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Pathogene Resistance of cotton GST cDNA in Transgenic Scrophularia
buergeriana Misrule
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ABSTRACT Scrophularia buergeriana Misrule has been contaminated with various pathogens in condition of field
and storage period. This study was carried out for production of multiple stress resistance plant containing disease
resistance that CGST gene expressed in transgenic Scrophularia buergeriana Misrule genome. Glutathione S-
Transferases (GSTs) detoxify endobiotic and xenobiotic compounds by covalent linking of tripeptide glutathione to
hydrophobic substrate. GST enzymes have been identified and characterized in insects, bacteria, and many plant
species. A cDNA clone of GST was introduced into Scrophularia buergeriana Miquel by transformation with
Agrobacterium tumefaciences. In coporation of the CGST gene into S. buergeriana Misrule was confirmed by PCR
analysis of genomic DNA. Influence of exposure to darkness on the regeneration potential and transformation
frequence were assessed. The activity of GST in transgenic plants was two times higher than that of non-transgenic
plants. As a result of anti-microbe assays, the crude extract protein of transgenic plants showed the antimicrobial
effects higher than control plants.
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Miquel
A‘i = ., AFH, B4, ?_5:‘.3%?’733}_ ARG 20T (X 1989). 8t
WAA R 2ol A A vid HEE s oFEsn
Ao JfloAs dF FUl AR uix glon
Ay (Scrophularia buergeriana Miquel)2 &4z} o}z ZEo g wWulsE 212 v} (F 1994). &y HA>
(Rhinanthaceae)oll &ate thdl ZEAER Z4F (), FE HF B HIE olsim, TARE WAsA, F2
A o), Ak (E ) Bl (zs)eirs Bl o WAPHog WAstyrt @ S wotel Ao BadatH |
© e FEAE T shelth B 7R s Wk SHE AA oA dlof 3k ©ilo] sloem Hert
3 (K ) SE masAlA E W ARESTh S 5 Aok gl A wivt Wk I8 EE HE Al el
25 Gl GHanstAY & (o) BE A (BEDE st & FAAEE ol 8sta I olfldle BT, HIloE2A W
WE (K AR)sEAY Aol kAol Eof ARE3 F2 Y A3k Aol g 710 E 4 9o SAE0] WAl HiE,
< p-methoxycinnamic acid, harpagide, phytosterol 24 4 H29] H3o] o391 (3 5 1995) A& A] HYtol] 23t
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detoxification system% 7K1 o M ¥ 23] ROS
(Reactive Oxygen Species)S WE23 ZAF0E AATY 5
JE AER ks a0 ke BAES e W
(Allen et al. 1994; Allen 1995). 11 & A)ZA AaHAl, theksl
2E# 2 Y SaE 54 2 92 vAE GST (Gluta-
thione S-transferase) -+ A7} LAle thite]l =T Uk
GST &4+ WA F4e 7KL o Aol 213t
Q1 A olEH} RN AiE SAEFAES
glutathione#} A% A sHA dl= @0t} (Coles et al.
1990; Mannervik et al. 1985; Pickett et al. 1989). GSTE2
399 Seje] glutathione (GSH)Z ARA 52 Alo)q
phase I conjugationg A =E Zufsly o|F7A A H
conjugate & EAo] AN AT AT F MEYZ
olFste] RRAolM 440D AR P H40) 3=
228 YT EF GSTE AE 1) SAW0|UY S}
weHER, EE TR S400) A 2L AT} Mannervik

et al. 1985; Picket et al. 1983).
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NEES PFY BAL YA E= BYIAAIEY olHE
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E73 & phytoalexin (Barz et al. 1990)¢]2} &H, jF-He
phytoalexinE< Y& isoprenoid A&} 27+e] polyacety-
lene©] 2A71% 3FA|%} shikimic acid pathwayol] 2]ajA] A4l

+ phenolic phenylpropanoide|t}. 18] o]# A E Y ¢
falst EE 32 cytochrome p450E3} UDP (uri-
dine diphosphate), glucosyltransferase, glutathione S-
transferase (GST) 22 E4& Aty Zgo] v 3t
Al EAEL BE3AZILL g2 Eo] Glutathione S-cin-
namoyl transferase (GCSTs)&= 733y 453 187 £
oA R0 fungal elicitorel] 2l3te] §TE 4+
21tk GCST+= GSH$} cinnamic acidE cojugationg 3413}
L2 Z1|3}Y phytoalexin &4 #44¢] Z7] cinnamic acid
Z A|AsY (Edward and Dixon 1991) 2Eg| 2~ Alejol A
A E 2 phenolic compoundd ##E& ZHAAZICh
(Dean et al. 1990). & A7 BHAF] el o3 A=
+ phytoalexin3} GST enzyme?] A##AE ol& sl
GST FHAE FLHAA A EAANA HA T 3 A
< Z7HE F deHd 7MY sl eHer HstER
B #2/3 GST cDNAE d4toll 818717 FAAZE

3 -

HEA2) GST E4 843 Po4E B3 Faso
dolrhd #slg sEdzel U@ ARAE 2E EEL

/38171 fiste] AAEAT

ME ¥

7|LHuqof 25t Siat AEH| MESH

HEA AEZE MS (Murashige and Skoog) 7]E-8] ]|
A dplekE o] deslo] Qe @AY dolg AAS AR
e AHsd HPANEE ol gsten AL 248 73
&7 flstel MSHiRo] AAZHED A2l NAA, 24-D,
TDZ 35R/E AHeste, 42t iAo AR=HEEF e
EEE 247} 001, 0.1, 2 mg/LE 3508 NAA, 2,4-Ds}
TDZ-E A4ZHEAE MSujA o ZA st Adx=d
4 AEE g ukol 109HEA XS siA 4~857 )
Stk vk 1,000 lux, 16A17F FAE), 8A17F 9
2], 25°CollA uekatdith 9o 2Ho2 A s mjRoA
shoot7} #7198 Z& 1/2MS 7| 2w #](0.8% agar, 3%
sucrose)ol] Althujesle] WS HLATh AH AFxE
AEA o]9)d] Y2 expansions Y5t | mg/LY 2ipE F
712 AP SAhALR PlAA),

Agrobacterium0i| 2|5 &&=t

B3} (Gossypium hirsutum L. cv. Coker 312)2] gl
HEZRE A& auxin-induced protein?l Gh-5 protein-
auxinol] & LA, Eg auxin®] FAJol A= A
24 B 2elA HolHoE W= fHAeIH, 941
bp2] origin base sequence (base count A: 280, C: 140, G:
232, T:289) 7FA|ZZ 1t} Partial GST fragment Gh-5&
cotton fiber cDNA library (Yamamoto 1995)o)| A A= 21
o pCNTI07 cloneS 94C 18, 55C 18, 72°C 1589
Z720 2 35 cycleZ PCR-based cDNA library screening2
Flsted Z=ZH fragmentE cloning vectorl pCR 2.1
(invitrogen, San Diego, CA)ol| ligationA]Z 2.8 ©] vector
+ NPT geneg X3stx 9tk Clone® GST #-4# Gh-
5 (¢])3} CGST)¢) ¢cDNATWH-E pCR 2.1 cloning vectorel] A
Nco T Sac 1 & AHEste) 283 & expression vector§!
pRTL2¢] Nco 1/ Sac Isited)] =QJ3FH Tt (Figure 1). o]# &
vectore CaMV 35S promoter 3} tobacco etch virus
ribosomal binding site, 35-S terminator polyadenylation
signal & 7FX 3 gt} o] vector®] Sph 1 fragmentE E-2]35}
&l binary transformation vector?] pCGN 1578 ¢t 2 E9
3le] A Z-2 pCGN-NT107 vectorE A& TE o] vector
£ Agorobacterium strain EHA 1012 =9 sle] 8273k
SR

FAAEAE Hddsr] 915t FAUA kanamycinol] thE
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Figure 1. Diagram of the T-DNA region of pRTL2-Gh-5 construc-
tion of the chimeric gene Gh-5. 35S Prom, CaMV 35 promoter;
TEV, cotton etch virus ribosomal binding site; 35S Term. 35S
Terminator polyadenylation signal.

A A4E 4Y3te] kanamycin®] AP FEE dotE Y
th MS +2 mg/L. TDZ +0.2 mg/L. NAA vjA]o] kanamycin
£ 0,50, 100,200 mg/LLE zt7} 3718t & 4 9ol 4
BAE sz 21 ~28U7 viestEiAl SabAll et A
4 BEE dobs gt GST gene (Gh-5)& EFsIL SUe
Agrobacterum tumefaciences EHA101& 28°C shaking
incubatoro| 4] 24A]7F =¢F | mL¢] LB liquid medium
{Bacto-tryptone 10 g, Bacto-yeast extract 5 g, NaCl 10 g,
pH7.0, 50 mg/L. Km)o| Al el 2 wiekst 5 ekl | mL
£ #ste] 50 mLe] LBujRA|A] 24 ~36A17F v oFstQiTt. 1t
glEo}l sl S GiRelE Fste] W FES TS
iR et $AS 2719 AAIAZ Bacterial suspension €]
O.D7} U= Aesn=1.00] HA g3l AEAS FET &
H|E shleh

FaAelZ wjorst dak 9 24 F9E Hde & e
WA (MS salt + 1 mg/L 2ip +2 mg/l. TDZ + 0.2 mg/L. NAA +
MS vitamin + 3% sucrose + 0.8% Bacto agar, pH5.8)¢] X
Aste] 2397 WS Ty BRAE Agrobacterum ¥ %
o 5~30%7F HEANZ v, U] BV HAR ool
Z2oA BEI TR FEu Rl 2~3Y ot 3
HEAAh 35 HES § A dHE Az A4 v

A= &A FAT

=

PCR 24

CTAB (cetylrimethyl ammonium bromide)® 2.2 4]
o)A zbgk dat 2 S ZHE DNAE F&3%ch @4
X9 J& AFsle] AANALE AME-3le] DrRpApEelA] 2
7F g8 CTAB £4& ¥& RHo| 7|3 E5oix 4 4
2 5 60CY 24204 147 53 vl sttt Phenol :
Chloroform : isoamylalcohol (25 : 24 : 1) €12 CTAB &
A3 EQ ko g Wy 42 5 5000 rpmollA 15F7F A4
E23lyth. DNA 4548 25t A tubeE £713
isopropanol-& ¥l 10,000 rpm, 1587 YRS 5 45
Ag Wy, E2FFE ¥
Chloroform< ¥ 3 W ¢ JAE
s A oAl Al tubeE &712
H & A7 pellets A2AY
= TE buffer £ 2542 pellet =95 & RNasegE 3
7Vshed 37 ColAl 147 wleksl & 0.8% agarose gelAlol| A
DNA band& #elgtch

HakalEAlo] CGST F4x7 TYHERE s 9
st} TOUCHDOWN"™ (HYBRID)S AMHE-3H2.
AL Table 1 7 7Zth,

ZZ= DNAE 1.5% agarose gel AollA] A719E3 &
EtBr (ethidium bromide)E ¥Ajsled UVE E3] DNA

bandE #2135t4

X
Az

oxE(0| T2 HANE 5F X

S I —

WAL YO S CGST #% FAMOIN 324

g 58S SNV 5ted g AdspgelA x4
228 AMNR 0, 15, 30, 45, 60, 7592 Hejsrgoen 7zt
A g7

o AR HEAE PP o] 242k 107)e] 4
242 2492 ALse) PCR BHE S5 330882

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

Mixture of reaction

Primer

Condition of reaction

Template DNA 10 ng
2.5 uM primer
1.25 mM dNTP
10 X buffer
(with MgCl BIOTOOLS),
Taq polymerase
(BIOTOOLS)

Gh-53-1

Gh-5-2

Total volume 25 uL.

(5" -ATTATGCTGAGTGATATCCCGCT-3")

(5" -TGGTCA AGAGCCAAGAAATA-3")

Denaturation (94°C 1 min)
Annealing (55C 1 min)
Extension (72°C 1 min 30 sec)
1 35 cycles
Post-elongation (72°C 10 min)




300 - Korean J. Plant Tissue Culture

HEUNS CGST 24 8 &4

e

CGST fazz FZA%E d AEAo)r o] GST &4
e AP EE Ao B2 GST 249 Hake =
AFsE7) fl3tel F-A 2] control A EA 9 FAxgE HA
A EBAE A7 5 mm2] cork boreE A8 QAHAE A)
Ha & yAZHEEZS 2.4-D (2.4-dichorophenoxyaceti-
cacid)& 7z} 5, 10, 50, 100, 500 uME ESH6l2 U= wj %
A (10 mM Hepes (pH 7.5), 0.1 mM CaClz, 0.5 mM KCl)
Woll Al delioll Al viekatdtt. Ael A7 6, 12, 24, 484
e g sto] 2718 gelskith

zzke] Aelol M GST E4ZA 9 Wals 27| 9135k
Dean 52| W (1990)o] wel g4l & 9 GST &
A AR AAEIETE FAE, YAARA, AFxAED S
Akl wel Xz2jdt AlRE A ArE YA FEE o]
23l vl gt & 0.1 M2] sodium phosphate buffer 300 uL
7 2oldle RRl i dAEERTh (12,000 rpm, 10
min, 4C). 849 &4 A2 = GSTe| 7|2 &2A A}
£5%= CDNB (®-chloro-2,4-dinitrobenzene)S AME3})C.
™ 20 mM¢] CDNB, 20 mM¢] GSH (glutathione reduced
form) ¥ Za4No] 3= A= 0.1 M2 sodium phos-
phate buffer AME3}g1on] whgolo] ke | mLZ 3%
o} HES-S ubgdlol] g ANG 718 HFo| AAHALH
340 nmo| A RH&Z27] 627 3% W3kE A48 o

Bradford assay & AR&-ste] 3343 Th

[e2

1 et =221 0
;}?_L('):—Lg ﬂxf

CGST AR FHHEH HEANZREH F2H 234
Aol g AL A|PsL7) Y8t 96 well micro assay
plate HIE Wil AHEAT AR FFE BF HlY
WY BFE AFEAALT ELBAZIRAMY 2ol 4 B

Hol inducer?l 2.4-D (2.4-dichorophenoxyaceticacid)& 7+

i

7} 5, 10, 50, 100. 500 uME 621743} 12A417b0 2 1o} 3
glate] GSTRaAS] BHS =7 3 £ A8 e A E
39t welglotol tish st AES HPFOZ Bacillus
subtilis€ o] &35t o™ H7AFS LBulA] (Bactotryptone 10
g+ Yeast extract 5.0 g+ NaCl 10 g) 10 mLE 273 25 mm A]
el FEae] 28CollAl 12A7F S sty 92 &
gl S LBul o 200002 8]A5te] shetelejol Al@el] AR
st daAgHE AHEAY Wl ES 96 well micro assay
plate®] = 1A Foll 1000 ppme] FE& ¥ FAE +
A erolg EFte] 2614 8l4151ed 1000 ppm*E] 7.8 ppm
A Walste] AMESIATE o] 2 S 28 CollAl 24A17F 5 &
ZANA wjksEA wEgole] A& AAEE HATE
9l A% (MIC, minimum inhibitory concentration)S
T a0 ek st A2 HHFOE Saccharomyces
cerevisiae= YM (Dextrose 10 g+ Yeast extract 3.0 g+
Peptone 5 g + Malt extract 3 g)& ARE8le] FRZTAS A
Astg o e gty eloloA el FUEA Fuch &
solol] thel st A2 Asperigillus awamori, Cladosporium
herbarum< AREsFG 00 o] vjokE PDB Slanto] 3%
o] FErlerolA | AL vlA] (0.2% glucose, 0.1% yeast
extract, 0.1% citric acid, 0.37% Na:HPQ, - 12H-0) 2 mLE&
A7l felEoR A7) 3ol XAE AL ol
thA] 72 o8k e o A2 96 well plate&] Tl 100
UL B33k 7 50709 At dEE wzkA] g43 ok
FRABE ABARVE 22F QUL FEAT 45

(o RE=R0 Wi iy

o] 96 well plateol] A7}515th 27°ColA] 24417+ £t bl
ok & FHujAoz wapuolrl A EE e FEE 234

Eiaed

Table 2. 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 regulators No. of shoot Shoot length (mm)
(mg/L) Leaf explant Stem explant Leaf explant Stem explant
0.01 0.0 0.0 0.0 0.0 o
NAA 0.10 0.1£0.1 0.0 79+79 0.0
2.00 0.0 0.0 0.0 0.0
0.01 0.1+0.1 22%1.5 44+44 13.0+£69
24-D 0.10 0.0 0.0 0.0 0.0
2.00 0.0 0.0 0.0 0.0
0.01 1.5+0.7 58+1.7 6.8+29 28.0+7.1
TDZ 0.10 2.1£0.6 8.8+09 13.9+£4.0 31.0+39
2.00 0.6x0.3 9.0+£29 57126 232453
LSD (5%) 0.7 3.1 87 100
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Table 3. Effect of combination treatment with 2,4-D and TDZ on the regeneration and growth of shoots from leaf and stem tissue of

Scrophularia buergeriana after 45 days.

Growth regulators

No. of shoot

Shoot length (mm)

(mg/L) Leaf explant Stem explant Leaf explant Stem explant

24D TDZ

0.01 0.8+0.3 33405 28.0%7.1 21.3+4.38
0.01 0.10 25+06 4.34+0.8 31.0+39 215419

2.00 2014 40+£1.1 232453 25.8+5.0

0.01 0.0 0.0 0.0 0.0
0.10 0.10 0.0 0.0 0.0 0.0

2.00 0.0 1.0£1.0 0.0 1.8+1.8

0.01 0.0 0.0 0.0 0.0
2.00 0.10 0.0 - 0.0 -

2.00 0.0 0.0 0.0 0.0

LSD (5%) 1.5 1.7 78 74

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

Kanamycin (mg/L) No. of leaf No. of survival explant
0 30 18
50 30 4
100 30 0
150 30 0
200 30 0

74El MSuli Aol 2] 481938 u] NAA, 2,4-Dell A Bt} TDZ9
A 7HE BE AERFESLE Hol= RS Juhith AR g0
UAME E718 ANSRE o A @S 47 vehd
= AL B F AT MR Fdoix dg AAAS dry

2718 A4ES o AA2EEZ] Fo HoE Al
] Z%lth (Table 2). Thdiazuron (N-phenyl-N"-1,2.3-
thidiazol-5yl-urea) & AHE3}9E wf Al (Nieuwkerik et al.
1986)¢} 7k (Yu et al. 1994) S-0] o 2123 9] uljofo]
Aot BRI E O AP EFUERT 7]t 1 83
Holehs Mg P e Aok

24-De} TDZS Z% AM2|d MSujAlel] &) A3 #7]
2208 A4S A Fe 2wl auxingl 2.4-D 0.01 mg/L

D
9} cytokinin®l TDZ (0.01, 0.1, 2.0mg/L)o] X&xja] A]

shoot £3}7} 01} 24-DO] w57 ZolA4E TDZH %
gtAe] Al shoot #3817} 22 e A3E Bt (Table 3).
A kanamycine] thek AEH 9] AP S &7) 9lste]
MS +1 mg/L. BAP+0.1 mg/LL NAA Hj#]e]] kanamycin 0,
50, 100, 150, 200 mg/LE #A7tsked o AANES A T
21 ~287F vl ekst A= kanamycin 50 mg/L7F A 7FE wiA]
oA B3y} ¢35 743FT kanamycin 100 mg/L7} A7}
iR M= E3F HA] gkt (Table 4). o|#H 3 Z3=
BE #4438 A] A2g 9l8le] kanamycin $ =5 50 mg/L
Hoh 52 L5 ARSsof & Zog Aztech
AgrobacteriumS B3 YHAAE 457 F AduiR] oA
Ao Avb gAENeH 8F & Z7)Rsyt HJATk (Figure
2A).05~1 cm=z A Z715 1/2MS+Km 20 mg/LE 24
¥ A2 $A HelE st e (Figure 2B) 719]9)
&3}aict (Figure 2C).
AR A 3F F dASA AR AR } ’51‘%'1
genome®] €]212] DNA (CGST)7} AAMZ o2
28] ARE FRletr] 9t PCR #2418 "F‘Eg
kanamycin 50 mg/L ¥71E wiz|oll A Ayl B3} 2
oA C-GST HFAAE E93 Agrobacteriume] PCR
product} ol 988 bpe] PCR Aie] ZES Shalaklct

Y
IS
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rfmﬁ

Moo 32
o

2

Figure 2. Transgenic shoots transformed with GST in Scroplularia buergeriana (A) and plantlets regenerated on 1/2 MS medium (B).
Transgenic plantlets transferred in pot (C).
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Te 3RABEA G ABANAE So|Hel ZENE
o] EAl3tA] gt (Figure 3). oj& s A= CGST &

b warel gAA e AENES WS Aols F
%) Southern blot analysis 5& ©]&3 ExAE84 714

< Fgstofor & Aol

FAAE 28 S s YAE TS A A
AGolA PAHE 30L7HA] FAE B w2 FAAS &
5 P FEHE A&SUE A% dAEle 3097
Azt 71 Agstdes] I o)l AEe L8] d4A

¥ 58] o 242 eI (Table 5).
ARS8 AEA 9 GST 4 242 A4S 43 =4

HeE A %S A% WABE %A= CDNB 7140
oA mzp ABART of 2 Aol GST 84 2718

« 988 bp

Figure 3. Electrophoresis patterns of PCR products from non-
transgenic and transgenic plants of Scrophularia buergeriana. Lane
1, pGEM marker DNA; Lane 2, PCR product of C-GST gene; Lane
3, non-transformant plant (control); Lane 4~9, putative transfor-
mants plants selected in medium containing Km 50 mg/L.

Hoj Fo] GST FAA7F @4 A5A W2 EYHATL A
EHh AEA mEiAd GST /AAE 8A48A2 4 Sle
FTAY TRt EAE FEA FErt AT FE o))
59 Aa F4-L 2=t BT (Droogetal. 19958 7|22
2Pgt AAZF AZHe] zpolo] FAglel 718 =7t 50
uMe o AY =& 54 S JEpien 1 o]
T2 AYEAE A9 GST &40l FaH o 7astgrt f
EA AEAE w Azl fE 4L AR A3 BE 5
TollA RARWIAE 484 o] HAHOE Z7Ed] 1247
HAe W AY S E4L Yo 11 o] A7AE
e HAHOE Fraidhs RS HAFAY (Figure. 4).
GST F4xE PAAS A4 A s 84 4
Aol AHEH BEE gFES HHYEA 4FE AHEsEeH
olgldt FFEL AAE ditd BHE doyAE gxF
GST 247} A=WHE AEA N B
AZ ofm vAE] BAS AT 5 3l
3l7] 9sle]l 3= v} Fungus 372 Asperigillus
awamorid| Al FAZAE 2 EA FAATHR] G AEA
o] &L 7 FFELE YuHoH 6417 oA #A
o] F717} 7heal Aol AA JERR 12A417F Aol Me
plate®} F7HlA HojZ] F9ol FAZE Eof JAL 7HH
7b AL AZE JEMATE 6, 12417 M Al Hlw A w2
8BS BAFem 1 o) AItA e Me HEe FA
AAE JepHA Ztdon 53] 124704 didez =
L 45 JehATh Cladosporium herbarumd Al 323
4 AEAY ol EX A e f2A A
Me d€ FAA st AR AE YAsiE e 6A17E
A A o2 A vlate 22 245 Jelich 97
49 Saccharomyces cerevisiae A< ARG 2] 5] ol A
B B BAFILH 6, 12417 AFolA] v]zsA F&
B4 B FAok gelelol IAF Bacillus subtilliso) A
T FHAS AEAE FEAHE HA G HEAET 24
7hEFel @A BHo Flon B3 5]l 50 uM o|Ete]
19

on
EA AgelM viid w2 B4& JERAITH (Table 6).

N o

Table 5. Influence of exposure to darkness on the regeneration potential and transformation frequence. Explants were cocultvated on feeder
plates for 3 days and then transferred to the selection medium. Explants were exposed to darkness for 0, 15, 30, 45, 60, 75 days and then

transferred to a 16-h photoperiod.

No. of callus No. of plant regenerants No. of transgenic plants
Days No. of culture (%) b (%) ¢ (confirmed PgCR prgducts)

0 180 56 (31) 50 (28) |
15 230 40 (I7) 35(15) 2
30 200 50 (25) 40 (20) 8
45 210 42 (20) 21 (10) 3
60 250 38(1D) 20( 8) 0
75 190 19 (10) 8( 4 0
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Figure 4. Effect of inducer (2,4-D) concentration and treated time on GST activity in control and transgenic plants of Scrophularia

buergeriana.

Table 6. Antimicrobial activity of control and transgenic plants 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

H-C Control Transformant Control Transformant Control Transformant Control Transformant
0 12.5 12.50 25.00 3.13 25.0 6.25 12.5 6.25
6-5 250 12.50 6.25 6.25 250 12.50 100.0 25.00
6-10 25.0 6.25 12.50 1.56 50.0 6.25 50.0 25.00
6-50 50.0 0.78 25.00 0.78 25.0 6.25 100.0 12.50
6-100 50.0 6.25 25.00 12.50 50.0 12.50 100.0 12.50
6-500 100.0 12.50 100.00 25.00 100.0 50.00 100.0 25.00
12-5 50.0 1.56 100.00 12.50 12.5 3.13 50.0 6.25
12-10 12.5 1.56 50.00 12.50 25.0 3.13 50.0 3.13
12-50 12.5 1.56 25.00 6.25 25.0 12.50 25.0 3.13
12-100 25.0 3.13 25.00 3.13 50.0 25.00 100.0 50.00
12-500 50.0 6.25 50.00 25.00 50.0 50.00 100.0 100.00

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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