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Abstract: Agrobacterium-mediated transformation as a practical and common method for introducing specific DNA fragments
into plant genomes is well established and the number of transgenic plants produced using this method is increasing. Despite
the popularity of the method,low efficiency of soybean transformation is a major challenge for scientists. Modification of trans-
formation method may lead to better understanding of the system and result in high efficiency transformation. In this paper, the
sonication-assisted Agrobacterium-mediated transformation (SAAT) system of soybean( Glycine max ) was set up using embryonic
tips of soybean cultivar of Williams 82. The effects of different SAAT duration and glufosinate concentration on transformation
efficiency were investigted. The results showed that the transient expression of UidA ( GUS) reporter gene reached the hightest
with 2 minutes sonication treament among various time durations. The gradient seletion of glufosinate concentration from 0.3 to
0.6 mg-L™" produced the highest transformation rate. Transgenic plants were verified by PCR analysis and herbicide paint as-
say. Real-Time Quantitative PCR showed the expression of target genes in transgenic plant was about 1.7 to 42 times than that
in wild type. Southern blot result proved the target gene was integrated into the soybean genome of transgenic plants. This re-
search will provide new information for soybean transformation improvement.
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ot i k00 R 2 5 DT e 19 G 00 4 6 i FH AR AT TR
kA EHAL101, BAAR % BUR A pTF101 + KLU19 ,
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Fh = A2 0 2T 35 5% L, 2 BX) it e
250 1 95 1 A SO Rl T K LL by B KR Y
T FAE S TAE A WO 30 min, R Z A0S/, BB
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1.2.2 RMH @ HRFiZ ke w4 F -80C
PRAFI A TE S T e b AE R 1Y YEP [E{RRE 55 L
KA 2 s PR e BT AL 1 5 mL A9 & i e bt
AR YEP SRR SR 36, 28°C G fbad 7% ; A iaUEE
HHIRIRCT mL TR R B 100 mL S i T AR &
YEP {5 F2 5 57 KG9 2 ODgy, =0.5~0.7;
YR HEE RS E 50 mL .04, 4°C,4 000
remin "' B0 20 min, 3 ¥ H MS 3532 3L (MS +
3% JEkl +40 mg-L™" AS +6 mg-L™' 6-BA;pH5.7)
R, T E ODgy, =0.5 ~0.7, IR Y,
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30 min ¥R 1 WK,
1.2.4 FFFhkii BYU5 MR KA
2RI ARKT R PRV 2 B, SR 2R 3 1 R 0k (MS
+3% THEME +0.7% B8 +6 mg-L ™' 6-BA;pH5.7)
HZEER 16 h 5 B RO 78 20 A A iR 4R iy 2 %
FelE g B (MS + 3% FEWF + 40 mg - L' AS +
0.25 mg-L™" GA, +0.8 g+L™" L-Cys + 154 mg-L"™"
DTT +158 mg-L ™' Na,S,0, +0.7% Hifi%;pH5.7) %
I, 5555 2 do RS AL R I fE B h A T
1.2.5 M Fimkfeaik JIEFRE M RTEE
HEAE MS FiiE s 523 (MS +3% Febs +50 mg-L~" Ti-
mentin + 50 mg-L_lﬁﬁT%%‘f +200 mg-L_l%i@%f%%
+ /A [m) e B R ER JBE + 0. 7% Bilig; pHS. 7) rh i i
28°%C,16 h HGHE/8 h BREGHJEFA,50 pwmol -m ~ -5~
FOEHEGR B R TR 95, B 14 d B4 1 Rk B
FI HEHEEMKZE S om, 55 3] 4 #1573
(MS +2% FEHE +0.7% Bl pHS. 4) o AR 3 ~
5 em PR BRE AR,
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Ko _E 3R P B A L R 20 DNA i A I Bar 2 B
051 4 7 51 H7: OL1943 . 5 -GCGAAGTCTTTATAC-
CGAAAGGTTG-3 ’; OL1944: 5’ -TCAGCTCTTTAA
TCGCCTGTAAGTG-3" , PCR ¥ 14 = gy K- i g 352
bp, PCR AR Z BRI 25 wL, S W 2 5 0
94°C HIAS M 3 min; 94°C AZ P 30 5;59°C i k 30 s;
T2°CHE 25 5,30 WAEH;72°C FEA 10 min, JT 3k
PCR J*¥) 25 1. 0% WIS ARWEEE R LKA I . PCR 2
NARZR Y, Tag B K H TAKARA 24 w], ANTP 1l
AT AR TR R ey A RS |, 5140 Hh A8 R
A4 i ; DL-2000 DNA Marker 1 [§ TAKARA /N,
1.2.7 GUS &k &R  GUS Y51 Jeffer-
son 25 [ 21 G4k 2 Y € 7 6 30 AR A Ak
A 1 mL ) X-glue 3% 0 3, % 8 % N &
10 mmol-L~" EDTA .50 mmol-Lflﬁiﬁfiﬂ‘_(pHTO) .
0.5 mmol - L " E&( iR 0.5 mmol - L ™" ¥ k& iR 4
12 mmol-L™" X-gluc, i B 25 ,37°C Yttt 16 h 5 T
70% & P e, A I e T sk
1.2.8 4 WM EZEAZE PCR AN R
P RARAAFHL (Jb50) A FRZAS Al Y TRNzol-A ™ Re-
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agent T2071) G5 150 W] 45 £ HORE PR 4 B - S RNA F)
J NEB 7\ &) %) First Strand Synthesis Protocol with
AMYV Reverse Transcriptase i 7 & )2 5 5% i, cDNA
X HARYBEE KLU19 (i 3RIKHEAT T SE I 5O65E /A
Wy, 43 5 e FE R R B i 5149 )7 51 4 - OL1009 .57 -
GATGTTTTGCTTGATTTGGAGAAGG-3’ ; OL1010: 5’ -
CTTTGCTTGGATTTCAGGGTGGAG-3" 4714 F BE iy K
JER 166 bp, 373 PN S IEH Actin (519 751 R -
OL1016:5’ -CGGTGGTTCTATCTTGGCATC-3’ ;OL1017 ;
5’ -GTCTTTCGCTTCAATAACCCTA-3’ , ¥ 34 H By Y
K EEH 248 bp, S ZEOEE 5 PCR I AR &k
BIO-RAD /A ] iTaq'" Universal SYBR" Green Supen-
mix IR £, PG B PCR B & < iTaq ™
Universal SYBR" Green 2 x Mix 10 pL,10 wmol L™
EmSIH 0.4 pl, 10 wmol - L™ K2 (6] 547 0. 4 pl,
50 ng-pL "'k DNA 1 L, K ZEMK 8.2 pl, &
TRFR 20 wL, PCR Sz I A2 ¥ % F P 20 ik« 28 1
95°C 30 s;78 M 95°C 15 s, #EMH 60°C 1 min,45 4N
o SERTEOEE f PCR 7638 L4 Stratagene 23
FSEEF 98568 1 PCR AY Mx3005P |47, S22 R
IS T (1 Mixpro 144534

1.2.9 #HA WM AR Southern Z& 3 #hm  #EIL[H
TR L 2L DNA JRIBCR FH CTAB Rl 45
B 20 pg AL ZH DNA, FHFRGIPE N DI EcoR V
Al Pst 1( A NEB 24 7)) 58 4 [ fi# , & H] Sambrook
G0y v S IR mE T ] b ) B A A e AR Tk
¥ DNA M I % 28 77 1E W faf 19 JE JE JBE ( Hyband
N + ,Amersham) b, UL pTF101 + KLU19 J5i ki g 45
Wy BERMERES , T3 ¥ ERE P51 907 51 43
H A: 012037 5° -TCTTCACGGGTTCCACACCTCA-
CAG-3’7; 012038 5’ -CAGGTTC GGAATGTCTGCT-
TCGGAT-3" , 8 & & B 908 bp, 8 & 1 il % i
Southern Z2 32 (15 JR 4 b, 155 - A i i ) & LL(F [
UNCIDRUEE R i
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¥ Williams 82 JRASIEHEAE R AT BRI T,
80 /™R FH B UHE i P s Bk A 4 il b B 0,10, 30,
50,60,120,180,300 s 5, & S5 5 S 16 h FlEARE
B 2 d 5, RIRHY GUS W [R] K38 1Y B2 43 5
$0.0.15% 35% .60% 88% .92% 98% #1100% .
TETSC AR R P A B P X B 2 R 7 % b BRAIG T 30 s
I, GUS JL-P- A WEIA 3k (K 1A ~ B) 5 Yl 75 i1

ALFRIFRIEGNE] 30 s 5, rab FRARIRAY GUS Wit 3
IR T 5 HL S B R I Ak SR (] R G 5 GUS
Peta ORI (& 1C ~ 1) o 7688 75 b 21
120 s B, AR B GUS Ik [a] 32 35 B BH M 22 7] 5 3k
88% , LI} GUS He o 3= LA v 7E A= K o JR T (&
1F) o YALFEC T 120 s I, GUS 1Y 9% €431 il )
JE BB LA 2 2 G {24 Ab BB E] T 180 s J5, GUS
PGy RS TRANHL(E G ~1) . TR
Ak B[] R X R 4 A A AR 38l ) 4 3 ARG, AR i
GUS (1)1t 38 F4 N e (a0 [, S5 282 55 50 Hff o o
I Ab PRI ] SR 120 s,
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¥ Williams 82 W1 2 7 4= 4 W v b8 7 I8 Ak 23
120 sJ&5, A B HOilE T4 4 0,0.3,0.6,0.9 fI
1.2 mg~ L™ (14 F 0 e 1) O s 455 9 6 v | 401 07 2 e
JERESECH 80 4,28 d JG ST ZE K KT 5 em AYEK
Ho g5 WoR, Y7 3s 5 58 v A fin i 228 75 55 2 g
it,28 d J5 50% [IRIRHR AT I 2] 5 om; 75 7 &
Wk 0.3,0.6,0.9 Fl 1.2 mg- L' BFZEK KT
5 em i H R4 Bk 13, 75% . 6. 25% 5. 00% Fil
3.25% (K 2A) , WEIH AT LA H10.3 mg- L~ {51
BB R LI AR BT 2R R

AN [v) e A gl e 8 55 9 v (R IR, A A N 7
FEFRHEIRE 56 d 5 M FER KT 5 om IR EE
MRS L P ERK T 3 om HEERREE
(2B FIE 2C) o FEA N FE 4 I 85 55 3K v, 56 d
Je ATRAEARER O AR, e RS BT = 73 MR ; 7E
BT E 54 0.3,0.6,0.9 1 1.2 mg-L™ "B, %%
BN AR EEFREE EAMEIRECE 5300 39,11,5 Fi 4
A, A EBIMEARES 2 AR, B AR B 2 S5 55 FR AL
15 PRSI 35,11,5 Fil 4 bk, ] 00, 2k gk
WP 0.3 mg- L™ Frgiis po Pt b vk o B
ML FRLL, £ 0.3 5 0.6 mg- L ™" HE 42 Jl i 16 1K =22 (7]
PATHUPEARAR BB 7 A R 22 5, D2 i T
0.3 mg- L™ B gl 0 0 1R R ARG, 7 A= 45 22 O B BH
FlRR . T 3200 R AL A T A vk B, R IR
80 AR, B SEHE 0.3 mg- L' FLEE IR 16 R T
ik 14 d, FEE 51 0.6 mg- L™ FUE R 1 FE T 0
4d, 28 MKMNFERKRKT S om W HLER
10.0% AET7E 28 d BF A6y 0.3 mg- L~ B
Mk KR 13. 75% MW ff K R, A 85 T
0.6 mg-L ™" ELEZ ST VEIE 6. 25% My MK 2, S
TRAREEZE 5T 0.6 mg- L™ REAL B I v JR A 5 22 3 8
e AT 21 ARPUME i e R B AR AR R R I, e A%
AR 3 TS P PTPET 18 k.
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A : Control shoot tip without SAAT;B-1;:SAAT for 10,30,50,60,120,180,240 and 300 s, respestively.
B 1 FEEEESEIELR GUS Fx @653 8 3Rk i

Fig.1 The GUS staining of shoot tips with different sonication treatment time
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A :Effects of glufosinate selection concentration on the enlongation of shoots; B: The growth of glufosinate resistance plants after being

transferred into greenhouse for 14 days;C:The growth of glufosinate resistance plants after being transferred into greenhouse for 60 days.
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Fig.2 Glufosinate resistance shoots and plants
2.3 FLiktEs T,K8 PCR £E SEIN A PCR A (181 3A) o PCR 452K R, 75 # B
UM AR 2 A4 30 d 5, SR IBUT B R 0.3,0.6,0.9 Al 1.2 mg- L™ A9 1k 451
DNA, FIH Bar E[H AR5 14 OL1943/0L1944 %5, 705G I i PCR FHPERERE A 4,4,2 F1 2 ¥k, 78
MR ENREN 73 MR IR ARSEATAME R A Bar  BEARPUMEAL #k ' PCR PR L343 51 ok 11. 43% |
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36.36% .40.00% .50. 00% ( [&] 3B) , 13 W it 2 & 4%
JRAE O 5 VA B A 18, B PR R R b A AR BH P R AIR
7£0.3 ~0.6 mg-L ™ BB ERE &1 T, 3818 T 7 ¥k
PUHAERE , PHME%h 38.89% (15 3B) .

YLHATE 0.3 mg- L~ Fbl O e v B N, 345
Y e 5 DR A R T M1 B M R AR v o 2 el T 3 e
FEHEINE] 0.6 mg- L™ J5 , K45 1 w47 it i PCR

A
bp 1234567891011121314151617
2 000 —

1 000
750 >
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250 —|

PR R A 22 BE 8 A 456 /N, T 7E 0.3 ~0.6 mg-L™'
(AR B U 0 s, S X RE B% 2K 15 T M AR AR, T HL
PCR AR AR 3 7 40 A R B, 255 AR5 B i
BUPE G B FUS 8 PCR RGN B PR AE AR B, AN
0.3 ~0.6 mg-L™" [ i 15 2 HL 5 Al A 0 2
FE
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A FEFERRE R T Bar FER ) PCR %E5E ;7K IE 1:M-D12000 DNA marker; Y8 2 « BEAAERT I 5 Pk I8 3 « 274 Y B 08 H 5 vkal 4 . 7K B
PEXTRE S UKTE S ~ 17 TERAE R 3 B « A [ B B PR O 00 e B2 1 R A e BE AR 1) PCROAS I PR L3R
A :PCR amplification of DNA fragments of Bar gene in transgenic plants;Lane 1 ; M-DI1.2000 DNA marker; Lane 2 ; Positive Control ; Lane

3. Wild type negative control; Lane 4 ; Water negative control ; Lane 5-17 ; Transgenic plants; B; PCR detection positive rate of transgenic plants

with different glufosinate concentration screening.

B3 HEREEKRP Bar EEH PCR EEMA R EZRBEIFERE TRSHERERE PCR 42NPATEEE R
Fig.3 PCR amplification of DNA fragments of Bar gene in transgenic plants and PCR

detection positive rate of transgenic plants with different glufosinate concentration screening
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BHHEEAR R ENRE S R 14 d, 55 28 X
AR AR K R (80 H: B XT3 4 H 0 = 8 ih 2R 3K
FE 1000 1519 10% Basta R FIKGI,S d J5 0
G R0 SN o T AGE I A9 470 1 AT AR A S A A ke
72 (K 4B) , 15 BRAE R XS BR 5 5 Sy (& 4C
FEL 4D ), Ho v 7 B8 Jgi 7 0 2 45 08 23 0l ok 0. 3,
0.6,0.9 1.2 mg-L™"0F, 43 513K45 2,3,2 Fi1 2 #k
BRELFIGTIEAEAR , 76 7% AL Po AR R A BR BRI otk
B BH P 2% 4 B R 5. T1% . 27. 27%  40. 00% Fil
50.00% . 5 IR PCR &l 45 B AH LA, 76 0. 3 A1l
0.6 mg- L~ JE R, BT 45 A0 5% 3k DN v i Ao B e
FUBTPE A BE M 2R A TR AIG, Wi e 0.9 AT 1.2 mg- L~
Y 7 35 e ) 8 A — 350, 10 B A A v e i o
JE T AT LARAS 5 A AT 1) B e R BC AT R o

7E0.3 ~0.6 mg- L~ ({86 BE 07 2 Fr 35 Y 18 #k
SACPUEAT R T BT AN 2 Y 7 Ak PCR FRMEAE R,
A5 bR S BB R0 BH A B N, PR A — B IR
T1.43% 5 FLRT RN ) 5 AR BT AT AR 0 85 30 50) B P A
M Z5K5) 27.78% , 5 0.6 mg- L~ fHvEuk 3 27. 27%
FBR LR B PR A Y, X #F — P uE ] 0. 3 ~

A BFAE TR B BRES S BUR AR ; C ~ D BREIHIHERTRE
A Wild type; B :Herbicide sensitive plant;
C-D: Herbicide resistant plants.
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Fig.4 Herbicide resistant test of soybean young leaves

0.6 mg- L~ fiyfef £ i HE S — 38 A (1 I 8 2% 1, 12
WA I 550 BH PR A IR B 5 5 A R O A A A
BOH A FER AT LA E] 6. 25% , PR FH I &6 PR A7
JR SRS
2.5 HEREKRHIHEEEE PCR &N

P LR R, AT pTF101 + KLU19 JFokL i)
PAT IR G 200 4> Williams 82 RIS RL, , #7515
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AhFE 120 5,0.3 ~0.6 mg-L ™ (UBLEE TR T, 3R18 T
55 PR ER A B = AR AE TG, Hid 21 4
Bar JEF PCR A& FH , 15 A Ay [64% 2 700 2 ok
I ) B 1 2 35 PR Y 5 7 A IR e S AR 1Y
R T.50% o BEHL T Wl 3 DR Pk AR WA 4 i
FIRERRIT F, DA Actin NS FE L, X KLUT9 3£ 11
FARNEMIEAT T 2 1 PCR A, A4
FA 3 W KNGS R, FEAGINAY 7 Rk 3 R R
RIS KLU19 JEH () 2R 1 1A AR R0 L F, o
SEF AR 4.08 0. 10 5 .8.71 +0.48 {5 .1.74 +
0.32 % .1.68 £0.07 ;5 38.84 +5.81 {.9.31 +1.24 1%
F42.13 £0.48 {7, Hb T13 F TI8 Mtk AR5
P A R LR 1T 30 F5 LA, TS N T9 Rk B As b
URBA R, W8 BTN R 4 5 3 P v 2R b KLU19 S5 (1
TRk EAELER(KS),

45 1

KLU19FR X E HAXHEE
o

The relative expresstion
ratio of the KLU19 gene
w
o
N

oo
o o o w
. L

y
WwT T1 T4 T5 T9 13 T17 T18

1% S  Plant number

CTERARE; T EREBE.T

* no significant difference; * *

SRR R
significant difference; * * * very

significant difference.

5 HEERFMEKT KLU19 EERRIE
Fig.5 Expression of KLU19 gene of transgenic plants

2.6 FHEFEEHRA Southern Z% 356l

PIFA: 7 Williams 82 5% B, e B I iR ik
AT 2 Bk EE AR bR TI3 RN TIS, KR vk $2 L
DNA, IR V)T EcoR V FI Pst T 3547, LA
908 bp (1) KLU19 e[ v BefE MR EE (18 6A) | k4T
Southern Z4 32, K6 I Ah 5 KLU19 JE [R ) i A I
Southern 4242258 i, B A A Williams 82 F1 2 #kE%
SR s R R IEYE KLU19 3[4 9. 8 kb ()24
ST SRR R R B 2.0 kb 1438 5 ([
6B) . X —ZA %A 5 IR pTF101 + KLU19 Ji ki
I+ EcoR V #1 Pst T ig4I] BBt 2. 04 kb K/N—3k, 15601
pTF101 + KLU19 J5kr I/ T-DNA F Bedfi A B 5% 3L A
FARREER A, 75 9.8 kb JeA8 40 1 L il 1T —
SRARTUH S 2438 557, 2 i TRGUIN S8 Al gk
PRI ZH A A [R) 5 31 R 258 05 5 o

% PstI 2.0kb EcoRV

s 17 i

P >

LB 0L2682 012683 EB

B 12 3
9.8 kb —{ RS

AR ACHRETAE pTF101 + KLU19 Jfr b A ¥ 7R B 4 LB T-
DNA %51 5% P35S:35S Ji 3+ ; RB: T-DNA £ i1 ; B. Southern
VR e s VKT 1 B AR TR UK 2 R DA R T13 5 9K 0E 3 e Ak
A AR T18

A :The sketch of probe position in pTF101 + KLU19 plasmid;
LB : Left border of T-DNA ; P35S:35S promoter; RB: Right border of
T-DNA ; B:Southern blot result; Lane 1:Wild type;Lane 2 ; Transgen-
ic plant T13; Lane 3 : Transgenic plant T18.

E 6 FEFER Southern BTN KLU19 EEHEN
Fig.6 Detection of insertions of KLU19 gene

in transgenic plants with Southern blot
S
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S HRTR G F AT A 1V 2 U O 4GE
(ERSY R (R 7/F | A NIER: SR L i v & S IRPUS 2
Mo BRI AL BRI N R, By T H ALK
RZAN, ZERARG R — N EER N R i
PR Z AP S2 R R G, SMELIR RE TS 25 280 32 M IR
LR A RE S, LA AT Al i 7 v R A AT 280 s 2 21
POV RFE A= ) JC 1k BEAH AR R R B A U Y
KRHENZR o KE T MY 0 H A i o )2 v
VERNSMER 9 32 PR 2R 58, 0583 B R IR iR |
RO VR o A0 A R R A A S A2 R
PAF TR R AR R WM R 2
XS AT B AU B P AR 8RN ], A A 3 e
FAAERA R 22 53, R TR ARAE 0 B A g SR AR, e
HE PR AR W S g 1 I R S SR 5 [R]
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