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W B O TSR WA K Protosalans hyalocranius) Bk ZREHE MGBAE A6 JET PCR 4 50
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FPAE I3 FhRie, AT T ana 4 A (R
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1.1 #HFARE

2015—2018 4F R AL TVLIH A KW (TL) |
R (GYL) (B (HZL) Fngg ) (LML) 55
4 NTTA R AR AR AR REAS B BEAR 38 R 4
40 A, 2 160 BAEAS . BTHUREAS JILIA 4121
JoK R E BT 20 C kAR AR
1.2 DNA #2E{.PCR # & 5 F

FEZH DNA SR )15 PEFE 2 DNA 21t
& (TaKaRa, 5 H EAYFARARAF) FEHL,
i F#% 2 2 1 7€ 12 /Y ( Eppendorf, BioPhotometer
Plus, 785 ) fill pr4& DNA ¥ 5, 9 1%
SR B F Dk R I L e #E . DNA A il i B g 40
ng/mL LKL, RAETF -20 CHH

Coyb 9~ 38 00U Jy 5| ¥ & L14321 (5'-
CCAGTGACTTGAAAAACCACCG-3") .,  HI5634
(5'-CTTAGCTTTGGGAGTTAAGGGT-3") """ 5|4
HAE TAY TR EE) ’RARA G . PCR
PR R K 50 pL, £235 10 x PCR buffer (5
Mg’*) 5 pL.dNTPs (10 mmol/L) 4 ulL.Taq i
(5 U/pL) 0.5 pL, B3R a9 (10 wmol/L)
#2.0 pL B4R DNA (40 ng/pl) 2.0 pL, ¥ %
JCR7KE 50 pL, PCR 4 34T R 94 CHiAE %
5 min;94 CAF4: 30 5,55 CiB k50 s, 72 °C i
90 s, i 30 MG ;72 °C #Eff 10 min,4 °C %
ffo

T IR 1. 0% S fE0E B e v DA T, %
AT TR () e A BRA Wy . R
UE S Py 510 %) A 1, T AR i 1 SR FHOBL [ 10
JF, W51 593851 AR
1.3 F3EEBSHIELTE

K H BioEdit 7.0 #f4F1 Clustal X 1. 81
Yo > 235 SR R AT St 8 R TRV B X R IR 4] 5t
1B 2R S E0 AL G 2 5 A A8 A L R
R Z M (Hy) M HIR Z M (7) 5
DnaSP 5.0 #5345

FIFH MEGA 7.0 8 Geit 17 5 s L 20 B,
SEREIARIR] Y Kimura X2 BRI (2 B8 . LK
TR £ ( Neosalanx taihuensis, GenBank 235
MH348204. 1) ff Jy SN, R FH 4B 4% 3% (neighbor-
joining, NJ) M RG L F IR, RG L E R
SCHYE AR B B R E A 1 000 ¥k, A
Network 5. 0 % ¥ g F£5%5 B (9 {7 29 b 4y
(reduced-median, MJ) ¥ 2 21, FF L1461 8.4t 7
Z AL G 2R o

K Arlequin 3. 11 H By 73 1 28 5 70 #r
(AMOVA) J5 ¥R 338 1% 728 S AR B AC PN FLEE A< 1]
(95341 St A48 B ( Fostatisties, ), IFFHE
FI 5k (permutation test) K46 F, #3235 P (H
YK 1 000) o KAl ] Tajima’s D A 55
Fu's F, Ky 5 A1 8% H BR A BC X 43 4 ( mismatch
distribution ) & Wi #F (A J2 5 & AR 5K A T s X
TONREFE L PP RE D oA R T HL A I 23 A1 52 B
TP AR EE, A 7 = 2w AN EEY Tk B
"% 7 Oy Tau, RFPEED 5K S8, B Arlequin 4k
PEFEATE] 0 g B HEAURPRE RO KIS 8], u 2y
T AR AT A 78 S R R Al u =
2uke TFE w o R B TRAE A8 S R, S IR
LT 2% ) o I BT I L 1 e 2 R R R
1% per Myr (1 x10°) "k FoRIFHIHKIE (bp) .
PIRAFA] T = ¢ x AT E], o AR £ A4 3 J5
AR X B TR 1,

2 4

2.1 FIERREESHFGE

28 PCR ¢34 3 5 70 #r, 3RA5% 160 J& K AR
. Cyrh FEH AP BN 1141 bp, 160 Z5)751
A ) 25 AR A A5, AR S L 2. 19%
Hrp B —FBALEA 1A R AFBALE N 14
Ao ARSI Ry B A BRI A, B 4 5 AR Y L
37.5, AT BB AL o 4 ASFIHEITA AR
FE 9 o ) B B F- 33 % 1 2 il o T(29. 3% ) . C
(32.3% ) A(21.7% ) #1 G(16.7% ) ,A +T & &
(51.0% ) BEET G+ C 5 (49.0% ) , Hirp g3t
G )& fil, o IR G A

160 J& KAR f M ARILAT I 2 25 A8 47 55,
FE LT 23 A FRLAR A B AL RIS IR 2 AR )
2470.878 £0.014 F10.002 1 £0.000 1(F 1),
e IS T AR 1S 1 B A R0 2 AE Pk A v, i 0. 871 +
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0.031; A 1 #f K B9 B2 H IR Z HEME e i,
0.002 9 £0. 000 15 77 W HE AR Y A% B 22 Rk
MR IR AR AR, 2090 0 0. 755 +0..455 Al

0.001 3 £0.000 1, 4 MEAKAY AL SR S
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®1 RREFENBEESHESH

Tab.1 Genetic diversity parameters of four Protosalanx hyalocranius populations

LHEEN EZNVASE 4 BRIk BAERI Z R BRI
Population Numbers of Variable sites Numbers of Haplotypes Haplotype diversity Nucleotide diversity
K TL 13 12 0.869 +0.034 0.002 9 +0.000 1
R GYL 14 12 0.871 £0.031 0.001 7 £0.000 2
BRI HZL 6 7 0.755 +£0.455 0.001 3 £0.000 1
& T LML 0.813 +0.038 0.001 5 +0.000 2
AR All 25 23 0.878 +0.014 0.002 1 +0.000 1

2.2 RREBREBERNARRRELE

4 A HER L E 23 AN FAG R (H1-H23, 5%
2), Hirf HI HI13 1 H21 g sisa i | 45 5
AMEBY 12.5% 25.6% F115.0% , PAfER HI |
H3 .H5 .H8 H10 .HI13 H17 .H19 #l H21 #2 £ 4
BRI, Horp HL 200 e 12 W B
T 4 DREAR P # A o34 S5 A HS (H13 (H17
H19 F1 H21 D) Ay e MR8 T8 T8 A 0 E5 i 3 A

PRI oAt 14 A RN 25 BRI RR A A
R SL ORI R AT 8 AR AT SRR R, s HI 3
FEARINA 5 A SR a SRR IAR A 1 A4
R BRI R g R T AR AR PR TR L 5] 3
h30.0% , FRI T 8 R =F 1 A BB BRI
A% T I AR A R EL ) 2 0 A 17.5%
20.0% ,FI T BB R W AR RIEL

®2 AREBEBBFNARRS T

Tab.2 The composition and distribution of haplotypes in Protosalanx hyalocranius
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VAT B 4R 48 (N, taihuensis) AR EHE, K
AR Ry T ARG (B 1) o &5
FW] A R 1) B R A oA, AR — 32,
B F I 5 3t P 0 A1 AR X L A 35 4 245
K F o FIH Network 5.0 BR{F G i R4 £ 4
TIBEACRIZE P (] 2) B 2R B, Fo/ N R 2% PR AR 1
S AR, PR R H AT R 45 1 s, HoAth B Y
Py R, G HL R AL AR KR
ROl 2z (] A 1 227, 4% FA B AT B Rl A
TEANR] B S FRRR R, R ] S 14 28 48 b PELA
Jey SR T RGBT WA T

H14
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i
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1 KSREHBER N R

Fig.1 Phylogenetic tree of haplotypes by NJ
analysis based on Cytb sequences
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Fig.2 Haplotypes minimum spanning network

for Protosalanx hyalocranius

2.3 BEEfEEM

FIHI MEGA 7. 0 SRAFTFEREAR N FIFEIA ] Y
WHEREES (R 3) o L5 R KRR N 5%
BE 2SR 0..003, 157 HIB T8H 01 55 L W0 FE AR PN 1) 35t 1% 1R
B R 0,002, Pk 35 I RE A PN Y st L R S R
0. 001 , T F 44 55 H: Ath FF 14 8] 79 35 1% BE 25 o
0.003, = HR # 5 T 35 T B A ) ) 35t 4% B 25 oA
0.001 , 5556 S 38 F A4 1] 1) 35 1% R 125 24 0,002, it
T 55 0 S AR AR E) P a8t (5 B 25 Ok 0..001

AMOVA 255 (R 4) BoR, BEIR ] A9 43+ 42
Sdi R 15, 13% , BRI B 40 T8 S i b Ry
84.87% , HEUKIAI 5t % 7 L4540 F, 2l 0. 153 5,
IR ER 2 K- (P =0.000 0) , 7 5 # 14 ]
1) F B RS 45 51 (3 3) o, i lilil kg
T RN SRR ) B A B 3 M 22 5 (H Y 5 R
ARG BEEZES . KIS ULEEIRHARN Y F,
E AR, 1R IR T 5 6 R A A AR 1) 1) F {1 B /DN
SAMOVA Z55L (3 4) WoR B R R B 43
—4l, HAh 3 NEEAR S R — 4L, 4] A Ak
¥ F, 9 0.251 1, 3k B % B 2 K F (P =
0.000 0) , & W % ZH B 1A (] A7 7 d 2 st A5 25 57
2.4 BEHETHE

HPERT IS R R 4 SRR AR Fu'F,
(ELX 0 AL, H S MR A AR i G A 0 38 31 d
I e IR T A6 S IR Tajima’s D {8 Ry 1t
(B, RIHEAARFNHL W BEAR (Y Tajima’s D {H 20 1E
8, BGRB8 K. 8 4 SRR
AN Ry — R AT P A 30 3 A, A5 SR R
B Fu'F, Fll Tajima’s D {H) K8, H Fu'F, {545
TR Bk B R 3 25 R (K 5) o B A I (B
3) AT 4 AR AR AR R AR A R A 1
JE3 A B S P | H SSD 1 Raggedness $5 %%
2ASHEMGEIT R A B E (P >0.05), Ui H
R B R SR AR, 2R A e
SR RT A R N] AR AR A R A O 25
s, 00 T AR IR . AR R AR Y
Pk SHUE A B R AR sk A R A A
S DU 20 T HE R (BE4- 10.3 7 ~4. 1 JT4ERI) .
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Tab.3 Genetic distances within population ( diagonal) , and pairwise genetic distance ( below diagonal) and

fixation index (above diagonal) among populations of Protosalanx hyalocranius

A Population K TL TR GYL L HZL 4% i LML
S TL 0.003 0 0.2276" 0.273 6" 0.1656*
I GYL 0.003 0 0.002 0 -0.0050 0.023 4
HEPE HZL 0.003 0 0.001 0 0.001 0 0.0317
7% T3 LML 0.003 0 0.002 0 0.001 0 0.002 0

. R P<0.001,
Notes; #* indicated P <0.001.

x4 KRREBFERNMEFER AMOVA 1 SAMOVA 4R
Tab.4 Results of AMOVA and SAMOVA analysis among and within Proftosalanx hyalocranius populations

78 SRR F i A Ay W Epigid Ul (AR =i

Source of variation df Sum of squares Variance components Percentage of variation/% Fixation index
AMOVA
BEAE] Among populations 3 25.775 0.188 4 Va 15.13 F,=0.1535
AN Within populations 156 164. 800 1.056 4 Vb 84.87
SAMOVA
2 [] Among populations 1 22.892 0.3575 Va 25.11 F,=0.2511
2 NBEAR[E] Populations within groups 2 2.883 0.009 6 Vb 0.68 F.,=0.009 0
AN Within populations 156 164. 800 1.056 4 Ve 74.21 F,=0.2579

TE:Va. SR 5 Vb, BERBIE RS 5 Ve BERAZE R0

Notes ; Va. Variance components among groups; Vb. Variance components among populations; Ve. Variance components within population.

x5

KIREBBETHEHESMER

Tab.5 Results of neutral tests and mismatch distribution tests

BEAK HrpAG I Neutral test 7 5 A3 AR 56 Mismatch distribution test
Population Fu'F, P Tajima’s D P SSD P Raggedness index P Tau
K TL -1.8158 0.2220 0.25404 0.6430 0.014 5 0.1300 0.052 8 0.2200 4.7187
MR GYL -4.5092 0.0120 -1.2738 0.098 0 0.004 1 0.3100 0.052 7 0.3400 2.064 4
UL HZL -0.9916 0.3140 0.1109 0.6110 0.023 0 0.100 0 0.084 9 0.2300 1.9101
% IL i LML -1.3118 0.2630 -0.5549 0.301 0 0.005 7 0.270 0 0.0515 0.4000 1.8750
R Al -9.458 7 0.0080 -1.2963 0.074 0 0.003 0 0.400 0 0.0253 0.7300 2.7890
. 0.455 ~0.871 +0. 031, EFHBMREZHMN
3 i

3.1 ABPEBEBEESHENN

WY1 2 RE P A W K0T AL B 7 1
ML ZREE 14 A S W i ) A A B ) AN A
T FYIAR R . XTI R 15 Z R KOE B
AL S oA Jm W BE 9T, ANURT LA T fig i #h i)
FEALHT S, QLT LRy 2047 10 i ) 3 A 9 g A T
Yo i i Bl ) 2 41 SR PR . BLAE AL 2 AR
(H,) FIAZ R Z AR (o) WS 1 1% 21
MZAE%%ﬁmomﬁmﬂm%mmmmh

R IBAE ZREVERRIE , B B ZREVELL 0.5 Ny
'MWE&H%%&@UO%&MWWRgﬁﬁ
(EAOR , TR D8 15 2 RE AR s Y IR
4 ANTEIE KR R Y A Y 2 AR R 0. 755 =
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Fig.3 Mismatch-distribution analysis of Protosalanx hyalocranius population

0.001 9 +0.000 2 )  DHLMIFEA(H,: 0.667 +
0.041, :
(H,:0.823 +0.026 , 77: 0.001 4 £0.000 1) ">,
AT LTS VL5048 W00 AR e 1A 1) 33t 4% 2 AE
B o A A 2 B AR A, Q0 KB RT AR 1 (H,
0.713 +0.022, 7: 0.0022+ 0. 000 1, H,:

0. 001 9 +0.000 3) 13 1£ 9 BE 44

d

0.671 £0.061, 7: 0.002 3 £0.0002)"" > F¢
A58 4R f5 (H,: 0.590 + 0. 047, 7:0.000 9 +
0.000 1) 4 Wy ] §f fis (H,: 0.385 + 0. 149,
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Genetic diverisity and population structure of Protosalanx hyalocranius in
Jiangsu Province based on Cytb gene sequences

LI Daming, TANG Shengkai, LIU Yanshan, GU Xiankun, LIU Xiaowei, YIN Jiawen, ZHANG Tongqing,
PAN Jianlin
( Freshwater Fisheries Research Institute of Jiangsu Province, Key Laboratory of Fisheries Resources in Inland Water of Jiangsu

Province, Nanjing 210017, Jiangsu, China)

Abstract; The genetic diversity and structure of Protosalanx hyalocranius in four freshwater lakes in Jiangsu
Province were assessed. Based on PCR amplification and sequencing technologies, the mitochondrial Cytb
gene sequences from 160 individuals of four freshwater lake populations ( Taihu Lake, Gaoyou Lake, Hongze
Lake and Luoma Lake) were analyzed. The results showed that 25 variable sites were detected in 160 Cytb
gene sequences, containing 11 singleton mutation and 14 parsimony informative sites. A total of 23 haplotypes
were defined in all 4 populations and overall haplotype diversity ( H;) and nucleotide diversity (7r) were
0.878 +0.014 and 0.002 1 = 0.000 1, respectively. Therefore, the genetic diversity of P. hyalocranius
showed the pattern of high haplotype diversity and low nucleotide diversity. In the four populations, the
Gaoyou Lake and Taihu Lake populations had the highest haplotype diversity (0.871 £0.031) and nucleotide
diversity (0.002 9 +£0.000 1), respectively, and the Hongze Lake population had the lowest haplotype
diversity (0.755 £0.455) and nucleotide diversity (0.001 3 + 0.000 1). The result of AMOVA showed
that 15. 13% molecular variation was among populations and 84.87% within populations, and most molecular
variation occurred within populations. The pairwise fixation index ( F',) revealed that there were significant
differences between Taihu Lake population and Gaohu Lake, Hongze Lake and Luoma Lake populations, but
there were no significant differences among Gaohu Lake, Hongze Lake and Luoma Lake populations. It is
concluded that the Taihu Lake population and the other three lake populations should be managed and
protected as different evolutionary units. Both the mismatch distribution analysis and the neutrality tests
indicated that there was a recent population expansion in P. hyalocranius, which might have occurred
103 000 —41 000 years ago during the late Pleistocene. Despite the high genetic diversity, P. hyalocranius
already showed obvious signs of decline. More attentions should be paid to the management of fisheries in
order to protect the germplasm resources of P. hyalocranius and to maintain the sustainable development.

Key words: Protosalanx hyalocranius; Cyth gene; genetic diversity; population structure
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