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Cloning and Analysis of the Cold Resistance Function of the TaIPT9A
Gene in Winter Wheat(Triticum aestivum L. )

SONG Huishan, SUN Chen, LIU Yayun, SUN Qingchuan, ZHANG Da
(College of Life Science, Northeast Agricultural University, Harbin, Heilongjiang 150030, China)

Abstract: Cytokinins(CKs) play a pivotal regulatory role in plant growth, development and stress re-
sponses, with isopentenyltransferases(IPTs) serving as critical rate-limiting enzymes in CKs biosyn-
thesis. To investigate the role of wheat IPT genes in plant responses to low-temperature stress, this
study cloned the TaIPT9A gene (TraesCS7A02G560300) from the tiller nodes of the cold-resistant
winter wheat cultivar Dongnong Dongmai 1(Dnl). Bioinformatics analysis, low-temperature-induced
promoter activity assays., and functional characterization were conducted. The TalPT9A gene was
overexpressed in the cold-sensitive rice cultivar Longjing 11 via Agrobacterium-mediated transforma-
tion to preliminarily analyze its cold resistance function. The results showed that TaIPT9A has a cod-
ing sequence(CDS) of 1 362 bp, encoding 453 amino acids. Phylogenetic analysis revealed that wheat
IPT proteins are most closely related to those of Aegilops tauschii. The TaIPT9A promoter contains
cis-acting elements responsive to low temperature, light, ABA and MeJA, and its activity was in-
duced by cold stress. Compared to wild-type rice, TaIPT9A -overexpressing plants exhibited greener
leaves and better growth under low-temperature stress. Additionally, these plants showed significant-
ly increased proline(Pro) content, catalase(CAT) activity, and upregulated expression of antioxidant

enzyme-related genes(OsCATC , OsSODI, OsSOD2 and OsAPX1) as well as cold resistance-related
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genes(OsCATC and OsDREBIA). These findings suggest that TaIPT9A enhances cold tolerance in

rice seedlings.

Keywords: Winter wheat; TalPT9A ; Gene cloning; Cold resistance

INFZ (Triticum aestivum L.) 43Rl £
JTEZREY 2 — R R 40U ARy AL h
AR 200 M RE R AR (. TP E 2022 4/
7 B 1. 38 AL, S T B AR K /N2 A e [ AT
LW 2030 A B FOREN 1.8 /4m, k25K
W N PR AR E AR T L (RIR RN i A R
KB IR R T, BRI A R g
Mo X, & RIEVRB K IR EAEY MR 25 X . &R
P& FE 15 (Do) J& 5 Bl RE 7 B Ip 1T & A
(2 /NAE R, T i — 30 C AR, IR E R >85%,
HA R AP IEPE , Dl (5 bR AT A RO 5 4 H
F &R,

5y 2L & (cytokinins, CKs) TEFE Y A= K &
B ER A h R EE AR . PR R, Tk
AN N A 2 PR 3G A CKs, #8 AT L v A 4
TR A B PES 5 IR W8 L 2825 (Car pobro-
tus edulis) iy CKs & &1 mS ; JHAMNE CKs T 4k
BN ik B n] DLGE kB ek 5o N R CKs B 7
e ) RN O TREE IR e 2 A
(isopentenyltransferases,IPTs) /& CKs ¥ &
FG R B L S OF CKs A2 W08 A B 32 31
IPTs (ks 498 #7, IPT A% tRNA f1 ATP/
ADP Fifh CKs & g2 . X £k (c2)
it t(RNA-IPT 3426 B . 5 10 00 2 iR B2 08 GiP) A1
RAE KK (12) il id ATP/ADP & 2 4 .
R I P2 E 9 ANAUPTs R, Hod
AtIPT] MIAtIPT3~AtIPTS ¥ RV 2 5 iP
tZ A W TTAUIPT2  AtIPT9 W 3¢ oZ 26
GG B . H R, 76 KRS B DR AL 5
10 AOsIPTs JEH MY FE /N L R A b S5 7 24
ANTalPTs FEHM,

BRI A R L5 °C L0 CARIR N B
R HRPUPTS B M F ik 8 T . Feng M
K FIKMAIPTS b B 35 358 1 35 fr i L 4
I it A PR 1 B FE M . % Leafy-ipe SRR &5 T
mAEF R PIIERE S I T R Y TR
KRG A IPT L, T e (IR R 5 0, 5%
TPT 3 [H /N 22 7 350 % 70 H ()RR 4600 F 3 B ik
FEE R B RRAETT s R A S TalPTS 34 (1Y
FiK, TalPT8 FH if 3235 1 3 3 9k 17 /N 22 Ml Ak

AIPTEE RN TPT 3L S 50E it
N7 5 B ATL ) o AN 2

IR A R A A T IR W38 R Dnl 4y BETY
(R ZR AR 0 1) 93 22 AR 41 L & 9 o I 3R
T Dnl 43 BEFT d IR CKs & 248 #5505 ) Dnl
o3 BE Y i S A1 BCHE PR O AR BRI R SRR
TaIPTI9A FEPHM ASHIE 5T 00K U K 4R R
T N Y 3R Gk & AR AL S B TalPT9A 5 H XT 7K
R FEVE RS20 SR TaIPTI9A A J5 3 7 k47
IGIR T 98 8 F s o b7 B 7E i TalPTIA 754
ANFEAR I R B TP AR R AT CKs 95 /N 22 Bt
FEHS FZ AT IE LR G UR B A AR A BT
JINZE R A B AR AR

1 #HE5 7

1.1 REHR

RINF BRI AR AL FE 1 5 (Dnl), AR DL A
W RN 2w i, KAE (Oryza sativa L) i
A e A 11 (L1 ARG IF (Arabidopsis thaliana
L.)Col-0 Bf A= B (WT) , iy 7R b A b K 24 A8 9 A=
P55 53 A W) 2 S0 AR AT
1.2 REHE
1.2.1 ##Ar#

Dnl BFhFE: Dnl T 2023 48 9 A 9 HFEZA& AL
AP 2 N TG 1 19 AR UL L [R) 3% 2%
10 d i V- Fe IR 43 51 R 5 °C (2023 4F 10 H 12
H).—10 ‘C(2023 4F 11 H 11 H)F1—25 *C (2023
AE 12 A 20 HOBY BEMLZEH 30 #R A —Fmy /&
B UM BESS L BT A2 1 om /N B, JH 8 4G 40 3 B
AT AR DRAFTE —80 CukAE & .

JKFE B A K 300 BRI Y L1 FpF ik AE
BEA K TS PR 1 d, 2 5 R T 1 20 A
R, Bk 2~4 d IR HFE K 7B R 1R+
AR 2 A OBOK RS A 1. 30 kL% R K A5
Bl Ak 5 vk 0L 1. 2. 4) SR AR A A 7 B 8 & I
PEAT KSR 9%, & =0k 9 (14 D AT AbBE . 8% 3%
b OGIEEFRAE LA 14 /10 hy & EE 30 *C/
24 °CAHXHBEE 7020,

LR I AR AE B 6 1 I 4 E TR S 1Y
A1KER 121 C K 20 min, 7 1% 55 3 A
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A A 100 KiFpF, PO S5 SRR RS T L R AR
PRIF AL S5 FH AR A 18 X A6 7 0T R s . 3G 92 4514
MEE 24 °C LG W] 16/8 h, Ot BUSE B 120 ~ 150
pmol » m™ % « s~ HIXTIREE 60% .
1.2.2 WEMXAR AKX ZAEN

fd FHAESE RNA $EBGR ) & 28 71950 43
SHRE 1. 2.1 hAbHEAY Dnl Z3BES HUKASIH B RNA,
554 cDNA, f#i [ Primer Premier 5. 0 #/4-1%
HRSED 1), U TaActin (TraesCS5B01G124100) FlOs -
Actinl(Os03g07181000F by 7N 42 F K g N 2 3L I, 3
B Y5k 1 FiR. R SEH2E% @
PCR(qRT-PCR) ¥ 46 I 5E [F SR ik i, 9 1 K & 20
pl:2 X ChamQ Universal SYBR qPCR Master
MixGEMERE B 5010 pL, 519145 0. 4 L. cDNA
1 pL.ddH,0 8.2 pL, BIF ¥ ESH U,
MREMB 3 AN A FEE M 2 Jt A
X Rk,
1.2.3 TalPT9A X R T #H Ak

fili M 4l RNA 2 B0l 7 & O ik 28, 3T
TOHE—25 ‘CALBEF Dnl 23 BET B RNA, 2 5%

AN cDNA, Gl i /N 22 £ 21 2 W Cheep://
202.194. 139. 32/)¥ 3 TalPTIA FEH 5| ¥y, ¢4
Mk 1, Lh cDNA HBMFHETT PCR ¥ 1, 52 14
ZF1.2.2, RMFEFE:95 C 5 min; 95 C 15 s,
58 C 305,72 °C 30 s,35 PG ;72 °C 10 min,
B T2IPT 9A ¥ 3% 7= 41 4% TaIPT9A 5 T Ak i%
eI A KIAAT R . %t BEE B Rk E1T PCR, X H 1Y)
SO VEAT I B 3 A TaIPT 9A (BT 30 % H
RS T —80 “CUkAf .
1.2.4 S RKEAMERARGEAEHAL

fifi FHBR ) N YD B Hind 11 A1 Kpa 1%t
PC1390U #B AR THEYT . LL#ERT TalPT9A 9 T 2%
PR FORLAE A, 51 PP 5 WL 3% 1. FIH — 20 si
& GRMERE, B 5D M & PC1390U-TalPT9A H
AR, B A AR A K AT DH5 o & 32
Ay BT, B BBORL B AR AT R 2
EHAT105 o, PCR %5 by BH M 19 B8 Bk H 30 %
HIMRAE T —80 CukA b,

IKFER 58, TR I 75 )5 78 215 S 57
LB TR 24 CREFH5~10 d. S &

x1 FHARETASY

Table 1 Primers used in this study
3 551 o ik
Gene Sequence (5'—3") Purpose
TaActin F.CCTTAGTACCTTCCAACAGATGT P
R:CCAGACAACTCGCAACTTAGA PCR/GRT-PCR
TaIPTIA F.CCTGACGCGAGGAAGAAGAG
R:GATCTCTCCCCCTAGCCTCC
OsActinl F:CCTTCAACACCCCTGCTATG
R:CAATGCCAGGGAACATAGTG
0sSODI F: TGGCTTCCACATCCACTCCT
R:CAACAACTGCCCTTCCCAATA
0sSOD2 AGGCTGTTGTTGTGCTTGGTAG
:CTTTCCGGCAGGATTGTAGTG
OsCATC :CTTCTCCTACTCCGACACGC
. AAGCCGTCGTAGTGGTTGTT
OsAPX1 : TTGACAACTCTTACTTCACGGA
:CATCTGCAGCATATTTCTCGAC
OsDREBIA :GACCTGTACTACGCGAGCTT
. TAGTAGCTCCAGAGTGGGAC
TaIPTIA . ATGTGCTGTGAAATGAGGCC

PC1390U-TalPTI9A

ProTalPT9A

ProTalPT9A -GUS

9% ¥ ® W ®H R BRI AIDT DT

:CTTCCCCTGCGTCCTCCTA
:GTTACTTCTGCACTAGGTACCATGTGCTGTGAAATGAGGCC
: TCTTAGAATTCCCGGGGATCCTCACTTCCCCTGCGTCCT

: TTGGCGATCAGATCCGATGG

:CGAGCTTTGGTGGGAGATCA

: ACGGGGGACTCTAGAGGATCCTTGGCGATCAGATCCGATGG
:GGACTGACCACCCGG GGATCCCGAGCTTTGGTGGGAGATCA

BE A v e
Gene cloning
Overexpression vector

JA BT sl

Promoter cloning

GUS 31,
GUS staining
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Bt 8UIE . FH B TR B IR LR Ak k)
PC1390U-TalPTIA A AT W B MR B I/ 2 ODy
AR 0. 1~0. 2, B H5EF 5~10 d A A4
R4 .30 min J5 & TRIEHEEA )2 KEEIN
IR B R, 20 CHERE R 2 d, 3
FE SR 58 G TR KON 45 2 4R AT 1 TR A 3

FH I 2K T 30 min, K EOALHERE
G dE 7R3 .32 CRERT I 14 d Ja o B 0 ok H Ok
(B AT DU R B A e AR SRk L 28 C
B3R OG R 14/10 b, 55 B v B4 1 s 57
BE TR AT O G SV B 2E RNV IS K A
AR - S 5 R A WCROR T AT IR 22

ZIEWAGHSIR AR 500 mg « L' RIEHE O FFHERENE 2 Fin,
*F2 EFEBRF
Table 2 Medium formulation
R IR A B Jpk
Culture medium Medium Method
type composition etho
BRI N6max f# £ (10 X)12. 5 mL,N6min fif £ # (100 X) 1. 25 mL, pH=15. 2, il A Z& 1K & & 2

Suspension medium

V5T B IR 2k

Induction medium

PSR

Co-medium

i 128 35 5% 2

Screening medium

LB R 2

Differentiation medium

Fe?t-EDTA 45 % (100 X) 1. 25 mL, Vitamin % # (100 X)2.5 mL,
2.4-D 0. 625 mL,Proline 0. 15 g,CH 0.2 g, ##E 5 g

N6max i Wi (10X)100 mL,N6min fi#4 % (100X)10 mL,
Fe?t-EDTA f# 45 # (100 X)10 mL, Vitamin £ ¥ (100X)10 mL.2,4-D
2.5 mL,Proline 0.6 g,CH 0. 8 g, i ## 30 g,Phytagel 3 g

Né6max i & ¥ (10X)12. 5 mL,N6min fif % (100X)1.25 mL,
Fe?t-EDTA f#45# (100 X) 1. 25 mL, Vitamin f### (100 X)2.5 mL,
2,4-D 0. 625 mL,Proline 0. 15 g,CH 0.2 g, if#i 7.5 g

N6max f# % # (10 X )25 mL.N6min fi# % (100 X)2. 5 mL,
Fe?t-EDTA f# 45 # (100 X)2. 5 mL, Vitamin 45 # (100 X)2. 5 mL,
2,4-D 0. 625 mL,Proline 0. 15 g.,CH 0.2 g. i 7.5 g

MSmax(10 X)) ff % 100 mL, MSmin(100 X) %4 # 10 mL,
Fe?t -EDTA f# 4% (100 X)10 mL, Vitamin fi# 4 ¥ (100X)10 mL,
KT i 2. 0 mL,NAA fi% 4 0. 2 mL,Proline 0. 6 g,CH 0. 8 g,D-sor-

250 mL, KEJEMA AS 250 pL
50 % Hi A B 5 mL

A 900 mL Z&4 /K, pH=5. 8,
filA 3 g phytagel, JH Z& W K &
AZE1L,121 CKHE 20 min

pH=5.6,E & % 250 mL. Il A
2 g agar powder. KW JGMA 5
mL 50% # 4 B 5 250 pL AS
it & W

pH=6.0.J 2 g agar powder
ERE 250 mL, KB A
250 pL. Hn(50 mg « mL™ 1) 5
500 pL Cn(250 mg » mL ™ 1)

A 900 mL 7&K, pH=5.8
JEREREILMA3 g
phytagel, K& J5 it A 2 mL Cn

bitol 30 g, HEHEF 30 g

MSmax(10 X )% 45 50 mL,MSmin(100 X )% 45 5 mL,
Fe2" -EDTA 45 (100X)5 mL, Vitamin £ £ # (100 X)5 mL,

AR R A
Rooting medium TR 20 g

(250 mg-mL™ 1)

JmA 900 mL #1487k . pH=5. 8,
LA 3 g phytagel E&E 1 L

1.2.5 TalPT9A %13 & 5 5 47 A FA 0

MINE 2 1 2 B0 I Chttp: / /202, 194, 139. 32/)
KRG TalPTIA N ¥ 515 #] H| ExPASy-Prot-
Param (https://web. expasy. org/protparam/) X}
EH BRI, SOPMA (https://pra-
bi. ibep. fr/htm/site/web/app. php) ¥ 47 45 H i
GEE R O TR U SWISS-MODEL
(https://www. swissmodel. expasy. org/) 7F £k
R F = A A MEGATL 8
Xt /INFE (Triticum aestioum » XM_044569640. 1) 1
W2 ¥ (Aegilops tauschii subsp. strangulata ,
XM _020307919. 3), K #% (Hordeum wulgare,
XM_045102245. 1) . W 5L (Brachy podium
distachyon y XM_003563175. 4) , BB % 2 (Lolium
perenne s XM_051354021. 2) . JKFG (Oryza sativa

Japonica Group » AB239807. 1) . 15 % (Sorghum
bicolor XM _021453915. 1), E K (Zea mays, NM _
001365497. 1), #l B I+ (Arabidopsis thaliana
AY040056. 1) . Z (Panicum hallii , XR_003227293.
D310 MR IPT 8 F1 ¥ 51 347 L #l R 48
PEAL B 43 Hr . F U MEME 78 28 72 % Chttp://
meme-suite. org/tools/meme) ¥ 10 4~ ¥ Fh 19
IPT # [{#47 motif 4047 ;{1 | Plant CARE (ht-
tp://bioinformatics. psb. ugent. be/webtools/
plantcare/html/) X} TaIPT9A 3 A ¥ )5 31 F X
(B 2 000 bp) #EAT WA TSR 2047
1.2.6 TalPTI9A AW & 2hF & o5

MINFE 22 21 2 B0 B Chetp: //202. 194, 139,
32/ AFTalPTIA J3 31T 17 5 . il DNA 42 Btk
g R RS VT R B 1. 2. 1 AR A7 19 Dnl
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Iy BEFS 8 DNA, B ¥ ProTalPTIA (% 1) ¥ 34
TaIPTI9A J3 8 71X, PCR ¥ H{k & N 20 pL.
DNA 1 pL, BTG4 1 pL,2 X Rapid Taq
Master Mix 10 pL,ddH,O 7 pl. JZ R & 95
°C 3 min;95 “C 15 $,58°C 30 5,72 °C 30 s,35
¥ ;72 °C 5 min,

PAProTalPTIA ¥ #3545 100 B 1 i BENASEAR
FE L TR 5 N b 4 5 M 2 Sk (ACGGGG -
GACTCTAGAGGATCC 1 GGACTGACCACCCGGG-
GATCO) #47 PCR 471 . 445 & A [ I (14 Pro-
TalPTI9A IR~ 91, F pBI121-35S-GUS #H
Wik @K Hind Wl A Bam HI $E47 XEFDT
¥ & A IR B ProTaIPTI9A 5 8§ Y1 5
pBI121-35S-GUS Hi ¥ # ik 4R AR & 42 . 5 A KA FT
W DHb50 Y 35 FR L VR W B R R F . WY
S5 R L X ) 5 AL B AR AT TR GV3101 H, X BH
B EST PCR 971 K0 Hh 5 H 19 B BeR/h— 3K
() 56747, 6 W Pro TaIPT 9A-GUS Ji M A AR 1

¥ A ProTaIPT9A -GUS 14 4% ¥ T B Wi ik
TIEMIE .6 000 r e min ! B0 8 min IEFHIK,
FH 5 Y0 B IERR VA W 2R 10 16 PR Silwet-77) i B
B ZE ODyy, N 0.8~1.0 fE MR Y. 1. 2.
1 R IR AL B JT 67 78 2R AR YW 1
min, FIRHMS B B IG5 55 1 d, 7E RS 4T
LEBENTRSR 2 4G, 2R AOET %
F N R L G2 E T AR, % T, ARFh T
Fi & Kan B9 1/2 MS 535, PRk g 48 1F #
AR 2 U U A AL R O 4 R L g b gk 2k 8
Fe. 0k 2 T, AR, $2 B B DNA #7755, K
Y 5E NProTalPT9A -GUS FH B Ff 75 # T +
Berp  fRRAREK E 28 d, BURLAR 20 0 B T R O
HRZ) I 4 CREFFURIRALBEAD 4 h, K40l T
PREERRIZ T GUS Y. 37 CHEE5 9% 12 h, ¥
Y {0 Je 0 R AR B FH 95 96 TP R IS €, o I €0 58 4
PR R 20 A7 R 2% % 41 HE
1.2.7 TalPT9A 34K R W10 69 2 B 5 1

Bk AE LI11 B 4E B (W T) K HfE 3L R (OE)
I E TR IR P R R A ER 1. 2.1 Rk
AR 14 d J5 BUA ROR S — B0y 2h 1 4 1L Ak
M, —HFEAKKETRERGHELD , 5 —iit
F 12 CAGR B 9 A HAD) 53 d J7, WK R4l i
HEAT R MEIEHAME. Bgh i ot B AU 2,
WAL HIGE T —80 Coka P IR AE4 1,

ST A £ M R0 I 53 K B 40 1
T2 2 (Pro) & i Al id S AL S (CAT) I 1k

2 HEXRHAM

2.1 TalPT9A EEMEE

FEH—25 CF Dnl 43rBEH & RNA, % 5%
B cDNA, "1 TaIPTIA (1 CDS., 2 B fis 4 e i
R PRSI I L 3K 45 1 362 bp B H B A B (A
D), 5 /INAZ 22 4 2 3l A A 0 R L TE A A

M1 2 3 4567 8 91011 12

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

1362bp

M:DL2000;1~12. HE ,
M: DL2000; 1—12: Repetitions.
Bl 1 TalPTIA EEY EER
Fig.1 PCR result of TaIPT9A gene

2.2 TalPT9A B MR R &N

TaIPT9A H:H (TraesCS7A02G560300) 4 K
1 830 bp, i F 7A Jeafk b & 1 AN & T (A
2A), TaIPT9A 1) CDS H# 1 362 bp,4if 453 4~
SR, TalPTIA H 4T ik 50. 99 kDa,
PGS HL L (PD A 6. 53, & T 55 MR 1k 2 1 5 IR Wi
TRECH 74,30, RNEaE TR RN 58. 94, EKFE K
—0.369, B TalPTOA A RFaEFRKEEM,
TalPTIA & [ G50 BU 73 B R 1% 86
JC R 2 il (Coils) (5 43. 93 %, a-#2E (Helix) /4
47.90% , ZEREE Y 6. 84 %, -5 A (Turns) 4 0
( 2B)., TalPT9A 1 =2 @B 6dil. 1. A,
SR ) 2 3 TR 1y A A R M R 94, 47 % . GMQE
54 0.83(K 20).,

R AR BT R B, N S B
IPT 226 % X% R 5l (B 2D) . Motif 43 #7
IR /NAETPT S AR KA RN R 3R
R EREA 10 MHE A motif, 5 B3 B K
A 9 M A motif, 5 IF A 8 4~ [H B
motif (& 2E),

TalPTIA JE ) 8l 7 X & A4 K i mi Iz o 44
LTR G N TG4 i % ABA.MeJA,ABA I 4
KM i e (K 3D, FRWI TalPTIA KA W] RE A
Iy ARG I R 2R b B
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Traescs7Aozcss%eal:)e(;5 / !
0bp 500 bp 1000 bp 1500 bp
B C
400 450
Helix
[ Coil }
# ; M \\
} Al . —
pradn | / \ S
50 100 150 200 250 300 350 400 450
D 911 Triticum aestivum (XM 044569640.1) E oo o s e ) S— s — S—m
100 Aegilops tauschi subsp. (XM 020307919.3) | /N U N S T —
901 Hordewm vl 045102245.1 - .
ordeum vulgare (XM -1) PO — S— (T — —
100 Brachypodium distachyon (XM 003563175.4) 1 s o D [ I W—
96 Ludham perenne (XIM 051354021.2) . B N E—
Oryza sativa Japonica Group (AB239807.1) P : .
Sorghum bicolor (XM 021453915.1) P S T S T — R
100L Zea mays (NM 001365497.1) I T N S E—
Panicum hallii (XR 003227293.1) -
100L 4rabidopsis thaliana (AY040056.1) .
A HER S5 B BT A5 C B E BT 4585 D: RGEHEALH S E: Modif 7047,

A Gene structure; B: Protein secondary structure; C: Protein tertiary structure; D: Phylogenetic tree; E: Motif analysis.
2 TalPT9A EE . ZH LT R G # L H R motif 547

Fig.2 Prediction of gene, protein structure, phylogenetic tree and motif analysis of TaIPT9A

K3 NIPPABRHFRIRKXEATH S

Table 3 Analysis of cis-acting elements in the promoter region of TalIPT9A

FUiES Joit ik A5
Category Element Description Category
Jifh i LTR Z: 55 TR e R 09 I =X A T I z
Stress Cls acting element involved in low-temperature responsiveness
3 G-box Z: 555w o (4 I FE Y T R 1
Light Cis-acting regulatory element involved in light responsiveness
GT1-motif S W G Light responsive element 1
Spl 1
MRE Z: 556w B 19 MYB 4547 5 MYB binding site involved in light responsiveness 1
g 3-AF3 binding site AMRAFH) DNA BLREEFI (CMAD o
Regulation Part of a conserved DNA module array(CMA3)
CAAT-box 3y 7 FHY 38 T X 4 DLIBTAAE HI TG 44 13
Common cis-acting element in promoter and enhancer regions
TATA-box ek 5L TRt 30 7847 B0 I 8 778 1 15
Core promoter element around 30 of transcription start
A-box 5t XA 9845 644 Cis-acting regulatory element 1
CCAAT-box MYBHv1 454 5 MYBHv1 binding site 4
CAT-box 5 43 1 2L B 3R K B 2K AR 45 7 1
Cis-acting regulatory element related to meristem expression,
AT-rich element g8 AT F# 815 DNA %54 2 1 CATBP-1) 45 & 14 1
Binding site of AT-rich DNA binding protein(ATBP-1)
O2-site 2 5 K e B 1 AR VA 0 A T 1
Cis-acting regulatory element involved in zein metabolism regulation
K ARE R A 5 T A7 0L 1 35 76 2
Development Cis-acting regulatory element essential for the anaerobic induction
RY-element 2 15 57 4 5 o 980 45 1 I A4 389 49 7 £ 2
Cis-acting regulatory element involved in seed-specific regulation
- TGACG motil 5 b5 40w 11 R K2 ot 9 LA 1 JH 3 5 7 1 2
Hormone Cis-acting regulatory element involved in the MeJ A-responsiveness
CGTCA-motil 2 153 55 W I S 7 A9 0 24 FH 3 45 76 2 2
Cis-acting regulatory element involved in the MeJ A-responsiveness
ABRE 2 45 3 5 TR S L 1 =X A T A 1
Cls acting element involved in the abscisic acid responsiveness
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