The Japanese Soci ety of Fisheries Science

Nippon Suisan Gakkaishi

66(2), 269-274 (2000)

X M3V FUT DNA OHIBREER G & AT 2 & BL7-
VYV v EORGHE RS

SORBE— AR B BE OB BAag—

(1999 47 B 6 A=)

Genetic Variability of Japanese Longfin Smelt by Restriction Fragment Length
Polymorphism Analysis of Mitochondrial DNA*!
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Takashi Matsuishi,*4 and Ken-ichi Numachj*5

Mitochondrial DNA (mtDNA) of Japanese Longfin Smelt Spirinchus lanceolatus among four
river populations were examined to clarify their genetic feature and population structure. Restric-
tion fragment length polymorphism (RFLP) analysis using 9 kinds of 6-base recognized restriction
endonucleases (Apa 1, Aval, BamH], Belll, BstEII, EcoR 1, Pst1, Pou 11, Xba I) revealed considera-
ble variaton. We found 17 haplotypes in 91 specimens. Restriction fragment patterns were poly-
morphic for 7 enzymes examined. Nucleotide divergence between haplotypes ranged from 0.27 to
2.33%. Nucleotide divergence between populations ranged from 0.37 to 0.54%. A dendrogram con-
structed by UPGMA among 17 haplotypes showed no clustering groups of localities. Nucleotide
diversity and nucleon diversity of each locality ranged from 0.0028 to 0.0052, and from 0.7758 to
0.9074, respectively. Distinguishable two stocks by morphological analysis showed significant differ-

ence in their haplotype freqencies.
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Hokkaido

Table 1. Sampling sites, collected date, and num-
ber of specimens examind in this study

Number of specimens

Sampling Collected

; (Average of folk length,
sites date body Welght) . .
Erimo Peninsula
Mu River  Oct. 31, 1991 23(13.4cm, 30.7 g)
Saru R. Nov. 1,1991 23(12.7 cm, 25.88) Mm
TokachiR. Oct. 22, 1991 22(11.3cm, 16.4 g) Fig. 1. Map of Hokkaido Island showing the
Kushiro R. Nov. 19, 1991 23(13.2cm, 27.2 ) rivers where Japanese longfin smelt were col-
lected.
total o 1. Mu River, 2. Saru R., 3. Tokachi R., 4.
* All specimens are spawning run females. Kushiro R.

Table 2. Restriction fragment patterns of Japanese longfin smelt

Endonucleases Apal Aval Bam H1
Type A B C A B C D E F G

Fragment size — — 120 — — 4.9 — — — — 17.6

(kbp) 100 100 — 39 39 39 39 39 39 —

4.5 4.5 4.5 3.1 3.1 3.1 — — — 3.1

— 2.2 — — — . — — — 2.8

1.7 — — 2.5 2.5 2.5 2.5 2.5 2.5 2.5

2.5 2.5 — 2.5 2.5 2.5 2.5

2.4 24 — 2.4 24 24 2.4

— — — — — — 2.4

— 2.1 2.1 2.1 — — 2.1

— — — — 2.0 — —

1.9 — — 1.9 1.9 1.9 —

— — — — — 1.9 —

J— J— JR— 0.9 _ J— J—
Total length (kbp) 162 16.7 165 163 165 165 16.2 15.2 151 17.8 17.6
Number of fragments 3 3 2 6 6 5 7 6 6 7 1
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& R

RW7- 9 BOHREROS> L 7TE bbb Apal (3
), Aval (7TR), Bl (CH), B#ELIL (2H),
EcoRI (2#), Prul (2%), Xbal (38) THL
L7280, mtDNA OUii A BICERBRD bhi:
(Table 2), Th#EE45 L4508 L 91 @ik 170
NI &AL T EI N/ (Table 3),

FENTD YA THEOEEBBERIL 0.27~2.33% TH
-7 (Tabled), HENTOZ AL TD>5HL 1H L 2H»
BE L4 mIEREEICRD HN, WX A4 OB
BEOAFNL, YO®MATLERD E# DT
(52.196~78.3%), —7, HEMIIMMEHIIZIRS %
WEA TR BRELZRLEA TV (4.3%~26.1%,
Table 3),

FERDORIBLA-BER GBI +WHID &+
IR (TR +SIBRIID) ORITNT T2 A4 THEEEER
% Roff and Bentzen® I E S EVF LBV I 4 L —
¥ a Vv EHV 100000 EIRT L CHEB LA L CAEEX
BERD LN/ (p=0.046, Table 5), 7ris, DI
HEHRTHAEBERIRD O, -k (p=0.144~
0.525, Table 5) , & 4 FIR D #5 & & #& K i3 0.0037~
0.0054, ¥ iE & & # K 11 0.0002~0.0004 T & - 7-
(Table 6),

mtDNA obtained by nine endonucreases digestion

ZH O UPGMA ¥ L U NJ gric 5 < BER
FiBAR% Fig. 21CR L7, UPGMA #: & N &%
WBE, RBOMSETRR - oh, &FIEHOK
RHIBERE I £ CH - /o,

FRERORER S TM %% ¢ nucleon diversity (k)
1% 0.7758~0.9074, HESEE L 0.0028~0.0052 TH
-7 (Table 7),

e =®

MR EOBRK» LHREDHS 2B 8, 8-
Pk, ERO3IRBEDOI LARRTHRHN L2 RE,
ThbbAEER @)L DHID X8« Pt (B
N GIBRID oW TNy x4 SHRERRICEEEMN
ROON/ (Tabled) T ih b, MABLEEHCS
L THB T EBALN LRSI, KARIITA VY
A LG ORERD 6V Y v EEFSREGHICH—T, &
FNEEEEEERREI > TWA EHELTWER, &
MREOER D GABIIRENSLOD 55EE%H T 5
CERBLM LIRS T,

BENEHEARTEEABRR Y ROLEE, HEWE
WMEZER—+B5)11 (0.0054), #B)II—8MIE&)N (0.0050),
FIRE)I—+B5)Il (0.0047) TEEX N7z (Table6), =
DIEPOELICEM T ERBELE T HTHEM DE 2
bh, §#% mtDNA © D )V — 77z YBAEHEIR % 5
THRESOICHMERFPLE L Bbh 5,

ELCOIED, BE—ELEFARKTPRIN TV
LB E R OB LR T H) 7x ¥ KEHAFIN D

Bgl 11 BstE 11 EcwoRI Pst1 Pou 11 Xba 1
A B A B A B A B A B C
— 8.8 11.0 — 17.8 — 6.5 8.5 — 13.6 — —
7.8 7.8 — 8.0 — 13.1 52 7.5 7.5 — 9.3 —
7.7 — 5.6 5.6 — 3.9 4.9 - 6.0 — — 8.4
1.0 — — 3.1 - 3.1 — — 4.7
— 4.0 —

2.3 2.3 2.3
0.9 0.9 0.9

16.5 16.6 16.6 16.7 17.8 17.0
3 2 2 3 1 2

16.6 16.0 16.6 16.8 16.5 16.3
3 2 3 3 4 4
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Table 3. Mitochondrial DNA haplotypes and their frequencies

haplo- 44,1  Awl BamHIl Bglll BstENl  EcRI  Pstl  Pull  Xbal

type
1 A A N A A A N A A
2 A B N A A A N A A
3 A B N B A A N A A
4 A C N A A A N A A
5 A A N B A A N A A
6 A A N A A B N A A
7 A C N B A A N A A
8 A C N A A A N B A
9 A D N A A A N A A
10 B B N A A A N A A
11 A E N A A A N A A
12 C A N A A A N A B
13 A B N A A A N A C
14 A B N B A A N A C
15 A B N A B A N A A
16 A F N A A A N A A
17 A G N A A A N A A
Total

* Numerals indicate frequencies (number of individuals) composing each haprotype. N; No variation.

Table 4. Nucleotide divergence between 17 haplotypes of Japanese longfin smelt

Haplotype 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 0.0027 0.0071 0.0071 0.0041 0.0040 0.0121 0.0116 0.0040 0.0055 0.0027 0.0084 0.0068 0.0116 0.0068 0.0027 0.0068
2 0.0041 0.0041 0.0071 0.0068 0.0088 0.0084 0.0040 0.0027 0.0055 0.0116 0.0040 0.0084 0.0040 0.0055 0.0040
3 0.0088 0.0028 0.0116 0.0043 0.0135 0.0084 0.0071 0.0102 0.0170 0.0084 0.0041 0.0084 0.0102 0.0084
4 0.0121 0.0116 0.0043 0.0041 0.0084 0.0071 0.0102 0.0170 0.0084 0.0135 0.0084 0.0102 0.0084
5 0.0084 0.0074 0.0170 0.0084 0.0102 0.0071 0.0135 0.0116 0.0071 0.0116 0.0071 0.0116
6 0.0170 0.0162 0.0081 0.0098 0.0068 0.0129 0.0110 0.0162 0.0110 0.0068 0.0110
7 0.0088 0.0135 0.0121 0.0156 0.0233 0.0135 0.0088 0.0135 0.0156 0.0135
8 0.0129 0.0116 0.0149 0.0221 0.0129 0.0184 0.0129 0.0149 0.0129
9 0.0068 0.0040 0.0129 0.0081 0.0129 0.0081 0.0040 0.0081

10 0.0084 0.0116 0.0068 0.0116 0.0068 0.0084 0.0068
11 0.0116 0.0098 0.0149 0.0098 0.0027 0.0098
12 0.0129 0.0184 0.0162 0.0116 0.0162
13 0.0040 0.0081 0.0098 0.0081
14 0.0129 0.0149 0.0129
15 0.0098 0.0081
16 0.0098

Table 5. Result of homogeneity test between populations of Japanese longfin smelt

Hidaka Tokachi-Kushiro
Mu River Saru R. total Tokachi R. Kushiro R. total
Mu River —<0.525 —<0.144 —<0.161
Saru R. —<0.216 -<0522
Hidaka total <0046 ]
Tokachi R. —<0.226

Probabilities calculated using the Monte Carlo approach of Roff and Bentzen (1989)
—, not significant; +, significant

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

VYV EOREHER 273
observed in Japanese longfin smelt
Hidaka Tokachi»Kushiro
Total
Mu River Saru R. total Tokachi R. Kushiro R. total
0.304(7)* 0.522(12) 0.413(19) 0.273(6) 0.348(8) 0.311(14) 0.363(33)
0.217(5) 0.261(6) 0.239(11) 0.409(9) 0.304(7) 0.356(16) 0.297 (27)
0.174(4) 0.043(1) 0.109(5) 0.045(1) — 0.022(1) 0.066(6)
0.043(1) 0.087(2) 0.065(3) 0.136(3) 0.087(2) 0.111(5) 0.088(8)
0.043(1) — 0.022(1) — — — 0.011(1)
0.043(1) — 0.022(1) — — — 0.011(1)
0.043(1) — 0.022(1) — — — 0.011(1)
0.043(1) — 0.022(1) — — — 0.011(1)
0.043(1) 0.043(1) 0.043(2) — — — 0.022(2)
0.043(1) — 0.022(1) — — -~ 0.011(1)
— 0.043(1) 0.022(1) — — — 0.011(1)
— — — 0.136(3) — 0.067(3) 0.033(3)
— — — — 0.087(2) 0.044(2) 0.022(2)
— — — — 0.043(1) 0.022(1) 0.011(1)
— — — — 0.043(1) 0.022(1) 0.011(1)
— — — — 0.043(1) 0.022(1) 0.011(1)
— — — — 0.043(1) 0.022(1) 0.011(1)
1.000(23) 1.000(23) 1.000(46) 1.000(22) 1.000(23) 1.000(45) 1.000(91)

Table 6. Nucleotide divergence (above diagonal) Mu R.

and net nucleotide divergence (below diagon-

al) between populations of Japanese longfin

smelt 4 | Saru R.

Mu River SaruR. Tokachi R. Kushiro R.

Mu River 0.0043  0.0054  0.0050 Kushiro R.
Saru R. 0.0003 0.0040 0.0037
Tokachi R. 0.0004 0.0003 0.0047 Tokachi R
KushioR.  0.0003  0.0002  0.0002 0.001 (d) ’

Tokachi R.
VY THEE L FED DB 2 72 3 REEL 1, W)

OB TEREIC I > TWB T D, BER .
IS LA R A TR L C\ BT 5 1), S EIRM ] Kushiro R.
HOBERREEDTHERRN LTV BERS S,
SGHROIERER L LRI R SRR DS Mu R.
AW L 2B E, EEOBOM 4 QMBS S h-
BSICHS RV C EART VB5, TORE, BEHI K t— Saru R.

S N2 BB I BIGHR A\ oo, HURNEA E A B 72 0.001 (d)

WEWS VOB S EHAEE XN TV B, 10D 7 _

LCOHORMEA L SR BEREI D R, B Fry e e construeted by the UPG-
WIS TR L VRET A ERERICBET 5 = divergence among 4 populations of Japanese
LICEVEREHOBREF#L S Th, #OEBRYE longfin smelt.

B 20 S BREEMER A ME SN B, 020 KPR LD

VY THREGRERICRE 5 FEREES 5 LA
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Table 7. Estimates of genetic variability in populations of Japanese longfin smelt

Hidaka TokachisKushiro
Total
Mu River Saru R. total Tokachi R. Kushiro R. total
Number of haplotypes 10 6 5 8 9 17
Nucleon diversity 0.9074 0.7758 0.8266 0.8988 0.8728 0.8395 0.8129
Nucleotide divergence 0.0052 0.0028 0.0041 0.0048 0.0042 0.0046 0.0044
LhLizh, TAILIK, BHTERBEEHE T 5 < .
MARBIN, O EnE, AFMOBEEBIREITD
Be, SEMOBEHBEERE TR B, &TIINIC 1) AR VY v TOARBRE ] FPROFNHE

B AERERBROBHEFHVWAZ LNEE LV,

#£ MM OFRHEIT UPGMA B & NJ 5 TR 5B
BR LA, EHOAEFENHROGFIKE TOERRKH
FEREIT— BB/ Mo/ (Fig. 2), Chid ZOEFHM
DR OEEENMENC EER LTV 5,

#£ R ORERS T 5T nucleon diversity ()
TRDIEER, 0.7758~0.9074 TH - /o, BEEEE
i3 0.0028~0.0052 T#H - 7= (Table 7), HEHETET,
BB NMIRD ONH, KRR TEIZORERRAZH G
PITHI LR TEEM T,
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REEshY, SFEEROD RS biE#Shic, mtD-
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EREMEOBE N TR, L& OBEGE ST
TEHLERD S LBREINI,

Eii &
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AfRiE— RICII AR B S R TRV o, BB OBREICITRE
NgEHRES, FIAIRERRES, JRmREDRE
&, BERIRBICIIZS XD CHNETH VA, oA
DR, BB K ER LB R LT T
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