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H ZA &2 ( Anguilla japonica ) FBX i £ i
(A. anguills | W BDEER"

2 # FEFE AR
(ERMEARZFANERRAFAELATRE LE 200062)
TERMEAEFERESERR L 200062)

RE RAPCRYMAMAMTENHFETRT H A58 (Anguilla japonica ) F EX Y 48 i
(A anguilla)WIBIEER . EREV M TESUERYBHFHEE Y 8—26,35 HHER (5
ARBTETMIE)WEERERMEREHEBAESERT (P <0.01), HARMBEN 4
A TEFH B BT B AL S R R4, X B AR B T E SR B A R
BE T AR A Rk . FofE 0.0098( P = 0.00048) 3875 T H A< 48 4 IF 7 3 A 77
FEHTIE B E MBS L, KRBT Foglk RypBE—X A Bm T H 468 5 5 Ko
BEF AT B FERELR, TE Goldstein (35 15 5 B IF f M1 & B F A0 24k
BRI 2 2% 200 77 4F

XEW TR EELH, REER, B, K8

hESES Q75

#8 1 ( genus Anguilla Shaw, family Anguillidae) ™2 434 T 2EREKER KW O, /EH—
SRR R v Y i RS, JLAR TR SR P L E TN O AL, RS EWROK A PR B
o ETFHSM, BMmTETT KT KA RTE R o R BOS B 0NN 585 P B K
WA % (Ege,1939; Tesch,1977) . HABBAATVZEHE-—MEENBELEEM. B
FERZ X 8 oA 38 (R4, 1997) ESRURERMEREEMNARBFH TH, 25
IAREEET TEMATLRERL

EEREMNBREFAERMACTEMN B EEH . HAEEFENIERE. K\
Schmidt (1925 ) $2 H i 36 T KK P 68 5 ¢ ik 1L 38 B (B 15E < BT 7 H) DR U 448 S 6 40 387 2 Sargasso 7
AT T, BB R T — N — 1 YL RS A AR R . WS E R, H AR M
B 1 R A7 T~ 5 B D AR % P B B Ab 2R 38 3 98 X B (Tsukamoto , 1992) , 33X 5k B /=R H 7 68 i 72
BATRFHE IR — 1, e T — AV B R B . X — BRI 2
58, {H 7 % {7 B UE 38 (DeLigny et al, 1973 ; Comparini et al ,1980; Chan et al,1997) F1 D-loop
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DNA 3 IEYE (Avise et al,1986; Lintas et al ,1998) Z ¥R R BB N EABEE
5o HEIARM LY, Wirth 45 (2001)iz F ik T BB AAR T X BRI 2 13 403 1§ 470 & 48
BREA AT RN B AT, K BUIT A2 BRI BB S AR B A AE A B MR, XHER
RAERAD (BRI TR EEWNELE,

B T T & (microsatellite) bR iC A4 & & 48 /R 3t B M S MG FR1E, B I B TR B FALE
RERTUESEE ZAMTRER, MEET DNABHSIEBTHIEER F B
MBZBS, ST HERN LS (Tanz,1993) A K ER BT UAERE THEL Dk
B, FRMIEBWRICEEIEZT A (Nauta et al ,1996; Feldman et al ,1997), AfT— A& HR 5%
BHAE R PR IC R FRE M B B (R85, 2001) . & R A T B bRicfE b x
ICTER I H A 68 635 5728 5 2L Rl E ORI FE AL S B MR %, FF i — 1R 5T H A< 48 B A
DR U 08 f P AL R R
1 #REFE
1.1 ##&

2002 43 ZAE PG ROF T R & ) O ——BH 71 11 (121°37'E, 31°30°N) (JAP-HAN) . [ 7T
0 (119°75'E,26°05'N) (JAP-MIN) . £ 7T 17 (116°88'E, 23°12'N) (JAP-CHA ) . B Z&< hu M S 151
(130°03'E,31°67'N) (JAP-KAG) R4 T 160 B I% (A H:68 . 2002 4 3 A 7E % E /5 B /R (Loire)
T 0 (2°08'W,47°13'N) (ANG-LODREE T 40 BRKEB 4k, BRI T - 20CH7F.

1.2 DNA #RH

KRIPRHER B O B K S4E 55, N/ &4 /5 I B2 3 4% ( Sambrook et al ,1989) , M\ 200 B
HESS A& b S IR 4 DNA, E/K Z BEVLIE DNA ES T, BT TE Z Wi (pH =
8.0) KRNI NELEREE T 4CHKETEA,

1.3 #HIEAMAAR PCR ¥ I MR SH

HBFS BN 5 A KBTI B S LR R B 7 MR RN (Aro 054, Aro
095, Aro 121, Ang 063, Ang 101, Ang 151, Ang 114) BEATH 8, X 2847 55 K EL B0 21 2R 57 )F 51
BIREH Genbank (J535 AF237896—AF237902) .

FE AT R I 2 B % 45 3% I & 7 )7 ¥ (Touch Down PCR, J5 B K B PCR %) sk AR 4L 2 T
A, LU AR5 B U B B 7 4 R R AT BB 0 0 24 HF (stutter bands) . S5 07 38 ok IR BE W LA
52C—54C(HR 1)o KM A RMWHE:0.3ug ZEH 4 DNA fE A B M. 2.5U Tag B %
0. 5pmol/LIZAWE , F [F) 5147 .200pmol/L ) 4 x dNTPs,1.5—2.0mmol/L MgCl, (% 1) .10 x
PCR 2% #F ¥ (4245 : 100mmol/L KCl.80mmol/L (NH,),S0,,100 mmol/L Tris* Cl, NP-40,pH =
9.0), A EB T A BB 50ul, £ MJ PTC-220 HABFRY L #:4T PCR § 3, & 10T -
95 CHIAEH 10min;35 YK G B 3 78 (94°C A5 30s, 7E M FE (£ 1) FiB K 30s, 72CHEfH
30s) ; B 5 FEEEAH Smin N84, RMERETE 2.5¢1 PCR =Yl A 2,501 B4 EH
Z MW (& 50mmol/L EDTA.95% £ 8 F FBE K .0.25% IR By = .0.25% R X% FF). H
8% 7% P (8mol /L Ik ) 58 TR 45 Bt e B 16X (PAGE) (20em 6, 12em 52 ) B3I 43 B A ) K BE O 1
BRE, B8R F¥IMABA DNA Marker fE5 /R, 5V/cm 1HE®B K 12h J5, FIB L
5 0.5ug/ml EB Je 8, (45 RAEW] EB e 80 R A FRYE, HBER RS ITIMEHBEK
JE o % H Bio-Rad 2 A 4 7= By SR BE B 18 2R 45 25 LAY ML 9k LR, A Quantity One P48 43 #7 3K
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{# (Bio-Rad Laboratories, Inc. )X &5 R#AT . MPERFBENEKEREEFIMESR
4F3IE ) DNA Marker ( Fermentas Inc. ) T B R #1TiHE,

%1 PCRERKBNEBER Mg RE

Tab.1 PCR conditions about the annealing temperature and the concentration of Mg**

5iA Aro 054 Aro 095 Aro 121 Ang 063 Ang 101 Ang 151 Ang 114
BARE(C) 52.0 52.5 56.4 50.3 51.1 54.0 53.0
Mg * % & (mmol/L) 125 1.0 15 2.0 2.0 175 1.5

B— A A TUS LA S5 A 5 N 5T 3R e W55 24 5 JiE (observed heterozygosities ) 45
#B J& 1 GENEPOP (Raymond et al ,1995)3 {4 (Version 3.3)3 8/, FIFEFX —8 M0 E T
/R W] R 4413 78 ( Markov-chain random algorithm) (Guo et al, 1992) # ) T 4 -1 F %5 ( Hardy-
Weinberg equilibrium)o TR0 Fofr B 43 %%E%i%ﬁﬁgﬁ(stepwise mutation model ) T 347
M, Fsp(Weir et al ,1984) %% F TAH I 4 53 KT Z B A 44k HeAh T RSB ERR T
Jackknifing YE #8147 T B ke DAAE W3R 45 R VAR 25 o 72 ] FSTAT(Goudet, 1995) %Kk 1
(Version 2.9.3.2) HfTERAKE , Z— B T/ RBLZHEMNEERN TR ER, 1EE
Xt Goldstein 5 (1995) 38t 5 BE ¥ D1 M1 45 47 25 B ST B 3 i 25 R BE B 347 T Mantel 4 %
(Mantel , 1967) . AR FTER I B 5 H A< 48 ff 2 6] A9 4L % & , 16 Microsat #K 44 ( Version
1.5b) (http://hpgl. stanford. edu/projects/microsat ) 71 5. Hy T B /4~ i 2% 3% 3 F g 434k B 18] .
)5 A TreeView(Page,1996) % 4 (Version 1.6.6) %24 TESBRETINEBEREER.

2 Z#RER

HAMBE 4 MBS HMUEM AN EMERNEHEERBR, BEREF 35 M
RAHRANBERNREG TFAR(P<0.01)(F2), BAS/KT R (10000 iteration)
Xt H 7 88 i 4 Y07 BE HEAT B IS IR SE BRI , £ Bonferroni(Rice, 1989) K IE (¢ = 0.05, & =
B),FRESFTANBHRY BERES-BYE, BAX—4REET Schmidt I FEHLR
BLMBR, T H Oy R BT IT EA R R MG R BT E T # N EREHL T #
Rk,

FoME R o040 2 8050 B A 88 S R P 5t % S5 M MO 45 2R 2 0.0098 ( P = 0.00048 5 10000
iteration) , X — 4R LB H A BB Fh WP B BARRSEAN BE L. R B 88
0, % R AE N BT IR I AL R B (Fgr) 24 0.0167 (P =0.00070;10000 iteration)
BT B ASBEmARAS L, XETHNERE -8, #F-PHESOIEBTH Fak
RoriB—%f REAR R (3% 3) B IRIESE T JAP-HAN 5 JAP-MIN, JAP-HAN 5 JAP-KAG T.F 2 [6]
o i EBAE L (P >0.05), i A& 3 o8 W] LU H b B 5 TR O 68 o i 22 (6] B 1% 40
LB KM, JAP-KAG 5 JAP-CHA, JAP-KAG 5 JAP-MIN Z [A#7= 4 T 8 & #1401k
(P<0.01),
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£2 BXEBHENREMBMS M SLET THHIENWHECERGEA (L) . ETMEANEHERE

B4, MEXEE(H,) FAREE(H)

Tab.2 Number of alleles (A),mean number of the polymorphic alleles (A, ) , cbserved heterozygosity ( H,) , expected

heterozygosity ( H,) at 7 microsatellite loci for five studied OTUs of A anguilla and A . japonica

iR WA ANG-LOI JAP-KAG JAP-CHA JAP-MIN JAP-HAN 4,
Ang101 A 12 17 12 12 16 13.8
H, 0.05 0.125 0.075 0.000 0.000 0.050
H, 0.895 0.939 0.913 0.910 0.929 0.925
Angl14 A 23 15 20 12 13 16.6
H, 0.55 0.300 0.375 0.025 0.075 0.265
H, 0.935 0.951 0.922 0.924 0.888 0.924
Ang151 A 11 14 12 8 14 11.8
H, 0.075 0.150 0.225 0.125 0.175 0.150
H, 0.896 0.859 0.811 0.784 0.908 0.852
AroD54 A 15 15 15 16 14 15.0
H, 0.025 0.175 0.075 0.000 0.075 0.070
H, 0.922 0.916 0.909 0.938 0.934 0.924
Aro063 A 17 2 26 25 14 20.8
H, 0.45 0.400 0.575 0.275 0.100 0.360
H, 0.874 0.955 0.958 0.952 0.937 0.935
Aro095 A 11 16 20 16 12 15.0
H, 0.175 0.425 0.350 0.300 0.175 0.285
H, 0 882 0.929 0.954 0.924 0.897 0.917
Aro121 A 13 16 17 13 15 14.8
H, 0.150 0.325 0.175 0.025 0.100 0.155
H, 0.919 0.912 0.945 0.914 0.919 0.922
BT A REAE n = 40; ANG-LOI BLICHE Angl114 S5/ P E4 0.00165, A& P HB K 0
#£3 BHHEBTE Fu R RepiE — Xt B4 B
Tab.3 Pairwise matrix of Fg; and Rg; among all OTUs
SHPTT ANG-LOI JAP-KAG JAP-CHA JAP-MIN JAP-HAN
ANG-LOI — 0.3544 0.2476 0.2430
JAP-KAG 0.0192" " 0.0646 0.1683
JAP-CHA 0.0351" * 0.0085" * 0.1908 0.3256
JAP-MIN 0.0253" " 0.0064" - 0.0425
JAP-HAN 0.0280" * 0.0122 0.0060 —

i Fr W S ERABEER HARU L), Ry W EMB R EX R (AR UT) . &H Fisher BRMEHLHIN R

EE,"ER P<0.05," " FER P<0.01
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PRI W R Fr M Rsp) NEALEE R BH 2 57 KA R RRRE R PIJT EEA T —
N B BAES AEE R T Goldstein 45 (1995) 5 X #9318 1% BE B R 4B < % 0 K Hm
[EV )RR R (R 4.8 1) MR RAR T LUR B o0 AR T BRI 88 e H
AGREPI A LR . B, RPN AREE 5 H AR aN A RSB AR R IERESE R
R, AREZEN T RKE B 5B G A 2 A A R R

=4 BB 4 A TR Y8 1 BE 28 48 B 04T B ith =5 i) BE R AE B

Tab.4  Genetic distance matrix to geographic distance matrix of 4 A japonica subpopulations

g JAP-CHA JAP-HAN JAP-KAG JAP-MIN
JAP-CHA — 1014.8 774.0 612.1
JAP-HAN 22.193 — 1602.4 427.5
JAP-KAG 6.82938 6.63937 — 1176.8
JAP-MIN 12.2964 1.88138 3.00799 —

HEXALRUT N s MrERTR pmEER D1, MER E K 5 443 500 Bl # B i 2 8] BE 2 (km)

MEA L W5 b R s R B, BE LA BL
B A H 2 98 g Rp B b 03k s, B L 68
B RO REMBNEI . H2
HEHMNEFEE - EBREN TN ER,
WARBRMAARETIR T BWM N4
SHERIYET RIRST H A 8 iR A LR
55 HAF B b 25 (] R B R B V) A R, AR
HEX W H BT T Mantel B 38, 3B & B R
A Goldstein % (1995) 5 X D1 M T &
OTUs M5 R B JE E A 5 > 4 28 B om [H]
MRS A EEEM (R 4), HPR=
[ 2 B 2 B A RO R R T R OB AR
I, A5 R H A< 68t 4 > S0 F BE AT S
MEGETESE, SRERBGHEEER

B 1 SR Goldstein M fEHE B M ER (O WO BN 1 5% 6 B B8 46 1) Pearson #H K R HX r A

7 68 b 4% 53 R R TC I B R G R AR 4 0.2498 (1000 permutations), FH I, AT

Fig.1 Neighbor-joining phenogram depicting genetic dis- L4 5 i & Hi i o FRPR B e B A S W

tance relationships of 4. angulla and A japonica based R IR T —EHIEH, (BB

on Goldstein’ s distance among five OTUs BYEEE, fFEmEE LRSS TN

wishimd b Z B LR AREE 0

WA WALFEW, BB LR AT Ry B s EEnnESER, EEHIA
7, BB 5P 4 RS TR AT BB AR R A AL BRI .

TERFE T A A BB ER 430 JR B R SRR L, 1R NIRA M EE T @5t 2 1
—HERF——F L, B B A SR K AR B R AL 1 R . B ABF ST R E 2B R

ANG-LO1

JAP-HAN

JAP-MIN

JAP-CHA

JAP-KAG
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T B A2 5 RN BB A A b SR D SR BT BT - B MR R R R T RRERE A
ARG T S . R RAMBREEESH DI(EREREFERNY
77), HEIR R R S Moran(1975) $2 Hi (¥, BP . 7E /4 I 2 25 A AT, B8 K /MR Fob ¥ AE
EHREERRAT , FMERAELR, XL RK BHER TUMZE KL, JFE
WP T BIEHER . Goldstein % (1995) 451 7 AT AR R ULH D1 WBEMR E[ D1(1) ]
SHRYZ c MEFLRHELE.
E[D1(z)] = 22N -1Dp + 2

XEE DI BEBRAR—MERHERALEE (M LENSEAEANES F15)
#Z MR, PUIAFE(EEFMEAR)WEMRRAIEDPEEF MY T, FEE
HE P EERA N 0.000 560 (Minch, 1997V ), 35 M #E B 1 9 32 2% 48 o By 21k 14X
¥l 224 320, R R4S — AR 10 EEGTTE AR 200 ZTT4 . 200 £ 77 43X — I [6] F BT AT
UK 88 D (1 L 5 A0 L BRI R  — A B R — B B AU AR 1 B (the trans- Arctic
interchange) (Cunningham et al ,OORVER B %, MR R T, e AL I 3B 4 i 3,
T 3t 5% B A0S YN R) A DX SRR (B BRAE ) [ A0 bk ) 85 2 — BR B A , JF i LB T TR AR B
KPP R KPR T, H X ARG B BN E 350 JT4ERT 2 e i FF D 4 0k, X B8R DA
J A )N R V5 1) R TS P AR K R IE % (Vermeij, 1991) 3245 T AT BB, 4R UL, 15 HERT
8 55 1) Ak B A3 A 1L RV TR R IR B R IE AR BB R, X BE 5 Aoyama %% (1997) BRI X T
BB A S FRAAL A O FBHEE T Aoyama 2 (1997) A RSB i I BRI TV KB AT
AR L E JE VG IV 3 R B R, BT SR L R B — 3 I 7 2R R iy L Y ¥ (Tethys Sea),
HET 234k Ry JU P 3 Y R BB S f E N 6B o, R TERZ C TRBERES Mt R b A &
BRI IR B AEEEEX ~BRELFEE T A EEER . L
BA R, Rl B R 51 2 0 ARG ER —E LI R
3 it

e REH— B8 A AR BS54 M, 7ML Bl B3RS H A58 45 5 B 48 45
MR R, WFBEUT AL B4, Schmidt KBRS BB B AE T KT H 408
B P ATE BT R, HK SBEE B A 2 BB B E SR ESMER —2
MAER EEXRAFEETERE MMM ER., BE HIEBERIIEEEYMNESR
RAERRTEEA RIFHM N R, R0 2R A Goldstein HIREHEESZH A UATHE
Vb g LI TR, G SR BEAR Sr b S 3R R S B — R, LR DA b e R .

Bt SAEHWEERR LA LR E RS B R R R AGE 100 RERER R, )T
R Sk T Y R R TR R R BV S A T D3Rt 40 R RRILIM 1T B A aB B A
ih AR E EL B K G OF R A 5 R 2 D B3R 40 KR VLI 10 0 A AR B A
A R 40 R H A UM 5 H A SBEEE G, BB

1) Mich E, 1997 MICROSAT, Version 1 Sb.
Stanford Viiversity Medical Center Stanford
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MICROSATELLITE VARIATION OF JAPANESE EEL ( ANGUILLA
JAPONICA) AND EUROPEAN EEL (A. ANGUILLA)

LIANG Jun, LI Dao-Ji, LU Li-Qiong’
( State Key Laboratory of Estuarine and Coastal Research , East
China Normal Unwersity , Shanghar ,200062)
* ( Department of Enwronmental Science and Technology ,
East China Normal Umwersity , Shanghar ,200062)

Abstract The migratory behavior in life cycles of eel is still a mystery. In this article we applied microsatellite mark-
ers to investigate the genetic structure of Anguilla japonica and verify the panmixia hypothesis of eel in westem Pacific O-
cean. Furthermore we also tried to explore the evolutionary history of freshwater eels (A. japonica and A  anguilla) .
Allelic variation at a total of 7 microsatellites was examined among elvers of freshwater eels. The number of alleles at
these loci ranged from 8 to 26. Thirty-five performed tests revealed significant deficits of heterozygotes (P <0.01) Sig-
nificant departure from expectations of Hardy-Weinberg equilibrium ( HWE) was found for all loci within four subpopula-
tions of A. japonica , which rejected the panmixia hypothesis ( Schmidt,1925) Also exact tests of population differentia-
tion based on allelic frequency distribution refuted the hypothesis of random distribution of individuals among populations.
Population structure in four subpopulations of A japonica was recognized by a weak but significant global genetic differ-
entiation ( Fg,) value of 0.0098 ( P = 0.00048;10000 iteration) Pairwise matrixes of Fg; and Rg showed the signifi-

cant difference between two distant related species

A. japonica and A. anguilla. Results from Mantel test show that
Pearson’ s correlation () of two matrices ( genetic distance matrix of 4 A. japonica subpopulations to geographic dis-
tance matrix) is 0.2498 (1000 permutations) . Obviously the geographic isolation of habitat may play an important role in
shaping the genetic structure but the intrinsic reason may due to the hatchery variations. The divergent time of these two
species calculated by Goldstein distance method is over 2 million years. The results may challenge the former theory about
the distribution of freshwater eels. We can infer that eel may involve in the trans-Arctic exchange in its evolutionary his-
tory. Actually further evidences are required to prove our assumption about the distribution of freshwater eels.

Key words Microsatellites, Genetic structure, Genetic distance, Anguilla japenica, Anguilla anguilla



