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Introduction and Expression of PAP gene using Agrobacterium
in Scrophularia buergeriana Miquel

Chang Yeon Yu'!, Eun Soo Seong’, Jung Dae Lim', Shan Ai Huang' and Young Am Chae®

"Division of Applied Plant Science, College of Agriculture & Life Sciences, Kangwon National University,
Chuchon 200-701, Korea
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ABSTRACT : Exogeneous application of pokeweed antiviral protein (PAP), a ribosomal-inacivating
protein in the cell wall of Phytolacca americana (pokeweed) protects heterologous plants from viral and
fungal infection. A ¢cDNA clone of PAP introduced into Scrophularia buergeriana Miquel by
thransformation with Agrobacterium tumefaciences. For plant transformation, explants were
precultured on shoot induction medium without kanamycin for 2-5 day, and then they were cocultured
with Agrobacterium for 10 minutes. The explants were placed on coculture medium in dark condition,
28C for 2days. After explants were washed in MS liquid medium, they were transferred into selection
medium including kanamycin 50mg/L (MS salts+1mg/ | BAP+2ng/ | TDZ+0,2mg/ | NAA+MS vitamin+3%
sucrose+0.8% agar, pH5.8). From PCR analysis, NPT II band was confirmed in transgenic plant
genome and showed resistance against fungi in antifungal activity test. Micro assay to which protein
extracted from transgenic line were added, revealed hyphae growth inhibition and no spore
germination at high concentration. The characteristics of inhibited hyphae was represented
transparent and thin. Expression of PAP in transgenic plants offers the possibility of developing
resistance to viral and fungal infection.

Key words ; Scrophularia buergeriana Miquel, pokeweed antiviral protein (PAP), ribosomal-inacivating protein (RIP)
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Agrobacterium® ©]$% PAP §AAY Aoz =3 ¢ 3AYH

of} QKo B FdH 1d7te] &8

A< sfobdte Aol Aok R WAL & 74
T 28] E R E A& F Uy S &l wn
T HAY oF o] dom WA A ST FA
g 5 dolg 29 AT MY YL A
F ol Azt At whgt S F2o| Aed
o FT (A5, 199) FZ 2L uiyE, HE
A, TE FAAM F22 gfidoly o4 /1A i
AHE R B o] fungi, bacteria, virusell ™3t 374
< Yehdde Bart gon oldd EAL o) &
tod o] &S AEA A BT 2N YA EF
Astazt ste xFo] ALHI Y. olE
A 9] ribosome?) elongation factorg E8A
7]+ RIP (ribosome inactivating protein) 2] 4Z o
2 o8 7}A fungi, bacteria, virusol thdbe] Z
A A& dehlln Sle PAPZF #49 diA
o] 53 itk PAPE FAtel FollA £ € Pulo]
A @A 2 A PAP, PAP-T 18|31 PAP-S2
M FEOZ Ured o5 AZYez &
zAM oz A ddHe o2 ¢4 dd
(Houston et al., 1983). PAPE $AE F A ¥4 |
AA] 1 cell wal matrix2 ©] 53} (Ready et al. ,
1986) Aoz <A Ut} ol & Ribosome
inactivating protein®] G714 ¥ A4 & £t I
& UshlE B2 protein® PAPY RAMI S
ot (Kataoka et al., 1991).
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fungi, bacteria, virusol thale] FHY3 AJAHS
e EFS $A3] H3teg AAEHA
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7| Hup kol 23 Hat MEA 25t

1) AgAE

AEA ASZE MS7|2ujA oA 71uju] ok = of
Aé&gol e Aty dolg AAT 47 &7 F
& A3 HIAZE o] &3

2) M5 =H

712 WA 2= MS (Murashige and Skoog) WA &
AHgstgon AFEAEA Age NAA 2,4-D,
TDZ 3%7E AH&-3tdd, ZZe] wiAlo) AAz4E
A A ¥+ 47 0.01, 0.1, 2mg/1Z 32
™ 2,4-D&} TDZS Y AZZHEAZ MSHA
of Z¥A sttt AFzHEA AYE T WG
B 10884 X3S A 4-85F7 v gt
wjFzAL 1,000lux, 16A12F FA 8, 8AIZF &A
g, 25TCoA Wt de 2oz A
B R oA shoot7h 718 R 1/2MS 71 E¥A] (0.
8% agar, 3% sucrose) o Althuj kst 2L &
=3t
Agrobacteriumol| o5t HEXME

1) Construction of plant expression vector

FAe]Fo25E 2T PAP cDNAZ CaMV

35S promoterdtoll A @& A|7]7] 9438le], Sacl 19
BamH 1 2.2 o] w3}1l Erase-a-base system

pJMC 102

Fig. 1. Diagram of the T-DNA region.

LB :left boder; RB : right boder; Pnos : nopaline synthase promoter; nptl : neomycine
phosphotransferase II ; P35s : CaMV 35S promoter; Tnos : nopaline synthase terminator. PAP :

coding region of PAP



(PromegaAl) & °] &3t M A&A (ATG) 7HA]
233 deletiond ¥, BamH!1 linkerE H7}8}e]
ligation3} T}, Deletion £24 -2 Sanger Wi o2
M Ee AH st FUAAT. AELIYEH
pB1121& Sacl 1o 2 A3tz BamH I linkerE
A7vste ligationdtdth. PAP frAAE Ad 23
9 1kb BamH 1 Z#E 2249 pB11219 BamH 1
4 £29d3td 4EIFAAE FdYE pIMC
1028 ¢4t (Fig. 1.).

2) A28t A=A oM Kanamycin &M &3

Gl e kanamycin 434 Ao g Ba
7b §17] dEd FFAAFAE ALy A
kanamycin®] ZAAFEE YolR7] YA AP L
AA gt MS + 1mg/l BAP + 2mg/l TDZ + 0.
2mg/1 NAA ¥ X] 9] kanamycin& 0, 50, 100, 200,
mg/1E& 247 A71e & a4 4o dHAE X33
3 7-1497 v st AP FEE YolR gk

3) Agrobacterum strains

Agrobacterum tumefaciences LBA4404E& 28°C
shaking incubatoro] A 48A]3F £<¢t LB liquid
medium (Bacto-tryptone 10g, Bacto-yeast extract
5g, NaCl 10g, pH7.0+50mg/l Km)olX ez
vl k3l Bacterial suspension® 0.D7} &k A
600=1.0°] 2 w7} ®jF3c}t. Agrobacterum
strain W FHS 10: 12 A3t 27 A EAE
HEE Y E

4) Agrobacterumol 2t HEx &

FoAEE o g A4S do}, F7],
A& 247 2D T AA )R] (MS salt + 1mg/
1 BAP + 2mg/1 TDZ + 0. 2, g/1 NAA + MS vitamin +
3% sucrose + 0.8% Bacto agar, pH5. 8) <l 2)4}&t
o 2-3U7 Witk =AW %S Z3 AR
AL 3 A3 TDZE AHE-3 Ao] 7HF 8]
3ko B 2 BAPSY NAAZS WA= A&3}&o] £
HolgtA EF3tY ALE3t ). Cytokinin¥} auxin
9] 23 &L 10: 12 3t wj x| A7Fsldct.

9 24

=

==
-3
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Agrobacterum ¥ ¥4 2-583 AFAZ T,
Hj o] B8 AT Z ol 2o TEa o
Al A el iR A 48413t F-<F cocultivationdt ¥
t}. 48417t £ cocultivationdt F MSO liquid
medium + 500mg/1 carbenicilling 7} 3 Al ol
HUAE Z A HHA FHd A&
Agrobacterum& MA & B E 7 o] T 2o A
E717F AA 2 @A g AdAY T A=A
AUS A284 wix] o] & plated 7-87/44 A&t
At

HEME| =2l
1) §ZAE A E# 2 genomic DNA &2

Kanamycino] H7H8 wjx]o)A &g HEAZ
BE Rs-AFPlo] 4dEAeA9 47 E s
215le] CTAB (cetylrimethyl ammonium bromide)
o2 71l gd d4ke] DNAE F&3oh 71U

o] A kanamycin A A 2 EA 2 AdE Zt A<

4k 4 0.5¢8 & A8t CTABE Y& ¥ 72
2 gd&d ¥ bluesticke 2 21 Zol&t), £
sto] & g 60CAAM 1AZE Bt ajgT)
Phenol chloroform isoamylalcohol (25 : 24 : 1) %"—‘1
S CTABE YT 5UYLE ¥ EEoE §
000rpmell Al 1527 94l #2 &t} DNA 3¢
B2 to] A} tubeE %4F F isopropanols
Zt}, 10,000rpm, 15%3F A4 E T H,
33 o

h =

=2

Ao
T

TE
dH,0% ¥ 1 59Ft}. Chloroforms %
AARYE g, AZFHE FHA A A
tube2 &7]3 100% ethanole # 2] 3 A4 £
et AEAE WA F AT pelletz AZ2ANH.
TE buffer or dH,0Z plletE 595 ¥ RNaseE 3
7bsta 37ColA 1A1ZE wFd ¥

gelAtol A DNA bandE 313t dh.

0.8% agarose

2) PCR analysis

AEA2HE PAP fAZF EUHASE
371 4% PCR EA oA AEEAFHAAL nptl
geneS &9138}7] 93l N-1(5" -GAA-GCT-ATT-



Agrobacterium® ©]4% PAP fAe] ez w9l ¢ FAUE

CGG-CTA-TGA-CTG-3 ") # N-2(5 ’ -ATC-GGG-
AGC- GGC-GAT-ACC- CTA-3 ") primerE 43}
dtt. PCR 717l TOUCHDOWN™ (HYBRID) &
AHgdtyon Z2E2AL ¥ 13 2o

Table 1. The optimal amplication condition of PCR
analysis in Scrophularia buergeriana
Miquel.

Mixture of reaction  Primer Condition of reaction

Template DNA 10ng

2.5uM primer
1.25mM dNTP Denaturation(947 1min)
10x buffer(with MgCl, N-1  Annealing(60C 1min)
BIOTOOLS), and Extension(72T 1min 30sec.)
Taqg polymerase N-2 . 40cycles
(BIOTOOLS) Post-elongation(72% 5min)
Total volume 254
YAUTH A2H o HREY Y

PAP7} 2918 FAAS o2y Bd F
adwldel JHAEAHE fungusQ Asperigillus
awamori, Cladosporium herbarums W3 2.2 3o
FaEd & A3 A

1) EMEE Mol A F&

PAP (Phytolacca Antiviral Protein) 2 3R A 33
AEA G dE2TE FAATHA & JEAE U
B R 3t FAMAL &35 dAASE
AEH G FAASHA G2 2T A EA 9 Yo
BAAE W FEd (F oxysporum, PDA, 25C9)
A 24h) & Rog TEson FEAAY. 124
3o HED A o199 94(0.5¢9) < At 1m
9] sodium phosphate buffer (pH 7. 4) 2 @A &
#2319t} Bradford assay method2 ©¥ A &
£ A5, 3AXSE HEAzNEE 3w
| ZEE F AlZto] BE protein®] HHo HIES
dolr ] feted HdE 12, 24, 72, 120 A 3=

o]
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ol 29 d FAMTE HEA S FEAEHA
ge o7 AEAY d2FEH AEE HsHi2T

SDS-PAGE (staning : Coomassie Brillant Blue) &
Pt

2) YEMEE A2 2
A%

Fungusdl thd a4 742 Walden (1986)
o9 WS dF WysA ALFAT. Petri
dishl| blank-paper disc (BBL 0. 25 inch) paper 57}
£ 1.2cm8 AL 2 AN T9 2FE A
Fatdon UmA 4709 7t filter paperell A
BE AEA line? FAATHA 42 JEART
B 323 a3 & 282 £F, 27CY
incubatorel] 78 F<t Wi EA AAINBREE
oz st

TS AT e D8 & 732 9
Aqe 2 FFo| odF (Asperigillus awamori,
Cladosporium herbarum) & A48t 3 F%o| Hj
%4 PDB Slantel] 3% 0] FArobA|3) A & A
0.2% glucose, 0.1% yeast extract, 0.1% citric
acid, 0.37% Na,HPO, - 12H,0) 2 mlE H7I% %
el 82 A7) FFo] EAE AL o]
A 714 2 o] B3t o™ o 7kl £ 96 well plate®]
Foll 100 WA FF, 50709 Ex7 B2E W7
gHsa. FAARE JEARRY F2¢ ¢
BAE FEHZ A3t 96 well plated] 713t
T 27CoA 24A17 Bt S FHEHU &
n7 o2 ¥zpdolrt AsE e A2 FejA 54
st

3) YME = AlSH o Y 4

YAAE @ AEAY B A& AR
At XEANA AL} JE AEAY Feld
Z2 lem AE9 AAHE W1 2714 race (R3, R10)
o] B2 g (F. oxysporum, PDB, 25TA
24h) o) 108 A = 220 FAGTL OA EF ©]
Aot da2TEAN FAASHA 42 4EA

- s
s 2
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FUE oz AYAUT. 25 T 48
o w8E BARLT 43 T 247
@3 SFE 402 FA%
Wrol E789T 489 2%, %
Agie 23 ZAYT,

Bgz—.
Aol g
A

A

A

ol
-STHR 2
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1. Eatel 7|uief e A A=A K =3

Hikol d2AH E72A & o8 A AREA

ZA0] A7E MSHIAI o] A4 3t S wl NAA, 2,
4-D, M B} TDZAA 71 B AzxEse
15 A2 2 JeElyT A& 4 JgM e %71%1—
A48 S o dAFA 2L 7 Yehde RS
E F09n Axe ok d& AP Hid
2712 A4S o AF=HEAY T HTE
#A ] B 21 (Table 2).

2,4-Ds} TDZE 2§ AT MSujA o Fitel
A3 712 S A4 A3} A2 do ]-E— ,
4-D 0.0lmg/19} TDZ 0.01, 0.1, 2mg/1e] Z%ol
A7 B AxEeS /Mg 1 2ol g \%EM
AL E F YU AT 7€ A4 2,4-
D 0.0lmg/1%} TDZ 2. 0mg/1E A& & ynx] 22
B A e 237 A HAY.

B A" A3 e ¥E9 auxing 2,4-D 0.
0lmg/18+ cytokiningl TDZ(0.01, 0.1, 2.0mg/1) |
Z%A 8 A shoot ¥37F FRov, 2,4-DY Bk
7} Eold 42 TDZH 24 A shoot 37} &
oelE A#E HHY (Table 3). o3 2A=
auxinF2] A EAFZAEZ ] 7UulF Al E71&
3 2 AL JAlsta R istE Fxdte B
29 dXFReH (F 5, 1994 thdiazuron (N-
phenyl-N'-1, 2, 3-thidiazol-5yl-urea) &} AH§-2 A}3}
(Nieuwkerik et al., 1986) & 7ot 2 (Yu et al.,
1994) &} wjFol A 9} wFIIR 2 tFE cytolininfb B
ot 27183 o AfFolge 2HE AUTh

[+

“
huny
A

2

_l

o)
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Table 2. Effect of NAA, 24-D and TDZ on the
regeneration and growth of shoots from
leaf and stem explants of Scrophularia
buergeriana after 45 days.

Growth No. of shoot shoot length(mm)
regulators Leat Stem Leaf Stem
(mgl 1) explant  explant  explant  explant
0.01 0.0 0.0 0.0 0.0
NAA 0.1 0.1+01 0.0 7979 0.0
20 0.0 0.0 0.0 0.0
001 01+01 22+15 44+44 130169
24-D 0.1 0.0 0.0 0.0 0.0
2.0 00 0.0 0.0 0.0
001 15+07 58+17 68%£29 280171
TDZ 0.1 21+06 88+09 13.9+40 310439
20 06+03 90+29 57%x26 232153
LSD(5%) 07 31 8.7 100

Table 3. Effect of combination treatment with 2,4-D
and TDZ on the regeneration and growth
of shoots from leaf and stem tissue of
Scrophularia buergeriana after 45days.

Growth No. of shoot shoot length(mm)
regulators | gaf Stem Leaf Stem
(mgl 1) explant explant explant  explant
24D TDZ
001 08+03 33+05 28.0+7.1 213148
001 Ot 25+06 43+08 31.0+39 215+19
20 20+14 40+11 232+53 258450
0.01 0.0 0.0 0.0 0.0
01 01 0.0 0.1 0.0 00
2.0 0.0 1.0+£10 0.0 1.8+18
0.01 0.0 0.0 0.0 0.0
20 01 0.0 - 0.0 -
2.0 0.0 0.0 0.0 0.0
LSD(5%) 15 17 78 7.4




Agrobacterium&

EX
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2. &kl kanamycin XM &y

Kanamycing o] 83 FAAS A EA 7&A
A AEA ALE 7] Hstd FYA sEEZ A
g/4< LotEsith MS + lmg/l BAP + 0. Img/!
NAAB R} ol A kanamycin 0, 50, 100, 150, 200mg/
& AN F A A AU S e 10-17Y
T ge F NI AEE 2AEY 2 2 A
%2 kanamycin 50mg/lo] A71E vlA oA} B3}

743 74383 kanamycin 100mg/1 °| H71€

A e M & E3H7F 4H AT (Table 4).

Table 4. Kanamycin resistance of leaf explant
in Scrophularia buergeriana.

Kanamycin No. of survival

(mgl 1) No. of leaf explant
0 30 18
50 30 4
100 30 0
150 30 0
200 30 0

3. Agrobacteriumol] 2|8t HEFM &

9% 271 AUE s ARES A
Az, 119 A7 2-37} ©1%49) multiple shoots7}
AA%oH, AHA S wound sited A calluss} A
29 4 z“’] Toll HA debsth Hopuf gl o

FARBAAN e AL ES 5oy Wd
ol AR Ax E37F AP HGI JFo] A
Fe d4<e E9F. Kanamycin 35EE £
A3 B9 kanamycin €27} %€ © AEsH&o)
%29, 53| kanamycin 10mg/1°] A7}E wj=|
AN 7Y £ AEES JeSY] e
o]’¢¢] ¥%=9] kanamycin 50mg/1°] J7}E wjA]
A A —%éﬂo}ﬁorﬂ 85 Fol £3tH0] 11.8%
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o1& PAP AR Wioz =9 ¥ BAWA

4. AN A EX2| PCREA

FAAE & QL3 @ A EARTEH 28"
AAA el FHA ZYHAEA AFE &Ast
71 931 PCR 42 S5t FAATA A2
HA §AAZ ALEE = NPTT gened] A+
A EA = YEHIA| o= DNA 2 He| 342
A% A EF o)A e 2™ kanamycin 50 mg/ !
A7t wiA oA Add A EAANA NPTI gene
(700bp) ©] plant genome A2 AYHASE &2
3t} (Fig 2.).

olt

178485878

Fig. 2. Detection of RIP-PAP gene in transgenic
plant by using N-1 and N-2 pimer. lane
1: DNA ladder maker, lane 2 : PCR
product of NPT T gene fragment, lane 3 :
PCR amplication of normal plant (wild type,
control), lane 4-8 : PCR amplication of
transgenic plant selected in medium
containing Km 50 mg/L (leaf disk).

5. LHHEA REXIF AQUE HEXME AlZH &
gdad

FAASE A EAY HAMFEE FERAZ F

4 3t 9 oW Asperigillus awamori, Cladosporium

herbarum& A4t d7A AR S FI3T 4

YRS 92 g 2T 4BAF B 4%
o] 50% AaHE BEAREE (C) 9 gol ml B



Aes dA Ao FFD

500 pg o]/do] 875 o] AA iAol gle v
ol 24 Al PAP/F =Y E linedl 10-
13-1, 10-14-1°] ICs® #kol Asperigillus awamori
of aiA ztzk 320 pg/ml 3 300pg/ml & 2 VFERSE
o C herbarumol] QA E ICs o] 10-13-19]
A 80pg/ml, 10-14-11A+ 100pg/m 2 e}
=& /s YEAT (Table 5). o83 R
FupolH2A FHAAZ F 4z PAP FAz}
fungid] AAME & FFEHL 7 A& ¢
ehli™ RIPHFAAE 328 FFA% Az
2ZA fungal infection®] thdle] AgJAZS 7|t
T A& Zolg AR E .

Table 5. Variation of antifungal activity of transgenic
lines in Scrophularia buergeriana.

Antifungal activity(ICs, value) pg/m!

PAP(Transgenic line)
Fungus Control
10-13-1 | 10-14-1
Asperigillus awamori, » 500 320 300
Cladosporium herbarum | ) 500 80 100

Fig. 3. Antifungal activity of transgenic plant in
Scrophularia buergeriana.
Discs contained 2540 total protein(A),
diluted 1:5(B), 1: 10(C), of transgenic
plant and control plant(D)

A7) 347
7hol w2 EAEole) e A7)

SEEEIE:
34299

FHEA NN F2
2
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A 2 A EA 9 i AE HI3 o ZAT E0
e FAXE EAT} Holste] dAMY o] S48t
Jou (Figure 4. A, O) FAASTH A EAH A F
23 2l A S A7 oA e Aol AaEHh
Asperigillus awamori®] 73 -$-9 PAP A A &A
o 9 A S Mg AF BF ZA) golskA &
3 FA Aol (A 2ot AAete dAt
Fastd i on AAste #AY F71E 7HEOA
ERS Yeli At} Figure 4. B, D). ©]& 3 A
T3 fAzte] ddo 2 Q3 AAHE dud
of FgEHc] zolo] Qe AR ATEHH
742 2 iAo Hotel wey EapdA
Aol ARt Fdel dEA Jvudts 21
(Franky et al., 1992) ¢} AL A3 & AUt
HAA JF F A AT e FAHE 4
£ 9] SDS-pageZ s A7} H A gl
2 PAP frAxte] #dd oJ3te] FAXTE A&
Aol A FAAREA & A EA N YEYA &
£ 32kDa9] W=7} B EatA deplid eyt ol &
PAP protein 2@ 9] #izte g™ A F 122 7ke]
Hu7l H3 12 o3 2 A LT FAhd

o o rr

RIP A€ 9] protein®] o] 7]& o] ZHgZ7]4 o] F
oJXtt= B 7 (Ready et al., 1984) & ZH s+ A
olg} & 4 glth.
6. LHHA FAXIe] =olof o|st HA HEXNMEA|
of LY M HH
PAPHAAE dAto §AAS 3193 FHAS

Ao FAEA AR AA TR 9 7
A ARs7] g8 TgoAM HAeA AT A&
ZAE & 33 A3 AL control 2] E A o A
B 13.322 e g FAASA PAPE 17.
68cm, 16.4lcmZA FAAZ A EA7} vinF &
1 g FolHE AT 10~157H2A 2]zt g
o] AR, A& AAFE FAAE A EA}
b4 =7 Jebgth Control 2] BA| oA Fusariumo)



Agrobacteriums o] 83 PAP §74 Ak @ato g T 2 FAwy

C D
Fig. 4. Difference in morphology of inhibited hyphae photomicrograph was taken after 24h of incubation
of a Asperigillus awamori and Cladosporium herbarum spore suspension in 96-well microassay
plate. A . Asperigillus awamori (control), B : A. awamori with protein of transgeic plant(PAP) C :
Cladosporium herbarum (control), B, D : C. herbarum with protein of transgenic plant(PAP).

L | |
control plant transgenic plant

Fig. 5. Comparision of protein pattern against
Fusarium oxysporum infection through
SDSPAGE in the Scrophulana buergenana.
R, protein marker, the molecular masses
are indicated in the left margin; lane 1,
non-infected control plant; lane 2~5, &) (B)
infected control plant(12h, 24h, 72h,
120h respectively); lane 6~9 infected

Fig. 6. Pathogenicity test of trnasgenic plant
infected Fusarium oxysporum.

PAP-inserted transgenic plant (12h, 24h,
72h, 120h respectively)

163

(A) Transgenic plant{PAP-P-10-8-2)
(B) Control plant
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Table 6. Pathogenicity test of transformant Scrophularia buergeriana (The pathogen was isolated by

infected root).

Genotype Shoot height No. of Above Below Disease ratings
/Pathogen (cm) leaf {9) (9) scales
Control R-3 12.32 10 3.58 8.32 3.2
R-10 14.28 11 482 9.20 3.0
PAP R-3 17.68 13 7.96 11.19 24
R-10 16.41 11 426 9.82 25
AFP R-3 13.00 12 6.28 15.41 2.0
R-10 19.18 15 9.07 15.56 2.0
healthy plant, 5 dead plant) 2 B7}8 2 o 3,29} 80pg/ml, 100pg/ml 2 & oA Yep Ut
3.02 Yebd ¥ FAAE 459 4 control] HAAG A B FAARHA g& AEAE
Hlgto] 147k B E FAAA L scaled 2.0-2.55 o2 SDS-PAGEE F3std £ 27 7gd
& Yehliit (Table 6). ©l24 dite =Y€ AAANY R ¥ A7} FAdEx g JojaE
PAPFA L] o A HEA7} fungie] of Uehtx] e 30kDad] EAFE e A2
A A S Uedlle 2S¢ & A band7} PAP ¢ A}ol] oate] @ AASH 283 o
N 27t 219 k.
5 2 Asperigillus awamori®) 73-5-° PAP & &3k ¢
A A7 A BE T Rebt oA 99
ko] ZuiE Fell A R 559 2,4-D(0.01, 0.

Img/l) ¢ TDZ(0.01, 0.1, 2.0mg/l) o] ZFH A
shoot 317} £, 2,4-DY &7t Fold S-S
TDZ3} 23 2 A] shoot #3837 A= &%t}

FA48 FUAE A% PCR B4 ALEX
FAAZ ALE-HE NPT gened] #2138t =H
AASHA g2 HAEANE JEYA &
DNA Z¥o] FAAS A EAINA JEyoy
kanamycin 50 mg/ ! A7Fd wiR|o A AdE A4 E
A4 NPTI gene(700bp) ©] plant genome SF2.
Z AYHA S A8

FARE HEAY FaEY HdAANAE
Asperigillus awamoridl W8] 2T A2 9} 7o)
gdAol fle AR Vet oy gutolg oy &
BAQ PAP7F =98 HBAAAE 1009 o]
Asperigillus awamorio) W8jA 242t 320 pg/ml T}
300pg/mi, C. herbarumo| sz I1Cs; kol

i
-
hee
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