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The use of glufosinate as a selective agent in Agrobacterium-mediated 
transformation of soybean 

Zhan uan Zhang1 1qtu ing- Paul ta wi k1 & Thoma lementel. 2,* 
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Key word : grobacterium tumefa i 11 , har, I cine max pho.phinothricin 

b tract 

The oybean Iran f rmati n pr cedure u~in the Agrobacteriwn-cot ledonary nod tran, formation tern and the 

bar gene a the electable mark r oupled with gluf inate a a el cti e agent i de cribed. o bean c tyledonar 

e plant wer derived from 5 day old ccdling. and co-culti ated with Agrobacterium twnefacien for da 

Explant were cultured n amborg's B5 medium upplem nted with 1.67 mg 1- 1 BAP and glufo inate at le 

of 3.3 mg 1- 1 or 5.0 mg 1- 1 for 4 week ·. After 4 week· e plant were ubcultured to medium containing 

major and min r alts and Bs vitamin. (M /85) upplemenled with 1.0 mg 1- 1 zeatin-ribo ide. 0.5 mg 1- 1 G 3 

and 0.1 mg 1- 1 lAA amended with l.7 mg 1- 1 or 2. mg 1- 1 glufo inate. Elongated hoot were ro ted on a 

M 5 r ting medium suppl mented with 0.5 mg 1- 1 NAA with ut further glufo inate , election. Plantlet. w r 

1ran planted Lo ~oil and gr wn to maturity and set se din the greenhouse. Primary tran formant and th ir pr g n 

wer characteriz d by ulhern blot analy. i and a leaf paint as ay. 

Abbre1•iatio11s: a et ·yrin one; BAP - 6-benzyl-aminopurin IAA - indolc-3-aceti acid; AA -

naphth I n ac tic a id 

lntroducti n 

lntrodu tion of agr n mi all important traits into 

O}b <11 ly in ~ max [ .] err.) ha been accom-

pli he \ ia plant tran f rmali n (Trick t al. 1997). 
Tho. e trait · includ herbicide tolerance (Padgette et 

al., 1995). amino a id m dification (Falco el al. 

199 ). iru resi lance (Di et al.. 1996) and in eel 

re i tan c ( te art et al. 1996 . Development of more 

effi icnt procedur f r grobacterium-mediated o -

h an lran f rmati n could make it po ible for routine 

produ ti n of tran g nic oybean line with imple in­

sert. that are inh rited a a ingle functional locu to 

facilitate br eding. 
Agrobacterium-mediated tran formation of o -

bean has been very difficult. Only a few tudie on thi 
y'>lem have been rep rted to date. Plant regenerati n 

of • bean via the coyledonary node e plant wa fir t 

reported by Cheng et al. (1980). An Agrobacterium­

mediat d tran formation y tern cxpl iting this c -

plant wa fir t reduced to praclic by Hinchee ct al. 

( 1988). Di l al. ( I 996) used thi y Lem to in tr d uccd 

the coat protein of bean pod mottle viru, into soybean. 

Kanamycin i the only elective agent that ha be n 

publi hed for u. e in th y t m. 
The herbicide re. i. tan gen , bar (Th mp n 

et al., 1987), ha been widely u. ·d a. a le tabl 

marker in plant tran formation :y tern (D'Halluin et 

al. 1992). The bar gene encode f r phosphinothricin 

acet llran fera e (P T) \J hi h d lo ·ifie glufo in-

ate, the acti ingr dienl in the herbi ide Liberty® 

grE o ). o ur kn wledgc, no work ha. b n 

reported to date aluating this le table marker in 

a oyb an tran. f rmati n . stem. Du I the rapid 

Iran lo ati n m chani ·m of gluf inate in o bean ti -

u thr ugh both the 1cm and phi em ( help et al 
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1992), we lhoughl that g lufosinate selection would 
provide efficient recovery of transformed tissue with 
the Agrobacterium-cotyledonary system. We report 
here the use of lhe bar gene as a selectable marker for 
Agrobacterium-mediated transformation of soybean. 

Materials and methods 

Plant material 

Soybean seeds, genotype A3237 (A grow Seed Com­
pany; Des Moines, lowa), were surface sterilized 
by an overnight exposure lo chlorine gas (Di et al., 
1996). Sterilized seeds were germinated, in 100 x 
20 mm Petri dishes, on Gamborg's BS basal medi um 
(B5) (Gamborg et al., 1968) supplemented with 2% 
sucrose, pH 5.8. The plates were stacked 5 hig h and 
placed in plastic bags in which 4, approx. 3 inch, slits 
were made with scissors. Seeds were germinated for 
5 days in a growth room, at 24 °C, 18/6 light regime, 
under a light intensity of approximately 150 1.1mol s- 1 

m- 2. The light source was a mixture of cool white 
(Sylvania model# F72TJ 2/CWNHO) and Gro-lux® 
bulbs (Sylvania model# F72Tl 2/GRO/VHO). 

Plant tra11sfonnatio11 vectors 

The binary vector, pPTN 101 (Figure I A), is a deriv­
ative of pGPTV-bar (Becker et al., 1992), carrying 
the GUS cassette from pE7 J 3 1-GUS (Mitsuhara ct al., 
1996). The binary vector pPTN125 (Figure 18) is a 
derivative of pGPTV-bar (Becker et a l., 1992) carry­
ing a GUS cassette under the control of the soybean 
vegetative storage protein B (vspB) promoter (Rhee 
and Staswick, 1992). An intermediate vector carrying 
lhe bar gene under the control of the 35S promoter 
was generated by isolating the bar open reading frame 
(ORF) from pDM302 (Cao et al., 1992) as a Sma 
I fragment and subcloning it into the plant expres­
sion cassette pRTL2 (Carrington, 1990). The resultant 
vector pPTN l L 7 (not shown) contained the bar ORF 
in a translation fusion with the N-terminus of the 
Tobacco Etch Virus (TEV) polyprotein coupled wi th 
the TEV translation enhancer element. A third binary 
was assembled that harbored a 35S bar cassette, a 
derivative of the bar cassette within pPTN 11 7, lack­
ing the N-lerminus of the TEV polyprotein, hence, 
the bar ORF is directly ligated to the TEV transla­
tional enhancer c lement (Carrington, 1990). This latter 
bar cassette was generated by introducing a Nco l 
sile al the start of translation of the bar ORF, by 

PCR. Primers used were referred to as BAR-5: s· 
CCCGGGATCfACCATGGCTAGCCCAGCCCAGA­
ACGAC-3' and BAR-3: 5'-TCATCAGATCTCGGT­
GACGG-3'. This manipulation introduced an Ala 
residue between the Met and Ser residues of the nat­
ive bar protein. The PCR product was subcloned into 
pPTN I 17 as a Nco 1/ Kpn 1 fragment replacing the 
5' region of the bar ORF within the vector with the 
engineered fragment. The resullant vector is referred 
to as pPTN 129 (not shown). The 35S bar casscllc 
within pPTN 129 was sequenced at the University of 
Nebraska-Lincoln DNA Sequencing Core· Research 
Facility to confirm lhc integrity of the PCR reaction. 
The 35S bar casselle from pPTN129 was subcloned as 
a Hind Ill fragment into the binary vector pPZP:!02 
(Hajdukiewicz et al., 1994) that harbored a 35S GUS 
casselle, lhe resultant vector is referred to as pPTN140 
(Figure l C). 

Agrobacteriwn twuefaciens strains 

The binary vectors were mobilized into Agrobac­
terium tumefaciens strains EHA J 05 (Hood et al., 
1993) or EHAI0l (Hood et al., 1986) by tri­
parental mating (Ditta ct a l. , 1980). Binary vec­
tors pPTN1 OJ and pPTN 125 were introduced into 
EHA105, and transconjugants were selected on 25 
mg 1- 1 chloramphenicol [EllA105 chromosomal drug 
marker] and 50 mg 1- 1 kanamycin [Binary vector drug 
marker]. Binary vector pPTN140 was introduced into 
EHAlOl , and transconjugants were selected on 25 
mg 1- 1 chloramphenicol [EHAl 01 chromosomal drug 
marker], 50 mg 1- 1 kanamycin [Ti plasmid pEHAlOl 
drug marker], 100 mg 1- 1 spectinomycin [binary vec­
tor drug marker] and 100 mg I I streptomycin [binaf} 
vector drug marker]. Integrity of the binary vectors in 
the respectiveAgrobacterium strain!-. was confirmed by 
plasm.id rescue. 

Agrobacterium culturing conditions 

Agrobacterium cultures were grown in YEP medium 
(10 g 1- 1 peptone, 5 g 1- 1 yeast extract and 5 g 1-1 

NaCl, pH 7.0) amended with the appropriate ant ibiot­
ics to an OD650 = 0.6 to 0.8 al 27 °C. The bacterial 
cultures were centrifuged at 3.500 rpm for 10 min .. 
and the pellets resuspended to a fi nal OD6so = 0.6 to 
0.8 in 1/10 Gamborg's BS medium (Gamborg et al.. 
1968) amended with 1.67 mg 1- 1 BA, 0.25 mg 1- 1 

GA3, 200 µM acetosyringone (AS) and 3<'f> sucrose. 
The medium was buffered with 20 mM MES, pl l SA. 
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1993; Zhang et al., 1997). The explants (5 per plate) 
were cultured adaxial side down on the co-cultivation 
plates, that were overlaid with filter paper, for 3 days at 
24 °C, under an 18/6 hour light regime with an approx­
imate light intensity of 80 µ mol s-1 m- 2(F J 7T8/750 
cool white bulbs, Litetronics®). The co-cultivation 
plates were wrapped with Parafilm®. 

Following the co-cultivation period expJants were 
brie0y washed in B5 medium supplemented with 1.67 
mg I 1 BAP, 3% sucrose, 500 mg 1- 1 ticarcillin and 
100 mg 1- 1 cefotaxime. The medium was buffered 
with 3 mM MES. pH 5.6. Growth regulator, vitamins 
and antibiotics were filter sterilized post autoclaving. 
Following the washing step, explants were cultured 
(5 per plate) in 100 x 20 mm Petri plates, adaxial 
side up with the hypocotyl imbedded in the medium, 
containing the washing medium solidified with 0.8% 
purified agar (BBL Cat# 11853) amended with either 
3.3 or 5.0 mg 1- 1 glufosinate (AgrEvo USA). This 
medium is referred to as shoot initiation medium (ST). 
Plates were wrapped with 3M pressure ~ensitive tape 
(Scotch™, 3M, USA) and cultured under the envir­
onmental conditions used during the seed germination 
step. 

After 2 weeks of culture, the hypocotyl region was 
excised from each of the explants, and the remain­
ing explant, cotyledon with differentiating node, was 
subsequently subcultured onto fresh SI medium. Fol­
lowing an additional 2 weeks of culture on SI med ium, 
the cotyledons were removed from the differentiat­
ing node. The differentiating node was subcultured to 
shoot elongation medium (SE) composed of Muras­
hige and Skoog (MS) (1962) basal salts, B5 v itamins, 
1 mg 1- 1 zeatin-riboside, 0.5 mg 1- 1 GA3 and 0.1 mg 
1- 1 IAA, 50 mg 1- 1 glutamine, 50 mg 1- 1 asparagine, 
3% sucrose and 3 mM MES, pH 5.6. The SE medium 
was amended with either 1. 7 or 2.0 mg 1- 1 glufosinate. 
The explants were subcultured biweekly to fresh SI 
medium until shoots reached a length greater than 3 
cm. The elongated shoots were rooted on Murashjge 
and Skoog salts with B5 vitamins, l % sucrose, 0.5 mg 
1- 1 NAA without furth er selection in either Magenta 
boxes® or Sundae cups (Industrial Soap Company, St. 
Louis MO). 

Southern blot analysis 

Total DNA was extracted from soybean leaf tissue 
as described by Dellaporta et al. (1983). Ten or 20 
µ,g of DNA were digested with a restriction enzyme 
for which only one recognition sequence is present 

with in the T-DNA element [ either Eco RI or lli11d 
Jll]. The digested genomic DNA was separated by 
agarose gel electrophoresis prior to transfer to Zcta­
Probe® GT nylon membrane (B[O-RAD catalog # 
162-0196). The DNA was fixed to the membrane b) 
UV cross linking. Hybridization and washing con­
ditions for Southern blot analysis (Southern. 1975) 
followed the Zeta-Probe® GT manufacturer's instruc­
tions. A DNA fragment containing the GUS ORF was 
used to generate a 32P-labeled probe. The probe was 
prepared by random primer synthesis incorporating 
32P-dCTP utilizing Prime-rt® II kit (Stratagene, cata­
log# 300385). The synthesized probe was purified by 
passing the reaction product over NucTrap® columns 
(Stratagene, catalog# 400701). 

GUS assays 

Fluorometric GUS assays (Jefferson et al., 1987) were 
conducted by grinding leaf tissue in lysis buffer com­
posed of 50 mM NaPO4 (pH 7.0), l mM EDTA, 0.1% 
Triton-Xl00, 10 mM 8-mcrcaptoethanol and 0.1 °'f 
sarkosyl. Protein samples were quantified using a Bio­
Rad protein assay kit (Catalog # 500-0002). GUS 
fluorrneteric reactions were conducted using 1 mM 4-
methyl umbelifcrone as the substrate. Reactions were 
carried out at 37 °C, and the reactions were stopped 
by the addition of 0.2 M Na2CO3at 30 min intervals. 
Fluorescence was mon itored using a Dy NA Quant 200 
fluorometer (Hoefer Scientific). 

Histochemical GUS assays (Jefferson et al., 1987) 
were conducted by immersing soybean tissue in a sub­
strate solution composed of 0.1 M NaHPO4 buffer (pH 
7.0), 0.5 mM K3lFe(CN)6], 0.5 mM K,i[Fe(CN)6, JO 
mM EDTA and 800 mg I 1 X-Gluc. Methanol and 
Triton-X100 were subsequently added to final con­
centrations of 20% and 0.06%, respectively. Soybean 
tissue was allowed to incubate in the X-Gluc substrate 
for 3 to 8 hours at 37 °C. The tissue was subsequently 
cleared in 70% ethanol prior to visualization. 

Leaf painting. Progeny were screened for tolerance 
to the herbicide Liberty® by application of a 0.1 0c 
solution of the herbicide with a cotton swab to the 
upper surface of the first unifoliate leaf 3 weeks post 
germination. A 200 g 1- 1 stock of Liberty® was 
diluted in water for the leaf paining assay. Leaf lb­
sue was scored for herbicide tolerance 5 days post 
application. 



lahle I. Glufm,inate kill response. 

SelcctJon pressure 

Expenmelll 1 

3.3 mg I 1 (4 weeks) 

3.3 mg 1-1 (4 weeks) 

Hxperimenl 2 

3.3 mg I 1 (4 weeks) 

3.3 mg 1-1 (4 weeks) 

£.\perime11I 3 

5.0 10 3.3 mg 1-1 (4 week~) 

5.0 to 3.3 mg 1-1 (4 weeb) 

Co-cultivation 

No Agrohaclerium 

Agrolmcten11m 

No Agrobacu:rium 

Agrohacteri11111 

No Agrobacleriwn 

Agrobacteri11111 

Total number 

of explants 

50 

40 

50 

50 

50 

50 

Regenerating 

cxplant~ 

2 

34 

0 

40 

0 
42 

';t,. 

regeneration 

4 

85 

0 

80 

0 

84 

41 

Sekction pressure column refen, to the level of glufosinate added 10 the shoot induction medium. In ExpcrimenI 3, shoot ini tiation medium 
contained 5 mg 1- 1 glufm,inatc during the first 2 weeks and the following 2 weeks the selec1ion level was decreased to 3.3 mg I 1

• Co-cultivation 
column indicates if 1he explants were exposed 10 \grobacteri11m (EHA105 carrying pPTNlOl) or merely mock-inoculated. Regenerating 
cxplanLs and% regeneration columns. refer to the total number of explants in which shoots were inniated and percent regeneration based on 

iota! cxplants put into culture, respectively. 

Table 2. Summary of 5 independent transformation attempL'> under 
the higher glufosinate ~election regime. 

Experiment number N Total no. I.E. GUS+ %GUS+ 

in G.11. in G.11. in G.11. efficiency 

246 100 7 4 3 3.0 

247 IOO 3 3 () 0 

248 200 2 2 0 0 

249 150 3 3 0.7 

252 20() 9 3 0.5 

N refers to the total number of explanL'i put into culture. Total No. 
in G.H. indicate~ the total number of soybean plants that were estab­
lished in the grcenhou,i: following ,election. ' I.E. in G.fi" indicates 
the number of independent linei. (plant, ari.,ing from independent 
cxplan~) represented. ·GUS+ in G.11.' represents the total number 
of independent soybean tran-,formams co-expressing GUS. %GUS+ 
Efficiency indicates the efficiency of recovering independent soybean 
transformant!. co-expressing GUS. 

Results and discussion 

Glufosinate response 

Kill curve experiments were used to determine the 
dose response of soybean cotyledonary explants to 
glufosinale. Our objective was to ascertain g lufosinate 
levels that would a llow for differential growth between 
transformed and non-transformed tissues. Glufosin­
ate levels ranging from 2 mg 1- 1 up to 33 mg 1- 1 

were tested. Explants were prepared for these studies 
as described in M &M, Plant Transformation section. 
A total of 10 plates were evaluated per g lufosinate 

Table 3. GUS activity in primal) soybean transformants carrying 
T-DNA from pPT 101. 

Plant ID 

207-5 

210-16 

2 I l -2R 

207-5-2 

210-11 

209-15 

209-I5B 

Wild l)·pe 

GUS Activit)' 

(nM 4-MU/min./µg total protein) 

91.()0±41.44 

36. 15±29 .49 

43.75±9.55 

12.80* 

0.00±0.00 
24.50±3.25 

31.10±3.25 

0.01±0.00 

Plant ID column refers to the designation of the soybean putat­
ive transformanl. Wild type is a A3237 non-transformant. GUS 
activity is the mean of 2 independent assays ± S.D. 
• indicates only I tis!.ue ~ample was assayed. 

level per experiment (i.e. 50 explants per treatment). 
Explants were scored after 2 and 4 weeks on selec­
tion. Explants cultured on glufosinate levels greater 
than 10 mg 1- 1fa iled to regenerate (Data not shown). 
We decided to focus our efforts on selection levels 
3.3 or 5.0 mg 1- 1 during shoot initiat ion. A differ­
ent response was observed depending on whether the 
ex plants were inoculated withAgrobacteriwn and sub­
sequently co-cultivated for 3 days or merely mock 
inoculated and co-cultivated for 3 days (Table 1). 
A mock inoculation was conducted by placing the 
cotyledonary explants in the bacterial resuspension 
medium [see M & M, Agrobacterium culturing con-



Figure 2. Prim.11) tran5formanL\ carry the T-DNA of pPT?\1➔0. Panel IA: Hi\lochcmical GUS expression m matun: leaflet of transformant 
(lefl) and control (right). Panel I B: Histochemical GUS expre~~•on in dcvclopmg pencarp (right) and control pericarp (lefl). Panel IC: Progen) 
1,creen for herbicide tolerance. Black arrow pointing 10 herbicide su,ceptlble re~JK>n\e 111 T1 plant~ and red arrow)) pointing to lhe herbicide 
tolerant response in T I planti. folio" ing leaf painting "llh a 0.1 % glufosmate ,oluuon 

ditions] without the Agrobacterium. The ex plants that 
were exposed to Agrobacteriwn regenerated on 3.3 
or 5.0 mg 1- 1 glufosinate, while those explants that 
were mock inoculated, were either significantly re­
duced in regeneration, or regeneration was impeded 
on the levels of glufosinate tested, across 3 independ­
ent experiments (Table 1). This observation ~uggcst 
that is important to incorporate al I the steps of a trans­
formation system when evaluating alternative selec­
tion agents and/or conducting experiments to optimize 
this soybean transformation system. 

Selection regimes 

Two selection regimes were employed for the reco,­
ery of whole plants: (1) 3.3 mg 1-1 glufosinate during 
the :-.hoot initiation culture period and stepping do~n 
to l .7 mg 1- 1 during shoot elongation. and: (2) 5.0 
mg I I during the shoot initiation culture period and 
stepping down to 2.0 mg 1-1 during hoot elonga­
tion. After 4 weeks on Sl medium under 3.3 mg 1- 1 

gl ufosi nate, 70-80% of the explants survived and were 
transferred to SE medium. Under the more tringent 
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Soybean Primary Transformants Derived from pPTNlOl 

209-15 207-5 207-5a 211-2 217-1 ck 12.Spg 25pg 

kb 

19.3 -

7,7 -

6.2-

16.5 kb 

Figure 3. Southern blot analysis of soybean transformants carrying the T-DNA of pPTN 101. Total genomic DNA was digested with lli11d III. 

The membrane wai. probed with the GUS ORF. L ane I: Molecular marker, Lanes 2-6 soybean plant& carrying the T-DNA of pPTN 10 I. Lane 7: 

10 µg of A3237 wild type DNA Lanes 8 and 9: are 12.5 pg and 25 pg, rei.pcctively, of pPTN101 digested with J/i11d Ill. 

election regime, 70-80% of the explanls regener­

ated after 2 weeks on SI medium. However, after the 

second subculture period, only 40-50% of the explants 

survived and were subcultured to SE medium. 

GUS-positive soybean plants were recovered at 

frequencies ranging from 0.0% to 0.5% and 0.0% 

to 3.0%, across independent transformation experi­

ments under the lower and higher stringent selection 

regimes, respectively. Data from 5 transformation at­

tempts utilizing EHA101 (pPTN 140) employing the 

higher selection regime are given in Table 2. His­

tochemical GUS expression and herbicide tolerance 

in transformed progeny carrying pPTN140 are shown 

in Figure 2. GUS expression of primary transform-

ants derived from the lower selection scheme carrying 

pPTNlOl is quantified in Table 3. The events listed in 

Table 3 were apparent chimeras (see below), with only 

one being a germ line transformation event, 207-5-2. 

Molecular characterization of transgenic plants 

Southern blot analyses on primary transformants car­

rying pPTNlOl and pPTN 125 are shown in Figures 

3 and 4, respectively. The Southern data confirms the 

integ ration of the transgenes in the soybean genome. 

Ten plants, derived from the lower selection re­

g ime, (arising from independent explants) were char­

acterized by Southern blot analysis. From the 10 
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Soybean Primary Transformants Derived from pPTN125 

137-1 137-2 144-1 230-1 CK 18pg 54pg 

kb 

23- ... 14.9kb 

9.4-

6.6-

2.3 -

Figure -I. Southern blot anal) sb of SO) bean 1ram,forrnants carrying the T-DNA of pPTN 125. Total genomic ONA was digested wilh EcoR I. 
The membrane was probed with the GLS ORF. Lane I: Molecular marker, Lanes 2- 5: soybean plants carrying the T-DNA of pPTN 125. Lane 
6: 20 iig of A3237 wild type ONA. Lanes 7 and 8: 18 pg and 54 pg, respccthely. of pPTN 125 digcsll!d \\.ith Eco RI. 

Tah/e 4. Segregation analysis on primary lmm,formants derived 
from glufosinate selection. 

To Tt T1 T1 

Evem GUS aus+/IIT GUS /HT aus-JHs 

246-2C + 4 0 3 

252-3A + 4 0 4 

252-3B + 7 0 I 

255-1B + 0 8 0 

230-1 + 5 I 2 

Zl49 + 3 0 5 

Event column refers to the identification number of the soybean 
transformants. To GUS column indicates the primary transfom1ants 
as being positive for GUS expression. T 1 GUS.,. /HT refers to the 
number of progeny for which the phenotype was GUS positive and 
herbicide tolerant. T I GUS /I IT column is the number of progen) 
for which the phenotype was GUS negative and herbicide toler­
ant. T 1 GUS /HS indicates the number of progeny for which the 
phenotype was GUS negative and herbicide susceptible. 

Southern positive plants, 3 transmitted the transgenes 
on to the progeny, while tbe others were non-germ-line 
events. Segregation analysis for two of these events, 
E230 and Z 149, is shown in Table 4. Molecular ana­
lysis of the progeny from these events is shown in 
Figure 5. Herbicide tolerance and GUS expression 
correlated with the presence of the approximatel) 10-
kb and 8-kb GUS-hybridizing fragments (Figure 5), 
in progeny derived from events E230 and Zl 49, re­
spectively. An exception to the correlation between 
the molecular and phcnotypic segregation analysis was 
observed in event E230. Indiv idual number 4 (T,-4, 
Figure SA) carried the 10-kb hybridizing fragment, 
yet the observed phenotype was GUS-negative and 
herbicide tolerant. 

Ten plants, derived from the higher selection re­
gime, (arising from independent explants) were also 
characterized b) Southern blot analysis. Progeny ana-
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A 
E230 Progeny 

E2JO T1-l Ti-2 Tt-J Ti-4 1'1-S T1-6 Ti-7 T1-8 ck 18 pg 

►t4.9kb 

8 Zl49 Progeny 

18pg 

~16.7kb 

Figurl! 5. (A) A Southern blot analysi\ on ,1 primary trnnsforrnant E230 (same event a, in figure 4 and Tahle 4) carrying pPT'-125 and 8 Tt 

progeny. Tbe parent, lane 2, U2J0, had le,, DNA loaded (~ 5 ,,g) a<, compared to the progeny. de,ignatcd Tt. and control lanes. ck. (2 0 Jig). 

The D"IA !>amples were digc<,tcd with /;'co RI (cut, once within the T-D'\A) and prohed with the GLS ORI. The 14.9-kb linearized hina1; 

\ector ( 18 pg) i!. shown with arrow on right \Ide. rhc ;approximate JO-kb hyhndiLmg fragment (arrow ldt s1d..:·) correlated \\ ith GliS cxprc,,ion 

and herhicide tolerance, except lnr T1 numhcr 4, which wi; can not explain. (/J) Southern blot analy,i, on a primary tram,formant Zl49 carrying 

pPT'-1101 and 8 RI progeny Lane 1: parent. 7149. Lanes 2-9: Tt plant, derived from 7149. Lane 10. control. A3::!37. designated ck. La.st 

lanc contains 18 pg of pPT"l IO I. The DNA <,ample, were dige!>lcd \\ ith Eco RI and prolx:d with thi.: GUS ORF. The 16. 7-kb lmearizcd hi nary 

vector is shown on the right <,ide. The approximate 8.0-kh hybridizing fragment (arrow kit , ide) correlated with GUS expr<!,sion and herhicide 

tolerance. 

lysis on four of the primary tran<;formant!> using the 

leaf painting technique was performed. The segreg­

ation data arc given in Table 4 for events 246-2C, 

252-3A, 252-3B, and 255-1 B The data demonstrate 

that these plant'> tram,mitted the transgenes to the next 

generation. 
Generally a single plant is recovered from one ex­

plant. However, we have taken to soil multiple plants 

derived from the same cxplanl. In Figure 3, events 

207-5 and 207-Sa were derived from the same ex­

plant and appear to carry the same integration event. 

Similarly, event 137 had two plants recovered from a 

single explant (137-1 and 137-2; Figure 4) and both of 

thc.,c appear to be derived from the same integration 

event. In one case, a Gl.iS-negative plant, 211-2 (Fig­

ure 3) recovered under the lower stringency selection 

regime. appears to be an escape, while another plant 

derived from the same explant was positi-.e for GUS 

expression, both histochcmically and fluoromctrically 

(211-28, Table 2). For this reason our transforma­

tion frequencies do not include multiple plants dcri1,ed 

from the same explant. Hence, we assume that plants 

derived from the same cxplants are clonal events, 

though thi., may not necessarily be the case. 

Conclusion 

Agrobacteriwn-mediatcd transformation of soybean 

using the cotyledonary node axillary meristem a., the 

target for gene transfer was first achieved using kana­

mycin as a selective agent. Here we have demonstrated 

the utility of the bar gene, employing glufosinate as 

the selective agent, in the !>ystem. Germ-line trans­

formation events were recovered at frcquncies up to 

3°i using a selection regime of 5 mg I I glufosin­

ate during the shoot initiation !>tagc and 2 mg 1- 1 

during shoot elongation. The time frame from ex­

plant in culture to collecting Tt seed from a primary 

transform ant ranges from 7 to 10 months under the 

condition!> outlined in this study. 
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