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Abstract　A rapid and ef ficient g lufo sinate select ion sy stem fo r obtaining high frequency of t rans-

fo rmants insoybean [ Glycine max (L. ) Merrill] was developed. The co ty ledonary node cells

were w ounded and inoculated w ith Agrobacterium tume faciens st rain LBA4404 harbo ring a bina-

ry v ector pCAMBIA3201 that contained a selectable bar gene and a gus repo rter g ene. The pres-

ent standard select ion based on g lufosinate w as pe rfo rmed at 5 mg /L glufo sinate during shoot in-

duction and at 3 ～ 5 mg /L g lufo sinate during shoot elongation. M any non-t ransfo rmants w ere es-

caped w i th this standard selection sy stem which resulted in low transforma tion ef ficiency of

1. 6%, and a delayed shoo t elongation w ith majority of transformed shoo ts elongation occurred

f rom 21 to 41 w eeks af ter Agrobacterium inoculat ion , and thus an improved glufo sina te selection

sy stem w as provided in this paper. Af te r 3 w eeks on shoo t induction medium w ithout g lufo si-

nate , the explants w ere t ransferred to shoot elongation medium containing 4 mg /L glufo sinate fo r

the f irst selection. The elongation of majority of t ransformed shoo ts o ccurred only f rom 7 to 12

weeks w ithout g lufosinate selection during shoot induction. The t ransgenic shoo ts we re effect ive-

ly screened by placing the excised shoo ts on the ro ot induct ion medium (RIM containing 3 mg /L

glufo sinate to facili tate direct uptake of the selective agent that resulted in the high t ransfo rma-

tion ef ficiency of 6. 7%. Shoots on the RIM rapidly responded to the selective agent applied , all

the g lufo sinate-sensitive shoo ts w ere completely necrot ic wi thin 10 days af ter selection. The ma-

jo ri ty of t ransgenic plant le ts w ere obtained only 8 ～ 16 weeks under the improved selection sys-

tem. Genomic Southern blot analy sis conf irmed stable integrat ion of the t ransgenes in the genome

of soybean. S table e xpre ssion w as conf irmed by GUS expre ssion and herbicide application.
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　　T he increases in so ybean transfo rmation ef fi-

ciency are required to improve select ion o f trans-

genic cells[ 1] . T ransgenic so ybean plants have been

recovered using various selective agents kanamy-

cin
[ 2 ～ 4]

, glyphosate
[ 5]
, and hyg romycin B

[ 1 , 6 , 7]
,

respect ively. Succe ssful t ransfo rmation techniques

of soybean w ere also established using glufo sinate

as a selective agent , but the transformation effi-

ciency w as low due to long select ion and nontrans-

genic escapes
[ 8 , 9]

. Recent ly , t ransfo rmation effi-
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ciency has been improved to 5. 9%
[ 10]
, 6. 3%

[ 11]
by

refining glufosinate select ion. How ever , the g lu-

fo sinate select ion expe riments w ere performed dur-

ing shoo t induction and shoot elongation stages

that resul ted in great ly delaying the procedures o f

shoo t elongation and a long t ime to achieve trans-

genic soybean plants[ 1 , 12] . Glufo sinate has been ex-

tensively used as a plant selective agent in transfor-

mation events , and development of a mo re rapid

and effective g lufosinate selection sy stem should

significant ly increase the production of t ransgenic

soybean plants.

In this study , we describe an improved glufo s-

inate selection system in the Agrobacterium-media-

ted co ty ledonary-node method that results in rapid

and eff icient selection for t ransgenic soybean

shoo ts w ith a very low frequency of selection es-

capes.

1　Materials and Methods

1. 1　Agrobacterium culture

A. tume f aciens st rain LBA4404 carrying a bi-

nary vecto r pCAM BIA3201 w as used fo r the trans-

fo rmation of soybean. The T - DNA reg ion (Fig.

3 A) of the pCAMBIA3201 contains a gus repo rter

gene and a selectable bar gene. A single colony o f

A. tume faciens strain LBA4404 w as inoculated

wi th 5 mL of liquid LB medium containing 20 mg /

L chlo ramphenicol (fi lter-steri lized) and g row n at

28°C at 200 rpm until the OD600 reached 0. 5 ～ 1. 0.

3 mL of the Agrobacterium cel ls w ere added to 200

mL o f liquid LB medium and shaken at 28°C at 200

rpm until the OD600 reached 0. 8 ～ 1. 0. The bacte-

rial cul ture w as centrifuged at 5000 rpm fo r 5 min ,

and the pellet w as then resuspended in a liquid co-

cultiv ation medium containing 1 /2 MS salts [ 13] ,

Gambo rg's B5 vitamins
[ 14]
, 1. 5 mg /L 6-benzylami-

nopurine (BAP), 1000mg /L L-cy steine ( filter-

steri li zed), 200 umol /L aceto sy ringone ( filter-

steri li zed), and 3% sucrose , and finally the OD600

was adjusted to 0. 5.

1. 2　Transformation , selection and regeneration

Soybean (Glycine max L. Mer ril l) seeds f rom

cul tivar Jungery were sterili zed by soaking in 70%

(v /v) ethano l for 1 min. and in 1% sodium hypo-

chlo ri te fo r 20 min , and rinsed four times w i th

sterile distilled w ate r. The sterilized seeds w ere

ge rm inated on germination medium (GM ) [ 1 /2

M S sal ts , Gambo rg's B5 vitamins , 1. 0 mg /L BAP ,

3% sucro se , and 0. 65% agar (Sigma), pH 5. 8]

at 26°C in the 16 /8 h pho toperiod fo r 4 ～ 7 days.

The preparat ion of explants and the transformation

of soybean follow ed the procedure of Zhang et al.

(1999)w ith a slight modifications:A fter co-culti-

vation , the explants w ere placed on shoo t induction

medium (SIM)[ 1 /2 M S salts , Gamborg's B5 vita-

mins , 1. 5 mg /L BAP , 200 mg /L cefotaxime , 250

mg /L carbenicillin , 3% sucrose , and 0. 65%agar ,

pH 5. 8] w ith or w ithout 5 mg /L glufo sinate to in-

duce shoo ts fo rmation. Af ter 3 w eeks on SIM , the

explants w ere t ransfer red to shoot elongation me-

dium (SEM) [ 1 /2 MS sal ts , Gambo rg's B5 vita-

mins , 0. 5 mg /L gibberel lic acid (GA), 0. 1mg /L

indole-3-acet ic acid (IAA), 50mg /L asparagines

(f ilter-sterilized), 50mg /L glutamine (fi lter-steri-

lized), 4 mg /L glufo sinate (fil ter-ste rilized), 200

mg /L cefotaxime and 250 mg /L carbenicillin , 3%

sucrose , and 0. 65% agar , pH 5. 8] . The elonga-

ted shoots (3 ～ 5 cm)were cut f rom the co ty ledon-

ary explants and placed on the ro ot induction medi-

um (RIM) containing 1 /2 MS salt , G ambo rg's B5

vi tamins , 0 ～ 5 mg /L glufosinate , 2% sucro se ,

and 0. 65% agar , pH 5. 8 fo r the ef ficient selec-

t ion. Af ter roo ting , the g lufosinate-resistant pla-

ntlets w ere t ransfer red to soi l and g row n into adult

plants.

1. 3　GUS assay

A piece o f leaf ti ssue w as removed from the

ro oted plant lets and placed in G US histochemical

staining buf fer [ 50 mM NaPO 4(pH 8. 0), 10 mM

Na2EDTA , 0. 1% (v /v) T ri ton-X , 20% (v /v)

methanol , 0. 5 mM K3 Fe(CN)6 , 0. 5 mM K 4 Fe

(CN)6 , 500 mg /L X-G luc] fo r 1 day at 37℃, and

then the leaf ti ssue w as cleared in 70%ethanol
[ 15]

.

1. 4　Herbicide resistance test

Herbicide-resistance soybean tissues w ere es-

t imated by apply ing 150 mg /L g lufosinate so lution
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on leaves o f 1 month-old plants using a small paint

brush until drople ts run of f. The treated leaf tissue

w as examined fo r herbicide tolerance at 5 ～ 7 day s

af ter the herbicide application.

1. 5　Southern blot analysis

Genomic DNA of soybean plants w as prepared

using a Genom ic DNA purif ication kit (Nucleo-

Gen). Approximately 10 μg DNA was digested

wi th Hind Ⅲ tha t cut once betw een the bar and

gus coding sequence wi thin the T - DNA region

and separated on a 0. 8% agarose gel. DNAs on

the gels w ere t ransferred onto ny lon membrane

Gene Screen
○R
. The blots w ere hybridized w ith a

bar probe fol lowing a standard procedure
[ 1 6]

.

2　Results and Discussion

2. 1　Establishment of rapid and efficient selection

system

Five independent experiments w ere conducted

fo r ev aluation of t ransfo rmation ef ficiencies f rom

tw o replicates. All treatments included 1000 mg /L

L-cy steine in the so lid co-cultiv ation medium.

Table 1　Optimiza tion of g lufo sinate selection scheme

fo r rapid and efficient transforma tion of

so ybean co tyledonary node cells

Selection schemea

(mg / L)

To tal N o.

o f e xplants

Recovered

plants

G US+

plants

Transforma tion

ef ficiency (%b)

5. 0 to 4. 0 to 0. 0 125 11 2 1. 6a

0. 0 to 4. 0 to 1. 0 112 8 2 1. 8a

0. 0 to 4. 0 to 2. 0 98 5 4 4. 1ab

0. 0 to 4. 0 to 3. 0 105 7 7 6. 7b

0. 0 to 4. 0 to 5. 0 90 0 0 0. 0

　　a T he numbers in the first column fo r each sele ction scheme repre sent g lu-

f osina te leve ls(mg / L) during the shoo t induction , shoot elonga tion , and roo t

fo rma tion sta ges , re spective ly .

　　b Efficiency (%)=(No . of independent G US+ plants / to tal number o f

e xplants inocula ted) ×100

Fo r optimization of selection based on glufosi-

nate , a total f ive dif ferent selection schemes w ere

evaluated at level 5-4-0 , 0-4-1 , 0-4-2 , 0-4-3 , and

0-4-5 mg /L glufo sinate during the shoot induction ,

shoo t elongation , and roo t induction stages , re-

spectively (Table 1). Af te r 3 w eeks on SIM sup-

plemented w i th 5 mg /L g lufosinate , approximately

80% of the explants survived and then w as trans-

fe rred to SEM fo r shoo t elongat ion under 4 mg /L

g lufosinate selection pressure. Of the shoots re-

sistant to glufosinate , 70%～ 83% were nontrans-

genic escapes w hen the selection w as performed

only during the shoot ini tiation and shoo t elonga-

t ion , and thus resulted in a low eff iciency o f 1. 6%

(Table 1). This result w as consistent w ith the ob-

servat ion made by Olhof t and S omers (2001). In

addition , the selection fo r 3 w eeks during the

shoot induct ion g reatly delay ed the procedure s of'

Jungery'shoot elongat ion. The elongation of ma-

jority o f transformed shoo ts occurred f rom 21 to 41

w eeks after Agrobacterium inoculat ion under the

g lufosinate selection during shoo t induction while

only 7 to 12 weeks w ithout glufo sinate selection

(Fig. 1). Thus further invest igation on the selec-

t ion of t ransformed shoo ts w as fo cused on ro ot fo r-

mation stage in the presence of glufosinate. A fter

the shoo t induction on the g lufosinate-f ree SIM fo r

3 w eeks , the regeneration of transformed shoo ts

w as g reat ly stimulated (data no t show n), and the

explants w ere placed on SEM containing 4 mg /L

g lufosinate for shoo t elongation. The elongated

shoots (3 ～ 5 cm)were excised and placed into ro ot

formation medium containing g lufosinate ranged

from 1 to 5 mg /L. None of nontransformed shoo ts

survived on the RIM containing 3 mg /L glufo sinate

w hereas t ransfo rmed shoo ts survived under this se-

lect ion pressure (Fig. 2A , B). Shoo ts rapidly re-

sponded to the selective agent applied on RIM , all

the g lufosinate-sensitive shoo ts w ere completely

necro tic only wi thin 10 day s af ter selection on RIM

containing 3 mg /L glufo sinate. The majority of

t ransgenic plantlets we re obtained betw een 8 to 16

w eeks af ter A. tume f aciens inoculat ion under this

improved selection pre ssure. At 5 mg /L g lufo si-

nate on the RIM , no transgenic plants w ere ob-

tained. A lthough most o f the t ransfo rmed shoo ts

survived unde r the 5 mg /L g lufosinate selection

pressure , furthe r g row th of those shoo ts stopped

at this stage. The optimal select ion scheme w as

g lufosinate at 4 mg /L during the shoo t elongation

and at 3 mg /L during ro ot forma tion that w as also

refe rred to as tight glufo sinate select ion pressure.
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The transformation ef ficiency based on G US assay

ranged from 1. 6% to 6. 7 %, depending on dif fer-

ent selection pressure (Table 1). This indicated

proper selection w as very important fo r eff icient

t ransfo rmation. The t ransfo rmation ef ficiency w as

higher than previously reported in the g lufosinate

select ion sy stem
[ 8 , 10 , 11 , 17]

. In this study , as an im-

proved approach , the shoots ex cised f rom the ex-

plants we re placed into the root induction medium

containing glufosinate , thereby facili tating direct

uptake and rapid t ranslocation of the herbicide

through xylem and phloem[ 18] . I t took only 1 to 2

w eeks to select PPT-resistant plant lets and gave

the high t ransfo rmation efficiency (6. 7%).

Fig . 1　Flow cha rt comparing the transforma tion by previous

selec tion sy stem with the transfo rmation by improved slection sy stem

Fig . 2　Selection of transfo rmed shoo ts and expression. A . A ll the non-transformed shoo ts died on the RIM contai-

ning 3 mg /L g lufosinate. B. T ransfo rmed plantlets we re g rown on the RIM containing 3 mg / L glufo sina te. C. Expres-

sion o f GUS in 1-day germinated co tyledons f rom non-transformed(lef t) and transfo rmed(right) seeds. D. Herbicide-

resistance of transgenic so ybean plants w as assayed by apply ing 150 mg /L PPT so lution on leaves of 1 month-o ld plants

using a small paint brush. Pho tog raphs o f the plants were taken 7 day s af te r the t reatment , the non-transfo rmed plant

w as show n on the right.

2. 2　Integration of transgenes

S table integ rat ion of the transgenes in the ge-

nome of g lufo sinate-resistant T0 plants w as con-

fi rmed by genomic Southern blot analy sis (Fig.

3B). The genomic DNA s iso lated f rom the G US+

plants w ere digested w ith Hind Ⅲ , and hybridized



4期 薛仁镐等:利用改良的草丁膦筛选系统快速而有效筛选转基因大豆 377　　

with a [
32

P]-labeled bar probe. HindⅢ recognizes

unique si te betw een the bar and gus coding region

wi thin the T - DNA. Al l the t ransformation events

tested had one to tw o copies of the bar gene (Fig.

3B). T hese results confirmed that the t ransgenes

were stably integ rated into the genome of the

t ransgenic plants.

Fig . 3　Genomic Southern blo t analy sis of 8 individual soy-

bean plants. A. The T - DNA region of the r ecombinant

DNA (pCAMBIA3201) was show n. B. Genomic DNA (ap-

proximately 10μg) w as digested with Hind Ⅲ w hich pro-

duces unique fragment for each integ ra ted T - DNA and hy-

bridized with the bar probe. Lane 1:pCAMBIA3201 DNA

digested with H ind Ⅲ , Lane 2 to 9:DNAs from trans-

fo rmed plants re sistant to g lufosinate , Lane 10:a non-trans-

fo rmed control plant.

2. 3　Expression of transgenes

The expression of t ransgenes in soybean ge-

nome w as confirmed by GUS assay and he rbicide

application. According to the GUS assay , most o f

the plantlets recovered f rom the g lufo sinate selec-

tion a t 5-4-0 , 0-4-1 , 0-4-2 mg /L w ere G US nega-

tive w hereas all the plantlets recovered f rom the 0-

4-3 mg /L selection pressure w ere GUS posi tive ,

indicated that this glufo sinate selection w as very

tight (Table 1). The transformed gus gene w as al-

so highly expressed in the germinated T 0 seeds

(Fig . 2C).

The results of herbicide-re sistance test show ed

that the leaves of non-t ransfo rmed control plants

w ere w ilted to death at five to seven day s af ter the

herbicide applicat ion , whereas tho se of t rans-

formed plants w ere no t affected by this concentra-

t ion of g lufo sinate (Fig. 2D). These re sults

showed that bo th the genes bar and gus were stab-

ly integ rated and consti tutively expressed in the

t ransgenic soybean plants.
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利用改良的草丁膦筛选系统快速而有效筛选转基因大豆

薛仁镐　谢宏峰

(莱阳农学院生命科学院 , 青岛 266109)

摘要　为提高大豆(Glycine max (L.) M erri ll)遗传转化效率建立了一种快速而有效的草丁膦筛选系统。

将刺伤的子叶节外植体接种于含有 pCAMBIA3201载体的 LBA4404农杆菌溶液。目前利用草丁膦筛选转

基因大豆的常规方法是在含有5 mg /L 草丁膦的芽诱导培养基和含有 3 ～ 5 mg /L 草丁膦的芽伸长培养基上

进行筛选 。利用此常规筛选方法所获得的大多数植株是非转化体 ,从而导致转化效率变低 ,为 1. 6%;而且

这种方法极大地延迟了芽的伸长过程 ,使多数不定芽的伸长发生在农杆菌处理后的 21 ～ 41周 。为此 ,对常

规草丁膦筛选方法进行了改良 。首先将外植体放置在不含有除草剂的芽诱导培养基上培养 3周 ,然后转到

含有 4 mg /L 草丁膦的芽伸长培养基上进行筛选 。此时 ,多数不定芽仅在 7 ～ 12周内便可伸长 。当芽长到3

～ 5 cm 时 ,从外植体上切下来转到含有 1 ～ 5 mg /L 草丁膦的根诱导培养上进行进一步的筛选。结果表明 ,

在添加有 3 mg /L 草丁膦根培养基上 ,转化效率达到最大值为6. 7%。不定芽对根培养基中的除草剂反应迅

速 ,仅在 10d天内所有非转化体都变枯死亡 。利用这种改良的筛选系统 ,大多数转基因植株仅在 8 ～ 16周内

便可获得 。Southern杂交结果证实了外源基因稳定地整合在大豆基因组中 。G US 检测和除草剂抗性分析

结果表明 ,被整合的外源基因在大豆细胞中得到了稳定的表达。

关键词　农杆菌;子叶节;草丁膦;大豆;遗传转化


