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INEE TabHLH123-6A K- 5l 55 PyRebsic Ik

(PR KA e, KAT 0308015 ° i E AL BHEBEMEMIRLERT TR, AL AT 1000815 * IIPGA KA fR£2E Bt , KA 030801 )

TR AR R B BMOK S5 Hx 5 ELBE  AT4RA R /D ZAR R ARSCORAP A B s THR 4 7~ B A £%% L, bHLH ( basic
Helix-Loop-Helix ) # M4y P J iz A 0 — £ 4 F AT, A 5 AP M A KRR E ., AFRAET D EEE TabHLHI23-64, 1
TFA B AR 1386 bp, %4 A 461 N RIKER , 470 1R <7 09 HLH £ #33%, B4 #2064 bHLH Kk R 45k, 5 ZAE & & 7l 541
A 3N, TabHLH123-6A 55 HLH %09 A" @ A R4 R O A EAZAER,, BRFEBR MR, TabHLHI23-64 £/ % R
Bl A F a0 B AR P A Ek, BRI P RIA B F ., BT P9 R TabHLHI23-64 B3)-T RAH % AR X AF
AT, Qs K E LA BRA AR T F i & B AT, qQRT-PCR M R AR EA K E AR KA R FEHLET
TabHLH123-64 %A 3 L 2% f PEG By T F A8 TR E 22k, A8 & $ SBBRHAEN 2] TabHLHI23-64
L 25 bp LA | AMEFER T A28 (C/T), A7 A TabHLHI23™ " Wiz 45 8T8 T 2 fe #7128 dCAPS-Kpnl, % J% 547 & 3L
TabHLHI237 " 5.5 2 iRARW B 2 AR~ |, B 545 % 57 28 4 TabHLHI237C 04y 2 R4 5 F TabHLHI23” ", TabHLHI23" " 1&
DEFAD BT IR, AP RA D AR R MR R T B IRERER TR,

KR D& TabHLHI23-64 5 %A AR X ; HeFic; A MR

Cloning and Functional Marker Development of
Wheat Gene TabHLH123-6A4

WANG Jin-ping"*?, LI Long’, JIA Xiao-yun’, HE Li-heng', LI Chao-nan’, JING Rui-lian®
('College of Agriculture, Shanxi Agricultural University, Taigu 030801 ; Institute of Crop Sciences , Chinese Academy of
Agricultural Sciences , Beijing 100081, College of Life Scienas , Shanxi Agricultural University, Taigu 030801 )

Abstract: The root system is a major organ for water and nutrient uptake. Exploration and utilization of the
genes that regulate root development are important for enhancing wheat production. bHLH ( basic Helix-Loop-
Helix ), a transcription factor family widely present in plants, plays an essential role in regulating the growth and
development of plants. In this study, the TabHLHI123-64 gene was isolated based on sequence homology, with an
open reading frame of 1386 bp that encodes a protein comprises of 461 amino acids containing a conserved HLH
domain. Based on the prediction of interacting proteins, TabHLH123-6A might be able to interact with HLH
family members and zinc finger proteins. qRT-PCR analysis revealed the transcript of TabHLH123-6A in various
tissues of wheat at different stages, with higher expression level in roots and root bases than that of other tissues.
The promoter sequence analysis detected a number of cis-acting elements, including hormone response elements
such as auxin, abscisic acid and methyl jasmonate. The expression of TabHLHI123-64 was inducible under the
treatments of auxin, abscisic acid or methyl jasmonate, but significantly repressed by PEG treatment. A nucleotide
variation ( C/T ) at 25 bp of TabHLHI23-64 gene ( designated as TabHLH123*“" ) was found using a panel of
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wheat accessions. A functional marker dCAPS-Kpnl of TabHLH123-64 was developed to target this polymorphic

site. Association analysis showed this polymorphism being significantly correlated with the ratio of deep root in
wheat. The ratio of deep root with TabHLH1237¢ allele is higher than that of TabHLH123", and the frequency
of TabHLH123”" has been positively selected in the breeding process. Collectively, this study provided the

theoretical basis and a locus for the improvement of wheat root system architecture.

Key words: wheat; TabHLH123-6A ; expression pattern; functional marker; root system architecture

INFZE ( Triticum aestivum L. ) & NS FARNED)
Z— AR R )z R A, E kR TR R
AN AR B ORI N 7 e HAE G R B E K
PR R4 . AR FRIR/ NI 8K 3 F 3% 4 1)
PEE R BE AR FR L AE — 4k 25 (8] ) 57
o3 A, RAFAR A4 B ] T AR AR CHE 22 7Kk e,
WA B S, R, Kirkegaard 45 76
] 1SR S5 T A T /N2 FLAR IR 5 B Bk &,
S I AFUAR VR AR 30 em, 5t HEAE 70 KFRL I 2% 11
ZW A S T 10 mm [ AR S, (#754F hm® 3
77500 kg AMNANLL, A 2R K EE A7
FEA R 225, & /NFE 100 em DL AR R4 A7 B AR
B 3%, (B K B A S BOK B Y 20% 4 PRI,
IR ] CRAR H, BR 2 3 582 High
IR R E R WA ) R AEY A AH DG B F AR R ALY

P21 SR, /N AR ZR R g v, SO PR e 3k
PR H R T X AR R 2 2 T IR ARSI B
RARFNFH /N R A I JCH R 545
LR PN DN E R e o 7S (1B 80 = I B A S O RS
SLaly, B E RN L SIS ARIC.
HEACARICHIEL , 23 Fhm e A HER PR & PR E DGR ]
i AT R R R AN SRR R
XA R R e o R A EH 23

bHLH ¥ S K+ Z A7 78 T HAZ A Y, R4
Yrh s K Sk N A % . bHLH 1544 T 50~60
A2 FE PR ZH BT w5 FE PR 45 AR B, 046 N i — Bk
P X 35 ( basic region ), A S C ¥ P A~ 57 /K P o 12
Ji€ (Helix 1-Helix 2 ) A3 ( Loop ) ZH BLAYERTE - ¥4 -
12 & ( HLH, Helix 1-Loop-Helix 2 ) %5 4'*, bHLH
DX 3k PR S SR AP A IR P T X RS R RIS
S5 S, 00 Glu-13 1 Arg-16 2 AR AT, 7
50% H4) BHLH 8 [P R B 13PN gkt
X A5 bHLH 4% 5% A e 5 T WAL 57 o L 3ife
R A T RS & R L R ek 0 BT
FE W3 5 T %048 %2 PlantTFDB ( http ; //planttfdb.cbi.
pku.edu.cn/ ) E WL SE T2k [ 166 4~ Fli 1) 28698 1

bHLH 5%, For/NAZ v bHLH 5k R 720k
324 AN (B R S RE M R B TE R

A58 R 05 827 7 i 0 Ht TabHLH123-
64 FE N K FC 4 05 %) 28 11 90 A D L AR /N 22 AN
[F) ZHL 20 1 22 Fh i 25 b B R A 2 aA AR X ] A A T
TabHLH123-64 175 Z2 3851, AR 3 HAZ 1 R A8 5%
PLETF R FARE, KT 5 5AR AR E B 545
AR o ARBIGE R/ NAZ AR ZR AR TR ) gk A ol R Rt T
FRRARYE , TabHLHI123-64 77§ FRic e /N 7+ b
B E A e B N A
1 MREFZE
1.1

INFE AR EAE 10 5 T SRR A A AT 43
Br, i3 SSR bRic i e A5 2 (1) 32 1 i 28/
¥ F TabHLH123-64 %5 [ 22 25 M43 0
323 {3 3m /NAE AR ALY [ SREEIR T L R L 55
R ZR PR ) SIS, BRI AL B 275 D ILAE L
AR 36 AN E AR R 12 A HT R, EEOR AT
] B9 A S IR E s A 22 X
1.2 WA *E
121 BEREFREEXSH TR FLI4
RIS W) /NEE BT 25 °C 16 h /20 C 8 h
OER/ JBE ) N TS, 555 A Ja Xt
FREE AREATHURE . T3 1 AR 2Rk A0y
BT 1R 7N 22 AR T v [ AROE B 27 B VR W B 440 5% Jor
I FEHE (116° 28" E, 39° 48’ N), FIH A 21
( PVC) R R RS B A AR B T bR
O3 SRR 3 AT, X6 b R A M R A [ 4
ZUEATHURE, T RNA #2580 F TR ) 3 R Fnse
LT 38 AL B /N MR A R &
BRI FEWIR AL R K E 0 A
[Fl3# 2% : 0.1 mmol/L 442 (IAA, indole 3-acetic acid ).
0.1 umol/L K F[MR H fig ( MeJA , methyl jasmonate ).
50 umol/L 1) it 7% 1R ( ABA, abscisic acid ), DA K&
16.1% 1 PEG6000 BT A0 3], FEAFH S 0.
1.2.3.6.12.24 .72 h XHHE R AT EURE
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O 23 %

122 RERBETE HIIRRFRML R
SRR A B AR (K x 98 =50 x 25 cm ). 98
RIS S FBENSEERE (1%, m/V ) K EEEEIR 35, U BEIE
F 0 R 77 3 om MIKEAERN, =55 F0 15 kL, Fh
FHFE 3 om, BrEFP 5 B = B T AN TR,
Wit 7 dJa, M AR & 4948 & 58 ( Epson Expression
10000XL ) ic AR RIS, AL AR AR A R
HRECH o 4rEEI]  Z AR I AR R R
RAVE RS, BERERD 8 B, RN AR K E =,
SET A 3 k. 5537 30 d Ji , XA BEIAR R PR
T . MRS IRTE VAR R |, I e Ae ISR & AR
I B SR 2 [ p B, B AR TR, B9 T 58
BHLZ, 105 CAT 30 min, 80 CHLT R H T, Fii
T, 2R R AR TR AR T H AT R
AR T o BRILZ A, FERER A X TR e AR
ZFE 60 cm AL FETT /0] K 60 cm AR A 60 cm L)
AR R I HATHET PR TR L, B 60 cm
PIFARTE S 60 cm UL FARTEM A 50RH
BEALSE 4 X AT, 3 IKER .

123 DNA fl RNA F9#2 B >R H CTAB i $2 HU
INFEREST) DNA L SRHX Trizol HEHEHURE i) Y RNA,
Z: I RNA $& Bt 77 &2 KKFast PlantRNApure Kit
( ZP405K , ZOMANBIO ) Ui 1H 45 M AL BR A T .

1.2.4 SERRHEEZ PCR FIH RT 574 (KR116-
02, TIANGEN ) ¥ RNA Jz #% 5% 4 i ¢cDNA, ffi [
SYBR Premix Ex Taq ™ ( RR420A, TaKaRa ) # 17
SEI 56 Y A2 f PCR. MR 4 TabHLHI23-64 #: [H
I 5 19 QRT-TabHLH123-6A-F/R (% 1),
PL/NFZE TaTUBULIN S RAE R N2, 1153 AR X
FIRKF

125 EEFISEMESH o W 5 Wheat-
Omics 15 #| TabHLH123-64 3£ X ¥ 1] (ID: Traes CS6
A02G254300 ), | | Premier 5 #1531 TabHLH123-
64 F5 FPET W) F 51 TabHLH123-6A-F/R, U314 H:
b X1, DL 32 (s 228/ NE 3R 41 DNA
N, % F PCR & {4 B DNA 3 4 [if# TransStart
FastPfu DNA Polymerase ( AP221, TRAN ) #£47
HEEY R, LT A D95 C 5 min; @95 C
30s; @ 61 °C 30 s; @ 72 °C 2 min; 35 MEFNF|@D);
(572 °C 10min, KETE PCR “HHIIA 6 x Loading
buffer #F17EE B HLIK , 76 28 5MT S U1 Ml H 19 %
r, FH B50NS 4 58 2 DNA (1] iz 3R 577 &5 ( TD407-50,
TIANMO BIOTECH ) a1 & H ) DNA R B¢, # H
() F Bt % 4% T pEASY-Blunt Cloning #¢ /4 ( CB101,

TRAN ), % 4k, K % #T % Trans1-T1 Phage Resistant
Chemically Competent Cell /& 32 2% 4 }fd (CD501,
TRAN), BAAEANES 25 % i B 45 38 P PCR
R, 32 H BH PR B 5 R, R 514 M13F/R | Seq-F1
Seq-F2 #EATIM 7, SeqMan kA4 b X543 B 2%

ST S AN Y (VA

1.2.6 dCAPS fRIZFAZFXKE ST HE 3210
Z AN MR TabHLHI23™ T S 28 5, 3 3ok
dCAPS Finder 2.0 3, 3511 dCAPS 5% TabHLH123-
6A-Kpnl-dCAPs-F/R, i T % 52 323 )y /) 22 #4 KL 4
B A SR BE AR b TabHLHI23-64 35 K A, %
TASSEL 5 3 1Y) — M Ze 45 U ( GLM, general liner
model ) 737 3 R 780 5 41 3R PR A QI 150, P<0.05
WK 582 K- ] SPSS # Ak ol 1 e 45 457 A8 St
S5 B TabHLHI123™ " (¥ 3 8 1 IR 30 47 48 3 43 Bt
1.2.7 R FETRASIAME AR5 Ay
SIIL 1, B S B AR IR R A BR A
A . M 4E WheatOmics 5 K 1 5 B 45 51, F
GSDS 3R L5 AT AT, I HE T R T 51 5
FIH SMART X 25 171 45 44 38 R 2 11 A I 2% 147
T 43 H7 5 K FH Phyre2 X H: — 2 25 # it 47 1000 5 38
it ExPASy-ProtScale 73 #18 F HYSE B /K P & =
g 45 4 T 38 5k SWISS-MODEL #E47 43 #r5 1] 1
ProtParam X £ [ it 19 LA BRAL 4 o i2E 47 40 #r ;i
H PlantCARE X Ji3 8l DX I =A% FH oo 44 147 Fi
43 #1; i 3 dCAPS Finder 2.0 i% 11 dCAPS 43 T br
0 XA YIE B2 Hr M HETE LR 2,

®1 REFASIMIIE

Table 1 Primers used in this study

G727 SIFs (5 -3")

Primer name Primer sequence (5" -3" )
TabHLH123-6A-F AGCTGTCTGTCTGATGACAGTCTTC
TabHLH123-6A-R AAACGCAAAGAGAGGAACGA

M13F GTAAAACGACGGCCAGT
MI13R CAGGAA ACAGCTATGAC
Seq-F1 ATCCATGTCATCGCAAGTC
Seq-F2 TGATACAGTGACTTGCCAATG
qRT-TabHLH123-6A-F TCTATCGGCGGCTACAAACC
qRT-TabHLH123-6A-R GCTTTCTCGCCTTTCCTCAG

TaTUBULIN-F CGTGCTGTCTTTGTAGATCTCG
TaTUBULIN-R GACCAGTGCAGTTGTCTGAAAG
TabHLH123-6A-Kpnl- TATGCATCTGCACGCAGGCGAGGGG
dCAPs-F

TabHLH123-6A-Kpnl- AGGTCGAGCCATCGAGGAGA
dCAPs-R
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x2 XIGETAREMILTIFR
Table 2 Software and websites used in this study

ek i TEAR L

Software Function Website

WheatOmics FFHI R #k http: //202.194.139.32/#

GSDS FFH5 B http: //gsds.gao-lab.org/

SMART B A A IR http: //smart.embl.de/

Phyre2 B g i) http: //www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index
ExPASy BRI T https: //web.expasy.org/protscale/
SWISS-MODEL I = grgb Ry T https: /swissmodel.expasy.org/

ProtParam FARHE BT https: //web.expasy.org/cgi-bin/protparam/protparam
SMART HARFR http: //smart.embl.de/

PlantCARE LA FH T https: //bioinformatics.psb.ugent.be/webtools/plantcare/html/

dCAPS Finder 2.0 dCAPS friciit

http: //helix.wustl.edu/dcaps/dcaps.html

2 BFER5HMH
2.1 TabHLHI23-64 55|57

i1 GSDS il WheatOmics 43 #1 TabHLH123-
6A FEH B H N & T 5IMNEF 01, 45 REHHZ LA
BT /NE Gk 6A I, 751 42K 5643 bp, 45 4
51X 2566 bp, AL IX 3077 bp, i 7 44 FF1 6
DNE TR CE 1a), S KIFRURIEEHE 1386 bp,
i 461 P2 HB2, SMART 43 #7 i 7k TabHLH123-
6A T 155 345 & 389 v & JE iRy HLH 7 <7 45 44
B (& 1b), FIFH Phyre2 %} H: — g 25k 1, % L
TabHLHI123-6A % £ 154~ o B2 i, 2 4~ B 37 &, XF
IF ) 22 IR 53 ) o S R AN 28% 1 3% (K] 1c¢ ),
i 1 ProtScale 43 Tt TabHLH123-6A 5 H Y 3¢ G
7K, Amino acid scale 2444 I\ Hphob./Kyte &
Doolittle, 73 H & LA 163 N IEMRRE(ER K, N
1.760, R WIZ A IR s K PEfe ok . 55 195 [ &3
PR 2 7K P dp o, HoAn JEAE S -3.522 (&1 1d ). AEa
EVEFEEC(I) A 50.73, W I A AR E B H. FIH
SWISS-MODEL %} TabHLH123-6A %% #4 1, = 2% 4%
P FEAT T00I , 45 5R d s A MR B SR - B - B E
SR (K 1e ),

i# 1 ProtParam 48T TabHLH123-6A & )%
5'] ’ éﬁ % A /j? ’ /E\: 67\ ? it j‘:’ C2191H3395N633O693SI9’
TR 06931, 4 F it i o 50301.02, 55 HL A
1 6.06, I I 2 %1 61.74, 54 5 ¥ 3% K M -0.610,
HAEFMRH BT NAR S EEm, A 544, h A
RAAEMEB AN 11.71% (& 2a), F|H SMART i
I TabHLH123-6A ) B AR 1, KM H FE 55
748 &5 F BY ) 5 1 ( Traes 3DL_7EOF183DA.1,

Traes 7AL 1E62CBC95.1, Traes 7AL 3BC
7FE4B7.1., Traes_7BL_D5434A287.1, Traes_7BL
E2BB2BEA6.1,Traes 7DL _5BA698633.1.
Traes 7DL_C54D10538.1 ) FlHZJE - BF - M2 e 4544 5K
I ( Traes_SAL_F6FDSFEFF.1 ., Traes_5BL_DB5410
008.2. Traes 5DL_1CD573458.2 ) f#1F HAE (& 2b ),
2.2 TabHLHI23-64 EERKEEHM

5T BIRf TabHLHI23-6A4 TE/N32 kR 2s 323k
15 3, F F QRT-PCR 4 Ml TabHLH123-64 T£ /N 4
I SO AR S L AU ) SRs i AR
7, TabHLH123-64 F£/N2 W) W 3515 10 Sl 1
SN IERIK, TE/NE L, TabHLHI23-64
EMRSREPHREERER TR (B 3a); 7E
P, FEE =AY HREE L 0~30 em, 30~60 cm K 60~
90 cm FAR H e IA I 2 TR (& 3b)
Tl B A, MR 3 K2 0~30 em ., 30~60 cm ., 60~90 cm .
90~120 cm, 120~150 cm AR 1 ik & g 3 & T
Az (1 3¢ ). %7 &, TabHLHI23-64 1E/NA2 W
R 2R AR, (HAE AR IR L ek B i, X 3R
H] TabHLH123-64 "] 62 5 /N ER R WA K
KB

F FHAE 22 34 PlantCARE 43 ¥ TabHLHI23-6A4
Ja 31 X F 50 =S AR H e, & B R 06 %% 1
+ ATG _Lif% 3000 bp JFHIIN, B & A #%0 5 31T
{4 TATA-box Fil CAAT-box &7 i =CAFE F oo 4h,
W EAAERZR TR R F R R AR A
NG 5o A AU HEAR X L K DREB . MYB F
WRKY & 145670 (3£ 3 ), BiluR TabHLHI23-64
AIRES SRR WIEIR SRFR H BRGME T2
SRR
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a
TabHLH12-64 — —a——— —
. . . . . . 3
0 kb 1 kb 2 kb 3kb 4 kb S5kb
Legend:
CDS == upstream downstream — Intron
b
- | mm HLH
0 100 200 300 '400
||
C d
evilorruiaooodaToLb oL Trve v oanARLaP 5P sw ProtScale output for user sequence
f— - :;_ 2 Fphob/Kyte & Doolitile
I F _ _ -_ Ly | h \ |
,,,,,,,,,,,,,,,,,,,,,,,, O W (\ | w | /M ” Jm/”
RN By L ﬂr
3 - I n | J | W
3 J S‘J
50 100 150 200 250 300 350 400 450
e Position

a: SERESHY AT 5 b: H ST BN AT 5 o 81 AT 5 d: B PSR EUK DI B R AR AR 8 SERR AR IR,

INABBRRTR AT K X, 2 LB Bk X, %

a: Gene structure analysis; b: Prediction and analysis of protein domain; c:

=N P/ N R {8 e R kg B b

Protein secondary structure prediction; d: Prediction of hydrophobic

region distribution of protein sequences; the abscissa represents the number of amino acid residue, and the ordinate represents the relative hydrophilic

and hydrophobic region. Above and below zero are regarded as hydrophobic and hydrophilic regions, respectively;

e: Protein domain tertiary structure prediction
B 1 TabHLHI123-6A ERFE Q&N

Fig.1 Structure prediction of TabHLH123-6A4 gene and protein

T BAf TabHLH123-64 2 525X K %K.
SRR H g 67 R AT 5 AT 52 3 A Bz 25, A i
THAE XA PSR R IAE . 7F 0.1 mmol/L
IAA Zb ¥R, TabHLHI23-64 #) 655 M AL FE 1 h
%72 h i F L3R IN; 7F 50 pmol/L ABA b H 5
24 .48 72 h I Kk & W #F L H; 7F 0.1 pmol/L

MeJA BRI RT 6 h, TabHLHI23-6A4 131k 8 # 0
F BM, 3 h IR A R ; 78 PEG BN T 24
PR, TabHLH123-6A4 32k 8 3R 2 F R 7E 2 h
i ik i AIX, 76 3 h Y Rk i . %45 R R W
TabHLH123-64 Z: 54K F FRFRR PG R I5 IR 15
RN RS EI RS Uy
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Traes_ SAL_FO6FDSFEFF.1

e e

Traes_7DL_C54D10538.1

Traes 7BL_E2BB2BEA6.1 Traes 7DL_SBA698633.1
Traes_7AL_3BC7FE4B7.1 Traes_6AL_1075B884F.2 Traes_7BL_D5434A287.1

Traes_7AL_1E62CB9S.1 Traes_3DL_7EOF183DA.1

e

—
Traes_5SBL_DB5410008.2 Traes SDL_1CD573458.2
a: A EERA N . A: IERR; R: K2R N: RABEL; D: RAZER; C: FHERR; Q: AEBEL; E: A%R; G: HER; H: 41
I st adR s L: SR K iR s M: SRR F: RINETR; P AR S: 28R T: J0aiR: W: (VERR; Y: TRER; V: HilaR; b: HAEE
PP . v 2L 65 s AR SR TabHLH123-6A S, U JEIANTR] 5 5 A B ) TR 2 1

a: Protein amino acid composition. A : Alanine; R: Arginine; N: Asparagine; D: Aspartic acid; C: Cysteine; Q: Glutamine; E: Glutamic acid;

G: Glycine; H: Histidine; I: Isoleucine; L: Leucine; K: Lysine; M: Methionine; F: Phenylalanine; P: Proline; S: Serine; T: Threonine;
W: Tryptophan; Y: Tyrosine; V: Valine; b: Prediction of interaction proteins. The red dot in the middle represents the TabHLH123-6A protein,
and the dots around represent predicted interacting proteins
B2 TabHLHI123-6A SEBRAMMEIEER TN
Fig.2 Amino acid composition and interaction protein prediction of TabHLH123-6A

b
0.008 7= 0.025 ——

- Y - R a g

S Seedling stage 2 0.020 | Jointing stage
s % 0.006f a e <
K & K & c
ol &5 oost
= .E 0.004 = E d
£ £z o0or ¢ e

& 0.002 &

: 0.005

° &gz?%%&%@ AN

bm*m’
Q.Oﬁ’\'
$$

PRI
0.04 |- Heading stage

ERIPSSTY
Relative expression
(=9
o
o
(<]
a

g\)%&%@%@% %&\13’ N :QD’:/%/ X
Q'Q.Q. °>

L: I RB: A3 R: A5 S: A5 HL: /0o NBS: B R 55 SN {875 ; TN =795 R 0~30: MRIEIIEE 0~30 cm KJE AR R ; R 30~60: 30~60 cm
HRZ ; R 60~90: 60~90 cm AR F 5 R 90~120: 90~120 cm AR F 5 R 120~150: 120~150 cm M Z 5 FL: fE0; IBS : B 451 5 SI: {8 45175 T1: 8] =
1] s AR /NG SFEREFIRAE P<0.05 /K B2 5 3 IR BRI « Ak T
L: Leaf; RB: Root base; R: Root; S: Spike; HL: Heart leaf; NBS: Node below the spike; SN: Second node; TN: Third node; R 0-30: The roots
with the length of 0-30 cm measured from the root base ; R30-60: Root ( 30-60 cm ); R60-90: Root ( 60-90 ¢cm ); R90-120: Root ( 90-120 cm ); R120-
150: Root ( 120-150 ¢cm ); FL: Flag leaf; IBS: Internode below the spike; SI: Second internode; T1: Third internode; Different lowercase letters
indicate significant differences at the P<0.05 level; Values are the means + SD; The same as below
3 TabHLHI23-64 EEENERRRPARRHRAPHIRE
Fig.3 The relative expression patterns of TabHLH123-6A4 gene in different tissues of wheat at different stages
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A = 23 %

R 3 TabHLHI23-6A B 3hF XA 1E R HRM
Table 3 Putative cis-acting regulatory elements in the promoter
region of TabHLH123-6A

A FTEAE 2

o Kokt TR
Cis-acting regulatory . . .
Frequency Biological function

element

TATA-box 24 L2 S Y AN = Rl eI G o

CAAT-box 35 Jei Bl R B S A
o

TGA-element 1 HRFE WAL

ABRE 12 JUt v R IV 2 T

TGACG-motif 7 FRFIFR H BRI TTl

G-Box 13 S R T

I-box 3 S i oA

A-box 3 5500 A 42005 P A O 1Y AR
Mok

DRE core 1 DREB 45476/

MYB 6 MYB & 454670

W-box 1 WRKY #4543 Icl

Hokok

0.1 mmol/L TAA

EROE STy
Relative expression

0 1 2 3 6 12 24 48 72
AL (h)

Times

(=]

.1 pmol/L MeJA

sk
ok

LERO PSP Y
Relative expression

0o 1 2 3 6

12 24 48 72
AEFHIRTE] (h)

Times

2.3  TabHLHI23-64 M5 S35 ER T 5 5 FireHF A
VL 32 i 22 A8 /N2 bk, 3 sk I 3 A
TabHLH123-64 SERAT AR 280, 45 RERWAE
EIEHE T (ATG ) FiiF 25 bp A EAFAE— TR [H
XA C/T, i P50 th 55 9 i 24 SR Hh 20 2 R
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