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Al1F. AxA AYAH GM EvtESY /¢ 2 B4

bt A Al AN e 2FES wlg thgsith AANE JEbA] BRE A
A & 20200 % FEe] WAL =3 S 3o 80,611haclt. o] F ol A
EvtE= 5521ha® 6.84% 5 AASTHEA A, sHHA R, EvfEE Hold g
7F AR ik ol fradel = 1500 el s Ao, 1800 d thell &Hm 2 3%l
Th(Jones et al. 1999). $¢-glivtztel = 161430 o)g33o] A3 A EFAo|gte=
Aol GrRkAgs WA o® EntE tigh 7]Fo] Holdes Zo®E Hol 1 o
Aol AaEAS Aem F5Ea 9l

A A AAA A= 2
o] oF 12%= FAEch 1g7]el A& AWE Fol7] fld thde ¥ ALA

FAE ol 8T FPAH 2

R4

,d
rlo

AAlE AHHoE AT ik &4

2 2 %
H(Lee et al. 2003). T3k offlol A &S AT A ZHx2E AAs7] S
ANzAE AHEsHA doh RxE A A 2ot 5 oo wAstE A&
. FHxe uE A= vasiA w2 sty FAF o]l Za v
& o g dolyE EAo] gJtH(Herouet et al. 2005). #| %A % glufosinate:s
FEHAFHEAE Aslste]l 2 23 AEA ol dEFo] FAHO AES
ZEA EHDe
Block 1990). #H x| glufosinate A3/ ZE=Z 199599 sl=eb7F W= A ar
Td SgE, 2004 Ws) 2011d WiE com fEEQlvh 2, AR
D3 22 vE AR pREHAAT, dA sHE&oEm= AFEHL A FH
(Takano and Dayan. 2020). 2% & EvlEE o IoA EHi} oS HoE ok

A &= A e vh(Afonso 2008). 2R 7)ol WA B A A xA2 F2E FoletA A7

TAA T}, bar §AAE ©8tHA glufosinate A Aol A a4

rulo

LI
o
2

g 7 Qe AlxA A EvEE TrEIAF ST
B Ao A= glufosinate A xA] AdA EvtEES st AFEE FAA

+ Streptomyces hygroscopicus @12 bialaphos acetyltransferase 7} (bar)



olt}. bar FAAS] wHA phosphinothricin N-acetyltransferase (PAT)&
glufosinateZ &4 341 Z1tH(Thompson et al. 1987). 7fed A=A #A3A E

1=

2L =9 copy TE A% b5 mRNA 2 @A FFEo A



o. A= R ¥H

1. A A% vector += % Agrobacterium F A A%

1) Agrobacterium tumefaciens transformation % Colony PCR
Glufosinate A&4 EvlEE 7|wsl7] 94 AFE¥ vector= pCAMBIA3301
o2 T-DNA W&ol bar 7% AH(bialaphos resistance gene)2} T-DNA <] 5-9f
kanamycin A &4 FAAE E3star Jdoh(Figure 1). pPCAMBIA3301 vectore
freezing-thawing WS o] 839 A tumefaciens GV33019] transformation 3}
AHTable 1). @A A #F= kanamycin 50mg/L¢} rifampicin 25mg/LS
H7FE YEP wjA| ol =sh gl

T W vector?] =942 Felst7] 98 single colonyE 47] A3}l colony
PCRS 43835t} colony PCRol+= Takara®] EmeraldAmp GT PCR master
mix(2xpremix) S AF£3F . Primer= bar £°]%4 primer MEE AM£3}$T
forward primers 5 -TTTCATATGAGCCCAGAACGACGC-3 ™ & A}€34
a1, reverse primers 5 -TTTCTCGAGGATCTCGGTGACGGG-3~ & A}&3}
Atk PCRE 95T A 5%7F pre-denaturation 3+ the 95Co|A] denaturation
30%, 58T A annealing 30%, 72Ceol|A extension 30x7F HFSA|7]&= AHAS 3

(@)

cycle 83ttt 1 3 72T A post elongationS 7E7+ 383t PCR
2 1.0% agarose gel(TAE buffer 50mL, agarose 0.5g, EtBr 05ul)ell A 7]
T 3t Wi=E ol A A3 E T 5= kanamycin 50mg/L %} rifampicin
25mg/LS #7Fsk YEP A vl x|l A 28T, 2447+ 2 &ujkst & glycerol 50%
SR 11182 EFste] -70TCe BT



35S
KanR 1B poy.a [] BAR — RB

Figure 1. Diagram of the T-DNA region of the vector pCAMBIA3301.

KanR, Gene for kanamycin resistance; LB, left border; 35S poly-A, CaMV 35S
terminator; BAR, bialaphos resistance gene; P35S, CaMV 35S promoter; RB, right

border



Table 1. Procedure of A. fumefaciens transformation

(D Agrobacterium competent cellOfl

vector DNA &J} & heat shock

@ freeze & thaw

® Agrobacterium competent cell(1001l)
FoA =0lD]
e vector DNA 5ul 2]
e 37CUHAN 52 ZXc

[}

=

AH=2
=20

o MHEAON 25

e 37CUIM 58 22X

@ icelll &Xl = recovery

@ &A HMIH = YEPHHXIO

2t

o

spreading ofO4

o HAZ0l tubeE 3022+ &I
e YEPHHX 500ul EJF & 28COHAM 1

Al2t&S2F 200rpm shaking

e 3,000rpm, 25C, 5&
500ul &F& HMIA

e kanamycin 50mg/L, rifampicin 25mg/L
ZHIIEl YEP agar BHXIOI Pipetting =
spreading

o 28COIAM 22 2t

OF
S




2. EvtE A

D AEAE B A

B Ao Algd EvtE EFFS Micro Tomelth EvtE FAE 70% o &
oA oF 187F wWhg ¥ 15% NaClo &0 3087 W A#S a3tk
st BEvtE FAE W R 53] AlH 5 53 A Al F oA skt WA ek
o 1 % dae 3y do)Hd &7 FES AAS F T2 3wl oF 20
A sFedet. Fd T 25CoAM L= (16h light/8h dark) &2 v
st EvtE FF A3 A] ARE-SE v x] = MSH|A| (Murasige and Skoog 1962)
2 nlg oz FAANS dAd wgt A=E HUEgtH(Table 2). 25 v =

3t7) Ao pHE 58= AA3Y 3L, autoclaveE o] &3}o] A3t}

2) A. tumefaciens 74

etk 8 A& A (kanamycin 100ppm, rifampicin 25ppm)©] E3¥ LB o A 8] %]
2mLoll Agrobacterium cell stock 20iE FHE3FI . A tumefaciens< 23T ol
A 200rpme 2 24413 A" gt s =7F 600nmol A FF =7t 0.80] HE
& w gt 1 F MgdS 3,000rpmo2 57 AR A, Mg Al
< WA et TR HauA R Adgsdrt. 2 2 RS FEHiAE 20

vl g A&to] A tumefaciens A NS A Z3FA T

3) A tumefaciens 79 2 FEujF
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gt o dHE 9o HWo] wA 9 HEEHF et callus & HA 9
, 25TColA Ad=x7A(16h light/8h dark)e = ®jtslAtt. 2+ & PPTV}
0.lmg/L #7Fe callus = % A% wjx]o] A wjFstAnt. A9 Aol A

K

callus7} @A E 11 1 callusoll Al shoot?7} H.o]7] A Z&H shoot %= 2 Aludkuy

A2 A 2B5CAA FdxzHdo =z vjtstih

5) Shoot = % A9t

Shoot %= % iAol &1 ZAejxolA shoot7} AFH™E AHs AA

o

o] &3t} A AL A wiA o 271 T 25T FAdx7A(16h light/Sh dark) o =
A Fst et 25 veh Al 8=l shoot7F lemol Al 2ecm A2 2413 #
o] root = H AR R A 25CAA FLdxHoz vjfsA

6) Root = % A4

Root %= 3 AwujA=2 &7 25 ool H7t ALY MAE FEAALA
SHZ M. O 3 AEA e AAS 18se] 100x40mm petri dishel 4]
root7} =¥ MAE 72x72x100mm incu tissue(SPL)Z &AA wlYstA . 30

o wj ke MAl= TS Y& =718 2 357w AUso] root e ¥

Hj 2] ol A 25C ol A 4z (16h light/S8h dark) o= H %3} T},

=13
=

o
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Table 2. Composition of the medium used for transformation of tomato

Medium name

Composition

MS medium

MS salt, myo-inositol 100mg/L, gelrite 3g/L

Infection medium

MS salt, myo-inositol 100mg/L, mercaptoethanol 10uM,
acetosylingone 100uM

Co-cultivation

medium

MS salt, myo-inositol 100mg/L, gelrite 3g/L,

acetosylingone 40uM, zeatin 2mg/L

Callus induction

medium

MS salt, myo-inositol 100mg/L, gelrite 3g/L, zeatin 2mg/L,

augmentin 250mg/L

Callus selection

medium

MS salt, myo-inositol 100mg/L, gelrite 3g/L, zeatin 2mg/L,
augmentin 250mg/L, PPT 0.1mg/L

Shoot induction and

selection medium

MS salt, myo-inositol 100mg/L, gelrite 3g/L, zeatin 0.5mg/L,
augmentin 250mg/L, PPT 0.1mg/L

Root induction and

selection medium

MS salt, myo-inositol 100mg/L, gelrite 3g/L,
augmentin 250mg/L, PPT 0.1mg/L
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3. 3EAEA AT 2 /AR =4 Y

FAAGA A Fed EvtEe 98 05004 lem A7 2 &

ftlo
(S
:(x)‘:ﬂ
&
)
N

Z} tubed] ¥tk 2 F WHHFFE 04mL ¥o] ¥S grinding ATt 18
immuno strip testE 3l FHAAIAE HAA3ATE immuno strip test Al A&
3+ kitx ROMER®] Seedchek LI Strip test strips (PAT)E AF&3F1t). o] kit
£ AR&std PAT ©@jdo] = Ao stdel = PAT A-A4 534
of PAT wwldo] Adsle] &2 band 1707} A= a1, Awtol = control band
H7F A= F 2709 band7F A€o PAT @# Aol gl= 49+ control
band®¥t 17 A3/ €},

27019 band7} AAHE 2ELS CTABH(Murray and Thomson, 1980)< #Fi13}
o] Q1o Al genomic DNAE FE3Ith ofAlE EwlES vlwstr] 9 ofA 3
EntES QoA % genomic DNAE FE3Ath 1 & FdA =9 gQlstr
A3 bar 5°]4 primer AEE A}8£3}9] genomic DNA PCRS <33}
forward primers 5  -GTCTGCACCATCGTCAACCACTA-3" & A}g3}
reverse primers= 5 -AAGTCCAGCTGCCAGAAACCCAC-3' & Arg3stnt

_—

2
2
*

Dad
o
off

2
m

’

l

PCR& 95Col| A 587 pre-denaturation 3+ Thg 95Tl A denaturation 30%,
58T oA annealing 30%, 72CeolA] extension 30x3F WFgA]l7]:= A= 30cycle
T332 & 72TolA post elongationg 7#7F 33 tt. PCR AHE&
1.0% agarose gel(TAE buffer 50mL, agarose 0.5g, EtBr 05uD)ol A 7] % 3}
of M=F gt

a9

4. Southern blot

1) DNA =
DNA %<& 9 slo] Table 33 7] extraction buffer ¥F50o] 65T ¥t

ats QA EALE ARt A& BEste] 0.1g¥® FHoO &%t extraction

buffers FEo| 800 Y il vortexing 3Tt 28] 65Ce] Yol 10&Evct
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invertingS 33 338t 1 & 12,000rpme. & 4T A 587 A RS 3}
2t} CI solution(chloroform 24 : isoamylalcohol 1) WSO Al 7504 A &
B ¥t 9AEE T (I solutions B FHol A4 750uE 91 5%3F
inverting 3tttk 1tS 12,000rpmo & 4ColA 2087 YAEHE st 2
Abolo] A F B isopropyl alcohol2 800u0% WAtk HAEE & A4S 100
WA 58]0 Yo] A isopropyl alcohols B2 FHol % 500ulE ¥ o] inverting
S 20T ¥ol 208 ok AAEG. 283 12,000rpm o2 4Tl A 2087
AAEYE sk 2 F AHS W 20T BaeEe e 5004 ¥
I AAREE FYeAl wrESHAT dAEY F F¥ow dess AAs

Aeo A 158 AxEYTt 7% T SDW 1500 Eo] tapping 3te] =9t} 1t)

2

S 722 samples 47018 &AM 600ulE WS RNase(04mg/wl) 10plE 49
37Col 1583 AH#st¥ . RNase A7 ¥+ CI solutions 600xd il 5%+
inverting 3Fith Z2tHS 12,000rpm o2 4ColA 1087 dAEYE 313l
AR E = & Al 2mL FEO 4M NaCls 2500 2 A= +
A4S 100 53] U0 NaCle 92 FEHol| ¥l inverting 3+t 1t}
S -20Ce] H#sEL 100% oe2 1mLS FXHol| Yil inverting 3tch =
T 12,000rpm o2 4TAA 1027 AAEE arh dAdEHE b 3 S
HY o 20Tl BE#AsFS 70% oS ImL ¥ 12000rpm = 4C o A

b AR E St 2§ AAHS AASL F2olA 1583 AxET v

e

a1

SDW 1004 % tapping 3l =%t} loading dye 1x0, SDW 60, DNA 3uE
1.0% agarose geldl Yo} 7|95 o2 DNAE &<lsdth 7 & 260nm= &

FEg ZYsel FEE HAsY,

o -1-=

_14_



Table 3. Composition of DNA extraction buffer

Material Amount
CTAB (Hexadecyltrimethyl ammonium bromide) 10% solution 3mL
Tris-HCI 1M (pH 8.0) solution ImL
EDTA 0.25M (pH 8.0) solution 8004
B-mercaptoethanol 204k
NaCl 5M 2.8mL
SDW 2.38mL
Total 10mL

_‘]5_




2) Southern blot

Genomic DNAE 20ugs Xbal & AF&3te] #Alstas Aot 18213 <
1.0% agarose gel(TBE buffer 320mL, agarose 3.2g, EtBr 5ul)°l loading 3}
th 50VE d5s Alzettrt 60, 80V A= Hab S84 5AIE IdF et
a2 % WEvE e FES UVE sty Zebi itk Southern blotol AF-&F
solution< table 4°] dz3tAtt. 2l gels depurination 171 213 0.25M
HCl €95 Yo] 30rpme & 1587 A @kl 1t}29] Denaturation solution
S Yol 3087 sl al Neutralization solutionS o] 30&7F wwHaFic),
upA] 2o 2 20xSSC bufferg ¥ o] 303 BASAIFH T 1 F 20xSSC buffers
o] &3t Y} E membraneo]| 16413t transfer stSith 71 ¢ membrane 80T
o 4] 3A17F E<F baking 3] DNAE 114331 th Probe:

& wje} FASHA bar 5°14 primer AIEE AHEEA 22 £ o2 PCRE +
g sto] A #slA tH(Table 5). Baking $ membrane< Hybridization bufferZ
50mL o] 45T A pre-hybridizatione 2A17F 3t 10% Block solution=
Blocking reagent(Roche)ZE ZH ol 10% %2 A% & autoclave® d 13}
+H] 39t} Hybridization solution ©a3 o] #| 25t th. probeES FE.O
45p1 ¥ 31 SDW 50ulE 2o 100CoA 583 7FEe 9t SA FEE 459
23 Ao 3 AHE &9S FFo=m wuyo] w2 Hybridization buffer
50mLol] 3 7}sFed 4] Hybridization solutionS A 2F8} % th. Hybridization solution
2 65T H#A3A T Membranes pre-hybridization ¢ Hybridization solution
of o] 45CelA 16A17F $¢t hybridization 3+ith 1tHe&  2xwashing
buffer(2xSSC  containing 0.1% SDS)Z membranes A ol|A 5&3F 23]
washing stth. 65T ¥ o]+ 0.1xwashing buffer(0.1xSSC containing 0.1%
SDS)® 15674 23] washing 3t "X =r o 2 Washing buffer(buffer 1
containing 0.3% Tween 20)% 2+t washing 3%t} 18] 31 Buffer 2(blocking
solution) 50mL<S Yo 37ColA 1A17+ H<¢t blocking 3kt 18 x
Anti-Digoxigenin—-AP Fab fragments(Roche)E Buffer 2(blocking solution)
50mLell 50 ¥olA 10,0008 3] 3}e] antibody solutions <=H]3}$ T antibody
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solutions ol 37ColA 30% WESAIZHTE I ¥ antibody solutione W# il
Washing buffer(buffer 1 containing 0.3% Tween 20)& Yo A-20A 1584
T+ ¥ 50rpme = AdtAl washing sttt M E B3l Buffer 3(detection
buffer) S Yol 587 HFP3JAIZAT. 2 % membrane ¥ Wl CDP-star™
detection reagent(GE healthcare)E 27 ¥ 587 3 LAS 4000 71 AS A}

4-3}9] signalsS &H<lstl .

_17_



Table 4. Buffer solution used for Southern blot

Used step Buffer Material

0.5M NaOH
Denaturation solution
1.5M NacCl

0.5M Tris-HCl(pH 7.5)
Transfer Neutralization solution
1.5M NacCl

0.3M Sodium citrate 88.2g
20xSSC buffer (pH 7)
3M NaCl 175.3g

20x SSC 100mL
2xwashing buffer
10% SDS 10mL
(2xSSC containing 0.1% SDS)
SDW 890mL

20x SSC 5mL
0.1xwashing buffer
_ 10% SDS 10mL
Washing (0.1xSSC containing 0.1% SDS)
SDW 985mL

0.15M NacCl
Buffer 1 (pH 7.5)
0.1M Maleic acid

Buffer 1 (pH 7.5) 300mL
Washing buffer
Tween 20 9004£(0.3%)

10% Block solution 10mL
Blocking Buffer 2 (blocking solution)
Buffer 1 40mL

25x SSC 40mL

10% Block solution 40mL

10% N-lauroylsarcosine 2mL

Hybridization | Hybridization buffer
IM Sodium phosphate 10mL

10% SDS 4mL

100% Formamide 100mL

0.1M Tris
Detection Buffer 3 (pH 9.5)
0.1M NaCl

_‘]8_



Table 5. Probe used for Southem blot

Probe | DIG-label Unlabeled

Material probe control probe
10xPCR buffer Sul -

PCR DIG Probe Synthesis Mix Sul -
2xEmerald premix - 10ul
Forward primer 2.5ul Il
Reverse primer 2.5ul Tul

PCR DIG Probe synthesis kit Enzyme mix Tul -

SDW 31ul 6ul
Template DNA 3ul 2ul

Total volume 50ul 20l

_‘]9_




5. RT-PCR

1) RNA 3% % RNA mixture A2}

RT-PCRS F383t7] 9l8iA w4 RNAE FEsIsich EvtE 9 0.1ge A4
AaE ARgste] E4stel FrROA ¥olvh 2us trizol ImLs Yol 1#3E
vortexing o] A& T2t} chloroform< 200ul il vortexing & 2o F
ATk 12,000rpmo.2  4TeolA 20+ & dAEHEE ST Al FEO
isopropanol 400plE 93 Y8 ¢ A4S 500ul EAT 1527 I SollA] wl

Fatdth 1elar 12,000rpm e 4Tl A 158 &< YAl eE shalth pallets
gol & AAS gl DEPCZF A7FE 70% ol &3S Yol 12000rpmo. & 4T
A 108 &< dAEHE stol AHEST. 4 Ao w AA 5 Fdd
2o A 10+-7F A x5t DEPCE #7Fsk "Hir4E 40ul ¥ 3L heat blockell 4]
60C= 5&3F 45 7tk 1 §F dfo YoFa1 v28 439t 4%

Fxo wEl RNA o] 2ugel =& FH ¥l oligo DT(100pM) 1ulE ¥

S F HF97) 135u7F ¥ =5 DEPCYZF H7td Hi4E Yo] RNA mixtures
Eia=afis )

2) RT-PCR

Table 6°] Wz} RT mixtureE "HE11 cDNA A S 98 PCRS 3333

PCR 3 ZAL 70ColA 7TE7F olx1+%E &gl thg 4Tl A 30%, 4
2CA ¢cDNA A 60%, 90TCoNA 8= 8% vt A3 AL vy

Zth WA RNA mixtureES 92 FE2E PCR 7|49 ¥€o] 70Ce| 787 F2Ac}
t}. 3%

7F Aol Aol 3wt FAh J1AE 4T @Al =gstd AAAA
% S8 RT mixtureE H7lsta 3 I3EsItt 2 & 7| Ao FHE Y
NAE ZsAAM PCRe sttt 1 A3 4 ¥ cDNA 1uplet Table 6]
AAE AFES Po] RT-PCRE Fd39th. RT-PCRS 95TelA 583F

pre-denaturation 3t TS 95C 9l A denaturation 30%, 58 C oA annealing 30%,
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72Cel A extension 30%3F WHSAIZ7]E A& 25cycle F3sFATE oluf A8
primer AE= 2FFolth 3 HAE bar A4S dFE FE3= primer A E
ol F WA= 18S rRNAE ZFZE A 7]+ primer AE =
agarose gel(TAE buffer 50mL, agarose 0.6g, ETBr 0.5uD)ol A A7 % 3k}
Abg3t bar forward primer: 5 -CTCTACACCCACCTGCTGAA-3'°] 1L, bar
reverse primers GAAGTCCAGCTGCCAGAAAC-3'°]t}. AF&3F 18S rRNA
forward primer:= 5 -CCTCCAATGGATCCTCGTTA-3'¢]a, AF&3F  18S
rRNA reverse primere= 5 -AAACGGCTACCACATCCAAG-3'°|t}.
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Table 6. RT mixture and RT-PCR

Name Material Amount
Reverse transcriptase Tul
Sxbuffer Sul

RT mixture dNTP Sul
DEPC-SDW 0.5ul
Total 11.5u
Emerald premix (x2) 10ul
Forward primer 0.5ul
Reverse primer 0.5ul

RT-PCR
cDNA Il
SDW 8ul
Total 20l
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6. Western blot
1) e dby 2 A A

Western blots 913 &AE Aztstelw Ul duidoe] g eqdty. LA
bar gene< pET30a vectord] =< 3te] th&+t DE3°l cloning 3}1t}. o] Al-&
St Algta 42+ Nde I3 Xho IS AME3ETE bar gene©| cloning ® o) & +tS
HjFste] wruld S WHA A T (Table 7). @2 wd 2 A Ao A3 buffers
Table 8l AelstAtt. AA AL v 2
PAT @ de] e fFrslr] 93 LB A A 5mLel 3t cell stock
50ul, kanamycin 100ppm= % 1L 37ColA 200rpm2. % overnight ®} &3t} 3
4 Fob w3k RS kanamycin 100ppme H7Fe LB A 8] 100mLell
ImLA 231, 37°C, 200rpm®] Z7 el A 2A17F wjdatdch. 1 vl koS 28 ol A]
30% Hi%FE & IPTGE ImMeo| ¥ =5 FH7bete] 5AIZF wj¢fste] PAT ©d
o Mds Frsilvh. PAT wefd o] whgo] Fd wjdos 50mLA tubeol
wFe thE 4T A 3,000rpmoZ 1027 d4EEE At FAS HEx
resuspension buffer 20mLE % Adegstdt. oW g Adg &
imidazole® FFF %= 20mMeo] ¥ %= 7}t pulse on 10%, pulse off 50% =
7t sonicationd} 91t} Sonicatione s &< @l A A columnell A&
tubeE AZA3}aL, columnol+= Ni-Sepharose @7 2mLS 213} t}. Sonication
AbE2 4T, 13,000rpmell Al 107 Al gste] 43S A FEEZ &0 v,
A columnol apply 3tk Applydh A= £do] flof AL Eo7F thS,
binding buffer 10mLE washing3dlil, washing buffer 10mLZ 3 ¥ o
washing 3tlth. 2@ th& elution buffer 10mLS ¥ i columns £33 HA
& 1mLA tubed] EHeATE BT 74 AA AEL2 280nmolA FHE=E =74
sto] FEE SASATH A280=1¥ W Img/mLE AAteAt FE3E 54 £
0.5mg/mL ©]/¢<l §4nt Ko} PBSE 33 FAsto] @I E

= 9k
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Table 7. Process of PAT protein expression

@ it 8% (overnight)

@ 37C 2A|7F wjoF

@ A SAZE W

e LBHJA] 5mL
e Kanamycin 100mg/L
e DE3 pET30a bar cell

o MR o<t ImL
e LBHIA] 100mL

e Kanamycin 100mg/L

e @HO] IPTG A7}
o 28 CoA v

stock 50ul
@ A2 ® MY & BH

e S50mLA tubeo] 7]
e 3,000rpm, 4C & 715}0]

307 ¥

o S "

e Resuspension buffer 20mL 2 0jA] RjAE

e -70C ¥

LIS
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Table 8. Buffer solution used for protein purification

Buffer Material Amount
Resuspension 50mM Tris-HCI (pH 8.0) 4mL
buffer
(pH 7.5) NaCl 10mL
DW 500mL fill up
Binding buffer Sodium phosphate(20mM) 1.42¢
(pH 7.4) NaCl(0.5M) 14.61g
Imidazole(20mM) 0.68g
DW 500mL fill up
Washing buffer Sodium phosphate(20mM) 1.42¢
(pH 7.4) NaCl(0.5M) 14.61g
Imidazole(50mM) 1.70g
DW 200mL fill up
Elution buffer Sodium phosphate(20mM) 0.56g
(pH 7.4) NaCl(0.5M) 5.84g
Imidazole(500mM) 6.8g
NaCl 80g
KC1 2.5¢g
10xPBS bufter Na,HPO4°12H,0 28.9¢g
KH2PO4 2.5¢g
pH 7.4
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2) Western blot

Running gel?} stacking gel& A E ®E31(Table 9) marker, transgenic
plants 37§ A8l @A FE& 20u, ok Y EviEe @wld FEE 20ulE A
Y2 loadingstal, L3

loading3} 91tk 2 th 250V, 15mAe°lA 30mA=Z <& 4 SDS-PAGEE 33}

=/ % mercaptoethanol2 5% 73 AMZE2

91t} markers Bio-rad®] Precision plus protein™ all blue standardsE A}-& 3}
Ak @wdE FEES Y 1gs AAELE B3 F 200ul PBSE #H7bste] 4T
o4 13,000rpme2 5&7 dAEdE o] FHE A&t SDS-PAGE

running gel®] 7FZ2eF A= deolg FA3SIYTE 18] blotting buffer(Tris
3g/L, glycine 14.4g/L, methanol 20%)°] 2 Zdo]Ed A 2%t running gel<
U Hdd3] w3 th membranes gel 7)o wio] 1%S =11, FE
olHE gel ZL7|o @A 6%4S #etth Membrane Bio-rad®] Immun-Blot®
PVDF membrane for protein blottingS AF&3}% T Membraneg w &2 10
% Fot 9 1S blotting buffere] 1087 ¥o] Fdtk. 29 t}S blotting &
Ao 2
of MeEstAtt e Holy Yo gelS S8 2 $o] membranes < HTh L
g3 g 29 o3 E 33 blotting bufferd]l AAMA &#HT 1 & #77
G S o] &3sle] F7]E A AL 50mA°A 1AZF E<F blottingdtth. TBS
bufferel tween 20 0.05%7} %% FH7lste] T-TBS buffergE #2235kt
Blotting $¢] membrane< blotting & W geld} HZ3F Wo] & 314 3 &

m&:

Eldol¥yE 384 #AAozZ o] blotting buffers Z Alo] blotting X

blocking buffer(TBS + 2% non-fat milk)ell ¥ i 1A =< u¥kste] blocking
S Fstd Y. 1A antibody®= Non-fat milk 2%7} #7Fd T-TBSe| PAT
antibody & 1,0008] 3]243ste] 4|3} t}. Blocking 3 membranes T-TBSZ 5
B2 33 A3 oS 3413 12} antibody &9 Wol 1A7F FoF wwkalsict.
22} antibody= Non-fat milk 2%7} #7}¥ T-TBSe| Goat Anti-Rabbit
IgG-HRP(Bio-Rad)E 1,0008] 3]A3}e] =H|stAth. 12} antibody o} WH-3-A] 71 Z+
membranes T-TBSZ 534 33 AlH 3 o5 3438k 22 antibodyE %31 1A
FANEE UL R S

gzl o] A ZEo= Immun-blot goat anti-rabbit

y
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(H+L)-HRP assay kits(Bio-Rad)& AF&3F%ith. HRP color development buffer
50mLel HRP color reagent A 10mL¢ HRP color reagent B 300ul& 4o} A
AlokS RFEATh 23F A 9F 9EEAIZ] ZF membranes T-TBSE 514 33] Al
23k v, TBS® 523 13] Al¥ativ. 19 ths TBS buffers ®gal 24

Aoke We thg wwste] @ee] PE PAS BRI ol B Agre

T3AIZL & 40d0] AP EvEE FHFH o2 FA AT TR A oA
71 obAY EmfES} 24 wgoR AESA kY EvtE GM ERtEE H]

FHo) s or FA43% 9o Aol Fule F2Aow FAG Q9 Yo, £ F
S S5t & SA4dA 4 A= F+rEFH A (mean+SD)E YEFUY QL
o EFAAY = SPSS (20.0, Statistical Package for Social Sciences Inc.,
USA)E o] &3lo] AdYHFEX(One way ANOVA)S AAI3E & Duncan’s

multiple range test® 2 EAE Aol F94E p<0.05 FFolA HS3H3 T

8. FAAE EntEY AxA AFH &

A BEvtEe] AxA AgdS &2138t7] 98] glufosinate #| A1 Hf~
B} S A g5ttt AFE3E v~ glufosinate S #2 18%¢9] th. glufosinate 3%
< 0.05%= A3tz 8 vr~e dAE 03% 34 5H T glufosinate 3 dS

-

)
%)

005% s== AT AxA vtxetkE 5712 EvbE AEA 9 99 Sl

FAW, 710 a=2A EAFs e Az A § 3573 #FSh

[
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Table 9. Buffer solution and Acrylamide gel for SDS-PAGE analysis

Name Material Amount
30%  Acrylamide stock Acrylamide 30¢
solution (100mL) Methylene bis acrylamide 0.8g
Tris(0.75M) 18.17g(1M)
Buffer A(200mL, pH 8.8)
0.2% SDS 0.4g
Tris(0.25M) 6.06g(1M)
Buffer B(200mL, pH 6.8) 0.2% SDS 0.dg
Tris 30.3g
Buffer C(1L) Glycine 144¢
SDS 10g
Tris 1.5¢
Glycerol 20g
Buffer D(100mL) SDS 4g
BPB 0.04g
Methanol 500mL
0.2% CBBR(I.1L) Acetic acid 100mL
Coomassie brilliant blue 2g
30% Acrylamide stock solution 3mL
DW 0.75mL
Running gel Buffer A 3.75mL
Ammonium persulfate 6.25mg
TEMED 6.25ul
30% Acrylamide stock solution 375ul
DW 1.5mL
Stacking gel Buffer B 1.8mL
Ammonium persulfate 3.75mg
TEMED 3.75u
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m 2% % 13

1. Agrobacterium @59 vector =¢ &9l
pCAMBIA3301 vector® A tumefaciens GV3301 competent cellol

transformation ¢t © kanamycine F7}st YEP wjX|o] =ssith 1

o

single colonyS 47§% XA ®3to] colony PCRS F33stdct =2 A3 474¢

Lo

single colony”} E%F WE=E YEWHFigure 2). o9 #o] bar FAX7F A&

vector7} o5 ol =¥ AL shalstgdth

EvlE AA8S a4 EvE £48 25t wAe] %3 A3t 7%
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<«— 552bp

Figure 2. Colony PCR performed on colonies to verify the presence of bar
gene in A. tumefaciens.

M, 100bp size marker; 1-4, A. tumefaciens single colony; C, Plasmid DNA of vector
pCAMBIA3301
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A B C

Figure 3. Procedure of Agrobacterium-mediated transformation for tomato.

(A) Cotyledon after sowing tomato seeds; (B) Tomato cotyledon infection; (C)
Cultivation in dark conditions during co-culture; (D) Callus induction; (E) Callus
selection; (F) Shoot induction and selection; (G) Root induction and selection; (H)

Immuno strip test; (I) Acclimation after immuno strip test
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[‘

<l
= 3 2F YR ¥yt gAY EvEES immuno strip test® & 2 A3
of F5 gelstAdth(Figure 4-A). ME7E gty A E A2 HEE A= o
o] glovt FAAZATL ofeteE AS gt vt 7 o AR A
o] gAdAg HUvhs AS 3 strip testd A T W=rE 27090 AAE
< genomic DNAE F%3l9] PCR 3%th PCR 23&E& W79 &S sto] &<
sl A3 W=7} B tHFigure 4-B). PCR 43 A] bar £°]4 primer A|EES A}

L8719 bar $AA EAHALS AT 5 AT

o,

1>

rulo

FAAT o7 GHAANA & DNAS®] copy & &213&7] 93814 Southern
blots FaAstAT. bar A= AE2A] ¢Fal T-DNACS WF-E 13] A2+ A
Fa A9l Xbal & AHEste] Algtas Agadrt. 2 5 7195 % membrane
© & transfer 3t TS probeE ©]&3}o] LAS 7]AlZ detection 3} Th. 110%

&3 A3 strip A EvlEZF 2% single copyd S &2l tHFigure 5).

5. ¢ 349 mRNA 23 &<

¥ cDNA 1plet Table 69 AAE AleFES Yo PCR 95TollA 587
pre-denaturation 3t U5 95C oA denaturation 30%, 58 C oA annealing 30%,
72Cel A extension 30%3F WHSAIZ7]E A& 25cycle F3sFATE oluf A8
primer A|E+ 2&Folth. A HAE bar F3A9 dHE F2E3+= primere] 1L
F WHA= 18S rRNAS £Z A7)+ primere]th. 2 A3} 18S rRNA primerS Ab
&3tel RT-PCR & Z-¢v 25 WE7F AL, bar #4d2 &% primers A
g A9E GM EvtEE WiE=vE Holal, oAy EntEE WMErvE welx] ¢hgitt
(Figure 6).
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A Transgenic  WT B. Transgenic

1 2 3 4 M

1T 2 3 V WT

control ——
PAT S ot et

Figure 4. Screening of putative transgenic tomato by immuno strip test and
PCR analysis of transgenic tomato plants.

(A) Screening by immuno strip test. 1-3, transgenic tomato; 4, wild type tomato (B)
PCR detection of transgenic tomato. 1-3, PCR amplification transgenic tomato
genomic DNA; V, PCR amplification plasmid DNA of pCAMBIA3301 vector; WT,

PCR amplification wild type tomato genomic DNA
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Transgenic

1 2 3 WI

23kb 5
Skb ———

6kb ———

4kb

Fad o o R

Figure 5. Southemm blot analysis of transgenic tomato using bar probe.

1-3, Transgenic tomato plants; WT, Wild type tomato plant
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Transgenic

1 2 3 WT
BAR

Figure 6. Expression analysis of bar gene in transgenic tomato by RT-PCR
analysis.

1-3, Single copy GM tomato, WT, Wild type tomato
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6. EdHAAY B A 2

2

Western blots $13] tiZdolA @wl @S AAste] SDS-PAGEZ @9 A&

okt 1 5 FAzHEF o B FAE AR, FdAE 4ToAA A
| 5} -70Ce]  E#ASIY.  Bio-led®] Immun-blot goat anti-rabbit
(H+L)-HRP assay kitsE Al-&3}o] Western blot2 3t} 13 A= &+t
oA/l = PATS o= sl FAE E7oA e A(GAZAEA)S A}
3L, 23 A= B9 IgGol Adst= goat HRTE Ab-g3shsic). WAy A]oF
of HFgAl# W=% 213} tH(Figure 7). 5% mercaptoethanolE % 7}3te] ¢
A7l sample®} 13 A &S sample & U} 25kDaX.th o}g]Zo] Wl=Z H T}

o] PAT vl =7)¢ AX3sln, PAT @& o] monomer® W& HAcvt= A

ol B 7kx] gRlgk the Southern blot 738 Z¥lel| wie} 5YAlE EviE
o] o]F& WHsd. 2& A7]Y WM=E Ued= 2704 E SBL, ©E 27E
Uetd= DRAE SB2etar WWekivh. SBI, SB2 A3 EntEE 77 370
A, oY EvtE, AE3AIZ ok EvES Z447) 1070A1% &3AZ . =3t
AlZL 5 40 o] Ak Fapell A obal 7l of Y EntESL AESAZ] of Y E
vtE, GM EvtEES JHjstA o r nlusii. oju] A& o, o o] <l
o He], ¢ FE SAHsIAH. &

(meantSD)Z  YEA o™ (Figure 8), EAIx 2= SPSS (20.0, Statistical
Package for Social Sciences Inc., USA)E o]&

ANOVA)S 2 A3 & Duncan’s multiple range test® 2 EAE Alolo F9A
S p<0.05 FFAAA HFsEA tH(Table 10). 21 23 SBl1 EvlELE A &29] o]
o AF AMESIAZ ofAY EmtESE Folgh Afolzb At A Aol ofAE
EvtEel o3k Afolzb qlddvh. Ao wlol= 4% Aolrh glddv £
gk Afol7k AT SB2 EWES] A=A Fole AEIIAZ oY EvtE
oF ok Apol7k AAUTE <l o], ¢lo ylo], %o F= EF FYF Aol
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SAATE SB1 SB2 EvtEi= A=a] sFoleh <lo] Zol, o 4 EF

17k Aglth ol AL st sl AAME Holrk dojid Zo] Ao F5H
oh ol mEbE PR ol gste] FAARI EvtEES ARSI FF 245%0
A 80%74A 4 A 7F EA Y= A7 7E ACh(Ellul et. al. 2003) A3k 3ol
A Bl A] o) ato]l WAIBE Aot} o]9f Fro]l E A FoA X ulFA o]Ato] HHAY

o}
R 7hsdol stk el Ee w2 =AM gl A AAE e &
K

L

il

Fejehd wsts 29T 4 vk k. (Jing et
al. 2016) = A lA <l B Ag oY EvtES AR EvtE JAA
EnlE 2% #ol= HAtH(Figure 9). ok ¥ EvnlEel A9 9ol FY EF
S Holw Qo] Zol7} wolHtt 71 HgS HATh wbde A3t EviEE 9

3k & Aol polyploidization=

riet

MLER ARE EPHES fARE RO woli AR gglom, FAAA o}
=

ol E 9l FALE RS Hol: AR UATH

8. 3AXE EvtEY AxA AFAY HA
EntgE FAAAANA bar AR Ao wE glufosinate AlZA A 3HA
o= 7] 93 glufosinate SHEFS 0.05% == 31X % A x4 vl2EgsS &
F712 EvtgE A A9 <o sl ol F7]o] a=A FASAH
3} bar gene®] =¥ SBIl, SB2 EnlEE 25 Fo|x TAFSA] ekgkr) w0
ofAlY EntEE 27 F 1A AS B 5 AMTH(Figure 10). 3F & HEe
Ay 23 & Ao}l FAE AT A2 A glufosinates B A EA A ZA 2 o) &
o Fxoll TV JdoH, EF Fimde] @& SA4o] vk 0.05%= 345
glufosinateZ fieldoll A A3 Fxo A gdte] WAEsES s A4 Ay}
i FxE0] 0.05%NA4 WAZE 7Hs skt (Ahn et. al 2011). o] fieldol A
AzA ALY EvteE Agu) Al aF o FE2E HATE 5 dS5S AAE
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Transgenic Transgenic
M 1 2 3 WT 1(#) 2(+) 3(+) WT (+)

kDa

50

25

'0 3 B LA
:

Figure 7. Expression analysis of PAT protein in transgenic tomato by Westem

blot analysis.
M, Prestained SDS-PAGE standard marker; 1-3, Single copy GM tomato plants; WT,

Wild type tomato plant; (+), Mercaptoethanol 5% in same sample
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18

EWT®
" SB1
®sB2

plant height leaf length leaf width flower

Figure 8. Comparison between GM tomato plants and wild type tomato plants.
Values are mean=SD(WT, WT® n=10; SB1, SB2 n=3).

Blue bar, Wild type tomato; Red bar, Regeneration wild type tomato, Green bar,
SB1 GM tomato; Purple bar, SB2 GM tomato
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Table 10. Phenotype analysis of transgenic tomato plants with bar gene

plants | plant height leaf length leaf width flower

WT 10.65+3.36™ 5.24+1.11° 2.55+0.50% 4.20+3.38%
WT® | 12.60+4.78° 4.03+0.50% 2.45+0.49* 3.5043.20%
SB1 6.16£1.60° 3.66+1.50° 2.8341.44% 2.00+3.40°
SB2 13.33+7.50° 5.00+1.00° 2.66+0.28° 8.00+3.60°

Values are meantSD(WT, WT® n=10; SB1, SB2 n=3). Means with the different

letters are not significantly different among plants by Duncan's multiple range test at

p<0.05

WT, Wild type tomato, WT®, Regeneration wild type tomato;

tomato; SB2, SB2 GM tomato
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SB1 1 SB1 2 SB1 3 SB2 1 SB2 2 SB2 3

Figure 9. Comparison between GM tomato leaf and wild type tomato leaf.
WT, Wild type tomato, WT(R), Regeneration wild type tomato; GM, Genetically
modified tomato; SB1, SB1 GM tomato; SB2, SB2 GM tomato
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14

Figure 10. Herbicide resistance of transgenic tomato (0.05% BASTA)
WT, Wild type tomato; WT®, Regeneration wild type tomato; SB1, SB1 GM

tomato; SB2, SB2 GM tomato
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V. g 1%z

B ATl otardrH e WS ARESEY] bar RS Edste]l AlzAl A
g EvteEE Jdetdn. 23 Al PPTE 1Img/LE ARESte] st
PPT A¥ % Immuno strip testE® Z3d EvEES 370A Awsidcy 1 &
genomic DNAE F%3to] PCRS &l Fdzte &9l gQlstdh. 18la
A2} copy = &213t7] 98] Southern blotE 338l 3t}. Single copy?l AS

gtelg 37 & RT-PCRS &3 mRNAS ZdS g3ttt 71 5 PAT &4
£ Ab&3te] Western bloto = ©huld W& Slstqlvt. 21 A3 3744 =5
Gl A7hA] A HE RISt 1 Southern blot 43 A3l wel =77
T EvtES olFS& Wit &2 A7]e] W=E dEh= 27§AE SBI, o
g A71E YEl= URAIE SB2etar B e $ 3 A e f= wfA el &3
S BT BE ARS W Aol shlth. FApol A HolAl 7l of Y E
nfE el Ao AEIFAIZ oFAYY EntEE 22 AlV]o] B {F= wjxd
W Fate] 100214 GM EntEe 34 +statqith 409 + EntEe] 7] ¢
kAl Aelel Qle] Adolg ZFAsta, e & Hlustdnh 1 Ad oflY E
vtEeL GM EvtE Fe] BAA FoArt dldv. ofAY EviESL AEsiAlRl
oY EwtE Frol FAA Fexzt AT ol AEs HAdA dojt A
A Hol7h FAYP TS A Aow FZEo) AlxA wraE AE A A
ZA Aol g GM EwET oot oy FAAZFom sy

EvkEsk AzAe) Aol doke AS AFAA
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A2R. AzA AR GM Brie B4 BA

- A 2} & (Genetically Modified, GM) 2H=-2 199619 3-8 A7k Al 2=
ATk GM 2= AujA A2 19961 1707 FEFZ oA Ha} F7hste] 20174 1
9wk etz = oF 112v) F71e et GM &S S5 ¥, Wi b=
Hootuel bl AV spsjof ZbA] A 5 ohFdk &
ESo] Agstsa 9 2017d @A 67/ w7kl A F 2685 F AE9 GM ©

B

HE 476705 o= Au], AF Alsw €52 GM FES A3tz Yrh(Cho

o 12
US)
rlo
>~
=
it
o
SE
o

SOl M= W, F o, A, 3, AY o AEolA AEskE s GM #

A olw Agstol] FaF hdAEIF w3 oy eERE A GM e T =9
Exto] 837t R gtk 20200 @A el A AEE GM

E T AlFdstael A JidE AzA A4 GM 3o 7F FdskA A <
e A% FAPAAZE A EL U AFYGueds o E A F oo
AQ%= HEo] 7 we FIxAYE LoldAl 7] s Streptomyces
hygroscopicus T bar 73 A (Thompson et al. 1987)2 %3+ A=A # A
GM E#t(JG21) oM EE 7|39 i (Toyama et al. 2003), ‘A &} & A & A
o] H7IE olF Foll ¥ WE F LMO @A Ex 10-1¢ wet 2+E 34
G 7EE AHl A& 8 A A THBae et al. 2008; Kang et al. 2009;
Lee et al. 2015a; Lee et al. 2015b; Sun et al. 2010). A=A A4 GM &3t
oM E(JG21) = sHEH|Atel &% nlo =4 dQWE TheAde] Hes wAbel
sAE7bE Sd gjdEAoY oy AEIrES] sEH)itel 9% #ANE Ve
3 A A wep stEnjke] o3k fFHatolE e S Adsty] e =uE Al

Azt FE) AZzA A GM 20 (JG21-MS1) oW EE 7h &9 tH(Bae et

o
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al. 2009; Kang et al. 2019). @A FFd AzxA AIFAH GM E3H oHE
(JG2I-MSD+= 835 fs) A 52l AAbE st flow, A&Hoe 7245

A HI AT FHskL Uk

B Ao M= Streptomyces hygroscopicus r#l e bar wAA7F =9E FF
o AlzA AgA GM ERJU(JG21-MS1) oHlES] ctxAdH e dstor GM

saeq wAHE 9ade A9 delzse] 454 wasar. e

_47_



o. A= R ¥H

1. =A%

H Ao M= Streptomyces hygroscopicus A el € bar -+ AH(Thompson et
al. 1987)2 Agrobacterium tumefaciens®. 2 X&) JutEl A=A A A
GM Zt](Toyama et al. 2003)o] #vhd(¥Co)e zAFSEe] §A4% GM &3
JG21-MS1 (Bae et al. 2009)¥ &7 =24 JG21-MS19] EEFF =3

(Zoysia japonica Steud.) S AF-&3F T}

AAZA H9 IMOAL EFeI A Astgiet. vl AE AFgga 3 ¢
o AsmglA AT Y AU AGLE THNA 99 Apolel AANS

Aeldh. ZH-S Nova-Pak Ci5(3.9x300mm, WatersCo., Milford, MA, USA)S
AL&-3FATHLee et al, 2013).

4, ol AQ AER BA

A zA AFAd GM S|4 W3 E PAT(phosphinothricin acetyltransferase)



A wsie) opulest Bl 35% ol FEAHL A AE WM, 87l
A4 ot Aedo] s ARt P2 EAGTE AAGAT E
@ NCBISl BLAST A4& %3l Az A4 GM S4tlel4 289 pAT @

WA 7)E Hael 4EA onE BAsd.

o AlzA AR FAAD bar FAATE = A S (JG21-MSD el
Al genomic DNAE #&3t3l o]& FP2 2 PCRE T3t bar F+3AE &
293 v pET-30a(+) HHo| =YetAtt bar #AAE =43 T WHE =
E. coli BL21(DE3)o| && A 3}+s}31, kanamycin®] 100mg/L= 3 71%¥ LB A uj
Ao mEsle] YA FEYUE AEst o5 PAT ©ide] 3 2 A A9

i

o] &3ttt PAT wuldel wd S §%37] 93] LB AAwIA 5mLo o) &

cell stock 50pl, kanamycin 100ppm< %1 37ColA 200rpm o = overnight ®j

[0

FatAdh st b wi gt vl S kanamycin 100ppm= #H7FsE LB A
17 100mLel ImL# 93, 37°C, 200rpme] A4 247k wjekabsieh. 1 v
FAE 28TolAl 30 wigst & IPTGE ImMo] S =5 FH7bste] 5A17F a 43}
o] PAT ©@¥de] BdS F=6iith PAT duide] wdo] e wMdd=
50mL# tubedll #F3F thE 4TelA 3,000rpm o= 10w3F A2kt 43
< W3 resuspension buffer 20mLE Yo A@EeATt 14 v AdE &
Hol imidazoles FHF s E 20mMo] S %=E FH7}ste] pulse on 10%, pulse off
!
AP FE tubeE AAF I, columnolE Ni-Sepharose 6 Fast Flow (GE

Fl(‘

FoF Tl A columnol

ol

50% &2 5%-7F sonicationd} 1. SonicationS

Healthcare Life Sciences) 2mLE %13t} Sonication 4H&E2 4T, 13,000rpm



o 4 10%7+ AAEst AHS A FEZ 27 e, AAE columnol apply
ST Apply 3 AZE &do] # o Al o3t T, binding buffer 10mL=
washing3l3l, washing buffer 10mL=Z 3+ ¥ © washing 39t I1¥ t&
Elution buffer 10mLE %3l columnes S343 HAE ImLA tubed =FH 33
o BHAT 2 AA S 280nmellAd FREE S5l v=E SAU
A280=1 & ® Img/mL= Atetdvh. &% 54 F 05mg/mL o4l & vk
Lo} PBS® 33 FAdte] FAZEE o A AAE o ey

Aol AT W A ARl BHAY Ao Abgsc

Hgatell Al AT PAT deido] s H7bskA &2 ¢1-89]<4(0.084M HC,
3bmM NaCl, pH 1.2)¥ S 7k 39199 (0.084M HCl, 35mM NaCl,
0.32% pepsin, pH 1.2)& zZtzt A &8t A7+ A yo] wE PAT vz o] ¢kA
d& SDS-PAGEZ F3to] 430tk AAe PAT @A (Img/mL) ZF 300ul
of 37CollA of 5%t Aujdd WAS H7bskA &2 desdad FAES H7t
g AT AE Zzh 300uL® FH7kskel 37TCelA 603t WAl AT Zh §hg-of
oM e] A& 0, 05 1, 5 10, 60 Z+z} 50uL® 2 F ke ¥+-8-4 A 24[0.12M
Tris—HCI, 20% glycerol, 5% B-mercaptoethanol, 4% SDS, 0.04% bromophenol
blue(pH 6.8) and 0.09M NaOH] 50uL.E vlg] Yo & 15omL FH Hof & &
et & 95Tl A H5wgE WESAIZ v ZFZ; 20ulA S SDS-PAGE &4 A&
At SDS-PAGE®l ¢l #2ld @A E2 Coomassie Brilliant Blue(CBB)
2 GG T 75% oA EAL Sadlom walsle] PAT wuld o] <139 ool A

4

o

7. PAT 9@ & 9] glycosylation 9% 7}

JG21-MS1 #tjef A e PAT T do] dsk(glycosylation) A Fd&S
dH oz Fmatr] YaiA JG21-MS1 ZrrjelA PAT whiladS A A ste] got
Hood A A sl WA GM oAl PAT @S A7) el

=

>

T,
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A D oA ZH S A ZsE T PAT A (Rabbit polyclonal antibody)+ o %
ol A AAF PAT @uide dQoz @YgAdzddeofod o ste] A 2ksl3la
dAZE rabbit anti-PAT #FAE o]&ste] FAZRES Azt FALH
PierceAl2] Kit (Pierce, product number 44894)E o] g&3dlo] A ZAFS] w7 o
upe} Azpslar, o] FAZHES AREstel GM FH 2HE PAT ©@iidS AA
stk A PAT @izl A £ wo] o F(glycosylation)= Glycoprotein
Staining Kit(Pierce) & AH-&38ko] Alz=Ale] vwiir ol wheh &4 & it

8. PAT 9 A9 a3l AFFEA A4 H7}

D a3 475 5A4LE AdEZ A=
@3] AoFo]l SAAAES QA G AT AT AP s e o F

Sho] BT B AHL “ofop

BEAGYSAGAEADG AP s=4H sETHALI]TACUC) &l =<l
AtHEA M 5 DGMIF-17092102-00). A5 A3 ®3dx 2= PBS H 7}
Q
[

AL Ao FAlE PAT @Wlde Fo 8¢ A FAE SHste] Fo
5

gl R@AC] 347 A% A% F 343 B AW IR E FAfPL Fo
AF AZA 2-8Ce] WA mEE F R AW Lo ARd AHz me

At

IVCA ] A (391Wx199Dx130H mm)ell Al o] AF 5-6v&| ¥ +&
SR, A7l = AolAT bvtelE EFste] Alde AAsEAT AbsA =
2

33T 2 FASA L A FEs 55410%, 7355 10-203] /A3, WA

401'

71 12412/ 4(07:00719:00), &%=+ 150-300 lux® A8ttt vk Ats &

_51_



iy
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=
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HEE
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4431
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2,000mg/kg, A @& & Fa(GA)ol

—

NV
o

R

A

il
s

Bt

—
fite)

o
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Table 19 A|A]3

=
=

L

|

—
=

7 JG21-MS1

4

3L %
E’—Eo

ol
o
!
i)

|

=
=

o} REZ3 JG21-MS1

[e;
)

3

shel A4

= Axk

g FFo

100g

%

o

B

el
o

!

REZH JG21-MS1 &%t ¢

FtH(Table 1).

Age]
& AR

% Eo]x] [e23

o %

[e)
IT

ol A

A

3

il

asparagine®} glutamine

o=

2 alanine°] 77} 10% o] o =2 ol 5o 9L, tryptophan 3ol S

544 Bk JG21-MS1 3t 7b ofn|

zdoll= Aol 7t

/1\1,

W} GM E709 non-GM Extt] 7he] ofu)

Ao 2 e TH(Table 2).

ol

-
1
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Table 1. Proximate compositions of herbicide-tolerant GM and parental
non-GM zoysiagrass

Component Parental GM
Calories (kcal/100g) 376.50+£3.79" 378.41+5.10°
Crude ash (g/100g) 8.10+0.60° 7.82+0.86"
Carbohydrate (g/100g) 79.83+0.82° 79.07+1.65°
Crude protein (g/100g) 10.28+0.90° 11.16+1.25
Crude lipid (g/100g) 1.78+0.33° 1.94+0.44°
Crude fiber (g/100g) 31.47+0.50° 29.88+6.47%

Values are meantSD (n=3) of dry weight basis

Values with the same letters in each row are not significantly different at p<0.05 by
t-test
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Table 2. Amino acids contents of herbicide-tolerant GM and parental non-GM

Zoysiagrass

Amino acid (Mol %) Parental GM
Cysteine 1.91+0.23° 2.03+0.22°
Asparagine 13.48+4.75° 11.86+1.94°
Glutamine 11.70+0.63" 11.37+1.09°
Serine 6.1540.63" 5.96+0.55°
Glycine 9.11+0.94° 9.13+0.72°
Histidine 1.66+0.19" 1.59+0.17%
Arginine 4.18+0.24° 4.00+0.19°
Threonine 5.09+0.50° 5.20+0.47°
Alanine 10.41+1.26° 10.77+0.33°
Proline 6.04+0.34" 5.87+0.53°
Tyrosine 1.96+0.30° 2.01+0.08"
Valine 6.49+0.75° 6.52+0.13"
Methionine 1.734+0.10° 1.81+0.14°
Isoleucine 4.3140.32° 4.7140.62°
Leucine 8.25+0.70" 8.84+1.36"
Phenylalanine 3.81+0.52° 4.254+0.99°
Tryptophan 0.00+0.00" 0.00+0.00"
Lysine 3.73+0.86" 4.11+1.38°

Cysteine, cysteinetcystine;  Asparagine, asparaginetaspartic  acid;  Glutamine,
glutamine+glutamic acid

Values are meantSD (n=3)

Values with the same letters in each row are not significantly different at p<0.05 by
t-test
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2. PAT @949 &g =4 7154 H7}

SAEAe] A= 7hed Ave dades HAFE AEAR tolEH o

(

22 o] &3 7MAAE (in silico study)dll &]EFTE B XAl A= Bwe A7)

of oal del olg¥i Qb A=A obmnit Ad ABA P LRI

o A2 35% olde] AEAHS HolA &fon (Figure 1-A), &d=7
FAAR7E UEhdlE A& 8 ofnx=Ata dAste AEE s A &
skt (Figure 1-B). wWEbA bar F2 A9 W AE<9 PAT o9 a2 7]x 9] &

deds FrHor §A40] glone Seelor Bew bl v u

oot

S oz dddEn of9f 2 PAT whido] i kg7 ojv] 3

0

GM =349 ¢ =48 BEEF 39 o 243 fFA HANSS Bt

(Lee et al. 2015a). ®3F, PAT T o] on|x=it XNEH 7]E =4 o4t

Ao FsAs #AA% Ay P& PAT @23 #d ¥ phosphinothricin

acetyltransferase, acetyltransferase 59 T4 9} olv|w=at A AEAdo] EHA

LR, e saeko] Fou g A HAAEA Zdth(data not shown).
5]

oldel Adt= AxA AFAH GM oA EEHE PAT @ dL de=4 3

58
rlo
e
1=
i
e
)
it
B
rlo
ofl
)
X
i
X
i,
2

o,
N
ofl
)
N
o
lly
o,
e
1=
i
lly
o,
e

dadog #gsd 7eAS =ol=d 7193t JtH(Jenkins et al. 1996). o)
2ol de=2Ay a9 F3Hglycosylation)= Z@ FElol= A 2l¢] ofAutz}
2o N-glycosidic 23%< 3k 3o]H, N-glycosylatione ZZHEFo]= Ao
Asparagine-Xaa-Serine/Threonine (Xaa ¥ Proline ©]£]¢] ofu]:=2hujd o] o}
23tepl 7oA dojdth, Ay AEe =Y® bar FAA e
PAT wulz o] ofln =4t wjdo| = &7 @3} Abo] E(glycosylation site) 7}

S0l HauwEnl Joh(Herouet et al. 2005).
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2 Ao A= JG21-MS1 oA #d g PAT il do] I3l A] Edss
A ow FHsty] 918, JG21-MS1 ZvjelA PAT @elds gAgte] Jhy)
A A¥S FIPeAtHFigure 2). L A3}, Positive control® AF&3H
Horseradish peroxidase= bpg @&}, 29 lane) 1pg(3, 3¥ lane) E 5ol Al &A1
Ho] GekwEels el 4= ¢ldal, Negative control® A3 Soybean
trypsin inhibitor(#, 4-5¥ lane)E= GAo] WX ¢ro} ki o] ol d S FHeldh
T ATt JG21-MS1 o)A A A e PAT @A (F, 8-9¥ lane)S Negative
control® A}&3 Soybean trypsin inhibitoro]l A ¢ ZA 3o} o] A ME A ekgkr)
(Fig. 2). ¥ A2 HEH JG21-MSlolA @& sk PAT w@il A2 glycosylation

el 5 AT

(o]
=

SISty

&
o
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A 80mer Sliding Window Search Results

Database AllergenOnline Database v20 (February 10, 2020)

Input Query > PAT protein from Streptomyces hygroscopicus
WSPERRPAD| RRATEADMPAYCT | YNHY | ETSTYNFRTEPQEPQEW TDOLYRLRERYPUL
YAEYDGEYAGI AYAGPRIKARNAYDRTAESTYYY SPRHOAT GLGSTLY THLLKSLEAQGFK
SYVAY | GLPNDPSYRMHEALGY APRGMLRAAGFKHGNWHOYGFYOLDF SLPYPPRPVLPY

TEI
Length 183
Number of 80 mers 104

Number of Sequences with hits 0

No Matches of Greater than 35% Identity Found
AllergenOnline Database v20 (February 10, 2020)

B> PAT protein from Streptomyces hygroscopicus

number of 8mer = 176

Number of Sequences with at least one 8mer match = o

Figure 1. Amino acid sequence identity of PAT protein from Allergen online

Database.

(A) 35% identity with known allergens across a length of 80 amino acids; (B)

Continuous 8 amino acids identity
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M PC NC JG21 JG21-M51 M M PC NC JG21 JG21-MS1 M

1 2 3 4 5 6 7 B 9 10 kDa 1 2 3 4 5 6 7 8 9 10

100 >
n>

50>
37> -

25>

Glycoprotein Staining Coomassie Blue Staining

Figure 2. Glycoprotein staining of the protein purified from GM zoysiagrasg

events.

M, protein size marker. Size of protein standard (kDa) is shown at left (lane 1, lane
10); lane 2-3, Horseradish Peroxidase as positive control (lane 2, Sug; lane 3, 1ug);
lane 4-5, Soybean trypsin inhibitor as negative control (lane 4, Sug; lane 5, 1ug);
lane 6-7, Purified PAT protein from JG21 (lane 6, 10pg; lane 7, 1lpg); lane 8-9,
Purified PAT protein from JG21-MS1 (lane 8, 10ug; lane 9, 1pg). After the

glycoprotein stain, the gel was stained with Comassie brilliant blue
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3. PAT @i a9 AFAAoA 9 38 H7}

=

AR=HY JG21-MSlol =€

o]

} 3 tH(Figure 3).

o3

o

og w2

™

O_

1

3]

\.—_mﬂo

e

~

=]
=

1

4 GM XY (JG21) oMl Eof &

&}

% 93 (Herouet et al. 2005), Al A A

Mo A o] B4 7}l A

o Q14

A HSun et al

2010).

(JG21-MS1)ol A
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kDa

75

50 :
<— Pepsin

37

25 < PAT
20

Figure 3. SDS-PAGE analysis of PAT protein after digestion in simulated
gastric fluid (SGF).

Purified PAT protein was incubated in SGF without [lanes 1 (0 min) and 2 (60
min)] or with [lanes 3-8 (0, 0.5, 1, 5, 10 or 60 min)] pepsin. M, protein size

marker. Size of protein standard (kDa) is shown at left
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4. PAT 9949 ©3 375 54 37}

}o] PAT o

)

oNM= ¢k ICR vh-25 o] &

!
ey

)

il

o

2,000,

FiaL(Table 3), 7o 19 Aell= 304,

)

1,000,

mies

470

4000mg/kge] &HoE ©3] HGF

=
o

bl ot

)

s

== [e]
S

below, 79 27 o)

)

#shalo,

il

o
I

Qly

f3l(Table 3),

2
(4,000mg/kg)= *E

or

FAl @ Sktk(Table 4).

8y

-
1

Tl A AP A

ok okth(data not shown).

HEEA

S
T

%

o)
o

)

Tor

S
T

] A} % (minimal lethal dose)

E

19] ICR vh-Zo theh

w, PAT oy

o

m_a

d
=
3

[e]
Ae BER

uy
3l

o2 Uesth PAT ©

}

;OL

oF

ojrt Q1A

S THEPA 1997; Herouet et al. 2005; Jeong et al.

ol

2004; Lee et al. 2012). o]+ PAT

) (JG21-MS1) o]}l E ol A 9]

4 GM =

&}

3|
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bop, wEb A A A A

e A

_62_



Table 3. Body weight changes in male and female ICR mice after single oral

administration of PAT protein

Group Body weights
Sex
(Dose: mg/kg) 1 3 7
Gl (0) 34.84+1.42° 36.41+1.63° 36.17+1.52°
G2 (1000) 34.2542.12° 35.4942.17° 35.9442.19°
Male
G3 (2000) 34.47+0.79° 35.264+0.93° 36.33+0.88°
G4 (4000) 35.16+1.33° 35.94+1.17° 35.98+1.26°
Gl (0) 29.96+0.86" 29.60+0.93" 30.23+0.90°
G2 (1000) 29.94+0.62° 30.94+1.22° 30.49+1.24°
Female
G3 (2000) 27.84+0.70° 28.05+0.87° 28.95+1.11°
G4 (4000) 29.86+1.30* 29.95+1.53° 30.98+1.84°
Body weights (g/day) are meantSD (n=5). Means with different letters

significantly different among days and doses by Duncan's multiple range test at

p<0.05
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Table 4. Clinical signs and mortality of ICR mice after single oral
administration of PAT protein

Group
Sex No. of animals Clinical signs  Mortality (%)
(Dose: mg/kg)

G1 (0) 5 - 0

G2 (1000) 5 - 0
Male

G3 (2000) 5 - 0

G4 (4000) 5 - 0

G1 (0) 5 - 0

G2 (1000) 5 - 0
Female

G3 (2000) 5 - 0

G4 (4000) 5 - 0

-, No abnormal findings
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