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( , 2016) Nikon SMZ800
(Qin et al, 2017) ( , 2020; , n,
, 2020) , n,
) n 0°~1 1 , 172 2 ,
DNA (simple sequence repeat, SSR) 2 ,
1.3 DNA
(2011) 10 - 153
DNA NanoPhotometer
(Macrobrachium nipponense) , N50 DNA ’
1 % )
2 ’ —20 °C
Zhang
1.4 DNA
(2010) 11
10 DNA 2,
(Coreius guichenoti) ,
DJ41 DJ516 DJ578 (2012)
(Coilia nasus) s 7 Yang
(2014) (Coilia nasus)
DNA )
5 FAM HEX
, , DNA PCR R 25 uL,
DNA 1 puL (50 ng/uL), 1 pL
(10 pmol/L), 22 pL 1.1xT3 Super PCR Mix (TSINGKE
1 ) PCR : 98 °C 2 min; 98 °C
1.1 10 s, 10s, 72 °C 10 s, 35 ;
1 2019~ 72 °C 2 min PCR ABI3730XL
2020 153 ’
L ( LI1Z500
0.1 mm) w( 0.01 g), 1.5
, 95% Excel 2016 L
(mm) W (g) :
o W=aL’, (1)
#1 MOETSHERAEES y b PopGen32
Tab.1  C. brachygnathus sampling information in four
sampling sites (N,)
(N) (E) /mm (No) (H,) (H.)
FL  29°42'46" 107°24'11" 19 172.1~283.4 Shannon-Weiner () F- , Nei’s
FD  29°53'19" 107°44'35" 14 134.9~235.5 (Ds) , Hardy—Weinberg
WZ  30°49'07" 108°2324 55 102.1~289.0 . PIC CALC 6.0
WS 31°04'11" 109°52'55" 65 128.5~301.6 .
(PIC); Arlequin3.11 (LD)
1.2 ; GenAlEx 6.51b2
12 h , (AMOVA) ; MEGAS.1 Nei’s
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Tab.2 Characteristics of polymorphic microsatellite primers of C. brachygnathus
(5'~3" /°C /bp 5’
F: GTGATGTTGTTGAACCTGAG
DJ41 55 126~186 FAM
R: CCGTCCTTTACTCTTTGTCT
F: GCTGTCCACAATAGAATTACC
DIs16 59 124~182 HEX
R: CTCTGTCTTTGCTGTCCAT
F: TGTCACACCGAGTAATGTC
DIJ578 59 140~198 FAM
R: AGAGGATGAGAGATAGAAGGA
F: TGCTATCTGTGATGATGCTACG
Cnas01 60 127~161 HEX
R: GAATACCTGCCCTTGTTTCTTG
F: GTATGTTTGTGAGGGTATGGGA
Cnas04 60 173~207 FAM
R: GTGAGCAAGGAACGGATAGTAA
F: CATTCTTTCCTCCCATCCCATA
Cnas07 60 247~291 HEX
R: GACTCCTTCCAAGACCCACTGA
F: ACTTGGTGAATTACAATGGGAA
Cnas10 55 181~227 FAM
R: ATGGAAAATAAGAAGCAGGAGA
F: AGGTGGTAAAAGACCCAAAGAA
Cnasl1 55 155~181 HEX
R: TGTTTTCCCTCAATCCATCATA
F: TGGTAATGGCACTAATGGTATG
Cnasl5 55 282~316 FAM
R: TAAATCAACCAACCAAGAAACA
F: GGCCCATATTGACCTCCAGACAGA
Cnas17 60 245~279 HEX
R: CACAGAGACTGGTGCTGCATTGCT
2 60
50|
2.1
153 102.1~301.6 mm, i 40 ¢
~ 08
(196.6+40.0) mm, 145.0 & 30
234.9 mm, 77.12% ( 1); *g
20t
1.90~79.70 g, (17.70£13.06) g,
0.00~29.90 g, 84.97% ( 2) 10 I
. 0 . .
% 092 429 (909 202 402 799
451 409 20077 400 A0 0 509
40 EN==1le}
35¢
gl\ﬁ 30t 2
£ 251 Fig.2 Distribution of body weight of C. brachygnathus
<
Z: 20t
10+ 1~5 R 2 3 ,
5 I I 82.35%; 5 , 1 1~4
0
+ +
'ng 01\69% /’\% o 9 A DQQ' o ,(g% Q/ QQAQ‘ (148.9+£24.9) (184.4£28.6)
\QQ' AT A AQO” 7:)9‘ qf.ug‘ rL‘bQ (218.4+£36.8) (242.4+£36.1) mm,

R &/mm

1
Fig.1 Distribution of body length of C. brachygnathus

(5.8542.74) (13.6148.55) (23.93+14.58) (32.26+13.80)g,
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x3  ZUIRERXEGSHRKERKIE 2.2
Tab.3 Age and body length data of C. brachygnathus from the
Three Gorges Reservoir

/mm 1 2 3 4 5 / :
A —7 r3.3884 2_ _
o4 o  — > w=2x10" L33 (R?=0.862 5, n=153),  (2)
115.0~129.9 1 1 — — — 2 , b 3.388 4,
130.0~144.9 3 2 1 _ — 6 , ( 3
145.0~159.9 3 14 1 — — 18 0.
160.0~174.9 4 12 2 — — 18 8ol .
175.0~189.9 1 18 6 1 — 26 70t
190.0~2049 — 16 8 1 — 25 60y
2 s0f .
205.0~219.9 — 3 9 | — 13 B ol
220.0~2349 — 9 6 3 — 18 30l
235.0~249.9 — 3 4 1 — 8 20t
250.0~264.9 — 1 5 1 1 8 12 I
265.0279.9 — 2 - _ ) 0 50 100 150 200 250 300 350
R /mm
280.0~294.9 — _ 2 3 — 5
295.0~309.9 — — 1 1 — 2 3
1480 1844 2184 2424 2585 . Fig.3 Relationship between body length and body weight of C.
/mm brachygnathus
(SD) 249 286 368 361 0 —
/ 14 79 47 12 1 — 2.3
9.15% 51.63% 30.72% 7.84%  0.66% — 5 4 . 10
82 , (Na)
_ _ " 4~16 (Ne) 1.802 4~6.851 7
R4 ZEEXEMSAEEREE ’ ¢ ’
Tab.4 Age and body weight data of C. brachygnathus from the (H,) (H.) 0.451 0~
Three Gorges Reservoir 0.849 7 0.446 7~0.856 9
1 2 4
/e 3 > ! (PIC) 0.371 1~0.837 3 , DJ516
0.00~4.99 7 8 — — — 15
Cnas04 (0.25<PIC<0.5),
500~9.99 6 25 5 — — 36
(PIC>0.5)
10.00~14.99 1 17 7 — — 25
15001009 — 14123 2 ®5 EME 10 DB EMD R SRS IS
20.00~24.99 6 4 1 . 11 Tab.5 Gepetic divgrsity parameters of 10 polymorphic
microsatellite loci of C. brachygnathus
25.00~29.99 — 5 7 2 — 14
30.00~34.99 — — 2 2 — 4 v N . - PIC
35.00~39.99  — 3 4 1 - 8 DJ41 12 39687 07566 0.7505  0.7109
40.00~44.99  — 1 1 - 1 3 DI516 4 1.8855 04967 04712 03711
45.00~49.99  — — 3 2 - 5 DJ578 6 26768 05752 06285 0.5685
50.00~54.99  — — 1 - - 1 Cnas01 5 44682 07647 07787  0.7407
55.00~59.99  — - - - - - Cnas04 6 1.8024 04510 04467 0.4056
60.00~64.99  — - - 1 - 1 Cnas07 16 68517 08497 08569  0.8373
65.00~69.99  — - - - - - Cnas10 8 50625 05621 08051 0.7807
70.00~74.99  — - - - - - Cnasl1 6 31921  0.6928 0.6890  0.6338
75.00~79.99  — — 1 - - 1 Cnasl15 6 35796 07255 07230 0.6777
/g 585 1361 2393 3226 4160  — Cnas17 13 45454 07516 07826  0.748 9
(SD) 274 855 1458 13.80 0 -
() 14 79 47 12 1 10 4

9.15% 51.63% 30.72% 7.84% 0.66% 6 4
b
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Tab.6  Genetic diversity indices in four wild populations of C. brachygnathus

FL FD WS WwZ
N, 6 7 11 9
N, 3.628 1 3.500 0 3.856 7 3.940 5
H, 0.736 8 0.500 0 0.830 8 0.740 7
il H, 0.744 0 0.740 7 0.746 5 0.753 2
PIC 0.677 0 0.681 4 0.701 4 0.708 7
P 0.248 4 0.074 8 0.976 4 09133
I 1.437 4 1.540 7 1.633 5 1.583 9
Fis -0.0172 0.300 0 -0.1216 0.007 4
N, 3 3 3 3
N. 1.8753 1.742 2 1.906 2 1.884 1
H, 0.473 7 0.428 6 0.507 7 0.509 1
DIsI6 H. 0.479 4 0.441 8 0.479 1 0.473 6
PIC 0.379 7 0.360 8 0.369 5 0.367 4
P 0.916 9 0.936 0 0.844 6 0.834 2
I 0.7352 0.705 9 0.700 1 0.698 0
Fis -0.014 8 ~0.006 0 —0.068 0 ~0.084 9
N, 4 4 4 5
N, 2.292 1 2.992 4 2.6817 2.654 7
H, 0.6316 0.714 3 0.600 0 0.490 9
DIsT8 H, 0.578 9 0.690 5 0.632 0 0.629 0
PIC 0.5102 0.608 3 0.563 1 0.568 0
P 0.760 2 0.000 1 0.775 5 0.002 9
I 1.019 1 1.2103 1.118 6 1.151 4
Fis —0.120 4 -0.072 8 0.043 2 0.212 4
N, 5 5 5 5
N, 4.456 8 3.959 6 4.309 0 43307
H, 0.789 5 0.785 7 0.800 0 0.709 1
Cnasl H, 0.799 6 0.775 1 0.773 9 0.776 1
PIC 0.739 9 0.710 6 0.729 8 0.7317
P 02175 0.681 1 0.882 9 0.118 3
I 1.548 5 1.492 4 1.5223 1.530 4
Fis -0.0179 ~0.0512 —0.041 8 0.078 0
N, 5 4 5 4
N, 2.8670 1.979 8 1.787 2 1.689 0
H, 0.473 7 0.571 4 0.400 0 0.472 7
Cras0d H, 0.534 9 0.513 2 0.443 9 0.4117
PIC 0.479 7 0.4529 0.401 8 0.367 3
P 0.7512 0.969 0 0.000 0™ 0.680 3
I 1.0155 0.929 1 0.850 2 0.760 5
Fis 0.090 4 —0.154 6 0.091 9 —0.158 8
N, 9 8 14 11
Cnas07 N, 6.504 5 6.644 1 6.204 1 6.843 9

H, 0.947 4 0.642 9 0.923 1 0.781 8
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FL FD WS Wz
H, 0.869 1 0.8810 0.8453 0.861 7
PIC 0.827 5 0.831 4 0.819 0 0.8379
Cnas07 P 0.523 8 0.000 17 0.000 0™ 0.001 5™
1 1.986 4 1.970 8 2.036 2 2.099 5
Fis —-0.119 5 0.243 2 ~0.100 5 0.084 4
N, 7 4 8 8
N, 48133 31111 57327 3.883 2
H, 0.736 8 0.357 1 0.676 9 0.418 2
Coasl H, 0.813 7 0.703 7 0.8320 0.749 3
PIC 0.765 3 0.613 7 0.805 5 0.716 8
P 0.092 7 0.0351" 0.000 0™ 0.000 0™
1 1.732 0 1.197 4 1.907 2 1.6772
Fis 0.069 9 0.473 7 0.180 0 0.436 8
N, 4 4 6 4
N, 2.481 1 3.136 0 3.538 5 2.999 5
H, 0.684 2 0.928 6 0.692 3 0.636 4
Cnasl] H, 0.613 1 0.706 3 0.723 0 0.672 7
PIC 0.5250 0.630 3 0.668 5 0.6122
P 0.899 4 0.0613 0.000 0™ 0.460 2
1 1.060 2 1.2557 1.387 4 1.2245
Fis —0.146 2 -0.363 3 0.0350 0.045 4
N, 6 6 6 6
N, 3.4218 4.0412 3.3255 3.707 1
H, 0.789 5 0.785 7 0.723 1 0.690 9
Cnasls H, 0.726 9 0.780 4 0.704 7 0.736 9
PIC 0.659 4 0.718 1 0.6519 0.688 4
P 0.059 6 0.059 6 0.514 5 0.029 7
1 14293 1.560 6 1.419 8 1.502 4
Fis —0.115 5 —0.044 1 —0.034 0 0.053 9
N, 7 8 11 9
N, 4.079 1 43077 5.008 9 4.0253
H, 0.736 8 0.857 1 0.753 8 0.727 3
Cnas? H, 0.7752 0.796 3 0.806 6 0.758 5
PIC 0.721 6 0.740 2 0.773 5 0.711 1
P 0.545 4 0.958 7 0.000 0™ 0.000 0™
1 1.603 5 1.7213 1.850 4 1.598 5
Fis 0.023 9 —0.116 3 0.058 1 0.0323
N, 5.6 5.3 7.3 6.4
N, 3.563 9 3.541 4 3.8350 3.595 8
H, 0.700 0 0.657 1 0.690 8 0.617 7
H, 0.693 2 0.702 9 0.698 7 0.682 3
PIC 0.628 5 0.634 7 0.648 4 0.6309
I 1.356 2 1.358 4 1.442 6 1.3826
Fis -0.037 1 0.030 5 0.003 7 0.086 3

¥ Hardy-Weinberg (P<0.05), ** Hardy-Weinberg (P<0.01)
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) Nei’s
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FD FL
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E

(GRS

, b<3

b (3.3884)
, 2015)
, 2016),

(b=3.022) (
(b=2.855) (

E

x7 EOGTRHKEEE S LIER(Fa, WALKLD)FEE
BEED, WALKT)
Tab.7 Pairwise genetic differentiation (Fst, above diagonal)
and genetic distance (Ds, below diagonal) among populations
of C. brachygnathus

FL & FD A WZ
FL & FD — 0.000 07 0.000 34
WS 0.026 20 — 0.003 24
wZ 0.027 10 0.025 60 —

WS
wz
FD&FL

0.012 0.010 0.008 0.006 0.004 0.002 0.000

4 UPGMA

Fig.4 The UPGMA clustering tree of C. brachygnathus among
three populations

R 8 ZLRERXEMBRHKANS THESTAMOVA)
Tab.8 AMOVA analysis of C. brachygnathus in the Three Gorges
Reservoir area

() (S8) (MS) % (Fsr)
3 11.533 3.844 0.09  0.0009
149 539.594 3.621 4.47
153 506.500 3.310 95.44
305 1057.627 10.775 100.00

20 70 , (1978)

(Coilia nasus) (Coilia nasus
taihuensis) ,
6 )

3~4 (2009)
, 5~6
1 5 ,
1~3 91.5% ,
r >
( , 2016),

E B

fifi (Rhinogobio ventralis)

( , 2012)
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( , 2012; He et al, 2020)
3.2 ,
(PIC) DNA
, PIC>0.5 , 0.25<PIC<0.5 ,
, PIC<0.25 (Botstein et al, ,
1980) , ,
0.628 5~0.648 4 ,
(Barker, ,
1994), (N,)>4 ( ,
4 2019),
N, 53~73 , , , )
, (Fst)
Balloux  (2002) ,
(H.) Fs1<0.05
) (Ho) 0.000 07~0.003 24,
, ( 0.05, 4
, 2004) 4 H, (AMOVA) ,
0.617 7~0.700 0, H, 0.6823~0.702 9, (95.44%), (0.09%),
(2010) #j(Rhinogobio cylindricus)
(H,=0.665 5; H=0.676 3) (N,) ( , 2019) (Jinshaia sinensis) (
(Ne) , 4 , 2020) , FL
: WS>WZ>FL>FD;  Shannon-Weiner 0] FD Wz (0.027 1),
, 4 WS wz (0.025 6),
WS>WZ>FD>FL N, N, R >
Yang (2019) ,
’ 4
” (Neraas et al, 2001)
(Taylor et al, 2001), ’
, (Barthem et
al, 1991; Nehlsen et al, 1991)
’ ’ , 2009.

5

[]. , 30(4):
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AGE STRUCTURE, GROWTH CHARACTERISTICS AND GENETIC DIVERSITY OF
NEWLY-ESTABLISHED POPULATION OF SHORTJAW ANCHOVY (COILIA
BRACHYGNATHUS) IN THE THREE GORGES RESERVOIR AREA

CHEN Zhe-Yu', TAOYi-Xi', YE Qin’, WANG Guo', WANG Wen-Bo',
FAN Shi-Qi', HE Chun', LI Yun"?

(1. College of Fisheries, Institute of Three Gorges Ecological Fisheries of Chongqing, Southwest University, Chongqing 400715, China;
2. Key Laboratory of Freshwater Fish Reproduction and Development (Ministry of Education), Key Laboratory of Aquatic Science of
Chonggqing, Southwest University, Chongqing 400715, China; 3. School of Chemistry and Chemical Engineering, Southwest University,
Chongging 400715, China)

Abstract From 2019 to 2020, 153 individuals of newly-established shortjaw anchovy (Coilia brachygnathus)
population were collected from four sampling sites in Wushan (WS), Wanzhou (WZ), Fengdu (FD), and Fuling (FL) in the
Three Gorges Reservoir. The age structure, growth characteristics, and genetic diversity were analyzed based on the scales
and 10 microsatellite DNA markers. Results show that the body length of the C. brachygnathus populations ranged
102.1~301.6 mm on average of (196.6+40.0) mm; the body weight 1.90~79.70 g on average of (17.70+£13.06) g; and the
age group was 1~5-year-old, mostly (82.35%) 2~3-year-old. The relationship between body length and body weight can be
described by a power function exponential relation showing positive allometric growth of the fish. The microsatellite DNA
marker analysis revealed 82 alleles at 10 microsatellite loci. In each group, the average number of alleles (V,) ranged from
5.600 0 to 7.300 0, the average effective number of alleles (N,) ranged from 3.541 4 to 3.831 5, the average observed
heterozygosity (H,) ranged from 0.617 7 to 0.700 0, the average expected heterozygosity (H.) ranged from 0.682 3 to
0.702 9, and the average polymorphic information content (PIC) ranged from 0.628 5 to 0.648 4. The four groups showed a
high level of genetic diversity, and the diversity gradually decreased from downstream to upstream. Genetic structure
analysis showed that the level of genetic differentiation among groups was very low, and the genetic variation was mainly
from within-individuals. The C. brachygnathus population in the Three Gorges reservoir was in the stage of rapid
expansion and genetically diversified in the four groups with no significant population differentiation in genetic structure,
and gene exchange was frequent among populations. It is suggested that C. brachygnathus in the Three Gorges reservoir
may originate from the population expansion downstream of the Three Gorges Dam and migrate into the Three Gorges
reservoir for breeding and developing.

Key words shortjaw anchovy (Coilia brachygnathus); Three Gorges Reservoir; age; growth; microsatellite
DNA; genetic diversity; newly-established population



