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Genetic Control of the Long Caudal Fin Type
in Wild Crucian Carp by Mating Experiments

Akihiro KDIMA™, Shin-ichi ITOH”, Teruo IIZUKA™,
Shin HASEGAWA™ and Ken—ichi UEDA™

 Education and Research Center of Marine Bio—resources, Faculty of Agriculture,
Tohoku University
43 Miyagi Prefectural Freshwater Fishery Experimental Station

Abstract

In order to elucidate the genetic control of the long caudal fin type in the wild crucian carp, pair mating

experiments have been performed. The results of segregation revealed that the long caudal fin type is controlled by

two dominant genes, L / and L 2, at two loci, Cf~1 and Cf-2. Genotypes of the long caudal fin type are estimated
as (L1/L1L2/L2), (L1/11L2/L2), (L1/L1L2/12) and (L1/11,L2/12).
(accepted 10 May 1998)
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Fig. 1. Long caudal fin type in wild crucian carp
collected from Yutori pond
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Fig. 2. Caudal fin length variation in offsprings at
age 168 days old obtained by pair mating
between female of long caudal fin type

(L) and male of wild type (S)

DIEREEHIIPR LR 85 BRREE L7z,
BHEOEIOEELRT/-OICUTORICL-
TREBREL % k7,

REEFRL (%)



Number of individuals
40,

sxs93 30 4 40 r $xS95

30/ 304

25 20; 25

20/ 15 20/

15. _ 15

10. 10 107

5 51 5

0L, ol _allill ol agillllifllly,
15202530 3540 4550 55 1520 25 30 35 40 4550 55 15 20 25 30 35 40 45 50 55
ggj $x193 gg SxL95 §§J Lx$93
30, 30 304
25, 25, 25,
20 20/ 20
15/ 15 15
10. 10, 10

5 5 5.

0. 04 0.

152025303540 455055 1520 2530 3540455055 15 20 25 30 35 40 45 50 55
40 0

iy LX$94-1 3] XS94-2 o] LxS95
30, 30 30,
25 254 254
20/ 204 20/

15 15. 15
10/ 10/ 10;

5 5. 5

o] 0L IHupiinig. ¢
152025303540 4550 55 1520 2530 35 40 4550 55 15 20 25 30 35 40 45 50 55
40 40 40,
35} LxL93 35 LxL94 35 LxL95
30, 30; 30
25, 25, 25
20, 20 20/
15 15 15
10/ 101 1g.

5| H}ﬂ] .

ol nfm}ﬁhﬂ In_ 0 ,,,,,,, 0.

15 20 25 30 35 40 45 50 55 152025303540455055 15 20 25 30 35 40 45 50 55

100x(TL-SL)/SL

Fig. 3. Distribution of the proportion of caudal fin length to standard length in the offsprings
obtained by each pair mating
SL : standard length, TL : total length, S : wild type, L : long caudal fin type
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Table 1. Segregation of the types in the offsprings produced by pair matings of the natural

crucian carp in Yutori pond

Matings Age Mean S.L. Mean prop.of Number of individuals
2Xa (Day) (mm) 100x(TL-SL)/SL total S L
SXS93 148 21.6*2.5 22.44+2.2 139 139 0
94-1 105 29.8+3.8 25.7£1.7 126 126 0
94-2 105 31.8+4.0 26.6%2.2 93 93 0
94-3 91 27.6x2.5 27.9%1.7 131 131 0
94-4 91 29.3+3.8 26.142.0 148 148 0
94-5 84 25.6%t4.1 28.7+2.1 161 160 1
95 106 23.7+3.9 25.6+3.2 200 198 2
SXL93 154 18.0+1.9 29.2%+4.5 181 144 37
95 1056 20.2+2.4 31.1+6.8 200 120 80
LXS93 168 25.5%3.2 31.4%7.6 85 52 33
94-1 80 25.4+3.3 33.4+6.3 207 98 109
94-2 93 26.9%3.2 31.3%5.0 207 119 88
, 95 105 20.9+2.5 31.0%7.7 200 120 80
LXL93 157 19.2+3.3 32.0*+5.7 95 47 48
94 93 27.2£3.0 37.5%7.2 268 66 202
21.4+3.5 38.6x7.7 200 49 151

95 105
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Table 2 . Expected segregation rate of offspring under each assumption of genetic control

Matings Expected segregation rate(S:L)
? X" Assumptionl Assumption2 Assumption3

SXS 1:0 1:0 1:0

3:1 3:1

1:1

0:1

SXL 0:1 0:1 0:1

1:1 1:1 1:1

1:3 1:3 1:3

3:1 3:1

1:0 5:3

LXS 0:1 0:1 0:1

1:1 1:1 1:1

1:3 1:3 1:3

3:1 3:1

1:0 5:3

LXL 0:1 0:1 0:1

1:3 1:3 1:3

1:7 1:7 7:9

1:15 5:11
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Table 3. Observed and expected number of individuals for each types in the offsprings
produced by pair matings of the natural crucian carp in Yutori pond

Matings Observed and expected number Segregation
XS total S L ratio
SXS93 139 139(139.0)  0( 0.0) 1:0
94-1 126 126(126.0)  0( 0.0) 1:0
94-2 93 93( 93.0) O( 0.0) 1:0
94-3 131 131(131.0)  0( 0.0) 1:0
94-4 148 148(148.0)  0o( 0.0) 1:0
94-5 161 161(161.0)  0( 0.0) 1:0
95 200 _200(200.0) _o( 0.0) 1:0
SXL93 181 144(135.7) 37( 45.3)  3:1
95 200 120(125.0)  80( 75.0)  5:3
LXS93 85 52( 53.1) 33( 31.9)  5:3
94-1 207 98(103.5) 109(103.5) 1:1
94-2 207 119(129.4) 88( 77.6)  5:3
95 200 120(125.0) 80( 75.0)  5:3
LXL93 95 47( 41.6) 48( 53.4) 7:9
94 268 66( 67.0) 202(201.0)  1:3
95 200 49( 50.0) 151(150.0)  1:3
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Strain Differences of High Temperature Resistance

on the Guppy Poecilia reticulata

Kimitada FUJISAWA, Masamichi NAKAJIMA and Yoshihisa FUJIO

Faculty of Agriculture, Tohoku University,

Abstract

The response to high temperatures were measured in 12 different strains of the guppy Poecilia reticulata. The

response of each strain was measured as the death time, the length of time at which the fish was exposed to 37C

until death. The death time of immature fish was later than that of mature females and males, and numerous

number of the mature females survived longer than the mature males in each strain. However, the average death

time in immature fish, mature females and males differed among strains.

A correlation was observed between mature females and males but not between immature fish and mature fish.

This suggests that genetic factors for thermal resistance differ between mature fish and immature fish.
(accepted 18 May 1998)
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Table 1. Mean body length (mm) of tested fishes in 12 strains of the guppy.

Strain Male Female
N Mean+SD N Mean+SD

$3-23 57 15.0+09 45 172426
S3 60 16.4+1.4 64 17.5%27
SC 41 17.2+1.4 26 229139
w 49 17.6+1.4 35 18.8+3.6
4] 42 18.6+1.8 45 19.4%+4.1
B 47 17.2+1.8 42 19.2+2.8
C 45 17.9%15 32 21.4+49
T 14 19.2+5.2 11 20.4+53
D 14 20.2+1.2 12 21.1+3.1
F 12 20.6+1.4 14 23.2+5.0
T 25 21.0+1.8 30 19.4+4.2
E 33 21.9+1.7 41  21.9+43

See the reference 5) and 6) for the detail of characteristics of each strains.
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Fig.1. Correlation between large and small body size in mean death time of the guppy treated
with 37°C water temperature in 12 strains. Dotted line indicates y=x.
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Fig.2. Correlation between female and male in mean death time of the guppy treated with 37°C
water temperature in 12 strains.
Dotted line indicates y=x.
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Table 2. Mean death time (h) of tested fishes in 12 strains.

Female Male immature
Strain __ Mean+SD N MeantSD N Mean+SD N
D 28+1.9 12 3.0+1.2 14 7.9+23 10
SC 41+1.9 26 2.4+0.5 41 14.7+4.6 23
¢ 5.6+3.3 45 3.4%1.5 42 11.8+6.3 42
W 6.2+3.3 35 3.1£1.7 49 10.7+5.1 42
F 5.9+2.2 14 4214 12 11.0+£3.8 12
5.8+4.6 42 4931 47 11.6+£5.9 49
S$3-23  6.0%£2.5 45 4722 57 9.5+4.1 82
6.7+4.1 13 3.4£1.7 21 15.0+6.6 45
T1 6.1+3.5 37 5.0+2.6 28 9.8+6.1 21
E 73129 41 48+1.5 33 7.8+26 15
S3 7.6x4.7 64 47+2.3 60 11.3+6.2 93
C 8.5+4.5 32 5.3+1.9 45 11.2+5.6 39

Upper strain is more sensitive to 37°C water temperature
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Death time of immature (h)
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Genetic Control and Expression of the Cobra Pattern in the Guppy

Poecilia reticulata

Masamichi NAKAJIMA, Nobuaki TAKAHASHI and Yoshihisa FUJIO

Faculty of Agriculture, Tohoku University

Abstract

The cobra pattern is one of the color patterns expressed in males of the guppy, Poecilia reticulata. In the

cross experiment between the G strain which has the cobra pattern and the S strain which showed the absence of

the cobra pattern, the cobra pattern was observed on the male offspring from the cross of female parents of the S

strain and male parents of the G strain. Methylteststerone treated females in the G strain showed absence of the

cobra pattern whether or not sex conversion was successful. These results indicated that the cobra pattern gene

(Cbr) located on the Y chromosome, but not on the X chromosome.

Males having no—cobra pattern were observed in 4 offspring of the 200 individuals obtained from 34 pair

matings of the G strain. When the female offspring were treated with methylteststerone, the cobra pattern was

observed in 4 females whereas 219 females showed no—cobra pattern. This suggested the crossing—over between

the X and Y chromosomes. Considering the male determining gene on the Y chromosome, the crossing—over value

was calculated at 1.9%.

(accepted 18 May 1998)
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G strain (female)

" S strain (female)

Fig.1. The guppy strains used for cross experiment. The G strain was used as the strain which
has the cobra pattern in male, and the S strain was used for the strain which does not

have the cobra pattern.
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Table 1. The presence and absence of the cobra pattern in F, hybrid of the S strain and the G

strain
No. of Female Male X
Pair Presence Absence Presence Absence
GXS
1 0 3 1 0
2 0 2 0 0
3 0 5 4 0
4 0 2 2 0
5 0 | 0 0
6 0 2 0 0
7 0 4 0 0
8 0 4 3 0
9 0 0 1 0
10 0 0 1 0
11 0 2 1 0
12 0 | 0 0
13 0 10 6 0
14 0 4 3 0
15 0 1 2 0
16 0 7 7 0
0 48 31 0 X'=3.658
(39.5) (39.5) (P<0.05)
No. of Female Male
Pair Presence Absence Presence Absence
SXG
1 0 7 0
2 0 2 0
3 0 3 0 9
4 0 17 0 12
0 29 0 31 x=0.067
(30.0) (30.0) (P<0.05)

The number in the parenthesis represent expected number of individuals.

AL, OO GMFE, L1800 # 0 0F

H % T %47\, % T2 30 H I 100 ng/ml 1) GREEE SEMRBTOREER G RHKE S
AFNTAMATOCTGRTHEL, 2758 AL OEREROFR % Table 1 1273F, SH
DINBEOATIE % WHiGE L 72 AME, GAEEMHE L7225k % 16 /L,



20

WG RMEMEB, SRMAEMHE LAKH % 4
HAMES 72, ZORR, S RfExMEB. G A%
HEBLE L722elie A . ME 48 84K, HE 31 kD&
At 79 MRS S . MEEILIZIEIE 11 TH o 72
MR TTa 7 IREBlE S, fETizaT
DR T 7 IR SN, W2, GRfE%E
e, S SAME A M & L 7228 It A & i 29 fif 14,
e 31 AR D G 60 MERA MG S A0, MEHED =i
FF1:1THhHoteo MiMEE 12T 7 T BRI BIZ
ENBoTz0 ZDOREIE G RED Chr H¥Y Yt
AR EICHEET A L ZREL TV 5,

2) GRBICHU MDA FILF X MRFTO
IR GAREDOMEME KD X Getafk b2 a7 75
BIZT AT B0 EIDEHENIZT B 72012,
G REDMEIC A F VT A b AT T P % AT - 72
(Table 2) o ETHRIKIZBVTI T IHDH
BLL7oMidBig: S g, TREMICHEIL L T 72 fE
RIZBWTS I 7 I7RIEBIE SN o 72,

3) GRIHICH T BREEER GRHET34MD
KA T 728 2 A ME223 ik, I 204 kD
A 427 AR HEEN, TOH) L 4RTHLELN
o a7 T O ER DS e 1R, R

Table 2. The presence and absence of the cobra pattern in female individuals of the G strain
which treated at 60 days by methytestosterone from 60 days after birth.

Concentration Survival Sex reverse Existance of cobra
of teststeron rate rate pattern
(%) (%) Presence Absence
1 ng/ml 96.6 28
10 ng/ml 100.0 222 36
100 ng/ml 89.7 100.0 26

a)

b)

Fig.2. The male guppy which does not have cobra pattern observed in G strain (a) and common

male individual in G strain (b).



Table 3. Presence and absence of the cobra pattern in the individuals which obtained from
mating of the G strain. Females were treated by 100 ng/ml methyltestosterone at 30
days from 180 days after birth.

No. of Existance of cobra pattern
pair Female Male
‘Presence Absence  Presence Absence
1 0 7 3 0
2 (1) 18 21 1
3 0 3 3 0
4 0 0
5 0 5 12 0
6 0 12 12 0
7 0 6 3 0
8 0 4 5 0
9 0 3 1 0
10 (1) 10 10 1
11 0 6 4 0
12 0 5 5 0
13 0 5 2 0
14 0 4 5 0
15 0 8 2 0
16 () 10 12 1
17 0 7 1 0
18 0 16 12 0
19 0 6 4 0
20 0 7 6 0
21 0 3 3 0
22 0 6 4 0
23 0 2 6 0
24 0 4 3 0
25 0 6 3 0
26 0 6 8 0
27 0 8 8 0
28 n 9 9 1
29 0 5 5 0
30 0 5 4 0
31 0 7 3 0
32 0 4 6 0
33 0 3 6 0
34 0 5 5 0
Total (4) 219 200 4

Within parenthesis represents number of females which observed cobra pattern after 30 days
methyltestosterone treatment.
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Fig.3. The female guppy in which cobra pattern was observred after
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Relationship of Salinity Tolerance Between Strains
and Their F, Hybrids of Guppy

Motoki NAKADATE and Yoshihisa FUJIO

Faculty of Agriculture, Tohoku University

Abstract

Salinity response in strains and their F, hybrids of the guppy was measured as survival time after subjecting

mature fish to 35 ppt artificial seawater. In almost of the parental combinations, the averages of survival times of

the F, hybrids were higher than the higher value of the parental strains, thus indicating heterosis. The coefficient of

variance (CV) in survival times of F, hybrids differed among strain combinations, and the value was sometimes

higher than the highest value of the parent strain.

A positive correlation was observed between the CV of the total F, hybrids and the CV of the average survival

times in each litter of F, hybrids. It suggests that the heterosis observed in the F. hybrids is attributable to the litters

of each parental combination.

(accepted 26 May 1998)
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Table 1. Average survival time in 35 ppt seawater in five strains of guppy

Avarage survival

Strain N time(h) +S.D. C.V.(%)
S3HL 120 4.1£1.3 31.7
S 50 3.8+0.8 21.1 -
F22 132 3.7+1.1 29.7
A 119 2.910.8 27.6
SC 107 2.7+£0.8 29.6

N : Number of individuals tested.
C.V. : Coefficient of variation

Table 2. Average survival time in 35 ppt seawater in F, hybrids from 16 crosses between
different strains of guppy

Cross

Number of Total number of Average survival

(Female x Male) crosses F1 hybrid tested time (h)+S.D. C.v.0%)
SCxF22 9 84 6.0+2.1 34.6
F22 x SC 10 230 5.3%1.5 28.5
F22 x S3HL 21 220 5.6+2.0 35.0
S3HL x F22 9 79 4.7+1.8 38,5
F22xS 11 217 5.5%+1.9 34.3
SxF22 8 116 5.2+1.3 25.2
F22x A 7 71 4.9+1.2 24.1
AXxF22 2 40 4.3x1.1 25.5
AXxS 4 70 4,7+1.0 219
SxA 8 115 4,2+1.1 25.1
AxSC 5 85 4,5+1.1 25.0
SCxA 5 67 4,2+1.1 27.5
SCxS 11 170 4,1+1.0 25.1
SxSC 13 248 3.8t1.3 33.7
S x S3HL 4 62 4.1+2.0 48.4
S3HL xS 6 151 3.6x1.4 37.9
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Table 3. Average survival time and the coefficient of variation (C.V.)among litters in 16 F,

hybrids of guppy
Cross Number of Average no. of fish Average survival CV.(%)
(Female x Male) crosses tested within a litter time (h)(Range) U
SC xF22 9 9.3 5.7 (3.4-7.5) 24.6
F22 x SC 10 23.0 5.3 (3.3-6.5) 17.0
F22 x S3HL 21 10.5 5.4 (3.2-6.6) 16.7
S3HL x F22 9 17.5 4.4 (3.2-6.9) 18.2
F22 xS 11 19.7 5.5 (3.8-7.9) 21.8
S x F22 8 14.5 5.3 (4.0-6.0) 9.4
F22x A 7 10.1 4.9 (4.0-5.9) 14.3
AxF22 2 20.0 4.4 (4.2-4.6) 6.8
AxS 4 8.8 5.2 (3.3-5.1) 23.1
SxA 8 14.4 4.3 (3.0-5.1) 16.3
AXxSC 5 17.0 4.4 (3.7-5.1) 13.6
SCxA 5 13.4 4.3 (3.6-4.8) 14.0
SCxS 11 15.5 4,0 (2.8-5.8) 20.0
SxSC 13 19.1 3.8 (2.5-5.2) 21.1
S x S3HL 4 15.5 3.6 (1.9-6.0) 44.4
S3HLx S 6 25.2 3.7 (2.8-4.9) 24.3
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Fig.1. Relationship between the coefficient of variation in total F, hybrids and that among

litters
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Table 4. Heterosis and combining ability in the cross between the guppy strains

Average survival

Cross* No. of  time of the parent Number of the cross %
crosses  strain (higher value) showed heterosis

SC x F22 19 3.7 17 89.5
F22 x S3HL 30 4.1 26 86.7
F22 xS 19 3.8 19 100.0
F22x A 9 3.7 9 100.0
AxS 12 3.8 10 83.3
AxSC 10 2.9 10 100.0
SCxS 24 3.8 13 52.2
S x S3HL 10 4.1 4 40.0

*Combined the reciprocal crosses.
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Typing of mtDNA in the Japanese Flounder Based on the Length
Variation and the RFLP Analysis of mtDNA D-loop Region

Takuma SUGAYA, Minoru IKEDA and Yoshihisa FUJIO
Faculty of Agriculture, Tohoku University

Abstract

Restriction fragment length polymorphism

(RFLP) analysis was performed on PCR amplified DNA

fragments which contains whole of the mtDNA D-loop region of natural and seed specimens of the Japanese

flounder (Palalichthys olivaceus). The amplyfied DNA fragments showed length variations and were classified
into five classes ; class I (3.3 kbp), I (29 kbp), M (2.8 kbp), IV (2.7 kbp), andV (2.6 kbp). RFLP with three

endonucleases

(Hindll, Hpall, and Haelll) in each class yielded a total of 11 composite haplotypes. The

haplotype diversity (#) within the natural and seed specimens were 0.857 and 0.679, respectively. These results

suggest that the mtDNA typing based on the combination of length variation and RFLP of D~loop region is useful

to monitor genetic variation in the Japanese flounder populations.
(accepted 8 June 1998)
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Fig.1. Amplified DNA fragments of the mtDNA D—-loop region in the Japanese flounder
class I : 33 kbpclassIl 2.9 kbpclassIl ; 2.8 kbp

classIV : 2.7kbp classV : 2.6 kbp
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Table 1. Frequencies of five mtDNA D-loop classes in natural and seed specimens of the

Japanese flounder

specimens
class natural(14) seed(23)
I 0.071 0
I 0.214 0.087
il 0.286 0.130
v 0.358 0.783
\Y/ 0.071 0

sample sizes indicated in parentheses.
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Fig.2. Restriction fragments of the mtDNA D-loop region in the Japanese flounder. The PCR
products were digested with Hind[l, Hpall, and Haelll, respectively.
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Table 2. Restriction morph of each class of D—loop region in the Japanese flounder mtDNA

restriction morph

class(kbp) HindTl Hpall Haell
class1(3.3) A (2.9) AQ(.7,1.1)  AQ.7,1.0)
classlI(2.9) A(1.7,1.2) A (1.4,1.1) A (1.51.0)
B(1.3,1.1) B (1.4,1.0)
classli(2.8) A (1.6,1.2) A (1.2,1.1) A (1.3,1.0)
B (2.5)
classiV(2.7) A (1.5,1.2) A (1.1) A (1.2,1.0)
B (2.5)
classV(2.6) A (1.4,1.2) A (1.1) A (1.0)

Size (kbp) of fragments observed in each restriction morph indicated in parentheses.
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Table 3. The haplotype of D—loop region in the Japanese flounder mtDNA

restriction morph

class HindII Hpall ' Haell haplotype
class | A A A I-1
class 1 A A A I-1
A B B o-2
B A B I-3
B B A -4
classll B A A H-1
A A A m-2
B A B m-3
classlV B A A V-1
A A A V-2
classV A A A V-1

Table 4. Frequencies of eleven mtDNA D-loop haplotypes in natural and seed specimens of
the Japanese flounder

specimens
haplotype  natural(14) seed(23)
1-1 0.071 0
-1 0.071 0]
I-2 0.143 0
o-3 0 0.043
-4 0 0.043
m-1 0.143 0.087
m-2 0.143 0
m-3 0 0.043
V-1 0.143 0.392
V-2 0.215 0.392
V-1 0.071 0
h 0.857 0.679

sample sizes indicated in parentheses.
h : haplotype diversity.

—FHEBAEAETAIEICEY, BRITARICE &I DOEMLA, HHEHLYIEZ T XOD N
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Genetic Difference between Two Streams of Ohigawa River at the Two

Isozymic Loci in Yamato—iwana, Salvelinus leucomaenis

Hiroyasu GOTQ", Yasuhiro MAEDA™ and Akihiro KIJIMA™

" Fuji Trout Farm of Shizuoka Prefectural Fisheries Experimental Station

? Education and Research Center of Marine Bio—resources, Tohoku University

Abstract

Genetic composition at the two isozymic loci, Gpi—-3 and Mdh-I+2, in Japanese char, Salvelinus

leucomaenis, collected from the two upstream populations of Ohigawa river was estimated. As a result, it was

noted that (1) the two upstream populations were under the Hardy-Weinberg equilibrium, and (2) the allele

frequencies were significantly different from each other at both two loci. These results suggest that migration rate

from white—spotted artificial seeds has been different in each upstream population. Migration rate is assumably,

calculated by gene introgression rates at the two loci as 2.3% in Nishimata and 25.5% in Higashimata.
(accepted 5 July 1998)

4773 (Salvelinus leucomaenis) 3FERBER
HEOBREICHBHEREFION, TARR (T
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CIFDOL4BFT DR T0EY, Thbb, 4
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PHEMOEBDO L Y #HADOEIHEZFLIZA LR,
BN ESBEAORASRDOON L=y a7 (T
F.mvavATFERLCHBRE EBEED
BEE SR N5 BFHBHEATET O X TRD
bhaIF, 2L CHHICAGKSPES, 4
I HBRAPTEVWDH - TH IS DTh LA
LY, BEGOBSAVHEHRELEY~ M 720
o Twa,

HREAHNAROMNERRIE Y~ b7 F

DEHRSHF LTV LHIRTH L, HE=vyIY A
TFRLV A T FOFEESIHAR T FLICER L,
ANIHEEWESIZAFETEL IS, KK
R BHIBRO-DIZIAOBREShE LS
Ko, FRUBE, TRETATHAERLT
Wi o 2T HBEBEA RO A 7 A
LTWe ), KFENGZEDERDOY 2 47+
AT AR TREIC=y av 1T FOFEHT
HDHABHENA SN DEENFEMT 2% &, &
HRE L B UM R o RO HBATK & 2R
BLhoTwaY BIZAHIERBOBER LK
Ro2mNDS B, BRETIRY< MM 7 FORH
THAIBBELOWE L L L IZHHICHBRERE D
SEEAGEE I ASND & D2k o7 (FigDo
COERE LCHRIREESIERER L & b ICHHE
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Fig.1. Non white—spotted and white—spotted individuals collected from

Higashimata of Ohigawa river

(1) non white-spotted {colored spotted only)

(2) white-spotted and colored—spotted,

WA o 2T REMATRIE S R b,
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b orze LTHBRIETHES L FEETFREM
ROZEIZ & > TRAEDEEIRETE HFILZ
BoTws, EB. BEFEENFELL70V4
DOFRREME NTHEE 2 RIS, TAVFS LR

EFEEELE LTRARERICBIT 2 ATHEEOR
BEENRDLN TV EY,

Fo " IERICHERA S H AR FTOR
RATFOIHB L AREAF R VRN EFIIC
EBTE2RRYS M I FTO7A4 VAL L%
1TV>, Gpi-3. Mdh—12, Pgm—-2 B X OF Sdh—23
ZBVTRF EMOHIBO EXVEETIR %
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1 LRIETEERL L CHAE SO HMBSEENR
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547 DOREHMEE R, BURRAHRORE
FORAZOWTERZTHI L ZHIE Lz,



43

z

Pacific Ocean

A
Nohtoridake

L. Hatanagi™—

Fig.2. Location collected the samples of char in Ohigawa river

% Sampling area
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Glucosephosphate  isomerase (GPI:EC5.3.1.9) &
Gpi-3 B {6 F . B X FMalate dehydrogenase

(MDH : EC 1.1.1.37) @ Mdh—1+2 BZTHETH
5o GPLiX MY A7 = E#R#E® (PHS.0).MDH
MR L EERER (PHT7.0) 2AVWTT Y
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BHih o9 o 1o,
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EROFEH L L, BERTOREE k) LT
WKRTTRD 7,
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Z T qA B EREMD a 3 RIEFHEE.
A BB BEROERO o W TRETHE. qA 12
ANLHEH O o WU BERTFHEETH 5,

®= B

PR & BHRDIREFEIZ OV TERICHELR D
BIEHE D OEEOHBE TR, BERTR
123 fE A 11 @A (8.9%). HARTIL 64
31 ik (48.4%) CTHOH LNz, T2, THICA
BREFELCHO LN h o I EEIE TR T 82
B (66.7%) AR T 16 B4R (25.0%) ThH -
pA :

T N7 Gpi-3 BIGFHE & Mdh—1+2 BIE
FEIZBIT AR L HREOBZHM T Table 1

Table 1. Genetic composition at isozymic loci in the two river populations
of char collected from Ohigawa river

Nishimata (all)

Observed (Expected) number of individuals

Locus Mdh—1+2
Genotype a/a a/b b/b total
Gpi-3 al o 01) o 100 s5( 51 5( 6.1)
ab 0( 03) 6( 69) 39(355) 45(42.8)
b/b 0( 06) 16( 12.0) 57( 61.5) 73( 74.1)
total  0( 1.0) 22( 19.9) 101(102.1) 123
Higashimata (all)
Locus Mdh—12
Genotype a/a a/b b/b total
Gpi-3  al 1 06) 4( 29) 2( 34) 7( 69)
a/b 1( 25 15(11.8) 12( 13.9) 28( 28.2)
bb 2( 25) 11(12.1) 16( 143) 29( 28.9)
total  4( 5.6) 30( 26.8) 30( 31.6) 64
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&L QFH. HD5WIRTEH RS % £ B R
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TROOLN, FRETFEIIBITAZEEGBETFORESE
EFRTIEI R B, T T qA BEREFDE
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BALEHOBZFHE L 25,

KFENZBIF DY M T FOEREFORE
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T BB S % & F RS 82 AR ER
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TEREFIE Gpi-3 BIEFES & U Mdh-1+2 &
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mL, BRI ZFRFN o 3 LEEFICEE
LCTWwWiz, ShSOREFHEIFH LS BLO
Nakajima etal " PHE L=y a2y 47 F-BI T

Table 2. Allele frequencies at the two loci in the two river populations, assumptive native
population and assumptive released population

Locality Locus Gpi-3 Mdh—1+2
Allele a b a b
Nishimata (123) 0.224 0.776 0.089 0911
Higashimata (64) 0328 0.672 0297 0.703
non White—spotted (82) 0.213  0.787 0.061 0939
Artificial seeds (48) 1.000 0 1.000 0

The number in parenthesis represents the number of individuals surveyed
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Induction of Tetraploid Larvae in the Pacific Abalone Haliotis discus hannai

by Suppression of the Meiotic Division Using Cytochalasin B
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Abstract

Tetraploid larvae of the Pacific abalone Haliotis discus hannai were induced by the suppression of the

meiotic division using the cytochalasin B (CB) treatment. The suppression of the 1st and 2nd meiotic division were

attempted by using eight different conditions of continuous or intermittent treatment. When the eggs were exposed

to 1 ppm CB from 10 to 40 minutes after insemination continuously for a period of 30 minutes duration at 20 £ 0.5

C, the resultant larvae showed higher frequency of the occurrence of tetraploid cells than any of the other

conditions. The rate of cleaved eggs and normal larvae in the experimental batch treated with this condition were

95.7% and 58.3%, respectively. The results of the present study suggest that this method might be effective for

tetraploidization of abalone.

(accepted 24 July 1998)
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JUDTERY) OFEFHTERETRREL 72,

FREBRX BT 2B EEDO—EE Table | 1278
L7z MsCAiALSE, MLBTE B 1290 % 0.1% DMSO

Table 1. Summary of mating and polyploidization data.

Mating  Mating Exp. Treatment No. of Rate of Eggs  Rate of Normal
No. Date Batch Time*! (min.)  Eggs Cleaved (%) Larvae*? (%)
409  Nov.10,94  Control Untreated 473,600 95.9 96.3

1 10~30 614,400 95.3 63.6

I 10~35 444 800 94.2 56.5

m 10~40 444,800 95.7 583

|\ 10~45 448,000 88.6 58.9

410 Nov.10,'94  Control Untreated 124,800 97.4 100.0
A 10~18 / 30~38 278,400 97.7 65.4

B 8~16 / 30~38 246,400 87.0 71.0

C 10~25 / 30~45 166,400 96.2 41.7

D 8~23 / 30~45 265,600 96.4 70.0

*] Starting ~ finishing times of 1 ppm CB treatments after insemination.

*2 Trochophora larva.
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Fig.1. Frequency distributions of chromosome numbers in mating group 409.
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Fig.2. Frequency distributions of chromosome numbers in mating group 410.
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Genetic Variability and Divergence of Ayu Plecoglossus altivelis
Using AFLP Fingerprinting
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Abstract
AFLP fingerprinting (AFLP-FP) was applied for the estimation of genetic variability and differentiation of

amphidromous and landlocked ayu, Plecoglossus altivelis altivelis and two subpopulations’ of the Ryukyu-ayu,

Plecoglossus altivelis ryukyuensis by using two primer pairs (E~-AGG and M—CTT). Genetic variability and

divergence between individuals were indicated by bands sharing indices (BSI). Parameters of genetic variabilities

were remarkably small in the Ryukyu-ayu subpoulations. The parameters’ of genetic divergence between ayu and

Ryukyu—ayu were extremely large. The detected band could be useful for identification of the two subspecies. This

study also suggests that AFLP—FP is an useful genetic marker for evaluation of genetic variability and divergence

of ayu subpopulations.

(accepted 6 Aug 1998)
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Amphidromous

Landlocked

Ryukyu

Ryukyu
(Kawauchi R.) (Yanma R.)

Sampleno. M 1 23 456 78 910 M 11121314151617181920 M

Genotype

1

VH, Vi,

X,

X1, X,

XV1,

Xi, XI, XV, XV, XV

4300 bp

4200 bp

4100 bp

Fig.1. AFLP fingerprinting of amphidromous—, landlocked— ayu and two population of
Ryukyu-ayu detected with M—CTT and E-AGG primer pairs. Counting from the left,
no. 1-5: amphidromous ayu, no. 6—-10: landlocked ayu, no. 11-15: Ryukyu-ayu

(Kawauchi R.), no. 16-20 : Ryukyu—ayu {YanmaR.), (M) : molecular marker is

a sequence ladder of M 13 mp 18.

Table 1. Number of bands detected, polymorphic bands and genotypes within amphidromous—,
landlocked-ayu, plecoglossus f. c. altivelis and two local populations of Ryukyu—ayu

P. a. ryukyuensis

No. of Average no. No. of
Population ' Sampling (N) bands ofbands polymorphic No. of
location detected detected bands (%)  genotypes
Amphidromous Tosa Bay ® 23 18.4 8 (34.8) 6
Landlocked Biwa Lake (8 21 17.0 8 (38.1) 6
Ryukyu Yanma River . (8) 14 13.1 1 (71 2
Ryukyu Kawauchi River  (8) 15 134 2 (13.3) 3
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Amphidromous Landlocked
(Tosa Bay) (Lake Biwa)
Sample no. 1 2 3 4 5

8 9 10

Genotype N i, v, I X
11, v, VI, VI, X,

Ryukyu
(Yanma River)

Ryukyu
(Kawauchi River)

11 12 13 14 15 16 17 18 19 20

-4—300bp

«4-200 bp

X, X1,
X1, X1I, XV, XV, ):4%

Xm, XV, XVI

Fig.2. Magnified AFLP fingerprinting of the range from 200 to 400 bp.

Table 2. The value of average BSI*' within and between populations estimated from the AFLP
fingerprinting pattern detected with M—CTT and E-AGG primer pairs

Amphidromous  Landlocked Yanma Kawauchi
Amphidromous (Tosa Bay)  0.908+0.047 090310044 0.63610.021 0.631+0.022
Landlocked (Biwa Lake) 0.9091+0.048 0.665+0.027 0.660+0.028
Ryukyu (Yanma) 099140016 0.91510.025
Ryukyu (Kawauchi) 0.967+0.025

" BSI=2 N,,/ (N#N.) where N, and N, are the number of bands present in individuals a and
b respectively, and N.. is the number of bands shared by the individuals.
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Estimation of Effective Population Size and Inbreeding Coefficient in Hatchery
Reared Red Sea Bream by Microsatellite DNA Markers
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Abstract

FAO experts recommended that a large number of breeders should be used for the production of hatchery—

reared juveniles in order to keep a large effective population size (N.). This will prevent the loss of genetic

variation and inbreeding. In this study, we tried to estimate the effective population size (N.) and the inbreeding

coefficient (F) of the hatchery stocks of red sea bream Pagrus major. This was based on both the population

genetics and the pedigree analysis by using hyper sensitive microsatellite DNA markers. The average

heterozygosity were decreased in the hatchery stocks of both the stock enhancement and aquaculture. Based on the

genetic changes in average heterozygosities, the inbreeding coefficient was estimated. The hatchery reared fish’s

pedigree was also traced, using five microsatellite DNA markers, to quantify the actual number of reproducing

parents. The effective number of contributing parents (N.) and the inbreeding coefficient were estimated. The

estimated Ne was 63.7, consequently the estimated inbreeding coefficient was less than 1%.
(accepted 12 Aug 1998)
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Fig.1. Genetic marking for breeders and offspring by microsatellite DNA
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Table 1. Genetic variability of wild and hatchery reared stocks (S 1 —S 5)* of red sea bream

Pma 1 Pma 2 Pma 3 Pma 4 Pma 5 Mean
Wild population
No. of samples (29) (30) (28) (30) (29)
No. of alleles 13 24 20 26 16 19.8
Effective no. of alleles™ 2.6 14.3 11.8 114 7.8 9.58
Heterozygosity ~ (Ho)™ 0.762 0.900 0.928 0.863 0.893 0.869
(He)™ 0.608 0.917 0.908 0.909 0911 0.851
(Ho/He) 1.253 0.981 1.022 0.949 0.980 1.037
S1
No. of samples (29) (30) (31 (30) (31)
No. of alleles 12 26 17 19 15 17.8
Effective no. of alleles 34 18.5 12.2 8.1 10.0 10.44
Heterozygosity (Ho) 0.552 1.000 0.839 0.667 0.806 0.773
(He) 0.705 0.946 0.918 0.876 0.900 0.869
(Ho/He) 0.783 1.057 0914 0.761 0.896 0.882
S2
No. of samples (30) (32) (27 (32) (31
No. of alleles 6 15 9 9 8 9.4
Effective no. of alleles 3.2 9.3 5.1 5.2 3.7 5.30
Heterozygosity (Ho) 0.833 0.844 0.852 0.563 0.806 0.780
(He) 0.689 0.893 0.802 0.809 0.736 0.786
(Ho/He) 1.209 0.945 1.062 0.696 1.095 1.002
S3
No. of samples (30) (31) (30 (31) (31)
No. of alleles 5 11 7 8 6 7.4
Effective no. of alleles 2.9 4.9 1.5 5.5 4.4 3.84
Heterozygosity (Ho) 0.700 0.839 0.333 0.839 0.710 0.684
(He) 0.659 0.769 0.326 0.817 0.775 0.669
(Ho/He) 1.062 1.091 1.021 1.027 0916 1.024
S4
No. of samples (33) (33) (32) (32) (32)
No. of alleles 10 29 14 16 15 16.8
Effective no. of alleles 32 21.7 11.5 54 7.1 9.78
Heterozygosity (Ho) 0.697 1.000 0.906 0.656 0.969 0.846
(He) 0.685 0.954 0.913 0.815 0.886 0.851
(Ho/He) 1.018 1.048 0.992 0.805 1.094 0.991
S5
No. of samples (30) (32) (30) (32) 31)
No. of alleles 8 22 14 13 15 144
Effective no. of alleles 3.9 12.2 6.1 4.9 8.3 7.08
Heterozygosity (Ho) 0.833 0.969 0.933 0.719 0.839 0.859
(He) 0.724 0.918 0.866 0.797 0.863 0.834
(Ho/He) 1.151 1.056 1.077 0.902 0.972 1.032

*1: S 1, the 2 nd generation by non-selective breeding for enhancement of wild population ; S
2, the 7th generation by size selective breeding; S 3, the 7 th generation by size selective
breeding ; S 4, the 2 nd generation by size selective breeding ; S 5, the 4 th generation by size
selective breeding originated from inter subpopulational cross breeding.

*2: =1/ (1-He),

*3 . observed heterozygosity,

*4 : expected heterozygosity.
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Table 2. Estimated values of inbreeding coefficient in hatchery reared stocks S 1 to S 5 based

on the formula F= (H.-H.) /H.

St: F.= (0.869-0.869) /0.869=0
S2: F.= (0.869-0.786) /0.869=0.095
S$3: F.= (0.869-0.669) /0.869=0.230
S4: F.= (0.869-0.851) /0.869=0.021
S5: F. = (0.869-0.834) /0.869=0.040
(Fv)
1.0 }—

- e m—— v . et e o — — —

Ft=(Ho-Ht) /Ho

0 0.5

(H)

Fig.2. Relation of inbreeding coefficient (F.) and average hetrozygosity (H,) in microsatellite

DNA markers.
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ZZT, Table | X NV BAEELEFOBETHE L
p=0851 &£ 9B L, Hold 0255 £ & B, HIZIZ#

Offspring’'s genotypes

Offspring #1 | ocus Pma 1*

Genotype  125/127

Pma 3*
89/103

Pma 4* Pma 5*

197/111 129/153

Matching of genotypes

5y
QRRD
IRESR
S04t
s a) g"“.oﬂ
IEAISS

Breeder #2 Breeder #3
T Breeders' genotypes
! I _
Pma 1* 115/125 + Pma 1* 115/117 - Pma 1* 119/127 + Pma 1* 115/127 +
Pma 3* 89/121 + Pma 3* 105/119 -~ Pma 3* 97/109 - Pma 3* 103/109 +
Pma 4* 105/197 + Pma 4* 99/99 - Pma 4* 111/111 + Pma 4* 111/111 +
Pma 5* 129/133 + Pma 5* 127/131 -~ Pma 5* 129/133 + Pma 5* 123/153 +

Fig.3. An example of matching test for Pedigre analysis using the 4 loci of microsattelite DNA
in computer identification system. The breeder#1 and #248 were identified as a couple

for the offspring #1.
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Table 3. Pedigree tracing data and estimation of the effective number of breeders

Offspring matched to :
One parental couple
Two or more parental couples

One parent alone
Total number of families

Total number of contributers
Females (N))
Males (N.)
Total

Ne (unequal sex proportion)
Ne=4*Nf*Nm/ (Nf+Nm)

Variance of offspring per parent™
Per female (Vi)

Per male (Vi)

N." (unbalanced family size)
N. =8 Ne/ (4+Vin+Vir)

Inbreeding coefficient (F=1/2N.")

Number %
147 73.5
13 6.5
40 20
Tank 1 Tank 2 Total
41 46 87
19 15 34
27 30 57
46 45 91
44.6 40.0 84.6
3.26 5.60
2.22 2.67
37.6 26.1 63.7
F= 0.008

*' The variance is equal to the mean number of offspring per parent
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VEALIZBTBRTINIX vV ZAERHNW
A4 2u¥5F 54 F DNAOKRT | Eik~v=27L

PEREZ-ENRIQUEZ Ricardo - TT# &% -

AQEE (50K - 8)

Microsatellite DNA Detection by Chemiluminescence in Red

Sea Bream : A Practical Manual

Ricardo PEREZ-ENRIQUEZ, Masaki TAKEMURA and Nobuhiko TANIGUCHI

Faculty of Agriculture, Kochi University,

Abstract

A reliable non-radioactive method based on chemiluminescence usea for the detection of hypervariable

microsatellite DNA of red sea bream is described. Using biotinylated primers, four loci (Pma 1", Pma 3", Pma 4°,

Pma 5") were detected showing an identical banding pattern was detected with the radioactive method. The

chemiluminescence method is proposed as a safe and appropriate- technique to be used for population genetic

studies andpedigree anayses. It is suggested that the technique is suitable not only for red sea bream, but for other

fish or shellfish species as well. A practical method has beeno described in Japanese as well.
(accepted 12 Aug 1998)

<A Z0¥F 54 b DNAEFE L 2~5 &
DXy LA F FOFCRERTIEETH ), #E
300bp & ¥ 4E 4R % DNA BEEFHIC X - T
HEINTWE, "I7/ ALBIIBBCSAT
57427 0%F 54 DNAREVEEMEZ R
TWAZehn AEICBT 5 BEEERFHME"
R, BRI BITAHHMIEDNA T 1 ¥ —
TNy hw—h—, LTHWLRTNSE, ¥17
475 4 b DNA ORIV OB &S —fk
WL FERA— by =y vy, s
HRMILHE RI) EREMEEHTLHETH S,
LaL, O ETIE, DNAY— by =2 =
Y —=RTU—LyR Y MM A=TTF T4 —
DEFRAPLETHY, TERLORMBHEIE
BRLDOTHD, FBEOKFETE, HELDD
DR EEMTREZVIZLTH, BFHRAMITED

AL D) A7 5B L. 72050 % £ %

PELT S, FNOOMBEL TS 72012 Mekus
5%, ABODNAWZBITAY A 7ut T 74
PO INI Ay AL DRI 2 BT
L7z COMECHBE, FINIA VLV AD
B, BiexyAieBiys~A4raty
4 b DNA ORHIZBVWT, BRETEBIOHH
THhbHEVIZEERTI LIS D, MA T, E
BY =27 VEZOHEDEREESHIITHLD
THbo

& A&

AW Cidftitm & UCHlE PR CIRILS
N7 51 Pagrus major 70Kz /2, §5E!
DNAWR 7=/l - 200k VAEICL-TRB
RO L7, Y 2 OFERE, 700 ml @ TNES
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—Urea (10 mM Tris/HCI pH 7.5, 1.5 M NaCl. 10 mM
EDTA, 0.5% SDS. 4M Urea) & 71177 -t K
(RARIBEE SOpg/ml) MR/ 1.5ml F2— 712
¥lem DREER % ANb, Z0H%, BorICH
BLAEDKLITC Tl rFax—17
55DThHb, DNAIZENRENR, 72/ -
AT RVLIAITINTNI—) (25:24:
D, HENTZ7a0RVL AVTINTII—L
(24:1) DIETHHEET- 7,

20K, MUERIZ 2FEDOG Y /L&
% DNA %k & €72,

Bk, REABEBEEL, 70% LY/ T
Pt L7tk BRTEEE L o, EBESEDNA G
100 Wl @ TE Buffer (10 mM Tris/HCl. 1 mMEDTA
pH7.2) THIRL 4C CHRIEL 70

AT L~ A4 7 a5 5 1 DNA &Iz
F-WEX Pma 1*. Pma 3*. Pma 4*. Pma 5* Cd
5%, FN5H % DNABZTFRIIET S 774
v =37 T4+ — v/3 DNA SIS IFEEL
WHELAFL:, 74T FF74<—E7
N T RBERVWLDERVZOF L, YN
—ATITAT—-FEFF T FTINLL
bDERVE, ENENDT T A7 —1IE R
F&RE 100 pmol/ul & 7% 5 X 9 12 TE Buffer hI %,
L.

<427 R2H 754 FOEIE (PCR) &, MJ
RESEARCH, INC. ¥ —< V¥4 275 —Tiio7,
PCR %475 12& 72 1) £ 43 A D DNA 1l (40 ng/
) L To2uM 74— 7= FB LY N —
A (¥t FrIN)I) 794 <—, IxPCR Buffer

(TaKaRa™), 02 mM dNTPs (TaKaRa™), 1%
RIVAT I P, 0.1unit ® Tag DNA R A5 -

(TaKaRa™) THEEL L72PCR 7 7 7V 51 & {f
AL7%s PCRIZ, UC 214, T=—V 7R
E (Pma 1'=48°C, Pma 3'=51C, Pma 4'=53C,
Pma 5'=49C) % 30%. 2C % 308, Z0O&
BEIFA 7ML LTTIHA 7 MTN, EHIZ90

CH30%, 7=y 7RE% 30, 72C £ 30
B, Zo#EEY 3394 2 VITo /. PCRBIE
DB SUPDORA LY 7F A (03% 7HET =/
—VTN—=,03% ¥ L7 /=) %PCR
Bz, #n% 9o5C CEBRSE-%. 8%
RYTFIZUNT IRV T a7V =TT
4 (Hoeffer™) % F\WCERKEL 72

V=TV AT —E, YA X =~ LT
HubhTnddspUC 19 75 A3 FEFEHL,
CircumVent Phototope™ Kit (New England Biolabs
Cat.#7430) T FHHWT/ER L 72 (AL C. G, T% 3.0
whiZ 4 L T, puC-19 control DNA 0.5 pl,
biotinylated 77 4 =¥ — 1.0 ul. sequencing buffer 10
% 1.5 i, 30x Triton 1.0 w1, H,O 10.0 ul. DNA Vent
RN AT —¥20u THELABEAEE32WT
DEMAZTPCR %475 72),

BERIKER T, ¥ ViE3MM CHR Whatman
filter paper {2 L 720

FINIFH vy AFIIBITS DNAEKE, UV
s AY rr, MHOBER T Phototope™  Star
Detection Kit (New England Biolabs Cat.#7020) @
T I WIZHEWET L2, DNAEEIZBW
TiE, 2 DR, FHFEFAT A TT ¥

(Immobion—S™., Millipore). # L T, & H 22
WOWEE 2DH T ARDBIIRABARIT 2 720
TRICEBEL: 2ROEKEF I a2 TT
1% 0.5xTBE Transfer Buffer. pH 8.7 (10X : 1
M Tris, 0.8M K 7EE, 0.01M EDTA) LT
FH L7, BER 205 M1To72, BEHBDA ¥
77 i380C TISpMEzBR e, UV IO R
Vroid, Ay 77 ODNAEEME TIZLT
FIURANI R—F —TAHEIT - 720 UV
IBaREEICE L T, ERIERATS M7 Y A4
VIZ—=F—~DUVHEILL-TRE-TL A%
B, FEO~ 2T VOFEREHNTEFTI VX
ANVIFZ—F—DUVHREPLEM L,

DNA OWHIZ, 279 %72 vElo—
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M) rF— b LENA T FL - avy
Wy T LTI 272, EF. AT I 0 % 5%
SDS V) Y ERISTE pH 7.2 Tk L 7-#. streptavidin
EEUEETA v Fan—~ L7, ZOH. 05%
SDS ") ¥ BRUEW T 2 B ¥ L. biotin/alkaline 7
+ A7 7 5 —BIEWER L A TRIG &7,
U 5% SDS V) ERAW CHEIRF L. & B ICIEIKR
I pH 9.5(10X ¥ © 100 mM Tris—HCI pH 9.5, 100
-mMNﬂIIOmMMgm)T2E%ﬁ?é:tK
INFrINIAvber ARG ERIL LT, &
BICAT T YOG E X7 14V LIS
X DNANSY FEBE L7,

BREEEE
AHIFAEIIBTLZYrI NI Ay A%H
WERAOHRETH Y, SEAWVW 42D S
a5 7 4  DNABIZF B Pma 1*. Pma 3™,
Pma4*. Pma5* T RCIZBVWTHrINI Aoyt
VAL BBENENTH - 2 (Figl)e KV &
TN OB TOIBIEFOMI I LA ERERIES
NETORIETELRZDDIZELIC—FK LT
LdL, ¥—2 Ly RATF—I5d A iLEET
DMBIXRIFEICL > THONIN Y FOME &
WBREL->TBH, YINIAv LIV AFEILLST
RHEENRET Y T VOMLBIEFOF A XX

Fig.1. Microsatellite banding patterns of Pma 4 locus obtained with chemiluminescence
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Table 1. Pma 5" Genotypes of ten individuals obtained with Chemiluminescence and
radioactivity methods.

Fish No. chemiluminescence RI
1 100/105 127/131
2 102/106 129/133
3 100/108 127/135
4 100/102 127/129
5 104/108 1317135
6 96/118 123/145
7 98/104 125/131
8 110/110 147/147
9 102/118 129/145
10 96/104 123/131

Table 2. Number of alleles per locus and heterozygotsities at four loci

Pma 1% Pma 3% Pma 4* Pma 5% Mean
Sample size 70 70 70 70
Number of alleles 18 29 17 18 20.5
g:tseer’:;;gosi iy (Ho) 0.671 0.929 0.743 0914 0.814
g’g’:f;;ggosi ty (He) 0.664 0.942 0.897 0.907 0.852
Ho/He : 1.011 0986 0.828 1.008 0.958

RIZHAVTREENAZODICHR27bp/NEVIN )Y 7 A FDIEE LD S 27bp TR T WA I &
YA XLk otz (Table Do RIFEE 7 IV 3 WKdHb, LML, TOHKIZLINBLNLERIEZTF
tv ke ABEOBICE SN RETOMER WL RIBEDFNS L OBEIZEE RAFEAED S
BOBCORRIE, v— —5ERT B R,

LENBMIMpUC L=N—F VT T4 —DTF COHEICBOT, BoaATOEEGHELS
A4) v FH A4 POBEN, RITHAVWSATY ONVEEFIEESRAZLIE (Table2), &
BR—=H—DIZN—=HFNTIAR-DT 74~  FHREZNERRPRRHG BT —F—& L
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THNTHLI L RERL TV, TELTWD, MAT, ZOHETHEL DBEEZE

FINVIAy by RAFEORRWFEHIIC AT BEOHRRE. BLUKERRE RSBV THE
TNNVENTT T4 BB LTHY, L HOERETIT)ILPTELLWIFAIH Y,
oo T, IO mE, A, FLER 4% FRGERFRLZVIBLEDLS,
HREDTIAT—~OBRAVPTETHL I L%

X
1)

2)

3)

4)

5)

6)
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TINWNIZwERERZ 2TV
BRARHLEOBRE v 27T MELETIZRL 720
I. “hd 6 AL TS5 ~0ODNAEE

A7 7.

AT v T2

A7 v 3.

AT v T4,
A7 v TS,

AT v T 6.

AT v 7.
AT v 7 8.
AT w79,
AT v 7 10.
AF v 711

B k1

0.5xTBE Transfer Buffer (10X{# pH 8.7: 1 M Tris, 0.8 M &7 E, 0.01 M EDTA) 500 m!
FA T A7 T X1 (Immobilon-S™, Millipore) . A > 75 v DY IFOERITHR
TLFEREERATHI L,

PN A XAy b LZZ3MMCHR 77 9 b 7407 —_—3-—-X6
BRRKBETR, TIAREEL L —FOF I ATIIVERIFITALEIICLTIRE
5,

IMDOTANY —R—X— % F VO DNANSROBH LAV ICENFITL (FOE. it
HYB<)o Z20H, AABRETRTEINVEY YR BRET 5,
HIARPO TN EEELTIEERS,
2HDTANE—R—X—% Transfer Buffer [Zi1}. ZNE T T ARO LIZERTBELNE
WY £B,

EDTANY —R=I3—D L2, ZE W72 NE T 4N —R=)3=TL X LHE% LI
LTH<,

A 7T % Transfer Buffer IC & <R L, FVOLIIBEEEZTOBEL,

FOLIEBR LT AN —R—3—% 2BERTB

BRIZBOT T AME 74 VY —R=X—=D EIZBE, ZOLEPLH—IHET 5 (Fig2)o
20 5 EEESE 5,

WBEH, 74NV —R=N—2PWOBRE, YLD oRALTI v EELTIRENS (11X
BHiz wWigald, ARA FT Transfer Buffer 70L& A 79V OBICET L2513
FWMBHE L),

i AR

BRUIT A NT—R—3—
AVITS v

oais

Transfer BufferiZiB L /-
T4 NVE ===

5 AR

Fig.2. DNA Transfer “sandwich”
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AF w712, DNABIR EIZ L7z AT T 0% 74T —R=N—DLIIBE, BRBTESIERRE
5 (80C. I5HRETHRTE LD, 305U EEEBREOTIZANTFIZLANWI &),

I.uvzozyry

ATyl BRI ALTTI R UV EEEERE (F7 X AL V30—F =) O UV RETHIZ DNA O
EEZFTICLTBE UV 2BHT 2, 2B, UV BB TORICEIZERT 5,

X = (33,000 uyW/em?®) /Y
X RBEREE (B Y!IBFIALEF—F (@Wiem’)

Il. DNA DO

AF9T1., AVTI0ENTITLAE=Tarnw s, 30—V 0y F—IlELR BB D %
W35,

AF T2 AT I EMOINAT)FAY¥—a Ny, $2ida—v ) ¥ ¥ —|2 Blocking
Solution (125 mM NaCl, 17 mM N.2 HPO,, 8 mM Na,PO.2 H,0, 173 mM SDS, pH 7.2) % X >~
7 slemiZx LOImNA, BRTSHHEEREL & BET L, A7 v 73

Streptavidin stock solution (Detection Kit) % RAREE 1 pg/ml & % 5 X ")‘L: Blocking Solution

IHERL, ENE A TT  lem I3 L 005 ml %, 5 RERE L 72, BFET 5,

A5 v 74, ¥ T (0.1x Blocking Solution) % A > 77 > 1em* 127 L 05 ml A, 5 S BHEEEL 7/
%, BET D, INE2ERDIET,

A7 v 7 5. biotinfalkaline 7 # A7 7 #—¥ (Detection Kit) % J#EEE 0.5 pg/ml & % % & 9 12 Blocking
Solution IZ¥&fRE L, ZNE A 7T 2 1em® 123 L 0.05 ml NA, SHREEHRLRKESI 7
%, BET 5o

A5 v 7 6. Blocking Solution # X > 75 ¥ 1em? (24 L 0.5 ml iz, 5 3R L 7ok, BET S,

A5y ST, P I (10X 0 100mM T Tris—=HCI pH 9.5, 100 mM NaCl, 10 mM MgCL) % A » 77
Y1em® 3L 0Sml iR, 5B LCREET L, Shze 2ERYET,

A7 v 7 8. CDP-Star Reagent (Detection Kit) % B#REE 2 pg/ml & % % & 9 |12 Assay buffer (Detection
Kit) (BB L, A7 1em® 2L 025 ml Mz, 55 BEHEL -k, BET S,

ATy T, BEREFEOASTI U EXBTANLIZSSPS 105EBBEEEHL I LIZL ) DNA
ZRET 5,
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Methods of Analysis of Genetic Population Structure
with Mitochondrial DNA Markers

Mutsumi NISHIDA™, Toshiyuki OHKAWA™, and Hiroshi IWATA™

"Graduate School of Biotechnology, Fukui Prefectural University,

“Graduate School of Agriculture, Kyoto University,

Abstract

Knowledge of population structure of aquatic animals is important for reasonable management and

conservation of their stocks. For examination of population structuring, molecular population genetic approaches

are efficient and many attempts have been made so far. Here, methods of analysis of genetic population structure

in aquatic animals with mitochondrial DNA examination are reviewed. First, characteristics of the mitochondrial

DNA (mtDNA) are examined in comparison with the nuclear DNA. Discussed is the reason why mtDNA has been

preferably targeted as DNA markers even though it is rather small compared to the nuclear genome. Then,

laboratory procedures for mtDNA analysis are outlined. Third, mtDNA regions suitable for population structure

analysis are discussed, and primer information for PCR amplification of those regions is presented. Finally, various

data analysis methods are introduced together with information on computer software available for performing

these methods.

EATEWED HAHEBMIEAY OFIZIEFEL
Twd, Thbb, BEOGAEE S > TV,
ZOERNICEEIBEIIFTALTVWEZ Lidd
Bl KAy FEEENELRLTERLTY
B BEEMBED %S L7 iR Ghid B4 EE)
DEMHEE L ZN OB OBRLEFET LI L
. ZOBOMR - FEEEZ S LT, BRI
BERLHEWTH 5,

D L) REFEEEZRARDLFENDP Y OE I
BREZMR LD TH LN, BIRFENET 70 —F
bERGERPRMLT 2, &0, EFHBICERE

MLERNEET AHEI213. ZOREEHERENE
HAELERLRZEFHEREGVEZETLHI LD
HHDT, BEDBZEHFITIERDPELZ VDD
b,
KEEYEHOBEZFNHITIE, 2D 2-30 4
B, ELLTTUFAMLAGMEECL 2 THEINT
Elo ZOFER, EBZOBIKEHBHED
BUPLENEXET LEETOERLHEET S
BDT, ) LEREEHTHILICLD, &£
HIN DEIEHI R R EF B OBRMER T HEH
TAHIEDWhEL 2%, TNE T, HREENS
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) LCERMBLBEHEREZBL I LFERLE A9, Lol BEATETEL2ZTRIOER

RUFETH 70T, COFEOHBRDERIIK FTRIVAATHZ2DT, BLODHIHENIO

Eolz, SNAEHENDZLIZE- T, KE LARCERTAIFHOHRLEMS ETARE RV

EYOEMFFIZL 8T LELFLVWEELDN  L0LEH, 42 BLIOFHOMELR-T

BHLENTEL, HETLIOFEOFANE AX)LLTBLRLEEICS. HEHEZENNY

Bk L TR0, FRETETCIETTH L, 28, BRAME
AL, CE20fEDS S OIS DERN HOFEICEL TR, JIOBI D TERLT

EHMEIEL T VFEMEIMEEDI I L LT A,

b BEOT UYL LGITETIE, MINTE 28

FRIIRRAY BB E VI SN D70 £2T7 1, EHBHO LD BEEHBRELTO

O—X7 v 7E8NTL 3D DNA GFHFETH mtDNA
%, DNAIZBEWEF0bDTH Y, #DFEH E#AEY CIIMBEEAO DNA EIEERR

BREKTHLZH., TNEDHIHMRELEHE. OKBIPHFEETLZI LB LERDEBY TH S,
REDEGHEREY AFTELWREESH L, & LA L. SR BRERE ORI O 720 D53 Hiad
< 121980 EAX# F-DPCR (polymerase chain reaction) SAT LR L &2, M DNA 2 h kT
EOMSIZL - T, KEDEEROGITELELT  HMFETHb, 286 B/ 60360132
HEMNMHIDNA FELER T2 Z EFHEN  BROEWEENIIIHEIZER S 22y FHYE
BEIR20IED L5 ko7, boThh, 20O, BIGTFEESCHERZTF LWV
REFETIE, I P22 FYT7DNADOGHTEEL BRI FET LR EERIRETHL7-0TH
T, KEEYOEFBEE BT L HEIOWT by LD 2T, FI000VER VEERIERY
BHT D, DNADKEGTIZ, SROZELHE. AFTEIILELPLEPESHI LTIV, #
MBEBROREHIZEETIHDNATH S, £ T, 1EARICTIEY Ffbo TWE 2T
NI LTI P32 KU 7 DNA (mtDNA) 1, HO, A4 XD T 87 P RHRNNMIED
MRVENICHETA/NERY ) L THD, 2T FILH, BRGSO RE LTERE SRS

FEFRAIC, 1) 2O mDNA DE# L FhIC EZAHERD,
FHTABERIZCOVWTHBET A, DWT, 2) mDNA BHBERNNBRETHALI oy FY 7

mDNA DFHEBRFHICOWTHBEIZEIH TS, WIZHELET S5 DNA T, KBTS0 TIIRRKZ
Bl&&VT, 3) KEEY (T TRECITEY LTwb, BEBYTEIZOKRESBLVERET
BEDEL #5058y 2HEICEL) ORFRE  HBRESFEFCXBUESSNI LSO TVE,
B2k WSS DNA B E 2008 LoE  16-19kbp L 7zANA T V782 M aH 4 ADOHIZ,

BHZHLD, ZOLET, 4) BORADNAT BEEOSY VS HR&ET. 2EED) KV — 4
— Y ONTEL A DT - FATICEAZ 2 Y RNA (1RNA) BET. B & U0F 22 FEHOEH RNA
a—=8 V7 MZOWTHEHT 5, (tRNA) BETH, 3L AERD BB (AR~

DNA S#iF R, T— Y BITEL TNPET ¥—) ZLIKT-FEhATWw: (Fl1), &5,
T&Epar¥a—%v 7MYk, FSIZHEHR BRETICEA b o=k, Z2n~AfE
HBOBNTERLTEY., SITRATINAED BWLEHEREE->Twb, 29 LA mDNA O
%43, HEBPFTLTATF 2005 TH  #id, I 222 M) 7ORESESMELICIEL
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EEMRTH ). FOBOMBNEEDBRT
FDY)LNELIIY A TT vy TENTZEND
Ba,SRNE, FHEHICEBTE S,

L%, miDNA D3ERBNT % ED 70 D5HTH
KL EANTHEOVDEDIF, ThAI U7 P T
HhH, BRI E o THEBHES IS - 3
HT&b:0THo7. LML, ik iz

N

O 2%

PCREDVHEL LB, SO 7 pThHD
EV ) HEBA mDNA ) BT AEELBEKT
B ol (L. 227 PCRMUFEIZ R
S>TEDOT, BUIZOHEPERLYET LI &
SR DZFITHB) L LAHZDOMDIFRIC,
mtDNA (ZKR & L CEE TR EBANEH 5,

BEBWOI N FYTT ) LAOET 7 LI

Le

§
&

T <

—
& &

X1 BHBWOI L2 K7 DNA O—RHZEETFEEB. HMIOMITEH)
., HAIOHEBRL)#EE*H5bT, MO IIFIcI— FENEEETF
OB RZ HONANIEEREIZI - FENLEEFONB LR T TP OME
CR, FMiMEE; Cyth, ¥ b7 O0—2L bi&5T ; ND1~6, NADH BiAKFEBERY
T2y b 1~6BEF ;COIM, VMo —LhetF v Fy—EH 7=y b1
~II B{EF ; ATP 6, ATPase 6 ;BT ; ATP 8, ATPase 8 :H{EF; 16S BL U 12
$,16S UKV — 2L RNA BIEFBIUP RS YKV —LRNABEF, 7V77
Ny D 1XFIZ, B RNAEGETFONIET A7 I /JBORS ; OH, EFHO

BB ; OL, BESHOBHBIMER.
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RTORSBEBEL TASL L, S, &
(EIE5 0 R BRI EILHEEA 2R E LT—HF
FEE, ARz R LICBREEE T, #lE
LY DI —HNEN, LEDEPEHITON S,
D9 b, BIEEFORUMEDAORFEIL, v

n%%l%ﬁrtofﬁﬁﬁﬁﬁé%ofméo

EILEEAENE V) T &k, ERICRAE SN
Twéﬁﬁﬁ%%w_&%%%Tébﬁﬁ
miDNA (23 EFARTICHE A BENER (0F
D BIZER) A ANALEBLRATEREOBN
ZENHREINE, bo kb, &KL LTHEDNA
L L HEAEES RO E Vo T, EBICIZHER
W& o CEILFEBE DL VR 5720, DR
%ﬁ%@@u%ﬁ#%:tﬁégfééo%ﬁm

EI & o Tk, EHOEMEERT 2 S, BR
Wl CERGET N — TORESH L TR

BANTREETH DY, 7o, MY/ ALTH, <4
yuRF o4 bl IR A LD REERTIIE
EUEVE . O V) EBIIER T L, £E%
WCHEN R BEERI A VA E AFETE BT HE
D H 5,

—J7. IOMKLE %8 U THABRZ & LIRS
BIZT A L) mDNA OBEHEROBEENRD,
HEIFITICL o TEEL LD TH L, AR AT
RWEWVD T L3 mDNA B HEHERIZEA
LEZRSRBETTVwBEVIZETHD, ZhD
A% B U CRRARKE BT 22 LA5TE 5,
ZLT. COBRRKIIEFEN L Z LAWY,
EHEE LV LELERORKEEARLTVL LR
Tdv, TORREFICEELFRTH L, &b,
Bl b o, WHIZEAEMD SO mDNA
DEER., —MOKEBHETHONTWE R -
Xﬁmy47@mmm®m—@¢Wﬁ@Aﬁ
(ANFTFFTAI) BRETHD, 29 LB
WKHEEZIEIOHIDBEESHLA, LD LN
mtDNA T DFGE & % B DIF TRV, LA,
BT ) LA EBRTAZ LX), B L0

2o TRREDL T LVBEO R &
DYENTELIRMERLLRETH 2,
MRAIZFES 5 2 ¥ — A DNA 12T
FLLEWZ L, EFBN OO OEBRER
LTHOEELRETHL, 2D Eid, T HE
LHERRERBOBVELRDPL L, PCRIER
EEFHLTDNAZETL LR T VEWVn) 2 L %
BIRL T3S, LD > T mDNA 27 —%—I2
TAHILIZE T, PIRFHER R L L2oEgE,
BREEOW N 2 RN L ORI F & FI24T ) BF
o H5VIIHEWHEER LA EBZORE %
HWB e A & BILVWIZEORR X ) 23\,
Db, EFBHO-00BIEERFL LTO
mDNA OO VWTHRTE 7255, 2 hbd
REEGO, £ - REOMEBEEL THY D
MIDNA DWW TEm D72 EH A o0 dh 55,
TTCREIEL hol@bbHb), FRERT
DHFEEDYVREANTEL LT DLEDTHY .,
—EHABLTBLIvw, HERECHD LML
LTid, D - B2 & 5,

2. I pILFYT7DNADHHFE

SN D 728 D mDNA 73 OXHEE, &8
D mDNA B OEREEFIOENERIET 52 &
2B, ZOEHERIIOECERET 572005
MrFE e LTid, EEEFIGATLANC, fEEE
LT, HIBREEFERKT T K% A (restriction fragment
length polymorphism ; RFLP) 47", 1 A48 DNA
B KB4 R (single~strand conformation polymorphism ;
SSCP) o #i. Btk E AN B 7 V& XK B &
(denaturing gradient gel electrophoresis ; DGGE)
aHY. RESE T VEAKE H (temperature
gradient gel electrophoresis ; TGGE) #7 7 &%
B 5N b, SSCP 4T, DGGE 43 #7. TGGE 4
Mk &3, BEAREZHERL LTE ) #2217
JEBIAMTHEERLNDY, ThEThHE
TAHEFRMICREZDHE VAL TV,
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727201, SSCP FHTIZ2WTiE, bhbhidEH
BATIZAHWT I WA EB T 5", — %, RFLP
AT, mDNA ST IC ST h b AvH T E
ZEbHy, BERITICAE IS Z LSV,
ZITIITR, RERTZIT IS > TROE
KW TH B EEDNLFETH S RFLP 0T B &
USEERFI T ORI & 2 DB OV TR T
bo INLDOFFHTIE, mDNA &&K% xR
ETREAL. BoEBARNRETLBEE LD D
%o

(1) mtDNA 2D 547

mtDNA 734712 & 2 SEFIMAT 1L, BEFERAYIZIE,

2 mDNA 235 & 55 RELP 3 TIC L DG E -
72" RFLP 7347 & 13, Hw DIFFERCH 2 383 L
T DNA 2 YJW ¥ 5 BER (HIREEER) 2 HV TR
BYLZri2X ), DNA LOEERHIERDOE
BEPRLFETH D, BRI OERAHNIZE
ENHHLEIL, BLAREODDNARKIF &V
A A/ A% (W

4 mtDNA O RELP i#i2 & 5 &MHE 54T 2516
BHHNEEIIE, BTOL) 2 CatddTb
N7zo 9. MEREA DS DNA il 247 9 25,
BV ER LD THLLENH 12, &
HIZIE mDNA DAPAHTH B &b, &l

' DNA 7° 5 mDNA DA &2 BT 20 ENH D,
Mo mEERE Lt Y v ABENEEENER &

Wi ) JEME R EEBREMEN RO SN, DEIT,
Hi & L7z mDNA % GIRREEFE TR fbL., £ %
BRIK#T 5, 2L T, DNAMA OBHEDL L
ZFOREICETEF—55B5, LI FIETH
%o

FOH, FERIEFHOIFF oL T) 54
Ye—a  EOHEAIZL > T, mDNA DAL H
BT 2B R Y ERBMEOMESEII N2
DEHR & iz, LI, ZRUEOFELREL
T BELENIDNAED IR TIWVZD,

FAREAR O R DNA i DR O 55 H58E i, X
725 4 miDNA O RFLP 547 % H v 72 & [F A7
X, FOBBEIELTHIZEVI S0, HEL<
DEMTI DI, A DBEREBIF TV D, 29
L7=AADZEIC BT BENE {13, Avise D
& [Molecular markers, natural history and evolution '
ZBASINTVE, bPETH, & 2 idELs"Y
DL BEEEHITENTV D,

(2) EBoEBDOI

mtDNA % B3k & U7 £ IE. 1980 £~ 1%
PTHESL ENZPCREICE 0, RIEMIZHER
L7: PCRIEL X, DNA DS EBRIBZBEHEN I
BIRT2FETH L. KEFHEINDL LTI,
HAHLEZ DNA FEEF AV 0 —= 0 IRk %
BT DNA BIEA T hhTwizds, Fhk b
T5E, FEFICHSICDNABIESITZ S &9 1S
o7zo MIETIX, mDNA IZ X 5 EFETIZIE,
BEAEDEE. PCREZAWVISHPITOR
b5 PCRIEIZDWVWTIZ, ZORBLIGH B~
XAV DO SN T B DT, #llzD
WTRINLDLMEBRL TV & 20w,

PCR {EiZ72 WA AZIER I 7 DNA MIEETH %
72, mtDNA £4K D RFLP FHOBRIZLE L &
N7z & 0 b5 PINEOHMBEARE T oM
BETH D, F72. DNAPEDRTH LI T T
by R ET LHEBIMF{LE R TWvi v DNA
FFVEHLBEONITI VD, ¥ - VEE
EAL ETOAHFTFICTRETH b, $72, 1&
WAERE AR R IREA R E R VS b T RET D
% (72& 24X, Thomas er al ™). THEDAE,
AR D4 mDNA @ RFLP 947 & LB % & k&
LEFTH 5, B, mDNA I & 2 L #
FIZBWT, PCRIFZEBEATREZLDTH
HEVZ B, ‘

1) PCR-RFLP
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COHEFZEHMDOEBY, PCREIICE > TH
& L 7: DNA TS = HIRBER IC L DIk L, &8
ERHT L HETH S, YIRS N7 DNA KT D
S F iR, BTk L 724 miDNA O RFLP 5347 0
BELFERETH 5, EREFEBRBOEERTIS
LB 5 &, BB THY, oI A b
bRENWZ DS, RHIETICEH STV S, b

PEIZBVWTH . INETIZAS T FIRR T A,

YAV ET, KFEE RV EFEE RS
ThhTwad, LhL. ZOFEIERETSH
ERETD L, MIBSRAZRPLED L) 2ER
(REBMPLEFEA - RE) 12L200h000%
W2 ER, MRELAEBOERZETHNTE
TWBDLIFTUERWI e REghard s
ZEIEBD L,

2) 1REERSHAR

WEEFIFHTCIE, BRYOEROE A % 5
B L. 155 NIRHEES & AR EARE Tl
BT 5, HERFIPEEICIE Maxam and Gilbert 2
12 & BALEASHIE L Sanger er al P12 L BEEEREE
HHHH, BELCHVWSL RS DIZHEIZPCR
RICALEFETH B, TOHTHEREN IR
FEELHVONL DI, BHIRED 720 OHE
DNA |Z PCR M % AV 5 HFE R FIE T
Hb, TOHEE PCRIZOEILDODR) AT
—EBOHRAEEBECDEENHIN—TEHL NI,
KELEFYTH 5,
BEBRFISTIIE, BROZ L A0S, HHET
5 DNA IO EREZETHRDL I ENFTE, #
CTOREBHRCHA - REOKELZLIIHS
PCTDBIENTEL, 72, UFLBEROERXE
BOBRIZELCHIBEEOHMEIEBOh TV
BHIE, THOSEEBLUCHEMZ 7 — & BT %17
HTEHTED, TOEBMMIIE L VKE LTS
Thb, LoL, BERFIBEZ, MOFHFE
EHBTLLBETRESZIAMNRPFERI 2,5

bDOTHBH T L IIEBHEVI W,

3. HMMRETIEEBOEHE A LOEER
(1) AIFICEL <CAVS h 358

B, EMETTIIPCRIEZ AW BB
OFHHLCHVLRLLD, I TRIHHR
EFTBHEBIZOWTIY ¥ 5, PCREXHW
TEHSHEBE 7 -7y M T REEI, FOER
WKROONDHE L, BT RERBES
N5 &, BXUPCRBIENLENES TH S
Tk, RETH A,

PCR HIEREY % H 7= RFLP 04t & L O° 15
BEFIATIC X B2 BEIMMT AR £ - 72 & 31243,
mtDNA O &1 HE T FFIRDERMEIIO VT
DAL Rdrolz, 2O, BNTOERNE
BEREEBL RV OB, FFRBFETMEN
WZO0ho7:7-OBHT— 7 DBERLT Wb
70— L b BRIZTHEBAENRE L CHTTITD
NBZENELdHolz, LL. BIEICEFIRN
K;<mw%héﬁﬁtmﬁ¢6t\vbﬁm~
L b BIZFHEBIZERNOBEHERISD 2V
. T E Lfﬁﬁf%%tuzft%m
272\,

ZFDH%. %< DEY T mDNA LB OIEHE
|7~ BNEREINTELHERE, ROLI R L
PHOPC R TE, Thbb, BRI
M7Emmm\biUmNA%3—FLTw
MBI IIBERIRIRI D D 2 720 | BREERY B A4
WIEa— FEIRE LT 5 L REHERI DL
WEWHZETHD, FLT, EFBFTICHEL
mtDNA IR & LT, £ DEYTHBAL T
L. ERBETATRE R IEREREHOkET— FE
WTdpAMER (DV—FER) PEESNS
IZE->TWA,

oL, BETFEREISMOEYLEIE L1,
KB LIEEOWAND 5 & ) A cid, BE
DIFARINET HHRIEDSTTHEM L 7T 4
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Y—RRETHIEPRELREESH B, T,
ZD L) BGEITIE, WEEBUAD S 0]
BIZTR (RNA BIEF O HEIBOGH %38 U T
EFHENT 24T ) AN N, WL DPDOFED
HITFONTVD, 20X RERE LT, ¥ /8
7 E O — FEBTIRREEHY 2 L I2BT 5 Col
EIEZTF. UKV — L RNAEEF T 16 SIRNA
BETRENS L, ThFETIIEHBMOSE X
HHEENY - EEHEEY O % { T PCR HIEATT B
T, WhWwhaonN—N - ST T—DnL D
bHEINTWE, £ 112, FEHEE. colEx
F. BIUTI6SIRNABIEZFICEBLT, €9 L7

TIAR—ERDO—HE T Lo, LTIk ER
TNOFRDOIER & HHIEXTB I,

(2) ZEBOBEH

1) ERERSEIR

FREEIE . BHEEI TILIEE eyt b o (RNA™ »
tRNA™ JEIEZT-& t(RNA™ « 12S rRNA BIETF- & D
LT B# 1~2kbp DT — FEERTH 5,
AT mDNA OB Tt & d EEMWNFF V20,
BRAED mDNA % F - ERENT IR DA%
OV EDOTH D, TOMEBIIIET — FiERT
HoHN, L EELRALLVEBTER

1l 2N—HN ST A7 —DF|
T4 —%* x4l KGR (57 — —>3) Sk
Foffibsd
L 15923 LS TTAAGCATCGGTCTTGTAA Iguchietal. (1997) *
L 15924 TEHETI AGCTCAGCGCCAGAGCGCCGGTCTTGTAAA  Kocheretal. (1993) ™
L 15926 TRHEB)YY TCAAAGCTTACACAGTCTTGTAAACC Kocheretal. (1989) ™
H 16498 TEHEY CCTGAAGTAGGAACCAGATG Meyeretal. (1990) ™
H 16500 TrHEBD Y GCCCTGAAATAGGAACCAGA Nishida (K7E4)
L 15774 TrHES) ACATGAATTGGAGGAATACCAGT Shields and Kocher (1991) ™
L 16518 TEHEDI CATCTGGTTCTTTCTTCAGGGCCAT Meyer (1993) ™
H 693 rHEEY GGAGTGCGGATGCTTGCATGT Nishida (A58 &)
H 658 TrHEB)YY AGTTAATAGTAAGGCTAGGAC Nishida (&75#) COIL
CO 1490 HATHESNY) - #rHEEIY  GGTCAACAAATCATAAAGATATTGG Folmeretal. (1994) ™
HCO 2198 BEAFHEENY - PHEIIY  TAAACTTCAGGGTGACCAAAAAATCA Folmeret al. (1994) ™
H 7209 HEAFHESDYD - B HERIY)  TAATCTATGTACCGTCGAGGYAT Nishida (AR%#)
CO 1e-3'(H) HHEBY CCAGAGATTAGAGGGAATCAGTG Palumbi etal. (1991) ™
CO 1 a-3"(H) AT HEEDSD - APHEE)®  AGTATAAGCGTCTGGGTAGTC Palumbi etal. (1991) ”
H 7227 BEAHEEDY - MBI CATGTAGTGTATGCATCAGGGTARTC Nishida (A%E#)
H 7086 R CCTGAGAATGRKGGGAATCAGTG Meyer (1993) ™
H7196 i AGAAAATGTTGWGGGAARAA Normark et al. (1991) ™
L 5950 it ] ACAATCACAAAGAYATYGG Normark et al. (1991) ™
L 6586 piik:il CCTGCAGGAGGAGGAGAYCC Palumbi etal. (1991) ™
16 StRNAL 1567 4% AAGGGGAGGCAAGTCGTA “Nishida, Miya and Kawaguchi (% #)
" H 1999 bkl GCAACCAGCTATAACTAGGCTCGGT Nishida, Miya and Kawaguchi { A% %)
" L1802 FHEED GTACCGCAAGGGAAAGATGAA Nishida (RZ#)
L 1854, A HEBH AAACCTCGTACCTTTTGCAT Nishida (K%#)
H 2196 FHEE GTCTGAGCTTTAACGCTTTCT Nishida (#%#)
L2510 TEHESH CGCCTGTTTAACAAAAACAT Miya and Nishida (1996) ™
H 3059 HHEB CCGGTCTGAACTCAGATCACGT Miya and Nishida (1996) ™
L2482 A GAAGGAACTCGGCAA Kitauraetal. (1998) *
H2492i TEFHEE CAGACATGTTTTTAATAAACAGGC Kitauraetal. (1998) *
H2716i S HEEY AAGTTTTATAGGGTCTTATCGTC Kitauraetal. (1998) *

#1

T4 —-ZIILeH L0 DG LEMER. HEF LD DI HHMEM,
FNEFNDFBRZFDT T A —D3IREIVWNIET S b mDNA EHEF S
81)o [LTF 94— & [HF 94 ~v—] LEEAESHLETPCREG YT 5

ZLicky, BRMODNA HBEHIBT A2 LA CTE 5,
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mtDNA OB EEBEELZCEEST2EBE S EYROZROFEEZHELD TBVLTTNF LV,
ATWD, BEO—E R ETIXZONEICEDE FAEERT AV EEBESTIE. € MZonT
LEFINEEL. EREEEFRLNRLY™, L EUANAEMRSH fTbR T s, HEDK
7255 T, RELPO#H %47 ) HA I PCRIEIE EEYTH I 22 <742, 7%, 57 F7

ke S5ifA i
AH—h
r— AWFHERE _}
AL RFLPF'—#
T WiHET—%)
A b
37 =15
| . |
K5 — %
ERE - EHEHERE)
P ARGy EMEES
ANt L }
| '
SeiRE | | EHOKE
Y y Hih || e || EEZH
, WE R ST (AMOVA)
- By
| [
Y A /
BRROEENE OB £ O ICADRFR
(77— I\?} }57 w Tk (Mantel's test’z &)
g ]
g

2 3 b3 ¥ FU 7 DNA & AVIZEFRH 21T ) BO—BE 2 EETIR,
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ZET, TOBEREWNRL LA TbR Ty
%o

2) COl ®{=zF

FHEY O mDNA ORBEZFEEIRIV 29D
BINDGHBEL DD, 1ZEAEDFTEHETHETH
AT EFHILRTWA, LaL., EFEHEEWTIE
BETFEEFIFKRE(CEL> TV AR I EHFHN
B EIEIN L PCR GRS 5 2 E AP EE L i
ENHbL, £ T, MEBYLHEEY. ®REH)
Wy E OEEHEEY T, COl BIZ TS O
Hb LTHEBEHL Y LiFbhs 7,

3) 16SrRNA&E=TF

16S rRNA BIZFERIISFREFHMZECB
W, R H B ILE R ORI B R & T T
70 EDLNBERTH B, AMEIIZ RNA
ICEEE SN R, YEBEER Lo TRV —LD
Hramy bbb, TORD, HEERFNERS
L HEMABENS oI EICE ) AT L LT
N2 2RI DERE, 2O L) %2 REEE
RELTICHBOL I LNV — THEE S & AR E M
Hb, ZON— SR LTOFAMEBIT & TIF
BV DDEEENBNI EHE WV, L<IT, 16
SIRNA EZFEBOFEEIZIEIH 150 HEDOK
EpNV—TEBEH Y, I ZIIEEETICO AR
DEITHD, EBR. A=NFHH ETIVEE
EHITTNnEM,

4, F—a@BREEIE1 -2V T b
BE. DNAF— ¥ 2 AW SEFBEFICELT
. ZLOF -y FHFEFHEINR TV D, #
WEMZSIZh7: 5L LT, ERNLRBITO
ik, 9, (1) BEBEKEIT) 2ODOT—-F
DEME AT o 128, (2) BEML EOREBEHFHRD
%47 > TEARFI~OF DM LR L. (3)
BER SR, (4) BIERFEOIEERHEETHIR

BRI EWRD (H2). RRMBICERT
HHEEONAI Y a—¥ V7 b TIidE2
g TNHLDEFEAEIEF, 19 —%v b7
BLT7) =V 7 b7 ELTEMERTVA
bDTHBEN, —EIIEATILENDH S,

(1) F—2BRELTD D DEMR

1) BREH T -2 DiFE

BT R AT D IR ERS T — 7 2BV TfTH D
1235 (alignment) & IHEINL{EETH B, Wi
BeH 7 — Z o BWTIEEDHEA - REDVH D55
2k, EERFEF0F T2 IR L
A ZRET 22 EATERVD, EYRAE
WZ¥ vy v 7 (BEEFFTIE - TRENBZ
ENB) REAT B, TOFERIIETRALT
TIT) OISR LB ENH 5729, Clustal Wi
EOEFIDODa Ly a—F T s T LR HH
FTLIENE N, LPL, 2H)LAarda—%
TUY T LEBGCTS HAIEYT & R WERS
BHLZEDDHD, TDLD BEBIC OV TN
F—Fky FRLBNT 5,

2) RFLP F—42 D&

RFLP 7— ¥ Tid 3, HIRBERICL DEIHi &
N7 DNAKTH QRS (KEE) 07—5 &L
TRENL, ZOF— 7 iRITHERT— % LItdh
LA, THIZBIT 2 DNAKTREDEVORER,
PP LSEEEFZEORE S ZRTHDOTIIZY
CEIBBTALENHL, Thbb, AET
— ¥ P LEBCRERERECREHRERTE R
Vo RFLP 7— % Cit, BiIFET7T—% &b Lill
T, W SN BH1D DNA O EDOIMAL IR & 1
hEMLrOPbTHEL. ShEBRTT—
FELLTHWALEEHL, COL)BTF—FIX
YA MF—5 EIRENDE, BIART— 520 A
FF— ¥ ANDOEHIZIE, REAPPZED I /¥ a
— VT T RAVAREELH BN, VT
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EEAETICENZITIGBEL SV BAEL T
b B RFLP FH D% Tld, BRI A 2 BE
TERWZO, IFET— 9 2O EEEOE VY
AT % B LVRETHIBETDH S,
ZOEE, PEOMBIKIZOWTTHIEEETHEE
Mchsbe., MEEIRYBREND,

(2) F— 2 DEBEREMN

KT AT IR, BONLT— 211220 T
BRMDOE ML COREBHIHFEIT V. BEKTF—
5 EABITER THE P L) PERITT 5,
HEAOERMEE, 20D LT EFOERY
AR, L TH S DOKE. Z20EDOFOERE
ZEDRHEIZL Y, BHIZX o TKRECER VB2,
IO DESEEIEET 21213 X SR & TS
DLETHLN, BBLZOMEIANT. KEFTEHNS
RN CHLEAZ LTS b,

1) EEMEDER

ERUOWEL LTLI{fFbhTwibDE L
Ti3. RELP O # T, HESKE R &S
A4 TERRE (R)VDS, EEEF ST TR BR
T4 MR BROBERICERPRONSLT A PO
# (informative 4 M), ERLEZHEDS L UHE
BEOEREBRBORK - &/ - FHLREDFDH 5,
RFLP 447 T OEESHEF I EEBFH S COZ
NWEBRLY, STLREEETH S,

DNA LNIVOERIZIRESFIFCEEER
LIEEOBA - REXEH S, 61, HEEEBERIC
B0/ 8 — V5 H 5B, DNA ZHERT S
BEDIE, 7YY (C.T), BIXUEY IV
(A. G) BZRZFROWBTERT 254, &
BRER (C-T. A-G) LIFTh 2, ZhicHL
T TNy —¥) 3V BOBRIIEREBERE
I, EBRBRIEIRAEBERL Y IRZY
RTWIEFHORTVD, ZD7D, EREE
REBBRUMBRERAT 52 L ik, BHOERENR

“ERHETHHTH%,

2) T—2DEMEDORT

ZEY A ML informative ¥ 1 M AL, T
— ¥ DEMEIRFNTEDL, — I, Thb 2D
WRE L, EBRY 1 M2 LT informative
1 MEOEODLEENBVITE L v, 2L, #
M LREETELRVOT, ThEAWTT— 0
A ERAMT 52 3T R0,

(3) WHREL

LTI BT A BREIRGHT & 13, & 5 HHEC
B o TR F 72 SRR B OB ER L HE L.
JRATI B L 72 B S Y¥AL (operational  taxonomic
uit; OTU) OF L FHHICL Y, LEBELHE
ETHFETH b, BIEIX (ree) B L IER
ENTRBROFHME T, 5T REFENTFED
BRI THERRSINTE, LTTIE, 2
NODFHEDOF P LEFEMTICENTH L LED
NBDBMFEEBRANT 5o

BEROBEHFEIE, RESHTLLEBE
DFRERBIZE b0 BEIREEE) L. OTU
o GRIZHEE) 20 £ 1275 b o (R
ENH B, FEREEETBERBRICBITS E2hEN
DERT - G, 5 VWIEHERNROETEDFN
IZoWT, AR CTRFMIBRBEILEITELW
A, BARFETHED SBHI/BEIIWV (oS
TWBHBDT, HLARENLE RSB T2 &
2T EFHEFCR T - B ENIIAbY
TENEFRDFEFHCON S,

TG IRREH: D OTU (&, HIEEFIH L 12 HIR
BRUNE TR ENEENTOI L T TH A,
IS BT 5 OTU XX, N7 ¥ 4 TR
BB V258055 5 45, BUE TIiX DNA &
ML A2 EHBIICBNTIOR ) 52 TAZ &
BHIEY 2V, LA, REITRABHEY %L
BICE o THEAKRHORGHERERFT L &
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NEV,

1) IEREE

BEFITTE CAVO N2 M X 28X
BEEIZIE, PHEE (UPGMA) VB L U
BixEE (N)) 78 H 5. fiEdRIZHWENEE
RBEDIEZEFERTH 20, N7y A4 THORME
BB EHEL LD L v Bz, EEEF—
ETRVIHEIZBRY)R TV I MO TV D,
FO0, BETIEHE VHEbN S, HHRE
AR CEDRNEND L, BB SHEREECEHE
ILHHENEHETHLH, BESNIBTX
BRSO T, AR AT 5 L XIS
PUETH L, FHERE, TBEGELECE
BEEIZ X BRIREBEDO 7 L T ALIZDWTHE
Nei™ 7 EUZFE LV, BEBEEE I & BB EER Y
7 MEEE RSN T A5, PHYLIPY,
MEGA* 2 U3k CHwbHh b,

FEEEIC BT, BUEBBEO 7T VT ) X 4
W CEEZ O, BEERBUE SV THE
ENB%EOTU MDOBZHEMTH 5, HEEHS
BV INTT Y L 7% OTU & LTHWEAT
IEAE, HWAZ LOTEBEEHEIZ, Bk
BEEREPOIEEOERNY —~ 2 ZE L2
KOPDOEREHCLIHERLLDETHELAH 5,
ZOFTILAVONAEDERE L TR, &8
R - A EROHEDEVWEMARAATL
Kimura @ 2 803, 4 B TEHE T 5 Tamura—

Nei D FEC R EREHITFOLNL, ZhbiZhiz T,

WA ML ZIERERALDOERE T TN
HARATET < EM (gamma distance) % &b
FHTH 5%,

RFLP ¥ — % itk oTn7u v {7 % OTU &
L7-BEREEIC X 2B %479 56, RIZEROH
HITIEEEF 7~ 7 X 5D DL IERREL o2
bDL b, WHEHT— 5 Tk, BIEEEIZE
Blsh-EREREL b LICEHS NS, TN

3 L. RELP 7— % T, HEBEREREI T
WESNLLEND L, HIRBERTKT A L HTH
BIDELELHRTLLEIIAREL TV DR
BBERGDGEVHILEDLEDTH B, 12L& 2
L A RERRONBERECUNINGLZAT
. VIEEOBR TR SN 2505, AR
FlO D5 2 WEBSZ OHIREEZE TR s h b
I BIE, 14IREOERPLEL & 5,
DD, WA POBIE - RIS MmcRD
T, BeLEATTETIBENS V. T0OL)
READTEEZELTOTU MOERERK Y &
JoHEEd A J7HE 9% Nei and Li % Nei and Tajima *
WL THBEENRTED, REAPR DIV Y
— V7 by 2T CHATEETH 5,

2) WEREE

TERERCIRELATT20H b, VLD
BEE OB PHENERTRMI LS L HIT
ABRAREHET, b)) OL 2B BEOELOMER
EFNVAEDOTHBERIOEEF R RIZES &9
T AREETH L, TRLDHE. WThbn
Tuy A THNOTU &b,

ELLDOHES. HNBEIETOBMEIZONT
WEOEAS L RRELFET L HRBNIRRE
(exhaustive search) ZHWV2 I L& HEKET 2
B, OTUBHE L 22 LEEEMBRICE D,
REBASPH 0B ETEE LHENATRRE 253
BHEV, T, OTUBFE VB EIZIE,
RAEHETE, BERBOZR MBI RNTHS
LA BB ENFE L RO 25 EERE
1% (branch and bound search) %% R 3 (heuristic
search) PMER &N D, 72, ERETRERE
FEI L > TREFRKTH HHTER 2 A2
Kb, BE, LEBTTIIOTUEFS . @
BEEDPLSNDIRHKEN L /A X2 ED
F=5 k). LizdioT, BEREEC L 28
TR, BREREf 2@ 2175 2
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DDV ERTH D, BRFEFRERTHBEE
RREZ B KEREFEITTRRTH L2 >
Ya—%Y7ke L TIZ.PAUP '8 L U'PHYLIP *'73
Hb, BEABREZHV-RILE I fastDNAMI™
HBHWVIIPUZZLE THETE 2,

WERS 7 — & Tk, BERIREEICBWTD,
PRE i CR(EHM A RO B & X LA, BB
CHERBIBIRICEARA DT LT AT 28N
WHETH S, A - REDEATITIZEL Tid,
BREHETIRVA VWA LFEETHITTE S, 72
ExE BEOHT AT ¥ 0OBRNT A, 40
DERHIZMR TS 2OOBEET L, BOHEA -

REIZDNWTIIIAL D EDDIBYEE LTS .

LETHD, RAEREREETE, HA - REE
T hoBENT L0 EHETHS, £72, RFLP
F— & Tld, T4 PO - RIS
Y, B LEATITEZITH (Dollo{E™) Z &
b%v, b, ZEEBMA OO, EEEF
F—=F B AEBEIER S RFLP 7 — 7 12 B1T
%4 FOHBAED E O REHFERE > Tk
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