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Abstract

The genetic structure of Coilia nasus was studied based on the sequences analysis of mitochondri-
al D-loop in 75 individuals from Liao River (n = 20), Dayang River (n = 27) and Yalu River (n = 28),
Liaoning province. In 1130~1171 bp of D-loop sequences, there were 94 polymorphic sites and 60
haplotypes. The haplotype and nucleotide diversities were 0.992 + 0.004 and 0.010 * 0.000, re-
spectively. AMOVA revealed 98.27% of the total variation was resulted from intra-population dif-
ferentiation, there was little genetic differentiation among populations. Both NJ tree and M] net-
work of 60 haplotypes indicated there was no geographic structure among populations. Three pop-
ulations of C. nasus should be considered as a genetic management unit. The findings may be very
useful to protect this species stock.
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1. 51§

JJ#%(Coilia nasus) X Fr /1, KB, K& T4 H (Clupeiformes)fi £ (Engrulidae) & (Coilia), 2
—Fpe N (1] FEFRE,  JJERE LTI AR AT R KR, T X R R
FHSERITINAG 53 A [2] o AERIL A NUrHLIX,  JIGEE R — R E 1 4 5 SRR T i i k. S2id FEi 7
G S PR SER R R o, VT D85 S5 B A4l 70 AR SRR B3], PR AR IR E OO 24 T 17
SR rE RN 2% [4]. AT, A KT 3 B AR 43 R4 [5] [6] [7]. RUEBLIR[8] [9] [10]. ZFRAH
FOR[11] [12] [13]. PhEEAAS2[14] [15] [16]\ B TR 40 AT[17] [18] &5 LM80dek. A 5% TI i B A4 1 4% 25
MR AHRIE, (HIXEet 5t 2 8 P EKILIR BRI B4 [20]-[27], T2kt D-loop J7 41 3L T J] 6
TR AL 5 AR TR I8 A WARIE

ARk DNA (MDNA)E N E LR A IRid, BASECEET . 25 R B A B R AL (14
&, T D-loop /741 J& TSRS X, & mtDNA HEA0E B PR X 38, H T S8 AR ) 2 A A st
R 5T [28] [29]. AW LASK H L] KR RS SRYT 0 T 8FFE A iR B iR, XF 2R Hif& D-loop
FPBIEAT T PCR Y RIAEAS 0 T, B AE 9S4 3 AN T8 B A F Ak 30 A1 G5 K R ER 47 ) 5% Ao Jog 9% )50 41 {3k 1
W,

2. MRI57%
2.1. #%

2019 47 HZ 2020 4 10 H, FEHXHRBMNHIR T 17 3 MK R 75 BEA I, A& 0wk 20 &
(LH) KEER A 27 B (bRicN DYH) AR ST AR 28 E(bRidA YLI) (W3 1). FEAEK Ay 17.5~28.9 cm,
{AE }y 13.98~75.05 9. FEBIECEHIIA 1~2 g, {RAFE T35 95% 5k EP 2 Py o] S206 = .
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Table 1. Sampling details of C. nasus used in this study
= 1 JISHERIREES

HEE IR HUFEIS [R] KA L 5 ERILE4

MU, LT P DB Ok
SR LH 20207 N40°55'48"; E120°20'24" 20

RV, LT AR T B K
AT DYH 2019.10 N42°53'19.55"; E123°37'36"27 27

o L TARET —REH
8GRV R .
R YU 2020.9 N39°55'48"; E124°16'12"28 28

22. Bk

2.2.1. DNA 2EL, S#it. PCR ¥ &M

UL 0.1g 2247, ) BE R 2 42 BUR 77 £ (Tiangen, DP304)42EL . DNA. 1 D-loop SIS 40N
DF (5'-CTAACTCCCAAAGCTAGAATTCT-3")#1 DR (5'-ATCTTAGCA TCTTCAGTG-3') [30]. PCR Jx ¥
4 %4 25 plL, f.45 2.5 uL 10 x PCR buffer (Mg®* plus, 20 mM). 2 puL dNTP mix (2.5 mM).0.25 pL Tag DNA
polymerase (5 U/uL). L FUiESI1 4% 1 uL (10 uM). itk 1 uL, FXZEKENE 2 25 pl. BT A 1) PCR RV
BI7E ABI 9700 §39AX AT, PCR 254 94°CHIALNE 5 min; 35 MG, SEAMEIALHE 94°CAME
1 min, 56°CiE-k 1 min, 72°CZE{#H 1min 30's; #)iq 73°C At 2EfH 10 min. §HEF=MI2E 1.2%%x g B Bt e Lk
i, BRAF B SR I A AR AR (R R A "l AT 44k, I ABI 3730 4= H 2l 5 A )l
APtz

2.2.2. WIENE

SRR FE A2 Clustal W HEXTBIY) S, 15 MEGAG.0 B AF (i S FI I AL . 28 A s i 45
i, HET Kimura )(330%(Kimura 2-parameter, K2p) BB kg 2 Z 483404, %1 Bootstrap (1000
AMEFRYVKEIE T S BASE . A DnaSP (version 6.10.04) {4 15 A5 ALK . B Y 2 REIE R AL IR 2 F
MES4. N Arlequin 3.5 AT T F 0 HT(AMOVA) . b4, 18 Network 10.2.0.0 A4 7
BRI L ], o b A B S R TR (R R R R R

3. &BR
3.1. D-loop 3447

75 AN D-loop R4, 345 T 1130~1171 bp [F¥EF 5 (L% 2), D-loop HH F411 AL T

G. CHEDHI N 33.2%. 33.4%. 19.4%F1 14%, A+ T 5 E:(66.6%) kT G+ C (33.4%), L HHHE
B AT flf. AR 94 NAEFALS, 215 B4 8%, HA A& FMZAMEEALM 50 4. HR
AT R A4 A o B BEAR R A B B B A RO T, B R R AR BRI R B AL AT 9 A, R A B B e 1)
R 2 Ao TG TR BB IESE N B E0y 79 A4S, Hid YL BEARSE A/ 2k B = (76 1), DYH
BEAAR 2 (43 ), LH BEAAR /N (40 A4N) o 3 /N LAl 21 60 /N FA5 1Y, A% B30 bk vy B R AK O YLD >
DYH > LH; {52 REMESRBOMIL, 0T 1; 3 R LH AT YLD BEUR AR 7 R 22 B 1 45 20 45
(0.010 + 0.001), B& KT DYH #£44(0.009 + 0.001); “FIJk%H IR % m 8 UL LH BffkiRm, YL Bk,
DYH Bk i/ o
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Table 2. Genetic diversity parameters of 3 populations of Coilia nasus based on D-loop sequences

= 2. 3N TISFEER D-loop FHIRIBRE S HMSH

BE 2R S5 LH DYH YLJ PERUN
A% 20 27 28 75
P A 1132~1171 1131~1171 1130~1171 1173
A S A7 60 55 58 9
LT E 9/2 9/1 9/2 9/2
e N 40 43 76 79
AT 20 23 24 60
AR ZREPE(D) 1.000 £ 0.016 0.989+0.013  0.989 % 0.012 0.992 + 0.004
R R 2 K () 0.010 + 0.001 0.009+0.001  0.010 +0.001 0.010 £ 0.000
PRI IR 2 S HU(K) 11.326 9.778 11.206 10.822
EEX AT s A

3.2. BiFRtELHY

3ANHEARIEE G EE B . L TR EONL AR 30 3 AN HUBEAR A I8 A5 FE 593407 0.010 + 0.000;  #FA4<[H]
WAEIE R~ 0.009~0.011, HA YLI 5 LH BHARPEE &K, YL 5 DYH BHAERZ, DYH 5 LH Bk
(B /N o BEMRIA] A T8 45 73 AL AE 2N —0.028~0.044, 35/NT 0.05, 3R BIREAR [A184% 440 )/ o AMOVA 437
FIRN(LAZ 4), FEUR A AR 3B AL A8 5 5 43 i 1.73%F11 98.27%, R HIREAARIA] (s A5 /LR, BEAA
P P 308 A A8 S S A S R 2 RV

Table 3. Genetic fixation index (Fg) (upper diagonal) and genetic distance between (below diagonal) and within (diagonal)

C. nasus populations

3. IERHFEER S UERE LA), BEER(ETH)REENIEEERSXIAL)

PR LH DYH YL
LH 0.010 + 0.000 -0.028 0.044
DYH 0.009 + 0.002 0.010 + 0.000 0.026
YL 0.011 +0.002 0.010 + 0.002 0.010 + 0.000
Table 4. The AMOVA analysis among 3 populations of C. nasus
F 4 3N TISEHAEIREE RS FHED(AMOVA)
AR S AR H I Ji EH 5y 75 2 H A5 (%)
il 2 15.367 0.009 1.73
TR 72 385.047 5.348 98.27
JEREN 74 400.413 5.442
li] 52 5 £k 0.0173 (P = 0.000)
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33 BERSHSRESH

TEE X 60 A HAE AL (W72 5), Hf5 ) Hapll Ay 3 MEFARSL S s A, HREAEL 6.67%; Hap9.
Hap10 1 Hap20 5y LH 5 DYH Bkt 2 8% A, Hap53 A1 Hap40 2} %9 LH 5 YLI. DYH 5 YLJ Bk
ML Al . AR R RUCN KBRS, X R R LR IR, AR 1~2 MR,
BB A R A BUIRAK KA : YL (20 1Y) > DYH (18 M) > LH (15 4N). b4k, 2T 60 AN HLfis
RIEENTH) NI B 1)ZR 0, S REARR B RS i R AR 2, A TR B s E oy S g5 4. )
B, 75 MI W2 B R (L] 2), ASRITEAR 1) B0 B A0 U2 RO, R b BB AR R &R

Table 5. Distribution and the number of mtDNA D-loop haplotypes in each population of C. nasus
= 5. 3 N TIEREER D-loop FHIRBERBESHH

T
AR ARG R (L )
LH DYH YLJ
Hapl 0 0 1 1 (1.33%)
Hap2 0 1 0 1 (1.33%)
Hap3 0 1 0 1 (1.33%)
Hap4 1 0 0 1 (1.33%)
Hap5 1 0 0 1 (1.33%)
Hap6 0 2 0 2 (2.67%)
Hap7 1 0 0 1 (1.33%)
Hap8 1 0 0 1 (1.33%)
Hap9 1 1 0 2 (2.67%)
Hap10 1 1 0 2 (2.67%)
Hap11l 1 2 2 5 (6.67%)
Hap12 1 0 0 1 (1.33%)
Hap13 0 1 0 1 (1.33%)
Hap14 0 0 1 1 (1.33%)
Hap15 1 0 0 1 (1.33%)
Hap16 0 0 1 1 (1.33%)
Hap17 0 1 0 1 (1.33%)
Hap18 0 0 1 1 (1.33%)
Hap19 0 0 1 1 (1.33%)
Hap20 1 1 0 2 (2.67%)
Hap21 0 0 1 1 (1.33%)
Hap22 0 0 1 1 (1.33%)
Hap23 0 0 1 1 (1.33%)
Hap24 0 0 2 2 (2.67%)
Hap25 0 1 0 1(1.33%)
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Hap26 0 1 0 1 (1.33%)
Hap27 0 1 0 1(1.33%)
Hap28 0 0 1 1 (1.33%)
Hap29 1 0 0 1(1.33%)
Hap30 0 0 1 1 (1.33%)
Hap31 0 1 0 1 (1.33%)
Hap32 0 0 1 1 (1.33%)
Hap33 0 2 0 2 (2.67%)
Hap34 0 1 0 1 (1.33%)
Hap35 0 1 0 1 (1.33%)
Hap36 1 0 0 1 (1.33%)
Hap37 1 0 0 1 (1.33%)
Hap38 1 0 0 1 (1.33%)
Hap39 0 0 1 1(1.33%)
Hap40 0 2 1 3 (4%)

Hap41 0 0 1 1 (1.33%)
Hap42 0 0 1 1 (1.33%)
Hap43 0 0 2 2 (2.67%)
Hap44 0 0 1 1 (1.33%)
Hap45 0 1 0 1 (1.33%)
Hap46 1 0 0 1 (1.33%)
Hap47 0 1 0 1 (1.33%)
Hap48 0 1 0 1 (1.33%)
Hap49 1 0 0 1 (1.33%)
Hap50 0 1 0 1 (1.33%)
Hap51 1 0 0 1 (1.33%)
Hap52 0 0 1 1 (1.33%)
Hap53 1 0 1 2 (2.67%)
Hap54 0 1 0 1 (1.33%)
Hap55 1 0 0 1 (1.33%)
Hap56 0 0 1 1 (1.33%)
Hap57 0 0 2 2 (2.67%)
Hap58 0 1 0 1(1.33%)
Hap59 1 0 0 1(1.33%)
Hap60 0 0 1 1 (1.33%)
=t 20 23 24 60 (80%)
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Figure 1. The NJ tree of 60 haplotypes for 3 populations of C. naus in Liaoning province
1 TFHX 3 AN TISEHART 60 NEKIA D-loop SR NJ &

Qo
@nou zl

ILH

0

T B R R /MR RS B f B 2R 4
Figure 2. The MJ network of 60 haplotypes for 3 C. nasus populations in Liaoning province
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4. ¥ig
4.1 BERESEN

VIR isAL Z R S HOERIRE ST A AR RE RIS UM G, 1A AR R A ML IS IR ) 0
ZAF[31] [32]. MEEVIFEBIM L RIA DNA A8 5 F2FE FE by o B A 1Y 2 M () R R 2 B ()
[33]e A FEH I E ] 3 AN TJBFEAR 75 ANFEA SR 2] 94 NS RALRIFE LT 60 AN HAERL, HERLE
FEPEFEBORIAZ R 2 REPETE %070 )4 0.989~1.000 A1 0.009~0.010. FAf%5 AL L BEMEFE K5 KT IR /K 4
JJ#5% (h: 0.9848~1.0000) [22]. HAJI(h = 1) [3414HiT, {H T 3758 716 (h = 0.873) [23]; IR 2 FE144E
AR TV IR I 7K 35k ] 5% (: 0.0089~0.3630) [22], 1HE =T F74H J 5% (n = 0.0055) [23]41 H A JJ % (n =
0.0061) [34]. U4k, 3 TIEFFEAREAL 2 MR 208 = T K (h = 0.929; «=0.00594). V&i#fi(h = 0.951;
= 0.01036) = HiFi(h = 0.728; m = 0.00556) 4 i (h = 0.918; = = 0.00638). it (h = 0.726; = = 0.00552)
A% 5ii(h = 0.816; = = 0.00602) JL A€ JEAESTHEAR[35]. X —45REH], RAEZIIAEGS.
BIEARIR R R, 7T HIX 3 AN JISHHEAR B AR A SE PR e, HIEHE Z R b T
BRKS, RTPREEIE B BE ST S 1R, B AR T B IR R AN E AN e R FHTE T

4.2. BRGSO

T ) 383 4% P 29 DA R Jsi A% oAb Fa SR AT S AR AL FR P I B B R A, 3 AUE S RHA - AR
LN R[36], HRBE /S S5 5 H AT K 26 R A M B BR B % UIAHOC[37]. A Ferh 3 MR A
K EILF(LH). KER(DYH) RIS SRIT(YLY) K R, ForA KA T A ST 2 (8] = HEARCRAE R
B BB A F: LH 5 YLI (200 km) > LH 5 DYH (160 km) > DYH 5 YLJ (50 km). 3 JJfif#E{k
[B] g A% B B 9 0.009~0.011, HoA DYH &5 LH #4454 #E 55 5 /17(0.009 £ 0.002), DYH 5 YLJ F4Hist
fEERES IR 2.(0.010 £0.002), LH Y YL #4425 5K (0.011 + 0.002), B 3 JJEF BRIt 45 45 F Ok R
5K R0 A0 S B R B IR AN TE A AHAE,  AHAL Y 45 SRAE T IR W Al £ (Neosalanx jordani) [37]F0 4R £
(Neosalanx taihuensis) [38]t A #1& . Wright [39]48tH, BIE /7 fLIR%L Fo 7 0 B L Ul Y, B8RP AP
I FE T R . Fo N 0~0.05 ot/ Nt 70 4k; Fo oA 0.05~0.15 FRon L/ 4k: Fq A 0.15~0.25
FRBRIBAE M Fo KT 0.25, RRAMNIEAE /3 40[40]. AHFFiH Fy 59-0.028~0.044, J& T/
BAESMEKE, AT REAEE. AMOVA SHra R E/R, BEA R EERARMAN, BEAKE EE
SR/, X5 KAT DsE /K Ik J1 65 (C.nasus) [22]+ 3 T #r 4 S -1 f (Liparis tanakae) [41])Fh st (4 45
PRI 45 AL . B A5 B TRESAT AN X 24 PR B S 5 LR e 3 BEAAR R SRS A BAC A U R 2 — k2, JF
BB TE RS 7K SAERE LR 53 3 o XL s i SR T B S TN R 3G 0% 1) MhliEd skt R v 2 ot
SCEBEREAE . Kamal ZE[42)0F F R W, 22 BT I BE B8 R SR 0T S BOR K AE i) 2 S A I R f st A%
IS SR 2) JISRIRIKFEER . KR A IR S M. IR HE NI K S B (R b ER A R AR N, 3 BRI RE
AFAEAH HLE S AR A3y, AR ) 35 (R A8 S 8 B0 8 4 AL /N

4.3. LT TEFFEHERI

AWEFERY], TR ORVER ARG SR VT = A TSR B BOs AL 2 e, PR Hoo BB HoA B
RGN, BRSNS B IE T . RN, 3 A6 B AR B N 8 4% BE 2 70
0.009~0.010 Z [f], HAET—AN/KV, BEARIAIGE AL G ERUR, WTUMEA— N BUEE B It BT 4900
T 185 5 AR 2URI A IR, A Ja B NBUE B R SR A HE T 2 A R A ) 6 Bt
IR TAE, UGS JF R AR X — 4 S i R
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5. g5

AHEFEHIH D-loop 73 T HRICHT I T X = AN T RER AL S5 MIREAT 1 0T, Bl o 3 AT REAAR

HAB ML ZHEE, R PR LFIROMEROR, RO SRR TR, R, ST 4ok it X
H S ISR m [ASANATT SR EE RIFEAS BRI, 4 Ja LR BB A S, AAE Y (9 22 B 73T AR ok 70 5 22 O
A% ASJHSE AT 52 ) 5 -

E&WE

T T8 A A T I H (JH20-210000-39754) 3L 54 4B 35 H (2021HQ1918. 2020IXJL006) K iT F*

A RHLT I H (2021JH2/10200031) .
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