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Fig.1 Sampling location of Coilia nasus taihuensis samples
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Tab.1 Genetic diversity parameters of C. nasus taihuensis based on mtDNA D-loop sequences
- \ o AR H R y " "
) L 7 S5 R (F " - SE- ha
S S iR O ZRERE e DRI
. ariable aplotypes . Average number of
Population Number . Haplotype Nucleotide : .
sites ( Number) R L. nucleotide differences
diversity  diversity
HI(7),H10(1),HI11(1),H12(1),H13(1),
i1 (TH) HI14(1) ,HI5(1) ,HI8(5) ,HI9(1),H20(1),
Tai Lake 30 40 H21(1),H33(1),H55(1) ,H56(1), H57(1), 0.929 0.005 94 8.708
H58(1),H59(1) ,H60(1) ,H66(1), H72(1)
HI(6) ,H7(1) ,H16(1) ,H28(1) ,H31(1),
BHCH) H40(1) ,H54(1) ,H61(1) ,H7S(1) ,H76(1),
{m(; Lok 31 43 H77(1) H78(1) ,H79(1) ,H80(2) ,H81(1), 0.951  0.010 36 12.669
© Lake H82(1) ,H83(1) ,H84(2) ,H85(1) H86(1),
H87(4)
H1(21),H2(1),H5(1),H9(1) ,HI7(1),
E R (GYH) H22(1),H29(1) ,H37(1) ,H45(2) ,H48(1),
Gaoyou Lake 40 a4 HS1(2) H54(1) H68(1) .H71(1) H73(1), O 728 0.00536 6.714
H87(1),H88(1),H91(1)
HI(11),H3(2),H4(4) H6(1) ,H23(1),
N H27(1) ,H30(1),H32(1),H35(1),H39(2),
El]?,@i(EBII(H) 40 50 H41(1),H42(1) ,H45(1) ,H47(1) ,H48(1), 0.918 0.006 38 7.558
ama take H49(1) ,H50(1) ,H62(2) ,H64(1) ,H67(1),
H69 (1) ,H90(1) ,HO1 (1) ,H92(1)
HI1(21),H5(1) ,H26(2),H37(1),H38(1),
PLEIH (HZH) H39(1),H45(2) ,H46(1) ,H48(1) ,H51(1),
Hongze Lake 40 4 HS53(1) H62(1) .H63(1) .H65(1) .H70(1), 0726 0.00552 6.683
H88(2),H89(1)
HI(14) ,H8(1) ,H24(1),H25(1) ,H34(1),
4% Ly (LMH) H35(1) ,H36(1),H39(1) ,H42(1) ,H43(1),
Luoma Lake 33 42 H44 (1) H45(3) H52(1) .H63(1) .H74(1), 0816 0.00602 7.471
H88(3)
31 Total 214 103 92 0.857 0.007 29 8.000

1.3 PCR ¥ B5iF

T 5% 2% KL & D-loop X J3° %1 1) L Wi 51 91
DF1 (5'-CTAACTCCCAAAGCTAGAATTCT-3") , F
W5l ¥ & DR2 (5'-ATCTTAGCATCTTCAGTG-
3 B b A T A TR ARG B
H e PCR ¥4 J i SR TR 50 pl: 10 x PCR
Buffer 5 wL.,5 U - wL.™' Tag DNA 4 0.4 pl,
0.25 mmol - ™" ANTP 4 pL,10 pmol + L' |°F
WE5 1945 2 WL, DNA #5di 1.5 pl, i aisk 2 6
AL 50 wL, PCR 34 #2 5 . 94 C iR 14 4
min;94 °C 40 s,55 °C 50 5,72 °C 60 s,35 MEH;
72 °CHEA# 10 min, 4 CHRAE

PCR 74 2 35 i W R JEC P, D A I FR AL /S
EZ AR TAY TR ARABRA /3 1T IE
XL
1.4 HIELEMSH

K BioEdit 7. 0 ZF32H D-loop J¥ 41 , Ff-%F
FE 9N AT S A PFE, M ClustalX 1. 83 B {4 %F
D-loop J7 & #47 L FIHERF s SR 1] Mega 7.0 ff

Gy 5 Bl S 2 RN AR A7 0, HEE T Kimura X
SRR T SR A ) 19 35 A% BB B, SR P AR 422 1%
(neighbour-joining method, NJ) #4 &t Bf% A R 4¢
HEAEARY, 28 1 000 Yk A2 FlAe Ao D 845 1 5 >R
DnaSP 5. 1 3 {1 2 13 4 ) AR D | B ) 2 4
PE IR Z M SO I 1R 25 R S S8
N Arleqin 3. 5 B {F #E AT 4y 05 2= 0 b
(AMOVA) | DAL FEAAR 1] (1) 358 1 48 S A5 0, 1) 3t
LA AR EL F TN P P REIAR [B] A5t A% 22 5%,
b 1 000 < EE il R ok A A P I BEAAR 8] 1) F, B
P, #E47 Tajima’s D Fl Fu’s F, FPovk o6 fs i
G3HT, I AR R D3 s 2h A I Network 5.0
A B R e N P 4 [ 43 A LA AR (] £
(ST

2 #RESR

#H 8t D-loop FF 5| T RFBEEE SN
AR AL IRAT 214 S50 8% 1) kiR D-loop
29, KR 1 214 bp & 1328 bp, 214 &%

2.1
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H I B 103 ANAR A 5, o i8] 2905 3 A7 45, 56
A R B AL 4T A FEAE 5 b A/ R T
B, FEARAT R 13 A A A 4 A T/ B
H 3.5, 6 ASHEA Y X 51 1 e R 4 A
ILACCT F1 G W F 3 & &40 5k 33. 3% .
19.1% . 33.4% I 14. 3% , B3 A + T () & &
(66.6% )L KT G+C M HH(33.4% ) (KRB
B AT S d-PE RS R A ) G ey, W) 75
KEFCEHES LR R DNA SIS 2H e

6 MMENBTRE R 214 RBAEAS JLAS 92 Fj b
RI(H1 ~H92) , Horp R BE A 20 Fp o fis A, 75
WATEURA 21 Fpepfis AL, = R WA BRI 18 Fh e fis
R, SR 24 R fE R IR 17
P A5 3% T A 16 PR A5 AU (£ 1), HI 2
6 AT ) L S P AR HS YLV T R e S 980
PR IL S BAAETR  H3S 1 HA2 J2 11 T I8 R 24 i)
FEUR AL B AR H37 0 HS T J2 g i 380 Fn it v
WATRE MR Y L2 B AR H39 2 1 T LV A
06 T W R AR 1) e 52 L A HAS S R L
T A T 0 R 0 R AR 1) L S A R HA 2
e MR TPY | 0 3 R L V5 T A AR 11 T s £ R HS4
A H87 e w5 1 A R 8 A A 1) S =2 A A H62
2 P TR L R A A ) e S AR AR HE3
P T R0 B S 1) B A 1 S A Y HBS R 1Ry HIR
T L 26 T 35 0 A A 1) e A R HOL S
e M 0 P T R A ) e =m0 H A B £ AR
HR SRR A AT B R

6 MHEIR MY BAER 2 FE R 0. 726 ~ 0. 951,
Bt BR ZRENE K 0.005 52 ~0.010 36,6 4 EE{Ackk
AR B 70 2 REPE R iR 2R M43 31 R 0. 857

x2

F10.007 29( % 1), ATLLE W, BB IEIA RS &
B s L 2R, ELISI T 22 R P S B v e 7Y
AR AT TR 2 AR AR A
2.2 MERBHEEE SN

6 A~ BE R 0] (4 38t 4% 15 25 76 0. 005 45 &
0.011 742 [a) A5k, , e ) 55 7 W B 4 1] 7 3t
PR RS F K, v IR 5 T V38 T R A i) 1 3t 5 B
/N2 ) 6 DNHEIRIEI AL 504k REFE
16 -0.022 05 % 0.192 21 ZJa], K KT m
ORI IAREAARIA] Y F AR IR, T ¥ Yol i Sl 1y 4
ANBERIA] F BN - 0.022 05 ~ 0.043 91)
SRR 2s S WoR T WA U S At 5 AN B A )
A L 4 (P <0.001) , Hofl 5 S HER
AT B BE 22 5 (P >0.05) (F£2 ),

G305 2253 B (AMOVA) 25 3L R, B4 [a]
AR HE 6.20%  BEURPY 73 A8 5 5 ok
93.80% , Ul Il /> T4 S R B R AEFEREIR N, BE
RS L o 28 F 20 0.061 99, HEE 1K
55 HLA W R 2 S, DB AR B] s B T
LR (R3 ). # 6 MHERIE KRR 4 KT
DA (A R 5% 30 R S ) R T ¥ 3 S 2 (g R
T LD LT RN % S A ) X 2 4L Rt
o7 20000, a5 R B )4y FAE S 5 b
H1.76% , HINEERIE 73728 5 5 o 5. 28%
FERN T TAE S HoN 92.96% o 2 (8] 35t 15 4y
EREUA F., 0 0.017 56, GitFa a2 I &k

S5 AL R (] s AL Ak RBUE FLE N

0.057 36, FHIANI F % 0.070 38, H &t
B P HAT WY S 25 25 5, BB A N B4R 1] S 1R
W B AL A (R 3 ) .

BRI B EERE R (M ALT) REESURB(XNALL)

Tab.2 Genetic distiances ( below diagonal) and F ( above diagonal) among C. nasus taihuensis populations

LN K (TH) WHI(GH)  lEWI(GYH) B (BMH) bW (HZH) 5% thif (LMH)
Population Tai Lake Ge Lake Gaoyou Lake Baima Lake Hongze Lake Luoma Lake
I (TH) Tai Lake — 0.19221** 0.012 71 0.044 66 0.012 16 0.013 02
@i (GH) Ge Lake 0.011 74 — 0.166 94"~ 0.11252"~ 0.17773** 0.13548""
=1 IR ( GYH) Gaoyou Lake 0.006 35 0.010 51 — 0.038 40 -0.022 05 -0.014 39
15531 ( BMH ) Baima Lake 0.006 75 0.010 87 0.005 96 — 0.043 91 0.006 84
Bt (HZH ) Hongze Lake 0.006 36 0.010 45 0.005 45 0.005 93 — -0.013 18
1% L35 (LMH) Luoma Lake 0.006 59 0.010 57 0.005 71 0.006 18 0.005 69 —

H: " " R P<0.01
Note: ** indicates P <0.01
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Tab.3 Results of analysis of molecular variance( AMOVA) of C. nasus taihuensis populations

A5y

AR AU F Bz g5 ) , Sk e/ A T 1
. Variance Percentage of L
Source of variation df Sum of squares . Fixation index
component variation
AMOVA FEIATE] Among population 5 380. 906 1.502 92Va 6.20 F,=0.06199"*
(R54) LR Py Withi lati 208 4 730.337 22.742 00Vb 93.80
Ungrouped pi ithin population . . .
2 [6] Among groups 1 102.571 0.429 54Va 1.76 F,=0.017 56
AMOVA
4 e
(Fe s ord) ’ﬂmﬁ%@ 4 278.335 1.292 17Vb 5.28 F,.=0.057 36"~
Populations within groups
Group by area
AP Within populations 208 4 730.337 22.742 00Ve 92.96 F,=0.070 38" *

TE: " " FOR P<0.01, Va:4lAESRZ 0 ; Vb ML S 2050 5 Ve BRI NS 41 43

Note: ** indicates P <0.01. Va:variance components among groups; Vb:variance components among populations; Vc: variance components

within population

2.3 HEFERER RERIF0 MW &L E

ISP A T R G R B (B 2) , 45
F IR ,6 ANWIBFRER T AR R 2 ANk B
2, HPis R 1 R HE & H74 4, 3% R
FE/NT 50% ;3% & 2 @ A58 HTS 3 HO2 4
B, TR RN 16% , T LIE W, [ —FEA
AR AL A B R LA TS O OFE R AT R
o ULRH IR AT BRI I3 R oAb

DA R0 b g T 90 65 45 B TR Ak I 245 [
(P 3) B 0 245 ] S A R 18y BELAR G5 4, B8
HI J2& 6 MRFAR IS S B T 2 B e 2 1
I A e e i A 3 N ERTNRE (VTR = =S R 6 TN
A A AL, ZE R RE X R G LT
PS5, BAE R T 2 A E 4643 32, 45 B
FEHUATE 2 43 3, AR TE B (5 1) 2R 4 A%
Jayo
2.4 HSTEHEME RS

*F 6 AN EF AR IEFT Tajima’s D fl Fu’s F,
PRI, IR SRR B P kA R (R 4) o &
PR, IBWHHAR Tajima’s D Hl Fu’s F_ K1Y
A H AR IAE B K- (P >0.05) s HAd R
KM Tajima’ s D fll Fu’ s F, #5635 4 ffd, H
Tajima’s D £ 5 o ik #1] . & K F (P >0.05)
Fu’s F_ {35k 3 8 Z 7K (P <0.05) 6 6 4
IRAE R — AR T 53 BT, 45 F B Tajima’s D
M Fu’s FRGIRY A U, R85 i K F (P <
0.05), iRgE R, AW iR . Lt
VR N T TR A B T R AR 8 1T TR R 5K
FRAEHER B I S0 Tau, DL 78 3 X (1 25
S RER E TS 15% ~20% R AT A
I REOR YT AR T %% A=A 0. 089 ~ 0. 160

7 AR AR 601
3 g

3.1 SR EEASHFNE

AL ZREE R A Z R A O, R RE
NI ARIRE R A AR S A R, PSR
PIFP I 54 2 RE M KT O UL B 43 A A% )
AT DA 7 W i) 2 Ak D A, oE 0 D AR ) A2
1797k e PR 8E38E N RE J1 o FE AR 4 F ARl
H ORI DNA BAT i Z 0%, &Pk as (4 iiF ¢
B e TARIC ™, T A T AR (h) R IR
ZRENE () SR i B — W Rl st % ZRE TR 2 A
AR,

AHHFFE N mtDNA D-loop X J7 81 X VL84S
6 AT B E A AL ZREVE AT 0 Hr, 25 R R
BH,6 A 11 5% JF A 1) SR 055 7 Z RE S 0. 726 ~
0.951 , BB Z FEE S 0. 005 52 ~ 0.010 36,6
ANTREUAR 1) PR TR 22 R P DA T R 22 R 43
4 0.857 10.007 29, HAZH IR 2 kEME 524
HER 22 AL S — B A Saik™ il 4 4
TR CARTOA L SEL TR 780 O 9893 0 1] 2 3890 ) 989 B 7 1A 1)
SR ZREME 0.993 ~ 1,000, 1T R Z 1l
0.006 2 ~0.011 5, AffF 57 45 J 55 HAH — 2k, i B
TR R 1) 35t 1 Z2 PR FL A T2, o B85 138 1
RE 1 Bt AR T8 Jr e Ko 3 A, T 655 i ik TGk, 4
ARSI, HEA Ve B R k)
A, DA BT A 5 U5 B 2R B i, T8 R T RO
PERHIRER , 18 1590 f0 25 BE 9% vh a0 A0 S Fh e,
FEXF ol TR M R R A T R
mgtt S K HE GRANT Al BOWEN'™ 42 i i i
TR 4 Pl 2RO R gy, BT AR
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Fig.2 Phylogenetic tree of C. nasus taihuensis

haplotypes based on D-loop sequences
TR EA (i IS ), UL R4 S 52 3F

SRR SE MR, 22 1y ok DR e 7 i 0, b i R
RIEHE 2, BBk 14 74 5 B3CHAA 2 Ao 6 i A A

FEBIZFEPE ARG, A% 17 PR Z AR PR A R
% P B )RR B2 33K 5 SR AR T 19 At b, 3R A
WFE 45 5 — 3= "> %" Tajima’ s D' FIFu’s
F5 PR B0 2% FAAE W) T WIS T R RED
ik, 5K K2 K ETE 0.089 ~0. 160 H T 4EHT .
e — R /NS LR TR, PR R T
ST oS A A R A T SRR X R
PRERCE DR I | R B R 22 R 1 TR LA
AR HEAE T
3.2 MEEHEEAEN

WL ST R BT F A A AR ] 35t 1 40 A R
BER SR, F SRR N 7R 18 % 3 AL R JEE
K. FREELAND" 32 i, L F, {8 4> /& 0. 05,
0. 15F1 0. 25 il FUE TR s A AL B . AT
FEH BRI F G2 R R TR R A S
HABFHARR ) F HB KT 0. 15, HEE i 2
AR BRIEBI RSN, oAl 5 ASHER
6] F f} —0.022 05 % 0.044 66, HF5 150 7%
AREWZES TS TR S IRk
) HLA 8 A% 434k, i H Al A 4 1) TG 38t 4% 4y
o WEHEA SR F EHR 0.061 99, HHAK 2
FME2E 5, WU BT ER A3 B A ] L B st AR 2
o MRS HY R GE ik AL F IR 28 AL EDR R, 35
22 10 T T R R i =2 B RO 8 T M R A R Y
HEAETE 2R, SR T BT RE A I s AL 451

— MR, BS54 S A% SR 5 H A A 1Y
TR o B i B B s I AR 5 IR E &
PSR A I = T YA R T S 2 8 S B
A a2 8 ORBIR SRS R R, T K R
f 4 AN IBS AR B 0 3 s L 24 5 T K
LK ZR P00 T T80 R0 A A A o AR db 35 ) 3t A%
b KBRS UERK R 4 D RERBA TE L
EVEBL AL T RER 5 UETT K R A 4 A8
RIE IR 3 AL 22 5. MA 2600 LT 2R opi ik
D-loop X JFHIAFFEE 4 47K R 10 A BF HEAR
(RIIRAE L5 EAT A0 #r , B 10 S BEIR 22 [l f7 1E
A 22 57, kR 28 U 32 B R, 7K S b 2 B B 2
SRRSO EEN R, WIETE AR, 5
WEUK IV, B AR A R R HLRE O, A R T RE
PRI IR SR o Ak, K B e 1 251 B
R AR EE R i b, K5 e
7K ZR P 7o MO T AL T 0 9 T 9 5 08 9 3 1 B AT
AT i 5 A, s T GE T St R K A
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El# Legend
@ KX (TH) Tai Lake

%% (GH) Ge Lake
@ EHE®I (GYH) Gaoyou Lake
@ 55 (BMH) Baima Lake
@ %W (HZH) Hongze Lake
@ %23 (LMH) Luoma Lake

B3 et AR & E

Fig.3 Parsimony network of C. nasus taihuensis haplotypes

%4 EF D-loop FFIHMEB B R IERB R KA S E

Tab.4 Statistical tests for neutrality and time of expansion of C. nasus taihuensis based on D-loop sequences

. PERS I Neutrality test LAUS IS RECRY ki)
FEIA Population - S
Tajima’s D Fu’s F, Tau T(Mya)
K (TH) Tai Lake -0.167 51 -1.266 26
59 (GH) Ge Lake -1.539 50 -2.130 88 " 52.4 0.12 ~0.16
E B ( GYH) Gaoyou Lake -1.439 55 -1.667 99 " 48.4 0.11 ~0.14
9 i ( BMH) Baima Lake —1.447 26 -1.971 13" 40.7 0.089 ~0.12
L5 ( HZH ) Hongze Lake —1.402 81 -2.09303" 55.5 0.12 ~0.16
4% i ( LMH) Luoma Lake —1.442 33 -1.63957" 88.1 0.13~0.17
JA Total -1.743 00" -4.069 98 * 45.1 0.10 ~0.14

1" FR P <0.05
Note: * indicates P <0.05

Pl R 5 LB RS K A i, 241 0 3990 3 Tl i) 5%
FREEDHL, IBR B AR A 22 2, MRS K
IR E TR &, PR AR, {H AT 58 52 B 30016 [
() BELAS: S A AN A 22 S TR b BE R 25 . D3 4,
MHER T 2 shA Sk F , BRI A Hofl 5 A4
eS8 A L N2 T UYL A SO
Yokt 24 0. 160 % 0. 089 H JTAERT, iX —Hf
LEP ORIy R N> S P A T EAN TRy
U 22 I A ] K S 9 388 A2 Ak, X 2R A )
SREPE B A b SR B B YT
BERSZ IR B B0/, FhBF B o R, A &
2 AR K IR R R R RS T AN
FIFREEH) T, 205 T K iof (] AH X i Fe e it Ak,
S HAMBHATE B T 1545 501k o
3.3 BT RIENEEMAA

VER—Fh/ NI S 185 © R T34 IR K
WA AR b B D SRR, A Ul A 7 ) E B

TP AR, [ It T i 5% P50 B8 T % R L b
H G TR AL S5 ), ABFE 4R WoR, 115
A 6 MG e S ECh F e, BA S
BRI Z SRR T IR 2 SRR R 6 N
PR TR R 1 35t 4% Z2 R KT Jcds A Y
M= RAER L, H S HA S D RER A ) 2 2%
R3804, DRI, %7 K i ) A A B A S — A
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Genetic diversity and genetic structure of Coilia nasus taihuensis
populations in Jiangsu Province based
on mtDNA control region sequences

LI Daming, TANG Shengkai, LIU Yanshan, GU Xiankun, YIN Jiawen,
JIANG Qichen, ZHU Lin, LI Chunning, ZHANG Tongqing, PAN Jianlin

(Key Laboratory of Fisheries Resources in Inland Water of Jiangsu Province, Freshwater Fisheries
Research Institute of Jiangsu Province, Nanjing 210017, China)

Abstract: Coilia nasus taihuensis is the dominant species in freshwater lake fish community of the lower
reaches of the Yangtze River and Huaihe River, and it is also an important fishing target. In order to better
understand the genetic diversity and genetic structure of C. nasus tathuensis populations in freshwater lakes,
we analyzed the genetic variation of mitochondrial DNA loop region among six wild lake populations ( Ge
Lake, Tai Lake, Gaoyou Lake, Baima Lake, Hongze lLake and Luoma Lake) of C. nasus tathuensis in
Jiangsu Province. By means of PCR amplification and sequencing, the full length of D-loop sequences were
obtained and then used for genetic diversity and genetic structure analysis. A total of 103 variable sites and 92
haplotypes were detected in 214 individuals. The haplotype diversity and nucleotide diversity of six
populations varied from 0. 726 to 0. 951, from 0. 005 52 to 0. 005 52, respectively. Meanwhile, the haplotype
diversity and nucleotide diversity of total populations were 0. 857 and 0. 007 29, respectively. Results
suggested that the haplotype diversity of C. nasus taithuensis was high, while the nucleotide diversity was low.
AMOVA analysis indicated that 6. 20% of the molecular variation occurred between populations, and 93. 80%
occurred within populations, suggesting that great genetic differentiation existed among certain populations.
The genetic differentiation index (F_) value of total populations was 0.061 99 (P <0.01), and the pairwise
F values among populations indicated that there was significant genetic differentiation between Ge Lake
population and the other five populations, and there was no significant genetic differentiation among the five
populations. The neighbor-joining phylogenetic tree and parsimony network of haplotypes indicated that
individuls of C. nasus taihuensis were divided into two lineages without correlation with geographical
populations. The neutrality tests suggested C. nasus tathuensis population had undergone population expansion
in evolutionary history, and the population expansion appeared in 0. 089-0. 16 million years ago. The research
results showed that the genetic diversity of C. nasus taihuensis was abundant in Jiangsu Province. The Ge
Lake population owned multiple peculiar haplotypes, and there were significant genetic differences between Ge
Lake population and the other five lake populations. So, the Ge Lake population should be managed as an
independent unit, and the other five populations should be managed and utilized as a whole unit.

Keywords: Coilia nasus tathuensis; mtDNA control region; genetic diversity; genetic structure



