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77anr57I9 Lk X Sk
A4 AN OBHR

P IT W &

w8

T ONT T LR K D EEERY 1 ZEH ORI HE S Th 5 234 DI
D 5N BN O#E EHIRICOVWTEED -, 77 ONTTU T AECE Y1
ADWEERIIIE,. RATENSBEINDIAERL, BEMTOTEHNFIHINTE
oD, BRATREREICHEA LT W E WS NS HFERTOFESICY 7 ONT T T A
ERJIELFENBREOER TH S, BHEEHRDROM LE2HE LT, SEEEDY
JOanNy U LEMBETSZ EITMA T, BENERE BT 5FE (¥ HBEOE DT
IR TFF — AL B DL B EMADORNE) bHFESINFHAIN TS, £z, #E
PEFNE UTCLARNI I F <A > 2 2 HWAEINE NS Fh, BETIENT 7071 2 2%,
TN F— MEORERBHEHINTND, ZNS5DOHENMTbNZZ EIZLD,. Zh
X CICHEEOKE RO P E S, SO HARES TRERIRSY 1 ZOEHAREE 78>
Too TEIRMNER (155 N7 I E R RIS W= AMEF 80X 100%) 131 %%
NS ISXRIREEERERENDZDHDOD, B U TEEZEWSTS 2 & HAlhEE
IR EIRDDDH S, I HIT, BWEHEHRSIROM ENbEs 3N EITXRD, v—h—
7Y =51 ZAOEHECREBLE T NOEREAENE SN L%, FIOKE S Z
TIEEHREIN DS EANEATH S, HAMEOBEIERMIEMIIOWTIE, BEA ML
AMHEMN 5% 2 B & UZISHFZEAFIH T E 2/KETIZH 2%, 2hRO M 0w S
BMOAMDSH D MG, GBI SITHREZTOLEND D EBbDNS,

F—U—FK: K€, yranNsFUT L, BERE, S, 7EE

2310 H 20 H 324 SFpk244E 2 H 2 H32HE
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Current situation of Agrobacterium-mediated

soybean transformation techniques
Keito NisHizawa

Abstract

More than twenty years have passed since transgenic soybeans were first devel-
oped by Agrobacterium tumefaciens-mediated transformation. In this report, the develop-
ment and current situation of Agrobacterium-mediated soybean transformation
techniques are reviewed. Immature seeds which are able to produce somatic embryos
and cotyledonary nodes of germinating seeds have been utilized for inoculation with
Agrobacterium. Recently, cotyledonary nodes of germinating seeds have normally been
used for inoculation because regeneration of plants from multiple shoots formed at
cotyledonary nodes is easier in various cultivars than that from immature seeds via
somatic embryogenesis. For the efficient introduction of exogenous genes into the
soybean genome, in addition to the utilization of hypervirulent Agrobacterium strains,
several improvements in the inoculation procedure (e.g. mechanical wounding of
explants, and addition of thiol compounds into the co-cultivation medium) have been
developed and applied. Whereas kanamycin was the main reagent previously used for
the selection of transformants, hygromycin and herbicides such as glufosinate are also
used these days. Various soybean cultivars including US and Chinese cultivars and
several Japanese cultivars have been reported to be applicable to Agrobacterium-
mediated transformation. Although the transformation efficiency (independent transgenic
plants produced per 100 explants) still varies greatly (i.e. less than 1% ~15%), oppor-
tunities for researchers to use the cultivars which fit their needs for transformation are
increasing. Several advanced techniques, such as the production of a marker-free
transgenic soybean and targeted mutagenesis, have been developed using US cultivars
following improvements in transformation efficiency. As for the transformation tech-
nique of Japanese cultivars, the number of cultivars applicable to transformation and the
transformation efficiency are still low, though it is not impractical to utilize it for
studies for various purposes, therefore, additional refinements are required.

Key Words: soybean (Glycine max (L.) Merrill), Agrobacterium tumefaciens (Rhizobium
radiobacter), transformation, cultivar, cotyledonary node
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I #&

R N\ DN HGEAR T DB AEITE RS AL &
8 AIRIC KBS 20, IR AEZRE
THFHEELTYZONT YT LE (Agro-
bacterium tumefaciens-mediated transformation)
MHF 6N, ZOHEZ. YrZ7anNysFIw
Iy & D - BRI AR P e 12 e U DNA %
EORADEEHNZRMAL T, ISREE T2 O
7 ) LDNAIZE AT B HETH D, 77 0N
77U LEE BIETFOBEAICRERREE %
WMBEELBWVWEWND Z &0, BETFHRIEZDHE
BEEAET U UIEME E 72 58 ABE T OWr
e ae—fbicksa>o—291 L2220
(Reddy et al. 2003, El-Shemy et al. 2004) 73
#2012y (Olhoft ef al. 2004) & \v» =7
MMNdHD, 770N TUINEZLDEY A X
D JE B i d 1988 4E |2 K IE TH) 8 T RNl 703
& EN7/= (Hinchee et al. 1988), 4#IELIh

|

BIDOBR SNz EE L WHIETH > 723, stk
DOFF, BPRICHWS Y 1 LHAEDZER, &
BRI AR IS OGS OFk 2 IRt BEAYER
53, BHETIE., HANnaEIC X520 EfT%
A AIUSTEE RS 1 X D15 515 nJREME N &
WEN & 7325 Tee 19964F 1T ZERRE DB IR S
RREHR (U RT— ) Y 1 X3EET
BIETIEHEINZHDTH /= (Padgette et al.
1995) DITH L. 20094 2R EE I BRIA S N
7 AR ) R — MY A X137 o
JTUITLECRKROFEHEINZHDTH S
(Malven et al. 2006, Taylor et al. 2007) & W
S EITH, IBFEDOY 1 AW H MR OE L
WERNHNTNWS, AT, YZ7anNs s
U NEIC K D IERRSY A IR O R
EHBURIZOWTHIEE TOMEHRLE 2 LD 5,

I 77AN0T7YDAKICKDS A XADORERRRITOER LIFIK

T ONT T T LEILK BT A XD E L
PEATICDWT, £THIDITHIED I 2T,
ZTDRIZ, WTNOHIEIZBNTHPERIRAK
TEHZhRICHEEE 525 B 26 N5HLEDHE
HiZOWTiw L%, BB, &hFEOTONa—
N DN TR O AL GEE S 3 0 TREMIZ
SN TV Bk (Ko et al. 2006, Olhoft et
al. 2006) MHREINTNVWBE=DEET 5,

1 EHEHEBRAFLEESORECAN
DB DL

BEEAEEIEIC DWW T, 77 anNy T
U LRI EDHEICE 0 ZDRDOERIEN
RESERZZENS, HVWBHERT &Ik
SN, 77ONT T LAOKEITH NS

SRR AR ZAT 2 ENBATH O,
A4 XDHEIZRIRAE T (oA EINL A
EM) . FEHFRE T O TR (DWNERITHFIET
200K . FEZX OYIAETER (ONFIZHE
f£9 2l PRSI TN S,

1) KpEFZEZRAWSAHE

A AXRPFETZHNDES (K1, SHiESE)
Wi, TEO 200 U TR L 24
(K1) Z27r7anNry5 o LAGERICEL -
. HFREEREHICEKL 4 ~5 HREEE T 5
U3y, BREBEICKD 77Ny T L% E
DR\, F—F > (24-D) BIUEK
A S OB E TR EEEAER (somatic
embryo) DOFEZITV, AEMRDOKHAB LN
UL THEYAENEFESES (Parrott e al.
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1989, Ko ef al. 2003), ZDJi{ET DR E R
RIZDONWTLI~LT% EDIRENDH D (Ko et
al. 2003), LU, ANEROFHFERRHHEY
EANOEANRIIMEICLORESER LD
(Komatsuda and Ohyama 1988, Parrott et al.
1989, Bailey et al. 1993, Hiraga et al. 2007).
FERICHH TN TS DILIE DR DEN
=~ [Jack] IZPRSNTWS (Lim et al. 2005),
F2. AERITA —F 2 22 FOmAREp T
B BHERF T 5 2 EMARETH D T EM 5,

HONUOFEL TS B EAERIZY 7O
INT T NEEREEI D HEICONTHHE
INTW2 (Trick and Finer 1997) 7233 K&i%
LT,

2) REBFOFEHMERANDAHE

YA ZHFFETOTEH (FEIROES
EB. cotyledonary node) DNERICIFEET 5 435L
MRy 7 oNg T LEREIEL5EI1C
W, ROEDE2BOOME (K1) #2HNWT
SMER DRI NS (F42 D5 HEIZDNT
13E 1 ICECHED .

(1) Bz A 1 & 3R R ~ 24 K S H 72
(fEZF) i1 (R 1. HIECNSB X UEmbry-
onic tip)

() FEIFER W LT HatgAEF IR L &
FHEMT, FEA (K1, HECN(G) B
& UHypocotyl (G). T 72b B (G) Dit#
DH5HD]

Fe. IS EHWAMER OFEIEITIZRD
KO 2EODHENHD (K1),

OTFZEENFF T E F Il 281501 2 DITE
WTTEAER (IRl ORI TIER L
Thd) zHWEHE [EF1. HIECNS
L TCN (G)]

QIHh (FEIIWMORL) Z7MEFE L TH
W51k [ 1. FiEEmbryonic tipd &
UHypocotyl (G) ]

WTNDOHES, FEMONTICHEET 250 %
MiRs L <3z omEEz2EXmicE S8
LZENEETHLEZEAONS, TRDL,
OOFHETIIMEZ e/ ICH S, T HITTEE

%135 (2012.3)

FifHEICERET 5 RIS R AR AR ZEZ D
PR< Z &K D FERIONIRZ EmICEH S &,
QO HIETIITFEE, LIRS YELE LS
IO RS Z&ITR D, FEMONTERZ R
WKEBEHIETWS, YZ7ON7TU T LEICK
B A XD EERHIZ#) D ThkT) L 7z Hinchee
5 (1988) MMfT- 72 DiF () & A W=OD ik
Th-o,

TIER (D7 EHHM) ZHWAHETI, LA
FonwdFnnroHikick DAL 245 H
(Embryonic tip®EEICIEY A A 22 %25
OEMT I HEERBEZITOHG5bH D) &
T OINT T T L ORRERIZE L =%. HE
BB HICEIR L 3 ~5 HIEESE TS (&Y.,
BREREICE D 77 0N7 571 7 LA ZELD RN
k. YA M IA Z O BRORERE 2S5
B BT AEF (IR DEESEN S M
5OEEHT 12— NOAEFZEMRL., TO%TE
e COPEEEMANEHESE S, 20
FHiETII AN AR TITARAEENBR I NS Z
Ens, teryEE (6-8 7 H) TT.MEr
DINFEIZE %, Hinchees (1988) 73 /E #in i
WZERIh U 7= Shf@lT Peking] & Maple Presto |
EWS, Y7 OaNT T U AR LT NG
FTH-o7n, TORITIX. 7/ LEITICH N
537- [Williams82 | = [Thorne|. [Bert] %
OEFDOKEGAE (£ 1. Zhang et al. 1999,
Olhoft and Somers 2001, Olhoft et al. 2003,
Paz et al. 2004, Zeng et al. 2004, Paz et al.
2006). Hefeng 25 SO OHESME (K1 .
Liu et al. 2004, Xue et al. 2006, Dang and Wei
2007, Liu et al. 2008, Wang and Xu 2008) .
Thya%4) (F1. Sato et al. 2007, Yamada
et al. 2010) ZHOKMED HANME CR¥IEET —
5 aa ) HFTREERADMEH I N TV S,
RN HRIL. | % RN S 15% a1 kA
Thbd, INHDEVIL. Ao fEDE
WIZEKDEZADBRENEEZZSNSN, EBIR
T 5B HEFN OHECEAN R 2@ L7201
IO MR E DBV > THAET 5, RIEDT
7 a/)N7 75U LAEOERITTESICHFETET S
N ER NS NS DHETH 5,
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IR Rz LTI BRI EZ LB & T 500,
BEERBEZTODT. BFEETOTEMICHETET
LG5 Y 7Ny ) U L BRI
BRI, LA TIRE IR YAR 2 /FEH 9 %in
plantajiE HixA 5N T % (Chee et al. 1989),
ZDFFETIE. YIBIC X 0 Sk E 0 2 £
WEHTE5000Ic. BR#HEHWTY O
INTTUTLEEALTWS, UL, BEER
BRE RN AME Y [Chee ef al. (1989) D
5 T130.07%] 7=OFH I 1TV,

3) FEZADUMEEE RS AHE

A Z OWAEERICFE T 2 025 likicy 7
ONZ T LERPEIESHE [F1. Hik
PN (G). Olhoft et al. 2007] Tl%. FEIFEEZH
B HERER L ERAEEDO, B TED1/3
~FEEDOEIITHOZHEEZ ZMHH L THAE
Fraeffds (K1), ELEFEEZINS,
DO FHBIURE, —HOTEDFFHZEY)
FRU. S SICTFEMICHEET SHEFEHIOR<,
ZLU T, WIAEEZROBRWER, AATHEZ
7 AREEDAME R 2 7 7 0N T v L DG
WCHWS, BRE#SEICLOT7Z7anNr 57U oL
ZELOBRNZ1%, EHEEAIEE T O 1 —
NOBEEAFZMRL. EYIKRNEHEI TS,
ZDHIEIT KB ERBERNRITHIL.6% &Mt
INTW5S (Olhoft et al. 2007), Eb#gpyHE L
WHIETH D, EREFlTDRn,

2 MEDLEE

AREHET (AER) ZFHT S HIEIZONT
3. BEA TR OBE MG S N RER, LI
Rz KD 72 BH T, TJack] D AMNMFIEWIIZ
AN TnsffETH 2, —FH., FBFEETO
FEFZFHT 2 H5EICDONTH, bk 7L
DEEHENFARSN TS, AEHEBIR. 77O
INT T I\ DGR E AN E F AR E OB
ZRETHO, NS ZENH S Z &N
HEINTWS (Byrne ef al. 1987, Hinchee et
al. 1988, Meurer et al. 1998, Paz et al. 2004,
Sato et al. 2007), #ilAIX. Satos (2007) D

TR 5 &, fEZFRET 7)) 5 cotyledonary node
FBIZEX-> THMEF o#E Z 7> 128560 THY
A% 7] ODAEFFERE NEFNERINS
SER OEIE<S, b mld EHE L 2 REENE
EINsEEEEESEL TRIND) 1. BE
BRI BB W S5 NS K E S FE [Thorne |
ERIENDCDRCLELEETH D0, T OMICH
Neonz4mgE (haAX) THF2AX) T
DA [HFALI]) OAREFFLEREIX
[Thorne | KDHLHEMETINTVS, ZOD
KO R EFNIERD 20, FAEL 72D
W=7 270N 57U LADORM. BESEN
W —TICXD RS2 E, BLXUFHEAEL
2 TOMBORRENRINTNE DI TR
WZEENRKT, EOXD Ny 7 oN
75U AEICHE L TWS KBS % 2 S
U<, BREIZECTHSHEND D LNRWNDIN
HIRThs EBDNS,

3 RRFEICAWS7ZAaNnNsTUoAD
EX

727N 57U AdTi (tumor-inducing)
77 A2 R EOT-DNAHIE = #0777
LDNAIZHA L, WWicr oo > a—)L &
N2 E T 5., T-DNAGEE H I E5
FEICEAD S BETNEENTHB D, Z Dk
WHESEAE WS, WD ) LADNANDf#
AITIAZAT D %258 EI DATER IR VIR Ukd
FINFIES %, WY OREIERIRZTT S BRI,
T-DNA#EE O S RICED 5Bz T2, &
ALEWHBBEFICESHBA THWS, £k,
T-DNA®EI Oy ) L ~NOfFEAIZE, Tir
Z Z 2 R E@Vir (virulence) fEENNETH
SN, VirfdigH OB A FIZERBE SN Lk
T OAERT 5, ZORMEICX D, VirfEg
ZHHT-DNAHB ZFRE LTI I X I R &,
BESREA =B L2 5 OMIEALZWHRE
BFEMHAAIET SAI R ONMFH—XRT 5 —)
770N T M S TR N
LHZEMAEETHLMN, ZOXDIBIAT A
ONA F YU =T & —7K) DMBLOREY) & [F k.
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TA LIZBNWTHHEBEIZHWSNTVWDS (E1),
77aNy T LECXHBIETEAILS
WX, EERM 21T D I U Tyt
O7 7N TI T LR EFHT S0END
DM, A XZBNTHEBIRDOZ 7)) —=
M= (Owens and Cress 1985,
Byrne et al. 1987), Hinchees (1988) 1Z. %
A TR U Tt 2 /R U 72 A208%%  (Byrne
et al. 1987, Hood et al. 1987) ZF|FHL TE
B 21T /. TORIE. A208k DREGE
21350, OREY) & FRIERICY A X2 LT
bt 2R U7-A2818k (Byrne et al. 1987,
Hood ef al. 1987) @ Ti7'< Z 3 RpTiBob42mD
WA ZH T 5 GREHALOL# > EHA105
Bk, AGL-1#%: (Hellens et al. 2000) 73#HE
RSN TVS (1), £/ ZoMicsd,
A LI LU TE Wt 2 H J % Chry 5k
(Bush and Pueppke 1991) X D2 X 7zKY
RT 1# (Torisky et al. 1997) HEH I N TV
%5 (1), L,L., Chry5#dTir 523 R
EiziZ2fE i T-DNAmE /3 FE L. KYRT 18
DOTi7 5 Z X RpKYRT 11132 D —F M5 > T
WA=, TEIRY 1 XI2HBNWT, N F 1 —
N7 5 —HikOT-DNAfEE & & 12, pKYRT 1
FiZH > I=T-DNAfEE AR S N/ &S FE
FIMHmEIN TS Ko et al. 2000), ZnN5
IR THEERE TH D EEZ 5 NDMN. FlIH
WIIFEENLETH S BN S, S 5ITHE
TH, 1 AL TEWEREEEE T 550
HEEB XU ENTHN., DN S HjEx
N7z m G R T b % KAT23 0k D JE 5 1 ik
AEZ RIBE W /=Soy 2tk EHH S 117z (Yukawa
et al. 2008), Soy2tkz=FIH L =Bk sy 1
ZHEHICRE T 213N, L AR—% —#Ea
FORBZIES ULERRHERIZHB N T, Soy
2MRIZEHALOSKE & Eb T 245 DA b & W g e 4 %
BTHIENRINZZENS, Soy 28k DF)
I X 0 B EHARE 0 B9 5 T Retk
MEZSND, —1. R TIZ/RWLBA4404
FEHWTEWHR TREEZERY 1 X0EH
ENplbHD (1), TOHEITF. NA
F U =~ & —IiZpTiBo542 O Vir i 35 ¥ Fr A3

%135 (2012.3)

AENTA—IN—=N1F 1)=& — (pTOK
233) (Komari 1990, Hiei et al. 1994) 7% F
TRHBFERERNME SN TN S,

£, WEWMICEBIREZ A U X1 5 Agrobac-
terium rhizogenes (Rhizobium rhizogenes) % 'T-
DNAZ K128 AT 52, A. rhizogenes D Ri
(root-inducing) 75 A X Rin 5 BIRIBIERIC
B HBEF 20 BRWE R Z H W= B E R
a1 ZEBIZONWTHIREIN TS (Olhoft
et al. 2007, Curtin ef al. 2011),

4 BEIREH

2B B RE HH O BRI SR A E ~ — 1 —i&
&t (hpt. nptll, bar. cp4 epsps5) 7% HHYE
RFEEBITHEAL., EHZRMLU =55
TIEIRRZ &K T 5, 770N TU T4
FIZK DY A XOREERITHNT, REFET
(AER) ZHWDHIETIE. FiEYETH S
N7 ORA NS NTWS (Ko et al.
2003, & 1), £/, TEHZHWSHIETII,
20004FtHE TN <A S OMEICHWSLENT
V7= (Hinchee et al. 1988, Parrott et al. 1989),
WETIE., F~1 2> (Liu et al. 2004,
Wang and Xu 2008) Ofic/\1 7 o<1 >
(Olhoft et al. 2003) HHWVWSLNTWS (F 1),
N5 OPUEMEOMIZ, BREAITH 27K
% — | (Zhang et al. 1999) 7 1) RH— K
(Clemente et al. 2000) 7 W\ /=& ik BFR
I, BRIERESNC X DBENZ ITHhNT
Wa (1), WTNOREHEAZHNWDHE
20, EE < BEERHEAROZEK 21T D 1T,
r RO E LA, EIR AT O RO BB
WINC CREZHFE T 20END S,

5 WHEGBRMNERZSDHDIHE

A ZXET 70N T U ARG LIZ< N
WD —DEINTE/=MN, VIrfEiiZh 5E
BOBLGTORHZFETLIMWE TCHL T I
2 > d o EEERMADOERM (Towns-
end and Thomas 1994) <, FHL{ERF#EZITOB
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D i E S pHD # i (Townsend and Thomas

1994, Dang and Wei 2007, Liu et al. 2008)

FIZRO, Yr7aNnNg T U LDRRRENER D]
ETBHZENIREIN. £ BRITHWSD R
NFIEDFIERIIC, BE K (Trick and Finer
1997) & EEHD 7 7 Xue et al. 2006,

Yamada et al. 2010) THZDTTHL I &EIT
KDBBNFEDOM Eb@®EFIN TS, Trick
and Finer (1997) %>Yamada® (2010) ODOWF%E
T, B-rrn=y—t (GUS) %=L K—
Y —iBinFE LU THWY, Z0—@ERIEOREE
TN R DIFEEE L TWBD M, BRI
BREDT I TR LEGOFUEICKD, —H
U CHIBI R RES R, PR M R L. £z,
Xue 5 (2006) OWHZETIL. @7 T
(multi-needle) % W5 Z £k 0 BEERA
TEHZhRMN 0 % 512% £ ThEL = & S
NTW3, ZNHDOTEMS, FMERADED
FULEMNBIETH L <fThbhiTWwsd (F1),

I 5T, FEEIZHWEREIERRIZDOWTIIR
DEIBHEBITONTWD, Tkbb, 77
ONZ 57U 0L EDHFREERFC, T LIEA
EETDHUVATA RV FF LA b—ILED
FA—IUMELEMZRNT S EI2XKD, HOUF
MBI X BEESLTY 70N 571 77 L\ DREGIT
£ EHESINDIMER DBEERLZE < &
EBIT, BEIEREENE L <@\ Lk (HMETH
WG EITI0M5 LA |, B RITHWZSEEI

WBISEA E &R 2B B d 2) T2 Enms
=4 (Olhoft et al. 2001, Olhoft and Somers
2001, Olhoft et al. 2003), WETIZIINHG %
WML TWBEENEZ N (K1), £/, 77
ON7 57U o LREWR O R HE 2 R, fY)
NN 7 ONT T U T LDIRAZESIC
952 EFERKL Iz, StHEiEMEASilwet L-77
(R Z—=FI)VEMET ) a—2) OBREIRNDTR
Iz K2 RE R om  (Liu et al. 2008,
Yamada ef al. 2010) IZDWTHIEIN TN
% (F1). ZTOMIZT, EHERGFME T TRE
s 1 — hZEAFI®ELIEIC, TFL 2 OE
MzHETLMHBRBERNT 25580H5 (&
1), WERERISINM BRI S 1 IR HIC
B A 5B DWTUIIREINTWRWAY, 2ra—
~DFELZERET 23RO, BEERHRS 2 — b
HF DU B B UL TE EY OIREE 2 BAFIC
TROZNEATRIBI N TS (Olhoft et al. 2003),
7z, R ZE SO TIER S N /- iR
Y4 XTIE, HASNIREBERTFOIE—K
MENEWDEAPREESNZ—F, BRTO
D= YA Ly T OMBBEEIXRN 72T
EmS. HERIRERNT 5 2 EITk D, AN
M —N—BLETFOI—PA1L > T DK
Wasr L C BRI E SRS 2 — h O
HIRSAEFTMMEE I N D E WD AN TR S
N TW5 (Olhoft et al. 2004),
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MR

HEGREEY BELE

"

jugpq

sIAXE

Jack

SE KYRT1 pCAMBIA1305.1

(pPZP)

100 uM AS
&l

Hyg (10—2-5 meg/L)

1.1-1.7%

To

Ko et a.l 2003

Asgrow 3237

CN (G) EHA101 pPTN140

(pGPVT)

200 M AS
Bolt

Gluf (5.0 mg/L)

0-3%

To

Zhang et al. 1999

Bert

CN(G) AGL1 pBSF16

200 M AS
Bt

200 nM AS
Bl
3.3/8.3 mM Cys

Gluf (1.3-5 mg/L)

09%

2.1%

To

To

Olhoft and Somers 2001

Bert

CN (G} LBA4404 pTOK233

200 uM AS
B2
10 mg/L AgNO;

200 uM AS
&
1 mMDTT
10 mg/L AgNO,

200 M AS
aelvs
33 mM Cys
10 mg/L AgNO;

200 uM AS
#Bolt
33 mM Cys
1 mMDTT
10 mg/L AgNO,

200 UM AS
5ot
8.8 mM Cys
I mMDTT
10 mg/L AgNO,

200 uM AS
eles
mM Na-thiolsulfate
10 mg/L AgNO;

200 uM AS
o
mM Na-thiolsulfate
1 mMDTT
10 mg/L AgNO;

200 uM AS
Bl
mM Na-thiolsulfate
8.8 mM Cys
10 mg/L AgNO;

200 uM AS
&2l
mM Na-thiolsulfate
8.8 mM Cys
1 mMDTT
10 mg/L AgNO;

Hyg (5-10 mg/L)

0.7%

2.7%

7.7%

12.7%

7.6%

6.2%

6.9%

9.5%

16.4%

To

To

To

To

To

To

To

Olhoft et al. 2003

pGPVT-HPT
(pBIN19)

1

1

200 pM AS
[elhs
10 mg/L AgNO;

200 uM AS
B
mM Na-thiolsulfate
10 mg/L AgNO;

200 uM AS
eles
mM Na-thiolsulfate
3.3 mM Cys
1 mMDTT
10 mg/L AgNO;

200 uM AS
#olt
3.3 mM Cys
1 mMDTT
10 mg/L AgNO;

200 nM AS
#olt
8.8 mM Cys
1 mMDTT
10 mg/L AgNO,

200 uM AS
B2l
mM Na-thiolsulfate
8.8 mM Cys
1 mMDTT
10 mg/L AgNO;

Hyg (5-10 mg/L)

32%

6.9%

7.4%

12.8%

14.0%

To

To

To

To

To

Williams 82

CN (G) EHA101 pPTN140

(pBIN19)

200 uM AS
Leles
33 mM Cys

Gluf (3-8 mg/L}

5.9%

Zeng et al. 2004
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Peking CN (G) EHA101 pTF101.1 200 uM AS Gluf (3-6 mg/L) 0.9% T, Paz et al. 2004
(pPZP) &0
Thorne 200 uM AS 0.2-0.3% T
gl
200 M AS 0.6-2.9% T,
ot
33 mM Cys
1 mMDTT
Williams 79 200 uM AS 1.1-1.7% T
ek
33 mM Cys
1 mMDTT
Heinong 37 CN (G) EHA105 pCAMBIA1301 200 UM AS Hyg (3-8 mg/L) 7.2% T, Liu et al. 2008
(pPZP) Sor
5mM Cys
0.02°% Silwet L-77
Jilin39 5.0% T,
Hefeng25 11.7% T,
Dongnongd2 9.2% T,
Jiyu58 3.8% T,
Hefeng 35 Embryonic tip EHA105 pCAMBIA2301 100 uM AS Km (25100 mg/L) 1.7% T, Liu et al. 2004
Dongnong 42 (pPZP) 8.0% T,
Hefeng 39 15.8% T
Hefeng 25 Embryonic tip KYRT1 pCAMBIA3301 200 M AS Gluf (0.5-1 mg/L} 13.60% Ty Dang and Wei 2007
(pPZP)
Hefeng 35 15.38% Ty
Hefeng 39 16.67% Ty
Heinong 43 5.26% T,
Heinong 37 4.29% T,
Dongnong 42 12.31% T,
Lefeng 39 18.00% T,
Heinongdd Hypocotyl (G) EHA105 pBl-Lec 200 uM AS Km (75 mg/L) 9.3% T, Wang and Xu 2008
{pBIN19} 1.3 mM Na-thiolsulfate
8.8 mM Cys
1 mMDTT
Jungery CN LBA4404 pGB 100 uM AS Gluf (3-5 mg/L) 0.0% T, Xue et al. 2006
8 mM Cys
100 uM AS 12.0% Ty
ielhs
8 mM Cys
Thorne CN EHA101 pTF101.1 200 UM AS Gluf (6 mg/L) 4.1% T, Paz et al. 2006
(pPZP) 0.8-3.3 mM Cys
1mMDTT
Thorne 1.0%
Williams 3.6%
Williams79 1.8%
Williams82 4.5%
Thorne CN EHA105 pMDC123 200 uM AS Gluf (6 mg/L) 0.9% T, Sato et al. 2007
(pPZP) 3.3 mM Cys
1mM DTT
Kariyutaka 0.8% T,
Kariyutaka CN EHA105 pMDC123 200 uM AS Gluf (6 mg/L) 4.4% T, Yamada et al. 2010
(pPZP) Bl
3.3 mM Cys
1mM DTT
0.02% Silwet L-77
Dairyland cultivar PN (G) AGL1 pSUN1 200 uM AS Gluf (3-5 mg/L) 1.6% T Olhoft et al. 2007
93061 {pORE} [oielbs
0.5 mM Na-thiclsulfate
44 mM Cys
05 mMDTT

K RERX BV TR R FICHAL TARSh TV DR HEI L.

*2 SE: RFMEFICERME . AEREFER  ON QG BEERAGRFEFOFEM (FREEZIOMEFEER) (TR
Embryonic tip: EFBFOFES(FREZEFLLIHEREZEMICREE Hypocotyl (G) BB MBRERFBTOFED (FEESELVNMEREER) ICRE
CN EFEFOFER (FREITHEAZER ICER PN (G); {EFE % AR o1 S £ A DY E R ISR

*3 FEIMAIZREAMASN SR DELAL of/ I =A% —

x4 AS 7R LTY B2 BERLED, AROTSUEFEHALMER OB DT NE Cys: WATAY  DTT: YFArLAb—IL
Silwet L-77: REEMA] (R T —TILEML)2—2)
AS, Cys. Na-thiosulfate, DTTIC DU\ TIZHFIEEREHADFHI, Silwet L-7712DWNTIET /O 0T )2 LAERBEA ORI, AeNOIZ D TIZ AL AR S 1 — IR B kIS th~ D 5.
*5 Hyg NASTBRALY Guf T T+ F—k KmihFeA4y ERMEEthhoRE
*6 L TOYT AT PCR, GUSRE ., BREFIZEMRBF I CRYBRIN T HERE (R 8 BRCAVOAIIE T x 100% EHREIT R OTHE,
EMEQRBEALNMESICIE, BBEN TV HROR/NMELEAEERL . )
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Y WL
N
Q) &
Cotyledonary nodei% Pl Cotyledonary nodei%
p [ (i))-D: CN] [(ii))-D: CN (G)]
Ex FEH
T N
@m #0948 7% e 28
THEEMRKSE-EF il
\4 ﬁnm
9 " o Hypocotylix
Embryonic tipi% EHFET.FER [(ii)-@: Hypocotyl (G)]
[ (i)-@: Embryonic tip]
FEZ
T : ‘Ii
& i
C)}_’ & :
RBETF ! Primary nodeik
Immature cotyledon;% i [PN (G)]
[ SE] .
1 7aNITUTAEICRAWS 2 5MER OFRENE

TZANT TIT MR L 25 A AOTEERR TS, R T, WokS 87z () f7T, EFET, FEAD IR oz
19, INSOMEFT T 7 uNT T T ADBERICHWS, FRALGFER, FALIEES 2R, [ ] NOBFIIA T-1-26
N EFETH O, MEFIEIE 1 OAELFEKETH S, CN, CN (G), SETIZ 1 DOMETFNS 2 DOIMEF N TE S,

T

BN R OM LN S 725 INRITIE.
KEMEZHWNT, &E R E R OB 7
MNED 5N, BlZE. T-DNAEE Z 2 AT
WZHTANAFU =I5 =T, Bk~ —T1—
BLETFEHWOBLETFZILZITEAL THE,
EEE R EHE,. BOBLETEZHONY—
N—BIETFZE BRI BIRRES 5 HIENY
A LBV THIHENL SN (Xing ef al. 2000) .
R—=H—7) =514 ZDEHICHwSN TN S
(Sato et al. 2004, Behrens et al. 2007)., F/=.
BAINDBLETOIE NP, BT

FE it DEEL

DW= AL 22 2B DIZ<
NWEWD YT ONT T U LIEORHEANE S
. Ac/DSh T VAR &7 T4 RX—2 3
SEFITER D= N Ty T TN —
~Now EEAGDEREERKOL V9 >
DIERR BIRA SN TS (Mathieu et al. 2009),
I8, mECRD, P20 T4 =X
7 —TPEHH LB FREENICED., FE
DIEHELE T NOEFBEANY 1 LIZBNTH
7o/ (Curtin et al. 2011),
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IV &bUIC

TN T T LECK DY A XD E R
BDRINBINHE SN THSHIELTTIC, K%
< OEENERSN. FIF rTRE/R MRS R) R
MRELMELE, AT BRTFOEAER
B2 H & L2 B )WiE Tids <,
SRS A INT<BRICFEHAEINS XD
RO T&ER, £ DENIERTFHRIEICKOE
HMENZRE SN MEOREERIRSY 1 X2 Hn
TN ERTHo =0 ZZEFR. Yr/n
NI TUDINEZRATHZEICXD, S5
DO HMIZS U2 il CIRE RS 1 XHVEH S
NN TTOND EDICBLLTE TS, H
RIZBWTH, 770ONT T U T LETKDHE
NI ERRIE N THN D X DI, 1
L DOBRERLER THEEDMEIHZ B & L CTHIH
XnEH TS (Liu et al. 2010), AERTE
Tid. BRRTHEZFOEBEE AL TAERNE
mfaEALEMKREHESESFIEN. BHA
BT D ME— D EERY 1 ZEHETH > 7=
ZEMS, [Jack) (HL<IZ lNack) E3CHIL
7oifd) DSOS EE Tl E RN A HETh -
mEWwHZEEEZDE, TNy T T A
HEiz&n ThHyasy ) (Sato et al. 2007) %5
DOEFMEOHAMNE REXRT—FETD) THE
ELR VNG oY AR PR N Ao Rl = & =Y ANI]
HETHDH, L. ¥4 XOREERMEN DM
FEAEEL TEKES, TFERERICHRERN
EML TWAHEO ) —T0HEL TS KL
D IR E I AREH )R (R OMFET 5 ~10
%BDNETHO., FITITISBREEDNRERL

ZHD0bH D) IIEBIATEST., BHIRMH
Heifr 2 FH U7 A EES 0T &7z > Tn
%, Thhbb, HAMETOREIIERIEHZ)
2 Thyasv i Z2HWNnE44% (Yamada et
al. 2010) NEREETITWESIN TV S EEHE
THDMN, ZOETIE, Eiizafr> L TYE
IS E R A R 215 2 7= IR n] (BE5<
2 [MIfEE) DRRPMEXZETDRTERST,
FheKMZEET 5, FES D, HFEHSEE
IOy 1 XichitiEttz 5922 2HE
LT, WHEEREY 1 X&EH LN S &
OTNDEN, 1EBIZFITDOE 4~5 [BOEGAE
¥x2THOTHD, BHEERBAIEHIZZ O
LR 2O L TWD, T2, 7 LR T
DN TWDHFFETHD (T2 L1 TRElRk
ML ThisnwEWnS SbEETH D, 20D
LD ICHARE DO EEENBR A TR S Tl
BN—REL T, KESETHWS N
RSN TR EIRIENM THON TS
72T, K& I HARMENE T 5B # ok
BREDORT > v VNI EEHEIN TN
ISWHREMENE X 5N 5. AfETIE. iR
RIEHR RIS U TREICBED 5T —E DR HE
NHIFF SN D FiEEFOICEEE L 7208, 5113,
INSOFEDOEAE EBIT, WML U5
HIFH AR (WEITR)LE > ORESE) DREERGD
PR 2TV, B EREARE N ZR DA 1o H
DB MER S Z ENMBETHDEEZD
N5,
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