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Table 1. Origin of "Shiso” lines used in
the principal component analysis

Line number Locality Latitude
1 G* Hokkaido, Sapporo 43° 03’
2 G v
3G v
4 R v v
5G 4 4
6 R Aomori, Hachinohe 40° 31
7R “ v
8 R Akita, Yokote 39° 19’
9G v v
10 R Miyagi, Furukawa 38° 34’
11 G v
12 G 4
13 G v 4
14 R Miyagi, Onoda 38° 34’
15 G Yamagata, Sakata 38° 55’
16 G Fukushima, Aizubange 37° 34’
17 R Saitama, Kasukabe 35° 58’
18 G v 4
19 G Gunma, Tonegun 36° 41’
20 G Niigata, Sado 38° 00’

21 R v 4

22 G Kanagawa, Yokohama  35° 27’
23 G Shizuoka, Gotenba 35° 17’
24 G Nagano, Oomachi 36° 30’
25 G 4 4

26 G Nagano, Shiojiri 36° 06
27 R Ajichi, Chita 34° 50’
28 G v 4

29 G Hydgo, Awaji 34° 20’
30 R Hydgo, Himeji 34° 50’
31 G Hybgo, Tsuna 34° 33’
32 G Hiroshima, Innoshima  34° 18’
33 G Yamaguchi, Yamaguchi 34° 09’
34 G Kagawa, Zentsji 34° 12/
3B G v v

36 G Kagawa, Shodoshima 34° 30’
37 G Nagasaki, Iki 33° 47’
38 G Kagoshima, Kanoya 31° 23’
39 G The R. O. K., Suigen  36° 14’

Note : *G and R indicate Aoshiso, Akashiso
lines respectively.
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Table 2. Selection of 7 representative characters by means of correlation
coefficient between characters

Ck};;ﬁlcpter Rgﬁ;iz%%;?tﬂe Character belonging to the same group ***
1 @+ Germinating rate Germinating vigor, Pollen diameter(long), Raceme
diameter on stalk.
2 (6 Raceme emergence Flowering date (beginning), do. (full), Raceme
date (beginning) emergence date(end), Number of racemes, Number
of branches, Number of nodes with max. branch.
3 @ Number of flowers Raceme length stalk, Raceme length of max.
(raceme on stalk) branch, Max. internode length.
4 @ Length of max. branch Stalk diameter
5 (D Number of serra- [
tion/leaf length
6 (4 1000 seeds weight Pollen diameter (short), Seed length, Seed width.
7 D Raceme diameter o
of max. branch
Note : *+ Number of characters belonging to the same group.

++ Characters representing respective character groups.
+++ Characters showing high correlation coefficient with corresponding representative

character.

Table 3. Correlation matrix of seven representative characters of ”Shiso” lines

x 4 x b X 0

Character * %1 x 2 x 3 x 7
%1 1.0000 —0.4528 0.1840 0.3964 —0.3620 0.5752 0.2918
x 2 1.0000 —0.7936 0.0976 0.2054 —0.0644 0.1263
x 3 1.0000 —0.2035 0.0894 —0.0535 -0.1714
x 4 1.0000 —-0.2140 0.1990 0.0175
x5 1.0000 —0.3658 —0.0935
% 6 1.0000 0.2358
x 7 1.0000

Note : * indicate representative characters.

x1) Germinating rate, x2) Raceme emergence date(beginning), x3) Number of flowers
(raceme on stalk), x4) Length of max. branch, #5) Number of serration/leaf length,
x6) 1000 seeds weight, x7) Raceme diameter of max. branch.
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Table 4. Eigen value (Ay) and associated eigen vector (Ix;) obtained from
principal component analysis of the 7 x 7 correlation matrix
Principal
component Z1 Z2 Z3 Z 4 Z5 Z6 7
Elgen<Xjfue 2.3003 1.9058 1.0038 0.7891 0.6155 0.2765 0.1088
Contribution 0.3286 0.2722 0.1434 0.1127 0.0879 0.0395 0.0155
Cumulative
contribution 32.8 60.0 74.4 85.7 94.4 98.4 100
(28)
Eigen vector L1i Lo l3i Lyi si Lei L7i
x 1 0.5922 0.0488 0.0343 0.2614 —0.0605 0.6402 0.4046
x 2 —0.3789 0.5574 0.0101 0.0085 —0.1655 —0.1557 0.7027
x 3 0.2047 —0.6381 0.0696 0.1588 —0.0044 —0.5236 0.4965
x 4 0.2572 0.3224 —0.5958 0.5394 0.2176 —0.3420 —0.1395
x5 —0.3945 —0.1616 0.2061 0.7310 —0.4406 0.1339 —0.1705
x 6 0.4560 0.2434 0.1410 —0.1679 —0.7350 -0.3271 —0.1928
x 7 0.1837 0.3005 0.7592 0.2295 0.4323 —0.2228 —=0.1006

Note : x1~x7 show the same characters in Table 3.

Table 5. Correlation coefficient between character and principal
component, and cumulative contribution of the first three
principal components to the character (Shiso)

Principal component Cumulative
Character Z1 7 9 73 contribution
N sfeslesk
£ 1 0.8982 0.0674 0.0344 0.8125
skekek Rk
%2 —0.5748 0.7695 0.0101 0.9226
stk
x 3 0.3105 ~0.8809 0.0698 0.8773
3 ol *ksk
x4 0.3902 0.4450 ~0.5969 0.7066
x5 —0.5984 ~0.2231 0.2065 0.4505
b3
x 6 0.6017 0.3361 0.1413 0.6114
sk Seskexe
x 7 0.2784 0.4149 0.7607 0.8283

Note : *, ®k and *** indicate statistical significance at the 5%, 1% and 0.1%

level respectively.
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Fig. 1. Scatter diagram of "Shiso” lines
in four-dimensional space pro-
jected in the (Z1-Z2), (Z1-Z3)
and (Z2-Z3) plane

Note : The symbols O, {Jshow Aoshiso,
Akashiso respectively. Roman
numerals indicate groups classi-
fied.
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Table 6. Mean values of 7 representative characters and 3 component
scores for 10 groups

(A) 7 representative characters

T~ Group I, I m v Vv VI VI Vvm X X
Character ~—__ (6 (6 an @ @® €)) @ @ €)) ey

Germinating rate 57.3  37.3 80.3 14.8 84.0 54.6 28.0 63.5 13.0  55.0

Raceme emergence
date (beginning) 44.0 39.8 44.3 47.8 31.0 54.3 42.0 23.0 52.7 39.0

Number of flowers  56.7 60.8 56.6 55.8  65.0 43.0 67.0 70.5 44.7  61.0
Length of max.

pength 120.3 114.3 112.6 102.0 107.0 121.7 815 945 96.7 130.0

Honjleat Tenec™™ 3.8 3.98 431 455 430 3.3 5.65 3.95 497 440
1000 seeds weight ~ 1.014 0.840 1.330 0.847 1.239 1.000 0.889 0.676 0.772 1.070
ofome Gameler 190 180 200 179 192 1.8 175 177 193 1.og

Note : *Number of lines belonging to each groups.

(B) 3 component scores

Principal Mean value
component I 1I 11 v v VI VII VIII IX X
y/ 3420 —.1925 .9944 —1.1654 1.2475 ~—.5398 —1.2667  .3755 —1.9556 — .1091

1
2 -3606 —.5370 .3382 — .1286 —.8277 1.6303 —1.6634 —2.4071 1.0234 —1.1616
3

Z
y/ 2729 —.6396 .5444 .1296 7447 —.8354 1.0330 . 2045 .8691 —4.3526

Group Line
I 3 11 12 19 32 39
I 2 6 8 9 22 25
1 5 13 15 16 20 26
28 31 34 3 38

v 23 24 30 35
e A 33
V 4 21 27
t Vi 10 29
ggfleis 13 11 o 7 5 3 1 Vi 37
Distance ** X 14 17
L —Relationship—H X 18

Fig. 2. Relationships of "Shiso” by the cluster analysis (Right table shows
classification by the principal component analysis to compare with
cluster analysis)

Note : * The step is clustered by relationships among clusters.
** The degree of relationships among clusters.
L:low H : high
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Table 7. Eigen value (Ax) and associated eigen vector (lx;) obtained

from principal component analysis of the 6 x 6 correlation

matrix (Aoshiso)

Principal
Commnent Z1 7 2 Z 3 Z 4 Z5 76
R -
Elgerz;;§1“e 2.0750 1.7917 1.2265 0.4885 0.2711 0.1468
Contribution 0.3458 0.2986 0.2044 0.0814 0.0451 0.0244
Cumulative
contribution 34.5 64.4 84.8 93.0 97.5 100
(28)
Eigen vector Lig Loy L3 Lyi lsi Lgi
x 1 0.4904 0.0720 0.4273 0.7249 —0.1796 —-0.1175
x 92 —0.2277 0.6601 0.1035 0.2002 0.2983 0.6103
x 3 0.3564  —0.5141 —0.3873 0.1697 0.1072 0.6467
x 4 0.3458 0.3364 ~0.6110 0.1415 0.4600 —0.4025
x5 —0.4907 0.0351 —0.5019 0.4896 —0.5140 —0.0454
x 6 0.4692 0.4245 —0.1767 —~0.3817 —0.6255 0.1769

Note : x1~ x 6 are plant height, raceme emergence date (beginning), raceme length of max.
branch, pollen diameter (long), number of serration/leaf length and 1000 seeds weight,

respectively.
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Fig. 3. Scatter diagram of Aoshiso in four-
dimensional space projected in the
(Z1-Z2) plane

Roman numerals indicate groups
classified.
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FRULIZEDTHDIH, COBRE LIRS FE:LBD
TEL—FHLTEY, L&, V, VEIUVEDX
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Fig. 4. Relationship of Aoshiso by the cluster analysis (Right table shows

classification by the principal component analysis to compare with

cluster analysis)
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Table 8. Eigen value (Ax) and associated eigen vector (lx:) obtained from
principal component analysis of the 8 x 8 correlation matrix
(Akashiso)
Principal
component Z1 Z2 Z3 Z 4 Z5 Z6 Z 7 Z8
Eigefk;i§1“e 9.7385  2.1637  1.2373  0.7809  0.7337  0.2660  0.0735  0.0060
Contribution 0.3423 0.2704 0.1546 0.0976 0.0917 0.0332 0.0091 0.0007
Cumulative
contribution 34.2 61.2 76.7 86.5 95.6 99.0 99.9 100
(%)
Eigen vector Lyi Lai L3i L4 lsi Lgi L7i bgi
x 1 -.1700 .5804 .1525 —-.3421 .1795 —-.3329 —.4893 .3335
x 2 .5335 .0964 .1151 . 2887 —.3082 —.3948 L2794 .5295
x 3 .3229 .3358 .4160 .5226 —.1969 .1268 .3516 —.3976
x 4 —.5615 —.0216 .1370 .1089 .2690 —-.2311 .6929 .2179
x5 .1867 .3918 .2016 .5679 .6053 .0369 .0762 —.2734
x 6 —-.1510 .5399 —. 3499 .1226 —.2339 .6136 .1889 . 2848
x 7 —.4185 . 2404 .0979 .3781 —.5704 —. 3445 —.0564 —.4087
x 8 -—.1840 -.1939 L7738 .1843 —.1225 .4086 —.1841 .2824

Note : x1~ x8 are germinating rate, raceme emergence date (beginning), stalk diameter, raceme
length (stalk), angle of max. branch to stalk, pollen diameter (long), pollen fertility and

seed width, respectively.

22
@&%1
’ )}

l -
IV(A‘)
B, da , 21
lﬁ:Ex“ 1
6 I
U 7{
1t Vi
7
v "\30\1
Fig. 5. Scatter diagram of Akashiso

in four-dimensional space
projected in the (Z1-Z2) plane

Note : Roman numerals indicate groups
classified.
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Fig. 6. Relationship of Akashiso by the cluster analysis (Right table shows
classification by the principal component analysis to compare with

cluster analysis)

L, MERLIURETHECEL RO CEEL#
2603, LvxLadis, BOFHEICEWTIIZOHK
BEOBO THRETSH Y, BHAEZ TOREMIT RS
VEBCOBBLENWECHETIEOTHY, HP
HECEERINTHZN,
AEROERL Y, TRGOEOERICLZ v v
DFTRCK LT, BRPETH3 OV TRIT
AUBITNEDLEEBESND, TOT L, MifE
XT3 ERFAMOBEHCELCE 0L Y B HAF
VINDEEZB3EDTH I3, KEEOEWICEIL T
d, SRIOCCHMIMECEONETHI LEZ S
n3,

2. HHEHEORGNYE

ARDFER L 0, AR IBZI0BECRETIS N

BT LML, RoTKRIC, ZDI0BEDORENIEZ
HERNT 3 L@ O R+ BT 2 XBEH
THEIE LR,

Pk, R, BEHOEZMEIC DT Pearson
(1926), Sokal (1961), Mochizuki & (1967) 7t &
WKLo THADHENRESN TN B30I, FFRTIE
Mochizuki &D#REL-FHEELREC, RyAa7
L3 FECH->THEB LR,

ETERDOTPHRI A2 7 £ 3RBECONTENE
NRD, INLYEHUEERET C 8 75 ADEEEY
WUTHM U e & ORI/ S VAR, gk
BN EERE LT D, RERIBEREEE/MEL.09 (1
TEEWRD X OBKME 35.44 (KBEE XBD) OEWE
HCHIZ> T35, 7R EBEORERME ¥ L

Table 9. Classification of Aoshiso, Akashiso lines by the application of
the principal component analysis

Aoshiso Akashiso
Group Line Group Line

I 1Y 12¢1) 18(X) 25C1) I 7(X)* 14(K)
II 3CD 19C1) II 6(I) 8C1) 100V
I QD) 9CIm) 23(V) v I 21(WD 27(WD
voOER OB BB AR v aw

v 5CI 31(m \4 30(IV)

VI 10D 22(1) 37CMD VI 17(K)
VII 28(1)
VIII 33(V)

IX 24(V) 35(NV)

X 32(1) 39C1)

XI 290VD

Note : * Roman numerals in parentheses indicate groups in the total ”Shiso” lines.
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Fig. 7. Diagram showing the relationships
among 10 groups
Note : * Numerical values show average
square distance between groups
calculated by the next formula.

(Zka —Zy, >2

a2 , - Average square distance between
group a and b.

Zwa» Zxy - Mean of component score
7, Wwith group a, group b respec-
tively.

3=

BULT, | ~KBHHECHSH0BHEML RO 60
223, ThCKUTXENZ, fiiod 9 BF & oiloBM:
DD TR EEZL TR,

I NG ORHEEIREEBM L LT OREMBCED
RaAa7CEoTRESN T2, BN 6(1966)
VRT3 L9 C NS RBENERIREOBLETRHE
FHTRLDEEZTELEZ 2, TOBRICILT
W, IS vV 10RO EIRNE & RHRRAN L & B
DI CEETIENTRTHZ, TNILFIHIT,
FIRGIVEG OSSR
HEFENNOEE2REDEEZDZIIENTE D,
3. EWMSOEYFHIER

FERSHHEC & - TR S NI D & DA
HEZLCH T T, DS NBEORE R ED
A4 TEBHONCTERIEDEEZOND, AGHD
S & 1 B A T OFFE L MRS, BIEES X
UEH~Z bA OB EfHEC L YV RESN D, £
T, BIRS~EIRGCBELT, EE N2
(F AR DEBS~DEBNEW £ - TEEDEI
BT T LU, FOMRIHEIORIRTERD
CTdrdo ARLOUTOI L EEYPENEREEERET
BILNTE D,

1) 1B CEREREIE CRXHED A E WIBEIRC

FAIRER, 1000HETH Y, ADLE TR

Table 10. Division of characters by the degree of contribution of eigen

vector to the first three principal components

: Principal
Nponent Z 1
Class*

Z 2 Z 3

Germinating rate 1000
seeds weight

Raceme emergence date
(beginning)

Raceme diameter of
max. branch

+ Length of max. branch

Raceme diameter of
max. branch

Number of flowers
Length of max. branch

0 Raceme diameter of
max. branch

Germinating rate

Number of serration/
leaf length

1000 seeds weight

Germinating rate

Raceme emergence date
(beginning)

Number of flowers

Number of serration/
leaf length

1000 seeds weight

Raceme emergence date
(beginning)

Number of serration /
leaf length

Number of flowers

Length of max. branch

Note : * Representative characters were assorted by the values of eigen vector of the first
three principal components (vid. Table 4. ).

+:>0.30, 0.29>0>-0.29,

-+ <~0.30
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Summary

The 39 local lines of “Shiso” (Perilla frut-
escens Britton var. crispa Decne.) collected from
Japan (38 lines) and R. O. K. (1 line) were
classified by application of the principal com-
ponent analysis (P.C.A.)in order to investigate
the phylogenetic differenciation and to conserve

desirable gene sources of the crop.

Twenty nine characters were investigated,
from which the representative characters were
selected based on correlation matrix of charac-
ters showing significant line differences, and
only these characters were analysed thereafter.

Lines were divided by leaf colour to 29
green lines(Aoshiso)and 10 red lines (Akashiso).
“Shiso” (Aoshiso + Akashiso), Aoshiso and
Akashiso were analysed by P.C. A. separately,
and the cumulative contributions of eigen
values to the first three pricipal components
amounted to 74.4%, 84.8% and 76.7%s, respec-
tively. Classification of lines by use of compo-
nent scores of the first three components, as
more than 70% cumulative contribution is
enough to analyse, resulted in 10, 11 and 6
groups in ‘Shiso”, Aoshiso and Akashiso,
respectively. The P. C. A. was considered an

efficient procedure to classify the crop, because
of coincidence of this classification result with
the cluster analysis based on mean distances
among characters. The lines belonging to the
same groups in Aoshiso and Akashiso classifi-
cations were almost always assorted to the
same groups in “Shiso” classification. Therefore,
the difference in leaf colour manifestation as a
qualitative character was considered unrelated
to classification due to quantitative characters.
Judging from the contributions of eigen vectors
to the first three components, each component
was interpreted to possess the biologlogical
significance as follows :
1) First component : concerned with growing
period, seed ripening and leaf shape.
2) Second component : concerned with growing
period and luxuriance of plant.
3) Third component : concerned with shape of
maximum branch.
From the result mentioned above, the P.
C. A. is contemplated to give promissing clues
to the concideration of phylogenetic differenci-
ation and to search and selection of breeding

materials in‘‘Shiso”.



