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the influence of various factors such as overfishing, environmental pollution, and habitat destruction, the wild
resources of C. brachygnathus are under serious threat. However, up to date, there is still a lack of data on the
genetic resources of C. brachygnathus in Huaihe River. In the present study, genetic diversity was analyzed in
five C. brachygnathus populations from the Huaihe River basin of Anhui Province by microsatellite test
(Fig. 1). The results showed that 10 microsatellite loci were highly polymorphic and polymorphism
information content (PIC) was from 0.852 to 0.942. The five populations showed high genetic diversity, with
the expected heterozygosity (H.) from 0.879 to 0.903 and PIC from 0.851 to 0.881 (Table 1, 2). AMOVA
analysis showed that most of the genetic variationa were found within C. brachygnathus population (97.88%),
while only 2.12% was found among populations (Table 3). Genetic differentiation and genetic distance
analysis showed that the overall differentiation level was low (F < 0.05), Fy between Huihe River and Yinghe
River populations was lowest at 0.004 45, while that between Fengtai and Wangjiaba was the highest at 0.041
02. The genetic distance between Huihe River and Yinghe River population was the lowest at 0.160 9, while
that between Fengtai and Wangjiaba population was the highest at 0.559 5 (Table 4, Fig. 2). The population
genetic structure analysis based on Structure software indicated that the 5 populations belong to 3 genetic
lineages (Fig. 3). In addition, the five C. brachygnathus populations might experience the bottleneck effect,
especially in the Huaiyuan and Fengtai populations (Table 5). In conclusion, the wild resources still have high
genetic diversity, according to the genetic structure of the five C. brachygnathus populations in the Huaihe
River basin of Anhui Province, which we recommend to be one protection unit for protection and management.
The results of the present study may enhance the understanding of C. brachygnathus populations in the
Huaihe River, which will provide reference for the resource conservation and genetic improvement, and
promote sustainable development and utilization of fish resources in the Huaihe River region.
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PCR [ B AF: 94 CTHAZE 5 min; 94 C
AR 30 s, B K10 Xk B2 5138 KR & 55 ~
59 C) 40s, 72 ‘CHEAH 505, 3£ 32~35MF
i 5 72 CHEAH 10 mine 1.5%F S5 IR A e
R IKAGI PCR P05 K3 88 s h 17 )
BB EEOUICERRAE, SWFR LIZ500 &
%, FIF ABI 3730XL 5& [ 43 Hr OCHEAT 4 Bt
#HH P4 (short tandem repeat, STR) 4374,
L3 RS
LR oy M gk alid Genemarker HAFR 1
B, PrAS 20 H9 Eds I Genepop  7E £k B
(http://genepop.curtin.edu.au/) 4T 15 - AH
M~V A 6 LGRSk 46 . 38 Arlequin
3.5 BAEX 5 ASREARERIEAT 01 05 = 0
AMOVA (analysis of molecular variance), Ffif
AT A T A GG SN
(Excoffier et al. 2010); iz H Popgene 1.32 if
MR EEI L H (N, A R B R 5L

A

\_/-\L/—\

AL o
Huihe Rive PR
33°N Huaiyuan
RE 4
Fengtai
<IN N
Wangjiaba #m
) 1050 Yinghe Rivef {
0 40 km
L 11l 1} ] ) \ ) /\I
116°E 117°E 118°E

B1 ZEEMERKR S AEMGHRA KR

Fig. 1 Sampling sites of the five populations of Coilia brachygnathus from Anhui Huaihe River basin
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(N MIAATE (Hod WIEEREL (Ho.
FIRAE B F5 80 (Shannon’s information index, 1)+
B PRI N ) S AR AR 8] 358 % 2 10 (D, ) (Nei 1972,
Yeh etal. 1997); FJH MEGA 7.0 # {3 T Nei
DAL IR UPGMA VAR R GH (Kumar
et al. 2016); FALLKHAMEZSEESE
(polymorphism information content, PIC) H
B AF Cervus 3.0 (Kalinowski 2007) 15,
Structure 2.3.4 (Porras et al. 2013) #H4THE
PRI AL S5 A, B 3K http:/taylor0.biology.
ucla.edu/struct_harvest/ X153 2| ) if 45 45 5 it
THELITE, MEmtETH K H, H
CLUMPP1.1.2 BRAFX$ 45 Rk X A 5, JFfa
Hl Excel 1E K . 18 #f4 Bottlenecks 1.2 4T
BRI 73 M7 5 F T Jo PR A5 3 PRI Cinfinite
allele model, IAM)  XUAHTRAEEIA! (two phase
mutation model, TPM) FliZ 5 RAFAET (step-
wise mutation model, SMM) , FFiBid Sign &
B AN Wilcoxon F6: 56 73 A4 RAZ - A% 1Tk
fli v RS B 2 & T Bk 2% (Luikart
etal. 1998, Piryetal. 1999) .
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FIF S TR Fhric st 2B KR 5
AN R B AR AT 18 AR Z ARV AT 10 MR
B m¥nmELSHAE, 28EEEE
(PIC)0.852 ~ 0.942, “F- XMLl 444 54 0.601,
SEIEABE A A TE N 0.910, FF/M7 I S
RIECH M 23, BREAERECH 11.596, Fik
5EHEECN 2.663, FERRAN 9.458 (R 1.
2.2 BHREBfEZ RN

WA Jeb 3 A %~ 187 A 6 DA R O B~ A A 56
CERRE, WAL BURBEA 7 ML A
i A R A T, MR KRG B
A 8 AL R R 2 25 T, ERIBH AR
6 M R B E W B P AT (BH P <0.01) o 5
ANFERAAS A 3 7 a5 2 ) 38 A A BB AN
PAT . AR T s AR (S B A LR 2, 5
AN AU T A 1) S 7R A AR 2 RE TR KR
(H. 0.879 ~ 0.903, PIC 0.851 ~0.881). K&
TR N WHERGELZESEESE
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Table 1 Genetic information of five Coilia brachygnathus populations in the Huaihe River

basin of Anhui Province based on microsatellite markers

; . BEREE e o i st ot o, BFRE BIE S
. Wi W DONREE e gaspmmy TR
M Polymorphism Shannon’s HE AR
. Observed Expected X . Number of Number of .
Loci . . information . Information Gene flow
heterozygosity — heterozygosity alleles effective alleles X
content index
DI36 0.738 0.897 0.885 15 9.482 2414 12.932
DJ40 0.294 0.889 0.880 25 8.773 2.721 6.707
DJ41 0.713 0.929 0.922 28 13.559 2912 13.515
DJ71 0.642 0.904 0.893 19 10.088 2.500 7.278
DJ228 0.335 0.901 0.890 19 9.852 2.521 11.007
DI276 0.616 0.915 0.906 26 11.434 2.690 6.801
DI312 0.683 0.869 0.852 13 7.485 2.161 9.005
DJ314 0.816 0.948 0.942 29 18.188 3.076 11.844
DJ360 0.702 0.947 0.941 35 17.711 3.125 11.494
DJ420 0.472 0.896 0.884 21 9.381 2.505 3.994
Sk SVIETY
PR + brie%e 0.601+£0.176  0.910+0.205  0.901 = 0.030 23+6.8 11.596 £3.716  2.663+0.305 9.458 +3.166

Mean + SD
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Table 2 Comparison of genetic information of the five Coilia brachygnathus populations

s e s o " I 2% & BE kG SEEEE
. N Observed Expected Polymorphism
Population Sample size (ind) Number of alleles . . . .
heterozygosity heterozygosity information content

227 Huihe River 32 15.200 + 3.967 0.646 £ 0.136 0.897 +0.021 0.873 £0.024
13z Huaiyuan 32 14.400 £ 3.777 0.563 £ 0.201 0.897 +0.036 0.872 +0.040
WA Yinghe River 32 15.300 = 4.270 0.625 +0.262 0.890 + 0.040 0.865 +0.044
K Fengtai 37 17.100 £ 4.483 0.563 £0.197 0.903 +0.038 0.881 +0.043
T X Wangjiaba 28 13.800 + 3.490 0.616+0.210 0.879 +0.057 0.851 +0.061

i, EXRIEARSEMERNBAZSEESE
B 5 MRS E Bin I L R E =
5 (P>0.05).
2.3 BHRBfELEW

AMOVA %R EIR, 5 MR 0 [ R
N 2.12%, FERNAZSFEN 97.88%, FEAREEL 7
b 25 Fo fH N 0.021 (Fy <0.05), 3Lk F
BARCER 3) S MFHAE ] 1) Fo 4 0.004 ~ 0.041,
Horb, AR A0 S/ 12 i TR R B AR
(Fy=0.004), Fa#tfeph &R (D, =

0.161); 4L b e K2 K & F T SR A4
(Fy=0.041), H[a]E% IE 5 &z (D, = 0.560)
(R4,

FET Nei’s BEFEEH UPGMA %R # 5
MEIE AN RAE K BN, 5 MHEREAIL
[F) (AL S Y, A ] 3 TR R R S T A A 5%
B RIN—3, RG0S W B AR B
ERUFART, a5 R EHERE L B
A SRAE— S, R G R AT A S A 4
AR B AL BE B e (B 2D

K3 WERUKR 5 AMESBFRE R AMOVA i
Table 3 AMOVA analysis among five populations of Coilia brachygnathus in Huaihe River

AR =i} 3 FIr A WELiViy Btk
Source of variation Degree of freedom Sum of squares Variance components Percentage (%)
A Among populations 4 42.321 0.095 75 2.12
FEM A Within populations 317 1 402.990 4.425 83 97.88
42257 Total 321 1455311 4.52159 100
F=0.021

Rd WERKR 5 AN AUSERE A KR A% B B AR AL b1 3

Table 4 Genetic differentiation F values and Nei’s genetic distance among five populations of Coilia

brachygnathus in Huaihe River

R eS| iz L) A& EZIMN
Population Huihe River Huaiyuan Yinghe River Fengtai Wangjiaba
227 Huihe River 0.005 0.004 0.032 0.013
& Huaiyuan 0.176 0.007 0.032 0.012
U Yinghe River 0.161 0.179 0.035 0.020
K £ Fengtai 0.487 0.478 0.495 0.041
T Wangjiaba 0.239 0.227 0.292 0.560

X LR LA /& Nei's At (R RS (Dy), AL Rt R E (Foo

Nei’s genetic distance (below diagonal) and Fy (above diagonal).
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Fig.2 The UPGMA phylogenetic tree of the five
Coilia brachygnathus populations in Huaihe River

based on Nei’s genetic distance

FRIORIBEAEFE B . Bar indicates the genetic distance.
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Fig. 3 Population genetic structure of Coilia brachygnathusin Anhui Huaihe River
IR K =3 B IUMBERE R, SMBIERESABE LARMARE . HAPRFIR P () AR SRR E S 10 L.

The assignment results show K = 3. Three colors represent three different genetic clusters. Y-coordinate denotes the proportion of ancestry
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Table 5 Analysis of mutation-drift equilibrium of Coilia brachygnathus in the Huaihe River

Sign % Sign test

Wilcoxon 4% Wilcoxon test

HEAR IAM TPM SMM IAM TPM SMM
Population
He/Hp P He/Hp P He/Hp P P P P
7 Huihe River 9/1 0.058 /3 0.383 3/7 0.060 0.131 0.131 0.032"
3% Huaiyuan 9/1 0.052 9/1 0.047" 5/5 0.400 0.002" 0.032" 1.000
WM Yinghe River 9/1 0.052 8/2 0.165 3/7 0.061 0.003™ 0.432 0.193
R & Fengtai 10/0 0.007" 9/1 0.049" 1/9 0.002" 0.001"" 0.032° 0.032"
F N Wangjiaba 9/1 0.055 73 0.375 5/5 0.399 0.010"™ 0.432 0.625

He/Hp R Al S 2 A AR A b s B2 R 2 RAL-IEAE 7 (P < 0.05), %% FORHE 25 1 25 RAZ-EAE-F i (P < 0.01),

He/Hp means the ratio of loci number with heterozygosity excess to heterozygosity deficiency; * means significant deviation from

mutation-drift equilibrium (P < 0.05); ** means extremely significant deviation from mutation-drift equilibrium (P < 0.01).
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M BRI RSN, HoAh 4 AN BRARIR
P AR 2 AR B FE I R (P<0.01); 7E TPM
PRV T PRI BEAFIR G BEIRAE Sign K356
FREOEENREGELE (P <005, H
Wilcoxon & 56 (1) %0 2 e Il 32 2 B th & 25 7K %
(P <0.05); /£ SMM A&, RERE
1E Sign 50 2HIM R E A TEHRK (P <
0.01), K ERARFNEHEATE Wilcoxon 556
(R AS I 351 R B 2 K F (P < 0.05).
3 Wi
3.0 REAETERK R E RS RSS2 R

AL ZFEE RPN SR SRR, )
Bl EE RIS S AR E RIS A S, AT R
IR IR AR R IE N RE . A 2R
K2 SRR RS B A AR PR, HZE 8D
KA RS (FEME 2020). FEFRZAAE (H)
52 &EREE (PIC) & RIEEA AR
A R FE B A BB AR, AUE RO UL B 15t
AR RR, R IBAEAL bk, B FEILRE
TR 5 22 B 1 () (R (B 7K B 5 20200
B 5 AN AT FEAA ) ~F- 35 B8 % 5 FE AN
Z A5 DA R L U8 W K R A AL AT
REFER B Z R, Hp, KRGkl 0
oL U A IS A 22 R B, T IR B A1
B 5 5 A R SR VAT o L 11 [ R )
PR IR X, RIZA BN, lRe i
BT SRR A SR LR I R IR SZ BN
TP 8T e S FE A 87 (R s ma A RO
L 2 FEIE G

BT DNA 5 Fhric Ik 8 fa J8sE 2 4
PEWT T KT, W 7035 I 5% £ S ik A7
ER R 2 RE M . ISR 2Rk iR 2 Thrid
RIOKIT A TR EED . Kb, Hi 3 ANEE
JEAST (ESBAREE 2018) DL A 6F (C.
nasus) (25 ks 2018) BifE L ke,
T PR FARC AT I B A A 5 3 A
gk E AR RS 2 AR, KIT
Tk BAG - WIS E 2 R A — D B
71 (FRIEE 2019,

3.2 ZRUBTERK RESETEAE L 41

T 9B AA 363 A 25 A6 AN NPT LAPPAN P o A A
T PR 785 5 7K DA A R R S A 2 TR PR R 2R
e iileh N R PR AR A K= S Ll
il 8 TR AR A HL RIS (O’ Brien 1994).
Wright (1965) #2&tH, @%b % Fy < 0.05
NAREME, 0.05 < Fy < 0.15 9,
Fo> 0.15 SMEFR R R, Fy> 0.25 ML TR BE
K AT Fg A 0.003 23 ~ 0.040 02, /NT 0.05,
TR WK 2R 5 AN A B 8] Fr) st A
SRR RE IR ML 5 ANEEET LA 2 (8]
B AA 2.12%, THAENAZ TR 97.88%, Hf
RN AR SR R E R . B E
(2018) XYL AR R B . K. 9 3
ANV A 15 A% A RR BE R T 45 SRR, 3
AN R A R AR T P fEA 0.265 95, &
B SRR KT, B R EBERAE
FERARNES, 1 73.40%.

1 AL G54 5 FL T AL /K S B ] 1
HEVIRR, WSEMP . KRG E. TREER
LK AR Tl N AR S50 4 Xof 8 2o I 0% Y03 i
M CRFEEEE 2019). AT R IAFRED FF
G HUE A AL G R — oA, WTRES
AN B A G, LR R G RHE, ZHF
AR AT VR e e L 101 ] 2R b 5 B YR AR
X, ANEFIMEDN, FHZ 2] S m
s, SECS AR 4 AN TR IS BE B iz
HR 5 2 B0 Y TR 7K 2R T AT A P 35k £ 5 44 43
ek, @R HAE N — MR ST IR
PR,

3.3 ZTRAE VETR 7K 2R A G A A R RS S5
HrRFEFERS

b T RAZ-IEFE VAT BB, TR AT
BN GRS R A A R NS KA S
FREELEZE D 1 SRS 5 S5 B R 4 B 5 5 A
R CRETE) WaEC, Hh A EEE R
TR IR A FERRRE FER, ISk At 5,
M HX —AE A DR ESAC E 2 A A P o [l 3813t
FETPHATPIRS (MM 2013). ARFRFET
IAM. TPM F1 SMM —Ff AR 1] Sign 56
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1 Wilcoxon 46 45 5 B, VER G AN 5 AN
PRERA T Re 22 P SRS, 3X 2 G 43l
PR R A 5 P T R AR ST P SR R 2 — o
FREWH, LM TPEREERFS TPM B,
HHT O HE 22 T b 8 000 R 290200 T A 6
(Cornuet et al. 1996). WAL TPM A1k
RIS, AHEFL A 5 A5 A
PRA A Maze AR G A ] Be 28 I i SRR
DA]Hb 0 50 e A Y] L LA R IR A AR TR, 1
InER R, BB R 2 AR, DUk
JHETAT 7K AR SR AT W YR A IR

AL REIN, 2R WEIT 7K F 6 A
e Z AR S, BRBERT K SFH
M AE, N HETRT K R A AR R AT R, A
L5 B AR B A B AT RS R o e
Pl R, ISR AR, ESLRY X
GG EMIE . BIEIMTEBR, KIS,
DAPRUE V] R AU F (ST AN BRI, I
SRR R O IR AT R R R S R .
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