEE R TTEA R REAE 8 BEREKEN
rh A G AT BB TCH4A JE PR sl 4a Th i 41
WARITCHE, S 5&FME SR RIE . gL e
B4y 22 S AR I A oh B S SRR A T4, T AT g
BAFESHE M, foiree s SRl T i RisiE
¥, BN, 1E Motif 4 Fl Motif 7 2 Ja] . Motif 6 il
Motif 9(Jsz ] . #MF 51 22 B o 38 7 75 2 5B 40 1 T &
X (ACGCGG #l CTTTTA). XI5/R T A G IE]
ifie AR ek

2.3 BFIFETTHRIMESD B HFE

HEZAY Y, fsmEooi kR EERE, BE
ST VA A DR i AL 0 A R TR i R R A
PO R A A 2 PR A A A O A, ] A
2 A3 P A A PR R g e R 0L
AT e L8 5 KR 8l 7[R R B R AE . Rk,
FRATIN 22 5 F R SE R b g JL s S R E A T T 22k
M4, DU o8 BT 25 A 00 W] SE R T4

GREW], 2 369 KR RILER D, B TCH4
PLAN, 2 25 HL K (AT4G25810 F1 AT3G15210) )3 51 1+
o, 34 S b R BT R 6 SR B R A3 A AR (] 2)
EATHHESIE 516 TCH4A LN 52 sh 1 il AR —
o XHTE—ERBE R TS R A T 5
PR, TR e T 3 S5 FE AT 258 T i i 4

Fe 3 FE A sh 7 i S o ik & BE: Motif 1,
Motif 4. Motif 5. Motif 7. Motif 9 & & THI A i,
4y, T Motif 2. Motif 6. Motif 8 1 Motif 10 I 2 &
MRS XE2WE 9 NIulhfE 8 xR %
IR IR I — BUE T A R (3R 2).

3 RIEH M INRE /T HT R, AT4G25810 55 TCH4
FH A JE T xylo Tglye RS, #lam s A R b
N SLE RSB, T AT3G15210 (ATERF-4)J&—/ 4%
SRR, Hgmi & RS A L I oo,
il JA A5 Sm Erh B A S H Rk . EfS
TCH4 BLHATE MKK2 =2 iR 18 00 T HoAT 3 R ¢
fiE o X UL E I AESE K B2 UL, 1 H
TEFE I AE s bR oE .

[F] A% AT4G25810 H A AR FE K 81 Gl I
RR(LE S N T RS i) B T G ik = = R
AR FIHES Y — SO RRAE (B 3), 33X Xt — 25 %
TCH4 JL K5 s 1 A U 25 AR AL T AT S8k S04
AT3G15210 1 B & R FE B H 8h 7 H ai k= 4 ié,
Rk, Joikath.

24 5CELWHE

SR o B B T AE AT RERS T RE, FRATRET B4
5 PLACE (http://www.dna.affrc.go.jp/) HIRFEAE
HTCREA T T . B R, 9 ST
FTERICEF AR 3), XML NS S T
IREEE . DR N . BRI . RIS
TCH4 FHFUN AR YL RE, Hph TATA HE.
CGCG HEF MYC &4 5 /E HEC B )5 sh F 1y
B mHA O, 5 AC JLF . DOF #%.0»

-500 400 300 -200 -100 -1
AT4G25810 2 7 s4 2 1
AT3G15210 L 58 7 7 5 4 6 1
AT5G57560 9 8 7 6 5 432 1

2 HEUTHEIFRERREERBHFRBESHNLESH

Fig. 2 Clustered and syntenic distribution of motifs in 3 promtoers of co-expressed genes
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AT4G25810 2 ; “ H
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Fig. 3 Syntenic distribution of predicted motifs in promoters of AT4G25810 gene and its ortholog in Brassica rapa
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J¥% . CACT HEFI AGAAA HEI NTE TCH4 3RS
FIFHUIR A, BHICIEES A A o Tk,
AT EWS S TCH4 JEHIETEL I B A ERE
(3 3).

S5EH MBI, TFR A B R T AR
STI AR H B —SE TR, 2002 4, liev ZfY
TCH4 LA sh 7 R AIMIBR L 50 R B, [-147, -114]
X B FI-147 bp LW AFAE R 6] — o #4 . fl 5
SR R 3 2 N R A I O, HEA TR
IR ZE R R, Motif 6 4bF[-147, —114] X8+, 3
H5-147 bp Li#H Y Motif 9 72755 H 5 O
FI(CTTTTA), EMI4E TEmes . i H, FHAMA
motif 405 ) Dof REH LA AE R, FTLIAK
TCH4 X 44 | filss | DR IE 9 =% 2 N 8 455 5 1 o Ly
ML 5 Dof RE A 5L I, EA MG R, Dof
FEATLLYS MYB K5 HF (K HHEAEH, =
S E S &R AN, TGS R A g T Xt
[-258, —147]IX BerpIhRECPFRIAIR: BT A SeEe st
W, [-258, —147]IX Bt HA M5k TCH4 FL R KA1
ihE. FATMLE IR, ZXEBHH CGCG HE AT fE
ARFEHI SR T BE, X5 AT AEN 25 1B — 2 AT
AL R — I T i X B Motif 8 1 Motif 9
B IhEE, (H AR HLEE AN TG 2 .

2.5 TCH4 ERFE RN FIEDR
FFIE LR, SRR E R AR S,

%3 FTHERME MR T R

AR T TCHA JE R B % si R 4 I 285 B AR (1] 4).

PR 5 T O TCHA JE H 4 1R 5 5 (28
LR 4y), TRt 3RE T T AR R B (1 R
%) BHEEEAE R T MPKK2 | TCH4 & 8wy
BEALH . B MYB J& MPKK2 @ & i & 2
—, MYB 454G i s (Motif 2)R) & BLRY] T & n] fE 2
TCH4 HHEEEM— 1T EES 5, Hk, &8
Motif 6 fil Motif 9 i & B, %M ALAFE ] T Dof 253K
FIX TCH4 JEPRma 4  fild | PR A= R N ER
EAE S RIP A DI RE, R T MPKK2 X
TCH4 [ EIR B 75—t

3 W w

R Y ) 2 57 U A L R SRk A s b 22
S22y R R TR A 2 ] LUR AR R
e, VR RORFIG KO o BERAE AN R
KRGS, B doE e, i sk TS5 0
ORI A EAER, ORI BRI .
PHIL, BEPR R 8l 7 DG S 4 oo A0 0 U0t gl i o
HBITF L H B LT A . B, S8k
fRDIIR IS M R Bk o R A s TR
R LA T K 5 30 et e R B A M i e s B Rt
Ja B A B, AEWE B2 R TRk .

TCH4 BENMERITHFHEL, CAMRE
B, R SLR6A M e LA ZR R AR SC LA e B R 4

Table 3 Comparison between identified motifs and known cis-elemens

CHRFAIGH Known cis-elements

(953
Mit?fs ZFk Name  J¥41] Sequence IifiE Function %%? ETCH@EJ:W %%%%
Transcriptional factors  Up-regulated transcriptional factors with TCH4

Motif 1 TATA box TATATA RNA pol 11

Motif 2 AC element ACCWWCC  Elicitor, abiotic stress MYB family AT4G09460, AT3G11280 et al.

Motif 4 CGCG box VCGCGB Cold, heat, wounding AtSR family AT2G22300, AT1G67310

. MYC binding site  CANNTG Abiotic stress MYC family AT1G32640

Motifs E box CANNTG Brassinosteroid BES1 family AT3G50750, AT4G36780

Motif 6 DOF core ? AAAAG Plant defense Dof family AT1G21340, AT1G51700, AT1G69570 et al.
Motif 7 CGCG box VCGCGB Cold, heat, wounding AtSR family AT2G22300, AT1G67310

Motif 8 CACT box * YACT Mesophyll development Unknown

Motif 9 DOF core ? AAAAG Plant defense DOF family AT1G21340, AT1G51700, AT1G69570 et al.
Motif 10 AGAAA box ? AGAAA Cell wall modification Unknown

a: FIRAWIIEAE TCHA BL K 3l 7 1o & BT

a: The new cis-elements in TCH4 gene promoter predicted by this approach.
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Fig. 4 The model for transcriptional regulation of TCH4 gene in response to hormonal, mechanical, and environmental stimuli
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