B35 1M &S
2016 4 1 H

Bk Ak RO R R

Journal of Huazhong Agricultural University

Vol.35 No.1
Jan. 2016,1~7

NAEAESETIERESMARKSER
/Y 55 B F Kk 8

2

bR A &

R

LR RERFEHDEFEZXRBREELH T . KX 430070

WE BRI RS P R A5 S KR AR, sE B TORERE SR b AR 11 (ZH1D Y8 F i S
TATA HEZ; A % 11 TBP (TATA binding protein) & il a3 FEHLEAE PCR W7k, k45 104 DR F Rl H A
FEBE A 10 0 ol X S 58 A8 1) TBP FE I 43 Bl AL B p 46 11 vh, 37045 T KR8 TBP 3 IR OR [l 28 725 i) 7% 3 R 7k
. K HBAKH, BGRF T IR Ty T ARIEAT R 2R 00 25 58, X 7 o bR 08 1 3 S b R S0 A7 7 Rl L 1
T AL i AL B SR I SR R AR, BASRAR T 1A B R 7 o ) A LA — Sl A B

19 58 A8 1A b R
Kgia
mESEES S511 XEARIZE A
KA e EEMMREAEY Z —, A MR 8 2

RS T 22 i 1 ™ R R A A5 ) e LA R Y

B, TR U R B A OC 3 B or 2

SLREN A B SRR E BA U R AR 1K A

AR SR TR ) R — ol P R ) A A e 2 A A

BEE 1 R BRI EGE SR RRRNELE, &

SR AR i A 25 S 3R R0 HUAs B B A A

KA T R ROCR . R BUE R R EUE S

IR AR TP R R L DY 9 2 A A RE iR DR IX — AR L B 22 O

A R T R AR SR X — U,

i S AN AT SR D R S L RT LAz M

P RE DAY R Tk . I TP A SR PR T RN AR E Y

i 25 1F o A T RE AR A 2 E ) B0EE B H AR A

PR, Alper 85 A5 3 J7 W #E4T T 1 BIME A9 TAE,

AT 2 05 vk A 44 Dkl HH i sk s T8 (global tran-

scription machinery engineering, gTME), i#i ] #

s TR IS — I JE i 28 58 F e s 7ok s By

— SRR G R TIE . A 2006 AR LICKE R

2 TR R FF L TR 1 RE AR W FL IR AT T P

T v B LW A2 M L T 4L M AN AR K I8 T

THT RIS A BN AR 4 0 e A A A K R L X

—HRE R EH . H A B ol

W ke B . 2015-05-27

R A TR TATARES GE M (TBP); KA JEEWMSIE ; KRR AR
NERS

1000-2421(2016)01-0001-07

18 % K F TBP(TATA binding protein) [
Cuifi — DR RSF IS, 25 K B EY
FLN B 5t ] 4 B & K (transcriptional initiation
complex, TIC) By 2H %% , [A] 5 7T 5 4% Fii FH % S X 7
AR R RN ERWEERN T, ABEY
N AFTE 4 T RNA RAHG, H b 3 7 RNA R4
il (1) 5% b L A TBP (92 501 Mg IF
RO I R B, 7 3238 TBP F: A & 5| i H 9y 0 i
PR A ) 5 A gl R

KRR X R 5 b BT RO 45 2 Rl IR AR 1 i
Be ) e #RAR R, WE T R IR SRR S AE A )
FEHTAE A Y0 B i) o FE bl R & O B AR L AR
Z M R W 75 e sk R 7 & & 28 JF AT T I RE A
Bt BRI Z A SR 4 336 45 Tl 30 54 4 5 R O
S0 RN R P S BT R R DL R OK g 1R
SRFTTR 8T8 TR AN 45 S A G R 1 & s 3

Zhu %5000 PCR ¥ 38 18 2 19 7= 41 5 K 4
cDNASCE AT 2258, A I3 B %€ T KR TBP %:
OsTBP1 Fl OsTBP2(03g), W% T OsTBP2
(03g) HHAM M FZHFZ MM EAE 25 R BRE S
FAREE ST OsTF 11 B R4 By 5% 5% 1 F RF2a 46
A M EAE M. A WBETE e BE TR RS Ao 4R

FEEIH ¢ AR TR HE L I (20092X08009-078B) 5 H Y 18 4% 3 A BHIF Al 45 %% & 10 2013PY021)
¥ LW AR BRG] AR A 5 4 F A . E-mail: py19880106@126.com
WAEEE . B B B R, R rm . BFWBE S AT AW . E-mail: zhaoyu@mail.hzau.edu.cn



2 LS S NI %35 %

11(ZH1D) B8 5% st 7 TBP 3, 8 i3 B LA
A5 PCR (773 4545 104 Mm99 R 7. R4
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1.1 RIE A

AL AL 32 AR JE B RE S FP (Oryza sativa ssp.
japonica) A6 11, 7 % B ¥~ K B #F &# (Es-
chherichia coli) DH10B, 8t 1% % 1k T8 £k Jy 4% AT B
(Agrobacterium tumefaciens) EHA105, AF A 70 &
AR pUCLY R IKE AR pUT301
1.2 5% PCR
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P3G H B HE A e b 98 A2 AR, TIT BE AL 51 A 58
A HETT AR AT 2 BT 4 T R BE LIS AR A, Fi R
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gene,Catalog # 200550) Uit B 45 #E 47 48 L i 1 £
R IRR A DNA R G BGR & ) AL 55 18 1 28 72
BR SR ARAF TBP2(03g) B H AYBEHLZE AL PCR 1%
a7/
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A B SRAN 2 [8) 1Y) 22 S JF AT DU B FC 5%
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D/KFEERK b TBP 3N 4544 K & 14 i [a) I8

2.1

PEAYHT . 18 48 2 NCBI(National Center for Bio-
technology Information) #% H BR % ¥& /4 (GenBank) ,
R 4% 1 12 1R M 53 M & B, BEFS (Oryza sativa ssp.
japonica) FH R K HAH 3 4~ TBP 3 KA. OsTBP1
(LOC_0s10g29660) . OsTBP2(L.LOC_0s03g45410) Fl
OsTBP2(LOC_0s12g39070), 43 HI v T 56 10,3 Fi
12 ¢k F.&F 1 186,1 0711 132 o3,
X} 3 TBP (%) K 47 4544 73 4, K8 OsTBP1
A 3 AT A4y 2 4> TBP 25/ 41U
SR 9 AR 11 AN AN CE DL e A4 0 g
223.203 F1 208 N H R, RE H R IT Y 0K JE
ANTR) A G B 25 1 0[] PR PR D2 R s 1Y, 2 4 TBP2
FEH MR R s 99% . 1 TBPL Al 2 4~
TBP2 J7 5 i [F] I 1 &8 LA 88 % (1 2)

e A I
OsTBP1(10g)
= = R HEERD>
OsTBP2(03g)
OsTBP2(12g)
— Intron
= Exon

BOTHEREINE F. HEREANSTF.0sTBP1 h [ 5 1E
NS TBP & 1 LAY &6 4. Black boxes reprent the exon,
straight lines reprent the intron, white boxes of the OsTBP1 re-

prent coding part outside TBP protein.
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Fig.1 Diagrammatic structure of TBP genes

in rice (Oryza sativa ssp. japonica)

2)TBP fE KA AL E T RBHEA,
FH RT-PCR ¥l 3 ff TBP JENAE KR EK AT
RPN R AR E PR B R, SR
NIX 3 A TBP 3R 3 8 810K 52 & M A,
OsTBP1(10g) 7t Jy h 3Rk s ARAK (B AE G it rp 3R
REARE . OsTBP2(03g) TE @ M b BE AR AR K3k,
OsTBP2(12g) 75 4 41 2 sk 2% B v 2 20 iU 1 /KO
Fik(E 3,
2.2 TBP2(03g)z Tk FE I 3 51

D) S5 KJE R OsTBP 2(03g) 98 78 v 5 78 2 A
P A 4y A, MR P95 KOME Chttp://cdna0l.
dna.affrc.go.jp/cDNA/) I fI 4K cDNA 15 Bi&iT
1, LAEFAE AR 11 g4 i RNA JFe sk ™=
BH, ¥ 3645 5] OsTBP2 (03g) &K cDNA, )5
DLz AR AT 5 5 PCR BN AR 98 7= i B 45 16

PRI 1 R R
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TBPZ?(B;’, GSEPVD LAREPSGIIPTLONIVSTVNLDCKLD LRATALOARNAEYNPRRFAAVIMRIREPRTTALIFASGR
TBP2_1 Zg MAAAEA EPVDLVRHPSGIIPTLONIVSTVNLDCKLD LRATALQARNAEYNPRRFAAVIMRIREPRTTALIFASGR
TBP1 MAAAAVDPMALGLGTSGGGGGGESAVGGDGAEPVD LVEHPSGIVETLONIVS TVNLDCRLD LRRIALQARNAEYNPRRFAAVIMRIRDPRTTALT FASGR
Clustal consensus LRIRL L IRIRRRRR AR DRAR :
110 120 130 140 15 160 170 180 190 200
ceasleassl loooaloosslonsalascalosaalacas]ocnnlonssl Uoceslocaalonsalasaclossalosanlonsslanncl
TBPZJB;: MVCTGARSEQQOSKLAARRYARI IQORLGFPARFRD FRIXNIVGSCDVRFPIRLEGLAYSHGAFSSYEPELFPGLI YRMRDPRIVLLIFVSGRIVLTGARVR
TBP2_12¢ MVCTGARSEQQSKLAARKYARI IQRLGFAARFRDFRIQNIVGSCDVRFPIRLEGLAYSHGAFSSYEPELFPGLIYRMRDPRIVLLIFVSGRIVLTGARVR
TBP1 MVCTGARSEDHSKLAARRY ARTVORLGF PARFRDFRIQONIVGSCDVRFPTRLEGLAY SEGAFS SYEPELFPGLT YRMRDPRIVLLIFVSGRIVLTGARYR
Clustal consensus i SRS Y
210 220
B I EEEE R IR
TBP2_03¢ DETYTAFENIYPVLTEFRRVOQ-
TBP2.12% DETYTAFENTYPVLTEFRRVOO-
TBP1~ REIYAAFENMFPVLTEYRRTQOR
Clustal consensus «* *:##aa:oaassn an ax

BrRRERERRBH RN AL E R R RIS RN RAF IS AR ¢« " RIREAL #F 5] — 2. Numbers represent

”» “ o2 ”

the serial numbers of amino acids location; * represent conserved mutants; represent half conserved mutants; “ x ” represent
identical amino acids.
B2 #EREa#HTBPEAMNSEERFFIES

Fig.2 Amino acid sequences aligment of three TBPs in rice ( Oryza sativa ssp. japonica)
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1. @414 Callus; 2. 80 Flag leaf; 3.0 A Leaf; 4.4 Panicle; 5.4 Root; 6:2F Shoot; 7:2% Stem.
B3 34 BP EREKBARNALAREPHHREER
Fig.3 Expression profile of three TBP genes

¥ 5 5% PCR W2l )G -G & iy N VIR BE D], A5G TBP S R BREE . #5 LL b 45 10 0 gk 33115 21
HRER| AR pUCLY b ik D8\ @ E KR 104 PRETE D,
Fr B BORL, . AR DU 45 R L Pk e AE R 2) R AZ K PE v TBP & AR & R L L.
KR 1~3 AR RAL T [ DBk A OsTBP2(03g) %ih% 203 A2 B2 . X T 5 4% PCR 7
2~5 NRAGRAL T, BOR T A AL i A8 W) AL s AT GE T 73 M7 OsTBP2 (03) Y1224

L 4 4 l ' e 4 4 1 I
1 ]
23
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FE S SIS FUUEUSE B S B SO SO R
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199
[ ol e Lttt o e—otttbtt e }J. -
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ZIEEBCFAR R AL L 5 [ S AR R AR 4 T HEICE TBP 45448 (23~108,113~199), Numbers represent the serial numbers
of amino acids location; spots represent the location of mutant spots; frames represent differet domains(23-108,113-199).

B4 SEBRTMAE OsTBPZ EALHNSH
Fig.4 Mutant loci on OsTBPZ protein
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AT IR A AT N E IR 2 AE .20 NN
SEIEREAE A 6 NEAET 3L MR
23 BEFURFEEEREKRPKGT

W BT A5 OsTBP 2(03g) JE R 43 5 % %
FI MR R B A pUL301 |, 38 o R AT A 508
F R A T AL BN Z R B R A 11 v, R AT 0 5 ik
KA R AR K A 44 S~ mtl . mt2 ., mt3 mt104 , [d]

......

aﬂ%%ﬂg?ﬁim OsTBP2(03g) I MR 1E A X ]
48 mt0, BA e ORI AL 11 J5, 209K
1920 BRE R, KHE MR T, A5 KA RS, D
GUS Fig 8 Z 17 94 51 id i PCR 1Y J7 1545
i 5 TR BH R 900 26 B B 5 bk % 5 ] BH M B RE L 45 bk
BE 20 RifpF IR G 5 RE AP .l PCR #E47 R 1k
KRN (L 5) , 25 R WIAT 49 A SibE T % A
mAb11m, H %2 TBP /£ mRNAK A T 8

mt40

GUS primer

mRNA
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B B B . ..

mRNA
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Fig.5 Positive detection of transgenetic plants
YR IK X BB B EAT T8 SR 2 a W AR 2RI B
24 FEBEXRZUHERER ZZ . N B PR ZE AZ PR b 1A R 8 SRS A S kL
NEGE TBP RABJGAKFE - B2 8 7 Rm, Bl IO E, 23558 B L2 5o B M R XE T, L T,
1 FEHEMABEERTERZERREE
Table 1 Agronomic traits of productive positive mutants
FEAL A G 5 AR SR/ N TR HE /g Wbk /g B REAAE AL
Mutants No. Tillers per panicle  Seed setting ratio ~ 1000-grain weight Yield per plant Spikelets per panicle
ZH11(W'T) 11.8142.96 7840.04 24,7440.92 32.314+7.75 141.88411.09
mt0(CK) 8.77+2.14 7340.10 24,784+1.23 21.8446.02 139.36+15.87
mtl 9.80+2.98 7940.14 24.864-0.45 33.07+15.27 162.03427.46"
mt2 12.33+3.68 82+0.03 25.264-0.82 52.42+18.53 202.37+17.16
mt3 11.56+3.24 76+£0.07 24.7140.99 33.98+11.94 163.71+16.34"
mt29 10.90+3.71 7940.04 25.904+1.60" 31.884+11.69 142.87411.25
mt42 14.92+7.15 7240.06" " 24.3341.03 53.70429.05" " 200.854+29.19" *
mt59 11.1143.16 75+0.06 25.494+1.19" 31.7049.34 150.67+17.10
mt71 11.17+4.26 8040.04 27.984+2.82"" 33.69+15.07 134.39421.80
mt83 10.62+2.89 7540.07 24.154+1.75 35.93+11.00 187.74+£20.54" *

* Flx x4 BIFEIRTE 0.05 F10.01 KF 2R EFE. Note:

can’s multiple-range test.

IE:

* and * * indicate significant differences at P<C0.05 or 0.01 by Dun-
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PRI BE R M bk AT 25 558, e 28 8 0UA I T HOR0 H 4 5 3
TR EE R 7 S R B AR B OF DL om0 Ry X R
R EEAT T R E AT . S0 R AT AR A
FEA 125 XTI meo PRI EE S A 11 %A
35 2% S, R WIS AL T Ak MR R st A% B8 Ak 7 IR
S K R A J7 T AR 4K 5 88 4K mt29 . mt59 ., mt71
() TR F & 35 1 0, 4 0 B IR mieo 1/ 406,206,
12% ; €75 4K mtll 1 mtd2 R BApk & 5% F T,
b mt0 5 14096 ,146 % ; i 2 284K mt4 . mt11,mt16
1 mt83 B RF AR AL B F BN, 5 mto AH G m
16% .45% 17% .34 % (& 1),
25 FEEMFERE

VEIO™ i SR 2 MR I R Y AR R T,
R FFF, H 2.00 pmol/L H B A, ,0.15 mol /L H &5 i
F10.20 mol/L S LA HEAT 36 40 B (UL mtO 1 %t
HED L 45 SR W 75 R AL FERT , mt0 A1 mt16 76 # Bk %
BFAAR T A W3 25 5 76 A B A 25 b
6 d 5, mel6 Byt 7 A754K B Bk, T AH [F] A K
FAFTRRAE 11 AN B A%, &
NaCl B 43 8 d Ji5 . mt16 & i 2 (o 38 A B B A8
b e 11 B4z 8 (E 6), X % B %A K
mt16 X FAG I E AL AR B A — E T 2P TR B
() FR85 5 11 F AT RE A T R A A P

i Ji 30 XoF 7= i MR T A AR AR I PH M 28 AR fR kA T
TA REAG | H R A S BN AR A W a3
KIAT 8 A AR A i HE A= W W38 A B S A 4L
P AT Y 278 PR AR 52 B LR a0 18 58 AT RO

P & DI A IS K7 € Y NN E = 1 B I
SRS AT T AT et & B A R (0 R AR
W, AT I BB AR G B S R 1 AR 4
B W B 1 1 A 2% B I R A AR A AR 9 1 R
S5 A 1 3 5 AR B VAR G, B UL R 2 T R
WA BTPE RS ST TBP A e R Y 28 A8 X
Tohmam oK Ag Al A W s e v b B AR R E B AR
. Siit TBP 7828748 5 1Y 8 (A I AR 16 5 42X
P AL AR K mt63 FOxt 3 Fh i &8 HA —E BT
PERY mt32 . mt38.mt62 H () TBP M PEARIE 3 (£ 2,

X HE(K)

Control (water)

2.00 . mol/L 1 HiAf

Paraquat

mt0

P REE mtl6 Xt
BEBMSULMHETRERRR =1 cm)

Fig.6 Resistance of mutant mtl6 to

mil6

& 6

paraquat and NaCl(Bar=1 cm)

xR2 HERTENRTAAREEBRFRE
Table 2 Mutant loci and amino acid specificity of the resistant mutants
f= 2y ds
e - . . IR e 1
ARG g p3s Ptk m ol
a
Mutants No. Stress Mutations Polarity L
specificity
A N-36-K , $-89-1, K-200-Stop X
47 Tk I
mtllo’o PH ﬁ*“t A-2-V,533-L, A-101-G, ' i .
t a S
m araqua K-106-M. G-141-V ncrease
bk 14
mt63 ”jﬂ:?w A-62-V,A-97-E HE
NaCl Increased
t16 AL+ -105-K
. ﬁ”i:zw A SQ( M-82-1 a NI
t75 H -78-G,M-82-L. .
mes H Increased A>G()
mt94 Paraquat + NaCl E-54-Q.V-63-A A—>X(T)
By
mt32 1-48-S i
Increased
PO 1 S B e
mt38 Paraquat+ Mannitol+ NaCl A-87-G Increased
H g
mt62 A61-D,C84Y "
Increased

S BT RR RS, Note: Numbers in the brackets represent the frequency.
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Obtaining transgenic rice plant with elite agronomic
traits by the general transcription machinery

PENG Ying CHEN Xiangsong ZHAO Yu

National Key Laboratory of Crop Genetic Im provement s Huazhong Agricultural University ,
Wuhan 430070,China

Abstract General transcription factors are involved in a wide range of eukaryote gene transcription.
Rice TBP (TATA-box binding protein) gene was amplified by PCR. Totally 104 individual mutagenic
TBP genes were obtained by random mutagenesis and introduced into wild rice ZH11(Oryza sativa spp.
japonica) by Agrobacterium tumefaciens-mediated transformation. Various phenotypes were screened.In
T, and T, generation,improved agronomic traits and tolerant to abiotic stresses were identified. One mu-
tant with high yield and abiotic stress resistance was obtained.It is indicated that improving rice agro-
nomic traits with general transcription machinery is workable.

Keywords global transcription machinery engineering (gTME); TATA binding protein (TBP);

rice; abiotic stress; agronomic traits; transgene
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