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Technique flow and Key Operation Points of Agrobacterium-mediated Genetic

Transformation of Soybean Cotyledonary Node
ZHAO Xiao-wen, WU Fang-fang, DI Shao-kang, BAI Xi, JI Wei, LI Yong, CAI Hua, ZHU Yan-ming

(College of Life Science, Northeast Agicultural University, Harbin 150030, Heilongjiang, China)

Abstract: The low soybean genetic transformation frequency was one of the difficult problems that needed be resolved in soy-

bean transgenic breeding. In this study, the soybean cotyledonary node was used as explants, and the technique flow and key

operation points of Agrobacterium-mediated transformation method, including Agrobacterium preparation, explant and aseptic

seedling preparation, infection and co-cultivation, adventitious bud induction, shoot elongation, regeneration of transgenic

plantlets, plant habituation, obtaining of antibiotic resistant detection of transgenic plants, was systematically investigated.

Therefore, a stable and efficient genetic transformation system using soybean cotyledonary nodes as explants was established.

Using this transformation system, Al gene isolated from Glycine soja was transformed into four soybean cultivars, including

Suinong28, HefengS5, Hefeng50 and Dongnong50. And several important factors affecting the transformation efficiency were

also discussed in the explant.
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Table 1 Culture medium used for Agrobacterium-mediated cotyledonary-node transformation of soybean

Kk FFR BN
Media Composition
YEP Sg L MERE 1l g LT ERHERMW +5 ¢ - LB AN +5 g - L7 REBE +0.493 ¢ - L™! MgSO, ,pH 7.0
W & B GM BsTTHLY + BsHBLY + 2% FEWE + 1 mg - L' 6-BA + 0.2% %Efi¢,pH 5. 8
Tk 34 55 5 PCM Bs WY + BsAHLY + 6% ekE + 1 mg - L7'6-BA + 0.2% §Efe,pH 5. 8
1/10Bs EHLY + BsHHLY + 3% ek + 20 mmol - L™' MES + 0.25 mg - L™'GA; + 1.67 mg - ™' BAP
JLREFE SR CCM
+ 200 pmol - L-'AS + 400 mg - L-! Cys + 1 mmol - L-!'DTT + 0.5% %8, pH 5.2
o N 1/10Bs TEHLY + BsHHLY + 3% BEE + 20 mmol - L™' MES + 0.25 mg - L™' GA; + 1.67 mg - ™! BAP
PR E RS SR REM
+ 200 pmol - L™ AS + 1 mmol - L™' DTT,pH 5.2
. N Bs TTHLY + BsAHLY + 3% EEME + 3 mmol - L™! MES + 0.2% $Efi¢ + 1.67 mg - L™ BAP + 250
ANE i R IR AL SIM ] - R
mg + L™ LAEUENGEN + 100 mg - L™ B SCp4Ak, pH 5. 7
MS ALY + BsAHLY + 3 mmol - L™' MES + 3% Ffl + 50 mg - L™V RAZEE + 100 mg - L™! L -4
NS AR KRG 35 5L SEM BEM +0.1mg L' TAA+0.5mg - L™ GA; + 1 mg - L™V EARERA + 250 mg - L™ SkFumefG4h +
100 mg - L UBIBEpaAsk + 0. 2% BEE, pH 5.7
AR KG SR RM MS TCHLY + BsBHLY + 2% jElE + 3 mmol - L™ MES + 0.7% Biifig¥y,pH 5. 6
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FNitE Bar 22, 2% Hofgen flI Willmitzer™®' (1%
FlE ER PR S AT I T R o H: T-DNA X
BIZERANTE 1 IR

1.2 REH=E

FHAKFF A P T ML

2 HREHH

2.1 TEEHHE

HEARVURR A 103 PR 142 FT 1 4 1 7%
SRURAFATACHTT 2 1+ 100 (9 WL B BERN T o 47 502k
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Fig.1 Linear map of plant expression plasmid pCBA1 T-DNA cassette
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BIZEAS AN 1.0 F1 1. 67 mg - L™' 6-BA J5 AN [F i Ff ok
UAE LR R A (F 3) o Hi TR
AR TR MR A K, R B A BE PR A 1 A 15 7%
FR AN 6-BA fUHE R 1.0 mg - L7,
2.3 RKRHEMERRIEES

FEAR R B i £ G 09 7 0 AN A %€
A T AR A =M, KE%E 30 mL # 40
AF AT AME, U 5 min, 235¢ 30 min( & 2D)

Genetic transformation and plant regeneration of soybean
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Fig.3 The influence of concentration of 6-BA

on the differentiation of shoots
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Table 2 Factors and levels influencing the frequency of

Agrobacterium-mediated transformation

A B C D
KF f ARy G2 0 A 1 [ I 822 S [ S S S
Levels Time of vacuum Time of Time of

pH value

treatment/min  co-culture/d  pre-culture/d  of co-culture

1 0 2 0 5.2
2 5 3 1 5.4
3 10 5 2 5.6

x3 BIMEERLNEERFIHTEF RO
Table 3 Effect of affecting factors

on the rate of resistant shoots

PR

Rate of resistant

R

No. of experiment

A B C D
shoots/ %

41.2

57.7
22.3
43.4
83.7
65.6
18.9
25.9

= e = L U e S R
I R Y I N
WO = W N = W N =
D o= W = W N W N =
Y R S L S R Ve S

71.4

2.4 AEHFES

PR  ILHR 3 d 5, AR E 2537 = 1
Frdk SIM i P Bk 25 1 55 S 1A SR 1T A9 A AT T
FHTC B DB LR M 1~ 19 SMFLR 2 T 22 A K o3 Jis ]I
AR SIM B SR B rp BEAT AN E ZF TR S A SR (]

2F) o 14 d 5, R AMELAR K T A 5 5 SR Sk 42 fih
PR U BT 10, e A A R e B O S 0 T
BB ZF TS S B R AL (18] 26) .
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Table 4 Analysis of variance table

of L, (3") orthogonal experimental design

% K Levels e SR ARE B)7 o F (K
Factors 1 2 3 R SS DF MS  F value
FURA IR ] A
Time of vacuum 121.2 192.7 116.2 25.5 1221.1 2 610.6 55.0* *
treatment
ALpEFRmET B
Time of 103.5 167.1 159.3 21.2 783.1 2 391.6 35.3**
co-culture
Tk FRmbEl C
Time of 132.7 172.5 124.9 15.9 4345 2 217.3 19.6**
pre-culture
FeEE 3 PH A D
pH value 196.3 142.2 91.6 34.9 1827.7 2  913.9 8.3**

of co-culture

%% Error 22,2 18 1.1

I SPBIRRARAE S% (Fo. o5 =3.55) il 1% KV (Fo. o1 =6.01) (1922 5
*and * * indicate the significant difference at the level of 5% ( Fjy o5 =3.55)

and 1% (Fg o; =6.01) , respectively .
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KRS (F2H) 4 14 d 460 1 0, BRI E 2
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Table 5 Effect of glufosinate on the shoot regeneration

of cotyledongry node of different soybean cultivars

PN BT TR S A% WA
Soybean cultivars Glufosinate No. of explant fate of shoot
differentiation/ %

0 40 82.6

0.5 40 76.9

2 28 1.0 40 37.5

Suinong28 1.5 40 3.8

2.0 40 1.7
2.5 40 0

0 40 78.5

A3 50 2.5 40 15.8

Hefeng50 3.0 40 3.0
3.5 40 0

0 40 69.9

£F55 2.5 40 20.3
Hefeng55 3.0 40 0
3.5 40 0

0 40 94.3

0.5 40 89.2

R4k 50 1.0 40 75.9

Dongnong50 1.5 40 34.4

2.0 40 3.3
2.5 40 0

LA 3 IR, RIS YK A R T34
* Each experiment set three replications and the rate of differentia-

tion is the average of three experimental results.

PRVEEL 0 BB B i N T RE 4 AL A R 2
)8 SR, I AR s, & 14 d 4R, 1
FEAME AR 55 57 T2 i i BB AT 0 B 4 40 11, LR
T AR A i 1) 7 16 00 SUE SR
2.6 WRFESEYML. B

BRI YA E MK EF] 3 ~5 em Z A, R
HMIEEY) T, 76 1 mg - mL~" IBA | 1 ~2 min
J& A RM i AR AR SR (1 2)) 6

WK EL2~3 em B, BARFNR G + (1& A7
B LR =110 1) BUHE T B R ARR 5
Feo 25C, 293 ~5 d Jaik AIEH G 15 5% (B 2K,
2L),

PR AT A AR I R AE IBA rhiR L It ] 24
BRSNS K G AR, MR
221 em BREHTE RS, AR I B 0 S e
HREBAY IR 5
2.7 HUHEERRIRE R EE EERE
2.7.1 MR RA  ZUR E # R sE

AL BRI AR W AE 4 ~ 6 D H I3RS T ST
PhAbR . 2 H ATy Ik, 78 & A H AN AT BORLRY
AT PR EHAL05 5K AR 224k 28
50 & 55 FIARAR S0 BYSME AR, HAF T R
FE R

2.7.2 #AR ARG R SRIGHTIER R DNA,
PEAT Bar JEH) PCR 734t PCR §738 Bar JEN )
KM 5% N pl: 5'-AAGGATAGTGGGATTGTGCG-
3',p2: 5'-AGTCGGGAAACCTGTCGTG-3', PCR %
SEMEISMNEIEIN C 228 5 BUR F R RN A, HOR
TR AR K R AF, BES IE W ITAE 4528 . H PCR
BHPEAR R E 2408 74.8% o P 4 SRy o4 A
BRAY PCR § 45 R

M -CK+ 1 2 3 45 6 7 8 9 1011

2 3 45 6 7 89

M -CK+ 1 2 3 45 6 7 8 91011

A2 28;B: 57 50;C. 53 55;D: 4K 50,
M:DI2000 marker; — 7K X B ; CK s AREL ALAR IR (BIPERT AR ) 5
+ o FEPERT B 54 ~ 11 B AR R 5
A:Suinong28; B:Hefeng50; C:Hefeng55; D:Dongnong50;
M. DNA Marker DL2000; - : Negative control( water) ;

CK: untransforming plants; + : Positive control of pCBA ;
4 —11; resistant plant.
B4 KREEREFEEKRD PCR &GN R
Fig. 4 PCR identification results of resistant
plant of different soybean cultivars
2.8 REEFERBINFHLBEMNZI
R L PR RS AR AT T A SRR, LA B AT 2 %
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KGR YL RE ) B2 W B 7 A it A5 e AL AR
SRR VL R IR R R R o ol U495 9 A T A Y
TAERAEY), HOEE A RN 1.29 x 101~ 1. 81 x
10" bp Z[a], 5K 21 L B 5 4%, I Southern 2528
BRI, T L PR FH R A S i e A 53 1Y

PRI, 45 2R 7 S () i PR 28060 AR g AR AT T 132 B AR
YRR 2250 . IRAK S0 e (5% ) , &3 50
HRAR(1.06% ) o o1 NASE 2 A 70 A i J2 55 A 3K
FRIT I, AE 4 > Ff A SO #R BN BT i 15
FeALah M AR e nTIB 3 7% (3.6) .
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Table 6 Transformation efficiency of Agrobacterium-mediated transformation of soybean cotyledonary node

N R PCR FHM:AR PR PCR P SR HACR
A fRYHMEIREL R BT . } i
No. of PCR Rate of PCR Avg. of transformation
Soybean cultivars No. of explant Resistant plants
positive positive/ % efficiency/ %
B 400 4 3 0.75
4 28
800 23 21 2.26 1.67
Suinong28
400 9 8 2.00
A 55 800 14 13 1.63 L 3s
Hefeng55 800 12 9 1.13 ’
200 4 3 1.50
&+ 50
300 3 2 0.67 1. 06
Hefeng50
300 3 3 1. 00
R4 50 200 26 14 7.00
5.00
Dongnong50 100 5 3 3.00

AR (% ) = (PCR FIPESME RS R YL SAMERELD) * 100,

Transformation efficiency(% ) = (No. of positive explants/ No. of explants) x100.

3 3 g

TR DR B K AR A AT TR TR RR A e AR
B AME AR S RRR Z 18] 09 BAE  BodE AR R %) 05 18 T
AR 2R 520 K G A I RCR
TR 175 D] 8 R AN AR 1) 25 S SR 5 T A T TR A
FREEALN 2 A EERHE, Hinchee % JA 100
ZA Rk TR AR AT BRI B AR 1) Peking,
Donaldson %:12: X 12 NRE P T AL, HO S
il AC Colibri 15 2| 138t £ 43 5 10 55 B N A k. H
I, AR A A8 v A AR 2 iy
RIBAF T 19 7 M FUE A K i g gt 4,
2007 4F Hong %5 {4k T LABI 05 41 4 0 5546 57 1k
BRI 2R JF A R E st AL Fo e R S A PR
Paula 25" FH A4 4T 14 1 Bk SHAL7 42 4 JC 1 B _E iR
il 5 AL RCRIE F] 6. 6% . 2010 4F Loganathan 2%
TR VA B0 R R 259 Shy A AR SR AT IR AR
KL, A 1 3R 45 A1 5 35 TR B 48 A2 A 5t 1% 19 K 0
T, ANAN B R 3 T AT TR P Ak i) S R Y, A A
AME ARG B 7 TR 4R = K 0 s AR AL RIOR . i
R FH B EE ST st AR A AR R R 22 4 28 (& 3 50,
A7 55 AR 50 #nT LA A 15 1% 5 Ak i 4 R
i, HDAZRA 50 fefi o

AT TR TR R 19 52 M) 52 7E T B8R 119 1% ) RN 3R
BEAE ST o H AT N TR S A S Ak Y 3 B AR
LBA4404 EHA105 #1 KYRTI, st 5 1m 5 EHA105
FKYRTL i 5 R T 17, #0025 03803 45 i bk
%, LLKYRTI SEA)G, il EHAL05 J2& 8 J) bk, 7T 4
FACKT R Y AU AR A2 AR e AR

KGHMER G RAT R Z AAE AR LA R
Yura ) SME AR 235 A 19 B TNz, 4n POD Al
PPO 3 #6J7 i 2575 | B M AR 4 Ak, DA T 52 il 18t %
PARROR . L-2E e R DTT G A L IR S4 RE AR %
G HLGEFR MBI LIS , BE R = A AT
BRI AR Nl Ao i It
Big% pH AW AT I8 Vir IXEEPR Y175 5L 2 T-
DNA [l 4 PR B 1 T %2 [H |, Shrivastava 25 il
Husnain 252 8 T pH 5.6 X} Cajanus cajan FiI Ci-
cerarietinum FYFE IR AT R, S350, TR R DI
SRR R A2 X T R AR G0 AMBAR A FORES e Ak
DR ZH PR A 2 7 R R R S 2

PUMEZF T AR AL A AR 2, R
FIRAFLACAE R 2 /0 TE5 2 A ZE 5L B BOv; LA
A ZE SR i AabR , LASE 2l A 28 0 A i f
TR B Bl W B o ST 4 A AR Rh i i
JEFEAc 28 1.5 mg - L™ A4 50 3 mg - L7
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AT A AL, R G MR T R 5% AL R 1)
FEHNE, U RSB OERERARZ S, FE
ARG EAE T, 3 — 05 TR MR AT A 5K
GEHRALIR R, Rk 28 &3 50 A3 55,
A 50 R DAL Ry st AL e AR i A B an B, HL DL AR
4 50 Fefft, FEALsigR 4 B R & B0 Ab
5 min, HEEFE 3 d, WEFE 2 d,pH 5.2 B3]
Ptk 2E Rt (83. 7% ), H pH {H & 5% st % e 4k
BRI FERE, HHKA 4 4K G0 R85
ThuEHERE, PCR TN B 4 A 3K 3N A
o1, PCR FHPEREAR K 0. 67% ~ 7. 0% = [a], i ki
BREE RIGUE T 3K — ik B R AT AL FE AR K R 1
BRI A

S 0k
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