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& AR M KEW,XNFH BHAEZE o, 3 EH
(PRl K2 /N RS 7 53 2 2 S A 611130)

WE. S EAAYSAMYBEEN AR EDZMRGHEER, REF AL FZARA, METXTHEARGHR
REAHRE , WAFTR BT, K5 OsTACI Ew R EREH KA, 2R ZmTACI 57t R A E 2 EA%, KB B 82
fBAT TaTACI 89 R XX AT THZ ARG S THEIH AL L 5B A EABEX R, KB A CN16,SMI69  Lan2399 |
SHW-1 A4, £ A Bl R Sl 4 B 35 4% TaTACI ,A) B £ 913 8 F 3 3; TaTACI #4755 S5 AR 547, B R 2 B 32 6 52 & PCR
st 3 R kALK BT A, 34T TaTACI B @ #) R AL o4, B REF,TaTACI ¥ FE2 1.1 ~1.2 kb, 136 780 bp # 7%
T 58 3 AE F= 320 ~370 bp 49 3'-UTR, TaTACI %5 cDNA 554 % 2 3% 3P CN16-2 SM969-2 695 10 Ak X A R &, jl#
SOk FIRAT, F 5 TaTACI %3k % 1 ;Lan2399-2 F= SHW-1-2 42 109 ~ 115 #3152 E A “CCCCCC” K BN, FHE QR B-r &
R, RESHEAY , TaTACI B EMeH$ E SRR ST LK PP ERELRTRIK, XMW ERNZARESE
FERHPEETEHEAEZRF LML Pearson AEEK A 0.677, AR EXELS S EABELBEMMEN, Tt
A5 B TaTACI TAZ T fm ot M LR 25 R T AIEM TaTACI = mRNA K- L Ed iR R AE BThALAKER
ME AR R S B A K,

KBIF ;) & (Triticum aestivum L. ) ;23 A B ; TaTACI 5 B R 50 1% FGA 547

Molecular Characterization and Expression
Analysis of TaTACI gene in Triticum aestivum L.
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Abstract ; Tillering angle affects plant population structure , photosynthetic efficiency and morphogenesis. It thus
could ultimately affect the yield and quality for a given plant. To our knowledge, the studies on tillering angle in
wheat are limited. It was reported that OsTACI in rice positively controlled tillering angle and ZmTACI in maize was
positively correlated with blade angle. Here ,we are aiming at analyzing expression pattern of TaTACI and revealing
the molecular genetic mechanisms of this gene and its genetic relationship with the tillering angle. To this end, we
used four genotypes of common wheat, CN16,SM969 ,Lan2399 and SHW-1 for isolating TaTACI based on homology
cloning , characterized its sequence ,analyzed its expression pattern using real-time fluorescent quantitative PCR , and
performed the subcellular localization of this gene. Our results showed that TaTACI was about 1. 1-1. 2 kb in length
including 780 bp of a complete opening reading frame ( ORF) and 320-370 bp of 3'-UTR. Two types of ¢cDNA
sequences for TaTACI were identified. The sequences of CN16-2 and SM969-2 were grouped in Type I. The 10th
base for these sequences was mutated , leading to the presence of a terminator. Expression of these genes was thus
not detected. The sequences of Lan2399-2 and SHW-1-2 were grouped in Type II. A fragment of “ CGCGCG” was
inserted between 109th and 115th of these sequences,leading to the reduction of beta-pleated sheets. Expression
profiling indicated that TaTACI was mostly expressed in leaf sheath and stem at tillering stage followed by tillering
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node and least in leaf and root. Correlation analysis showed that the expression abundance of TaTACI in tillering

node throughout the investigated stages was significantly positively correlated with the angles of tillering (R =

0.677). No significant correlation was detected between expression of TaTACI in other tissues and tillering angle.

TaTACI was located in cell membrane. Taken together,we suggested that TaTACI positively regulated tillering angle

at mRNA level,and it may be involved in auxin polar transport process to change the size of tillering angle.

Key words : wheat ( Triticum aestivum L. ) ;tillering angle ; TaTACI ;homology-based cloning;expression analysis
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Iy T AL B Az W~ IR, /N oy BE AR
WP U BEB IS 18 5, 1T 0 /) A BHLAE bk TR ) 6
T 5E Tl

1 #R5G%
11 fHkHH

W3 /NFZ ( Triticum aestivum L. , AABBDD) JI|
£ 16(CN16) %) % 969 (SM969) | N\ T. & Wi 7S i
TR /NAZ Lan2399 [SHW-1 ¥ ¢h 01| 4k K 2% /N2 F
FEATEE AL, BT AT AR 5T 2013 4 10 H (2014
AF 10 J R T 00 1] 45 WA T R VL X B AR N 2
5 T (30°42746. 40"N, 103°51755.28"E) , 17l
30 em, ¥R#E50 em, 847 3 RifpF, BHABE 10 17,
AT WIEEF AL RK, &K 1545, BRS5 dH
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2 NS IREC T ASSRAERT R AL, BT AR AR T
- 80 CHEBARIRIKFE A H o /N2 B | % HL 57 BE
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1.2 FHix
1.2.1 /2 RNA BB 2B ACER & SRR B A IR A

AR Y RNA $2 B0l 50 & (RN1103) 1 7 25 32 B
RNA, JF 11 1. 5% B9 35 16 B &€ I i Uk A5 01 RNA (1)
P,

1.2.2 cDNA F 1 $#HAEK  FIH TaKaRa E4 Y
N AV S R 6 (PrmeScript ™ RT Reagent Kit with
gDNA Eraser-Perfect Real Time )&%, cDNA %5 1 £%,

1.2.3 /NZE TACI EE cDNA FHIHEE  MRIE
OsTACI ( 0s0920529300) , ZmTACI ( LOC100277053 )
HISHTACI (Sh02g030610) H:[H ¢DNA HH RSP IR F
SNV it — X4 5 2k 51 9 Ta-F: ATGGCCCTANAG
GTGTTCAAT;Ta-R : GGATAAAGCGGAGNGTTTANTG,,
VAT A EHE) cDNA B AR 93 /N2 TACT A
cDNA J¥%1], PCR R AKRZRUNT :4 pl cDNA BEAR |
5 pL 10 x Ex Taq Buffer, 4 plL MgCl,, 6 pl dNTP,
0.5 pL TaKaRa Ex Taq.l pL Primer Ta-F 1 pL Primer
Ta-R 28.5 pL ddH, O, JZ I & R BARFL A 50 pl,
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PCR W FEF H: D 94 °C 5 min; @ 94 °C 30 s;
350 ~58 C 30 s;4 72 C 1 min;® 72 °C 7 min;
© 12 C forever, - @B@ i 35 1§, PCR
PN 1. 5% By BE MR RS i VIR i R FH AR AE AL R
FA BRI T (TIANGEN ) 3438 By I e Iz (el it 351 &
Ml 2lifh, 485 5 TA wapEZk ik pMDI19-T %4z, FH %
B v RSN T AR W) 28 BT 5 (TsingKe , Chengdu,
China) , ] /| DNAMAN, CLC Genomics Workbench
8.0.2 MEGA 6.0 DA NCBI 7E£% BLAST T H X3
FEFNEAT HESH 4347, A R 7E 4 50 Hi & SWISS-MODEL
X} TaTACL 85 3T =445 1l

1.2.4 WHEE RT-qPCR NI DG E &L
Bt B HERE  ASBI T R R B0 3 R A TE
EhaRe REPWHNS N, B Ta 14126, 1 |
Ta. 7894. 3. Al _at F Actin , HoAR XS 2 35 & A4 JLA] 3F
BIBCHAE R 38 —AbbrifE, BT PCR 973545 2 19 /)
A TACI BE[R ORF J¥91 i FEARSF B BB L A A
2E50  RIRUES R R Y SRR E B, AR A
Primer Primer 5. 0 D45 DNAMAN 7E4 Baf8- 2 LR T
IRSFIX BN BT E 25 1) D-F: CACCATTGAT-
GATAATAAGGC; D-R: TTGGTCCACCITTTCTTCAT, %
5143 L s ik it 4 S8 & PCR 79I e A6
cDNA W 28 JURE 32 WU AR A A v il 4 i Bl
HLL10 BYF5 8066 BERR R, JLAR R 7 AR EERR I
VERRE R AR BRI, 20ta Bk
PR ZARFN 20 pL, €245 :2 ul. ¢cDNA 9 uL SYBR-
GREEN I(TakaRa A F]) 0.5 pL Primer D ~F 0.5 pL
Primer D ~R 8 plL Dnase/Rnase-Free Water; PCR S
FF:D 95 °C 2 min;@ 95 C 10 5;3)56 °C 30 s;@ 72 C
305;5 79 ~80 C 10 s;© 65 ~95 C 10 ;@D 25 C
2 min, HP@BDGER 41 MMEER, @ 61 MEEF,
FrARES AR E S 2 Y, PCR W . 3 IR, K PCR
SSEASIN 2 D28 FIXTHR, /NAE S BER I NI B L A
AR E7KTARTE M. W. Plaffl ™ i 83444, i J5 F1
Microsoft Excle 2010 G454 .

1.2.5 TE4HRERENRL  FRHEM st He A R A TR
3] (Vazyme ) 1—25 el H R 5 Bz 2 A
IV il T AL Rk, — 25 5o B BT 9 519 8 YXB-F
ACTCTTGACCATGGTAGATCTATGGCCCTAAAGGTGT
TCAATTG; YXB-R: AAGTTCTTCTCCTTTACTAGTG-
GCACCAAGCAGAGGAGGTT; ¥ # Ay B I 137 45 A
Bgl Il #11 Spe 1 ( Thermo 23 &l ) , 4R & W T 24 2R A& F1
FRJE A 5 AV 20 3R B2 4 v 25 °C G 46 15 97
24 h )5 TEYSE WS (OLYMPUS) T MLEE4H it

MY S GBI,
2 HRESH

2.1 AERNEBMDPEREER

FIH] Digi Angle HL 1 1 av il 12 A /N 22 32
K5 GRS BRI 10 B BOE- 3
{H . 76 2k 72 b il B /N 22 43 BE Y AR AL 1 BR
(B 1), I F 55 15 20 /N 22 43 BE A B2 4 5 K
CN16:24°; SMI69 ; 20°; Lan2399 ; 70° ; SHW-1 ; 72°,
Lan2399 SHW-1 (%53 BEff B K /N2) /& CN16 ,SM969
3.5 fi5, PRI Lan2399 F1 SHW-1 A% T CN16 Al
SM969 k43 BEFf B R 1) /INAZ

E1 MEMHSET
Fig.1 Tiller node of wheat at maturation stage
2.2 TaTACI EE cDNA FFHHES T
DL 4 RN K 30 d ) eDNA P R 8 i, )
MR RAESI Y 1452 1.1 ~ 1.2 kb TaTACI Y

cDNA 31 (E 2) , 4% 780 bp 5¢%4AY ORF K320 ~
M 1

1200 bp —»
900 bp —
700 bp — >
500 bp —=

110~1200 bp

300 bp — =

100 bp —=

M:TIANGEN MD100 Marker II ;1:Lk cDNA AR 143 54 74
M:TIANGEN MD100 Marker II ,1:
Amplification product with ¢cDNA as template
B2 TaTACI cDNA ¥ 374
Fig.2 Amplification product of TaTACI cDNA
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370 bp F 3'-UTR, 43T 298 29022, S5 24008 Y cDNA JP5I5¢ 4 —2, CN16-2 ,.SM969-2 (%5 10 13
5.42, I ifiS 260 NEIERR, PE—XF TaTACT  BHFEE AR (C-T) , SEE AL TR ATE AL, it f#
HEATA3HT, TaTACI 1) cDNA JEH 43R 2 25,85 —2K  TaTACI 32ik2BH; Lan2399-2 SHW-1-2 {4 109 ~ 115
FE3 44 4 CN16-1 ,SM969-1  Lan2399-1 SHW-1-1, i 6 3L ( CCCGCE) Wil A , FBUE Z IR (R)
5525 K CN16-2 .SM969-2  Lan2399-2 SHW-  NZRR (A) I A, (1 751% 8 [ 19 = 4E 45 Ky o 20

1-2 (& 3);CN16-1 SM969-1 ,Lan2399-1 SHW-1-1 —B-rEh (E4),
CH1&-1.s3eq 10C
SM9&9-1.3eq 10C
SHW-1-1.seq 10C
Lan23899-1.seq 10¢
CH16-2.3eq 10C
SM9659-2.seq 100
SHW-1-2.3eq 10C
Lan2399-2.seq 10C
CH16-1.seq 184
SM9&9-1.3eq 194
SHH-1-1.3eq GS.. 154
Lan2399-1.seq GE. 194
CN16-2.3eq . 183
SM9&9-2.s5eq i . 182
SHH-1-2.seq C 20C
Lan2399-2.s5eq e 200
CH16-1.3eq 294
SHM9&9-1.s5eq 294
SHW-1-1.seq 294
Lan2399-1. seq B 2949
CH1€-2.3eq Tl 287
SM9€9-2.seq ¥ 287
SHH-1-2.3eq B 294
Lan2399-2.3eq C 294
CH1&6-1.s3eq 304
SM969-1.3eq 354
SHW-1-1.3eq G ) : : 3 GATGCATT( GA 394
Lan2399-1.seq GA £ . Ae £ TGCATICA GA 394
CH16-2.3eq GRAT. 387
SM9€9-2.3eq GRAT. 87
SHW-1-2.3eqg GAAT. 384
Lan?399-2.seq SAAT. 3L4
CH1&-1.3eqg TGRAGTTIG CTRA 494
SM969-1.3eq GAAGTT CTA 494
SHW-1-1.seq CTR 494
Lan2399-1.3eq CTRA 494
CH16-2.3eq ACT. 487
SM969-2.seq uCT. 487
SHH-1-2.seq uCT. 494
Lan2399-2.35eq 494
CH1&-1.3eq 594
SM9&9-1.3eq 584
SHW-1-1.seqg 5949
Lan2399-1.seq 594
CH16-2,3eq 587
5M969-2.3eq 587
SHW-1-2.3eqg 594
Lan2399-2. seq 594
CH16-1.seqgq €94
SM9€9-1.seq €94
SHW-1-1.seq €94
Lan2399-1.seq ya! €94
CH16-2.3eqg B €87
SM969-2. seq A €87
SHH-1-2.seq B €94
Lan2399-2.3eq €94
CH1&-1.3eq GR CTCRRTGGA ~TAATGC VT, e - GECTCC GAC 794
SM9&9-1.seq GA G 794
SHW-1-1.3eq G ) G 7894
Lan2399-1.seq G A GG 794
CH1&-2.3eq ) GG 787
5M969-2.3eq 787
SHW-1-2.3eqg 794
Lan2399-2.38q 794
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CH16-1.35eq AGITIGITITICIC 894
SM969-1.3eq AGITIGITIICIC 894
SHW-1-1.3eq 894
Lan2399-1.seq AGITIGITITICIC 894
CH16-2.3eq AGITIGITITCICIH :1:13
SM969-2.3eq £ :1:13
SHW-1-2.s3eq 893
Lan2395-2.seq 892
CH1&-1.3eq 992
SM9&9-1.3eq 992
SHW-1-1.seq qga
Lan2399-1.3eq AR gg9a
CH16-2.3eq 7:¥:1 q84q
SM9E9-2 . seq AR a84

SHW-1-2.32qg
Lan2399-2.3eq

CH16-1.s3eqg
SM9E9-1.3eq
SHW-1-1.seq
Lan2399-1.seq
CHN16-2.3eq
SM969-2. seq
SHW-1-2.3eq
Lan2399-2.3eq

CH1&-1.s8eqg
SM969-1.32g
SHW-1-1.3eqg
Lan2399-1.seq
CH1&-2.3e0q
SM9&9-2.3eqg
SHW-1-2.s3eqg
Lan2399-2.seq

AT CIAT G 953
BCTARATATATCTATCTEN 953

T
]

.+ . IGATGTICICG 107€
. .. TGATGTICICG 107€
... TGATGTICICG 107€
... TGATGTICTCG 107€
...................... 1047
....................... 1047
GATGIICICG 1083
CGRTGTICTICG 1093

1117
1117
1117
1117
1074
1074
1144
1143

B (07 HE X BRI AR U6 7 A 1L AL 20 €0 DR R 2B T4 T IR 6 AR A 1A

The yellow box:The ATG codon and the original position of the terminator occurrence,

The red box:The location of the termination forming in advance and the insertion of the base

3 4R TaTACI B DNA £4KF 51 L3t E
Fig.3 Full sequence alignment of 7aTACI cDNA in four materials

A B
AT A IE R cDNA JF51 4% 2 1 = 04544 ;
B T 6 AN EAH AJS 1) cDNA J37 51 4 & 11 — 4548
A ; Predicted tertiary structure of proteins with
normal ¢cDNA sequences, B ; Predicted tertiary structure of
proteins of ¢cDNA sequences with six bases insert
B4 il TaTACI HBHBHBEAR=ZRKEN
Fig.4 Predicted tertiary structure of some
proteins encoded by TaTAC1

IR PE T W | TaTACT 55— N P91 1 &
HFH 5 OsTACI . ZmTACI ShTACI 1 [l J5 1 43 5]
Y0 76% 62% 65% , 7 HNHPAFAE 5 > DX 3k g JEE A
SF X T A TGT PR 5 L) i 4 S i
ZERIGT” (B 5) I TaTACT J&iX 3 DHEH
e/ RS, B HA T RE,

2.3 TaTACI ERMRIEEX ST

TP RE R PCR 455 (18 6) W, 78 4 41
BHOAE & B B B (OR[R 5 BERT ) |, TaTACT HE 45
HABH FIR A RBEHMBEE LAESE, N
RIXHR LF 4 DB TaTACT YTEM8H 250
AHXT FRIA i de i, LR AP BET AR eIk, AR
ki B AR R EEA R NEE R EE
S —E P 25 B AE 15 ~ 20 d B ERIA R A
1,25 d B, CN16 SHW-1 Hi45 FRFEM 4,30 d I
WIS SR IG B Wi A% ;30 d B, SM969 5 Lan2399
W) — B, CN16 ,.SM969 | Lan2399 (143 BE
TE 15 ~25 d BY BB H TR ,30 d Bk i K H,
BEJG 4 RPRHSA R IR FEEE LA, 1 SHW-1 435
WIS 15 d B KA ,20 ~25 d R
TFE,30 d BRI B S 2 R

FIIH SPSS 20. 0 FRA K /N2 A [a) s 109 °F 4% 2
SURAE XS 3R 38 1t 5 4 BE AR RS SR AT A DGR 40T, R
W TaTACI TEATBE R IA T 5 BEME 2 D ¥
AH 3, Pearson 5 1E R B 0. 677, Hifth 2 41 &
Gy BESA I TC B E AHOCHE | th e oy BET AR RN T
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CN16-1AA MAERNENWEN EEVASNAENC THDENEANE- EEDSNHCSNA HODTEAEEER &
SHW-1-1A4 WA NWEN BEMHSNA EEBSNHCSEA EOBTEABEER 49

[} | NEAME -
1an2399-1 A4 WAERNENWEN REwWHSNAENC E==NIJ\:I- EEBSNHGSNA ECOETEAN 49
SMa6e-1A4 MAENENENWEN BEMHSNAENC THBENEAME- EEBSNHGSHA Iﬂlﬂﬁl HR 40
Onzasatva MABNMENWEN BEEHSNMENC TONENEAMEE EEBSERASNT EORTEANEER 50
zeamays MGEENMEHWEN BRVWASNTENC SNHGSEAMEE E-BSNPHSEN EEBTEAREER 49

Sorghum bicolor (L MGEEMERWEN WRVHPNTENC THHGNEAVEE REBSNPHSNN ENBTEAEEER 50

KEDSVHGSVA EQDTEALLFR

0%
Conservation

Consensus MALKVFNWLN RKMHSNAEYC TIDDNKAME-

wy

Lo
CN16-1 A4 ENGHEAN GTEGCENENSE CPEARH L

SHW-1-1 A NGHEAN GTEGENENSE cFlAll=g= lﬂm .

1an2393-1 A2 BEEENGEEAN GTECENENSE cPEARHECHE HENVBEERNE
Smo69-1A4 ENEENGEEAN GTECENENSE CPEARHECEBE HUNVBEEENE
Onyzasatva BNENNGHEAN GTEGENNNSE cPESCHECBE FEEvCBEENE

Zeamays BNEENGEEAN GTHGEANESE cPENACHEENE WEBER AN
Sorghum bicolor (L ENcHEAN cTEGEHNESHE cPEACHEEEER EENvGEERND
Consensus DVLLNGIL GHNVNSL CPEARHEQDE F|VMDEEKVD
A00% R
Conservation
o~
l%ﬂ H |:o
CN16-1AA B---KEE- AN ATAPSAPH-B ANBPARVMHSS SMRENNETCS NREENEWCEN 144
SHW-1-12A B-- -EEE- AN ATAPSAPE-P ANEPAEMHSS aMIIININS IlllIIHCI 144
1an2399-1AA B - - -ﬁ-nl ATAPSAFPE-F ABEFPAEVWHSS S l=| I MCEN 144
sMosg-14 - - - AR ATAPSAPE-P ANEPAEMHSS SMEEIN mca WMCEN 144

Onzasativa A---HON-TP MTAPSEPA-S ABEPARMASS SWNEINEVCE NMEEENEVHGH 145
zeamays NHONEEBNAE ETEPCEPNWFP NNEPARMASE SUEEINETCE MAEENENREN 149

Sorghum bicolor (L NEONEEBNAE ETEFCEFNEF UNEFPAEVESE SvEEINETCE NTEENEVEEN 150

Consensus D- - -KEE-AF ATAPSAPE-P AIEPAKMHSS SMKEYNFTCS VKEEI|LMCEV

Conservation

cn16-144 ENEBNAENCE
sHw-1-124 ENEBNAENCE
1an2399-1 44 ENEBNARNCE C

SM969-1 AA Iﬁ lgl c
Oryza sativa NI

n T T, T o

130 200

ﬂlﬂm AAETHS EBI! gll

Zeamays EEGGCANNOE BN ... AAENEssssp RENScoBNEE 199
Sorghum bicolor (L EEGGANNNCE E BEE ~~ENESSSAP GENScOBNNR 200
Consensus EVEDVAKVQE LLMVEKVE KVRTTLADLF AAETFSPSDT GEKSHQKTVI

cowwey, [yl ¢ TN

CN16-1A4 MAGASTSHPT

CMIIEIIII PHEPMP E== ATBEES

T TIRRRETI THT 2 il niinifronn

= IV 240 V
iR EMECEENEP '244

SHW-1-1AA HAGASTSEPT ECVERTHEEE PUEFWP l..a iE EVECREEHPE
1an2399-1AA WAGASTSHPT ECMEETREEE I .M A SIIII IHIGIIIIEI‘Z“
SMo6s-1AA MAGASTSHPT IC"lIIIIII l IIII EGEENHPE 244
Onzasatva MAGASTSEPT § MHEHER PH BN VR MlGlﬂlF 245
Zeamays MANASTSERA QCM Mlal. lﬂ \l. MIG HHEE 249
Sorghum bicolor L. MAGASTSERT S AT[ HlG HPE 250

Consensus | AGASTSKPT

Conservation

LCMKKTHKKK PIKP&!FE_PLK a\TRKLSRV‘_\FK KMLGKK | HPE

T T TXTYINCT

1
CN16-1AA QENGRSNAEE PPEBGA 260

SHW-1-1A4 QENGRSNAEE
1an2399-1 A4 QENGRSNAER
SM969-1 44 QENGRSNA |
Onza sativa QENGRSENAE S
Zeamays QENGRSNAEGS

&5

FPEE
P--BTA 259
P--BTA 263
Sorghum bicolor (L OING!SNala P--BTA 264
Consensus ‘QLNGRSMNAE= PPLLGA

O

TEME) TACI ZEESEBF S ZELLITE

Fig.5 Multiple sequence alignment of the amino acid sequence of TACI from different species

2 DR A X 2 1 A O 2 G R R 45 OR BR

CN16 .SM969 H' TaTACI F)AH % 335 & H Lan2399 |
SHW-1 #FEAL (18] 7) ; Lan2399 SHW-1 ' TaTACI TE
B2k CN16 . SM969 1) 17 ~20

SMEETIIRIA

BRI 200 1 ~3 1%, 256 4 MR BEff 2
RN, AT AR /N A KROR B i B, TaTACT
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