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Abstract

Agrobacterium—mediated transformation
in monocotyledonous plants

Nishiguchi Satoshi

Department of Agricultural Chemistry
Graduate School

Cheju National University

Advisor : Prof. Lee Hyo Yeon

Monocotyledonous plants including many species are food and economically
important crops. Recently many kinds of functional genes were transformed in
various monocot plants through Agrobacterium tumefacience. In the present
study ABF3 and human lactoferrin genes are transformed into rice (Oriza
sativa L.) and oat phytochrome A gene is transformed into zoysiagrass (Zoysia
japonica steud.) through modified and improved method of Agrobacterium—
mediated transformation.

ABF3 gene has the function against environmental stress. In this part over 30
transgenic plants are established. Among tested lines, all transgenic plant
shows 3:1 segregation ratio in T; progenies. The transgenic plants showed
higher tolerance than wild-type plants against cold stress.

Human lactoferrin (HLF) is antimicrobial compound of breast—fed infants. HLF
gene is transformed using herbicide tolerance gene (bar) for plant selection
marker. In this part over 40 transgenic plants are established and confirmed
stable gene integration and herbicide tolerance. Transformed HLF gene 1is
stably inherited to their progeny and that protein is expressed in progeny
plants.

Zoysiagras (Zoysia japonica steud.) takes much cost for weed control and
mowing to manage beautiful grass field. For suppress shade—-avoidance of the
plants, oat phytochrome A mutant gene is transformed using herbicide
tolerance gene (bar) for plant selection marker. Integration of gene and

expression of protein in transgenic plants are confirmed through molecular



analysis. Oat phytochrome A mutant S598A gene transformed plant were
shown higher suppressed elongation than wild-type plants.

Through this investigation, several functional genes are transformed at one
time successfully using modified Agrobacterium—mediated transformation in

two species of monocot plants.



42y A ES FPACE Ta% A= S, 8, By T A8 A=
Sorghumo|t} #po] 1et=F T ALEAE, X245 olA o]&% %= 3ty
o] 9t} 1 Fol A= 5
ow FHto= 22k AES AdFE A% 2E AEZA Wel o]&¥ i Ut

Agrobacteriume ©]-83 o] FARFo] JFH o] F(Hiei et al. 1994) B
& FAATE GA] AEe] E=dHo] sHPAeR THA v FEAS AEA
7} o A E Aot (Isida et al. 1996, Cheng et al. 1997, Tingay et al. 1997, Lee
et al. 1998, Toyama et al. 2002). E3] A=A WA =55 (Byer Crop science.
1998), 3% #3d4 =44 (Syngenta seeds, Inc. 1996) 52 g oz gy

Au) o] ok @A AujE = A=A WA, i AFE T BHA

0O

F 4B FYAOR FOT FAS AFT AR FHIEFL BAAA A
Aulg AR, EFede Au FHF /b 5o ENE 2 F YrhUames,
2002). °Ish o] HANE HARE] P AES ol AT WHoR Awy

Noy Holl= A, &, ot B AZAE T AR &S FES R
S JWgsts WEeE A7 JAHA v (Gandikota et al. 2001, Lewinsihn
et al. 2001, Dandekar et al. 2004, Park et al. 2006). T3t 2] & Z K E 2 7tol A
dagt & 54 2 oOFFs UF Ailste Vex dAAS A5 A A
=3 glth(Huang et al. 2002).

2 A 99 AEY A AEA do] Fag AHAA ¥ 2 &
Ao HAHSS AEdth B genome d4o] 28 % o](The rice full-
length ¢cDNA consortium. 2003) 22 2524 924 29 A3 AT
gy o]&5 3 o (Dong et al. 1996, Lee et al. 1998, Yara et al. 2001, Oh et
al. 2004) A=Al webA] FAAZ &0 B Zo|7t k. B A 7S
o] AHE WS skl ABEF3 9 human lactoferrin f4AE Hof| g4
gete] A EoA AAHom TJ]EseEAE IARSSITE Abscisic  acid
responsive element binding facter & 374 2E# 2~ AIdAHS e F41A#F
2 tpekst Al Exjo| A Arabidopsis (Choi et al. 2000) oA 293 ABF3F4
A= Ful(Kim et al. 2004a) A3, Agrostis mongolica (Enkhchimeg et al. 2005 :
2006)° == 34 ~EHX APAFS YER AT T3 Human lactoferrin
(HLE) Abghe] Epoll Wol L3ty = duld=, ghgt/ido] lojx mgzo] of

St frols WY orHE A7]&= 7]F°] Ado(Lonnerdal B et al. 1995) QAZF
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genomeo| A F24YEo] Ful(Mitra et al. 1994, Salmon et al. 1998), 7=}
(Chong et al. 2000), indica W (Nandi et al. 2002) 5ol =% AHo] ®W ¥ rc}.
wba] E o ol A= japonica Wl FAAE =93} human lactoferrin ¥+
Aol WS FAls T

Ext] o] Ag-oll= Wt & Agrobacteriume ©]-83 FAHE A7t Hol
egeo] oA dom, I a&% ¢ w2 Ao R Huso] gIti(Toyama et al,
2003). wetA, HolA AER FAAS 7S NEFste] 309 Jdde &
& AR e =dE o FAAE ExH e AE oA AdHow i
det=A5 AT 4
FeolX S29E FA1E dd FARE A5 JNFste] e oR A=
2AFE gAstE 545 7FA JtHKim et al, 2004b). & "AEHE X
sl Aol skl A Hol ZJHztr)el St solu AlR|Fe] FTFeHAl
Hoj Waj= ALt mebd S3Hd A4S AA 71 flA oat
phytochrome A mutant §d32 Tsla 1 G429 7]%50] ztoA HdH

=Ag 245

+=2% oat phytochrome A mutant 4 A=

AL



. Agrobacterium < ©|-83% W< ABF3 F3A =

Aol AAlEt, AxY AL 12 AE A st
e A E T2 abscisic acid (ABA)] §X7} S718te] o8] 71A $74 Z
2o "kg3ltiar 2 A tHZeevaart and Creelam 1988, Leung and Giraudat

1998). 74 A& wbgol  ¥olsh= ABA-responsive gene®| (HEE
transcription factor ©| ¢J3] A%, 1 F sl ABF3(ABA-responsive
element binding factor 3) % #7} over-expression @ 4% Ax, AL, L&
of gk Aol F7tsl= o= 4 A $kth(Kang et al. 2002, Kim et al.
2004a).

2 Aol &3 2EdEd A3AE 7kl BE Jidstr] $ske] ABF3

FARE ol =deta, 2 5L AT

A8 A5 9 callus &

B Ao Alg¥ W (Oryza sativalL.)© 3= FHE-A| oA dubd oz A u)y
1 JE X EFFE ol&stt. FIE AAS &= TAE 70% ethanolZ 1
7F wHksk & Tween 20°] 200ul/L 371 4% sodium hypochlorite &< ]
Yol 15&1r wwtate] 3 Avts itk A e TAE BasER AF
ko] N6 callus induction BiA|(Table 1-Dell x7dstadtt. 2435t 25 25T,
AL Fxdo=m 5 B 7 7P w3 owli H AGES £t R 27
callus®}, 35F7F w3l Extol A F =4 callusE 2d A8z ALE3e] ZHz 3§

Kl
AAREE v wsY,

Vector @ Agrobacterium W%

ABF3 4AA =] AFE3F vector:= binary vector?l pCUM-ubi:ABF=
T-DNA 5o =<5 polyubiquitine promoter?} ABF3 FHAA7}F A& 3
th 1 9o A marker®A4] hygromycin phosphotrans— ferase (HygR) %
A % green florescence protein (gfp) A}, B-glucuronidase (gus) +3 A7}k

23 Ho] ArHFig.1-1). pCUM-ubiABF7} E9% o] ¥ Agrobacterium



tumefacience EHA105% kanamycin (100mg/mD¢} rifampicin(50mg/ml)e] %

7hE ol = LB iAol A 28T, 2043t &<t vl kAT

ekl

Agrobacterium 7+

Kanamycin(100mg/mD ¥} rifampicin(50mg/mbe] #7}= o] d+= 5mle] LB Hj
A A A& AgrobacteriumS QA #& AAAZTH LB HIAE A A &
30 mg/Le] acetosyringone(3,5-dimethoxy-4-hydroxy—acetophenon, Aldrich)
o] ¥ty o] gli= 10mle] N6 RSP(Table. 1-1) HiX]o] FAlollA F=¥ callus
£ °F 1& %t Agrobacterium®] ??i%@%‘oﬂ A A she] 7FAA AT, AEH callusE
Had AHAR oo FES AT F N6 co-culture HiA|ol 2]7dste] 10

5

A 7F 25C 9 FxHA Agrobacterium? 35 vl ¥sl3it)

Agrobacterium A7

109 7+ 25 g3t callusZ25-E Agrobacterium= A A3 Y1814 callusE
T2 AAS S carbenicillin 500mg/L7F 37Hd Bd5= QA A3 filter
paperZ &9 FEE AANSH. FEE AATF callus E FX=
carbenicillin 250mg/L7F 78 N6AE 8] A](Table 1-1)o] XA+l 25T 2] 24
A ZE FxANA 15 2F vt

FAAE AEAE AT A717] Y84 50mg/Le]l hygromycine] 71
shoot % #iAel Agrobacterium®] AAR callusg 7438kl 25T, 24417k
FxAd A 3-47 b widErloh. Aolu w9t 4 co-cultureE g
callusi= o] @AlolA A 2 wi{F-E A ASF] callusi’HE shoot % HjA] o
2SR, CallusZ2 58 %% shootE 50mg/Le] hygromycin®] F 7} root
T v Aol Adetal 1~2704d FQt v ket lth. WA Q1 shoot$} root7} i
H AEAE EG] o] 24doA AfulEtaltt

Genomic DNAS] &
2 AeA ARg¥E ®E DNA FEF2 Liu(1995) el wet gakqich
200-300 mge] & dA AAi= w4 FH8) 800ule = buffer(0.3M NaCl,
0.5M Tris-HCl: pH7. 5, 20mM EDTA: pHS. 0, 0.5% SDS, 5M Urea, 5% phenol)

of Yo 2z &39kdt o FZ buffer?t %2 phenol/chloroform/isoamilalcohol



12000rpm, 5 min)3s}

& (A,
ZF 99% ethanolE 2ol &3t A&% DNAE
Al 12000rpm, 5 min) 3}

2023t ankagict. 4]
= 1,

oM
0% ethanol® A A3t FAE2(
AZA AT DNAY pellet2 0.01 mg/mle] RNaseE E3Hsk 20

X
=
-3

A = A
ule] 1xTEbufferel] &3l3t%ith.
FZH3 259 PCR &4
X1 (polymerase chain reaction analysis, Mullis and Faloona, 1987)2
hygR 5°] primer?! (5"' -AGA-ACC-TCA-ACC- GGT-GGA-GAG-TG-3"')
(5 ' ~-GGA-GTC-AGA-TCA-GGT-GAC-ATC-TGG-3 ' )& A&-3t3ith PCR

%, annealing 55C

CR &
(5" -AGA-ACC-TCA-

P
%
5
5

pre—denaturetion

94C 4% 7t pre—denaturationd ¥ denaturation 94T 30%
45%, extension 72TCeolA 30% 7+ 35 cycle 395} t}. post elongatione
primer+
45

72TAAM TE %t WFARAY. ABF3 59

ACC-GGT-GGA-GAG-TG-3") (5 -GGA-GTC-AGA-TCA-GGT-GAC-ATC-
PCRE 94T 7k

denaturation 94°C 45%, annealing 56 C 50%, extension 72Cel|A 1& 30%

post elongatione 72Col| A 78 WS A Z T}

AFgHeie,

o

o]

XA

TGG-3")=
oF 35 cycle 33t 1 *
PCR AFE& 0.8% Agarose gel oA A7) gE3dte] == Felstyic)

Genomic DNA £ BamH 1 .= A g 3te] 0.8% agarose gelo 7|9 &3 &

Southern blot £4]
nylon membrane®] AAAFH . Hybridizatione Southern(1975)

AHE 839t PCRE ZZA)71 ABF3 probe DNAE [a-32P]dCTP&
o =Fshath
S )

o X-ray filmell 24A|17F &
A% ToAd el AEAE GMO A x| A Aujst & g Ho=
o] &3t TiAltHeY &+
% 50mg/L hygromycin

§l.
T At 73 &4
ABF3 @ dHA
A FAE FEE U9 5AFY AEAE
atalth. Fge 24 Alse] FAe] F9E AlAN datg
o] gfr=o] = 1/2MS wjAe] FAE X|/dekqlth. 25 F hygromycindl] o g
eSS Uetde AASe AFA MASE SAHE BenE CEAS ol &3
skttt



2EH2 AP AF 43

ABF3 57327 =98 323 A5 ofdg e §31 B9 FAE 1/2 MS
Hj Aol vlgate] 25T, FZRAdA 108 3t sttt fEE ESlA 38
sto] AR RE ALEEAT. A2 REHA AP AEL 4T, £% 50%9]
oA 6AZ Aule F, 52U FoF 220 AEAI FFHoR FHEE=A

At

EN
P

r
i

AHEE 240 mE PAHSE
Callus % A& Agrobacterium tumefaciens® A 171 % 50mg/L
hygromycing X &3t wj=|o x]73to] oF 1709 7t v g3l shootE =33
tHFigl-1C). §%=% shootE 50mg/L hygromycin®] £&%H MS root %= HI
Aol X3k A3} oY A= A5 AWste] AR
BT 7t FEEE Aol AT 1 A callusel FHAITIE W
sherol AY Fds ALY ot A UEEH
(Table 1-2). CallusE fr=st=dls 377 22X g, FAo ZAAZL H o=
5~7dzZre] Wi¥Ce = Agrobacterium O] 7hestr] wEol ARte ¢

(e}
A

f,j
hf) 0.91'4
i)
Y
[-4 (
1>
oL
2
£, 1o

o\
_>|i
o
)
o9
>
Y
o
i o
ofl
e
2,
ol

PFAAE 25 EHE 732 AF

Hygromycinel A 345 7HA= 48 A=Aek ofdd 249 o5 =
# DNAE hygR primerg ©]&3ted PCR &A% A3, ofAE AEANAME
band7} HAE5#] FdAT FHAAS AEA A= oF 1kbpe] Al band7} #
=% A tH(Fig.1-3). ABF3 primerE ©]-&3to] PCR #415 3 23, ofAdd A&
AZHEEHE band7F AEH A LPAT FAAZ AEAZHEHE 9F 480bpe 4
Aol band7b HEHAHFig.1-4). o3 d¥= FAdL W A4 DNA
el hygromycin A3 422 ABF3 5447 Add AS S 9

3t genomic DNAS BamH1E #&]8}il ABF3 probeZ ©]&3}e] southern
blot &A1& A% A3= Figl-59F 2. Co opE A =Alol = band7} 3
S A FUAIN lanel-49] EE FAAS A=A M= band7F HEH A



P L EEEEIER

ARG AEA Y T AW FAA SRlE & 3
o] g7} Yelstth(Table 1-3). Particle bombardment 52 d2HAEHE o
|Ae 45 A FHATE 944 DNACY Zé):}ﬂgi “O‘QX] LAY, AR
b 55 A= A8A DNA el s A97F ol Foi=e] 740
menderism®} ¥ X|3HA] F= A= 9}1:}(Dalton et al. 1995, Altpeter et Al

2005). 28y Agrobacteriums A3 FAANLE FEHE AUJHE FHA

>
rot
itn
&
Sl
i
)
o
2
>

7V Az, dAA DNAo|l AAAH o=z Addu= AHol i Gustavo et al
1998). & AFeAE FEAAE SEEO AYE A= FR1HA ol
menderism®| webA] o] FAA7E FAE = Slo] ghlE AT

A sEdZ AYS § AT of4P ARE AL HEYAE wWol wAA
} ggel oAHYA, FAAH HBAL A0 Y Aol FAN

OHFig. 1-5). W= A2l 3 Hzolunz 53] FgxoA A =

el g ol 2 ISE den U AT ABFS A7 =99 34
A% HE 4T A% 42 240] FaiE Wol WA &L, FAlol PP udl

HIglA 3= wE Zoz ARHAY. AT7tA ABF3 #AAY =U2
Arabidopsis (Kang et al. 2002), “45(Enkhchimeg et al. 2005) B3] (Kim et al.
2004a) E¥(Kim et al. 2004a) A3, Agrostis mongolica (Enkhchimeg et al.
2006) ol =dHo] 84 zEd 2o dis] AFAHS vt Radde. w
ghA] ol gt B FE S o FHV| W HaE o= Ax 55T F
UE TFeAE BT Aol AztE



Fig.1-1. Production of transgenic rice (cv. Dong Jin) 7
(A) Callus induction from mature seeds (B) Co—cultivation callus with Agrobacterium.
(C) Shoot regenerated from transformed calli on medium containing hygromycin

(D) Transgenic plant growing in green house

Fig.1-2. Transgenic Tgand T; plant in pot

(A) Transgenic Ty plant (B) Transgenic T; hygromycin resistant plant.

10



480bp —™

Fig.1-3. PCR analysis using hygR gene specific primer (A) and ABF3 gene
specific primer (B) for transgenic of pPCUM-ubq::ABF3
M: marker ladder, P: plasmid DNA, C: DNA from non-transgenic plants, Lane 1~b:

transgenic plants

Fig.1-4. Southern blot analysis of ABF3 transgenic rice.
C: Control 1~5: Transgenic plants. Genomic DNA digested by BamHI and hybridized

with bar probe.
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Fig. 1-5. Cold stress test in transgenic and wild- type rice plants

(A) Wild type plants (left) and transgenic plants (right) after 5deys in green house.

(B) Leaf of wild-type plant with frost injury (C) Leaf of transgenic recovered from frost

injury

12



Table 1-1. Media used for tissue culture and transformation of rice

(Oryza sativa L.)

Medium

Composition

Callus Induction (N6CI)

Agrobacterium culture

(LB)

Co-culture (co-cl)

Callus growth &
Agrobacterium elimination

(N6AE)

Selection & shoot

induction (MSSI)

Root induction (MSRI)

N6 salts & vitamins, 2mg/L 2,4-D , 100mg/L myo—inositol,

30g/1 sucrose , pH 5.8 , gelrite 3g/1

10g/l Tryptone, b5g/l Yeast extract, 5g/l NaCl, 1g/l

N6 salts & vitamins (Ca-free), 2mg/L 2,4-D , 30g/l
sucrose, 10g/l glucose, 120mg/L betaine, 50mg/L

CaCly2H20 , pH 5.2 , 3g/l gelrite , 30mg/L acetosyringone

N6 salts & vitamins, 2mg/L 2,4-D, 100mg/L myo-inositol,

30g/l sucrose , pH 5.8, gelrite 3g/1, 250mg/L carbencillin

MS salts & vitamins, 0.5mg/L NAA, 2mg/L BA, 15g/l
sucrose, 30g/1 sorbitol, 4g/1 casamino acid, 0.5g/1 L-proline,
pH 5.8, 3g/l gelrite, 250mg/L carbencillin, 50mg/L

hygromycin

MS salts & vitamine, 30g/1 sucrose, 100mg/L myo-inositol,

pH 5.8, 8g/1 agar, 250mg/L carbencillin, 50mg/L hygromycin

2,4-D, 2,4—-dichlorophenoxyacetic acid; BA, 6-benzyladenine;

NAA, a—naphthaleneacetic acid

13



Table 1-2. Effect of transformation using callus with seed for co—culture

Tissue used on Seed No. used for Produced transgenic
experiment inoculation plants
callus? 16 16
5daysP 10 16
7days® 10 16

? 3 weeks old callus without seed and shoot
b5 days old callus attached onto seed

¢ 7 days old callus attached onto seed

Table. 1-3 Segregation of hygromycin resistance in T progeny

Plant line  Resistant progeny Expected ratio x “-value? P-value
Line 1 5 0.2 3:1 0.002 0.99
Line 2 14.6£0.77 Sall 0.143 0.72
Line 3 14.3+0.82 $EL.: 0.029 0.89
Line4 13.9£0.71 Sels 0.212 0.64
Line 5 13.4£0.85 311 0.018 0.88

2 x ?-values indicate significant fit if the expected ratio

Each value represent mean *S.E. of three replications.

14



. Agrobacterium < ©]83F ¥9] human lactoferrin X}

=)

Lactoferrin< transferrin/9] iron-binding glycoprotein®] dFolm E3] A}
2o RFo a1y ER £A3F= human lactoferrin(HLF)2 f-ole] HA#HS =
AA71AL "I FE 2AAY AxY S FXlekes AEs o H2
A4 s ol &ste] QIxEY w@HEQl HLFE AEAEy sEAEe 2
& o] W A7) = Ayt wol dle 4] gkl baculovirus systems ©]-&3} 7

W(Salmon et al 1997) Aspergillus oryzae®= W& A7l AF% dtH(Ward et al
1992). 18} Aspergillus 258 FE @l 2 152 AAeh= Ao &
stal 54 HAAE Basty] wiiol A8l =4 Zth(Lonnerdal 1996). &=k
A A= ol A A= HLFSY drd o] 0.1%= w9 wEdth(Mitra et al
1994, Chong et al 2000). Indica W<} 2 @A 2ES 49 particle
bombardment®} - E9°]% 3 promoterE ©]{3Fe] HLF w2 S ukg A
A3 05%= TAF| vt Haxoe] gltk(Nandi et al. 2002).
aHeg B AFd M= AgrobacteriumB S ©]-&35lo] Folrlolo A da]l Anuj
53 )+ japonica Wl HLF F3AE =435t HLF @iide] 238 F43)
ATt

Az 2

A8 A5 9 callus 7=

B Ao ALgw ¥ (Oryza sativa L) 3= GE-A]Ho A dubd oz A nj 5
I %= X FEE ol &sl. e TR T3 E Al st 70% ethanol®
18 7F kel & Tween 20 200ul/L7F #7149 4% sodium hypochlorite -& 4ol
153 b uwkste] 3 Aers sty W A FAE BaTE AFH st
N6 callus induction HJA](Table 2-1D°ll FAE A $ & 25T, A& Fx719
A 3F ZF wiekste] callusE sttt Ao AY B Ee Ao ® A A st
3L callus HFE7HS A FH st o]F ZAHE callusE AASE & 28 Auz ol &

sheie.

Vector 2 Agrobacterium H9F

Human lactoferrin ¢cDNA §#z2} %o A}&3F vectors binary vector?l

15



pCUM-VE9 TFTBE AF&&t3ich. T-DNA ul¥-el £%4 polyubiquitine
promoter, human lactoferrin(ZHLF) -+3AA}, HLF “+3dA9] HAIJFol+= HIV
transduction domain(tat)7} A= ol Aok 1 9fd A% marker=A Al ZA] A
34 A AFel phosphinothricin acetyl transferase(bar) 42 % green
florescence protein (gfp) A7} 5o JtH(Fig.2-1). ©] VE9-TFTR7}
E=R%o] 9= Agrobacterium tumetfacience EHA1055 344 kanamycin
(100mg/mD#} rifampicin(50mg/mbe] A7F=Eo] 9= LB HiA] oA 28T A
2077 b vlFE & 1 o)At Al wlF A ¥aL 60% glycerol &3 1:1

o8 FHste] -80TCe| HEsH

Agrobacterium tumefacience 7@

Alg #ol| kanamycin(100mg/mD¥} rifampicin(50mg/mbe] #7t=o] = LB
Al bmlE Wil s e & At & JAAIZT LB MAE AAT F 30
mg/Le] acetosyringone(3,5-dimethoxy-4-hydroxy-acetophenon, Aldrich)©]
X3}l & 10ml N6RSP wiAlo & AdEeth ZEA callusE oF 1
£ 7t Agrobacterium® @ENO| HAAIFAY. HEH calluse Bdd oA =
i FES AABATE N6 co-culture WA AAAE 3 & 23 1 $o

callusE A& ste] 109 7+ 25C9 FxHo = Agrobacterium® & wst

¢

Agrobacterium A7

109 7+ 35 wiLS callus2H-E] Agrobacteriumes A A3sH7] 9184 callus
S G752 338 o] AlFSE ¥ carbenicillin 500mg/L<S 3 7Fslo] M| A 13T
Callust= "4 filter paper® ©]#2o] %28 A A3 3 carbenicillin 250 mg/L
7} 2748 N6AE wlA|(Table 2-1)ell X|4ate] 15 3k 25T Fxo = wjk
ST

Shoot %= ¥R 9loJA <] bialaphos =2 HE

Agrobacterium < X9 A7) callusE bialaphos?} 3 7}gl shoot % B A]9]
A Adstr] fel ok Y W callus®] bialaphos #FAs £AMSEIH 0, 1,
2.5, bmg/L bialaphos7} #7F= o] Q= #iA|o] W] callusE A|4ste] 35 7+

ke & callusell YERY shoot 8 ZAMEIT

16



Shoot fr= R FAAH HEA ] A

Callus=4%H dAdg AEAlE A8 27171 AsliA 2.5 mg/Le| bialaphos
7} H7¥ shoot % ®iA| o Agrobacterium®] AAE callusE XAstal 25T,
24X Fxol A 3~4F FF wjFeldth. CallusZ5-H X% shootE 5mg/L
o] bialaphos7} 7} root %= HiX|e] A|/dstar 1~270€ &<+ viget3inh
74 shootot root7b F=¥ A=AE E olAste] 2HolA Aulsti

EdoM g or A JAAS AEA 2 oY AEAE AY A=
g/L A ZA|(herbiace FaAE 20% | o]

A A, dE)E AEST 2 5 A A 230 AnjEkit

fr
o
ofo
ol
ol
3
off |
Mr
ol
>
59
e
e
2
1

Genomic DNAS| &

2 A AHgE EE DNA FE2 Liu(1995) Wil wet fsigich
200-300 mg®] & HA diw T4 s 800ue] F= buffer(0.3M NaCl,
0.5M Tris-HCl: pH7. 5, 20mM EDTA: pHS. 0, 0.5% SDS, 5M Urea, 5% phenol)
of Yol & =33t & = buffer® 5% phenol/chloroform/isoamilalcohol

(25:24: D)< H7bel oF 20&%F mwkslivh A4 E e (d=, 12000rpm, 5 min)3}

=

o A5dE F=T 5 2 WiFY 99% ethanols PO T3 4=%FH DNAE
B0 7 0% ethanol® A st YA E2 (A=, 12000rpm, 5 min)3}4]
=

W7
AAA 7 & AZAF Y DNA2 pellet= 0.01 mg/mle] RNase& X383k 20ul9]
IXTEbufferol] £33} 31t}

F2AE 4= PCR &4

PCR 4] (polymerase chain reaction analysis, Mullis and Faloona, 1987)<
bar £°] primer+ forward sequence (5°-GGT-CTG-CAC-CAT-CGT-CAA-
CC-3") % reverse sequence (5°-ATC-TCG-GTG-ACG-GGC-ACC-A-3")&
ARSI Y. PCRE 4% 7t pre-denaturation 9 94C 30% denaturation, 60T
45% annealing, 72ColA 30% %} extension < 3] 35cycle 3} T}, post
elongation= 72TColA 7% I+ ¥SAZF Y. HLF 5©°] primeri= forward
sequence (5°-AGG-TCG-ACA-TGA-AAC-TTG-TCT-TCC-TC-3") 9
reverse sequence (5° ~AGG-TCG-ACC-TTC-CTG-AGG-AAT-TCA- CA-3")
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= A83}9 Y. PCRS 4% 7F pre-denaturation & 94C 45%, 56T 50%,
72Co| A 1% 30%5<t 35cycle 3kt 71 % post elongationt™= 72CeolA 7
H ] PCR AH=2 0.8% agarose gelolx] 7] 9% dlo] W=

=
=

Southern blot #4]

Genomic DNAS BamH 1 o2 A g 3dtal A7) A5 o] 83t 0.8% agarose
gelo] H3&3 3 nylon membraned]  FAAMAIFH Y. Hybridizations=
Southern(1975) ®W#el wel &3tk PCREZ SFA1Z1 HLEF probe DNAE [a
-32P]dCTP= #A|3F § X-ray filmel 24413t &S =EA Tk

SDS-PAGE ¥ western blot £4
PAHE A Eol|Ae HLF @izl WS #zslr] 3] ol

FZ3)4 SDS-PAGE ¥ western blottings st th ZF A& 49 A4S 1g ﬂ}:ﬂ
&4 1 ml PBSell £3ek 5 4T 15000 rpm& 154 1+ 948ttt 45 dE
10%polyacrilamide gel® #17] %5 314 0.1% coomassie brilliant blue R-250
o7 HMEFTY. GelS 0.45um nitrocellulose membrane©] 7] blotting 3| A
western blot 42 3%t 12F &Aol+= E7]2] HLF polyclonal &A1& 23
hA| o= 949 alkaline phosphatase conjugated 3 E7] [gGE AF&3}9it}.

X
A%k Todd o] A=AE GMO Ay E4olA Awigt $ 10 AlEe
A TAE O] gsto] TAHE EA Y. =53 24 Alg9 F
2.5mg/L bialaphos”} &% 3+= 1/2 MSH|
bialaphosel #44 2 AZEE Udele A=

A 55 2ol RS AL ol ate] AL,

~{01‘ ~{op
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23 % u@

Shoot FE=vX]¢] A bialaphos &%

CallusE ©]-€3e] shoot % ®lA ¢ bialaphos §%E FHEI ZA3 1mg/L
bialaphos7} #H7FEo] Q+= wiX|9 calluss shoot7} FEHAT. 18
2.5mg/Loll A<= shoot7} =A@kl callus7} 2R EH(Table 2-1). we}
A E AE 9] shoot & viA| = 2.5 mg/LY bialaphosES H7}ste] A A

HEAE Qs

FAAS 25 A=z
Callus®& Agrobacterium tumefaciens® 79 A1Z1 $ 2.5mg/L bialaphos&
F9gE Aol A 4Feke] oF 1709 F wjste] shootE skl th(Fig.2-2B,
Table 2-3). f+%=% shootE 5 mg/L bialaphos?’} &% MS root %= H]X]]
A3 A3 ofBY A= Ag AEAVE Awste] nAGARE FAAS AE
o
o

Ae A5 et e Aol FJAHAT (Fig.2-20).

FEAE 229 AxA WA

Bilaphosell A@4d& 7HA= 248G A=A 2 opAE A9 ol AzxA
E A¥stal 109 Fol #&E3 23 FAHAS AH2A9 L gz vfs
LR R AR AGSAAT oY AEAe] A5 A 39 ¥ FH o

15 o 1= Al
1S T (Fig.2-3). o83t Axt=

r>~l

4~

A
Ast7] Alatete] 109 +

bar Aol @A o] Wl AdHor EHsta = As YERLL 3

o 2

Bialaphosell A@A4E& 7HAE= @S AEA 9 oy AEA 98§ =37
DNAE bar primerg ©]§3te] PCR #41gt Ay ofAE A EA ol A= band7}
AZHA FAAT FAHE AEAANAE F 550 bpe] Al band7t A=Y
ATHFig.2-4 A). HLF primerg ©]&€3le] PCR w418 ¢ 27 of4dy A=A =
FE = band7t AEHA FAAR FAAS AEAZFHE oF 2.1 kbpe] 914
o band7} HA=H3AH (Fig.2-4 B). o3t A= S vl A44 DNA
el bialaphos A& AR HLF 7027 AAde s F9ska 9l

PAAe A=A oM FEF3I genomic DNAZ BamH1Z A 2|slal HLF
probeE ©]83}9] southern blot #4& AA|$H A3+ Fig2-59F &) NCY of

=

19



B AE2A0NAM = band7F HEEA FUAN lanel-49] = A A=A

M= band”} == ATt

Western blot%*—*.% 3t Ax i 2 S
st e Zo] W AHY. HLF gz e] W= 80kDa X 0=
T 48k Dagl Ao & MEE B 4 AA|TE o] A HL F wildo] E3) s

|

A e 2ol elshs ol F3

T A F3A &2]4]
TR FAA 2EnE EA 8t 24 23 Lined, 5 1:1, Line3 &

15:19] 2117 debkek. 2 ojsle] AL 1:35] A bk A
] s}

=)

&l = HLFS &S ol (Mitra et al. 1994, Salmon et al. 1998), 7=}

(Chong et al. 2000), indica ¥ (Nandi et al. 2002)Z o] 83 A ¢} vlus) =

A= ekt % wrE ko] W Lined x W AEzRE FE3% HLFO U
JEp

o
el
ko
ol
Ly
;1
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t
B- rbes cmy | R

L .
B smGFP galactosidase I Ubi ;‘ HLF ztl terminater [ bar 35s B
2.13kbp 550bp

Fig.2-1. Structure of VE—9 TEFTR
HLF: human lactoferrin gene, tat: transduction domain of human HIV, bar: bialaphos
resistance gene, Ubi: plyubiquitine promoter of maize, Primer for PCR designed to

amplify 550bp on bar gene and 2.13kb on HLF gene.
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Table 1-1. Media used for tissue culture and transformation of rice

Medium

Composition

Callus Induction (N6CI)

Agrobacterium culture

(LB)

Co-culture (co-cl)

Callus growth &

Agrobacterium elimination

(N6AE)

Selection & shoot

induction (MSSI)

Root induction (MSRI)

N6 salts & vitamins, 2mg/L 2,4-D, 100mg/L myo—inositol,

30g/1 sucrose, pH 5.8 , gelrite 3g/1

10g/l Tryptone, b5g/l Yeast extract, 5g/l NaCl, 1g/l

N6 salts & vitamins (Ca-free), 2mg/L 2,4-D, 30g/1 sucrose,
10g/1 glucose, 120mg/L betaine, 50mg/L CaCl.2H:0, pH

5.2, 3g/1 gelrite , 30mg/L acetosyringone

N6 salts & vitamins, 2mg/L 2,4-D, 100mg/L myo—inositol,

30g/1 sucrose, pH 5.8, gelrite 3g/1, 250mg/L carbencillin

MS salts & vitamins, 0.5mg/L NAA, 2mg/L BA, 15g/1
sucrose, 30g/l sorbitol, 4g/l casamino acid, 0.5g/l

L-proline, pH 5.8, 3g/l gelrite, 250mg/L. carbencillin,

MS salts & vitamins, 30g/l sucrose, 100mg/L myo-inositol,

pH 5.8, 8¢/l agar, 250mg/L carbencillin, 5mg/L bialaphos

2,4-D, 2,4-dichlorophenoxyacetic acid

BA, 6-benzyladenine;

NAA, a—naphthaleneacetic acid

Table 2-2. Bialapos susceptibility of wild type (cv. Dong Jin) callus

22



Bialaphos concentration

Oppm 1ppm 2.5ppm Sppm
Callus inducing shoots 16 4 0 0
Efficiency (%)* 88.9 22.2 0 0

? number of callus inducing shoot divide callus number used for experiment

18callis used each experiment

Table 2-3. Transformation efficiency of rice cv. Dong Jin mediated by
A.tumefaciens EHA105(VE9 TFTR)

Number of callus Number of Number of Transformation
Experiment for selection Bar " callus ® Bar® shoots” efficiency
(A) B) (B/A%100)
1 170 67 4 2.0
2 242 56 35 14.5
3 100 24 11 11.0

> Shoot longer than 3cm were classified as resistant (Bar®).

4 Survived callus number on the medium containing bialaphos

23



Fig. 2-2. Production of transgenic plants in rice.
(A) Induced callus from mature seed, (B) Shoot formed on regeneration media containing
2.5mg/L bialaphos, (C) Hardening trnsformants with well developed shoot and root,

(D) Transgenic rice in green house
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Fig.2-3. Effect of bialaphos on transgenic plant and control plant.
Non-transgenic plant (left) and HLF transgenic plant (right) leaves were sprayed with
herbicide (Meiji herbiace)bg/L, non-ransgenic plant was died while transgenic plant

survived.

. GP Bl QN %

2.1kb

Fig.2-4. PCR analysis using Bar gene primer (A) and /LF gene primer (B) for
transgenic of pCUM-VE9 TFTg.
Lane M: marker ladder Lane C: DNA from non—transgenic plants Lane P: plasmid DNA

Lane 1~4: transgenic plants
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2.1kbp

Fig.2-5. Southern blot analysis of transgenic (Lines 1-4) and
control (NC) plants.

20 png genomic DNA from young leaf was digested with BamHI and
hybridized to HLF probe (2.1kbp).

N2 -3
-
-

-
Fig.2-6. Western blot analysis of human lactoferrin protein used
transgenic rice leaf.
Linel: molecular marker Line2: protein from non-transgenic plant,
Lines3-6: protein from transgenic rice plants. Human lactoferrin protein

expression was detected on 80KD.
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Table 2-4. Segregation of bialaphos resistance in T progeny of transgenic

Lines No. of seed No. of Ratio Expected X2 P-value
tested® Bar®? (R:S) ratio value °
1 20 14 2.3:1 3:1 0.26 0.61
2 20 16 4.0:1 3:1 0.26 0.61
3 20 19 19:1 15:1 0.05 0.82
4 20 11 1.2:1 1:1 0.20 0.65
5 20 12 1.5:1 1:1 0.80 0.37
6 20 16 4.0:1 3:1 0.26 0.61
7 20 15 G- 0 3:1 0.00 1.00
8 20 14 PO ¥ 3§ 0.26 0.61
9 20 ) o 9 TR Il 1.06 0.30
10 20 14 2.3:1 5y U 0.26 0.61

?Seeds were cultured on 1/2 MS medium containing 5mg/L bialaphos for 2 weeks.
Each experiment was replicated tree times.
" Seedlings longer than 5cm were classified as resistant (Bar®).

¢ X’~values indicate significant fit to the expected ratio.
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M. Agrobacteriunrs ©]-83¢ Zoysia japonica®l &4 3 3IA
AA FAA =Y

0o FAAE dAgE dA PEGHES o]€3 GUS #xxke] =<9
Agrobacteriums ©]-83%F A=A WA FHRE] Eel gt A7 B H
2ltH(Inokuma et al. 1998, Toyama et al. 2002). ZL&8J\} Agrobacteriums ©]
g =Xt o] FHEHSES e AE BlE g H$Ron sAX R F&%
FAAE o] & FHAZ AFE v A FFH dAS A EC vlE] EX
%t} (Bettany et al. 2003, Li and Qu 2004, Luo et al. 2004). Ezt] Au) &g

AP B BAE g A, AU, B, AedAel Fuel og 2as

oo 2 L

AN

ol der 11 T Hx AAE medgo] dad Wk ofye} AlxA] Axd 9
3 e FAL A3 AAgolr), wI Zxga) o] IS u-EZ Al
stl= A5 AEol A Ho Y zty] Slert S71E ERF ofue; AlH|
o] F7tstH Wal7t A TASHA dY. adER B AFdA = o)y dH S
=Z33}7] 98] Oat phytochrome A mutant FAAE #Zr]o] =93t Oat
phytochrome A mutant FdA= FAgolA FEEE FA) 19 A Fdxtel
oat phytochrome A F3AF] A9 Ao #ost= 992 sequenced N
g AoE AEA =sds AF AEAY 2AFS JAstE 75 7HA

3 AY (Kim et al. 2004hb).
2 AFdAE 2AHEESE dAste AR sAY AxzA AZAEE Uil E 2
EAE NEsl7] $15F9] oat phytochrome A mutant FA AL} A=A A3 F

AR bar §04E Frlo] EYsic

SERR

Al

A8 AFE F callus F =

E

 AFoAE ol diolA dvbHgow AuiEa = XY (Zoysia
japonica steud.) & AH&SFATE s TREHFE ¥ callusZ2FH B4
255 A E 3} organogenic callus®he A@s] MS callus &2 v Ao X%+
3 wj el th(Fig.3-2). T4 % callusgs °F 25 M ZLE MS callus 2] Hf

Aol Agsko] 4 b At § FA el ARE-kltt

o
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Vector ¥ Agrobacterium W%

FAAG ] AR 78 FAAE FA4 Y A FAARD AgY oat
phytocrome A mutant S598A % oat phytochrome A triple mutant -+ *#}o]t},
o] FHAE Arabidopsis®] E=3HH 660nmETF 71 o] HlS S5t
phytochrome A 7} ®@@sto] &9 atdo] AAHAY H&A] e 71 =
7k o] &I THKim et al. 2004b). Oat phytocrome A mutant S598A cDNA
el PAHE ] AE3 binary vector= V-F2& A}&3}9lth Vector?
T-DNA W9 wjAd8d  AzxA WA F%A21 phosphinothricin  acetyl
transferase (bar) -+ A % green florescence protein (gfp) A7} E3HE] o]
AH(Fig.3-1). ©] V-F2 7} E¥o] Q& Agrobacterium tumefacience
EHA105Z 34 A kanamycin (100mg/ml), rifampicin(50mg/ml)e] H7l¥ LB
HjRJo| A 28Tl 20A1%F &<F wiget - 1 o] AdEid skAl il 60%
glycerol £ 1:102 E33te] -80Co| HE8AT

Agrobacterium tumefacience 7+

Al&g B kanamycin(100mg/ml), rifampicin(50mg/mbe] H7Fe LB ®iA] 5
mlE P g T dAste wdo JAAAZE LB #AE AAZ F= 100
mg/L% acetosyringone(3,5-dimethoxy-4-hydroxy-acetophenon, Aldrich) %
0.02%9] pluronic F68¢] ¥3t% o] = 10ml MSRSP vjX]o] & A &AE A
o AAAA callusgE oF 1% b Agrobacterium® dAE N AAA AT, HE
H calluse E+r 4 filter paper® o9 TS A AT MS co-culture Hl
Ao ABAE g A Zo} 11 9lo| callusE X3te] 104 3+ 25T F=

© 72 Agrobacterium®} &5 wj3ATt.

Agrobacterium A A

109 7+ 35 wlFS callusZH-E Agrobacteriums A As7] 18)A callus
=E Hag=2 AAS 3 carbenicillin 250mg/L7}F 71 Hor= 33] o]t A
A A filter paper® o9 FEES AASFT. TRl AAE calluse
carbenicillin 250 mg/L7} H7Fg MSCE wj x| X435} 15 3F 25C9] Fx=
o= et rh(Fig. 3-3).

Co-culture WX pHAE
Co-culture ®i#]¢] pH”} Agrobacterium®]

)
2
o
=2
=
rlr
o2
ot
o
o
T
ol
ol
3%
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t}. Agrobacterium EHA101 plG-121& AF&3] 2 =79 wiRolA F%=% callus
E 7tz 7+ A1 A pH 5.8 2 pH 7.09 co-culture viA oA wiokstdch 10
7t co-culturedte] Agrobacterims A AT T AAS GUS FdAe] Hd &

EL TS

jus

Shoot F&= % FAAZ A& At

Callus25-H FAH3 AEAE ALst Al717] |s8iA 2 mg/LQ] bialaphos”7}
H7FE shoot % HIA|O callusE *[7438F3ith 256CY FxHo= 3-45 I+
el & MukeE shooti= 5mg/Le] bialaphos?F X 7Fe root fri= wiX|oll x|/
st 1~2714E &oF wjdstdt). S535] 53 4= A= peat mosse} perlited
3:19 HlEE TFI B Ao] 24 A Arfed.

A zA Agd AL 3 Zaﬂﬂ Al ZA b oY HJYE Ad AmZE o] &3
o}, =83 AlAsk Qo 5 g/l 5%E9] bialaphosAl AZA(FE AE 20% H)
olA AP, dE)E AT I = A A 24A17F FEAoR2 Au| A

Genomic DNAS| &

Ao AMEE EE DNA FF2 Liu(1995) el w33l
200-300 mg®] & A dAE w24 8] 800ule] = buffer(0.3M NaCl,
0.5M Tris-HCI: pH7. 5, 20mM EDTA: pHS. 0, 0.5% SDS, 5M Urea, 5% phenol)

o do] 2z =3lst 3 == bufferet 5% 2] phenol/chloroform/isoamilalcohol

o olo
4,

(25:24: 1)< H7Fsl oF 20x b wwksiglvh, A2 (2, 12000rpm, 5 min)sk
o] AZ=MS F=3 T 2 wlEe] 99% ethanols Yol £t A% DNAS

Fel5 o= AU 70% ethanol® Al At PAEZ (A2, 12000rpm, 5 min) 3}
HAA 7 & A% AZA Y DNA9 pellete 0.01 mg/mle] RNaseZE ¥ 33t
20ul9] 1XTE bufferel &3]3}t

2

A7E 4= PCR €4

PCR 4] (polymerase chain reaction analysis, Mullis and Faloona, 1987)<
bar 59| primer= forward sequence (5°-GGT-CTG-CAC-CAT-CGT-
CAA-CC-3") ¥ reverse sequence (5°-ATC-TCG-GTG-ACG-GGC-ACC-
A-3")E A3} oat phytoclome A mutant S598A FHAFe] E-o] A<l
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primer©l+= forward sequence (5°-GTT-GTC-AAG-ATG-AAG-AGC-3) %
reverse sequence (5°-CAC-CAA-CTT-ATG-GAC-AGT-3")E A}-&3}9it}.
PCR2 4% %} pre-denaturation ¥, 94C 30% denaturation, 61C 45%
annealing, 72C 30% extension® 35 cycle 3} t}. 71 ¥ post elongations=

72CE 7&, " A F .

Southern blot #4]

DNA 25ugE BamHl, Hindlll, Pstl, Scal©.% A glati @A7] 4ES o] £3h¢]
0.8% agarose gel°ol| #3233 % nylon membrane°] AAAF ). Hybridizations=
Southern(1975) ¥l e} A8t PCRE 3% AlZ]l bar probe DNAE [a
-32P]dCTP®E %A ¢ & X-ray filmol] 24A17F 52t =313t

FAAE 429 RT-PCR £4

RT-PCRo| & progema’l®] Access RT-PCR System= AF&3ATh 1lug
total RNA, 2.5u1 AMV/T{I 5Reaction buffer, 0.5ul 10mM dNTP Mixture, 1uM
MgSO, 2.5n 1 primer, 0.5ul AMV reverse transcriptase, 0.5p 1 TfI DNA
polymerase & &3] RT-PCRol A&t} tix A& 303bp & A7]9
18s rRNAS FFA]7]+= primer (5'-ATG-ATA-ACT-CGA-GGG-ATC-GC-3")
2 (5'-CCT-CCA-ATG-GAT-CCT-CGT-TA-3)E Al&3}3ltl. RT-PCR
cDNA &4 %7 45T 50+, hot start & 94C 2+, 94T 30%, 61T 45%,
72°C 30%°l 35 cycle @t} I % post elongationt 72C=E 7HE§<F WHSAIH

o

Northern blot ¥4

A Z9] o BRE Tri-reagent (MRC, Inc.,Cincinnti,OH)E A}&-3l, Total
RNAE F%3to] northern blot w41 AH&-3Ith 30nge] Total RNAS 2ul 10X
MOPS, 4yl formaldehyde, 10ul formamide®} £33 65TCelA 15% 2k WHg-A|
71 3 3 P deeE Wrhsigitt o] &3NS 2.2M formaldehydeE E3HsH
1.2% agarose gelollA 50Ve Aoz 3A7F A7) % 3t} blotting™

hybridization= Southern #4]3} & WH S o]8-31% )

SDS-PAGEY Western blot#4]

FA A3 2 E) 2 oat phtochrome A mutant Tz o] W& A23s)7] 9
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af QoA S =33 SDS-PAGE % western blottings 3t} z2F 21 &
Al el 0.5 g& w8l 0.5ml PBSel| £33 & 4T, 15000 rpm= 158 3+ €
Alstait). A= 9NS 10% polyacrilamide gel® 7] 9% &4 0.1% coomassie
brilliant blue R-2502.2 A3} t}. GelS 0.45um nitrocellulose membrane®l
7] blotting 34 western blot &4-& Stk 13 A= E719 Oat
phytochrome A mutant polyclonal A&, 22 &Aol= 949 alkaline
phosphatase conjugated & E7] IgGE AF&-3F31 .

.\

PFAAZ A ES FuH 4

HAHSA L oY AEAE 2-dA Aus = Qo] o], F7]e Ao,
X & A2 45 FZA}S}Y oat phytochrome A mutant S598A2] w&o] 2 &9
x| &= GEks ARSI

Co-culture ¥jA]¢ pH
Co-culture®i#] ¢ pHel W& FAHAS ga&5 AR A3, 7S AHEH

© pH5.28. T pH7.0014 GUS 'F&e] 4 tH(Fig.3-2, Table 3-1). o]A2 H&
pHZANX Agrobacterium® Vir A 3
oltt= o]l A (Godwin et al. 1990)<}
pH7.091 X Agrobacterium®] Za}7 %@15}04 FAANES =95 FHoe=
AZyH), o]g 3k A3E ne S & oat phytochrome A mutant fAxF2] Z o
Al pH7.09] co-culture HjAE A}-&31 tH(Table 3-2).

rﬁt
o>' ftlo
T do
o
_OL

FAAG B Mz

CallusE Agrobacterium tumefaciens@® 79 A7l % 2.5mg/L bialaphos& X
skal v x] o] x| AFslar oF 1709 7F w%ste] shootS H%3F9tH(Fig.3-5A).
%% shoot™ 5 mg/L bialaphos”} X33k MS root % A X743t 2] &
AE Adstdtt. (Fig3-5B) root i HiA|ol 2743k of8E =9 45 2
Hol AEA7F AAAA FAHS AEA e A Bt s Aol &
= 9tl. o]x ¥ bialaphosE shoot FETARE Z&3te] 20tAZ Aat
o FEHLES 1.8%1H A 2.8%3 vHTable 3-3).
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FAAG JEAL AzA AP
Bialaphosel tl@ @4 714: 4A0% 4%
AZAE Axate] 15 Fol B2F A, FAAD A2Ae] ol Wzt y
B SE9iThFig.3-6A). obAE A8 4% A 39 FHE ole] gule] A
Ao 109 Fol= 9h 3 b Asbe bar F4)
[e]

frd Fdo] Aol Ao m HEEa e AS BHoF Aot

FAAR A EFY =R HE

Bialaphosdl g A4S 7}
Z% DNAE bar primerg ©|&3] PCR #4& sttt 1 A7} ofAY A EA
o M= band7t HEHA FUAA T FAHAS A EAEHE = oF 550bpe] # X9
A band’} A=5 A} (Fig.3-7A, Fig.3-8A). Oat phytochrome A primerZ ©]-&
3l PCR &4 3 A3, ofAd A EA A= band7t HEHA FAAT F4
A% AEA A= F 540bp Al band7b AE ¥ AtH(Fig.3-7B, Fig.3-8B).
olgg Ay FAMsE Jdr]e] AAA DNAW bialaphos A3 =<}

2]
=<
oat phytochrome A mutant A7} A4dE A& FHsaL At

Ae FAAS AEA 2 oY AEA 9 9

3

i

Fig3-103% Zo] oat phytochrome A mutant S598A genomic 3 A A3 A &9
DNAZE BamHIZ A3 @4 *2lste] bar probeZS ©]8€3]A southern blot #4

< AAYY. 7 43 lanel, 3,4,7,9 BEE A3 A=A A band7t AEH

At} Lane7A A= FAAS] S5 Aol #zEH T

s,

=YFA2] mRNA 28 A=

RT-PCR®| #4] ZA3} 18s rRNA primerE ARE3S 2o 3
band7} g1 E JAT bar peimers AHEIE 4 -Fol= FAAE &YW band7}
UESTHFig 3-11). B& A4S AEZRE par F7Ae] wdo] &5
}.

Northern blot ¥4 A3} (Fig3-10) & @A A EAZHEEH bar FHAA7}
HA QT 53] line 1, 49 A& UE lined} vlud|A ddFo] B F o

=
shel w9},

of
i

g A g daF gy
SDS-PAGE % western blot 4% 3 Ax, BE dAdHd3t 2Eo] oat

phytochrome A mutant S598A @A S W3 Y= Aol HFHHT}

-
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==
K2

171 line 3, 4, 9

[

Ao R

ol

As

(Fig.3-12). Southern blot

=13
=

7\(___]

%
Nok okY A=Ael e xpolE Mgk A3 (Table 3-4)

E
=

A

)g—

317} 40~110mm a1, 97o] 50% o]
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ter GFP: CaMV Ubi mu Oat phyA mutant CaMV bar CaMV

B GUS 35s promote S598A 35s 358
)
550bp
ter | GFP: CaMV Ohi i Oat phyA CaMV bar | CamV
B GUS 35 promote Triple mutant 35 35s

ter GFP: CaMV Ubi mu Oat phyA CaMV bar CaMV

B GUS 35 pro Wilde type 355 35s

Fig.3-1. Structure of pCAMBIA3301::Ubi m pro
GEFP: green florescence protein gene GUS: B-glucuronidase gene Bar: bialaphos
resistance gene containing Ubi mu pro: polyubiquitine promoter of maize, CaMV3bs:

cauliflower mosaic virus 35s promoter
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Fig.3-3. Agrobacterium infection to Zoysia japonica callus.

(A) Agrobacterium cells in MS resuspension medium (B) typelll callus using for
infection (C) callus in Agrobacterium solution (D) dehydration (E) transfer

co-cultivation medium F: co—culture under light condition
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Table 3-1. Effect of pH during co-culture period on transformation

efficiency
callus growth pH of co- No.of blue spot
medium culture medium /100 callus
MSCG1* 7.0 155.6+61.0
MSCG2 7.0 139.0+50.3
MSCG1* 5.2 10.4+6.4
MSCG2 5.2 26.0+7.6

Callus growth 1 (MSCG1) MS salts and vitamins, 30 g 1" sucrose,1 mg1' 2,4-D,
0.4 mg 1™ Kinetin,2 g 1"" gelrite, pH 5.8

> Callus growth 2 (MSCG2) MS salts and vitamins, 30 g 1”' sucrose, 4 mg 1™ 2,4-D,
0.01 mg 1! BA, 2 g 1™ gelrite, pH 5.8

Fig.3—-4. Effect of pH during co—-culture period on transformation efficiency
Callus was developed on MSCG1 media and used for co—cultivated.
(A) pH 5.2 co-culture media used for infection (B) pH 7.0 co—culture media used

for infection
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Table 3-2. Media used in transformation system

Callus indution (MSCI) MS salts and modified vitamins ( 4 mg1 ™' thiamine— HCI),
30 g 1,100mg 1" a- ketoglutaric acid, 2mg 1" 2,4-D,
0.2 mg 1! BA, 2 g 1" gelrite, pH 5.8

Callus growth 1 (MSCGI) MS salts and vitamins, 30 g 1" sucrose,] mg 1' 2,4-D, 0.4 mg 1"
Kinetin,2 g 1" gelrite, pH 5.8

Callus growth 2 (MSCG2) MS salts and vitamins, 30 g 1" sucrose, 4 mg 1" 2,4-D, 0.01 mg 1" BA,

2 g I gelrite, pH 5.8

Agrobacterium resuspension CaCl, free MS salts and vitamins, 30 g I"' sucrose, 10g I"' D-glucose
(MSAS) 0.01mg 1" BA, 0.02% plonic F68, 50 mg 1! AS, pH 7.0
Co—culture (MSCO) MSAS  plus 2g 1" gelrite , pH 7.0

Callus growth and Agrobacterium ~ MSCG2 plus 250 mg 1" carbenicillin

Elimination (MSAE)

Shoot induction and pre-selection ~ MS salts and vitamins, 30 g 1" maltose, Img I"' BA,

(MSSI) 2g 1" gelrite, 250mg I"' carbenicillin, 2 mg 1" bialaphos , pH 5.8
Root induction and selection MS salts and vitamins, 30 g I"' sucrose, 2g 1" gelrite, 250mg 1"

carbenicillin, 5 mg 1" bialaphos , pH 5.8

2,4-D, 2,4-dichlorophenoxyacetic acid; BA, 6-benzyladenine;

AS, acetosyringone
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Fig.3-5. Induction of shoot and root
A: inducing shoot after 4 weeks culture on shoot induction medium with 2mg/L

bialaphos B: rooting from shoot on root induction medium with 5mg/L bialaphos

Table 3-3. Transformation efficiency of Zoysiagrass

Number of Produced Produced Transformati
infected callus BarR calli BarR plants on efficiency
with shoot (%)
Oat PhyA 2250 468 43 1.9
mutant S598A
Oat PhyA 425 25 12 2.8
Triple mutant
Oat PhyA Wilde 440 28 8 1.8

type
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Fig.3-6. Bialaphos resistance of transgenic plant

(A) Transgenic plant (B) non-transgenic plant H: 5g/L. herbicide painted L: 1g/L
herbicide painted. Leaves were painted with herbicide (Meiji herbiace) and 10days

cultured in green house.
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Fig.3-7. PCR analysis using oat phytochrome A mutant S598A zoysiagrass
genomic DNA

(A) bar gene specific primer using S598A genomic DNA (B) oat phyA gene specific
primer using S598A genomic DNA Lane 1: 100bp DNA ladder marker Lane 2: DNA from

non-transgenic plant Lane 3: Plasmid DNA Lane 4~12 : transgenic plants.

A 123456 B 123456

Fig.3-8. PCR analysis using oat phytochrome A wild type and oat phytochrome A
triple mutant zoysiagrass genomic DNA

(A) Oat phyA gene specific primer using phyA wild type triple mutant genomic DNA
(B): bar gene specific primer using oat phyA wild type and triple mutant genomic DNA
Lanel: 1Kbp DNA maker Lane2: DNA from non-transgenic plant Lane3: Plasmid DNA
Lane4,5: oat phyA wild type transgenic plants Lane4: oat phyA triple mutant

transgenic plant
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Fig.3-9. Southern blot analysis of S598A transgenic zoysiagrass.

Lane 1-9 : transgenic plants. Genomic DNA digested by BamHI and
hybridized to bar probe
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Fig.3-10. Northern blot analysis of PhytochromeA mutant S598A transgenic
plants

C: wild type plant Lanel-9: transgenic plant. bar gene was used as probe.
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bar s18

M C 1 3 4 79 M C 1 3 4 7 9

Fig.3-11 RT-PCR analysis of V-F2 transformed zoysiagrass
bar: used bar gene specific primer s18: used s18 rRNA gene specific primer

M: AHindlll marker C: wild type plant 1-5: transgenic plants

PhyA WT L1 L4 L7 L9 L5

! A e S o s | Oat PhyA mu

B-tubulin
201
| ‘ Oat phyA
118 | == -
48 ] — I I  — — —
(KDa)

Fig.3-12. SDS-PAGE and Western blot analysis of Sb598A transgenic
zoysiagrass. Lane phy A: oat phy A control, Lane WT: wild-type zoysiagrass, Lane

1-3: transgenic plants B-tubulin is compare to amount of loaded protein

44



Table 3—-3. Mophological difference between transgenic and non-transgenic

plants
Plant height (mm) Leaf blade Tiller number
length® (mm)
control 163+16.0 245+21.6 1.6+1.34
Linel 95 40.3%x4.1 2.31+0.63
Line3 115 87.0x15.4 2.6+0.68
Line4 115 87.0£5.6 1.2£0.20
Line7 53 58.8%£6.6 3.8+0.80
Line9 85 81.0£17.3 3.8+0.48

?Leaf blade length was measured longest leafs on the plants.

Each value represents mean = S.E of 5 replicates.
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Fig.3-13. Mature transgenic plants grown without mowing

(A) and (C) Control plants from seedling (B) and (D) Transgenic plants of oat phyA

mutant S598A gene
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