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Genetic structure and population history of Coilia nasus in
Yangtze River and its south adjacent waters

YANG Jin-quan' , HU Xue-lian'? | TANG Wen-giao'
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai
Ocean University , Ministry of Education, Shanghat 200090, China;
2. Shanghai Institute of Quality Inspection and Technical Research, Shanghai 200233 ,China)

Abstract: To estimate the genetic structure and demographic history of Coilia nasus, 55 individuals were
sampled from 5 localities, which included Poyang Lake (PY), Tathu Lake (TH) and Jiuduansha area (JJ)
in Yangtze River system, Qiantangjiang River estuary ( QT ) and Zhoushan (ZS). Mitochondrial DNA
variation was analyzed using DNA sequence data from the complete control region. Genetic structure analysis
showed a high level genetic diversity of C. nasus (h =0.9983,7 =0.0420) , which indicated that C. nasus
had high evolutionary potential. High level of N, values (0. 67 - 40. 14 ) and low F, values
(0.013 -0.426) ,average K 2-P distances, as well as AMOVA analysis all revealed that the C. nasus had no
obviously geographical differentiation. However, the phylogenetic tree estimated by Neighbor-Joining ( NJ)
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methods indicated that the individuals of C. nasus formed two monophyletic lineages, and the two lineages
without correlation with geographical populations. Both neutrality tests and network analysis suggested a late
Pleistocene population expansion for C. nasus (0.17 - 0. 13 million years ago), and climatic oscillations
during the Pleistocene ice ages produced great changes in this species’ geographical distribution and
abundance.
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J14% ( Coilia nasus Temminck et Schlegel, 1846) {4 %k J] ., & T #E T B ( Clupeiformes) , #2 &}
(Engraulidae) BY/& , 7045 THEACAOT-HE 9 2R 18 BT RN S5 /K 0, B R 2 L AL @ i i i A 7
Fi, JIBERERKIT OSSR ACHE A, Bl FRARER, KRB AR, BiER K
T HARARMKERZ—, B, THRZYFQOBREES, FERIITEH XN RIFEES B Ed, UE
Xt TIBS TS T EAE R TE A AR AR AE R TR G T T WX TSR R b B A A i 456
AL L BT BD N D 5% R F RAPD JrgkxH& VT O B JI v & 2Rk T £ it . &
L 445 %l X 7 51] ( mitochondrial DNA control region) E\4{IE B2 — AN M 43 FARiC, BB TR ZRM,
PR LRI TR S HOETE B o Rl A B R G AL DL R PP B (S MG T m el ", =l
FATE A A mDNA $4 X £FFFHES T KL E ST ST 5 8T EA— Mt . A5 R et
— 35 mtDNA ¥ X 25 5 43 514 L X LR AR 4R K U] 85 M B R S A RO RN R 0 52, ik
HIBE IR ORI R KR

I BRI

1.1 FEARE

BEFEB FARA T 2005 4 10 A = 2006 4F 8 A5k B Ll LB (RIE N 1T, FR) 707 K
(TH) JIVYERFH#(PY) AR A EIEVL O (QT) (T TLAHIL (ZS) o WA E &N B /K EARL &y
W, B A —RAEH R BT 30 B LA L 474 95% TEAEE 10% HITR/R S MR 81 < Ja 77 [2] 55
BEEE., ERRE 5% FHEEENEAA, Bud NIRRT LIEEEREABRIRA
o SWTREARREDS HAREFERLRE L,

F1 SATISHBEEHRER FHAY AEREFE(h) EEBRESHN () Tajima’s D F1 Fu’s Fs RiE00ER
Tab. 1 Number of mtDNA control region sample size, number of haplotypes, haplotype diversity

(k) , nucleotide diversity { 1), results of Tajima’s D and Fu’s Fs neutral tests of five Coilia nasus populations

SRE FEARBL PARERIR BRI ZAREYE(R) BEHRERME(T) Tajimas D Fu’s Fs
ERYET QT 12 11 0.984 8 +0.040 3 0.0363+0.019 1 -1.254 0.636
5+ 1 28 7 7 1.000 0 +0.076 4 0.008 9 +0.005 3 -0.940 -1.371
LB 31 16 16 1.0000+0.022 1 0.027 5+0.014 1 -1.117 -2.923
K # TH 12 12 1.000 0 0. 034 0 0.049 1 £0.025 7 -0.846 -0.351
B W PY 8 8 1.000 0 +0.062 5 0.033 4 +0.0i8 5 -1.345 0.124
B3} total 55 53 0.999 3 £0.003 6 0.042 0 £0.020 4 -1.730* -16.051*"

F:xFER0.05< P <0.10; = »3FxR P < 0.05

1.2 EE[K4 5 DNA $25 PCR #8% & H#x DNA By4lifl,

A DNA SRECR SR N “B - 077 I A8 %, PCR W& &R F: 10 x buffer 5 pL,
2.5 mmol/L dNTPs 2 pL, 3|44 1.0 wmol/L, Taq f§2.0 U, A J2#i4k DNA £ 100 ng, Hn K E WGEK E
50 pLo ¥4 mDNA ¥ 6K F5I5 9 FFI Rk . PCR RBIA&MR : 95 CHIAEHE 5 min; JRJ5 3
795 CZEME40 s, 55 CiBA 40 s F172 CHESH 1 min, $k 30 NMEF; HK 5 72 CHEMH 5 min, FIHE=Y&
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TR U G Fi TK 5 P _E AR T UNIQ - 10 438 DNA [EGRF &
1.3 HByER R B8 FEMNT

FiI B Promega /A ] ) 7% #1277 & ( PGEM®-T Vector System 1) 44k IR Y H W2 B A B 5 8%
KT R, HEATRHIE DHS o BEZSMMT %7 T LB itk Fik , 4 37 CHRILFE , PR
Y EBEE AT PCR I00E, 51 AR X PS8 514, XA &/ B B R B E 4 FUR
BEFTY RIS, Z IR B ARk — sk EEAE TAY TRARERMNFE,
1.4 ot

FF 5 (934 AL HED ] (alignment) £/ Clustal X #cfF ), JF7E SEAVIEW 27" i LIF TACIE . &%
ASAIHTR AT Mega 4.0 B!, PALERYE R 55 & B 56 R KO B HR 4B 1 ( Neighbor-Joining, NJ) , L
RUEF (C. mystus) -+ 2285 (C. grayii) mtDNA £ | X FF 7] ( GenBank J¥ 51 5 4y 5 & EF419800 Hi
EF419828) A #h2EE | LA Kimura ZHE (Kimura 2-parameter ) B AL, K F§ MEGA 4.0 #4317
S3HT, RGN 43 I B R B 5158k (bootstrap analysis, BP) BN , iz B4 1 000 REH

Bl Arlequin 3.01 3" Gi A BERE 8 £ £ B ( nucleotide diversity , 77 )  BAfE 7 £ ££ B (haplotype
diversity ,h) Je HAR#EZE (SD) o R4 T 25 543 ¥7 J7 = (analysis of molecular variance, AMOVA) L)
10 0007k EE & FENL I AR RV AR IS HE1T B AT, Al TR I3 15 S5 40 SO R s 3B M st AR Y
3 Ao BEURIEISHETER(F,) FIZEESUE (N,) FIMH DnaSP 4. 10 S AF 434, LL Arlequin 3. 01 Wr
#E4F Tajima’s D 1 Fu’s Fs PR E . 1L MINSPNET %0/t 337 4% 54556 2 (network ) |, L) T R R
BT o

2 %

2.1 JFHVAESSHT

2 e Fe BB e BB T LAARAR 900 bp DL R VEMT R R B AL, AT E TS R Y
400 ~ 600 bp I EZEESr, Bm THEG X 2T MERE, SIRG T 55 %ﬂﬁﬁ mtDNA $5 81| X 7 51
53 MNEAEREN  GenBank [F7315 2% EF419804-EF419827 , EU0R4006-EU084032, ZFIBEHITER,BHFEER
BEKARKELFERMERXIFF(1 214 ~1 442 bp) . HH,1214 bp 87 B, & 12.7% ,1 252 bp
134 F,561.8% ;1290 bp 8511 B, 520% ;1328 bp BY2 B, 5i3.6% ;1442 bp 91 B, 5 1.8% (3%
e H KRR 1 ~3 bp WELKREIEA) o FFHILEAET 7K 1 ~4 bp B/ 5 Bl A SR, T3
K E 2 FE RIS 358 (LEANAELL“CTA TGT ATT ATA TTA CAT ATA TTA TGG TAT AGT ACA
TA”38 bp HENH 1 ZE3 WA BER ., FIHKE LM B2 & A 7B PRI AR E L 1 BX
B, HPIEIT 258 6 KM KA BEER .

KA K KR AR K I B0 F3 A T.G.C BE & & 55700 33.3% ,33.3% ,19.2% ,14.2% ,3&
U AR R e . 7E 1 442 DNFFIALE A, B 148 N2 ALA, HH 63 AN B A S B A
Fo AR 13 4, B 4 1, FHERSmB LW T/Tv HH 3.6, 5 MREEFEAA
Kimura X Z$08 £ 85 B ( Kimura 2-parameter distance K 2-P) 2} 0.009 ~0.012, QT.ZS.JJ.TH 4 MEE{E
] K 2-P #{EEEE 2 0.010 ~0. 013, 5EAAN M —BG 1M PY 5HT 4 DEREIM K 2-P @ EEEN
0.017 ~0.018, B& = FHBAMSAER (R 2),

2.2 FpERSREEI T

55 MREAME I BAE R ZAEME (h) 0,999 3,5 PREKMF- M IR ZHEPE () 0. 042 0,
QT 578 B i 2L B m SEMAZLFREZMVE(0.0491 50.008 9) (£ 1) o FIH DnaSP B4k
B 5 AMRHKRI IS8 (F,) MBEFASRAE (N, ) , FR KU PY 1 ZS BHKE) A & im w3 s Hom &
TRAZEFEASTAE(F, N, 535129 0.426 F10.67) ,1J F1 ZS B BA SBARH - 4b 18 BN m 1 2L FH 22
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WECF,FIN, 7355 0.013 #140.14) (3K3). 4 TEF DI (AMOVA) MER BN, Kk (67.2% )
AR ATIERPRE N, A TR IE AR S D, 0 32. 8%

R2 SAOTISBHARENSRHEEMN K 2-P BEHES

Tab. 2 The average K 2-P distance among and within the five C. nasus populations

Origin QT YA 1 TH PY
QT 0.012"
YA 0.010 0.009 *
JJ 0.012 0.010 0.011"
YH 0.013 0.011 0.012 0.012*
PY 0.018 0.017 0.017 0.018 0.012"

= MR EF K 2-PIRE iR

®3 ISEHGENERZREN, (MRLLT) SHESLERF, (HALTHT)

Tab. 3 Matrix of pairwise N (above diagonal) and F_( below diagonal) among the five C. nasus populations

BRIEL QT FHl 28 BN K#i TH ELBAM PY
ERYEVL QT 9.53 25.13 14.30 0.86
Ft 1y ZS 0.055 40.14 5.95 0.67
B 1 0.020 0.013 15.40 1.04
X # TH 0.036 0.077 0.031 0.98
FSFAMA PY 0.368 0.426 0.326 0.339

AR E s (ND ARG R BN BN, JI8F 5 DEHE R L2 AP K5 & (lineage) 12X H
(B 1) EPMERMBRIFRIART, HHER A BXFRERBIT 50% o HXMWAERIFIEL
5 AT AR, TR MERIERE T 5 DREEHRI M,

2.3 MEEDT SR

FIF Arlequin3. 01 B, Xt 5 MRHEMFIIAL AL RO HIGEAT Tajima’s D 5 Fu’s AR, BT
PR MRS R BES AP B ST M R R B, X B 2R A — R, M — DR, AT R e B R B
DASERTEA TR F N ZE SRR D A8, 13038 I, &5 PR Tajimas D {HIYHH( - 1.270 ~ -0.559),
{ERRBEAI B 22 7RI B B E K- (P >0.10) 58 B A MEVE N — B H#EAT 047, Tajimas D {HIK
RHH(D=-0.730) HEF B (0.05< P <0.10), Fs {HATELLS Tajimas D EMKEMLL,H 2 HFiiE
f9 Fs {EOR1E, BrAFERR Fs (HIA B3, BN —DNBE, Fs iR AR ( -16.051) , HERK B
(P <0.05)(£ 1), Tajima’s D 5 Fu’s Fs B HIEERY B, TIEE N — N EKE Z LT fEY
7K (population expansion) , Network Jp#T45R B, TI8F 5 FE R BAE B A TE L8 — 70 3 (clade)
B—n Ol SRR A TIE N, A BRI M e R R D RAEMEBR (B 2) , t i ]
JISAES S EA MY K.

AKX 1 = 2w MEEMEY SKINEE T, K RRMERY KESHEIMAE; BERS A
BB, AT e Arlequin3. OL 3443473048, FEIX B ;v = 7.5;u /& D-loop FHIMAEFHE, v AAx v = 2K
W&, K KZFIIFHHRINE, A5 K = 14420 BB MEHFRNZRE, Bowen LN
(15% ~20% )/ B T 4FMARR AR K LR EGE A TU T &, IRk Z st RN AT %
WFR T8 AR, 0 =0.085 ~0.065 (A7) o T= 1t xRS, BT II8HEF 72 2 ik BIME Ra, X B
BURHS 0 2, HH B A48 T =0.17 ~0. IBMY (B T4F) . RUIIBTRHERIY TR 18] 2 E R e,

3 g

3.1 JIETMBERISR IR
R FTIRIG I IIGT D IRE M ER XS 25, TR TLL 38 bp NEALAN F BESR, FIIHX
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R BEE ] AR PR AR R, T 8 A [F] SR (8]
FIERES . XFFERAMER IR TG R
PRI B G B REMETE R T BE R e fn 2
HEINRAEAE S —Fp 5 2, SR R AR —
ERFERE 0 I, T AT et R E i X R T
NAE— R E s AE 2RV, AT 32 5 X 35
BAMERNBE S . 74, Ak DNA EHIX &7
IR FRAE R NI W HBR,5 SRR T
B N REHR MO B 43 0 B BB R B, TR A IR 4% 7E
—, R KIERMENZ R BRI EH
IR RE—R, Bt LESHEMENME—
RARKERBEPH—0Z, EERSIERFEML
IR R, RATIBF I TIEREHRER
MERIXFFIEFTE , BRESHBIR A LS, HoAt
4 FERE K 2-P & BE R 0. 010 ~0. 013, 545
FEAAN—2(F340.011) . THASFAMIREIR 5 A 4
AREAE M K 2-P £ EEE 8 0.017 ~0. 018, BE /=
FHAEE A RRERE RS (0. 012) , (BEAK F T8¢
SRNEEYHIEN K 2-P@ameg, X
BER t TE PRI AR S AR R B A E KEEE
BTSRRI (AMOVA) R E 87N, K
ERAE R AERNE N, A H67. 2% A7 4E T FPEE(R]
WA R 290 32.8% . RRERA—PERTE
TLH TR AKATE P AR S B BRI B IR B
BT —E &ML S, {8 1 AR5 218 7 5L F
WP, X 5 SRR S e — 3
FRBEA LI B (F,) F FIRF R I FIBEN 1Y
BAECRE 760 21 1 WM, F E K, W
BRI ORI S . R 3 AT L, BEBH AR IR Y F,
{E87(0.326 ~0.426) , T HAth 4 NEEIKR[E A F 8
HRRAK(0.013 ~0.077) , A BA BB FH AR & 5 H B 8
HZEEH T —& 51, X F o 1h 2 BE & B8 BH
BV S HLAL 4 B0 1] B 4 3L 780 900 00 T 98 e iia mystus
(PY<JI<TH<QT<ZS), EFXZWE N, , Tk —_—
SRR BT AR, N, AT L HE

LineageA

LineageB

AFPEERE B FERZR, RZNBURE RSB 4E, Bl B TR il X P )48 57 H  Y
%3 RN Nm 585 (F, ) 24, QT.ZS . JI. 5 DTSR RS A

TH 4 4~ B4k 2 18] 1 32 B 32 {8 N itk TF Fig 1 Neighbor--.]oining tree bas.edl on tr(; mtDNA control
1(5.95 ~40. 14) , 2B 4 EEA 92 38 R region sequence variation of five

C. nasus populations

MEMSHENHEEEDREERIH N, | AR 1 000 1K bootsiap Ko 55
(0.67 ~1.04) B RBIFN LB J] B FEAR -5 B FH A (LB R L AT 50% )

A A HEF AW (N, = 0.98 f11.04) 53X A BE 5
BT 22 e 5 8 B T e B R DA R VI AR B e ) D FT LA B B 5 2 R A — R IR R A K
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PY6 PY8 PYL  yy4
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Fig 2 Minimum spanning networks showing genetic relationship among control region

haplotypes for the five C. nasus populations.
I B P R % A D BB B B S E P B B R BR BT AR R B

3.2 MREERIS

YiFp B SRR S HINRIE NI RE ) PR 4ER D ML D BT A R . SR AR SRR PR RS AR
H] BE S BRI IREE AOIE I B8 1) FIAETE BRI AR RO B T R E B A TR Mg
FEAET YRR SRR E M ERIER, REAZ XA R B BT, (B A%
ZREIEI IR Z W6 W R R BRI . IR SRR (or) RBAEG DR, 451 A5 20 A9 T
PIRCRT 22 5 B9 S9ME, R AR RS E SRR IR . ABTRER R, IS AMERA R B B1G
RSN (R =0.999 3) , LB BRI T IRE A (7 =0. 042 0) . X5 R ZHHE AP RAAIE
RE B R B —FRMEIEARAA o BIME 5 [ — B 190 T £238 (Sardines ) FI8JR ( Engraulis ) #j—
SRR LL , TIBS RS T IR SRRt ( HHARBR E. japonicus ff h =0.958, 7 =0.006 4) "™, 33k
A, BARIT PP REECR D (AR £ BB SHENE AR BRI 1

Tajima’s D 5 Fu’s Fs YR I H AR EEE 2 m i 254, 024 Tajimas D 5 Fs (217
{8, BfEgit s BB B &, WU F S &7 te R R rp B 2 R E RO 1L, AT RE B
ANEGMEEG LAY KR AT, & RMITER TSR Tajima’s D 5 Fs {8, 4314
LA BB E R UE BT MRS TR, WA DES Fs ERHA M EEREE . XRYITIET
FEPI S EEBUMEEY Ko TAEAR SR B ul rp (] B (R BY ) 268 K AT ml B 3 Fi s Rl 7E Bt AT R 1 A
B 2 A & BIIRE o Network p M 45 R FIRE SR 87600 52 EA Rf MBI Y 3K o

FAVE T TSRS KB B2 4E 0. 17 ~ 0. 13 FH4FRT, b FEHFH MMM, F MRS RER
B MR SRR SR A Tk BT, S IR R M B LK SR vk L % 5 RV



5 3 WAL, % AT R LB AR B AT /K IR I B AR B o1 25 ¥ Be e i s 519

AR ZU T , B SR BB ¥ DT P35 120 ~ 140 m, BRAR WA I b O 20 A S R BRI I S 1 R 2
S B BCR KA NE B A | R, TIBETT BE R BT T R RO R BEE AL S0 o 7R KIS E T A
KABREARFISRA S, TIBRREECR =08, T L3RR B AE W AR [R) B 7K B8, T 5 3 48 7 3 O FR 5
7R vk EA , BE & 1 T PRI 8, W 22 o B O ¥ 38 S T 1, VT8RRI L& T PR Sk Fn g™
B, R RIS ISR A RS R RS RIS BRI R,

ALHEEERFERAHR FERRMSE LR EMERAMBRBEASGE, LB EKERTHEIHTA
RLZFBF LT ABGERMAZE R LAV ERARRY EGRFEH R KRB IR EF R E LN
wﬂfl ERAR, Heb— 8,
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