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tochrome C oxidase subunit I, CON)FE K X VR F AL . 7178 . L8, AR . EERAILARK 6 kRt 187 K
AT IRAL SR T . S5 IRF WA E N 646 bp 9 COT L [F FF A4 6 MNEEAR R BIIE & B A, L T. C. A
MG W& B0 27.7%, 30.7%, 24.5%F 17.1%, 048 61 A2 5078, Hr sy s 28748 16 4>, 2905 200N
454>, AESALELL O/T BB £, 6 NHEAR AP IR E] 38 FhopfEAl, PAfE A ZRENE(Hy) R 0.886, HH TR ZHE
() 0.01094, FEARIE RIS 2RSS, WIILAN LA B MR8 15 2 BEME R4 050 (H.>0.8), T80 AR NV 74 B A4 A1 a8t
16 ZRE MR Z (Hy>0.5), 1142 ORI E PR 1~ B4 14 38 1 22 R MR R AIR (H4<0.5) o 6 TR I A B 3 st A% oAk, 3R
LA Z (Nn<1)o BEAARS T2 5 0T (AMOVA) S, 6 /A~ B G b LR REE AR P 199 35 4% 720 5 e TR AR I 1) st A% 78 55,
HOBAL7E 5 R B R A AR R P . AL 25 R R G0 & 5 s T R AR S A 5 BRI L S R . EERAF
WRTT fE f — AR D LA BE R AT SR i), TR Hed s — . ok BRI &, S A P R IR R R, AR
A S B RN T35 58 1 A o FLR 2 v AR KRG, ATh A R B R B IV RE T R R AR B AR

KR COI FLH; #bk, MPHREAR, BfL 2R, migak
hE S S: S917 XHkFRRERS: A XERS: 1005-8737-(2018)04-0837-10

T % (Monopterus albus)J& T #8 (R} 25 fE J&
RRREE 0, 78 B AR IZ A0, R UK
Seldne ks LY R T e LA R A2
W, W mChREEENAEF AR —, FH
FEa 2010 4519 27.2 J7 RGN E] 2016 41 38.6
i, BT 41.9%%7 ) HAY, wEENigTRE
B, FEFHBUBOR WK, SR e R RS,
FhsoRk B ZR38 0, RS e B S T 1 B 4 B
TSk, (EJR AR ) AT R B A AR AR
A F O, 5 AR AN TR G R T L
A, WA AR TR AR . T R
i . WS M IR A I5 G S N R 5
W A v f T R A, TR 9 TRAR Ak A5 (] AR 15

ks B HA: 2018-02-02; 1&3T HEA: 2018-05-07.

oA AR R AL R TR
I P 45 1) T R e AT 3364758 5, W FR S|
ARAHLNG, W T IR R AR 4R, 46 BB
SRV A e T — 2 B XU, 2o b 26 ME LULRAIE .
A, TE IR I AR ik 30 A, B 2 o BT A b
Rl R Cd R AN 0] S SN @ Ol = NI e S e
b DX B B B T 9 R AT A A, AT fe £
PEPE RIS AL S5 R, X B 5 0T 9% U 1) O 47 Fn %
B AT s R R A B X

AL ZREE Y R AL AL B R R AL T 0
IRl AL S A AT T R R
A B 2 e 0 Rl B8 3R A 1% 2
K, VFEFHE TAEE R ISSR, il TR FIZeh:

EEWB: BHEETRHEIANE TAELI2013FY110700); HEUK =BV BEIEABMITY 55 22500 H (2014A11); FEZKF=FBFHILE

454 (2018DKA30470).

fEEEN: REMHEA978-), B, WA, BIFIE R, WFHAKZFR RS 3B E B MU, E-mail: lianghw@yfi.ac.cn
BEEE: APEEML, PHoE0, ISR e B AT, E-mail: zougw@yfi.ac.cn



838 Hh [ K R A

%258

TP 5% B EE RS % 2R A T T — BB, X
BRI S B AT )RR

R BT ST A R T A R R AT
B G5 G Z AR T A0, R HE X R E XY
BBEREREAT 1Bt Z R0, R R
SR DX Il A o M A B A A T R AR L 3 43 B RN
By o N TR T ff 35 37 X Il B o DR R A s AL 7Y
SRR IR, A5 B 76 R SR A 20 it 3%
C Ak EE T (cytochrome C oxidase subunit I, COI)
S . TIPS B, Wim . ERANILAR M
XK 6 A EEERHAIE Tt 20, SR
M T YR 1 25 L PEAN ANAZ A A FH A AR

1 #MHEFE

1.1 HAREMEREA DNA RE
ARSI 6 A-BF AR B EERE AR T RS T
WAL A8 P TT T (HB; 112°45'E, 30°06'N; 29 4~) . 7T
PUEF AT (X; 114°56'E, 27°49'N; 30 7). 8L
AENET(AH; 117°16'E, 31°51'N; 36 ). WA

BT (HN; 113°09E, 29°37'N; 35 ) & i (CQ;

106°31'E, 29°32'N; 28 /) F 1L 7= 44 4 11 191 (SD;
117°58'E, 34°53'N; 29 1), WALANHLUE T Ik
P RAE; JEN4 DNA A DNA $2BGAH &
(TaKaRa, HA)MATHEE, FAE 1.0%09 B fEtiEe i
A DNA B fe, ARG IR T-20 CUKsR &I
1.2 COlI EERFFI RN F

DI HESLN 2] DNA MAit, RAMAE Col
R G ik T PCR Y1, 519 LT TN
5'-CAACCAACCACAAAGACATTGGCAC-3'H1 5'-
ACCTCAGGGTGTCCGAARAATCARAA-3',PCR
FWARZ 25 pL, £U7 2xTSINGKETM master Mix
(TSINGKE, H1[)12.5 pL, 100 nmol/L I FiF5l
P45 1 uL, A DNA 0.5 uL DL KR 4iiK 10 uL.,
PR 94 CHIUEE 3 min; 94°CAEME 30 s, 52°C
Bk 30 s, 72°CHEM 15 s, 35 MEER; 72°C 4EAH
10 min, 4 CIRAFE. §73E W 2.0%B5 B B 5 I Ha
VKA, FIFH AxyPrep DNA (AxyGEN, 3 [H)#%E
N am Wl gt e o A CI O //boy = S S
Y& BURNY 18 7 i 1 44 sDUR — W AR Rt
Fo A PR R 58

13 COl EEFINERFEEH

725 5 ] DNASTAR Lasergene 6.0 3Xf4:H
) SeqMan #EAT 5N PR, #K/F MEGA 7.0 Xf
FPo AT, JF HAEAT Clustal W P51 HXE . 4R
J5 A DnaSP5 #4531 6 NREIASEE T COI £
(AR IR PR IR 22 5 FIAZ 1T IR Z AR PR 4R
s R MEGA 7.0 G355 0d L 20 1,
GC &8 . Z A0S M 215 B S5 S50 A
Kimura 2-parameter (K2-P)X{Z:E0E A H BE (K
NI )it B RS, LAG 84 (Synbranchus mar-
moratus, GenBank & 55 AP004439. 1){E N 7NEE,
S 14K #3: (neighbor-joining, NI & %t & & i
e, R LB WS A R Boot-
strap) 55 & A5l 1000 ¥k . H Arlequin3.5 #4115
VR T A () 19 382 4% AR 4 B (o) P93 728 52 50 BT
(AMOVA), R FL(Nm)H A Nu=1/(4F+1) 31T
M5 . Network 5.0 A HAE R K], 40Hr
ARG SRR BRI OC R .

2 #EREHW

21 FHsaH

AT s COT LR FH 5 %) 6 A~ BERE (&
PIAS R BEA T3 3G RN, B 45 21 57 50 25 R A7 AL
1E. 8RR N 646 bp MIETR 51 187 4.
FIH Clustal W FbX}EfE COT K 551 I 40 #r H
B, S5RAEL 4 DISLAE 6 AR R Bl Ik
FREILARME, I T, C. A, G TP EEN
WM 27.7% . 30.7%. 24.5%F1 17.1%, BHEL AT &
H(52.2%)E T GC(47.8%) & ., COI A 7514
OV AR ST, PR A 161, ZME B
FLASAS, AR S S PR S H R 7,72, HLLA
C/T Z MBS RE; 16 61 NMERNSHA 54
B S R AR 2R — 7, Ui B g COT AL
WA TFE 1A S A B
22 BEBESHEHMEST

X E i COT k[R5 1) B A5 R 2 A 1 st %
ZREVEG TS RN 1 PR . G5 R M, 6 M RER
() RS RUETE 3~15 Ff, Horh BB A i 22 1 R LI AR
BRI, A 15 PR AR, B f5 BB SRR R R
TLVGREAR(L4 By, BIACEEAR(I0 ). IR HEAR (6
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Tab.1 Geneticdiversity analysisof six Monopterus albus populations based on COI gene
(& population FEAS 2 size h S Hy (x+SD) 7 (x+SD) K
G AH 36 5 4 0.349+0.099 0.00058+0.00084 0.376
K CQ 28 3 3 0.204+0.098 0.00063+0.00075 0.407
¥t HB 29 10 28 0.808+0.048 0.00819+0.00392 5.300
155 HN 35 6 28 0.545+0.089 0.00898+0.00364 5.802
TTV5 IX 30 14 41 0.782+0.078 0.01215+0.00544 7.851
1% SD 29 15 34 0.911+0.034 0.01166+0.00466 7.544
FE{K overall 187 38 61 0.886+0.014 0.01094+0.00405 7.068

T h BN BBAEAMR, § R SRS, Ho KR AR Z RN, 7 ORI IRZ R, K 7R TR IR 22 5w 3L

Note: / is the number of haplotype; S is the number of variation site, Hy is short for haplotype diversity; z stands for nucleotide diversity, K is

the average of nucleotide difference.

Bl B GS T, EREHARDG Fi. 6 4>
BEAR 1) A5 780 22 BE M (haplotype  diversity, Hg) N
0.204~0.911, IIZR BRI A5 ZHEPE R 0911,
HU R AL (Hy M 0.883), 1368 33 PN BEAAR 114
B AL Z R AR AR 7 (Hg>0.800); W1 7 B A R0 VT 7Y
THE AR 1 38t 45 22 BF 1 8 88 5 (0.500<H4<0.800), 17
BRI EE R AN B R 1) 35 1% 22 AR M AR B IR (H o<
0.400), HIKFHALE 6 MR IRE 2R RAT
(Hq M 0.204), BHTRZHAE (nucleotide diversity,
724 0.00058~0.01215, &K 0.01094, i HH & fik
BRI 2R, BT RE .
FEAZ AT R AR 5 1T, VPG RO A L AR B () 4%
R 2 BEVE#R L 5 (2>0.010), 9 g A5 6 4R H:
UK, TR (0.00063)F1ZE R 34 (0.00058) . #%
R 22 5+ % (average nucleotide difference, K)fEA
FIREAR I 22 T SR HEM -8 6 DA
SRR 2 Rk 7.068, HIEIN R BHA TR Z
K 7.851 4, TEREHHAT RN 0.376 4>,
23 BEEBENEEESMARES L

6 /N BE LR IL T KOP F5E 70 1) A Ry R o (] 35
REEES N 2 fim . & 2 Wil LIE H, BEERE
RN IR AL IR 25 4 0.0006~0.0192, BEAAKIA] 13844
FEE N 0.0033~0.0206, L4 R g T AA [a] 1) 18t 1%
P B B K(0.0206), 17 PR R4S IO A4 22 [ 1Y 3st
1R #5450 /M0.0033) . ILAN, EPRAFAS B, 1T
VG R LL AR FEAAR =2 [0 ) st A% B B R 4 /N o

FI KA DnaSP 5.10 T3 BEAR ) [ E 8 5L F,
FEtE— AT BRI A R N, S5 AN 3 Fr
No BRI, 6 MREARBEMEEIRE Fo N

0.01920~0.81545, FEH i Ny o~ 0.23464~0.92868. 6
MHERRIAAAE— i A% ok, BRI A = .
HEFE AR ] COl JE A% 4 1) 43 + 48 S5 o0 it
(AMOVA)ZE R UNER 4 Fin . 5 RoR, MRk
[ s AL AR S 7 40.74%, HFANIYAESE S 59.26%,
FH 6 > BT b FRAPFEIEAR N 742 S TR ] 1Y
AR S, R AR S R EORIE TR

®2 HT col EREFFINRERFAEEES
Tab. 2 Genetics divergences (K 2P) within/among
Monopterus albus populations

REMA e Wk WM s IR ER
population  AH HB HN X SD CQ
L AH  0.0006
Wt HB  0.0091 0.0083
IF HN  0.0138 0.0188 0.0192
YLV JX  0.0075 0.0121 0.0179 0.0124
1IA SD  0.0109 0.0103 0.0206 0.0134 0.0119
K CQ  0.0033 0.0075 0.0135 0.0086 0.0099 0.0006
e R ALFRFRNRGIE R, XALK T RIS L .

Note: The diagonal stands for the genetic distance within popula-
tions and genetic distance among populations is below the diagonal.

FEF 6 B BEREIRE] (9 15 AL B A NT R4
HEALAR (B 1) SEAES SR BoR, W R REAR sl
A3, WAL AL ARBE AR R —32, B
VLV RHARTE 153 32, 05 AN BV R i PR B IR TE
—A01 3, XA IR R, &S
IR R — L . RS R R, IR B EE R
5 HAD 5 DRI ELG I RRIT
24 RGNS

1E 6 DEHERER COT 3 PR rp JLAG I 3] 2o f3% 784
38 i, 73544 A Hapl~Hap38. fEiX 38 A
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Tab.3 Pairwise fixation indices and gene flow among Monopterus albus populations based on COI gene

FEIK population T AH L HB W HN YLVE IX 1% SD HIK CQ
G AH 0.32689 0.27834 0.65272 0.36767 0.23464
1t HB 0.51478 0.31870 0.63870 0.92868 0.38157
W HN 0.64819 0.53443 0.38614 0.33903 0.28121
VL7 JX 0.13301 0.14142 0.39744 0.73029 0.50979
1% SD 0.42996 0.01920 0.48739 0.09233 0.40358
K CQ 0.81545 0.40518 0.63901 0.24040 0.36945

VE: X AZT R R Fo X MR BN N

Note: Pairwise fixation indices are below the diagonal and gene flow is above the diagonal.

*4 REE 6 MIERAEEMMCHAESHR

Tab.4 Genetic variation AMOVA analysis of Monopterus albus populations

A5 5K UR source of variation  HHE df P51 sum of squares

7AF 5 40 i, variance component

AR 5 He f]%percentage of variation

BEIARE] among populations 5 254.087
BER P within populations 181 410.939
BT total 186 665.027

1.56081Va™ 40.74
2.27038 Vb™ 59.26
3.83119

RN 2 F R R 35 (P<0.01).

Note: ** indicates extremely significant difference (P<0.01).

HB
SD
JX
AH
cQ
HN
0.002
Bl 1 BT COI BEIH T 91 A4 g (1Y 2 fi
6 M FLER NI SR
Fig. 1 The neighbor joining phylogenetic tree

based on genetic distances of mitochondrial COI
gene in different Monopterus albus populations

RIdAT 9 FhALE AL RY 29 Rl = BAfE Y, FE 9
Fp s AR AL o Hapl b ER AT, 7280 IT
Vi, IWARAE R 4 A EEERHAR TP ERAEAE, T RIA
Sy COT [N FLA it . REREIE N IR BT AR 1k
HAEFPRE R e A R S A Y, g — D Hi A,
AT DA B 3 SRR (1) SR 25 06 R AR LR B 1T,
5% Hapl . Hap17 1 Hap27 & Flr A BAA% Y vh 4 &
78 B 22 1 PR TR, LT A 1 R B A 500 )
h 49 45, 23 S 26 S5 FRREALRNAE MR ] (Y 43
Nz 5 PR . LR (AH) I %= Hap2~Hap5 3t
4 Fhep g LB (HB)M = Hapl10. Hapll,

Hap13 il Hap15 3t 4 Fp o {580, ) e BEAR (HN) 2
% Hapl6~Hap21 3t 6 Fpeaff sy, JEPGREHAIX) M

7 Hap22. Hap24~Hap26. Hap28-Hap30 3t 7 Ff
PAfERL L ZRBER(SD)A 2 Hap31~Hap37 4t 7 Fh
BB AL, T E PR (CQUAL S 52 1 Fh B Y
Hap38., 6 ™8k fife iy JFf R [B] 47 78 19 2 52 Rl =2
it TR0 i B A AN () b B B A7 A SR R A8 3k 1 [ s
WAFAE— 2 FE B 18t 15 o1k o

FIH Network5.0 FX{4EXT 38 Ff i fis 7 4 HE X
2% & (medium-join, MJ), EARMNE 2 s, 16 R 4%
S R AR R P A A S N T R A
AT A= Hh R A B 70 ) B — SR AR I 22 28 5 A8 A
A, B RR e AL R R L, A A
Hap7 S50 T [ 28 S5 44 g v ke, HCAth BRLAE Y ] = A~
J7 ) S I ELIR A A0 o A5 I 4% R i P 43 S 4R AR
S AR S, PS40 3 . BAE A Hap7 $HA
K BILPE . WIACRNIL AR B AR R I 12 K, R
Hoh SR (6.4%), H72 BT 60 & s A2 {5 B4
Aty % .
25 BUERZLBOMW

PL& 8 fa (Synbranchus marmoratus) i AN,
PR B fE 6 EAR COT JEIK 38 Ffr Bf5 10 () 415 422
BNDRGE KRB E 3), BEE A I A5 1 R A
— i, 38 M EALERIIE 1 4 4143 32 CladeA .CladeB .
CladeC F1 Clade D. Clade A Hi %k 22501 BAf Y
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Tab.5 38 haplotypesdistribution of COI genein six Monopterus albus populations

, N S
2#12[&. i HAT R HfE RIS AR haplotype distribution
population number haplotype
T AH 36 5 Hap1(29), Hap2(2), Hap3(1), Hap4(1), Hap5(3)
HK CQ 28 3 Hap1(1), Hap27(25), Hap38(2)
1 HN 35 6 H16(1), Hap17(23), Hap18(3), Hap19(6), Hap20(1), Hap21(1)
1t HB 29 10 Hap6(1), Hap7(9), Hap8(9), Hap9(1), Hap10(1), Hapl1(1), Hap12(1),
Hap13(1), Hap14(4), Hap15(1)
PANLTIND ¢ 30 14 Hap1(14), Hap6(3), Hap7(1), Hap9(2), Hapl4(l), Hap22(1), Hap23(1),
H24(1), Hap25(1), Hap26(1), Hap27(1), Hap28(1), Hap29(1), Hap30(1)
1175 SD 29 15 Hap1(5), Hap6(7), Hap7(2), Hap8(1), Hap9(3), Hap12(1), Hap14(1), H23(1),
Hap31(1), Hap32(1), Hap33(2), Hap34(1), Hap35(1), Hap36(1), Hap37(1)
H37 H36
H4 H3, ¢ @
, @ 7 G2
Hie H2 @ | / |
Hne H6 . '_Z_
», H35 .
A T e
G H27
H18
O " ms ©
HX @ o/ H38 e
Iw.f'"{ AH
. S,
H30 ‘/,A-\_Hﬂ oll H16 B X
H17 y cQ
./ O SD
m0 7 H19

K2 LT g COI KA A5 Y Y 1 2% 25 14 1]
HB: WG HN: W HEfR AH: RO, IX: TEPUREA; CQ: HRHEM; SD: ILARHEA.
Fig. 2 The haplotype network of Monopterus albus based on mitochondrial COI gene
HB: Hubei population; HN: Hunan population; AH: Anhui population; JX: Jiangxi population;
CQ: Chonggqing population; SD: Shandong population.

LA, 29 FhEAE R AL 1Y Clade B HA i R fF A4
i) Hapl6. Hapl7. Hapl9. Hap20 #l Hap21 it
5 FhrpAEAYZH 1Y, Clade C fH Hap9 Fll Hap30 2H i
Clade D 5 5457 Hap26 1 Hap18.,
3 iTig

e Z AR AR Y I A R (5 R, &
AP AR BB AR R . T Bt A
A FhESZ 2R B R Sy (Rs2 ma /0, HOE R PR 1)

73, FRER R A5 2 A Tk T 2 R
§9E, AL 5 LB -, I

R AP T B IR A8 A AR ) W I AR, A
Bl %) S P B BRUIR AT BOMIR AN T %, il
FE G BT AT AR AR R O AR MR E . Col 3
PR AR S . il R M, © & ki ik
DNA WF5E i 2 WbRic 3 2 —, JF 7z T K™
SN AL ZREVE AR R AL 25 H At 71,
AMFGE LLH T35 DNA &IES COl
HPSIE bRic, srriEts 6 Db IEFhEdL 187
MR B ZREME, 455 AT 646 bp A Bt
FETE 61 D78 S 5, 187 DAMASE X T 38 Fheafy
R, BRI AR ZREVE(HY)  0.886, HTRZ
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Hapl —
— Hap28
- Hap2

- Hap4

- Hap3
+ Hap29
- Hap22
- Hap5
-Hap27
-Hapl11
Hap7

- Hap38
-Hapl$5
Hap34

Hap23
Hap35
7 Hap8
52 i-Hapl4

20 Hap13
—Hap37
M -Hap31
+Hap33
-Hap36
Hap6

+Hap32
93 +Hap25
-Hap12
-Hap24
Hap10 -
78 —Hap19 —
1 Hap21
54| Hapl6
8g‘_LHapl 7

78 -Hap20 -

52

Clade A

W

Clade B

—[Hapg Clade C

99 LHap30 ade
Hap18 ]

6£Hap2 . Clade D

Synbranchus marmoratus

0.02

B3 T COL &M 38 Fft B ffs AL et B BERE (A NI BEAL A
Fig. 3 The neighbor joining phylogenetic tree based on 38 haplotypes of mitochondrial COI gene in Monopterus albus populations

FEME ()M 0.01094, 6 N BBERT AR K 5 15 Z Rk
F, BT A LR, X 6 -tk
HEREA R, WIACBERAY Hy o 0.808, HfEi At
PR, 5 R 05 AR D R AR R I L
EREAR AL ZHEME TS R — 2, 20k TR
FAZRIR DNA Fas il DX 5 P A0 BL B 6 B (AR 5
KB, BB A R 2 AR ARG (Hy=0.404),

FEASHIF G v o DB 1) A B 2 AR 0.204,
E—25IE S ER P M X 1) B 6 5t A% 2 RE M L ARAIR
WF 5T 3 BH, 22 BORE R 1) B35 T8 22 B 1 IR (H o=
0.349), S F S50 RIH Cyt b BN X205
DAL T 38 3 A VT 3 B e AR ) I T 2 SR AN R
AR, T g A Y 9 Yo 37 R A e EHL AR A B £35 7
2 HE 1 3 3 4 1 (0.462~0.820), K T KT i
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iR Y PR TR 2R MR 541 (0.623~0.940), i
B SR AT RE S R I AR . SREEHIAE
AT b SRR 56 ABFTEH, 6 A i A
AR I Z R LA, (Rt iR Z R K 7R
AN IR AR ] 1 2 S A R, JHE v e ORD i DRBE AR
WAL ZRE AR, AR R Y 8 1L 2 R R B A
5o Grant ZEPOVLT ARG R AR PR RIS I IR 2 RE
PR LRI DNA J7 31 135 14745 55500 DU R 5L
AR AR, 6 BB R AR A%
FRZFENEST I 0.886 F1 1.09%, J& T & fis ikl £
FEME (He>0.5)F1 = 4% 15 R 22 B M (2>0.5%) 2, T
i PRI (H<0.5, 7<0.5%) 1 J&@ T (% 5 75
ZREPERIRAZ AT TR A 2SR, o DR A 11 3k o
R ERLAS TR RIARAZ 1T R 22 HE 1 2780 5 22 i ) 2 DA
BRI g i —8™, w0 R st R
KR Cyt b 3 PRI 22 B0 T It SR VL3 3 ) #5
fits iy B AR ) BIF 9 K IR A T TR 2 AR M 0l e
FEAAR, 2092 0.30%~0.20%F1 0.17%~0.15%.,
EAT B s RS A R, BB O R R
[vi) F) A A (R B AR ], A v LA 78 2 1 R g
BAF IR ZRe 288, A m SR 78 2 R I A%
TR ZHE PRI AY, T A IR B AT RN 35 % R 2 A
PERAY, FEHAF T 0 2 RO R T i s 12 4>
BEAR R, AN 2B AR S B B R 2 M A
BATIRZREER R, SRR —.HT 6
A B R UR AR B TR AT B 2 BEME B 22 5,
WEWR IR T30 . YTVE L RS L AR A B A
A B AR FH R R A [ 17 o f A A3 2ok — vk 42
il J5 HE— 2B TE B, A AT RE Rt — S KRR
AR ) B 8 A A T o % ¥ 34 3 Ak AT A i ke 19
7 B DS AR I B A P BB A2 Ao iR SRl Ry, ok
REBEARE N, AUA B — st D B 4L P

Y F 6 s AN, SUEL 0N, MMERER
fE I ANE ShIL A BR, Iz b PERR B | 8L I3
BRI R R, R E Y B T 14 2 AN R 1 s 2R
FPRE, BR8N X T B B S A TR R Y
AL MRS 1 RSB (Fo0) S W T R AR ] £ 18
M ACTRIE, 24 Fo {HAE 0~0.05 B, B 514 2
SR, ANFEESE; TE 0.05~0.15 B, fE7E 4%
FLEE I8 A5 434k, 0.15~0.25 B, AL b AR e s

Ky KF 025 if, MGEAEMEARKPT, Affge
6 MREIRIE]) Y Fo (EAE 0.01920~0.81545, FEAAE]F
¥ Fo {80 0.3912, ULBHEEIR s fE bR K,
BRI B A B s i ik . WREIR BT, JFIE
BT AR AR (B) 38 A A AL AR AR R . YEVE IR 5 1L AR
IR Fy o 0.0923 | VLV FILBUBER A 0.1330, Y1
PERIFNMIACBER Ty 0.1414, HJ2 b S5 FL 5 10 4%
Ak mEAE AL AR BRA Z B Fy ACA 0.0192,
WA EEAR /N B BEFT R, B bl
(R INTR SRz N By (o o AR 7 K 1 8.5 0
MR BB AT B SRR R4 A A B st
ALY, ZROETTK R 6 A 18 B b R 6] 17
TE 55 v R s A4, IR A DU I 25 b Y
fie FE AR A], L 2 10 1] 23t 110 40 BHRRE AR PN S50 AR A7 A
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Genetic diversity of six Monopterus albus populations based on COI
gene sequences

LIANG Hongwei'" %, MENG Yan', LUO Xiangzhong', LI Zhong', ZOU Guiwei'

1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. Key Laboratory of Aquatic Genomics, Ministry of Agriculture and Rural Affairs, Wuhan 430223, China

Abstract: The swamp eel (Monopterus albus) belongs to the family Synbranchidae, order Synbrachiformes. It is
widely distributed in shallow lakes, rice fields, and swamps areas, especially in the Yangtze River region in China.
It is one of the most important economic freshwater fishes because of its high meat quality, delicious taste, and
medicinal value. Recently, it has been widely cultured in some regions, such as Hubei, Jiangxi, Anhui, and Hunan
provinces. The production of M. albus in China in 2016 was 386,137,000 kg. However, most fries are sourced
from fishing natural populations owing to a scarcity in fingerling resources from artificial reproduction. Therefore,
with the challenges of overfishing and environmental deterioration, natural M. albus resources are sharply de-
creasing. It is vital to analyze the genetic background to conserve and utilize this fish effectively. The genetic di-
versity of six M. albus populations with 187 individuals from Hubei, Jiangxi, Anhui, Hunan, Chongqing, and
Shandong was investigated based on the mitochondrial cytochrome oxidase I (COI) gene sequence. The results
showed that the nucleotide composition of 646 bp in length was similar in the six populations. The average content
of T, C, A, and G was 27.7%, 30.7%, 24.5%, and 17.1%, respectively. There were 61 mutation sites containing 16
singleton mutation and 45 parsimony informative sites. A total of 38 haplotypes were defined in all populations,
and overall haplotype diversity (Hy) and nucleotide diversity (x) were 0.886 and 0.01094, respectively. In the six
populations, the genetic diversity of Hubei and Shandong populations were the highest (Hy > 0.8), Hunan and Ji-
angxi populations were relatively high (Hy > 0.5), and Anhui and Chongqing populations were the lowest (Hy <
0.5). There was obvious genetic differentiation among six populations and gene flow was limited. An AMOVA
analysis indicated that the source of variation within the populations was higher than between the populations. The
major genetic variation was derived from variation within populations. A neighbor-joining phylogenetic tree
showed that the genetic distance between the Hunan and other five populations was distant. The Chongqing popu-
lation could originate from one single ancestor and a few populations. To date, the genetic diversity of natural M.
albus populations is abundant. Furthermore, the genetic diversity did not sharply decrease, owing to the impact of
the transaction and culture of M. albus fry from different regions. The adaptive capacity of M. albus to the envi-
ronment and its breeding potential make this species a potentially excellent germplasm resource.
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