GOVP1200134245

ASABOIN PYBR CHYMAI HHENT|F
7Y U YN EES4

Mass Production of Plantlets, Mechanism of Disease
Resistance and Breeding of Resistant

Variety in Medicinal Crops

F&FEAA HENSIIE ol & TRY HFAL

Production of Plantlets via Bioreactor Culture in Medicinal Crops

HAE 99 3% 947 o)

Search and Utilization of Pathogen Related Protein Gene

FE&FEANA WYY FF 54

Selection of Disease Resistant Breeding Lines in Medicinal Crops

A7 %

FadTsle  Aedsw

454778 FAUsw
¥ 9 %



L33. 98
[ 2930

A

"o

)

_.AO

-
Ho

A g &

U,
J

=

104
#ol =} :

2

20014
Z2d T3

479 HFHIAE A
5

oF-8-2HE ol A

HIXE “e

B









IVaTAd 23 9 &8 dg e

Zh Q742 29
D A 27122 A multiple shoots 84S 3 &

u
(D) 7], €4, 4 24 AFANENE 45319 FTEHE A= AR

oy F&Fola AAFotH(A 52 e A=)

2 ¢ HEA A= £7128% 05-08cmz 2} 1.2% olzts A7
MS A EAAA ) 1ALeict Aoz F4 9 FAscHELD).

) FF AEA AL €WiAE MS A7 A3 Bgow gagom
sucrose 3%7F AAFHHE D). _

4 AF &7] 292 JEHG7AA HFs] AY A2E fEIE AR
s MS A AR AZE FPAZ oS AEEL A )
%3t Aol Ax 49 Zte EE AAS A2E 42 F JuHFE |,
a3 .

6) nAHRANA AxE FEF @ thidiazuron 1.0mg/E HIHH 2
2 5 U 78 4 UAHE 3.

6 nAMAAH NxE  HFEY @ thidiazuron  1.0mg/19l] -
paclobutrazol 03mg/E &7 A Axe9 FHis A4
& ATHE 4, 29 3, 4).

(7) 25L BEWHE7INA &7] =30 A4 wigdEE 0HH|H(HK 3).

(8) MESE o] &3t W% 7|7t ¥ pHE YRS SASATH Az 571
F7F A 4).

©) AEw37] Mgl ABAE Ax9 Fzx3ugd: Ax ¥ o

= Ao JHE 5).

(10) Nz FP3t BAE 9T antivirifying agentd HAA Aasr:=
5mg/1°1 tH¥ES6, 18 6).

(11) BEFHEZIAA Az A% & A2 vids F7he ARNg 2

Z2E Azx9 BAg HAnxE b thidiazuron 1.0mg/1S M2 dte A
ERAOIHE 4, 219 5). 25L AEwSre HA MPune: Az

X,

3

=



oF 40071 (100-150g)°] ¢}

(12) Az9 ¢2L op/tE 12% H7Me 12X MS wiAdA 7 FEetdd
(X 7).

(13) Az 7lW &34
o] ¥ U=

(14) 7oA &3
FHE o] &stE
(£ 6, 7).

(15) 71N«st JEAs B4go] £2 SUN 1 HEE o83t plug ER
A plug BEE WA YAt 257 97d &8 U Tz o]
2&e Rol EFE o] & EHE 9.

(16) &89 2 39 AAAA AS5H $FE e fAtHzd 8.

(17) 7123 9N AxE A THE st AFE 29 99 2]

2 ol

——

paclobutrazol 0.4mg/1E A& g A5 ¥ Ud
3 =88 HAHE 8 =7 6).
32 A2 o F77t frEe HE dHE R34

o] "WE7} i ¢4A dUHdE WP ET RSt

>

no Ay

2) A4 £712A A multiple shoots 4 53 T2 A4 U

(D o, g%, 712394 AHAAEZNE G~
multiple shoots® YAAA ©]&3te Aol Bu} & Ho|th(Al 47 2
& FA=x).

2) a3 gy HAF AENG7Y FTHE ar-lift Fo2 JdAoFRg=

&<l sphere o] ¥¢2i, 53] 7+8NA inner loopS AAT F$ 4

FAol o & HAUT9E 15).

(3) MS i W] dEYolel Ao AAE AL HELS 413 1 1900mg/l
2 gRYcld AL E 1/42 £ Aol x A &ZFAFH ot MS
o] AT B4 93 FEE sucrose 3%°IHFE ).

(4) 25L RBETEIAAN di £7122(08-1.0cm 2 #jgd=E= 300 4
HoJtH(E 1).

(5) A=z FR3E AXFE 93 antivirifying agentd] EF= LU
(% 234.

-4

Py



6) AERE7IA 457 2o} 65 T Y F 2 AR &7E A
Az & Bi E @30l & HH(E 56).

(7) BEWS7] oA 657 g £ 12X MS ZAWMARE FASE 4
ZAA o] AET JAMAdME Qo] AMNEHA FETHE 7,8).

(8) Ax+E 1/2X MS #i”d] 12% ol7F T2 Ao do) &3] AAND

AAF7T B3 A 5 Bol AdAor AR Bt SAHAEHE D.

©) Z1WA F2# 315 A b T 80 HE EHE FES b
FHe olg3tE Aol Y/ flE &Ad Add wdxRdgd fgsiv
(X 2).

10) 71 <38+ plug BEHA plug B
SO 3). :

(11) Plug 2 4%+ SUN 1 BE7 Z3FHE 3).

(12) 3 23 3404 AR oz FSsqgoed, AADT By +
iz, & R FA= BT 15g B=eldh

ulh

G b EA ol d e}

rr

B

o &g o 19

off
e
=)
H
z2
-
=2
H
rir
o o

2) vid AAFEE AN FFER AuA Qe HaAg o



2 % & ()

8 8 = ool A (Pathogenesis-Related Protein, PRs) #A2F &4 3} o] &
O. d7/42e 54

7 A% Mo WaEgua
3

_ﬁ_
v Az BRETHAY G
I A5 8 2 ¥4

A% PR protein®] ¢F 28 € 4% B4 ¥4

A% PR protein A=+ &2 2 B PR protein F82 &1
NAda nxolA AZF PR protein® 2 2 o gFApAk
Az% PR protein®] A& B U g8 AA

LRER

V. A74d 25 2 &8 g A9
7y, AFE 43
D A& 8o di=did fax4 &4 2 Ax3 aud Qi
(1) AFo=ZHEH A 7Fx ¥714 chitinase(P1, P2, P3¢ & 7= 4H4
chitinase® ¥, ZAATHLE 4, 5).
(2 e o 717 gide] 5434 EAS 49HE Ay J1Fe g
P2%te] exo-typel® Z&3t3 T}E A chitinase: endo-typel 2 #-&
StATHE 3).



(3) ¥ ¥4 Magnaporthe grisead] W3 IFFAHEL AR A
conidia B4 A3 R appresorium ¥4 A €4 T FHEAHE BH
&3l ATHE 5).

(4) A HuZF genomic DNAS FF 02 3te] PCRS E3) 418bpy AHE
S dNe A7IMEE €4, Bl chitinased & A TH2E 7).

(5) 418bpe F7IMEE olricAt MIER WUHAS A € chitinased}e] FAMA
< A%t A3, A4 class chitinased & &9 9).

(6) TujFE A Fo = A class HI chitinase”’}t single gene® & & gt}h
(7% 8, 10).

(7) 418bpe] #HA AHE 0|43l RACE(Rapid Amplification of cDNA
End) o2 A3 44 class I chitinase FAX JHIIS Ha&tgct
(g 1D.

(8) pRSET vectorg ol-&3 diATd JHIE 49, $3A2 43 JHOE=
29kDag] E£xAFE 7MA = G AZA glREE o] inclusion bodyZ THE
g 12).

(9) pUBL140 vectorg ©l&3] ExFAA JHIE AN A Ax A%
o] AAZ 2714 §484¢] At 28 ¢ F dH

(10) &g Fa xdoNA THAZ A2Y dNAES FHadd
(£ 7.

(1D PCR #H¥E& &S& "W PR protein % PR1, PR3(chitinase),
PR5(glucanase) 3 A8 #esd i (2d 18, 19, 20).

(12) pRSET vectorg ©l-&3] 44 PR proteing H&HA 7 T western
blots S8 FAsAH A 23).

(13) pUBL140 vectorE ©]&3} :1zF A PR proteing H&# A7)
4 HE(PR2PR3)F 125% SDS-PAGE(PR1, PROIE F&f @3

AT 24).

i
-y
®

4«»

34T
[o]
2 g

B

r‘B



2) AZxF WAEeuAY X3 HAFd g dd 23 FA

(1) JHIO ¢ glucanaseE A& H
A3 BA F ARG Bh AT FAAN ZrHA] dde] dixT
H3 A3 HolF& #FE & JJHIZE 17).

(2) JHIDS} glucanase?] E#A e e AFIA] dsadds IAE &FA
e Aoz Yyt

(3) JHM®} glucanased) 98 Fusarium oxysporum R29 A% Asle A%
&5 E F £ Aol

(4) PR1#% PR5E BAll A Z¢ 30% ©]3¢] AAEZAE HEolx, PR2
o} PR3= €7 Aglstd A8 dsaadrt 2A vepdei(zE 25).

(5) Fusarium oxysporum R2 ¥xo] A -1,3-glucanase(PR2)9} rice
chitinase(CH16)E A &3t 96417t o] Fo] TAF Ago] thztel Hsf
A8 Golth(2d 26).

(6) Transmission Electron Microscopy(TEM)-E o]-&3] 96A17HH HALES
Ze 24 AxY 48 A A AxHe g8 Ad49s ¢
Ao 27).

Y79 Fusarium oxysporum R2¢] = &gt

H

. g8l g 19

1) ®& A4 chitinase(JHID = 9 chitinaseo] #l&] 7]& Esdzo] =
7] Wjiol o] GRS Iy A A Pl gk Ao AT
A SUE Bg § 9e Aotk

2) ¥ PR proteing A o] =3t o]Eo] ojn] EAstE A 39
chitinase®} 37 Z&3te] WA AP0l 719 FAAS xFe A

@ 5 U

O

2



()

E

ol

A%4

T

3t GST(Glutathione-S-Transferase),

1}, Agrobacteriuma o]-&

Rs-AFP(radish-seed antifungal protein), PAP

A

NA 2.

S PEE!

A

(Phytolacca antiviral protein) %

U 24 ¥R A9

e

b AY

Al hE

K

2.

Aol 71l e B HA

ahi

b 2o e WA HA

M

o

&+

X

N

0

wir

ui]

—

<
na
i

0

)8

- 10 -



eI AR
L

V. d7/4d 29 4 &84 A A9

7F |7 25

1) A& HEA Agrobacterium$ ©]43 GST(Glutathione-S
~Transferase) A2} BA 73 A &4

(1) 71 el A 9] A FAEA ] ARzt A F3 w =)= MSH}A] o] ¥ (Fig.),
G715 TS 2 234 ARSI M =doHFig. 5).

(2) AEAZZEERD @5 AgA TDZ 10mg/L F71519 S = E719 ¥4
A &7 237 42 97 12702 FZ QT Table 4, 5).

(3) AEAZ=HEEZ 05mg/L BA+ 05mg/L 2iP+ 0.1 mg/L TDZ Z&A A
ARNA F 139 A2 E FA3YHTable 6).

@) 4F8= 974 &7194 kanamycin FX7} 50, 70, 100mg/LAA = 23}
o] AZxsAY aALEEY (Table 7).

(5) FAARA HEFT2EF Agrobacterium® FEFELEL 3YoA HF %
3 8t} (Fig. 6).

(6) Agrobacterium tumefaciensg ©] €3 A HHA A71E acetosyrin
—gone?] FAAFEL 50~200 g MAAN £& TIAE e A Fig. 7).

(7 AgufAel &7 F AEAY FdFHHE 4FAX7 AFEG Hoz 1}
e} thH(Fig. 8).

(8) AEsHA (1.0 BA+ 1.0 TDZ+01 NAA) F4A (Km 50+ Cx
250mg/L)E #H7he Ao A FAASE N E ] AHto] F3 Pt
(Table 8).

(9 Ao 4FHE Z7)7F £35900 kanamycine®] #FSH )
A A BeEg =319 HFig. 9).

(10) PCR #4& 33 32438 4 EF9A 700bp DNA bandES 934
}HFig. 10).

(1) PCR #4222 control AEAAME e ¢= C-GST 988hp
DNA band7t d238d HEA AN YetschFig. 1.

(12) AEAE <85S 9 FAASE AEAE JAANHAA g2 HE
Aol 4%Htt =& 80~86%9] ¥ 382 2tHTable 9).

(13) JAAZA C-3 C-6, C-7 AEAE WA HAANA HIT



Fusarium oxysporum®] R-3, R-10 ¥ 79 vu% & Agye et
U cH(Table 10).

(14) FAAEE AEA GST &40 FAAAHA g AEA ¢ us
o ¥uA £& 48 JEUA(Fig. 12).

(15) 32-AFD AEAS GST 4 99, dAMET Fusarium BYF
o a3 i =2 €428 2 9vkFig. 12).

(16) GST &4 HET F 48h ¢ 9 713 &2 848 2 UrkFig. 13).

A7) AstE AAFA ol FAHATE JEAE YIAE ZAAINA gL
BYAME FAHRER G A8A B 15-2 w9 A&y AxE =
7He UEd o BYAE 2AAZ ST olg e AFAE g
ol AR di3t AP el Table 13).

(18) C-541%9 A% 9 F7ie IAAIHA &L AEA] F 1.7,
B FAE o 2299 43S Yl A (Table 14).

2) 4 AEA ] FEAE JATH

(1) 84 HEA 9 kanamycin 434 4% 27 kanamycin 50mg/ £ ©] A
7td AN Rast 43 7283 kanamycin 100mg/ ¢ 7F 7t ©
WA s w37t HA] Gt (Table 21).

(2) Km 10mg/ ¢ + Cb 500 mg/ ¢ F7MEiA AL dold ErjzAdA U
94 2o & ARE 2993 Fig. 5).

(3) AEMEFAN 938t fusaric acid AFAPY AETFE Hosgdn, A
20709} AlEFe AYY Ax= AEFo] wa Fold ol B

(4) Fusaric acidA¥A MEFES HEA ZasdHe AEFo gde Alo)
BtRo™, 504 M fusaric acidsEAAE 13719 NEFS 17] o]49
717t EFEAR F MY AxEFE £33V 91 g

(G) 32AE 4EA PCR #43% 29 PANHS 9317 g 2
drE JElA & 700bp 2719 band?t FAAG A HAEAGH =
AL A H(Fig. 8).

(6) BAHFA GST activity 8237 F2A8 @ AEA:= =4 AgsS
A 22 A9dAE CDNB7IZo) diste control A EABTE oF 20
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AE GST &4 3715 B9 FAvHFig. 20).

(7 GST Az FAAF A4 AEA InAEY BHHYL 79
a3 vteglol BB F Bacillus subtillis)| A 82A% AE7 A48
91 g2 AEARY 2673 48 Hol FJTHTable 29).

(8) A7) W= GST 8AE& A dd F oxysporum, P.infestanse,
Collectoricum spp.5& AEA EF 4842 v ¥-E] &do] EobHa 120
A7 g AY & FAE 7I2dgen 1 HAEE 84 oAe
A eS YeErd A THFig. 22).

(9) AFP, PAP, GSTHAAZ FAAG NEA S FAARNA &2 A=A
o) R34 HA A} F oxysporum, P.infestanse, Collectoricum
spp.ol et AL U on, PAPRFAAR JRATE H=F
= F. oxysporumd] AZARS HolE AFo] ojAow AFPRAAE ¥
AAZRH AEA e AL F oxysporum, P.infestanse, Collectoricum spp.
A AFAHE Holx AFo]l ALHIAHTable 35).

(10) AFP 8348 AEA2 ASEE 4989 A-2 5 7, 9 104%F°] F.
oxysporumdl AZAHL Bgew, A-5 8 10 AFo|Pinfestanse,
Collectoricum spp.dl AFA S BG4k 53] A-5ATL ol Al Hedd
of st AYAHE EAHTable 35).

(11) AFPHAAZ FAA%A AEA9 AF F A5 A-84F°] +FF
WA A 3 daE BYozN FF FF T 3Urk(Table 35,
36).

(12) PAPS-AA7F 3AASA A EAF P-1, 3, 8 104F°] F. oxysporum
o AFgAHE BFgow P-39104%5L F  oxysporum, P.infestanse,
Collectoricum spp.ol AZAd<S BRIt
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1) Fusaric acid® AH83le] ¢S AEZHE fusaric acidd] AFA<
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2) GST, AFP, PAP# A2 224428 A9 A4de) 2% Be) 7A 2
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SUMMARY (I)

1. Tittle
Production of plantlets through bioreactor culture of
Rehmania glutinosa and Scrophularia buergeriana.

II. Oblectives

1. Establishment of bioreactor culture system for Rehmania
glutinosa and Scrophularia buergeriana.

2. Establishment of rooting, acclimization and soil culture

system of the shoots developed in vitro culture.

III. Contents of Study

1. Investigation of disease free plantlets initiation and
maintenance.

2. Investigation of direct somatic embryogenesis from explants.

3. Culture and environmental factors affecting bioreactor
culture.

4. Investigation of multiple shoots formation from stem
segments.

5. Investigation of rooting and acclimating shoots formed in in
vitro culture.

6. Investigation of shoots acclimating on plug tray and

transplanting to soil.
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IV. Results and Recommendation

A. Production of plantlets from the multiple shoots
developed from stem explants of Rehmania glutinosa.

1. Use of multiple shoots from stem segments was more practical than use
of direct somatic embryogenesis from leaf, petiole and stem explants.

2. Subculture of stem explants sized from 05 to 0.8cm every 4 weeks
provided plant good and enough materials for necessary experiments.

3. MS medium was proper for maintenance of plnatlets.

4. Formation of shoots on solid MS medium rather than direct culture of
stem in bioreactor provided more shoots and healthy.

5. More shoots were formed in case of addition of thidiazuron 1.0mg/l1 to
solid MS medium.

6. When induction of shoots on solid MS medium, add of paclobutrazol
reduced vitrification rate of shoots formed.

7. Proper culture density in 2.5L bioreactor was 90 stem segments.

8. More shoots was formed when maintain the pH level constantly by add

of MES.

9. ABA had no synchronization effect of shoots in bioreactor culture.

10. Add of antivitrification agent 5mg/l reduced vitrification rate of shoots
formed.

11. Add of thidiazuron 1.0mg/l in bioreactor culture affected positively
elongation and internode length of shoots. Proper culture density in 2.5L
bioreactor is about 400 shoots(100-150g).

12. Rooting of shoots was effective on half strength MS medium with 1.2%
agar.

13. Add of 0.4mg/l paclobutrazol promoted better rooting and dark green
colored plantlets developed.

_16_



14.

15.

16.
17.

Use of vessels with membrane filter which permit gas exchange freely
in the vessels promoted rooting and acclimating rate of shoots formed.
Grow of plantlets for 2 weecks on plug tray before transplanting to soil
provided higher survival rate on the field.

Plug plantlets grew normally and good yielded in the field condition.
Figure 9 shows the whole scheme of bioreactor culture system to

produce plantlets via multiple shoots induction, rooting of shoots and

acclimating.

Production of plantlets from the multiple shoots
developed from stem explants of Scrophularia

buergeriana.

. Use of multiple shoots from stem segments was more practical than use

of direct somatic embryogenesis from leaf, petiole and stem explants.
Sphere type of air-lift bioreactor was proper for Scrophularia
buergeriana, especially removal of inner loop was more effective in the
formation of shoots from stem explants.

MS medium with reduced one forth in ammonium type nitrogen level
was effective for shoots formation.

Proper innoculum density in 2.5L bioreactor was 300 stem{0.8-1.0cm)
segments.

Antivitrification agent was not effective for reducing vitrification of
shoots formed.

Rootingrate and root number per shoot was effective in the shoots

cultured for 6 weeks in bioreactor.
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7. Leaf of shoots was expanded only on the solid medium after 6 weeks
cultured in bioreactor.

8. Shoots with fully expanded leaves was produced more on the haif
strength MS medium with 1.29% agar.

9. Use of vessels with membrane filter which permit gas exchange freely
in the vessels promoted rooting and acclimating rate of shoots formed.
10. Acclimated shoots need further hardening period on plug tray for 2

weeks before transplanting in the field.

11. Plug plantlets grew normally and good yielded in the field condition.

C. Recommedation

This technique for producing disease free shoots through bioreactor
culture of stem segments in Rehmania glutinosa could bhe utilized for

commercial production of plug plantlets which can be directly transplanted
on the field.
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SUMMARY (1II)

1. Title

Search and utilization of PRs(Pathogenesis—Related Protein) gene.

II. Objectives

1. Search of PRs gene in Rehmania and rice and production of
recombinant PRs.
2. Antifungal effect test of recombinant PRs against Fusarium

oxysporum R2.

M. Contents of Study
1. Purification of PR proteins from Rehmania glutinosa and

characterization of its enzymatic properties.

2. Isolation of PRs gene from Rehmania glutinosa and rice

3. Expression of recombinant PRs gene in Escherichia coli and
Bacillus subtilis.

4. Investigation of PRs antifungal activity against Rehmania

glutinosa.
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V. Results and Recommendation

A. Search of PRs gene from Rehmania and rice and production
of recombinant PRs

1. Three basic chitinases(Pl, P2, P3) and an acidic chitinase(P4) were
isolated from Rehmania glutinosa.

2. According to the result of enzymatic characterization, P2 is an exo-type
chitinase and other three chitinase(Pl, P3, P4) are endo-type chitianse.

3. Purified chitinases has antifungal activity that repress production of
Magnaporthe grisea conidia and appresorium.

4. It is obtained to 418bp gene fragment using the Rehmania genomic DNA
as a template through PCR and determinated on chitinase by analysis
and comparison of nucleotide sequence.

5. 418bp nucleotide sequences were translated to amino acid sequence. As it

is compared with other chitinase, it is certain of acidic class III chitinase.

6. Acidic class I chitinase gene exist as a single gene in Rehmania
glutinosa.

7. Acidic class Il chitinase gene was isolated from Rehmania glutinosa
using RACE(Rapid Amplification of cDNA End) method with 428bp gene -
fragment.

8. JHII was inserted in Escherichia coli using the pRSET vector and JHII

have 29kDa molecular weight and almost express into inclusion body.

9. JHII was expressed in Bacillus subtilis, JHIIl has a greatest activity at
early stational phase.

10. Recombinanant PRs that expressed in Bacllus subtilis were

concentrated by ultrafiltration.

11. PR1, PR2, and PR5 genes were isolated from rice PRs genes by PCR

method.

12. PRs genes were expressed in Escharechia coli using of pRSET vector
and identified with western blot

13. PRs genes were expressed in Bacillus subtilis using pUBL140 vector



C.

and identified with enzymatic activity and SDS-PAGE

. Antifungal effect test of recombinant PRs against Fusarium

oxysporum R2

. Fusarium oxysporum spores were treated with recombinant JHII and £

-1,3~glucanase.

. The combination of JHIM and rice B-1, 3-glucanase inhibited fungal

growth more effectively than JHII or rice 8 -1,3-glucanase.

. Microscopical observation showed that development of side hyphae was

decreased in the inhibited fungi, resulting in smooth filaments,

The combination of PR1 and PR5(TLP) inhibited fungal growth over
30% and a great improvement in antifungal activity was detected when
B -1,3-glucanase and rice chitinase(CH16) were treated together.

B -13-glucanase and rice chitinase(CHI6) was treated -effectivelyat
Fusarium oxysporum R2. After 96hrs, the hyphae growth was decreased
evidently in comparing with control.

As a result of observing the hyphae using Trasmission Electron
Microscopy{TEM) after 96hrs, it was confirmed that the fungal cell wall

was decomposed by recombinant proteins.

Recommendation

Recombinant PRs show inhibitory effect against Fusarium oxyoporum R2.

Moreover combinatorial treatments of PRs were more effective than single

treatment of them on the inhibition of Relrnania pathogens. This results can

be

utilized to develop the new Rehmania glutinosa that increase the

pathogenic resistance effectively through gene transformation.

_21_



SUMMAR Y(III)

I. Title
Breeding of disease resistant FRehmania glutinosa and
Scrophularia buergeriana through cell culture and gene

transformation.

II. Objectives

1. Selection of mutant plants through cell culture.

2. Establishment of gene transformation system of GST,
AFP, and PAP gene by Agrobacterium.

3. Breeding of disease resistant transgenic plants through
pathogenecity test in in vitro and field.

ITI. Contents of Study
1. Induction of mutant plants by mutagen treatments.

2. Investigation of disease resistance of mutant plants in greenhouse
and field.

3 Investigation of regeneration system for gene transformation.

4. Investigation of suitable antibiotic concentration and efficient
transformation factors.

5. Selection of transgenic plants by PCR and Southern blotting.

6. Investigation of disease resistance of transgenic plants in in vitro
and field.

7. Selection of high yield and disease resistant transgenic lines.

8. Investigation of agronomic characters of transgenic lines.



IV. Results and Recommendation
A. Breeding of disease resistant Rehmania glutinosa through cell

culture and gene transformation.

1. MS medium was proper for regeneration of Rehmania glutinosa

2. When TDZ 1.0mg/l was added on MS medium, the number of
shoots regenerated from leaf and stem explants was better than
other single treatments.

3. The addition of BA 05mg/]l, 2iP 0.5mg/l and TDZ 0.lmg/l on
MS medium produced the most number of shoots in Rehmania
glutinosa

4. The efficient coculture period was 3 days

5. Addition of 50— 200uM acetosyringone increased the rate of
transformation by Agrobacterium.

6. The proper antibiotic concentration in gene transformation was
kanamycine 50 mg/1 + ccefotaxime 250mg/1).

7. Transgenic plants were detected by PCR analysis of marker
gene and GST gene

8. The rate of acclimation in transgenic plants was better than
that in nontransgenic plants. The survival rate in transgenic
plants was over 80% and in nontransgenic plants was about
44%.

9. Three transgenic lines including C-3, C-6, and C-7 line showed
the resistance to Fusarium oxysporum strains, R-3, and R-10.
10. Transgenic plants showed the higher activity in GST activity

than nontransgenic plants

11. The GST activity in transgenic plants was higher when

Fusarium oxysporum was inoculated then when Collectorichum

_23_



sp. and Phytophthora infestanse were inoculated.
12. The GST activity was higher after 48hours inoculation
13. The fresh weight of root rhizomes in transgenic plants was 15
to 2 times weighter than that in nontransgenic plants
14. Three transgenic lines having high yield and disease resistance
were selected
. Breeding of disease resistant Scrophularia buergeriana through cell
culture and gene transformation.
1. Twenty fusaric acid resistant cell lines were selected by step
wise suspension culture.
2. SB-9, SB-11, and SB-15 lines showed the better callus growth
at 100 uM fusaric acid.
3. Regeneration capacity of fusaric acid-tolerant cell lines was
differant depending on cell line and fusaric acid concentrations.
4. The proper concentration of antibiotics for transformation was
kanamycine 10 mg/l + cefotaxime 500mg/L.

5. Transgenic plants were selected by PCR analysis and Southern '
blotting, |

6. Transgenic plants showed the band of nptll gene and AFP.
PAP, and GST gene.

7. Transgenic plants showed the higher GST activity than
nontransgenic plants.

8. Transgenic plants also showed the higher microbial activity than
nontransgenic plants.

9. The GST activity in transgenic plants was increased according
to the treatment times and the GST activity was the highest
after 120 treatment hours.
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10. The disease resistance in transgenic plants differed depending
on transgenic line and transformed gene.

11. The disease resistant of AFP transgenic plants differeed
depending on line and pathogens treated. Transgenic lines, A-2,
5 7, 10 showed the resistant to Fusarium oxysporum.
Transgenic lines, A-5 8 10 showed the  resistant to
Phytophthora infestanse, and transgenic lines, A-5, 8, 10 showed
the resistant to Collectorichum sp. .

12. Transgenic line of A-5 showed the resistant to Collectorichum
sp., Phytophthora infestanse, and Fusarium oxysporum.

13.The disease resistant of PAP transgenic plants differeed
depending on line and pathogens treated. Transgenic lines, P-1,
3, 8 10 showed the resistant to Fusarium oxysporum.
Transgenic lines, P-3, 9, 10 showed the resistant to
Collectorichum sp., Phytophthora infestanse, and [Fusarium
OoXysporum.

14. Transgenic lines, P-3, 9, 10 showed the higher yield in root
fresh weight and disease resistance.

15. Transgenic lines, A-5, 7, 9, 10 showed the higher yield in root

fresh weight and disease resistance.

C. Recommendation

This techniques for selecting and breeding the disease resistant plants
through cell culture and gene ftransformation in Rehmania glutinosa and
Scrophularia buergeriana could be utilized for production the efficient

production of disease resistant plants which have the difficulty in

propagation and crossing.
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2ol o]ZA da AMgEHE AFo Auddo] Atd v o, vk &
Aol FEE AN 9 F5EIY] 93 aAHA ik € Auigye g 277}
A& Y AAolg,

A go]l =R gl #E AFE JiangF Mao(1979)7F 7| 2} wolo A 2
Ha FESG Ax @ B 3 439 ol wjgd] oj&HE =& H9,
At A 2AEAY F7H L 24 T g B A7} olFol4 g =
WA= A9 71 ajeke] &3 AF7t o] o]FojAA Ay IAGugE
53 AAxu] YA (Chae and Park, 1993; Park et al, 1995), A EHE o]-&
g AFFRY A, Fehaa 20494 AFAAEN AL B FTn AN
(Park and Chae, 1997, 1999; Park et al., 1999) 5°] H31g u} i},

FFe] dEFsAd ol 71 s ¥E 53 Wyl AT 017
M e 4 27 23 ¥ §o] Bel = vHe] ok A& Bedx ax
7hA] o] FolW AT AHY tFEL ot/Magar) WA} AR WYLEIE
ol-&3te k7] wWiEd FEe Ziu diFgAidelzts HAAE WEAFA Ein
JE AR o WAL FEI] A% Wy vz AEuUE7)
(bioreactor) & ©]-&¢ thit2o] widEA LS Ao 93 =58 2N
FAle Fole] FAES B £ UE AHol e Re2 RnHAY(Styer,
1985).

W 424G, 1F4, €348 S 2 I dae
197 SH7|zke] Wi, o Helst Zol o] Astdd. BF
= o] &A] WA o] ol FHY Y AAAA ggo] HQ 3}
AujAl e FH Bol AEst AN WY 5
A77F A s B ol r|Ee wFSTHeRE WA EF
3 S Aws ZF3Ud, AXFe AR Hrleh Ay
A EA T % Wole] FE F ATAY Wy Mo Wy
& = A71ge]l 71z #AAHE Wazuwd
(PR-protein)ell o3 E4 2 #FH4 X349 A7/ B¢ 7|EFom Hasgol
of ).

A 0] AL B
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X
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o

A Fael 2557 A3 AN dAHE Flok sht ofF Py
FEO Y 447 B B 28 A7 AF Hol YA gtk B AT
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Ve gt 28uE FuEn el oiF AL AAe gl AF3] 27HR
etk olgd EAAS Ay 4 $Pez AEWS U] (bioreacton)E 01 %
3 F& A dAF FHIE Aol sMeEd Aoz sldEn, oy
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o F& HEAE FRFHV|IZF WS oE 9, B wiUE F29 HE pdo
2 7 AEAE @77 EUbsEd 32 49 132 2F3EA 9 F2F 2
dFL AAGHAA BH oS BaFgoz FAE 2+ A9 gdornz
of FAE 0|4 & Itk 2y AAFANE o8 F 4ol o} FAS
S 7 Aok TFRY] Lo} 2A FHAEARAE ¥ 1 2 29 2T

L 2olzxd FHAY

A& FAre] Lold] AP ex F 2AL P I 4949 w1
2o o] d¥oAM 25T 8T 27 Aol wol&d) & Hojg wolx &
KA 0TAAE BA3) Folx= RAoE Hol AFFAE 25Toete] AL
M= ot oElR e ¢ F AN 2E 3 2 AasAY 16433 FS
T EZA dobgd] E AojE Holx & AR mel F L arkA
FEFA F= Aoz YENT

Table 1. Effect of temperature and photoperiod on seed germination in
Rehmannia glutinosa after 2 weeks.

| 20T 25T 287

Light Dark Light Dark Light

\ \ |
‘ f

Germination ;
, 2 1 54 44 47
rate (%)

|

*I 16 hours photoperiod

TEE AFE AT AFA Fdmuistd ¢8% FAE 474 GA; £
Ao TEER FAT F MS wjx Ao HopAA dolg e zAG AAE
F 29 24 oA HE AFFTAE GAsEdd FEEZ AFHPL 9,
25omg/l FE4A 7HF @2 wolgs UEUAR, 50mg/l oY FEAAN 4
A2 w2 Lol g BAXAT GAzEdd JEFsA ¥ A3 Table 1)}
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Hugdd GAs AdEdFdE 27 &L Aoz A4HJv

a2 FTFE ZECE ¥ FI FA49 98 ARFS ZESRE T F1 F
2o Zopg L HASHA Bl olF BFE EFH AoE UEHYH. ol%
2 432 B 9, AFAA Aol A - AL =905 A% u
HEEE & doles 2 2 7 £35S EELZ g Ao #YT Aoz

B

Table 2. Effect of GA3s on germination in the seeds obtained from reciprocal
crosses between Hyokyung variety(China) and Korean local cultivar

in K. glutinosa.

T{r Germination rate (%)
Conc. of GAs (mg/l)—— e
Chinese X Domestic Domestic X Chinese
25 39 8
50 59 10
100 | 64 6
200 56 10

e

Al 3" AFAMEN S T TEAM
1. MS AR A AHAAEN 34

MS AuRA] A FAZe) G A= BASH NAASY 5345 ¥7] ¢
gt A% JAAE X4t 657 WY Fde £ 37 k. BAE ©Eo
2 X3 PPN AFHon AAEI FA - DEHUT, NAAS 4
Aoz #& FE9 BAY =fA S APAFAME B2 E AF pgHe
2 AA=E7 BAHJ 28y 3 F59 BAY A Ao 4
gt YAdo] AFe AdEe FPE BAZ Fodts A AAdn
At}
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Table 3. Combinational effects of NAA and BA on direct somatic
embryogenesis from leaf segments of R. glutinosa on solid agar
medium after 6 weeks.

Growth regulator (mg/1) Formation of somatic embryo
BA 1 D’
BA 1 + NAA 05 C
+ NAA 1.0 C
BA 2 D
BA 2 + NAA 05 T
+ NAA 10 T

*2 D @ Direct somatic embryogenesis, T : Through callus, C : Callus only

2. MS HAA NN AR A E FA

£ 4= BENEIAA Az TN 28 2AE7] 9 289 o
goz MS gAujAe] [AA, IBA, NAAS ZL axinFE vEEZ A 3d
A AR E 8F 7 AlFs djolth IAA, IBA, NAAS A RE AgF
AN Aerdrs AAEA7F FAHA] Goka, vud axEdA JPAYE
2 e BA gtk =3, JAA 1.0mg/l AT QAR guo] 2w
FHE g Be AR shoot7} BAHO] o]ZRE wZo] HAYR, %
A hg Hﬂ%ﬁs‘r%»@— ol = Hert B F9E QAT )RR Hol AR
Ao FHAEE gSE Fde] tdEY| g AFxAA FHY w59 2
23 AEc] AEAY FAE A AR 4¥E oY Ao AAHY
TH(E=E oF=x] 5(4):289-293, 1997).

O



Table 4. Effect of auxins on direct somatic embryogenesis from leaf

segments of R. glutinosa in MS liquid medium after 8weeks.

Auxins
Conc. (mg/1) 1AA 1BA NAA
0.1 = - -
05 + - *
1.0 + M ~
*° - ! none, + : poor, ++ : good

2+ BA, Kinetin, Zeating $E¥MZ Ag dddoltf. Auxing DE5AS o
dddst mtNE AsE A FAAE A §rgskA &stu g ol
AAEE Y. olX cytokinin®lY 2.0 mg/llA 7ML A A E6 TS LE
WAR, 2 o9 FEANAE 2318 AAHAY zeatind o] Wirt QU=
Aow Mo} cytokining TEHAHHY Aol 20mg/lVt 7HF AR Ao=
Azt Yt

Table 5. Effect of cytokinins on direct somatic embryogenesis from leaf
segments of K. glutinosa in MS liquid medium after 8 weeks.

\\\ Cytokinin ‘
T~ BA ‘ Kinetin | Zeatin
Cone.(mg/l) ™ |
1.0 - - : -
2.0 ++ ; ++ l ++
‘ ‘
50 + l + 1 ++
*: - ! none, + : poor, ++ I good

# 62 IAAES 1.0 mg/I2 32BAIF) 3, cytokining FTHE - 3E2EZ 2¥H
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g3t WA QHAHE 8F7 st AAZEu LA AHFE 2¥H v=
7] -r]fsﬂ Agde Aot AAUF AAEMY A Al Aol cytokinin
FH-FTEEE AolE HYth BAE AR LS ddds Fxd AN
A A “]"E‘E‘llx:-% BEAT 2 = Q3 kinetin® A= 20 mgl ¥
E2 Z¥ANEY & 9 vz g AAZuws FZHAAG O E cytokinind
H IR W zeating ZFAL T AFFAN F& AAE EJE 53 21 F

£7F 20 mg/1¥ W 7P Bl FAFHANR, hE AHYFAMEY 25 ¢ ®HE
g F 657 A= AAEwIE FHH 7L=}° 71t & o A& dASA
dGEAoH(Fx A 5(4):280-293, 1997).

Lo mlm

O
—

Table 6. Combinational effects of IAA and cytokinins on direct somatic
embryogenesis from leaf segments of R glutinosa in MS liquid
medium after 8 weeks.

- Cytokinin !
. BA(mg/l . Kinetin(mg/1) J Zeatin{mg/1)
\\ 10 20 50| 10 5.0 1 10 20 50
N i
1.0 + + + 1 - ++ + ++ +++ ++
|
*: — ! none, + ! 1~3 somatic embryos per explant,
+ ! 4~6 somatic embryos per explant,
+++ : 7 < somatic embryos per explant
F 7S AZAAEN T AR FEFAE 2ATY] st MSHI A4

IAA 10mg/ISh zeatin 2mg/E A7}e Bﬂ Aol HERASE 27, 99, A& 74
7 gdalel MR Folt. FolN nd E/FANAE Gl Lz
Hal e 717 el Ax(shoot)7t BASRGYETH, o= due AR AA



A BA4e ARy BoE 7|B2 s 9% multiple shootel 7HTha A7
Holjd. W e AR AL AF, T TAVIZL HuF XA, 8F
o @AL Yol 233 e 2 Hla o Egth =3 F H2A
A dold & ot ARE TN & o Az 4% Ao AZHUL

Table 7. Effects of kinds of explants and culture periods on direct somatic

embryogenesis and shoot development E. glutinosa.

\Explamt Stem Petiole Leaf
Period(weeks) R I B
6 o + | *
7 ++ e+ A
3 -+ 4 +++
*: + : poor, ++ © fair, +++ I good

AZTFE A NPAE AL A4
% 8e AN@e) AHAMEH 2AL A A=E
7, 44, @ 22k 232 4TS 8TAM AL Adstel 119 BEo Ay
of AAA NN 677 WYstel AFAAEN] BYSS 24

A oW AZRA @3 RS APTY 4C 2AANA 4GS T aFE A

w

%
P
29,
£
o
2

H2

o) e 2ol Mal AP FH ACE Uehirh B 4EAY 3
$ole 3L AFE FAE o= AE AP AMTH BALL FAFE
z

Aoz Hol A7 AFo] 758 Aoz AZHA
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Table 8. Effect of storage temperature and period on direct somatic
embryogenesis from leaf, petiole, stem segments of R. glutinosa
after 6 weeks.

< 7
\\ ‘ Somatic embryo formation

\ Stem Petiole Leaf
Period . Temp. ‘

™~ o
o O

4 8 Cont.| 4 8 Cont.| 4 8

AN
1 7 4+ A |+ L R ST Y
]
2 - + ++ . + + - + ++
L _
3 - Z + + . + + . + ++
i il

*: liquid culture without storage

**%.  + ; 1~3 somatic embryos explant
++ ; 4~6 somatic embryosshoots explant
+++ ; over 7 somatic embryos explant

4. HA WiFd=

A %] 739 500ml 4HE A= zeatin 2.0mg/l 9 IAA 1.0mg/17F A7}
" MS SAAE 150ml¥ =55 A& ddAS 22 30, 60, 0 AHL F
Fotod Az TAGES vus 94 HASFE WRAAA YT @A)
¥3 34Tt (Table 9).

Table 9. Effect of innoculum density on somatic embrye production of

R. glutinosa in liquid culture after 8 weeks.

Medium volume (ml) No. of explant Somatic embryogenesis
i. 30 +
150 60 , ++
N0 ‘ ++

+:1~3 somatic embryos per explant, ++ : 4~6 somatic embryos per explant
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5 wjA A& HHsl
7t AL &

WA o] Asel A Ryt AL ¥R WSyl AFA AT %
A MXE T AES7] Yt MSHixo] £85E NHNOsE KNOs9
TEE 72 0 0 1900, 413 : 1900, 825 : 1900, 1650 : 1900, 1650 : 950, 1650 :
475, 1650 : O(mg/DE Adte] AdxAE 453 NG F AAxve LRSS
ZARLY HAH 9 ALY FEHEL AR Yt dx2TFe (NHNOs
1650 + KNOs 1900mg/D9t NHNOs : KNOs®l B]£0o] 825 @ 1900(mg/1)2! A
g7t AFAAZA] S T o] HTable 10).

Table 10. Effect of NHaNOs: : KNOs ratio on direct somatic embryogenesis
from leaf segments of R. glutinosa in liquid culture after 4 weeks.

NHNO3(mg) KNOs(mga) Mean No. of embryo / explant

0 1900 +

413 1900 +

825 1900 ++
1650 1900 ++
1650 950 +
1650 475 -
1650 0 -

- Ipoor, +:fair, ++ : good

N

v 2429 R

Sucrose$} glucose® Z+Zy 1, 3, 5 %2 st 457F wjgst & AANE
vjo] LALNE =AM A, sucrosedt glucose BEF 5%9 AEEAAME &
7 detA] GUT 1%2 FFJE A9 E BAo] AAHE Ao e
A3 #2499 TETE sucrose 3% RoE #FAHRUT (Table 11).

o
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Table 11. Effect of carbon source on direct somatic embryogenesis from

leaf segments of K. glutinosa in liquid culture after 4 weeks.

Carbon source (%) Somatic embryogenesis
Sucrose 1 +
3 ++
5 +
Glucose 1 I +
3 +
5 —-

- I poor, + : fair, ++ ! good

©}. Hormone &34

A& AFAMED BAELEE Fol=d o] WA FF9 strength’}
FEE A=A golR A 500ml E23a 2R A MS(Murashige-Skoog)
WA ZHAAEN WP EFHo|9A  LS(Linsmaier-Skoog) WA
strength® 77} 12X, 1X, 2X2 @& 89 BAS 77 10, 20, 50, 100 mg/12
Ao 437 wiIFFH AT 2 23}, LRI EgE MSHixl7F H§gs Aoew
et s, MS #iA] F9 4% half strength®.t} full strength®] A&7 o &
HAo)glom o] HS AR BAY FEE 20mg/loldd (Table 12). o2&
245 vgoZ BAY NAA9 £4 adE %olrry] sty A3 A4S
Table 134] Yebiich. E 9dlA HEW, BA 1mg/19 NAA 05mg/l %ol
BA 4mg/1% NAA 05mg/1¢] 3% tiz7d 9|3 vxs }& FFd5 Ve
A gk G} AAS =3L BA 2mg/19 NAA 0.1mg/19] =§olddt.



Table 12. Effect of medium and strength on direct somatic embryogenesis
from leaf segments of R glutinosa in liquid culture after 4weeks.

Media BA Somatic embryogenesis

Half strength LS 1.0 +
2.0 +
50 -
1 10.0 | -
Full strength LS 1.0 +
2.0 -
5.0 -
100 -
Half strength MS 1.0 +
2.0 +

5.0 +
10.0 L :

Full strength MS 1.0 ? +
2.0 ‘ ++
, 5.0 | +
10.0 f -

- I poor, + : fair, ++ : good
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Table 13. Effect of BA and NAA on direct somatic embryogenesis from leaf

segments of R. glutinosa in liquid culture after 4 week.

Hormone
No. of somatic embryo
BA(mg/) NAA(mg/1)
1 01 479 = 085
05 530 * 1.18
1.0 498 * 1.34
2 01 531 * 138
05 479 £ 0.84
1.0 469 + 1.09
4 01 462 + 0.74
0.5 524 + 1.79
- 1.0 475 = 120
~ Control( Zeatin 2.0 mg/l + IAA 1.0 mg/ 1) 464 £ 036

T3 g F WA E 23 FE AES AZIE AR S 3
Aed, g A 1FY ARY 79 A0 w v E 4z mgs] FUx,
439 #Wjx1= HPLCE ©] &3l9 sucrose, glucose 2 fructosed) 5 W3S

3
3
2

39t AlE9 73 4 Z2H, sucroset WY F 1FREH A7) AFES
3F AdEe A9 AU fructose}t glucose™= 353 Ao 714 Bo] F3H
ol F ZAiste AFE vEhiATH (Fig. 1.
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1 2 3 4 5
Time period (week)

Fig. 1. Variation of sucrose concentration during somatic embryogenesis

of R. glutinosa in 500ml flask culture.

A 43 Bioreactor Vessel % % ujx] &35 4A

A& AAEe LA AFge PEWSE7]Y aeration FHH vesseld F
F5 Z2As]) 98 air-lift type™ stirrer type bioreactordllA 457 v
I ARE ALY (Table 14). oA 29 cylinderd 9 air-lift type®
stirrer typeo] AAEH] dAo] THHUY F A BT ZH2= wdH
Hweg w 2 FAEo] WX o] 2L AI= XY airg £FHATE=H o]
&5+ impellerdl 218 7]A1A &4 979 Aoz A HEY.
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Table 14. Comparison of hioreactor types on direct somatic embryogenesis

and organogenesis of K. glutinosa after 4 weeks.

R . | % of Somatic |Mean number of
Bioreactor type 9% of Organogenesis .
embryogenesis | S. E. / explant
Air-lift (Sphere type) = 30 = 20 130 £ 03
Air-lift (Cylinder type) = 20 . =40 | 287t 05
Stirrer type = 20 = 40 307 £ 15
| :

S. E. : Somatic embryo

rf

A 54 ARAAE B A2 23 #H 2

1. 8.¢F

7k, MS AR A A ghe] AY AAEW HAAL BAE IG5 Hd H o
Tk o] FojFth W NAAE ZIAYUE A5+ Ze2E T3 747 AA
a7t A HAA.

o MS dAuiR oA Ao JdzA A AFAAFEE auxin®]} cytokinin

9% AYRIE zeatin 2mg/lol TAA Img/I12 2§38 HA$7F Fs3stgh

o APAAEN 4L 27d 9% 2HRdE I 230 FRou 857t

28 FH Y

2 A2 APAAT By 279 AFRAL LChrhs §CAN ARsE
Aol EHA oY, o AL Y7A HFo] 75T .

"l oZ79 (NHNO: 1650 + KNOs 1900mg/D9F NH4NOs : KNOs9 Hl &
o] 825 : 1900(mg/DQY A7t AFAAEEe] A FAHo|U
(Table 3).

vl A gA99 FEE sucrose 3% Aoz A HT) (Table 5).

Ab MS #WAF oA X half strength®Yt full strength®) A& F7 d &35
ojflom o] B9 AAs BAS FEE 20mg/lol Tt (Table 8)
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2. 28

7t AEWNEIIA AFAAEN PP o 2F A gHHo| o uigy]
o] 852 Za, FIPFHE FE¥EY WMYr|E o dAsor s
of AR WAE AxE FHIs Ha A7 wie AAF FE
& @ol gx3r)s W gt

g AZAAE AL T T2 AL oAUtk

t}. Cylinder® 9] air-lift type@ stirrer typeol AAEu] 2ol =T33 o)
Rort BT Zetxa sG] njd] @S0l Ry olst L A=
A F715 ¢@A7=d o459 impellers] 93 71AH &4 WE
ojt}.

#, E712AqAE guoly 4 A4 ndl &L 71z Yol 4l&(shoot)7}
LA, o= f¥gt AP AAzsl 24 AL ATy BHogs
71323k 913 multiple shoot’} FA® Ao =2 dAddg

v, w2t 722 S W FEtd multiple shootsE FAA|FA o]E ol &dl=
WHo] Boh ggAHolgty 488 U,

™
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A 64 Z71ZAGA multiple shoots AL £33 £H

B3

1. #¢ HEA §A € BE

2 HEF 4= &7 2HE 05-08cm A7 vyl ¥RHEE A2
& Murashige-Skoog(1962) A #) A (sucrose 3%)} o}/l BEZ 12%=E =&
g wjx o] Agste], 2% 25°C, 16X12t =3 sto|A wjFTh v 1AEri} A
dude sty T AEAE A 2E8FUA T A4S ARE ol g3
AL vihAer e 5/ E£713HE s AEAR JKAZY o] =
AL AdE A5 Fey BdS Al F4AA o

et

7h Az FAE A% A A Sof Y A o) v

HEAZY A= FE FFE A FHEES FaAIE BAG A
AR 0 B 2ag F4A7)7] Y8l ot 28 7129 08%KT 158,
2ol E F7kA17 1.2%9} 1.6%7F A7Hd MS leﬂﬂﬂxlcﬂl n}vl—g- e 7%

e Adsted 457 WId F AR, 2%, 9GSk, 2%, AAFS

ol7bel TEE 12%2 ¥ WA A AHTE AEAE Fob, 2, AAF
Az vl Eol Kol HUAFS ¢ F YNUE 15). o248 A7
HEA Y #4 2 BES AP AduEE WA= 12% ot £9E
MS 712 AR E o] &3tE Aol AGF AL R WHd e FAd F
AT 4¥E AzE AN + Ao



Table 15. Effect of agar concentrations on the axillary bud formation in R.
glutinosa after 4 weeks culture.

Agar |Regeneration Plant height No. of Root length Fresh weight
(%) | rate(%) * (cm) leaves (cm) (g)
0.8 100 16151085 F 696147 259076 0.79+0.24°
1.2 B | 6.37£0.61° 804+154° 331+083 091+023*
1.6 86 561£067° 608+131° 2621091 0.70+0.18°

*; Regenerated buds/total budsX 100 (%).

1, Each value represents the mean=*S.D.

T, Within columns, means followed by the same letters are not significantly
different at p=0.05 according to Duncan’s multiple range test.

4. FEAEA 444 A3 A} 929 5
Agone] APARE JHlq BF ABAZ LET 9 ol walA
A ge ¥ ARE M2 AQ o] FRY 5 A+ WX 23S
MS, B5, White W15} wlelle] T5A e MSHAe] Bafen A
27t 1~5% FEE Ay, el Sobg EPAEZT JBAF Fe A4
¥ 457 NG Ao ® 167 2k KA 2W MS vzt Az Qo] A
& T WA Hal i "olH: Aow UeEAw B WAdA e
£3e) AES ol AW AFS WYL, AR SohL sb4 Bol @
el MS WAZt g A Aoz wadAY =3 A9 ¥E =4
£ WlAN 3% BTt FEE AL @ 238 Axe] Aoy Sole
o olAlge] A Ae] FEE 3%<l Ao AZHAL.

Lok
e
i

o

<
2
1
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Table 16. Effect of various medium and concentration of sucrose on axillary
bud and shoot development in R. glutinosa after 4 weeks culture.

Modi . %) No. of buds / explant Shoot length
B ium Sucrose (% ( + SE) (cn *+ SE)
MS 1 61 £ 06 6.23 £ 056
2 67 £ 06 590 £ 068

3 71 £ 08 6.36 £ 097

4 6.7 * 08 551 £ 0.70

5 59 = 06 3.61 = 041

B5 1 64 £ 04 6.70 = 043

2 6.1 = 06 807 £ 082

3 62 = 08 746 £ 096

4 6.1 £ 05 729 £ 044

5 57 £ 15 29 £ 0.73

White 1 60 = 09 667 + 0.80
2 | 54 * 08 595 £ 0.84

3 | 63 = 09 726 £ 092

4 52 = 08 519 £ 0.69

5 49 = 07 424 = 048

MS without 1 h3 + 06 598 £ 0.75
vitamins 2 59 * 12 544 £ 092
3 34 £ 12 352 £ 122

4 56 £ 14 6.38 = 157

5 49 = 14 496 = 1.38

2. AT AN Nz FE

7h, miEsEe) &9

AFeA Mz B E&E Folv] 9% W %lﬁri 7] 49¢ A=w
Z BAS NAAE Z+Z} v5d9= %% AHgst MS A7 = 100mi 2z
LA 257 AMEE T F, oY T2E =P g 32 HEFH)
A8l 500ml 42t E#azm zAAA 657 wFe BHA= ¥ 173 2ok ®9)
A EE gAA SR BA 2me/l 7t X ElE wiAolA Aujge s APFIL A
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Fg A % AYTRT FHY Az F2 wol Oe fY Ao ek
. 53 NAA 05 mgl® 2% A WANA 7 ge Az7 Bsel
of ¥ AT WY 2AYS & + ATk FA, Az PAFFEL uA

AH AAFEw] 2= 28 237 A9 o Biox dAsE Rog FA
& o] adventitious shoot 24 HAEL AF HoZ ABHYT} o9 #L A
g BEUR dGAE Ao LolAI F7hol49 TEAS g 2L =4

o) wiAe) ok 08% 7S petri-dishl A 2~3%F kst w o)
A9 WAFFH wEF ART pel: AL VAL (23 D),
Petri-dish(90x20mm)o] v}l & ¥ Fetx &L 08-10cm 27l 2712 L 10
A Aste] 477 WSt 1 249 wo] AAY X TolA Az Bl
BYR AAH FHE AZ2F ABRSA A 357 wIsHE Azs) Mz
34E Wbl met Nz vi $7b Frkska BAlGo] o Tl

=

dt o ofh

(s}

¥ adventitious shoot= AElYo® A& FAANY 4 JrH1d 2B). A
Fe] Az 24 A8 AENSIIE ol Agdes A AW Y A
87l FFE A2E SANNE AEg AA uAuA 7t B petridish
A AEE TAYANA olF AEUEI|A wWdsad HAx BAgo] Fresd
o WEA LA A S £ petridishe A A2 E WA BAAAZ T PBEST]

A Az s fFEEE Aol T

—
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Table 17. Effect of BA and NAA combination on shoot formation after 6
week’s culture of the stems got from the shoots developed in
pre—culture of stem for two weeks on petri-dish in R. glutinosa

Hormone (mg/D) No. of shoots / flask Fresh weight
. EsEe ] @ *TSE)

Control 821 + 34 4220 + 532

BA 05 NAA 01 501 + 2.1 2483 * 6.83

05 69.7 + 34 3190 + 331

1.0 662 * 43 * 31.26 *+ 461

BA 10 NAA 01 723 + 36 35.84 + 2.60

05 848 + 14 39.40 *+ 3.3

1.0 826 + 28 4090 *+ 4.23

BA 20 NAA 01 j 1310 £ 39 4910 *+ 575

05 | 1423 = 48 59.90 + 2.50

10 | 880 + 2.2 2310 + 2.23

BA 40 NAA 01 ‘ 625 + 37 1250 + 348

05 | 963 *+ 35 2360 + 430

1.0 | 723 + 43 1420 £ 2.86

Control : without pre-culture in MS medium supplemented with BA 2 mg/l
and NAA 0.1 mg/



B

Fig. 2. Induction of adventitious shoots from pre-culture on solid MS
medium(A) and it’s multiplication (B) after subculture for 3 weeks
on solid MS medium.
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v AdgA Az A 2 F

1) Antivitrifying agent®] 3%

A1 8% petridisholl Al AW} ¥3 e multiple shoot7t X8 explantE Syt
S0 g A9, A AAL AFH AENE7I FESHS multiple
shoot® 9& ZF-EY multiple shoot®] RA o] Aoixoez Fste 29E
d& & JYch 2HY Az FHs @4 0% FUHE Aol vEyd
ojgigt ArE FAAQ Az RAES AFAIE AHE 2HIER A F
AEGS7] oA o] 85I & antivitrifying agent(Sigma)E AujY &
o A3t E 189149} 2ol And DA NA antivitrifying agent®] &}
7t F3EHAl YEE o™, antivitrifying agent 5g/1.8) FXZdME tlxT A9
FaES 128 AZse AHE Bk a2y od vid AAZ Ax 34
antivitrifying agent®l #7F =7t EoldsrE Zastes ZAFE Uehdd]
FEEo] ZaToRN AAY HAES UF FHIE d YdojMdE= & =
4L F YEe RAoE FEHHUYY.

£ go
ol rlo

|

Table 18. Effect of antivitrifying agent(A.V.A) on vitrification rate and
multiple shoot formation in R. glutinosa for 4 weeks preculture

on solid media.

AV.A. Vitrification rate No. of shoots | No. of normal shoots
@) | ot (explant) | (/explant
control | 10.24 * 468 £ 253 % T 428 + 224 ®

3 i 10.60 349 = 219° | 312 % 202°

4 8.14 319 * 205 % 203 + 203 *

5 ( 5.76 3.00 + 1.86 ™ ! 283 + 182%™

6 * 6.38 232 T 17 l 217 £ 178 ™

7 i 6.43 | 222 +169° | 208 * 109 °

T, vitrificated shoots/total shoots X 100(%),

= ; Each value represents the mean*S.D.,

T; within columns, mean followed by the same letter are not significantly different
at p=0.05 according to Duncan's multiple rage test,

Control : MS medium supplemented with BA 2.0 mg/L and NAA 05 mg/L.
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2) Thidiazuron®] &

Cytokinin 9] ¢dF o2 4z A &a77 243" thidiazuron(TDZ)S A
o] Auwjk AN HISRS W Az AY e U= TS AR
gt Awge MS 712 Ad BA 20mg/Lt NAA 05mg/LE H7Mg AL
zT2 53, ofdl TDZE TEEE A/ & 457 2 A A A b F3lo
Az 28 AEE ZASYTHE 19). TDZ 10mg/lLel FZ2 Ad wx]d
A 7 B Az B TDZE N#3e Auged o]£& A o] ==
Aelsts Rol At AL & F AUt TDZ AHd waf A%
< F7htR e, TDZ 10mg/l. s%= A7 713 a3#9 Ae= Yet o
3 AuiF dAo) TDZ 1.0 mg/L7t A2 E #XE ALESHE

5
P Q
P&

Table 19. Effect of thidiazuron{(TDZ) on multiple shoots formation in R
glutinosa after 4 weeks culture.

Hormone f No. of shoots B No. of shoots
(mg/L) Jexplant | Joetridish
BA 20 + NAA 05 *465 + 236 ™ T ' 4210 = 2045 *
TDZ 0.05 o smE 4t 3357+ 184°
TDZ 0.1 o osd =25 5078 + 2031 *
TDZ 05 | 559 + 265 % . 5000 *+ 1549 *
TDZ 10 606+ 224° 5450 = 809 °
TDZ 20 | 541+ 213® | 4867 * 1556 ®

*; Each value represents the mean=S.D.
1 within columns, means followed by the same letter are not significantly different

at p=0.05 according to Duncan’s multiple rage test.

3) Anti-GA¢] I
okre] APoA AVAE FuHsle s

Z:}
A ardte AAE 2ASA7] i o8 A



5 T3 94 F5dE AT ¢ JdE anti-GAAE AZzAAQ
paclobutrazol¥} flurprimidol®] 9&¢& AHu 3zl dGvh. A AujotelA
Az FEHE ARV Az AHE FAsHA 7] 9 2y vz,
£ 20149 o] ANFe Ax A AHAHOIUG thidiazuron 1.0mg/Lo
paclobutrazol 0.1, 0.2, 0.3, 04, 05 mg/L$} flurprimidol 0.1, 0.5, 1.0, 25, 5.0
mg/LE 7 2R AFdd Az AT Fys AL 2AR 83 ®
209 2. Paclobutrazol® flurprimidol®} A& Fxd] wel F43 249 &
#E ettt 3] paclobutrazol 0.3mg/1.8] ¥ EoAE Fus wasol
17282 34d 9y, dUA3 APEE Ax5e 2488 W9 34 Yt A
2 A Grd B4 Ao AAHAY. o)l ZIde HAuEA) 1%
R4 TDZel A% AAAZHHY Az FAL nje 92 A4HE A
S 2 TDZ 1.0mg/L$ paclobutrazol 0.3mg/l. A glA] £33 A7 Az A4
ERAQ Aow FTRHYT
3% 3& paclobutrazol® flurprimidol®] & ¥ o] @& F3835 A4 &

F& B9F3 vt 53] paclobutrazol 0.3mg/Le FEdAE Eust LA
of toz Zad Wi, AAAT FAHE Az ZAE&L v$ A vey
AR AMAY Frd aRHA Re2 YEYT 218 4%  thidiazuron(TDZ)
1.0mg/L ©=*28 % thidiazuron 1.0mg/L$} paclobutrazol(PAC) 0.3mg/L9 %
FAd o AT ANxE vwd Aolth. Thidiazuron =9 A$ &
2 o Az AAHUoY A9 Mol Atm dF FHsld AL BAY
Rt ke thidiazurond} paclobutrazols ZFA Y ZAol= Nz}
13 =248 JeblidA Aol AATE € 5 dUh

ol4el 23, 1A wMAgA A& F7] AL o)L Az YL FEY
73 %~ thidiazuron 1.0mg/L$} paclobutrazol 0.3mg/Le] Z¥FA e s 2z 2
A& 71 FHEE9 24 a%E A 98 F Je2 ¢ F AUk
EF o]z & Ax TA Thg FAQA A HAE o) L3 Mxe G o
ANE Ax7t 4A T3t HA ol AFHA AEAR 3o FFHH o]
, AFAH oz ZY A gro K3 Aoz was)

X oo

e

I o



Table 20. Combinational
Paclobutrazol{PAC) and Flurprimidol(FLU) on inhibition of shoot

vitrification in R glutinosa after 4 weeks culture.

effects of  Thidiazuron(TDZ)

with

Anti~GA }Concentratlon Number of shoots/explant!vitrification rate (%) T
- (mg/L) | |
Control 608 * 236 ° ‘ 8.96
Paclobutrazol! (.1 * 565 = 208 ® 1 895 -
0.2 554 + 193 ® 571
03 521 + 1.94 * 455
.04 473 + 196 ™ 10.14
05 457 + 182 ™ 10.27
Flurprimidol |~ 01 | 398 £ 203 % | 10.72
05 | 409 = 211 © | 10.33
1.0 348 + 181 ¢ | 10.12
25 \ 300 £ 179" | 5.32
| s0 | i1 | 58

*; Fach value represents the mean=*S.D.

T, within columns, means followed by the same letter are not significantly different
at p=0.05 according to Duncan’s multiple rage test.

T, vitrificated shoots/total shoots <100 %

Control ; MS medium supplemented with thidiazuron 1.0mg/L.
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a

—ea— Paclobutrazol ‘
1 -0+ Flurprimidol |
| s

No. of shoots/explant

0+

0 o1 02 03 04 05
Concentration(mg/L)

<o
L

o

2[ —e— Paclobutrazol \
1 -.c- Flurprimidol

Vitrification rate (%)

0 ———v———————————————

0.0 0.1 oz 03 0.4 0.5
Concentration(mg/L)

Figure 3. Effect of Thidiazuron combined with Paclobutrazol and Flurprimidol
on inhibition of shoot vitrification in R. glutinosa after 4 weeks
culture.



TDZ 1.0mg/L

TDZ 1.0mg/L+PAC 0.3mg/L

Figure 4. Effect of thidiazuron(TDZ) on inhibition of shoot vitrification in R.
glutinosa after 4 weeks culture.
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3. AENMEUIY AR uYE=
Ag AAE AENIVAA oG o HAF G dxE otrr] Y3t
o St 24" MS 7[EuA ¢ BA 2.0 mg/1gt NAA 05 mg/17t 239 9
AR A 257 AL & F 15L A Agst 242 30g(8W £ % 50
M) 3} 50g(AA F & WMol HER MILEE =-3 stirrer typed air-
lift type bioreactorol Al 357t sj¥d Ao+ ¥ 213 v}l Stirrer typedl A
HILEE 30glA 50go 2 A& Wl £Fo] AAsHAA impellorel A3
HAY 7ol Ues F9 olf= AW Mz = F33] AT Air-lif
t typedl M= YL ETL Bl HHE & &L A LAAR 50g o} A
EE 298 A dde 240 ANYEA AR ASA FAGIA HA 8 &
A7 HAok wEgA A4 aYAEE 0g 35S AEE AR AGHYA T,
of 2z AAMAAN W ARE AHLAY] HFEo FF o] i3 FEL
FAE ¢ glo] e Mg ARY FAEn Zride ofdh wely Al
g2 FARGE WdHE 299 AR YAEE ZAHTE Ao 5437
E gy oF 4¥e mAu AN Hujgd Ax 90ME o] &34t
i oA FEAIZl AZxolA vl g TEE A2 90/ AEE AEUS7)

AA 3F Bt G A2, L0 E AHEF 500-6007 AEY AxE A

e e

Table 21. Effect of culture density in bioreactor culture of R. glutinosa after

4 weeks.

Inoculum density (g) Number of shoots

|
| Stirrer Air-lift
|
30 1 235 418
50 < 50 572
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4. pH®} aerationd &3}

MES [2-(N-Morpholino)ethanesulfonic acidl& ©]&3to] ®7|7t & pHE
o= A= dASA AT F A= FAAA WIFdLE B9 r=9
Q1 wiA] HE A =2Rs IS A5 v2ste pHY FFES o}
Hi ol FAM, FYHE #2719 F& 72 05 vvmT 1.0 vwvme B 48
F0] aerationd] FFL Yok AF 4Y Az ¥ 229 2ok WAy
MESE A#A& 297t 184 &L A9Eg 9 52 2z #48E B4
pH7} A& Az L4 o= Ax A4S vAE Aoz ey 3 F
dEE 3719 &L 1.0 vwin E0E 05 vwwmo 2 ZAHIE Aol A AUE
g, ol F719 o] HoluA miFy ol B Fo) AFol AAHo =7
o] ZFoU &7 BUIE 23518 APy Wiz ddgd

Table 22. Effect of pH and aeration on shoot formation in bioreactor culture

of R. glutinosa. after 3 weeks..

No. of shoots

AT 321
B 245
Cc 460
D 298

T: A ! without MES and 05 vvm, B : without MES and 1.0 vvm
C : with MES and 05 vvm, D : with MES and 1.0 vvmm

5. AENE7] WA AAE P =3

AGge BEWHZ7IANA wiFA] Az B4 2 AFS ASA o &
F 7INFEY FE4L FEY] ste] wiAel ABAE Z4Z 001, 0.05 01
05 10 mg/¥ WY 25 T Artste] wds dad= ¥ 239 2 0.1mg/l
ol FEAME FXB Ego] Hr Bk Az 24 AAE A
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23E 2o AASA F& ASR HYP3, 1 o5 FEANME T 7 F
o] Bx3& 7IdarlE FEUT. FH AA AT} opd ZAMAAN FE
ARELE do T 2014 Hojx TATAY TAFE BARL AEEZI]AA
Mg F sd AxEs A AT AV AEE B o] FEL A
A Yolx B FEoE R

Table 23. Effect of abscisic acid(ABA) on synchronization of shoot

formation in R. glutinosa after 5 weeks.

ABA (mg/1) Synchronization

0.01 +
0.05 +
0.1 -
05 -
1.0 -

++ I good, + : fair, - ! poor

6. Ax9 T 3l(vitrification) %%

A gel ARl N g EAAEHE FHIE dAsr] 96
antivitrifying agent(Sigma, #A0807)E s E=WHZ A&ty o 3dE A¥E
AYAFAE ¥ 249 2ok FolA B9 diAA O F antivitrifying agentE X ]
o] MYEtE S A, FES OF st S48 Az Fd HlE AAF
o] AYAA EA et dxFodEs dE AAFo RoWME Az FE
o Bgx, 2 FHd Y= AAt A%S UeEo] antivitrifying agent®
EHA7F AAH[AT (Fig. 5). 53] 5g/19) =2 AHstYe 29 dz+r49
Az = 953 Bol AR FAFE @A Jehd o] v Hs A
48 Aoz AZHYY



Table 24. Effect of anti—vitrifying agent on shoots formation in R. glutinosa
after 4 weeks culture.

Mean no. of shoots / | Fresh weight
Conc. (mg/D) flask | @ = SE)
( + SE) | 8-> B

Control 220 * 24 i 1032 * 044

3 80 + 16 | 105 + 018

4 90 = 25 | 120 £ 014

5 393 = 17 \ 545 * 0.33

6 f 313 + 72 | 3.28 * 061

7 | 318 * 49 | 330 * 054

Control : MS medium supplemented with BA 2.0 mg/l and NAA 0.5 mg/l
S.E : standard error
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B

Fig. 5. Comparison of control(A) and 5g/1 AV.A. treatment(B) in liguid
culture of R. glutinosa.



AT ABRGIIAA Azl AF
(e F7hsk AR

Thidiazuron 1.0mg/L7F Aeld ZAMA A LA MzE JA <ot A
EutE7]E o83l F/HAHOE A2E LAANTE BA 4% niuss
F7HAIZI L B ARNAE A7 A Y. BERSTIE ol &E AxE 2
A 2 NFAFI el %A, thidiazuron =R E S} thidiazuron 2 paclobutrazol
o Z2FAY A AER AXE o] &3t Az A AT AFzEA

ZTHG FEE FAEIA A% fEo AFEHJYE paclobutrazolo] 1% 4
Zo A= dTFE dolrr] Y 100ml 22 FopAAE o] &5t P
o o7l Az AFE FESH7] Y AFEAAEH thidiazuron®Eh &9
o] %2 BAS NAAE =¥A T Z-9 thidiazurons GEAHS F-%-2 o
Fol 485 st

2 23 thidiazuron 1.0mg/LAA F4 ¢ 7Hd F23 nitj5e 4z
7} go] TSI HE 4). 412 FE Al paclobutrazol® XA s 7
£ 24" vdsrt FH9lEd o) paclobutrazol?] AFAA FEo s A
2 AZhE A =3 28 2004 BAS NAAS 28AY v% F 7 544

3
#7t VA9 thidiazuron 1.0mg/L M 24 4129 FEA| paclobutrazold =
FAs9e A(LEZE 19) thidiazuron GE5H(DZE AR w8 23
o] A3 FA vetow dAd v 7k Aok wEpA A Az &
AL wEsH7] % A mix e} Az AFE e AA @A AF=

A 24 thidiazuron 1.0mg/LH& A8l Aol gd4AUES & F AT

i)
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Table 25. Effect of Thidiazuron(TDZ) on shoot elongation in K. glutinosa
after 3 weeks culture.

Shoot Shoot
) . . Fresh No. of
induction|elongation| Fresh weight . No. of
weight nodes
hormone | hormone (g/shoot) (e/flask) Jshoot shoots
(/L) | (me/L) - o
Control |T072+£0.35%F 11.42+225° 492+211% 1650+4.51%
TDZ 0.05, 0.811:0.49°¢ 13.63+£4.09% 493+2.38" 18.29+6.82*
TDZ 0.1 | 090£0.68™  1641+3.35" 6251294 27.13+7.43
1
1.0 | 05| 1.04£071* 20.17+552% 6571255 20.86+623°
1.0 | 1.12+045° 21.23+261* 768+2.10° 41.2516.82°
-3 2.0 | 092038 18.92+447" 590+=1.76>¢ 2350+3.94>%*
‘ BA 2 + ef d T '3
NAA 05 0.65+0.50 8941390° 480+277 1367%502
Control | 0.56+0.30° 058+0.84° 485+212° 1533%£520'
TDZ |TDZ 0.05| 0.79+0.66°* 13.15%£4.65° 464175  1550+5.69'
1.0 | 01 087047 16.00346™ 6.04+1.71° 2520+8.11°
+ 05 | 1.00+0.49™ 20.20+4.03"° 626172 2757+627"
PAC 1.0 | 1.060.43% 20.49+1.90® 6.33%=1.71" 29.38+9.17"
0.3 2.0 ) 0.87+0.46™" 1875544 598+t161° 21.00+4.97"*
- BA 2+ } de d cde 1
ll NAA 0 SL 0.76x0.48 10.16=3.56" 559+2.41 1525+4.10

Control ; No hormone treatment during the stage of shoot elongation.

1. Each value represents the mean=S.D,
T. Within columns, means followed by the same letters are not significantly

different at p=0.01 accaording to Duncan’s muitiple range test.



Figure 6. Effect of Thidiazuron(TDZ) and Paclobutrazol(PAC) on shoot
elongation in R. glutinosa.
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& 7R gk AF Az 34 WAL Az DA AP
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Fig. 7. Comparison of root developmeent between the plants transplanted
after rooting(left) and without rooting(right).
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Effects of agar concentration and MS medium strength on

Table 26.
rooting from shoots of R. glutinosa harvested after 3 weeks

culture in bioreactor.

\\ Survival rate(%6)* Rooting rate(%6)*x*

MS \\ Agar

salt \\(%) 08 12 16 meant | 08 12 16 | mean

strength N
1/4 X 78 66 60 72.7°T1 897 939 967 | 925°
1/2X 94 94 68 83 | 766 919 941|882
1X 100 96 90 |907° 760 792 867 808°
mean 953 * 853 * 680 ° 806 ° 874 * 935 2

* 1 survival shoots/total shoots X100 (%)

* *: rooted shoots/survival shoots X100 (%6)
1; within columns, means followed by the same letter are not significantly
different at p=0.05 according to Duncan’s multiple rage test.

in

Table 27. Survival and rooting of the shoots harvested after 3 weeks
bioreactor culture on vermiculite and baroker mixed soil bed.
Survival rate (%) Roting rate (%)
MS A=A 1 X 20 10
1/2 X 40 10
1/4 X 60 50
13 8L air-lift type bioreactoroiA] &3 AZXE 7[UdA & FEF
3 S4eA 277 34 HBAY ANEE FYHoE APty Yee
E o 9l
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Fig. 8 Root formation(A) of the shoots cultured in bioreactor, acclimating
on pot(B) and their roots(C)
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2. Paclobutrazolo] A1x9] & 9 &34 vX= 9F

AEg7Io WMIFE Age] A2E U &3 b =L dAsta #
g wgg FAAFI s anti-GAAA AFZEAEAQ  paclobutrazol,
flurprimidol, chlorocholine chlorideZ Z+ F=d=2 AZstd 1 535 4AHE
a7E ¥ 28% o) Paclobrtrazold A#TE AU AHAA FHE e
A FOoAANT AAFE F/H9 AEA ] 2Fo] ALHAHSTS ¢ F AN,
53] 03~04mg/L XM BErt b2 AT e 2 ddso] ¢35
E BEoa ££39 ug 9Ad EY R fEseEE ddHA. vy,
flurprimidol g9 Z$-olE ATEAMNE AHo] ALsA dAHgon #
o @adx B Az AAFe] /H AEAY AKo] ddEA &yt
18] 3 chlorocholine chloride®] A%t 237 GF FAA dx=7+9 Aol7t
A
¥ 9% <84 33300 paclobutrazol 0.4mg/L7} A d siR A A
9 AEAot. dizTo] vE 9 AV A AL HAE o B
wdo] 43d AE B ¢ vk wEky ojde A 93 3%9 sucrose
9t 1.2%9 ob7b7t 389 1/28fF MSHlA 9| paclobutrazol 0.4mg/LE A €std]
HEDGIIA FEG Ax9 £3fAR oj&3te Ao ARAYLS ¢ F A
At

o fo

3. ZIUeE 2 3 A aeration®] E 3

AERG7IAAN FEG A2 £33 4 22 FXA] aerationo] oW T FF
g pXEx AsBEnA 02um polypropylene membrane filter’t H2¥
Magenta GA-7 vessel(Sigma)& ©] 839 aerationo] HE ZZNA £3271
A de7t FFH2 L Y8k Magenta GA-7 vessel® o] 8319 ¢A3) 2
HeY =144 &3z AL ¥EdgH. 122 Jdd MS A4
paclobutrazol 0.4mg/LE F71e £3uiAd] FENS7AM +58 UARE 45
ZH % & AS2A 39 Membrane filter7t 28 vldE A ¢3lE 4
259 ASo] e/t REAHA gL AdA £ A4 vd AAF FHE
el x3e B 45U 2% F ZE FEA dEyrRd $FIHE
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29). akx AEREG I F8H A5 AxE membrane
[e)

filter7} ¥& ¥ MagentaE o]-&3l=

Table 28. Effect of anti-GAs on

shoots harvested after 3 weeks culture in bioreactor.

in vitro acclimatization of R glutinosa

Anti-GA Conc. | Plant height | Number | Root length Fresh weight
(mg/L)|  (cm)* of leaf (cm) (g)

Paclobutrazol| 0 | 867+167*1 |820+182™| 371+ 1.77°ef§ 0.36+0.12¢
01 | 8621203 9101247386187 066+0.21°

02 | 850208 |890L2.17"| 428+1.81°*® | 0.89+0.28°

03 | 8274148 1920£204" 576+198° | 1310.20°

04 | 812+213 | 985%246* | 620+151* | 1.42+023°

05 | 672163 | 745147 [ 4411629 | 1.29+0.19

Flurprimidol | 0 | 867167 820+182% | 3714177 | 036+0.12"
01 | 562%+1289 |525+141% 331140 028+0.12°

0.2 | 621087 | 565=1.14% 319£1.25%" | 0.35%0.11°

03 | 483+1.09% |460+0.99% 233+ 1.20% - 0.32%0.12°

04 | 41640557 4257072 | 247+1.12% | 0.31+0.10°

05 | 3.44+057° f3.60i0.75f 2.18+£098" | 0.30+0.06°

Chlorocholine| 0 8.67+1.67 TS.ZOiI.S el 371177 | 0.36+0.128
chloride 01 | 906+143*  865+135" 381=1.09°% 049=0.11"
05 | 860098 |830+L17*| 4591487 = 071+0.19%

10 | 8724123 [835+131™ 471+133¢ 0.76+0.18*

25 | 876+1.24° f8.50t1.28bc|’ 488+1.84 | 0.79+0.20%

50 | 887+181° ;8.45i1.73b5j4.8111.63b°d§ 0.81%0.17*

1. within columns, means followed by the same letter are not significantly different
at p=0.05 according to Duncan’s multiple rage test.
*; Each value represents the mean*=S.D.
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Fig. 9. Effect of paclobutrazol on in vitro acclimating of the shoots
harvested from 3 weeks in bioreactor culture. Left: control, Right:
paclobutrazol 0.4mg/1

Table 29. Effect of vessel with 0.2gm membrane filter on shoots growth of
R. glutinosa harvested after 3 weeks culture in bioreactor.

| Plant \ Fresh Leaf Leaf \ Root
l

1 No. of
Vessel type| height o 0

leaf weight length width length
| (cm) L (= (cm) (cm) (em)
74T16+# ;7.7i 181 1

H-Without |

|

Membrane 0406 | 321079 |167-029| 384=109
_ger L - i
with 101*1.
Membrane | 82%1.0 13404 |485+0.71 |2.727048 564+ 111
: T
filter | 4
LSDos | 07 | 09 | 03 04 02 06

* ; Each value represents the mean*S.D.
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Membrane filter’} #-2€ viAlel A &31d
U fFE A 33Z0A4 Fa3 AL 7Y JEAS
g fFEY AELo|RR old dgid] H¥HEux & th. Membrane filter’} 33
€ vhAErst eV FAHA gL Adul vtAg A F3AA FEE FAEH
E Sun 1 4E7F 97 507 plug ERF S9N EF BF FIE ol &3
2F7F Aujet & AES 23 G A I Table 30). Membrane filter7}
529 niA g e3td A7 GEUF FEAEA oL vhAEdg A A Az
2ot plug BERAY AHLE BE AELE 4 Fol 53 H29 Ao
7Fedtdn. ol EHE T Jt2Ut o]lFE F Jond olZ Q& nhxiEl v
U FEF FEoZM dare FARI FAE FIAA AZ 799
BRAME FEFZoR x5 &A @ AoR AZHIYHTable 30).

Table 30. The growth and survival rate of shoots on plug tray after
transplanting of the four week—cultured young plantlet in vessel

with 0.2¢m membrane filter in R. glutinosa..

Magenta type Survi(\;/j; rate Plan:cz)eight No. of leaf

with membrane filter 96 9812391 947+1.80

without membrane filter 78 849x2.11 750*=1.55
LSD o0 - 1.20 * 0.88* =

1, Each value represents the mean*S.D.
* * * Significant at the 0.05 and 0.01 probability levels, respectively.
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ZAHAA £334e AR Ao AxF o]gdd FEE A= d F
A% FEXAYIL Y 274 AHEux Yt HES TFHFEE Sun 1 %
E(Sun Gro Co., Canada), MIZEES v2A 4 2 Fd2 8 F&
st ZHEFET. orldd S@FHAANEF XEYY, Hoagland solution,
Hyponex % sucroseZ A 1/4 Fx9 MS 7|EuAE F3H2
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A AR} F2 peatmoss?} perliteR ©]F I Sun 1 HEY
Hae¥o] Fol FRd NS Az AJd £ TS FUS o=
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Table 31.

The effect of bed soil and nutrient solution on growth of young

plantlet of R. glutinosa in plug tray.

T
Media ¥ Survival rate(%) * . Plant height(cm) Number of Leaf
Bed
1 A B C D |mean A B C D |mean| A B C D !mean
SO!
970 950 854 838 854 837 730 730
Sun I |9 9% 92 92 948 | * + + * 1904%| % + * + |7.89°
269 266 253 293 196 195 220 214
6.09 629 59% 551 763 711 678 6.00
Baroker |76 72 14 10|43 + = = £ |ge°| £ = &= & {709
1.14 123 123 099 213 239 117 216
Corbonized 545 5.30 550 5.00
arponized: b + 4 _ _ b + + _ —_ b
chaff g8 8 0 0 8 * x 538, = x 5.25
049 1.69 071 114
Sun I+ 546 550 580 385 490 509 533 550
Carbonized| 40 44 12 8 26° + £ * * |53 = £ + * 508
chaff 09 094 08l 035 119 144 152 070
Baroker+ 455 650 445 450 650 633 450 350
Carbonized| 8 12 8 8| ¢ £ £ £ £ 142 * £ * + 533
chaff 120 070 120 268 071 201 071 0.70
456 464 315 295 742 731 129 715 742 714 686 665
meall a a a a a a 8 a a a a a i
T, A: Korea Horticultural Experimental Station’s standard solution,
B: Hoagland solution,
C: 1/4X MS basal medium without sucrose, D: Hyponex,
*; survival plantlet/total plantletxX100 (%).
Each value represents the mean = S.D(Standard deviation).
2. Z3A )
AR A FEE AFe] JAE2E AENEIE o] &8 A1zl & 7]

W £3E FHEAE plug Eod Aoz 44

s mao] Avatic
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128 A& 7RFAAMTE =addE A £ZAA A F oo o
2717448 AR & vERd Rolt. A: AFe] /AW ERY fEdE Az
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Figure 10. Changes of growth characteristics in K. glutinosa according to
transplanting date.
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Figure 11. Effect of transplanting and harvesting date on root characteristics

in K. glutinosa.
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Fig. 12. Outline of plantlets production via bioreactor culture in R. glutinosa.
A : Multiple shoots from stem segments,

: Shoot development and elongation in bioreactor,

: Shoots acclimatization and rooting,

. Plug seedlings on plug tray,

: Transplanted plug seedlings in the field,

: Roots of harvested plants grown in the field.
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A=A 717J°l gasly, Zdos Relzt el FFe] Astdn. I ER ol
Bar) % & der AEWEr] udA AEA =4S A of st
ZE BN L, olF VYoM 22 87 E AW d& plug ERAA
plug B8 wEo] AgAE & g EFC o4 Ausi= BHS FHGLA
Atk oby Aol AEWSIIE o] &3] FRE WFAYUNSE Ve o
d AFvE AR Aejolnz old Ud 1 Fgo] dasir

A E2AE 0.25% sodium hypochlorite €0} 1587 TAATS & I
52 458 AFst MS 7|29 A(3% sucrose, 0.8% agar)olA HolA AT
Wol gt FHAEL 1/} A MS wiAoN EFFAoR FAAA APA
22 o]&3 4t

2. ok /4 AR WAt FF J8A #7

ArolH APAAEN 2 Nz WY 2AL A7 AP AR R Y
st 248 2olA F AANAN TF HEAZ RET 9 Sobd BANA
e ¥ ARE WE AY Ud FRE F 9t WA 2AL FuA MS,
BS, White Ao w1o(SehE E3F 27129 AYshel 3572 MFE 2
B ® 194 BE uie o] MSHRA Aze) AFel /% FEFHATH



MSH X WINE ol7te] Eel mabd B2 AEst FASA Aol7t vehd
o AAA Nz AL 1208 BEE of 77t FAY A AR F
gom, A7e] Aolx g ZYTH BoWAY AS A AAA e F5EY
gk MS Ao mXA Zath WhiteWl e S0} A8 RAgFstgh
W, MSt BS MiA oA A @4 At win) Aolst Aol & 718 AA
il 249 Ang ALdnA ¢ 9§ S fA¢ ez ARHYY. £F A
24 fAE o AYe S 238 27123 12% ohE AAE MS
Ao AhFsd FAER B 2 $AND 5 .

Table 1. Effect of media and agar concentration on development of lateral

bud of Scrophularia buergeriana on solid agar medium after 3

weeks.
Conc. of Mean root Mean Mean
Media agar number per shoot length internode length
(g/L) explant (cm/explant) (cm/explant)
8 13108 2.391+048 0.97%0.15
MS 12 0.59=0 3.96+0.55 1.25+0.12
16 0.17x0.17 2.716+0.76 1.14%0.21
8 0821047 3441041 1.23%:0.17
B5 12 1.21+049 2.24+033 0.87£0.12
16 1.13+0.56 2.57+019 1.09%0.12
8 0.69*0.46 1.11£0.34 0.78+0.23
White 12 0.86+0.59 1.24+0.28 0.92%0.19
16 0.41+03 1.39+0.34 0.91£0.20
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A 3@ AFAMAEZ JAe T FE YA

1. MS A=A AAEN FE

MS AR A AAEa] FAA D= BASH IAA/IBASY 5 #F 97)
At @, E7], AU AN 6577 WP 2= X 2, ¥ 3, ¥ 4%
2o e A 2A)Fga sdEE HAEX ) 94 we AY g2 S
Hetth 7122 A 7 wE AlY Yo b3 B& shoot7l AEHAG
Hhm o) AdAZRH 29 AAzHE 993 E71d 88 AEE =5}
Aro]l Hdolgon, A3 ¥ shootFdl vlaf AAFe) vxy = 399 BA
1.0mg/L9} IAA 05mg/9] =FAZdE ALstd AEA] AFH A9 JF
o] A olFA A4EIY AAF] tE RAutt FAYY 28y gy
BA% JAA ¥ IBAY =g gdA AGAAzme] SAAFE AXAN ¢3¢
ez adsdot

719 AR 433 B 9 shoot7l £3HJ 2 cotyledon®] B
A olZ o) Myl WL o]FojAR gt = ¢huid FH AFPAA £
wero] o] ZolAtly] Brh multi-shoot’t @A E Aolgn Bz,
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Table 2. Combinational effects of BA and IAA on somatic embryogenesis
from leaf segments of S. buergeriana on solid agar medium after 6

weeks.

Growth Formation Mean shoot Fresh Mean Root
regulators of somatic length weight number
(mg / L) embryo  (cm/explant) (g/explant) per explant

IAA D 5005070  070£009  220+063
01
BA 05 13a
gl D 52012 08512017 2.20+0.56
IAA D 3804084 079+018 2801056
0.1
BA 10 2
iyl T 467+128 1314027 1335195
IAA D 300+£1.06  044+0.10 1.20%0.28
0.1
BA20 .
gl D 3254122 0621018 2.25+0.37
"IBAO1 D 687+131 067008  175+037
BA 05
Ig‘g D 2805091 0431006 1.00£0.70
BAOL D 467+133 061+013  1.83+067
BA 1.0
1(1)3? D 2704030  046%014  157+1.03
IBAOL D 467+151  098+028 1.17+044
BA 20
[g? D 333+072  071+013 0.59+0.39

*. D : Direct somatic embryogenesis,
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Table 3. Combinational effects of BA and IAA on somatic embryogenesis

from peticle segments of S. buergeriana on solid medium after 6

weeks.
Growth Formation of Mean shoot Fresh
. . Mean root
regulators somatic length weight No/explant
o/explan
(mg / L) embryo (cm/explant)  (g/explant) P
IAA O1 D 950+2.94 1.02+0.28 400195
BA 05
IAA 05 D 930£1.25 143%£0.32 367101
IAA O1 D 750+ 0.77x 3.00=+
BA 1.0
IAA 05 D 6.00+3.02 091028 0
IAA O1 D 4.00£049 0.340.04 0.50+0.48
BA 20
IAA 05 D 9.30+1.76 1.28£0.35 1.67£1.01
IBA 0.1 D 19.67+0.50 093£0.14 467101
BA 05
IBA O5 D 9.00+4.40 043£0.12 1.25+0.37
IBA 0.1 D T775x1.22 0.7830.15 1.25+0.73
BA 1.0
IBA O5 D 367%1.01 0.49+0.30 1.33£0.50
IBA 0.1 D 15.00+3.77 137035 1.67£3.04
BA 2.0
150+1.30
IBA 05 D 6.50£2.94 0.660.98

* D : Direct somatic embryogenesis,



Table 4. Combinational effects of BA and IAA on somatic embryogenesis

from stem segments of S. buergeriana on solid agar medium after

6 weeks.
Growth Formation of Mean shoot Fresh
. ) Mean root
regulators somatic length weight
No/explant
(mg /L) embryo (cm/explant)  (g/explant)

IAA O.1 D 22.25+3.06 1.82+0.26 550%0.73
BA 05

IAA O5 D 12.00+3.78 1.78=0.36 3.33+0.52

IAA O.1 D 16.20+£3.99 117+0.34 420+0.84
BA 1.0

IAA O5 D 19.25+3.18 2.05+1.25 0

IAA O1 D 26.002.80 2.56%0.44 2.40+0.76
BA 2.0

IAA O5 D 15.00+£1.75 1.06£0.24 3.60£0.77

IBA 0.1 D 18.00+2.45 1.39£0.25 8.600.77
BA 05

IBA O5 D 2100296 153£0.23 414+136

IBA 0.1 D 1440*£2.38 1.76 :0.25 1.80+0.28
BA 1.0

IBA 05 D 9671427 0.71£0.23 2.00x1.51

IBA 0.1 D 950253 0921026 0.16£0.22
BA 20

IBA O5 D 14.28*=3.05 121+0.21

2711124

D : Direct somatic embryogenesis,
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2. MS gAmA AN A GA A E FA

F 55 AEWNEI|NA FA 2 EH'“*"J} Z271& 2R st MS A
vi Ao BA¢ IAA/NAAE A3t o, 94, €71dA g 3570 wids 2
Fojct. 717k 7HE WE &S Ho, BAE 94502 A &9 HHAJ
A AFAAZ2 2ARTHE multi-shoot?t AP H HAAMZ Tl Fe AE
A7p s wEA ARSI wEbA o]AL oint: AFAAFHZH-H
357l EtE 71@3E 5 o3 multiple shoots®] FA oz AzZtdrt IAAS
NAAZL 9502 /e ZE ASde AANEN FAHA gged, 32

o] MAEIT AN} A$ 377 WF)AE AAAY] AVYY o] AHA
AEE Y987 99 wa Hyle B A wE Sctoz AW & AA
o ey 85 WMRE ASd A AP NEAZY ARLHA o]l F
N s gEA AALNE gAY 435 e AN LT 4y
o,



Table 5 Combinational effects of BA and IAA/IBA on direct somatic
embryogenesis from leaf, petiole, stem segments of S. buergeriana
in MS liquid medium after 3 weeks.

Formation of somatic .
Growth regulators embryo Formation of roots
(mg /1) Leaf | Petiole | Stem | Leaf Petiole | Stem
auxin 0 - - - - - -
TAA 01 - - ++ - R ans +
BA O] IAA 05 - + =+ - . -
NAA 0.1 - + ++ + ++ ’+++
NAA 05 - + - + ++ +++
auxin 0 - +++ +++ - - -
IAA 01 - +++ +++ - - -
BA IAA 05 - 444 - - =
0.5 : ; e
NAA 0.1 - ++ +++ - - -
NAA 05 - + 0+ - + -
auxin 0 - " ++ +++ - — -
IAA 01 - | ++ N . - - -
BA T IAA 05 - +++ +++ + - —
S TV Y O i OO S R
NAA 05| - P T
auxin 0 - + +tt - - -
IAA 01 - + it - - -
BA T AA 05 - . N
20 r : : —
NAA 0.1 - HE - - -
NAA 05| - | +++  w+ - - -
* means, ~— - none, + : 1~3 somatic embryos or roots per explant,

++ ! 4~6 somatic embryos or roots per explant,

+++ 1 7 < somatic embryos or roots per explant
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3. AT T4 2 FAE AT e G

BA 1mg/L¢ NAA mg/L7} £38 MSHjA M= wjdAl dzjxr A4S
Ak oA A& wigg AH2E AENSIINAM AAEH AFAN AL
AR5 918t MS, B5, White HAwAejA 377+ Agujgsd 2945 ¥ 6
oA BE, MSHlAI7} AAEe JFAH] 743 BRFH o3 B5Y Whitedl Al &
MSHjA o] w3t Fg&o] HojFt

Table 6. Effect of basal media on somatic embrvo development in

suspension culture of S. buergeriana after 3 weeks.

Stages of somatic embro development

Media
Globlar stage Cotyledon stage Multishoot
MS 7671352 533%1.26 2671050
B5 7671327 12.33+2.01 1.33£0.50
White 16.33:2.77 266*0.50 0

4. AFTHE A MFMNEY FUAGHL A4

¥ 72 27, 99, 9 23 9AVR AL AR T AAujFsid =
HAAZ 2RAE T AFFHN AT ARE dF 3T 5+ d&=A ¢

obm7] S5t 4TS} §TAA A% 2479 2AL 1AL 2Ro2 Aol
AR 37 whokstel AZ(shoop®] WSS ZAG ATolrh HAA
BE, 279 A4 oln AREANAY vEd AL URAAT FHol}
29} Al 930 8T 2AAA AFE ATFAA O e shoot WAL
g BT o= YL A% T AANYHL WoE e e;/:}omu} 21
4 22748 Xo]B BW, L shoot BAR] glo] AF7|zke] AojAS

A el wa AASA AaHol Agel= A¥AA e Ao »@zmai
o,
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Table 7. Effect of storage temperature and period on shoot development
from leaf, petiole, stem segments of S. buergeriana after 3weeks

culture on medium.

Rate of shoot development
|
Stem Petiole Leaf
T .
. erbnp Cont. Cont
Period () . 4 8 4 8 [Cont.| 4 8
1 month e I = = T E = SN I R + + +
2 month - ++ ++ . ++ | ++ . + +
3 month - ++ +++ S +++ . + i +

* : liquid culture without storage
*x* means, + ; 1~7 shoots development per explant
++ ; 8~15 shoots development per explant

+++ ; over 16 shoots development per explant
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A4 AFAAEN 4 Ad72% 8o & &

1. 89

7t MS BAA G A E717F gelv o 2 RY AAEd FPEo] =3
3, dEFAA 7P whEo] ¥k,

. MS ARl M= AR A 2 A E Fgo] wgtrh BA X
el Aot ntAtAR 7] 2F A *ﬂf‘ﬂiﬂﬂ 34 &0 7 =gt

ot AA g 4 22L 8F Fo APAAEHN FH S TF 4AT HE
A7 AAHY e 7]zke] ®o] 285 = o] gl

=

7t A ZAGAE wgrite] Zo] 2857 sAgt A FHAM E dpo
S4AE HEA AAHAT

v AAES &0l /MY B E712FAME SH% AAE FA I

A A AAolelr] ¥v}E multiple shoots?t #AE Aoz W

5o}, o]% PEUILI|E o]&3 Fr A= multiple shootsE o] &3}

t WEgo s dyste Aol Brf d&FHoln &Aool AT
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A 58 AAHFAAM Mz FA

DA A= A SA o] vl AZXE7] dio] RA LA AxE
frEstanzt s 2 AENSTA AFH 48 srldeE yFY B2
AR Ad Beste® 500ml Etaa AN WA AAujgd g
Z23E& 4] 9% d¥9e s

L A7 sgdx

FHie] 7] AHA(0.8~1cm) 20, 30, 40715 150mie] #ix(MSHIX] + BA
Img/l + IAA 0.1mg/D7} € 500ml Eeta=e] HEste AFAA =z T4 &
748 W& ¥t (Table 8). Scale-up ®ol wel wjx]9] o] Frk8taL o]
02 AEA9 HFFE FrHHr e AFE veddd. #A 150midl
£7] A9A 308 JAEshe o] A Az WY dxd A4 Aoz
1237e=3

Table 8  Effect of innocuous volume on somatic embryogenesis in S.

buergeriana after 8 weeks in liquid culture.

T Source of ;
No. of T explant l Leaf Stem
explant i
20 ‘ + +++
30 ‘ + +H+++

40 “ ++ ++ 4+

+ : 1~3 somatic embryos per explant,

++ : 3~6 somatic embryos per explant
+ ! 6~9 somatic embryos per explant ,

++++ | 9~15 somatic embryos per explant
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2. WARYEY NF
7t 4429 5%

Bz o] AMdE A4% GRYotH AL ¥x WU Az @AY A
AE 4FE A&7 A5t MSHiAl¢] £EHE NHNOs%k KNOsS 58
Zyzy 0 @ 1900, 413 : 1900, 825 : 1900, 1650 : 1900, 1650 : 950, 1650 : 475,
1650 : O(mg/DE At 453 Fs F 4z LAS FASY 34 A4
TENES TESALA AT E 99A HE AF Zo] dEYotHALY F
EE 1/42 29 413 @ 1900(mg/De] A2 7oA ZAHoUY. dRY ot AL
9 qFE FVTIAY, A 2499 FFE FAANEFE Az WAl 7
250, AN A4 F8 FYLLE ol &5 U

Table 9. Effect of NHsNOs : KNOz ratio on shoot formation in
S. buergeriana after 4 weeks culture.

NHNOs(mg/L) KNOs(mg/L) Mean No. of shoots / explant
0 1900 | 12+1.49
413 1900 | 18.83+0.94
825 1900 1069+t1.34
1650 1900 7.8310.94
1650 950 6.6711.07
1650 475 56710107
1650 0 3.34+0.62
4. w29 3%

=
darel Az g4 glo] vadY FHA wWE AFE AHEI] A3
sucrose, glucose 2 fructoseE 74zt 3%= A& MS A wfA A 553 H)
Fd F HE =29 AAFTH AF2ALENH Y4E A2 AFE A

AHE E 1094 2Y, 949 F A2 o FFR 2W9AY AAFol M
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EE AL fructose AFoIAt 2HY fructose A FAA Y AxE F
g2 Qs BAFo] =A Yelrd Aoz diE Fds Aol Aso Az
e BS54 E£3Qt g@a YO 2+ sucrose A7t BRH U

Table 10. Effect of carbon source on shoot formation in S. buergerana

after 5 weeks in liquid culture.

Carbon source No. of shoot Fresh weight (mg/L)
Sucrose (3%) 3.33+0.53 1.81=0.41
Fructose (3%) 55+0.93 2.97%£1.03
Glucose (3%) 3.75+0.82 253+047

3. Hormone &7
e Az B4 )% 4AFR AAZ 2AL JHAME Az
A 2o olFolAer suR old aRAA 249 FFHY FEE T
2+ st
AA, o] 4% AR dojn A% )3
£7] 29AE FFEA 47 NS —"i‘-, A 25 1/1022 7+2A70 MS
7128 A9 IAA, IBA 2 NAAY TEE 65FC2 500ml 234 A s
o 453 g A, g H“E—?:l BHele] dolg E 113 1214 B9
42 i 2 e Zol AR 7F aRAHA 24 FFHE IBAolgoH, %
== 0.06mg/12 W5 A FEAA Z&o] EUTL

°¥N
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Table 11. The effect of auxins on rooting in shoots of S. buergeriana.

No. of root
Concentration

( ) IAA IBA NAA

0 - 0.800% -
0.001 2.600% 1.500% 0.167°
0.01 1.000% 1.000° 0.500%
0.05 3.400% 4.600° 0.000°
0.1 0.800* 0.000° 1.833%
05 0.400° 1.600% 4.250%
1 0.400° 3.500° 0.167°

Means with the same letter are not significantly different according to

Duncan

Table 12. The effect of auxins on root elongation in shoots of S

buergeriana.
Root length{cm)
Con(centrz)ation IAA BA NAA
0 - 1.800%% -
0.001 3.900° 4.100° 0.1667°
0.01 2.625°¢ 1.200% 0.625™
0.05 4.900% 5.800% 0.000°
0.1 1.400% 0.000° 2.200%
05 0.600% 3.200™ 3.900™
1 0.800* 2.800%¢ 0.167°

Means with the same letter are not significantly different according to

Duncan
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Al 64 AEYEI]oA  multiple shoots 3 A

1. AA AEWSI] FF

i aidel AFF AEWNSIIE HASRA vessel Felsl Zr] ©E
air-lift type bioreactore] W& ZA#E vlutPvh E 1314 HY Age AE
W& 7= air-lift type2 2, 53] 7@ (sphere type)ol cylinder ol vjs] AH
F Az A2 Hol v gAY FHAME inner loopE AAT B$
7F Az Ao 71 £l Stirrer typediAiE BHA 7 25 shear stressoll
sl celld] lysis7t RAPHJE B o, A HrlEoE €E3 9
callusing®] ZA o] Z& =719 cell cluster2 AFo] o]Fo]xd Ho|grt A
EWrgr] 292 37 A9 06ml/sec, FF7] 16AZHH)/ 8AZHD), &xE

25°CE frA ST

Table 13. Comparison of vessel type in air lift bioreactor on shoot

formation of S. buergeriana after 6 weeks.

Bioreactor type j No. of shoot/g
Air-lift (Sphere type) 7.47b
Air-fift h

. (Sp-ere tvpe) J’ 13.08a
without inner loop
Air-lift (Cylinder type) ! 451c

Stirrer type \ -

a, b, ¢ : The same leteers are not significantly different at the 5% level
by DMRC



2. Multiple shoots %

718 MS A9 A (BA 1mg/ 2, IAA 0.lmg/ £ 7D 15L ¢ NHNO:E 4
13mg /L2 =A% MS dAu=x (BA Img/¢, IAA 01lmg/¢ 37D 15L9) @
A E712408-1lem)S 27 3007148 AEso WG F 453y 7¢ Ao
2 ANEE AMFAS HE A% 4 AAFE A 2HE F 4M B
W, 712 MS ®ix9} NHINOs &2 1/42 9 NI ZF ujgr)7ie] 242
AAZFTH Az 71 F7H8E 3L 290 Ax9 = @HE717 5<¢ NH
aNOz ¥ 1/42 £ MS A4 full strengthe] MS # XA BY F715
Aoy AAFL ZFAFHAY. olE 7]E MS sA ) vl&) Axe £33 A
HA &5k Wioz Azt weEkq PJEWSsd 4 Az RS T
e MS 71Eu]#] 9] NHANO; 42 1/42 29 413mg/19) 52 313, BA
Img/1¢} TAA 0.1mg/1E A7}s MS iAo A 5F o]4F widets RAo] Ax9
fEd FEAF Aom RTHAYL.

Table 14. Effect of NH4NOz concentration and culture period on multiple shoot
development/explant in bioreactor culture of S. buergeriana.

No. of shoot Fresh weight(g)
Culture
_ /4 | M V4 ] M
n
period | s | NHNO " Teat**) MS | NHNOs | Tza?**)
-Te -Tes
(Week) MS s MS
4 85 11.6 10.10° 1.45 0.29 0.84°
5 9.6 | 125 10.96™ 2.45 1.07 1.72°
6 104 129 11617 2.72 1.92 2.30°
(Fl\ﬁa;t) 956°() | 1230%%) | 221%(+%) | 1.00P(x%)
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w

A7 NPAE
FepaaG0m) ZAN MS W49 NHNOS ¢& 142 £ @ 4
2 Yol ERE, o 2] ABNLAGNE 2LAT AW, o}y
A =29 44 FEFS 2RS4 BA 1ne/L S 1AA Olng/ 07t F7Hd
MS ®xsl NHNOsE 413mg/02 28 WA we] ol &atgich mx
15L9] |4 £7122(08-1cm) 300487 400284 L 27 AEsATh A2
W87 Mg AL F7] FUF 06 msec, 1647 YFolglom Lx 95T
£ FAFAL, WY F 455H 7Y Bhos RS AP 24P x|
5% AAFL ZARAY (Table 15).

2% 007AAE BES ABTI 04N BESF AA7F v Az
o Fob AAF) FEAYT. ok 0AA ol4e BEY A ABWSs o)
A4 AW Ay AxSo Hdsy Adz AFHA =7 dEA 29
A%o] ANAL, BEWEST] FAF L WA 92 x2W Az A FAbe
A H7] GEA Aoz VESYG Td MS WAl F7HE NHNOsY +¢
V42 2o} WEF A7 NHNOS F2 14 2 29 ANA7ANN gAFe ¢
& Aot Azd 47 2APAY. WA gFe) dz £5 Fuss] 99
ME NHNOs & 1/42 29 MS AE A8z, BjFA 27 S= 300
ARZ s Aol F2@ Row AVHYG

Table 15. Effect of inoculum density on multiple shoot development in

bioreactor culture of S. buergeriana.

Culture 300 explant 400 explant
] Mean of Fresh Mean of Fresh
period )
no. shoot weight(g) no. shoot weight(g)

4week 1155 £ 031 | 029 £ 002 | 1086 = 044 | 075 + 0.07
Sweek 1242 = 080 | 107 £ 008 | 11.89 = 047 | 139 + 007
6week 1285 + 046 | 192 £ 017 | 1155 + 039 | 148 + 0.10

+ & = SE
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4 Nz s A7

A4 gl FRESE APAFZ] 98l anti-vitrifying  agent(Sigma,
#A0807E =2 ATstd § FEAA 2R WAE dx 72 3o 653
e F dAE Az F4 AAFTES ZAEAY (Table 16). FoA B4
antivitrifying agent®] ¥%7F HFolad+E 2z TAFHSG 274K BF
ste] AARE Ax9 £ AR, F959 A3 24 = vHagey,
Al Az ReEgrt dxTFRT 44 olFolA ¥ xR &AF AT A9
o] goltAr}. olg} L2 HAAR u]Fo] E o antivitrifying agent:s S-S
AAsE &@7t A7) Wi Mg 2U|5EH AHgste ARvE W] My
T EF AQd A7l Hsts Aol adAY Aoz AZH 1F FTRY 5
F & 71A 179 Y E antivitrifying agent 5 g/l 7} £3¢ w2 23 A
g etod antivitrifying agent®] A A|7|E GolHE gttt (Table 17). 4¥8d 3
antivitrifying agent X7} w242 dAxl zHo Az P dAgYew
2E AT FAe T v 2z ¢ FA gAHHUAG

¥ 182 antivitrifying agentE 2§ qA vfx] A 657 A g3 & 3
g AxE MS 728X (0.8% agar, 3% sucrose)Z |43 4F F Nze
w2 AR S-S 2AEE Aol J¥ZEF antivitrifying agentE X&)
g AE TN F8F Ax7F AstA &2 AT FEe AEg ¥
DA Aol FX FU3L, antivitrifying agentE 7g/l 2 A3 FoA Fd
st A7 ZAAUF tha dEg oy XA4R, A9 AFo] Az o9
FE FHA E W FENSIIAA AR £ 2L wdssd Q]

antivitrifying agent®] A&l= AgsA gvin #d= U}

i)
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Table 16. Effect of antivitrifying agent on multiple shoot development in

liquid culture of S. buergeriana after 6 weeks.

Mean no. shoot

Fresh weight

Conc. (mg/l ( £S.E) (2)
Control 126 + 0.43 1.61
‘3 11.33 £ 031 1.74

4 1092 + 052 1.45

5 11.50 = 048 1.09

6 992 £ 047 1.12

7 777 £ 0.39 0.4

Table 17. Effect of antivitrifying agent treatment on multiple shoot

development in liquid culture of S. buergeriana

Treatment Mean no. shoot Fresh weight (g)
(after week) .
Cont. 12.36 £ 1.25 194 = 0.19
1 990 = 1.72 082 + 018
2 920 = 157 1.04 = 032
3 101 = 1.32 137 £ 035
4 1142 = 1.05 141 + 033
5 11.68 = 1.23 143 £ 027
* £ = SE
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Table 18. Shoot development and rooting of harvested shoot of S
buergeriana on solid media after pre-cultured in antivitrifying
agent containing liquid media.

Co No. of | No. of Root No. of | Shoot | No. of Frseh
(g;l;; ;‘ Ot © : length | shoot | length leaf weight
shoo 100
(cm) |with leaf| (cm) |per shoot|(g/explant)
1254 18.25 3.00 115 4.48 6.25 2.53
Control
| 038 | £ 063 X032 | £ 087 | £ 031 | * 063 = 012
3 1168 0.14 0.33 457 2.59 457 2.63
+ 042 | = 014 £ 033 £ 048 | = 028 | £ 053 T 012
4 11.04 2.38 171 7.00 2.40 4.88 2.33
+ 039 | 078 =052 053] 014 * 040 * 012
5 11.43 2.57 1.86 857 2.66 5.29 2.04
| £ 032, 058 £ 038 £ 078 | + 020 = 042 = 0.19
6 10.01 1.75 0.91 3.88 2.10 413 1.93
1} £ 04 | =067 £ 032 =052 | =019 £ 044 * 013
[ 774 0 0 3.25 1.65 3.75 1.99
Li 0.55 £ 049 | = 064 | = 048 = 0.30
x + = SE

5 AEWNSIINA ¥ =%

AETS7IA wjge A x99 FAR FIFAIE golrr] 93le] BA
1mg/ £ ¢ IAA Olmg/ 27} 7 MS #1x] 151 &7 23 300 dHE JF
o] WlYg 457 FHY 7Y 71Fo2 7 AW 3 A" Axe Fo YAF S
ZAFEA Y (Table 19). o] AxEL o9 A+4Zd Z2AE 2 5 =¥
(1/10X MS+ IBA 0.06mg/ 2)2 $7 100ml Eeh23 264 273 st 5
G g BEo o} HdolE ZANIEY (Table 20).
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4323 B F 6574 Az 94 BAFTLE ASHos F/HsAS. €2
FgE AERLIIAA 657 wY T 22 AR §A WIS AFFAA F
g2atAl S7hste, olwrl AEREIAAY FE&HEHn ALEHAG 2y
HERgr A 657+ A% F peristaltic pump® o1& FEWS] ) )
Ag 2 A2 A8 F 250 wiFsd e b, A X5 oF 68%7F E2
HAo. o] w e += AF 1067, B9 HF Zole 1.98cmOE 100me
EoaE 204A IS 4F AR ZAolg B o) AEWST] WA
Z7 5ol #AsHo} Qo] E2d FFE A Ao #IHY

Table 19. Shoot growth depends on the period of bioreactor culture in S

buergeriana.
Culture period Mean no. of shoot Fresh weight(g)
4week 867 £ 059 145 = 0.13
Sweek 958 = 0.59 245 * 016
6week 1041 * 048 272 £ 019
* £ = SE

Table 20. Root growth depends on the period of bioreactor culture of S

buergeriana.
Culture period Mean no. of root Root length(cm)
dweek + 2week 09 = 019 065 £ 0.27
Sweek + 2week 12 = 020 070 = 0.36
6week + 2week 38 £ 0.3 335 = 049

* + 2week @ Treatment period of rooting media
+ = SE
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6. BEWZ7Z|AN Nz F8A7], WA F7 = 2 wdgyel x84

7 Ao WAE 9.

AEWG7IAA wigstgd SAE A% ASH Ao FHFE A F=
o FHE dAs7] A8 ddoz, MS wiXd HstEE NHINOso 4% 1/4
2 £0°]1 IBA 006omg/ L E /M wiAE Z1EWAZ . o] 7]EuA g
FEE 47 1X, 12X, /4X, 1/10XZ2 A= s MS dAulA] e}, sixe F52
Z+2Z 1X, 172X, 1/4X2 A g3 MS 2484 (0.8% agar, 3% sucrose)ol A&
Sl A 45 Ft wlde T e Az 657 TG MIEFE F £3F A
Zkz} st 4F FF WEE tE 2 d29 ASFLS A
AETS7IA 4577 wjFs F AAAZ SHAS F5 1X9 FZdA
H o] 9 do] Fo2 Hel Afo] B FA UeERoH, 657 u)
g T SAE AETAAE XY T2 2E 9 (1/10X) B9 A&
gk olE 4F T B2 WA E SRS 4% multiple shootd] o] ¢A 3
o] Fo| A A o} A et FES Wol WS R & Wd 65 F w2 )
A2 FFHE 7359 multiple shoot®] A&o] =HA 3 el A5l 843
oz, 65 F B AFds AL 49 wiArt aAFHA Aoz AadAn}
(Table 21).

IAA AN AEE AHE BF AEREIAA 45770 alded A5 6
g AR EF AT AS5S 1X9 =44 /M o 93 4
< Uetddth. Reje] 3R PP 477 G T aAE &FL A
1X9] FXdAM F5d Ao yEor) 6577 g & wjAR o]
o= 1/4X9 F=dA 7HF ££34)h ol AR e 22 Agor o
AR 22y 1/4X9 559 A% do] AME Az 9 AxTF d9 F
E AU o) s FFEY E 9 AEWSIIANA 6572 wlF F 1/2X 1A
A28l ofjao] 71 FEg Aoz WPHGIHTable 22). &3 WiX2 SAF
ol o] AAMHE Axe AAMAGAT Jeta  dAujo = do] A
AHAA FAY FEE7 HAsdrh B FENRSIIAA E2E FEFHI] 9
& AL HEZ 65F o) wigste HAE dv ArvE AA AUl A
Az &7 &2 TAd o] AME AAAQA Feje) Az Lo o]FolR
EE 3= Ao dasih

T

v

o % L
o
4z
o

to

o

rr

\2

_%_
s
%
<!
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Table 21. Effects of concentration of the MS liquid medium on shoot

formation and rooting in S. buergeriana.

M hoot | Mg ; Root ? Fresh
ean no. shoot| Mean no. roo length(cm) weight(g)
Strength A B A ) B A | B J A | B
2.75 ‘ ‘ *
. 1267 | 1245 | 233 | LI0 | 237 { 126 1 2.94
|+ 076/ = 065 £ 049 056 + 027 + 0.241‘ £ 021+ 014
L l
| 268 |
o x | 13001269 100 | U7 066 | 284 | 138 | 236
+ 045+ 072 + 032 0;3 + 028+ 021 + 018 |+ 012
. |
3.27 |
yax | 1080|1192 1 020 | 7| 024 315 074 18
+ 080+ 061 + 020 059 + 024| o.19f + 009+ 018
362 | | )
1080 | 11.85 46 | 0. 1.4
10 X . 0o 346 | 065 3
+ 049 |+ 0.74 031 ‘»t 026) = 0.09* 026
I [ Y. ;

transferred to rooting media after 4 weeks (A), and 6 weeks(B)

* * Standard error
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Table 22. Effects of concentration of the MS solid medium on shoot

formation and rooting in S. buergeriana.

Root No. of Shoot No. of Fresh
shoot root length shoot length leaf weight
00

Strength {cm) | with leaf | (cm) | per shoot | (g/explant)

ABABABABA—{BABAB

1267|1238/ 783 | 7.0 | 2.7 |2.35/4.178.89 | 2741211 14.17|511| 1.83 | 231
1X (£ £ x| £ ||| x| £ ||| x|x]|=

No. of No. of

0.76 1 0.63 | 0.48 | 0.89 | 0.28 0.42| 048 1 0.7510.33]0.12 1 0.54 | 6.35| 0.07 | 0.20
1167/11.85/5.11 | 45 | 2.29 246|263 |8.33|1.86|2.22 263|555 1.16 | 1.60
12X | £ | £ &£ £l £ £ £ | x| £ || £{x =

0531049 0.35,0.560.37|0.25 0.38|04410.29}0.17 1032 032 | 012 | 0.10
1063|1137 4 19.7512.31|297,0887.86|0.78|1.94 |1.13 413 | 097 | 1.67
vAX | £ 1+ | £ £ | £ |+ £ ]|+l + |+ | £ | +

0.46 0.4&).7610.56 02510211040 026 0.37 1 0.12 1 0.44 1 0.35| 0.16 | 0.15

transferred to rooting media after 4 weeks (A), and 6 weeks(B)
* © SE

1—4

A 72 Az L2

&}

)

L 22, 3 A 42 2 55

#4+9l multiple shoot T o] A= AL HEAZ @3 AL
IA A A et mEkA] 4] Az F o] AAE AEAHA AE
Az AFst= Aol mAMAAAT debgeh whepN " Az 23 9
o] AAHE AFA £AEAY AFd AFE nAuAY HBEH v= R A
A ot =& 7 HAstd 712 MS 8¢ NHNO; 9 $%F 413mg/
¢ 2 2T uAY op7te] g 2 xS HHT 2= ¥ 233% Z
o AAA R Hol AFH AL 7B MS HiA oA, Aot AEL NHANO;
£ 413mg/ ¢ F7HE WA Y FEE 122 A aidA F3sAch. B9
9 dol, d A Az 9 Ao], G, BAFTAAN WAYETF o7} T

- 108 -



o W& foygo] AFHAAN oY, Az FAME F9A4el AJT MS 7B
Aol AFRRAE A5 A =/ 1XA Al ot BRI 16%Y o,
12X} Afde 1.2%Y 9 AFo] 7b¢ TR NHNO:E 413mg/ 02 =3
o XY g ol7te FEst 12%9 o b3 s wWiFe BEst
E2TF oty & A & o] fE¥sAed, o8 B opf yEV}
Nz Jgo= AA JFsA gkt

22 NHING:E 413mg/ ¢ 2 AT v ol B33 84 AxE= £33
7b Bol A HE E EF oA HAX T :
NHANO:E 1/42 &9 WA} d4 Az fEdE= #E3Aw, do] AAd
AAAN AEARY AT ARA gL Ao wAgHUH. Wiz wxv)
1X1 MS 718 ®iAd 16%9] ol sEAA A5 AL wAEE 12X,
o7l sE 1.2%9 wiAelA A5 z%loﬂ vl =33t Aol vely o
2 NHNOsE 413mg/ L 2 AT wix] £ WAFErst 1X MS 71E i
o 16% o7t T=BTE, 12X MS7IEA¢ 12% ol BE FReA o]
4Ads AME AAFIE B3, A2 Aoyt A7t U ow BowAE A
AFol 27 dvhe AL FH3 ugo] JuFe= voEs AL Uegda 3
=& ¥4 F 4o

¥

2. ©3A aeration®] &7

HE &7 e 37 24 AEAY AFH 55t IA FIFs
B8E2AM, F2 COy O cEd Folm wjY¥ £7) vAE 7t meo] go|dt

Ao 2 Aggoan 5P E AAL ¢ J& Aotk A 71U &3 F
719 750l &£8td om|dd FagFg nA = S Golry] Y8t FFo] 0.2m
A EHI 2FE o E +35 %7]—4 mAR ALgste] A¥e A= ¥ U
2o iz Jt2F3E v E AFEE AL vzPhe o gREe gAsL
A Fol7t YR FtAFAL wATE B §I)0AH J& Az AA
T< dEz279 ARG FoFoz g olyd AAE E v slAEAE 1}
MAE ATz 37 5 FHIE dAR%n AAS FHAEAR AR
=d FEA AL Aow 1,
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Table 23. Effects of concentration of the MS medium and agar at

acclimating stage on shoot growth and rooting in S. buergeriana.

\Agar No. of shoot No. of root
conc,
MS (%6 Mean Mean
media 0.84' 1.2 16 (F-Test 0.8 1.2 1.6 (F-Test
Streﬂgth NS) **)
1xY 119 114 12.8 11.85 40 5.3 5.8 4.85°
1/2X 114 126 11.6 1191 42 6.8 6.0 58°
1x* 11.8 114 115 1157 6.8 43 5.1 5.43%
1/2x¥ 116 13.1 12.0 1223 56 79 6.3 6527
M 1168 1213 1185 . N
ean 53 58° 60
(F-Test) (NS)  (NS) _ (NS)
AN ngar Root length(cm) No. of CR.P” per explant
. conc.
MS \\\(%) Mean Mean
media \\ 0.8 12 16  (F-Test 08 1.2 16 (F-Test
strength *%) ok )
1xV 1.03 1.78 295 157° 55 55 65 5.85°
1/2X 2.20 2.18 2.40 2.26° 39 6.4 46 5.04%
1x” 240 1.53 1.83 1.93° 44 41 48 443°
1/2x” | 230 3.00 313 2.80° 43 6.9 46 5.17%
M !
e 21 243 45° 57 496°
|
N Shoot length of CR.P”
N Agar No. of leaf per CRP Fresh weight{(g)
N c‘(’;c) (cm)
Ms N Mean Mean Mean
mediath\ 087 12 16 (F-Test 08 12 16 (F-Test 08 12 16 (F-Tes
streng ~ *% ) ik ) t k%)
1x? 301 201 405 318 50 48 68 525° 312 252 248 275"
1/2X | 243 314 302 28 43 46 49 461° 254 236 14 210°
1x? 255 234 264 252 33 33 34 330° 258 263 28 270°
1/2x% 303 316 315 311 39 44 48 435" 259 230 183 224
Mean 276" 2.90° 3.10° 410° 430" 468 2.71° 2.45° 2.11°

1) MS media, 2} MS media with NH4aNQO3 413mg/ ¢,
3) 1/2X MS media with NHNOs 206.5mg/ ¢, 4) Agar concentration(%)
5) Completely regenerated plant.
=+ : Within columns, means with the same letter are not significantly different at p=0.05 as

Duncan‘'s multiple range test.
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Table 24. Effect of aeration at acclimation stage on shoot growth and

rooting in S. buergeriana

Shoot
No. of No. of Root No. of
No. of length of F.W.
Treatment, shoot root length . leaf per
CRP CRP (g)
(ea) (ea) (cm) CR.P
{cm)
No filter 12.6 6.8 2.18 6.4 3.14 46 3.02
Filter 135 78 1.53 48 31 38 2.36
LSDoos 1.77 1.74 0.67 2.23 0.86 0.89 037"

C.R.P : Completely regenerated plant.

3. &2 - adAd HFE &4 TR v

AEEI|ANA 657 gjdd AEE &7 Magenta vesselol A 453 22
-3t AA S AR AFE 7o R v steEa Holx FHow g
of AAHe2 dfo] mgaPrt. olEj BE JEZ o5 Ye& AEIE
Hl&o] vty T3 A4S H FoA dense clump FEIZ A& Ro] HopA
A g AsEr 25 AASH AKsE AEA Y Aike FrHAACK & A
oltt. kA wZo] AP SA9 FTHIA FEE 2V Y3 NAAS IBAE 0,
0.005, 0.01, 0.05, 0.lmg/L=2 Zt2Z} T =& 2eldtd 1/2X MS s A(agar 1.2%)°
A7Me 3 F50] 02m! LE/ F3d vide s 4570 I - £3F
#AA2E AR F 1Y ALE B8 AR AHE 2A dF3= 8225 2 26
3} Zoh
HET9 NAASH IBAE A 475 vugs 9 Aoz gz77}
AAFol #9353 Edov SAxFE 2%, 23, g, B9 A4 =%
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th ojgd AAL AEXFANAE dense clump FE|Z =& AAIE Boba A
Heoz AT A ALF, At A%o] ¥ EFSAU7] AEY Aoz A
ZHE At NAA AgT9 IBA A7 E ¥2Py S 4 IBAE A Aol A9
2E A% a4 fE8dn NAA AFTAaME 00lng/LaA 7P 45@
AEE ERAL BAAZTAME 0005mg/LAAN 7H 38 A5 Zo o
A2k IBA 0.005mg/L A2]7F NAA 00lmg/L A vl 2%, 2%, 45, <F
7t 8 2 235 YT

Table 2b. Effect of NAA on shoot growth and rooting at acclimation stage

in S. buergeriana.

NAA | Plant height Root length No. of leaf No. of root Fresh weight
(mg/L) 3 (em*SD) (emxS.D) (£S.D) (£S.D) (g*S.D)

0 | 282+109° 1.9+1° 386+181° 233=121* 0.58+0.26*

0005 | 33136 2+1.13° 387+ 174 2371102 0.36+021°
0.01 |360+1.25° 25+147° 573+201° 26+122° 035+0.19°

005 |319+129" 215+116° 427t114° 23*+106° 040+0.19°

0.1 325+126® 241297 6t 174 223+077 035%£025°

Means with the same letter are not significantly according to Duncan.
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Table 26. Effect of IBA on shoot growth and rooting at acclimation stage in

S. buergeriana.

IBA Plant height Root length No. of leaf No. of root Fresh weigh
(mg/L) (cm*=S.D) (cm*=S.D) (£S.D) (£SD) (gxS.D)

0 2.81+1.09° 19+1° 387+1.81° 233*+121° 0.58+0.26
0005 | 417+ 1.31a 256+1.44° 633+1.90" 347+1.63° 031+0.18°
0.01 377t140° 237t153 587*t251" 27t142° 030*0.17b
0.05 352+1.23° 251£132° 561192 26+128 032£015°

0.1 347+141" 239+153" 4871180 243+077° 037+0.22°

Means with the same letter are not significantly according to Duncan.

A 8 A EAAW

1. Plug ¥ ¥A(EFEF

MSHA(1/2X, agar 1.2%)E T3 T50°] 02me 287 734 vidE
W FPelA 470 B2 - eI At A% Qo] 3-4virt @ o w2 B
¥, SUN1 2E, F&, v27 4E+F5(1:1), SUN1 JE+FH1:DE 22 A
& 507 plug BE#d oAt 2530 SN FH AEE, 27, 5, BT,
58 2AEAT 429 L AAEERS A AT

71 wgtd A4 A2 E AR 234 olHsd AuEAEANA BFE HEA
o #ele A9 B 874 AHEA Rl BEYF o] P BEL)
oz o]HF HE& FESH] A8 plugRE AAste] o] RS 2R o]HE
75 e AKol FE3] olFolAa 4z AFE A Hol X AE

o] gobd ¢ & Aolrt old & HdFAAE plug B AW BEY FF
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g AAs] 98 u2A FEAREF5AA), SUNL A E(Sun Gro. Co., Canad

a), ¥, vl2A FE+F8(1:1), SUN1 BE+FH1DE 244 A plug B9
o ZIddlA 223 37t @ FF AEAE HoA 273 ASAD | AL
€7 BFE vAYtHTable 27). AH83 S7HARZE F SUNL BEES ©5A
g 259 FeFd EFAYAL B A2 AELH K] & A

ATl vt FE AT 2y w2 dE F8e a5 £3A
dAE Az AEETH A5e] Wg Az w2 i plugd A4HA
w27 AR Fg& ®rhs SUNL AEE AMgsts Ao #fEd Aew wdd
ot shAIR 5AE T BF FAEAY 4FE] A &L AAE G A &
F9 ¥ B#9ES vmdy SUNL AE7 714 &3 1 950 H2A 38
ola, 7hg ¥ AL Faolth wA &M A3 Axy JE&9 d92

4 B AFE sE FFAAI o) FoAAR && olwz AZHY o4 o
3 dYo] o]FolAoL & Rolth

N

2) £ 3} A%

Plug E@lA #5147 @4 FEZ 59 150 $4d ol dstdon], 444
g 29 194 BE 33 20 @4e AF £H2A plug ERIAE B
29 waro] woksle] BN @Rl A 60/MAS EFN FHo]
AT 71N FTF AR F 20AS 2ol AAT FF Wel = 48740l
on AAY T AAE LS 734golUTh. DAY W% BiAE 153g0 2 g
ot ohebd A4te) S FRE 4 BEA 229% 147 $E7
2 AAX golx ALA F%e AU + JAtn BUIYG
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Table 27. Effect of bed soil on growth of seedlings on plug tray in S

buergeriana after 2 weeks

Survival Plant Leaf Leaf
rate height No. Leaf width length
(%) {cm) (cm) (cm)
B 2 21£0,28 * 50%141 0.65*0.21 1.10x0.14
S 25 3.04£0.65 6047154 084%+032 1.35+0.29
C 2 20x0.28 450=0.71 065007  1.25F007
B+C 5 2.0470.40 56X152 068+0.18 1.04*0.15
S+C 20 2.92+0.82 585+1.23  0.82%0.17 1.42%+0.31
B: Baroker, S: SUNI1, C: carbonized chaff
*; standard deviation
Table 28. Mean root numbers per plant and fresh root weight in S
buergeriana grown in field.
Variable N Mean Minimum Maximum
No.of root/plant(each) 60 43 1.0 180
Fresh root wt/plant(g) 60 73.4 13.0 262.0
Fresh root wt/root(g) ) 15.3 - -
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Fig. 1. Outline of plantlets production via bioreactor culture of S
buergeriana.
A : Bioreactor culture of stem segments,
B: Harvested shoots from bioreactor,
C: Transplanting in the field,
D: Roots from plants grown in the field.
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N 4zt gy X& JldE «et
Pathogenesis-Related Protein(PR) O | =

A 13 MA
AgAle ¥l 312, 71AF A3 53 T2 EYFHU AT 4 upolg,
E30l, Ald T Y8 nAEY "“?JS'% #2 BEF Ao iyt zprbge]
oA o 7] EFES o] o]t A}Zof sttt} AlEH s}
A, F%ol, ulolejae} e HYY ud S 2
EZ B0 =2FW, AEN: ZE L &4
2]

localized acquired-resistance (LAR)&} 73X

dFAY A8 JHA B
Mol FHeA WAt
2 F-glollA U=
systemic acquired-resistance (SAR)S2] 2}7} o] ut-g-& LepT),

3 1A B ZAYE ZE Z7lo: ooy FHEA Fol AEY
2lo] A necrosise} L »J-E’l‘ﬂ—s-(hypersensnlve reaction)o] dojLiA =
ziaiutgof 2]3F LAR®] A2} & salicylic acid(SA), ethylene, systemin 5
Ay gict. BEE SAE dA AERglolA iyl Zjza) #eEdH 2@ 1R
E2E &, 283 dFEH L Ad phytoalexinF, phenol XA, protease
inhibitor, peroxidase, W p|AEL MIEHE JliadtE FTLA
chitinase?} B-1,3-glucanase 5S5& X3t pathogenesis-related
proteins(PRs) §¢ AL E A=z Fd4 nBEU 87 ¥
of thastel zpdS WolstA Hrh FdFol g3 fFE=5E g PRsk:
AEA Y Zlik-gol 23 AAaEE tlEFHQ AEEA Y] Bxjo]A nlo|F
£(TMV) ol ZEE gl dolld AL ddd ol ©l olfdez, #=l, &
T, ARRE, suielrl, Entg, W3 § thed a5AEoA RIF3 9l
=3

Van Loon EufjollA] F£&, FAg PRsEES A ¢ ¢ £E oln:
2 AEE J1RLE PR, -2, -3, -4, -5 502 EFsigon, ofF EnE
T2] PRs2} MR, FEAF, BEIF 8L a3l BFE 11 7] Z(PR-1~
PR-11)2. 2 EF3tch. PR-12 3 EHS B{3la glon), ofF Z4¥A
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< WA 9lx] ¢dch. wbdH, PR-2& B-1,3-glucanase, PR-3, PR-4, PR-8 @
PR-11& chitinase ¥4& RB{3t3 9o, PR-5= thaumatinz} o}um] =i}
Ago] FAI wIRAN  YF ¥EL EASI, PR-62 proteinase
inhibitor, PR-7< endoproteinase, PR-9= peroxidase ¥4& Z}z} x|z
o= Zloeg RIEgoen, PR-102 ribonuclease®} -§A}3t ¢haizlz oy
# ITHE 1).

Initiation Maintenance
(LAR) (SAR)

Inducer

SAR gene expressin

SA

Limit Pam‘[
spread

Signal transduction

Phytoalexin PRs

Phenol derivatives SAR 8.2
Proteinase inhibitor Peroxidase
PRs

Gly-rich protein

2% 1. Conceptual model for the pathway leading to the establishment of
SAR
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X 1. Pathogenesis-related proteins,

Protei
n Type member » Biochemical function
family

Unknown
Antifungal in vivo activity
A -1,3-Glucanase,

PR 1 Tobacco PR-1a

PR 2  Tobacco PR-2 enhances  chitinase,  antifungal
activity
Chitinase

PR 3 Tobacco P, Q In vitro and in vivo antifungal
activity

PR 4 Tobacco R Chitinase

Thaumatin-like and a protease/ ¢
PR 5 Tobacco S —amylase inhibitor
In vivo antifungal activity

Protease inhibitor in pIant—micrbbe

PR 6 Tomato inhibitor I ) ] )
and plant-insect interactions

PR 7 Tomato P Endoproteinase
PR 8 Cucumber chitinase Chitinase
Tobacco
PR 9 "lignin-forming Peroxidase
peroxidase” -
PR 10 Parsley "PR1” "Ribonuclease-like”
T 1
pr 11 Lobacco dass Vo e
chitinase
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o] 3t PRs= AHQ pHolld MeiF o2 F&En], dof ¢, L]
Fao] izl #Y AYEE Ad AR ENIARN F2 OAZLS
(intercellular space)o] ¢x|3l= ZEE S Xdrth

AEAE ZgEsolA Funtge] o3 AH AYZE A3 S35t
g Hoolja] AAAHH  systemic endogenous signal®l SA, ethylene,
systemin, jasmonic acid B& A EX S ZEEHXA 42 AT F4= 3
@dle] T} B oAE chitinase®} B-1,3-glucanases o8 71A] SAR &
A FAzle] 4¥E K =314 Hoh @A SAR #F SYAELS 8 FFIM B
slo] QithE 2). ¥, EntE FolA RIH PRsolfol= 29|, 7z}, of7]
ZfZ ol A= SARo|l 2]3] peroxidase, SAR 8.2, glycin-rich protein 52
i Eo] REFO AEHE Z3FozH AHEANY AYEES F/HAITI=
Aog B grl. SA o]2lo]E benzothiazole W 1 -FEA Ho] whuje} of
71ZTE SOl sRBY A FESE Aoz FAHUTL

2 3o]e] AEQ Phytophthora infestansol] Z2EH ZAF oAy H59 s
2] PRs % chitinase®} B-1,3-glucanaseEo] Ex o] U on, o|F, =E
g, 44, F, €F, AIREE, 20], A FolA = oot FAR AXE
o] RIE gt oMY ZTEF AU AATL F9Jollr BH chitinased}
B-1,3-glucanase7l /g n|AZo] tigt Yo7jzle] HRitte JHeE2 o]
Eo] PRsq dFo] &HA|7] AFE HA[Fer, o] chitinase 7]
chitin (N-acetylglucosamine?] £-1,4-AFFLZE o|Fo|Z F3iA])o] A=z}
2 AEA U= 2 &7} R1H v} §ler, B-1,3-glucanase 7] B
-1,3-glucan3} 7| W FHOIE2L AEHE FAsH= TR uwlieltt
(28 2.). Mauch 52 AEA o] 2xj5l= B-1,3-glucanase’} THSO 2 W
= chitinase®} A BZL O R in vitroolA EHo] &S ZAY3IA AT
il Rasigdch i AEAUeld e £F2 P44 TAEA UIFH
o] &x)3}x= o]E chitinase®} B-1,3-glucanase F F4E A EA 9 UHTHA
of wtgl Ei= ethyleneA 2|8} T2 A}, FHol, Ald E vlolg&g
ZE Foll 3 fFEEN, MR dRHoR 2hg3te] FHAdF ol i A
g Uebdch WA B-1,3-glucanase’} ZHo] AT Eafste] F
chitino] =&XH o]E©°] chitinaseo] &3] F3l=E o] ¥+ FEES UeldE
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Aoz QA g

o A EoA YARA chltmase—— tH-E endo¥ {TAE chitinoE%
E] N-acetylchitooligosaccharideE XAtsln] i3 doli} 4te QrA 8}
3, BYF HYoldolx uBE HIXY F&EE, chitin 7H-E3E, E 2
EE 5 ABEF elicitorl} SA, acetyl-SA(ASA) 5 H|AEA elicitor A g|o]
2]3to] chitinase®@Ado] 3~80 vjAE 27}, §EHE= AoT azyAx rh
UNEH O 2 chitinase WHZ oW 7|HoL} 23Z QoA = UdTtA o e}
ZA=A Y, 27 o UHETANAE oY S £ ZoE o
A oled olA2 Wol7| & FAY chitinase] UYABF J)5o] T RO
2 R} o]e} o] chitinase: Wolr|Zt Fddo] MY 2H, HEH
4% =4, ©@ul, T2, 8F 59 A3, <29 b U Fol Bt A
2 HIFI qr}. E3J], chitinase:= PRhizobiumo] 2J3] AArFE =
lipo-oligosaccharide 23 EZAE v|&43 AjZ 4= 9t} o] EXL =ayg
718& F=3tAU, FE e I AZEYE, B BT Uddd
#Hoizh= Zo® BIEF gt

AlE chitinaset= chitin?} A3s}E= #9912 o8] 2 hevein domaing] &)
o] catalytic domain®] %}%E4d, hevein domain3} catalytic domain& <12
85+ hinge domain U C-terminal extension®] ZxjJFo] uwla} class I,
II, III, IV, V 5 5 718 class® {328y 3).

Chitino] AYslE=  chitin-binding domain(CBD)L  ZFi}E-(Hevea
brasiliensis) latexol]A] F&3t 43 7] oju]:x=4t2] polypeptide?]l heveinz}
35730l ul-9 &o} hevein domaino]2} &8It} Cys3 Glyo] W2 oF 40 79
o}n] 4t EQCGSQAGGALCPNCLCCSQYGWCGSTSAYCGSGCQSACSE 7|8 mjad = sto] @
¥ waol olfeld qul wF BHE AUE zes A
242
(Beta

win(wound-induced) proteins W wheat germ agglutinz} ZH& T} 2]
SLOME olsh fARY ofulieat wido] WANT gtk AWES
vulgaris) YollA] F&8¥F chitin-binding peptide= Cysz} Glyo] w2 307
olnj:=210 2 ¥ peptideRA] hevein-domaind} Atd] B AEAHL U}
Blum, Cerocosporac] tis] 73 ¥d BEE Uehls 2o BIE g
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X 2. Classes of proteins accumulating systemically in plants after

local infection.

Possible role
Class Possible rol Tobacco  Cucumber Arabidopsis'
in defense

P61, P65

trengthen cell wall
strengthen cell walls @ wanthi) 30-33 kD

Peroxid te the toxi ND*
eroxidase ?enera(:calse X P37, P35 isoforms
ree ra
{cv. KY14)
PR-1a, -1b,
PR-1 unknown o ND PR-1 homologue
PR-P
. . class i
Chitinase antifungal PR-Q chitinase ND
(PR-3a, -3b)
PR-2
PR-N

enhance antifungal
Glucanase B ”g PR-O glucanase  glucanase
activity of chitinase

{(PR-2a,-2b,
-2¢)
PR-R
PR-4 hiti ND ND
eninase (PR-4a, 4b)
Th ti
rkauma " antifungal «-amylase/ PR-S ND PR-5 homol
“like -5 hom
. protease inhibitor (PR-5a,-5b) ologue
_proteins
SAR 82
SAR 82 unknown , ND ND
protein
Glycine-rich 3
. strengthen cell walls GRP-8 ND GRP
protein

1. Transcript levels of Arabidopsis protein are enhanced by salicylic
acid treatment.
2. ND : Not demonstrated

3. Presence deduced from systemic increase in corresponding mRNA
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CH,OH CH,OH CH,OH

o) o) 0
o
AN o o

o N

H H H

NH NH NH

O — I::o
CH, CH, CH;
Chitin

B8-1,3-Glucan

3! 2. Schematic structure of chitin and 8 -1, 3-glucan,
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I
S——

Class IV

B Tl Cassia
{vaculor)
[

B Class Ib
(secreted)

| ] Class Il

Class 1l

Class V

_ Signal sequence E::l Catalytic region

Chitin-binding domain Catalytic region

| Hinge region — C-terminal region

2! 3. The structure of plant chitinase proteins.
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Amaranthus caudatus FAIE2RE FE3F 307 olu]x4te] chitin-binding
peptide® ZR T VG HASL GOU TR VA FolAE 2
3= ZAo® BIEI gtl. EZ} Stinging nettle(lUrtica dicica)EBE
&%t chitinase-free-lectin® Botrytis cinerea, Trichoderma hamatum,
Phycomyces blakesleeanus F2] 33 A33IA|qt, lectin RpA|7} XL} F
AHAE FY 4 = Yol A& 22 ohrl. Chitin-binding domaino] ¢l
i chitinaset= 7] @of tidt Ax=rt AFs] AslE o] ujEAHYLS yolx|A|q,
CBD7} ZAEAGolu 3t S Uehld SlolA =] eyt RE opd
Aoz XHIFI grl, Hinge domaind &2 spacer domainO A
chitinase /ol wlgt t}EH, &4 U catalytic region} hevein domainA}
olo] ]3] ol&& dA3 F Ut}

PRS:E= ®hl, ZAL EolE, df, S$4 5 e A EdA wAEA
201 ~2297)2] ofmj:=Ato 2 FH FAPE 22~26 kDaF Eo] ThA 2 nj¢
S2lgol Am, 16712 Cysol 8719] disulfide AFE 3laglo] whia i
Ha, pHel @ofl 23t Aol uie AFBtaL, 237 FolF, AEY FHEE,
A Xt 5 thdt Folo] Exjgict. E3h, TLPE= pl7t 3.4~12 o] Thokdt ¥
AE 7HAH o1& AR A, $4, &71% TLPE FESIH A Xute] &2)3}
= TLPE 43 F¥ol A8t AXo| Exi3h= TLPY A% @749 Ao
stct.

5 # ool EalH zeamatin® thaumatin¥Et oz} uje] T TLPQ
osmotin, PR-R3} opn|i-aAb o] ul-¢ §A13t WA E Candida albicans,
Neurospora crassa, Trichoderma reesei S0l tidle ¥d VAL zt:rln
B s TLP7F Fd¥4 S Uehd 7Hs4ol Ad2E AABIGTE. 2 F ™Yo
Zdd  whjjolA  Eel® TP AP248} EnjEoAN  Ea® NP4}
Phytophthora infestans®] Xz} £3] fglo] Hrl: B9} ghjz g &
2]¥ osmotin, PR-S So| A8 W AR Cercospora beticolao] t)slod 87
BEE ZEthe B3 Fo] o35l TLP7 33 A4S i Zo] g2§
drt. o|Fox wWe J37t 43| TLPZ} Phytophthora infestans,

Candida albicans, Neurospora crassa, Trichoderma reesei, Trichoderma

ol 1

viride, Verticillium albo-atrum, Verticillium dahliae, Cercospora
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beticola, Fusarium oxysporumz} Alternaria solani S3} 42 ¥ {4 F3o]
}

2} Oomycetes, Hyphomycetes®} Ascomycetes 7}oll &3l Zolo] Xz} ol
CHAS} FAt 2 ©A BFE At ZoE YElgon, Tiofdt AEY

S 25 TP ¥l Stintzi Foll &3t Fe[F ot

Erysiphe graminisol ZIQ¥ Rg] QoA 19kDa TLPS] /X%, Erysiphe
graminis FAFE A 2|3t We] wola] TLP mRNA] 14A]7t Wl &=, Puccinina
graminiso] ZHEH ZFWU dolr] U 7§l ME tE TLP mRNAY 24A]ZF o
8%, Pseudomonas syringae?} 28 ¥ Arabidopsis thalianaol* TLP mRNA2]
64U = & TLPE= Hlo]2j28t FHolo Z@ EFo tiste] wiE A Zhje]
25 & PRsolm AE el A &5 HA AE EFoA fEHE ZoE U
Zcl.

BHdol REE AES ¥ B4 S 71 PRsE H| R o] ©hA ] Uy
S $=38c}. Chitinase(PR3)2} B-1,3-glucanase(PR2) & PRs:= A2y
%3780l chitinz} B-1,3-glucanqd ¥ HFol Uiy AFFE 3L 713wt
H, HlEHo] chitin® ¢3! B8-1,3-glucan BQt ¥ Oomycetes 3ol &
ke FEolol tisldde U BHE Holxl Rsqx|wt  TLP(PRS):=
Phytophthora infestans& X 3%t Oomycetes 732 Zolof tfsle 3tz A
< Uehidch ,
ZEJ, F chitinase {FAAE =T Aot &ull, sFUolet Hul
chitinase FAAE =Yg 0] o {AA AMREY AEAo]A chitinase
WH FFo] F7IHE Bad Edol o3 HAEE &Ato] ZAdhe= ZLeE
L RA2 s det )
ol23t dF HAEE B30 PR protein?] FFFLES ©]-&3to] H ol i3]
A& 7R B AR S5 JHed S Aol o dF& olg
T 7Hs78d Ao FHE T +¥siden FAFLZE AFPLLE A
Y 4 9= 2|F PR proteinz} E} 2HE2] PR proteing €HA3}3l, o] PR
proteinol] 2%t 2|3 BT A3} mechanismE ZE3tHch.
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A 2E A% FH=chAE(HIDE o]-&3 A%
Bl g3t ¥ 534 2A
1. 2|3 PR-protein F-AX} HE
Ne QTE AP chitinase® €4 LY ¥ HE wUA= 4%
oﬂl:} Chitinase:= 01 F A2 7]-o] AEA] &3] oL} in vitroolA
& BEajsts Ao AR WA 72t FxR
o] ‘3“;—7-51912124, #Z d3lo]l A3Hg-& FoI3t= antifreezing protein
TelA oY 4, 59 T2 A
& B3l AFollA thlze ¢4 FelE A=

23z F&olME @714 chitinase groupo]l 71827 FEoA= A4
chitinase groupo] H2|Em olEHEl 92l PAGE gel elutiong o]-&3] A
7}x] @714 chitinase(Pl, P2, P3)2} 3t 7}x] AFA4 chitinase(P4)E £,
At &=+ 2R whde] 43 B4 A¥Rd o3 Zrl Pl
2 pH 3, 60TCoA Fthe] S Ro]il N-acetylchitoZ |2 Y& o] 83t

3 AEE B3 FUE 40149 7o tsl endoF o2 FHEHULE ¢ + Y
Tl P2& pH 5, 60ColA FHof Y& 7IA 3L N-acetylchito&e|1F& ©]
g Aol M= Plzts €l FHE 4 o8] 7™ol U] exoP o2 231
chitinase@d& wW&yith. P3&= pH 5, 50TolA Fctie YL Jehiz 3%
= 4o}4ke] 71™e] i3l 2= 28 s4Este "ol & exochitinaseo]
T}, mAjEb AMH chitinaseq] P4 pH 7, 50COIM HWel BAE Ui
ZUE 3014 71Tl ol endoRo® HEE Tk olnel oW B4
shte] 2 vehd oo # 33 Zrh & £2% J 7HA chitinase?]
otmlcit NEE& £ A P12 N-HH 0}“11-:*& A& A% A3 P19
Ngeh 17702] olm| =42 I ¥EBES HAY dE=R o] HI¥:s
thaumatin-like protein(TLP)& i}?l’é‘}?it}, a8y P28t P3E Nwtho]
blockingElo] AE& AAY 4= ¢lo] CNBr cleavage?} trypsin cleavageE ©]
€3 A ofnm|=ate] MEE WIHWCHE 4). ol2id ZAE B3 AF U
Uy o] &S @714 chitinase P13} P2& 7]&o] e} AlEojA UxH
chitinase®H= Th4 ThE F2AE ZEa &S oA = ek

Y
%
J

M

roop ¥

[
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Az A F2(pH 2.9)
l

90% ammonium sulfate &

i
Chitin affinity chromatography
e N
pH 4.0 §& (0] T3 £9) pH 8.8 &&(F% £9)
A 714 chitinase group %} chitinase group
|
HIC

PAGE gel elution

!
P1, P2, P3

Oy 4. Abg & 2FASHE @74 chitinase P1, P2, P32] A=A 3
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A7z F2(pH 8.8)

i
90% ammonium sulfate I3
l
Anion exchange chromatography
e N
pH 8.8 £&(¥F2 £Y) pH 8.8 8&(FH £¥)
0-0.5M NaCl gradient
l v i N
peakl peak? peakd peakd
i l
7123 chitinase group AW chitinase group
l
PAGE gel elution
i
P4

a3 5 a8 2& 2FATHE XM chitinase P42] FA| 3
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¥ 3. &8 o9 p1, P2, P3, P48 §F vz

Pl P2 P3 P4
8% Native PAGES]A]
0.31 0.38 0.47 0.68
o] 5% (Rf)
H=lek(kDa) 21 28.6 28.6 30
2|7 pH 3.0 5.0 5.0 7.0
#3 &=(T) 60 60 50 50
ZHg okal endo exo endo endo
B &
23 0.19 | 0.4 0.58 2.77
(unit/mg protein)
Km{mM) 0.27 8.85 2.00 0.32
Vmax{mK/min) 2.27 0.039 20 10.42
Keat(min™) 8.41 0. 0044 10 32.56

¥ 4. €77 chitinase P1, P2, P32] & olu|:=At Mg

Chitinase Treatment Peptide Sequence
N-terminal ATFDI TNRCS YTVWA AA
Pl - —
CNBr 1-CN AQIPI QDYXQ YQVXA
N-terminal Blocked
2-CN1 Blocked
CNBr
P2 2-CN2 Blocked
2-TR4 NVANR FKQNK
Trypsin
2-TR7 ~ VYLKA APQ
N-terminal Blocked
; P3 — —
| CNBr 3-CN Blocked
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olFA Haigt vy FFHE L AP s AU AT
e o848 g oE, ¥ =dWFYU Magnaporthe grisead] thit
microassay W& ol &3] FFEAHS At FAze E 53 #on A
3 2550 G714 group®nt ohuz} 4Hd groupdl® A #FF8 conidia
B4 A3 Y appresorium FY A3 VY 5o ¥FEES B3 URE
eolstaict. ol AAE wiYeE olE F 714 chitinase FH=IS} ¥
# oo] Yo}l ulE vl £FoaE W dxUl o] FofAA] Ryt 413
chitinase R-AXLg Eelsle] olEo] AHe] HdF ZFEIFolA ojF g%

< ¥ A gt} s

- 131 -



¥ 5. Blast fungus®l Magnaporthe grisea?] conidia 34 3] ¢

appresoriun B’ Aol iy =Y A9 H3}

AE chlz] ew Conidia Appresorium
° (mg/ml) Germination(%) Formation(%)
Control (B4 57) 100.0 100.0
f
| B T 4,880 0.0 ~
0.097 99.0 33.0
4,880 0.0 ~
o 71 A0 Eo |
" 18 =4 0.097 99.3 29.0
A By 4,840 0.0 ~
0.096 100.0 42.0
f____,‘___“_t__ N SN
| - Pl | 0.170 100.0 54.0
| 0,410 99.3 47.0 |
P2 : :
] . 0.200 | 100.0 6.0 |
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7}. AH3 class 11l chitinase A=} £z

21%2] 418 chitinase: W2 U@ £ 08 Qsle] JA|J} ojgigion,
ohuli:=it AE FRE B& 4 Qloich mahd, ojn] UFEH ERIEY A4
chitinase ojnjX=4t @ FA=} @7] JE(2E 6)& 13} PCR primer P
5 P3Z X 62} Zo] A2t Tk AujE genomic DNAE 28 o2 slo PCR
< 3Pl

I A 3% 7oMA" of 420bp FES] PR AHES HAY 4 Yt}
(lane 3 Z4E). ©] bandE gelB2HE] £&38}o] pGEM-T easy plasmid
vectorof subcloningdte] pGEMIHE} B8} cTh, pGEMIHO] cloning® PCR 4t
£2 g7 A2 a¥ 83 Zow AE class 111 chitinase?} & AHEA
& Ho] £ PR AE2 chitinase F3x1] ¢FUS g} PR 4HE
2] E7IMEE oAt EE upro]l whjel abd B @74 class 11
chitinase ofn|:=AtX @3} wlastgch 418 §7]¢) PCR AERHE HEH
13971 ofm|:=Ate] peptide( 'JHCHIT' 2 )& I3 99} o] gl 4H4
class III chitinase®} 957|, @il @714 class 111 chitinase®} 867) o}n]
Tito] AASH= Aol BEF o] 9lo] b7} 68%, 6242 54 Uehich
JHCHITS] 78 ofmj:=at Z7] 298 A4H pli 4.4028 UeR), JHCHIT:
A3 A class III chitinase?] YH-Z A3zt¥|Qiv}. 418bp PR AFES
e 2}2 3}o] genomic DNA Southern blot analysis¥t Zz2} 73l 10z} Zo)
EcoR 1 digestofA 0.92} 0.5kb 22|31, Hind III digestollA] 2.32} 0.95kb
2] 247} 27)9] signal bandE @Qith ol I 8oA K= RAFP 418bp
PCR 4HEo] ol& F ATIEAAI27} 22 1A% E2)317]) wjEoltt. ojg%
Bl ulF A|Foll= A4 class III chitinase’} single gene® 2 AL

& 4 girh
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arabidopsis
tobacco_basic

tobacco_acidic
cucumber

arabidopsis
tobacco_basic
tobacco_acidic
cucumber

arabidopsis
tobacco_basic
tobacco_acidic

MTNMTLRKHVI YFLFF I SCSLSKPSDASRGGI AT YRGONGNEGNLSATCATGRYAYVNVA
---MNIKVSLLFILPIFLLLLT--SKVKAGDIVVYWGQDVGEGKLIDTCNSGLYNIVNIA
-~--MIKYS--FLLTALVLFLR-ALKLEAGDI VI YRGONGNEGSLADTCATNNYATVNIA

————MAAHKI’I'I'I'LSIFMIFRSSDMGIAIWGQNGNEGSMSWAWNYEFWIA
LR 32 2 2% ¥ % ®OR% E

FLVKFGNGQTPELNLAGHCNPAANTCTHFGSQVKDCOSRGIKVMLSLGGGIGNYSIGSRE
FLSSFGNFQTPKLNLAGHCEPSSGGCQQLTKSIRHOQSIGIKIMLSIGGGTPTYTLSSVD
FLVVFGNGONPVLNLAGHCDPNAGACTGLSNDIRACQNQGIKVMLSLGGGAGSYFLSSAD
FLSSFGSGQAPVLNLAGHCNPDNNGCAFLSDEINSCKSQONVKVLLSIGGGAGSYSLSSAD
sk %Rk R ohkdkdobk % % * % %k ogdk % %

DAKVIADYLWNNFLGGKSSSRPLGDAVLDGI DENIELGSPQHWDDLARSLSKFSHRGRKV
DARQVADYLWNNFLGGQSSFRPLGDAVLDGI DFDIELGQP-HY I ALARRLSEHGQQGKKL
DARNVANYLWNNYLGGQSNTRPLGDAVLDGI DFDI EGGTTQHRDELAKTL.SQFSQQ-RKV

cucumber DAKQVANF IWNSYLGGQSDSRPLGAAVLDGVDFDI ESGSGQFWDVLAQELKNFGQV -~
Wk ok ok kder & ko dolokdk Rk ok X dor %
> PS5
arabidopsis YLTGAPQCPFPDRLMGSALNTKRFDYVW IQF YNNPPCSYTSGNTONLFDSWNKWITSIAA
tobacco_basic YL.TAAPQCPFPIKLINGALGTGLFDYVRVQFYNNPECEFMS-NSENFKRRRNQWTS-IPA
tobacco_acidic YLTAAPQCPFPDTWLNGALSTGLFDYVWVAFYNNPPCOYSGGSADNLKNYWNQWNA-IQA
cucumber LS-AAPQCPIPDAHLDAAIKTGLFDSVWVQFYNNPPCMFAD-NADNLLSSWNQWTA-FPT
RREE KX % % k% ok fokiolik % % d %
arabidopsis QKLFLGLPAAPEAAGSG-YIPPDVLTSQILPTLKKSRKYGGVMLWSKFWDDKNGYSSSIL
tobacco_basic KKLYIGLPAAKTAAGNG-YIPKQVLMSQVL.PFLKGSSKYGGVMLWNRKFDVQCGYSSAIR
tobacco_acidic GKIFLGLPAAQGAAGSG-F I PSDVLVSQULPLINGSPK YGGVMLWSKFYD--NGYSSAIK
cucumber SKLYMGLPAAREAAPSGGF I PADVL ISQVLPTIKASSNYGGVMLWSKAFD--NGYSDSIK
% kdsor gk k% &% X% K XX LI 23 ® kg X
¢ P3
arabidopsis ASV-
tobacco_basic GAV-
tobacco_acidic ANV-
cucumber GSIG
% 6. WFEH chitinase olu|i=4it AMAEL] AH5A XAL

arabidopsis; o 71 At E, tobacco_basic: ©ull(E7]14d)

tobacco_acidic: ©W](4Fd), cucumber; 0], #* BEX ofn|x4t 2t7]
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¥ 6. EIXE chitinase o}n|l=4t A @& 2R3t PCR primer |2}

. L 6 A A V L D 6
Primer
>3’

5[
P5
t gga gat gct gtt tta gat gg

Y 6 6 VvV M L W
3l< 5!

ata cct cca cag tac gaa acc

Primer
P3

M1 2 3

8] 7, PCR 4HE2] 1.5% agarose gel AJ|GE &4,
lane M;size marker, 1:P1-1/P1-3 primer set,
2:P1-2/P1-3 primer set, 3;P5/P3 primer set
A EE PR AHES EAIH.
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1 Gly Asp Ala Val Leu Asp Gly lle Asp Phe Asp Ile Glu Gly Arg 15

1 T GGA GAT GCT GTT TTA GAT GGG ATC GAT TTT GAT ATC GAG GGG AGG 46
-> P5
16 Tyr Asn Leu Tyr Trp Asp Asp Leu Ala Arg Tyr Leu Ser Asn Tyr Gly 31

47 TAC AAT TTA TAC TGG GAC GAT TTG GCG OGA TAT CTT TCT AAT TAT GGA 94
32 Lys Arg Gly Arg Lys Val Tyr Leu Thr Ala Ala Pro Gln Cys Pro Phe 47
95 AAG AGG GGT AGG AAA GTG TAC TTA ACT GCG GCC CCA CAA TGT CCT TIC 142
48 Pro Asp Tyr Tyr Ile Gly Asn Ala Leu Gln Thr Gly Leu Phe Asp Tyr 63
143 CCG GAT TAC TAC ATT GGG AAT GCC CIT CAG ACG GGA CTT TTC GAC TAT 190
64 Val Trp Val Gln Phe Tyr Asn Asn Pro Pro Cys Gln Tyr Ser Ser Gly 79
191 GTT TGG GTG CAG TTT TAT AAT AAC CCT CCA TGC CAG TAT TCT TCT GGA 238

80 Met Asp Ser Phe Glu Lys Ala Trp Lys Asp Trp Asn Ser Ile Pro Ala 95
239 ATG GAC AGT TTT GAG AAA GCT TGG AAA GAT TGG AAT TCG ATT OCG GOC 286
H E

96 Gly Glu Ile Phe Leu Gly Leu Pro Ala Ser Ala Gln Ala Ala Gly Thr i1
287 GGG GAG ATA TTT CTA GGG TTA CCA GCT TCT GCT CAA GCT GCT GGA ACT 334
112 Gly Phe Val Pro Ala Gly Asp Leu Thr Ser Gln Val Leu Pro Ala Ile 127
335 GGA TIT GTT CCT GCT GGC GAT CTT ACT TCA CAA GTIG CIT CCA GCT ATA 382

128 Lys Gly Ser Ala Lys Tyr Gly Gly Val Met Leu Trp 139
383 AAA GGG TCT GCT AAA TAT GGA GGT GTC ATG CIT TGG 418
P3 <-

3l 8. pGEMJHoJ| cloning® PCRAME2] @7|A ¥ @ HAH olmieitAd,
U2 2 71D PCR primer P5, P32} A FFAR}2| Hind 111(H)&}
EcoR 1(E)& UrERY,
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JHCHIT
el Ak

=l E71%8

JHCHIT
o) Ahg

el d71%

JHCHIT
ol 24

el H714

JHCHIT
L

ol 714

2% 9. PR AHEERE HYH ofn At A (JHCHIT) ] whuf 2 L |71

-MIKYSFLLTA-LVLFLRALKLEAGDIVI YWGONGNEGSLADTCATNNYATVNIAFLVVF
MNIKVSLLFILPIFLLLLTSKVKAGDIVVYWGQDVGEGKLIDTCNSGLYNIVNIAFLSSF

GNGONPVLNLAGHCDPNAGACTGLSNDI RACONQGIKVMLSLGGGAGSYFLSSADDARNV
GNFQTPKLNLAGHCEPSSGGCQQLTKSIRHCQSIGIKIML SIGGGTPTYTLSSVDDARQV

—————————————————— GDAVLDGIDFDIEGRYNLYWDDLARYLSNYGKRGRKVYLTAA
ANYLWNNYLGGQSNTRPLGDAVLDGIDFDI EGGTTQHWDELAKTLSQFSQQ-RKVYLTAA
ADYLWNNFLGGQSSFRPLGDAVLDGI DFDIELG-QPHYTAL ARRL.SEHGQQGKKLYLTAA

spRsioksoRioRkE L2 S ¥ kksogeok

PQCPFPDYYIGNALQTGLFDYVWVQFYNNPPCQYSSG-MDSFEKAWKDWNSIPAGEIFLG
PQCPFPDTWLNGALSTGLFDYVWVQFYNNPPOQYSGGSADNLKNYWNQWNAIQAGKIFLG
PQCPFPDKLINGALQTGLFDYVWVQEF YNNPECEFMSN-SENFKRRWNQWTSIPAKKLYIG
iRk ko ekppplkioploliik ¥ * % k% *
LPASAQAAGTGFVPAGDLTSQVLPAIKGSAKYGGVMLW—~-———-——-——————~
LPAAQGAAGSGEFIPSDVLVSQVLPLINGSPK YGGVMLWSKEF YDN--GYSSAIKANV

LPAAKTAAGNGY T PKQVLMSQVLPFLKGSSK YGGVMLWNRKFDVQCGYSSAIRGAV

H% Rk % % % dekkokk ik kokskkoRlRR

class IIl chitinase$} AH=Ad H| 4.
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2.3 10. 418bp PCR AHE& EIE2}Z &t genomic DNA Southern blot analysis
lane M : lambda/EcoR I + Hind III
E ' EcoR I digest
H : Hind III digest
PC : 418bp PCR AtE(positive control)
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PCRE B3l &2 418p2] KHFA AWML 0|83l RACE(Rapid
Amplification of cDNA End) ¥H O 8 R|32] AtA class 11l chitinase &
Az} JHIIE EstgeH 2 11). 23 A% 23 class 111 chitinase
AR} JHIII:= signal peptided IAWsl:= @7] d%7 whd £ 940bpE
2727) oln|x4tg I YSln] o]F mature proteind 2717] opu|:ite® A
B EX 29,1362 FAEUCE A SHFHL pH 5.7308 Mg ¢

9Fge & 4 gt
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1
1

16
47

32
95

48
143

64
191

80
239

96
287

112
335

128
383

144
431

160
479

176
527

192
575

208
623

224
671

240
719

256
767

272
815
863
911

23 11, A3 A4 class

S 6 K I 8 I Y W 6 @ N G N E 6
T TCA GGC AAA ATC TCA ATC TAC TGG GGC CAA AAC GGC AAC GAA GGC

T L A E T €C A T 6 N Y H Y V N I
ACG TTG GCC GAG ACC TGT GCC ACA GGA AAC TAC CAC TAT GTA AAC ATC

A F L P T F G N G QT P M I N L
GCA TTT CTC CCA ACA TTC GGC AAC GGC CAA ACT CCA ATG ATC AAT CTT

A G H C D P T I T N G C€C T H L 8
GCA GGC CAT TGT GAC CCT ACG ATC ACC AAT GGC TGC ACA CAC TTG AGC

S @ I K 8§ €C a0 A K 6 I K v M L s
TCT CAA ATC AAG TCC TGT CAG GCC AAG GGC ATA AAA GTC ATG CTA TCA

I 6 6 6 A G S Y ¥ L S8 8 8 a D a
ATC GGA GGC GGG GCC GGT AGC TAC TAC CTT AGT TCT TCT CAG GAT GCC

K ¢ v A T ¥ L F N N F L 8 6 K 8§
AAA CAA GTC GCA ACA TAT CTT TIT AAC AAC TTC TTG AGT GGA AAA TCG

s p R P L 6 D A I L D G I D L D
TCC CCA CGT CCT TTA GGC GAC GCT ATT TTG GAT GGG ATC GAT CTT GAT

.1 E 6 6 T B L Y W D D L A R Y L

ATC GAG GGA GGT ACG GAT TTA TAC TGG GAC_GAT TTG GCG CGA TAT CTT
<{-- GSPJH2

S N Y 6 K R 6 R K vV Y L T A A P

TCT AAT TAT GGA AAG AGG GGT AGG AAA GTG TAC TTA ACT GCG GCC OCA

Q ¢ P F P D Y ¥ I G N A L Q@ T G
CAA TGT CCT TTC CCG GAT TAC TAC ATT GGG AAT GCC CIT CAG ACG GGA

L F b Y VvV % Vv ¢ F Y N N P P C @
CTT TTC GAC TAT GIT TGG GTG CAG TTT TAT AAT AAC CCT CCA TGC CAG

{-- GSPJHT
Y S S 6 M D S F E K A ¥ K D W N

TAT TCT TCT GGA ATG GAC AGT TTT GAG AAA GCT TGG AAA GAT TGG AAT
<-- GSPJH1L

GSPJH8 -->
s I P A GG E I F L G L P A S A Q
TCG ATT COG GCC GGG GAG ATA TTT CTA GGG TTA CCA GCT TCT GCT CAA

A A G T 6 F VvV P A 6 D L T § Q@ V
GCT GCT GGA ACT GGA TTT GTT CCT GCT GGC GAT CTT ACT TCA CAA GTG

L P A I K G S A K Y 6 6 V M L W
CTT CCA GCT ATA AAA GGG TCT GCT AAA TAT GGA GGT GTG ATG CTG TGG

D K ¥ # b T 6 ¥ 8 8§ 8 I K K D V¥
GAT AAG TAT CAT GAT ACT GGA TAT AGT TCT TCT ATC AAG AAG GAT GTT

*
TGA TCC AGA TAT TTG GAT ATC AAG TTG TGA TTG TTG AAT TTC TGT GGG
GAG AAT GTA ATT GTA TGT TTG TGT AAT TGT TGT TTA CAT GTA AAA TGT
ACC TTA ATT TCT GTA AAA AAA AAA AAA AAA

15
46

31
94

47
142

63
190

79
238

95
286

111
334

127
382

143
430

159
478

175
526

191
574

207
622

223
670

239
718

255
766

2n
814

862
910
9

40
111 chitinase -2} JHIII2] |71+ @8 4 HAEFH

ofujr-xt W % GSPJHI, GSPJH2, GSPJH7, GSPJH8-Z RACEo] A}-L&-3t

primer®] $1x] I FIIHEE EAR
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2. thRoll A JHIIT ¥

233 4t class III chitinase -3-AX} JHIII®] mature protein I PEF¢ut
2 323 4 9L primer PRSETS5(5 ‘-GGATCCGGCAAAATCTCAATCTACTGGGGC-3’ )2}
PRSET3(5’- GGTACCTCAAACATCCTTCTTGATAGAAG-3')E =|=}3lo] ZujE =2
genomic DNAS F3 08 PCR3}¢It}. PCRAME-E pCR2.10] AN 3 BapH I3}
Kpn 102 43}sto] Ud bAlQ] pRSET A9 T4 AtEA2of 4Fs]e]
PRSETUHE A|2}3tddct. Wy S5 43EQ ti3 BL21oj] pRSETJHE =9J8 ¥,
VARG YAFOEZRE A2Y JHIIL P2 A=sigc). &, FAASR o)
ZdS 50ml LB wixlo] FEsto] 600nm FF=7l 0.5€ uwiztx] 37ToIA
200rpmo 2 FBRMIQY F, IPIGE 2uM7}x] B7pste] 4A1ZF 371 wjersieict.
UZT2 pRSET A FAARH tiFFE Y A2 wjYsigr}. vy £8
e ¥ dBIe] AA DgAE Fasl AJ9E BMsidch. 37 12004
BRo] of 29kDa H-ZollA LAY AZY JHIIE Y 4 Yt} agu,
°ol§ & WAL chitin E3]FAYE Bolx] ¢o} inclusion bodyRE ¥

Zez FHErch

e
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kba C S

97 —

66 —
45 —

30 —

“JHIII
20.1 — ;

2% 12, oiAolA WAE =g % AHY class 111 chitinase JHIII]
10% SDS-PAGE 5.4
C: pRSET AS RAAHH ojaze] A
S: pRSETJHE A% A
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3. ERFolA JHIII L ¥ glucanase W@ © it

7t & TolA F4A P4

A BAHL RB{3 22 JHIIIE Faspy] $iste] JHIIIE xF %
SubAQl pUBLI40o] Aiqldle] 2 WB600o] =¢isiich FAAH a1z
S 50ml LB wixlof HFs}e 37C, 300rpm . 144]7F njokst o} 2L LB wj
e wazle] A% FEZsigich 37T, 500rpn, 3kgf/on'Gollq wjoyshEA 2
Al zhatch 1m1% #3}o] 600nm FHE= &3 Y chitinase B3-S FHsirh
3% 139] AolM o] ME AR FA7] I HALEZ)

Yt oju] o]de] el ¥ ¥ glucanase FAHAIE FAARH ixF
T HaIoA sjtStHA chitinase?l U AP E T3l

AP AE B FA|7] 2Ilol LRl Ht & € F At 9
BERY 2ol e A o AL T g2 A S Hsidch
L @Rl E o83 v vF

7holA @& wjof g sreoqE HH3ct. $H-S MICO7} 10kDag!
g AMESIAI R4 35%, U4 30psiE 3] wlgAE 10v] 7t 5551
T}l &%) chitinase$} glucanase 3L &% Az, z4z 2nf, 6nf &
= Fa2¥go] S/ AXE BITHE 7).
th 223 H4e] HAFY pH

BdR ARY o WHSRAL FHYU9IStd A=RY chitinase}
slucanase®] & ¥AEL UellE oHE AASIATh pH 3 - 11714] 85/
GFEAE o &3 HAa BHL FHsl 2¥ 149 HIE Ak F,
chitinasetr= pH 50 A] glucanase= pH 3olA AT L epjach

o
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Growth cure
DPM
A 6 7000
5 4 6000
g 4} 4 5000
33| 1 4000 | g OD 600nm
Q, 1 3000 | o Activity(DPM)
©“r 1 2000
T 1{ 1000
0 L 1 i 0
2 4 6 7
incubation time(hr)
Growth curve
5 25
B 4 1 20
£
é 3 115 € —m— Growth curve
§ 2 ] 10 @ |—e—Glucanase activity
1 45
0 0
0 2 4 6 8
Incubation time(hr)

3% 13, ARF 322 BRo] wE T AL
A; Zf=2% JHIT A4t
B: =% ¥ glucanase A4t
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E 7. A2Y 223 oY F AF TLEY v

2 3 45 67 8 9 11

pH

A = Chitinase Activity Glucanase Activity
(DPM/ml) (Unit/ml)
o) & o 37,360 2253
5 A 80,060 132.24
-
TEEE 2.14 =) 5.87 Hj
|
Z & pH
10000 70
8000 1
7000 150
6000 1 40 — —
E 5000 {30 g —m Chitinase Act|VftY
9 4000 1{ 20 —e— Glucanase Activity
3000
2000 110
1000 40
0 i i i, ] i il L ! _10

I3 14 =Y T4 FHF pH
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4. N2y Fio] AT AF Pdd Y A3 AR

AxFo]A ABarH 2|# chitinase?} B] glucanase?] X3 HF A3 A3
£ AAstdct. A% Y E(Fusarium oxysporum R2) XEA}ol] THE3} o] 471
2] A2l & 3t vz FAF Y FEE vAstAch

@ Blank : 1X PDB 900z¢ + Buffer 908 + F=2} 104

® Case 1 : 5X PDB 200u¢ + Buffer 90u% + XA} 10428 + Vector 35014

+ dH:0 35044

@ Case 2 : 5X PDB 2008 + Buffer 908 + X2} 10u + Glucanase 3504
+ dHo0 35048

@ Case 3 : 5X PDB 200uf + Buffer 908 + X2} 1014 + Chitinase 3508
+ dH0 350.4

+

® CTase 4 : 5X PDB 20048 + Buffer 908 + 3E=} 104 + Glucanase 35042
+ Chitinase 350 + dH,0 350442

Buffer: 200mM NaOAc/pH 5
X2} ; 1000 spores/uf

Vector ; pUBLI40E EQIst 312

[y
e
% ;'}DC
Ty
tw =
M4
off
o
2

Glucanase : B glucanase X
[e)

' Chitinase : Z|3 chitinase A=} JHIIIE =13t 32 H vjof 2o

BlankE A&Igt ZE Hfole 2SS 100ToA 102 &Y F 534
A3t g 2TE Fch 30T, 150rpmoll A HEEAF|HA X7 P = 36
A 712 600mm FHEE FFstAch I3 159 Zo] EFAE, glucanase,
chitinase €22 B&As7 2 Z22 Uehych o|ZA2 13 16014 d%
ERA Boixle dl, 36x13 kg F AR F4& AT FAFo] tiR
T2 2R ASE Ay WEY 4+ JdAch 36A g F urgAg
#3to] 400002 FIAn|H stollA FAF @S JHSIPCE 2Y 170A
B Azg]zet ciz7e FAre] HelF zole x| YAIw AM2Y T4 A
T FAtollA B7HA] o] tiRFol vlE A WAL AUY 4 AU
Tl olxte] Az HE X {Fel Fusarium oxysporum R2E |32 AMd
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class II1 chitinaseo]] 2]3}d AA}o] A=, w2l glucanaseo] &JsjA%
o]l A= ZoE Ueldr) olE T R4S E3A elo] % ZFH
i A= oAt Q= Ao 7 LEITL olE Ao ¥ Fusarium
oxysporum R22] 3% A3l A AFE X3A st Asist oid 2R =
& =5t AMYS TN Brp FER A2E 47 fsiAdE JHIL
dAbo] ojg A 2pL-3l=x] TEM(Transmission Electron Microscopy)<& ©]-&3%}
A F A o] Fasilont Futio] AAJH B9 PR protein X 2] &3t}
FASHA ALY MY 31§ d.odlelet F53Ech
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1.8

1.6 —e— Blank

1.4 J— ~a— Casel
£ 1.2 /L —— Casel (tH =)
S 4 [[F| | s cCase2
2 0.8 —x— Case2(tf =)
8 ’ —e— Case3

0.6 —— Case3(Cf =)

0.4 —— Case4

0.2 - —— Case4( =F) |

0 _;.4_‘-—-5“\—"‘:‘ .
0 12 15 18 21 24 27 36
Incubation time(hr)

33 15, A2 Hlof T A HdF AR IA(FR=E FF) .

Blank Casel Case? Case3 Case4

[/

Casel Case?2 Case3 Case4
(=) (h=x=3) (=) (th==3)

{4
b

2 16, A2 ol ¥ AT HUF A JA (Y wH).
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A 3@ thE PR proteind o]-&3 X|F HH Aol
chgt 3 753t 23

1. B PR-protein -3 =} B

7}. PR12} PRS R332}
¥ PR-protein % PR1Z} PRS: 7|&o R ¥ {Azle] G748 X2
3o ztzt PR primer& A 23t PRI £13ted
PRIB(5 ' GGATCOGGCTCAAAACTCCCCGCAG3 )2} PRIH(5’AAGCTTAGTAAGGCCTCTGTCC3 " )
E =AZsl9ds, PRSE $)3lo] RICETLPB (5’GGATCOGGCGACCTTCACCATCACC3’ )2}
RICETLPH(5 AAGCTTATGGGCAGAAG ACGAC3')E #2138t} ¥ genomic DNAE F3
o 23}o] PCR3}YCE. Agarose gel H7|¥5S F3lo] PR AHES HAUsge
H(2g 18), ol gmelolA £&3lo pGEM-T easy plasmid -$¥iajjo]
subcloning®dto] 2}Zte] @7iMES& A3 T vh olu] B B ¢] PRI PR5
o] dA71M g3} vlAStETH Y 19, 20).

1}, PR22} PR3 A=}
A& PR-protein % PR13} PRo: B3t faFAo] d4alA o= ¢ Wt
H, PR2:= B-1,3-glucanase, PR3= chitinase® X 31 Eo]| ¢it}l. ¥ PR2 &
A= sEHETIed AEfAMol EFuotom(pBSGLU), ¥ PR3 #3
A 2 A7AeA ojn] Felgt A(pCHI6)E AH&stgich |
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bp

1419 —
517 —
396 —
214 —

2%l 18. PCR 4AFE 2] 1.5% agarose gel H7135 £HA
lane M:size marker,
1:PRIB/PR1H primer set,
2;RICETLPB/RICETLPH primer set
ALE = PCR 4SS 4.
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RICE PR1 1 ATGGAGGTATCCAAGCTGGCCATTGCTTTGGCCATGGTAGCCGCCATGGCACTCCCCTCC 60
pGEMPR1

RICE PR1 61 CAAGCTCAAAACTCCCCGCAGGACTACGTGAGGCTCCACAACGCCGCCOGCGCCGCCGTC 120

pGEMPR1

-> PRIB

RICE PR1 121 GGCGTGGGTCCGGTGACCTGGGACACGAGCGTGCAGGCGTTCGCGGAGAACTACGCCAGC 180

pGEMPR1

RICE PRI 181 CAGAGGAGCGGCGACTGCAGCCTGATCCACTCCAGCAACCGGAACAACCTTGGCGAGAAC 240
pGEMPRL A T

RICE PR1 241 CTCTTCTGGGGTTCGGCCGGGGGGGACTGGACGGCGGCGAGCGCGGTGCAGTCGTGGGTG 300

PGEMPRL

RICE PRI 301 GGCGAGAAGAGCGACTACGACTACGCCTCCAACAGCTGCGCGCAGGGGAAGGTGTGCGGG 360
pGEMPRI

RICE PRI = 361 CACTACACGCAGGTGGTGTGGOGCGCGTCGACCAGCATCGGCTGCGCCCGOGTCGTCTGE 420
DPGEMPRI

RICE PR1 421 AGCAACGGCCGCGGCGTCTTCATCACATGCAACTATAAGCCGGCCGGCAACTTCGTCGGA 480

pGEMPRL
RICE PR1 481 CAGAGGCCTTACTAA 495
pGEMPR1 SRR
PRIH <-
1% 19. pGEMPR1O| cloning® PCR 2hEe] @71 gz} W PRI f3=1e] ¢7]
RER

LE2 PCR primerd] I goln, *= SAI G,
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RICE PR5 1  ATGGCGTCTOCGGCCACCTCTTCCGCTGTCCTCGTCGTCRTCCTGGTGROGACCCTCOCC 60
DpGEMPRS

RICE PR5 61 GCCGGTGGCGCCAACGCGGCGACCTTCACCATCACCAACOGGTGCTCGTTCACGGTGTGG 120

pGEMPRS

-> RICETLPB

RICE PR5 121 CCGGCGGCGACGCCGGTGGGOGECGGCGTGCAGCTGAGCCCGGGGCAGACGTGGACCATC 180
DPGEMPRS

RICE PR5 181 AACGTGOCCGCCGGGACCAGCTCCGGCAGGGTGTGGGGCOGCACGGGCTGCAGCTTCGAC 240
DpGEMPRS

RICE PR5 241 GGCTCCGGCOGCGGCAGCTGCGCCACCGGCGACTGCGCCGGCGCCCTGTCGTGCACCCTC 300
pGEMPRS

RICE PR5 301 TCOGGCCAGAAGCCGCTGACGCTGGCGGAGTTCACCATCGGCGGCAGCCAGGACTTCTAC 360
pGEMPRS

RICE PR5 361 GACCTGTCGGTGATCGACGGCTACAACGTCGCCATGAGCTTCTCCTGCAGCTCCGGCGTG 420
DGEMPRS

RICE PR5 421 ACGGTCACCTGCAGGGACAGCCGCTGCCCCGACGCTTACCTGTTCCCCGAAGACAACACC 480
DpGEMPRS

RICE PR5 481 AAGACACACGCCTGCAGCGGCAACAGCAACTACCAAGTCGTCTTCTGCCCATAA 534
pGEMPR5
RICETLPH <-
7131 20. pGEMPR5O] cloning® PCR AHEe] @714 @zt v PRs §A=1e] @]
EERE]

EE2 PR primer?] @7]A oI, = UL F714.
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2. B} PR-protein?] A§4t

7}. ¥ PR-protein®] cti&Folr AJAat
#¥1rHE B PR-protein FARZHE P RAL A7) $iste] digLolA
z} FAAE gAANAch oigFe] G plasmid vector2& pRSETS AHg-3}
gk O3 21004 REE ZAF  pRSETOIM  f= {3l wdES
bacteriophage T7 promotoro] 2]3F HAlZAE wi=d] o] promotor: IPTGo]
ot HALE JlAlgct. E¥F ofn|k WUtlof His tage] £o] WHFHEER o
of tidt FAE o]L3l UHE HJIY 4 Utk Zze] YA plasmid
vector7} £UH E coli BL21& tetracyclin} ampicilline] XE3HE LB &
AJuA] (1% NaCl, 1% peptone, 0.5% yeast extract)ol] HZE3}o] 600nm SHE=
7} 0.7€ w7}z wjgd ¥ IPTGE ImMH = F7lste UdE F=3Hsch
AE F X7 o vjdet F cellTE YA LR FH3te] 2ST2 5]
ot} Cell lyzateE 12.5% SDS-PAGE3}o] His tagoel]l th3t S o] &3
western blot analysisdjo] @ chizl.g s},

Expression Plasmid

a9l 21, ojAA2] 48 plasmid vector BEAE
T7; AAx}Z2AH 9] His:His tagging,
PR-gene; = H A XHPR1, PR2, PR3, PR4)
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1}. B PR-protein®] ILXFojlA] it

¥ PR-proteing #ja}i o2 Fu| Jakshy] ¢iste] ol 2t FARE
wgA Ak 1279 U plasmid vector®& pUBLI40E x}&3tgich. 29
220]lA] R ZAF pUBL140o4 2]z] RF-A=x}2] UL amylase promotorgl
amyReofl &J3+ HALREE W=dl o] promotors &2 FA7] 27|HH AL
g XSk ZRo® oA gk mRJoldq UdHd AL signal
sequenceo]] 2|3o] AE Wog RulEEg ujgde] 4@ thio] Ex|s}
A "k zZzre] W plasmid vectorZ} EYUH TRXFLS 104g/ml
kanamycino] ZHH LB dAujz|o] FFste] A 77k ajg3t H vfgAE
do] zZ} el we g Helslgnt, FL¥Aol ¢l PRIZE PRGS %o
= wjged& 12.5% SDS-PAGESI] GA3IEZH wachiadg FHAsigict
PR22} PR3:= nujjorede] AB-1,3-glucanase®} chitinase BAH L &F3IEH
UEE Helsalrt

Expression Plasmid

'l 22, 3 ERF2] WUH plasmid vector AT
amyRy; MAR A 2] S P, :signal peptide,
PR-gene: £ ¥ -3-A=}(PR1, PR2, PR3, PR4)
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7t7e] W PR-protein RS WUARY tAE AE FBES His tag

of tidt 3AHE AL23}lo] western blot analysis& $3stgict. 23 233
Zol 7t odElE EA 2719 bandolM signalg RYoRH 77
PR-proteino] #¥, AANEHAZE HAY 4+ Atk axded
PR-protein®] L&, ite] Ffole 42Zte FHLAH| 1xI4E FA77A)
Hjeidt o ZH wjtd S dol 7 whie] WHS HAsgch a4l ¢l
£ PRIZ} PRS] Aol HlQelE 12.5% SS-PAGES}S] WHTMAE Helsh
Qith. I8 249) (A)8} (B)ZHE plBLIOT EQIet m2Fe) el ¢l
£ ©¥3 band(EH4IE)7 PRIZF PRS RAAE =T 22T wjgdols= &
Aslod olE A N Yasidh PRt PRIE wlerelel g
-1, 3-glucanase?} chitinase ¥AE& Z2AsnEN HHS Feolslgdy], =z
Z} 115 Urml, 18 U/ml®) w¥ske Uebdch B-1,3-glucanase 1UE 37T
A 187t 718 laminarin®. 23 1lnmole?] glucosed A3t F Ao T
A olsh, chitinase 1Ux= 37TollA 1832t 7] regenerated chitin® BH¥E]
Inmole?] N-acetylglucosamined A&tsl= HAzro 7 A ol3tgdct.
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8 23, cfAFoA u PR-proteing] WEHE EQIs}y] ¢3! western blot
analysis

lane 1;PR1, 2:PRZ, 3:PR3, 4:PR5
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(A) (B)

123456789

kDa

29
24

20

7 24, uAThyA FQlg 9|3 12.5% SDS-PAGE gel.
(A) PR1 U8 FI(F4E band)
lane 1;pUBL140%} %18t 123 ujoFel,
lane 2:PR1 32} =¢] 12 ujotl
(B) PR5 U (3= )
lane 1;pUBL140%t =QIgt 12y ujofey,
lane 2-9;PR5 §-A=} =9 27 AE F 4, 6, 8, 10, 12,
14, 16, 18A17t 72} ujoroy
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3.

RSl R b
BxkEl ] PR-protein® X% W9l Fusarium oxysporum R22] FEAol A
gsle] B8R F=E Ak F oxysporum R2 XX} 3,000A00] 2
PR-proteino] WEHH wjgd g 21z} w= 27], 374, 44E Zst Aestn
PDBRIAIE Yol AN F3I|E 400E STt AHed Z w2 2F ¢
BHA 200ug2] YRS XFSIEE 3}git). Plasmid vectorgl pUBL140%HE &
AT 2F2] gy} 100THA 1027 B[ 2 vjFdS A3t =7
B o] BEABEE A &Fstort. Z AL 33 3T

33 25 (A), (B), (C§, (D)= wU¥H Z oS o2 AHey Azl
ol, PRIz} PR5®] 7-Po] ARIAdo] tiRF-EH T} 27} 28.5%, 11.6%%4 u7
el Ajazrt S #dstdcoh. 7 IS Sl AHeld BFfede
B5 30% o] AaE K=, 53] PR29} PR32 TEOZE A A
A7 glolent A Aeshd HoiArt & Ao Usikth A @A

= Ul RS A AT ol 30molde] AHIaE Heu, F
wlds A Aol uisty IA A& W4tk £ %ﬂ'i'?‘ﬁ
PR-protein2 THRRTH= A &3t dH4EAEE FTiAlo 22 A3z
HolAln, AFBEHAA BSHANE ¢sir= ¥ PRio] Z3}F —% o 5+ o

it

or!rr
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1.4
1.2
e P08
1 . [—e—Fo5 { =t bl
——blank
0.8 ooa i BSA
0.6 — =5 UBLI40 haa) =)=~ pUBL1 40 heat
D UBLI4D
0.4 ey et —W—puBLIA0
0.2 ——rhy A g o' we -~ heat
. ~——pR2
o o[%@murg,&o@ L—rme ]
o ~-05
-0.3 J
—
1.6
1.4
—-¢—fo8 1.2
— R biark p
e o
==Y~ pUBL 140 heat 8
= pUEL140 0.6
e P et 0.4
e PO 0.2
Q
-0.®

~—3—nUBL} 40 heat

15
~——PD5
1 ~——blank
. —tr—BSA
05 W = b ~—pUBLI40
P —— PR2+PRS
0 -“(:‘;t—’t-’{—'::",t—'?ﬁ:m ieieislolpiodniololeiaistate! oy e S R Y TR

—— FR2+FRS
"1}‘ ,bf], @ b‘«b ——a— PR3+PRE

R A
-08

——t—PRI+PRICPRS
«PB5

~ PRI +PRZPRI-PAS

——PRZePRY

o o o o
o o o o

N o N RO ® = o

Moo e m o n

a3 25, F. oxysporum R20] t]¥} viPR-protein®] THTA AA.
(A)-(D); Z} ez ] whEA e
(E), (F); Z} 4gchiag 271R]% 23ste] Az
(G): Zh wEwhA S 37px|4] 23hste] A e
(H): gHwhid 4712]E FAlel A2

- 160 -



W chitinase(CH16)8} glucanase?] ¥} Az HAE Yol 7] ¢35ty A=
3t JHMo) A 2} HYU3s1A x|2§ CHI6(PR3)2} glucanase(PR2)E o] &3lo] =3
HLE Y ANE ARt A Y LF(Fusarium oxysporum R2) EZ}o]]
T2t 2ol 4 71A] A& slo] tj2Fet #AF 8% FEE w2t

@ Blank : IX PDB 9004 + Buffer 90ul + 3EX} 1048
@ Case 1 : 5X PDB 20048 + Buffer 90z + XX} 10uf + Vector 350uL
+ dH:0 35018
@ Case 3 : 5X PDB 2002 + Buffer 9048 + 32}.101£ + Chitinase 3504
+ dH0 35044
@ Case 4 : 5X PDB 200xf + Buffer 90u8 + XA} 104 + Glucanase 350.8
+ Chitinase 3508 + dH:0 3508
Buffer: 200mM NaOAc/pH 5
3=z} ; 1000 spores/ul
Vector : pUBLI40E =QI%F 12F vl w3
Glucanase ; ¥ glucanase -F-AX}IE T3t TR vt 2o
]

Chitinase : R|# chitinase -§AX} JHIIIE =8t 32T njk =

Blank& H|2j3t RE Ffole Z£9E 100CTHA 108 U F FUSH
Aelg d2FE FArh 25T, 150rpmolld] ¥EEAIFIHA 2517 AL E
120X 271#] 600mm FF=E FHFstach. 2 Azp 23] 262 Zo] EYAE,
glucanase, blank £ 28 ASA37} & AL & el 283 0D el =
o|7} F7I8I7l AlAS T2t NbgE 2|3 dte] 400uM&] FIHnA|F
St A AL BFS FEY A JHIIE AP wlel |ARHA A2y ZL
He|e] FAlolA A7HA] gde] t2Fo uis] VA3 "ol WY £
JdLrt. ol AAE Rl AAF] BHSLIAL A4 P& Aol RoF
+ TAHE Transmission Electron Microscopy(TEM)S ©]-&3}le] THTOEH
AL o] W3 e BHIILCE 2 Azl T7 27004 E 4 glRo]
blanko v]3] A3 TAF Ay F My L7 AYH AL ¢ +
UTHEARE Fa1). ol ZA=HE AFPUFU Fusarium oxysporum R2
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L x|#e] 2t class III chitinase gt ofu]2} ¥ 2] chitinase, glucanase
of osliMxE o] JAEE Ao T Uiyt ol T &4l YA
23 BARAA ik TRMAA= BEEA] AT & ZAoR Uelylt]
ol H o 2J¥ Fusarium oxysporum R22] 37 A3l A AFE R
e A7t old B SE2E & AYE st
227128 A7 ARZHE A Hol= PRIZ FAH & chitinase BFE Kol
£ @83 bandy= WRAIRHIEES B¢ oF 105, AHFY B o 5F),
PR2E BZtE= B-1,3-glucanase?d] BZ2 AY ¢l Zog uveldrh un
Z] PR-protein®] F-f-oll= ZAEMo] oz FHAY 4 gAdrt. =271
H ¥ ule] o3hd Zt PR group?] THHZ Alojoll= FAHIF AW(¥A o
3t @A )ol gere tFFoeRE AMiHH W PRI, 58 FAsI ¥
AE Az¥cpd, AFolA 2] PRI, 58§ ERIY 4~ o ol ThidEo] ¥
H o] 23le] oEA WA 2AHE= AE A7E + & FHoloh, 1y
16. 8] A2 HE vBje] PRI B PR2 GAAE X Fo] EUFICHA, o]&o] o]
u] Exfsh= A2 chitinase?l 7 283t} WAool Frid FAAHR
ABE U 4 & 22 Jo¥ct
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—*—Vector
—#—PR2(heat)
—+—PR2
—*—PR3(heat)
—*—PR3

—_——

Ohr  24hr 48hr 72hr 96hr 120hr
Incubation time(hr)

N

a9 26, ARY Bl o8 % FAR AY AH(FRE 23),
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ot

o
M
rlo
N
i
%

2 WY dA 3 FHeEl
(12000u)-8-, TEMo]-&).

a8l 27, ARF Tl o3 o

0.
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A sz HHY XE =

O

sy
A1d A A

A3 Rehmannia glutinosa)S ¥4rz}(Scrophulariaceae)o] <&3}:= 2004 =
sitel ThadAd 28 AEZ ¢F 30050] 3, FAAFLE FHsiA B
o] oldl o=l WrH(H, 1986). AT FZo] Pakx|zZ A HZ(1590)
o oju] Aujst Alz}Elglon VA FHANRE dhd, 2H, WP, dof, Y
SR 2 o|FoA AaElE AL FE spEgoln, ., ats, A%, 230
A AAEE AL AN 48R 2ol3 ITH TS, 1993).

Selveloles o AFE P& kAR o] &3t gon, 7 Wl
wa} AR, A dxFow ¥y iridoid, catalpol, leonuride$}
W<l stachyose, raffiiose, sucrose, mannitol, amino acid 5& ¥-83}x
313l(Hasegawa et al. 1982) Ih¥oirxE RE, Z3F, Z4, dx, 34, 3
5 52 Awgeg AgEI Aok 5, 1995).

A= F2 FAAA ] s o] Fojx|=d] AAHA ] njFle] BHo]
Y AR 7 oA F 30dU o] Aol HIZA EEIL i &E

2 60-80%0] o] ECH HBEFABEMYREE, 1991). 1EE xFL HAHo]
A T2 Ex ofFl RelZ HARICEL HAE Pl AR B HYF
of o o F L ojaFo] o] Fekulst Fojasst Hu Yo
. 1994). B2 ZAIA] B2 FR7E wol st Aot AFHE, Fa
HEE, AEE, Fuighly, ZH8FRY Fo] wol ARt Virusol o
3] 7= H22E mosaic HoleHs Zo] FUE = ol s WHAA|=
dgrHel2F, 1991). BAMEANA virus7t o] Ho URHE BES &
A ol ¥ ATt B3] wlRel, 4% EE 37 73U AR
AA, EgaE, &% 5 AFF PHL ol&IAY, z2anYe B9
virus-free $8| Pit = AYP FFY /MY 5ol virusPo] ozt A
oz A= et & RIE AFRE B3I g gtk HZ A
ZapajAl Fafoll 23t ns)rt gredsts Qi)
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HITol= RETHF Vg Wz fAF e AR st e &
FAAE AP AFAENURE ZdAA BIAFAE AR/ g2AA
B 714 olg3te A2A, nlolgla, TElA Fel diE AFEE vehie
FEEAEL Lstax W vt ¥us] AWK ot weh 2AF
Ae 1. ¥ BASEE PPES Uehle 2YF 9 Screen, UEEZE 2
A} dtgom 2. EMS(ethyl- methanesulfnate)iz]o]l 2]3t HA ¥ Hol|R &
7], 3. A& AL Z Glutathione S-Transferase (GST)HAARsI= NAS

gaslo] AL HFEY oEY AEHA A3 AEANE UL 33y

3l Glutathione S-Transferase (GST): ¥ A,
2 Thget 2B U FF4 B9Ude %S nXn
AEAo] Fog =UAEAY AdFeT ¥ZH 54 ELES TYHE
glutathione (GSH)Z} FHAYHLE conjugationd FZ3HAl stof oledt &
AEE FE3} AFlE enzymeo]tHColes et al., 1990: Mannervik et al.,
1985: Picket et al., 1983),

GSTe] 53} AL WA chrHbiotransformation)glil Ej=u o] ¥t
tAl} 2 A phase I, 11, ME v o] Fc)t. Phase ¥R b3}, 34,
7t-28] Wg& 7lel71R, phasell ¥H§-E conjugationd HIR T FPgurgo]
31 phase M= compartmentation W storageo] A 3}= vEZo|tl. GSTEL 3
HUE Helo] glutathione(GSH)Z} VA=Y EZ rJojo]] phase II conjugationS
TS Bupso o|PA YHY conjugateES Bxo] ARA HES]
% mi AEAE olBs] BRAoIn £840ln HARET W 4o ot
ES2E A3t B GSTE AXY EQH0IPS] Hag MUdEd, B v
2 Exo] g EFUL HAVTH Mamnervik et al., 1985 Picket et al.,
1983},

E A= FE ARAEE o alkyl7] EQHoly o2 GC—AT transitiond
T/d%H= point mutationd F-=3}n T ohlzl MEZME EQHE
) zitt R Fo] R (Shahin et al., 1986: Vogel et al., 1994)
EMS(ethylmethanesul fnate)& A g|stg o, ulgd, A=A APz &t}

A3t A2EFGA W FIZE SUFY HFE njxE FAAQ Glutathione
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S-Transferase(GST )& AgrobacteriumE vi7|E 3} R|FAIEA o] AJAIA
FLAY AEAS |3 BT AYAY EFEF L JYAEHANYY FF
& Agsts] ¢iste] AAEAT.

A 24 BAEY UEH FE 2

1 A% 2AF PP £34 9 A 3= 24

A% 1%, NE, BS AW, EH1EF §F BAFO| Fusariun Fol oft vy
A ZA FiUel 2AleA 43 Ay 5-30] st FHFol ZT 2E
2& vehiga, R-100] doiME XF 1571 UEEE veidd] RYFT o
el UpEag xpol 7t BEEFATHTable 1).

sd
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Table 1. Effects of isolates of Fusarium oxysporum on the growth of

R glutinosa cultivars and evaluation of root rot symptom

severity®

. Growth parameter means ..

F"usar]um Cultivars Shoot and leaf Root weight Pathog.en1c1ty t;eSt
isolate veight (g) (g) rating means

s-3 Chuncheon 7.48 3.21 4.5

Control® 8.59 4.20 1.0

Jiwhang 1 10.34 3.30 3.3

Control® 7.05 5.81 1.0

Jinan 8.55 3.75 2.2

Control® 11.86 3.94 1.0

Jungeup 12.56 5.58 1.4

Control® 15.93 6.26 1.0

R-10 Chuncheon 11,53 3.94 2.6

Control® 8.59 4.20 1.0

Jiwhang 1 8.72 2.64 4.8

Control® 7.05 5.81 1.0

Jinan 9.14 3.64 3.1

Control® 11.86 3.94 1.0

Jungeup 11,94 6.03 1.2

Control® 15.93 6.26 1.0

Control® 1.0

*The results of each treatment were the mean of dual experiments, and the
plants were inoculated with suspension of F. oxysporum. The resulis were
obtained four weeks after the inoculation, bRa’cings of the extend of root
rot symptoms were assiged to each plant on a scale of 0-5, in which 0 =
no diseases, and 5 = death of plants, “Control for each different

treatment. “Control for pathogenicity test.
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A 33 EMS(ethyl- methanesulfnate)®]g]ol] 2]t
HA Y HolF /7]

1. 2% oAy Edwol AEA &

z|EHp el o] o3 o (508/1 explant):% EMS(Ethyl methane sulphonate)& %
0.03, 0.06, 0.1242] solutiono] Hx|3}3L 3¢ Fol LEof o]t o] A3t
7 671 Fol FelFQd BH-E ARt A3 Aol Yol EHoldel A
2/ AlEA] Hr} control M EA7 vlad Zyow 4 JUHANAE
ol glgloy A AAFL EAHIY S MY A EA oA 2-2.54¢
Z7H BoFch

A BN 23, A4 RAJAE controlojul EdWo] Zixoja HCIE A

ol7} glglem ARl AFHEL] A FoME 0.03MsEE AE AEA
A T Zo] uisly v2E & $XE RojFo] Hdol AYLS Hole
A7t ZEd AEA R BAFolA] FFIE UehfolrHFig.1).

2

s Econtrol E0.03M 0no.06M E0.12M
4
3.5
3 e
A
2.5 - A
2 r %% /1 ARAA
290520 s o %7 2
1.5 - 2959599 5 19297
L W,ﬁ_f A
%95
0.5 o 1554
0 A s A KA
Subastral fresh weight(g) Subterral fresh weight(g)

Fig.1. Comparision of characteristic of EMS treated plant in pot
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2. EMSAE] x| EdHol ALY MY 2X

HetEAHo el IMSE At f7] © EQHl ANESY HAE 2RSS
4333t A3} F. oxysporum R-100] glojA EdHol Edo] AeHA gL iz
7 AEA RE 7jAl= disease severity 3~5& Utehlo]l Z44E& Uehd
vt EMSZE 0.03M Ae|® A Aol AAl 30744 F 1574A|7} disease
severity 28 UEehlo] AFAEE& Uehidch 3EAIg 0.06M, 0.12M9] &< &
52 AHelggdd AL disease severityZ} 1~571#] tlersiA 232 glon
L2318 0.03M =58 AHz|H AR}t ZH42de Ao 7 LelycHTable 2).

AEAY 2%, 45 RAlolA= controlo|ul E@He] ZHAA ELlE A
ol7} glgleom X|AFR-2 x|HEe] FAFME 0.0Ms=E AHelH AEA
A ThE Zof yjste] H|ZE & $AE BoFo] Hddd AYPE Hol:
A7t ohE BEd A EAET BAFolA TS Ueiuigdct

3. EMSA 2] ¥ EdHo] A EEAYL BF
Eddoldo] AelH AEAEALY AHRA o2 AT AEAE ZA] o
8}l Fusarium oxysporumE& FEY F 304 ofFo] FILY HEB=e} A
I B48E Wrol ZARY ZF control AEN(EAMlM] AeEFA]
ZFBAEA )= 15 71A F 11AF7 LABIAY ZAedE Ho F 3.9
£ disease rate EQl ¥HA 0.12Mol A= 3.1, 0.06MoflA= 3.3, 0.03Mo]
2.22] HI&ES YUehdo] A¥EE Bgrh =E3F 0.12M0] AR SN F
AE oPAEE B B3] AL ol AL A" Ed¥ol
[ BAYAGe] tigt &F Auges Lgsldctay £ 4 oy EA
WHole] wE7 555 AT ABAlFo] FUME AP At ¥
4 Aelol 3] AsHFe] Kol PAMSIA Hol A3/go] FUS nH Ao
Bt mety AKHQA FAddo] ojFolxol & Zo|t}(Table 3).

flo oXx

o

=
L

e, 0 Xx 1o g0 o 1x

o]

- 170 -



Table 2. Effects of Fusarium oxysporum on the growth of mutagenic plant

in B glutinosa on pot

Fusarium oxysporum
Mutagenic plant —
R-3
12 (0°)
2 (4)
Control 3 (13)
4 (9)

o
|
(=]

|

13 I FURE Oy
—_
=)
p—

|
)
|
|
|
|
|
|

0. 03M

0.06M

m.gw[\;r—n‘mdkw(\i’—'
Bt e e e e N o

|
|

T WD G B WD U W e
—
et
=
~

A
—
w
=
[l I - IV
PRy

*Disease ratings in 1-5 scales: 1 = no disease observed and 5-death of
plants. °The number of plants showing the disease ratings indicated out of
total 30 plants tested,
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Table 3. Pathogenicity test of mutant plants in Rehmania glutinosa

Fusarium oxysporum

Line 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Average
Control 4 3 4 5 2 4 4 5 4 5 4 3 4 5 4 3.9
0.03M 11 2 2 3 43 3 2 112 31 2 2.2
006 3 5 3 4 3 2 3 4 2 3 3 4 4 3 2 3.3
otz 5 3 3 3 3 3 2 2 3 3 3 4 3 4 3 3.1

*Disease ratings in 1-5 scales: 1-no disease observed and 5=death of

plants,

HadFo] thsto] #A3td-E& Lleld lineoj A z|AMR x|sHEe] Zolst BA)
oA E@He] B4 s 42 AEARL td & $AE YEhige
] E-A-12} E-A-10 A EAE X|3%-e X3t A7 2ui71E A ZAHE
U Adel Exow HulE|gdrHTable 4).

O
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Table 4, Comparision of characteristic of EMS treated plant in field

Line Shoot F. W Root F. W Shoot length Root length
Control 57 56 4.5 22
E-A-1 129 109 7.1 31.6
E-A-2 119 98 6.5 28.6
E-A-3 91 94 4.1 27.7
E-A-4 94 97 4.8 26.9
E-A-9 90 89 5.0 25.7
E-A-10 123 101 6.9 30.8
E-A-11 115 89 6.0 26.1
E-A-12 95 88 5.6 27.0
E-A-14 110 93 5.7 25.7
E-A-15 102 90 6.4 24.0
E-B-6 86 75 5.5 21.6
E-B-9 90 72 5.1 19.8
E-B-15 91 79 5.7 24.0
E-C-7 84 67 5.0 23.4
E-C-8 89 73 4.9 26.7
E ! Ethyl methane sulphonate: A : 0.034; B : 0.06M; C : 0.12M
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[rpscas FLIITY OXVSPOTLT

S dscitas FEAIRE €IXNNg e MY

(c)

Fig.3. Pathogenicity test of mutant plants infected Fusarium oxysporum

and Collectotrichum sp. The arrow indicated symptom caused by

pathogen
(A) Comparision of symptom of control and mutant plant infected

Fusarium oxysporum: Vertical section of control{(B) and mutant

plant{C) infected Fusarium oxysporum,
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A 438 Glutathione S-Transferase (GST) &z} F A
AF AA 1 € B8 AEA 84

1. 23] AEA &3 AA 3

HEH wjgoly Lo &7 7] FAlof AR wiAE AR} MS,
B5, WPMEl=] 5 3FF2] uwixlo] AARMEZD 0.1mg/L NAAS} 1.0mg/Le] BAZ
FH7stel widdt A 459 A F S8 A EA = MSHlix|oA 4.271=
743 weksr WeMe=jof A 3.57], B5uiR|elA 3.0/ RApEQon 2Ae
5.6cm, G o= 7.5702 MSuix|Z} 7pR @I ZAow AT
(Fig.4).

Al ge] Ffol metdEe 5F mixz4o] viga S S FriAdle
A ded, 7] ZIUA8SE B5 wix|olA fFalcia stdn, iR

WPM a1 S T KWR| 7L Adxeigols I AFES B

(o
)
i
o
N2
2

%)
8
®
()
o+
P—,-
i
[7=]
[Y=]
£
N,
o
lo,
o
o

N
i3
2
N
oX,
)
i
o
=
N
fr
&
é
XN
fr

71% Y oA 9%E JPE A Ueigen F7 F9 EMZRZA
525, 4t 74 AHoH = 152 Azt AEA AT & FHEE
F7IF-ZH oA 12708 AE3 AAZE Bg=E o 7 dT3ch olHE ¥

< Kuku S(1977)2 HEZF Jeo] e U AF2EELE AP 2
of mahx F2 FUT A} 2ol YAet= ool whetA, A ENY A
A wmetA U AF2EELY] FRU w27 thEA ERE 97 o

olgfal et Hch
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Length(cm)

Sheot length(cm)

No
S e N W RN AN N

No. of shoots no. of leaves

Fig.4. Effect of medium on shoot regeneration from callus cultured for

45days in Rehmannia. glutinosa.

~ 176 -



100
I AU
90 0 S

80 | B

70
601— R

50 | oy . I =
40 | 2

30 |
20 | 3 /
10 E Y

(%)
22

R
R

0

K,

Base parts Intermediate parts Tip parts

Fig.5. Comparison of adventitious shoot formation and plantlet
regeneration among different parts of leaf from Rehmannia

glutinosa.

A EA Y AgzZe] mletd A3 FAIAF BEol ttEA Uehdrie
Hiof At 7oA 2kt AEAGNA &7, o, G¥E st HERF
ZHE4 TDZ, BA, 2,4-D, kinetino] F71H MSulix]o] X|FsldE& wf & gollA
o] AR = 4F o]F2E 2 Azl At F EHIL o]FojH I PAHH
E7|4E 1~2718 o A2¥ FTRE Uehlch. 43t E7]0A9] 235H
A8l callus7t BAdElgdon 4371 HoMEe &7]8 &35} olFojAch
AERZZEAELAMY XolE BW  1.0mg/L TDZojA &E7|9} UoA 247} 9
71, 1272 ¢3F3lg o 1.0mg/L BAojAlE= 871, 10717} HAEo] E7]|dAR
T} glolA o W2 multiple shoot7} ¥3H & UERNZITHTable 5, Table 6).

AMERZZEELD E71e] AN 2,4-DoflNE callus?] B I HA
Tt &7 £37} o] FojAA] gtilef 2,4-DE o]L¥ F¢ A yPujx|eh
AEA E3uiAE st Zo] uizhasicla igtEch Kinetin X 2|3 uf

Ao AR o FolAAT S Ao HWMAY 570, 874 Az
7t ¥4"E ZeE TZ, BAol B iAW AIE  Uehjrh

Thidiazuron(N-phenyl-N'-1.2.3- thidiazol-5yl-urea) ©] T}& cytokineFHr}
Z71 53] o ZAHolgl= AlEEn, A}Z}(Nieuwkerik et al., 1986), 7lu}
F(ZH &, 1992)2] vjgollA oje} FUF AE el
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Table 5. The effect of single treatments of growth regulator on callus
induction and shoot regeneration from leaf tissue culture in

Rehmannia. glutinosa

Growth regulator No. of explants
& P No. of callus (%) No. of shoots

(mg/L) incubated

0.01 60 30 (50) 2

0.1 60 42 (70) 4

Dz 1.0 60 55 (92) 12
2.0 60 58 (97) 8

0.01 60 27 (45) 3

BA 0.1 60 36 (60) 4
1.0 60 49 (82) 10

2.0 60 57 (91) 7

0.01 60 24 (40) 0

0.1 60 32 (53) 0

2,4-D 1.0 60 46 (77) 0
2.0 60 30 (50) 0

0.01 60 22 (37) 2

. 0.1 60 34 (57) 3
Kinetin "4 60 44 (73) 5
2.0 60 48 (80) 8

A SRR ZAELY 2PA e 2F FRE AF WA callusBY
& Ueidon 45 F FHAY £71¥EL RE A TN ¢33 I4E
velhigli=d] 0.5mg/L BA + 0.5mg/L 2iP + 0.1lmg/L TDZojA ABMAY 137]2)
A2E g3l AY $L2 FIHE HoFUTrHTable 7).
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Table 6. The effect of single treatments of growth regulator on callus
induction and shoot regeneration from stem tissue culture in

KRehmannia glutinosa

No. of explants

Growth regulator(mg/L) No. of callus(%) No. of shoots
incubated
0.01 60 28 (47) 3
0.1 60 41 (68) 3
TDZ 1.0 60 58 (97) 9
2.0 60 57 (95) 7
0.01 60 32 (53) 4
0.1 60 40 (67) 3
BA
1.0 60 56 (93) 8
2.0 0 5490 5
0.01 60 21 (35) 0
0.1 6
94 -1 0 28 (47) 0
1.0 60 40 (67) 0
2.0 e om0
0.01 60 23 (38) 3
o 0.1 60 35 (58) 4
Kinetin
1.0 60 46 (77) 5
2.0 60 50 (83) 5

l
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Table 7. The effect of treatments of growth regulators on callus
induction and shoot regeneration from leaf tissue culture in

Rehmannia glutinosa

Growth No. of explants No. of explant No. of shoots De
ee
regulators(mg/L) incubated with calli per a explant &
0.1 NAA 75 58 4 +
1.0 TDZ + 1.0 BA 75 64 4 +
1.0 BA +
75 70 10 +
0.1 NAA
0.1 NaA 75 62 3 +
1.0 BA + 1.0 2iP 75 71 7 ++
1.0 2iP +
75 69 8 ++
0.1 NAA
0.5 2iP +
75 65 6 ++
0.1 NAA
0.5 TDZ +
0.5 BA + 75 61 6 ++
0.1 NAA
0.5 2iP +
75 75 13 4+
0.1 TDZ

+ ! poor, ++ ! good, +++ ¢ very good

2. A% o HBA o)A kanamycin Y F3

FAAR HPoAH HEHoET FAIVH AEAE AL Hdtod
kanamycin A& A5t 71 Ew=](MS + 30g/L Sucrose + lmg/L TDZ +
lmg/L BAP + 0.1lmg/L NAA)E HIEAEE AF F 50~55TC7 EHULS wf FAH
¢l kanamycing %2 Zz} 0, 20, 30, 50, 75, 100mg/LE A7t F =|F
o, 71 g9 FIAE ASSYch 25, 47 F /Y AR 2AE AR
23 237l AEAVE BHE] IAE UEhA] ¢ RA4E o gfE
callus®/3& Ueldlen, 437 w271 W2 0, 20, 30mg/LojA = A EA7}
AEHE] &7 BHS HoF: wd o ATAoME= 50, 75mg/Le
kanamycino] F7}8 wiRlolM = E37F F4 3] Zastdon 100mg/Lode A
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3 A EAEEL o] FolAA] ¢x &7] EHAME 50mg/Le] kanamycino] H
7t vixjol A E3}7l A zstgdon 75, 100mg/Le] vix|ejA Abstdct |

flo r rfe

2

20mg/Le] 338A] FItolA 70%2] ZHE UEPAI 30mg/Lol ] MrlTFolA
wiEls ALe. LJER A S1AVSeICH Table 8). Socristani} Melchers(1987)
kanamycindjzofl A ALdE 2EZAEA 2] UF7} PCROJU Southern #4] o]
FAAHo] HAHA] 92 €& kanamycin LJJA|FollA FFE

= AHEX

8o ams gt YAAWo] HA B Aol AYHo] HBAI} A3

GRS

Table 8. The ratio of kanamycin resistance.of leaf and stem explant in

R glutinosa

Kanamycin No. of No. of survival Rate of
Medium Explant
(mg/L) explant explant survival (%)
0 75 75 100
20 75 35 47
30 75 25 33
leaf
50 75 5 5.3
MS 75 75 1 1.3
+ TDZ 1 100 75 0 0
+ BAP 1 0 75 75 100
+ NAA 0.1 20 75 30 40
30 75 18 24
stem
50 75 3
75 75 0
100 75 0
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3. Agrobacteriumol] 2%t FAAH

¥AAHo] AH83Ix she GST RFAAH= 270(T-GST: NTI07, CGST: Gh5)e]
T}2 sourceZHE £ {FAAE AFE3igon NT1072 whaje] A ehujokay)
xgrE EaZl3 auxin regulatory geneolm 941bp2] origin base sequencedS
Z¥]3L glt}. Ghbe Edlox F-2|® glutathion S-transferaseo]m 988bp2]

origin base sequence& 7}A|3 it}

7t BAAR 28 FUE AT AAe ¢ FEuiY 13 =24

FAAT HBolM HEAZRZ o, 271, d¥E FAU] HAAe] IE +
stelS wfo} ol wiRHFE AXA 4L BAE JAY A} EcE X
& UEhAA] fgtrh. FAAR A 2Eo] ulel A7t eyt Zo] glon

Arabidopsis, Datura oA FAEE SPH H&o] o W4, Daucus,

Nicotiana, Petunia 52 AA7} 3A 1A ¢t=c}3 slgc}(Pawlick et
al., 1992). & A3 AFolMe FAE 1A dol= FAATA 2 E37}
H =o] AAE IA 273 4t ZoT 3]

A2 M3t AgrobacteriumE A1EH|e}e] FFANE TiEA LS
o 5555 EVA = calluse] FAZolu} FAATEo] AxlHog Hesi=
EHE VeI FFANE 0ENLE 3PS o AY P3P YAAR 7
&S Bt FAFATE 60871 A& wies AdulxlolN W Huix
7t SRS UehE A AT

HEHNEAE TSRl &7 F Leloll M Agrobacteriunzte] Z5 vl
FE 1~5971A] 3PS wf 147 E 387 A5a3E JepigAg 448
B 547IA= BAFE B o] Yol FAE Uehigdon S¢os st
of glojdx= AMENS HEHe] Agrobacteriumo]l AUAIA  zlzht} glgltt
(Fig.6). ol=|¥ o] Aol 2EAN A& d¥YFE Zoz FZ3r}
B G71%e] ol M HEL] B4z FAAR A3 straino] wel F
Sl E3E tiEn 2 AYe oA 3de] A gFslgrt
(Fig.4). ol3|¥ ZAz= G FAARS FEuYgr)zto] 2~3dUo] s}
Th= X3 (James et al., 1989: McCormick et al., 1986)2} -§-A}3}A] Lie}e]
1=

3
o]
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—o— No.of calllus  —#— No.of transgenic plants

25
20
: 15

z
10

1 i | . I |

1 2 3 4 5 Day
Co-cultivation period

Fig.6. Influence of co-cultivation period on transformation of

R glutinosa explants,

L}, P A AR acetosyringone?] HIle] wiE F3}

Agrobacterium  tumefaciensS ujZl® HFAAZTAZ AL AH
acetosyringoneo] BFAAFT HZof T3 RxalojlA] 50~200 uM7IR] = AsH 2
& UeRIZAIT o &2 sXode 1 Hgo] FFH Yol 200 uMolA 7}
& F2 ZIE VeI CHFig. 7). L20]2] =} (Chee, 1990), & (Sarmento et
al., 1992), 3Mj&(Nishibayashi et al., 1996)5& =|&& AMR3}o] 4.
tumefaciens®} Z-EujFY w] acetosyringone& AJIsHH  FAATZo] Ho}
A= Zog Hase] gltt. g} Shimoda®(1990)2 acetosyringone?] 37}
7b 23 gl 2o Hasiych o]yt Az A EAF wE 1hgo] Ty
3to Foll whE Ti-plasmid vir region?] ¥z}l xjolo] 7]Qldh= Zlo|t).

i)
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Acetosyringone(uM)

EINo. of survival expaints B No. of transformants

No.

Acetosyringone (uM )

Fig.7. Effect of acetosyringone concentrations on transformation in
R glutinosa. Explants were cocultured on feeder plates of

co-culture for 3days.

o waAT gNe zy

F5uE AN Agrobacteriundt FFuNY P AW AUAES Ay
ol &7 F Y J=2AcA wF E= AAEE 2, 4, 6, 8FE EA 3
25 o 2 QEI Zel FAAH TE&LS [AR A GARE 451K +
BotolS o AEIet FAFHEo] SRR 2 ol dAel= HUA
7t W EGE VEREA Hgo] "ol AL JEY 7} At 457t
2] A7} 7H A EEEA L] EEet FA AR EHFoIUdSS Y
T S19tHFig.8). ola¥ A= Aol &7 F A EFHAL] A=
Carrizo citrange(Pena et al., 1995a), sweet orange(Pena et al., 1995b)2}
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lime(Pena 1995¢)z} T}E EE zjdvp% £ AlZH(Maheswaran et al., 1992)
3} pear(Mozer et al., 1982)ollA HAAHTE Z7]9 |K=xolA HI}Ho|Urh=
B30t dxsgct

EINo. of regeneration [JNo. of transgenic

40
30 -

20

No. of shoots

10

0 2 4 8 10 weooks

Darkness period during selection

Fig.8. Effect of darkness on the regeneration and transformation in
R glutinosa. Explants were cocultured on feeder plates for 3days

and then transferred to the selection medium,

>
Mo o
it
3

A& Agrobacterium®}t FF5WM YL 3t AE2} viAE & THE 2

F ¥ ARV callus7t BHHE S BAY 4 AUrh 47 Folx
3

ARH Hodria 255 AEAT AN &719 345 vehisich
HERZZEEE Aol AT &7] AEH Ul ¥TY S Uehd

1.0mg/L TDZ, 1.0mg/L BA, 1.0mg/L TDZ + 1.0mg/L BA + 0.1mg/L NAA, 0.5mg/L
BA + 0.5mg/L 2IP + 0.1lmg/L TDZ8=]E o]&3le JE3} wir] 2 218315 on
EAAAQl kanamycin 50, 75mg/L9} Cefotaxim 250mg/LE HJ7}ste] FIAAHT
A EAE AUstgic). Kanamycino] 75mg/L7F H7HH wix|ofr= ALl L5751
o] Folx|R] ¢Igkil 50mg/Le] oA 4RI E718 E3r FAPHUC
(Table 9).
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Table 9. Effect of media on shoot regeneration for transformation from

leaf in R, glutinosa

Growth L No, of explants No. of regenerats
Antibiotic level
regulator(mg/L) incubated survival
1.0 TDZ 250 4
1.0 BA 300 3
1.0 BA + 1.0 TDZ Km 50mg/L 0
+0.1 NAA + Cx 250mg/L 26 10
0.5 BA + 0.5 2iP
320 13
+0.1 TDZ
1.0 TDZ 280 1
1.0 BA 310 1
1.0 BA + 1.0 TDZ Km 75mg/L
360 2
+0.1 NAA + Cx 250mg/L
0.5 BA + 0.5 2iP
290 2
+0.1 TDZ
Aduiz]e] & thE 23 FHE= FHEX A FAARFAHL 5=
callus7t A= R eH 4FFEHE £7]9 &35l o|FolHrt. ol¥ &7&

kanamycino] #-H P2l FEulzo] &AA B2lE F=5I3rHFig.9).

Fig.9. Shoot induced from on 1/2MS medium containing kanamycin and

cefotaxime,
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¥ A EA]¢] PREY

& T3t AE3 B AFHEANZRE Z2H  GHAIGl GSTH
Axp7E EAsh=A Y] AFE FASI] Hsle CIABYPLE DME FE3142
o PCREAMS ysigich FAAR MUEAZ AME = nptll gened] HUS
#elsls] 9lslo] primer : N-1(5 * -GAA-GCT-ATT-CGG-CTA-TGA-CTG-3 * )2} N-2
(5’ -ATC-GGG-AGC- GGC-GAT-ACC-CTA-3 ' )& A}g8}o] PCRE 43slgich. 33
Hgo] E AEMolA= DNA band7} UEIEA] ehgtert FEARH Al
A+ 700bp2] DNA band7} 1= 2ITH(Fig. 10).

e AR C-GSTRAA] =UL HASH] 918t Primer Gh-5-1(5'-
ATT-ATG-CTG-AGT-GAT-ATC-CCG-CT-3" )3} Gh-5-2(5’-TGG-TCA-AGA-GCC-AAG-AAA-TA
-3')& AH83to] PRE 43T A3} control AEAo]A= DNA band7} LiELt
# b2 Wb FAAH © A EA oA E 988bp DNA band7b Ul HAHHH
2 HAY $ gk Iu ¥AARY ez FAFHUY EF HEA
lineFolA DNA band7} UERA] Qbgich ol2igh A= 3gA
PaoEA duhRiolA BAsGAY, TAURH ca
FEELE HHSEA AR PBE AA HEAE =LA #34
(Fig.11).

AN

4. BV F HEAY &3} AEE 24}
EgolAl2 23l AAZ BEeokxA 1 A¥ojA vermiculite + perlite +
1 AE + Ev|g} + perlite(l:1:1) R¥oE H F 714
SIASL A&, EHIF, perlited] 22 HAAHE 7
Aot FAAH H A=A LIAH HA
2 A EAY HAESS AT ZI FEAAT A EAE 80, 86%E
S-S Hoon FAAR FHA| 4L AEAE M%) AR £IHES B
ot = T

. olEE A 100 FEZRAA ey zletd AEAE 80 ¥
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=
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12345678 910111213

Fig.10. Detection of nptll gene in transgenic plants by using N-1, and
N-2 primer.
line 1 : pGEM marker DNA,
line 2 : PCR amplication of non-transgenic plant.
line 3 : PCR product of npt 1l gene fragment.
line 4-13 : PCR amplication of transgenic plants selected in

medium containing Km 50mg/L.

12345678

Fig. 11. Detection of C-GST gene in transgenic plants by using Gh5-1, and
Gh5-2 primer,
line 1 : pGEM marker DNA.
line 2 : PCR product of non-transgenic plant.
line 3 : PCR product of C-GST gene fragment. p
line 4~8 : putative transgenic plants selected “in medium

containing Km 50mg/ £.
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Table 10. Acclimatization rate of control and transgenic plants in soil

after 30days
No. of plantlets No. of plants .
Transgenic plants Rate of survival(%)
transplanted survived
Control 23 10 44
C-GST 25 20 80
T-GST 15 13 86

5. BAAH B AF AEAY v B8 2R

7t BAARY ¥ A EAQ] Fusarium oxysporumol] Ttht 7|
43t Fusarium oxysporum& XFAEA0] FFs19e o

2] C-3, C-6, C-7, C-8 line2 R-3, R-10 o tisl vz 2]

< Uehiigden O @42 a4 AEAoM} 2 dAS RAFgon, ¥

A A 42 AEAE A4S Ushio] AEAV £33 Heew A5

o] 3igicH(Table 10). o] & FAAE © A EA ="

7} gd@ste] Bddol tisted AYPE vehd 22 A"l =23 ¥AA

B AEA7 Bl g3l vehd @A Ts] 2 R-30] R-10RT 54

oFgl o g wthHTHTable 11).

£
=
off,
oX,
Y,
o,

4
A éF to 4

=

o}

Table 11. Pathogenicity test of Rehmannia glutinosa inoculated by

Fusarium oxysporum strains

Disease ratings®
c-1° Cc3 C6 C7 €8 C-9 C-12 C-14 Non-transgenic

R-3° 3.0° 22 22 23 23 30 24 23 4.3
R-10 3.1 26 25 26 25 40 38 3.6 4.7
Control 1 1 0.5 0.5 0.5 1 1 1 1

* Disease ratings were based on 0-5 scales; 0=no disease and 5=death of
seedlings. ®  Rehmannia glutinosa transformed in vitro with fungal-

. , . d
resistant gene. © Fusarium oxysporum isolates. ° Mean of average.
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U ZBAAT[EA FEAL] FAGAEH

Z}zke] PAARASA N 2 YA L] Hlo upE
AHEE FAABEHA] G2 A gAY A HUKg et =2
T M Ez}7L wolste] Aol Fdstd o} FAARH A ERoA
£ vl g HIIRE Foj e Aol Ayl

Asperigillus niger?] 7§-9-of C-GST®} T-GST HAMTAY whiizg A
Bt BF 2L golstR] X3t FAMERol A AW FAPLTHRIL G1AL8)

EQE Ueldlen Trichederma virideo] FAAZTAe] thia.g Azt
1] o] UYE A X3l Fusarium oxysporum R-100] HAA
BA2] g BISIEE 2 FA AL GASte] ZAN Eojl=
272 FAFAY =HA 42 AEAY ES AU A 6jIsige W 2
127t ¢& Zog {EFAT A71e Az HE AFAEA =23 53
ZF GSTE] WHo 2 sty BHE whido] 2o 7|13 ALeE nitls
ol i}t whRo] 2z} thE ol thste] EAlolM FAlY] RIS JA|FE= &
o] TiE2A UElYth. Fusarium oxysporum R-3oA= FAATAL] vy g
HIrstg At o2} HokE Xol§ UEhA] ¢S Zog FAFrh A
AE AEAY 7B AAo)A Fusarium, oxysporum R-3R.T} Fusarium.
oxysporum R-10 ‘BH o] E4o] o Z3 Zog zAEIAEGY Ex} woldx]
AEE B8l 540 AU dBT == Holof =48 FAx 2 ¥
8& Utehlo] AEAoM R3I2L-E dodls o xEHTL

Al &3 Candida Iypolyticao]| FAATA vl g HJ/SIAE wf T2
Aol ABEA] RUAR dHetdo g HAFAY FFY Bolgle iRt
o AR A 2 NEAY IS FUBiEE ws FF7 FEsHA
3te] 96well plate?] WHFo] HAHOFT Eof FXUE A4S Yehjd
th olg3t AAERE FAATA AN =UH FAXZL AAE ] AF HF
Z AT Zog F&HL}

o oY
4o
{ oo
N

A

6. TAolN FAABAEA2] BUZ Aol UE T2YY U U 24}
b wARBAEA] BLZ Aol WE GST activity 2}
FUABY Y B} PAIY = e ABMo| WYY fusarium
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oxysporum, ¥, BAYE HFY F 6T BHEL 27 #13te] De
Yol wel 25 ANE FE5}] GST activityE S3tglch AR 9 A
EAolA GSTEEo] FAAH HA 42 A EAl vste] vy 2 3PS
UEhlglon fusariun Yol tiyt o] TIE Ul vIst thi &
UELLITHFig. 12). A Zo] mE GST S AR 23 3717 HddelA 12,
2427t gl Aok Holsl glglem 48x17 wio] MY 2 #AS Uehigl
o I FE2E o] oAl B¥E UehidArhFig. 13). 4 AEAA
£ 48R WY Eddol uiste] &2 L& Ko 12047 gl B} &2
FAE 7153 HA T AR AEA A 24X 71A] EhE o7t it 48
A2t wof]l HAAE JF3te] ol AL T2 fAAl] oste] FAAH H
AEAolet stegts A FA 7t vhEol 2ste] I 49 zlol7t Y& Hopd
dgirt. wekA YIS A S e nFvE G Aol oy
HEA 7L AdjolA] 6ST2] o] FIIEWA FLEAY] EAPZRE &304

FEE A7 el sl AR ez S-S & + Adrh

X g2

1 Control [AF.oxysporum EIP.infestanse & Collectoricum spp.

umolmin/mg

T-GST

Fig.12. Comparition of GST-activity between control and transgenic plants

infected by pathogens in Rehmannia glutinosa.
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Collectoricum spp.

Fig.13. The pattern of GST-activity in control and transgenic (GH-5,
cotton-GST;: NT-107, tobacco-GST) R. glutinosa infected by
pathogens after 720 hours.
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7. FYATASA Y R R BB U 4854
7t BAAST AEAL] TIYAYE 2 L A5
GSTR-Axlef 2J3] JAARH A% A EAe} FAAHHA] 42 vzTF 4E

HE 4O F. oxysporum P.infestanse, Collectoricum spp. & Z}GA|F|3L

271E F Z ATl UT YSRAE FUSIATE. A4 A& FAAHF

]

A UL dz2F AEAA 45 Ueldth 239 e ZAARFA] ¢
2 Ozt HEAY A% 19.9mZT GSTRARE FAAHE A EA(T-6ST
14.9cm, C-GST: 17.3cm)RCT} &4 Uelxteon, dedorie JFAA$H

%}_
< Uz AEA Z¢ 99.7«idd] HEt] T-GSTRAHAE FAAHH AE
o 7§ 64.5af, C-GSTRAAZ FAAHE HEAL 74.7al2 iz A E
2t 2 zolE el =3 HddS Ay SAAREA] 42 Ry 4
EA7 GSTRAAIE FAARE AEANRCE X452 ASAelr} oia 33
Z3E Uehich F oxysporunE HE|A] FAABE R Y2 v AE
9 ¢ o HHo| 96.71adE GSTHAXE FAAHE AEA(T-GST: 72. 2,
C-GST: 76.8cifl )R T} TlA: YA RAIEQC) P infestanseE X 2] A] HAAH
2l o4 iz AEAY F$ AR dAFo] 336.550F GSTRAAE ¥
2ABY A EA(T-GST: 254.7g, C-GST: 133.8g)RHr} RZsiA A EHHAT)
GST-H-AAIZ FAARY A EAY AL COSTHAANEZ JAAHRY AEN7}
T-GSTHAE FAAHY A EA BT A EA go], dZo], daF E A
HFollA $5351A RAI Helom F oxysporum, P.infestanse, Collectoricum
spp. & Al T-GSTHIAAE FAAVH AEA7) C-CSTHAAE FAAHH
AEA 44 ASAE|7t ¥FEA et T-6ST-HA=}7E C-GST-R-A =t}
HHdo] tiste] the 943 APPE Uehls 2102 AlZHTHTable 12).
A Fe] 72 o &R Aol Hale] Zo] W FJ], A HANES
ZA8te] B A2} T-GSTU CGSTE FAARE A EA ] #e] Zo](T-6ST: 25cm
C-GST: 22.4cm)7} FAAHE]A] ¢4 A EAHT} B2 Zol7l ZA velgton}

)

W oL} Collectoricum spp. & A e|A] T-GST-RAxIE FAATE Ay =
ZlF7171 wol FAIE WhA C-6STY ZPollds e ZdH FAARFR

——
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4 NEBAECE WA UEht 7 %ax}al Agg wae Holzt e yshi

2 Qch AsHE BAFel eiA ¥ AL FLAAE BAAARA
Se 9olHE BAABIA e ABA o} 152 w2l Ao ANE B

_9_.
-3 £ 3w

7He vehiglen HUAE AT BT olet T2 HAZE yrhie]
FdAell oyt AEE vehigch

Table 12. Comparision of growth characteristics(above) in non-transgenic

and transgenic plant infected by pathogens in field

Plant
height(cm)

Infected by
pathogens

Leaf
length(cm)

Leaf Shoot
area(af) weight(g)

19.9%+2.91
F. oxysporum 19,410 94
P infestanse 15.2%2.72

Collectoricum
16.5%+3.03
spp.

Control

Non-

transgenic

24.91+0.78
32.7%0.33
28.2%0.52

27.4%0.81

99.7+3.97 154,9+14.05
96.71+1.93 165.1+18.62
90.8+3.91 336.5+6.83

92.5%£2.17 135.9%+12.6

LSD 3.15

1.00

4.94 20. 66

14.9+ 1.80
F. oxysporum 17.2%1.95
P infestanse 17.1%+ 2.19

Col lectoricum
17.2+£2.27
spp.

Control

T~GST

19.1+1.89
21.7 0.18
22.9%1.27

22.4+2.01

64,51+3.77 122,7+8.72
72.2+3.15 210.6%6.12
90.4+2.54 254.7*+7.5

87.914.01 187.4+849

LSD 2.40

2.03

4.11 8.95

17.3+1.09
F. oxysporum 15.9+0.45
P. infestanse 15.2%+1.37

Collectoricum
15.4+0.98
spp.

Control

C~GST

21.4+1.98
20.5+2.54
18.9+%0.67

21.5*1.14

74.7%+3.06 154,5+3.25
76.81+2.49 162.4+2 24
66.2+1.38 133.8+1.37

86.91+2.31 151.3%3.61

LSD 1.71

2.59

3.26 3.77
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Table 13. Comparision of growth characteristics(below) in non-transgenic

and transgenic plant infected by pathogens in field

Infected by Root Root diameter Root
pathogens length(cm) (cm) weight(g)
Control 21.2+1.01 2.0+x0.06 297.5*13.11
Non- F. oxysporum 19.4%1.36 2.0+0.08 214.3%11.18
transgenic P, infestanse 18.81+0.64 2.1%0.02 187.3+9.24
Collectoricum spp. 19.2%1.19 2.1X0.05 224.5+9.20
LSD 1.71 0.18  13.26
~ Control  23.7+2.08 2.6+0.04 497.6+2.01
T-GST F. oxysporum 25.9+1.41 2.510.10 458.4+1.56
P, infestanse 24.8+0.34 2.5%x0.10 421.3%+1.03
Collectoricum spp, 25.5%1.08 2.5%0.07 437.1%1.49
LSD 2.11 0.11 2.47
Control 23.242.01 2.2%0.12 402.9+8.64
C~GST F. oxysporum 22.6+t2.04 2.3+0.16 376.9+7.48
P, infestanse 21.5%1.13 2.2+0.05 331.4%4.13
Collectoricum spp. 22.2%1.19 2.0£0.22 328.6x6.48
LSD 216 0.25 9.71

L]- x«]é‘l-)\-l 7_-“%.94 il:g ! ,gOE)s-]

7} A TEE ZRoAMY ASAEIE A At FAAY =HA gL 2
Aol niste] FAAR/Y A EAA A EA2] %01 - 2
AFstgd o 2o FAAE= of 2= 2
FE FYS Uehfock(Table 14). Z 27t 31‘7’—‘1 FEF 10742] AFS A
Uslo] Q28 AEY HIEFE AMEstgrt. T-GSTHAAE FAATH AEAY
ZF T-1,6,7,10A1F FAIY HA 42 AEA2} nlzde] oF 2~2.54)
8] ge FAZE FAL BSELE LPE}LH‘”E} 53] T-1A152] B¢ 4
7} Tt AS vlasiglE o mie +eEE vehiglch C-GSTRAAL
T8H MEAY B¢ T-GSTHAZE FAAFH A EAe} v]astd e of
N FA SollA thae] Xol& uUehfdch C-GSTRAAIE FAIH

2] - A%
AEAE FAAVEA Y2 HEA S} vastgdS of AGFe FSAtels v

iﬂl

- 195 -



4 AR

Z ASds AWEY C-3,5,7, 10452 F$
< AEAS} wizsle] o 1.5~2u|Ax2] R BAN 1:1 BAL AL S

EEE

gt 53| C-5A% A
oF 1.7v), ¥ele] REAL o 2. 2u1u

35 #ed Fe

oy AsHRe AgEle A% o 2IFE 94
Ashel 7

PAARAE ] k2
o230 UEh)gTHTable 14).

& Bt
$ ¥E4A% A o

SEEl

Table 14 . Comparision of growth characteristics(above) in non-transgenic
and transgenic plant in field
Leaf
Plant height Leaf length Shoot
Hine (cm) (cm) R eight(g)
(cdf)
Non-
19.97 24. 87 99.73 155.0
transgenic
T-1 21.0+2.0 26.0+1.6 110.1*x1.6 392 5+5.4
T-2 18.0%1.9 24.4*1.8 82.4+x1.6 131.0%6.5
. T-3 13.0x1.0 16.0*1.5 57.56+1.0 176.5%5.9
Transgenic 1 4 13.0%1.8 13.8+0.8  41.9+1.5 195.0%6.1
plant T-5 18.0%1.3 17.4%0.8 54,3+0.9 125.0%5.2
(T-GST) T-6 22.5t1.5 14.0x0.9 39.7+1.5 226.0%6.8
T-7 20.0+2.1 26.0*1.6 127.3+1.7 306.51+4.3
T-8 20.0+2.1 18.0+1.9 68.3+1.3 207.5*1:9
T-9 12.5%2.1 19.4%1.5 67.41+1.5 63.0+6.6
T-10 19.0%0.9 19.8+1.1 78.3*x1.1 227.5%6.1
LSD 2.13 2.00 1.84 6.91
C-1 22.0+2.2 22.0+2.0 70.9%£8.7 190.5*14.1
Cc-2 16.6+2.3 14.4%+1.9 39.6+7.5 104.5+14.0
. C-3 13.5£2.0 24.0x1.9 98.2+7.3 291.5%+9.8
Transgenic ¢, 91 4421 18.8+1.5  46.5*1.9 231.0%10.9
plant C-5 15.3t2.4 22.6x2.0 88.9+5.1 119.0%5.3
(C-GST) C-6 13.0+2.4 19.8*1.7 137.3+4.3 120.5*12.8
c-7 22.4+1.2 23.4+1.8 84.9+4.0 341.0%9.9
Cc-8 16.1*+1.3 20.6+2.0 112.4+3.9 170.5+9.7
C-9 10.8%0.9 21.0+1.9 57.7+3.5 116.5%+8.7
C-10 15.8+2.6 25.2+1.9 121.3+6.7 157.0%12.4
LSD 2.66 2.09 8.45 15.35
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Table 14 . Comparision of growth characteristics(below) in non-transgenic

and transgenic plant in field

Li Root length Root diameter Rootweight
e (cm) (cm) (g)
Non-
21.19 2.03 297.5
transgenic
T-1 18.0+3.2 2.5%0.2 669.0+9. 1
T-2 21.0%3.0 2.6%0.2 509.5+8. 4
_ T-3 98.842.8 3.140.2 530.0%4.5
Transgenic 1 4 19.0+2.8 2.5+0.2 493.5+4.1
plant T-5 27.0%1.6 2.6+0.3 497.0%5.1
(T-GST) T-6 19.0+2.9 3.240.3 582.016.9
T-7 25.0+3.1 2.040.1 630.5+7.9
T-8 21.0%3.1 3.0+0.1 549.0+6. 1
T-9 22.0+1.0 2.140.2 490.0+7.1
T-10 24.0%1.9 2.240.1 712.0+5.3
LSD 3.36 0.31 9.51
c-1 22.0+3.9 1.8+0.2 480,527, 1
Cc-2 19.0+4.5 2.140.3 434.0+31.4
, c-3 27.5+3.5 2.240.3 583.5+49.0
Transgenic o 4 19.6+2.9 2.1£0.2 454.0+18.5
plant C-5 21.0+4.0 3.4+0.3 652.0+44. 6
(C-GST) Cc-6 20.0+4.2 2.0+0.5 429.0+24.1
-7 24 4421 2.3+0. 4 663.0+28.3
c-8 14.0+1.9 1.5+0.2 487.0+13.2
c-9 18.0£3.9 3.040.1 430.5+21.3
Cc-10 22.0%4.0 2.240.4 540.0+9. 53
LSD 1.87 0.58 51.56

1WA EANE EXo| <37 ¥  Fusarium oxysporum, Phytophthora
infestanse, Collectoricum spp. 52 WHAE AF3lo] 2¢dF HREMS 2}
3letHFig. 14,15,16,17). 23 22} = 132 203 =] AS =3
AefFof vt el Mo AN =Hodcl EIF o] #e) ‘1“"] 3=
£ g Histe] gt FAAHE FL auiFol ulste] Hale
F71E OS5 FUoy g EXF =N Z Xo|E Holx] Udri(Fie.
14). LA AT AP A EAE BUFE FET ZulFol nls) e
9 F71= U Fon Rl Exl+x wWakrHFig 15,16,17). Fusarium
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oxysporumX| 2| Al 2| F7]2} EX| oA AolE Kol FAAH AEAY
2% FEFE77 BAAHEA] 42 aulFol s Foomw Exgo] glojA
+ FAIBEA 42 2nlFo] FAAT[H ASHel vlsl of wokch A
AREA] 42 ZulFe] Ff BT S ASHE wl FAA Brl XA =
o} 2l 718 A4S Hiol FAARY AEA AL HLdEE A A
Aot FAE s Alojoll H2] F7] W Fa] EX|goly E Ao|E Holx] ¢
ot ol HeARAARI GSTRAAZL FUFol iyt APFAEE vehir] o&
o]2tiL Attt
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Fig. 14. Comparision of growth characteristics in control and transgenic

plant.
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Fig. 15.

Comparision of growth characteristics in control

transgenic plant infected by Phytophthora infestanse,
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Fig. 16.

X&-TGST- ¥ M S KI%-CGST-8p| M S

Comparision of growth characteristics in

transgenic plant infected by Fusarium oxysporum.
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control

and



N&-TGST-EtMHE |&-CGST-EtAY

Fig.17. Comparision of growth characteristics in control and

transgenic plant infected by Collectoricum spp.

th ZZAE AR

FAATH A EXN} FAAHFR] o2 AEA ] HYTol o3t AYPHS
ZAbstol 2 Azt FAAS HA| 42 AF A EAQ F$ F oxysporums A€
Al RA 2ol vlasle] 62,1%2] ¥z WL Ro] BASYAE, P infestanse
Aela]  FEAEA]  RBoh o 63xe] e AL Ko ISR E,
Collectoricum spp. A 28]A] A g[A] Hr} 75.5%2] 2] BSS Hoj 24 5%2)
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A5AAE RYch Iy C-GSTRIEAE FAARH C1ASY NEAN=
F.oxysporumol Xl A ele]l uw|dle] 92.1%, P infestanse Au|A] FH 2|2
82.3%2] BEE X 8%, 1&FEY ARAAE B Tx AYHS BPo
W, Collectoricum spp. A2]x] 86.1%2] B{E RHo] 145X BSAHES Ue}
STl C-2A% MEAL FoxysporumA2|A] FAglo] ul3) 96.7%2) 4 =4
€ Ho] 3.3%%] H{ARAE UElton, P infestansexg)A] X o] us)
92.4%2] {543} 7.6%2] HBAAE Ho] 1] AYNL Urlygon],
Collectoricum spp. X 2]A] F-A2]ofl uls] 90.0%2] ALY EAHL Bogon, 10%D
= 2S5 AAE UElKit) o3t AAE Fsle] C-GSTRAAE FAABRY
M2 A2 F C1, C-2AIFo] vad ¢33 AE RYowy Z2A
U9 550 Y3 RoT AlgHC

T-GSTRAAE FAAF AJoAE C-GSTE FAAHE ASHC) 4t
€ BYEd 2% T-1, 2, 7, 104504 Xr} Ue djs & 3
T-7A%2] MEAE F oxysporund gl Al FAelof uls) 97.3%2] 54
HZom, P infestanseXe|A] FAgjo] uls] 929%2] 4L EAHL R
22 2.7%, 7.1%3 58] ] A4AE Vehjdch collectoricum spp, Az A] B
Azloll w3l 93.3%2] BY H43 6.7%2] B A E Uehdozy sy
23 Hg Bk ol AIE Bole] C-GSTHAAET FAABY AEx)
o A% F C-1, C2ASI T-GSTRIAXE FAABY AE 2 T-7ASA4
BlaLE 43T AFo] AU WX TF £ AW Fo| Qri(Table 15).

had

é/k
Che)

1 2 o -
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Table 15 . Disease resistant in non-transgenic and transgenic R glutinosa

infected by pathogens in field

% of F.¥W of control

Line Root F. W F. oxysporum P, infestanse Collectoricum
Control Sspp.
Non-transgenic 297.5 62.1 63.0 75.5
C-1 480.5 92.1 90.5 86.1
A 434.0 96.7 92.4 90.0
-3 583.5 81.9 83.1 76.4
Transgenic -4 454.0 79.3 66.1 81.4
plant -5 652.0 77.9 71.4 78. 4
-6 429.0 50.3 59.9 81.5
(C-GST) -7 663.0 83.1 71.3 80.8
-8 487.0 78.9 57.5 78.0
-9 430.5 69.4 59.7 59.1
-10 540.0 84.1 77.3 79.5
T-1 669.0 94.9 89.2 90.2
-2 509.5 93.3 88.9 95.0
-3 530.0 87.8 91.2 79.7
Transgenic -4 493.5 93.6 84.7 89.3
plant -5 497.0 89.7 83.2 82.9
-6 582.0 95.7 84.4 88.1
(T-GST) -7 630.5 97.3 92.9 93.3
-8 549.0 68.8 79.1 75.9
-9 490.0 71.8 63.9 62.6
-10 712.0 89.3 88.7 91.2

. WAy ABS $8 2E

102 AefF, TE U YAV W) 4Ypg 2AstRed
Rre] BRHE A A (Table 16), AANEZ NFITE wujsi]
FAEE-2 1785kg/10a0. 28 =3 o] A7} 952kg/10alt] B}
WAEe) +uFPol 37 Btk TEL olgsiel YUABD AFABAE
© ¥UAY Hx Ye ABAET &S $XNE BYow, IF T, 6, 7 X
C-3, 5, TABOIA B2l BAs WAAY Bx) P BART} oF 1.5~2017

i)

L e
o flo
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= 2 FAAE Yehldch =¥ Z AT £ FIYES vlasjEd
C-GSTY] Z-¢ wuiFe] R2] FAS HIste 43%2] F71E Rglon, T-GST
Bfol= 57%2] F7H vEehdglch

Table 16. Comparision of root weight in wild-type, non-transgenic and

transgenic plant in field

Line Root weight (kg/10a) Incresed harvesting rate(%)
Wild-type - 952
Non-transgenic 1785
T-1 2,402+194.3 34.6
-2 2,170X194.0 21.6
-3 2,917£201.6 63.3
Transgenic -4 2,270+188.1 27.2
plant -5 3,260+134.2 82.3
-6 2,1451164.8 20.2
(T-GST) -7 3,315+199.5 85.6
-8 2,4351100.1 36.4
-9 2,125+116.2 193.0
-10 2,700+153.4 51.3
LSD 251.56
C-1 3,345+201.5 87.4
-2 2,5647+182.5 42.7
-3 2,650+176. 4 48.5
Transgenic -4 2,467%120.6 38.3
plant -5 2,4851143.1 39.2
-6 2,910t186.9 63.0
(C-GsT) -7 3,152+200. 4 76.6
-8 2,7451199.8 53.8
-9 2,450+128. 4 37.3
-10 3,360+219.8 88.2 -
LSD 261.14
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A ezt LY Hel S8 |49

or

A 1d A A

A A Scrophularia buergeriana Miquel )2 Al o &3 thdAd REAE
2 F o&g3E 2 3hvjoln FQ2 AHEL p-methoxycinnamic acid,
harpagide, phytosterol Soln, ZA=X¥ gl FFPola} 3l A9, AFH,
v, "Ast A ol 2Arh(S, 1989).

42 50-150cme] THAZRZA FE YE7] Bol WY SEAZe] 2 7
@it &7l A Ao dRA D 1 FEo dol ozt ). U2 unFEiby

Y2 Zo] 0.5-2em= o] 4 AUAY grh FAL dB22A oAF(RE)

l

of |2 A (BE)olZ Zo] 4-10cm, F 2-5.5cmolr US| ®©o] gAU
ozt olx Fpg=IElel FU7L Qlvh 7-84€ol Zo] 5-6m] ¥FA ol EI|E
ZG olHolA FFol HARAR vlo] AAIL $HAFA (RREMEEF)E
< olETh EURS ¥l 9 Zo] 2mem 5AE Zepdr)l HAL £F°
E e skedrl 1.bm 2w 271 52 2Z4og Ze| A dled doR
AN 327 F Jhed 2Zo] Hrt Ath 4719 ¢ F 2707t o A A
Fe dL¥LeE o] 0.8m, AF 0.4molw 8-9%o o=t Atz A&

7roll A Aetal glem jh, F=, 48, Aol FEFo] EEFojglnh F=E
2] o83l UG, HZAY, =, Hu], EY, X249, A=HE,
o, gAEYTE, Y, &F, LG 5o X B &R
1994).

date] el aAuiAlol o] AEEHA 5, 1993)9} dehijds BT
dxe] =7 ol FolAHTHY, 1998). TAE o]&FT ZZu|YgellA E7]+&= BA
1.0mg/Lo} IAA 0.1mg/LE Z3FH MSYAui=]of] wjoksle] ARE FE3lgrt
(Song et al., 1998)3 RIEgcth 7oA Fd® Fide thilx

Ql AEg 2o 7% whFo] glor} dense clump FE

olth. Akita(1994)&= A% fA7]E o] &3td tigsyr BE i%ﬂ% o83
W2 AL HEE XA dot= == Aol gt}

°lﬂ o, g
-

o

u
i
i)
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ZA2 HAS ¥ F9 dolel Aol EFYSIH 14 SRE AX ol
& Slofsh= ©Eo] girt. HelE HAS ¥ B¢ FAHEol ¥z E7 E F
2] HaHe] Aol T £Fo TA U FE BHUY ool Aty Ry
(A &, 1995). :
uteba] AlBAE AdFor, FZEFoIML A ZEd Uy AYE HE
I "ol $Rhol B HAYE, oeHE E5E {8 slsid L
fusaric acide]] T3t A &g A EF2] Al EMS(ethyl- methanesul fnate)* 2]
of 2]%t WAgd ol MEF Ay, 2. Agrobacteiumg o]-83F Rs-AFP
(radish-seed antifungal protein) PAP (Phytolacca antiviral protein),
GST(Glutathione S-transferase) - =}e] FA AT E& 43s5lar).
= dAFold FEAR] AT =2 /AR F Phytolacca antiviral
protein(PAP)-2- slujolaj A ] ThMAF 4] PAP, PAP-II 18|51 PAP-3 3712 &
o] glom AFAFoT T XFFHoE rl=2A W (Houston et al., 1983)
H o antiviral activity % o}uj2} antifungal activity® UEeEh)7= 3=
2o 2 oA gltl Rs-AFPE antifungal protein® 3 M B Exl28E R
staon Fy2 FFHEAE JXH ofol=of tiz) @ izt FAg=] w2
322 fungiof] T3t EolAo] wrli BRI ¥l (Terras et al., 1992) 9l
th GST RAAH= YA ZEE vRT A8 71X HHLEH 0] 23l
=" 54E4& glutathionZ} conjugationd FPTLEH FEI} Ad|e
enzymeQ 2 A BN Zga] FAHELE FEarAZE(ROS, reactive oxygen
species) B £ANRT FAo] 2=drol Jsld §718 o A 528D
< F53 Ao AN Hdef st HEA A8 Y5 4 9rth
Fusaric acid: Fusarium oxysporumYA] -F%% non-specific toxinQl
phytotoxin® 2 H4F AMEnjdels g4 EdHe] A 4 fxo HE31d
c},

E¢#Ho]$19] EMS(ethyl- methanesulfnate)i= alkyl7] ES¢i¥Ho]f o8 GC—AT
transitiong F4J3lE= point mutationE F=5h 3 2ol ojLjg} MERoA
= EQHolE fuxria R aEo}FrHShahin et al., 1986; Vogel et
al., 1994). ol2i3t E@Wo ol 2T HolA|e] o] WAFPe Wgos
=3 4 glch
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A 23 Fusaric acidol] th&t =3} MxRo] At

1. 8 A3

datolut oM mo] wWAgsl A8l AFFo] I IHE F:
Fusarium oxysporum Th/g2.2 A3d miete] 7|& 4 S 93te] WMol 7

F& At O FE3YES WA ¥9d AL Lo FAE F
Z3h= w2 ZA EE)(2.0X10%spore/ml ) & FE3H= WEE LHro] AR5}
o Hlaslg o 21708 strain® ARE, WU L v e Az} (Tables 1 and
2). AF o  Aol& UehA dgton FAEHFol 23 Hydy A
Z3 HYdo] et 3719 F3(R3, R9, S3)F Awksigr)
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Table 1. Result of in vitro pathogenicity test with agar plugs containing

fusarial mycelia®

Rep.® Root and Stem Rot rating means®
Isolate No, 1 2 3 Ave.*®
R-1 0 1 0 0. 3bc
R-2 1 1 1 1.0b
R-3 3 4 4 3.7a
R-4 0 1 0 0. 3bc
R-6 0 0 1 0. 3bc
R-7 1 0 1 0. Tbc
R-9 4 3 5 4a
R-11 1 0 0 0. 3bc
R-12 0 0 0 Oc
R-13 0 0 0 Oc
R-15 0 1 0 0. 3bc
R-16 0 0 1 0. 3bc
S-1 0 0 0 Oc
S-2 0 0 0 Oc
S-3 3 4 4 3.7a
S-4 0 0 0 Oc
S-5 0 0 0 Oc
control 0 0 0 Oc
LSD(P=0.05) 0.79

a. Results of each treatment were the mean of four observation.
Results were obtained four weeks after the inoculation.

b. Disease ratings were based on 0-5 scale where 0-no disease, and
5=death of plantlets.

c. Rep=Replications,

d. Ave=Average. Means with the same letter are not significantly

different at p=0.05, as determined by a t-test.
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Table 2. Result of in vitro pathogenicity test with fusarial spore
suspension( 2.0%10° spore/ml )

<

Rep. Root and Stem Rot rating means’

Isolate No. 1 2 3 Ave.®
R-1 1 0 0 0.3b
R-2 0 0 0 Ob
R-3 4 4 4 4a
R-4 1 0 0 0.3b
R-6 1 0 0 0.3b
R-7 0 0 0 Ob
R-9 4 4 5 4.3a
R-11 0 0 0 Ob
R-12 0 1 0 0.3b
R-13 0 1 0 0.3b
R-15 0 1 1 0.7b
R-16 0 0 1 0.3b
S-1 1 0 1 0.7b
S-2 0 0 0 Ob
S-3 3 4 5 4a
S-4 0 1 1 0.7b
S-5 0 1 1 0.7b

control 0 0 0 O0b

LSD(P=0. 05) 0.88

a. Results of each treatment were the mean of four observation.
Results were obtained four weeks after the inoculation.

b. Disease ratings were based on 0-5 scale where 0=no disease, and
5=death of plantlets.

c. Rep=Replications.
Ave-Average, Means with the same letter are not significantly

different at p=0.05, as determined by a t-test.
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g3l o E3] NAA 0.1, 2mg/ ¢, TDZ 0.1, 2mg/ £, BAP
,4-D 0.1, 2mg/ ¢ HaloA &, £7] AHHAOA EBEF 100%2]

callus ¥4 &2 Llelhgic} (Table 3).

Table 3. Effect of media, growth regulator, and explant source on callus

formation of Scrophularia buergeriana cul ture

Rate of callus formation(%)
Growth regulator

MS media Bs media SH media
(mg/ £)
Stem Leaf Stem Leaf Stem Leaf
 NM 0.0 100 100 90 70 100 50
0.1 100 100 100 100 100 100
2 100 100 100 100 100 100
TDZ 0.01 100 100 90 80 100 100
0.1 100 100 100 100 100 100
2 100 100 100 100 100 100
BAP 0.01 100 100 100 90 100 100
0.1 100 100 100 100 100 100
2 70 40 100 100 0 100
IAA 0.01 100 100 100 0 100 0
0.1 100 100 100 0 100 0
2 100 100 100 60 100 80
2,4-D 0.01 100 90 100 60 100 10
0.1 100 100 100 100 100 100
2 100 100 100 70 100 100
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3. Fusaric acid #z]oj] o} clone?] A

UA AlxF AuS 9ste] HEEZ(fusaric acid) BEEE Asla §
AEE clone FZEE XAISt] £ A3} 10, 30xM H5 BFolA clone ¥
&0l JZslgon, FEEAY nxFE7 HS AA3] ¢Sl HEEE
& filtration3} Autoclave® 1}yo] 715l FAH cloned] AAZE |
3t E Az} filtrationolA] BFZH clone?] A|Fo] autoclaveoir] FAFH
cloned] AAFo] o FAL ZALE ZAEATHTable 4). o] A2
autoclaveE B3It wz]¢] pHAISIR @I3le] WEEZel fusaric acid?] HAdo]
253 THE B RoE ARFHXH HEEAHS sl A filtration
B3l HIshe Zo] el ¢33 Zo=E 3ithct

Table 4. Fresh weight and number of clone formation in different

treatment of fusaric acid on medium

Fusaric acid No. of callus No. of clone % of clone F.W, of
concentration( M) inoculated formation formation clone(g)
-Autoclave-
10 10 10 100 0.9
30 10 10 100 0.6
- Filtration-
10 10 10 100 1.1
30 10 10 100

4, fEhferal Aol 2] fusaric acid A3 AIEF A

AN BEhjLEiol e BAHEEH cloned T2 3t BEEAS HJL
3 BEES 2B AMYP ARFE Adsigdon $5ELY HE7} 20uM
Y o) A= 100%2] P2 BPOL), 50uMolA] 78%, 100 Mol 23%
2] BESE VEMIA LR AN 2R v ¢33 cHTable 5).
callus& tialo g 3t MEF M Alof= fusaric acid®] HEE 100 zMol4}
L2 fRA3H= Zo] oy Fojct

A defoll Aol HAt AEAY] W] ARRE fusaric acido] A ¥
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lineo] Awxjgion] AU (Table 6) WAL AAZEL fusaric acid?] &
27} HolA4E 4319 cHTable 7). A vl AejollAe] A3 A%43
Ql A3} fusaric acid®] A¥PF HEFY XHFF |AE sl fusaric
acid?] HE& 20 Mol o2 {A|stojol Ztch= ANE Uepdgdcth fusaric
acid®] HERAo] &% AigLE WHEAZ v} wigitele] WEAF a2} 5}
L AL, e @ HolAE fusaric acid?] HE7} TI2A ZA3lojop 3o
jdadefo] W= HEe FHLS AU AEFY GALS FAAE 4+ US A

ojt}.

Table 5. Effect of fusaric acid concentrations on the rate of callus

survived on suspension culture in Scrophularia buergeriana

Fusaric acid concentration ( zM) Rate of survived callus
0 100
10 100
20 100
50 78
100 23

Table 6. Selection of fusaric acid tolerant callus lines from callus

culture of Scrophularia buergeriana in solid medium

Fusaric acid No. of callus No. of callus Rate of callus
{ M) inoculated line selected line selected(%)
0 60 60 100.0
20 60 15 25.0
30 60 9 15.0
40 60 5 12.0
50 60 1 1.7
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Table 7. Fresh weight of Scrophularia buergeriana callus lines tolerant

to fusaric acid in solid medium

F.W. of callus F.W. of callus F.¥. of total
Fusaric acid callus
selected nonselected .
(M) incubated

(mg) (%) (mg) (%) (mg)

20 39.2 85.6 6.6 14.4 45.8

30 31.5 90.5 3.3 9.5 34.8

40 34.9 88.8 4.4 11.2 39.3

50 18.5 80.1 4.6 19.9 23.1

5. Add Lo ti¥t fusaric acid®] A FHel
AUE 7 cloneEg F431Y callusE R7Istden 49 cal

FLZ ujR|goll A fusaric acido] ¥ AvHQte] FFTE WA JAAAL AF
8E& Y2 callusEE WiAIRIAL AP E 548 FAstdch AL
ol A fusaric acid®] = 20 uMolA AUH AHA lineql FBN20S tiitoZ
sl ZAH callusE & A 4o fusaric acid?t =& 0. 30, 40, 50 uM
2 o] HIlsln Mt R E Folslarh, %50l 40, 50 gMojA = Auts
2] QYIS 30 pMol M= AR JRAIZE Mol Hou AAFL vz} ]
st} o W2 Aog XAETHTable 8). 30 zMojlA 41i¥ FBN30E 40,
50 pMOl M= AE]=] QIgkom 30uMoldE AwWE s AAFS FBN20RCE
B2 ZAo2 ZAETHTable 9). 40 Mol AdE FBNAOZ 50 uME A|2]3t
e s=old 25 AJ&31gctHTable 10). o33t A= Z1zpe] oA A
U lineE2 AU sEolA AEL AV ULS vehiy AUgE &
Al 2H3 Az AWtz i Z-fole TAIFA Augte F71
§ B3l o]Fo] A £ & Ao AmHch
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Table 8. Test for fusaric acid resistance on selective callus FBN20

cultured on media with BAP and NAA

F.¥. of callus F.¥W. of callus F.¥. of total
Fusaric acid selected nonselected callus incubated
) W e @ (ng)
0 66.3  81.7 14.9 18.3 81.2
30 9.5 69.3 4.2 30.7 13.7
40 0.0 0.0 1.2 100.0 1.2
50 0.0 0.0 2.5 100.0 2.5

Table 9. Test for fusaric acid resistance on selective indigenous callus

FBN30 cultured on media with BAP and NAA

F.W. of callus F.W. of callus F.W. of total
Fusaric acid callus
selected nonselected .
( zM) incubated
(mg) (%) (mg) (%) (mg)
0 2.0 1.3 155.4 98.7 157.4
30 22.0 89.1 2.7 10.9 247
40 0.0 0.0 0.7 100.0 0.7
50 0.0 0.0 2.7 100.0 2.7

Table 10. Test for fusaric acid resistance on selective indigenous callus

FBN40 cultured on media with BAP and NAA

F.W. of callus F.W. of callus F.W. of total
Fusaric acid lected lected callus
(M) B se e nonselecte - incubated
(mg) (%) (mg) (%) (mg)

0 34.7 21.6 126.3 78.4 161.0

30 3.7 34.3 7.1 65.7 10.8

40 9.9 86.8 1.5 13.2 11.4

50 0.0 0.0 2.9 100.0 2.9
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6. EQHOIEA Azlo T UEE AxF Ay

B AlEFe] Aol &S Fuistr] $I38te] Fusaric acid’t Ael#H
ajzlof] E@o] EAU IMSE 0.01x5 A 7t A& Wl 30uM fusaric
acid T oJA] fusaric acid THEAHz|HT} A HIr/F B2 Ao 8 RA Y
on At FE7 oW 5E€4F 2 HHU & ZeE AEHrH(Table
11).o]8%t A2 EdHol¥o] #7]18hepoint mutation?] 3 go] FERE of
g} MEAojA gene expressiono] W3¥o] fusaric acid?] APHo g FEH

o A 4 &g At

Table 11, Effect of EMS treatment on selection of callus lines tolerant

to fusaric acid of Scrophularia buergeriana

No. of callus No. of callus lines selected

Fusaric acid ( zM)

incubated FA® FA+EMS®
20 20 20
20 20 20
10 20 20 20
30 20 7 14
Notes : a ! Only treatment of fusaric acid

b : Treatment of fusaric acid and EMS(0.01%)

7. AEiGe] 23t fusaric acid AFF MEF AL

dite] WHAE 2,4-D Img/ L7} E7}1¥Y Murashige and Skoog Hj=|oj]
fusaric acid BEE 5uMEE S0 EAAWAN pEIQR ¥
fusaric acid7} 50 M H¥71 IAMIR| AN cloneS ¥FAd3h= 2071 M=
£ Austedc}. Fusaric acid ¥ %5& 0, 10, 50, 100 uMZ 3} Awlo] ¢l
2] 29} fusaric acidol] A&l 207 AMEF2] BAFE EHPT A Ay
o] ¢t¥ A AL fusaric acid®] wE7} F71%e] wizl ZAlste FAz2|F
AL PSS 3B EE Uehio] 60-70% o]4Fe] WA FFo] oAHL
vteh gl ¥bdo) M A¥Yd MEFEL fusaric acid?] H=271 F718
Adx Fuidd AANF JAZErE ekl SF-5, SF-9, SF-11, SF-13,
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SF-15 MIZERL fusaric acide] Tl HL AYAHL el #Hos 2AlE

9itHTable 12).

Table 12. Effect of fusaric acid concentration on fresh weights of
fusaric acid-tolerant S. buergeriana cell lines previously grown on

fusaric acid 10 uM medium for five weeks

Cell Fusaric acid concentration( uM)
Lines 0 10 50 100
- mg/callus - - % fresh weight of control(0uM) -

s* 122.3 38.3 38.3 26.3
SF-1 404.4 104.3 30.4 52.4
SF-3 242.8 56.6 33.5 21.8
SF-4 187.5 88.0 55.9 47.5
SF-5 220.3 89.0 75.1 57.0
SF-6 252.8 45.1 40.9 21.7
SF-7 94.3 167.6 97.9 48.8
SF-8 307.3 50.7 42.1 35.7
SF-9 160.3 186.7 116.2 108.2
SF-10 300.8 68.8 43.9 23.1
SF-11 144.5 103.1 82.4 75.4
SF-12 275.3 134.5 88.8 38.7
SF-13 116.3 133.5 79.8 61.0
SF-14 161.7 86.2 69.7 30.9
SF-15 147.4 133.2 116.7 72.2
SF-16 171.3 115.3 112.0 . 49.8
SF-17 224.0 62.6 45.0 39.3
SF-18 366. 2 80.5 74.4 44.0
SF-19 295.3 47.1 52.8 26.5
SF-20 216.4 124.1 35.2 18.8

Unselected cell line
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8. Fusaric acid A& M EF2] oA AA

Fusaric acidofld A€ AMEF7I BEEHo] ot A3 3
5171 $1ste]  2,4-DRt FE7HE MSulR]o] 1704 o] wiYgyt F
=dE A E ui|olA vjg3t 5 FAFE S I AYY AFPL F
A& Az} SF-1, SF-7, SF-9, SF-11, SF-12, SF-13, SF-14, SF-15, SF-16,
SF-19 M EFE2] AAFo] FolA vlad &2 dFES YEl

g olc} (Table 13).

(e
S
lo
it
BN
>

Table 13. Effect of fusaric acid concentration on fresh weights of
fusaric acid-tolerant S. buergeriana cell lines previously grown on

fusaric acid-free medium for five weeks

- % fresh weight of control(0uM) -

Cell lines 0(mg/callus) 10( M) 50( uM) 100( M)

s* 122.3 38.3 38.3 26.3
SF-1 185.3 133.3 67.2 68.2
SF-3 101.5 144.8 136.0 47.1
SF-4 124.8 115.0 44.9 39.9
SF-5 229.5 61.9 48.7 22.4
SF-6 326.5 91.7 57.4 27.4
SF-7 111.5 101.6 97.1 69.8
SF-8 171.3 83.7 58.1 18.0
SF-9 242.5 150.6 67.5 51.7
SF-10 347.3 65.6 25.3 27.5
SF-11 200.0 119.4 71.5 49.9
SF-12 146.5 183.5 134.1 58.7
SF-13 150.8 100.1 41.4 47.3
SF-14 132.8 97.3 87.7 50.8
SF-15 112.3 146.0 116.0 82.8
SF-16 126.0 152.0 96.4 56.0
SF-17 247.5 62.6 43.6 18.6
SF-18 247.3 62.4 46.6 35.9
SF-19 124.3 137.4 131.4 55.3
SF-20 215.8 140.5 59.1 28.2

Unselected cell line.
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9. Fusaric acid #|3AQ AMEFE e 25y £3}

AgEdg vehd MEFERE AEAE E3AFIZ] S5t 20718 AE
E-& fusaric acid7} #E7}H MSujR]ojl A vjorE 4~335}9ic}. Fusaric amdoﬂ
28 Peast AUAPoA AFEYES U callusE2 w=7F 71
of whel gAo] AT} LA 5E& Uehidden £3171 o] Fox]X]
odgich yhd, MUH AEFEL 15EE RA|HI & fusaric acidolA]
= E¥sglon z17te] E3be2 M EF 2} fusaric acid wXEel wat Aolst
9 tHTable 14).

P

l

Table 14, Shoot regeneration from fusaric acid-tolerant and unselected S.
buergeriana cell lines on media with different fusaric acid

concentrations after 45 days

Cell No. of shoots (#/callus) Shoot height (mm)
lines 0uM 1M 10uM 50uM 0 uM 1uM 10/1M 50 uM
s® 2.5 0.0 0.0 0.0 1.2 0.0 0.0 0.0
SF-1 4.0 2.7 2.0 2.0 4.2 7.0 7.6 5.7
SF-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SF-4 2.0 3.0 2.7 1.7 7.4 3.8 3.5 4.0
SF-5 1.0 1.3 2.0 2.0 2.7 6.6 4.5 4.1
SF-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SF-7 0.7 1.0 1.3 1.0 3.1 2.7 1.8 3.2
SF-8 3.0 2.3 1.3 1.7 11.0 8.0 10.0 2.5
SF-9 1.3 0.3 0.7 0.3 1.4 2.2 1.3 2.0
SF-10 1.3 1.0 1.0 0.7 2.3 1.8 1.5 1.6
SF-11 5.0 4.7 4.0 3.0 7.5 7.8 8.0 7.2
SF-12 0.3 1.3 0.7 1.0 1.0 3.0 3.3 1.3
SF-13 1.7 2.0 1.7 2.0 5.2 2.5 4.2 4.8
SF-14 2.0 2.0 1.0 0.7 4.0 3.2 2.5 1.2
SF-15 2.0 0.3 1.0 1.0 3.5 1.0 3.5 2.0
SF-16 4.0 3.0 2.0 1.0 10.0 5.2 4.0 3.6
SF-17 1.0 2.3 2.0 1.0 2.3 4.3 2.9 2.3
SF-18 3.0 2.3 2.0 0.7 6.2 3.0 4,2 1.4
SF-19 3.0 1.0 0.7 2.0 3.7 2.8 2.7 2.2
SF-20 0.7 0.3 2.3 0.3 2.0 1.4 3.0 1.2

® Unselected cell line,
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Fusaric acid7l M718 wjxleld a4 AE27 $AFAT WU 4T
2EE A 230} AUl ¢ Fe UrhhdrhFig.1).

Fig.1. The selection and regeneration of fusaric acid-tolerant cell lines
of S. buergeriana. A : The growth of fusaric acid-tolerant cell
line, RF-7 on different medium. B, C, D : Plant regenerated from

fusaric acid-tolerant cell lines
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ALY AT AR} 2AL Y] 915t polyamine e spermined}
ANO:E A Eistel Z7/843 ARAEE wlmsle] £ Az £712) ML
spermined 10mg/ £ 5% AHslge o «¢Isiga Z712 AFgA=
spernine® lmg/ LHE2 AslAde wl PTstdon HUP lineofd:
SF-11, SF-15, SF-182] A #to] 45}t (Fig.2,3). '

img/1 B3 10mg/| 50mg/ |

SN B

No. of shoots

Cell lines

Fig. 2. Effect of spermine on the regeneration of shoot from fusaric

acid-tolerant S buergeriana cell lines after 45 days.

% 1mg/l 10mg/ | 50mg/ |

£ 10 -

= 19

R

@ 5T

~

§ 0 7 i X NS E-E-N-u-
5 5 8 1115 18 ' 19

Cell lines

Fig.3. Effect of spermine on the regeneration of shoot from fusaric

acid-tolerant S. buergeriana cell lines after 45 days.
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A EBA E3E 213 AgNGE 0.0, 5, 10 mg/ £ 2] HSEHE A5l shoot ¥
A&S vl2F A3 AUsA] U2 cell lineo] AgNO3& 5, 10 mg/ £2] s x
2 A3 FF shoot F/do] o] FoJAA] ¢igteor} ® Fje] AU lineoj &
ANOsE AF =2 HEsle] &7 g2t ZAololA ¥F I AXE vehigdct. A
W 72} lineoM QFE A& ANGR] s AR AlolE el

Table 15. Shoot regeneration from fusaric acid-tolerant and unselected S.
buergeriana cell lines on media with different concentrations of

AgNO3 after 45 days

No. of shoots (#/callus) Shoot height (mm)
Cell lines
0.0mg/ ¢ 5Smg/2 10mg/ 2 O.1lmg/ £ Smg/ £ 10mg/ £

s® 1.6 0.0 0.0 3.4 0.0 0.0
SF-1 3.8 4.2 4.8 3.5 3.3 8.4
SF-3 0.0 0.0 0.0 0.0 0.0 0.0
SF-4 2.8 1.6 1.2 5.4 5.2 2.5
SF-5 3.4 3.8 5.2 5.5 6.3 8.1
SF-6 1.0 3.2 3.6 2.6 6.2 3.9
SF-7 0.8 2.4 3.6 4.4 5.7 11.3
SF-8 3.2 3.4 3.8 4.6 5.1 8.3
SF-9 2.4 1.8 0.0 3.2 3.5 0.0
SF-10 0.0 0.0 0.0 0.0 0.0 0.0
SF-11 4.8 5.6 3.4 5.8 8.2 6.7
SF-12 1.2 4.0 0.8 2.2 4.4 1.2
SF-13 2.0 2.0 0.2 4.1 2.3 1.0
SF-14 0.0 0.0 0.0 0.0 0.0 0.0
SF-15 1.6 1.4 0.2 6.3 7.1 2.2
SF-16 3.6 0.0 0.0 7.3 0.0 0.0
SF-17 0.0 0.0 0.0 0.0 0.0 0.0
SF-18 0.0 0.0 0.0 0.0 0.0 0.0
SF-19 1.8 2.2 1.8 3.4 4.2 3.3
SF-20 0.7 2.4 1.4 1.8 3.4 2.1

® Unselected cell line
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10. AYY AZFERY A2 HEAY FeiF Hol

AYY AZZEZHE 23D ABAES St 24 J1e F Py
o2 Aol Ushit B 7Y ANE thges el 23, 4ol o], U
ol 5 ¥Eld S48 ZAsteitHTable 16). o] Eoke] folol mpehy 4
A typeo® Urglom Qo] B shoote] Zol, Ul Fol, AR 5
& AZ g9 JAVAE Ushidch B 49 AN AusHA G A
A0 R S4S Uehigov SFI6-13 2 AE AUEA gL AE
Aok WA Hol7t U= o3 7 Yeld H4& ehigich

M

Table 16. Morphological characteristic of plants regenerated from fusaric

acid-tolerant cell lines of Scrophularia buergeriana

Line Shoot height Leaf length Leaf width Leaf shape
Control 34 8.5 5.25 A
SF1-3 22 8 4.85 A
SF1-4 11.5 3.65 1.65 C
SF1-5 23.5 7.25 4,25 A
SF1-7 8.25 4.9 2.6 C
SF5-1 8.5 4,95 2 C
SF5-2 9 4.75 2.2 C
SF5-4 14,5 6.8 3.9 A
SF7-2 22 7.8 4.3 A
SF8-1 18 5 4 B
SF8-2 22 5.6 4.3 B
SF8-3 11.5 4.1 2.95 B
SF8-4 30 7.4 4.8 A
SF13-3 25 6.9 2.7 C
SF16-1 26 8.15 4.5 D
SF16-2 9.25 4.2 2.55 A
SF16-4 19 5.5 3.5 A
SF16-5 6 2.7 1.9 A
SF17-1 15.3 5.04 2.68 A
SF17-2 12.5 3.8 2 A
SF17-3 11 2.9 1.7 A
SF19-2 2.5 2.4 0.8 C
A ER¥: B S2ERE: C: FIElE¥: D HeRYP o 2EA A
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11. A3 AEFZHE QL3 P A EA S RAPD 4

10 X reaction buffer, 200uM dNTP, 1 unit taq polymerase, 2.5uM
primer, 10ng DNA(#]E25¢1)& $YolA &AL WEFS PR 2A2 95T
A 5EZ 7] $F HAT F 9TolA 1E 3BTHA 1, 72CoN 28%S
lcycleZ XF 453 wHE3l 72TColA 1027 ¥HgAZ F 4TColA RHslgl
t}. I3 PCR AMEL 0.5 X TBE buffer(0.045M Tris-borate, 0.001M EDTA)
buffer& AHE3te] 1.5% agarose gelolA] HA7|F &3 F BHI}ATHFig. 4).

PCR ¥1-&-2 2¥HR 0 E AA|sl4 2™, minor bande ZH/go] A7} FHE=R
major bandE T}, SF-lolAl= 577, SF-20llA= 6271, SF-30jlA= 667),
SF-4ol A= 7571¢] RAPD band7} FHE 31, variation bandsi= SF-1¢04 5
0, SF-20|A 17}, SF-3oll4 271, SF-4oiiA 3747} vielten @ 7iA primer
o]l A controlo] MAEX] 9= A2 DNA band7} FZE o o]F =T Ro}
Agd AEAY &% JHedat EXMERE AR S B APE AEFY =
7149 98t marker2 4] 2] 7lto] sls3dtElel 7]t tHTable 18).

Table 17. List of primer(l10-mers) and their base sequences used for RAPD

analysis
~ Primer No. ~ Base sequence( 5’ to 3') G + C content
OPA -1 CAGGCCCTTC 70
OPA - 2 TGCCGAGCTG 70
OPA - 3 ACTGAGCCAC 60
OPA - 4 AATCGGGCTG 60
OPA - 5 AGGGGTCTTG 60
OPA - 7 GAAACGGGTG 60
OPA - 8 GTGACGTAGG 60
OPA - 14 TCTGTGCTGG 60
OPB - 5 TGCGCCCTTC 70
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Table 18. The number of variation bands in selected plants

Number of bands

Primer No. SF-1 SF 2 'SF-3 SF-4
OPA - 1 6 *(0)° 6 (0) 9 (0) 10 (0)
OPA - 2 5 (0) 7 (0) 9 (0) 9 (0)
OPA - 3 5 (0) 6 (0) 5 (0) 9 (1)
OPA - 4 5 (0) 8 (0) 8 (0) 7 (0)
OPA - 5 7 (0) 9 (1) 9 (0) 9 (0)
OPA - 7 7(0) 6 (0) 5 (1) 5 (1)
OPA - 8 11 (1) 12 (0) 8 (0) 13 (0)
OPA - 14 4 (3) 2 (0) 6 (0) 6 (0)
OPB - 5 7 (1) 6 (0) 7 (1) 7 (1)

a: The band number of control plant
b: The numbers in the parenthesis are the numbers of polymorphic bands
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Fig. 4.

RAPD analysis of plants regenerated from cell lines for S,
buergerian (A:SF-1: B:SF-1; C:SF-1; D:SF-2; E:SF-3: F:SF-3;
G:SF-4: H:SF-4: I1:SF-4),
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A 3& AgrobacteiumE ©]83%t Rs-AFP (radish-seed
antifungal protein) PAP ( Phytolacca

antiviral protein), GST(Glutathione

S-transferase) -F-ZAz}e] FRAZ

1. Rs-AFP (radish-seed antifungal protein) -3} &

Zh A4S el W Al EA &3

dibe A=A 712 S o 7R BARFEH] UM MSufx|of] X
72 StE& W] NAA, 2,4-D, oA Rt} TDZolA 718 W2 A2E3E HolE: 7o
2 UEigth AR o doAE E71E AASIEES uwl FAIA Y 71
Uehs & & 4 A3 Ao Zoj=x U8 X4 wjrct E718 24
U o BHRAEALY w0l doiE BAGel d ZHtiTable 19).

2,4-D2} TDZE 2% A Msuixlo] H4ite] A3} Zr]==g xAe Az
W$e ¥E2] auxing! 2,4-D 0.0lmg/12} cytokiningl TDZ(0.01, 0.1, 2.0mg/l)
o] ZYA || shoot FE7F F3tor}, 2,4-D8] =7t HolA4E I3} 2%
A g]A] shoot &&7} 2 5= A}E R YrHTable 20).

s

ki

U "4 AEAS kanamycin A¥E &3

MS + 1mg/ £ BAP + 0.1mg/ £ NAA wJX]of kanamycin 0, 50, 100, 150, 200mg/
LE ISl o FIAE XAt 10~17¢7 widet A3} kanamycin
50mg/ ¢ o] FIHH wiRlo A 237t F43] 433 kanamycin 100mg/ £ 7} 3
7Hd  wiRleA = £37 S| dgith(Table 21). 0|23 A= RE FAA
Al S 9181 kanamycin X5 50mg/ L BTl S 58 ALg3jof &
e s Azidcl
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" Table 19. Effect of NAA, 2,4-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
Leaf explant Stem explant Leaf explant Stem explant
(mg/ ¢ )
0.01 0.0 0.0 0.0 0.0
NAA 0.1 0.1%+0.1 0.0 7.9%=7.9 0.0
2.0 0.0 0.0 0.0 0.0
0.01 0.1%0.1 2.2*1.5 4,414 4 13.0%6.9
2,4-D 0.1 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0 0.0
0.01 1.5+0.7 5.8*+1.7 6.8+2.9 28.0x7.1
TDZ 0.1 2.10.6 8.8+0.9 13.9£4.0 31.0+3.9
2.0 0.6X0.3 9.0x2.9 5.7X2.6 23.2+5.3
LSD(5%) 0.7 3.1 8.7 10.0

Table 20. 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
(mg/ 2) Leaf explant Stem explant Leaf explant Stem explant
2,4-D TDZ
0.01 0.8£0.3 3.3x0.5 28.0E7.1 21.31+4.8
0.01 0.1 2.5%+0.6 4,3+0.8 31.0*+3.9 21.5%1.9
2.0 2.0£1.4 4.0x1.1 23.2%+5.3 25.8%+5.0
0.01 0.0 0.0 0.0 0.0
0.1 0.1 0.0 0.0 0.0 0.0
2.0 0.0 1.0£1.0 0.0 1.8+1.8
0.01 0.0 0.0 0.0 0.0
2.0 0.1 0.0 - 0.0 -
2.0 0.0 0.0 0.0 0.0
LSD(5%) 1.5 1.7 7.8 7.4
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Table 21. Kanamycin resistance of leaf explant 1in Scrophularia

buergeriana
Kanamycin(mg/ £ ) No. of leaf No. of survival explant
0 30 18
50 30 4
100 30 0
150 30 0
200 30 0

th. Agrobacteriung ©| 3t o}, F7uel 23t FHAHAB(AFP)
Yotz AHgsto] Agrobacteruno] FEY THE 67 F WHY A A
shee 100w o1t e RE wixlo] $4S W YIABAEL 27

3
Este Za4E uehldoh (AR mAA). 7123 AREEES
:?;

F Fol callus 4§ H|&3] RA 43 Fols A RE &E7]0lA callus?t

3 E o1} PCR analysis ZHRolA ALl =] 2= gt}
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Table 22. Effect of kanamycin on callus formation and plant regeneration

for Rs-AFP1 inserted Agrobacterim-mediated transformation of leaf

disk
Antibiotic No. of explant No. of callus Ratio of
level{mg/ £) incubated formed regeneration(%)
weeks weeks
4 8 4 8
Km 0 Cb 500 26 26 26 100 100
Km 10 Cb 500 45 45 45 100 100
Km 50 Cb 500 36 36 36 100 100

Note : Medium used in this study was Murashige & Skoog medium with lmg/L
BAP, 2mg/L TDZ and 0.2mg/L NAA.

Table 23. Effect of kanamycin on shoot formation for Rs-AFPl-inserted

Agrobacterium- mediated transformation of leaf disk

Antibiotic No. of explant No. of shoot Ratio of
level(mg/ £) incubated formed regeneration(%)
weeks weeks
4 8 4 8
Km 0 Cb 500 26 7 13 26.9 30.8
Km 10 Cb 500 45 8 2.2 28.9
Km 50 Cb 500 36 1 11.1 13.9

Note : Medium used in this study was Murashige & Skoog medium with Img/L
BAP, 2mg/L TDZ and 0, 2mg/L. NAA.
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ul, oo}, ¢, 7] AHA 2 AE3} F& vI

Kanamycin 10mg/ £ + Carbenicillin 500 mg/ £ o] H71H wjxjo L jole}
E7123FojA YAAANEL} B2 AQAE3E R (Fig.5) Kn 40, 50mg/ £ +
Cb 500 mg/ ¢ HE7lujx]ojE odole] x|EFE2 Yot Uz &7 WA
o] 3L A X3}IUTHFig. 6).

120

100 |

[34]
Q

Rate of regeneration(%
o+ &
s o

n
<

0

Fig. 5. Effect of different explant in medium containing kanamycin,
carbenicillin 500mg/ £ (A: axillary bud, B: stem disk, c: leaf
disk).

Rate of regeneration(S

Fig.6. Effect of different explant in medium containing kanamycin 40,
50mg/ £, carbenicillin 500mg/ £ (A: auxillary bud, B: stem disk,
C: leaf disk).
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) ¥ o
b keiy ot s Beip

Fig.7. Shoot and roots regenerated from stem transformation with

Rs-AFP1 on MS medium containing Kanamycin and Cabenicillin,

v, AFP f-3d2} FAAYG HEA L PR £4
S Holsly] 18t  AF-1(5’-ATG-GCT-AAG-TTT-GCG-

EAg 498 23 YAV $WsA P ABANE Ushix =

350bp Z712] band7} FAAH H A EA oA RAIFTHFig. 8).

- 375bp

Fig. 8. (a) : Detection of Rs-AFP gene in transgenic plant by using F-1
and F-2 primer,

lane 1 : DNA ladder maker, lane 2 : PCR product of AFP 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(1leaf disk).
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A} AFP -3AZIE HAAHH 2] EA 8 Southern blotting
Southern blotting Zzt FAAHY 2] EAoA geneo] genomeo] AFe]E o]
13

expressiono] El&= A& EAYS gl9itHFig.9).

1 2 3 4 5 6 7 8 9 10 11

Fig.9. Southern blot analysis of transgenic plants by Agrobacterium using
npt II probe.

lane 1, pGEM DNA marker: lane 2, nptll fragment(signal): lane 3, L10-4

transgenic plant: lane 4, L10-2 transgenic plant; lane 5, S10-14

transgenic plant; lane 6, S10-2 transgenic plant; lane 7, SI10-1

transgenic plant; lane 8, S10-13 transgenic plant: lane 9, SI10-5

transgenic plant: lane 10, L10-1 transgenic plant: lane 11, L30-1

transgenic plant: lane 12, L30-2 transgenic plant;
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of. WAAN NEAS <3}
FRABY ABANY 3PS AN F A2 A, EWolA Aujsio]
28RN ERAPY ARl ALsIATHFig 10).

Fig.10. Plants transformed by RS-AFP inserted Agrobacterium of

S. buergeriana.
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2. PAP (Phytolacca antiviral protein) 3=} FA A
7}. Agrobacterium ©1-8¥ V4t AEA] 2} A FAHAH(PAP)
PAP-inserted Agrobacterium o] 2]%} hypocotyl, cotyledonary petiole,
sten diske] WAAR UYPolM 47 ¥ 837 F ANE Zap| He
cotyledonary petiole?} stem disk?] ZJEI-&L2 8F Fof 100%E RE XEEH
Hy 7t B3]t Stem3} cotyledonary petiole diskE ¥ A Ao explant
S A3 Zlo] hypocotyl & AHESHE ANTH FT AL TEe UEh)
ot} (Table 24). StemZ} cotyledonary petiole disk& X]A¥1x] 83 Fof 17
2] A9 2-37]2] shoots7} FAPE L] AHAN L] wound siteol] X callus}
Azl gRol wol HA elkich

Table 24. Regeneration ratio of S. buergeriana using PAP-inserted

Agrobacterium
Ratio of
Medium Explant No. of expiant No. of shoot .
regeneration
+1 BAP 4weeks/8weeks  4weeks/8weeks
gz Yypecotyl 100 8/70 8/70
+0.2 NAA  Cotyledonary 30 13/30 43/100
+ km 10 Petiole
+cb 500 Stem 20 6/20 30/100

. PAP F-Az} HAAH A EAS] PCR 4

FAAF F A3 2 A EAEEY EEE gAA Mol |3 =4
HAER] ARE #HAdlrl ¢l8] PR 24 #3ysigot. FIAF[A AdzA]
FAAZ AFEEE NPTII gene?] ¥RlojHE= FAAEAE YElA] e
DNA Agio] HAAH 2 EMo|A Uel o kanamycin 50 mg/ £ 71 ujx]oj
A A A E oA NPTII gene(700bp)o] plant genome ¢t 8 ARQIE|gie o
HAstrHFig. 11).
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Fig.11. 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 NPTIl 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).

3. U3 F3A=} AFP, PAPZ} A E FAIH A EA ¥IEHE AR
FUABY NEAS UolAPE FUNAS Rest@on Asperigillus
awamori, Cladosporium herbarumg A}-83}o] 3rgA AAL 433 A3 g2
AR HA 42 dRT AEAI FAt FHo] 50x A3HE AR
(IC)2] Zho]l m¢ T 500 pg olitol R7E A FFdol gt id FFA
24| 1ineq! ¥ AFP(antifugal protein) S-AX}7} £ H 10-2-7, 10-4-5 A%
o= Cladosporium herbarum®l] tid}o] ml @ zZ}zh 3008} 280 pgd] ===
L3731 ¥FAHLS Yehll o (Fig. 12), Asperigillus awamorio] tid}od A=
g7 4EMe ol Rl g AoT Ushyrh Boluw e ule]
g2 Thizel PAPF =YW lineql 10-13-1, 10-14-10] ICx] o]
Asperigillus awamorio ti3§A 2}Z} 320 wpg/mé 2} 300 £g/mé O 2 LIER} AFP
327 =401 3"’2*‘%711*]]5 Hrl &2 dd8E YEidch pAPE ¥
AR ANEL C herbarumdl] I A E ICso Fho] 10-13-1 AlEoAL 80 ug/
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w¢, 10-14-1 AFANE 100pg/mE UER] £2 FF4ES Uehigct. o2
T ZE PAP RAA7L fungiol thalA AFPRT &2 ¥4& JAl: 21g e
Um Hele] RIPRARE g4 S0l BAAE AFAL2RA fungal infectiono]
thste] AP35 AUY 4 Adrks B3 (Longemann et al., 1992)& Z3 5}
£ Zojth. =3 3ApdEo] HAFHoH FEAY HEHE| Fusariun F9] 2
Foll sl sx=e] W8S Uehigled 23} falstaleh(Table 25).

Table 25. Variation of antifungal activity of {ransgenic lines in

Scrophularia buergeriana

Antifungal activity(ICs value) ug/mé

F Control AFP PAP
ungus oMot T10-2-7 1045 10-13-1  10-14-1
Asperigillus awamori, >500 >500 >600 320 300
Cladosporium herbarum >500 300 280 80 100

Fig.12, Antifungal activity of transgenic plant in Scrophularia
buergeriana. Discs contained 25uf total protein(A), diluted 1

5(B), 1 : 10(C), of transgenic plant and control plant(D)
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fllo

€

BABHIA 28 DA Brlo] W EApgols] o
5 g BN waAg Wyl Fo} Taw Sojg
A

Z2te) 924
Amrd FAH
FolNE EAZE Wolstel Aol YASULU(Fig13.4.0) ¥
A EAolA FE3 A S HIRE Folde Aol Az ct

Asperigillus awamori®] 73-9-ol PAPS} AFP A AN 2] ¢hzlg H7Ig

BE mApl welshx Roln FAMo] AQEE FALRRI} TASRE
A& UelWl o (Fig. 13.B,C) Cladosporium herbarumoll AFP A AN ] Tt

= 7R A% FAH 23 BR(ZIA o] ol HA Asig o BAst
A wo] 7= HelE Uehlolem(Fig 13.E) PAP ZAAHN Y
WA W Agel FAE AT TAel AP A s
AARske I F71E 7heoRAle §4& Uehidrk(Fig 13.F).
& =y faxle] YHoT Ay ALY wuYe] VAo Aol
of 71dste Zez dEH ZtZ ofE WFHBFL] FUle] wpel ExjoA
FALe] AASI= okito] tiEA el B 31 (Franky et al., 1992)8} §-At
T AE BoArh. BT olF FAMAE A3ste Pl tlECH: A 7%
sto] AFPE FAATEH A EA S PAPE FHATH A ENoA F5F vz
£ Aol F7BIa ARl AMdte S vlAAEstA glen oy A
2 AFP2} PAPY] co-transformationo] &J¥ W¥AZ HEo AsF zI}
(synergistic effect)& 7}[A & + g og|at ALEHL]

VYA HF F ARY ZFe] O FEAY A EAY SIS-pageE +3Y
Z3} HYA Zgel o PAP ALY U¥o] 2ste] FAATH A EA A
AVER] 42 A EAoE UElUA] o= 32kDa®] W=7} (Fig.14), AFP
A=te] st 2fste] 10kDa ©|3}18] band7t BHSHA UElyiTE (Fig.15).

o

L4
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o 9 M & o
M
>
FIF

N
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Fig.13.

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), D

Cladosporium herbarum (control), B, E : AFP transgenic plant,

C, F : PAP transgenic plant.
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- "ﬁuli ]
contolplant  transgenic plant

Fig.14. Comparision of protein pattern against Fusarium oxysporum
infection through SDS-PAGE in the Scrophularia buergeriana.
R, protein marker, the molecular masses are indicated in the
left margin: lane 1, non-infected control plant: lane 2~5,
infected control plant(12h, 24h, 72h, 120h respectively):
lane 6~9 infected PAP-inserted transgenic plant (12h, 24h,

72h, 120h respectively).

Fig.15. Comparision of protein pattern against Fusarium oxysporum
infection through SDS-PAGE in the Scrophularia buergeriana Miquel. '

lane 1, protein marker; lane 2, non-infected control plant; lane 3,
5 7, 9 infected control plant: lane 4, 6, 8, 10 infected
AFP-inserted transgenic plant,

4. U878 FAREe] =ido] % T4 FAABAY 2N WEE BR
PAPS] R-AX}e] A9 virus Z fungi?] ribosomal RNA®} elongation factor

Y& AJIA|A protein A PAPFARE ¥HAlo]l transformationd}eiil o]

of tish HHd ZABE stavh. BAEE ABZAA 2H0] control AEAE B
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#+ 13.32.2 Vel FA AN PAP= 17.68cm, 16.41cm, AFP:= 13.00cm,
19.18cnZ2 A FAAHT 2 EA7} ¥ F %E"RI-T’— ol EHQ 10~157] 2 A

42 ABE w71 gk = AR, AsHEe BAF-2 PAP R-10 o]
£ BAIR A EATL tih: FAYeH ﬁ%—é"ﬂ 2}t FFUPL control 2]
EAolA Fusariumo] 21T AP AU FFA RS} FBE AES F40]
UEILES WA 8] scale 1-5(1: healthy plant, 5 dead plant)E H7}
3.29} 3.02 ueigtont FAAH AEA] Z-9 controlo] nlste] AZEH
Bl RRIAIZIL scale2 2.0-2.59FE Ueliddch. o224 il 4
PAP#-Zxjofl 23] BAAFH A SA7L fungio] thsiA AR S el
= ¥ + ddrh

AFPRAAE FEAZHE 2 YF/3 protein® 24 fungio] AHE A
AAFISL FALe] 228 S AsATIE 71eS 2t A= RHREA AFPE ¥
Aloll BAAR sl oo il BWdd ARS sl B BRAA 2%
2 golA = control A EA} H Alo]st gldlet WU BF AT control
K} gddol tiste] APEE YeEhigch

olgidt A= HE B FAA AFPQ} vlolg & A3 fA=d PAPT}
MEAo] e HEHUE Astds wl 2o st A¢EE vehd
HA LA UBYE FH3IcHTable 26).

3%
o

bt
o
Wt ox 8

Table 26. Pathogenicity test of transformant Scrophularia buergeriana

Genotype Shoot height No. of Subastral Subterral Disease

/Pathogen (cm) leaf weight(g) weight(g) ratings scales
R-3 12.32 10 3.58 8.32 3.2
Control
R-10 14.28 11 4,82 9.20 3.0
PAP R-3 17.68 13 7.96 11.19 2.4
R-10 16.41 11 4.26 9.82 2.5
R-3 13.00 12 6.28 15.41 2.0
R-10 19.18 15 9.07 ~ 15.56 2.0

The pathogen was isolated by infected root.
"Disease ratings in 1-5 scales; 1 = no disease observed and 5=death of

plants.
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PAAH A EAN ZAAYY AR
2748] A ZE R (Fusarium oxysporum, Collectotrichum sp.)ol ti¥t Ztz}e]
i AJEA] (AFP: 4AIE, PAP: 3AIF)el oidt ZF A
ZA3} Fusarium oxysporumol TtislA] control A]EBA= 34
H PAAHRH line AFP-5-10-2-1, PAP-P-10-82 &2 A
line AFP-P-10-82 o/iAollA MEE A2Vt F4HE 2& #EH 4 o
o o3t AL AP FHA U AT AYE Fule Azt Alzdrh
Fusarium oxysporum(Fig.16,18)3} Collectotrichum sp,(Fig.17)o] t}3}oq
control ABAE ol ¥HE Bl thd WAV lineol e AREE Ueh)
et

Transgenic plant{AFP-10-2-1) Control plant

Fig.16. Pathogenicity test of trnasgenic plant infected Fusarium
oxysporum.
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Transgenic plant(PAP-P-10-8-2) Control plant

Fig.17. Pathogenicity test of trnasgenic plant infected Fusarium

oxysporum,

Fig.18. Pathogenicity test of transgenic plant infected Fusarium

oxysporum, The arrow indicated symptom cause by pathogen,

Vertical section of control and transgenic plant infected

Fusarium oxysporum,
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6. GST (Glutathion S-transferase) -3-&x}2] FAAH

7}. GST A =}e] VA AT oA acetosyringon} ¢txzjof] oS FAAF

& 33

WAL THHOE SHe GST #4% ARVl BYWB TES F7MI
sstel BAABA APl AYEAS YA 0, 15, 30, 45, 60, 75
Qg Ausgen 7 N7 ARHY AEAE LT ¥ PRENS B
st} FAATS S FdsiAnt. AUzl LMElE 30U7HA FAY B¢
2 FAARAEE Uehidrlh FAARFEIUE fI1% EAele= 04T
Ael7t 71 FEsigden 1 oo Arle 238 FAIBVAE] F4dl:
ANE vlehgitH(Table 27). HH&A 33183 el AcetosyringoneS SEHE
B E o 2004M EIF Al AR oA B2 BAE2ES Ushio XA
& FHE 7MAET deelat AlEHrHTable 28).

Table 27. Influence of exposure to darkness on the regeneration
potential, Explants were cocultvated on feeder plates for 3days
and then transferred to the selection medium, Explants were
exposed to darkness for 0, 15, 30, 45, 60, 75days and then
transferred to a 16-h photoperiod

No of callus No of plant No of transgenic
Days No of culture
(%) regeneration (%) plants

0 180 56(31) 50(28) 1

15 230 40(17) 35(15) 2

30 200 50(25) 40(20) 8

45 210 42(20) 21(10) 3

60 250 38(11) 20(8) 0

75 190 19(10) 8(4) 0
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Table 28. Influence of the addition of acetosyringone to cocul ture-medium
on transfor-mation were cocultivated on feeder plates for 3days of

Scrophularia buergeriana

Acetosyringone No. of No. of survival Rate of survival
Explant

(M) explant explant (%)

50 154 30 19.5

100 200 48 24.0

150 250 80 32.0

200 Leaf 180 98 54.4

250 160 58 36.3

300 230 42 18.3

400 270 38 14.1

L. Agrobacteriung o]8% A A A2 FAHT(GST)

Agrobacterium& FFT AHVAE 457 F AihxlolA] WAt FHEA
o 83 F &U7]E37 Hyrh 0.5~1cn® A2t £7]& 1/2MS + Ko 20mg/ ¢
2 249 UINAIR &A g fEsigdoh

T} GST §dx} AT AEA2 PR 24

Wi 2 FA 3F F A ARE A=A A& 223l DAE F&
st om GST §@=} 4leloii e els}s] 9]5}o] Gh-1(5'-ATT-ATG-CTG-AGT-
GAT-ATC-CCG-CT-3")3} Gh-2(5’-TGG-TCA-AGA-GCC-AAG-AAA-TA-3’) primers PCR
TAE R I FAIRE YA 42 AEAdME E 5 ¢l 988bp
9] bandE FEY = AU UrHFig. 19).
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123456789

4988bp

Fig.19. Electrophoresis patterns of PCR products from non-transgenic
and transgenic plants of Scrophularia buergeriana.

lane 1 : pGEMmarker DNA.

lane 2 : PCR product of C-GST gene fragment.

lane 3 : non-transformant plant. {control)

lane 4~9 : putative transformants plants selected in medium containing
Kn50mg/ £

2}, GST f-3At FAAFAY GST activity FF

FAAH H AEAE =2 A& A 42 ZB-polA: Nyl el tfst
o} control A]EAXT} ¢F 2u} o] ST VY ZF71E Ho] Fo] 6ST FA=]
7t "4t A EAVE =8EH Y-S gt

Ztzte] AlE Aol A GST RAAE BAAE A 4 dE A=A w271 EA
st REAZE 4R BE olido] HAE AEAEE ZEths E2E VxR A
B AEA} AT zlololl HAGlOl 71EY =Tt 50w w AU 2 R
4 B8E& Uehioden 1 oY sEE AES B¢ GST #Ado] HAH
o= AT

FEA HISEL o RE ABE dotRI] g3t AZhE Azl RE
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BESIA 12X 27 = E4R/d0] AR Lg FulEe] B3] 1247 HAS
o] gol Ad A Urigen I oo AZeMEe FaFoz Zadte
A& BHo{FrHFig. 20).

|lControI Mtransformant

12000 ;
10000
o
& 8000
S~
£
E 6000
=
(o)
E
5 4000
2000
0
O N O O 0O O 1w O O 0O Q I O O O 0O N OO0 O O
i — 10 O O | ~ I O O | ~ D O Q | ~ 0 O ©
(] | | - ) ] | — O < 1 I - W o 1 i -~
w © 1 1 - N N | | NS = 1 i ~ © o© 1 !
w0 © - - N N N N & < < © ©
-~ NN <
Treatments (Hours—Concentrations)
Fig. 20. Effect of inducer(2,4-D) concentration and treated time on

GST activity in control plant and transgenic plant of Scrophularia

buergeriana,

oh GST §UALE WUAW Wy AEAY PYu4Ee wHUY

Fungus ¥|Z Q1 Asperigillus awamori ollA] A AF 2] 2] =]
A W2 AEAL "ol 22 £E2E Urhdon 62 AHoAE FAlY
F717} 7Heal Aol ZAA Uehigla 12417 Azlo|A = plated] Z7hol|A]
HolA Folo] FA7E BAULR st A H7g Uehigth 6, 124]
A B2 5 BEE BFgen I olite AztAEdAL WEt
A JAE UehiA] Ritdon 53] 124 7e]A Jrides &2 B4 U
Ep it
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Cladosporium herbarumof] PAAXY A 5o Aol A A LEIS
o fEA Aois 2 BAA st FAR 43S JAzIEd e A% A
ol A Wz O Azio] uist] B ¥HS Uehigch

Y] A #Q Saccharomyces cerevisiaed THAH O dlo] A4V HE AR 24
2 BAAR HEAA 2 BEE HoFolon 6, 12412 AeloA uH]x3}
A g2 BEE B F3cl

tejglo} ¥ Bacillus subtillisolX] VAAR] A EA7} FAAH E]Z]
U2 A EAEC 201712 P& B FHon W2 = 50uMo]dte] &
EA AeolA vl gL ¥4 UEhigTHTable 29).

Table 29. Antimicrobial activity of control and transgenic plant by
hour-concentration (H-C) of inducer(2, 4-D) treatment in

Scrophularia buergeriana

Antimicrobial activity(MIC™: ppm)

A awamori C. herbarum S, cerevisiae B subtillis
Transfo Transfo Transfo Transfo

H-C Control Control Control Control
-rmant -rmant -rmant -rmant

0 125 125 25 313 25 625 125 6.25
65 25 125 6.2 625 25 125 100 25
610 25 625 125 1.5 5  6.25 50 25
650 50 0.78 25 078 2 625 100 12,5
6-100 50  6.25 25 125 5 125 100 12,5
6-500 100 125 100 25 100 50 100 25
125 50 1.56 100 125 125 3.13 50  6.25
12-10 12,5 1.56 50 125 25 313 50  3.13
12-50 12.5 1.56 25  6.25 25 125 25 3,13

12-100 25 313 25 313 50 25 100 50
12500 50 625 50 25 50 50 100 100

MIC™: The MIC value against bacteria, yeast and fungi was determined by
the serial 2-fold dilution method. The growth of bacteria and yeast
was evaluated by the degree of turbidity of the culture with the
naked eye. The spore germination of fungi was examined under a

microscopy.
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ul, GST A2 FAAR H F4 7| AEXNY Hd4 2S5

WA Fusarium oxysporum& @4t AEAC] FE3PL w FAAR B 4
EA C-6 lane2 HE|FH7 2F F2 A& Uepd # & 9 2F 34
Al AelE vehiol R-3, R-100ELFo] thste] nja3 Nl
TR QT ThE lineEX 4R T AYES BAAT A EA ] R
Znj3t FEsts Uehfgls ozt AIES datolglon
AEA = 8-S Uehlo] AA AEAN A3 7|71 T3 Ho
dct. ol A= FIAF H AEA =" = KAA wd
H EUdol it A dE Uehle Zog AlEftiTable 30).

Table 30. Pathogenicity test of Scrophularia buergeriana inoculated by

Fusarium oxysporum strains

Disease ratings®
c-1° C-2 C-6 C-8 C-11 C-12 C-14 C-15 C-16 Wild type
R-3° 3.0° 3.4 22 26 35 27 27 28 25 4.4
R-10 3.3 40 24 30 45 28 31 31 238 4.8
Control 1 15 1 1 15 1 15 1 1 1

* Disease ratings were based on 0-5 scales: 0=no disease, and 5=death of
seedl ings.
Scrophularia buergeriana transformed in vitro with fungal-resistant
gene.

¢ Fusarium oxysporum isolates. ® Mean of average.

A AEAe gAAR FHA 42 AEA HYF fusarium,
gt A G 3& ZAFSL7] 21819 DeanFd] o] whet
£0g F&310] GST activityE &35t AR 3 A EA o)A GST
gdo] BAIR A Q4S AEAo] vzl vlzE &2 ¥4 Ushigen
fusarium Pl iyt o] thE HHdFo| vlsld ti: A Uelydrt
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(Fig.21). Azt whE GST #J & A 23 3717 ¥ddold BF 8AZ
e "igo] ol 12047 wlof AY &2 £2E JI5sIgen I HE
t Bgo] "ol F¥E UehidcKFig. 22). ol¥ AT RE HUFE
Ao o] 4BY ZE Aol £25m AEAE Aol GSTL] B/go]
F7HEH A 54EA FARE FAA FHEIE A= Al &t A

A4S Uehal Qi g Ee AL

A Control F.oxysporum [JP.infestanse Collectoricum spp.

14
12 +

10 -

umol/min/mg

Fig.21. Comparition of GST-activity between control and transgenic plants /

infected by pathogens in Scrophularia buergeriana.
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—o— wild type —m— C-GST
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Phytophthora infestanse
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E ™S
g 8+ )
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Collectoricum spp.

Fig.22. The pattern of GST-activity in control and transgenic (GH-5,
cotton-GST) Scrophularia buergeriana infected by pathogens after
720 hours.

of. FAANW NEA TAAYY 2F L A5,
PAP, AFP o] ojstel FAAVT WHANEBAS ¥AAH HX YL o

ZF XNEAME Ao ® 3lo] F  oxysporum P infestanse, Collectoricum
spp. & ZEAIIZ 270 F Z AFol gt ASZRAE 53t Ak
thalAE BAAF FHA] 2 AEA e FAAF|H AEAZY F Ao)E UE}
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x| okaton} o ol thsia P infestanse 4 Aol AFPL} PAPE A A
e A B 71(PAP-13.6cn, AFP-11.8cm) HAAHEZA] 2 A EA(8.9cn) ¥
slo) o Zo|sl 493 gHFo) ol P infestanse E A BAAH =
2 o} AEAIH27. 1) BAATE 2EA} Qo] o]FoIXA] U2 HE
#(50-60cf) Hr} F3] ZAzhH= FYE Uehdddch.  oisie ol
AL AR AAFME SUSA Yeldt o3 AL FAARH -
EAlo] =¥ R Uyl o3t HAYEE Ushdo] A o
= B33 AEEHR 42 HEANY 22 #854S Ushl:s Aoz 4}
E9cl Aol BAEYH KARLL] YA Aol AFPS} PAPE FAAR
¥ A EAolA P infestanse 9] ZF@o] st UZo], AWF, AAA|FolA
PAP7} AFPECTL &7 UiElL} PAP7L AFPRCTE ThA 948 APEE Uehle 2
© % A HcHTable 31).
ikl Fa o]gH9lAd AsHiold Fejo Zo] W FI, ASH BASSE

)
O
(2

x>

zasle] 2 Az el Zolgt F71, AAF EFo] glojA FAARHA U2
A EAo] BLAE AP BT FH3] FLsiglon} FAAT/HE HEA A
= YA

| 2ol tiste ZAadHs FAE vehlrle stdou FHrlet xlol&
LERfRlE dgltl. 53] PAPE FAARH A EAO] HUAE AW BY
BAARER] G2 AEN 2| FU1E viaste £ A FAARFA g2
127} 283 7heolxlE WA PAPE BAART A EAoAE= HFA o
A B} FARBIAU 23518 o FolAlEs 54E& Uehldch olH¥ A2
1352 BSEG [fARIA Uehd ZA2A PAP (AR wW¥e] F
oxysporum, P.infestanse, Collectoricum spp. 52} BN cidlo AFPY] &
Az YRR B2 FATEE UehdE AARITAL ¥ 4 9 ZcK(Table 32).

flo 2

N
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Table 31.

Comparision of growth characteristics(above) in

transgenic plant after infected by pathogens

control and

Li Infected by Plant Leaf Leaf Shoot
tne pathogens height(cm) length{cm) area(cf) weight(g)
Control 147.4%+6.0 12.8+1.7 55.7%£3.8 133.9%6.9
Nor- F. oxysporum 184.5*7.2 15.3%x1.0 60.1%x2.9 121.1%3.1
. P infestanse 158.3+12.3 8.9%£1.9 27.1+£5.9 119.7X7.6
transgenic
Collectoricum
152.3+5.6 12.8%+2.0 59.9%5.0 117.2%*7.0
spp.
LSD 26.20 2.95 5.86 7.71
Control 154.0%+7.0 16.5+1.0 67.9+4.0 159.7%4.1
F. oxysporum 153.5+6.9 13.7x1.1 64.714.0 151.9%3.9
PAP P, infestanse 160.7+5.9 13.6+0.9 63.7+3.8 148.6+3.8
Collectoricum
144.7+4.8 13.720.8 69.6*x4.0 150.5*+2 1
spp.
LSD 7.18 1.29 4.48 4.84
Control 142.4£10.5 13.1%1.1 62.7%+3.0 152.3*+4.2
F. oxysporum 167.4+8.8 13.6£1.1 68.1+3.1 140.8%*1.0
AFP P. infestanse 151.7%£12.4 11.8+1.0 56.8%+3.2 145.4%3.0
Col lectoricum
156.7+9.4 13.1*1.0 60.6*x1.0 148.2%2.1
Spp. o
LSD 13.30 1.14 3.37 4.39
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Table 32. Comparision of growth characteristics{below) in control and

transgenic plant after infected by pathogens

Infected by Root diameter Root
Line Root length(em) .
pathogens (cm) weight(g)
Control 15.6x1.1 1.2%0.1 246.1+8.2
Nor- F. oxysporum 11.5*+1.5 1.1%£0.2 154.3£8.1
) P. infestanse 12.1%0.5 1.1£0.2 179.3%5.4
transgenic .
Col lectoricum
10.9*+1.0 1.1+0.4 137.6£3.1
spp.
LSD 1.75 0.47 8.36
Control 17.8%+1.4 2.0+0.1 270.2+2.9
F. oxysporum 20.0%1.3 2.0+0.1 229.4+2.9
PAP P infestanse 16.5*1.0 2.21+0.1 239.5+1.5
Collectoricum
17.9+1.4 2.0%+0.1 212.3%+2.9
spp.
LSD 1.53 0.14 3.73
Control 13.9+2.1 2.0+0.2 281.7*+5.7
F. oxysporum 16.7*1.9 1.9%£0.2 233.9+7.5
AFP P, infestanse 22.2%+0.9 1.620.2 231.1x3.6
Collectoricum
14.8+£2.2 1.8%£0.3 203.9+7.6
spp.
LSD 2.30 0.36 7.67
A AR AT AT L BLEA
PAP2} AFPE FAAF A EA] F 2 Aol EiH AEA F BS54
7} 2}Estn A3Po] o] WHEL 10712 ABL iy Mwsla ¢ojE A

T HEE

cir] vizstgdct 3
1384 A%9 &

Hoslgtl(Table 33).
A AT Al

2l

3% P-7,9 AlTol ¥%

B A RofA] oF 1~1.5uHEL] L& A

]
7g"l—

A=A o2

aaBe o
U & FHBE UG, APAIAS BAIVL 48 3
A2 YA

2 EA] o} Hl

A8 %ﬂi’—} H] 3

AS B2

O E 2] O
3S558E

AREA] g2

AAFA F Z1zie] ABoAe ASEAHS
MEANE 7t ASEE AEEA PAPEAAE 3
AASH HA] U2 A EAY Hlmﬁ}@l 2]
(B30 Eel= 3
A EA o] w23t 2|5}

23 wf AR AN Fo] LFElGT ¥A
aL EH 1.5~2vA = Y53yt vhd =g
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2] BAF2 AFPE PAAEH AEANET] PAPRIAAE FAARH A EAV]
ch4 433t

AFP FAAS ABANE AZSHE AHEH A4, 5 7, 9, 109 7
H AZolA ti4 gFsigon A-52 - FAAHETA UL A EA vz
Blo] o 20 P 9] ASAlelE Ro{F9rHTable 34).

Table 33. Comparision of growth characteristics(above) in non-transgenic

and transgenic plant in field

Plang’géiéﬂi Leaf lenéth Leaf area Shoot weighf

Line (cn) (cn) (ar) (@
Non-transgenic 147.4 12.8 55.7 133.9
P-1 172.0+5.8 12.4*1.5 59.1*+4.4 121.8+5.9
P-2 128.0+6.1 14.6*+1.4 85.4%3.2 209.8%6.0
P-3 133.0+t4.4 14.3*%1.1 69.6*+1.6 162.5+4.8
P-4 189.0%6.6 15.0+1.3 86.0*2.8 183.5%3.4
Transgenic p 5 183 9+3.2  15.9+1.1 86.3+3.3 193.0+4.0
plant P-6 152.0+3.2 15.6*1.5 950+4.4 250.5%2.3
(PAP) P-7 174.0+6.7 12.5%t1.4 53.2+1.6 233.0%5.4
P-8 187.0+5.9 14.7+1.6 89.5+2.4 214.5%6.7
P-9 162.0+t6.8 14.1*1.6 70.5+3.7 251.0%2.7
P-10  155.0+4.9 13.5%£1.7 60.1£3.3 191.5+3.4
Mean 163.5 143 755 _201.1
LSD 6.79 1.68 4.46 . 6.95
A-1  119.0%£12.7 10.8%2.1 43.7+5.2 126.6*11.6
A-2  167.0%+11.6 11.2+1.9 83.1%3.7 - 130.5%10.7
A-3 161.0+10.8 16.6+1.0 81.2*+56 157.5+9.9
. A4 173.0%£14.5 16.4*1.5 92.5+2.0 164.6%7.8
Transgenic  » 5 190 0+12.3 11.6+2.2 41.4+3.9  266.516.6
plant A-6 153.0+14.0 12.7%+2.2 46.4+3.9  149.5%+3.5
(AFP) A-7 184.0%+14.5 15,5%+0.7 91.5+4.4  163.0%5.4
A-8 182.0+9.0 14.2+1.1 68.2+5.1 145.5+6.3
A-9  189.0+6.3 15.8%1.7 74.0+3.4  266.5%4.1
A-10 190.0+9.8  16.6%+1.1 93.8+5.3 214.9+4.0
Mean 163.8 14.1 71.6 157.76
LSD 14.62 2.22 5.62 12.00
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Table 34. Comparision of growth characteristics(below) in non-transgenic

and transgenic plant in field

Root length Root diameter Root
Line
(cm) (cm) weight(g)
Non-transgenic 15.6 1.2 246.1
P-1 21.0%2.0 2.6+0.4 288.0-8.8
P-2 25.0+1.3 1.420.4 293.4+8.0
P-3 13.0+0.9 3.2+0.2 294.5+4. 4
, P-4 15.6+2.0 2.4+0.2 312.5+4.0
Transgenic  p g 12.0+1.8 1.8+0.3 302.5+3.4
plant P-6 29.8+1.3 1.9+0.3 289.5+5.8
(PAP) p-7 16.0+2.0 2.240.2 372.0+8.6
P-8 15.0+2.1 2.0+0.2 323.1+6.9
P-9 19.0+2.1 2.3+0.4 334.1+4.7
P-10 12.0+1.0 1.7+0.3 298.3+4.5
Mean 17.8 2.2 310.8
LSD 2.12 0.45 9.78
Al 11.0%3.0 1.840.5 285.5+13.9
A-2 15.0+1.7 2.4+0.4 293.0+10.8
A-3 15.0+0.9 2.2+0.2 307.5+15.7
_ A-4 12.2+2.2 2.4+0.4 351.2+11.6
Transgenic g 17.0%1.1 2.6+0.6 451.5+13.1
plant A-6 14.0+2.0 2.6+0.3 313.0+8.3
(AFP) A-7 15.0+2.0 2.5+0.3 383.5+10.5
A-8 14.0%+1.4 1.940.2 310.5+6.8
A-9 17.0+2.7 2.6+0.2 381.5+13.4
A-10 15.0+2.5 2.6+0.4 353.1+12.8
B Mean 13.25 2.15 308.72
18D 3.07 0.61 16.63
AFP, PAPREAIZ WAABY Wy ABA YUAR X UL Y AF
2] Hal Hele] o= F xo]E Uehixie dgdor FAAHAEFZR] g2
SEAE BRIV e WE BARB NBAE P A3 e Y
HWHAE HE A EA oA

7t FAABERA] 42 A EA o wiste] wlch
+ 8 22 4l Y A JElrHFig. 23,24, 25,

[ni

5]
(=]
S
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Fig.23. Comparision of growth characteristics in control and transgenic

plant

Fig.24. Comparision of growth characteristics in control and transgenic

plant infected by Fusarium oxysporum,
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Fig.25. Comparision of growth characteristics in control and transgenic

plant infected by Phytophthora infestanse.,
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Fig.26. Comparision of growth characteristics in control and transgenic

plant infected by Collectoricum spp.
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2t 2RAYRE AR

FAAHH A EX e FAARFR] Y2 A EA ] HLdTol oz HPE S
ZAlste 2 22 FPAARTA] 42 VA A EAN B$ F oxysporund-S A2
Al TR el ] 62.7%2] Fe] FE Kol 37.3%2] BYAAE P infestansed
S AHelal Azl Hrl 62.9%2] 2] ASE Ko 37.1%8 LA
&, Collectoricum spp. F& A Al T Hr}l 65.5%2 2] LS R
34.5%8] ALAAE Ryt 2=y PFPRAXE FHART P-3A8Y AHE
A& F.oxysporumd A e|A] FAE] Hr} 78.8% Fe] &S B 21 1P E A
LqAE RYPrL P infestansedt Hz2|A]l FAz] Brl 71.6% P2 AL
28.4%28] A& ZAE, Collectoricum spp. o A B|A] FA2] R} 79, 2% g

& B 20.85B = ASAAE BAch P-10A15e] AEME F oxysporum
¥+ Aela] FAelof nis] 87.6%5FP8 ML Ho] 1245385 ARJYAE RBY
T}, P infestanse ¥ AB|A] FAz2lof wl3] 72.3%Pe] FSE B 27. 743 =
BEAANE Rt ®¥  Collectoricum spp.F Ae|A] FAelo] s 79.3%
Fe ASS B 20.7%FE ASAAE B4} o3 AAE Tl PAPR
AZ PAATH AEAY Al F P-3, P-104S0] vy 2T ANE
Hoogy EFF4AANU U 55 43 Zo= AsHr}

AFPG-AAZ FAAT ABolM:= PAPE FAARH ASHUL 4" S
Bo=d 3% A-2, 5, 8 ABolA Hrl U2 AAE 4L+ It A-2A%
ol X F. oxysporumst A e|A] FAelof wlsf 90.5% 2] FSE Ho] 9.55F% A
SYAE B3, P infestansed A e|A] F-Azlo] usll 76.5%F2] ¥ X
o 25.553 % BRAAE Rgrl. T Collectoricum spp. 7 HT A FA o
HI3) 79. 0% 2] PSE B 21%F = AKFAE Rt 22U A-2ATlAME
A-5, 8 AlE3} Hlasle] WU AFPL Aoz FA uvelygon} Py
FAA A-5, 8AFolA wlmA FF A uElydch ofH3 AAE EIlY
AFPRAALE FAARY AEAY AT F A5, A-8AIFo] £HzLI} ¥ A
oA vz ¢33 AAE RYSEHN EF 5F Fol ¢rHTable 35).
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Table 35. Disease resistant in non-transgenic and transgenic S.
buergeriana infected by pathogens in field

% of F.W of control

Line Root F.W F. oxysporum P.infestanse Collectoricum spp.

Control (%) (%) (%)

Non-transgenic 246.1 62.7 62.9 65.5

P-1 288.0 82.9 70.6 62.3

P-2 293.4 67.2 64.7 73.0

P-3 294.5 78.8 71.6 79.2

Transgenic P-4 312.5 69.9 70.1 52.3

plant P-5 302.5 58.6 68.7 55.2

P-6 289.5 70.4 66.0 66. 4

(PAP) P-7 372.0 71.6 62.9 65.3

P-8 323.1 77.9 64.5 70.4

P-9 334.1 75.2 72.0 76.1

P-10 298.3 87.6 72.3 79.3

A-1 285.5 59.3 63.9 50.1

A-2 293.0 90.5 76.5 79.0

A-3 307.5 71.9 80.2 73.7

Transgenic A-4 351.2 67.8 55.5 98.3

plant A-5 451.5 87.7 82.5 77.3

A-6 313.0 72.6 70.1 72.1

(AFP)  A-7  383.5 73.1 60.9 67.0

A-8 310.5 84.4 75.5 83.9

A-9 381.5 78.4 73.8 70.8

A-10 353.1 77.1 82.5 74,5

7t BAYE AT w8 AX
10a% YWY VA Pe] Frel YIS A A3 (Table 36), B
A A 42 HAIECTE PAP, AFPRAAE FZARNA A AEAI} v2LF
gzt 2 F P-7, 9 & A5, 7, IAENA Ha BEAS FIAAH Fx
U HEAET T F2AE vehidch =¥ FAATE AEA 7z A
B WIS WY A3} PP A9 WAAB HA WS FakY el FA
.

of ulstod 26.7%0] E71E Rgom, AFPS] Aol 0% Z7HE uehiol

FAAR AEAN §Zo] EARAEY Ld By ol PR e n
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Table 36. Comparision of root weight and harvesting rate in

non-transgenic and transgenic plant in field

L Root weight Incresed harvesting
1ne (kg/10a) rate(%)
Non-transgenic 1,476
P-1 1,728+203.7 17.1
P-2 1,760+228. 7 19.2
P-3 1,767+100.8 19.7
P-4 1,875+99.8 27.0
Transgenic plant P-5 1,815+173.7 23.0
(PAP) P-6 1,737%+198. 2 17.7
P-7 2,232+114.7 51.2
P-8 1,938+198.2 31.3
P-9 2,004+114.7 35.8
P-10 1,788+84.2 21.1
LSD 236.72
A-1 1,713+188.7 16.1
A-2 1,758£199.7 19.1
A-3 1,845+258.7 25.0
A-4 2,107x184.6 42.8
Transgenic plant A-5 2,7061£107.7 83.3
(AFP) A-6 1,878+76.2 27.2
A-7 2,301+97.8 55.9
A-8 1,863%+131.4 26.2
A-9 2,2891+243.9 55.1
A-10 2,118*+183.7 43.5
LSD 262.19
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