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Abgract  The fybean trandormetion procedure included the Agrobacteri umrcotyledonary node sysem and the bar gene
as the slectalde marker coupled with g ufod nate as a sdective agent. Qotyledonary nodesfrom 5 to 6 days germi neted oy
bean seeds were used as explants. The explarts, were wound by dicing 5 to 6 times, inoculated with Agrobacteri um tume-
faciens EHA 101 with pPTN140 , then followed 3 days co-cultivation , washed the explants by wash medium which contain
antibiotics, put explants onto shoot initiation medium with 5 mglL g ufos nate for selection. Regeneration rate of different
Dybean cultivars was counted 2 weeks later , and their susceptihility to Agrobacteri um tumef aciens was i nvedigated 4 weeks
later by GJSassay. Acoording to our experiments, Heinong 35, Zhongzuo 975( Zhonghuang 13) , Hefeng 35, Zhongzun962
are better than Thorne for regeneration , William 82, PI 361066 , Heinong 35 and Zhongzuo 975 were better than Thorne for

trandormetion.
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Sybean is a very important crop in China and in the
world. During the pag 11 years the oybean production i
creased 58. 7 %. Gombination of traditiona breeding method
with genetic eng neering techniques for development of new
cultivars with herbicide resgance, insect resstance or good
seed quality is very important™™*! . Agrobacteri umr mediated
trandormetion o ybean usng the cotyledonary node as the

3 4

, 56d
EHA 101 , 3d,

975 35 Zhongzwo 962 Thorne

explant for gene trander wasfirs achieved by Hinchee et al.
(1988) 12, Zhang e al. described the ybean Agrobacteri-
um-mediated trandormetion sygem with bar gene as the s=
lectable marker coupled with duosnae as a SHective ag
ent!® . Zhou e al. introduced Bacillus thuringiersis crylA
gene into ybean success ully with Agrobacteri unr cotyledon-

ary rode trandormetion sysemt® . Genes were d® trans
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ferred to oybean protoplast by some researchers ™! . Soybean
shoot organogenes s cou d occur from tissues such as cotyler
donary nodest“®! and primary leaves of seedings ™™ while o~
metic embriogenes s occurred from immeture embryos and co-
tylecons ™! of developing seeds.

Agrobacteriunrmedisted trandormetion was the bes
method available for DNA trander to tissue explants. In order
to produce ybean tunorswith dgnificant sze , ybean cult-
ivars and Agrobacterium strains had been screened to find the
optimal conpatible repponse. Succesful trandormetion of in
vitro ybeans leaves, cotyledons, and protoplastd ! were
derrongrated.

Agrobacterium was used as the biologicd vector to intro-
duce a portion o its DNA into the plant gerome, resuting in
production of trandormed plants. Qotyledonary nodes were
wounded and inoculaed with Agrobacterium. The wounded
plant tissues gave df ecific pherolic conpounds which i
duce Agrobacterium to expressa set of vir genes. vir genesis
regpongble for the excison and trander of the T grand from
the bacterium into the recipient plant cell.

bar gene encodes for phogphinothricin acetyltranderase
(PAT) which detoxifies g fosnate. Qufosnate is the active
ingrediert in the herbicide Liberty. Kanamycin was used as
s ective agent in previous researches. In this paper duos-
nate was used as sdective agert.

However , thereis gill ome degree of cultivar ecificity
o trandormetion dficiency (Hinchee e a . , 1988) . And
to gudy this cultivar gecificity is the main task of this re-
search.

1 Material and Methods

1.1 Material and Seed Serilization

3 to 4 varieties were evd uated each experiment , Thorne
were used as control . To totd 15 cultivars such as Zhongzuo
975, Zhongzwo 962, Zhongzwo 966 , Zhongzwo 965, Zhong:
zw M17, Zhonghuang 4, Heinong 35, Heinong 37, Heeng
35, NE3297, William 82, U96-2208, Pl 361066, A3237
and Thorne were screened for good regeneration and suscepti-
bility to EHA 101 with pPTN140. The seeds were surface
derilized by two days exposure to chlorine gas by mixing 100
m. o a5.2% sodium hypochiorite (Chlorox bleach) with
3.3 nL o 12 nol/L HA. The procedure should be conducted
within afume hood. The seeds are ready for the germination
SIep[lszs] _

1.2 Soybean ger mination

Serilized seeds were germinated in 100 mm X 20 mm
Petri dishes on Bs medium supplemented with 2 % sucrose,
pH 5. 8. The plates sacked 5 high and placed in pladic
bags, 5 smdl holeswere made by scisors. Seed were for five
daysin a gromh room a 24 , 18/6 light regme, or for 6
days (at 5th day put the seedsto 4 refrigerator) .
1.3 Hant trandor mation vectors

EHA101 containing binary vector pPTN140 were used ,
and the resgances to 25 mg/L chloranphenicol [ EHA 101
chronosomal drug marker] , 50 mg/L kanamycin [ Ti plasmid
pEHA 101 drug marker] , 100mg/L spectinomycin[ binary
vector drug merker] and 100 mg/L streptomycin [ binary vec
tor drug marker] were included in the Agrobacterium and
vector!®! .

pPTN140

(12086 bp)

Hind I (6641)

Fg. 1  Binary vector utilized in the experiments
Abbreviations: RB-right border , LB-I€t border , T35s and pAg7 are
polyadenylation sgnd's, Pos nopdine synthase
pronoter , aadA-bacterid drug res sance marker
for gectinomycin and streptomycin.

1.4 Preparation of Agrobacterium

Agrobacterium was greaked from frozen gycerol gocks
onto lid YEP med umwith gppropriate antibiotics, and grew
for 3 days. One day before co-cultivation 2 nl. Agrobacterium
were cutured in 10 —15 ni tube for about 10 to 12h, then
subcultured 0. 5 mlL Agrobacterium to 150 ni to 250 i with
appropriate artibiotics for about 12 to 16 h urtil the ODesp =
1.1t01.2 a 27 . The bacterid cultures were centrif uged
thena 3,500 r/min for 10 min, and the pellet was resus
pended to afind ODgp =0.6 - 0.8 in 1/10 Gamborg’ s Bs
med um amended with 1. 67 mg/L BAP, 0.25 mglL. (A3,
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200 nol /L. Acetosyringone (AS) and 3 % sucrose. The me-
dium was bufered with 20 mnol/L MES, pH 5.4. All gronth
reguators, vitamin conponents and AS were filter derilized
by usng syringe &ter autoclaving.

1.5 Hant trandor mation

1.5.1 Bxplant dicing

Green seeds were only chosen from the 5 day or 6-day
old ooybean seedings and cotyledbnary explants were pre-
pared for making a horizontal dice on the hypocotyl regon.
The embryonic axis was renoved , albout 5—6 vertica dice
was made on the adaxia surface of the explant a the cotyle
don and hypoootyl junction by blade. The dicingwas 0.5 nm
deep and 3—4 mm long.

1.5.2 Inocuation and Go-cultivetion

Qo cultivation medium contained 1/10 the sdts and viter
minsof Gamborg s medium amended with 1. 76 mg/L BAP,
0.25 mglL GAz, 200 Wnol/L AS, 3% sucroe and 20
mol /L MES bufer , pH 5.4(Note: filter gerilize dl gronth
reguaors and AS , and it should be prepared fresh the day
before the inoculation of ybean explants.

Bxplants were put in Agrobacterium ol ution for 30 min
to 1 h, and then on 100 nmx 15 mm Petri plates containing
the co-cultivation medum slidfied with 0. 5% purified
agar. The co-cultivation plates were overlaid with a piece of
Whatman # 1 filter pgper. The explants ( 5 per plaie) were
placed adaxid dde down on the cocultivation plates for 3
daysa 24 , under an 18/6 h light regume.

1.5.3 Wash and dhoot initiation

After the co-cultivation period the explants were briely
washed with Bs medium containing 1. 67 mg/L BAP, 3 % sur
crose, 50 mg/L ticarcillin 50 mg/L cdotaxime and 50 mg/L
vancomycin. The medium was bufered with 3 mmol/L MES,
pH5.6. Gowth reguator , vitamins and antibiotics were filter
derilized by usng syringe dter autoclaving. After the washing
dep, explants were cutured in 100 nm x 20 mm PRatri
plates, adaxid sde up with the hypoootyl imbedded in the
medium, containing the washing medium solidfied with 0.
8 % purified agar amended with 4 or 5 mg/L g dosnate. This
med um was referred as shoot initiation medium(Sl) . The ex-
plants were cultured under the same conditions as the seed
germination.

1.5.4 Regeneration rate

After 2 weeks of culture, regeneretion rate was counted

by the ratio of reguar shoot and total explants st up. Regular

shoots rferred to a lot of shoots regenerated from cotyl edonary
node. If on the midde of cotyledonary node a big shoot was
goning, this kind of shoots referred to axillary shoot. Axil-
lary shoot occurrence was because the explant didn’ t wound
ermough. No regeneration referred to nothing growing on the
ootyledonary node , this was because the explant wounded too
much.

The bottom of the hypoootyl regon was excised from
each o the explant. The regular explants, cotyledon with dif-
ferentiation nodes were subsequently subcultured on fresh Sl
medi um.

1.5.5 Q@JSasay

After 4 weeks of culture, higochemicd QJS assay was
carried out to see how many QJS sectors and how many GJS
dfferentiating shoots were developed. Sybean tissues were
verticdly sacrificed on differertiating regon for 5 to 6 times
and incubated in the X- Quc subdrate plus QJS assy lwr
tionfor 8 h & 37 , then taking the slution avay , storing
the tissuesin 70 % etharol prior to observetion under micro-
soope.

1.5.6 Shoot dongation

The ootyledonaries were cut awvay from the dfferentiating
shoots. The muitiple shootswere subcultured on shoot dongar
tion medium (SE) conposed of Murashige and Skoog(MS)
(1962) basd «ts, Bs vitamins, 1 mgll ZR, 0.5 mg/lL GA;
and 0. 1 mg/L 1AA, 3% sucroe and 3 mmol/L MES,
pH 5. 6. The SE med um was amended with 3 mg/L d ufos-
nae.

1.5.7 Rooting

When reached 3 cm, the shoots were cut & the bottom
and rooted on MS sdts with Bs vitamins, 1 % sucrose, 0.5
mg /L NAA without further selection in Qundae cups (Indus-
trid Sap Company. S Louis MO) .

1.5.8 Trander to il

When the roots reached 0.5 - 1.0 cm), the plantlet were

tranderred onto il &ter carefully washing with water.

2 Reaults

After putting the explantsinto SI medi umfor 2 weeks re-
generation rate was checked. Bxperiment 1 showed that 62
explants of Zhongzwo 975 were st up , 51 explants with good
regeneration. Arother 2 weeks later , the number of GQJS sec
tors, buds and shoots caculated. QJS sector rferred to QJS
expresson bigger than 1nm in dze. Severa QJS sectors
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coud be obta ned from one explant dnce one sector might be
sacrificed severd times. Buds or shoots were observed from
62 explants in Zongzwo 975. QJS differentiation shoots
referred to GJS expresson, either chimeric or clond , within
dfferentiating sructureswith lesf development. Susceptibility
to Agrobacterium tumd aciens EHA 101 depended on GQJS as
say results. The nore QJS dfferentiating shoots showed , the
better susceptibility to EHA 101 was. Good experiments
should show a least 4 % QJS+ bud/shoots and 40 % GJS+
sector anong differentiation and rondifferentiation tissues, re-
Pectively. %]

D as a result of experiment 1, Heinong 35 and Zhong
Zw 975 gave better regeneration rate and better susceptibility
than Thorne. The regeneration rate of Heirong 35 exceeded

17.29 % over Thorne.

In experiment 2 o Zhongzwo 975, Zhongzuo 962 and
Thorne used , anong 124 explants of Zhongzwo 975, 109 ex
plants produced regular shoots, 30 explants gave GJS ector ,
6 explants showed QJS differertiating shoots. O 91 explants
from Thorne, 60 became reguar shoot, 1 explant showed
QUJS dfferentiation shoot. D as a result of experiment 1 and
2, regeneraion rae of Zhongzuo 975 exceeded Thorne by
14.02 %. Regeneration rae of Zhongzuo 962 exceeded
Thorne by 8.36 %. It was suggesed Zhongzuo 975 be better
susceptibility than Thorne.

In experiment 3, regeneration rate of Hefeng 35 exceed
ed Thorne by 9. 67 %, Hdeng 35 was nore susceptibility
than Thorne or Heilnong 37.

Tablel  Regeneration rate and GUS assays under 5 mg/L dluf osinate sdection

Regeneration rate QUS assays dter putting explants
Bxperiment Variety Numoer of dter putting explants onto S medium for 4 weeks
eplants =t 1p onto SI medium for 2 wk QJS sector QUS differentiating shoot
Bp 1 Zhongzw 975 62 51/62 (82.26 %) 99 10 (16.13 %)
Heirong 35 2 86/92 (93.48 %) 61 11 (11.96 %)
Zhongzw 962 147 116/147 (78.91 %) 2 0
Trorne(CK) V7 32/44 (76.19 %) 17 5 (11.36 %)
Bp 2 Zhongzw 975 124 109/124 (87.90 %) 30 6 (4.84%)
Zhongzw 962 175 130/175 (74.29 %) 12 2 (1.14%)
Trorne(CK) a1 60/91 (65.93 %) 26 1(1.10%)
Bp 3 Hefeng 35 68 58/68 (85.29 %) 0 5 (7.35%)
Heirong 37 74 40/74 (54.05 %) 17 1(1.35%)
Trorne(CK) 18 13/18 (72.22 %) 0 1 (5.56 %)
Bp 4 Hefeng 35 73 65/73 (89.04 %) 150 3(4.11%)
Heirong 37 59 46/59 (77.97 %) 2 5 (5.43 %)
Thorne 9 8/9 (88.89 %) 15 0
Bp 5 Heirong 37 73 55/73 (75.34 %) 139 9 (12.33%)
Hefeng 35 74 62/74 (83.78 %) 87 4 (5.40 %)
Thorne 50 34/50 (68.00 %) 4 2 (4.00%)
Ep 6 William 82 30 18/30 (60. 00 %) 7 6 (20.00 %)
U96-2208 183 136/183 (74.32 %) 56 8 (4.37%)
Trorne(CK) 87 65/87 (74.71 %) 14 3(3.45%)
Bp 7 Zronghuang 4 125 92/125 (73.60 %) 46 1(0.80 %)
Zhongzwo 966 33 23/33 (69.70 %) 1 0
Thorne 80 59/80 (73.75 %) 14 3(3.75%)
Ep 8 Zrongzwo M17 18 14/18 (77.78 %) 5 2 (11.11%)
Zhongzw M965 20 12/20 (60. 00 %) 13 2 (10.00 %)
Thorne 3 28/33(84.85 %) 21 0
Bp 9 NE 3297 61 49/61 (80.33 %) 16 1(1.64%)
Thorne 70 64/70 (91.43 %) 9 0
Bp 10 Pl 361066 129 119/129 (92. 25 %) 1338 16 (12.40 %)
Thorne 104 92/104 (88.47 %) 29 4 (3.85%)
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In experiment 4 , Hefeng 35 had higher regenerdtion rate
and nore susceptibility than control .

In experiment 5, Heinong 37, Hefeng 35 had higher re-
generetion rate and nore susceptibility than Thorne.

In experiment 6 ,\William 82 was nore susceptibility than
U96-2208 or Thorne.

In experiment 7, Thorne was nore susceptibility than
Zronghuang 4 and Zhongzuo 966.

In experiment 8, Znongzuwo M17 and Zhongzuo M965
was nore susceptibility than Thorne.

In experiment 9, NE 3297 was nore susceptibility than
Thorne.

In experiment 10, regeneration rate of Pl 361066 ex
ceeded Thorne by 3. 78 %, and Pl 361066 was nore suscepti-
hility than Thorne.

As the result of QJS differentiating shoot assay William
82 was the begt cultivar for trandormetion , with 20 % of GJS
dfferertiating shoots, Pl 361066 with 12.40 %, Heirong 35
with 11. 96 %, Zhongzwo 975 with 10. 48 %. All o them
were better than control Thorne.

3 Discussion

It is dill adifficult event for nog inditutionsin Chinato
trandorm ybean routindy usng Agrobacterium mediated
trandormetion sysem.

3.1 Cloices o Agrobacterium tumdaciens grains and
vectors, were proven to be critica. Agrobacterium tume a
ciens EHA101 was an ided drain for soybean trandormetion.
3.2 13 wybean cultivars had been tesed , and regeneration
rates o 5 cutivars were better than control . Cultivars whose
regeneration rate exceeded control by 10 % were Heinong 35,
Zrongzwo 975, Hefeng 35, Zhongzwo 962, Pl 361066. The
regeneration rate of other 8 cultivars didn’ t exceed control .
onpared with Thorne, Heinong 35, Zhongzwo 975 ( Zhong:
huang 13) , Hefeng 35, Zhongzuo 962 and Pl 361066 were
bed gerotypes for regeneretion. However , nore sybean
cultivars need to be screened for higher trandormetion effi-
dency. (2%

3.3  Agrobacterium mediated ybean cotyledonary node
trandormetion can result drectly shoot organogeness, in
which bar gene can be used as sdectable marker.

3.4 The bes combination of co-cultivetion was 24 tenr
perature ,1/10 gsrength of Bs st and addition of 2004 ol /L
acetosyringone.

3.5 Sidactory wounding during explant preparation played
an essentid role. Wounding irfluenced not only shoot differ
entigtion but d Agrobacterium irfection. We hope to get
nore regular shoots of regeneration ingead of axillary shoots
or rorrregenerated doots. f the explant was not wound
erough , axillary shoots(one big shoot grows) would grow. ff
the explant was wound too much, no shoot might grow, and
this should be regarded as rorrregenerated shoot.
3.6 Herbicide sHection schemes needed to be optimd .
Quosgnate can be used as the sdective agent for bar gene.
Typicd problems asociated with low selection pressure were
the increased escgpes, chimerism events. While the problems
from high sdlection pressure were subsequent failure of trans
genic recovery. Under gandard culture conditions 5 ng/lL
dufos nate during shoot initiation period and 2.5 mg/L during
shoot elongation were optimd .
3.7 Antibiotics such as ticarcillin, cdfotaxime and vanco-
mycin were helpful for stidactory resuits. f ©ome of them
were not available, Carbenicillin 300—500 mg/L plus ome
o above available artibiotics can be used as replacement .
3.8 Used L-cydene as a grong antioxidant might enhance
Agrobacterium irfection on soybean subgartidly acoording to
ome research. The recommended concentration was 400 my/
L in co-cultivation med um.
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A: Serilized germinated on B5 medium. B : (otyledonary explants put in the Agroba. C: How to dice the explants. D : Embryonic axiswas removed. E: Verti-
ca dice on ootyledbnary node through the hypoootyl region about 5- 7 times. F: Shoot initiation of Zhongzwo 975.
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G: Soot dongation of Heinong 35. H: Shoot reached 3 cm, the root reached 0.5- 1.0 cm, the plartlet can be trander to il 1: Qus assy result of William
82. J: Qusassay of Ty (Left) and To(right) . K: Qus assay result of William 82. L : Qus assay resuit o Heinong 35.
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