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WE: /NEB 0 [Micropercops swinhonis (Giinther, 1873)J& W E R A —Fl/NERAKEF R, T2 TRILK
PIAb &K R, HP i w44 25 /K R 530 o VAT g 48 /1N B M) o o [ % 8 AR S L3 A% 2 e, AR5 XA pg
AW AT WERCRTE 4 KR 77 RB/ANEE AR ST SORA COL L P 1S . 25 R BUR, WM /N
B0 (T 38 B A R 2R PE () R 0.89088, AT IR 2RV (r)oh 0.00361, il /K RAETTH P E(HXC) B R
ZFEPE i 55 (1=0.00433), $H IR 7K R H 35000 Al (MIH)AZ 1 R 22 M i IR (7=0.00078); R4t & & W FILERLAG T ) 2% [%]
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FESES: S931 WEAFRERD: A
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1 2) (Osteichthyes), #JF H (Perciformes), 703§ fig
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My ta e 1L 2 97

& ZREVENTSY, XA T ffIn /44 55 N &K &R /D
T ) £ L Zo PR PR BIR S s ] me A B A A 2T
TR TAERAEEE X,

btk DNA PRIH S5 7 5 s B Rastfe H
JUFTCE A MG R w8 g HAE o Fimd, Ho,
COI PR HIE R FEACABXT ORSF . 08 14 A8 S5 07
P A B A 3 A U 34k 3 1 FH T A st 1R 2 A
PERFSES ARBFSE L RIR COT JEH N 43 Thr
iC, RFR B R AR, B, W, I PO K
R M/INE B R S TR AR 2R S, DI 4
TAT T ffRInT R A8 /0N B0 £ R i e R A, IF R LR

55 G M TN B ) 0 o BT IR BER A A
1 #MEEFE

1.1 SCIS#FRY

VR g 4 L 2R BR IR P AT A 2012 4 LOKR
L0 10 M B/ INEE B fa kR AR S A BT R 42,
FEAME R GE . R 00 4 T H SRR, 4R IE
BHEERE, BT AR A2 sS85 ATK S
fE g I, RFE SN SO AR KT KR
MUK ER . WERK R BOGRK R . W EEAE B
1R,

=1 MEHEHEAER
Tab.1 Sampling information of Micropercops swinhonis
T e R AN Jt I Ak % 2% 038 FEA KL
population code sampling location river system longitude and latitude sample size
i) PH P AL EL R I 2 TR AR KB IKYTK R Yangtze River  N:33.10992° E: 111.94238° 7
WK BSH B I 5 T 6 B N R 3 A 3 KIT/K & Yangtze River ~ N:32.70975° E: 113.32315° 9
B LT HZH G R B K AR Yellow River  N:35.51723° E: 114.84834° 5
FIRUE TRQ S T B OCHIRR IR KA Yellow River  N:35.02618° E: 114.43631° 8
3] MJH T8 BH 717 R AR B BRZE A S5 HIK A Yellow River  N:36.10607° E: 115.21368° 4
NEIIKEE XLSSK {5 BT % 1B/~ g1l K e eI 7K 2% Huaihe River — N:32.15923° E: 114.50424° 5
ETTR HXC Vi B T FEI LB FH A A1 T R HEM /K & Huaihe River ~ N:33.95141° E: 113.62022° 11
] YH VB T 3R P T o 9 A TS R R #ET K 2 Huaihe River  N: 34.18073° E: 113.44961° 13
T} QIH B [ETT PR M T 0 AT Sk A L Y] WK 2 Haihe River  N:35.83636° E: 113.95187° 9
T3 WH Z TN EE A S ER T MK & Haihe River  N:35.97175° E: 114.73254° 6

1.2 XWAHZE

K - A AR B P 2 DNA FIHT 1%
B NE B G L UK R 2R A BRI DNA
5O E, KR E s E 4] DNA jitF-20C
P17, HFIRgts .

LRtk COl 2N 151 H2% Hubert 251,

COI-F: TCTCAACCAACCATAAAGACATTGG, COI-R:

TATACTTCTGGGTGCCCAAAGAATCA, 7E Rl
ANFEE RS . 30 uL PCR WK Z AL 15 ul
MixTaq fiff(Solarbio, Jt i), 12 pL JoRE MZEK |
1 uL DNA #&# . EF #5144 1 pL(10 pmol/L)
PCR JZ N F2J7: 94 C A M 5 min; 94°CAE 1 30 s,
55°CiE k 30's, 72°C #EfH 1 min, 30 IRAEH; 72°CA
FEMH 10 min, 4CIRAF. PCR P4 1 %I g b 5E
JRE HL KA 54 i, 36 B R — I A W R A FR
o8 AV HEAT AT, W51 1R PCR 519,

1.3 HES

00 7y 15 30 Y 0 ] SR Lasergene ver-
sion7.0 Wi SeqMan! AT DEEE, IE AT A
THIE, K234 8008 Bioedit! b7 2 ¥
B HEXT R4S —BUF 5 T )5 2253 Hr o H] DnaSP 5.0
R U 54 B 4% ) £ B (haplotype  diversity,
H) MR Z#EPE (nucleotide diversity, )% 15t 1%
ZREE S8, I TESIC 40 A (mismatch  distribu-
tion)/M#7; H Arlequin 3.5U"8 #4241 () AMOVA
T3 A3 AT AR A TB) 35 4% 25 40 Fas A% 78 s W], )
A SAMOVA 2.0(Spatial Analysis of Molecular
Variation)!" V{1 #E 4T B4R R (1 b B 38 A% 25 M A
M, 23 A8 K Ol 2~9, R4 1000 KE
5, MERAFE IR For MR, For ACTEIR(E
BEX R KRR e or 414k SR RS Z 01
FEBU(Fs) VAN FIRE RN 3545 0 AL AR BE; SR Fu’s
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Fs F35 1 Tajima’s D AT PER SR, 45 G450 7
e S TR R NI P . e R U i E A S
MEGA 6.0 1B Ak o] 1) it 5 BE B, LA P A
VLIRSS (Odontobutis sinensis)VERANEHE, )
KA SR B (maximum-likelihood, ML); F| F
FigTree v1.4.2 X R4 kB W17, FH
NETWORK 5.0 34 g FpLAis 2 [0 £ 5] 43 Bt A%
AU LS % 38 B BEAST v 1.7.42 V84, 453+
FEEDT St S, M Tracer v1.5P2VA ulg DL -3 KB
2% 15 %l (Bayesian Skyline Plot, BSP),

2 ERESW

2.1 FIHBMERBRESHEME
X 10 ANAFEIHBEERREE 77 /)N oE B AR A

COI EHHATIN T, RIF—BUFIIHKEN 640 bp,
AL 21 A, SREEE R 3.28%; IZIME S
P 84S, i BEIEEL 1.25%; G(18.5%) Ay & 1
BAET T (31.9%). C(25.6%)F1 A(24.0%)HY & H2;
A I 2] 24 A~ FAE AL, Horh, Hap 2 (PH. BSH.
HZH. TRQ. YH. QH. WH)5 Hap 1 (PH. TRQ.
HXC.WH)Jy 4 /K F# L=, Hap_3 (PH.BSH . HXC)
5 Hap 5 (BSH. HXC) N KT 5#Em K R IL=;
Hap 7 (MJH, HZH. TRQ. XLSSK. HXC. WH)
hy ] 5 e K R I Hap 8 (MJH , QH) K #i]
S K 2L, HAK RREA AR (R 2),
R ZREPE T 2 R R (R 2), T REARE
YIRAF R ZREME 7=0.00361, BAf5HIZREVE Hy =
0.89088 ., #HHEAMIZITIRZFEELE 0.00078~

®2 AMEMKRERENEERSHEMLER

Tab. 2 Genetic diversity of Micropercops swinhonis populations from four river systems in Henan Province

AR miE AR A RPRE BHBE LD Fus Fy
river system population haplotype number haplotype FevE He  FEME R
KITKR PH 4 Hap_1 (1), Hap 2 (1), 0.71429  0.00313 -0.09908 -0.37037
Yangtze River Hap_3 (4), Hap_4 (1)
BSH 3 Hap_ 2 (5), Hap 3 (3), 0.63889  0.00260 -0.39837 -0.59727
Hap_5 (1)
W K £ HZH 2 Hap 2 (3), Hap_7 (2) 0.60000 0.00188 1.45884 1.45884
Yellow River TRQ 6 Hap_1 (1), Hap_2 (2), 0.92857  0.00300 —0.35205 —0.42690
Hap_7 (2), Hap_9 (1),
Hap_10 (1), Hap_11 (1)
MJH 3 Hap 6 (1), Hap 7 (2), 0.83333  0.00078 -0.61237 -0.61237
Hap 8(1)
HEMIK Z2 XLSSK 3 Hap_ 7 (3), Hap_12 (1), 0.79487  0.00156 0.24314 0.24314
Huaihe River Hap 13 (1)
HXC 7 Hap 1 (2), Hap 5 (2), 0.93333  0.00433 —-0.58500 —0.38531
Hap_ 7 (2), Hap_14 (1),
Hap_ 15 (1), Hap_16 (1),
Hap 17 (1)
YH 8 Hap 2 (1), Hap 3 (2), 0.89744  0.00378 -0.25198 —-0.10195
Hap 7 (2), Hap_15 (4),
Hap 18 (1), Hap 19 (1),
Hap 20 (1), Hap 21 (1)
WK £ QH 3 Hap 2 (4), Hap_8 (3), 0.72222  0.00156 1.23476 1.06300
Haihe River Hap 22 (2)
WH 5 Hap_1 (1), Hap 2 (2), 0.93333  0.00355 0.19651 0.36206
Hap_7 (1), Hap_23 (1),
Hap 24 (1)
Bi B total 24 0.89088  0.00361  —1.21579 -3.07178"

e #3R8 Tajima’s D A1 Fu’s Fs {EL 0 35 O 125w P A6 S0 A 75

Note: *represents the value of Tajima’s D and Fu’s Fj significantly deviate from the standard neutral model.
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0.00433 Z [ 254k, A58 ZHEPEFE 0.60000~
0.93333 Z[u]A5{k, /NBEh fa Pl e i o 40 o B A
R Z M SR R 2 FE MR RR AN
22 INEMEEENEEEN

25 BEAR A8 AL Ak 48 8L For B LTE B K
—0.11139~0.62264, H:H HZH(-0.11139~0.38889) .
TRQ(-0.11139~0.28749) . WH(—0.09213~0.33159)

=3

5 AR B (5 PH AP FAETE o 25 P 2% 57 (P<0.05);
MEGA 6.0 Zr#r4h 5f Won, B 5L I 5 7E
0.001~0.003 Z[a] (% 3).

H /)N v B RS BEOK R K430 4 DR
TAKFZR, EIKER ., WERKR . BRKR)HLT
AMOVA 3, 25 R, T8 AL A8 5ok H
TE, 5 78.42%, AIEIEAE RS 16.00%(F 4).

MRS MKRNEYERFHFEEE SR (Fer, MATHMEEEBXABLR)

Tab.3 Pairwise Fgr (below diagonal) and genetic distance (above diagonal) among

Micropercops swinhonis populations from four river systems in Henan Province

BEK K YLK R Yangtze River B KR Yellow River W /K & Huaihe River I /K & Haihe River
population PH BSH HZH TRQ MJH XLSSK  HXC YH QH WH
PH 0.001 0.002 0.001 0.002 0.003 0.002 0.002 0.001 0.001
BSH -0.01013" 0.002 0.001 0.001 0.002 0.002 0.002 0.001 0.001
HZH 0.30758 0.09921" 0.001 0.002 0.001 0.001 0.001 0.001 0.002
TRQ 0.24721 0.10000° —0.11139" 0.001 0.001 0.001 0.001 0.001 0.001
MJH 0.60114 0.52960 0.34783"  0.23986" 0.002 0.001 0.002 0.001 0.001
XLSSK 0.62264 0.55344 0.38889"  0.28749 0.09091" 0.001 0.001 0.002 0.002
HXC 0.38233 0.26391 —0.00917"  0.00033"  0.01939" 0.04860" 0.001 0.001 0.001
YH 0.36275 0.27148  0.07323"  0.09906"  0.06625°  0.12009" 0.03703" 0.001 0.002
QH 0.36954 0.22321 0.06139"  0.09166°  0.36043" 0.46360  0.18454 0.23511 0.001
WH 0.22509 0.10846° —0.08758" -0.09213"  0.28358"  0.33159" 0.03412" 0.14835"  0.10566"
T R 25 835 (0.01<P<0.05).
Note: * represents significant difference (0.01<P<0.05).
F4 FAEEMNKERNEYEFEX AMOVA 517
Tab. 4 Analysis of molecular variance (AMOVA) among Micropercops swinhonis populations
from four river systems in Henan Province
75 SR AHE A 25 AU 5 TS L% 58 3
source of variation df  sum of squares variance component  percentage of variation  fixation index
2l [A] among groups 3 17.559 0.22151 16.00 Fsc=0.06651"
2 A EETE] among populations within groups 6 9.922 0.07737 5.59 Fs1=0.21584
FHEN within populations 67 72.752 1.08585 78.42 Fer=0.15997"
A1t total 76 100.234 1.38473

e For NFMBERAES; Fsc WHNAS; For NA RS, *FRE 5 B35 (P<0.05).

Note: Fsr is total variation of population; Fsc is variation within groups; Fcr is variation among groups. * indicates significant difference at

0.05 level.

SAMOVA g REW], FEEHELERAEA
FPHEN (R 5), JFELBEE /- 480 K f3sn, 2 18]35t
L5 R D 2K, JEEE Ko 9 Bl
S S YNSRIV
23 NEYEHERZAETXR

FIH MEGA 6.0, DLAeyb EasyE b b2,
RGN E B 0 24 ANARERL BT K2P WS

#1123 Bootstrap 15 4 1000 Y, HAS 8k sk
INVEBE, FIHBRABIAEME ML RELEH
(K 2), 23R, BEAR S R E MR, %
AT U 5 % R

FIJH NETWORK 5.0 F4 #2 HA5 71 [ 24 [ (151 3),
R T ML A AEE, /N R R R A5
TR A AR LS 1, A Bt A A
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x5 TESAKE/NEHERFHER SAMOVA SR
Tab.5 The SAMOVA results of Micropercops swinhonis
populations under different group numbers (K)

%

Uy .
Sk AR SR YR source of variation
numberof  ALEIZER  ALNFBEEIZR  RRENLR
groups, K among among populations within
groups within groups populations
2 25.82 6.76 67.42
3 26.76 2.44 70.80
4 28.44 -3.03 74.60
5 27.94 -5.10 77.16
6 28.74 -6.07 77.63
7 29.04 —8.44 79.40
8 30.12 -9.92 79.80
9 32.10 -12.06 79.96
35¢
&
?n | W—/
o 25
5
§ 20 +
% 15 ¢
ol 10 -
=
2 3 4 5 6 7 8 9
43405 number of groups
B /NEE B R EEZE RO ) SAMOVA 45 5

Fig. 1 SAMOVA results of Micropercops

swinhonis population structure

W KJT/KZ& Yangtze River basin
M B 7K & Yellow River basin
m Y 7K & Huaihe River basin
m Y 7K & Haihe River basin

Hap 4

Hap_ 11 Hap_16

Hap_17 . .

Hap_Z.
Hap 13

H

rHap 11

- Hap 16

Hap 22
+Hap_4
80] Hap 2

_{ Hap 3
87 'Hap_ 17

Hap 9
~|V Hap 1
Hap 24

— Hap_21
-~ Hap_18
HHap_15
Hap_20
- Hap_23
Hap_5

59 {Hap_lo
+Hap_14
shie  100|-Hap 6

outgroup Hap_7
Hap_8
Hap 19
0.02 Hap 12
LHap 13

JNE 10 ASFPEE COL BRI ML 2R Zi M)

Fig. 2 ML phylogenetic tree of Micropercops swinhonis
based on COI haplotypes from ten populations

Hap_ 10

Hap_7

3 T NETWORK 5.0 HR Pt i /)N o 2 o 3h A oL 50 o 245 [
Fig.3 Network of haplotypes of Micropercops swinhonis using NETWORK 5.0
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TR %

g 48 /N

TR L Z R 101

24 MBHEHESHEREFA

¥ BB [R] K &R A7 P B 48 IC 49 7 (mismatch
distribution) /7. Z55 BN, KL, L IER
TR 4 ASTK ZR /0N B £ 2 5 30 22 06 oy A (]

(K 5a). #IKFRAE 5b).
KR K & (B 5d)ER 2B D T,
IXEETK 2 1 /N B B AR S — A iAok A 4
RN, TR /N ) AR R R 2 B R

HETK R (B Sc)li

4a, 4b, 4c, 4d), MPERTAREHEVE S — kST DK ES, JFHTE 0.02 Ma BP {7 K #
S HTI S L S A (K] 4e); BSP 25 R R, KK JFEGRIPR(E Se).
g:g & e WG observed value 8:(5) : b Lo YRMI{E observed value 035re .. SR {E observed value
. 0.35 : HAEA(E expected value o A MR expected value 5 0.30 HIEA(H expected value
2 030k i g 030K £ § 025t
g 030m 1t 8025011 & 1\
g 025H 11 g v & 020 Ay |
S g20f i ! & 0.2014 § A
E 02014} | VA M 015}/ !
B ooastii B OIS VAN = . \
5 o '“. X 010l 0.10 \
005 ! = 0.05} \ 0.05} |
0......‘ ............. Ouuuuu‘uw.u ------- g ol I g
02468101214161820 0 2 4 6 8 101214161820 02468101214161820
pairwise differences pairwise differences pairwise differences
ES A diffe WFH2: 7 pairwise diffe e S diff
0.45 035 ¢
0.40 | d - WNIAE observed value ozl T WEIM{E observed value
> 035+ SHER{E expected value 2 HAE(E expected value
g ol A g 025\ »
§ 030 A 3 A
goastilit goa0f
j;r 020 f i | & oisk\ A
g OIS Koo} \
o10f \
0.05 “.‘\ 0.05 Y,
0 5 SRR T S T S S S T ) | A
0 2 4 6 8 10 12 14 16 18 20 02 4 6 8 10 12 14 16 18 20
P22 pairwise differences P2 R pairwise differences
Bl 4 R DU K ZR N B B e AR A L S5 A 43 BT

a. KIKFR; b, BKR; o WERUKR; d BHIKR; e. B
Fig. 4 Mismatch distribution analysis of Micropercops swinhonis sampled from four river systems in Henan Province
a. Yangtze River; b. Yellow River; c. Huaihe River; d. Haihe River; e. total.
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107 d

A [&]/Ma BP time

|

AR R

effective population size

.E-
E-

|

AR

effective population size

A s

0 2.5E-3

7.5E-3 1.25E—2
ff[E]/Ma BP time

(0]
8 1w0pd -
= i §
- e |
=8 & 2
= =% 0t = )
T2 /\\ s
B . 3
& 1.E-2 . , . . g

5 0 5E-3 1E-2 1.5E-2 2E-2

1E-2 2E-3 3E-3 4E—2 5E2
ff|&]/Ma BP time

1E-2 2E-3 3E-3 4E-2 5E-2
fsf[E]/Ma BP time

TR A 7K 2R v /N B ) A R DL I 3T R B s K]

a. KIIKFR; b, EIKR; c. WHIKFR; d BHKER; e B,
Fig. 5 BSP (Bayesian skyline plots) of Micropercops swinhonis sampled from four river systems in Henan province
a. Yangtze River; b. Yellow River; c. Huaihe River; d Haihe River; e. total.
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Tajima’s D 5 Fu’s Fg /rtr&s R, & BRI
AL E TE, (SRR T Fus Fs Hrdfs
g R A

3 it

3 MEHEEESHEESN

WA TR Z AR NE () R T SRR [) 328 O T B35 A4
ZHEAE(Hy), TERE SR 5% 20, Yl
0.0015~0.0047 B, f H B AR Y 1% 2 REEDS
AWFFE T, /N AR I BRI R 2
FepE, HA K R E MIH BEARAZ R 2 FE 1%
(7=0.00078) ik, MHEF /KR HXC. YH BHAL
RAAT/KFR PH BEIR . 7K R WH BEAR R
Z MR MIH BRI, URBHCTL . R | VT
KRB/ NE B sl 2R T E KR, TR
AR FIRE SN A TAEP 2 A, BK R
& W8 R A NIER B R N 6 & 4
TI7K 2 /Nl B e Rl B e UR o R %, S5 PSR
P TAESEBRARM) & o AWEFE i A X /v Bg
My 0 R HAT 5 Hy (0.89088) K 7 (0.00361) Yt %
AR, 5O U0k /N ) R A BT 5
R —3, MR BAE 2 FEVERIE IR 7 T R A L
bt SRR b & PR, 3 i A POyl e A e
T (IR K R ) B (Hemiculter leucisculus)Fl
¥ A6t (Abbottina rivularis) AT 0F 5T, 45 F BoR
WAt AR R R B0 = H I o AR, h &K%
(T3t 3 ] 351X 8 BF 9 ISF o 1 A [ 1) 4% 22 4
PR, JF BABATI 82 A E s B nl e & g 1
BN J 1) /N 2URI4 5K, X AT R S 30E Hy
% = BRI, 5350 AR TP Sk e K i
W] R T BB ZREEAR . I, 235 HED /N BT
BB IR Ho % o A st A% Z AR PR 0T e
T (D)ZKGEIRTG YL | oK IRt g i Sl fa 28k
BeiB Ak . FhREY O R B R S A2 B, s AE
RREE S b1 | R PAVINY: ¥ - Kich i 27 NGl kT P A
INTEIINZE Ty T FPRE sk =, FRRE AYRR a1
MR ZU RN ERRZER; G)FAENT AT Y
FOPYS VI N 8 3 O WA 8 RE KK 4 1B ) I NDIIBT S
FhAERCE 2RI . A WESE R, PREIE N AR T
5L ZREMEE F, B R R A N B g

e Z2 PR AR 2% B LA B 38 N AR T s, IR,
R B b/ INE ) £ s AR 2 REVE T BIREIR, N Y R
SRR A BRI OB R i, AT e s AT
Pid g, PO O A AR
3.2 INEYEMEBEEENSN

Fgr A5 A i di A 4R 0] 35 4% 43 A0 78 B8 119 2 2 4
br, #id 0.25 BEERBEMERACY, N
FRERIY 37.78%I1) Fgr>0.25, Hip 58.82% K JF T
KIT/KZRPH. BSH). 74, KRB AAERRE
PSR, R WIRRE R A — R R st ok, B
ST /N B ) R R] o AR B AR . TIK
Z(PH. BSH)5H ALK /N8 B fa T e ] £7 75 58
Z AL Ak, B IF PR B Tk 2R TE i
fil (Zacco platypus) IR W BN, KITKR
Hh i B8 5T A [ G K 2R RO ) A7 7 B K v Ak,
JrIE RN S RAE B EE RN, W, &
H M YT K R /N o ) £ B R LA O I 2 AR
[i] 388 12 434k AT fiE 2 R R ICAVE (0 2 B8 B fig 7 55, n
Z PH. BSH 5HAhsK R EFPRE T K50 L™= A4
KRR E, T2 = EHZ RIS

AMOVA Z53R B7nH EZ L FRIE T
FREE, (E4H S S8 5 16.00%, Fsr (H 5w H#
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Genetic diversity of wild Micropercops swinhonis populations in Henan
Province

WANG Xi, ZENG Huiling, MENG Xiaolin, WANG Xianfeng, SONG Dongying, ZHANG Jianxin, GU Qianhong,
TANG Yongtao, ZHOU Chuanjiang, NIE Guoxing

College of Fisheries, Henan Normal University; Engineering Technology Research Center of Henan Province for
Aquatic Animal Cultivation; Engineering Lab of Henan Province for Aquatic Animal Disease Control, Xinxiang
453007, China

Abstract: Micropercops swinhonis is a specific small freshwater demersal fish, which is widely distributed in the
water systems of the Yangtze River and its northern rivers, as well as the rivers of Henan Province. To assess the
current situation of germplasm resources and genetic diversity, 77 M. swinhonis samples were collected from the
basins of the Yellow River, Yangtze River, Huaihe River, and Haihe River in Henan Province. We analyzed the
population genetic diversity and differentiation of the species using the mitochondrial COI gene. In this study, we
amplified the partial mitochondrial COI gene sequences of 77 individuals from 10 populations (PH, BSH, HZH,
TRQ, MJH, XLSSK, HXC, YH, QH, and WH). The results showed an average haplotype diversity of 0.89088 and
average nucleotide diversity of 0.00361 in all populations, with a maximum and minimum in the HXC and NJH
populations, respectively. AMOVA analysis showed that the genetic differentiation of M. swinhonis mainly oc-
curred within the population variation, with 78.43% genetic variation within M. swinhonis populations. The results
of phylogenetic tree and network of haplotypes suggested that M. swinhonis did not form from a significant geo-
graphic cluster. Similarly, the results of SAMOVA support the phylogenetic tree and network of haplotypes when
not using grouping in advance. Demographic history analysis showed that the 10 populations experienced rapid
population growth and have maintained an upward trend. Fu’s Fs value and mismatch nucleotide analysis revealed
that a recent population expansion had occurred in M. swinhonis populations, the process for which may be related
to the climate changing to warm and humid.
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