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Abstract: In order to establish an efficient and stable soybean regeneration system, a soybean regeneration-related gene

GmESR1 was cloned through candidate gene homology-based method and analyzed its function. Our results showed that the

complete length and coding region of GmESR] was 1 164 and 981 bp respectively,and encoded a peptides consisting of 326 a-

mino acids. Protein sequence analysis indicated that GmESR1 contains an AP2/ERF domain, and belongs to the AP2 family,

which contained members of cytokinin inducible transcription factors that were extensively involved in plant resistance against

stress and transcriptional regulation during shoot regeneration. Blast search showed that GmESR]1 shared high homology with Ar-

abidopsis ESR1 gene ,which was also a member of the AP2 family. Exogenous hormone treatment experiment showed that the

expression level of GmESR] was increased under the cytokinin treatment.

Key words : Soybean ; Regeneration ; GmESR1

5K 0 B SR L, S B A% e Ak
AR, BELRS T R 5401 5 R K 5735 (R ) B Y
5%, H Hinchee %" FIAFF BN Sk A5 L A K
AR LK, A K AR G B R, 1H 5 W
R, RO AR R ST, AT B AR h7E 4141
9707 T, R T A 3 43 7 LA R 2 L
BFFEt /b, (E T S 45 B 25 AT P AR AU IR,
TERIRG I 45 2 4 v B A 06 T T i S R e o
Bk

2001 4F Banno 25" )AL RG IF w2 o I 15 5]
ESR1 JE[H T ESR1 P22 AN 4y A E A S
WA IR AP2 JEFR G B, 3 S L P i 4t [
BEAF S A — A AP2 Z5HIk, AP2 S K IR 2
Z SR R P AR R A S, BFER
LR IT ESR JE PR B0 8 e 3K A A AR AL 7 AR
TN M43 L 2 5 37 3 P BT LA AR R 2L TR

I #5 HH3:2012-06-28

TN 24 R M TE LT, % 3 N A 4 1 3 TR TR g
RRHRE = AN ZE 18 A (305 B S A BiF 9 0 — 25 )
T ESR1 J IR R — A1 55 DR -3 3k 7 St 0 1 0
P A #, 3F H ESR1 F1 ESR2 JEPRLE T HIFG IF
LR R B LA 22 R L AR ST i
[ e R ik K 2 i A5 8] GmESRL A, If 38
ARG B2 N5 F A 2 S A SR T B
SR DRESEA TR AL AT, DA — 25 0 9% i SE R 7
ROEHARRPIERN, A @ m s e n
KT FANR R B9 LAl

1 #MREFZE

1.1 ###

KA AR 50, AR bl K24k G 58 B
Pt Trizol 1258 [ Takara 23 w] ; DNA 7] i
FE A Omega 22 7] ; BR 44 P9 D) . DNA ¥ £ fify

EEWB MR ARPEEE (31071438) s BIETTAT A SBIA2E4 (201117) s BT A BA T H (11551048 ) 5 A b AL K2 A A 3l 4

4:(2009RC47)

FE—1EHE B X (1988-) , B 7E 2+, AF 5307 i A EY s A S K G AYHAR . E-mail : liuming19880119@ 126. com,
WBIUEE R/ (1971-) & -1 WF5E 0, N R E s E B # 5 AR W E R B WFSY . E-mail ; dadousuo@ yahoo. com. en,



732 K E B 534

i H Fermantas 72\ ] ; pMD19-T 25 /A&y [ Takara 7y
A ;LA Taq DNA 55 B H B & M AR A 1R 2 o0 [
PRI B A A EIESEIRANE I AR
FEIA (BGI) 58 1
1.2 7k
1.2.1 DNA #g3 B BCRE =t 5, R H
CTAB 3% 7 4B - JE K 41 DNA
1.2.2 &35l 4kt LI IT ESR1 5[
( GeneBank & 55 : AF353577. 1) J¥ 5 RiRE (&K
1265 bp % 5% X 987 bp) 18 K &2 K [ 20 4
BLAST {45 A I 5 2 )3 9 04T e e, 72 i R R Y |
TS T Y H RS ST
F.5'-TGGATCCCTTCAGAAAGTATCACTAC-3';
R:5"-AGAGCTCTAATTGAAAGGCCAGAC-3',
1.2.3 B#AER PCR &3 LUEKM A H2BUR
DNA 1E N AR £ 47 PCR 7 1Y, J W & 5 24 : DNA
1 pL,10 x PCR butter 2 pL,10 mmol - L ™" dNTP mix
0.3 pL,GmESRI-F 0.5 pL,GmESRI-R 0.5 pL,Taq
DNA polymerase 0. 3 pL, Sterilized distilled water
15.4 pL, PCR R 21 4 :94°C 45 #E 5 min; 94C
A5 30 5,58°C & 1 30 5,72°C ZEH 1 min 30 s, 4"
35 MG ;72 CAFESH 10 min;4C A RS o

1 PCR "W 2 BrIEWEEE I HL vk , >R FH T B AT PR
23w Y B DR & [l DNA B, o Il i iy H
) B 5 pMDI19-T Vector 4%, 1% A TIY
1.2.4 GmESR1 AW 53547 FIHEWE RS
JrikAg 3] ESRL {3 K ¥ %1, M NCBI & (http://
www. ncbi. nlm. nih. gov/ ) #8& I T 5 I+ (Arabi-
dopsis thaliana) , 5K ( Zea mays) , K ( Oryza sati-
va) , IR JBAEY) ( Mimulusguttatus ) F1E 15 ( Medi-
cagotruncatula ) FE47 [R5 L X FIEALAR 2047
1.2.5 Sy % PCR 241 WHEFE = A4
ARAR 50 55— = A M HEAT 6-BA Wi, 6-BA Y JiE
7100 mg- L™, DAA Wi 5 B, 43 5 76 AL B O
1.2.4.8.12 .24 h 17U, Trizol 42 HUE RNA,
J2 ¥ s i ¢DNA f¢ JI, A ] PrimerS %4 5 11
GmESRI B2y 519 S actind 5IYA0F
RTGmESRIF.5'-CTTCCACTCAGAACTTCCACGAC-3';
RTGmESRIR ;5'-TAACAGACAAAGAGCCTCCACAA-3';
Actin 4F;5'-GTGTCAGCCATACTGTCCCCATTT- 3';
Actin 4R :5'-GTTTCAAGCTCTTGCTCGTAATCA-3';
FZELUR 03 A SE I 5 fE BB : SYBR Real time
Master 10 wL;55—4% ¢cDNA 1 pL;PCR #5490
THLIW T L, K 8 plo JBLAA R :95°C 28 1
1 min;95°CZ5E 5 5,58°C & 1 20 s,72°C 441 20 s,

P71 40 MG ; EA TSI E B PCR U,
1.3 BESH

% Opticon Monitor 3. 1 #E4780HE 4047, i1 &
th GmESRT A 7 32 241 Il 43 24 R b RIS 09 AH X 3R

Py g8
2 HRESH

2.1 BWEENER

LAK G 24 DNA Sy 2R, BT 75
13 PCR 474, 28 2% (9 BRI Pl KA, 75 3
1342 by F 9 54 5 76 K o7 3 DR ALK Rt
f B /N2

2000
1000
750
500

250

100

M ARHEAE T 200031 FIHO 445

M : Marker 2000 ;1 : PCR product of GmESR1

I PCRIBERERFBREKER

Fig.1 Cloning of fragment GmESR1 and
PCR screen positive clone
2.2 GmESR! EEREIREL Xt R it AL 5347
FIH DNA MAN %4 %} 481/ I+ ( Arabidopsis
thaliana ) ; F2K ( Zea mays) ; 7KK ( Oryza sativa) ;75
3% S/ A ( Mimulusguttatus ) 1 E 75 ( Medicagotrun-
catula) FEAT [R5 LU X FLBEACR 23 BT A3 Ar 4 R 3R
HITE 60 ~ 120 Z BL R AL &R AT — BEAE B PR SF Y AP2
SERIER (18] 2) , AP2 S5 A0S e A ) 1) P A i A P
B T EEMEM . A R R 3) , K
SRR R SE K B GmESRT e K 55 14 R 3K @+ )
( Mimulusguttatus ) 325501 o
2.3 Y ZLEAIEE GmESRI EEMRIESHT
XRERIE =R ZR A 50 5 — 7 =t 52 I i i

ALFAARM AN F 19 01,2 4 8,12 .24 h #1798
SeERHT, 45 B E W] GmESR1 FEA 57 6-BA i,
TE0 ~2 h WAIRR FR,JF HAEA I 1 h iRk
IR E R, AL BE 4 h JE A FRFG R Rk Rl T
Y2,



54 XIS REL AR CHE A GmESRI 1) ve B B HAR Ik o i 733
1 Identity= 38.04%
it M N T .
b0 60 70 80 90 100 110 120
I|||||||||||||||||||||||||||||I|||||||||||||||||||||||||||||I|||||||||||||||||
AT1G12980 |TTVTIAGAGSST TEEGIOUEERIENE HS SKERRWLGTFDTA RS TYETAVIN|
Glyma02g04460 v IRIIVYETSECP
GRMZM2G120401 BSOS PCGHATAGY
LOC_0s02g38080 \t ARTNFIRY ¥ Y Xe)al
Medtr8g081790 ARG NI FYEETTEG!
B LA 6 o{e) 3 Y EyXeidl R Y RGVRRRPWGREMARE IRDHO SKERRWLGTFDTAHRBARCAY ( p83)aVYBTSEER]
Consensus ryrgvrrrpwgr aaeirdp skerrwlgtfdtae aacayd aa rg artnf
B2 SEBFIISH
Fig.2 Amino acid sequence analysis
0. 05
0.348
0. 020 0,355 AT1G12980
0279 Medtr8g081790
022 Glyme02g04460
0.029 Mimulus_guttatus
e GRMZM2G120401
0.135 3 Loc_0s02g38090
3 EE#ERISTHT
Fig.3 Homologous evolutionary tree analysis
32 e JEORSY, [F]iS d R L ESRT JE PN B 58 5 XS AR W)
3 o gsa IO TLSE A, V2 547 AP2 SEHIBLIOE 1, 5
%ﬂ; ol 5T Y 8RR R, B KRB g R, AP2
E 20- - .
Ee 151 SRR i AT D RE, DL R B AR FE R ) N
£ Lo Ve 1y e o B A A e ik — 2D 50, AR S
= 0.5 RN 5 — N
o T [ UR SE A Y 5 120 R S PR AR A DGR GmESR1
A N HEAT SORE , A A W45 22 T B A BL DA N AR 44 4
ALTHIRA] N T TUN N ST N
o B X LT 22 35 5B 25 B0 U 0 T S i, %
JR BT BEE T LAl
4 GmESR! EF % 6-BA 2B FHIRIE T
Fig.4 GmESRI1 gene expression analysis S 33Tk
of 6-BA treatment
[1] Hinchee M A W, Dannette V C W, Christine A N, et al. Production
3 \TJ- -L/I:\' of transgenic soybean plants using Agrobacterium-mediated DNA
transfer[ J]. Nature Biotechnology,1988,6:915-922.
émﬁ@ﬁ%% 6-BA Ekgiﬁ{g%{kﬁ*ﬁ% 1:']@% [2] Banno H,lkeda Y,Niu Q W,et al. Overexpression of Arabidopsis
i?‘éﬁ% E’(J ’ﬁEFH ’ '_E:E:‘j} ?z ﬂ['lilj(E E’:JEE‘[’,/(%?‘QE ’ i f(iil ir;dl;(;f;sgir;i:la;on of shoot regeneration[ J |. The Plant Cell,
=l NI e = 5 n b 2% [ - .
j(ﬂ E/J /EE ‘IK ’U( s H E@ 52 ﬂﬁ E ji LA E/J % /ﬂ: é‘i K ’ [3] Ikeda Y,Banno H,Niu Q W et al. The enhancer of shoot regenera-
GmESR1 % E@%i%émﬂﬂﬁ%% 6-BA :EEIE*H?Q s tion 2 gene in Arabidopsis regulates cup-shaped cotyledon 1 at the
T{QI:IE 1h EM?U*%I&*E**%%% E](J 3.5 /f% , ii_: transcriptional level and controls cotyledon development[ J]. Plant
%é% CmESR1 %%éﬂiﬂ@ﬁg\%%ﬂadﬁ . iz% Naomi and Cell Physiology,2006,47(11) :1443-1456.
4] Matsuo N,Banno H. The Arabidopsis transcription factor ESR1 in-
28] 2k s [ , P: p
TJ:‘F EJE}F%ZH%*H/ﬁrO duces in vitro shoot regeneration through transcriptional activation
LY.y z A
H i AR v B — S P AR A OGS H [J]. Plant Physiology and Biochemistry,2008 ,46 : 1045-1050.
QREE N = =] 2 (AR e KT Bl iy 1y o2 [9-14] 5 Nomura Y, Matsuo N, Banno H. A domain containing the ESR mo-
SO AR — AT TR b RE R 2, 15 : : g

Al N D BEFF AW, X R GmESRT JE A
HEATAE IR B2 53 W B 6 AW (K] Y ) AP2
SR BRIRIRMEAR i, 3R W GmESR1 (/e #EAL

tif in ENHANCER of shoot regeneration 1 functions as a transacti-
vation domain[ J]. Plant Biotechnology,2009,26:395-401.
(T #% 738 )



738

K TR ¥

534

[15]

[16]

[17]

[18]

[19]

[20]

ricultural Research in the Arid Areas,2007,25(2) :35-39.)
RN B, EBE SR PR ERS LR SRR [ T ]
ZIE R ,2011,27 (8) :265-268. (Shen L X, Wang P. Effects of
conservation tillage on characteristics of soil[ J]. Chinese Agricul-
tural Science Bulletin,2011,27(8) :265-268. )

N, B e, T, A FEAT AL X KRR PR 39K
RRBCEMBEFE [ 1], T 8 X B 5 #h5%, 2008 ,22 (3) - 156-
159. (Lu X H,Sui Y Y, Wang F,et al. Study on soil water status
of maize’ s fallow under straw mulch in dryland[ J]. Journal of Ar-
id Land Resources and Environment,2008,22(3) :156-159. )
IR W, R, A AR RGP R X AR
KR [ T]. A A4, 2005,25 (9) 123262332, (Li
L L,Huang G B,Zhang R Z, et al. Effects of conservation tillage on
soil water regimes in rainfed areas[ J]. Acta Ecologica Sinica,
2005,25(9) :2326-2332. )

A RIS, 30, 55 N FEID S B K R B R R L fE
RIHFFE[T]. K TR ,2010,(3) :31-33. (Yu J,Chen H T, Ji
W Y, et al. Performance test of no-tillage soybean precision seeder
in wheat stubble field[ J]. Soybean Science & Technology,2010,
(3):31-33.)

JH S . DPS© ¥ b B R Gi— 5 B B Ge A W BB 42
[ M. 650 Bl 1 kL, 2010. (Tang Q Y. DPSC data pro-
cessing system—experimental design, statistical analysis and data
mining[ M ]. Beijing; Science Press,2010. )

Milton A S, Glover B T. No-tillage and surface-tillage agriculture
(the tillag revolution ) [ M ]. New York: A Wiley Inter-

science ,1986.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

Brookes G, Barfoot P. Global impact of biotech crops : Environmen-
tal effects 1996-2009[ J]. GM Crops,2011,2(1) :34-49.

Garcia F O, Ambroggio M, Trucco V. No-tillage in the Pampas of
Argentina ; a success story[ J]. Better Crops International ,2000,14
(1) :24-27.

Pengue W A. Transgeniccrops in Argentina; The ecological and so-
cial debt[ J]. Bulletin of Science, Technology & Society,2005 ,25
(4):19.

Finger R, Hartmann M, Feitknecht M. Adoption patterns of herbi-
cide-tolerant soybeans in Argentina[ J]. Journal of Agrobiotechnol-
ogy Management & Economics,2009,12(3&4) :404411.
Diaz-Zorita M, Duarte G A, Grove J H. A review of no-till systems
and soil management for sustainable crop production in the subhu-
mid and semiarid Pampas of Argentina[ J]. Soil and Tillage Re-
search ,2002,65(1) ;1-18.

Sanford J O, Myhre D L, Merwine N C. Double cropping systems
involving no-tillage and conventional tillage[ J]. Agronomy Jour-
nal,1973,65(6) :978-982.

Sanford J O, Touchton J T, Johnson J W. Soybean tillage and plant-
ing method effects on yield of double-cropped wheat and soybeans
[J]. Agronomy Journal ,1981,74(1) :57-59.

Sanford J O. Straw and tillage management practices in soybean-
wheat double-cropping [ J ]. Agronomy Journal, 1981, 74 (6) .
1032-1035.

Vyn T J, Opoku G, Swanton C J. Residue management and mini-
mum tillage systems for soybean following wheat [ J]. Agronomy

Journal ,1998 ,90(2) :131-138.

(E#% 733 1)

[6]

[7]

[8]

[9]

[10]

Matsuo N, Mase H, Makino M, et al. Identification of enhancer of
shoot regeneration 1-upregulated genes during in vitro shoot regen-
eration[ J]. Plant Biotechnology,2009,26:385-393.

Saghai M A, Soliman K M, Jorgensen R A. Ribosomal DNA spacer-
length polymorphisms in barley: mendelian inheritance, chromo-
somal location, and population dynamics [ J]. Proceedings of the
National Academy of Sciences,1984,81:8014-8018.

Naomi O, Michelle T J,David J, et al. Leaf senescence is delayed
in tobacco plants expressing the maize homeobox gene knotted 1
under the control of a senescence-activated promoter [ J ]. The
Plant Cell,1999,11:1073-1080.

Hu H, Xiong L, Yang Y. Riceserkl gene positively regulates somat-
ic embryogenesis of cultured cell and host defense response against
fungal infection[ J]. Planta,2005,222.107-117.

Nishimura A, Ashikari M, Lin S, et al. Isolation of a rice regenera-

tion quantitative trait loci gene and its application to transformation

[11]

[12]

[13]

[14]

systems[ J |. Proceedings of the National Academy of Sciences,
2005,102:11940-11944.

Ozawa K, Kawahigashi H. Positional cloning of the nitrite reductase
gene associated with good growth and regeneration ability of calli
and establishment of a new selection system for Agrobacterium-me-
diated transformation in rice ( Oryza sativa L. ) [ J]. Plant, 2006,
170.384-393.

Lotan T,Ohto M, Yee K M, et al. Arabidopsis leafy cotyledon 1 is
sufficient to induce embryo development in vegetative cells[ J].
Cell,1998,93:1195-1205.

Zuo J,Niu Q,Frugis G,et al. The WUSCHEL gene promotes vege-
tative-to-embryonic transition in Arabidopsis [ J]. The Plant Jour-
nal ,2002,30:349-359.

Zhang S,Liu X, Lin Y, et al. Characterization of a ZmSERK gene
and its relationship to somatic embryogenesis in a maize culture

[J]. Plant Cell,Tissue and Organ Culture,2011,105:29-37.



