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TR T A2 . G AR BT 150

By SR P B SR A R S A
PEAT LCEWT ST, DAY O 3 ] A0 1A 2 R o A A A
14 0 2 Ml (37 B BEAE 25 R st % 2 O T AR B, B
Dy B BT 88 3 B A AR DA A B R B
PR PLILRE TR o

1 MRS IE

1.1 #H#

ARSI B FRE L T2017 ., 20184E 12 H 15343
BICR B ILART S5 WAL (194),
SRIE SR AT B g . I JF D %, B
SHEELF L T 95% A ks rR AR AE 45 o
1.2 H&

&Sk AW 5T I 25 22 19 ) 4 4 A
5% T g i )& 6 F 10 B S H B A 5 YL K
Smith55 P T g i 5¢ T e 682 Jm 4 A plb o . T
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RIEGMH RE KT LRE BN 55T
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JT A mtDNA - BE i LA S5 i 09 A% 1T R 8 46 ol
R, HBER N 2SR RE R, FEREAR LS
P B 5 AR 3 T Tz R A ST BE AL
U 5 1 38 104 A2 B 5 B8 A 5 (QD1-QD10) . A+
LU VAR 3 84 2L B 757 B R i (ZS 1-ZS8)E A Ui A%
S GE IR S o SR bR UE - S0 1Y O ik H B
mtDNA . ¥fmtDNAF COIF%1 . D-LooplX J¥41 43
SEATY Y, H A D-Loop XA A s it 19 51
Y, MR G E B IR,

*1 BHERYHEES

Tab.1 Amplification information of target genes

HEHM L

ERIHE- S| S5
target genes rimers sequence samples of - samples of
gete P d Qingdao  Zhoushan
col 5'-TCAACCAACCACAAAGA QDI1-QD5 ZS1-ZS5

CATTGGCAC-3’

3-TAGACTTCTGGGTGGCC

AAAGAATCA-5"™

5'-ACATGAATTGGAGGAAT QDI1-QDI10 ZS1-ZS8
ACCAGT-3'

3-CCTGAAGTAGGAACCAG

ATG-5'

D-Loop

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries
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Fig.1 Intermuscular bones of C. myriaster in Zhoushan area

Y REF ESHM X A R 6 A
9Tl i MR IEAT B o 2 00T, 45 R
R TEa=0.058KF T, BABERA 744808 (AT
K.k, kK, DR, BEK ., Rk
K ftg ) 2: 5 03 . 2R RZB(C.DYERER,
BRHR 2500 22 5 R BOK T 1.28450, HAb I =45 bR Y
ZR RN T1.28 (£2),

| 5 o H7 X A oAb 1 BCH 21T 0 53 4y
Br, S5 WK, TR T 68K Y ) 5 IE
RA100%, FFILFEAAR P H0 B R R 94.7% (#3).

E RS 2k & Kaiser-Harris#fE N |
Cattellfif A K 3 DL SCFAT 0Bk, e 08
SRR, BRI SR BN TR
T TR R N 42%, B T E A 1 ST R R N
33%, Wi BRTTHRRINT5%(FR4),

FEF XA By, ellEon E(E2), 4
W R S I BER 2 A T RS A A, i

http://www.scxuebao.cn

W R A L A M . R 1R RE
oHs DI BB SR AR X 3 TT

22 EiEF

R L5 Y3 7 F B . SR AR
10N MR B L RAR CORR A 75, JF 9K BN
507 bp; P71 T AR 18 A I Lok A& D-
loop X 43 751, kA% B F 514 BE 2593 bp.

WAE S M Y 1 Ccorla gy 3
o, SRl S A B SRR A A
INZEN R, BAMUMNZ TR . A%
Y Z2RE AP XS LG A IR 25 R B, A% T ast
1 ZREPEFR B AR (GRS) . FE X RR T 51 F Bt
W, 105 A3 ST 3 AL, A
(R 6).

Y H A D-Loop X [R YR F 5, 5 K
LA I 3 3 14078 S 7 i, o A 45 2440 F 4

o E K= % 2 J»  sponsored by China Society of Fisheries


http://www.scxuebao.cn

3 FHOuE, A RENLE R R BEHARIE Y B L 361
x2 ERTERKRERFESNE
Tab.2 One-way ANOVA results between two C. myriaster populations
PER H B/ mm LA/ mm p ch
characters Qingdao population Zhoushan population |
ALK preanal length 217.014+9.96 226.892+6.874 0.002 0.587
3K head length 70.647+4.611 70.502+7.067 0.946 0.012
39 head width 26.591+4.007 29.400+2.690 0.020 0.419
W& snout length 15.647+3.069 22.054+2.337 0.000 1.185
1244 mouth ccenter length 23.540+2.139 28.058+3.728 0.000 0.770
fR1%  eye diameter 7.814+0.602 10.395+0.602 0.000 2.144
7 body depth 31.663+5.795 32.961+4.918 0.485 0.121
EERTK  predorsal length 99.615+5.471 112.674+7.018 0.000 1.046
g+  pectoral fin 31.948+3.141 37.037+5.561 0.001 0.585
#*3 BINERTRBESFIASMER 3f - 5 B
Qingdao population
Tab.3 Discriminant result of C. myriaster population oL A NECHTIT 2
T2k Zhoyshan population
FEIk WE predicted species ERZ% NP Lt . £
opulation sizé membership accurac | 8 0 4 o
po i Fil Y =3 oL
. HE A
Qingdao Zhoushan 1l

H & 15 15 0 100 R

Qingdao ot

Fil 19 1 18 94.7 ‘

Zhoushan 3|

o 4 -3 -2 -1 0 1 2 3
T4 EERDDWER B s
factor 1

Tab.4 The result of principal component analysis

B %ix
A principal component
variable 1 5
ALK preanal length 0.51 0.67
3K head length 0.23 0.74
3k%  head width 0.37 0.76
Wit snout length 0.83 0.30
%K mouth ccenter length 0.60 0.52
AR4%  eye diameter 0.94 0.16
A%  body depth 0.08 0.89
HiERK  predorsal length 0.90 0.23
g+  pectoral fin 0.78 0.32
FFIEME  eigenvalues 3.80 2.93
TUHR3/%  contribution ratio 0.42 0.33
FFITTHRF /%  cumulative contribution ratio .42 0.75

SAb A4 S 240 A AR 5 L R A AR N B 22
AR S, AL 184 FE e | 240 AR A 240 4 A

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

B2 ETERMERIHERE
Fig. 2 Scatter plot based on the

first two principal components
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5

WAL LM FF conyy) s i v
AR 8] 35 4% 73 A 48 B F g +fH 4 —0.000 1(P=0.991 0),
FE T D-Loop X 15545 2] W B 4K 2 8] 1 152 1% 73 1k
T8 Fyr9—0.032 88(P=0.594 59), X 143 B 4>
B B8 AR AL 25 N, AR bR B
Ji4bh, HF D-Loop X 3 51 T #4) 2 [ NI I 7R
DR R BBIR T — 2, WA S
FHRASE BRIV 14 4332 5% & (113)
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*5 ERTBLENACOIFFIEMERZHMEER

Tab.S Molecular diversity indices of COI sequence for C. myriaster

ZRMAER H A FhLAE A &t
diversity indices Qingdao population  Zhoushan population total
MAEL  number of individuals 5 5 10
AR A g% variable sites 1 1 2
40 /i transition / transversions 1/0 1/0 2/0
FEAIE  haplotype numbers 2 2 3

MHERZ M nucleotide diversity
HAETIZAEE  haplotype diversity

Wit LEXHZ R 2 5+ 2 mean pairwise nucleotide differences

0.000 8+0.001 0 0.000 8+0.001 0 0.000 8+0.000 9

0.400 0+0.237 2 0.400 0+0.237 3 0.377 8+0.181 3

0.400 0+0.435 1 0.400 0+0.435 1 0.400 0+0.402 9

*6 ERFTEANEMAECOIFYBBFRSHRR
Tab. 6 Haplotype distribution of
COI sequences between the two populations

LR T B A
haplotype Qingdao population Zhoushan population
Hap-1 4 4
Hap-2 1 0
Hap-3 0 1
3 bk

R A B L AL T R O e R A
H 45 2 U AT s A58 1 Uk B[R]
g DX B O M A O LI A A 22 5 SR IX
(1) S 5 5 B A B < T IR RE LR, I 1
DX A2 B 35 8 T A T UL TA) R o JULIR] B 7
i G 6 AR AR A LR, AR e

%, R BR T A A i T, SRR BRI
RFEEBWAT N E. EXmiEAD, BTz
JULTE] B S e, 0 I X B T A8 A0 A O v T
FE 1L X o5& F WU B B H AR R B
BWFGEIAN, WLIRE A 3 AR S8 R
WL, WM AR SR E . 5 8B
% JAMILEE R SHLA e S A e, M
MR EAR TR &SR, AR EREZE
Hb AR T ILET 4 i N A2 LR BB B R L
6] 5 )5 A B s LA AR 4 L. Wan e OfF
G I f 2H JULRD B 19 & A R R B R Sk ROk
PRI 5 Moav AU £ 3 L] 1Y & A P BB 32
IR EN Y, ENEEEFTOH, FEH
F A AL G Yy S 6 L) = AR s, S A
J5¥E 7 5 A AL ) i 25 S ) EL AR R PR LA B L )
RAENIEA R4 TR RAGE

WA 2D IR SRR 0 . TR 45 4 4
AR R e BB IR I ARSI R

*7 ERFBLEKNAD-LoopXEESHMEER

Tab.7 Molecular diversity indices of D-loop sequence for C. myriaster

HBEA  Qingdao

FFLI#EA  Zhoushan

LS R diversity indices ) - &3t total
population population
MA%L  number of individuals 10 8 18
A5 A7 )58 variable sites 31 22 37
445 /54%  transition / transversions 24/5 18/2 30/5
JENBLK  insertion deletion 2 5 2
HETAT haplotype numbers 9 7 15

ZHMRZFEE  nucleotide diversity
FEHIZFERE  haplotype diversity

PP LLAT I BR Z 7 Z  mean pairwise nucleotide differences

0.181 4+0.010 2

0.977 8+0.054 0

10.755 6£5.353 7

0.015 2+0.009 0

0.964 3+0.077 2

9.035 7+4.659 4

0.016 6+0.008 9

0.973 9+0.029 3

9.836 6+4.724 0
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*8 ERTEAANFIFEID-LoopX FFI B ER SRR
Tab.8 The haplotype distribution of D-Loop sequences

between the two population

ALY TSR SRl
haplotype Qingdao population  Zhoushan population
Hap-1 2 1
Hap-2 0 2
Hap-3 0 1
Hap-4 0 1
Hap-5 0 1
Hap-6 0 1
Hap-7 1 0
Hap-8 1 0
Hap-9 1 0
Hap-10 0 1
Hap-11 1 0
Hap-12 1 0
Hap-13 1 0
Hap-14 1 0
Hap-15 1 0

QD10

B3 D-Loop[X B Fr 7ML X R
B ZS1-ZS8 RS+ L1k QDI-QDI0AR T & #f 14
Fig. 3 Neighbor-joining tree for D-Loop haplotypes

ZS1-ZS8 represent the Zhoushan population, QD1-QD10 represent the
Qingdao population.

M Z R GE Tt Ir X7 By o % A BB A Y
BRR W AR HEAT IR AR . R T 25
Mrag R, PIREARTE OBUE 25 4 M i 48 45 h A
T S W, JIAMITT LU X s 2 S W
febrim /i TR H 68 4 5, MotdEREEmlik
AR — AL AR TR, A 3
1 B TTIR AR IR T5%, Horb, 55— 3l 584
& 7K 7= 2 45 = 73 sponsored by China Society of Fisheries

g AR AR IEA G SR R, AR — D —
Ve R WA R SR K L kSR
PR B IEA DG, PR Es — oy T R 32
Gk MR KR m A 5 3M Z ISt a7
LRI By o A LA B R 8 A AT S BT
A LHFERFERESR . (HIRRYE MayrFE e 1)
75%FU 5 4] o U, R AR AR A 4 AR Y
C.DAEYI/NT1.28, FRUIX LI 10922 52 14
AR BN A K, AT T[] B R ] A9 22
o —HHFRE R MBILE G LI R
(52 MR, 5 JHG Al I A ME 2 B AR H R B B R
TR TR] SRR PN B A8 e B2 20 5 IR il 3 T
36°NZ: A7 B B, 0 A LS AL T 30°NZE A 1Y
R, ML E AR [ R
SEIEH R AR, 5P ORI . R K
TR Bl 25 PR3 N [) DT ] 8 32 1
J2 R A M PR SN AR 2 A 25 57

32 BEEF

mtDNAZKE K75 /) 7 Hr 46 SRR W, A2
R R AR 2 TC W E =S, HET
A ) A5 AL T RS A NI A G T 3] 5 b A
PONNAII o A i (3 o A 5 O P (T N N [
DX R 8 AR Kt PSR S5 A o S . 3R
B 7E mtDNAJK Vb 5 AN BB A P A A2 B o5 B8 1A
XA, A M SR AR AT & T ) — A~ 25 [ el
BE o X 55 [ A5 I Ath v 3o B T 68 35t 4% 25 1) 1 F
FEAEREL, KimuraZF: UG XF 04 18 H A ZR i 1+
A R BRE T 5  AR ) 35t A 5 AL A8 T AR DG 23 A F
5%, IshikawaSs: LS T H A 7] X2 RR 75
8 JF AR 5t A A A, L SRR R WA [m] i X &
ot B AR TC A S P st AR S R L L

AWETE R, AT XA — A PR R
WEE v, HAA B ] P B B B0 KB
B Y 0 28 A B A TS s A A Ak g
Fagtio-t7 32950 B R A S A QT IR AT Ml DX R B
D GV, AR OR Y IS R I R
5 1) ;= B AL N 250 T B AR 88 fifi (Anguilla japonica),
B2 B B IR, B3k TR i i AT
PO A SR 5 BT 3 (5 A5 A () A A 1]
BREH AL SRR, ArEdfiit, 2
75 0 K 2 L 25 5 124~249 AR I T4 AR B B 1Y,
T A5 A () el LA A 1 0 - 68 )y A B8 08 7 A —
FEFRE B WSS T o T A W 5T R B R R s AL
AL BT AT A R K TR AR LRI 2 R
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Comparison of morphological and genetic characteristics of
Conger myriaster populations in China

YIN Jie!, MU Xiuxia', ZHANG Chongliang', XU Binduo', XUE Ying', REN Yiping "*’
(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 2662377, China)

Abstract: Conger myriaster is a commercially important species in China. The population structure of C.
myriaster remains a mystery and the spawning activities of C. myriaster are not well known because larvae and
adults of this species have separate habitats and its spawning grounds have not been discovered. Several
hypotheses on the population structure and spawning grounds of C. myriaster have been proposed. Takai described
that this species has a single population with a single spawning site. On the other hand, there are also some
indications of the possibility of multiple spawning populations. So it is important to clarify the population structure
of C. myriaster to provide basics for future detailed examination on its life history. If this species has multiple
populations, there may be some morphological and genetic differences in the samples collected from different sea
areas at the same time. In the present study, we combined morphological and genetic methods to understand the
morphological and genetic differences of C. myriaster in the two different localities of Zhoushan (East
China Sea) and Qingdao (Yellow Sea). The morphological studies were conducted by using one-way
ANOVA, discriminant analysis and principal component analysis. Genetic analysis of the
mitochondrial DNA (mtDNA) sequence was carried out. Results from morphological studies indicated
that there were intermuscular bones of “I” type in the muscle of the C. myriaster from Zhoushan group but
not in Qingdao group. The results of multivariate statistical analysis showed that there were significant differences
in seven morphological measurements (preanal length, head width, snout length, rictus length, eye diameter,
predorsal length) of C. myriaster from different groups, and these measurements were all over the body. In
principal component analysis, C. myriaster from different groups could be distinguished by a scatter plot
based on the first two principal components. Discriminant analysis results showed that the correct
diserimi-nation rates of Qingdao and Zhoushan groups were 100% and 94.7%, respectively. The
results of multivariate statistical analysis methods showed that there were significant differences in
morphology between the two groups. But according to the Mayr’s 75 % rule, most differences in
morphology between the two groups were characterized under-subspecies. Genetic results suggested
that there was no significant difference in genetic diversity between samples collected from different
locations on the level of mtDNA. The neighbor-joining tree showed no genealogical clade. The
pairwise fixation index Fgr revealed no significant genetic difference between the two groups. The present study
provides morphological and genetic basis for the taxonomic status of the C. myriaster population in China. It also

provides useful information for the population assessment, management and conservation of C. myriaster.

Key words: Conger myriaster; population structure; morphology; genetics; intermuscular bones; mitochondrial
DNA
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