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ABSTRACT To better understand the morphological
variation of the Perilla crop and their weedy types in East
and Southeast Asia, we studied the morphological variation
of 90 accessions by examining 10 morphological characteristics,
such as flowering time, seed size, seed hardness, seed
color, color of surface leaf, color of reverse side leaf etc.
As a result, morphological variation determined that between
cultivated var. frutescens and var. crispa, and between cultivated
var. frutescens and its weedy type showed significant
morphological differences in terms of seed size and seed
hardness, whenever cultivated var. crispa and its weedy type
could not showed significant differences in most morphological
characters. In PCAs (principal component analysis), among
10 morphological characteristics, flower color (QL6), color
of surface leaf (QL3), seed size (QN2), seed hardness
(QL1), seed color (QL2), stem color (QL7), and color of
reverse side leaf (QL4) contributed in negative direction on
the first axis, while flowering time (QNI1), leaf shape
(QLS5), and degree of pubescence (QLS8) contributed in positive
direction on the first axis. Among these morphological
characters, particularly flower color (QL6), color of surface
leaf (QL3), seed size (QN2), seed hardness (QL1), and degree
of pubescence (QL8) were useful characters for discrimination
between cultivated var. frutescens and weedy var. crispa,
and between cultivated var. frutescens and its weedy type.
However, most accession of cultivated and weedy types of
var. crispa was not clearly discriminated by PCA analyses.
Although the wild ancestral species of var. frutescens and
of var. crispa are still unknown in East and Southeast Asia,
the weedy types of Perilla crop may be the key taxon for

our understanding of the origin of cultivated types of var.
frutescens and var. crispa.

Keywords : Perilla crop, cultivated and weedy types, geographic
differentiation, morphological variation, principal
component analysis
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Table 1. Accessions of cultivated Perilla crop and their weedy types surveyed for morphological character analyses.

Type Codeno. Acoessionno. Country Type Codeno. Acoessionno. Country

Cultvated var frudescarss 1 PFO8032 Korea Cultvated var, frudescens 46 PFOG357 China
! 2 PHO6M1 Korea 7 47 PHOG362 China
! 3 PRO60S8 Korea 7 48 PHO6363 China
4 4 PF98101 Korea I 49 PFO8140 China
7 5 PFO8025 Korea 4 50 PROG314 Nepal
7 6 PROBOS8 Korea 4 51 PRO6315 Nepal
i 7 PFOR0G2 Korea 4 52 PFOG317 Nepal
i/ 8 PF98052 Korea ik 53 PRO7192 Laos
i 9 PFO8038 Korea v 54 PFO7193 Lacs
7 10 PEOR0G0 Korea Weedy var, fusescens 55 PHIG069 Korea
! 11 PFO8036 Korea 4 56 PF11102 Korea
I 12 PF98056 Korea 7 57 PFI8075 Korea
I 13 PF98067 Korea 4 58 PFI11106 Korea
I 14 PF98080 Korea 4 59 PF11107 Korea
I 15 PF8050 Korea 4 a0 PF11109 Korea
I 16 PFO8082 Korea 7 6l PF11110 Korea
i 17 PFO8078 Korea 4 62 PF11112 Korea
7 18 PFO8OS1 Korea 4 63 PRG338 Japan
iy 19 PF11114 Korea ) o4 PRO6361 China
! 20 PF11115 Korea V 65 PRO9164 China
i 21 PFOR093 Korea 7 66 PF09159 China
4 2 PFO80%9 Korea # 67 PFOB129 China
// pA PFO8095 Korea 4 8 PHO9154 China
! ! PF9808S Korea 7 (% PFOG320 India
! 25 PFOg0o2 Korea 7 70 PROG318 India
I 26 PFO8035 Korea Cultiveted var. crisper 71 PHG337 Japan
// 27 PRO9055 Korea 4 72 PHO6336 Japan
// 2 PRO057 Korea 4 73 PHOG334 Japan
] 29 PHG329 Japan 4 74 PFO6311 Japan
7 30 PROG309 Japan 4 75 PROG347 Japan
7 3l PROG310 Japan 7 76 PROG352 Japan
y 32 PROG328 Japan 7 77 PFOG341 Japan
y 3 PROG330 Japan 4 78 PFOG340 Japan
// 34 PRO8130 China v e PFOG332 Japan
I 35 PROSI31 China 4 80 PHOG353 Japan
i 36 PHO8145 China 4 81 PHOG342 Japan
i 37 PROS141 Chim 7 82 PROG343 Japan
7 38 PROB142 Chima 4 83 PRO7197 Japan
4 39 PFO8143 China Weedy var. crispr & PRO6025 Korea
! 40 PrO8144 China 7 8 PFOGO29 Korea
7 41 PRO8127 China 7 86 PHO8101 Korea
4 2 PRO6365 China 7 87 PE11104 Korea
4 43 PRO6364 China 7 88 PF11105 Korea
4 H PFO8137 China 7 89 PFOB136 China
i 45 PFOR135 China ) L] PFO8139 China

15t Qi S AESL 132.0~199. o%j(ﬁgi.t 149.7+13.2
)& YA, F2d =7 As=2 128.0~170.0L(3
T 150.0+11.1%)& YeER i ‘?lﬂdﬂl A 2pz7] A
& 134.0~162.02(F 7 149.9+9.99)2 LJeh}gle
A2 27 AEESL 134.0~148.02(FF 139.1£5.02)

Uet ol 2ejar FopAlobe] - f&%ﬂw ARt
et z7)0 AuiE W Azd 7:1]5 2 132.0~160.0
(Bt 144.5+7.19) 9] 7St E L}EHH%E'IL AR 9
EE2 128.0~162.0U(HH 146.7£10.99)S, &= A%
2 135.0~169.02(F 152.4+10.82) 717+ eI Qict.
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Table 2. Characters used in the morphological analysis between the two cultivated types of Perilla and their weedy types.

Abbreviation Character When/How measured

Character state

QN1 flowering time at flowering stage
QN2 seed size after harvest

QL1 seed hardness after harvest

QL2 seed color after harvest

QL3 color of surface leaf at flowering stage
QL4 color of reverse side leaf’ at flowering stage
QL5 leaf shape at flowering stage
QL6 flower color at flowering stage
QL7 stem color at flowering stage
QLS8 degree of pubescence at flowering stage

days to flowering

mm

soft-1, hard-2

white-1, brown-2, dark brown-3

light green-1, green-2, deep green-3, green/purple-4, deep purple-5
light green-1, green-2, deep green-3, green/purple-4, deep purple-5
wrinkle-1, none wrinkle-2

white-1, white/purple-2, purple-3

green-1, green/purple-2, purple-3

slightly pubescence-1, pubescence-2, heavily pubescence-3

Table 3. Mean, standard deviation, range and accession number for 8 quantitative and 2 quantitative characters among 90

accessions of cultivated types of Perilla and their

weedy types.

Morphological

Cultivated var. frutescens

Weedy var. fiutescens

Cultivated var. crispa

Weedy var. crispa

Character (N=54) (N=16) (N=13) (N=7)

QN1 (flowering time) 149.7 £ 13.2 150.0 £ 11.1 149.9+9.9 139.1 £5.0
(132.0 - 199.0) (128.0 - 170.0) (134.0 - 162.0) (134.0 - 148.0)

QN2 (seed size) large (54%) small (16) small (13) small (7)

QLI (seed hardness) soft (54) hard (16) hard (13) hard (7)

QL2 (seed color)

QL3 (color of surface leaf)

QL4 (color of reverse side leaf)

QLS5 (leaf shape)

QL6 (flower color)

QL7 (stem color)

QLS (degree of pubescence)

white (7), brown (38)
dark brown (9)

light green (7), green (45)
deep green (2)

green (42), deep green (1)
green/purple (10)

deep purple (1)

none wrinkle (54)

white (53)
white/purple (1)
green (53), white/purple (1)

slightly pubescent (8)
pubescent (42)
heavily pubescent (4)

brown (8), dark brown (8)

light green (1), green (12)
deep green (3)

green (6), deep green (3)
green/purple (7)

none wrinkle (16)

white (14)
white/purple (2)
green (14), white/purple (2)

slightly pubescent (2)
pubescent (13)
heavily pubescent (1)

dark brown (13)

green (2), deep green (3)
green/purple (7)

deep purple (1)

green (1), deep green (3)
green/purple (1)

deep purple (8)

wrinkle (11),

none wrinkle (2)
white/purple (4)

purple (9)

green (4), green/purple (6)
purple (3)

slightly pubescent (11)
pubescent (2)

dark brown (7)

green/purple (7)

deep purple (7)

none wrinkle (7)

white/purple (1), purple (6)

green/purple (1), purple (6)

slightly pubescent (7)

Z . .
Number of Perilla accessions for each character.
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Table 4. Cumulative variances of first and second principal components and the loadings of 10 qualitative and qualitative

characters on each principal component.

Morphological Character Eigenvectors
1 2

Flower color (QL6) -0.927 -0.186

Color of surface leaf (QL3) -0.874 -0.178

Seed size (QN2) -0.854 0.313

Seed hardness (QL1) -0.854 0.313

Seed color (QL2) -0.838 0.276

Stem color (QL7) -0.839 -0.319

Color of reverse side leaf (QL4) -0.785 0.049

Flowering time (QN1) 0.098 0.729

Leaf shape (QL5) 0.602 -0.161

Degree of pubescence (QLS8) 0.635 0.371

Cumulative variance (%) 58.8 11.3
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Principal component 1

Fig. 1. Projection of 90 accessions of the two cultivated types
of Perilla and their weedy types in the first and second
principal components (4=accessions of cultivated var.
BM=accessions of weedy var. frutescens;
x=accessions of cultivated var. crispa; A=accessions

frutescens;

of weedy var. crispa).
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Principal component 1

Fig. 2. Projection of 90 accessions of East and Southeast Asian
countries in the first and second principal components
(®=Korean accessions; E=Japanese accessions;
A =Chinese accessions; x=Nepalese accessions;
»x=Laotian accessions; @=Indian accessions).

%WH Ax7] a2aL o) 59 F2F ASE
olgfish=dl 483 Holqlet. oF]
‘gopAlotoll A S 9t 227
FANE W W el A o] A
—4 [23 AgE2 ol A=Y 71

HE 723 Ao sgEc 2 9o
The OIX%oﬂ Lec & Ohnishi(2001)7} A|eFst Az} 7o)
ek Apz7) Azo| Fef2 wolet 222 Apojof tigt
ol F-&3 JrE AT Ao, 53] A=A S/
=29 &% A7 =28 & AR 7|yt

rr

N, o
N

(RIS
2 o
O_L/
mlo
o it
o
i gt E © X lo

m-ln =
810 offl

_I
+

(<]

»oo

dotAloto A =37t S,
%%"ﬂ tisto] 107]9] o4 2
of Fe Wold& AL 1
A5 FollA A7 FAE ==
| 223 S0 A =

gg

Rl
s
i

S
B
OBL >{|‘j
é

AT o M e
1oy o
2

L o N
ol
il
)
to o fio
2
=
[ ot
il
EN
N

)
of
g
1>
e

ol
ol

AR Yeglen, v
TEe AR g 32
Al ottt FEEE4 2
| o]&H 10719 A5 FolA ZM(QL6), A
—‘.‘(QL3) J—XP371(QN2) TAPSE=(QLL), FAM(QL2),
7IH(QL7), AolHA(QL4) 52 15 flolA &2 3ol
P‘R‘b— Hebd+(QN)2} AR HQLS), H-EHI%=(QLS)

= oA oFe] el 7lefsiid. 53, ol ¥4
01]/\1 ZA(QL6), AIETA(QL3), ixF—:L7I(QN2), 5
=(QLI) il BERI=(QLY) T2 =71 At
719 Apeie 12|a S8 ApiE 3 2 AsEe
st 83 S-S0l 2y 22719 Al
g AlesS diFEe FAEolA gl &4
A7F ket oFAZIA| ForAlof B FgorAl ot A S7He}
Ax719 opTE dHA A FAT S A=
Az A2 A2 AE S71ek AE A7) A=
o 71¥e oldfsl=d ERetH ez Sa% YA e A
S AzbEr.

o th

T
==

2 ofh
ofh

Wi

A

2
4 w8
pet)
r b
B
o
i
i
o
& 5.:

e
1z
9

fmlnolniwr&im]néoﬁ:ém&mﬁ1~>4
o_mrloﬂ__,

Wi
! HJE 1‘)4 oﬁ

],

wWE, >

Al A}

o] =Eo 2012\%E FR(WEIB|E)] fPor
FHzALATe] 7] 2 AFY(No. 2012R1A1A4A01001247)
7} 20139 e ZYosha st LR AH]| o] 2 YL Hrol 2=
P AT,



TOMA|O} B! FTHOMIOIM =ZCH W, XIEJ| =22 BEAX Ho| 415

8=

Honda, G., Y. Koezuka, and M. Tabata. 1990. Genetic studies
of fruit color and hardness in Perilla frutescesn. Jpn. J.
Breed. 40 : 469-474.

Honda, G., A. Yuba, T. Kojima, and M. Tabata. 1994.
Chemotaxonomic and cytogenetic studies on Perilla frutescens
var. ciriodora(“Lemon Egoma”). Natural Medicine 48 :
185-190.

Jung, J. N., K. Heo, M. J. Kim, and J. K. Lee. 2008.
Morphological variations between cultivated types of Perilla
crop and their weedy types in Korea and Japan. Korean J.
Breed. Sci. 4 : 361-370.

Koezuka, Y., G. Honda, S. Sakamoto, and M. Tabata. 1985.
Genetic control of anthocyanin production on Perilla frutescens.
Shoyakugaku Zasshi 39 : 228-231.

Koezuka, Y., G. Honda, and M. Tabata. 1986. Genetic control
of the chemical composition of volatile oils in Perilla
frutescens. Phytochemistry 26 : 859-863.

Lee, J. K. and N. S. Kim. 2007. Perilla crops and their related
weedy types collected in Korea. Korean J. Breed. Sci.
39(3) : 316-323.

Lee, J. K., M. Nitta, N. S. Kim, C. H. Park, K. M. Yoon, Y.
B. Shin, and O. Ohnishi. 2002. Genetic diversity of Perilla
and related weedy types in Korea determined by AFLP
analyses. Crop Sci. 42 : 2161-2166.

Lee, J. K. and O. Ohnishi. 2001 Geographical differentiation
of morphological characters among Perilla crops and their

weedy types in East Asia. Breed Sci. 51 : 247-255.

Lee, J. K. and O. Ohnishi. 2003. Genetic relationships among
cultivated types of Perilla frutescens and their weedy types
in East Asia revealed by AFLP markers. Genet. Resour.
Crop Evol. 50 : 65-74.

Li, H. L. 1969. The vegetables of ancient China. Econ. Bot.
23 : 235-260.

Makino, T. (1961) Makino’s new illustrated flora of Japan.
Hokuryu-kan, Tokyo (in Japanese).

Nitta, M. 2001. Origin Perilla crops and their weedy type.
Ph.D Thesis, Kyoto University, Kyoto.

Nitta, M. and O. Ohnishi. 1999. Genetic relationships among
two Perilla crops, shiso and egoma, and the weedy type
revealed by RAPD markers. Genes Genet. Syst. 74 : 43-48.

Nitta, M., J. K. Lee, and O. Ohnishi. 2003. Asian Perilla
crops and their weedy forms: their cultivation, utilization
and genetic relationships. Econ. Bot. 57 : 245-253.

Pandey, A. and K. C. Bhatt. 2008. Diversity distribution and
collection of genetic resources of cultivated and weedy
type in Perilla fiutescens (L.) Britton var. fiutescens and
their uses in Indian Himalaya. Genet. Resour. Crop Evol.
2008. 55 : 883-892.

Sa, K. J., J. A. Kim, and J. K. Lee. 2012. Comparison of seed
characteristics between the cultivated and the weedy types
of Perilla species. Hort. Environ. Biotechnol. 53(4) :
310-315.

Yamane, T. 1950. Cytogenetic studies in Perilla and coleus.
I. Chromosome numbers. Jpn. J. Genet. 25 : 220.



