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7E BNS iy 33k T2y 0. 47 £% . 7E % H IR (10 h) b 3R . TeERF7 £ BNS i 35 5 25 1. 14 ff54 Cy
IR AL B TaERF7 k8 AE 2 h W 1R T2 25. 7 %, 0F HAE 48 h N — EARFREL & (K-, W 7E 37 C T RAT
Pl TaERF7 ik EE 1 h N LA 0. 71 f5. (B 2 h jFELZM T, 28 12 h i KR X E S BHLC TR T Y
0. 85ff% . XM TLLT R AU s TaERFT JE PN N] e S ML 45 & F Ui 3k 1K 3l 1 19 GCC box .DRE Al CRT JG 4 ,
IR A AR IA N0 T BNS i E .

KR NE BNS HEMEARNH R 5 K F T TaERF7; B R £ 3K

HESES Q7855 Q789 X ERARERG A

Cloning and Expression Analysis of Transcription Factor Gene
TaERF7 in Wheat (Triticum aestivum )

LI Ziliang' , ZHANG Jianchao®, LI Zheng', FENG Xiaoyu',
XIA Yu', DONG Jian', WANG Junwei'®
(1 College of Agronomy, Northwest A&F University, National Yangling Agricultural Biotechnology &. Breeding Center/
Yangling Branch of State Wheat Improvement Center/Wheat Breeding Engineering Research Center, Ministry of Education/Key
Laboratory of Crop Heterosis of Shaanxi Province, Yangling, Shaanxi 712100, China; 2 Institute of Food Crops, Xinjiang
Academy of Agricultural Sciences, Urumqi 830091, China)

Abstract: BNS is an efficient thermo-photo-sensitive genic male sterile line of wheat (Triticum aestivum).

It is sterile in low temperature and fertile in high temperature. With these features, BNS was widely used
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in hybrid wheat breeding. In this study, based on the gene chip data of the anthers of BNS sterile line and
fertile line, we found that the transcription factor TaERF7 was differentially expressed between the two
lines, and cloned the cDNA and promoter sequences of TaERF7,analyzed TaERF7 response to tempera-
ture and day length by qRT-PCR. The results showed that: (1) bioinformatics analysis revealed that the
coding sequence (CDS) of TaERF7 is 660 bp and encoding of 219 amino acids. TaERF7 protein contains
AP2 domain and two EAR motifs. It belongs to class [I ethylene response factors (ERFs). The amino
acid sequence of TaERF7 is homologous to AtERF4 in Arabidopsis (Arabidopsis thaliana), which is a
transcriptional repressor. The promoter region contains multiple cis-acting elements with light and low
temperature response. (2) The qRT-PCR results showed that TaERF7 expressed in different tissues of
BNS. The expression of TauERF7 was down-regulated 0. 47 fold under long daylight (14 h), while it was
up-regulated 1. 14 fold under short day (10 h). The low temperature treatment at 4 C increased the ex-
pression of TaERF7 about 25.7 fold in 2 h, and maintained a high level upto 48 h. The high temperature
treatment at 37 C increased the expression of TaERF7 about 0. 71 fold in 1 h, but it was sharply down-
regulated to 0. 85 fold after 2 h. According to the above results, we speculated that TaERF7 combined to

cis-acting element of downstream genes, regulated their expression, and caused the male sterility in BNS.

Key words: wheat; BNS male sterile line; transcription factor; TaERF7; gene expression
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1.2.1 DNA, 5 RNA BIEELF ¢cDNA B9 & K

BNS i/ DNA $2 2% Murray #1 Thompson-*"!
M7k T B RNA B4R BUE ] TRNzol-A+ (R
HRLAb 50, cDNA )5 i ffi A EasyScript One-Step
gDNA Removal and cDNA Synthesis SuperMix(4>
K, b5 . i NanoDrop One # i i 73 566 B2
7 (Thermo. JE[ED I 7 743 8] cDNA 5 ¥ i F1 2 Ji
Il H Nuclease-free Water ¥ cDNA Fi B | 100
ng/ul,

1.2.2 TaERF7 71 TaERFT EZh FHRE 45
PL b3k 1.2 13 8]y DNA F1 cDNA SR, LL Oli-
go7 Wity TaERF7-F/R 5[4 (3£ 1) . fli f KOD-
Plus-Neo (TOYOBO, H &) §"# TaERF7, PCR

Pis ik & k.10 X PCR Buffer 5 pL, 2 mmol/L
dNTPs 5 puL.,25 mmol/L MgSO, 3 uLl., L FiiF51¥
(10 pmol/L) % 1.5 uL,KOD-Plus-Neo 1 uL,cD-
NA/DNA 1 pL.ddH,O 32 pl, PCR W25 : 94
C 2 min;98 C 10 5,68 C 30 5,35 M i#;68 C 5
min, ¥ TaERF7 #IH% ¥ Lilf 2 000 bp 19)5 3l
T HBE N AW b TaERFT (S8 7. %4 N
TaERF7-P. TaERF7-P #5i il DNA g B4R, 51
¥k TaERF7-P-F/R (% 1), PCR f{ii FI i £ ™ 5 {k&
£ Y5 TaERF7 Wy sifEAH R, PCR R #2794 C
2 min;98 C 10 5,68 'C 1 min 32 s,35 P& ¥ ;68
C 5 min, PCR #" 3§ 7 ¥ 28 150 B 5 0 5E i A )
J& o SanPrep £ DNA Jiig [l fio0) & (4E T, B
W) 347 RS, % B2 B pEASY-Blunt Zero Cloning
Vector (x4, At 50, # AL K #F H DHS5a f5 , #k
6 P e B % BERE AR W B AT BR 23 W) (B ) T )

1.2.3 TaERF7 EEHEMERFEST 45 En-
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JPA5 R i e TaERFT /) ORF Jy 41 FlEE (A 7 41 .
i 7 NCBI W % Chttps://www. ncbi. nlm. nih.
gov/) 4T Blast 730 #7, 3844 1) TaERF7 4 H Y [F] I
J£%1 .35 1] MEGA X %} TaERF7 & (11T & 4881k
ST A8 Clustal X #1 Jalview Xt TaERF7 % (4 #1
H RV F 5 #1712 )7 50 et FIH SMART 9 5
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B PSR S5 8, ] ProtParam 78 28 M 3 Cht-
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Table 1 Primer information
S FR B4 %% Primer sequence(5'—3") i
Name Application

1E 1) Forward

JZ [i] Reverse

TaERF7  CTCCGCTCCCCATGGCTC
TaERF7-P  GCTACGATAGGGAATGACGGA
Q-TaERF7 GATCAGCGGCATGAACAAG

TaActin ~ ACCTTCAGTTGCCCAGCAAT

GGATGTTTCTCATGCTACCTGCC
GGATGTTTCTCATGCTACCTGCC
CGGCAGGTTCAGGTCAAA

CAGAGTCGAGCACAATACCAGTTG

TaERF7 i [% Cloning of TaERF7
J& 8l F 7 Cloning the promoter of TaERF7
qRT-PCR

qRT-PCR
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MI2hfEREGEHFEEZR 18 C, 78 0.1.2.4.8,
12,24 A1 36 h XF M5 20 B BURE . O BEAR B g < 8
BNS 4l #7328 3 2H 43 0 A [RGB B O iR/
MRS 4% 10 h/14 h 12 h /12 h,14 h/10 h) B 3%
10 d J5 . 354 3 2H BNS By R % i B2 Ak 2R A iR
Ab B BCRE () i R B BB RNA I 47 & FE SR
TaERF7 F1/NE N2 R TaActin(GenBank No.
AB181991. 1) Ji F qRT-PCR By 51 4 tn % 1, {f Hi
Tip Green qPCR SuperMix (4 3 4, db 50) ¥ 17
qRT-PCR., K% N :cDNA (100 ng/ul) 2 pul,
L F#ES ¥ (10 pmol/L) 4% 0.4 pl.,2X Tip Green
gPCR SuperMix 10 plL, Passive Reference Dye (50
X) 0.4 plL, Nuclease-free Water 6. 8 ul., qRT-
PCR #£ QuantStudio 3(Thermo, 3 E) 347, [ h/
R K94 C 30 s;94 C 55,60 C 34 s,3: 40 MG
o BN BCE 3 KEK ., R 2722 Tk
FR AT R D
L3 HiESH

BEN R B HAE G ER ] Excel #£47 .

2 AR5

2.1 TaERFT EERHEBZFHREMREIHH

MG F B R 4R, AT T TaERF7-
F/R 214, )\ BNS ) cDNA I DNA 43 5475
B ) 2 SR/ A S5 (B 1, A iR EUR
W5 &3 2 A8 51 58 45— 30, Ui #E cDNA Al DNA
' TaERF7 )P M R . Xt &3 TaERF7 % i
TE/NE 2BL Qe ek AU 1 A5 5, CDS XA 660
bp. 4% 219 A& H#R. ¥ il TaERF7-P-F/R 5|
Y. A BNS 1) DNA th i #4153 %) 1 & & TaERF7
BT 3 042 bp WFES (& 1,B),

i PlantCARE M3 A SCHR A5 B o0 B A1 &
W TaERF7 J& 8 ¥ 5 FAFAEAR 22 0 XA oo
R4 . Hd, GT rich,GC rich,C/DRE A IC-
Er2 3 [ 3¢k oAb e ¥ 5k A PlantCARE W
w3 . AR X BE T P — O AR T AT 14
A AR MR TR 16 A, MY B #% 5t [H 145
AL 3 A e B I 15 A AR e R T 23
A A BT 21 A (R 2)
2.2 TaERF7 EAWEMEEZSW

TEZ M % ProtParam 43 M7 B, TaERF7 2B 4
{9 R4 Tk S 22, 262 kDL BHIE S5 LG 8. 79,4
HIEHEfr A FEIRRFE (Arg + Lys)20 4,7 A
FL i (0 B R 5% K (Asp + Glw) 18 43 TaERF7
AT E 224 66. 21, AR A Fa € 5 F1 e, R ¥
BN 76. 94, TaERF7 # [ G 5 I 02 A1 15 5
JIK 2 AL 20 A A

SMART K% (http://smart. embl-heidelberg.
de/) 73 M 78 TaERF7 H & A — MR SF Y AP2
5ts. )8 T AP2/ERF Z G A th T H AP2 45
P 5 14 2 FNES 19 457 73 0] 2 T8 2 IR (A) MR &
WM (D) (& 2), BT LUK % & 11 A 2K 0 ERF
W % TaERF7 5 K3 (Hordeum vulgare sub-
sp. wulgare) . —. T8 % #§ ¥ ( Brachypodium dis-
tachyon) 7K FE (Oryza sativa) 25854 & [6] 5 2 A
HEAT T A FERR Y 5 X, & TaERF7 &1 N ¥ Al
C 343 ) & A7 AP2 25 Fy BRI EAR JE ¥ L AT LUK H:
JH2E R 55 — 2% ERF $: 56 7 (& 2),

¥ TaERF7 & (1 7 91 7 NCBI ™ 3 tb X )5
AR 7ok AR A 12 ZKFEFH . Hr,
TaERF7 & Y5 a8 5 7 ERF4 (GenBank

M 1 2 M, 3
5000 bp

2000 bp

3000 bp 3042 bp
2000 b
1000 bp 898 bp P
750 bp 1000 bp
500 bp 750 bp
500 bp
250 bp 250 by
100 bp 100 bp

M;. DL2000;1. Lk cDNA K#iHz sy TaERF7;
2. DL DNA N#idg s e ) TaERF7;M,. DL5000;
3. TaERFT Ji 8T se e
1 TaERF7 X HJ)G 3+ 5 &
M;. DL2000; 1. TaERF7 cloned with cDNA as template;
2. TaERF7 cloned with DNA as template; M,. DL5000;
3. Cloning of TaERF7 promoter

Fig.1 Cloning of TaERF7 and its promoter
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Table 2 Predicted cis-acting elements in promoter of TaERF7

=TT 14 44 (ANl B ke
Cis-element name Core sequence Number Function
= . T P, . e .
CAAT box CAAAT/CAACCAACTCC 14 JA BT A 3 F X0 — AR G ¢ Common cis-acting element in
promoter and enhancer regions
ABRE ACGTG/CACGTG 9 ABA 1 J3f 5G4 Cis-acting element involved in the abscisic acid responsive-
: JCAAATGCCGCGTGGC : ness
TGA-element AACGAC 1 Az K ZE W Y JC 1 Auxin-responsive element
CGTCA-motif CGTCA 3 %%ﬁ]ﬁilﬁﬁﬁ‘é i )3 JGFE Cis-acting regulatory element involved in the MeJ A-
responsiveness
TGACG-motif TGACG 3 %%ﬁ]ﬁ&lﬁﬁﬂ‘é i )3 JGAE Cis-acting regulatory element involved in the MeJ A-
responsiveness
CCAAT-box CAACGG 2 MYBHv1 %54 i 5 MYBHvI binding site
MBS CAACTG 1 %Lj:F'q_':l}r;E'p ) MYB 454 13 5 MYB binding site involved in drought-in-
ducibility
Box 4 ATTAAT 1 %{Sé}ﬁ‘ﬁ | ﬂj_{% SF JG 4 Part of a conserved DNA module involved in
light responsiveness
CACGTT/CACGAC
G-box /TACGTG/TAACACGTAG 9 i W JCF Cis-acting regulatory element involved in light responsiveness
/GCCACGTGGA
GATA-motif AAGGATAAGG 1 B4 e B JC 4 Part of a light responsive element
Spl GGGCGG 4 St W JGF Light responsive element
GT rich AACCAAA 1 ARG 5L 1 2K i %SG Cold and dehydration responsive element
GC rich ccce 19 AR ¥ 1 7K Wi ) JGAF Cold and dehydration responsive element
C/DRE ACCGACC 1 AP 98 1 7K 0 % 9644 Cold and dehydration responsive element
ICEr2 ACTCCG 2 AR I8 A )37 7G4 Cold responsive element

No. XP_003580517. 1) & % 8 /& 5 AH oL J& ik 3]
81.98% . i MEGA X #fk 43 #7 )5 (E 3) . & #i
/NFZ TaERF7 5 KM —BEANE 2 4 % Y Fh 100

HH AR [ U5 81 Ak ) — 0 A R S AR R

2.3 AEEENXRBAET TeERF7 & E M Rix

S

e TaERF7 78 BNS 7K [A] 20 23 il 4 B (1 %

99 I/J\?i Triticum aestivum (TaERF7)I
—(’(’l_—li K Hordeum vulgare subsp. vulgare (KAE8819814. 1)
T RBREINAYE Brachypodium distachyon (XP 003580517. 1)

HIIF Arabidopsis thaliana (NP 188139. 1)
g Prunus mume (XP 008226493. 1)
61 P51 Lactuca sativa (XP 023772883. 1)

FEFG Oryza sativa Japonica Group (XP 015633875. 1)
100|: KUFE Oryza sativa Indica Group (EAY95498. 1)

99 Z% Panicum miliaceum (RLM66436. 1)
“E ¥ Setaria italica (XP 004976762. 1)
96 F 5 Setaria viridis (TKW06486. 1)

95

RFHE L F ] qRT-PCR XF TaERFT 1E4E 2 ME 45
WAMRE AR 25 it 19 5% S oK S 3E AT 53 B kOB
TaERFT7 fEANRI AR E#H A RILE 4,0,

W58 kB . TaERFT )3 8 F L AE AR Z 1% i
N TG A A6 R R oG F . Bk R T qRT-PCR 5 9iF
TaERF7 7E BNS M- J3 v 3% 35 H 0 7 I 2 A BRI
AR A, 5 B R W DG BRI IR v] LA # TaERF7 R ik
it WY I B R U s R AR R AR (B 4, B~D),,
AT 12 h/d A~ TaERF7 M3k &, 14
h/d (6B ik N2 0. 47 %, 10 h/d 96
MR 2 fiff FL R TR I 2y 1. 14 £5 (& 4,B),

L e e
3 TaERF7 i) & 55 AL 4 b
Fig. 3 Phylogenetic analysis of TaERF7

4 CHMRRAE S TaERF7 RiAH7E 2 h N I
P T2 25, 745, 9F HAE 48 h N — B AR FRA R 0K
IR E] 18 C 2 JE A K A B R 4b BT
(B 4,0, 37 CHy &R AR LUl TaERF7 %3k
HAE 1 h N B2y 0. 71 4% (5 2 h 58 205 T4, 2
12 h i H A B SR A B A HE B F W T 24 0. 85
fi5, BIEUE R & 3 18 C )5, TaERF7 (f) %k &
AR ME PR 52 2 R Ak K (B 4,D)



2 RV NG SEN TN TaERFT WY i B B Ho 263850 #r 215

TaERF7 AIRN - AL|JVAVAAAAD -M F WA “AA| 58

HvERF4-like 1 MAIANY - AAIJVAVAAAAAA F WA AA| 60

BdAERF4 1 MAIANY - AL [JVA - AAAAD(E - -V AA| 57

OSERF11 1 MAIINAAEAVAVAVAE @AM AA| 61

AtERF4 1 MAKM[E - LK[ID[JAREEN Q THNN AK EA| 60

PN A, P e \ETRDPARKARVWLGTEDT

TaERF7 FVVNUH Y RGP KEK TN[IP TVAA THIREE - - .

HVERF4-like HYRGPKHKTNP TVAAMAH LLELKKLAV-

BAERF4 HYRGPKaKTNP AAEAR 1 QALH - - -

OSERF11 AN 1 s AALSIR X TNATSRNF AV A F AATIHH A LEKAAALAVV

AERF4 ALE. T AR DELLAISATSHNELF 1 & LD o K VI

RAYDAALHRGPKAKTNEPY.... oA, s PLP

TaERF7 115 WA AAEAV-AAEAAL ) s[Fy FVAVEIVAVAATIATIATIA 168

HvERF4-like 121 AA§}- - ------- AAIZZAL 'LYLA AUVAVIIVAVAAIZAIZAE - 165

BJERF4 114 AAVAAE ------ VAIRAYAL LHLA IANVAVIBVAVAAIJALAIYV 162

OSERF11 122 AAEEVAAAAKAQV sPID T %s- AV AVIRVAVAARVIIRR - 175

AUERF4 114 YVIASATAR- - - - - Njlp pSIUE s LMEIENVEREQERIVT S 169

setann  ~ oaaPPALDLY] PRVAVTVAVAAPAPAP

TaERF7 ARH A ARANT - - - - - ViF 219

HVERF4-like AQR QS VO ANIAVE- - - - - VOF 216

BAERF4 \/SIAEEE Q s VO ANIAVI- - - - - 1F 216

OSERF11 . EVARL Qs v ARIAVI- - - - - VoL 222

AtERF4 A W\ s V. FEGMEKRSQLLDL 222

" Kames QSTGSSSSIDESPAVG 16
HvERF4-like. K # (KAE8819814. 1) ; BAERF4. —f#JE A% & (XP_003580517. 1) ; OsERF11. /KFH(XP_003580517. 1)
AtERF4. #{HIJF (NP_188139. 1) J5HE. AP2 S5yl ; MG Lk, EAR ZEfF
B 2 TaERF7 Fl 6] 5 ¥ 31 ) 28 3L 8 Eb Xt
HvERF4-like. Hordeum vulgare subsp. wvulgare(KAE8819814. 1) ;BdERFA. Brachypodium distachyon (XP_003580517. 1)
OsERF11. Oryza sativa (XP_003580517. 1) ; AtERFA. Arabidopsis thaliana (NP_188139. 1) ; Boxs. AP2 domain;Black lines. EAR motifs

Fig. 2 The amino acid alignment of TaERF7 with the homologous sequences
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