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Genetic structure and demographic history of Mastacembelus armatus in
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Abstract: In order to understand the genetic resources of Mastacembelus armatus populations in southern China, and to
provide an important scientific basis for their management and protection, we collected 140 individuals from 16 geographical
populations from seven independent river systems in southern China and sequenced two mitochondrial genes (COI and Cytb)
via PCR amplification and Sanger sequencing, and finally revealed the genetic structure and demographic history of M. armatus
populations by phylogenetic analysis, haplotype network, population genetic analysis and Bayesian skyline plot. The results show
that M. armatus populations consisted of three lineages (I, IT and IIT) and split between 0.596 and 0.676 million years ago (Ma).
Haplotype network shows that there was a common domain distribution among different lineages, and suggests that there might
be two diffusion routes between Hainan Island population and mainland population. Population genetic analysis finds signifi-
cant genetic differentiation (Fg7=0.676, P<0.001) and isolation by distance pattern (R=0.463, P=0.001) among M. armatus popu-
lations, implying that spatial distance was an important factor for genetic differentiation of M. armatus. Demographic analysis

shows that M. armatus populations experienced population expansion at 0.025 Ma.
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H . SRR dlsE, 38500 76 R WK KRt AR
R EFREEZE M TRILLIRKE, EErH
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i, AR SRS Rt R S, A
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HIXIKRRZ, BRERIIKZRIN, A RPN AT
7K FR (FRIL. S0, BAVLAE) HiX SR RAETE
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FEVFZ I K R R A, [RIET SO R SR 57 i R
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T B Bk AR 2 st AR 2 Al S A s
AWFFRAEERHIX 7 PSR R ARG T 16 b3
BEARILT 140 ARSI A (2 1), I8 TRITAHE
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1.1 HmEXE

2016—2021 4EFEAERGHLIX. 7 DAl K &R (B
YL, WL, %V, BEPHYT. sEYL. JT A Sk
ML, 1) SREE 16 MHbBERREA, ol 140 B
BEEAS (R 1, Bl 1), EREFMEE TS, syvb
e EETT B AR IR N 95% B CBET
1.2 E[FEZH DNA BB g 5FF

K H Axygen DNA i A 7R & 4 I [ A
DNA, BEARSLEPIRSE RN & Ui 45, Ik
iR AN % ¢ EALE T (Con) ANz b (Cytb)
W, cor AP H 50T 514 FishF1 1
FishR1"%", Cytb FEPH4 34 5007 197519124 MNCN-
Glu F'*?! 1 MNCN-Fish Pro R, PCR WA % K
20 uL: 2xPCR mix (0.1 U-uL™") 12.5 uL, IE/[A5]
#1 (10 mol-L™") #% 1 uL, DNA B 1 L, HRJFHIIL
PR ANSF 2 20 L, COI Ml Cytb i) PCR Wy &5 1F
i 95 °C A ME 5 min; 95 °C 7844 1 min, 48~
50 °C Bk 45~60s, 72 °C #Ef 1 min, 30~35 M
FR; 72 °C ZEH 10 min, PCR =Y& T 050k
1.2% I35 R BEE JC Pl K G T s 2 pl 00 7 2 ) XL ]
MY o
1.3 FoRx

FIFH SEQMAN #f4 (DNASTAR, Inc., USA) X}
WP e T N TAZ A . AOIE A e, PHEY
51 {fi | MUSCLE {1 [bXt, $RJ57E MEGA 6.0
AP By BRI T8, RIS 0T, HS
THRAFE R AT B o B GORi AR TE RIE 1l
—FHEFH (CC) FLAG AR ST
14 REEEHSHMSLEREGEE

FLFRAERIF), SISO (M. favus) 1B
JpHERE, {fi ] BEAST 1.8.21%° g adt T Kk iy 2
iR B iEH PAUP* 4.0.510%” 1 MRMODELTEST
2.3 I F AR AF B E I (AIC) 3RA% T e
MR (GTR+I+G) o 4B fd HI™ A% 23 1SS
A, —I247 7 10048, B 1000 IREUHE—IKR, &
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Table 1 Parameters of genetic diversity
> =X iﬁﬂﬁ/ PAASETR) Z2 R AR e S TR 42 A M A
KE KA v gy PR REE AT TR D TR A A
TN ) S FOAT B RIE i L . .
. River Sample . . Haplotype Current nucleotide Historical nucleotide Neutrality
Population . Coordinate Haplotype/Private S . .
system  size diversity diversity diversity test
haplotype

T#4 Bobai (BB) MWIL 7 109.967°F, 22.284°N 5/4 0.857+0.137  0.000 620.000 2 0.000 9£0.000 6 —1.434
Efk Changhua (CH) Bkl 2 109.03°E, 19.151°N /1
MJIT. Congjiang (CJ)  ERIT. 14 108°91°E, 25.748°N 4/3 0.495+0.151  0.000 4+0.000 2 0.000 7+0.000 4 -1.222
£%7¢ Chongzuo (CON)  ERVL 5 107.337°E, 22.398°N 5/2 1.000£0.126  0.007 2+0.002 3 0.007 3+0.003 8 -0.092
M Chaozhou (CZ)  #HIL 13 116.652°E, 23.677°N 1/0 0 0 0 0.000
KAk Dahua (DH) BRI 2 107.99°E, 23.738°N 2/1
H:*F- Guiping (GP) BRIL 9 110.089°E, 23.392°N 5/2 0.806+0.002  0.003 620.002 1 0.005 4+0.002 4 -1.627
5 Heyuan (HY) BRIL 14 114.694°E, 23.522°N 3/2 0.275+0.148  0.000 2+0.000 1 0.000 5+0.000 4 -1.671
Ak Huazhou (HZ) %YL 3 110.632°E, 21.65°N 2/1
JRZR Ledong (LD) Bl 8 109.175°E, 18.752°N 2/2 0.333+0.215  0.000 2+0.000 1 0.000 3£0.000 3 -0.933
#%M Lianzhou (LZ) ERYT 10 112.371°E, 24.78°N 7/6 0.911+0.077  0.006 6+0.001 7 0.007 1£0.003 1 -0.386
F = Nanfeng (NF) ERYT 13 111.799°E, 23.741°N 5/2 0.782+0.079  0.002 740.001 6 0.004 740.002 0 -1.808
4K Pingle (PL) BRIL 6 110°649'E, 24.627°N 3/1 0.600+0.215  0.004 7+0.002 7 0.006 1+0.003 1 -1.505
BiifE Qionghai (QH)  Ji4RT 12 110.451°E, 19.243°N 6/6 0.758+0.122  0.000 8+0.000 2 0.001 5+0.000 8 -1.778
FH# Yangchun (YC)  #EBHYL. 20 111.777°E, 22.173°N 4/2 0.489+0.117  0.006 3+0.001 3 0.0043+0.001 6 1.863
B Yizhou (YZ) BRI 4 108.628°E, 24.499°N 4/2 1.000£0.177  0.007 3£0.003 5 0.008 0+0.004 5
St Total 140 42/38 0.895+0.016  0.007 9£0.000 3 0.007 620.002 0 0.136

T ITHEE R P<0.05, 2 3 [,
Note: Values in bold indicate P<0.05. The same case in Table 3.
FEHT 25% MiBfT VL. B4n)—EUMTE TreeAn-
notator 1.8.0% WA=, H 4k, FIH PopART 1.7.2
BT TCS T RN A G B 78 bR 1] )
fif FH IMa2% i TM AR I R BL R BE 52 R R
J7#: (Markov chain Monte Carlo, MCMC) fi%&. 3 4~
T R Z B st . BIRSEOE S % S m
SEPT AN S AR AR R A 2 p=Kxu 3T
B, OH ARSI LR, K PO,
u AR R A . ZH ML Cyrb
1% MR R D, S A FH I & SE 5 Cytb
() Kimura-2 parameter™ £ RS 2 L (CC/Cytb=
1) RAG B A FE R S B (1%), K
SRR %) P ATy 2 AR
1.5 =ESHESEEEN
il DnaSP 5.10 #/FP TR IIE . FAH
PASRIBAERI AR | YRR TR 2RI T S
ﬁ‘@ﬁ%ﬁé@ K Arlequin 3.5 4 I A ]
B AR EL (Fsp), IR TRARR o3 2R 24T

¥ 5 28T (Analysis of molecular variance,
AMOVA), LA 1000 Y EHS gt i E R IT
s A A S B A AR, AR R T 5 1Y
HEARIEAT Fgp Al AMOVA G258, Ay I E A kR 1A
JEF A PR A, 7E Arlequin 3.5 &
R T Mantel }255, HJREZRECH 1000 K. P
PR ] Y23 [B] 5 B 7E Google Earth Hill i 2545
1.6 BHEEHEHESH
A BRREE AR S 25 D7 S DAY T ZEoR T A

A DT R PR . 12 Arlequin 3.5 7158 Tajima's

DPMEFFHEA TR R ;] BEAST 1.8.2 iy I
1T IR B A A 52 RS U 7 VAR T DL B R PRk
TR, B IRAAL (GTR+I+G) 7 PAUP*4.0
b10%”" il MRMODELTEST 2.3 F1 5T okt 5 B 5
MRS, Bdtisfr sx10° 4%, HBUEESR N 1000,
BATEE R G TE Tracer 1.5 Az j D1 -7 K PRk 5,
Ko DLt R Rt F 2 AR R AT IM A
(BUETIOE =S AwE
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Fig. 1 Sampling sites of M. armatus in southern China drainages
Note: Different colors represent different lineages (See Fig. 2).

2 4R 23 i S RMEREE
FEAEUR IR | R 3
R BEAMEERRG AT | ALA ARHF  i

AMFFERINFRAST T 140 B IHIBKA COI Fl Cytb
¥, HeXHE COIFFIE R 669 bp, HPE & T 20
AR AL 16 DRI Z9MF B AT, GenBank J¥51
58 ON973284—0N973423; Cytb JF31K K 1117 bp,
HAp &7 55 AR SFAER 31 M ELE B,
GenBank J¥%1'5 > ON989019—ON989158,, I &k
CCKJEHR 1786 bp, FIAET 42 MNPALERL (35 1),
22 RGEABHERSHWEE

RGBT LA AU R P 489 S s ORI B0 B
T3ANEER 1. WM, K 2), sfEiEsitheEn
R 3ANERZ BB EAT 1.28%~1.34%),
IM S Hr R & Z (81 73 AL E A T 0.596~0.676
Ma (3% 2), HfERIMIZ R IS R TAFE T BRI,
VR EARYT . MRV . BEBHYT . BRYTAOTEMR, %
ZIALE TERIT. BEPHYTAYHEAR, % &R 11 5%
TTRNEE R T SRR . 5 4h, BRI 4 5
f5# (Hapl, Hap4. Hap5 Fll Hap14) #¥4~ DL ¥
Rt (1 2-b),

1R ZREPERR B AR 1, SRS R ZHEMEN T
0.333~1.000, MFiHZ R ZHME/N T 0.000 2~
0.007 3, DI HRZHAEST 0.000 5~0.007 9,
KSR D1 LA AT IR AR R T YR IR 2
FEME (38 1) ORISR AR 1) A5 B S A M AT TR
ZREVESY IR 0.895+0.016 F1 0.007 9+0.000 3,

PP AR Z (8] 35 4% 53 AL R AL For /T 0.000~
0.963 (5% 3), HPHEAR/NT 51 4 M HFIK (CH.
DH. HZ. YZ, & 1) JfRi#HAT Fsp 1155, 7E 66 41
Fgp ', A 54 413K T 8 W For; HrifEm o5
T REAAR 5 LA AR 22 ) 23 /s R A O HL B 25 1Y
Fgr (Fs1>0.740, P<0.001), T8RRI 41 BE 1Y
AMOVA E3, #5450 A S5 2R AETEREIA
B, 785 LAGh 67.58% . Mantel A A 3 R i) 5k
)it Ak 5 2 R) R B 5 B ARG (R=0.463,
P=0.001).
24 BHEZhEHE

Tajima's D "R IZEITE . HRF. W, B
F | VAR RO R B B Rl (R 1),
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i e K{k DH
A e 2/ CON
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o 141 BB Lineage I1I Hap 28 @——0——1
o HEM LZ
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Lineage III EER
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R 8
CEC Lineagell "
0.5 M. favus

K2 77 RGN (a) MEPFEEIRIZEE (b)
e B RRFEAE, RELOBEFRAREDPGE, FREHTRRAFHBERA (£ 1),
Fig.2 Phylogenetic tree (a) and haplotype network (b)

Note: Numbers indicate posterior probability. Black solid circles represent missing haplotype and the abbreviations
represent different geographic populations (Table 1).
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Table 2 Genetic distance (Below diagonal) and divergence
time (Above diagonal) among different clades

WRI R T ARII

Clade I Clade IT Clade ITI
£ 21 Clade I 0.596 0.620
i 211 Clade T1 1.34% 0.676
3% Z 111 Clade 111 1.30% 1.28%

TE: SrARi ] AL Ma (FT4EHTD

Note: The unit of differentiation time is Ma (Million years ago).

RUNXBEREAR T REAE S B2 T RHAY K. DLt

W RPrge S (K 3) s, BFEATE 0.025 Ma £
FRAT BERHMAY K
3 18

3.1 KRMHEEEHERZMEER
RGBT 7Y o 245 ] — S0 B AR e b X
MRSl 3 B R (1L 11, 10D . 3R
LA TR, BRI, R, BEPEVT. #HVTAY
FEIAR, SR TS TERIL, BIFHVLARER, 155
T 2SSV AT SR R AR R o 3 A% 2R 2 [ )3
FERE B AT 1.28%~1.34%, 22 A% 22 ] 85 7R 76 K
AIHBERRRE 25 . 3 ik R BB T AT 0.596~0.676

Ma, PAUFALTF A F I . 35 3R I AR
Jry B AE ¥ R 1) T3 SR T 55 0 v e 2 () I 00 )
1L, A REARSE ) HoA 7 4, XARTT e 5 =JF
LBk BEVERIARDC . A AN DIIRERI, 7E555
R 5 B A Y S A 2 7 i e 2 N e o
B E AL A BT S AT G4,
ARG & B R 5 2 3 i 7 S Tl R 8 4 B AT 5331
A ISR, JFEA A NES, XA
A8 -5 1R 8 Hh s 1) o LU RN B RF A i B VR A
Ko Yang ! A BT SR B AR T 2R O sk
fli (Garra orientalis) FEIARS TR B4~ ~7 FF) 1%
R, AR TAR L RS AF A Y BH R A 2 BELAS 7 2R
TR B ALTERE A B B e A, 25 1, KO
Bk 1 15 R 43 AL AR T BE -5 48 Fg L DX 1L Dk 7 B B A
X,

AL 2200 e R AR o A R R AT 5 1)
BRI, X AT e A R b X TS A B
(VK5 R PK IR B ) A 5192000 AR i X 224~
KRB ATKRE M, v S 80 TR,
A 5 R Bl Z A8 iy B e e, AR T pg
L NS NG R N DR 11 @ ] 11 W S T
6 R E IR, R R R AR A R R o A
Y B, FEORRE R BRSO B
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Table 3 Pairwise Fgp and significance test

MEBB MILC SACON WM CZ HFGP WIEHY SALD #EMLZ ®MENF FHEPL I QH
T BB 0.000
NING)| 0.963 0.000
4472 CON 0.665 0.338 0.000
WM Cz 0.843 0.982 0.775 0.000
B GP 0.048 0.858 0.455 0.207 0.000
R HY 0.756 0.973 0.767 —0.006 0.200 0.000
SRZK LD 0.866 0.974 0.696 0.969 0.451 0.882 0.000
HMLZ 0.670 0.146 —0.100 0.739 0.529 0.738 0.685 0.000
R4 NF 0.063 0.874 0.551 0.184  —0.086 0.180 0.484 0.600 0.000
-4k PL 0.238 0.839 0.324 0139  —0.087 0.131 0.409 0432  —0.037  0.000
Bt QH 0.943 0.950 0.788 0.967 0.842 0.958 0.951 0.742 0.858 0.829 0.000
FR# YC 0.561 0.247 ~0.081 0.615 0.432 0.617 0.601 0.022 0495  0.347 0.684
100
P S (Fgr=0.676, P<0.001)!**1, %) 829% 1 i A& a] (1
ié ok For SR, FWI4& BEVRINTE0E B35 i 15 43
EE o A 4 DRI 2 AR S AR S A7 iE
E :3 0 \ TS . Mantel K36 & ISR 14 1) a5t 1
& O34k 557 B 5 35 TE ARG (R=0.463, P=0.001),
ot PR T—— F W ILAF A 5 B I B A 21 il o G A
M W, R I, B T s

PEl3 JRIBkig DL 30 K bk a5 Pl
Fig. 3 Bayesian Skyline plots of M. armatus

PR BNAS T 52 e kSRR J5 SR T A 1
WAHEAY SR AERE X AR B Sk R
FEAERI A 5 o s, ek, gt & 3R
V3 B 7 SRR 5 KRB S VTR I SR 4 O R A,
RS B AL TR S RBEERTT . R IRV SRR 25
GRREE (B 1), LIRGERERINGERMAN/KER
TR o S AN [ (T IR R 5 R R AR R 2R 2
Vo A YRR TSN R, AR SR T UKD )
[B), VTR T BRI . B . N
A% IR i 150 0 AR ) A5 A S K B 1
f—3 o R, ARSI T SRR AR T fE
30 2 P Vi e 7 BT B T 1 S S SRR
B, BATLRE A = 2058 o ARV 7 S vk R i
(R T i 5 R R R A K A 2 0
32 =ES

AR Z 8] Y Bt L o1k REGA BB R 7K

Yy b P BE A AL, 2 (R) P R i i A
I —RTER R
3.3 KRR BHESHRG B

AT b DXRE T ) 265 D 19 22 YR K BH R ) 52 il
FH L X KA A YR B Sh S Dy s 0720 D
W07 2R B 2 A W 10 3] 42 i DX RO 6K A 4 A
0.025 Ma 2215 T RERY sk iF, 4 ik a5 e g
M X I R i) (Culter recurviceps) FEAAP 5K s [R5
MOET Cytb M 1% W HEE 3R RS ) M
Mo IR A] Y S KA Ak T e DX B T vk
I B SAPIR R, KRERREIX TS
T HIE] (0.126~0.018 Ma) #EA AT KIAT, [a]vk
WA mE, BRI, ARG E
PR, ARANEREEAR R TP TAH RIS 2
PIREAY SRt & A AR R L DX R A £ 2k,
WFEENCY | AR5 (Megalobrama terminalis)'” . 3t
5 (Siniperca scherzeri)!** %
3.4 RiPEW

A GE R IRIHR o3 RN AA 18 1% Z AL T
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