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Abstract A rapid and efficient glufosinate selection system for obtaining high frequency of trans
formants insoybean [ Glycine max (1.) Merrill] was developed. The cotyledonary node cells
were wounded and inoculated with Agrobacterium tumefaciens strain LBA4404 harboring a bina
ry vector pCAMBIA3201 that contained a selectable bar gene and a gus reporter gene. The pres
ent standard selection based on glufosinate was performed at 5 mg/L glufosinate during shoot i
duction and at 3~5 mg/L glufosinate during shoot elongation. M any non transformants were es
caped with this standard selection system which resulted in low transformation efficiency of
1.6%, and a delayed shoot elongation with majority of transformed shoots elongation occurred
from 21 to 41 weeks after Agrobacterium inoculation, and thus an improved glufosinate selection
system was provided in this paper. After 3 weeks on shoot induction medium without glufosi
nate, the explants were transferred to shoot elongation medium containing 4 mg /L glufosinate for
the first selection. The elongation of majority of transformed shoots occurred only from 7 to 12
weeks without glufosinate selection during shoot induction. The transgenic shoots were effective
ly screened by placing the excised shoots on the root induction medium ( RIM containing 3 mg /L
glufosinate to facilitate direct uptake of the selective agent that resulted in the high transforma
tion efficiency of 6. 7%. Shoots on the RIM rapidly responded to the selective agent applied, all
the glufosinate sensitive shoots were completely necrotic within 10 days after selection. The ma
jority of transgenic plantlets were obtained only 8 ~16 weeks under the improved selection sys
tem. Genomic Southern blot analysis confirmed stable integration of the transgenes in the genome
of soybean. Stable expression was confirmed by GUS expression and herbicide application.
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ciency has been improved to 5. 9%, 6.3%"" by
refining glufosinate selection. However, the glu
fosinate selection experiments were performed dur
ing shoot induction and shoot elongation stages
that resulted in greatly delaying the procedures of
shoot elongation and a long time to achieve trans

genic soybean plants "'

. Glufosinate has been ex
tensively used as a plant selective agent in transfor
mation events, and development of a more rapid
and effective glufosinate selection system should
significantly increase the production of transgenic
soybean plants.

In this study, we describe an improved glufos
inate selection system in the Agrobacterium media
ted cotyledonary node method that results in rapid
and efficient selection for transgenic soybean
shoots with a very low frequency of selection es

capes.

1 Materials and M ethods

1.1 Agrobacterium culture

A. tumefaciens strain LBA4404 carrying a bi
nary vector pCAM BIA3201 was used for the trans
formation of soybean. The T — DNA region (Fig.
3 A) of the pCAMBIA3201 contains a gus reporter
gene and a selectable bar gene. A single colony of
A. tumefaciens strain LBA4404 was inoculated
with 5 mL of liquid LB medium containing 20 mg/
L chloramphenicol (filter sterilized) and grown at
28°C at 200 rpm until the ODew reached 0.5 ~1. 0.
3mL of the Agrobacterium cells were added to 200
mL of liquid LB medium and shaken at 28°C at 200
rpm until the ODeoo reached 0. 8 ~1. 0. The bacte
rial culture was centrifuged at 5000 rpm for 5 min,
and the pellet was then resuspended in a liquid ce

cultivation medium containing 1/2 MS salts ',

Gamborg s Bs vitamins (e
nopurine ( BAP), 1000mg/L E cysteine ( filter
sterilized), 200 umol/L acetosyringone ( filter
sterilized), and 3% sucrose, and finally the ODeo

was adjusted to 0. 5.

s 1.5 mg/L 6 benzylami

1.2 Transformation, selection and regeneration

Savbean (Glycine max L. Meriill) seeds from

cultivar Jungery were sterilized by soaking in 70%
(v/v) ethanol for 1 min. and in 1% sodium hype
chlorite for 20 min, and rinsed four times with
sterile distilled water. The sterilized seeds were
germinated on germination medium (GM ) [ 1/2
MS salts, Gamborgs Bs vitamins, 1.0 mg/L BAP,
3% sucroses and 0. 65% agar (Sigma), pH 5. §]
at 26 C in the 16/8 h photoperiod for 4 ~7 days.
The preparation of explants and the transformation
of soybean followed the procedure of Zhang et al
(1999) with a slight modifications; A fter co culti
vation, the explants were placed on shoot induction
medium (SIM) [ 1/2 M S salts, Gamborgs Bs vita
mins, 1.5 mg/L BAP, 200 mg/L cefotaxime, 250
mg /L carbenicillin, 3% sucrose, and 0.65 % agar,
pH 5.8] with or without 5 mg/L glufosinate to in
duce shoots formation. After 3 weeks on SIM, the

explants were transferred to shoot elongation me
dium (SEM) [ 1/2 MS salts, Gamborg s Bs vita
mins, 0.5 mg/L gibberellic acid (GA), 0. Img/L
indole 3 acetic acid ( [AA ), 50mg/L asparagines
(filter sterilized), 50mg/L glutamine (filter steri
lized), 4 mg/L glufosinate ( filter sterilized), 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 from the cotyledon
ary explants and placed on the 100t induction medi
um (RIM) containing 1/2 MS salt. Gamborg’s Bs
vitamins, 0 ~5 mg/L glufosinate, 2% sucrose,
and 0. 65% agar, pH 5.8 for the efficient selee
tion. After rooting, the glufosinate resistant pla
ntlets were transferred to soil and grown into adult
plants.
1.3 GUS assay

A piece of leal tissue was removed from the

rooted plantlets and placed in G US histochemical
staining buffer [ 50 mM NaPO4(pH 8.0), 10 mM
Na:EDTA, 0. 1% (v/v) Triton X, 20% (v/v)
methanol, 0. 5 mM KsFe(CN)s, 0.5 mM KaFe
(CN)s, 500 mg/L X Gluc] for 1 day at 37°C, and
then the leaf tissue was cleared in 70 % ethanol' .
1.4 Herbicide resistance test

Herbicide resistance soybean tissues were es

timated by applving 150 mg/L glufesinate solution
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on leaves of 1 month old plants using a small paint
brush until droplets run off. The treated leaf tissue
was examined for herbicide tolerance at 5 ~7 days
after the herbicide application.
1.5 Southern blot analysis

Genomic DNA of soybean plants was prepared
using a Genomic DNA purification kit ( Nucleo
Gen). Approximately 10 #g DNA was digested
with Hind Il that cut once between the bar and
gus coding sequence within the T — DNA region
and separated on a 0. 85 agarose gel. DNAs on
the gels were transferred onto nylon membrane

The blots were hybridized with a
14

R
Gene Screen

bar probe following a standard procedure :

2 Results and Discussion

2.1 Establishment of rapid and efficient selection
system

Five independent experiments were conducted
for evaluation of transformation efficiencies from
two replicates. All treatments included 1000 mg/L

L cysteine in the solid co cultivation medium.
Table 1 Optimization of glufosinate selection scheme
for rapid and efficient transformation of

soybean cotyledonary node cells

Selection scheme® Total No. Recovered GUS™ Transformation
(mg/L) of explants plants plants effidency (%)
5.0 04.0 100.0 125 11 2 1.6a

0.0 04.0 10 1.0 112 8 2 1.8a

0.0 104.0 102.0 98 5 4 4.1ab

0.0 104.0 103.0 105 7 7 6.7b

0.0 104.0 105.0 90 0 0 0.0

a The numbers in the first column for each selection scheme represent glu
fosinate levels (mg/L) during the shoot induction, shoot elongation, and root
formation stages, respectively.

b Efficiency ( %)= (No. of independent GUS" plants / total number of
explants inoculated) X 100

For optimization of selection based on glufost
nate, a total five different selection schemes were
evaluated at level 540, 041, 042, 043, and
04 5 mg/L glufosinate during the shoot induction,
shoot elongation, and root induction stages, re
spectively (Table 1). After 3 weeks on SIM sup
plemented with 5 mg/L glufosinate, approximately

80% of the explants survived and then was trans

ferred to SEM for shoot elongation under 4 mg/L
glufosinate selection pressure. Of the shoots re
sistant to glufosinate, 70 % ~83% were nontrans
genic escapes when the selection was performed
only during the shoot initiation and shoot elonga
tion, and thus resulted in a low efficiency of 1.6%
(Table 1). This result was consistent with the ob
servation made by Olhoft and Somers (2001). In
addition, the selection for 3 weeks during the
shoot induction greatly delayed the procedures of
Jungery “shoot elongation. The elongation of ma

jority of transformed shoots occurred from 21 to 41
weeks after Agrobacterium inoculation under the
glufosinate selection during shoot induction while
only 7 to 12 weeks without glufosinate selection
(Fig. 1). Thus further investigation on the selee

tion of transformed shoots was focused onroot for

mation stage in the presence of glufosinate. A fter
the shoot induction on the glufosinate free SIM for
3 weeks, the regeneration of transformed shoots
was greatly stimulated (data not shown), and the
explants were placed on SEM containing 4 mg/L
glufosinate for shoot elongation. The elongated
shoots (3 ~5 cm) were excised and placed into root
formation medium containing glufosinate ranged
from 1 to Smg/L. None of nontransformed shoots
survived on the RIM containing 3 mg /L glufosinate
whereas transformed shoots survived under this se
lection pressure (Fig. 2A, B). Shoots rapidly re
sponded to the selective agent applied on RIM, all
the glufosinate sensitive shoots were completely
necrotic only within 10 days after selection on RIM
containing 3 mg/L glufosinate. The majority of
transgenic plantlets were obtained between 8 to 16
weeks after A. tumefaciens inoculation under this
improved selection pressure. At 5 mg/L glufost
nate on the RIM, no transgenic plants were ob
tained. Although most of the transformed shoots
survived under the 5 mg/L glufosinate selection
pressure, further growth of those shoots stopped
at this stage. The optimal selection scheme was
glufosinate at 4 mg /L. during the shoot elongation
and at 3 mg/L during root formation that was also

referred to as tight glufosinate, selection pressure.
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The transformation efficiency based on G US assay
ranged from 1.6 % to 6. 7 %. depending on differ
ent selection pressure ( Table 1). This indicated
proper selection was very important for efficient
transformation. The transformation efficiency was
higher than previously reported in the glufosinate

[8 10. 11,17

selection system In this study, as an imr

proved approach, the shoots excised from the ex
plants were placed into the root induction medium
containing glufosinate, thereby facilitating direct
uptake and rapid translocation of the herbicide
through xylem and phloem'™ . Tt took only 1 to 2
weeks to select PPT resistant plantlets and gave

the high transformation efficiency (6.7%).

Cotyledonary nodes germinated for 5 days

Transformation and germination
2 weeks

Shoot induction under glufosinate
selection 3 weeks

}

Shoot elongation under glufosinate
selection 16~36 weeks

Root formation without glufosinate
selection 1~2 weeks

Transformation by previous

selection system

4 Trangenic plantlet
Total 22~44 Veeks

Fig. 1

selection system with the transformation by improved slection system

Shoot induction without glufosinate
sele ction 3 weeks

)

e~

]

>

[=)

1]

(=7

)

-y

b
Shoot elongation under glufosinate | = &
selection 2~7 weeks s
-y
': )
ad
Root formation under glufosinate -1
selection 1~2 weeks pird
[
o e
- &
=

Trangenic plantlet v
8~15 Veeks

Flow chart comparing the transformation by previous

Fig. 2 Selection of transformed shoots and expression. A. All the non transformed shoots died on the RIM contai

ning 3 mg/L glufosinate. B. Transformed plantlets were grown on the RIM containing 3 mg/L glufosinate. C. Expres

sion of GUS in + day germinated cotyledons from non transformed (left) and transformed ( right) seeds. D. Herbicide

resistance of transgenic soybean plants was assayed by applying 150 mg/L PPT solution on leaves of 1 month old plants

using a small paint brush. Photographs of the plants were taken 7 days after the treatment the non transformed plant

was shown on the right.
2.2 Integration of transgenes
Stable integration of the transgenes in the ge

nome of glufosinate resistant To plants was con

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved.

firmed by genomic Southern blot analysis ( Fig.
3B). The genomic DNAs isolated from the GUS"
plants were digested with Hind IIL and hybridized

http://www.cnki.net
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with a [ P} labeled bar probe. Hind Il recognizes
unique site between the bar and gus coding region
within the T — DNA. All the transformation events
tested had one to two copies of the bar gene (Fig.
3B). These results confirmed that the transgenes
were stably integrated into the genome of the
transgenic plants.

Xhol Xhol HmdI Xho |

—LBThos| bar [Piss| [P3ss Gus [TNos [ret—
F—051kb—

4.4~

B

Fig. 3 Genomic Southern blot analysis of 8 individual soy
bean plants. A. The T - DNA region of the recombinant
DNA ( pCAMBIA3201) was shown. B. Genomic DNA (ap
proximately 10tg) was digested with Hind IIl which pro
duces unique fragment for each integrated T — DNA and hy
bridized with the bar probe. Lane 1. pCAMBIA3201 DNA
digested with Hind 1} Lane 2 to 9: DNAs from trans
formed plants resistant to glufosinate, Lane 10: a non trans
formed control plant.
2.3 Expression of transgenes

The expression of transgenes in soybean ge
nome was confirmed by GUS assay and herbicide
application. According to the GUS assay, most of
the plantlets recovered from the glufosinate selec
tion at 540, 641, 0642 mg/LL were GUS nega
tive whereas all the plantlets recovered from the 0
43 mg/L selection pressure were GUS positive,
indicated that this glufosinate selection was very
tight (Table 1). The transformed gus gene was at
so highly expressed in the germinated To seeds
(Fig. 2C).

The results of herbicide resistance test showed

that, the leaves of non transformed control plants

were wilted to death at five to seven days after the
herbicide application, whereas those of trans
formed plants were not affected by this concentra

2D ).
showed that both the genes bar and gus were stab

tion of glufosinate ( Fig. These results

ly integrated and constitutively expressed in the

transgenic soybean plants.
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ARZHK 2(Glycinemax (L.) Mernill) B# 3 K F ST —Frthm AXOFE BiFLFR 4.
Fekl 458G F et 3 SME R T 5 pCAMBIA3201 # 4k 89 LBA4404 RATH Bik. B AT AR E TGk
AR KEWFATERESH S mg/LFE B FAFREREFEA 3~-5meg/LF B FMKEL AL
ST Rk, AR SLF GG 77 R BT R0 K S SRR AR B LR, Al SRS R T AR A 1. 6000 B
XA Tk MR HIER T Fefh KT AL S M A FoOMP K RAE & RIFRA R EBH 21 ~41 A, Ak, %
MFE IR AT AR . A ARKIMAARK BEE TSR RF R FiEFE AL L3353 B, R B3
SR 4mg/L ¥ TROFMRIZALEHMTHE., LI ZHATFRAET~12 AARTHK., 4 FKF 3
~5 cm B, AIMER LT R3] 5F 1 ~5 mg/L ¥ WeREFIE A LT R —FeiFR. AREY,
ERA 3meg/L ¥ HARE AL L i%%&i$k§' RAALA 6.7%. & F3akdd ik Pay k¥ R g R
#, A 10d X AT A IR S ACRARE AF o, AR X AR 69 IR 4, K % 48 AR HARIE 8~ 16 AR
27T k4%, Southern & XL RIERT MR AR A ELSAR S AR F. GUS &N Fo 2 F S AT
LER R, A SR INR AR AKX S min AR T AR Ay R K
RAHA; ToH3; ¥ B K8 dHHR



