Development of gene transformation system
for enhancing the functional activity and

Selection of functional chemotypes in perilla
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SUMMARY

1. Title of study
Development of gene transformation system for enhancing the functional

activity and Selection of functional chemotypes in perilla

1. Development of gene transformation system for enhancing the functional

activity in perilla

II. Objectives

A. Regeneration system development of perilla spp.

B. Establishment of gene transformation system

C. Detection of gene transformation using selection marker and southern

blotting.

III. Content of Study

A. Investigating suitable media and growth regulator for efficient regeneration
of perilla spp

B. Establishment of transformation system of TMT and RS in perilla

C. Detection of gene transformation in transgenic perilla

D. Evaluation on the agronomic characteristics of control and transgenic

perilla

IV. Results and Recommendation
A. Investigating suitable media and growth regulator for efficient regeneration
of perilla spp
1) The better combination growth regulators for shoot regeneration were
high level of cytokinin and low level of auxin in Perilla frutescens.
The best concentration of sucrose was 3% for regeneration. The

effective polyamine treatment was 10mg/l spermidine.



B. Establishment of transformation system of TMT and RS in perilla

1) The optimal level of kanamycin for gene transformation was 100mg/1 in

2)

leaf culture.
Three days co-cultivation on a medium with TDZ improved
transformation rate of r-TMT gene, and 4 days co-cultivation was

better for transformation of the RS gene.

C. Detection of gene transformation in transgenic perilla

1) Incorporation of the r—TMT gene into Perilla frutescens was confirmed

2)

by PCR analysis of genomic DNA. There was verified that the 1,070
bp DNA band had showed in transgenic plants genome in PCR
analysis using TMT-1 and TMT-2 primer.

Southern blot analysis confirmed the integration of the r-TMT gene
into the genomic DNA of both forms. No DNA bands were obtained
with non-transformed Perilla frutescens while 1.5 kb bands were
detected with the digested DNA of transformed Perilla frutescens
plants.

D. Evaluation on the agronomic characteristics of control and transgenic

perilla

D

2)

Tocopherol contents in control and transgenic plants were analysed
using HPLC. The amounts of a-tocopherol in transgenic plants were
increased while that of r—tocopherol decreased, compared with that in
control plants.

Shoot height, leaf number, leaf width, and node number in transgenic

perilla were similar to those in control plants.

2. Title

Selection of functional chemotypes in perilla

II. Objectives

A. Analysis of volatile oil composition in the accessions from local and

abroad.



B. Classification of chemotypes.
C. Selection of useful chemotypes and measure of growth characters.

D. Analysis of functional properties for the selected chemotypes.

III. Content of Study

A. Analysis of volatile oil composition and content, classification of
chemotypes, and growth characteristics in local accessions.

B. Analysis of volatile oil composition and content and classification of
chemotypes in the accessions from China.

C. Analysis of volatile oil composition and content and classification of
chemotypes in the accessions from Japan.

D. Evaluation on the vegetable characteristics of accessions from China and

Japan in perilla breeding materials.

IV. Results and Recommendation
A. Analysis of volatile oil composition and content, classification of
chemotypes, and growth characteristics in local accessions.

1) Fifty two local collections had perillaketone as major volatile oil over
949, which indicates only one chemotype, PK type, in the perilla

2) Average volatile oil content before and on flowering stages were
9.7mg/g and 10.2mg/g, respectively.

3) Mean flowering over all collections was 125 days with ranged from 102
to 142days. Mean culm length was 162cm with ranged from 124 to
188cm. Mean node and branch numbers were 17 and 13, respectively.
Both each of mean number of panicles per plant and number of pods
per panicle were 37. Mean panicle length was 8cm and the thousand
kernel weight was 2.5g.

4) Correlation coefficients between 52 regional collection sites and growth
characters was ranged from 0.138 to 0.486 which were not significant.
This result indicates that there was not much differences in each of

growth characters though they were collected from different regions.

_10_



B. Analysis of volatile oil composition and content and classification of

chemotypes in the accessions from China.

D

2)

3)

Seventeen among nineteen accessions possessed perillaketone as major
volatile oil and one of each which had beta-caryophyllene and elemicin
or perillene without perillaketone were founded.

Volatile oil content was not different between before and on flowering
stages.

China accessions could be classified in to three chemotypes, PK
type(perillaketone), BE type (beta-caryophyllene + elemicin) and BP
type(beta-caryophyllene + perillene).

C. Analysis of volatile oil composition and content and classification of

chemotypes in the accessions from Japan.

D

2)

3)

Three accessions which had perillaketone, four accessions which had
beta-caryophyllene and myristicin with low perillaketone and two
accessions which had limonene over 60% among were founded in nine
accessions.

Volatile oil content was not different between before and on flowering
stages.

Japan accessions could be classified into three chemotypes, PK type
(perillaketone), PB type (perillaketone + beta—caryophyllene + myristicin)

and L type(limonene).

D. Vegetable characteristics in the selected accessions from China and Japan.

1) On the basis of the field observation, we have selected three accessions

from China having the same leaf size regardless of stalk position,
which had advantages to minimize the labor cost in picking leaves
every week. Their plant height was 88-100cm, leaf length/width ratio
was the same regardless of harvesting time and harvested leaves per

plant was 46-85.

_11_



3) Two limonene types had shorter plant height of 33cm, leaf picking
period was 94 days long and number of harvested leaves per plant was

24, which was better than other accessions.

. Recommendation

1) Though Jeoungsun2 accession had perillaketone as major volatile oil but
its content was very lower than others, which suggested it could be
used as low perillaketone vegetable perilla.

2) BE type and BP type from China could be employed in the breeding
program without perillaketone.

3) Limonene type from Japan might be directly utilized as limonene type
vegetable perilla.

4) Three accessions which had the same leaf size regardless of stalk
position might be employed in breeding program to save labor cost in
picking leaves per week or escape from the problem of weekend labor

shortage.

_12_
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China and Japan

B!

i
i
o
B

=]

4

XO

—r

&+

5

;O.#
e

o =0
,UHHHUHUZ_*HUHU EEN
m ~—
ﬂ””ﬂ”””””ﬂ” x x
il
_ITI”””””U”U” x x
oA
™

m M W HE W W
TRRT DB AR
BN T D Hew e T M o
TP P pEdaE T
EETET  RT W A ®
TN OB B
M TR TR TR T o%%%%%%
T 0T T W R K G TR R
90 5o I o) o Edndﬂqa o B
HHHHHIHH Y H Y
FHEFFFOFFF R NN
RO WO N0 WO RO WO RO RO RO o o o
—aNmswor~ooe S oo
S8BTV BTT D w Yy
o0 o000 o0o0o090 g g 3
MG NG NN M NN
" nNmtowor~oon S o H

™

M

13 Kocf 13 47]
14 Kocf 14 %
15 Kocf 15 %
16 Kocf 16 %
17 Kocf 17 7%
18 Kocf 18

19 Kocf 19 %
20 Kocf 20
21 Kocf 21
22 Kocf 22

23 Kocf 23 AAE =

24 Kocf 24

25 Kocf 25 A& %E w744 &7

NG
o T E
Ho of B
™ B E
T T W
o o) T
< TR
NF "<
=0 o Tn
Mo
o o e
K0 RO RO
ﬁOZ.O_é.O
O b~ O
AN AN AN
ISR ENS)
o O O
NN N
O b~ O
AN AN AN

29 Kocf 29 g}
30 Kocf 30 Az}
31 Kocf 31 Az}

IeER R
o7 Al 20 ®

RO oH 6T
Mo o

=)
il
=)
il
(A=
“
\R=
=

32 Kocf 32 A
33 Kocf 33 A4

_23_



Table 1. continued
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Table 1. continued
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Table 1. continued
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o A @A % AEA Qs =24 gy

7128 x| 2 MS(Murashige and Skoog), WPMMcCown's Woody Plant
Medium), Gamborg B5, SH(Shenk and Hildebrant Medium) ¥iA| & A}-&3}31 S
1, 3% sucrose®t Y 2d EHAS HUMS ¢ pHE 572 x43k3th 0.8%
o] agarg H7F ¥ 121°C, 157]1tellA 1683 ¢k darakadnh. z42be] 7] 20
Aol A7 =4 49 cytokinin ¢! BA, TDZ¥} auxin<! 2,4-D, TAA, NAA,
kineting 0.1, 0.5, 1.0, 1.5, 20 mg/ /¢ 2 @532 3t 2™ cytokinin¥ 2 auxin
FE A vES /A oA ow 23 Attt
zzkol R Fo RS Fog AEsESs e lined ks #E F8E4
S A Ao wel A line (kocf 66, 71 Awld, Fd= 43
4 AE, ded FE)E ddeR dho] AeA AEstet Aud oY
7HA 8459 Z3E AFESith Polyamine® E¥E B flstel HA A
ZHAEHMMS salt + BAP 1 mg/¢ + IAA 0.1 mg/# )9l polyamine (spermine,
spermidine, putrescine)< z+zb 05, 2, 5, 10, 15, 20 mg/ ¢ & gt A& 3}
o S WA= dAaAde] wEE st flete]l HA wiA el sucrose F %
£ 30g/¢, 60g/¢ = 2] H7bstdvh. wid 4-55F%F 2 ¥ A shoot 4 E,
multiple shoot @A &, callusTA &S AFs3c)
HA ARt 2dA Kocf 47 (F=E570, Auid: depd= 0 E o=
callus 2 AEstell FFE VA= AGEAS 767 flstel QL3 HA )

Aol &7, AIEF 71, A% Ngstn WeF 4-55F 71 AAA 9

)

-
it
i
—r
2

o?L
1
o

shoot 844 2 shoot Z 9], callus®

A

A A

d =4

A

2. 7]

olr

Ho

7F. &3 Z9 tocopherol 7 A

Tocopherol®] HPLC #4]-2 Shimadzurle] C-R7A HPLCZA CLC-SIL(M)
(4.6 - 250 nm, Shim-pack, Shimadzu) columns A}F&3Fth. UV-detectore=
Model SPD-10AVS ARgsiglon, Ade] ek Alge] %2 Hamiton kAl
microsyringe s ©]-83to] septume E3 A FYste] UV 295nm= 43S
t}. n-Hexane:2-propanols A 4H|& (985:15 ml)Z &£3slo] olsAdoz A&
o f42 1.0m/min® ko] o] &3
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kst 2dS xAbsy] Yete]l AR gzl DPPHE AMS-e &absis
2N (Xing 5, Biol. Pharm. Bull., 1996; Choi %, 1993)& o] g&3&t). 1
A& #o] 4mle] methanols Y1 A FHFES HEE(15~30u)E H7He o
+ 7] DPPH(0.15mM)& -5 1me F7psto] Ao 301 vH-&A17]aL 517mm
oA FF=AMHP 8453 diode array spectrophotometer)2 &3 =& =433
thoo] uwf RC50(ug/m)e 3H3=S F7bshAl &2 dxael s 50% #HaA7]
= o ¥xE Yehin

A= FAHE =AE7] 9Aske]l  Kobayasi oo EARZoAd W
(Kobayasi %, Z. Naturforsch., 1996)°l whe} ZAedth. Alarol] thek 3k A&
L HHTOE  Pichia jadinii, Candida albicans, Bacillus cereus,
Staphylococcus aureus, Bacillus subtilis, Klebsiella pneumoniae, Escherichia
coli, Salmonella typhimuriumZ ©| &3 Y7175 PDB #A 10mE 2
27 25mm Ayl HEsko] 27CAA 12413 Fek ' v Frpm 100 4 =)st
o] ¥ WFAS PDB iAol 100mf = 3] Asto] et Al /\}%3}9%5} AR
296 well micro assay plate®] A 1¥HT o] Y11 FA9E A et
2ui A sl A ste] AFESEATE o] A& 27TelA 24A13F EF 7ol
A AT FAE Seto® S S A ASS dAEE FH

I
A =(MIC50 : minimum inhibitory concentration)E 27 3tH(Kim %

}

2

¢
J
filo
Sh
N
ofr

)
2
)
E)
o2
ol
o
5=

3. FAAGAALH

7}. Construction of plant expression vector

TMTY trnasformation vectory pBII121E A}Lstg 3  of 7| & o) 2 5E
cloning3 -TMT F+AAE Smal/Sacl A3E & site Abolo] Adste] Y28
binary vector pYB1130S 75382 A tumefaciens strain LBA 4404% 4+3d
3to] A3 3193l Resveratrol synthesase ¢ trasformation vector= pGA643=

ALE3l . WF o 2 8E cloning?dt RS3 FHAXE Xbal/Clal A|lgrE A siteA}
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ol A3t AEE pMGI30E TFEIINeH FAAZS  Hste A
tumefaciens strain LBA44049] transformation 3ttt F #WE e T-DNAE
selection marker® nptO & AF-&3th.(Fig. 1).

(A) (B)

ki 1
29 b

ﬁM\,\.ﬁ&gk]l].re 1. Partial a'I'rcture of the binary vector.
NPT 1II: neomycmaﬁ‘bgspheﬂ" nsferase gene, tNOS: polyadenylatlon_srgnal of
the nopaline synthase gene, CaMV35S : 35S promoter of cauliflower mosaic
virus, —-TMT: -tocopherol methyltransferase, AhRS3 : resveratrol synthase
3, BR: T-DNA right border, BL: T-DNA left border

o 570 o Al /‘14 kanamycin A &4 4

c&
r}.L
rﬂ.f
>,
rx,
i3
B .-
Q
=
2.
(@}
=
i
~
>,
oo
i
rr
ol
)
ox
2
>
odk
oX,
Ho
N,

Azre] A o g
A AEA ] Folrt —r%oﬂ e} g2t} olo] A3 B A EA
FAA kanamycine] g AFEees 47 Sste] wEE 2 S W 1
zholel wE HHA Y AdFS BdEEATE AFEE 7]EuiA = MS +30g/ /4
sucrose +TDZ 05 mg/ ¢ ¢+ IAA 05 mg/ /¢ ol Hito] 4 t}e 50-55C7}
HAS AR kanamycin F%EE 0, 30, 50, 80, 100, 150mg/ ¢ = H7}st %
=7 & Atk 4-8F wjFetaA A3 s dFsiih

t}.  Agrobacteriumd] 23 A A3 21
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MS7]& iAol A 45=Et wigd S &5 o"eds FHste] dAg A7)
2 Aty AxE Yo FEudeix( MS + 30g/ ¢ sucrose +0.5mg/ ¢ TDZ+
05mg/ ¢ TAA)SF S Al AAufA|ol] FolFi FFol AREstAtt. A A )
A2 A E Agrobacterium B FAd AEAE FoAHdn HETS v HirA
71 kimwipesol] Ze|A wjgH o] =715 A FH FEu Al &AM T
s FIsAY. FEulYd T AEax( MS + 30g/¢ sucrose +0.5mg/ ¢
TDZ+ 05mg/¢ IAA+100mg/#¢ kanamycin +250mg/ ¢ cefotaxime)ol] X 4F3h
At wA el 5573 vl F AEst @ Axe FA FE=E 50mg//
kanamycing 92 1/2MS ®WjA 2 &A 2435t

A2 33 Agrobacteriumd 2 EAE HFES= AHS 722 3, 5, 7, 10,
15 o= sto] st adel JAHAHES
Ao FEwMIAE 1~54714 39S o
Atelgd o™ A A acetocyringon FEE Lolr 7] ¢3Fe] acetocyringon FEZ 0
50, 100, 200, 300, 400 M= H7}s 5 AEste Jddst&S A

4, FAASA ol EN W sy BA

-y 1

J

7}. PCR analysis
PCR #41& HYBAIDE A&3l%th. DNA ZZ& Table 20149 & %4
o Al A IS

Table 2. The optimal amplication condition of PCR analysis in Perilla

frutescens
Mixture of reaction Primer Condition of reaction
Tag-Go 1040 Denaturation (94°C 1 min)

100 pmol primer TMT-1 Annealing (54°C 1 min)

Template DNA(10ng) and Extension (72C 1min 30 sec)

TMT-2 : 40cycles

Taotal 1 O ) D) 4 1 43 (7970 1N b
I adatal voralrce Junx L OSU CIUTTZ Aatiull T4 T 1TU 111111
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o2
offt
>

Ny

Z= DNAE 1.0% agarose gel “dolA 1 % EtBr(ethidium

bromide) = 9 M3&te] UVE &3l DNA bandg 2

do
ro
ol
o
3R
ks

1. Southern Blot analysis
Southern hybridization® PCR productE® #7199 %3}e] loading 3+%o ™
denaturation(0.5M NaOH, 1.5M NaCl), neutralizing(3M NaCl, 0.5 M Tris-HCI)
NS AA 3 YA nylon membrane®] 194135 <t transfer Al th Transfer?l
ZI % DNAE AA7I7] SeiA 80TelA 2A1%F 3023 AxAz F
Hybridization< A 2F5}7] Aol labeling &t probe= e =1
digoxigenin-11-dUTPE  ©]-83}¢] labellings} 1 t}. Prehybridization solution<
A28 &7)0 & FH nylon membranes ¥ il W] 65ToA 50 rpme.
2 dye7} Abebd wj7bA] 434 38] shakingdh 12| labeling gt probeE 100 T ol A]
7t heatingd}®] denaturationA] 71 ¥ &5 vroliEt}. Hybridization solution
o labehng% DNA solutiong Yi 65Co|A 24A]7F59F shakingst o
Nylon membranes o4 10&37F 100ml 2X SSC/0.1% SDSZE A % sl 68T
Z g% 05% SSC/0.1% SDSE 303+ A s}t
Nylon membrane& washig buffer(0.IM Maleic acid/0.15M NaCl/0.3% Tween
2002 g2dA 1~5%7F washing 33 100ml Blocking solution, 20ml
antibody solution(anti-Digoxigenin—AP vial8)ell 4] 307} incubationd}$ th.
IncubationA]Zl ¥ 100ml®] washing buffer® 30%3+ washingd}lil detection
buffer(0.1M maleic acid/0.15M NaCl)E At-&3to] equilibrationst . .m 7 223} Al
THIE 10mLe] colorsubstrate solution(NBT/BCIP)S ©]-&3}¢] o 7 3o A
16417t incubationdt ¥ 213}t

t}. Northern blot analysis

Total RNAE phenol method2 FE3dt3lom Fed total RNAS 215 M
formaldehyde <} 50% formamide& 3-84S =2 denaturation AFHTh 22 M
formaldehydeZ %3stal 9=  1.0% agarose gel®& A795S F3s%on
(Mainatis et al, 1982) 20SSCE A}&34] nylon membrane®Z capillary
transfers}$ith. RNA transcription Kit (Roche Molecular Biochemicals,
Mannheim, Germany)< AF&83lo] WS DIG-labeled antisense RNAsZ
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membranes ¥ A 31 t}h Nylon membranesS 2xSSCeF 0.1 % SDSe] &35t o
2 g 5 Eat 23] AlFEFomn 0.1xSSC ¢+ 0.1% SDSE 68TelA 15
i &<t 23] incubation 3FAth DIG Chemiluminescent Detection Kit (Roche
Molecular Biochemicals, Mannheim, Germany)Z AF&3lo] DIG-labeled RNA
probes #Z+&Fe] detection 33T},

oh FAASA e vFAASSA S Vs FE&=4 vl
1) Tocopherol % #&2

Tocopherol®] HPLC #41€ Shimadzurte] C-R7A HPLC=®A CLC-SIL(M)
(4.6 - 250 nm, Shim-pack, Shimadzu) columns A}F&3Fth UV-detectore=
Model SPD-10AVS ARgstglon, Ade] ek Alge] & Hamiton kAl
microsyringes ©]-83to] septumes E3 A FYste] UV 295nm= =43+
t}.  n-Hexane:2-propanols HAH]& (98515 m)= E3sto] o] o= ALE

S9lem 58 10n/min aho] o §3}3ieh.

First g S FAbet7] 9lete]l AR gH <9l DPPHE AR&S @abstebA
SAWHXing 5, Biol Pharm. Bull., 1996; Choi &, 1993)% °]-&3} r
Alg & 4mle] methanols Y1l AR JFES TE=E(1.5~30u0)
& “&7] DPPH(0.15mM)&- <& 1m¢ 3 7Fato] Aol A 30E3F Wk-S-A17] 5 517
o A 3434 % A (HP 8453 diode array spectrophotometer)® &3 LE 2 =43¢
th o] Wl RC50(ug/ml)e 3HFES HI7MeHA &2 2w e 50% 7HAaA7
= 3= w25 dEhith

h

A= F4S 2AREE7] S8kl Kobayasi w9 EAREORAE W
(Kobayasi %, Z. Naturforsch., 1996)°l whe} ZALeth. Alwrol] thek 3k A&
L "HToE  Pichia jadinii, Candida albicans, Bacillus cereus,
Staphylococcus aureus, Bacillus subtilis, Klebsiella pneumoniae, Escherichia
coli, Salmonella typhimuriume ©]&3t9 . I ATS PDB ®l#] 10mE 22

2173 25mn Al el FFeke] 27CollA 12417F &<F 2% i (rpm 100 A %=)st
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of A2 wjgFdS PDB wix|o] 100w} = 3]Aete] et AP ARE-a)

£96 well micro assay plate?] A 1¥H o] ¥ ZA|

2uf A 5] M ato] AREERQATE o] RS 27Tl A 2447 Bt dx

A AR FAS SUo R At duddS A AS5ES JAstE
3

)
=]
20
Rt )
U}
12
o
Sh
N
ol
2

A %5 = (MIC50: minimum inhibitory concentration)& =

A3 d e ®H A

=M A3t =21
7h AZsk 2360 o7 4 AT

ZF Azt ZIdie el A o] TDZ¥ BAPS| Hele] w& A|Esh&(Table 3)S
Hlasto] 2 A3 Kocf (=4t 57711 A E)e] Aol A= 1.0 mg/ 2 ©] BAP%
TDZS A& 4F ¢33 AxFAF-E vl ey Kowf (=4 71 %

238)S Kowf 12, 175 A9 &t 1% 9] (0.1 mg/¢) BAP¢ TDZS #H7hsh
AE d353 AxFEAFE YA Kowf 129 4$ BAP= 20 mg//? 9
TEE Ae9S A4S Hir S AxE FJAsH e TDZ 05 mg/ ¢ ©l
O

o
> A A $4® A2FAFE JHUAT Kowt 179 4% @4 ABE
NzEAe AT 2719 B oA e
q

3 £
7h B als oA AxP 7} 3 W TDZS ﬂﬂﬂ 3

aFHAAE AGEHdELLe b2 F 74 #@%i, é% 01—3%1@%011 wEIL
e FHEFE AloldME A2 Zol7h Y= dnE 48 § A 74 A%zt
ZIel el e FEdED Hrlel w2 AR & (Table 3), A9 HEA, &
ob-&, ASAH), tocopherol 3 TS AHI AAEHAH 147 AlFES Y
o® 8}04 TDZ, BAPE ©5Ag] &3S 4 (Fig. 3) Kocf 47, 663} & &7

4

ArjE-S TDZ 1.0 mg/ ¢, BAP 1.0 mg/¢ & 9% A3 Z9 d53 A=z
s
i=}

Y
&5 Yo (Fig. 3A), 70 #%3< Kowf 12, 17 52 A&k TDZ
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TDZS 1AAS] Z&A el A% fA% 4GS JEPIATHA R v AlA). E3 o
2 Augs gxdel 1245 9 I4E A2l vmete] £ Aol A
ABASe] Fr)2re] A9HQ 9FaAe] u

2]
o3 S AL Zwal Aow Almu o]zt
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Table 3. The effects of treatments of BAP, TDZ on shoot formation in

Perilla frutescens and Perilla crispa accessions.

No of shoots

PG

Line

BAP(mg/t)

TDZ(mg/4)

0.1

0.5

1.0

2.0 4.0

0.1

0.5

1.0

2.0

LSD

Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf
Kocf

3

7

11
14
17
19
21
25
27
28
31
35
39
47
43
53

0.0£0.0
1.0+0.1
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0

0.0£0.0
2.1+0.3
1.2+0.2
2.3+£0.5
1.0x£0.2
2.0%+0.3
0.0£0.0
1.3+£0.4
2.2+0.4
2.4+0.8
4.0£0.3
1.2+0.2
1.8+£0.0
1.0£0.0
2.2%+0.1
1.2+0.2
0.0£0.0
1.0£0.2
2.5+0.7

3.0+0.0

3.0+0.2
M
3.0+0.0
3.0+0.0
1.7£1.5
2.4+0.0
2.2%+0.8
3.0+0.0
M
2.1+0.2
1.7£0.2
3.0+0.4
M
2.0%+0.3
1.0£0.0
2.4+0.0
1.6+0.0

2.0£0.4 0.5%0.1
1.6+£0.4 0.0£0.0
1.8+0.2 0.0£0.0
0.0£0.0 0.0£0.0

M 0.0£0.0
0.0£0.0 1.5%0.7
1.0+£0.9 0.0£0.0
0.0£0.0 0.0£0.0
0.0£0.0 0.0+0.0
0.0£0.0 1.2+0.3
0.0£0.0 0.0+0.0

M 1.8+0.3
0.0£0.0 1.5%0.4
1.2£1.2 1.7£0.0
0.0£0.0 1.5%0.7
0.0£0.0 1.8%£0.2
2.0£0.0 1.3x0.6
0.0£0.0 1.4£0.3
1.6+£0.0 0.0£0.0

2.5+0.7
2.4%+1.5
1.8+0.2
1.9£0.7
1.8+0.2
1.4£0.7
0.0£0.0
3.5%0.4
2.5%+0.3
1.2+0.2
3.5x0.2
2.6+0.3
2.7+0.2
1.3£0.5
2.8+0.3
1.5£0.7
0.9£0.2
0.8+0.2
6.4+1.5

0.0£0.0
2.3+0.9
2.3+£0.4
2.4%+0.6
1.4+0.2
1.2+0.1
0.0£0.0
0.7+0.1
0.5x0.2
1.5%0.3
2.0%+0.6
1.1£0.3
0.3%0.1
1.3£0.5
1.0£0.1
1.3x0.2
3.0£2.0
1.2+0.3
8.3+£0.9

M
9.8+0.2
1.2+0.8
2.6+0.3
3.220.5
1.8+£0.8
0.0£0.0
0.8+0.2
4.8+0.8
3.4+0.2
4.8+0.5
2.1+1.8

M
2.8+0.5
3.8+1.8
5.4+0.6
0.0£0.0
4.6x0.7
9.8+0.2

0.0£0.0
1.5+£0.0
0.0£0.0
1.0£0.2
0.0£0.0
0.6x0.2
0.0£0.0
0.0£0.0
0.0£0.0
1.3+£0.2
0.8%+0.1
0.3+0.1
0.7+0.3
3.0+0.0
0.0£0.0
1.3+£0.6
0.0£0.0
2.0£0.7
7.5£0.0

1.16
1.20
0.67
0.88
1.01
0.73
0.7
1.10
0.92
0.81
1.10
0.81
0.67
0.60
1.12
0.93
0.9
1.18
1.20

Kowf
Kowf
Kowf
Kowf
Kowf
Kowf
Kowf

0.0x0.0
2.0£0.0
2.1+x1.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0x0.0

3.4+0.4
2.9£0.1
3.4+2.4
2.1+£0.8
1.8+£0.5
1.3+£0.4
0.0£0.0

2.3+x1.0
1.1+£0.2
2.5%+1.2
1.5+0.4
2.3+1.2
M
0.0£0.0

2.3£0.5 0.5%0.1
1.320.9 0.0£0.0
1.5£0.2 0.2+0.1
2.910.9 0.6%0.1
2.0+£0.2 0.0£0.0
5.8£0.5 0.4%0.1
0.820.4 0.0£0.0

1.2+0.2
2.3+0.9
2.1+0.0
1.0£0.7
2.3+0.3
0.0£0.0
9.0+0.0

2.1+1.8
1.8+£0.5
4.2+1.1
3.9%£2.0
1.7£0.6
4.9%£2.0
0.0x0.0

1.1+0.3
3.0+0.7
2.4+1.0
2.31£0.2
2.1+0.3
4.0+0.2
0.0x0.0

2.0+1.8
2.2+1.7
0.9£0.0
2.1+£1.5
1.1+£0.2
4.0+2.8
0.0+0.0

1.82
1.23
1.56
2.12
0.98
3.55
0.27

Kowc
Kowc
Kowc
Kowce

Kowc

0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0

0.0£0.0
0.6%0.1
0.0£0.0
0.0£0.0
0.0£0.0

0.0£0.0
1.5+0.8
0.0£0.0
3.5%1.5
0.0£0.0

0.0£0.0 0.0£0.0

1.0£0.2 0.0£0.0

0.6+0.3 0.0£0.0

1.5£0.2 0.0%£0.0
M M

1.0£0.1
1.0£0.0
0.0£0.0
0.8%0.
0.0£0.0

2.0+0.0
1.4£0.1
0.0£0.0
1.5x0.7
3.0+1.4

1.3£0.6
2.0+0.9
1.0£0.1
M
M

1.0£0.1
0.0£0.0
0.0£0.0
2.5%2.1
0.0£0.0

0.43
0.99
0.41
3.39
1.09

Chcf 15

Chwi

4

0.0x0.0
0.0£0.0

0.9£0.8
0.710.6

1.1x£0.7
0.0£0.0

0.0£0.0 4.4£2.1
3.1£2.0 3.4%2.8

6.8+3.0
2.4%0.3

0.0£0.0
3.812.6

5.6+3.4
0.7+0.7

2.3+2.0
3.0+£2.5

2.73
2.58

Jawf 3

0.0x0.0

0.0£0.0

2.4+2.4

0.0£0.0 0.0£0.0

0.71£0.4

1.5%1.5

0.4+0.4

1.8£1.0

1.68
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Figure 3. Comparison o

type on MS medium conta

1= —tocopherol Shekol o]gk 57

a2 g dA 151 AlEol $rE —tocopherol?] FH HAS 8o
reveratrol 59 AAILSEL Oisk £ o] FaPFolr).

E709 At AA FHS F8 A ATs o= dto dd Fikst
AV —tocopherol o] F#FS 4 wlustdvhFig 4.). =2k 5749 49 Kocf
14(1.818/50p8), 66(0.5618/50pg) A REA 0 = b}i%‘«l —‘é—vﬂb} akz718 T o e
~tocopherol ¢ % UENIQOM Koof 47 2& ASolAE A AZHA
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Fatt THTANAE 2388 AMEe] JFxFET =A dEeEbwth AEs AA
Hol A mud ARkl = Koof 47, 663 22> S71 AP Eo°] o}
TEY f ¥ —tocopherol ¥FHS YERom g s AA J]FA
FrAazte] S = oleg &/ AP AFTS ol Aol Adsitta

AN SESENY

Tocopherol con. (ug/Extr.25ug
N
I

Figure 4. The&ont@{l\t oi‘o%oc@her@con&ﬁosm@ﬁ mg\‘PerLﬁa fn&sog& agﬁ‘ gé)
Perilla crzsp%by’ﬁPLCk' ‘&9 *&9 ‘k' ‘Q O N W

Collected lines

ok g A S Al (Kocf 47, 66)°] A3t 231 1

Kocf 47 (b=, Aid: depde H ), Koef 66 (=570 Avj3g: %
Y= AHADE ddez By FAXJ AEst =2s gEsr] el
MS(Murashige and Skoog) ®iA|olA cytokininF< BA ,TDZ ¥ auxinf<!

IAA, 24-DE v% v z3Agstgnt. 22te] A xAE4S Hrlste] wjok
kA 7 Fof] Ay o ajdA Ay PAE AxIAA S BHIPES =
AV tH(Table 4). Kocf 66 AlES 24-Dxg|o A e~ FAd&o] 86%= A

g3 £& A¥E HIA T A FA ol Embryogenic callus A& £& 4
B2 yeh A B3tk Wb, cytokinin F¢1 TDZ A2l wjxloldE A~
PAEE =okon A oA Axg B3lE AL QoA vlE AxE FAGE
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T Az A&l 493 =A vElsth Al Z+= multiple shootse] HFEZE test
tubed W 670 HEe A% FAHLEES BT T3E  embryogenic callus FA
02 323 Age mA T =4 YEsten AAMEZ v o

Al o] w9tk Hele] P &S [AAY Kinetin®] T 2#o] AHeH wjA| oA
T g5 A3E verdow oA bz BelE fFEste Hl&o] o =%

T2 #wFo] HAY Kocf 47 AFolMe i<
S vElWlon 53] cytokinin F¢1 TDZ
FAd&ol Yelton [AAZE Hzld Hjxd

o

Table 4. Effect of growth regulators on callus formation of Perilla frutescens

(cultivar type) after 45 days

Rate of
Rate of callus Rate of shoots Rate of roots )
Growth i ) ] embryogenic
formation formation formation
regulator N N o callus
/707 A4 707
(mg/ 2) induced(%6)

Kocf66 Kocfd7 Kocf66 Kocfd7 Kocfo6 Kocfd7 Kocf66 Kocfd7
0.5 86 76 - - - - - -

24D 80 79 20 - - - - -

01 643 97 78 63 25 61 - -

(R S S -
U

10 1
1.U UVU JU 1TUU =24 I

2.0 80 97 83 57 -
0.5 41 65 25 25 - - - -
BA 1.0 33.3 78 16.7 40 20 21 - -
2.0 25 86 16.7 60 10 25 - -
IAA 10 1677 84 - - 66.7 100 - -
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Figure 5. Sh and root induced from on

regulat in
A, single treatments of TDZ 0.5 mg/ ¢ (Kocf 4

C, TAA 1.0 mg/ ¢ (Kocf 66); D, combined TD

erilla frutescens (cultivar—type)

(Kocf 66)
Kocf 669 7% TDZ 1.0 mg/? ¢ IAA 05 mg/¢ & %A a5 wjxoA A
dx FARE FL A4S BHIon Az Aol W] FRIANE FEF 4
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ZHE Yt tH(Table 5). &2 o| A% A AlZF= multiple shoots 3 E| &2

test tube™ 570 A&e] NxE FAeA TAA7E XA U= BE =FA

oA BaEle] Ao Fusdon B e wyrt Ho

Semd 2 #zo] HUrh 47 AlFe A9 BE FAYCAA w2 Aes 3
&S e TDZ 05 mg/zg} IAA 05 mg/¢ & =% A3 85, 2
e Nz A, e dA4ES YA BA 1.0 mg/ 4 9 24-D

05 mg/¢E H7IsH B¢ A= é%ﬂr Embryogenic callusol A= £& A3

s

= BAA shoott root@ #3}% %] &%)

EO\

[o

P>
ot
™
_Y\_I‘
>

O

Table 5. Effect of combination of treatments growth regulators on callus

formation of Perilla frutescens (cultivar type) after 45 days

Callus Shoots Roots Embryogenic
formation  formation  formation callus
Growth regulators
(ooce) 23 (%) (%) (%) induced(%)
e Kocf Kocf Kocf Kocf Kocf Kocf Kocf Kocf

66 47 66 47 66 47 66 47
TDZ BA 24-D IAA

0.5 05 92 _100 56 31 - 187 40 -

1.0 05 98 92 716 126 40 322 - -
0. 05 82 882 66 22 24 13 - -
05 +0—366—96 62—28 20 17
1.0 1.0 &1 94 44 264 - 21 - -
2.0 1.0 90 88 40 15 - 20 - -

1.0 1.0 90 90 40 - - - - -
1.0 05 53 38 16 - - - - 127
1.0 20 23 86 - - - - - -

Aol A A3 gAY FEE o]&dte Ao Fad adde T U
A dth. (Molar,1988) Wi Al 9] sucroses 2]&o] Q= &&= e ujx

%)
o] 454 (osmotic potentialoll L3 JaS sle=d AHFEAo] AE A X

AT FFS T A& g A
(Johnson and Enno, 1979). Sucrosed Hxo] W& s =27t AEI}E&S A}

sl A3 ag 6 oA Bxol Z Aolrh glo] MI=I AIE HoFUAMh
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Sucrose?] FE7} 6%Z =2 279 HiA oA = AlFko] e uwhe} A& A7}

4w s 497 Ak

120

—— 0% ®-3%
100

80

60 |

40

20

. . T | L g
Figure 6. Effect & various concentrationm of SUcCrose o cattus nduction art

shoot regeneration in pmig—}pﬂ%escensrr 1ed0oar type,z’ﬁ'&fl 66) TDZ1.0

AZEst 204 7 AEE wiAE g2 ez MS, B5, CHU, SH ¥iAls 45
o] wiAe =2 AEs 288 Hd TDZ 01 mg/ ¢ = H7kste] wigst & 2
A &S A A9 B

Hj 2 9F SH Wi Al A= =2 shoot B &S HAFAAR gk AEs}
29 {3t MSHiA A #REAT o= /9 Az FAdd M A
v = MSHiA| 2 ZAFE Lo
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iple shoo

n diameter of mult
BS

(u) syjooys dpdpnu Jo 13PwWeRI( ~

HEZAMS salt + TDZ 1 mg/

i

Polyamine®] &2 ®7] st 2 A%

+ IAA 05 mg/2¢)el
0.5, 2, 5, 10, 15, 20 mg/
L5210 mg/l)® AHEE

[
NOX

spermidine, putrescine)

olyamine (spermine,

o

a

spermidine 2] 75‘—r°ﬂ =

2] st A3} spermine,

=
73l

N

F5 ot AEstES YERH WA putres

oV

o

F2d AxIETFE HEHAL

3] ¥ spermine,

—_

5 mg/l % A7

2ol

1 Agele 2

AR

O

mg/ /¢ ¢ AsE= H7tst

3] A

callus

Azxd 4% HeEFH AT embryogenic

ol

L 3FE(20 mg/l)E 79 S 9 embryogenic ca

el ot} spermine,

f

spermidine?] 74 -$-oll Al =

callus 34 &5 e ATH(Table 6).

embryogenic
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Table 6. The effect of polyamine on the shoot regeneration in perilla

frutescens (cultivar type, Kocf 66)

Polyamine No. of shoot Shoot length(cm)
concentration
Putrescine Spermidine Spermine Putrescine Spermidine Spermine
(mg/ )
0.5 5525 3.0+0.8 2.3£1.0 0.4%0.0 0.5+0.2 0.3+0.3
2.0 3.5%1.3 5.0£1.3 55£2.7 0.7£0.6 0.4+£0.3 0.5£0.5
5.0 6.5£0.4 5.6£1.2 2.0+0.8 0.4£0.1 0.4+0.3 0.3+0.1
10.0. 56+1.2 7.3+0.3 55+0.7 0.3+0.3 0.4+0.2 0.2+0.1
15.0 57+0.8 2.6xt15 2.2%1.1 0.2£0.2 0.4£0.1 0.3£0.3
20.0 41+£1.2 1.7£0.5 1.3£0.7 0.2+0.1 0.3+0.3 0.2£0.1
LSD (5%) 1.23 1.12 1.1 0.2 0.21 0.28
NEAe] AdzAd meA APstes LA 8ol G »}E}wq—t—
Hare] Azt 7oA A& AEAY =7], ¢, FVIHE FHAste AE A
drAEdol A7 ® MSHiA o A4dstdS W Z7]A A 3HE o ‘;%—8— Ll

el
A7 F-oNA = callusB A oltt shoot@d o]l F+& E&S YEtHAT Nohs £
= ‘MBA' 4¥& ol&ste] £ AEsEo] #FEHJATL H 83 2 (Noh
et, 1998), Druart= A WIZIEA] 912'e] olS 45 &aA L3 vl A
s o dol 7 A Aoy gUs 23 9l TRl A AR st
o] =/ yvelyttz ¥ 1359 2 (Druart 1990), Leblay 5% A ul A %7
A Aol wA dedda Eﬂ—a}MWLeblay et, 1991). Akl A

”ﬂfoﬂ R ° 2E 2RSS F37]d & ]0}04 v -9~ Sk A ALE-H
A 9k (Barbier and Dulieu, 1883) 1A gl = FU3 stress ZASANA =2
AEsES Jels XY A8 Agste Aol AEettta AlmE ol

o,
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Figure 8. Comparison of ad9efifftious shoot forkfffofitald plantlet regerGafion

Tissue

among different parts from perilla frutescens.
2. 7154 FrE&EE 24

7} —tocopherol ¥4 % Az gA

13719 FFS oz st dA &AikstAQl —tocopherol o &HFS =4
g A3} nla3 —tocopherol ] ¥Fol Ee AL FxAk B/ AF (kocf) 3
A, Fpat ok S0 (kowf) 270, S=r4k AWl 571 (chef) 170 #F, S=4k oF
A S (chwHll, DA oFAEA (awf), 2 Ax (jua_lcc) 2719 #=Fel
239 FHYoh Jawf 2 (4.63ug/ml), Kowe 8 (4.31pg/ml), Kowf 18 (3.07ug/mb),
Chef 15 (2.56ug/mb), Iil{owf 17 (2.03ug/ml)e] FEFENA  —tocopherol®] =2 &
F& #AFT S AT B AR AA gHE T Add Avs Y
o7 3o HA A Al —tocopherol o T HEHS =A wlwsgtt (Fig 9.).
st il 2709 745 Kocef 14 (1.83pg/mb), 66 (0.56pg/me) AHtA o= Jx8 o] =
AU ZAz7|Be f $re —tocopherol ¢ &S ER o™ Kochyd7 22 4
Sl AL HEFA UL (Table 7). THFANAE 2318 Awido] =
Fr A detwoh AEst iﬂﬁlglu gol A vl AEstgo] =9d Kocf
47, 663} 2 &7 AuiEEe] vE AFET ¥ W -tocopherol S U

Ehflon® atksl #d Ve A dEdSe s ol S Auid o
0
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A%E ol g3 o] Aysiha As ezt
Table 7. The content of -tocopherol composition in Perilla frutescens and
Perilla crispa by HPLC o]
. —tocopherol ) —tocopherol
Accession Accession
('/lg n}ﬂ\ . (lug ml)
Kocf 14 1.88 Chff 15 2.56 a
Kocf 47 0.00 Chjwt 4 0.50
Koct bo 0.06 Japvt 2 4,63
Kowf 17 2.03 Japf 3 1.33
Kowf 18 3.07 Jace 4 1.44
Kowce 8 4.31 Jacc 5 1.27
Kowe 9 1.41

bl Kl 47

il @ A

| mesanp e
b
Fig 9. HPLC chromatogram of  -tocopherol,contents in accessioﬂ of Perilla

frutescens and Perilla crispa by HPLC

1}, DPPH free radical &AWl 23 gtz &4 FA}
3atsl g4 AFS F83 A (Table )8 B T3 & FoA] 3= oA
0]

of

_46_
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EM7F A Aoz =2 ks G448 Heon, 53] Kowf 20 (RCspdug/me) 2
Kowc 1(RC50: 4ug/mé)ol A thz72 -tocopherol(RC50: 12pg/mé)Htt AR =
< kst S Bow st S/07F déoly T B Axv] By
Frbsh g4 o] A H AT

s
rlo
0 G

Table 8. Comparison of DPPH free radical scavenging activities of solvent

fractionation from Perilla frutescens

. Antioxidative activity . Antioxidative activity
Accession Accession
(RC50% : pg/m) (RC50% : pg/m)
KocTl &5 1Z KOWt I ©
Kocf 14 12 Kowf 20 4
Kocf 21 6 Kowe 1 4
Kocf 47 15 Koyc 6 10
Kocf 55 12 Koyc 8 14
Kocf 64 8 Chdf 15 12
Kocf 66 6 Chyf 4 16
Kocf 68 8 Jacf 11 16
Kowf 9 10 Jayf 3 16
Kowf 12 8 Jaqc 5 28
Kowf 17 10 —toc¢pherol 12
o s g4 a9
=3golo] tigh Eapdol AN 7| HA] YA pallergyd 7 HA S HOo7)

= Aspergillus®%  awamori®t niger, WY& A&u7|o IZHbE FEAT)E=E

Cladosporium herbarum, S5H< 907 Hypocrea nigricans, F3 -t
ol Penicillium citrinum3 Trichoderma virensE AF&3tG=d, At

As WEA ZSEdth Yeastsel  oigh AdelA = AbgOlAl O
(candidiasis)S Yo 7|%= (Candida albicans®} Pichia jadiniis AF&3F
Candida albicans®l W3lA= gtk S747F oh & T v =& 245
At} (Table 9). Hre|g]ofe] that A F L Gram positive bacteriaz = |
=, 35 AES o7 Bacillus cereus, 1% 2l Bacillus subtilis, 3573
3 wWdtoln A

gl

O

= dolel  Staphylococcus aureusES gram negative
o] A %39l Escherichia coli,X% 5% "AE< Salmonella

=z
=175
bacteriaZ = ¥ 24 X
typhimurium, Al #HDS do7)= Klebsiella pneumoniasS A3
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Bacteria®] v E Ao A= Escherichia colidl s =24 E47F =
S A4S HA°oW Bacillus subtilis ol WA= =2t EVF =S FAHS
BAF9t & nAE AAS 93 AAE A E A 31 1 o
A4S WoAgFR Lk Bacillus subtilis , Escherichia coli o tsirdE =
sk A o gt B FREel MIC( 125p/ml) A= E4& HAFH
oo B Aol HlEwRl EZE Weol el digk Wie] dojs %%@E}i B
o EQdoh e o wEkYl EZF st (Escherichia coli =

Z g tH(Tengerdy & nickels 1975).

~
1OJ
_WL
N
N
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Table 9. Antimicrobial activities of the extracts from Perilla frutescens

MIC*(ug/ml)

Extracts Yeast strain Bacteria stran
P.j. C.a. B.c. E.c. S.t. K.p. B.s.
kocf 3 500 250 500 500 1000 1000 250
kocf 14 500 250 500 500 " ” 500
kocf 33 500 500 500 500 ” ” 250
kocf 41 500 500 500 1000 " ” 250
kocf 47 500 500 500 1000 " ” 250
kocf 52 500 500 500 1000 ” ” 250
kocf 55 500 500 500 1000 ” ” 125
kocf 66 500 500 500 500 ” " 125
kocf 68 500 500 500 250 ” ” 250
kowf 6 500 500 500 500 " ” 250
kowf 9 500 500 500 500 ” ” 125
kowf 10 500 500 500 500 ” ” 125
kowf 11 500 500 500 250 ” " 125
kowf 17 500 250 500 250 ” ” 125
kowf 18 500 250 500 250 " ” 250
kowc 8 500 250 500 250 ” ” 125
kowc 9 500 500 500 250 " ” 250
chef 12 500 500 500 125 " ” 250
chef 13 500 500 500 500 ” ” 250
chef 14 500 500 500 125 " ” 500
chef 15 500 500 500 125 ” ” 250
chef 18 500 500 500 250 ” ” 250
chwf 4 500 500 125 250 ” ” 250
?Cﬁ;c(}zza JadzrézQO Ca: C@znglzda alb%@zgs ﬁ%‘OBacz’llus 'cereus 250
SJ aacsci; 4phy100000618 aureus, zggE C. Escz‘ﬁ;eorzchza c%lz 0 :: :: ;gg
S. faCSézgnonella Wlmurlug@o K,p,-'K%giella pwoniae ” P 250
TétracyBlaiélus supsilis 64 16 125 125 125 16

*The MIC values against bacteria and fungi were determined by the

serial 2—fold dilution method. The growth of the bacteria was evaluated

by degree of turbidity of the culture with the naked eye
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3. FAAGAALH

7F 70 4 AH Ao A9 kanamycin A A =7

718 v A (MS +30g/ ¢ Sucrose +0.5mg/ ¢ TDZ+ 05mg/ ¢ TAA)E H A
< AR F 50-55C7F HS W FAA] kanamycin §EE 0, 30, 50, 80, 100,
150mg/ ¢ = Z7bgk 5 570 & AR 257, 45 F AR 2AE A9
A 277k = AEAVE 54S Wi dRE callus FAA7HA B o, 454
= F57F ¢ 0, 30, 50mg/ ¢ kanamycin =M+ A=A 7F AE3I ®@ wbd
80, 100mg/ ¢ ¢ kanamycin F%9] plateol e 37t 2435 #A2s909 150
mg/ £ M= Ae AEA E3H7E o] Fol A A A tH(Table 10).
Socristan®} Melchers(1987)& kanamycin Hj =] ol A Adtel 83 2 EH 9 o
$7F PCRelY Southern #4104 @A gko] gl A] 42 2
WAEAEAA A= A8 T2 Al e A HA Fe AFEo

Agsol A4EA7t AR Arkn wal.

¢S kanamycin

Table 10. The ratio of kanamycin resistance of leaf explant in Perilla
frutescens

Kanamycin(mg/ ¢ ) 0 30 50 80 100 150

No. of survival
100£0.0 78453 46%4.1  7+4.0 1+1.0 0

explant
LSD 5.855

Y. Agrobacteriumel 93k & A A3k

qiN

Al
T

=

tgz s §95 o] &I38ES wlxl A
1 m O O = T = |=]

o
i o
qn

Wl 2 FAE A arobacterimms 25 2ol

27 d9& W -TMT o 4§ 37&7HA = callus®] Pgo] AaHo=w 45
st 295 Yehldd ghde 10&ol S & Af AstEHE s BoAFAN
RS¢] A -foles 108744 callus@deo] S7FEAon 16fde Aade AS #
2 4= 9lloen, TMTE 7, RS (resveratrol synthase) 72} oA &= 108
o HFAIZe] 7MY $2 E&S WEUATHFig. 10). HA Y HFAZ ol A

g Awul <o A ge AWt mEAde GehwA sAbehe o

ofN
ol
ol
38
o
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ol 3t A= Agrobacteriumol] W3 AHA Sl =3 A V|dH AR
B oj Xtk Agrobacterium Wi ol A o] HEA o] FrtEFE AHAA T o] DA
ol Agrobacterium©| Al Ht= stress7t S71etRE Al molx 1 A HH
Aol A E FAaAA dAAS AW AL = v ZGA o= vtz callus
of WAl Fol uYeidE  Zloez  AZET Donaldson et al.(2000)+=
Agrobacterium®] Q1 A EFF] Ao FAHITES AT dojds

B gk \p gl



(A)

No. of shoot [1No. of transgenic plants

wn < wn = w) =
(o\} [\ v —

sjuepd J1udGsue.I}/J00YSs JO "ON

15

10

(B)

Time of inoculation(min)

No. of shoot [JNo. of transgenic plants

syued

10
i:l&ﬁt m}rlll(jculation time

frutescens

(A):

PHPIneiAR

-TMT inoculation time (B): RS(I‘G]S].V

AAe 23

L
R

of wel dxert 2%

,]
=

2] =

ol A

Arabidopsis Datura

_52_



Aol oY Daucus, Nicotiana, Petunia S (Pawlick et al., 1992)3} v}2l7}+4] &2

S AL AAYE A ol FAABA AR F o] Fo AT

3 FEH 5god TS A= TEMEF 7Tt

HEA=AE FemdmAo &1 5 el A Agrobacterium ] -5 vl
FE 15L7HA &S W TMTE 4F 1458 3974+ dsiasds ved
R ALFEH = Ao 5dFole 45 AstE i RS Aol 4
A7A = Tkt 59 o= FASH AstE A F AFEAR BF 5Y o
To= Sotoz #AAF] oM m AEAH o HFWo| Agrobacteriumo) a}

A }
Fe AEAY MRSt dFE F= Aom F
AFol S/l s TMTE 399 7Hd J3sidla
RS+ 3dAlol= AEst&o] FRAAT FHAHES 4%”/‘11 He ol =4 #F
o] 4do] 7h Adsirtal A ATHFig. 11). A= wel mek FE g
kel @37F vr24Y Kalanchoe laciniata®l 739 64# oA GUSS &4l 7}
Z =kthal da(Jia et al, 1989), B (Daucus carota L) 273Y Alo|7} 713

dxgto] Z o 7TdANYEHE FAAIE Yolx L Agrobacterium®= Al
A=A Fe=thHPawlick et al, 1992)3 st orm® dubx o2 273Yo] F it
7 AFslttE W a(James et al, 1989; McCormick et al., 1986)7} &
T3 5= AS FHoE A YIS we Ao A HIA Archanadl
e g7 Fie olFo] 2x A= A dFE Tl B
A EA ) wel 8719 sized gasTYUHFS Gt 23 AMAES
(Archana et. 2000). 719 Z9ol% FEYF F petri dish® A
AR FAFAS A dol N3t dRdE Hoe v 2% v s 7
A= culture tubett v O] A wiAl 2 HAFAE AFoe LA callus

FAdS RAN(Fig. 12)

2 10
o=
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(A)

—o— No. of shoot —— No. of transgenic plants

20
18

14
12

10

No. of shoot/transgenic plants

SN A SN X
T

(B) 1 2 3 4 5

co-culture period(day)

—&— No. of shoot —A&— No. of transgenic plants

14

4

f shoot/transgenic plants
(=) =]

Figure 11: Influence ion period on transformation efficienci in
z

Perilla frutes®erts &

1. . 2 3 . . 4
(A): -TMT co—cultivation period (B): RS co-cultivation period
co-culture period(day)
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dish C: regenerated transgenic plants

Agrobaterium< "2 AAE A4 A9 acetosyringon©| A %Oﬂ
n A GEFS A7) 918ke] acetosyringon =S @E At AES S
gk A3 200 M7HA = Al s shAl 49ks wel Z&9] AolE HolA §gke
U 2 ool Agetdls Aol E&ol F45HA AstEe s #EE 9
A Fig 14). 2019 = (Chee, 1990), < (Sarmento et., 1992), 3}ujZ=
(Nishibayashi et al., 1996)5 = AMEZ AME3to] Agrobaterium™ &g o
acetosyringon< ?iﬁ}’s}‘?i FA AFEo] wolAE oz HuFo 3t 19
1} Shimoda(1990)% <2 acetosyringon® H7}7F 371 ¢l Ao® B3
H E4¢ A% o9 mt3IAE acetosyringons H7HE A4S &3t 9=
oz AT olgdt A= AEAFTA WE wrgo] tgste] Fol u

o

i
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Ti-plasmid vir region®] &7 3}2] #folof] 71 o2 A5 HT)

—o— No. of shoot —#— No. of transgenic plants

£ 25

=

=

=

D

15

=

«

=

S 10

(=]

(=]

= E\E/i—’_;\
(=]

2‘0 | |

Figuer 14. Effet of (acetosyrirgpne cong@@trations2@p transi@gonation 400

Perilla frutescens acetosyringon(uM)
4. BAABA F, B4 R A5 B

7 FHAsE A=A PCR 4

FAAGAR FAHA= =/ HAEAE W= oAA7dd -TMT FHdA7}
A e 2 =49 genomic DNA®A= 1,070bp Z7]19] DNA ©#Ho| FZ x|
At (Fig. 15). 18y Agrobacterium™ 5w FstA] eFar AEstd 2= 9
genomic DNAo|A &= o|H DNATHE F3 57| %-}9}3}.

PE TMT §AA]A ZZ¥ @dioln Linel 9= Ao HArpn' 3=
= A EA 9 genomic DNAE o] &3] FZ A7) 75?4 = LineolA ZZ%
“o] o] Ak FA H3E AEANAE 1,070bpe] odE wHHol FF
Ao control A=Al s @] FEHEA] gob of 7] -TMT-H< A7k

= 74]%5”0” AdEAES dAE Fa o
-TMT( -tocopherol methlyransferase)= -tocopherol®] A& 7d =z H=E o
AollA  -tocopherol®] W3a=E mglo] wWEHY]E #Ho]ste]  —tocopherolS

—tocopherol® A 3A 71ttt —tocopherol®] AetAd A o] W& X1 Arabidopsis©l
.
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A -TMT fAA7r Eegdel web -TMTO 3 Edd ofs A=
~tocoptlerol &% Zt <A77} A& o] kY Shintani¢t Dellapenna(1998):= a
Arabidopsis®l -TMT FAAE =3t &3 A ZI 224 ~tocopherol 2]
S 80ul o]} SyRAIF a
Resvertraol synthase (RS) geneol ™3 HAd3ks &<lslr] 93 PCR ¥4
oA AA ALFAFHAS nptll gene ©] FQ1H Ao resveratrol sytnase

FHRFAA] 2@ o 9E FAF Uk

1T b

Figure 15.

primer.
lane M: pGEM marker DNA, P: PCR product of -TMT gene fragment, C:

PCR amplication of non-transgenic plant, Lanel-9: PCR amplication of
s

transgenic plant
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-
TMIbp

Figure 16. Detection of nj
DNA in RS(resveratrol s

e from genomic
BMants  in Perilla
frutescens

lane 1: 1Kb Plus marker DNA (Ready-Load™), lane 2 : Positive control
(using constructed pMGI130), lane 3 : Non-transformed plant. lanes 4-8 :
Transgenic plants. The size of the amplified DNA fragments are 700bp (npt
).

1}, Southern hybridization®] 4

pYBI130Z%E PCR +Z¥ -TMT F4AE o]&ste] A=4E probes At
43}9] southern blot analysisE& 33 Z31% agarose gelolA &AqH PCR
AHEd FAsA DNA d¥lo] gls At webs zhzhe] Add /jAs 25
-TMT F325 7HA 3 9ol 2= Atk (Fig. 17).
.
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Fe 1.2 3 #°'3 7T 85

o TOeW T

Figure 17. DIG southern blotting of PCR product for analysis of -TMT
gene.

P: Amplified product of -TMT gene fragment

C: Amplified product from genomic DNA of non-transformed plant

Lanes 1-9 : Amplified produg'lt from genomic DNA of transgenic plants

transformed with pBI-TMT

t}. Nothern blot analysis
-TMT mRNA<S Z=Zx]# Northern blot analysesS <3

3
o] X & control A& A lane 19]4E= -TMT geneo] &3& A kx| gt
PAAgo] @ AEANME -TMT geneo]l =4 Hdsict 2
PCR 2ol Southern hybridization®] Aol F1=ke] Aol el & 7}
-4, 718 lineoll M= @o] 5% gkokr}.

o=
ot
i)
i)
i
2
riet

Wild 703 704 7108 7F15D-10 03 cf-08 ctf1766-1 66-2

Figure 18 . Northern blot analysis of transgenic plants transformed with the
-TMT construct.
v-TMT

20 ug RNA
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- Expression of -TMT gene in wild-type (lane 1), the transgenic plants
transformed with -TMT(dane 2, 5 6, 8 9, 10, 11) and non-transformed
plants (lane3, 4, 7). The picture of the ethidium bromide-stained gel shown
below the blot demonstrates equal loading of RNA

o FAAEA L HPFHAs A Vs FEEE v
1) HPLC +4

EooAGo A AMg3st FAAIA Ao HPLC Z#HoA  -tocopherol@}
—-tocopherol®] WFE A|7FS 247} 549} 9.2%-°]l Tl Control 2] &4 Hlx 3}
Asw FAAE A7 AEA 9 -tocopheroldZFe] A Z7+8a  -tocopherol
o] Zaste As #ET F AT FHEASAE AAAA AL FANAE
~tocopherol§t &o] F7}3lil  -tocopherag®] Tadhe A3E A& F Ao y
o]2]3+ -tocopherol®} -tocopherol ¥#e] W= FAA3S F 254 oA
“TMT7} Aoz dd = o —t\Egcopherol% el
Atg o]zt
Shintani <} LbellaPenna(1998)—g Arabidopsis®l -TMT F34AE A ZH3A
%}éﬁ% A EA Z2¢9  -tocopherol —}F\'I—frol Q0w o4 Zrtstgvta 1 13}

.
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Table 11. Tocopherol contents and composition in control and transgenic

Perilla frutescens with -TMT cDNA

.
Content(xg)/Ex. Hexane-DMSO(100ug)

Plants
—tocopherol(zg/ml) —tocopherol (zg/mf)
Control 48.|_6l 125 59 + l',ll
Fransgente 8F8—=+23t 012—=+143
(A B
-
e
-

A an
Figure 19. HPLC analysis of reaction products produced by -TMT in
transgenic _plant leaf of Perilla frutesce{s A

Standard (A), control plant (B), transgenic plant (C)
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(A) =~ g-tocopherol (B) a--tocopherol (0)
[
[

a--tocopherol

y--tocopherol

[ = y--tocopherol
y--tocopherol

Figure 20. HPLC analysis of reaction products produced by -TMT in
transgenic plant seed of Perilla frutescens

Standard (A), control plant (B), transgenic plant (C)

N
o
2
ot
m a
ox,

A FiskAl?l ~tocopherol o TS S A FHAAS Holx AHE
Aol A control A=A HlF =2 s S YEFN 9 ethyl acetate

dAE 5 —tocopherol BTt & A4S BT

ol

1]
Table 12. Antioxidant activities of the extracts from control and transgenic

Perilla frutescens

o

Fractionation Control e (ﬂg/n’lI?r)ansgenic plant
MeOH extract 50 40
Hexane layer 80 40
EtOAc layer 6 2
BuSt—tayer 166 66
Aqueous layer 00 200

=tocopherol 3 3

o
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3) FrAEEA
vhg gl ool 3k A1 E S Gram positive bacteria® = | d = 35 A 2 3

pul

mlo

O

=
71+ Bacillus cereus, 1% 2 Bacillus subtilis, 3}573 23 WAool

HES

o

ofN o
iy

EIJ.u

o 1>

A1l Staphylococcus aureussS gram negative bacteria® &=

-

O_u
H,

21 Escherichia coli,® %= WAER Salmonella typhimurium, A%
Yo 7= Klebsiella pneumoniaE AH&3Ath. AAHeoz FAHA3 H 2

EA A control AEAC HE F& A4S RYew, 53| Salmonella
typhimurium®] ethyl acetate &4 714 =& A& YelydL o= 24

3 "1 AEA ol -TMT7F AAHoe=z wdxo]  —tocopherolS

—tocopherol®= HoJAIZl Atz Az Eo] AW, B2 AolA  HER E7F B

el dig Woo] doE dEdta B HAT (Tengerdy & nijckels i
1975).

2L
ftlo 1:1:1

o]
=
=]

Table 13. Antimicrobial activities of the extracts from control and transgenic

Perilla frutescens

MIC (ug/ml)
and Bateria strain(+) Bateria strain(-)
) S.a B.s St Kp E.c
fracion on  trans. con. trans. con. trans. con. trans. con. trans.

Extract

Hexane 5001000 1000 1000 500 500 1000 500 500 500
EtOAc 1000 1000 1000 500 500 250 500 500 500 500

BuOH >1000 >1000 1000 1000 500 [500 >1000 >1000 500 500
Water >1000 >1000 >1000 >1000 1000 {1000 >1000 >1000 1000 1000

The MIC values against bacteria and fungi were |determined by the serial 2-fold
dilution mrthod. The growth of the bacteria was ¢valuated by the degree of turbidity
of the culture with the naked eye, and the sporegermination of fungi was examined

under a microscope.
S.a: Staphviococus aurens. B.st Bacillus subtilisl St ¢ Salmonellg tvphimirim

K.p : Klebsiella pneumonia E.c: Escherichia coli. — . >1000
LN E
& 175 A ABS AwEr] 993 EHxAAE FAAS @ A EA 9L
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control A& A Apelel] EAFE o] FAEAM F7 AolE UEA X
gom, B-8, B-17 AEo] =] Aolot <l Afe]=olx dFsA YES
FAAE A=A FA= control A=Al v ZHA AL Sl

O

Table 14. Agronomic characteristics of transgenic Perilla frutescens .

Length Branch Internode Length/with Leaf size Leafstalk

(cm) no no of leaf (cm?) length(cm)

Control 117.1x157 8.6+34 22.4%5.7 1.3£0.1 56.5t14.4  7.5%1.3
A-3  121.049.8 8.3+2.9 271.3+59 1.3+0.1 51.5£109  6.0%1.1

A-15 10224139  6.5%2.0 20.31£3.8 1.4+0.1 42.3£8.6 6.0£1.2
B-3 118.0+124 6.6+1.5 30.313.8 1.3+0.2 49.4£14 6.3£1.3
B-8 152.2+104  7.0+2.1 17.0£3.9 1.3+0.1 71.249.1 7.6£0.9
B-17 151.3%6.0 10.6+1.3 26.0£3.0 1.5+0.1 66.8+8.0 7.4%0.8

_64_



A1A S FAE S0 ASEAN TR AREY

1. A4
EM(Perilla frutescens var. japonica Hara)= ZEZ3}9)] Fole 1WA 22O
2 fEugE SAH0E T, i oA LY ARYH 7EAAE BHo0E A
Hia oW frEAtEolth(A 5, 1991). 709 o] & Avj= S-2vheke} a9l
Tl o] Qo= A glojA FAHES] PNl ol gle e %
th a9 A stel] whel AdolWo]l HAF ZAZE WA A Fell tig w4l el

obA 31 gl .%vﬁﬂ%% BEHE} B0 QAT FHHA BE 34
==

5, 1990; ©], 1993). A
=4 2H7E AR SVl A Aol sojubar w7k
I ghrk(e], 1991). ol = =53 Fr=E <l =
oAM= A, &3 5F, £ dF sol 2ola vKE, 1975 ©l, 1996). =
oA FEI HA ofFoemA AREH dow, AuHIL Sle
Perilla frutescenst ol 3A Afeol A Aol7t A& e 71A] sk
ol Mxow FAH oIt (Nishizawa et al.,, 1989). 71 o= A o] 73k 4
FrO) A &1 perillaketoneo] thaF g-f¥o] glo] A3 SR/ v
& BaAAEF B olyg A& FZ vyE 9 vitamin C¢} vitamin B 3
B3, Ao %94, SOD(superoxide dismutase)”} thaF skf% o] 3lo]

o
A el M= g =2 spA YA

71574 AMarE NATEATE 2 Aot Q) ]
ol &7bset7] wiol AthAtel Zod SXIAYAS FAHORFH A

KN

&
&

spAgAkol 60% 7}

Fhuol A= SAE A%

\0
%
O
-
rﬁ
ol
o
N,
=)
A
=2
g
z R
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Table 1. Collection sites and No. of accessions of P. frutescens in Korea

Collection sites No. of Collection sites No. of
rrovince Habitats accessions Province Habitats accessions
Yangyang T NMungyeong T
(1ndeong 1 Bonghwa 1
Sarhcheok 2 Kyungsgn Sangju 1
Yegngwol 1 g buktdo Yeongju 1
Kangwon-d [njd I Yecheon 1
0 Jeohgseon 2 Cheongdo T
Chgorworn 1 Yangsan T
Chuincheon 1 Ulsan 1
Hwlacheon 1 Kyungsan  Jinju 1
Wheongsung 1 g namtdo Changnyeong 1
Kapyeong 1 Hamyang 1
Yangpyeong 1 Hapcheon 1
Kyunggi-do Yeo¢ju T Gochang T
Yegncheon T Muju T
Pocheon 1 Chonlabuk Buan 1
Damvang 1 —da Sunchang 1
Chungchun =
o Okgheon 1 Jangsu 1
uimdo Unisong 1 Jinan 1
Dangjin 1 Gangjin 1
Buyeo 1 Goheung 1
Chungchung Seqcheon L Chonlanam Damyang 11
ST T Boseong 1
nam-do oo 1 —do Suncheon 1
heongyang 1 uncheon 1
angseong 1
Kumsan T Jang b
Hampyeong 1
1 Totall 50 52
3. ASEA
52 FRAEe T8 ASEAN 9 FEFHE sk FAIAN= 329 1
g 1 Chejuday | Hukigiw) Asiripix] s |Foldel zrd] i 125%0]0 e
o FHa 142904 HA 1029¢] WolEHE How, i 122904 132¢
Holo B¥star YA (ZHLD). AL Hit 162cm oo™ FH i 188cmeol A
A 124cme] WolZ& w1, thiHo] 156cmoll A 188cmol X3t ¢=HE
o] 79%A =7t of 7)o &l QL ATH1E2)
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Fig 1. Frequency distribution of peyged untilifloweripng timejgpf 52 Kgpean

native perilla collections. Period until flowering time
20 r
n=52 16
15 1 13
> 12
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10 r
o
@ 6 5
. S - . .
Fig 2. Frequency distribution|of Plant] height pf 52 Karean native perilla
collections. 0

124 140 156 172 188

mlrgs Wi 17 oldon HAm 1867083t BP0 9l o v ool
16270014 17870 9] W glol F7Fe] 77%7 &atArh(d3).

ve) 7} 47) o9l §EEASE B 1277 olgen A 16740 HA 87

[e]
AolAaL, w3 10.77H0 4 14.770e] W elell EEstal AATHLHA).
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Fig 3. Frequency dis_tribution of MNos4 of ngernodes 1gf 52 Kprgan negige
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Hit 36.87] o]fom FHo] 5RI/M= wWekal

8 7ol 47 88cmet 84cmE Zdow Aol 64cmE YT HEEFLS
it 25golon, A7|7F 27g o2 FAYOM A, FH, AEo] 23g o=
7 Sl T

Qe A5 LA dHEAddzs 19 9~1604 9 o] & A
F= FHAAT AFF A 2ol 7t s A Ak Fi v

Days . . ,000
Ratio of Pant No. of No. of No. of panicle
. from ) . o. of eed
Regions o Length/ height inter  branche . pods per length e
. Width (cm) nodes S v panicle  (cm) N
flowering (g)

Kangwon  119.7cd 1.19a 173.1a 16.6b 13.0ab  40.6b 42.3a 8.4a 2.3b*
Kyunggi 119.6cd  1.20a 168.7a  16.9b 13.3a 40.3b 399ab  7.9ab  2.7a
Chungbuk 122.3bcd 1.16a 1736a 17.0b 12.9ab 58.1a 40.7ab  8.8a 2.3b

Chungnam 1.20a 174ab  13.1a 39.1b 37.3abc 8.lab  2.4ab
126.4abcd 159.3abc

Kyungbuk 117.6d 1.22a 152.4bc  16.9b 10.8b 32.8bc  381lab 7.9ab  2.5ab
Kyungnam 134.8a 1.17a 161.3ab 17.0b 13.4a 274cd  32.4c 7.0bc  2.6ab
Chonbuk 129.7abc  1.23a 162.1ab 17.9a 12.4ab  349bc  36.3cd 6.9bc  2.3b
Chonnam  130.9ab  1.18a 1458¢c 17.3ab  12.2ab  21.0d 32.1c 6.4c 2.5ab
Mean 124.9 1.19 162.2 171 12.7 36.8 374 7.7 25
C.V(%) 7.6 45 13.6 6.8 22.6 29.9 9.9 10.6 7.1
eight regions in Korea.

* Mean within a column followed by the same letter are significantly

differentat-the 8% Jevel by PMRF+V— — — — —— ————————————————
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Table 3. Comparison of growth characteristics of perilla collected in
Kangwon-do.

Days . . 1,000
. Ratio of Pant No. of . . . No. of panicle .
. ITOITI . . INO. O INO. O graitt
Habitats . Length/ height inter . pods per length )
sowing to ) branches panicle . weight
. Width (cm) nodes panicle  (cm)
flowering (g)

Yangyang 124.7a 1.20a 171.7de 17.0bc  14.0bcd 38.7b 38.3b 65c  1.8d

Samcheokl — 122.9ab 1.16ab 173.3de 16.0de 10.7efg 27.3b 37.0b 8.3bc  2.3bcd
Samcheok?2 116.2cde 1.21a 1493g 16.3de 10.3fg 33.3b 42.7b 85bc  2.7b
Yeongwol 117.9cd 1.19a 194.0a 16.0de 11.7efg 31.3b 43.3b 7.8bc  2.6bc

Inje 114.6de 1.19a 1777ab  16.0ab  81.7a  45.0b 91b  2.0cd
179.3bcd

12.0cdef
Jeongseonl 112.2e 1.19a 171.7de 15.7e 50.3b 62.7a 147a  2.0cd
g

JeongseonZ  119.7bc 120a 162.7ef 16.7cd 12.7cdef 29.3b  42.3b 8.2bc 1.8d

Cheorwon 119.0bc 1.20a 165.3ef 16.0de 27.0b 42.0b 7.8bc  2.2bced
13.3bcde

Chuncheon 119.4bc 1.20a 17.0bc 36.7b 42.0b 8.2bc  2.2bcd
185.0abc 13.3bcde

Hwacheon 119.6bc 1.18a 157.3fg  16.0de 9.7g 36.7b 39.7b 8.2bc 3.5a
Wheongsung 124.0a 1.20a 190.0ab 18.0a 17.3a 46.3b 38.3b 75bc  2.3bcd

Mean 119.7 1.19 173.1 16.6 13.0 40.6 42.3 8.4 2.3
4.8 5.2 7.9 4.8 19.9 374 16.7 251 20.6

% AGe waAA gol AsAAS ARALE F8, oFdEol
12449444392 AT AAFNF0] 109302 Fokeh FEue o] F5
Fol 1260% ZoW, Fgo] [130= YLy AFE A, NFFTE
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3¢
soss EAFAF] 1774E By, ddFATe] IR AU fak

B
fl
N
22
m
o
ry;
2,
g
¥
Y
i
o
_

s 5 i=]
AgE oF, TAFPF 15009 4702 Bga, ¥, dAFHF] 1137
= Ak ST AEFgEe] 523N By, FRFPEC] AN A

Aot I E AHFHFo] 45630, 7HE, FHFFF] 4702 Wkt
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Table 4. Comparison of growth characteristics of perilla collected in
Kyunggi-do.

Ratio . 1,000
Days from Pant No. of No. of No. of panicle )
of . . No. of grain
" Length/ panicle . weight
flowering . (cm) nodes s panicle  (cm)
Width (g)

Kapyong 121.3b 1.21ab 182.3a 17.3ab 14.3ab 52.3a 41.7a 8.2a 2.1b
Yangpyung 124.4a 1.13¢ 151.3¢ 17.0ab 11.3b  21.3c 36.0b 7.4b 4.2a

Yeoju 124.3a 1.26a  164.3b 17.0ab 15.0a  39.0b 34.7b 70b  2.3b
Yonchon 109.3c  1.20abc 153.7c 15.7b 11.3b  46.3ab 45.3a 8.5a 2.2b

Pochun 1187b  118bc 1920a 17.7a  147a 427ab  417a  83a 29
Mean 1196 120 1687 169 133 403 399 79 27
C.V(%) 5.1 69 102 61 167 260 99 73 289

TEAGLE #5014 B wkel ol JRE7|hA o] AETIbE et 1229 ]9l

3 2
oM, 4EHE 116, FEEATE 12971900, F4% v s B Eol
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1 2]
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Table 5. Comparison of growth characteristics of perilla collected in

Chungchungbuk-do.
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Table 6. Comparison of growth characteristics of perilla collected in
Chungchungnam-do.

Ratio . 1,000
Days from . Pant No. of | . . No. of panicle )
- N of - - No—of —No.of gTain
Habitats sowing to height inter . pods per length )
. ngth/ branches panicle . weight
flowering ) (cm) nodes panicle  (cm)
‘Width (g)
Dangjin 131.4a 119  155.7¢ 17.0c 10.0b 30.3b  37.3b 7 6b 2.0b
6bc
Buyu 131.8a 1.20ab 172.0b 18.0b 16.7a 3470 38.0b 8.2b 2.4ab
Sochun 133.9a 1.17b  188.3a 187ab  17.3a 39.0ab  30.3c 6.3¢c 2.5ab
Asan 131.6a 1.25a 146.3de  19.0a 13.3b 43.0ab  29.7c 6.2¢c 2.5ab

Chungyang 104.5¢ 1.21ab 153.7cd 16.0d 11.3b 50.3a  47.7a 11.3a 2.8a
Kumsan 125.0b 117b  140.0e  16.0d 10.0b 37.0ab  40.7b 88b  21la
Mean 126.4 1.20 159.3 174 13.1 39.1 37.3 8.1 2.4
C.V(%) 7.2 4.8 10.8 74 26.0 17.8 18.0 23.6 12.4

AEAGZ ®87o4 He= ukel o] AgrztAe] 57|32 FFeH S0l

134392 A3, FerHFoe] 12259= #okth 43u e mig= o2t
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Table 7. Comparison of growth characteristics of perilla collected in
Chonlabuk-do.

Ratio No. of . 1,000
Days from . Pant No. of No. of . . panicle )
- N of - - No.of pod oAl
Habitats sowing to height  inter branche . length .
" Length/ panicle per weight
flowering . (cm) nodes s . (cm)
Width panicle (g)
. 30.7¢c
Gochang 131.4bc  1.21a  146.7c 18.0a 10.3¢ 24.3c 6.3b 2.1b
Muju 134.3a 1.28a  153.0bc 17.7a 9.0c 27.Tbc 35.7b 6.2b 2.1b
Buan 133.5ab  1.20a 156.3bc 18.0a 14.7a 32.0abc  30.0c 6.0b 2.7a

Sunchang 129.5¢ 1.20a  157.3bc 18.0a 11.3bc  45.0ab 36.0b 6.3b 2.0b

Jangsu 122.5e 1.23a  191.7a 18.0a 15.7a 50.0a 43.7a 8.8a 2.6a
Jinan 126.9d 1.23a  167.3b 17.7a 13.7ab  30.7bc 42.0a 7.7a 2.2b
Mean 129.7 1.22 162.1 179 12.4 349 36.3 6.9 2.3
C.V(%) 3.6 6.5 10.7 1.8 229 29.2 155 16.3 12.0

Ak A9 884 H= mke} o] Asr7tA e A7 agFHF ol
142142 A%, RAFHFT] 119942 &dch FFv= 1Ay, sd5HTol
1269 1.25% zom, 43, o] 110e=2 AUt 442 FH55Fol
186.3cm® A, £AFHT] 1180cm= F okt v 4w 3+ F o] 190
Mz woka, AdgAEol 1502 5270 =4F Fol 7B Afdd. dd+1<F
< e rE 270 E Sl THE Btk FEEAss FEeHEol 17.70
2 B sdFHFol 902 A, FEFHSTS FEREATIE 2 HFE

H

FToA 7 Bt sataee '@, BA, 39, AXsHETol A7 26.37,
25,770, 25770, 233/M=2 B4, =dFHFTe] 1072 6527 #HF Foll 7%
:{

ATk st A, A, FEFHTel 22 3837H, 38070, 373702
12

l

okl zol 7H Ao st Ee A3,
FFFHFol 85emet 8.0cm=E AU, AFFHETo] 48cm=E 527 FHS Tl
7h @Skt AHTS AT Tl 32 B TS, BA, A, dETHT
o] 7}7} 2.2g, 2.2g, 20g o2 7ttt FHFHFTES 4 ASHHANA HAAEF T
Hoh & FAE B Q-FHAHALEN S99 =& Alsvt 2 o= Ahd
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Table 8. Comparison of growth characteristics of perilla collected in
Chonlanam-—do.

Ratio No.of . 1,000
Days from . Pant No. of | L . ] panicle .
" - of - - No—of —No—of —pods QAT
Habitats sowing to height  inter . length .
' ngth/ branches panicle  per weight
flowering ) (cm) nodes . (cm)
Width panicle ()
Gangjin 123.6e 1.10c 151.7b 15.0e 10.3bcd  23.3a 383a 8ba 2.4bc

Damyang 127.5d 1.21ab 124.3de 17.0c 9.7cd  26.3a 373a 6.8b 2.0c
Bosung 119.9f 1.26a 152.7b 16.0d 13.7b 25.7a 2776 55cd 2.2¢c
Suncheoun  138.7b 125a  118.0e 18.0b 9.0d 10.7b 25,70 5.3cd 2.8ab
Jangseong 131.8¢c 1.17b  150.3bc  18.0b  12.0bcd 16.7ab 38.0a  5.9c 2.2¢
hampyung 132.8¢ 1.10c 186.3a 19.0a 17.7a 257 a 300b 80a 2.8ab

bt

Mean 130.9 1.18 145.8 17.3 12.2 21.0 32.1 6.4 2.5

C.V(%) 5.9 7.2 15.3 7.8 26.9 28.2 175 21.9 174
ABxde TN mi ukel o] ABIIAA ] WIS GFEGH Eo)
12095 A, AT IE OTIE 50N 74 Fo AF AAT AEE
AL ARHA FRw, AP FFFAF] 1967me AW, AEFHE

PN
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FHEl TN 520 FAE Tl M A T es deaf$el 527
W= : T dAdsgEe] 500
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=
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Table 9. Comparison of growth characteristics of perilla collected in
Kyungsangbuk-do.

Ratio . 1,000
Days from Pant No. of No. of panicle .
. . o . . No. of No. of grain
Habitats sowing to height inter . pods per length .
R Length/ branches panicle . weight
flowering . (cm) nodes panicle  (cm)
Width (g)
Munkyung  129.0a 1.22a 167.0c 17.0b 9.3c 29.7bc  30.3b 6.0b 2.8a
Bongwa 110.3¢c 1.18a  124.7de 16.3bc 8.7c 23.0bc  38.7b 8.2a 2.0b
Sangsu 121.5b 1.25a  196.7a 18.7a 17.0a 52.7a 37.7b 7.8a 2.6a
Youngjoo 125.3ab 1.20a 182.0h 19.0a 13.0b 39.0ah 34.3b 75ah 30a
Yecheon 97.0d 1.25a  128.3d 15.7cd 9.3¢c 383ab  50.0a 9.2a 2.0b
Chungdo 122.3b 1.24a  116.0e 15.0d 7.7c 14.0c 37.3b 8.5a 2.9a
Mean 117.6 1.23 152.4 16.9 10.8 32.8 38.1 79 25
C.V(%) 94 56 21.2 9.2 334 415 17.3 13.7 18.8
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Table 10. Comparison of growth characteristics of perilla collected
in Kyungsangnam-do.

Days Ratio . 1,000
. . Pant No. of . . . No. of panicle .
. 1ITOITI Or R . INO. 7O INO.  OI grdairn
Habitats . height inter . pods per length .
sowing to Length branches panicle . weight
. . (cm) nodes panicle  (cm)
floweraing /Width (g)
Yangsan 127.9¢ 1.26a 175.7ab 18.0b 12.7ab  40.0a  37.3a 7.8a 2.6a
Hsatt 1486 0:95e—3128:0be—350e 13-0ab—350b—2%7¢ 57 2:6a
Jinju 138.5b 1.15b  164.3bc  17.0c 15.7a 29.3ab 31.7bc  7.0ab 2.8a

Changnyong  119.0d 1.20ab 160.0bc  16.0d 13.0ab 26.3ab 33.7ab  8.2a 2.8a
Hamyang 137.6b 1.23ab 191.7a  19.0a 14.7ab  26.0ab 30.7bc  6.5b 2.7a
Hapchun 138.0b 1.21ab 148.3c 17.0c 11.3b 27/7ab 33.7ab  7.0ab 2.2b

Mean 134.8 1.17 161.3 17.0 134 274 324 7.0 26
C.V(%) 7.4 8.0 14.0 8.1 15.6 29.2 10.1 12.5 9.2
4. ArAdE =4

Headspace™ = ©]-&3to] =l 5270 8 F 42070419 AFAEEe 4T
I, 3 9 ZollA FHEE 5 =2 ARAAELS perillaketone®] o™ ¥
SHF 94% ol yEtd L Slol S FRY RS AT =W Al
Ha e SAE AREE o8 @749 stetdew ERetA (L. ol A
+ Kim et al,(1999); 8 5(1998); ©]5(1999); & 5(1998); Az 5(2000)2]
Huots dA gty o] yro i 1% oS H<d A2 linalool#
beta-caryophyllene°] Att. AxA o2 = AujE= 749 AwdE2 v+
Feh 2AS Bolal Qlth. Perilla ketone ©]99] S FAECE

Fo] Aol Wad Adoleha AZHT)

M
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Mean of GC area %
PK type
0.39
0.04
0.04
1.3
94.40
0.04
2.28
0.11
0.76
0.17
0.21
100%

composition of perilla.
Components
6-methyl-5-hepten—-2-one
linalool
beta—caryophyllene
alpha—humulene
alpha-farnesene
% / 420sample

beta—bourbonene
farnesene

1-octen—-3-o0l
perillaketone
germacrene d

myrcene

Table 11. Chemical composition of one chemotypes based on volatile
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Table 12. Content of Volatile oil of perilla collected at eight regions in Korea.

Before_{l o ] o

Regions . . . .
Volatile oil Content Volatile oil Content
(mg/dry leat g) (mg/dry leat g)
Kangwon 8.81£1.53b 10.19+1.75a

Chungbuk 8.92+1.08ab 10.85+1.99a
Chungnam 10.46+1.87ab 10.83+1.70a
Kyungbuk 8.67+1.11b 9.77+1.24a
Kyungnam 10.06+2.02ab 8.85+2.64a
Chounbuk 11.22+2.62a 10.74+1.85a
Chonnnam 10.18+1.82ab 9.45+2.26a
Mean 9.74 10.16
C.V(%) 9.31 7.98
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Table 13. Content of Volatile oil of perilla collected in Kangwon-do.

Before flowering time On flowering time

Habitats Volatile oil Content Volatile oil Content
(mg/dry leaf g) (mg/dry leaf g)
Yangyang 7.20%1.23d 10.19+0.54bc
Gosung 7.89%253cd 10:99=144b
Samcheok1 10.68+1.26ab 11.38+0.41b
Samcheok? 9.20+2.08bcd 11.00+0.36b
Yeongwol 7.53+1.31cd 7.90£1.08d
Inje 8.74+0.97bcd 10.96+1.15b
Jeongseonl 11.89+0.22a 8.59+0.51cd
Jeongseon? 6.48+1.39d 7.53£0.40d
Cheorwon 9.17+1.35bcd 13.83+1.26a
Chuncheon 8.04+1.48bcd 8.85+1.08cd
Hwacheon 8.98+1.07bcd 10.07£1.11bc
Wheongsung 9.96+0.16abc 10.92+1.19b
Mean 8.81 10.19
C.V(%) 17.35 17.20
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Table 14. Content of Volatile oil of perilla collected in Kyunggi-do.

Before_flowering time On_flowering time
Habitats Volatile oil Content Volatile oil Content
(mg/dry teaf g) (mg/dry teaf g)
Kapyong 11.78+1.55a 11.26+0.37a
Yangpyung 10.20E1.04a 10.98F0.59a
Yeoju 9.95+0.43a 11.71+0.39a
Yonchon 9.25+1.89%a 10.54+0.53a
Pochun 9.15+1.97a 11.49+0.96a
Mean 10.06 11.20
C.V(%) 10.53 4.08
o 3

SA9e FAEEMe] WFY ARdEFe vad A3(E15), HEHd
[<]

0
i B2mg o= A ATF
i

_'(_)I_
10.85mgo. 2 SATHFo] 1260mgl. 2 H=Pil YT FHFo] 8.69mgl =

A FHE =79 st BEd ARTES W 1046mglw A9
o frojates AARHA Fdnh Myl g ARTFEFES F4h AE, o, 3
SR Fo] 247+ 1250mg, 12.24mg, 11.37mg, 11.35mg o2 =il A H, opaks:
39mg# 8.17mg 2 FUTHIELS).

Z}
Zo] Zt7t 9

Table 15. Content of Volatile oil of perilla collected in Chungchungbuk-do.

Before flowering time On flowering time
Habitats Volatile oil Content Volatile oil Content
(mg/dry leaf g) (mg/dry leaf g)
Danyang 8.31£2.39a 8.69+2.26b
Okchon 8.29+1.40a 11.27£0.66ab
Umsung 10.16+2.81a 12.60+0.84a
Mean 8.92 10.85
C.V(%) 12.07 18.32
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Table 16. Content of Volatile oil of perilla collected in Chungchungnam-do.

Before flowering time On_flowering time

Habitats Volatile oil Content Volatile oil Content
(mg/dry teaf g) (mg/dry leaf g)
Dangjin 9.42+1.82a 11.35+0.91a
Buyu 12.03%x3.64a 11.3/F1.17a
Sochun 9.42+4.26a 9.39£0.59b
Asan 7.71+1.13a 8.17+0.98b
Chungyang 12.24£0.40a 12.24+0.40a
Kumsan 11.94+1.37a 12.50£0.69a
Mean 10.46 10.83
C.V(%) 17.92 15.69

ARAD £0% 549 ASA HRH ARFLe FF 1122mg

WaEd AaetEe Pt 1074mg o2 nFFHFo] 1405mgo 2 w3k, FES
AZo] 850mg o2 W (E17)

AGAY F71E 49 Msd Wy AFdHS H7 1018mgoe=2 1E,
R Eo] zHzt 12.74mg, 1244mg o2 =¢ka, T2 9o §oxrt 1A 5

=
Aokt JhErl el M AREEe W 945mgel o

o] 12.80mg¥ 11.94mgo & =k, =33 Fo] 6.16m
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Table 17. Content of Volatile oil of perilla collected in Chonlabuk-do.

Before flowering time

On flowering time

Habitats Volatile oil Content Volatile oil Content
(mg/dry teaf g) (mg/dry teaf g)
Gochang 16.16+£3.84a 14.05+1.21a
Muju I1.856x1.01b 10.76%0.45b
Buan 9.88+1.47b 11.01£0.77b
Sunchang 10.80+1.78b 10.11+0.64b
Jangsu 8.87+£3.32b 8.50+0.25¢
Jinan 9.75+1.21b 9.98+0.65b
Mean 11.22 10.74
CV(%) 23.40 17.19

Table 18 Content

of Votatile oil of

Before flowering time

perilla collected in Chontanam—do.

On flowering time

Habitats Volatile oil Content Volatile oil Content
(mg/dry leaf g) (mg/dry leaf g)
Gangjin 10.25+2.83ab 8.90+0.93b
Goheung 12.74+1.672 9.02+1.41h
Damyang 8.78+0.76b 8.13+0.42b
Besung 3-:80=073b 1-04+1-00a
Suncheoun 8.12+1.44b 6.15+0.37c
Jangseong 10.11+1.01ab 9.18+0.40b
hampyung 12.44+2.96a 12.80+0.68a
Mean 10.18 9.45
C.V(%) 17.84 23.92
BEAA 1S e WFAY ArdEs vud 23(E19), sk it
867mgel Ao, A3t Folate= AR A Fokrh Ay e WwFd B
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Table 19. Content of Volatile oil of perilla collected in Kyungsangbuk-do.

Before flowering time On flowering time
Habitats Volatile oil Content Volatile oil Content
tmg/dry—teafg) tmg/dry—teaf g
Munkyung 9.76+1.29a 7.52%0.24c
ORgWa 2241064 10560824
Sangsu 9.26+2.88a 9.50+0.62b
Youngjoo 9.81+2.34a 9.58+0.53b
Yecheon 8.38+2.40a 10.79+£0.41a
Chungdo 7.60%0.35a 10.67£0.07a
Mean 8.67 9.77
C.V(%) 12.83 12.67

Table 20. Content of Volatile oil of perilla collected in Kyungsangnam-do.

Before flowering time On flowering time
Habitats Volatile oil Content Volatile oil Content
(mg/dry leaf g) (mg/dry leaf g)
Yangsan 8.34+1.74b 9.44+0.58b
Ulsan 8.05£2.99b 5.13+£0.60d
Jinju 11.91+1.86a 9.70+0.57b
Changnyong 12.31£1.28a 12.67+£0.53a
Hamyang 8.33+1.64b 6.61+0.81c
Hapchun 11.44+0.16ab 9.52+0.69b
Mean 10.06 8.85
C.V(%) 20.07 29.90
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Table 21. Comparison of growth characteristics of perilla collected in four
habitats.

Ratio No.of . 1,000
Days from . Pant No. of | L . ] panicle .
- N of - - No—of —No.of pods gTai
Habitats sowing to height  inter . length .
' ngth/ branches panicle  per weight
flowering ) (cm) nodes . (cm)
Width panicle ()

Gochang 131.4b 1.21a  146.7b 18.0a 10.3b 24.3a 30.7b  6.3b 2.1b
Goheung 142.1a 1.16a 137.3b 18.0a 13.0a 18.3a 273b  4.8c 3.2a

Yangyang 124.7¢ 1.20a 171.7a 17.0b  14.0a 38.7a 38.3a 6.5b 1.8¢
Jeongseon2  119.7d 1.20a 162.7a 16.7b  12.7b 29.3a 42.3a 8.2a 1.8¢
Mean 129.7 1.19 154.6 174 12.5 27.7 34.7 6.46 2.22
C.V(%) 75 1.9 10.0 3.9 12.6 31.21 19.8 21.6 29.9

AFEE 1] Ao £33 4

N

1 £o= S7io Wk AR3rEEe st ol

IT:

11.19mgeol A 3L, 7H8}7]+= 7.70mgo] A THIE22).

Table 22. Content of Volatile oil of perilla collected in Chejoo-do.

Before flowering time On flowering time
Habitats ) . ) )
Volatile oil Content Volatile oil Content
(mg drv_leaf g) (mg dryv_leaf g)
Jejoo 11.19+0.99 7.70£0.85
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of o]&stAtt. FFoAFE o2, AuF B J|EtHE] =
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oA Y ARFE 2AREY FF £9F B F 4990 A9 3=
MZb HEE 3 AE A B 2AE 4E6 AAY 45, A9ES 2
A%, vt g 2AbsHe,

WY AR gAY #

A& equilibrium headspace #A1¥ 3 GC/MS(gas
q

(volatile oil)9]

Ho

chromatography/mass spectrometry)S o83ttt #3A A
F%2 Likens and Nickerson 3¢ & 357 57 F5 %A (simultaneous
steam distillation and extraction apparatus)Z 7l %3k Schultz%(1977)¢] ¥H o
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Headspace W< ©|1] o8] Fu A& o= SDEW, &9 F=9H 54
oL AlgA R 4 9 8 AR F#H7F rEstar JEde] Fld HE Ao
(Wilson et al., 1992, Kim et al., 1999). 53], ¥&3 &2 A= 37 AE
L trichomeo] A do 7 T4 AFX ZTor ZAo] &AL Hix gy agz
K EE o] headspace el ©& wAo] wjg- &oldk S 7HA A Ak whebA
2 AF A= headspace HE A AL £ AFEsIA

= FHF =74 19%9 AsdE FHAIED, F FHEoRE
perillaketone, beta—caryophyllene, elemicin, perillene 52 = vttt =3
< 100 -5 1079 74x], 28] 109, 110, 112, 113, 115, 116, 118, 119, 122¥ 9]
FAE-LS perillaketone &2 H 65%°] 43S XAt UAUTHFE4L), FHE HIE
108 W2 beta—caryophyllene® elemicine FA o2 31, F Aol 81%°|4t
S AAE L JAFTHEL). FFH HIE 1144 beta*caryophylleneiﬂr perillene$
FATORE SHa, 7 Aol 76%E AL AATHEA).
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EAZAAE = o, Sl AuiEs S0 ARdES A 52 =HE AA

7F FAEo]l  perillaketoneol A1=HI(,  2005), T FHZFT  E7A

(8]

=
perillaketone ¥4t o}lU2} beta-caryophyllene, elemicin, perilleneS FAIE S 2
st FRF 277 2= A

i
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Table 1. The contents of volatile components in leaf of perilla in China

by headspace analysis.

Mean of GC area %

Comuponents
2 o

R.T. 100° 101 102 103 104 105 106

hexanal 69150 00T 0 002 0 0
trams—2—hrexermt 85— ——0-2F—6-36—— —b
alpha-pinene 10991 0 0 0 0 0 0 0
1-octen-3-ol 12247 142 156 745 683 275 153 178
benzladehyde 1239% 0 0 012 033 0 0 0
beta-pinene 1257 009 014 01 012 008 006 007
6-methyl-5-hepten= 19460 0 0 0 0 0 0
2-one

3-octanol 12758 0 0 015 021 0 0 003
limonene 14.173 0 0 0 0 0 0 0
rosefuran 16.269 0 0 0 0 0 0 0
delta-3-carene 16334 105 17 16 138 054 047 079
perillene 16481 282 16 053 112 022 045 055
anisole 16.741 0 0 0 0 0 0 0
camphor 18722 004 007 021 005 029 016 019
unknown 19.929 0 0 0 0 0 0 0
perillaketone 21583 66.78 60.41 60.48 57.21 87.44 6636 050
perillaldehyde 22902 011 004 005 0 0 0 0
egomaketone 93037 845 1302 844 1133 122 1032 1244

isoegomaketone 23255 836 13.82 898 1346 063 14.19 11.35
beta-caryophyllene 27.145 8.38 3.92 448 226 1.92 517 3.68

trans—beta—farnesene 27.248 0 0 3.3 0 0 0 0
alpha—humulene 2814 037 012 027 0.03 014 018 0.04
alpha-bergamotene 28.266 0 1.7 0 0.96 0.22 0 0.82
germacrene-D 28.863 0.86 034 065 024 0.12 0.08 0.25
myTristicin 29.932 0.03 0 0 0 0 0 0
elemicin 3037 0 0 0 0 0 0 0
others 124 156 282 411 441 1.03 199

* : Accession number
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Table 1. continued

Mean of GC area %

o +
TCOMPOoCeTsS

T

R.T. 107 108 109 110 112 113

hexanal 6.915 0 0.02 0
trans—Z2-heXenal 3041 U U U U U
alpha-pinene 10.991 0 0 0 0 0 0
1-octen—-3-ol 12.247 1.3 438 187 053 1.3 1.83
benzladehyde 12.396 0 0 0 0 0 0
beta—pinene 12.57 0.02 0 0.1 0.06  0.09 0.2
6-methyl-5-hepten-

12.662 0 0 0 0 0 0.02
2-one
3-octanol 12.758 0 0 0.02 0 0 0.02
limonene 14.173 0 0 0 0 0 0
rosefuran 16.269 0 0 0 0 0 0
delta-3-carene 16.384 0.5 0 1.06 087 035 172
perillene 16.481 0.38 0 486 055 029 204
anisole 16.741 0 0 0 0 0 0
camphor 18.722 019 058 014 006 024 019
unknown 19.929 0 0 0 0 0 0
perillaketone 21583 74.82 08 60.77 62.36 61.6 61.13
perillaldehyde 22.902 0 0 0 0 0 0.06
egomaketone 23.037 9.18 0 947 1432 1479 887
isoegomaketone 23.255 8.77 0 9.07 1419 1566 15.37
beta-caryophyllene 27.145 312 5868 929 557 3.13 3.67
trans—beta—farnesene  27.248 0 4.46 0 0 0 0
alpha—humulene 28.14 006 327 044 038 0.07 013
alpha—bergamotene 28.266 0.41 1.24 0 0 0.51 1.99
germacrene—D 28.863 0.15 0.56 1.06 0.06 0.36 0.4
myTristicin 29.932 0 2.19 0 0 0 0.26
elemicin 30.375 0 23.04 012 0 0.02 0
others 1.10 0.75 1.71 1.05 1.59 2.10

+ : Accession number
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Table 1. continued

Mean of GC area %

OmPONENTs RT. 114" 115 116 118 119 122
hexanal 6915 1.11 0.4 0 0.4 0 0.2
trans-2-hexenal 8541 0.85 0 0 0 0 0
alpha-pinene 10.991 0 0 0 0 0 0
1-octen—-3-ol 12.247 479 2.03 0.91 2.03 1.87 0.93
benzladehyde 12.396 0 0 0 0 0 0
beta-pinene 12.570 0 0.17 0.12 0.26 0.1 0.15
6-methyl-5-hepten—
9-one 12.662 0 0 0 0 0 0
3-octanol 12.758 0 0 0 0 0 0
limonene 14.173 0 0 0 0 0
rosefuran 16.269 0 16.09 0 15.19 0 0
delta-3-carene 16.384 0 0.26 1.19 0.26 1.26 1.14
perillene 16481 38.72  0.77 0.4 0.79 4.96 1.00
anisole 16.741 0 3.4 0 2.9 0 0
camphor 18722 0.96 0.63 0.18 0.58 0.14 0.12
unknown 19.929 0 0.02 0 0 0 0
perillaketone 21583 149 7151 66.09 70.01 6083 69.09
perillaldehyde 22.902 0 0 0 0 0 0
egomaketone 23.037 317 0 8.01 0 9.37 8.01
1soegomaketone 23255 1.66 0 13.51 0 9.07 8.49
beta-caryophyllene 27.145 37.67 1.01 7.35 2.51 8.29 7.35
trans—beta—farnesene 27.248 0.5 0 0 0 0 0
alpha-humulene 28.140  0.39 0.02 0.74 0.21 0.24 0.60
alpha-bergamotene 28.266 3.15 0.2 0 0.36 0 0
germacrene-D 28.863 0 0.19 0.15 0.39 1.03 0.29
myristicin 29932 16 0.45 0 0.30 0 0
elemicin 30.375 0 0 0.03 0 0.15 0.03
others 3.94 2.85 1.32 2.95 2.7 3.32

* : Accession number

- 101 -



L 318 5

T THE 57019 headspace Hell ol AFAE #A4E& IR T8 A
A el o &8s ERE AA @ A3 BT A 7HA typel®E R
T AATHEED).

Perillaketone2 FAE o2 3= PK Typed, beta-caryophyllene® elemicin
S FAHAR o7 3+ BE Type, 183l beta-caryophyllene¥} perillenes T4 &
O % 3t BP Typel® 7% 4 AUTHEES). PK Typed #HJFEL Ul
FHE 57 Huh= perillaketone $FHo] 65.9% 2 YA WF 3 Jl 9] typel® EF
Hol s RF Y F23 Aol gl Aoz Bk BE Typed BP Typed]

T3 F 5L beta—caryophyllene®} elemicin®] &3o] 81.7%, beta- caryophyllene
3} perillene®] $r#Eo] 76.4% 2 = 749 FH A E< perillaketonedF S A
TokA] g AR TR BE3 & e TheAS HIt(E3). A4
2 PK Type 1170, BE Type< 17§, BP Type®= 9A] 1719 35S &7
/~ o](ﬂq_

|

Table 2. Classification of chemotypes according to the contents of major

volatile component of perilla in China.

Chemotypes Major component
PK Type Perilla ketone
BE Type Beta-caryophyllene, Elemicin
BP Type Beta-caryophyllene, Perillene

Table 3. Chemical composition of three chemotypes based on volatile
composition of perilla in China.

]\/[Qﬂﬂ r\F (‘(‘ area 0

Vet

Components PK Type BE Type BP Type
Perilla ketone 65.9 - -
Beta-caryophyllene - 58.7 37.7

Elemicin - 23.0 -
Perillene - - 38.7
65.9 81.7 76.4
4. AR FYF BN AR B4 oY B
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& S/Mol A headspace WS ol&3ste] AFAE £4& AN A3
T B perillaketone, beta-caryophyllene, myristicin, limonene® &
A HAWH3E 132H 7 13812 perillaketoneo] FAECZ U
AE7 Hol7b g, FHAHE 1381 FAHEo] perillaketone <! H,
egomaketone¥} isoegomaketonedt#o] wE AERT A YElyt. ojARe
mevalonic pathwayZ W (appendix 1), E-citralo] $AFdA G20 <&l
egomaketoneo] FAH L, thA] AAFHA I AAFAA dol ofsjA Az
perillaketone™} isoegomaketone® & ¥4 ¥ tH(Nishizawa et al., 1989; Koezuka
et al., 1986). WE}A egomaketone¥ isoegomaketoned perillaketone® #Z& A
oz B perillaketoneo] °F 90%7F ¥ o] HAl =l F=HF S/ Aol7t
Aotz Er} 3 WHE 133, 134, 136 28 139HE  perillaketone,
beta-caryophyllene, myristicing FA4ES=Z o529 A7} 90% o] o] o
T FRHIFHE AR A AolE B 53], AU F5 T AL SR
S 1403 141 AlEo)t}. o] 52 perillaketone®] $1= ™Al limonene ©] 60%
olAto & eyt ow thE AEES Y perillaldehyde oF 8-19% AE FA 5
o] 9ddtt o471 %E Al mevalonic pathwayoll Al ¥ o geranyl pyrophosphate
ol A ¢4 2= Hel 93 limonene®] $4 % 1l limoneneol 4 perillaldehyde”}
g4 ® vk (Nishizawa et al, 1989; Koezuka et al., 1986). w2}A perillaldehyde
8-19%+ limoneneol A A H AJS & 4 Q)

Sholl Al A3 T F=HF 59 elemicin(F4)I IE FFF9 myristicin
<2 Shikimic pathwayE &3t A= =dl(appendix 1), elemicin
methyleugenolol| A A -F- 2 Eoll &JalA] 3= i
of o FHE= ASE Hol T FFT 5/ FHHE 1081 ¢4 4
Z7F #oste] elemicine #$AdsHa, 48 FHF E7 A E 133, 134, 136 1
Y 139He dAA FA4AA7E #Ee] myristicing 4TS & £ AT

(Nishizawa et al., 1989; Koezuka et al., 1986).

myristicine @A FH A} e

il

y
= 4

(¢
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Table 4. The contents of volatile components in leaf of perilla in headspace

analysis.
Mean of GC area %

Components 1 1 ")f')". 129 124 120 12 120 120 140\ 144
hexanal 6.915—123 0 0 014 0 0 0 0 0
trans—2-hexenal 8541 1.22 0 0 0 0 0 0 0.57 0
alpha—-pinene 10.991 0 0 0 0 0 0 0 577 397
1-octen—-3-o0l 12247 119 358 616 29 134 095 415 276 4.69
benzladehyde 12.396 1.36 0 0 0 0 0 0 0 0
beta-pinene 12.57 0 0 0 0 0.06 0 0 375 285
6-methyl-5-hepten—2

12662 0 0 0 0 0.07 0 0 0 0
-one
3-octanol 12.758 0.39 0 0 0 0 0.08 0 0 0
limonene 14173 0 0 0 0 0 0 0 62.21 61.03
rosefuran 16.269 O 0 0 0 0 0 0 0 0
delta-3-carene 16.384 0.52 0 0 048 06 083 0.8 0 0
perillene 16.481 0.33 0 0 0.04 0.03 0 0 0 0
anisole 16.741 0 0 0 0 0 0 0 0 0
camphor 18722 1.36 0 0 0.15 0 0 0 0 0
unknown 19929 0 0 0 0 0 0 0 0 0
perillaketone 21.583 69.35 49.18 33.51 40.68 67.47 92.56 38.95 0 0
perillaldehyde 22902 0 0 0 0 0 0 0 188 7.84
egomaketone 23.037 125 229 061 0 866 027 1.1 0 0
isoegomaketone 23255 214 207 131 0 1279 022 1.3 0 0
beta-caryophyllene 27.145 202 32.01 34.95 29.05 4 3.18 28.18 332 10.7
trans—beta-farnesene 27.248 0 0 0 0.15 0 0 541 0 0
alpha-humulene 2814 011 093 135 15 021 014 1.11 0 0
alpha-bergamotene 28266 064 141 138 178 181 073 15 051 198
germacrene-D 28.863 0.17 0 0 034 034 015 04 0 0
myristicin 29932 0 7.84 20.11 22.02 108 0.12 16.65 038 6.95
elemicin 30375 0 0 0 0 0 0 0 0 0
others 6.01 069 062 077 154 077 107 193 -

* : Accession number

1}, 33

o
M
S

Headspace #4432 EUz A 7FA typelZ EFT F YATHEEDL).
Perillaketone o

+ PB Type, limonenes T2 3t L Typel
2 53 4 Addt. PK Type perillaketone®] 765% = =W F=3F E73
=S < =

591, PB Typerx perillaketone®} ©T]& o]
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beta-caryophyllene®} myristicing §-3te] 87.3%9 ZAS EAth L Types
limonene®] 61.6%% perillaketone®] 3$HF3¥ XA &2 zo]lE HT ZAyHow
B F=3ZF 57 9Fd A PK Typed 370, PB Type& 471, L Typed 2719
q

BN
ARz 0] TE typed 7 & AATHEES).

[e]

r—1u:r

Table 5. Classification of chemotypes according to the contents of major

volatile component of perilla in Japan

Chemotypes Major component
PK Type Perilla ketone
L Type Limonene

Table 6. Chemical composition of three chemotypes based on volatile

composition of perilla in Japan.

Mean of GC area %

Components PK Type PB Type L Type
Perilla ketone 76.5 40.6 -
Limonene - - 61.6
Beta—caryophyllene - 30.1 -
Myristicin 16.7
76.5 874 61.6

) Fw 2RE S0 AREE B

F3 59F 509 ARFFS ASAN A2 o] B = (ED),
Astael Bt dwel 150mg, Na1el BitdFol 146mgoi eksh 197)
A% F A4 B F9e 2 AL A 199mg, As7l0] 199mgo R 57
WE 110Mel93, 14 G gae wel 2L Asdel 8lmg, Ms71e] 81mg
om FAME 108Wl Atk FRAoE % W AAN A AfFFe
F Aol oA W)
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Table 7. Content of volatile oil of perilla collected in China.

Before flowering time

Flowering time

A s AL 1
ACCCSSIONT INUIITDTT

¥

Volatile oil Content
(mg/dry leaf g)

‘Votatile oil Content

(mg/dry leaf g)

100 19.0£0.04 abc 18.6+£0.19 bc

101 10.0+0.18 ¢ 9.4+0.65 ]

102 11.3£0.27 jk 10.6£0.37 1

103 11.6+0.30 j 11.4£0.34 hi

104 10.3£0.40 kl 10.5+0.51 jj

105 18.7£0.25 bc 18.3+0.12 bc

106 16.8+0.24 e 16.3£0.24 e

107 17.3+£0.43 de 16.8£0.42 de

108 81+1.24 m 81+1.03 k

109 13.8+0.28 hg 13.5+0.48 ¢

110 20.0£0.18 a 19.9£0.21 a

111 18.9+0.47 abc 19.0£0.27 ab

113 18.0+0.21 cd 17.5+0.18 cd

114 15.0£0.09 f 149+ 047 f

115 14.6£0.48 fg 14.2+0.55 fg

116 11.8+0.70 ij 11.4+0.19 hi

118 19.5£0.48 ab 19.3£0.37 ab

119 12.8£0.87 hi 12.2+0.43 h

122 17.2+£0.28 de 16.6£0.46 de

Mean 15.0 14.6

CV(%) 2.60 2.66
+ : Accession number
U dE FEA AR g 4

??]_L THS = o‘lT;: o= Tl.—"l:_ = aro), \Ol_.—n B3 Ol
159mg/g, /Nst7lol 13.6mg/gel TFS BAY. 42 F1EAN F 9% F+ 71F
=2 AFdEFe el A% Mstdel 21.3mg/g, MeH7lel 21.2mg/ge] 3
S H FXHSE 138¥Holx, /M ve AFEES BA AT A
10.4mg/g, 7N38t71l 10.4mg/go = W5 13280
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Table 8. Content of volatile oil of perilla collected in Japan.

Before flowering time Flowering time
Accession Number Volatile oil Content Volatile oil Content
(me/dryleaf o) (me/fdryleaf o)
132" 10.4£0.54 e 10.4+0.50 d
133 1804051 b 16.6+0.85 e
134 14.9£0.40 ¢ 14.320.34 b
136 21.3+0.64 a 21.2+0.36 a
137 21.2+0.79 a 20.3£0.76 a
138 13.2+0.39 d 13.1+0.33 bc
139 18.2+0.61 b 10.9+0.50 d
140 12.8+0.66 d 12.5+0.52 ¢
141 13.3+0.18 d 12.9+0.18 bc
Mean 15.9 13.6
CV(%) 3.27 3.54

C_A . 1
1— - ACCESSIONT TIUIHTDTT

6 ==, IE T A IEA AW S AT

b FE FUE B9 A5 AN A% 54

i

Headspace ¥} SDE F+% A¥E EUZ 50|14 IS 7I dEAM 55
o1

Ads fa T FHF B 195 2 F4F = 959

* SAS AR THGERI).

A7) 15em7F Hv= d& FH Ao 7Y AR AL APt W
& 108 beta—caryophyllene®} elemicing FAE(E1DO R 3= AFoz A
SEANS B AEsET) 11w FiF 823 By =L S22 wodm, A
7o A F dHe 163viEt @ 290t FH¥ME 114&

beta-caryophyllene®} perillenes FAE(¥4)0. 2 3= ATz AF357) 98
2 EHaEY 52 FXE B3, MAT A d5E 18ulE Fv Ry =9
SRS 101, 105, 118, 11992 wmlo¢= 2 99 AITEH F3ldh 2o]lE Ho|

T
Ax AR AGE vhosk 4552 BF wvk A 2 olRe vt
wed wal Qg wgstel Ast W AGAF NP oE FRh £
WE 108M T 114M e A 7470] 79 FE2 H =g FAME 108He] F3
ME 1149 wok ASAE thh 2o} AG 357 23] o wekeh

D7 pAom w3 294 AL MEdA oE AY wmHW FU wEY
$E BAE AAsY] 99 @ goz A AKIIHS Fokol 235 AR 3
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Table 9. Growth characteristics of accessions from China as vegetable perilla.

Accession EIEEE 1r1]teﬂr(1‘1£)£1 ¢ ﬂ:F?Eiln No. of No. of picking S{\leld
Number (cm) B (C%) . Hdays&’ picking 1internodes Interval Ptllaﬁt
100" 76.0g 5.4hig 43 h 7Tg 20.0 £ 6.1 k 140 g
101 62.8] 6.7de 35 5.3 207 d 70 ¢ 100 i
102 87.9e 4.4k 43 h 9e 203 e 48 n 180 e
103 87.7e 4.11 40 i 9e 20.0 £ 44 o 180 e
104 81.6f 5.0j 33 k 8 f 193 h 41 p 16.0 f
105 66.61 10.7a 45 g 4] 197 ¢ 11.3 b 8.0 ]
106 87.3e 4.3kl 43 h 9e 220 a 48 n 180 e
107 100.9¢ 4.01 56 d 11 ¢ 210 c 511 220 c
108 101.2¢ 5.9fg 74 b 11 ¢ 210 ¢ 6.7 g 220 ¢
109 95.5d 4.21 74 b 10 d 210 ¢ 74 d 20.0 d
110 82.9f 4.9ijk 53 e 8 f 17.0 i 6.6 1 16.0 f
111 113.9b 74c 97 a 14 b 220 a 6.9 f 28.0 b
113 116.0a 6.9cd 97 a 15 a 210 ¢ 6.5 j 30.0 a
114 100.1c 5.6fgh 63 ¢ 9e 20.0 f 70 e 180 e
115 76.0g 5.2hi 35 ] 7g 220 a 50 m 140 ¢
116 69.6h 6.2ef 40 1 6 h 213 b 6.7 h 12.0 h
118 65.21] 7.2cd 35 ] 51 203 e 70 e 10.0 1
119 65.21] 10.1b 46 f 4] 213 b 115 a 8.0 ]
122 63.7k 10.2ab 40 1 4] 193 h 10.0 ¢ 8.0 ]
Mean 84.2 6.2 52.2 8.2 20.5 6.8 16.3

t : Accession number

Table 10. Growth characteristics of accessions from China as vegetable

perilla.
Accessio Ratio of Ratio of Yield/Plant No. of No. of %Ig&e(r)f
nNumber Length/Widthl Length/Width2 picking branches nodes
102" 112 b 113 ¢ 69.3 ab 20a 140 ab 203 a
108 1.26 a 1.26 a 460 b 20a 127 b 210 a
114 121 a 1.20 b 849 a 20a 173 a 203 a

+ : Accession number

O Q8 FAEe A AN A% 54

AR 2HE Solo) da NSy ExowAe EXS 2AF A ¥

ol e} o] thE AlEel s FHHT 140 141HLS AA7I7, AFsle, 2
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MAG G 2ol limonened AE7/ FFow 7ftd 71x7F =tk Azt
st} S o] AFELS o] 33-3dem=E #1, vl dol® 26-2.7cmolH A Y
713ko] 90 o FelojA AEA FFol JHAoF & F2 AS554S AU dd
a B

Table 11. Growth characteristics of accessions from Japan as vegetable

perilla.
. Plant internode Total . Yield
Acosion WER UL ine Mool Moo piong L
umbe (cm) (cm) days PICKINg ernodes crva Plant
132' 86.0b 5.3b 35.0d 5.0b 14.0e 7.0d 10.0b
133 86.6b 5.8ab 22.0e 4.0c 15.0d 5.5e 8.0c
134 86.6b 5.25b 56.0b 5.0b 18.0a 11.2a 10.0b
136 76.8¢ 5.3b 22.0e 4.0c 14.0e 5.5e 8.0c
137 86.8b 5.4b 46.0c 5.0b 18.0a 11.2a 10.0b
138 39.3d 5.06b 4.0f 2.0d 11.0f 2.0f 4.0d
139 104.4a 6.3a 46.0c 5.0b 17.7b 9.2b 10.0b
140 33.2e 2.6c 94.0a 12.0a 17.0c 7.8¢c 24.0a
141 33.9e 2.7c 94.0a 12.0a 17.0c 7.8¢c 24.0a
Mean 83.6 5.6 46.6 6.0 15.7 75 12.00
t : Accession number
o A" dEA AT kst B st
DPPHH o= &itslgAd s A3t Z3(E 12), Perillaketoneo] 4120 3
M35 1029 beta—caryophyllene®} perilleneo] FA4 82 =dHE 11494 191
25 E T limonene®] T FHHE 140 7 1419 9] gk 3

2

3} 24& Bt
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Table 12. Antioxidant activity of the selected chemotypes from China and

Japan accessions.

RCso (ug/me)

Fractionation BN L N L.
1U 1143 13U 131
MeOH extract > = = =
Hexane laver 42 a0 40 a0
EtOAc layer 4 3 2 2
BuOH layer 52 32 8
Aqueous layer 80 70 28 22
—tocopherol 8 8 8 8

Tl kA 1+ Staphylococus aureus, Bacillus  subtilis®t 13 &4 9]

Escherichia coli, Salmonella typhimurium, Klebsiella pneumoniaS ©]-&3}o] 3
HAE H1A4e AAS Ayes % 13-1694 Be 3P 2o Fa-HETA 1029
S g% ¥ATrel Staphylococus aureus A £E FAHES UeyonH
EFRAEA 14037 1412 dxrEol A Staphylococus aureus ©| £ A4

LHER 21T

Table 13. Antibacterial activity of the selected accession numbers in 102.

Extract and MIC (pg/ml)

) Bateria strain(+) Bateria strain(-)
fraction Sa B.s St K.p Ec
MeOH 1000 >1000 >1000 >1000 500
EtOAc 250 500 1009 500 1000
BuOH 125 1000 100 1000 1000
Water 500 >1000 >1000D >1000 1000

Table 14. Antibacterial activity of the selected| accession numbers in 104.

Extract and MIC (pg/mb)

i Bateria strain(+) Bateria strain(-)
ST BS ST KD T
MeOH 250 >1000 >1000 >1000 500
Hexane 500 >1000 1000 500 500
EtOAc 250 1000 1000 500 1000
buOH 510[0) 1000 1000 1000 1000

Water 500 1000 100D 1000 1000
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Table 15. Antibacterial activity of the selected accession numbers in 140.

Extract_and MIC (pg/ml)

. bateria strain(+) bateria strain(-)
fraction B < T =

O.d D.S .U N.D E.C
MeOH 1060 1000 100p 1000 1000
Hexane 250 1000 10040 500 1000
EtOAc >1000 1000 500 500 >1000
BuOH >1000 1000 >100D >1000 >1000
Water >1000 1000 >100D >1000 >1000

Ta}'\lp 16 _Antibacterial actisatsz of the colocted khecocciaon numbere 10 141

Extract and MIC (pg/me)

) Bateria strain(+) Bateria strain(-)
fraction S.a B.s St K.p Ec
MeOH >1000 1000 >1000 1000 >1000
Hexane 500 1000 100Q 500 >1000
EtOAc >T000 500 TO0p 500 1000
BuOH 1066 1066 100p 1066 1066
Water >1000 >1000- >100D 1000 >1000

The MIC values against bacteria and fungi were defermined by the serial 2-fold
dilution mrthod. The growth of the bacteria was evgluated by the degree of turbidity

of the culture with the naked eye, and the sporegermination of fungi was examined

under_a IMicroscope.
S.a © Staphylococus aureus. B.s: Bacillus subtilis. S.t © Salmonella typhimurium
K.p : Klebsiella pneumonia E.c: Escherichia coli. — . >1000
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Appendix 1. Proposed biosynthesis pathway for the. constituents of Perilla
frutescens (modified from Koezuka et"'c?f,h1986a, b, ¢; Nishizawa
et al., 1989).
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Appendix 2. The contents of volatile components in leaf of perilla in China by
GC-MS analysis.

Mean of GC area %
Components - oot B 0o 109 104

™ T TOU 101 TU TOUO TUT 10"._1 106
hexanal 10.519 0 0 02 0 6:02 0 0
cis—3-hexenol 18.816 0 0 0.1 0 0.12 0 0
trans—2-hexenal 19.428 0 0 0.3 0.4 0 0 0
alpha—pinene 19.588 0 0 0 0 0 0 0
1-octen-3-ol 24.222 1.6 1.6 75 6.5 2.5 1.6 1.6
benzladehyde 26.565 0 0 0.1 0.3 0 0 0
beta-pinene 26.994 0.2 0.2 0.1 0.1 0.1 0.0 0.1
0 methyl5hepten~2= 59571 o 0 0 0 0 0 0
3-octanol 31.120 0 0 0.2 0.2 0 0 0.0
limonene 32.948 0 0 0 0 0 0 0
phenylacetaldehyde 34.868 0 0 0.1 0.1 0 0 0.0
alpha-terpinolene 42.897 0.0 0.0 0 0 0.0 0.1 0
linalool 43.794 0 0 0 0 0 0 0
rosefuran 44.360 0 0 0 0 0 0 0
delta-3-carene 45.806 1.3 1.7 1.6 1.4 05 0.5 0.6
perillene 47.097 2.8 1.7 05 1.1 0.2 0.4 0.6
anisole 48.543 0 0 0 0 0 0 0
camphor 50.411 0.0 0.1 0.2 0.1 0.1 0.2 0.2
unknown 50.829 0 0 0 0 0 0 0
perillaketone 52.023  66.8 604 615 57.2 86.4 654  66.0
perillaldehyde 52.263 0.1 0.0 0.1 0 0 0 0
egomaketone 52.474 9.3 12.1 77 11.0 1.2 11.1 118
isoegomaketone 52.646 8.2 13.6 9.0 12.4 0.6 132  11.2
beta-caryophyllene 53.817 7.4 39 4.8 3.2 1.9 5.3 4.7
trans—beta—farnesene  54.966 0 0 34 0 0 0 0
alpha-humulene 55.800 0.4 0.1 0.3 0.0 0.1 0.2 0.0
alpha—-bergamotene 56.440 0 1.7 0 1.0 0.2 0 0.8
germacrene-D 57.457 0.8 0.2 0.7 0.1 0.2 0.2 0.2
2.5-cyclohexadiene 58.309 0 0.6 0 0.1 0.2 0 0.7
myristicin 58.552 0.0 0 0 0 0 0 0
elemicin 59.312 0 0 0 0 0 0 0
others 1.1 1.9 1.8 4.7 5.4 1.8 1.1

t : Accession number
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Appendix 2. continued

Mean of GC area %

Components +

R.T. 107 105 109 110 112 115
hexanal 10.519 0 0 003 0 0 0
cis=3=hexenal 18816 0 0 0.01 0 0 0
trans—-2-hexenal 19.428 0 0 0 0 0 0
alpha—-pinene 19.588 0 0 0 0 0 0
1-octen—-3-ol 24.222 1.3 4.4 1.9 05 1.3 1.8
benzladehyde 26.565 0 0 0 0 0 0
beta-pinene 26.994 0.0 0 0.1 0.1 0.19 0.2
6-methyl-5-hepten-2-one 29.571 0 0 0 0 0 0.0
3-octanol 31.120 0 0 0.0 0 0 0.0
limonene 32.948 0 0 0 0 0 0
phenylacetaldehyde 34.868 0 0.3 0 0 0 0
alpha-terpinolene 42.897 0.0 0.0 0 0 0.0 0.2
linalool 43.794 0 0 0.2 0 0 0.2
rosefuran 44.360 0 0 0 0 0 0
delta-3-carene 45.806 0.5 0 1.1 0.9 0.3 1.7
perillene 47.097 0.4 0 4.9 0.5 0.3 2.0
anisole 48.543 0 0 0 0 0 0
camphor 50.411 0.2 0.4 0.1 0.1 0.2 0.2
unknown 50.829 0 0 0 0 0 0
perillaketone 52.023 7.8 0.6 60.1 62.1 66.3 63.1
perillaldehyde 52.263 0 0 0 0 0 0.0
egomaketone 52.474 8.1 0 94 14.3 12.8 7.1
isoegomaketone 52.646 89 0 9.1 14.2 13.7 154
beta-caryophyllene 53.817 31 58.7 9.3 5.6 3.7 3.07
trans—beta—farnesene 54.966 0 39 0 0 0 0
alpha—humulene 55.800 0.1 3.3 0.4 04 0.1 0.1
alpha-bergamotene 56.440 0.4 1.2 0 0 0.5 19
germacrene-D 57.457 0.2 0.6 1.1 0.1 04 0.4
2.5-cyclohexadiene 58.309 0 0 0.5 0.3 0 0
myristicin 58.552 0 2.2 0 0 0 0.4
elemicin 59.312 0 23.8 0.1 0 0.7 0
others 1.1 0.7 1.7 1.0 1.6 2.1

+ : Accession number
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Appendix 2. continued

Mean of GC area %

Components +

R.T. 114 115 116 113 119 122
hexanal 105197 11 04 0 04 0 02
cis=3=hexenal 18816 03 02 0 0.1 0 00
trans—-2-hexenal 19428 09 0 0 0 0 0
alpha—pinene 19.588 0 0 0 0 0 0
1-octen—-3-ol 24.222 4.8 2.0 0.9 2.0 1.9 0.9
benzladehyde 26.565 0 0 0 0 0 0
beta-pinene 26.994 0 0.2 0.1 0.3 0.1 0.2
6-methyl-5-hepten-2-one 29.571 0 0 0 0 0 0
3-octanol 31.120 0 0 0 0 0 0
limonene 32.948 0 0 0 0 0 0
phenylacetaldehyde 34.868 0 0.2 0 0 0 0
alpha-terpinolene 42.897 0 0.1 0.0 0.3 0.0 0.2
linalool 43.794 0 0 0 0 0 0
rosefuran 44.360 0 17.1 0 15.2 0 0
delta-3-carene 45.806 0 0.3 1.2 0.3 1.3 1.1
perillene 47.097 387 0.8 0.4 0.8 3.1 1.0
anisole 48.543 0 34 0 2.9 0 0
camphor 50411 1.0 0.3 0.2 0.9 0.14 0.6
unknown 50.829 0 0.0 0 0 0 0
perillaketone 52.023 1.2 69.8 67.0 70.4 62.5 65.3
perillaldehyde 52.263 0 0 0 0 0 0
egomaketone 52474 3.2 0 8.0 0 94 8.3
isoegomaketone 52.646 1.7 0 13.0 0 8.1 7.6
beta-caryophyllene 53817 36.3 1.3 6.7 2.5 8.3 94
trans—beta—farnesene 54.966 15 0 0 0 0 0
alpha—humulene 55.800 04 0.0 0.7 0.2 0.2 0.6
alpha—-bergamotene 56.440 3.2 0.2 0 04 0 0
germacrene-D 57.457 0 0.2 0.2 04 1.0 0.3
2.5-cyclohexadiene 58.309 0 0.0 0.1 0.1 1.0 0.2
myristicin 58552 16 05 0 0.3 0 0
elemicin 59.312 0 0 0.0 0 0.2 0.0
others 3.4 2.8 15 2.6 2.7 4.1

* : Accession number
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Appendix 3. The contents of volatile components in leaf of perilla in Japan by
GC-MS analysis.

Mean of GC area %

Components RT_ 132" 133 134 136 137 138 139 140 141
hexanal 10519 1.2 0 0 0.2 0 0 0 0 0
cis—3-hexenol 18816 09 0 0 00 O 0 0 0 0
trans—-2-hexenal 19428 1.2 0 0 0 0 0 0 1.0 0
alpha—-pinene 19588 O 0 0 0 0 0 0 59 46
1-octen-3-ol 24222 119 36 62 29 13 10 42 23 39
benzladehyde 26565 14 0 0 0 0 0 0 0 0
beta-pinene 26994 0 0 0 0 01 0 0 37 28
6-methyl-5-hepten-2-one 29571 0 0 0 0 01 0 0 0 0
3-octanol 31120 04 O 0 0 0 02 0 0 0
limonene 32948 0 0 0 0 0 0 0 610 599
phenylacetaldehyde 34868 0 0 0 0 0 0 0 0 0
alpha-terpinolene 42897 0 0 0 0 0 0 0 0 0
linalool 43794 0.1 0 0 0 0 03 0 0 0
rosefuran 44360 O 0 0 0 0 0 0 0 0
delta-3-carene 45806 05 0 0 05 06 08 02 O 0
perillene 47097 04 0 0 00 00 O 0 0 0
anisole 48543 0 0 0 0 0 0 0 0 0
camphor 50411 14 0 0 02 0 0 0 0 0
unknown 50.829 0 0 0 0 0 0 0 0 0
perillaketone 52.023 639 474 332 414 686 915 412 O 0
perillaldehyde 52263 0 0 0 0 0 0 0 190 88
egomaketone 52474 23 24 1.1 0 81 03 12 0 0
isoegomaketone 52646 21 21 131 0 127 02 1.3 0 0
beta-caryophyllene 53817 40 320 349 281 4 3.2 282 34 107
trans—beta—farnesene 54966 0 0 0 0.2 0 0 b4 0 0
alpha—-humulene 5800 01 09 13 15 02 08 1.1 0 0
alpha-bergamotene 56440 07 19 13 17 16 07 14 06 20
germacrene-D 57457 02 0 0 03 03 02 04 O 0
2.5-cyclohexadiene 58309 0 01 0.0 0 0 0 0 01 06
myristicin 58552 0 90 201 220 12 01 143 04 6.7
elemicin 59.312 0 0 0 0 0 0 0 0 0
others 72 06 07 10 12 09 12 18 -

t : Accession number
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Appendix 4. Comparison of growth characteristics of perilla collected from

China.

. Stalk .
Number N0, ofpods | Pamcle | Noyof | dameer  1000gral
100 37.67def 15.0a 525.3¢ 14.9cd 0.16cd
101 32.0fg 13.8ab 154.0g 14.1d 0.2cd
102 43.3bcde 10.3cde 362.0def 16.0bc 0.2cd
103 40.7cdef 11.5bcd 324.0def 15.2cd 0.1d
104 37.3ef 7.8efg 774.3ab 14.3cd 0.3abc
105 35.7ef 6.7¢g 403.7cde 11.5e 0.2bcd
106 52.3a 12.2abcd 259.3fg 14.6cd 0.2cd
107 52.3a 11.8bcd 326.7def 14.2d 0.2cd
108 40.3cdef 10.7cde 503.0c 16.0bc 0.2bcd
109 39.3cdef 13.0abc 650.7b 18.2a 0.2bcd
110 26.3g 6.8fg 333.3def 10.5e 0.2cd
111 48.0abc 10.2cde 453.0cd 15.2cd 0.2cd
113 36.0ef 8.00efg 427.0cde 17.5ab 0.14d
114 49.7ab 11.5bcd 354.0def 15.5¢cd 0.31a
115 46.7abcd 15.1a 302.7ef 14.1d 0.1d
116 34.0fg 7.67efg  395.0cdef 15.2cd 0.1d
118 38.3def 9.8def 346.0def 14.8cd 0.1d
119 54.3a 9.2defg 839.0a 15.0cd 0.3ab
122 33.7fg 7.8efg 692.3b 18.0bc 0.2d
Average 41.0 10.5 443.4 14.5 0.2
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Appendix 5. Comparison of growth characteristics of perilla collected from
China.

Ratio of Days from  Plant No. of No. of No. of

N
Width  flowering (cm) nodes ranches — panicles
100  1.2defgh 163.0b 213.3fg 20.0cde  14.7bcde 119.7a
101 1.1ghij 163.0b 211.7fg 20.7bcd _ 13.3cdef 78.0abcd

102 1.1fghij 163.0b 239.0bc 20.3bcde 10.3efg 58.3cde
103 1.2cdefgh  163.0b 240.3bc 20.0cde  13.0defg 68.0bcd
104 1.3abcd 138.0g 205.0gh 19.3e 17.7abc 53.3cdef
105  1.2abcdef  153.0d 241.7bc 19.7de 16.0abcd 13.3fg

106 1.2abcdef  146.0f 243.3bc 22.0a 6.0hi 56.7cde
107  1.3abcdef  150.0e 224.3def  21.0abc 9.0fgh 44 3defg
108  1.3abc 163.0b 259.0a 21.0abc 4.31 39.7defg
109 1.0y 163.0b 246.7ab 21.0abc  18.0ab 108.0ab
110  1.3abcde 163.0b 220.0def  17.0f 8.7¢gh 8.7¢g
111 1.1hjj 167.0a 232.3bcd  22.0a 11.3efg 66.0bcd

113 1.2cdefgh  159.0c 229.0cde 21.0abc 12.3defg  101.3ab
114  1.2bcdefg  146.0f 246.3ab 20.0cde  16.7abcd 57.3cde
115 1.3ab 153.0d 221./7def  22.0a 11.0efg 82.0abcd
116 1.3a 159.0c 216.0efg  21.3ab 19.7a 21.0efg
118  1.lefghi 138.0g 188.31 20.3bcde 10.7efg 19.0efg
119 1.3abcdef  146.0f 191.7hi 21.3ab 16.3abcd 96.3abc
122 1.03 163.0b 196.7hi 19.3e 14.3bcde 68.3bcd
Average 1.2 155.7 224.5 20.5 12.8 61.0
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Appendix 6. Comparison of growth characteristics of perilla collected from

Japan.
Ratio of Days from Plant No. of No. of No. of
Number L\%?gttg/ ?loo\zéggirg h(eclr%l})lt inter nodes branches panicles
132 1.1bcd 119.0 e 190.0 ¢ 14.0 d 8.7 cd 41.7 cde
133 1.2bcd 120.0 d 191.7 bc 15.0 ¢ 11.7 bc  44.0 cd
134 1.2ab 137.0 b 195.0 abc 18.0 a 14.0 ab 34.0 cde
136 1.6bcd 106.0 f 203.3 ab 14.0 d 6.0 d 40.3 cde
137 1.2bc 132.0 ¢ 206.0 a 18.0 a 13.0 ab  26.7 de
138 1.3ab 77.0 g 202.0 ab 11.0 e 8.7 cd 69.7 ab
139 1.3a 132.0 ¢ 194.0 bc 17.7 a 15.3 a 54.0 bc
140 1.1d 138.0 a 160.3 d 17.0 b 13.0 ab 21.0 e
141 1.1cd 138.0 a 150.7 d 17.0 b 13.0 ab 75.0 a
Average 1.2 122.1 188.1 15.7 11.5 45.2
Appendix 7. Comparison of growth characferistics of perilla collected from
Japan.
Numh I\Ijo. of IljanicLe No. of d_Stalk IOOOgrﬁin
umber pods per engt ; lameter weig
panicle (cm) total leaves (cm) (g)
132 56.7 b 145 b 390.0 ab 156 a 6.1a
134 34.0 d 78 ¢ 428.7 ab 13.3 abc 3.5¢
136 523 b 1317 b 300.0 b 116 ¢ 2.7d
137 437 < 61—¢ 5287 ab 134 -abe 247e
138 68.7 a 218 a 505.3 ab 14.8 ab 2.1
139 423 ¢ 80 ¢ 637.3 a 113 ¢ 2.0f
140 37.7 cd 75 ¢ 301.7 b 12.7 be 4.5b
141 337 d 9.2 ¢ 497.0 ab 14.2 ab 4.2b
Average 50.0 10.7 482.7 13.3 34
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