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4. "MK E K IR E AR, RN 510225)

WE: AN TAFLNMEEREEXPTRAASEXR, BENF2EEFW, LTRAER
PCR 3§ 3k 15 # E i 65 71 9 )& 26 # & % 16S rRNA 7 51 J £, 456 GenBank T # # 3 fth
BEMERGFHHTON ERET, #AUWLE, BEREZENRAREETIH G EET
MAN X, REGTHEAERERESHEERE, BEINEAHRIER. RiEEE. 4
NeEE. HBEREFENE, GHAPRER K. REBIMI X, RERBSHRER
BRFATHERD 3 BEIH2 Y, RIREEEMH R -, L TH2EH, £
WRHERAE A - X TFRIMER. TYtRE. R, BREFENTLENKER,
BrEUMBTRES RARE, SHHAGSTACFAEN RN FRER AR IR
BB NRESERE, VRERENMN, RHEREFTNHESERE, SRERFTHML; Nk
BARKEEELIFHR, FANREREFSXNL. YA AW 5EEE XA T 2L,
BEVSLZEGEANTYERGEARRE, ETETHAAEER, TFELELNLT

57 & S5 m LA IR AE

KR BEEAL; AAIR DNA; 16S/RNA 7515 AKX H

FESHES: Q78559174

3 6E R} (Muraenidae) 5 & %5 € £, 4% (Actinop-
terygii) #5 i 2. H (Anguillomorpha) & fifi H (Angu-
illiformes)", 3£ %4 Af T B BE— PV AT DI
PSR T AR T, A BGE A BAE
o A g sk R a2 2y 180 P ™, FRE id 3k
T~11 J& 30~50 A Fpt 1 B A0 T A B 6
R DL R 5 Ve, O R E R M B & vk
s,

IS EEA: 2020-10-26  &EIHHEA: 2021-01-26

FHMIE: EXARRFIES (31802300); | ZRE HARIEHES (2018A0303130104); | R4 i R4 €4 BB 2 1
H (2019KTSCX061); |~ A& KF=AEGF DI ZR T (202011347047)

SCHRFRERS: A

BT, WEEERHa TR E AR | K
o, BEar, SEROALE . ARSI RIR ] 3
MEEERIF R KL, IEGY RO ARRL, TR
TR BESCFIR S MAERK R E . PR
SN CIRE R AEE KA, BIRIE A5
—EMERE . AR A A EIRVE, TERA
TR WA 2, AR BEHE R B (Scuri-
caria tigrina) 7€ { W ERG @) U rp ) ok 2 fig
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J& (Uropterygius), T { HEMERGEKHR) ",
Cratiig i) W (M) ©
R IH 6 & (Gymnomuraena), {H [ Ah
H 43 B RE H H S Sk il R 6k & (Scuticaria) 'Y,
BE S BRI 6E (G. zebra) 7R3 E R4 BEREH H Sy g
& )& (Echidna)™*", %% R B 5wyt (E. zebra),
T ARV Z2 BORRE R S g i g - ) ikAh,
FI8 B W) & (Enchelycore pardalis). UM i (Pseu-
dechidna brummeri) SRV RAEYIFI 43 2 Haw 44 LA
KR, FEEW, AR 2K 51
RGN RBSARANE, AL AW
L b i 6% g 2R R o2, Ak RAENCT
JG R 16S rRNA . Cyt b K93 T FIE 6 Fh Sz 10 Fif
PR 65 R 102877 T RGR, IE I BEY) R o> 28
[ FF24AESEN IEF co 1 b TR 6 R AR
it o 1SR IRIESE R, FFRAIE CO 1 /2N DNA 2%
e i 45, B4, Reece F5!" £ A 245
KT FIREE T4 44 P EERHO ST R GeEE,
B ICHFFE B = 3853 3 o3 A B R BE RN 2, BE XS I
fife A 5 T e ] 43 28 (] R, B AT TR A IR, IAE 1)
MBS A0 2 I A PR AR BT AR TR

2R 1R DNA Z5 16 7 5, F b el
JUAkREREHE , ROTRPIAEIE . RGN
MAbRic . Hoh 16S rRNA AR SF, H— A3
KR Betd & 17 AP s 2R R E R, AT T
Firs JEECRHLL B IC O R MR B AR
M T 11 FpUF E Rl (Gobiidae) 125 16S rRNA
JPo, MERGEICHR, BRIt oe i aF g
KEBRN2DFATH 3 KR ASEP R 16S
FRNA J¥ 55387 T 4 FPl& )& (Channa) 125845y T &
Grikib, WM 4 il e MR 5 OC R . AWFATE
£ 16S rRNA MFWHRIC, TR IR 7R R i it e e
MEERHO ARG KR, HUIS YR
ML, O figp R T R A5 T I 2 A i ) AR AL )
TR

1 MESIHE

L1 #FREKRIR

VI RLRE BT 2019—2020 A 25 . R .
A A A T T b DX K ™ T 3 B s R Sk iR AT BT AR R
£ ARIRIEEERL 2 26 B SRAERERARDE (P
E@mkrkaER) V. ChEEFREa) Vg3
rAGERE, A A R IR FishBase W31
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VORI S S, BUILA ST 95% &
P o [ s, T B 3 R 41 DNA S B, [R] B AL
GenBank 1 T 3k 9 FhIk [ G iC 53 A9 Vg6 4L 18] 4047 o

1.2 2EF4A DNA gU3EE

B2y 20 mg WLPA B8 2 4140, R shi
Y1 ZUL P 4 DNA $2 U & [ RARZAELRHE dt
HO) A BRAE ], UL 51T DNA #2202
HUA) DNA %% T 80 uL KiK. FIH 1% Bl
W E i L ARG DNA SR BB, —20 °C vKAR A7
wH.
1.3 PCR 71870 F

S MR, Wit H Y i s Rl a2k
16S rRNA K LiF514) . 5'-CGCCTGTTTATCA
AAAACAT-3, FiF514: 5'-CCGGTCTGAACTC
AGATCACG-3', PCR i SMAFA 25 uL, (4%
PCR Mastermix [ KARALEHE (Lm0 A RA A ]
12.5uL, KKK 1050, b FHEI%4 0.5 L,
DNA #itf 1 pLo 73 4544 R 94 C #7425 min;
94 C AEP£305s, 55 CiEk 30s, 72 °C ZEAH 1 min,
3ISAMER, fe)a 72 °C FIEfH 5 min, PCR =4
FH 1.5% SRS EEE RS F VR, 5 BB 3 B ) A AR
ai F PCR W 2liAb a0 & [ RARA AL RHE dbar)
A RA TR ] a4l RS 2% 6 5 K — i A R
A BR AR AT E o

1.4 BIESH

WP A P51 T NCBI A TTELA IS R
IUEFF S A IERA T . 5 GenBank T 35 (1) HoAh Vi fie
16S rRNA J¥ 51| — it H Clustal W™ B 4347 F X,
EAE R MR IR TS . FIH MEGA 7.0 444
XTI SRIELE R A 53 28 S Fst G B B i A T 4 14
Mro VIR (C. myriaster) F1EES (M. cinereus)
VERANERE, I S KALSR I (ML) K DL i Hip i
B #1754 F RGE WA . S5 51F]FH Mod-
elTest 2.1.5 F A4 HE A7 fe FE AL AR AU T =, fe K
ISATE RAXML 8.0 327 rsg )i, 43 3 B AR BE
K H 1 000 YK 42 fil B 43 H7 (Bootstrap analysis) J5
Pio DUMHTRIAE MrBayes 3.1.2 2FP R 52 B, Bl
PLEEBGE GAR, 155 1000000 18, HUFEAREL 100,
RGP 5 A B S 5 (posterior prob-
abilities) F2fL
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Tab.1 Species and sources of materials for Muraenidae

£

genera

[LES

species

SRR R

sampling location

KL [a]

sampling time

¥EEETA  Muraeninae
PREEE)E  Gymnothorax

wplEfE  Echidna

HW)EEfE  Enchelycore

HIFEEIE  Gymnomuraena
WEEJE  Muraena

WIEEERE  Pseudechidna
ERBGEER  Rhinomuraena
Kifght)®  Strophidon
HIEEET R Uropterygiinae
HMiEHE)E  Scuticaria

JEiEJ®  Uropterygius

5MK#  outgroup

FEFE B8R} Congridae
HEEE  Conger
#4685} Muraenesocidae

W88 Muraenesox

BRI G albimarginatus
BRI RRMEE G emmae
TS EE G favagineus
PEERIEE G fimbriatus
WILIEE G flavimarginatus
ENNREMIEE G formosus
JNEEREE G javanicus
IRSRIES G, kidako
PESHNEE G meleagris
NRIEE G, minor
FIEWHGE G niphostigmus
MRS G pictus
RMSURIEE G pesudothyrsoideus
SIPERRINEE G reevesii
TErEE  G. rueppellii
WLAMEE G undulates
B“YEEE  E. nebulosa
ZisietiE  E. polyzona

Y esE  E. rhodochilus
EUAWIEE  E. pardalis
NRAWEE  E. bayeri

T/ BWEE  E. carychroa

B W)k E. nigricans
WHRIFEE G zebra

YN s Maugusti

S M. argus

IS M. helena

EPOEE M. lentiginosa

e tE P, brummeri

HARE DIEEE R quaesita

KifgliE S sathete
JRITHIRREE S tigrina
MhEsEREE S, okinawae
g U. concolor

g REE U micropterus

SRS C omyriaster

H588 M. cinereus

fae, HEI]

tad, JHIl
S|

JUAR, ik

J7R,

IR, I

M, AR
TR, sk

g, JHI

fa, Rl
JUAR I

J7R I

IR, BT

J7AR, sk

i, =i

JUAR B

e, =

R, I
GenBank AP019351
fae, EI]
GenBank JX242963
GenBank JX242964
GenBank JX242965
e, PR
GenBank EU921740
GenBank HQ010100
GenBank EU921743
GenBank JX242981
i, PR
B, DD
faE, JHI]

g, JHI

GenBank AB702980

fa, =]

tad, JHI]

J72R, BHIL

JUAR, ik

2020-08-21
2019-12-15
2019-11-28
2020-07-26
2020-09-24
2019-11-28
2020-08-16
2020-07-02
2020-08-21
2019-10-09
2019-11-28
2020-07-06
2019-09-18
2019-09-07
2020-10-20
2019-12-06
2019-11-08
2020-08-21

2019-12-15

2019-12-27

2019-12-28

2020-06-18

2020-07-25

2020-08-04

2020-07-28

2020-08-21

2019-06-03

2019-09-08
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2.1 BEREERSFIES T

B WR A V0K, S48 8 4
RS (2 2), ETMUIRBLER | UK
BRALEPIRRRA . LT SEREAR DA 71,
AT & 8 A 11 e 1 S 36 B 0 B P
(1), V8RBT IR £6 K4 (FishBase) [

whio W2 KB TR, MR T i KR Y
(. KK, A JGN SEE ADRE SR 20 S R
BEV AL S BE R, TERRIEEE AL, TR
NI 7E B A h Bz G, g LT 130T Bk
], ATRLMH 3 X oo FRMEEETR A, BR TR
i 56 Je S 0 R 2 1A Dl RO i (B
LA B9 2F 14 2 D AR IR AR, WA AR X 4
Koo Horb g wyfif Jas Wy mir s =5 i 2 440K, TGk

®2 BENEIRBHIMSSLHE

Tab.2 Morphological classification characteristics among genera of Muraenidae

TR S

subfamilies and genera

TEAS I FEFHAE

morphological classification characteristics

WFSENEAEL Muraeninae
33
WEELR  Echidna
R i 6, 5
AR Enchelycore

Gymnomuraena

Gymnothorax

WHEJE  Muraena

EERGEEE  Rhinomuraena
KifgtEJE  Strophidon
WEHE)E  Pseudechidna

HHEET AL Uropterygiinae
HIRBEIR  Scuticaria

REEJE  Uropterygius

WG5S EEEAIRT DA e, UG R RN R, TN .
WER, WrsiEse, BB AL bz g, RRE T kmk k.
FHWEIR, WIEEE, B AL SR E], RO T BT KR T
RAR: WIRBERAC: AT LRI, AL S b, R KBS T A T L KR

(EN
FRKISR, AhiE; WK, SRk, DR S; TR S RER, JII 6 S fpia,
FACHE R T B8 TSR K E 1

FHRIR, WIEBIK: AR RSB RER, LT Bk, R AR T B T K R 1.

PR, WIARANK: 1S BORR B R (s RN, AR AR 30U E, BRI KTk
KIRT (1.5~26%), hiEA. B,

TR, Wigdnk; &2 HmaK, AREBERK30EULE, BREK T LK+
(1.5~2f%), kAt

Wk, wrca, BB RTEFLEEIR: AN, K gks 3ol b, BRIZEAT kKK
FK (1.5~2f%), A,

Tl S EIR T SR, BRSNS, A, BT
TR, ML TEAE SR B2 )R
FHRAEIR, T S A ]

o~

M g

Gymnomuraena

TN 5 R
Pseudechidna

s B
Echidna

PEg )

Enchelycore

R 5% J

Gymnothorax

bt

Muraena

B i ¥ RG1 95 i etk B,
Rhinomnuraena Strophidon Scuticaria Uropterygius

1 BEER & 2% B A0 SK B0 K M) BR 4 E

Fig.1 Morphological characteristics in head and snout among genera of Muraenidae

IEHPE, WS IR TR ALY RAEIR, AR
J D A IR B R o B R 5 DL A S 2
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KR TR, KigEEAOEEGO, Pig
w2 FL 0, AR XA AR B R TR
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2.2 8RR 16S rRNA FHIEHE S #r

7153 5 26 FhifE6E 16S rRNA ¥, 5 Gen-
Bank T #K (19 9 Ffif i R AR Sy S0 S B 114 2L B 75 62
T8 51— S A Clustal W 3K F b HER, £
UITUAY, RIS —EF 5 586 bp. FI MEGA 7.0 #
A F5 T, C. A, GHIEEF & 85500
22.1%. 24.2%. 30.3%. 23.3%, H ' A+T & &
(52.4%) F T G+C& i (47.5%). A2, ¢
G atA 370 MASFALE, 201 NSS4, 160
AT LE B o AT A5 PR R I 2 ) AR S A7 a5
BT, G SO N i 5 25 AR N i 2 R] AR A e
B, MR ZEACE 4 MRS, IR M
LUV i 55 1T B R 0 A S B 2, A 105
MRHEEE S TR AR S0 S E B, B
fis 8 45 b [E) AR S S BN 4~74, WElETE Y 96~101,
RV LR 84~93, TEEEEJE F 69~82, ZEIR BN
Jib f5 Ja8 S P R ) 22 S AR AN, AN S AU AE
A E S, iehtEE A E SRR, P
Wi 0 5 B 1Y HE (B 1.69 (Kimura 2-Parameter
IR, ¥R F i . 5T DAMBE 7 8 X}
16S rRNA %% ¥ B 5 58 AR AN A AT, B2 st A5 1
MIYE I, e i 5 S 2R MR MG e B, iy
TR R T e i %, R 16S rRNA Y
RIEARMIF, LR PH A 4 5 s BN A
TREREW I,

23 BENERSMEEEESS T

FT Kimura-2-Parameter 58, Fff MEGA 7.0
R S R () a5t A% PR B 25 IRk 3 iR
Br AN ERE, 35 P i a5t 4% BE 2530 Bl 0.009~
0309, Hrp, F KI5 A% HE B 7R IR I SORR M e 5 R
BEHERREEZ (8], N 0.309; HRONE) BERR I i 5 57
BEHEREE . Sk 0.300;5 /)N B B 10 I S50 R g i
SEEEIEEZ ], S 0.009, —FZE]2ZEFR/N,
AR N SRR M i 55 5] BERR a6, A 0.016, 7F
YA B 2 (AR M B R b, TR SO B i 5 TG
R A ST 1) 1 B R (A 5 NI
0.218, IF SCHR i i 55 55 46 A5 M s 35 4% B 55 4570
4 0.009,,

FRAE 35 i fik ol ) 358 4% B BV s V6 R
&R A AL BB YL I 2 4 FToR o HEEERE 10 A4
Ja& rf, BR N R 5 R g JE 5t % R RS v R K
(0.187~0.279), =)Wtk @ 5 ik J 153 12 1 25 31 il e
/N (0.045~0.131), BEAR, F43 I8 PIRhE]EA% I S 25
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SRR, HEREEAENBEIEE . AR N5
LU/R) Wy fig 55 HAth 2 Wy i 1 352 45 BE 25 (0.113~0.136)
¥ K H 5 i 6k E 1 815 BE 2 (0.045~0.076),
RUHXT TR WS , F9802 Wy i 5 1 6 Jg 4
ISR R . g T PN 35 A% 1 15 Y00 ] A X
BK (0.130~0.175), == 2 I fif 5 16 6% J/ (0.091~
0.108), Zif I i 55 bk SO M fig (0.090), =7 fE#E
ffyfig (0.090) . IR LA ML (0.086) 45 A [F] J& 15t
R BE B Y /N T g 66 T8 SR A iR AL BE S Y L. b
B i 2 M E T, s PN R I 8% B R R
0.009~0.218, SEZ KRBT PR, HALHE R AE
HWAN, P ILA I 2R, RRBEM) 2
ZEFIR (s AE I B KT 0.200), H: 2K T
fie i 5 LA S 1% i (R 35 AR HE B Y L, AR A i
E#HEEEIE (0.109~0.183) . A)W)EEE (0.083~0.193).
& EEIR (0.098~0.175). KM (0.097~0.184)
&, KU AWtEE | sk . RN 6E R 55 N
ST AEE R R s ik, H R O R oy
K.

24 BEMRFHLDNT

HT W ER 02 16S rRNA JEH, LLE RS
{685 P11 85 Dy A ST, R B R AR SR 5 DL ik
FHESYF R GEIALR, 2 FhoOr ik s i) R W
PN FEAR — B, AUAE L0y 300 8 SRR
AR, AR50 ML 5 BIR &I (& 2), B
AT B 53 N B K ARUSR A Bootstrap SRR
B DUMSr i () J5 B MR . HEARAR 1, 35 R fig ot
R RIHE, bR EER | RS & R RN
— 32, MU SRR, 2 A @ AT ik,
N F LR ER . BRI GE JE . BB EER | AW iE
J& . hetEE % 8 AR RN R A . R IR
WARMERE T, FEIEA 2 N5, Hh i egE
1) BRE 5 08 5 R Y — 3, 7 TR S
HoAh g SR RN — K3, 558 D #E 68 IE i 7
179332 o FEEEWRIR 3, B T il
A B R AN B kI . A WG TR | e s AR fi
B TCERBER N TR, SRS RE
B I N A R 3 NG i A o 7y R R A N
X, 3 1 10 FhER M 6 5 e 6 i) 224 e fil 21
B, Ay I I EE R | ket )E | #RIEEE . 2
) 5 o TR A6 SR O FP SRR, 40 S T fh 2 W) B I
I AW g PRl —32, 43IV A g s . BRI
fi J RN g TR AL AL, 4332V AW g g S5 g
fife o5 2H i
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Tab. 4 Pairwise distances among genera of Muraenidae for 16S rRNA sequences based on Kimura-2-Parameter model

Tf 1 2 3 4 5 6 7 8 9 10
1 0.009~0.218

2 0.079~0.217 0.130-0.175

3 0.083~0.193 0.105~0.170 0.112~0.136

4 0.083~0.196 0.091~0.147 0.045~0.131 0.035~0.083

5  0.109~0.183 0.133~0.169 0.128~0.146 0.127~0.139 0.000

6 0.098~0.181 0.138~0.146 0.138~0.146 0.124~0.139 0.142 0.000

7 0.097~0.184 0.101~0.142 0.101~0.142 0.101~0.126 0.146 0.138 0.000

8  0.115~0.171 0.126~0.156 0.126~0.156 0.115~0.137 0.134 0.130 0.141 0.000

9  0.186~0.309 0.199~0.230 0.199~0.230 0.211~0.232 0.214~0.218 0.207~0.216 0.211~0.219 0.215~0.233  0.029

10 0.187~0.279 0.175~0.220 0.175~0.220 0.209~0.235 0.186~0.203  0.198~0.224  0.200~0.209 0.221~0.242  0.122~0.138  0.079

e LRI, 2. WeEEIE, 3. AWiiEE; 4. 68, 5. BNEEEE, o B ABEEIE, 7 KMEEEE; 8 JliustE; 9 MUREHEIE; 10. EEER

Notes: 1. Gymnothorax; 2. Echidna; 3. Enchelycore; 4. Muraena; 5. Gymnomuraena; 6. Rhinomuraena; 7. Strophidon; 8. Pseudechidna; 9. Scuticaria;

10. Uropterygius
3 1Wig
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Fig.2 Molecular phylogenetic trees of Muraenidae species constructed using maximum likelihood and

Bayesian inference method based on 16S rRNA gene sequences
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Molecular phylogenetic relationship of Muraenidae species in
China Sea based on 16S rRNA gene sequences

CHEN Ming "***,  FAN Manhua', XIERuilin', CHEN Yupei', LI Qingqing "***, LI Jiangtao "***,
HUANG Yanhua "**,  LINLi "***,  LIANG Rishen "***
(1. College of Animal Science and Technology, Zhongai University of Agriculture and Engineering, Guangzhou 510225, China,

2. Guangdong Provincial Water Environment and Aquatic Products Security Engineering
Technology Research Center, Guangzhou 510225, China;
3. Innovative Institute of Animal Healthy Breeding, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China,
4. Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, Guangzhou 510225, China)

Abstract: Fishes of the family Muraenidae, commonly known as morays, are of commercial importance to fisher-
ies worldwide. Morphologically, classification and identification in Muraenidae fish remain problematic because
many closely-related species share common overlapping color patterns. Additionally, colorations and patterns in
some Muraenidae species change greatly during their lives, making the juveniles quite distinct from their adult
forms. To analyze the phylogenetic relationships of the Muraenidae fish based on the molecular level, and to cla-
rify the species taxonomic controversies, 16S rRNA sequences of 26 Muraenidae species of 9 genera from China
Sea were obtained by PCR amplification in this study. Combined with other Muraenidae sequences obtained from
GenBank, the base composition, conserved sites, variable sites and genetic distance of the sequences were ana-
lyzed using Mega 7.0 software and the molecular phylogenetic trees were constructed by maximum likelihood and

Bayesian inference methods. Results showed that: In the genetic distance results, the genetic distance values of 35
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Muraenidae species ranged from 0.009 to 0.309. The maximum value (0.309) was found between species Gymno-
thorax pesudothyrsoideus and Scuticaria tigrina, while the minimum value (0.009) was between G. kidako and G.
niphostigmus. Within the genetic distance among 10 genera, the maximum inter-genera value (0.187-0.279) was
found between genera Gymnothorax and Uropterygius, while the minimum value (0.045-0.131) was between gen-
era Enchelycore and Muraena. Additionally, certain inter-species distance values within the same genus were large
and even exceeded the inter-genera values. Like some species in the genera Gymnothorax, Echidna and Enchely-
core, it indicated that the genetic differentiation level in some species had exceeded the inter-genera levels. In the
phylogenetic tree, Muraenidae species formed two major groups: subfamily Uropterygiinae and subfamily Mur-
aeninae groups. Uropterygiinae group comprised two genera Uropterygius and Scuticaria, while Muraeninae group
comprised 8 genera including Gymnothorax, Echidna, Enchelycore, Gymnomuraena, etc., which was consistent
with the current morphological classification result. In Uropterygiinae group, two genera Uropterygius and Scuti-
caria formed a parallel sister branch. In Muraeninae group, species G. zebra formed a separate branch and was loc-
ated at the base of the group, and the remaining species were clustered into another large branch. Within this
branch, genera like Gymnothorax, Echidna, Enchelycore and Muraena could not form monophyletic group. Spe-
cies in these genera were clustered together in different positions of the phylogenetic tree, revealing their poly-
phyletic evolutionary status, which was consistent with the recent molecular phylogenetic studies. For the
species/genera that were in morphological classificational controversy, our phylogenetic results supported the view
that G. zebra was classified into genus Gymnomuraena as a monotypic species. Scuticaria tigrina was classified
into genus Scuticaria and its phylogenetic status was sister to the genus Uropterygius. Species Pseudechidna
brummeri showed distant relationship with genus Strophidon, which might be separated from Strophidon and clas-
sified into genus Pseudechidna. Enchelycore pardalis was closely related with genus Muraena at the molecular
level, but morphologically, certain Enchelycore basic characteristics also existed in the species. Whether it could
be classified into genus Muraena, further comprehensive molecular and morphological studies are needed for con-
firmation.
Key words: Muraenidae; mitochondrial DNA; 16S rRNA; phylogeny
Corresponding authors: LIN Li. E-mail: linli@zhku.edu.cn;

LIANG Rishen. E-mail: cheetahliang@126.com
Funding projects: National Natural Science Foundation of China (31802300); Natural Science Foundation of
Guangdong Province (2018A0303130104); Foundation for Characteristic Innovation in Higher Education of
Guangdong, China (2019KTSCXO061); Undergraduate Training Programs for Innovation and Entrepreneurship of
Guangdong Province (202011347047)

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn


https://www.china-fishery.cn

	1 材料与方法
	1.1 材料来源
	1.2 总基因组DNA的提取
	1.3 PCR扩增和测序
	1.4 数据分析

	2 结果
	2.1 海鳝科属间形态特征分析
	2.2 海鳝科16S rRNA序列特征分析
	2.3 海鳝科属间与种间遗传距离分析
	2.4 海鳝科系统进化分析

	3 讨论
	3.1 海鳝科分子系统分类关系
	3.2 裸胸鳝属分子系统分类关系
	3.3 斑马裸海鳝的分类地位
	3.4 虎斑鞭尾鳝的分类地位
	3.5 豹纹勾吻鳝的分类地位
	3.6 拟蛇鳝的分类地位

	4 结论

