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SUMMARY

I. Title

Development of High Frequency Transformation System for Soybean

Functional Genomics

II. Objectives and Needs of the R&D

Soybean (Glycine max L.) is an important leguminous seed crop as it is an economic
source of oil, protein and secondary metabolites. Developing an efficient genetic
transformation system for soybean should be facilitate physiological and molecular
biology studies as well as the improvement of elite cultivars for desirable agronomic
traits. Moreover, the rapid ongoing progress in functional genomics studies of the
soybean has increased the demand for a routine and efficient transformation
system. However, current soybean transformation protocols remain low efficiency.
This project focuses on development of high frequency soybean transformation
system for producing T-DNA tagging mutant lines on the large scale

applicable to functional genomics.

III. Contents and Range of the R&D

Objectives Contents and Range

o Preparation of soybean cultivar seeds
- Analysis of morphological and local characteristics
from 10,000 genotypes
Establishment | - Selection of 1,000 genotype
of optimal }|o Organogenesis system

culture - Testing of physical culture condition (temperature,
1st year condition and light etc)
(2001) screening of - Screening of regenerability for explants (cotyledon,
genotype for hypocotyl)
plant - Screening for medium compositions
regeneration in| - Screening for plant growth regulator type and
soybean concentration

o Somatic embryogenesis system
- Testing of embryogenesis for immature and mature
‘embryo




- Study of maturation for somatic embryo
- Screening of culture condition for normal cotyledon
development of somatic embryo
- Study of somatic embryo convert to plantlet
o Genotype Screening
- More 200 genotype

o Genotype Screening (800 genotypes)

o Selection of 5 genotype

o Screening of transformation factor using somatic
embryogenesis
- Antibiotics concentration

Selection of
2nd year| high frequency
(2002) | regenerability

genotype

Development of
consensus | © Selection of optimal agrobacterium strain

transformation | o Selection of optimal selectable marker
system in |© Selection of optimal co-cultivation condition
sovbean

3rd year
(2003)

IV. Results of the R&D

1. Screening of soybean recombinant inbred lines for high competence somatic

embryogenesis
Cotyledonary explants from immature zygotic embryos of each 85 recombinant

inbred lines (RILs) were cultured on medium containing MS salts, B5 vitamins, 40
mg/L 2,4-dichlorophenoxyacetic acid and 30 g/L sucrose. Frequency of somatic
embryo formation on cotyledonary explants showed in thirty-six lines at less than
10%, in thirty-seven lines at 11 to 49%, in nine lines at 50~89%, and in three lines
at more than 90%, respectively. The highest frequency (more than 90%) of somatic
embry"os formation were obtained from lines of KM1010, KM1032 and KM1064.
These soybean genotype produce average 6.36 primary somatic embyos cells per
cotyledon. Primary somatic embryos obtained from three lines produced
numerous secondary somatic embryos on the surfaces, which were subcultured
for over one year. Upon transfer to maturation and conversion medium, somatic
embryos converted to plantlets at a frequency of approximately 25%. The results

showed that efficiency of the somatic embryo formation is different from between

soybean genesis genotypes.




2. Selection of soybean genotype with high efficiency of shoot regeneration
Previous report of the soybean transformation suggest that transformation

efficiency is highly dependent on the soybean genotype. Therefore, it is
prerequisite to select soybean genotype that have high shoot regeneration
efficiency for the high efficiency soybean transformation system. In order to
develop high frequency soybean regeneration system via organogenesis, we select
1,100 soybean genotypes from 10,000 genotypes of worldwide collection and
screen their shoot regeneration efficiency on MS medium supplemented with a
combination of 0.1 mg/L NAA and 3.2 mg/L cytokinin (BAP, tidiazuron, zeatin,
kinetin), respectively. Tested 1,100 soybean genotypes consist of 200 gentype from
domestic cultivars and 900 genotype from foreign’s cultivars. Finally, we selected
four soybean genotypes (line #1049, 480, 61, 888) with 45% efficiency of shoot
regeneration. The results showed genotype influence on soybean regenerability

via organogenesis.

3. Production of transgenic soybean
We carried out soybean transformation using the Agrobacterium- cotyledonary

node transformation method with some modifications and the bar gene as the
selectable marker coupled with glufosinate as a selective agent in 4 genotypes
(1049, 480, 61, 888) with the high regenerability frequency selected from 1,100
genotypes, in 4 domestic genotypes (Dae won, Bakun, Mooan, Eunhwa), and in
Thorne cultivar. Soybean cotyledonary explants were co-cultivated with five
Agrobacterium tumefacien strains (LBA4404, GV3101, EHA101, EHA105, C58C1)
carrying with pPTN289 or pCAMBIA3301, respectively. There was a significant
difference in the frequency of transformation for each bacterial strain. The
EHA101 strain of the bacterial strains employed gave the maximum effiency
(8.0%). Strains GV3101 (0.1%), LBA4404 (2.0%) were also effective, but not
obtained from C58C1 strain. One hundred-six glufosinate resistance plants were
established. Analysis of GUS staining and a leaf paint assay with basta (Aventis)

showed that at least 11 plants were transformed with the GUS and bar gene. The

positive soybean transformants were obtained from the Thorne cultivar (5 plants),




1049 genotype (5 plants) and Bakun cultivar (1 plant), respectively. Southern blot
analyses revealed that the GUS and bar gene integrated into soybean genome, and

that the genes segregated to their progeny. These soybean transformation system

will be will be used for producing T-DNA tagging mutant lines.

V. Applications

1. Development of soybean cultivar using transformation system
2. Production of T-DNA insertion mutant lines for soybean functional

genomics
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o gl A7 RaHY g (Bl )

E 139 o AR 2 93384029 ¥R 24

Factors for regenerability

Explants | Conversions | Mediums | Genotypes| etc

somatic
. ) 19 16 14 18 17
Regeneration | embryogenesis
systems
organogenesis 22 - 3 2 4
40

Transformation systems

(BAAGA AL, APT TEYEA, ARAAGEHEAT)

L AE F UF A
A7A FeolM A
AE FAAE 7ledd A% FARRL(F 05%)¢ I ST}

_13_



g 5 de 7IE Mol o, ol HMe dFY ¢FE HE
s Al2go] MeEojziol &

B AFALE o % 3 Fo AE (20], 9, wWF, ©lY, cowpea, 7,
2 5)E ez AEA AR ANlads gYste gon, £3] £, o
goMe AA HzxE FAAE A2"Hg Y3 2ug v JE BT E
AT FAE Y8t olv] WF L 1177] genotyped] 3t HHEZuEA5 S
ZAF &7 dPon, AAEA Y AL S 2AF ST F1, 232

2 100

&

= 90

S 80

£ 6o

§ 50 & |

g 30 _i AN t

» 20 f Lo I

w— 10 i i.i :

(o]

5 ARERINENENEE
B 16 16 13 18 14 17 g 10 6 4

No. of genotypes

a1, Ix AMENFAAES 2+ genotypes Screening 11771 €] genotypes
MS40Du| Kol A screen 3+ Z Y

2% 2. Finere] th% ok wWol i@ vl W 2EE B4 AN

...‘!4._.



2000 = of 7)Ao olo] B §AA G/NEE & GAE ALE ¥
o) wal g% 28 AEo] g functional genomic A= UL FdiE A

.

pls A9 NSF X4 3o difFst FHHEe] EPHEA Medicago
turucatulao] ] DNA Marker 7)g, 1¥lx A3 Aj2H" A, 34 F
Z B4 2 7% BN 4F Bl £¥E #34 Z2AEV FYHT
JE % Kazusa DNA 740X Lotus japonicad] thE 7% F3A I+ =
2AE7} JgPPd et FF £ AU FHAEY V% 34 d7E AT
71%k 710l YE RAos FAH

‘wtg}x4] 5 Functional Genomics 97E A3Foz £ty SAsixe

T-DNA Insertion Tagging Lineo] &mzFojo} &1, o]& AT IAHLY
Q238 Axdo] BEHeE 27

_15_



H 3 & AE o8 8 3! 2

A 1A dF AZFEATAA 2NE AAEN S S
AT EA

LA &

5o 7l AEAAAATE AAZNLERE 5ol ALz Bu HIA
31 (Christianson et al., 1983), ©o]& AEBAFZAAS HAHEE (Finer and
Nagasawa, 1988; Liu et al, 1992), ¥id A5 24 &l £84 (Komatsuda,
1995), 22413 sucrose?] 4328 (Lazzeri et al., -1988; Komatsuda, 1992), |
Az o]l el dA (Choi et al, 1994), A Euje] s L AEAZ AF
(Buchheim et al, 1989) Z#]3 £Z7+ AMIZFAS (Komatsuda, 1988) & T
< A77F olRA T 53] dFY F530 AAZuTAT vim dTE A
Al 3T oF 30047 FEE tlFoez FAYA A dFY AEA
ARGATFd E29 2aXo] 7F2H v 9ok (Komatsuda, 1992). o]g}zto] 7]
Wi kol oalE TSN FFET AT vim 7T FFFHR TF
len, igARRZA 5% A% e E549L 484 AY 2 +93¥32
BEATA AN BF SRE 2HAS £ Ue T4 HHolgr & £
(Green, 1982; Rhodes et al, 1988a,b; Foroughi-Wehr and Friedt, 1981; Vasil et.,
1990; Kamiya et., 1988). o]}## 3} Komatsuda (1992)= A A EuiidAdo] o
g QTLEANE Exo g AMEugAso] & FF (Masshokutou Kou 502)3%
®e& FF (Keburi)o] :¥jzie 117/ diFAZTEATE ML vislo
(Komatsuda, unpublished). w}gtx EAFdAE F 7EHA4B24E 99

MR d 88N 2T e pEgERe s NWAAZFEAT A AT

off
tijo

AR aRlE AMZHSESAFTLZREAEA AR dHE dFE

_.';6_



TR A

5 117709 AZ2FEASF (RIL, recombinant inbred lines) FI4AE &
THAEALITLE AAGILAZRE FFLAT AzFeAFE olAAT
AAA Eu| LY 5olEL Glycine gracilis®] semi-wild ¥ F 21Masshokutou Kou
5029} AAZujgdy o]l FLGlycine maxe] AwlEFKeburiE (Komatsuda et
al, 1992) uldled single-seed descentHo g2 NPt (Komatsuda,
unpublished). B2A @M 2B HNEEZI 117709 AZFEAFE S4X 39
HFeted 85A1F S HEAE LA ASF 1549A6 uwsuje] =77t 253
mmEZAG RFEYE H3td FEEC 35FAT F TG EFE AAT A
FAHL wldAEE olgduct AATwH=wlA (SIM, Somatic Induce
Medium)¥= MS salt (Murashige and Skoog, 1962), B5u]E}%l(Gamborg et al,
1968), 40 mg” 24-D (Finer and Nagasawa, 1988) ¥ 30 g’ sucrose® ZE3lY
Me A4 AL 4 g Phytagele H71871d pHE 582248
121C, 127199 A 158 3gETF £ 90x15 mm E2E dHEZoH] 25 ml
HEFe ALgslgon, gEOHAT 20749 AFEHE AFsAch HEFS
25C2 ZPEE WFAANM FTd6umol m7s?e] 16A1ZEFF 714 557 He] F &
F AAZEAN =G AEGTANTNLASE VST SAAAZNE
Aol SATE7Y 2AAA T2 FAsF e, AR HEARE

A (Komatsuda, 1992)d| & A SASAEAZ YSAAT. ZELFL 335E3E

= ol

Je

8
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Y% A EE (Keburi)Fsemi-wild%E  (Masshokutou Kou 502)¢] mwj 22
HYL 11709428 ¢AFE 255t 85459 HEAZEH A F F 15
Ao vigHlE AU WSHEREH AFFALS FHitd AAZHFEHA
SIM)el] o123 A3} wiY 1FF RE AFEH 7PN 2HET] A&
o 3FAdE A EE R Ao WAL, AFEH A S heH
oA i A glol AAEurE 84 H7) AFeAch 28v 288 glol
Ao 2Ry Azt YAHAY BFHE @l dous ATdMe AA
Zuf7t Ao 84 HA &gt (dHolgl wAA].

g 553 ¥ 439 APPPozRE ANZHILER AGT AL B
A FE ZAGE 29, dF AWEF Y Keburid e AAZu7t FEFHA F%

o1}, semi-wildd¥Z£<¢] Masshokutou Kou 502¢]Ax¥ 92% AN ETF
392/ A A XA AAHAT (B 2). o8t AFHE FFT AAZMTAT A
ol7} EEE Ro Fu, AAZuPEAF g oF 3004749 FFLA
(Komatsuda, 1992)# Masshokutou Kou 502¢} Keburiol MA@ 22tzt 4.670 9}
0.020 A M Z 7B A BTHE AATF AT (to et al, 1999)¢} o}F 2 LA

FFY w2 RE 4L AZRFEAFT FlaM el 85A T et A =ZH)
FEW=e 84 FE 9nd 2, 36AFAA 0-10%] 22 AAZH FAW
=9 RAET o 00749 AMZerE FAHEAD, TATAAM 11-49%2] B4R
=9 APZ oF 090719 AMEufsL, 9AFAA 50-89%] FAERES} AFF oF
31270¢] AAEe7E 4z FAHALH, 0%l nHE AAEH FEWE
€ 3AFAMT #F HAL, AT 63670 AATHI FYHAH (2™ 3).
Zte 3A15 9 gAbiE FLEA &4 234
Wz 1d ot T4 2 /A & ARew (2 44, B), AMATHE

rlo

o

12g 2¥lE AAEfTYE

ol
Y
mlo

Sv

J&u) x], wolux] 2 AEA HE]A (Komatsuda, 1992)0] SZH-E o AAHXE
s oF B5%Y=rt A AEAE ASsgn (2¥ 4 2C D). ol5g BHAE
W5 ARF AFAA AMEZE FAsel L ATL FH
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Masshokutou Kou 5029 f@ZFEA ], AMAFTuMEATo] R4 5L Keburid]
FHHEC] FHHAY) dEA Aoz AgHY, 53 KMI1032, KM1064 I
KM1010A1 53} Zo] AMEa FANET} T2 2%, 92% 2 100%= 223 =
A2 AAMEH BRIV 27 4777, 8237 ¥ 85272 %I (Masshokutou
Kou 502) Bt} =4 UeldAL §18HF7157 (additive effect)ol] oA
2 FE2EY SFFA REE w2AZH2E £AF Al88XIL oF
(Green, 1982), AZvjy LFAANu LS £33l 2 EAAY (Rhodes et al,
1988a)3} electroporation® o] 9] 3+ F A A2 E A A4ko] 7153t (Rhodes et
al, 1988b), RE#EZ Dissas} IgridlAeujde] g WA HEAALL
(Foroughi-Wehr and Friedt, 1981)% m]<&ujufoke] ot =) vjgddd s 2f
=7} 7V538t99th (Luhrs and Lorz, 1987). =& YWEZE Chriso| Ak, 37 2 »
sullaf kol 213 AEF Aol 7153 QI (Vasil et al,, 1990), B oAk 5007) <
F5e e g 23849y Rz EATESES ALt (Kamiya et
al, 1988). o|gtZo] WFE XTI B 2EAAN FLFolHEAGE AT
T AAEaEAsolY AEAAESTA dAX AT Aolrt U7

e
rir

W2 ZIRuge] BT LTE FAF2IAHYATE TN $FEFF0
U ASAEAH o] EFFHeleg & & gtk BATAXE 11749 AxTEAF
oA AAMFudASo] 48 KM1032, KM1064 & KM1010 5 3A 5L A3}

fem, ol AB7A e L& UF AEA A& FIHEEE FEAT
=H F8% FAAYez 882 & &R
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¥ 2. O)F RIL line®] R 2o g A E A5

502

Number of |Total number of | Number of
P Number of explants with |somatic embryos | somatic embryos
arants .
cotyledon cultured| somatic embryo | formed from per one
(%) explants cotyledon
Keburi 60 0 (0) 0 0
Masshokutou Kou 60 55 (92) 35 3.00
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Number of somatic embryos per cotyledon

Freguency of somaltic embryogenesis{%)
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4. H 8

HEF 857 AxF AT visuERE 42 2 9EB L MS salt, B55IE
], 40 mg” 2,4-dichlorophenoxyacetic acid (2,4-D) 2 30 g'Ngoz 4" A

AEuF =R (SIM, somatic induce medium)d] XAst] S5FZF w F3FHTH

l,.c

10%ol8te] AAZ] FARNZE 36454, 11-49%9F PN =E 37AF A,
50-80% 1B AN T 9AIEAA 28R 90% ol FAUIEE 3AFAN Ztz
BEHAT 0% de] AMEe FAEREG AAT 63671 AAMEME A
st AEo2E KMI010, KM1032 @ KMI1064o]Qom, 3A A Q& U]
€ TQuAGAA Akl EA 23 F AR YL Z 10 T4 FASIAT

AT E A5l JEHAPu]A (Komatsuda, 1992)0) SZH L oF 25%
5
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Al 2Ad THEZ MG EREH HE2A AYANZH

FHAEL AAHo2 Fad AEYIE E75T oHHAA HEA AL
Alzgoe]l R YR @t} o] Bl vlgHist AFHAL HER € BF

ol&u) wjFozRE J|BREIE AA HEANE 2 A= Cadotropis giganta
(Ashis and Deepesh, 1990)$} Rosa hybrida(Burger et al, 1990)ol 4, Ad<ule] 7
% Pseudotsugn menziessii(Cheng, 1975, 1977), Camellia japonica(Ana and Jesus,
1990), Glycine max(Moon et al, 1994), Pinus ponderosa (Tuskan et al., 1990),
kidney bean(Allavena, 1984), penut(Bajaj, 1984), pea(Gantotti and Kartha, 1986),
alfalfa(McCoy and Walker, 1984) @ clover(Phillips and Collins, 1984) % of A
o]0 FHrt a2} FRAME duldoez 2E 7|@E3}H(Arya and Chandra,
1989), 9 W wjgos Ry 2P YA (Ladeinde and Soh, 1991) H vl &3}
294 ¥ (Amitha and Reddy, 1996).2 R A& AR & A7 Fol o
Fol Rov, AEA AN wE6%)7F *& ¥ ofvF, 02 mg/L BAS} 5% =
IR Y A(coconut milk)7} FrHE wix|elA FAHE FAote] B HAEAZ A4
o olgl¥ ez gA AUtk

gt B A7 TR U ez 2H HEA AYRNEE F17] 9
A Aeuld vguE R 2Rl ¥ ulg BAY FH vlsuEie] 74
o W& ol ¥PFE AR 2 FFHE Ba snx doh

2. Alg @ 9y

55 (Vigna unguiculata (L) walp.] o] 2232l 2xel A&3 Aag s
o 70% olg&o] 187 1% olgAAUEFY 158 &



2 39 FAEY A& visuo} J&ulE WIARE AR T FA ¥
Aol g =AM A uidswe AswE W AA(whole embryo), ¥iS
(embryo axis) ¥ A3HH(cotyledon segment) F Al HHE 5o o871
%9 BA(O1, 05 1 ¥ 2 mg/L)E &7} MS ¥} X](Murashige and Skoog,
1962)cll A 65FF <t Wi Fsted EAol BAES ZAI{ R, olw AFEHL] BF
= SHEFAZ MiARH T o] gt 4 visuld dsuE AET

(one cotyledon only), A+ 7]%2% Hukproximal half cotyledon), AFLZEFE

y

HYHdistal half cotyledon), ¥} A A(whole embryo), ¥]Z:(embryo axis), H]Z o]
£ A4g(one cotyledons with embryo axis), ¥Wj&o] E-& 2E7|¥%H Zul
(proximal half of one cotyledon with embryo axis) ¥ ®jZo] & 2709 A4
7132 Zyk(proximal half of two cotyledons with embryo axis) 5 87}A&
o] 1 mg/L BAEZ 37} MSulAoA $j¢} §I& 2A22 wFsA pH
582 ZAE 25 mle] WX E 100 ml §F] 47 Felazd Y ugk BFE
Rom, 1900 lux, 16A17F FF7]18lolA 25 + 1 TE 2HEEHE v viF
Ak =8 HAT T 15704 35 HESHc vk 6F F BAols MS V&
X} o]t RAZELE FEIPen, §25L vv|F o] E(vermicurite)F
B e doiA &3t

o, ot TARAFE B 95t T AGEEE Wi 3L R
B 2971722 FAAd] AT g, buthanol AlElz2 24319 sgdd X
et e A welazgoed of 10 m FAY FHEE WES 05 %
stEddst 1 % 2ol Ddog FA% F FEAv| A BFsA

3.3 %

7h vl 8] A5x9 BATE

Pl 7t 34707 Eole TS Aae ZolE 23 cmol3, FlEuje} A
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P

sule] 271E 24 4 mms}t 9 mmAER vSHE o AA =E wEE
F P ed AJ=RANNE Aol FAHA Gtk IY HFo] AAH
AEEBE IS A wlg 3F F FYURNZ BH H49 gdod 29
27F 4=, ol AY22 Ry FPopt A HAX(IH 5. A B G
D). ®% BATE wg} o} 48 tdzA dEbEo 05 £& 1.0 mg/L
BAZL 718 wiReA A3 B%oew G0 %), 0.1 mg/Le 2.0 mg/L BAZ} #H7}
g mMANME AF 9 %9t 15 %9 we FAES EAT AGEUY FAo}
FE 1.0 mg/L BAZ} H7tE wiAelA 101742 71 ®ol AN, 2 o
S& 05> 20> 01%% €22 24340 (X 3). olggo] BPo} A&
AT RAgol o Az Ed 2ol AL AEEHEL 1.0 mg/L BAZ 3
7t iAol Wi SHE W P AR Ao st ¥4, Ho 4%

zhoz AEuE g AL A FAot BEL o]F0] AA FUS (B ).
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¥ 3. Adventitious bud formation from cotyledon of immature or mature
zygotic embryos of Vigna unguiculata (L.) Walp. on MS medium containing

BA.
‘ BA conc. a'Frequerfc:y(%) of Adventitious bud
Zygotic embryos (mg/L) adventitious bud No.
m
8 formation / explant / explant
0.1 91 + 11 0.2
05 499 + 2.7 3.6
immature
1.0 499 = 19 10.1
2.0 154 + 21 21
mature all conc. 0.0 + 0.0 0.0
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E 4. The frequency(%) of adventitious bud formation on variuos explants
from immature zygotic embryo of Vigna unguiculata (L.) Walp.

b o
F %) of n )
requency(%) Adventitious bud No. /

a]E)\(pla:n’cs adventitious bud formation
explant

/ explant
one cotyledon only 675 + 2.9 6.7
one proximal half only 50.1 + 3.2 42
distal segment of cotyledon 303 + 1.3 23
whole embryo 0.0 + 0.0 0.0
embryo axis .00 00 0.0
one cotyledon with embryo
axis 0.0 £ 0.0 0.0
proximal half of one cotyledon
with embryo axis 00 + 00 00
proximal half of two

0.0 + 00 0.0

cotyledons with embryo axis
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. vigule) A9 SR

o<l 8714 292 Yol 1.0 mg/L BAZE HrtE MSHiRAAM 63F

ob Hiokst Z3}, u] AA(whole embryo), ¥lZ(embryo axis), #lEo] B A 4F
(one cotyledon with embryo axis), viZo] L& A H7|H#ZE Arlproximal half
of one cotyledons with embryo axis) % ®jZo] & 2709 AH718E Ayt
(proximal half of two cotyledons with embryo axis) ¢ AT ZGRE
zxo] wasled HAEAZ A% HYL B, BFHo} AL o]FAAA &yTh
a8y HlEE AAT AEAAL APvHone cotyledon), A7IFE A3
proximal cotyledon) @ AgL2EZ Hyh( distal cotyledon)2 2 o] ¥
stgw Bt B4 e, 22 67%, 50% B 30%9 F4eS YEHoh
ol BAHo} FHGL& MW JRZRAYgAMT o|RHTY. BT FAHol =
Zhdet vl AL 677, AY71HEZ Huk(d proximal cotyledon)oll A 427 2
APE2EZ Fuk( distal cotyledon)ol A 237071 FAHUTH (E 4). olghge]
AEE aAWE W GHE g BI3E wFo] EASAE ol FAo] oF
ojz1A] ggrem, & wjFo] AAY AFEHAAT FF L& EFAUAT M
G 6F F FAoLE MS JIEHA ] A of 2FFL MFsE R {FEH

2

EA 2 42 gri(ad 5. E F).
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19 5. Plant regeneration in cotyledon cultures of immature zygotic embryo
of Vigna unguiculata (L.) Walp. on MS medium containing 1.0 mg/L BA. A:
Green spot(arrows); B: Adventitious bud primordia(arrows); C: Developing
adventitious buds(arrows); D: Mature adventitious bud; E: Plantlet; F: Plantlets

in pott with vermiculite
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19 6. Anatomy of adventitious bud formation from the cotyledon segments
of immature zygotic embryo of Vigna unguiculata (L.) Walp. A: Subepidermal

cells divided periclinally(arrow); B: Adventitious bud primordia(arrows); C:
Adventitious bud primordias linked vascular tissue(arrows); D: Adventitious
bud primodium; E: Adventitious shoot
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7t vlsH 9t BASE

Z1BEs g3 A7 wgAE Hdde 713 FQ 31t} Soybean, kidney
bean, alfalfa & clover ol A& AJEAE o] &3 FHoE fx= 37
U(Moon et al., 1994; Allavena, 1984; McCoy and Walker, 1984; Phillips and
Collins, 1984), u]&u]& o]&3le] BHolE <doj(Ashis and Deepesh, 1990;
Burger et al, 1990) A& A7} £3 Hrx %t 2 JFoA FHe vsui<
A& Q7R 59 BAE FH7ME MS XA wig S rlsul o
A$ AFHERT Bt FAFEL 05 T 1 mg/L BAZE A71E wiAA 1
3 Bt ¥ 1 mg/L BAZE 7t HALHW /Mg L ALeE uEkT 13
U Aol B9 B EdME 2gote 4 A FUTh ol2F BIHE o

FHe YEUS HYARE o]&EAE W 2F FAHIR

2 E Zul(Ladeinde and Soh, 1991)9} dlWi& AW A& G Fe B
(=

3,
o

AMulgol s X(green spot callus), AT =T A X(friable
yellowish callus), @+t =&l e] 788 X(compact yellowish callus)] A §A
Zol dAE AH(Cho et al, 1991) 522 2o FY Folgt T Az WA
5o w&t o Feo J@ESI olRATE AL €5 UNLH, Vs
AFEHol A FAgol A g BAY HAFTE

fr
[y
3
oQ
~
-
o]
>
a9
o
e
+
O
Q

718 522 o 71REH o] FRH7) 41, 4SNIFE 3 5

=
44 997 989 Aoz 44€eh
. vigue] Qs NS dE

pl&u]e] el wiFo] £ low RAolrl FAHHA dteow, 23 H
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Zo] AA sgen BFolr BN EE BHol FNLT BAo
¥ %Hone cotyledon) > @712 % A¥k(proximal segment) > AFLEZE
(distal segment) =22 Egtow, ol Ao} FHL URE FHE T2

Zo|A o] 2olH T, TRRE RdNE A FIHA gl oHH Ais
WZo] B ARAE AVBIZZY HoleAd Aol o5 ol Aol
A4 AN Smulders et al, 1988), AYHBF RERS7F FAoF T F
o8l Aol ol APAFH FA A (Lee-Stadelmann et al, 1989; Paterson,
1983)0)] we} LT FHolA Aol o] o]Feojz oz HzEth EF
Aol #A WAL FJde 2908 Hixd] FrtE 3289 IFE T2 9
Ak ZAgule]l EA8te WAL EF, § HALSAY F4 o] FH(Moncousin
et al, 1989) o]-229] & E(Goodwin and Pateromichelakis, 1979) So] ZA &Y

o 37ote] BA7Q

HAolo] w712 Douglas fire] A Ae] 39 & E 33 (hypoepidermis)
o] ¢]8(Cheah and Cheng, 1987), kidney bean®] <}EH €]

o
o
o
(s
X,
i3]
M
e

A% fRszdd 29 gezdozre H7 ool A2z (Chandra et al,
1991) wiF87 2 Ao wa o v)gde] BES ¢Fdth TR AfdEAL
2RE RAol AL vSuAgdRRel Ex3e zHNozEYE Y9591

ololx fEHFZAY F9 BEAEZE B e Ao} dU7t 4FHA &

.{

Jo
i
X

....34_..



79 ZId AEAAYATE AAZLTAE 53t HgoeE By HIUX
(Christianson et al., 1983), ©o]% AZAZzHAS HA¥E(Finer and
Nagasawa, 1988; Liu et al, 1992), ¥Wi$A 524 ©v]&H]e 2 4(Komatsuda,
1995), 22413} sucrose®] & &8 (Lazzeri et al, 1988; Komatsuda, 1992), |
Axufe] o] A Fe LA (Choi et al., 1994), AAEule] As 2 HEA 2 AS
(Buchheim et al, 1989) Z28]1 #&7t A A Ev]F 45 (Komatsuda, 1988) 5 %
& A77} cRoiARKT. 53] UFe F2P AATNLAS vIT ATE AA
AdA 38 ¢ 30097 FFE A2 FHAA A dF HEA
AESATF T2 2a40] #2H vl YtH(Komatsuda, 1992). o]g}zre] 7|
ol B FHAEANAN FFL AT v AT FFFHolzt & F
o, HiFAREN 5 AF BT FEAYL A AN £ 67 ¥AA
g aA7d dodM HF 9REEZFH A
(Green, 1982; Rhodes et al,, 1988a,b; Foroughi-Wehr and Friedt, 1981; Vasil et.,

30,

o
als
fats
rif
o,
i
ox
o
i)
ek
¥
30
0

1990; Kamiya et., 1988). o]¢} ## 3} Komatsuda (1992)& A A ZujetAol] of
3t QTL 48 EFoz AAEsgAso] & £F (Masshokutou Kou 502)
@2 FF (Keburi)d] ww22E 1177) diF AXF AFE ML vt 3l
T} (Komatsuda, unpublished). W&lx] B dAFdg e dF 7sHFAHEHE 4
g aNE FAAEAN2EE ALY EHoZ 117/ A2 AT g A
ZEA TS AL I E AAZNSATATLEZRE AEA A AT

ATE FAsAT

2. Ag 2y
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WF 117709 AEF £AF(RIL, recombinant inbred lines) F14 HthE dE
FANEANLATA RAGIARZREY FFERT AZFEAFE 1FAT
A Az Fo] B Glycine gracilis®]semi-wild M%<l Masshokutou Kou
5028} A A TR o] BEe Glycine maxe] AuEZE KeburiE (Komatsuda et
al, 1992) xHjdle] single-seed descentty oz ZREstETt  (Komatsuda,
unpublished). & A3ddMe 270 FIE23 11749 AXFEATE 24AZH

o HFste] SSAFANEAELEAT. NFE 15U wguje] =77 253
mmZ ABRFENE AFAFEE 353 FAF F TG AEFE AAG A
EFEHEL WSR2 o)&dHct. AMATwHEHiA] (SIM, Somatic Induce
Medium)= MS salt (Murashige and Skoog, 1962), B5HIE}%I(Gamborg et al,
1968), 40 mg” 2,4-D (Finer and Nagasawa, 1988) & 30 g” sucrose® &3}
g 2484 WAE 4 g Phytagel® 713714 pHE 582 =334
121C, 12719404 1587 2t BFF 90x15 mm E2E HEZTUH 25
mi¥ EF3tod Abg3tgon, HEHYAT 20719 AFHEHE AU WS
L B5CE 2AFE WFYAM F= 46umol m?s'e] 1647+ FF7]o)N 5331
s T AAdze 2ANEY EgY AATRINSE 7EFRT A AA
T E TLuMAL &4 73719 23AMNTHE FA8tA o, dsuiRe A
E A A @0 x| (Komatsuda, 1992)¢] A &1e AEAE ASAAT EELF LS
338 kE 3t}

3. Z

i)
i)

a2F

N5 AEE (Keburi)F semi-wild¥E (Masshokutou Kou 502)2] wHjZ
BE L 117709 AR $AFE B3 85A T AEHZRE s F o
1597 viswE IRk RSz RE AEIEBE Hd S AAZHFEEA
(SIM)ell o] 23 A} wiF 1353 RE A9FH s dA 2T A FE
o 3FAE A ZE Ryt 2oz Wagy, AFEE /A THeH
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oA ez A glo]l ATz ¥4 =7 AFsAch 2y 2EEG gl
Ago e Au2rt FAHAY BZHe @ol dojue AFdAe AA
izt Aol 4 HA @Ak (vlolE wAA).

o 53 F e AU REH AATNZNEH AT AHE ¥
A FE ZAR 23, g5 AuiEEQY KeburidlX e AATEr 2R gt
o}, semi-wild®E¢l Masshokutou Kou 502¢]4E 92%FAR=dA 42
3RAAAAZHWAE AT, olgjd Ade FFT AAZTNEIHT Hol7t £
BEe BHo Fo, AAEuEdsd digd o 300479 FFELIIY
(Komatsuda, 1992)3} Masshokutou Kou 502¢} Keburiol M Atd 221z} 4.671 ¢
.27 AN TR olAATET (Ito et al, 1999)9} o} F ZF LA
At

Fze AMZRE 4 AZFEAF FlaMuolA 85AF thgh A EZH]

4 £ vng B, 36ATNA 0-10%2] ¥ AAxe] 4%
=9t AET o 007708 AT AR, 37AFAA 11-49%<] FAW
=9} AET oF 090702 M Eu 7Y, 9A TN 50-89%2] FAAWES AAT
312788} AAEwirt 24 FAHJ LW, 0%l nRlE AAZa FAANE
£ 3AEAAMT FF =, AP 636702 AT FAHAT ol T
HE AAZEEEE 2 345 dAHE TR &4 230 SN
L2 149 o F4 2 AT & Aden, ANEAE AE5HA, dohux &
AEAH A8 (Komatsuda, 1992)0] &AL v AAZu|F oF 25%F=7F &
F HEAE AHEAAT. oY FRe dFY ARY SAFAA AAEH ¥
AEol L& A5 L 43 & Masshokutou Kou 5029 A HEAJo], AHEZu]E

e}

e

f

oftt
o%
it
.2
o

5

>

&

Rt

o

Ao R eAEL Keburi®] ¢ AHERNGAHY/HPEAAS AR Y, B3
KM1032, KM1064 3 KMI1010A1 53} go] AL 4u=r) 242 92%, 92%
2 100%2 a8ln AQgF AT X500 22 4770, 82370 B 8522 &
A deEhd AL /A7 A (additive

S&oln BEee WEARPLE AT

% (Masshokutou Kou 502) ®.t}

effect)o] &3 Aoz F=drt)



A188o A L& o]F (Green, 1982), ATujd ¥ AALFE Tt HEA
A48 (Rhodes et al., 1988a)3} electroporationy o] &3 FAME A& APikel7}
53931 (Rhodes et al, 1988b), He]EZ Dissas} Igriol Al ofujjako] 23 wi4
A A EAYA (Foroughi-Wehr and Friedt, 1981)3} vl wjujofol] &3 Hzo&
g AEA §%7F 7 slgti(Luhrs and Lorz, 1987). 3 UFE Chrisd
Al ek, 3] F ovlse] vide] g AEA Aol 7HEstAR (Vasil et al,
1990), WA <F 500719 F&£L Yeg 23Ysld aWE HLH TEFF

!

S AEFuiglth (Kamiya et al, 1988). o]9}zto] diF& T F B-L AEA
TEFol EXNAE AT BE EFL AAEEASolY HEA AEIS
A AAA AAE Aolrt U] W JIHE oldHE FUFE FAY 23
4 AFE BEA ¢ Folyg AFAdnge] IFHolg & F Utk

AFAME 117788 AZFEAFAA AAZTEF] $+3 KMI1032,
KM1064 3 KM1010 F 3A1%5E dAsP2w, ol AS7AA #+
HEA AL FAHEL S FIATIEY Fo2F FEAdez €82 F 3
S 3ol

g FEFAR =gl T B FFAF Ve HE AETT 2oF

T 7HE F2% A 2okt & & doH, ole FAEd FINFE ok HI
insertion tagging lineg ©]&¥ 7|TRKAHA ATdME HU7IEEA ol&H2
Ak A& EW AZXAY nematode T TFF VT4 FHAES AMEEA
MELE FAX A2 T FF NLEs P AU, OGS 17 IHE 29,
AHE 43, A |8 F 48 71A A& A8g2 ©]&¥ F 3y Monsanto
FEol ML Hol AF7A v=

¥
oM ¢IF we {FAX AxY UlF FH2L Roundup Ready Soybean,

re

ol
X
X
2
ot
b
L)
>
aT-l
2
_2:,

A2E 7154 A5

High-Oleic Soybean & il Liberty link Soybean® 2 <& A lodw, <|F
Roundup Ready Soybeang ©lZolx i & Aw] @A 50% oF& A3
39tk o9} o] tiFeAM nEE FFAFH Ve NEe HER UF UFEF

Mg o 2IXZDSF 1L ¥ o}l Functional GenomicsE S33}7] $3)

..38...



A B2 3% insertion mutant line/jZolx o] &8 & 9l7] WEe v Fasio
g 5 Utk

HEHSZ Collins, Finer ¥ Parrot ZEo|A 74L3 vlgu] wigez R
AAZ Wi ZA2E BT AEA AR PPE ol&3MAY (F 847),
Widholm, Hinchee % Sommer2§oA] 7@ zgAo} wi&HHE o] &3
Z1HEYA T FE o8 Utk (F 317). olzd T AESAI=H
W 7 A7e §2HE Al2" AR Q7R ololx AR F 409 Ho
FEAE A7t oA viFe BEAE, FE 223 B A¥IuE §
T MEe S8t
Bl A AEA

e
e
N,
2
i
ro
9
i
e
o
i
N,
Wy
: ttlo
it
i)
Ef
pacd
lo
=2
<
lo
>,
B o

AApYol o]fiR ol 5 e AMRIFAN2Ho] ALHAL, HZ Aol =
HAE E7] FEO #gsE §719 Yoz KNE H Agrobacteriumg HE S
FEAE Yol U A7l g8 AgE v Jdot ofF UFHoz A&
Hi QA= &} (3 F, 2001).

olgt Zo] thiFoN FHAAFAN2H AMPe UA GASE ARz &
dol o3ty dZFHojol & FAFOZ dol 33

4 2 &

52
>

R

2 T 2y A7IRHE RdAER AEFFAG AT o]FolF
< gule] 4" ALs A= fr1gde nag ¥AAE W

dee 3, BoA Functional GenomicsE® £33+ knock-out

g}\ i

T

'/

g

°o] F8

%

mutant lines X & & A=

2g PAWBN2YL LEHE A
2o Yo 917 W2l 7F5R | Aok ols go] A8 FAAR <



T o8 7HA add A A7 S8 2RE F e R T8 AT
e 94 2Rz B AR Al=g Fre T F Uok

BRI ARSA2E L AAdZEdS AFEHLE o] o]FoiAH
AT ANEZupT A28 o] A5t 2y o] tiF AAETEEALS
B8 2AEA AEFA=E ALAFAA AF & BEAF Sue JIWEd =4
olx FER AAEv} FEFANE FeF o2 FIdoe FHAN OF &
e Aotk & 7V widez R F4E OF AAZHFcde FEHoE ¥
B4 ATV 2L BIER XY 5o S B olg ol AAxue A
A AEA ALee 22AE F8E 20 Hu UK Choi, 1994). o]2F
g4 U5 B opys 32, 28, Uy F uREY HEA U U, 1
AL wixe] T He @53E, 284, RolEFd B 2823 ofFHAA F
o2 @424 UthHBuchheim et al, 1989, Ammirato 1987, Kageyama et al,
1990, Soh et al,, 1991, Lee and Soh, 1993a, b). =& A4 g7 v|AY ALE
e AMEwilAM  ARsge Wy & ol uE WHH(Choi 199,
Two-cotyledons: 99%, Three-cotyledons: 46%, Four-cotyledons: 35%, Horn type:
3%), 1 AL AMTue] AR IR T2 LFE AV e A=
d#H A H(Faure, 1990, Isabelle et al, 1993, Nickle and Yeung, 1993, Choi,
1995, 1% 7).
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s} 2ol 7 MIAEZEREH e AAZde FEAS} FHFeE
ofF thE FH9 AEE e uAL AAEEZL EASD ol BEEEXE
JEA e ZeE ez g
g 57 g2 AAZule QR FAAE T U] Hu Ao

A oiFoA AAZHEEE BT ARFEE FE ATV A=

)
i
ek
Jdo
By
N
&
=
ol
o2
i
o
ﬁ
i)
ogk
ol

Z U B33 genotype2 A d-E F3 1¥E AMEEEAAF A
i1, AgE genotypes o|&3le] FelFoE A AMEETAES 4T HFH

WA 23 & B A2EExAL e AMAZEe o ZaL =23 (4 -

=

Sucrose ¥%, 254 °lFAAAY Ht £F, T2E F= F) o WA 4A
Hojol Aoz AZET. ol A4 ANEWELL T AL T
A 8 oopdel vobrh SYfEAr =48 AAZEY AEEEE FEAA
FAAGA Y RMEE FFAE Aol

5. A4 2 s29d: A3 FEudxd Y

INE AR AEI Alxdo] g Fo olazutyg g FEMEUH
particle bombardment] & o]-&-5 Ak, SAAT (sonication-assisted
Agrobacterium-mediated transformation, Trick et al, 1997) W= 2L B3
Hio g HHo FAAE Alxde] FH Hojok & Aot} o]F olazutH 2
ol 9 FAHPEPHL 7MY durEoz AREHe AR AAV O HEA
F 9] genomeo Z T-DNAR-$I7} Abgis o] FAHgo] dojdtt. o] HABAAM 7}
F T nEsor & AlgL olazdty g AEFUT FTFMLEFA A9
7HA EEH e E¥F 249 g3t ¥ Mgl F-7AE F AT A
B9 vir A EAE YA acetosyringone®} hydroxy-acetosyringoneg
G Ht AN B3, ¥ EXE 93 olazud ot pili¥d T

88 FyAdoz A FAANZLE MMV g} (Fullner et al, 1996). =3
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polyvinylpilypyrrolidoneo]t}  dithiothreitol, L-Cysteine 53 22 3 4I3AlE
H71ste oozt o] WAL E 4TS FA ¥ FFHMEA A3
A Uetde AEAEY AL e 2HE A4 A AA H4E 8 A
€S 37 NFoEAN FFEAYNEE SV AR ded, e B3
22 ZHEoE FFEL H7F F22A polyphenolitdl A9} peroxidased] 7]%
A o8 FAHNHE L Z7HAF7IE 8tk (Perl et al, 1996, Olhoft et al.,
2001ab). o]s} o] elazutelE]l ) AEHUL FFuEA iR 9 71
FFES F7MNAY EFAMYA g% FIASE FEE FIa do 2
doll= EF B2 HF FAATE AA, F3 LYY =4, HH o=
e ot AEF HY F5 48 71X 8% 2AAE 2l B Ue Aot

ZEHOoZ AE oA FAAB 4T AR ARz AL ALY FE
s} A FEUG =4 RV P FosA A HolA of & dAFEcH} A
Ztejm, £3] A EA Aol ozl FEZ gEHA UFdAAE AATNE 5T
INE AL A2dE FRIES ol Fe] genotype 2T FPE T

NE Z13Egs ASe A¥ste ol 71 T84 dPH A & AT

‘.,
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Genotype Screening(800F% o] 53§ FH3F genotype AAE sl
FHe dF FF <9 1100 lineF ¢F 800 lineg tigoz 7|ERs 5o g 1
A 222Ye $8 A9oH, oIF JBIAFES ZE 237) lined YL 2
3 23Ye FHRAY. 13 23290 A8 MAZE 197 642G ¥
ZagolA L& 4FF TEEXFE F, NAAOL mg/L7t- H7td MSHiR 4

BAP, Tidiazuron, Zeatin, Kineting€ z}7z} 32 mg/L¥ =% #H7}3 v X|(Tn, Zn,

Lo

Kn, Bn)ellA F8stgen, 23 23 A48 #RZE °E 282
TEE A FEE 2T 3249 wWiA A PRI 1 23 EAA TR
AL 2 lined oF 1,1007) lineE 237) lineolgl e, WU 1,077 lineol A
E shoot@ o] o] A gtk (F 5). & 1x 2= dolA 44" 237)
lined] i3l 7|@EAEE S} ar] st 322 At JddH 4 »
ZAAL Yoz 2AY ZF HFHoZ 2 EF 1049 line (49.1%)7} 888

e

line(38.2%)oll A 7} =& shootFAHLL Ue W (2 ¥ 8). WA 2FF =,
1049 line¥} 888 line g ¥¥F tiF o 7|FEI}E 5T FAMTA =W & o
&3] fstd HF AR I
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£ 5 U9 FF oF 1,100 lineZ 7|# £33 g 2+ 237) line
B2 29
Code
No. Genotypes e BN ZN N KN
o
61 AMURSZKAJA 41 ey >
[=3]
P-4
63 AMUVSKAJE W= "
%
68 AQ BISHI G.m -
3 0 0
o
69 AO CHOUHIN 1 Gm -
S 0
1+]
81 asahi mame g.M u;;_ o
+)
89 B52 ﬁ};i_%_ 9
%2 O
813 KMO11 e
9
862 KMO83 ES S
<)
876 KMO012 ﬂﬂi -
g
888 KM115 — S
‘:!i‘
o}
3L
910 FAYTTE1 Es "
9
945 KMO061 e -
g
949 KMO73 s
= 0
o o
963 15761 W= o
9
985 £1590-16 ES "
) ]
1021 %) 608-5 S "
]
1023 £1608-8 ES -
1612 E
1037 £1612-18 s -
1044 216149 g
v & o
[~3
L
1049 21683-6 S -
&
469 NEPAL (ACCO164) -
o 0
o
460 MUTSUMEJIRO TEs -
<
480 OGURA DAIZU G.m 2
) & 0

~ 48 -




HHu A 28L& 93t MS7IEH| A o] AolEF)|Je 2+ Tidiazuron, Zeatin,
kinetin, BAPE 2240 2%F NAAY 24-DE o8 717 &2 2§ Hrlskd
32749 AL 2ASAG 322F 2E WA shoot7} FAFHOY, ©]F
MS + 0.1 mg/L NAA + 3.0 mg/L BAP (25.0%), MS + 0.5 mg/L 2.4-D + 6.0
mg/L BAP (25.0%), MS + 0.1 mg/L 24-D + 6.0 mg/L kinetin (25.0%)2 ZA|
g AN w4 vegten, 2 F 7B 24 JdErd wixe 71 2ol %
375%% MSHjAo] 05 mg/L NAAS} 6.0 mg/L zeatino] H7} HYL = 7%
B FHLEL BY FAG (Y 9). 28U Z2EFE Tidiazurono] ThE
MolEFFAE T T8l3 NAAYF 24-DETE 7 @24 &0] 5& Aoz yehg
oomEtA 2 AT ZRE wgoz dife sdEAs AT FHMAEA MS
7128l Ao} 0.5 mg/L NAAS}H 6.0 mg/L zeatino] H7lE wWiAE HFWAE A
3 Act
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3. 59 71d2HE T8 HEA ARGA2T F

HE Zeddsed e H4 NPRue AFer] Astd 19% 232y
A4 Fold 7 AXHNFARE U3 HSEVL dPoz 2 32
A PR QEARTE NZPIRoLRE JBEYse] B4 Yehdos

M BEAPES AF AR EA WiEEAE AFsAY (2 Y 10).

fu
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A5 A AAZTAS T dF FFAH AT
Lowiguugos ANEAEY 2 A2 {3

T AAZEe 2T B2 G2 2 F4E At 18R ATl 11774
genotypeZ A A Xu] widAuidAT 0%o|FHE 4FFS HFLE 24HA
AEAA 15 - 25 mm3aA7]e] mEuHE UL
24-D7} H7 " MSHiA A 125 wjdadas ujdA
o Mg dEae 4F0H0 2 A gEA #4 " YA

2. AAXxuA g2} 24D FHA

AN AEARY AP YoM 8 A F2F 2l Ut 9
Azl FehFwo]l F Ade Wole MMM FDEIZHE HIA
Ee 23 ANFeEA AEAZY WL AAIE FLE 8] B F
At ol g AMEaje AFHE dodle 89F 24D FLY 2don
ol g AFE Jodch 53] dFoA AR FzuiAde g A=
P15t l$ L BE (40 mg/L 24-D)7} ¥7H7) WES) AH T e
Hols}t 24-DE e FAB/AE ZAME Bavt Ao diF AAEFTAE T A4
9 AFE Ze AAEH, F A9 AAE e A AAdze 2 GBI
AAMEe D8 2ol o o JIFHRA ¥e 7YY AAXurL #F HA
o 3 ol AAEHMY FEE 24D =4 w2t FHIA A7t Y=
E YeEnt F, 0102 mg/Le] ¥ FRoAe YBEH sl Ade e
AAZNEGE F e AFE Ze B4 FH AAEZH W=7 T BRe
o, 054 mg/L7tAE 24D 27 7} &48 YB39 AAzusrt 718
T 9, 5 Y AEE Ze AMdZve Zasgd. an 7719 AAZ
e 4 mg/L o]29] 24-D FEMRE ofF & Rz #AHI| A% 33
om, 10 mg/L o]49] nFEAME BF 77 AALu B HID (B
6).

pas

o

\I
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£ 6. hF AAEZAAN AFHols} 24-DE=S] 4d #A
24D Conc. Cotyledonary variation of somatic embryos (%)
(mg/L) Two One Horn Others
01 67 33 0 0
0.2 42 29 29 0
0.5 42 21 54 0
1 21 14 65 0
2 18 18 64 0
4 27 30 30 13
10 0 0 0 100
20 0 0 0 100
30 0 0 0 100
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3. 7 QA 2E o] & FAAE

Agrobacterium®¥ 2 Particle bombardment ol 23+ thF A A Ze) FAXE
S 93t 40 mg/L 24-D7} A R diXeA F4E 48 wgAgHsE
agrobacterium (LBA4404)$} ZEul 98} AL} particle bombardmentH o2 #3
BAZH T olE wiEAAHAE 15 mg/L hygromycino] H7HE SAWA| <A 4
FAo 2 Aduigsias §FASE Fejag Jdsgo. dRE el
25 AduiAdA ZHELS BolA} HAas @G BolRA Al e
B, 2% d4F W@z Gty FAHe sdAgAE ATt
o} Zo] MuujAelA FAE wRAAY2 JRE Esto GUS staing

T Ao gus FAA7E TEHD JSE T ST (2H 1.

i
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Ae6A UF AFEE TEMIHE o] &3 FAAS
A€ A

o

g9 DEE FAND J1E ALe A2e UF AFF AL 0% £
AL 5 e » o

2} Functional Genomics@T& 8387l ¢33 insertion
mutant lineAJ At AT B

Hoz ol4d F UL Aotk UF FAIEALH
2 o v wigez Be AHAXE #jgA o]y} (Cahoon et al, 2000, Hazel et
al, 1998)3 }gHolu} viZHHE ol 8% 7|TLAYE (Clemente et al, 2000,
Xing et al, 2000, Meurer et al, 1998) £3& Agrobacterium F-FH]¥H (Hinchee
et al, 1988)3} particle bombardment®y] (McCabe et al, 1988)2. 2 whiF A
A E Astd Aok o] F OiF9 FAABLS FUAYY) AT HE Y A
8 (Hadi et al, 1996), §3 Hwul7 74 (Zhang et al, 1999) ¥ T¥IE AE
%< 2+ ¥ A (Simmonds and Donaldson, 2000, Choi et al, 2001) %
Be A7t o]FolA Frh olgF y] AFE v 2E T upelYs AY
4 (Di et al., 1996), Az A A4 (Padgette et al, 1995), &F A (Stewart
et al, 1996) % lysine % %7} (Falco et al, 1995) 5 B2 FAAFAZ A
sted gtk 2y ol @ USe ¥AWBEE 2IF AEF $4E 9B AT
7} A3 o] gLox E3stn oF 7R Monsanto, Tom Clemented 34 %
ATE &F AT 2FA 4F d43e B IHANE o HH7A H: FHER

Hol Slx, FAAFAY Fof FF L 5T Y FAAY TEE FAF v}

Bty 2 AFME Y @ olazuHEe FEWYY (Zhang et al,
1999) 22 AR50l & #1099 U9 3/) FFL oz olazutes
ol 50 Be PAALY I AFL 5 ¢ YAPPAN2WL Fu §
A7l B3 &:A st
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2. Al @ 9y
7h AE A8

1,000/ genotypes S ZEE AW sH Sl =L AE (1049,
unpublished @lo]¥{)3} S - 9] 3FF (M2, ¥, Thorne) TAE 12N 47t
2 =% H (Di et al, 1996)02 297 ¥d@ AFe Yt 2% sucroses}t 0.8%
agar’} H7ME MSZ]Eu]|R] (Murashige and Skoog, 1962)c] S EZti4 3 107}
o FAE ALt 162 FFIIFIA 5Y F¢ LA RE HiAE
autoclaved 1IN HCl# IN KOHZ pH 582 A3tk ¥l% 5¢ 5 wold
EAZFE of 5 mm9] wjZo] XA wi& RYRAE AAT F A
I AFAOlE FHLE FD 3to 219 WS AT AFAld e
z

g AFHUA oA A AT Agrobacteriumd} FFujF3}ts] 93t A

1}. Agrobacterium tunefaciens strains

CaMV355= 2 ¥ B, B-glucurinidase (GUS)# 229}t barfHAE HYEA=2
23t v pCAMBIA3301% pPTN289H Bl & freeze-thawiHy 0.2 LBA4404,
EHA101, GV3101 ¥ C58Cle)| Ztz} FAXME 3l FF2 ARSI} (Jefferson
et al, 1987). 50 mg” streptomycin®} 50 mg” spectinomycino] H7}E LB X u
¢} 50 mg” kanamycin (pPTN289)%} 50 mg” rifampicine] F7}¥ LB %]

(PCAMBIA3301) 2} 50 mle] colony® HEste] 28C2 8AZH o4 MAd ¥
7] el (ODgso = 0.6 - 1.0)2] #&Y& Fo] A& uTh

o AR 42
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°F 30 - 407 AE H FHE 25 mi2] Agrobacterium-§ o] 30% B¢ AT
T FTENEE WA (CV)7F F7kE eG4 58 24338l 39 B¢ FF

=9

KFatAch 35 wWgE AE 2 FWE shootfF = AAulA] SHE 3 - 55
A I 5 mg' glufosinate’} F7}E shoot§% TAEER] (SDo &4 2F F<t
st ATk w23 3 4 F@ozRE ZWE v RHE AASE T W
Aol 45 B vlF SQh WY 43 T 2EIE APIERE $E9 shoot
€ ¥t shoot A A (SE)ell &7 3 cm o] AFAZom, RYZF=H)

A RDe]l &A FHEAE Q. ZE ¥lAE Zhang's 59 Wy (1999)) u}
g} 24 dgem, 4 g' PhytagelS #Hv}str] A pHE 582 ZAste 121C,
1271elM 1583 1t 87 Ak ¥xE 90x15 mm E28 HEUH
of 25 ml¥ EF3te] ALESITh MY 24T 2FHE SN F=E 46
nmol m?s?e] 16Xzt FFrdA WlF sgck ATMANM L& HABAE
EFes 574 24 A &3 & F AL £F Ak

2}. B-Glucuronidase (GUS) &A= A}

Zhang's®iel] w2} AgE FAEAEZRY J9¥US AAY F ITTAA
5-bromo-4-chloro-3-indole-glucuronidase- &M o] A} AJFAT+ (Jefferson et al,
1987). 2412t & 70% ¢32-E 902 g4 Azl T GUS ¢4 we-g HY A
EAe] MEE ASIAT WRFEAME Agrobacterium® FEW| YA g
HEA S o AWg AL

v}, Leaf painting ¥ Southern 4]
GUS Aukes veld A& (ToAt)E2y ZAHT1AO)E Itk 3o

T2 (TIAH)E EFA sFste 2444 4% At 35 F 2859 =27
7} 30 ecmolt HRAL o) 13 4 EW 01% ¥2E (Aventis)E £o2 A



Rtk 5¢Y F AzxACd di¥d UEE JeEd HEAN I zFHoERH
genomic DNAE # &3t} (Dellaporta et al., 1983). 10 yg¢] DNAE Hind III
AREL WeAd) 37TAA 1647 B¢ W AA AP § F 08% agarose 2
of A714% 34t} Agarose A AFe] DNA #WH=E Zeta®-Probe nylon
membrane (Bio-Rad, catalog #162-0196)0] &7 32°-dCTP (Stratagene, catalog
#300385)2 T AE ¢F 15 kb bar probeE o]&3 4] Southern ¥4 3ot
(Southern, 1975).

al

3. 4%

e

M

A AAZRE £33 1,00078 o4l genotypeo] widt Z|FEAEFE 01
mg' NAAS} 32 mg? Alo]E71d (BA, tidiazuron, zeatin, kinetin) z}z} 2§

H7Fe MsulRjol A A} 8o 45% o) VIRERAF S e 1 A% (#1049

)
old
o
=
oQ
iz

1
AA 3ttt (unpublished ®lo|E]). #10499} 37) FE& A4
(Zhang et al, 1999)22 FAHEL AT 23, HF 2F F FHE T2 A
G A R orF wWE AL Bolx shootr} A o} chimerice 2 3=
BEO AA FATE MMF 23 PGP shootE wlF 99 &4 AASL &
8 A9 2 ZHE 9 YA &4 25 T wIE 3

+ =49
e B8 ¥ €717 3A4HEAT. RAol e A3 XA SR FHAY
A Moz HFa ZesEe F9 2APE FRo| FE HULH, WlF 657 ©]
H3 Y7128 E 2 - 3 mm 2719 multiple shootE L YA MY 65%F

A8 A& shoot® B sted shootdlFHhx] (SN)) &7 MFSEA 3 cmo]
AR A% ART. MPARS ZHE shoot® RSt RHZ A=A B

g 5% Q00, oF B $74 £ANRY (2 12). YPHOE 5 mg’
glufosinate7} #H7td AdufAoA 5o viFERS ZAEEN HA A1 &
T (Zhang et al, 1999). o]#|@ WAL glufosinater} AHE He WFEBe]

2ol AR zHog F4 Ho] (Shelp et al, 1992) BARAF] dojyr] &g& A
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29 AS ¢EUol 80z AXY QasAFE APz A FHAEAG]
Ve, 32180 dojd AME9 A%  phosphoinothricin acetyl transferase
PAT)EZE FATeE2M ATUZE F59 glufosinateE B84 Fe|2 AFA
Aoz APARAL A gt Muller et al, 2001). weba] wjFr1zt Fet Vel
E AEE 29349 JAE4L vxo] H7ME glufosinates] 3] vEhd &
o], AEA AP multiple shoot?] Z-$+ T-DNAQ barfZAR7E diF
genomeo] T Hol dEPo M AYgHE A € ez WA

5 mg” glufosinater} H7bE AR o)A 1412709 A B AU 2R E
10671 ¢] glufosinate X84 FAEAE L& & AU, o|F GUS F4H&E
Uveld 2EAE 12 2e 84 A8 (077%)< YIS (2% 12). 2
Hu ZF EFA dold GUS FAEEE A EAE B #1049 4 674 A (1.8%),

i

WEFo) A 1704 (0.46%), Thorneol A 5A (1.72%)F zZtzh 4& & UeH,
FAFoME 4A Rt ojg} 2ol A% EE FF wEt FAAE W=
olg B & Uew, 3 old 1,000 A% 2aYYoeziE w2 LA
T RS #109A 5NN I - 9 FFo) B =4 vgwd o8 Adde
FAHENETL FFY V@2 LFT A dde I EH
(Simmonds and Donaldson 2000)s} YXH 1, ol& &54d4 AEA AEds
I FPHS YA A18AIFY FaAdoel Hel B F (Green 1982), Mk
I AFAA wgS E3 A EAAAY (Rhodes et al. 1988a) I electroporation™
of g FAHBAEA A FAME &<l HAT (Rhodes et al. 1988b). o]
Zo] dlF # ot B2 AEdA A% T F59 duHARe GHF ¥4
A 2E Fo] F2% ajle] @ 5 9o 53] g5 2ol AF T ®
FF % HEA AEST sl @A Aolrt lx, W Wil oBE F

U+ FPAY 2384 ATE FAN $5T FFo)U AF eHRe

rir

=)
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Agrobacterium FFo] wE JFFAFEL S vius] B9 pCAMBIAZZ0IE 3
AAEE  LBA4404A A 31%, GV3I016iA 1.6% 28 C58C1ellA] 0.0%2]
GUS 4d¥hs-& Hx, pPTN2892 P Z A3 EHAL01 A& 3.6%E 7 =
A velgt (29 13). 2y pPTN2892 FJASE U8 FF (LBA44,
GV3101, C58C1)$%} pCAMBIA3301Z ¥ A3 EHAI01]A o} HAAEA
€ 9A E3Ao ol A= giFY AAZwEdse] & AFAA
Agrobacterium T3 (A281, C58, ACH5)9] Aol &£} Agrobacteriums]
R/ wel ga2dEs 9F ZF (Simmonds and Donaldson, 2000)9} o}
dXska glew, o) 13709 ¥ FE3 pTOK233HEIE ¥ §Fsle LBA4404Y

€ ZA RS 9 FAH, g9y 2 FERE 52 #E4E0l a8 B
¢ 235, 9G¥y 2 e 2 FAAE vEhd A7 (Lee et al, 19999}
Coleus blumeio A} C58C1, GV3101, A281K.t} B6S3 #F7} & ZEAHE B9

N

AT (Bauer et al, 2002) SolME FAFUTh o]} o] Agrobacterium F
o AL O FFY FF we a3 HEY AE FF 2 Tl oA

g2 vehdr] g kg3 a8y n8e FRAE A2"E R
i e F3 £5F 2 Agrobacterium g o] FFHolgt &4 Uk

rt

._B‘g..



Frequency (%) of GUS-

positive response

GV3101 LBA4404
Agrobacterium

- B2 ~

EHA101

strains

C58C1



- B3 -



7.8 kb

% 15 i F B FA A EA (F1A ) ol A Southern blot analysis
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NN A4 FAEA (2 10 cm)E EF o]Astd A4 A & 47)
o] GUSYAErSS JYelle 2EA (ST-1, ST-2, ST-3, ST4)ZHE Fd F=
THE AU 2 FAABAZRE $88 FA TIAD) T FA92 oA
54 Egd BFate 453 AEAE A 3FFE AT HEA 1499
ut2E} (basta) 2l S ste] AzAC g AYHE 2AE B ST1ASY 57
A ZF AA NN, ST-2AE 544 2F, ST-3AFANA 174l A, ST-441F 474A
2R Aol e Aoz Yyt a3y gxFe Z$ bastarl X"
d9 A9 3YARE o] ZHHTEA HX PAE APl gl A2 U
Bt (28 14). 3§ 013 AIAPE 2 AEY o (MA) 2R F23
genomic DNAE Southern®4 ZA# ST-1-1% ST-1-2014%E 2 copy’t, ST-3-1,
ST-3-2, ST-4-191X+= 1 copy’} 2EA genomeo]| AYHO] JRor}, ST-2-19
e g ¥ & ddd (2 15). g2 AE E TEREE g3 =92
barf A7} thF genomed] AYHO] T AUE FAH FdME A
22 FEHT SES AASHT et B A7 S diF A

AAGTHL FF N2 T AFF ALe s FINZ F 30 B

ofh

L

g2 UE 7158AH AFE 538357] 93  insertion mutant line/jgd % o] &
2 UE Ae=E A8 d0.

AL B ATE AEUER FERIAAVITATARG #A4 (CG2121)25-H
Agggron, dHga7lde Tom Clemente¥tAlZ2HE 5  (throne)FF I
pPTN289 ] & 18]31 Takao KomatsudaBtAl 2 F-E| #1049 genotypes I3 %
o} F&YstPt.
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H 43 sxEdx 3 #giFoloe J|ox
"ﬂ =) o 1) %}‘35
5 H}T?_:]'?"EFE- E)\om% (%)
o Zl#Es AT o Z|#Es AT
-genotype Screening - genotype Screening €& (800 &%)
1 (800 E& ol - 37 Genotype A3 100

- # 3 Genotype 4173
- ARuR 47
- wEd 4%

EELERE

- A9 528 2§ 4%

- HH gEa A4

o AANENE ooy BAAT
:'1.

LR

]

o AAEHE o|§F FAAL AT

- 2ET NTABA- £7 2L 3
A

(o]

FAAINE (A 01%, A 8%)

2 - HAAEEEE o wERa | - 3 AMAEE 2SS 9% 24D Fx | 100
-Agrobacterium® @ Particle - Agrobacterium®y ¥d A3
bombardment 2.2 FAAE |- JF I4YA T HAA
- 3 A 5 AA
o pPTN289¢} pCAMBIA33012 A A
1. Consensus JAAGFA2H 7L §§44£1A1£]1:g.@f§ AEJ;) 5:’ ;XS%OE’%}/
o HZA Agrobacterium strain A7 ZEn) °c}’§' Az EH ATOI %2‘;—0}} A
. = 3 5 5 3.6% FAAHELS A
.&] h=]
o HH T VIR 2L /Y |5 guuumAunn 28 zeAe=
3 < AFEFFNEFHA99E 71E 80
o2 o]f349 ThorneEFZ oA 57
A, 1049FF A 570A|, BLFolA
x 5 AAE 42 AUS.
sﬂ k=]
° ERBAIINST HR o Az s9e B4 U @
AAFAADA2(HA 01%, H
8%)
o EE¥ % 51 (9 24, =4 37)
o =% &% 31 o I IEEE 14
4o 28 17 (HEF2AE A73) 80
o FFHEE (>15%) o FY 53 &4 14
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H 5 & At ane 3=
2 ATHANN FY8 BT AFE FJAABAN2HE ol §3te] 2801
- UFY YIABA2DE olgsd HEFAA =YL B AFFSHAT

g £9% & ¢

4 T S

- tIF functional genomicsATFE 93 T-DNA tagging lineE A

Z U5 3z A3 service

o>
lo
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H 6 & AlEintEoM &S st |=dE
A1d dFIEA38 FIEY &5
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Abstract A major limitation in producing transgenic
soybeans [Glycine max (L.) Merrill] using the Agrobac-
terium-mediated cotyledonary-node method is low-fre-
quency T-DNA transfer from Agrobacterium tumefaciens
into cotyledonary-node cells. We increased Agrobacteri-
um infection from 37% to 91% of explants in the coty-
ledonary-node region by amending the solid co-cultiva-
tion medium with L-cysteine, which resulted in a fivefold
increase in stable T-DNA transfer in newly developed
shoot primordia. Southern analysis detected greater than
a twofold increase in transformation efficiency, as deter-
mined by the number of independent fertile, transgene
plants per explants inoculated. Enzymatic browning on
explant tissue was also reduced, which suggests cysteine
may interact with wound- and pathogen-defense respons-
es in the soybean explant, resulting in an increased T-
DNA delivery into the cotyledonary-node cells.

Keywords Agrobacterium tumefaciens - Glycine max -
Transformation - Enzymatic browning - Wound- and
pathogen-defense response

Abbreviations BAP: 6-Benzylaminopurine -

GA;: Gibberellic acid - GUS: BGlucuromdase

1AA: Indole-3-acetic acid -

MES: 2-[ N-morpholino]ethanesulfonic acid -

NAA: Naphthaleneacetic acid - PPT: Phosphinothricin

Introduction

Trgmsgenic soybean (Glycine max) plants are produced
using both microprojectile bombardment (McCabe et al.
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1988; Christou et al. 1989) and various Agrobacterium-
mediated transformation methods (Hinchee et al. 1988;
Chee et al. 1989; Parrott et al. 1989; Di et al. 1996;
Santarem et al. 1998; Clemente et al. 2000). However,
soybean remains extremely recalcitrant to transformation
{Trick et al. 1997). The cotyledonary-node (cot-node)
method is a frequently used soybean transformation
system based on Agrobacterium-mediated T-DNA deliv-
ery into regenerable cells in the axillary meristems of the
cotyledonary-node (Hinchee et al. 1988). The efficiency
of this transformation system remains low, apparently
because of infrequent T-DNA delivery to cells in the
cotyledonary-node axillary meristem (cot-node cells), in-
efficient selection of transgenic cells that give rise to
shoot meristems, and low rates of transgenic shoot re-
generation and plant establishment. Improvements have
been reported in these three components of the cot-node
transformation system. For example, improved selection
and plant regeneration have been developed (Zhang et al.
1999). Considerable effort also has been applied to in-
creasing Agrobacterium virulence by the addition of
chemical inducers of the vir genes (Bolton et al. 1986;
Dyé et al. 1997), improvements in vir gene constructs
(Hansen et al. 1994; Palanichelvam et al. 2000), identifi-
cation and selection of susceptible soybean genotypes
(Byrne et al. 1987; Delzer et al. 1990; Meuer et al. 1998;
Cho et al. 2000), and increasing the wounding of ex-
plants by either microprojectile bombardment or sonica-
tion (Bidney et al. 1992; Santarem et al. 1998). While
these studies represent substantial progress towards im-
proving the cot-node system, the production of transgen-
ic soybean plants remains inefficient.

In the soybean cot-node transformation system, target
cells for transformation are prepared from 5-day-old ger-
minated seedlings that are bisected between the cotyle-
dons along the embryonic axis. The epicotyl is excised,
and cot-node cells are wounded with a scalpel by slicing
the node at the base of the cotyledon. Following inocula-
tion with Agrobacterium cultures, the cot-node explants
are co-cultivated on solid medium for 5 days. While in-
vestigating the cot-node transformation system, we ob-



served that cot-node explants exhibited enzymatic
browning and tissue necrosis at the wound sites follow-
ing co-cultivation. The soybean cotyledon is known to
be extremely responsive to pathogen attack, as exempli-
fied by the synthesis of phytoalexins upon exposure to
fungal elicitors (Boué et al. 2000). The observation of
explant browning led us to hypothesize that explant
wounding and infection likely activates wound- and
pathogen-defense responses that may limit Agrobacteri-
wm-mediated T-DNA delivery to cot-node cells. At-
tempts to reduce tissue browning and necrosis during
Agrobacterium-mediated transformation have been re-
ported in other plants, but not in soybean. The antioxi-
dants dithiothreitol and polyvinylpolypyrrolidone in-
creased Agrobacterium-mediated transformation effi-
ciencies in grape when applied to the solid co-cultivation
medium (Perl et al. 1996), and L-cysteine and ascorbic
acid decreased tissue necrosis of Japonica rice meristem
cultures used for Agrobacterium-mediated transforma-
tion (Enriquez-Obregén et al. 1999).

Since poor dgrobacterium infection ultimately limits
the production of transgenic plants, we focused on im-
proving T-DNA transfer into cot-node cells. During the
course of the investigation reported here, we observed
that the addition of L-cysteine to the solid co-cultivation
medium following the inoculation of cot-node explants
with Agrobacterium resulted in increased T-DNA trans-
fer and, subsequently, an increased production of fertile
transgenic soybean plants.

Materials and methods

Agrobacterium strains

Agrobacterium tumefaciens strain AGL1 (Hellens and Mullineaux
2000) was transformed with a binary plasmid, BSF16, that con-
tains the bar gene for resistance to the herbicide Liberty (AgrEvo
USA; bar codes for phosphinothricin acetyltransferase, which de-
toxifies phosphinothricin) and the phenotypic marker gus4 gene
that encodes for B-glucuronidase (Fig. 1) (Molvig et al. 1997). The
gusA expression occurs only in plant cells but not bacteria due to
an altered 5™-leader sequence. The constitutive promoter CaMV 358
drives both the gus4 and the bar gene in pBSF16.

Agrobacterium preparation
Agrobacterium preparation and the cot-node method were per-

formed according to Zhang et al. (1999). The Agrobacterium
strain AGL1 was prepared by first streaking it on YEP agar-solidi-
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Fig. 1 Structure of T-DNA region in pBSF16. 83 Right border,
OCS octopine synthase, bar PPT resistance gene, P35S
CaMV 35S promoter, PVic vicilin promoter, Ssa sunflower seed
albumin, TVic vicilin terminator, gus4 GUS gene, LB left border.
The GUS probe used for Southern hybridizations is underlined
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fied medium [10 g/l peptone, 5 g/l NaCl, 5 g/l yeast extract, 1.5%
agar (pH 7.0)] containing 5 mg/l rifampicin and 5 mg/l tetracy-
cline. After incubation at 25°C for 2 days, 50 ml of liquid YEP
medium containing antibiotics was inoculated with a single colony
and allowed to shake at 25°C for approximately 2 days until satu-
ration was reached. On the day before explant inoculation, 3 mi of
the YEP culture was added to 200 ml liquid YEP medium with ap-
propriate antibiotics. The cultures were grown at 25°C until the
0Dy, reached 0.8~1.0. Before inoculation, 50-ml aliquots of the
liguid culture were placed into centrifuge tubes and spun for
10 min at 3,270 g at 20°C 1o peliet the cells. The pellet was resus-
pended in 25 ml liquid co-cultivation medium comprised of
1/10-strength BS salts and MSIH iron stock, 3% sucrose, 20 mM
MES (pH 5.4), and filter-sterilized B5 vitamins, 200 pM aceto-
syringone, 1.67 mg/l BAP, and 0.25 mg/l GA,.

Explant preparation

Seeds from soybean [Glycine max (L.) Merrill] cv. Bert were ster-
ilized using chlorine gas according to Di et al. (1996). Sterilized
seeds were germinated on Gamborg’s BS medium (Gamborg et al.
1968) containing B5 salts and vitamins, MSIII iron stock, 2% su-
crose, and 0.8% Purified Agar, BBL {Cockeysville, Md.), pH 5.8,
Three plates were stacked, wrapped in bags with ventilation, and
incubated in a growth room in which the temperature averaged
24°C under fluorescent lighting (90-150 pE/ms) and a 18/6 h
(light/dark) photoperiod for 5-7 days, or until the cotyledons
turned green but before the first leaves grew out of the cotyledon.

Agrobacterium infection

For each seedling, the roots and the majority of the hypocotyl
were removed approximately 3-5 mm below the cotyledonary
node by cutting the hypocotyl with a scalpel according to Hinchee
et al. (1988). Two explants were obtained by separating the cotyle-
dons and cutting vertically through the hypocotyl region. The epi-
cotyl was subsequently removed, and both the axillary bud and
cotyledonary node were wounded by cutting about ten times with
a scalpel blade perpendicular to the hypocotyl. The explants were
then inoculated in the 25-mi co-cultivation/dgrobacterinm suspen-
sion. After 30 min, five explants (adaxial side down) were ran-
domly placed on a sterile filter paper on top of co-cultivation me-
dium solidified with 0.5% agar with or without L-cysteine (catalog
no. C-7352, Sigma, St. Louis, Mo.). Stacks of five 100x15-mm
petri dishes each were incubated at 25°C for 5 days in the dark.

GUS staining, selection, and plant regeneration

After 5 days, the explants were washed in a liquid shoot induction
medium [BS salts, MSIHI iron stock, 3% sucrose, 3 mM MES
(pH 5.6), and filter-sterilized B5 vitamins, 1.67 mg/l BAP,
100 mg/l cefotaxime, and 500 mg/l ticarcillin] to remove excess
Agrobacterium. Seven or ten explants from each treatment level
were placed in GUS histochemical stain (80 mM Na,HPO,, 8 mM
Na,EDTA, 0.8% Triton-X, 1.6% dimethyl sulfoxide, 20% metha-
nol, 0.38 mM K Fe(CN),, 1 mM X-glucuro CHA salt (Inaico, Mi-
lan, ltaly), pH 8.0] for 3 days at 37°C, after which the explants
were washed in 70% ethanol and stored in 95% ethanol (Jefferson
et al. 1987; Kosugi et al. 1990).

For selection of transgenic shoots, explants were imbedded in-
to a solid shoot induction medium (0.8% agar) containing PPT in
concentrations of 1.33 mg/l, 3.33 mg/l, or 5.0 mg/l (Zhang et al.
1999). The plates were incubated in a growth room in which the
temperature averaged 24°C  under fluorescent lighting
(90-150 pE/m2s) and an 18/6 h (light/dark) photoperiod. After
14 days, the explants were sub-cultured into new shoot induction
medium after careful removal of the hypocoty! and placed back in-
to the growth chamber for an additional 14 days.

Cotyledons were excised from the callus/shoot pad after
28 days, and the callus was trimmed before transferring into shoot
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elongation medium [MS salts (Murashige and Skoog 1962), MSIII
iron stock, 3% sucrose, 3 mM MES, 0.8% agar (pH 5.6), and fil-
ter-sterilized BS vitamins, 0.1 mg/l IAA, 0.5 mg/i GA,, 1 mg/] ze-
atin-riboside, 100 mg/l pyroglutamic acid, 50 mg/l asparagine,
100 mg/t cefotaxime, 500 mg/l ticarcillin, 1.3-5 mg/l PPT]. At
this time, a portion of the explants in each cysteine treatment was
also sacrificed for GUS staining after slicing the explant into ap-
proximately 5-mm sections for analysis. Elongated shoots were
placed into a rooting medium containing MS salts, MSII] iron
stock, 2% sucrose, 3 mM MES, 0.8% agar (pH 5.8) and filter-ster-
ilized BS vitamins, 50 mg/1 asparagine, 100 mg/l pyroglutamic ac-
id, and 0.5 mg/l NAA. Rooted T, plants and T, progeny were
grown in the greenhouse to maturity under a 16/8 h (light/dark)
photoperiod under natural light supplemented with 1,000-W high-
pressure sodium lamps.

Southern blot analysis

Total DNA was extracted from soybean tissue (Sambrook et al,
1989). Ten-microliter aliquots of DNA were digested with the re-
striction enzyme EcoRl, and digested DNA was separated on a
0.8% agarose gel and Southern-blotted according to Sambrook et
al. (1989). DNA was transferred onto an Immobilon-Ny* mem-
brane (Millipore, Bedford, Mass.), and all hybridization and wash
conditions were as described by the manufacturer. The pBSF16 bi-
nary plasmid was digested with SpAl to produce a 1.8-kb frag-
ment, which contains the gusA coding region, to be used as a
probe. The fragment was separated on a 1.2% agarose gel, purified
using a phenol/chloroform extraction, and labeled using the
RediPrime] random prime labeling system (Amersham Pharmacia
Biotech, Piscataway, N.1.). Autoradiographic exposures were
ov-‘;:r?ight using the Storm#840 (Molecular Dynamics, Sunnyvale,
Calif.).

Experimental design and statistical analysis

Explants for the S-day transient assays were randomly placed onto
solid co-cultivation medium containing 11 cysteine treatments.
Experiments were based on a randomized complete-block design
with seven replicates. Average scores were determined by two
evaluators, each taking two independent sets of scores. Data were
analyzed by analysis of variance (ANOVA) (SAS, Cary, N.C.).
For each experiment, the treatment, evaluator, and treatment X
evalvator effects were calculated. Means and least significant dif-
ference (LSD) were also determined for each treatment (0=0.05).

Results and discussion

To investigate the effect of L-cysteine on Agrobacterium-
mediated T-DNA. delivery into soybean cot-node cells,
we used a transient Agrobacterium-infection assay
(Meuer et al. 1998). Wounded soybean cot-node explants
were inoculated with Agrobacterium and co-cultured for
5 days on solid co-cultivation medium supplemented
with different levels of cysteine. Following co-cultiva-
tion, T-DNA transfer to cells at the cot-node was deter-
mined by scoring GUS transient expression (GUS*) us-
ing GUS histochemical staining (Fig. 2 A-E). The mean
frequency of explants that contained at least a single fo-
cus of GUS-staining cells (GUS* focus) in the cot-node
region was determined for each level of cysteine tested.
GUS staining was scored only in the cot-node region,
which is defined as the tissue between the junction of the
epicotyl and the cotyledon on the hypocotyl, because
these cells proliferate to form plant-regenerating tissues.

Fig. 2 Explants from Bert soybean infected with Agrobacterium
exhibit more tissue browning on wounded surfaces when co-culti-
vated on solid co-cultivation medium without cysteine (A) than
explants co-cultivated with 400 mg/l cysteine (B) after 5 days. The
appearance of GUS* sectors is less frequent on those explants co-
cultivated on solid co-cultivation medium with no cysteine (C)
than those explants co-cultivated with 400 mg/l cysteine (D) after
5 days. E Cot-node region of a GUS-stained explant after 5 days
on solid co-cultivation medium with 400 mg/i cysteine. ¥ Whole
shoot/callus pads were stained with GUS after 28 days growth in
shoot induction medium amended with PPT. G An example of 2
callus/shoot pad with multiple GUS* shoot primordia. Jnser shows
additional GUS* shoot primordia present on the opposite side of
the explant. DT Differentiating tissue, SP shoot primordia, C call-
us. Bar: 0.2 mm (E), 0.3 mm (F), 0.1 mm (G)

The addition of cysteine to the solid co-cultivation medi-
um increased the average frequency of explants contain-
ing a GUS* focus at the cot-node from 37% in explants
cultured on medium containing no cysteine to 1% in
those cultured on medium containing between 600 and
1,000 mg/l cysteine (Fig. 3A). The physical appearance
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Fig. 3A,B The effect of cysteine on T-DNA delivery into Bert
soybean cot-node cells as determined by transient expression of
the gus4 gene. A The average frequency of explants exhibiting at
least one GUS* focus in the cot-node region across seven experi-
ments after 5 days. The bar above each cysteine treatment repre-
sents standard error between experiments. All cysteine treatments
were significantly different from 0 mg/l cysteine at 0=0.05.
B Scores were determined from GUS histological staining on 5-
day-old explants. The scores were based on the following ranking
system: 0 = no GUS™ foci on explant, 2 = less than 50% of the ex-
plants have fewer than ten discrete foci on the cot-node region, 4 =
more than 50% of the explants have fewer than 20 foci at the cot-
node region, 6 = more than 75% of the explants have more than 20
foci at the cot-node region, 8 = more than 75% of the explants
have significant staining at the hypocotyl, the entire cot-node re-
gion, and on the cotyledons, /0 = all explants have extensive
staining on the hypocotyl, cot-node region, and cotyledons, in-
cluding areas of complete staining. Bars topped with the different
letters show significant differences among treatments according to
LSD (0=0.05). No significant differences were found between
evaluators or treatments X evaluators (P>0.05)

of the explants co-cultured in cysteine was also im-
proved; specifically, there was less browning on the cut
and damaged surfaces of the hypocotyl, cot-node region
and on the cotyledon of the explants (Fig, 2A, B).

The most striking feature of these explants was the in-
creased numbers of GUS* cells observed on explants co-
cultured in cysteine compared to explants co-cultivated
without cysteine (Fig. 2C-E). Scores were assigned that
ranged from 0 to 10; 0 for no GUS-staining on any ex-
plant and 10 for all explants exhibiting extensive stain-
ing on the cot-node region, hypoecotyls, and cotyledons,
including areas of complete staining. For example, the
cysteine-treated explants shown in Fig. 2D were scored
as 9. On this basis of this ranking system, explants co-
cultured in the absence of cysteine had an average score
of 1.5, whereas explants co-cultured in medium contain-
ing from 400 mg/l to 2,000 mg/l cysteine scored signifi-
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Fig. 4 The average percentage of Bert soybean explants with either
GUS* shoot primordia (black columns) or differentiated sectors
(hatched columns) after 28 days on shoot induction medium. The
average percentage was calculated for 0 mg/l cysteine (r=9, #=88),
400 mg/l cysteine (=8, #=105), and 1,000 mg/l cysteine (=4,
n=34), Standard error between experiments is represented by 2 bar
above each cysteine treatment. Both 400 mg/l averages (shoot pri-
mordia and differentiated sectors) and 1,000 mg/t (shoot primordia
only) differed significantly from 0 mg/l cysteine at a=0.05
(P<0.001 and 0.052P>0.01, respectively) using Student’s #-test

cantly higher ~ in the range between 7.5 and 9 (Fig. 3B).
Therefore, the addition of cysteine to the co-cuitivation
medium increased the frequency of T-DNA delivery
when the latter was expressed per explant and as a func-
tion of the numbers of GUS* cells per explant.

To ensure that our results measured an increase in
T-DNA delivery frequency and not an accumulation of
GUS caused by the addition of cysteine (Pifieiro et al.
1999), explants co-cultured on 0, 400, and 1,000 mg/l
cysteine were GUS-stained after 28 days growth on
shoot induction medium to assay for stable transforma-
tion. During the 28 days, explants formed de novo callus
and shoots in the cot-node region in a structure referred
to as a callus/shoot pad (Fig. 2F). These callus/shoot
pads were immersed into GUS histochemical stain and
scored for the formation of transgenic shoot primordia
and sectors extending into developing shoot tissues
(Fig. 4). Only those GUS* shoot primordia with obvious
trichomes, a characteristic of leaf tissue, or GUS™* sectors
originating and extending into the tissue at the base of
developing shoots (referred to hereafter as differentiating
tissue) were scored (Fig. 2F). The frequency of explants
with a GUS* sector in differentiating tissue was 3.5-fold
greater when the explants were treated with 400 mg/]
than with no cysteine. The increase in explants with
GUS* shoot primordia was even greater. For example,
explants treated with 400 mg/l cysteine exhibited five-
fold more GUS* shoot primordia than those explants not
co-cultured with cysteine. Interestingly, those explants
with GUS* shoot primordia had single shoots in only
40% of the explants, while the remaining explants pos-
sessed multiple GUS* shoot primordia. Of the 29 ex-
plants with multiple shoot masses, 15 had more than five
GUS* shoot primordia in a cluster, with some explants
containing up to 25 shoot primordia (Fig. 2G). These re-
sults indicated that the cysteine-mediated increase in
GUS* foci detected after 5 days resulted in increased
transformed cot-node cells and tissue.
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Fig. 5 Southem blot analysis of transgenic T, Bert soybean plants
and their T, progeny. DNA was isolated, digested with EcoR], and
probed with GUS (Fig. 1). Four independent transformed plants
and their progeny (PI, P2, P3, P5) are shown alongside a negative
control plant (C4). The transformed plants were all from explants
treated with 400 mg/l cysteine

To determine plant regeneration and transformation
efficiently, GUS* elongated shoots were transferred to
rooting medium. From our experiments in which a total
of 385 inoculated explants underwent a cysteine treat-
ment during co-cultivation, eight independent fertile
transgenic plants (2.1% transformation efficiency) were
recovered and confirmed by Southern blot analysis
(Fig. 5). By comparison, the non-cysteine control ex-
plants produced two independent fertile transgenic plants
from a total of 218 inoculated explants — a 0.9% trans-
formation efficiency. Although the percentage efficiency
was improved 1o some degree in the cysteine-treated ex-
plants, the potential to produce more transgenic plants is
implied by the high frequency of GUS* shoot primordia
on cysteine-treated explants. Further improvements in
selection and plant regeneration may increase the final
transformation efficiency when used in conjunction with
co-cultivation medium amended with cysteine.

Southern blot analysis was conducted on GUS™ trans-
genic plants and their progeny using the restriction en-
zyme EcoRl, which cleaves the T-DNA at a site adjacent
to the gusA-hybridizing probe. Thus, transgene-hybridiz-
ing fragments may represent unique integrations of the
T-DNA or tandem repeats. All of the T, plants analyzed
exhibited numerous transgene-hybridizing fragments
with multiple copies, suggesting that the transgene loci
were complex and possibly in tandem repeats (Fig. 5).
Of particular interest is the strongly hybridizing frag-
ment of approximately 5.5 kb that was detected in the
primary transformants. The size of this fragment and its
intensity of hybridization are consistent with the pres-
ence of T-DNA repeats released by digestion of the inter-

nal EcoRI sites within the borders of the T-DNA (Fig. 1).
In addition to these repeats, the presence of muitiple, un-
linked transgene loci was evident in the progeny of three
transgenic lines, which clearly segregated for transgene-
hybridizing fragments. Although the T, plants had com-
plex T-DNA patterns, GUS* progeny were observed that
had simple transgene loci in lines P1 and P3, indicating
that in some cases T, progeny can be identified with a
single, simple transgene locus.

The complex T-DNA integration patterns seen in this
study are somewhat unusual when compared to the sim-
ple insertion patterns commonly seen using Agrobacteri-
um transformation. However, such complex patterns do
occur and have been shown to be mainly due to the for-
mation of direct and indirect repeats around either the
right or left T-DNA border (Krizkova and Hrouda 1998;
De Buck et al. 1999). We believe that the multiple inte-
grations of the T-DNA in our experiments are due to the
nature of the binary plasmid rather than the cysteine
treatment since prior experiments using pBSF16 without
cysteine treatment also resulted in primary transformants
containing complex T-DNA integration patterns (Khan
and Somers, unpublished).

This study showed that the addition of cysteine to the
solid co-cultivation medium increased Agrobacterium-
mediated T-DNA delivery to the cot-node cells with a no-
table decrease in enzymatic browning on wounded and
infected soybean explants. Since both Agrobacterium in-
fection and tissue browning were affected, it is possible
that cysteine interacts with the plant’s response to wound
and pathogen infection during co-cultivation, resulting in
an increase in T-DNA delivery. Further research into the
interactions between cysteine, Agrobacterium, and the
soybean explant during co-cultivation may lead to even
greater increases in T-DNA delivery and, ultimately,
greater increases in fertile transgenic soybean plants.
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Abstract Agrobacterium-mediated transformation of
soybean cells and the production of fertile transgenic
soybean [Glycine max (L.) Merrill] plants using the coty-
ledonary-node (cot-node) method were improved by
amending the solid co-cultivation medium with L-cys-
teine. The goal of this study was to investigate the role
of cysteine and other thiol compounds in increasing the
frequency of transformed soybean cot-node cells. The
frequency of transformed cells was increased only when
L-cysteine was present during co-cultivation of Agrobac-
ferium and cot-node explants. This effect was due to the
thiol group since D-cysteine and other thiol compounds
also increased the frequency of transformed cells. Cop-
per and iron chelators also increased the frequency of
transformed cells, indicating an association with inhibi-
tion of polyphenol] oxidases and peroxidases. Thiol com-
pounds likely inhibit wound- and pathogen-induced re-
sponses, thereby increasing the capacity for Agrobacteri-
um-mediated transformation of soybean cells. The in-
creases in transformed cot-node cells were independent
of soybean genotype, Agrobacterium strain, and binary
plasmid.

Keywords Agrobacterium tumefaciens - L-Cysteine -
Glycine max - Transformation - Plant wound
and pathogen defense

Abbreviations BAP: 6-Benzylaminopurine -
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Introduction

The production of transgenic soybean plants using Agro-
bacterium tumefaciens was recently improved by in-
creasing the transformation of cotyledonary-node (cot-
node) cells through the addition of L-cysteine to medium
used for the co-cultivation of Agrobacterium with the
cot-node explant (Olhoft and Somers 2001). Similar re-
sults have been reported for grape (Fitis vinifera L.) in
that transformation efficiency was increased when a
combination of the antioxidant, dithiothreitol, and the
phenol-absorbing compound, polyvinylpolypyrrolidone,
was added to the solid co-cultivation medium (Perl et al.
1996). In both studies, a reduction in browning and ne-
crosis of the plant tissue undergoing co-cultivation with
Agrobacterium occurred in conjunction with increased
transformation efficiencies. These observations suggest
that processes associated with tissue browning and ne-
crosis may limit the successful transfer of T-DNA into
viable cells of these explants.

The tissue browning and necrosis observed on soy-
bean cot-node explants following Agrobacterium infec-
tion are likely defense responses to wounding and/or
pathogen infection common to many plants. Upon
wounding or pathogen infection, one of the earliest de-
fense mechanisms activated is the production of reactive
oxygen species, referred to as an oxidative burst (re-
viewed in Wojtaszek 1997). The reactive oxygen inter-
mediates produced during the oxidative burst are thought
to activate programmed cell death, or the hypersensitive
response, to generate a barrier of dead cells around the
site of infection. Also activated by wounding are the de-
position of tannins and the release of phytoalexins by
phenolic oxidation via the coordinated action of poly-
pheno! oxidases (PPOs) and peroxidases (PODs) (re-
viewed in Vamos-Vigydzo 1981), presumably to provide
further protection against pathogen infection. The enzy-
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matic production of tannins results in the browning of
wounded tissues. Cysteine is a known inhibitor of PPOs
and PODs and enzymatic browning, either directly or in-
directly, through the action of its thiol group (Mayer and
Harel 1979; Richard-Forget et al. 1992; Negishi and
Ozawa 2000). By reducing wound- and pathogen-de-
fense responses in plants, inhibitors have the potential to
increase the capacity of Agrobacterium to infect plant
tissues and stably transfer its T-DNA and to increase the
frequency of infected cells that remain viable and be-
come transformed.

We report here the results of our investigation on the
role of cysteine and other thiol compounds in increasing
the frequency of transformed soybean cot-node cells.
Olhoft and Somers (2001) showed that adding cysteine
to the solid co-cultivation medium resulted in significant
increases in the transformation of cot-node cells 5 days
after inoculation, in the stable transformation of cot-node
explant tissues, including shoot primordia, at 28 days,
and in the production of fertile transgenic plants. Since
cysteine increased both the frequency of transformed
cells and the production of fertile, transgenic soybean
plants, in the present study we focused on transformation
assays on explants 5 days after inoculation and stable
transformations after 28 days to investigate the role of
thiol compounds in increasing the frequency of trans-
formed cells.

Materials and methods

Soybean genotypes

Soybean [Glycine max (L.) Merrill] cvs. Bert, Lambert, Granite,
MNO0301, MN0901, MN1301, MN1401, MN1801, A3237, Thorne,
Jack, and Resnik were used.

Agrobacterium strains, explant preparation,
and Agrobacterium-infection

The Agrobacterium strains and binary vectors used are shown in
Table 1. Agrobacterium cultures were grown according to Olhoft
and Somers (2001) and prepared for infection by suspending the
Agrobacterium in 25 ml liquid co-cultivation medium comprising

1/10-strength BS salts and MSIII iron stock, 3% sucrose, 20 miM
MES (pH 5.4), and filter-sterilized BS vitamins, 200 pM aceto-
syringone, 1.67 mg/l BAP, and 0.25 mg/l GA,.

Sterilized seeds were germinated on Gamborg’s B5 medium
{Gamborg et al. 1967) containing B3 saits and vitamins, MSHI iron
stock, 2% sucrose, and 0.8% Purified Agar (BBL, Cockeysville,
Md.), pH 5.8, Three plates were stacked, wrapped in bags with
ventilation, and incubated in a growth room at an average temper-
ature of 24°C under an 18/6-h (light/dark) photoperiod with light
supplied by fluorescent lamps at an intensity of 90-150 uE/m?s for
5-7 days, or until the cotyledons turned green but before the first
true leaves were visible,

For each seedling, the roots and the majority of the hypocotyl
were removed approximately 3-5 mm below the cotyledonary
node by cutting the hypocotyl with a scalpel according to Hinchee
et al. (1988), Two explants were obtained by separating the cotyle-
dons and cutting vertically through the hypocotyl region. The epi-
cotyl was subsequently removed, and both the axillary bud and
cotyledonary node were wounded by slicing about ten times with a
scalpel blade perpendicular to the hypocotyl. The explants were
then inoculated in the 25-ml co-cultivation/dgrobacterium suspen-
sion. After 30 min, five explants (adaxial side down) were ran-
domly placed on a sterile filter paper on top of co-cultivation me-
dium solidified with 0.5% agar. Stacks of five 100x15-mm petri
dishes each were incubated at 25°C for 5 days in the dark.

For experiments testing for stable transformation, the explants
were washed in a liquid shoot induction medium [BS5 salts, MSIII
iron stock, 3% sucrose, 3 mM MES (pH 5.6) and filter-sterilized
BS vitamins, 1.67 mg/l BAP, 100 mg/l cefotaxime, and 500 mg/l
ticarcillin] after 5 days on solid co-cultivation medium to remove
excess Agrobacterium and imbedded into a solid shoot induc-
tion medium (0.8% agar) containing PPT in concentrations of
1.33 mg/l, 3.33 mg/l, or 5.0 mg/l for selection (Zhang et al. 1999).
The plates were incubated in a growth room at an average temper-
ature of 24°C under an 18/6-h (light/dark) photoperiod with light
supplied by fluorescent lamps at an intensity of 90-150 pE/m?s.
After 14 days, the explants were sub-cultured into new shoot in-
duction medium after careful removal of the hypocotyl and placed
back into the growth chamber for an additional 14 days.

B-Glucuronidase assays

Soybean explants were assayed for GUS 5 days after inoculation
with Agrobacterium (5-day GUS assays). Eight explants from
each treatment were rinsed with water and incubated with 7 mi
GUS histochemical stain [80 mM Na,HPO,, 8 mM Na,EDTA,
0.8% Triton-X, 1.6% dimethyl sulfoxide, 20% methanol, 0.38 mM
K Fe(CN),, 1 mM X-glucuro CHA salt (Inaico, Milan, Italy),
pH 8.0] for 2 days at 37°C, after which the explants were washed
in 70% ethanol and stored in 95% ethanol (Jefferson et al. 1987;
Kosugi et al. 1990). The GUS assay scores on explants were based

Table 1 Agrobacterium strains and binary plasmids used in experiments

Agrobacterium strain/ Phenotypic selection; - Agrobacterium Reference
binary vector herbicide selection genes® selection
AGL1/pBSFI6 gusA; bar 50 mg/t hygromycin Molvig et al. 1997,
Hellens and Mullineaux 2000;

LBA4404/pTOK233 gusA; hpt 5 mg/l rifampicin Hiei et al. 1994

5 mg/l tetracycline
EHA1O1/pZY102 gusA; bar 50 mg/l kanamycin Shanyuan Zhang (unpublished)

25 mg/1 chloramphenicol
EHA105/pBISN1 gusA; npitll 10 mg/l rifampicin Hood et al. 1993; Narasimhulu et al. 1996
GV3101/pBISN1 gusA; nptlf 10 mg/t rifampiein Koncz and Schell 1986;

Narasimhulu et al. 1996

2 gusA: B-glucuronidase (GUS) gene, Apt: hygromycin phosphotransferase gene, bar: phosphinothricin acetyltransferase gene, nptil:

neomycin phosphotransferase gene



on the following ranking system: 0 = no GUS staining on ex-
plants; 2 = fewer than 50% of the explants have fewer than ten
discrete GUS* foci on the cot-node region; 4 = more than 50% of
the explants have fewer than 20 foci at the cot-node region; 6 =
more than 75% of the explants have more than 20 foci at the cot-
node region; 8 = more than 75% of the explants have significant
staining at the hypocotyl, the entire cot-node region, and on the
cotyledons; and 10 = all explants have extensive staining on the
hypocotyl, cot-node region, and cotyledons, including areas of in-
tense staining.

To determine stable transformation frequencies, we assayed
GUS expression after 28 days on shoot induction medium on ex-
plant tissue derived from the cot-node region, which had formed
de novo callus and shoots that is also referred to as the cal-
lus/shoot pad. The callus/shoot pads were sliced into approximate-
ly 5-mm sections, immersed into GUS histochemical stain, and the
number of GUS-staining (GUS*) sectors counted. Only the
wedge-shaped sectors of actively dividing GUS* cells, not small
foci, were counted.

Experimental design

Five-day GUS assays were performed on explants exposed to
400 mg/1 cysteine at three different time points during Agrobacte-
rium preparation and inoculation. First, two 200-ml overnight cul-
tures for the Agrobacteriumfbinary plasmid LBA4404/pTOK233
were prepared, with one containing YEP and the other YEP plus
400 mg/l L-cysteine. For each culture, the broth was divided into
two cultures, and the Agrobacterium was pelleted and then resus-
pended with liquid co-cultivation medium containing either 0 mg/t
or 400 mg/l cysteine. Finally, wounded explants were inoculated
with one of the four treatments for 30 min, after which one-half of
the explants from each treatment were placed onto solid co-culti-
vation medium with 400 mg/! cysteine and the other half onto sol-
id co-cultivation medium without cysteine.

Three experiments were conducted to investigate the effects of
a 5-day-long incubation of explants on solid co-cultivation medi-
um containing compounds other than L-cysteine in the presence of
Agrobacterium strain/binary plasmid LBA4404/pTOK233. In the
first experiment, eight wounded explants were randomly placed
onto solid co-cultivation medium containing sodium thiosulfate,
L-cysteine, D-cysteine, DTT, glutathione, or no additives as a con-
trol. In the remaining two experiments, GUS assays were carried
out on explants co-cultivated in medium containing metal chel-
ators. Five concentrations of bathocuproline disulfonic acid or
bathophenanthroline disulfonic acid and four levels of copper (cu-
pric sulfate) or iron (ferrous sulfate), respectively, were evaluated.
Both experimenis contained the positive and negative controls,
400 mg/i cysteine and no amendments, respectively.

To assess whether the effect of cysteine in increasing the fre-
quency of transformed cells was dependent upon an Agrobacteri-
um strain/binary plasmid combination, we inoculated explants
from soybean cv. Bert with either LBA4404/pTOK233 or
AGL1/pBSF16 and randomly placed the explants on solid co-cul-
tivation plates containing 0, 400, or 1,000 mg/1 cysteine, For each
treatment, explants were scored for GUS* foci following co-culti-
vation. In a separate experiment, explants from cv. Jack were
inoculated with the Agrobacterium strain/binary plasmid EHA101/
pZY102, EHA105/pBISN1, and GV3101/pBISN1 and scored for
GUS* foci after exposure to either 0.7 mM (154 mg/l) DTT or no
amendments in the solid co-cultivation medium.

The frequency of explants with GUS* foci after co-cultivation
on medium containing either 0 mM or 0.7 mM DTT was calculat-
ed for the soybean genotypes A3237, Thorne, Jack, and Resnik.
Explants were inoculated with the Agrobacrerium strain/binary
plasmid EHA101/pZY102. To test the effect of cysteine on the sta-
ble transformation of different genotypes, we inoculated explants
of different genotypes from eight experiments and incubated these
with AGL1/pBSF16 on solid co-cultivation medium containing ei-
ther 0 mg/l cysteine or cysteine between the levels of 400 mg/l
and 1,000 mg/l. GUS* foci were determined on callus/shoot pads
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of various genotypes after 28 days of growth on shoot induction
medium containing the selection agent PPT.

Statistical analysis

All experiments measuring GUS" foci on explants 5 days after co-
cultivation were based on a randomized complete-block design
with three replications, except for two replications in the experi-
ments that scored GUS* foci on explants using various genotypes
or Agrobacterium strains/binary plasmids when co-cultivated with
0.7 mM DTT. Average scores were determined by two evaluators,
each taking two independent sets of scores. Data were analyzed by
analysis of variance (ANOVA) (SAS, Cary, N.C.). For each exper-
iment, the treatment, evaluator, and treatment X evaluator effects
were calculated, and the means and least significant difference
{(LSD) were determined for each treatment (c= 0.05). No signifi-
cant differences were found between evaluators or treatments X
evaluators (£>0.05) in any of the experiments.

Results and discussion

To investigate whether cysteine increases the Agrobacte-
rium-mediated transformation of soybean cot-node cells
by directly interacting with dgrobacterium, the soybean
explant, or a combination of both components of the
transformation system, cysteine was added to the YEP
overnight medium, the liquid co-cultivation medium, or
the solid co-cultivation medium in all possible combina-
tions (Fig. 1). The addition of cysteine to the solid co-
cultivation medium consistently resulted in 2 significant-
ly greater frequency of GUS™ foci than did the addition

L4005
Cysteine mgh.

OLos 400L0S

Fig. 1 GUS assays on 5-day-old soybean cv. Bert explants per-
formed to determine when the addition of cysteine during Agro-
bacterium preparation and explant inoculation increases transfor-
mation of cot-node cells. Explants were inoculated with 4grobac-
terium (LBA4404) that was grown overnight in YEP medium
amended with either 0 mg/l (hatched bar) or 400 mg/l (solid bar)
cysteine and resuspended in liquid co-cultivation medium contain-
ing either 0 mg/l or 400 mg/l cysteine. After inoculation in 4gro-
bacterium, the explants were incubated for 5 days on solid co-cul-
tivation medium containing 0 mg/l or 400 mg/l cysteine. Bars
topped with different letters show significant differences among
treatments according to LSD (a=0.05). 0LOS 0 mg/l cysteine in
liquid co-cultivation, 0 mg/l cysteine in solid co-cultivation medi-
um; 400L0S 400 mg/ cysteine in liquid co-cultivation, 0 mg/l cys-
teine in solid co-cultivation medium; 0L400S 0 mg/l cysteine in
liquid co-cultivation, 400 mg/l cysteine in solid co-cultivation me-
dium; 400L400S 400 mg/l cysteine in liquid co-cultivation,
400 mg/l cysteine in solid co-cultivation medium
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Table 2 The effect of various thiol-containing compounds on
Agrobacterium-mediated transformation of cot-node cells in soy-
bean cv. Bert explants as determined by 5-day GUS assays. Scores
from three replicate experiments were assigned and the mean and
the least significant difference (LSD) calculated. Different letters
show significant differences among treatments according to LSD
(0=0.05)

Treatment Concentration Mean LSD
Na-thiosulfate 248 mg/l (1 mM) 9.6 a
L-Cysteine 1,000 mg/t (8.3 mM) 9.3 a
DTT 154 mg/t (1 mM) 9.3 a
p-Cysteine 1,000 mg/l (8.3 mM) 9.0 ab
L-Cysteine 400 mg/l (3.3 mM) 8.3 b,c
Glutathione 307 mg/l (1 mM) 7.5 ¢
Control 0 36 d

of cysteine to either the YEP or liquid co-cultivation me-
dium in combination with the solid co-cultivation medi-
um without cysteine. We also observed that the addition
of cysteine to the shoot induction medium for 28 days
did not increase the number of GUS* sectors on the cal-
lus/shoot pad (data not shown). This suggests that cys-
teine has no direct effect on the capacity of Agrobacteri-
um to infect the explant and transfer its T-DNA, but it
does increase the frequency of transformed cells by ei-
ther directly affecting the soybean explant or affecting
the interaction between the Agrobacterium and soybean
explant at some stage during co-cultivation.

Cysteine may increase the frequency of transformed
cells by either acting as a nutritional supplement during
the co-cultivation step or by acting through its thiol
group. To test this, explants incubated for 5 days on co-
cultivation medium supplemented with 1,000 mg/l of the
metabolically inactive D-cysteine were compared to
those incubated on co-cultivation medium containing
400 mg/l and 1,000 mg/l L-cysteine as well as on a
0 mg/l cysteine control (Table 2). The frequency of
GUS* foci was not significantly different between ex-
plants subjected to either the L-cysteine treatments or D-
cysteine, thereby eliminating the possibility that cysteine
acts as a nutritional supplement throughout co-cultiva-
tion. .

Other thiol compounds were added to the solid co-
cultivation medium to establish whether thiol groups are
actively involved in increasing the frequency of trans-
formed cells during co-cultivation. Significant increases
in GUS* foci at the cot-node region were found in all ex-
plants treated with all thiol compounds compared to the
no amendment contro! (Table 2). For example, DTT, so-
dium thiosulfate, and L-cysteine (1,000 mg/1) all resulted
in scores ranging between 9 and 10, indicating intense
staining in the cot-node region, as well as on the hypo-
cotyl and cotyledon, as compared to a score of 3.6 for
control explants. These results further indicate that the
thiol group was active in increasing the frequency of
transformed cells.

Despite the stress conditions that plant cells undergo
during Agrobacterium-mediated transformation methods,

A
10 .
s 8
b3
5 6
3
g 4
z
O o = = o] p=] 2
N T3 &8 8 3 86 6 & »
¢ 3 8 5 & 5 8
8, s & ° 3
° &
Bathocuproline disulfonic acid or Copper {(mM)
B
10 4
a a a a
8.
4 b
§ 6
23
£ 4 ed cd ©
e [
z o
< 244 cd  eod
0- w0 03 @ @O @
>~ i Bond < e
< < <2 . i [ 18 o
° ¢ e s 3 8§ 8 3 ° 8
pd (=] (=3 - 4
2.
Bathocuproline disutfonic acld or lron (mM) )

Fig. 2 GUS assays conducted on 5-day-old soybean cv. Bert ex-
plants exposed to various levels of copper or bathocuproine disul-
fonic acid {A) or iron or bathophenanthroline disulfonic acid (B),
which were amended to the solid co-cultivation medium. Both ex-
periments included a negative control (no cysteine, iron or copper)
and a positive control (400 mg/l cysteine). Bars topped with dif-
ferent letters show significant differences among treatments ac-
cording to LSD (0=0.05)

there has been little aitention focused on investigating
the use of antioxidants or inhibitors of wound- and
pathogen- defense response enzymes in increasing Agro-
bacterium-mediated transformation of plant cells (Perl et
al. 1996). Antioxidants, in general, are known to reduce
pathogen-induced programmed cell death (Mittler et al.
1999), Inhibitors of PPOs and PODs, such as cysteine
and other thiol compounds, are routinely used to reduce
enzymatic browning in food processing caused by the
deposition of tannins (Nicolas et al. 1994; Walker and
Ferrar 1998). Copper and iron chelators also inhibit
PPQOs and PODs, respectively, since PPOs are copper
metalloproteins and PODs contain ferriprotoporphyrin
1II (hematin) as a prosthetic group. The addition of ba-
thocuproline disulfonic acid (copper chelator) and batho-
phenanthroline disulfonic acid (iron chelator) to the solid
co-cultivation medium increased the number of GUS*
foci on 5-day-old explants compared to explants incubat-
ed on unmedified co-cultivation medium (0.01 mM cu-
pric sulfate and 0.02 mM ferrous sulfate) and on medium
containing varying amounts of copper or iron (Fig. 2).
This result indicates that once activated by tissue wound-
ing or pathogen infection, copper- and iron-containing
enzymes, such as PPOs and PODs, reduce the transfor-
mation of cot-node cells. We hypothesize that cysteine
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Fig.3 The average number of GUS* sectors per explant after
28 days on shoot induction medium across a variety of soybean
genotypes. Each genotype was incubated on solid co-cultivation
medium containing either 0 mg/l (hatched bar) or between 400
and 1,000 mg/l (sofid bar) cysteine. For each genotype, the num-
be'r of explants sampled were as follows (r= —cysteine, #= +cys-
teine): MN0O901 (38, 72), MN1301 (21, 49), Lambert (11, 36),
Bert (85, 176), A3237 (3, 13), MN1801 (3, 12), MNO0301 (4, 13),
MN1401 (10, 11), Granite (4, 5). The bar above each cysteine
treatment represents the standard error between explants
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Fig. 4 The average GUS score on soybean cv. Bert explants
5 days after inoculation with either the Agrobacterium strain
AGL1 carrying pBSF16 (hatched bar) or LBA4404 carrying
pTOK233 (solid bar) and incubated on 0, 400, or 1,000 mg/l cys-
teine. Bars topped with different letters show significant differ-
ences among treatments according to LSD (0=0.05)

and other thiol compounds inhibit wound- and plant
pathogen-induced responses, rendering the cot-node cells
more susceptible to Agrobacterium infection and thereby
increasing the capacity for Agrobacterium-mediated
transformation of these totipotent soybean cells.

The practicality of using thiol compounds as additives
in the solid co-cultivation medium is, in part, contingent
upon this treatment increasing the frequency of trans-
formed cells in a wide variety of soybean genotypes,
Agrobacterium strains, and binary plasmids. To deter-
mine whether the increase in the frequency of trans-
formed cells is independent on soybean genotype, we
conducted GUS assays on explants of different geno-
types following co-cultivation on medium containing ei-
ther 0 mM or 0.7 mM DTT. Soybean genotypes A3237,
Thorne, Jack, and Resnik all showed an increase in the
frequency of explants with GUS* foci compared to ex-
plants co-cultivated on unmodified medium (data not
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shown). Stable transformation was also tested by stain-
ing explants after 28 day on shoot induction medium.
Nine different genotypes were co-cultivated on medium
containing either 0 mg/l or 400-1,000 mg/! cysteine and
the number of GUS* sectors recorded (Fig. 3). GUS as-
say of the callus/shoot pad showed that all of the geno-
types tested responded to the cysteine treatment with a
significant increase in GUS* sectors over the 0 mg/ cys-
teine control regardless of the differences in susceptibili-
ty to Agrobacterium infection that have been reported for
soybean genotypes (Byme et al. 1987; Delzer et al
1990; Meurer et al. 1998; Cho et al. 2000).

Experiments were also conducted to establish whether
the increase in transformed cells in explants treated with
cysteine is dependent upon the particular Agrobacterium
strain/binary plasmid by inoculating explants with either
LBA4404/pTOK233 or AGL1/pBSF16. Scores for GUS
assays were determined on 5-day-old explants that were
inoculated with each Agrobacterium strain and incubated
on co-cultivation plates containing 0, 400, or 1,000 mg/l
cysteine (Fig. 4). Both Agrobacterium strains carrying
different binary vectors responded to the cysteine treat-
ments with a significant increase in GUS* foci compared
to explants co-cultured on no cysteine. A slight but sig-
nificant increase in GUS*™ foci was detected using the
strain LBA4404/pTOK233 plasmid when the explants
were incubated with 1,000 mg/l cysteine, which was
probably due to the additional virG gene incorporated in-
to pTOK233 (Ishida et al. 1996). This Agrobacterium
strain/binary plasmid independence appears to extend to
all thiol compounds since the addition of 0.7 mM DTT to
the solid co-cultivation medium also resulted in an in-
creased frequency of explants containing GUS* foci at
the cot-node region following inoculation with EHA101/
pZY102, EHA105/pBISNI, and GV3101/pBISNI1 (data
not shown).

The results show that thiol compounds, copper-chel-
ators, and iron-chelators increased the frequency of
transformed cot-node cells during the interaction be-
tween the soybean explant and Agrobacterium. Since the
explant undergoes wounding, pathogen infection, and
environmental stresses throughout co-cultivation with
Agrobacterium, it is expected that a myriad of wound-
and pathogen-defense response pathways are active.
These defense mechanisms function both by producing
phytoalexins and secondary metabolites that serve as re-
pellants or fungicidal/bactericidal agents and by induc-
ing cell death in wounded and infected plant tissue such
that a barrier of dead cells is created to protect the adja-
cent healthy tissue (reviewed in Heath 2000). The in-
crease in the frequency of transformed soybean cot-node
cells is indicative of a reduced plant defense response to
pathogen attack and wounding, consequently resulting in
a reduction in plant cell death and an increase in bacteri-
al susceptibility. Whether the thiol compounds increase
the frequency of transformed cells through reducing
death of cot-node cells or Agrobacterium is uncertain.

The reduction of enzymatic browning in conjunction
with the increase in the frequency of transformed cells
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when cysteine is applied during co-cultivation favors the
view that the enzymes PPOs and PODs are being inhibit-
ed, thereby increasing Agrobacterium infection and re-
ducing enzymatic browning on the explant. Results from
the addition of D-cysteine, DTT, glutathione, bathocupro-
line disulfonic acid, and bathophenanthroline disulfonic
acid to the solid co-cultivation medium support this hy-
pothesis, However, we observed that even though ex-
plants co-cultivated on medium containing sodium thio-
sulfate showed a significant increase in GUS* foci, the
browning on wounded explant surfaces remained signifi-
cant. Why sodium thiosulfate did not entirely inhibit en-
zymatic browning like the other compounds tested is un-
clear; however, the thiol compounds and metal chelators
studied may inhibit either the plant defense response en-
zymes or secondary metabolites in very different ways
but nonetheless all increase the frequency of transformed
cells. For instance, the concentration of various plant-de-
rived phenolic compounds has been shown to influence
the virulence of Agrobacterium and delivery of T-DNA
into plant cells in a threshold-dependent manner (Bolton
et al. 1986; Lee et al. 1995). Alternatively, sodium thio-
sulfate may slowly oxidize during co-cultivation, thereby
leading to enzymatic browning of wounded plant cells
but not before the increase in transformed cells is effect-
ed. Whatever the circumstance, it is apparent that the re-
duction of enzymatic browning throughout the entire 5-
day co-cultivation period is not a prerequisite for the in-
creased frequency of transformed cot-node cells mediat-
ed by sodium thiosulfate.

Our results indicate that thiol compounds, copper
chelators, and iron chelators increase the frequency of
Agrobacterium-mediated transformation of soybean cot-
node cells, most likely by acting as inhibitors of plant
defense response mechanisms. The increase in the fre-
quency of transformed cells obtained by the addition of
thiol compounds to the solid co-cultivation medium is
independent of soybean genotypes and Agrobacterium
strains, as well as of binary vectors, making this ap-
proach to improving Agrobacterium-mediated transfor-
mation of soybean cot-node cells generally useful. Fur-
ther research into the inhibition of explant wound and
pathogen responses may lead to even greater increases in
Agrobacterium-mediated transformation of soybean and
other recalcitrant plant species, especially legumes. The
increased frequency of transformed cells combined with
improvements in the other steps of the transformation
system will increase the efficiency of producing trans-
genic soybean plants using the cot-node method.
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00032930 GOL/EHINE/ 1983/ UTSUNOMIYA 37 COLBE 198 3IFTHEI T CHINE
00031542 GOL/FUKUI/1083/MANAKY 1 G.m COLMBHI1983EMWIE  Fukuy
00031544 GOL/FUKU!/ 1983/MAWAK] 4 G.m COLMBIFIO9B3MBIE  FUKUL
00034045 COL/NEPAL/ 1878/ WATANABE 1 HEPAL
00034046 GOL/NEPAL/ 1878/ WATANABE & HEPAL
00030713 GOLUMBIA USA
100040138 COMET(PAGADA MANDARIN) USA
100034624 CORSOY USA
‘00034560 CREQLE USA
100034235  CREST USA
100034796 CRISTAL {NA BRAZIL
18600034707 CUMBERLAND UsA
187 00034818  GURTIS USA
188 100032353  CUSIER USA
189 - 00034433 CYPRESS 1 UsA
190 QOG34138  CZAVNA SWH N POLAND
______ 191100034204 €71 HUA 4 CHINA
192 100033137 D 4{SHIROBESO) D4 (am) JAPAN (UNKNON)
194 00031683 DALOUTOU KEE CHINA _ AB 1AL
195 100033758 DALAT A VIETNAM
196 100033760 DALAT 8 VIETHAY
197, .00034362  DANS DESMARAIS FRANCE
198 00034667  DARE LISA
199 00033764 DAY NANH VIETHAM
200 100034698 DAVIS USA
201 00034666 DELMAR USA
202 100034744  DELSOY . UsA
203 00031360 DEWARUSUNE G % FILAR AKITA
204 00034180 DICKMANNS HELLGELBE HUNGARY
205 100034139 DIECKMANBA GRUNGELBE YUGOSLAV 1A
208 OUG34285  DIECKMANNS GRUNGEL BE GERNARY o
207 100034140 DIEKMANNS SCHWARZE POLAND
. 208 00030714  DIKUSHI} FA G- USA
209 00034352  DIPPE FRUHEGELE 14/9 e ‘ FRANCE
L2108 00034213 DIPPES HUNGARY
211100031972 DIXIE LisA
212100034079  DNEPROVSKAJA 12 USSh
213100034212 DOBROGEANA HUNGARY
214 100034795 DOKQ BRAZIL
215 00034223 DOMACA HUNGARY
216 00034274 DOMESTIC BIJELJINA YUGOSLAV 1A
{217 00034273 DOMESTIC VERUSIC YUGOSLAVIA
{218 00082423 DOAMAN USA
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00034753 DORTCHSOY 2 USA
00034129 DORURINGEV WE ISSRLUHEWDA o ~_POLAND
00040130 DR BRILIMAYER 2800 FRANGE
00034171 DR EASY OO HUNGARY
00033833 DS 78~16 o INDLA
00033823 DS 74-57-2 _1HD1A )
00030470  DUNFIELD LSA
00034369 DUNFIELD SOY BEAN USA
00032281 DYER 1JSA
00033733 F 86 TAIWAN
00033960 £ © 101880 INDIA
00033874 £ © 114524 INDIA
000347130 EARLY BROWN POLAND
00034143 EARLY MAMDARIN POLAND
00084521 CARLY WH ¥ JAPAN (UNKH
100034754 EASYCOOK USA |
00030715 EBONY UsA .
00034747  gONA G o e e e e JAPAH (UNKNOWH )
(00032065 EMPEROR USA
100033678 ENNOU 3 P X CHINA
00032237 EMRAED G.m rLA NAGANG
10034674 EVANS FORE OGN URKROWH }
00034500 FC 33243 USA
00024072  FISKEBY 5 SWEDEN .
00034065 FiSKERY V SHEDER N
00081993 FISKELY USA
100034214 FLAMBEAU USA
00034337 FLORA RUMAN | A
00034436 FORD USA
00034669 FORREST USA
00034733 FOSTER USA
00034709 FRANKLIN USA
00034B03  FT 2 BRAZIL
00033018 FUJIMUSUME G.m 7 LA A SAGA
000306828 FUKUNAGAHA G.mt 70+ AN JAPAR(UHIHO®N )
00033204 FUKUYUTAKA G.m Yy KUMAMOTO
00034438 FUNK DELICIOUS USA
00031463 FUSANAR! G.m B NEIGATA
100032997 FUUFU DAIZU G.m @A E KAGOSHIMA
00084606 G GRAGILIS T 135-580 FORE | G (UNKHOWN )
00034607 G GRACILIS T 135-590 FORE {GN{UNKNOWN)
190034608 G GRAGILIS T 34 FORE LAN{UNKNOEN
00034509 G USSURIENSIS 203246 G.m JAPAN{UNINOWN )
00034596 G USSURIENS!S T 1062 G.; JAPANUNKNOWN )
00034597 G USSURIENSIS 1 106~6 G.p JAPAN{ UNKNOWN )
00024608 6§ USSURIENSIS T 133 G.m JAPAN {UMKNOWN )
00033745 G GRACILIS LISA :
00033746 G USSURLIENSIS USA , ol
00083747 G USSURIENSIS USA ;
00033748 G, USSURIENSIS USA
100034080 G USSURIENSIS USSR
00031816 G USSURIENSIS GIKEN JAPAN (UNIKNOUN )
271 00033616 GAKUZU 2 YT 25 CHINA
272 . .00034315  GALBEN DE PLATT . RUMANIA
278 00034183 GALBENA DE PLATT HUNGARY
274 00DI2L5  GANKU) MAME G.m W 48 OKAYAMA
275 100034372  GAROLA ROUEST FRANCE
276 100030087 GEOEN SHIRAZU G.m FHARE AKITA
277 00030058  GEOEN SHIRAZU 1 G.m PEPDEE SR AKITA
278 100034389  GEDLILD DL/64/174 SOUTH AFR]CA
279 ... 00033562  GENHOUKIN Ft R CHINA
280 000R0724  GEORGE WASHINGTON USA
281 100034565  GEORGIAN USA
282 00034280  GESSENER FRANGE o
283 00033335  GEUMHNAJAELAE Bzl REP KOREA
284 00034523  GIANT GREEN usa
285 00034145  GiESSENSKA POLAND N
286 00034353  GLESSNER STAMM 63 FRANCE
287 00032773 GIFY WASE SENSHUTSU G.m 2 2 GIFU
288  S0DDB31B5  GIN DAIZU{OKAYAHA} |AE (HL) OKAYAMA
289 10DOR4720  GHOME UsA
L2580 100034436 GOKY USA
291 00033645  GOU 76-6296 M7 B-h298 % CHINA )
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00034440 GRANGER USA
00034441  OREEN AND BLAGK - usa
00034356 GRIGNON 41 FRANCE
00034238 GRIGNON 48 » HUNGARY
00034442 GUELPH USA
00034808 H 15 o JAVHAN i
00033989 H_16264 INDIA
00033816 H 34085 HD A
00034659 H L 62-973 USA o
100034085 HABARDSUKAYA EELE: USSR
100030644 HAKKA ZASH! BE? T CHINA
00034443 HAKOTE USA
00033571 HAKUB] =) CHINA
00034146 HALFON 502 POLAND
00034373 HALTON 502-2 FRANCE
00039630 HAHAMNDAEL 1P _REP KOREA
00034309 HARBINSKA 231 USSR
100032546 HARBINSOY o USA
00034693 HARDEE USA
00034664  HARLY USA
00030471 HARDSOY USA
00031196 HATO GOROSHI 12 G.m WIEL 1 2 JAPAN (URKNOWN )
00031539 HATSUKOGAKE & 1 Fos he ] NIiGATA
00034348 HATTO JAUNE FRANGE _
00031668 HAWKEYE USA
00034567 HAYSEED USA
] 00033691 HEJIAQ 6 B 6 E CHINA
319 00084184 HERR 22 T TRNANIA
: 00034185 HERB MULLER 861 HUNGARY
00024448 HIGAN v UsA
00032983 HIGOMUSUME PETEY SAGA o
00031258 HilL USA
100030636 HIMEYUTAKA G.n e ) HOKKADOY
00034364 HI3PIDA A GRAIN JAUNE FRANGE
00033947 HM | ) INDIA
00054948 HODGSON USA
00034242 HODONINSKA ZLUTA HUNGARY
00030484  HON-IXYU 85 6. ¥ 2H 655 HOKKA 1 DOU
00033577 HOOCHIOU & 4% CHINA
00034749 HOOD USA
00034418 HOOD{ROANOKE /N45-745) 1SA
i000R4526 _HOOSIER USA
100033678 HOOSIRE ] CHINA
00033566 HOUCH! DAIZU  BmET CHINA
100033073 HOUGYOKU G.m KO E my KUMAMOTO
00032131 HOUJAKU 8. 33 L el NAGAKO
00033754 181 HS1 7 T UTAINAN
Q0034451 HUARELBRINK(B) USA
00033958 | C 24069 INDIA
00034802 1AC. 8 BRAZ I
00034317 |AS] 50-2 RUMAN 1A
00033661 ICHIGUUHOY Y CHINA
00034254 1KAR 111 YUGOSLAV I A
00034452 iLLINGTON(A) Usa
00030725 1LSOY USA .
00034076 IMNERT INSKAJA USSR
345 100032371 IMPERIAL USA
‘ 00033738 IMPROVED PEL |CAN Usa
300033815 INDIA(IC 16811) IND{A
00033830 " INDIALIC 24527) IRDIA
00034241 IREG] KORONA HUNGARY
00034174 IREGI UN{VERSAL HUNGARY
00021239 I1WATE 2 G.m TWATE
00030890  IWATE YABI 1 G.a THATE
00034793 J 289 BRAZ 1L,
00033949 J S 72-3 INDIA
00034570 JAGKSON iy
00034349 JAUNE DE DESME FRANCE _
1000336 JAVA IRORNEQ) 1 i L i ,
00034455  JEFFERSON USA
00034571 JEW 45 o USA
00023705 J1LIN 1B =1 8B CHINA
00033864 IS 72-5 LHDIA I
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KADI BHATIO

00032625 RAIFUL GYUUMOU B LR B TCHINA
o N HAKKA HESE CHIRA
~ &7 SAGA
71, 100034457 SA
377 00032271 KANTOU 6 G.m BEos 1BARAK

KANTOU 85 G.m

Bxsss®

RAK]

KARASUMANE

KARTHA TAKIYA Gom b &

35 3 KAR | KACH! h ok
377 100031388 KARIKED 102 G.m k1028
3781000313290 KARUMA! G.m hi <A AKITA ;
379 100032583 KEBUR! G.m EiR SAITAMA ASEA{UNKI
380 10DOJIEZE  KE! 348 %348 CHINA
381 100033828 KHSA 2 . NplA !
382 100033646 KiCHIRIN 3 - E#HIE _CHINA
383 100034481 KiM(R:NCHLAND/SAC/ /SAC) LSA
384 ID00ORITAR KIMUSUME IBARAKI 1 G.m T S [ BARAK ;
385 100033588 KIN QU 1 Ey O CHINA

Q0034462 KINGSTON LSA

00033682 KIRIN 15 EHI1LE CHINA

00034300 K ROVGRADSKA 5 USSH

K i TAHOMARE £ XKV L N
LEEE .
EERE (58)
o dER
) YY)
i@ ER

IR LE SAGA
00030515 KOGANEJIAG Gk EE e HORKALDOU
000304687  KOHACH! DAIZU L 166-2 G.m IAKD AKITA
00039468 KOHACH! DALZU L 167 G.m RAKT AKITA
00033729 KOHAMASHU{MURASAK] DANA) ER (M) TAVWAN
00033730 KOHAASHI{SHIRG BANA) PEFE (1) TALWAN
786 KOKESHIJIRD G.m S4Tn . 1BARAK
00063673 KOKUIKU 44 Bu448 CHIHA
00030827 KOWMANUSUME 6 ¢ TRLRX JAPAN{UNKNOW -
00034464 KOREAN LEA =
g KOU 108 G.m 51038 NI iGATA
00031342 KOU 262 K2R 2E CHINA
00084345  KOUBAN 0 375 FRANCE
00033641 KOUKOU 6514-2 AXHE1 4~ 2R GHINA
000306857 KOUSHURE! 238 AFH7A5E THINA
00034251 KROMER!ZAKA RUMAN 1A
00034158 KPUSOL 1A BOLANG
100030737 KUMA_ G.m Y ) KUMAMCTO
00024306 KUPSESKA 77 R LISSR
00034465 KURA USA
DOOABOET  KURD DAIZU BAE KUMAMOTE
00032346  KURD DAIZU G.m 8xE KANTOU TOUZAN(UNKNOWN )
00032535  KURO DAIZU G.m £X8 | BARAK :
KURG DAIZY G.m B2XE AOMOR
Q003aeRT 1 188 SNDTA i
0004277 L 244 YUGOSLAVIA
00532985 ¢ INDIA
00004738 USA
000247 11 USA L
00034750 LEE USA
00030721 LEXINGTON USA
00034670 1 INCOLN USA ASIA
00034467 L INDARIN USA
00034488 1 ITILE WONDER LSA
00032003 # 101 INDIA
450 ¥ 377 INDIA
431 BACOUP 1N 1SA
a3 HANDARIN LSA
433 351 MANDARIN YOWA FRANCE
434 100034528 MANDARIN{OTTAWA) LSA
435 100034358 WANDCHU HiDSON ERANGE
438 H0D034474  MANDELL T USA
437 (00034530 WANITOBA BROWN US
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00033677 MANJUTAE K CHINA
00033141 MANSHMUU MASSHOKUTOU e aE CHINA
00031227 MASSHOKU MAME(KOU 504) ?RE (25045 CHINA
00030710 MASSHOKUTOU ROSHIYASHU PREOLYE CHINA
00080711 BASSHOKUTOU (KDY 502} - - RN E) CH 1
DOCA0700  MASSHOKUTOULKOU 503) 7 EE (A0 9 CHINA
00034390 ERPIECE DL /847174 ' SOUTH ASIA
00033623 MATSUBA DAIZL G.m SABA )
00021627 MATSUBA DALZU G.m KAGOSH I MA  ASIACUNKE
00032877 MATSUURA G.m SAGA ‘
00034371 MEDIASCHER BRAUNE FRANGE
00034531  WEDIUM GREEN USA
00034404 HERIT USA -
00034601  MILLER 67 USA
00022231 RISUZUDAIZY 8. m T RAXR AKX HAGAND
00031028 MIYAGI SHIROME G @ SyEL ol MIYAGH
Q0032673 BIYAGIOOJIRO & p TrH¥FF D NAGAND
00031760 MIVASHIAD JUN 1 G.m LB IRARAK | ASA{UNKNON
00034535 MONROE (MUKDEN/MANDAR I N) USA
457 100034724  MONTREAL HUNGARY
458 00031672 MONTREAL MANCHU USA
459 100030722 RORSE USA :
460 1000300979 MUTSUMEJIRO G.m HY AT T AKITA ~
481 300030081  MUTSUSHIRATAMA 8.m LY S ET AXITA :
467 00034739 N 45-2904 USA
463 100037649 NAKASENNAR] G.m o+ Nz e HAGAND
464 100031357 NANBUSHIROME G .m FFenx AKITA
165 100579232 - MASUSHIROME F 2o HAGARD
: 00034813 NC 122 FORE 1SN UMKNOBN
467 ;00030838 NEMASHIRAZY G.a 2V 5 A AKITA
468 00034033 NEDAL(AGC 0162)
488 100034034 NEPAL{AQC 0164)
470 100034041 NEPAL {(ACC 0192)
00034042 NEPAL (AGC 0187) .
472 100031481  NEZUMI SAYA G.m B N|IGATA
473, 100034536 NORCHIEF {(FLAME ., /HAWKEYE) USA
474 10004840 NORMAN ) USA
475% 100034801  NUMBAIRA BRAZIL
476 100033752 0 38 TAIWAN
477 100034537  OAC 211 USA
478 100032490  OGAWA ZAIRAI(1) G.m AR (1) NAGANO
479 100032523 OGAWA ZAIRA{{11) G.m ppER (11) NAGANO - o
480 100032164 GGURA DAIZU G.m PEKE NAGAND
481 100032118 OGURA DAIZU{SHIRG) 6.m. SAEAE (B) NAGANO
482 100032118 OGURA DODAMA DAIZU G.m AEXERT NAGANO
4B3 100033041  OKA DAIZU G.m BAE JAPANTUNKNOWHN )
484 100080515 OKUHARA ! G.m %}m*‘% HOKKA 50U
485 uOQEGEsZi OKUHARA DAIZU G.m & HOKKA 1 DOY
486 100031212 OKUSHIROME G.m F D0 AKGTA
487 100034539 ONTARIO USA
488 100030836 OODATE 1 G.m AKITA
489 100030823 DOYACH! G.m HOKKA 100U
400 100058¢01  OOYACH! 2 G.nm HOKKA 16U
433 ORIHIME G.m KUMAMOTO
407 omww OSHIMASHIAONE & o HOKKA | DOU
493 100033564  GUHOUSHU CHINA
494 100030528 OUU 13 G.m ARITA
405 100024540 PAGODA FORE [ GM{UNKNGEN)
496 00034206 PALMETTO USA
497 100033761  PALMETTO(U 67-8) VIETNAR
498 100034199  PANNONIA 10 HUNGARY
499 100031882 PEKING USA
500100034480 PENHSOY USA
501 100031679  PETTEN USA AS LA {UNKNOWN ) ¢
502 100034604 Pi1(USA)B47H1 USA N
503 1000247581 PONEIRA FORE LGN (URKNGWN
804 I000R3BAE PR 377 INDIA
505 IOODSARGE PR 7354 IND1A
6066 100033868 PK_74~258 INDLA
507 100034190  PLATTER GELBE RUMAN 1A
508 00034806 POCHAL TA AN
500 (00034839 PRIZE LS
510 uuﬁa&.g R 486 G.m JAPAN{UNKEONN)
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5 A,
sS4

514

8154 RIKUY 27 G.a

518 BOSE

517 5 100

518 SALLET

520 "8@3’3?@8 ,,,,,,,

821 00033763 SANDEK SIENG

522 00034485  SANGA

SEG 00034778 GANTA MARIA W8T P

524 100034794  SANTA ROSA
0030866 SATOU DAIZU G.; AT LAPAN{UN
CN074133  SATOU DAIZU{CTARL) G.m BEBAE (hE) NAGAND
00U3078S  SATOU IRAZU G.m BELST JAPAN{UNKNOWN)
00034804 SAVANA BRAZIL
00034360  SCHEOKEN FRANGE
00034487 SCIQTO USA
20030650 SCOTT USA

100031805 SF1AN _SHOUOUTOU RE)HE CHINA
00034489 SENECA USA
00034480 SHELBY USA
00031445 SHERWOOD USA
GO031451  SHIN 1 G.m w1 KilGATA
f\o‘asusz SHIN 3 G.m %38 NiiGATA
00031453 SHIN 4 G.m g4 [
SHINROKL . m R
SHIRD 3 G.m HAH 3%
2 B 2 5

SAITAKA

i L ADARN RAGANG ;
P'J\k)\l‘ﬁ' SHIROSAYA § m =k HOKKA | DOY ;
GO033118  SHIROSAYA 1 G.m EERR KUMAMGTO
00033786 34 1 THAILAND
QooR3sas O 10 ) INGIA
QUO34272  SMALL SEEDLS ZDBNATICA YUGDSLAVIA
00034270 - SOJA 108710/2 YUGOSLAVIA
00034280  SQJA 121/6/9 YUGOSLAVIA
00034379 SOJA 2 FORE | GN{URKNOWN )
0034193 S0JA 26/80 PERAGIS ST it GERMANY
00p3412 SOJA 27780 KRAET GERMANY
000%122 SOJA 35760 KIRSCHES STA 200 6.m JAPANM{UNKNOWN
50034118 SOJA 38760 DIPPES FRUMGELBE GERMANY
00034126  SOJA 540760 FORE | GN{UNKNOWN )
00034124  SOJA 542/80 FORE | GN{UNKNOWN )
GOO34125  SOJA 547D FORE [ON{UNKNOWN)
00034120  SOJA 55/60 DORNBURGER WE|SS SERMANY
00040082  SO0JA 74-80 DORNBURGERST 150 GERMANY
00034278 S0JA BZ/5/16 YUGOSLAVIA
00034268  SOJA H 1 YUGOSLAVIA
00034782  S0JA 1AC 70-25 BRAZIL
0034783 SOJA 1AC 70-850 BRAZIL
GOD34267  S0JA L 17 ] YUGDSLAVIA e
CO032386 GQUGA ZAIRAL G.a NAGANG
00030443  SOUTHERN PROLIFIC USA
CO034060  SOVREANS 882-2F SWEDEN
000::@41 STARACKRAN | SKAYA FRANCE
STERLE USA
SUZHINE G XA HOKKA T DU
QUO34833 T 70t USh

g ‘0335042 .

JQA

Q.m RF A XN | BARAK
Ea YARAGATA
TAMAHIEARL G.m AR b HY NAGAND
Tme@Fan R Ly R A 3
TAMATSUKLRI G.m B
TANREl C.m A

TE] ANDAR

BT Ko
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00034221

TERRASOL

HUNGARY

(30034078

TIMIRIAZEREVEKAJA 144

Ussh

00030528

TOIKU 128 G.m

+H129%8

HOKKATDOY

00030516 TOKAGH! MAGAMA 6 m HEET HOKIKAIDOU
00030839 TOKACHIKURS G.m FAF o0 HOKKA § 00U
00030532 TOSHI DAL 7910 G.m TEHET91 0 HOKKALDOY
GOG31381  TOUHOKY 41 &.m g 1B ARITA
00032191 TDUSAN 25 #ail 75 HAGAND
00030641 TOYQMUSUME 6. b ALRAS HOKKADOU
00036640 TOYOSUZU §.m LB R X HOKKALBOU
00034697 USA
00034632 1 USA
00030490 TSURUNOKG  G.m T HOKKA | DOU
00e32837  UPSH 19 IRDIA ~
00034074 USSURIJSKAJA 1585 ussn ]
ODD3IEB0  USUAD G.m uE NABANG ASTALUNKHORN} |
00C34497  VIKING{A) USA :
00034498 VikiNG(B) USA
00031680  VIRGINIA BROWN USA
803 100034302  VN{IMK 80-72 USSR :
604 100034653 W I 49-4124 USA :
{605 100031876  WABASH USA :
{608 100034686  WARE USA i
607 100034665  WiLLIAMS USA
608 100034502  WILLOMI USA :
809 100034503  WILSON USA
610 100034252  WISCONSIN BLACK YUGOSLAY 1A
611 100034197  WISCONSIN EARLY BLACK HUNGARY
612 100034506  WOLVERINE(A) USA
813100034628 WOQDWORTH SA
614 00083818 X1AOHUANGKE BN s CHINA
[ B15 00030080 YAMA SHIRATAMA G.m =k IWATE
L B16_ 100030452  YAMAJIRUSHI{GHINA) ¥FLBHL (hx) CHINA
L B17 00030451 YAMAJIBUSHI(USA) wF LB (RE USA :
618 100031810  YASE! DAIZU G.m B4k T DOSAKA ASTA{UNKNOWN)
619 100033630  YASEITOU W w CHINA
820 100034508  YELLOW MARVE: USA
621 100033470 YOOKWNO 312~4 agp woaEs
B22 100034888 YORK USA B ;
823 100030629  YUUHINE &.m 2k X HOKKATDOU :
; oL HOKKA| DO
] JA
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OG5

IR2888

00033228

00032693

00058912

00032487

00032488

LUS NS U

wid Jomek

5§ it Fow For § o
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CHING ZAIRAL(1)
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803 00032483 CHINO ZAIRAI{3) FHERE(3) NAGAND
804 - 00032484 CHINO ZAIRAI(4) G.m FHEX (4) NAGANO
805 KM 007 F14 SEEDS FROM {SELF) F13 PLATS
806 K 002
807 KM 004
808 KM_005
809 KM_006
810 KM_007
811 KM 009 o
812 KM_010
813 KM 011
814 KM 012
815 KM 014
816 kM 015 .
817 KM 016
818 KM 018
819 KM 019
820 ) IR D T A D D O D )
821 KM_021
822 KM 022
823 KM 023
824 KM_025
805 KM 026 .
826 KM_030
827 KM 031
828 KM 032
829 KM 033
830 KM 034
831 KM 036
832 KM_037
833 KM 038
834 KM 039
835 KM_040
836 KM 041
837 KM 042
838 KM_045
839 KN 048
840 KM 047
841 KM 048
B42 KM 049
843 KM 050
844 KM 051
845 KM 054
846 KM_056
847 KM 057
848 KM 058
849 KN 060
850 KM 062
851 KM_063
852 KM 084
853 KM 066
854 KN_067
855 KM_068
856 KM 089
857 KM 075
858 KM 079
859 KM 080 |
860 KM 081
861 KM 082
862 KM 083
863 KM_085
864 KM 086
865 KM 088
866 KM 089
867 KM 092
868 KM 093
869 KM 034
B70 KM_096
871 KM 097
872 K098
873 KM 099
874 K4 100
875 KM 101 n
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| 876 K#_102
877 KM 103
878 KM 104
879 K#_105
880 KM_106
881 KM_107
882 KM_108
883 KM_109
884 KM 110
885 KM_111
886 KM 112
887 KM 114
888 KM 115
889 KM_116
890 KM 117 .
891 KM 118
892 KM_120
893 KM 121 ¢
894 KM 122
895 KM_123
896 KM 124
897 L IRESTE SR P D T A A A e ———
898 KM_128
899 KM_127
900 KM_128
901 KM_129
902 KM 130 —
903 KM_132
904 KM 133
905 KM 134 .
906 KM_135
907 KM_136
908 KM 137
909 KM 138
910 FAYETTE 1ST FROM OCTOBER 10'95 ), oND FROM DR. KOMATSTA NOV.16 2001
911 KEBUR| !
912 MASSHOUKUTOU 502 —
213 NIPPONBARE ’ §
914 LA 002 T56
815 Z Al 004 T145
918 ZAl 006 T176
917 Z4H 007 1280
918 Za 000 -
919 A& 010 HAYSQY
920 At 001 154
921 Z A 008 1310 -
922 ZA 005 T171
923 ZA 019
924 2ZaF 020 17191204 .
925 ZAF 021 GMO RR12
926 ZAb 022 GMO RRY
927 ZA 023 GMO RR4
928 Z4h 003 T136 —
929 A4 013
930 ZA 012 BEHE
931 A 018 SOJA(S-65)
932 Zat 014
933 At 015(UR
934 Z4t 016 n120
935 A 017
936 ZaF 018 7182305
. g3y KM 008
! gag KM 013
939 KM 017
940 KM 0290 -
941 KM_035
942 KM 043 .
943 KM 055
944 KN 059
945 KM 061
946 KM _070
947 KM 071
948 KM 072

.__84...




949 KM 073
950 KM 074
951 Ki 076
952 KM 077
953 KM_087
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