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Development of Agrobacterium-mediated
transformation of Korean soybean cultivars
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SUMMARY

In order to achieve highly efficient soybean transformation method, genotype screen of
Korean soybean cultivars for amenability to Agro-infection and diverse experimental trials
have been introduced in the current study such as hormone pre-culture and various selection
techniques. The active genome projects from several academically and economically
important plants have provided sequence data of many genes and accumulated in Gene
Bank data base promptly. Some of those genes reported have high potentials to improve
plant quality in agronomical and industrial uses. However, difficulties to achieve the
successful introduction of those valuable genes into plant can be found in recalcitrant genetic
transformation procedure of some agriculturally important crops. Especially none of research
group in Korea have succeeded to report any formal results on the production of genetically
engineered soybean variety or research publication, even though there have been several
GMO soybean varieties released from abroad soybean seed companies. To achieve long term
goal for producing high-value soybean variety by genetic transformation, there are couple of
procedures to be improved. First, genotype screen of Korean soybean varieties whether they
are amenable to Agro-infection and tissue culture responsive has to be done. Second,
efficiency for genetic transformation has to be increased. In this study various experiments
have been carried to achieve both proposed goals.

To determine the amenability of Korean soybean cultivars to Agrobacterium infection most
commonly grown 31 Korean cultivars were used for genetic transformation. Cotyledonary
node was used as a explant and inoculated with Agrobacterium strain LBA4404 harboring
pTOK233, super binary vector. After placement on selection media containing 10ppm of
hygromycin, 4 to 6 week old shoots(0.5 - 1ecm) were stained with GUS solution. Shoot
formation rates were high in Muhankong(12%), Manrikong(10%), Eunhakomg(19%),
Daewonkomg(23%), and high frequency of GUS positives were observed in
Ilpumkumjeongkong, Muhankong, Eunhakomg, Daewonkomg. In addition that, strong GUS
expression was found in Jangmikong and Baekwunkong.

A series of experiments were carried to determine optimal condition for soybean
transformation. For washing reagent, timentin had chosen because of its positive effect on
regeneration and clear removal of Agrobacterium over cefotaxime. Hygromycin was used as a
selection agent. The result indicated that best concentration of hygromycin was 30ppm in
shoot induction media and 10 or 15ppm in shoot elongation media. In another experiment,
three different agar concentrations(0.4, 0.6, 0.8%) were tested. Among three tested, high shoot
formation was observed in 0.6% and 0.8%, and overall transformation was great in 0.8% agar
concentration. For better selection of transformants at the early stage, orientation of
placement(flat side up or down) was investigated. The GUS result showed that higher



transformation rate was obtain when flat side(adaxial) was placed down by directly
contacting Agro-infected area on the selection media. In two different wounding methods,
either using scalpel or using a bundle of needles, wonding by needles gave high frequency of
GUS positive.

To increase transformation frequency hormone pre-culture during co-cultivation was
applied. In shoot formation, the highest rate was observed from the non-treated(18%) and
BA(6-benzylaminopurine) 5ppm(13%) and BA 10ppm(11%) followed, unexpectedly. And no
clear difference in GUS positive ratio was confirmed among three treatments. However,
strong GUS staining was found in hormone treated ones as well as better survival of
transformed shoots in later shoot elongation(SE) media. No survival of shoots was observed
in non-treated ones. After introducing hormone pre-culture during co-cultivation,
hygromycin concentration for optimal selection was reestablished. Hygromycin 5 & 10ppm
were effective for shoot formation and emergency of GUS positives than hygromycin
20ppm. Like the previous result, all the shoots from the non-treated ones died during later
selection in SE media. In the experiment to determine proper orientation of placement,
higher GUS positive were observed in the placement of flat side down direction. The results
of hormone pre-culture during co-cultivation indicated that high frequency of early shoot
formation did not always lead to high frequency of genetic transformation, as shown in
non-treated shoots; high frequency of shoot formation but no survival in later selection.
Therefore, much effective selection method to minimize early escapes was searched. We
introduced liquid selection instead of selection in solid media with limited contact. The result
showed that GUS positive ratio was nearly double in the hormone treated(80%) after liquid
selection than in the non-treated(44%). And survival rate of transformed shoots was also
high in the hormone treated(33%) than in the non-treated(10%).

Recent reports on soybean transformation revealed that addition of thiol compounds,
L-cystein, dithiothreitol(DTT), and sodium thiosulfate, improved T-DNA delivery by
inhibiting the activity of plant pathogen- and wound-response enzymes, such as peroxidases
(PODs) and polyphenol oxidases (PPOs). We compared regeneration frequency of shoots
with or without thiol compounds addition to co-cultivation media. The efficiency of
regeneration significantly increased from an average of 14.7% to 23%. We also observed
much higher survival of transformed shoots in long-lasting selection on
hygromycin-containing media and enhanced proliferation of multiple shoots.
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FAE= 70% ethanololl 307 @94 14 EAAFE 831 1% sodium hypocloride®l]
3083+ shaking 3tEA A%3 F 108 Aoz "HWIESFE 38 A
Petri-dishol 3% F 24T el A 1682t Fx73 8A1%
oRA AT
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W) Agrobacterium preparation
o] FAHMEL 9jstd o] 8H Agrobacteriume supervector pTOK233& 7}A 3L
Qe LBA4404E AM&3tsdth. AgrobacteriumS 8213 3¢9 A hygromycin 50mg/
£ ¥%¥ zA YEP #lX|(yeast 5g/ ¢, pepton bg/ ¢, NaCl 2.5g/4, pH 7.0)
streaking 3 ¥, 28°C incubatorol A 3¢ 7+ w3} o).

t}) Agrobacterium infection and Co-cultivation
Fujt WX 22 100uMe] acetosyringone®] ¥3" AAM X {AAM salts and
amino acids(Toriyama and Hinata, 1985), MS vitamins(Murashigs and Skoog,
1962), casamino acid 0.5g/ ¢, sucrose 685g/ ¢, glucose 36g/ ¢, pH 52}& A}-&-3}F
At A4S 2d9 A3 A& AgrobacteriumsS S0m ZdFE AAM A H)
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A& 30m ¥ F spetula® ©]&3t] OD# 05 =Y Edo] HEE Fo ¥4
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ol A S FAI T

2}) Wash-out and shoot induction

39zt Y ¥ Agrobacterium® A& $1gte] BEFR 23] AHE F 500w/
£ ¢ cefotaxime¥} 0.056%9] Triton X-100°] £#d T2 53] AH 3t 30me
o] AlF £9& 9L 50 Y FHA HUYL ¥ o™, mini 3D-shakerg ©]-§3}
o W3] 208-3F 482 shaking 34Tt 53 AlFE "<& Sl(shoot induction; B5
salt 3.16g/ ¢, BAP 1.67mg/ ¢, sucrose 3%, Agar 0.69%)-D(cefotaxime 500mg/ 7,
hygromycin 30mg/¢) Ao XAbste] 24C wjddolA] AxFAL AFFYGTh o
5 2% Ao 7 SI-@(cefotaxime 200mg/#, hygromycin 10mg/¢), SI-Q
(cefotaxime 100mg/ ¢, hygromycine 10mg/ ¢)E 27 XAshd A #@stA).

m}) GUS expression assay

HAAg a&8 AR S8t GUS 2ANEE FYP3H et GUS HAaRkg2
Jefferson(1987)9] W3- Ap&stdvl. 1méel GUS 2Ag-d8 w57 935l 3mgd

~ 5-bromo-4~-chloro-indolyl glucuronie (X-Gluc)& 150x¢ dimethyl formamided] =
Q1 =, 85089 solution B(1% Triton X-100, 0.1M phosphate buffer, pH 7.0, 5SmM
potassium ferrocyanide)& H7}etRrt. SI w4 X4 F 05cm 2712 A7 shoot
2 callust 2A9std GUS &M £948 H71g F, 37C incubtorel A overnight
Z Atk A F destaining solution (ethanol 2.5mé, 10% formaldehyde 5mé, 5%
glacial acetic acid 25m0)& 7Fsle] 4T B#A3PY GUS &d A7 A& &
Fetaint

AAS £83 genotype 22 AL 98] AP ol & I F 327 FF9 ol
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1. 54
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o] A¥E& Hste] AMYEFE 238F, FIF NLEF HeS AEE FAAS
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7h #F
ZE2= 70% ethanold)] 3027 €9 1x ZTHATE dH3L 1% sodium hypocloride]]
3087t shaking 3HHA A2%3% & 108 7Foz HIFFZ 33 FAFITH

Petri-disholl 3} 3 24C wj<kd oA 16A2F F2A9 8AI 2oz 593 &
AR .
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W) Agrobacterium preparation
Zo] HAAZNE 93t} o] &H Agrobacteriume supervector pTOK233& 7141
A= LBA4404E AHE34 T Agrobacteriume 82 3% 39 A hygromycin 50mg/
29°] 39 34 YEP #lX|(yeast 5g/ ¢, pepton bg/ ¢, NaCl 25g/¢, pH 7.0)%
streaking ¥+ ¥, 28°C incubatorol A} 3¢z kst ).

t}) Agrobacterium infection and Co-cultivation
Zuld WA EE 1000M2) acetosyringone©] E3FH AAM 8l X {AAM salts and
amino acids(Toriyama and Hinata, 1985), MS vitamins(Murashigs and Skoog,
1962), casamino acid 0.5g/ ¢, sucrose 68.5g/ ¢, glucose 36g/ ¢, pH 52}& A}-&-3}
Act. dAAS FA S48 AT AgrobacteriumS 50md ZEFH AAM o A H)
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2 WAE Yol uiFAR FIoE 23 NE & BEYEE AARAG Y
71RO 2 ok 05met ot FuiEEo® ¢F Olem olWle] R E scalpeld ©l

_18_



|3t 7-1238] wE-so A ‘Hii‘jr Agrobacterium& 3|4 A1Z1 AAM 8] x]o} A}
AE Jd H9AdL 2087 AT F flat sideE WAZLZ AAstd 39 7+ 24T
off A el FA A

2}) Wash~-out and shoot induction

39 3 E T Agrobacterium?] A¢E 5] B 23] AT F 500mg/
£ 9] cefotaximed} 0.056%¢] Triton X-100°] £¥E BFF2 55 A& A} 30m
o A &9 Y& 5im Y FEo A& ¥don, mini 3D-shakerE ©]&3}
o w3 20%3F A3tE shaking 3t4t). 53] AAE "©YE Slishoot induction; B5S
salt 3.16g/#4, BAP 1.67mg/ ¥, sucrose 3%, Agar 0.6%)-D(cefotaxime 500mg/ 2,
hygromycin 30mg/ ¢ ) ¥iAlel XAFste] 24T v F oA AxwAL #Fsa.
T 25 A0 Z  SI-Q(cefotaxime 200mg/#, hygromycin 10mg/£¢), SI-Q
(cefotaxime 100mg/ ¢, hygromycine 10mg/2)& &4 XAshdA A B@std ).

W) GUS expression assay

FAARY &8 AAsY] st GUS 2SS 33y GUS EA4ue2
Jefferson(1987)¢] W& A&t F ol 1mle] GUS 2 &N S wE7] $3519 3mgd
5-bromo-4-chloro-indolyl glucuronie (X-Gluc)& 15048 dimethyl formamided] =
¢l % 85049 solution B(1% Triton X-100, 0.1M phosphate buffer, pH 7.0, 5mM
potassium ferrocyanide)E #H7}8tich SI wiA] X4 & 05em Z 7|2 A& shoot
2 callust Ao GUS &4 £A8 H7g & 37C incubtorol Al overnight A
2l &3 A g ¥ destaining solution (ethanol 2.5mé, 10% formaldehyde 5mi, 5%
glacial acetic acid 25m0)& H7Fet] 4Cd R#dw GUS &8 o3 Ax s #
23t o

4. 43

45T doAM e Tolg e BR(WLF)NA 89%(AUUEF)IZ FFL & Aolg 1B
Aok Ald FAA Cefotaximed} Timentino] Zzh H7HE SHiA] vlm APMe EF
7t 2ol glo]  Timentin F7hjAlol A HA3AAE B o, Cefotaximeol H7ME wiA
e daE 7t dehbA] okt olsh B ste] Timentinel HE7bg WAl A Shoot
4 Callus ZAE(0~7%)°] A3 Fgkon Cefotaximeol H7}d vjA oA Shoot %
Callus A &(6~18%)°]l =t} Cefotaxime F7} SI ¥iA1¢) Hygromycin 7} =3
Hu Aol hygromycin F7t ¥XEo] wE Shoot BAL F3FE ALY 30me/ ¢
9 AFEoA shoot7t A ¥ 159 10mg/4 F FEAAME HE9 Ao o]
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shoot7} 2 AT Callus B48EL hygromycin 10ppme] AFENA 4~18%E %
o 4F%9 919J4 Shootst Callus®] BAE hygromycin AE Tl Sssigch 24
g 529 Shoot ¥ Callusol Al GUS positive® #&E 4 JQ+vd, £l Arx
o] stolaBmfol Mol HEH ¥E GUS positiveE WEldE, 24U EFH L3FL
‘?PCX %2 FAE YEIAT Callusol i e &3tF 0] AR stojaEntojalolA

< GUSEA44-E Ueldlt)h Timenting o] §3 AgL A7 Fo, ST A3dq4 &
E"% H¥EE S T

E 2. ATIZAA v € HA hygromycin A FE9] v|AL

Cefotaxime Timentin
Shoot(%) Callus(%) Shoot(%) Callus(%)

Shoot GUS Callus GUS Shoot GUS Callus GUS
WAl-g  positive 48 positive g8 positive @A positive

2 hygro. 30 0/199  0/199 0/199  0/199 0/32  0/32 0/32 0/32
o (0%) (0%) 0%) (0%) 0%) (0% (0%) (0%)
5/205  4/205 3/205  2/2 1/33.  0/33 0/3 0/33

t bvero. 15 o) bw  am  m G Om  Ow OB
z hygro. 10 5/247  5/247 10/247 10/247 0/32 0/32 2/32 0/32
° (2%) (2%) (4%) {4%) 0%y (0% (6%) (0%)
hygro. 30 0/146  0/146 1/146  0/146 0/33  0/33 2/33 0/33

S (0%) (0%) (1%) (0%) 0%) (0%) (6%) (0%)
3 hygro. 15 1/137  1/137 9/137  8/137 1/33  0/33 0/33 0/33
= (1%) (1%) (7%) (6%) B%) (0%) (0%) (0%)
° hygro. 10 3/124  3/124 16/124 14/124 3/32 1/32 1/32 1/32
) (2%) (2%) (13%) (1% 9%) (3%) (3%) (3%)

hygro. 30 3/58 3/68 1/58 1/58 0/29  0/29 1/29 1/29

= (5%) (5%) (2%) (2%) 0%) (0%) (3%) (3%)
3 hygro. 15 4/68 3/68 0/68 0/68 0/29  0/29 0/29 0/29
- (6%) (4%) (0%) (0%) 0%) (O%) (0%) (0%)
= hyaro. 10 371 2/71 13/70 771 0/30  0/30  0/30  0/30
(4%) (3%) (18%) (10%) 0%) (0%) (0%) (0%)

hygro. 30 0/26 0/26 0/26 0/26 1/15  1/15 0/15 0/15

- (0%) (0%) (0%) 0%) (7%)  (T%) (0%) (0%)
; hygro. 15 1/25 1/25 0/25 0/25 0/16  0/16 1/16 0/16
(4%) (4%) (0%) (0%) 0%) (0%) (6%) (0%)

& hygro. 10 0/25 0/25 1/25 1/25 0/16  0/16 1/16 0/16
(0%) (0%) (4%) (4%) 0% (0%) (6%) (0%)
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<BEEs <AWMUEE>

Z+a% 3 cefotaxime LA, ¢ timentin 3 Fuj =]
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Al 3 A Agar %, AT, FAHe] FAARA
Ada g vA= I

1. 5%

Mee nEg FAABNEANLE 98 GFP A
agentd] agarsl FESh A3 W, FAWPo AEA LT YAABAE AL 9T
TS 489 50 gt

2. A%
£ A¥E flst] 2UUYEF, 231F& FABAEE AL

3.9y
7y #F
FAE 70% ethanolell 302z 7 13 EPATS 32 1% sodium hypoclorided]
30%%t shaking 3EA 253 ¥ 108 Aoz HFEFE 33 FASI
Petri-dishel] 3§ F 24T siFA A 1647 F2A3 8AIZF X2 E 547 &
oA AT

1}) Agrobacterium preparation
Fo FAARE 98t o] &9 Agrobacteriume supervector pTOK233& 7FA 1
AT LBA4404E AHE-3H Y. Agrobacteriume 243 39 A hygromycin 50mg/
2ol X¥¥l 1A YEP wiA|(yeast Bg/ ¢, pepton 5g/ ¢, NaCl 2.5g/¢, pH 7.0)9l
streaking 3+ ¥, 28°C incubatorel Al 39 7F wjekatsdch.

t}) Agrobacterium infection and Co-cultivation ‘
FTHlgF wWlA2E 100uMe] acetosyringoneo] ¥3d AAM ¥WiX{AAM salts and
amino acids(Torivama and Hinata, 1985), MS vitamins(Murashigs and Skoog,
1962), casamino acid 0.5g/#, sucrose 685g/ ¢, glucose 36g/ ¢, pH 52} AI&3}
Al FFAS dd LA AP Agrobacterium 50md ZYFEA AAM A u)
A& 30w ANF F spetulad ©] €3] ODIt 054 =9 Egdo] HE & Fof Y3
o} grobdt AE A 9 hypocotylS B B of lenH v XA A2 F ¢ G Ao
2 daE Yo uE/x] £Ror A23 A2 U 2GS AAGY g9y
71 5ol 7 o 05me ol shjEZESZ <ok Olem oo BE scalpel ©]
|38t 7-128 wrEso AA U Agrobacterium& 3AAIZL AAM wjR] o A
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AE 9 HYe 08T

o} A Gl FAA

o

ZA7 % flat side® WX ZoE XAstd 3d 7+ 24T

#}) Wash-out and shoot induction

397 FWY F Agrobacterium® ATEL $fi5td dTFE 23] AFHT F 500mg/
2 9] cefotaxime®} 0.05%<] Triton X-1000] E£3d = 53 AASA 30m
o AF §4E Y& 50w T FRo| HE ¥Aor, mini 3D-shakers ©]&3
o] wjg 2087+ AHStE shaking st Th 53] Al " H > Sl(shoot induction; Bb
salt 3.16g/ ¢, BAP 1.67mg/ ¢, sucrose 3%, Agar 0.6%)-D(cefotaxime 500mg/ ¢,
hygromycin 30mg/ ¢) ¥jAe] XAste] 24T wWFAAN AxLHL AZadoh 1
T 2F z71Bo®  SI-Ofcefotaxime 200mg/#, hygromycin 10mg/#¢), SI-@
(cefotaxime 100mg/ ¢, hygromycine 10mg/ £ )& &4 X3st8A #ZE3 A

1) GUS expression assay
FAHAE] BE&L ARV dste] GUS NS YA GUS LTSS
Jefferson(1987)¢] W& AH&8 9. Imte GUS E48AE wHE7] st 3mgd
5-bromo-4-chloro-indolyl glucuronie (X-Gluc)< 150uf dimethyl formamideo] *
¢l &, 850409 solution B(1% Triton X-100, 0.1M phosphate buffer, pH 7.0, 5mM
potassium ferrocyanide)E ZH7}stdch. SI #lx] X4 F 05em 3712 AF shoot
2 callus® dwdte] GUS & £Ag H7E3 ¥ 37T incubtorel A overnight *
g &dth A8l ¥ destaining solution (ethanol 2.5mé, 10% formaldehyde 5ml, 5%
glacial acetic acid 25me)& F7bste 4TCo] &Y GUS 2F o¥9 =& &

s
4. A3}

7] & Al %9 agar w9l w2 shoot B callus FAE 04% Rbe 06, 0.8%
%9 agar WA X =gk Shoots) callusd FAHL F FF EF 08% %9 agar
WA 7 73 Z&F o ). flat side upd flat side downo & W0 SI wjx|el| /g%
A flat side7} WA B3 T2 X4 A$(down) Blol H2 FEE AT B+
upET Z&HAh FAH} T&& 227 98 scalpel? F(needle)d] ¥l A F el
XM E shootZTAEAAAE AL AL A7 22U, callus FA LM E scalpelS AHE
& A7t =%vh Shootell M9 GUSHAAY] ZdES £31F & ARE AL ARS8t
flat side® downoZ XAstgg wWrt 7 w4 dEki, I 9ol A¥MuEFE A



flat side® down3slod
£ A2 A&

A]738FR

23494 71 w24 dged, F& AgdHedde

T AL, FFUAE Aolg B, L¥MUEZINE 2
& AY BolA &, AvHomE

agar X AR W A UEdth

-39 x

L.
L-

€ ddo. Callusel A9 GUSHARSY @&
AbE-3t flat side® downlZ AR L W, 0.6% agars®
e zAdgqME A W&
Ag At
238F & A82 flat sideE downdtd HETe

k=
F==%
Elac
9

% 3. Agar 5% shoot 2 callus 24 S
0.4% 0.6% 0.8% Total
shoot callus shoot callus shoot callus shoot callus
PR e 0/269 0/269 7/608 2/608 40/742 5/742 47/1619 7/1619
0.0%) 0.0%) (1.1%) (0.3%) (5.4%) (0.6%) (2.9%) (04%)
R 0/229 4/229 11/877 16/577 20/537 5/537 31/1343 25/1343
0.0%) (1.7%) (1.9%) Q2. 7%) 3.7%) (0.9%) 2.3%) (1.9%)
0/498 4/498 1871185 18 601079 10127 g00k0 3079062
Total 0.0%) (0.8%)  (15%) . ° @re .0
] . 5% (1.5%) . 0.7%) 2.6% (1.0%
# 4. flat side 40 ¥ shoot ¥ callus EA<
AWUEF 235+ Total
up down up down up down
callu
shoot < shoot callus shoot callus shoot callus shoot callus shoot callus
0.4% 0/187 0/187 0/82 (/82 0/156 2/156 0/83 2/83 0/343  2/343 0/165  2/165
. 0%y (0% 0%) (0% 0% 1.3%) 0.0%) (2.4%) (0.0%) {0.5%) 0.0%) (1.2%
0.6% 0/356 0/356 77252 2/252 0/331 07331 11/246 16/246 0/687 0/687 18/498 18/498
’ 0%) (0%) (2.8%) (0.7%) 0%) Q0% (4.5%) (6.5%) 0.0%) (0.0%) (3.6%) (3.6%)
0.8% 26/394 0/394 14/348 5/348 8/277 07277 12/260 57260 34/671 0/671 26/608 10/608
: 6.6%) (0%) (4%) (1.4%) (2.9%) (0.0%) (4.6%) (1.9%) (5.1%) (0.0%) (4.3%) (1.6%)
Total 26/937 0/937 21/682 7/682 8/764 2/764 23/589 23/586 34/1701 2/1701 44/1271 30/1271
(2.8%) (0%) 3.1% (1.0%) (1.0%) (0.3%) (3.9%) (3.9%) (2.0%) (0.1%) {(3.5%) (2.4%)
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£ 5 AAHYHo| W& shoot @ callus HAS
ANUET L5t Total
scalpel needle scalpel needle scalpel needle

shoot callus shoot callus shoot callus shoot callus shoot callus shoot callus
0.4% 0/215 /215 0/54  0/54 0/177 4/177 0/52 0/52 0/392  4/392 0/106 0/106
’ 0.0%) (0.0%) {0.0%) (0.0%) 0.0%) (2.3%) 0.0%) (0.0%) 0.0%) (1.0%) ©0.0%) (0.0%)
0.6% 2/382 2/382 5/226 0/226 5/398 9/398 6/178  7/178 7/780 11/780 11/404  7/404
’ 0.5%) (0.5%) 2.2%) (0.0%) (1.3%) (2.3%) (3.4% (3.9%) ©0.9%) (14%) 2.7%) {(1.7%)
0.8% 19/420 4/420 21/322 1/322 5/348 5/348 15/205 0/205 24/768 9/768 36/527 1/527
’ (4.5%) (0.9%) 6.5%) ©0.3%) (1.4%) (1.4%) (7.3%) (0%} 3.1%) (1.1%) 6.8%) (0.2%)
Total 21/1017 6/1017 26/602 1/602 10/923 18/923 21/435 7/435 31/1940 24/1940 47/1037 8/1037

21%) (0.6%)

(4.3%) (0.2%) (1.1%) (2.0%) 4.8%) (1.6%) (1.6%) (1.2%) (4.5%) (0.8%)

¥6. Agar ¥ %, X3, AA o] shoot, callus, A AT T L) v I
scalpel needle
up down up down
shoot callus shoot = callus shoot callus shoot callus
shoot @GUS callus qUS shoot @US callus GUs shoot @GUS callus GUS shoot GUs callus GUS
WA E positive dHAl-§ positive WAJR positive B AR positive W PF positive W& positive TP L positive TAFE posextw
0.4% O/170 O/170 O/170 O/170 O/55 0/55 0/55 0/55 0/27 0/27 0727 0/27 0/27 0/27 027 0O/27
. o (0% ©O% OB 0% 0% 0% ©% 0% 0% O% 0% OB 0% 0% O%
ul
4 0.6% 0/243 0/243 0/243 0/243 2/139 2/139 2/139 2/139 (/113 (/113 0/113 0/1183 5/113 5/113 0O/113 0/113
. (e
= 0% O OB 0% @ 0% Q% 0% 0% 0% 0% O A% &% 0% 0%
=
¥ 0.8% 15/228 1/228 0/228 0/228 4/182 2/182 4/182 2/182 11/156 3/156 0/156 0/156 10/166 1/166 1/166 1/166
' 6% (©%) ©O©% ©% ©@% A% ©@% A% T ©C% O OF 6% 0% (1% 0%
0.4% 0/120 0/120 2/120 2/120 0/57 0O/57 2/57 2/57 0/26 0/26 0/26 0/26 0/26 0/26 0/26 0/26
T 0m 0m @B 2w 0% (0% 4% 4% 0% (0% ©%) ©% (0% (0% 0% (0%
%
3 0.6% 0/242 0/242 0/242 0/242 5/156 5/156 9/156 7/156 0/89 0/89 0/89 0/89 6/89 6/89 7/89 5/89
= PP 0w 0% 0B 0% G% (3% 6% @® 0% 0% ©O% 0% % 0% 6% 6%
0.8% 3/174 3/174 0/174 0/174 2/158 2/158 5/158 0/158 5/103 3/103 0/103 0/103 10/102 10/102 0/102 0/102
. (o

2%y (2%)

%) ©% 0% 0% 6% 0% 6% 6% ©O% ©O% Q0% 10% 0% O
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<flat side up>

(z1¥9) flat side down A9 shoot &Y
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A48 FAAFE o] &3 F ZAv=(embryonic axes)

AT zelA ASHA 71EMg

=
FAAG 71eATe] o AQe =

2. As

O

B AYE 9t &332 S Q82 AFEs Y.
3. %y

7H % 4 A5F|
FTALTL & AFH YA FuEAG. ATE T2+ 50ml falcon tubedtol]
sterile ddH20°l soaking® AElEZ 24A7F BBH AT 24A7F soaking® FAELS
clean benchellA scalpel® forcep2 A}b&3to] ®}=(embryonic axes; 05cm in
length)ol a3, By wiEL apical regionol ¢ FEE MSILA A of
A=A

1}) Bombardment preparation
+ M9 plasmid, pCAMBIA1301 3% sGFP DNAE miniprep kitE o]&3lo F&3}
Atk F£3 DNAE bughul?] X2 ¥Z5o] gold particle® coatingdtEt] AFE-
HAth Z47te] DNAE 50uly 06um =719 gold particlee] E°1JE 0.5ml
microfuge tubed] ¥ & oF 587 voltexE 3. £ o2 microfuge tubed
50ul®} 25M cacl, & 20ul®] 0.IM spermidine(base-free)& % ojA #& A7HE<H
voltexE 3tt}7h, ¥ tubed] W-EEE mix3td 3-483F F7IE voltexE 3t5Ath &
TE AEE 10,000rpmoll A ¢F 10% 7 spin downd Fol A5 AE AAS I, 250ul
°] 100% ethanole #7}38led particled dissolvedtth. tha] & z@ho=g JAE
E 3 Fol, ¥5dS AAs T, 100ul®] 100% ethanold 37138l particleg THA]
dissolvedt¥ltt. Wl bombardment® $18te] 10ul®l coating® particle® 4L
macrocarrierd] dropste] AM&3F k.
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©}) Microprojectile bombardment(PDS1000)
MSTAufA o] X4 =] bombardmentE FH3Hch FEHlE 10ul®] coating
¥ vparticle ®9%& macrocarrierd] dropdted 13] bombardment®] AF&3F$ich.
Bombardment®] ZEE  1350psi®] rupture diskE ol &3, AT 239
bombardment& 33ttt ¥WiEF-E chamberd] 7H¢ $igbel] YAANA WAIZ Y A
A23t9} bombardmentd FAF3}E FE3AT

2}) Shoot induction
FAEE o] €39 bombardmentd HIEZE-& 24A1Z7HEQH okl 9
olz2ubg Al At X (MSHIA], hyg 15ppm)o] X Aste] Ae 2 HE3}2 Fx38
At

n}) GUS 2 GFP expression assay
o A FTdstA AWeP oo, bombardment ¥, 72A17to] AHE A8 A¥
£ AFH3lY /AR 2@ B ARG S I

ZY9E fAdxte d#FL St GUS F3x 2@ B %, staining Foll 4

g3te] BEY R, GFPHAX ¢4 f%?l% fetd e AAANZFH
confocal microscopeE ©]&3dd FAAY YT FAAIANEE ZASIA T
a8 ZFx) EY A7 298 wEEe AEAMSHA, hyg 15ppm)o] A4
St A AE ALSE FEstdoy AEAE 2A E3Ah
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A 53 328 BA (6-Benzylaminopurin) AX 27} 34
A% 3 &FU A= dF (AN D) X ALE)

1. &34
2 A¥d @A Jygd 289 F 448 ¥ 2L A hygromycin F
5

A
)& Hgo® st 32EBAY A
s

2. A=
2 dYe st HAEAERE 298 AMSEA T olazutE S  pTOK233/LBA4404
€ AH&shlth

3. %d
7h) s}F
F2 70% ethanolell 3027 99 14 %
30%-7t shaking A A%
Petri-dishol o3 % 24C Wi
oA Z ot

1% sodium hypocloride®i]
2 33 FAsteth 24
oA 16412t F2AT} A Y22 547 &

A ]
o
<
Me
o

;. ord
o
frt
e
p
A K

1}) Agrobacterium preparation
o BAAES 95t o]l & ¥ Agrobacterium supervector pTOK233S 7FA 1
N LBA4404E AM43t9 . Agrobacteriume @23 % 3¢ A hygromycin 50mg
/20 %% 1A YEP w}*|(yeast 5g/ ¢, pepton 5g/ ¢, NaCl 25g/ ¢, pH 7.0)9)
streaking ¥ % 28C incubatorol Al 397+ wjekats]ch.

t}) Agrobacterium infection and Co-cultivation
T WA 2E 100iMe) acétosyringoneo] ¥ ®H AAM HIX{AAM salts and
amino acids(Toriyama and Hinata, 1985), MS vitamins(Murashigs and Skoog,
1962), casamino acid 0.5g/#, sucrose 68.5g/ ¢, glucose 36g/ ¢, pH 5.2}& AM&3}
Aot AXHYE A% 2228 8" AAM WX o] BA 5, 10ppm, TDZ 2, 5ppm$]
FEE HAUHEAY. 248 Fd 93 A AgrobacteriumS 50md T3 FE.)
TEEol £ AAM AAMAE 30m AL F spetula® o] &3t ODF 058 =
E"do] HxE Fo] ¥t} Agobactgeriume] ITEA FJAW W petri-H =
o] 10ml¢] ¥& ¥ petri-dishol Al 2 =5 FH3 FUTH Tobd HEA
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hypocotyl& Hl ® ¢ lemHe oA A& F & "4 Alo]2 w2E ¥o sl
S7HA FAHALE J23 AR YL BEFS AASMAT g9 71FAA A= <k 05
cnst otef SHiEZ R oF O0lem WY FHE needles o83t 7-123 RHE3
o A JWAY. Agrobacterium$ 3AAZ] AAM #jA ¢ AHE d HIE flat
sideE A FH oz X4ste] 3Y 7+ 24TColA SujEAH

2}) Wash-out and shoot induction

39 Wl ¥ Agrobacterium® ATL ste] AR 23 AHI F 500mg/
29 Timentin®} 0.05%<] Triton X-1000] £&" "Ed 52 5-63 AHFHT) 30
o] A §AqL ¥ 50m FY Frd HUE ¥IJ2m, mini 3D-shakerg ©|-&
sto] w3 2087 A8lE shaking 3ttt 53 MFE ¥ Sl(shoot induction;
B5 salt 3.16g/ ¢, BAP 1.67mg/ ¢, sucrose 3%, Agar 0.6%)-(D(cefotaxime 500mg/
£, hygromycin 10mg/¢) WA o] XAste] 24T vy AzeAALS #Z3H
t. 1% 2% Ao 2 SI-@f(cefotaxime 200mg/ £, hygromycin 10mg/2), SI-Q
(cefotaxime 100mg/ ¢, hygromycine 10mg/ 2)& A AZstdA #Z3 Aok

vu}) GUS expression assay
HHA8e 58S A3 A8ty GUS 2ANEE FstA T GUS T4
Jefferson(1987)2] 3¢ A3l 1wl GUS 2 gde e 98ty 3mg~‘i
5-bromo~4-chloro-indolyl glucuronie (X-Gluc)g 15048 dimethyl formamide®] =
ol % 850109 solution B(1% Triton X-100, 0.1M phosphate buffer, pH 7.0, 5mM
potassium ferrocyanide)& #7bstgch. SI wijx XA F 05cm A7]IE A shoot
% callust A@ste] GUS 24 gol& 748 F, 37°C incubtorel X overnight A
2 <9tk J¥ F destaining solution (ethanol 2.5mé, 10% formaldehyde 5mé, 5%
glacial acetic acid 25m)& b3l 4To] B#sin GUS 2@ A% Axg @
ZatAd ot

4, A3}

28 AAEY F shoots] TAEE BA 5 10ppme $5 % BA 10ppme] =AM o
*53 AdRE Bt ol A@ste) GUS positive 9A] BA 10ppme 328 FEoA

BA Sppmd ¥xxtr ¢3sigch 322 AgsA &2 control 79t Hlw A
*Oﬂ oM E TEES YA &L B¢ shoot A E GUS positive & HAET}
< A& & F v 2 GUSY 2dAES 22E Ao vl ofF 4EtA yE



5kl %ol shoot elongation MA[|A BF aAlste BEFE RATHOIH Id F=2).

aA A G A A o] 32 EBAAYT A2 R AR WA= IF

Eunha BA O BA Sppm BA 10ppm
Shoot Formation 2(61%/.122)2 17;4{/1 1235 2(113/. %32?)4
GUS positive/Shoot %,?;/32(% ?g/g;;: %;3;&/5%%
GUS/Total 19&2 1{2;’2 1%5292?5 15(%1‘2)54

(1) 2) 3 @
a9l FAE 2 % A F9] GUS ¥ Hlay(l), 2) FAZY GUSEE;3) 2=
= A Fo GUSETH;(4) FAgst 28 A9 v
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A 6 A ZEE BA (6-Bensylaminopurin) AANH F,
hygromycin £%7} @243 589 vAE g3 (oA
) ] AL-£-)

TEE AXNY F, SI iR (zAu ) A F48A hygromycind =& 247 €83}
of MAagdA] ko e FAAS] TLZUYE Yolrux Aol APHAH

AEABEE L351F0] AleEYon olmzuryg el pTOK233/LBA44047F AHEE %L
o},

3. 94
7h) 3%
* AEH 54E
W) Agrobacterium preparation
S AR Y
©}) Agrobacterium infection and Co-cultivation
* AAH F4E
2}) Wash-out and shoot induction
AR wye & HA¥n Fdse, SI wixel ZZ hygromycin F%(5, 10,
20ppm)E Ztzt g2 Briste] 3FF 9 SI wixE Eustth SI-O wiAd 24
F 2F A S E hygromycin BEE 5, 10, 20ppmE €83 SI-Qst SI-QHjA|
of &AFo] 328 AA7 ¥ hygromycin® IAFFE=E FHGA
u}) GUS expression assay
* AEH F4H

4. A}
71 443 Fshoot ¥ callus 24
PAAE F hygromycin FE @& shoot ¥4 BA #AE ¥ hygromycin
Sppm A7} #ixR oA %*F Pl BA A2 e F#3te hygromycin 20ppm®] i
TEAAM 9 shoot FAE&L 23-00%E ¢ kvl BA 10ppm WA A5
hygomycin 5, 10ppm ¥ ¥%°] o2 shoot wA-8(104-20.0%)< BA 5ppm A
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9] A2(106-163%)Rt} A% xo]& RPYEH), hygromycin 10ppm d7HA] o
A9l shoot@Ao] 2wz wj$ Fz 3l &38+F FHdE F hygromycin FE
g callus ¥4 hygomycin FE7F W& SppmolA 7Y 43I, BA AA
2l ¥ hygromycin 20ppme] EEAME callus} AE A &okt) Callus 24
o] A9 AA shoot LA} A#de BA 10ppm A9 A7t FE5Th BA
Sppm AAE F callus AL AXY F spol7} AA Yo
U BA 10ppm A g F hygromycin 54 callus 2L &9 Zel7t g

% hygromycin &%

W) BA HAE ¥ 23T ¥A¥3 W SH(GUSEA)
BA AA2F hygromycin %W GUS ##HE shoot WAL A#ste shoot ¥
A&o] ¥EF hygomycin Sppm FEAA &L W= GUS 2dE R BA
AHY FEE GUS ¢dL2 BA 10ppm AH 9 A9 GUS @& U4

t}) B E shoot 2 GUS wde vw
@A shoot ¥ GUS #&A(GUS #d/shoot HA)S] ¥WixE BA 5ppmél
7B 2% A JdEdE B 4 vk b 3EAEY 2
10ppm A8 ¥ hygromycin 10ppme] iAo} X% A$
shoot ¥4l A4+ hygromycin Sppm F=9 ¥
control 7 & Bl Esle] T2 AYF BT dAHF

®

0‘7"7}‘
&°] & A& BA
o7} 77.3%% ‘epsioh

=9 hygromycin 10ppme HE o] w3z 3=
AP MAY GUSEIAAEY mj-$ oFetA Jebgda, dolaZ el 10ppme £
3 shoot elongation ¥R BF 1AMStE AFFES BT

TA NG N A Z2E BA (6-Bensylaminopurin) A3 # ¥, hygromycin & %7}

HAAH & nxlE= Jg

(k9] :ppm)
BA O BA 5 BA 10

hygh hygl0 hyg20 hyghb hygl0 hyg20 hyglO0 hyg20
Shoot 160/614 108/628 0/230  106/653 67/633 1/219  140/699 66/637 5/218
Formation (26.0%) (17.2%) (0.0%)  (16.2% (10.6%) (0.5%) (20.0%) (10.4%) (2.3%)
GUS  109/160  82/108 0/0 78/106  51/67 1/1 96/140 53/66  5/5
pos/Shoot  (68.1%)  (75.9%) (0.0%)  (73.6%) (76.1%) (100%) (80%) (100%)
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A 7 A Z=2¥ BA6-Bensylaminopurin) AX e F g
of g FIAAZ g &u| (A A A AE)

T2E AAHFH F SI HiR T A & AL flat sideE up EBE downl® UFo] A3
S 7§ shootd] @A 9 FE&Ed B Lolr A 35}

B a2 95 AEARE 2552 AESAR b1 uH e pTOK233/LBA404
& ALgsa

3.4y
7D #F
g ¥y w9

W) Agrobacterium preparation
o ARy F4E

t}) Agrobacterium infection and Co—cultivation

o 2g} B

2}) Wash-out and shoot induction
Ao e o 49y 5939, SI-O A flat sideE up¥ downeE Y
F 2F371A0 2 SI-@9 SI-@uiAd &AF ZTE2E AALEY F A
Wb wE ASATE vastaat s

ul) GUS expression assay

% 48 FUY

4. A3

BA 32% AAY F A4 Wed shoote] TAES BA 10ppm A9 B4 Al
a flat side& upEE A A7) downl 2 X AE 49wt Fad4ch BA 10ppm
A 9 shoot FAL T F A$9 v F4E A< flat sideE downeE A
2 A4 o Aol ¥339th Shoot AT A3t GUS HEH A flat sideE up
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o X4 A4 458 AEd BA 10ppm Ao AT e A4S BT AT
shoot & GUS #d&& vus] ¥ 2§ 7‘13?4 4 flat side down2.2 X/gg 74
7t 4334 flat side downd X4Hlwo] T2 1313\’4 FoAE FHAT E&FU
47 S BAFAT. GUSEE Y A7 AEEA ddde 49 F 4FEA
npR7tA 2 BT E I3 ddy JEE 08 vehdle] IR At 32H T
BANE Ade] & 4F%E RS & 5 UAgT

£l 528 AAYF, A4 FAAn0 nAE 9 (5}:ppm)
BA O BA 5 BA 10
flat side flat side flat side flat side flat side flat side
up down up down up down
- 130/503 138/739 102/536  71/759 88/635  118/701
shoot formation (25.8%) (18.7%)  (19.0%) (9.4%)  (13.9%) (16.8%)
GUS positive/Shoot 87/130 104/138 72/102 54/71 58/88 91/118

(66.9%) (75.4%) (70.6%) _ (76.1%) (65.9%) /(77.1%)
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A8 A = AAY F A F AEEH

1
A & AA I wige] FFATA HAde] Boh AV} 9l ALE AGs I
2 AAY F AA Wt dd 5FE Fotrad o] AFHU

f

2 47E H3 AEARE 23S AHgEHT ola=wHEee pHI/EHAIGE
AHE-8H .

3.4
7 %%
o AP FUdF

) Agrobacterium preparation
8|8 Agrobacteriume ¥Z A 3974 kanamycin7bmg/L+rifampicin  25mg/L o}
I8 1A YEP Aol streking ¥ F 28°C incubatorell Al 393t wf sttt

t}) Agrobacterium infection and Co-cultivation
FujF wix]:= 100uM acetosyringoneo] ETE AAMBIX], AAM+BA 5Sppm,
AAM+BA 10ppm, AAM+TDZ 2ppm, AAM+TDZ 5ppm¢] ¥WlX] & F48]3F4 o

Tl w9 dPye o 49 TdF

2}) Wash-out and shoot induction

dE4E 23 AFE T 500ml/Le Timentin® 0.05%¢] Triton X-1000] ¥ 3

Aoz 208 3o 53 AFE9. Liquid A2ex¢l Shoot induction ¥jA]

=  SI-@(SI+cefotaxime 100ppm-+timentin 100ppm+hygromycin 10ppm), SI-©@
(SI+cefotaxime 100ppm+timentin 50ppm+hygromycin 10ppm(2l F+F/F WA & A}
43899, liquid SI ¥iA1E 100ml 4Z&Ee2=39] 20mlY Y5l £5F38ko] ALE
Fad. FAE YL SI-O liquiddi Aol 10744 5ol Age & 24T Wi
AolA 110rpme 2 18A1ZF #ZA A dxdeE ASAAM 25 F SI-@
B2 o] 2 3}3L shooty SEHIAZ o]2l3AY GUS #43tAth

v}) GUS expression assay
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¢ 49 B9

4. 43

BA, TDZ A2 ¥ shoot % callus A3 243 =S @3} BA, TDZ AA
% shoot LA-S BA 5ppm¢ ¥ %7} BA 10ppme TERT F3sgia TDZ DA
2ppme] F XA TDZ 5ppmel HE BT} shoot HAo] A5 3o “73"‘:9] T2E Ag
B AAEY] 2R At F5ES RgF3h BA, TDZ #A8 $ callus $A4L
BA 5ppm¢] FEdAE vlEd F3sd oy 10ppmd FENAME callusyt SR 2ok
i, TDZ A e F5% EFNA callus7t 2AA ot BA AXge AdFdstes di
ZtolE B3t BASH TDZ AA# F shoot FA4& TDZ 2ppm® sENA 713 F& s}
R callus® BA Sppmol A vt A5l Shoot AL TE2ES AYSA & A
o FEHoY callus? HAL TEE At ®Hoh $ESa, 2A8E shootd size
2 AEHCE TEEY Ao A HolE Rolw I BA, TDZ & vxd
GUS #4237 shoot @43 A¥3le BA 5ppm, TDZ 2ppm EE4A GUS w@do] %
%353 BA Sppmol A9 callusE GUS B4Z23 #d¥IErsl 4389t TDZ 2ppme
F=9A shoot TAEL Mg F3stgert GUS 289 ZEE T2E AAE BE Fo
A Aolg HolX @& 52 Ao A #AT tFE9 shootol A GUS &4
B 328 AAE 237 92 RoFn. 2T shootd® GUS €dL 3=
Ao A7t dustgen 28 Ao A Fe GUS ZES 2o AA
Z7) Add ZA7 AeE Ve o A9 A 28 AAE F, A
A AEe & A FFAASH AEESE A ITVHANTIE Ao FAAstd o] %
g 587 &dFoln)

fo

F’fd

oo

ol
gl
o

[o]
s
A

)

)

EL AAE F GAuFe] FAAGA Qe WX T

Eunha Cont BA bz
oppm 10ppm Zppm oppm
 Fomain 7% WEU OBl nmr 0n
GUS positive {300 (06w Gesmy  (hray  (hesy
GUS positive/Shoot  dilody  lba)  asom  now)  @som
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A9 A =28 AAY 9 liquidv]A] Aol JAASA

[

TEZ FAAYSY liquid WA NA e dde] FAARAIN FAAA A TASA G2
i3 Ested vlAE FFE dotry] fge d¥E FP3AH.

2 499 4BAR2E e3FL Aesgon oazuee e pTOK23YLBAMOLE
AHg3ein,
3. %

OES

& 2g} UG

w}) Agrobacterium preparation

¢ AP YUY

©}) Agrobacterium infection and Co-cultivation

& 4R FAF

2}) Wash-out and shoot induction
& 287 U
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70% ethanol EHAT T 12N HCl 35mld} 5.25% sodium hypochlorite 100ml¢]

Eg o] & dAACIE 24X £33 ¥ WFH petri-dishol] 3% F 24T
Aol M 16AITF B2AF 8A 7 gzrAez A{A A

) Agrobacterium preparation
& A¥y 543

}) Agrobacterium infection and Co-cultivation
FEAS FY FA3) A Agrobacteriums Fui% w7} #ME 50ml ZYHE
of OD# 054%9 Egdo] HEE Fof FH3 H ) 4897 F4% Yoz
HAE % H Agrobacteriume 3AAZ AAM dixlo] A HIS Y
3D-shakerg& o] &3}o] 4e}& 20%-7F shaking ¥ F A CCM vi=]o] flat sideE
ol 2 dto] 3UZE 24ToA Gl ¥3 Y tHCo-cultivation medium: BIAZAAE

al).

2}) Wash-out and shoot induction
o Ag a4y
A AgolA AFH A} o] Y=}
1

¢ 948 hygromycinel F7FHA @& SI-OuA o] 10708 Yoy flat side
up2 2 A F 24T wikdolA 18A7F F2AF 8AIZF dxAeE 1497 A
SAA™ 25 $ hygromycin 5ppme] F7tE SI-@WA & hypocotyl& A3
o]y F SI-QuiAolM Y A&ZA YA 14497 B A AT XY 2894
cotyledon®} callus® AA% F hygromycin 10ppme] £3 ¥ SE six] 2 o]4] 3}
shoot& AZAZTH 4cm ©]% shoot7t AHEHH root mediuml 2 o] AN F A&

A #FH

FEAR 8 AALE 9% A2 &L AL, 53] F)d AESEH
L €€ WALE GUS 24 &S £ oo

8}) Gennomic DNA &
FAA FAAFAES] AL 1g AFT T QA2 du gxpapite] A2

&F Fol APLE A BHE F, 4Y 98 931 FA Zol FUvh DNA extract



Buffer [7M urea(210g/500m¢), 0.3M Nacl(30m¢/5M stock 500m¢)] & 6m¢ H7}shod
2 4o & ¥, phenol/chloroform 6m¢& F71stn AHs| ARoWA &3 Aol
FA} 12000rpmo. 2 10%7 AT & 4F3AE B A tubed FAFAT
4 volume?] chloroform3 7t &, FAH3F] AP oy A3, 12000mpmo2 1087 &
AEET F AFAE 9 A tubed &AFAT 1mld 44M  ammonium
acetate(pH5.2)E W, 28] R og& HIME F F wdte], WElA
208 ol R#3AT 12000rpmo 2 1583 AR} pellets Rox, 45
#a  F o % pelletS 10¥-37F 23l TE buffer 05mi9] *0]3, RNase 148
7¥sled 37°Col 1A7FESH A8ttt A8 %, phenol/chloroform 05miE ¥ 3
A3 o] FAT}. £4L 12000pm o2 1083 9AEE P n FFAE wA
A tubed] &7 3, BY volume?] chloroform® 7teted A A3 wwtg PR
oAl 12000rpme.2 1087 gAR#d 5 AEdd 1/10 volume®] sodium
acetate$} 1m2] 100% ethanol® ¥o] WY& o] 208 o] B#AEATh 12000rpme
2 1587 44878 DNAZ pelletst $0& TE buffer 50u0e] DNAS >4t}
HAFHoZ FHEE F438l9 DNAY & A3 southerns HAlsHATh

o o

[

Ab) PCR ¥ Northern ¥4
A ERARE Lotry] 915te] Hyg F2*4 sequenced °©]&3t4 PCR
primerE HA AT AT primerE ©]8&3td PCRE 3833t PCR 20L&
HAA 94T A 587 denatureE 3til, ©A] denature® 3] 94ColA 45%,
annealing & 3t 55Tl A 45%, extention 72°C 18 30% AH&3 AL 363
RS §, upAg o2 72T A 7R Asdnh. 28 =YRAAY 2d 4% E
dolry] Yl FAH FAAFANZRE RNAES F53t9 3 Northermngnstjirg
39 . ERNA 3¢ 939 SOL DM guanidinium thiocyanate 23.63g, 25mM
sodium citrate pH7.0 1.67m¢ of 0.75M, 0.5% sarcosyl 2.5m¢ of 109, DEPC-treated
water up to make 50mf) 10mé/g$} _2-Mercaptoethanol 75ulE ¥-2 50ms}E] tube
o AlE 1gg AAALE Fol7te FA Zel o] vortexdte] A2 10~158 &
% 2M Sodium acetate(pH 4.0)2 0.1 volume(1m)S ¥t L F, phenol (water
saturated)® 1 voulme(10m{)S Y i, chloroform/lisoamyl alcohol (49:1)& 02
volume(Z2ml)& 21, 18 %<k inversiondtd iced] 1583 A 8d F, 4, 12000rpm
©. 2 2087 centrifugedtit}. centrifugeE I} F AS YL WA A tubeo &7
chloroform/lisoamyl alcohol (49:1)2 A5 2] 05~1 volumes] YEF ¥1 15—%
¢t inversiondt{th. I ¥ 4T, 12000mpmoE 20837 W ¢ centrifugest At

Centrifuge® ¥ ¥ A3 9L wa] A} tubed] 2713, 1 volume?] isopropanolg 2
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3 inversiondte] ILF HoJA -20TelA 1A HegstHrh. 2 F, 4C, 12000rpm
2.2 2087 centrifuged3t AT}, centrifugeE ¥ & A& A& ‘ﬂﬂvu RNAE RolA
750182} solution D(or DEPC water)Z& %o pellet® =%t} Isopropanold &Y
volume2 2 Y25 4T, 1200rpmollAl 1587t centrifugedtith. A5 9L wldxn
70% ethanol® 1m¥ 3 4C, 8000rpmolA 1027} centrifugedts, 70% ethanol$
e ARe] G 1F, DEPC - treated waterZ 500 ¥ & = 5 A
3 ¥ membraned WHE9] northern blot& A A&t Nylone membraned e
geom 1 Pye gen 2o,

A7145% 4& 8% wF ZTA nylon membrane transfer & A 58 T
Xl downward alkaline transfer’# o2 AHX3 & overnight%5¢t transferdt$ith.
3 #, Neutralization-& o] 1087 H s F, 1087 A2A1A UVHE A
Northerno] H8.3F proveE wWE7] 930 Hygv%ﬂ,x‘r% PCR3}e] Accuprep® Gel
Purification Kit(Bioneer)& AM&-3t4 elutiondt9th. PCR &3 denaturation 94T
45%, annealing 55C 45%, extention 72°C 1¥ 30% A glg #A & 353 wESHY
2™ 1% agarose gel& TEO] 7|45 A FAT Alo]=o wEr YEth

4. 43
uldjiEel tiee] Addwior A¥E A E7|d hygromycino] &§ Awgko] o]
FojAx] o} AP (oly £ Fx)eE AP ARrY L& 29 shoot
7b 2 qed F dHY A$ EF Shoot A F SE HjARE oA &
shoot/callus pad’} t4 A5 Y. Hygromycin Ado] o]Fojx= SE ujA] o]

2 F zwbo] WAF shoots WHE Foj7lz A 22 shoot/callus padZt 443
2= %101 ﬁﬂ?%’oi #FAHAJAG, EnjF BF A shootd TA L FAAF
qRE B

X2 F AsEd #4243 HA1 & A$9 shootE® hygromycine] 3
7w A o H}E AE3HA ?%% A Agse Ae B F ddT. @4 ol $7
of A shoot B tigh GUS £ F8Folxm, F 74 W9 vu A3
ol A& AdFolm AP AnE Hv|AE T wdBFsn Uk otgE @
A AFHAA S FIAES Hulste Wios vygd 484 A8y
Holth, F3x9] E0A9FE TO Aol doprr] $15te] genomic DNAE
e
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Soybean Transformation by modified lab protocol

f Germination l
a
=) | Agro-infection & wash out | <3 | Thiol-compound
1y

i Liquid selection w/hyg }

g & [4weeks]|

i Shoot elongation l

g & [4-2 weeks]
3 [2 weeks |

E1 2434 TS vjdie PYor FAASY NAE VxJ4E& vl

Minnesota Lab. Proto
’ ; 200/778 87/590
Shoot formation (25.7%) (14.7%)
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Northern blot analyéis of putative transformanis

C:Control 1,2:826}7

14, Northern 48 535 ZA Q0 A AE A digh
T FAA 2E A2A
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TR AFNY N SR =3 Ay g9y= (%)
2001 P2 2 gINE =28 »320H2 genotype A3E =, 100
FELE A HANE =28 1401 ESMY
PMER N&8 2 3EE |p HZH(Cefotaxime), 50| 120t
JIE Jizs Ng Oldl =&, E3agarsE, Xlatg

e, Atduy XHEE
2002 Pl E EENE 2878 PNER2 NEE 2 8EEE JxX 100
RS A s g €51 D g 1A
PNZE IS8 Z EEHFE | -1580 FAMg ZH sas
Jls g st EX Iz OoHg
PEHENEN 24 -1G8 NS XA sgg 4
B MWK Hg T =P
2003 Pl B HENE 2% PLUSE ENE XM EHEE A 90
HELE AW 5t E38E Mol XA #HE
PMER IS8 2 gaNE [p2 gAMEss =0
Jis g
PEINESE Hn B4

2 A7E FHs 4 dHe ofger 2ol 2% & Arh

D=y 3FF A3 239 S FFET o4 TEZ U AR
e FRE 3270 FF3& 239 ¢ 49, 409 FFAS &89 genotyped
Awrat o

2) 1F& FAARIeNT e AT 21 FY: 589 A FFAS 24 FHE 9%
Ad¥eddy, 328 dAY 231 g9, 338 AU AR ATA A, A3 42
23 FEtolazntol s, AAWH, X340, agar ¥E2A)TL Y

4) nFE0 FHAAEE 93 JxAE FE: B AFHoA AEdE genotypeEL FAHA
Ede A% FAARAYY AR A4ed F gdom, 79Y v LA 2AE
o

< IEEY FEAAERS 9 2452 24E 5 Yok
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5)

6)

7
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AFAAR7IeN L &4 528 AAY 7led dFA
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ofo
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i o

&3
Mg e FAAT] ojyE FEE FAANTLTAE s A‘r%% A=

e T8 727 s Rl

F83 FAARA AN 2 BEASEI) 2 AP T T PFAG sege
ZEEo YY) §A4 BARore] AFAF GgRn HUH, AgHeT HE&F
FAA7 Bol AuHAL v, B APzAL 5 FAARL oA §43 ¥
AA8A 9 EASTo] Z )9 & Res AZun.

1ES YAAR 7127149 T8 F2E AAY J1eTH ANALIAE &% I
589 PAABEE Qo Isu BE TRIAY FE4AAS T B9
s, ZRAIA S AR T ANET, T FAA 75 AF S ¢ Fad

9 —rn F 60,0009 710 ol2n ZAEFL $18te] GUSEAN S ¥ AZ(shoot)d &=
A7k F 4000709 o123 ok AAE #F oF 1000749 ol FAHFE AHol &
gt gt

& BAE FYFIA ot FE AFHEES & F UM

~ 3=FJF3E poster 33 T F: 2001d 4, 2002 =4, 20033 =4

- 3Ee YAAWAE 100 B8

- .—-l% nFotnl AFA F FAAE A78 AE HE 2 AE lab seminar E9
- Hlula€el B8 Dr. Somers lab 3 A7He € %
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A 6z ApofeatdolA +E T sielatsy ==

19AGNE QB FFopdTAY BHE %s}o@ Ao T FARBATY AFL
Ak, %‘,‘%19% A%, BA 0 Fekl dFavt ¥ PAARE ATHeR FIT
$9% AFYol o), FAAY 1 FAREL o] 4F WY N $AYAD
B dje %ix}-% silencing @A o2 8 2 FAYE 24 HAT 28 7
a— o, T FAALPYL olazutde & o] &% Mol WEol
1oz AzEd 18 47aA $3 %, 44 dazdeege o8
A% A7t FAQE vulzege R Ao, 849
AR BES T 5 QAT 2 284 ATA AR @4 oF 94
nyaetste @x BES) ATRFE BolRT ATHIE T Aotk o] WES
2 YAAS YT BE JUE A B 5 YL Ao 443t
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