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Morphologal characteristics and mitochondrial genome of Gymnothorax

poikilospilus, a new recorded Gymnothorax species from mainland China
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2. College of Animal Science and Technology, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China

Abstract: At present, there is still a lack of research on the germplasm resources of the moray eel genus Gymnothorax in the
world, and its taxonomic classification and resource documentation require urgent revision and updating. In this study, we col-
lected and identified a Gymnothorax specimen from Zhanjiang, Guangdong Province through morphological and molecular
biological methods, so as to provide a scientific basis for the germplasm resource analysis and species catalog updating of this
genus. The specimen was analyzed for external morphological characteristics and its complete mitochondrial genome was
sequenced. The morphological results show that the specimen exhibited a uniform brown body coloration without patterns or

spots, a high dorsal fin originating anterior to the gill opening, light grayish edges on all fins, a slightly arched lower jaw preven-
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ting complete mouth closure, uniserial teeth, and a vertebral formula of 5-58-140. These characteristics aligned closely with the

newly described species G. poikilospilus sp. nov. The complete mitogenome was 16,572 bp in length, comprising 22 tRNA genes,

2 rRNA genes, 13 protein-coding genes, and 1 non-coding control region, with gene order and content conserved among

teleosts. Phylogenetic analysis based on 12 protein-coding genes reveals that G. poikilospilus clustered closely with G. odishi,

G. reevesii and G. pseudothyrsoideus. In the COI-based phylogeny, the studied specimen formed a monophyletic clade with

G. poikilospilus. Genetic distance between the two species was only 0.004, far below the species delimitation threshold of 0.020,

further confirming their conspecificity. This study represents the first record of G. poikilospilus in mainland China, integrating

morphological and molecular evidence to expand the germplasm resource database and facilitate future taxonomic research on

Gymnothorax.
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Fig. 1 External morphological characteristics of G. poikilospilus
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Table 1 Morphometric measurement data of
G. poikilospilus

B %% No. A pRA
MeZasied trait ZKAT- Holotype
GP20230608 specimen
4K Total length/mm 692 768

542K Huffi] Proportions in percent of total length/%

A& Body length 98.5 —
1R Body depth 8.1 8.3
3k Head length 13.5 14.5
IR Trunk length 35.8 34.8
JEK Tail length 50.6 50.3
HEENIE

Distance from snout to dorsal 9.1 —
fin

B EERITHE e

Distance from snout to anal fin ’ T
W EFL K Base of the dorsal fin 90.9 _
B E LK Base of the anal fin 493 _
JILHIHE Preanal length 49.4 49.7

53k 4 Hu 8] Proportions in percent of head length/%

W Snout length 17.0 17.9
LA Upper jaw length 44.6 46.3
R Lower jaw length 44.4 46.8
R4 Eye diameter 6.4 8.7
ARTAIFE Interorbital width 10.5 11.1

HEE Vertebrae/ 1™

T R HE AL
Predorsal vertebrae
NTHTEHEE %L Preanal
vertebrae

JTEHEE B Total vertebrae 140 141

F5 Teeth/ >

58 57

RUAR 54X Premaxillary teeth 5 6
A Y540 Maxillary teeth 18 18~19

%X Dentary teeth

e AL
Median premaxillary teeth

BLH 1550 Vomerine teeth 4 5

28~29 27

T “— R

Note: "—" represents no data.
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(57.0%) KT G+C (43.0%), FELE—EMII G Mhfd.
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222 EGRBALRH
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TN AGA, 4T HABFHAK L HW T AT 2%
i+, 40 CoIll &N L%+ TA, ND2,
COII, ND3 ll ND4 3£ Z R ES T8 T,

Ji (0, 4 i s 2 A T 13 AN T g LR
30 MRS FAEAE a2 65 7 (i A0 %
(RSCU) ¥JRT 1 (& 3) . HHHRARE T CGA
(2.72) SR, NARR GCG (0.20) MR
Bl ERIETH =i, B3 A AR
= (1360 1Y), G AR (381 1Y)

ERSRA RN, BREXIEEHF, 134
B A SE R I g i S LR 3 815 4, H &R
(Leu) Fitimm (6021 , H2EEMEEL 11.95%,
H®KENZMR (Ala, 326 4) 57 & (Thr,
3224, AR 8.55% 5 8.44%, TRk R
(Cys) Fra ik (32 1%), 100 0.84% (K 4).
223 tRNA 5 rRNA % K
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Fig.2 Mitogenome map of G. poikilospilus
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Table 2 Main structures of mitogenome in G. poikilospilus
A Yt B A=+ KB (1) B e AR T LT
Gene Coding strand Location Size/bp Intergenic nucleotide Start codon Stop codon

tRNA™" H 1—69 69 0
12S rRNA H 70—1018 949 0
tRNA"" H 1019—1089 71 13
16S rRNA H 1103—2748 1646 0
tRNA"V H 2749—2824 76 0
NDI1 H 2825—3796 972 1 ATG TAA
tRNA™ H 3798—3 868 71 -1
tRNA" H 3868—3938 71 -1
tRNAM H 3938—4006 69 0
ND2 H 4007—5048 1042 0 ATG T--
tRNA"™ L 5049—5117 69 1
tRNAM" L 5119—5187 69 1
tRNA*" H 5189—5261 73 22
tRNA®* H 5284—5350 67 0
tRNAT" L 5351—5421 71 1
COI H 5423—7030 1608 -5 GTG AGA
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gFR2 to be continued
L A [IVA=s KB 1) R i e AR LB
Gene Coding strand Location Size/bp Intergenic nucleotide Start codon Stop codon

tRNAS"D H 7026—7096 71 5

tRNA"? H 7102—7171 70 0

coIlt H 7172—7862 691 0 ATG T--

tRNAM* H 7863—7935 73 1

ATPase8 H 7937—8104 168 -10 ATG TAA

ATPase6 H 8095—8778 684 -1 ATG TAA

colIit L 8778—9562 785 0 ATG TA-

tRNA®Y H 9563—9633 71 0

ND3 H 9634—9982 349 0 ATG T--

tRNAYS H 9983—10052 70 0

ND4L L 10053—10349 297 -7 ATG TAA

ND4 L 10343—11720 1378 0 ATG T--

tRNA"™ L 11721—11789 69 0

(RNAS® L 11790—11857 68 0

tRNA"® H 11858—11930 73 0

ND5 L 11931—13772 1842 —4 ATG TAA

ND6 H 13769—14287 519 0 ATG TAA

tRNA™ H 14288—14356 69 6

Cytb H 14363—15502 1140 3 ATG TAA

tRNA™ H 15506—15577 72 1

tRNA"™™ H 15579—15648 70 0

D-loop H 15649—16572 924 0

E: HERE; LR,
Note: H. Heavy strand; L. Light strand.

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

0
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Relative synonymous codon usage
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GCC CGC AAC GAC ------------------
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Fig. 3 Relative synonymous codon usage (RSCU) of mitogenome in G. poikilospilus

SRIEMHE T 47 P EERI AT RGN muraena) . 5 B JE (Rhinomuraena) . B4 % &
(1 6), LR AR, 47 FFEERMARIE NS, (Enchelynassa) M5 A &R (Strophidon) 55 5 4>
ﬂ'ﬁ%%@%lﬁﬂz/\qz ﬁ:}’ji :L_'?ﬂ:}/j&#’ﬁ’*— J& , H g I 22 R R R 5 T A I R AR
o WEEET AL SR | BUBEEE (Gymno- R BRENEEEE SN, HAbE BRI R AE A R



55 4 9 i A P E R BRI SE R il SR —— A GRS A5 S ok (A E R 41 20 A 165

500 r
450
400
350 r
300 r
250
200 |
150
100 |

50

AR H = Amino acid number
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Fig.4 Amino acid number of protein-coding genes in G. poikilospilus

B, ARG RN, Ze B 5207 TR M SR
JfiE (G. pseudothyrsoideus) . B gFERIME | /R
Mt (G. minor) . BAKEAEWGEE (R, quaesita) 55
7 PP SR N, IF SSRGS (G. ree-
vesii) . TR I SCRR R fik B 3 5 AR IR 5 OC R 5ol
i,
232 ARMEEE DNA &H 8 COI LB 57 5T 4
ki IE

M GenBank H N #k 103 FifgfER 25 DNA 4
JEiS col AP, HIxaiig cor HEH iy 5|
(MR 27 51 ) L [E Lexs, FIH MEGA
X HEATFpEEAL R B b, 25 SR 3 s ()

His (GTG) Leu (TAG)

gt 2, RS IURR 5 A M %5 (4 15 55 5
KREH/IMEAHT 20 2P . HT COIHEHFHIY
SIRTIIR, AESE 2R IR L 5 HAb SR Fh
B FE B IR 0.004~0.280, HiH 5 Huang 21
ER A EE COI 3 H T4 (GenBank % 5%
‘5 : ON351489) L HE B iR/, 1R 0.004, /)
Tl %7 e/ Vst AL P B 0.020, R H 7557
TRV LJEFFE—F, boh, et S5 i
T B ) i as A2 1R B Jpe/IMELA 0.112 (RRICRR )
TR T 0.020 MBI S IG FUE , /R A o g
J2 DX 43T A VA 65 () kST W . SRR S AR G RR

Pro (TGG) Glu (TTC)
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Ala (TGC)

K5 Zctpig (RNA — g2t
Fig.5 Secondary structure of tRNA in G. poikilospilus

R3 FBERMWES ERGEEMNTEZEES

Table 3 Inter-specific genetic distance of COI sequences between G. poikilospilus and other Muraenidae species

Yk PR Y iR
Species Distance Species Distance

RO Mf%E Gymnothorax poikilospilus (ON351489) 0.004 Pttt Echidna unicolor 0.240
AR M G. shaoi 0.112 4I5S #RIEE G. pictus 0.241
RSN EE G. pseudothyrsoideus 0.123 RINEHEE G. australicola 0.242
SIBEHEEE G. reevesii 0.123 FEBLEE T Uropterygius fuscoguttatus 0.242
2411 21tk Enchelycore schismatorhynchus 0.128 M SR G. johnsoni 0.243
B GERIAEE G. odishi 0.135 T & FE A% Uropterygius xanthopterus 0.245
B UM G. monochrous 0.141 HBEEEE U. alboguttatus 0.247
HORBMIEE G. tile 0.158 BB NS G. pharaonis 0.248
E AR, G. angusticauda 0.159 2% U. concolor 0.248
K S # Nt G. prolatus 0.177 W BEMNAEE G. fuscomaculatus 0.249
AN, G. sagmacephalus 0.181 MSEE Muraena retifera 0.250
T tiiasE G. hepaticus 0.183 PEREE U. macularius 0.252
JNHERRIASE G. javanicus 0.184 MEEHNIEE G. gracilicauda 0.252
SFENE G. richardsonii 0.184 Z WIS G. polygonius 0.255
M N G. albimarginatus 0.185 RS E G. kidako 0.256
22 [N EE G. randalli 0.185 kBt Echidna delicatula 0.263
KARBRMIBE G. longinquus 0.189 JEBEHE R 8 Scuticaria tigrina 0.263
IR SN E G. phalarus 0.189 i[GBI E Pseudechidna brummeri 0.275
VUFLES 13 Strophidon tetraporus 0.189 /Mg BB S U. micropterus 0.280
BRI G. undulatus 0.190 P RAT U. kamar 0.280

i Cor F P LR i/ 20 Rl MBS, M BEECEERON—30, SRGCRRIL, % SCHHRERG
ERAAIREE T RGBT . 45 RER, A BRIWSE S W) W BT R o STAIER . IRIMSCER I
WS 2R CLERME 5 Huang 551" ICTEROZR ORI 86 . SJBERRMGSE | PR3 5 RIS 5 B SO BETE 1R
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FMLM % G. mucifer OP689755
TAERREE G. niphostigmus MW548266
URECHRIN % G. kidako AP002976

BRSO G. margaritophorus OP035139
4 JZ R EE G. gracilicauda OP035276
FIPERRIN 6 G. prismodon OQ656149

Z R G. polygonius OP056815

100

100

100

JER B EE G. berndti 0Q396767
BIGIRANGE G. emmae OP745415
U G. chilospilus OP035101

4100‘:M LU % G. reticularis OQ675586

100

iy FR#RI % G. zonipectis OP035256

_|— YU EE G. richardsonii OQ675585
2 i E. polyzona MW574914

99 —| 87
100

KR g S. sathete MW035594
JIFE R 6E G. hepaticus 0Q656150
NERIEE G, minor MK204283

100

100

76

) O e B

AR S HEEE R, quaesita AP010844
FEWBIEE G. poikilospilus PQ580705*

87 100 Bl P EE G. odishi OR465051
2 E RS ES G. pseudothyrsoideus MW035595
100~ ZJPE#HEE G. reevesii MW539055

R 6% G. flavimarginatus MW 160687
Y EE G. javanicus MW 145336
GRS G. favagineus MW 133236
KRG EE G. formosus KP874184

100 iR EE G. rueppelliae MW 133237
4100‘_‘:%11 IRERRIREE G. fimbriatus MW145337
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Fig. 6 Molecular phylogenetic tree of 47 Muraenidae species constructed using maximum
likelihood method basing on 12 protein-coding genes
Note: "*" represents G. poikilospilus used in this study.
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Fig. 7 Molecular phylogenetic tree of Muraenidae species constructed using maximum likelihood basing on COI genes

Note: "*" represents G. poikilospilus used in this study.
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