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g A RS ) PIRg R T 23 A (RO
PR AEFEA S W e R E S g ) (R
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IR U PR 4 B PR A W P 0 28 S RE AT R T 1 2 IR

DNA 25 0% 45 AR 2 — Bl A 45 /N /Y
DNA J B85 L Wy Wy o B 0 15 5 BB 00 2655
L, EE G RN IR I S L R AR,
FRTE 2 R - 2eB10 et g g1
oA TAR, WOMYIRP A RE A 1 TR
Z— o AR S22 e A6 -, 12 ] DNA
SIS EIAR, X B i it AR Rt B 0 S AT 3 2R 48
T, BAEES IR R AR DNA B2k
KA, WEFFR AT IRTT K TR R PR A AR 3

1 HREH %

1.1 REHR

ABEFE 73 RARFE A, T 2020-2021 4453
SR A B I 1) (40 R ) RN EE R VA R VR O A
(33 FB), Hvhlifa 50 BB, 4hfa 23 B, BRI R
17, B SRR, Sk IETE A s R e B I R
mn AT R A e, B S BUILA A SR T
95% LB, FHIT DNA ZRIE%E .
1.2 DNA i£E

fii R AR A= BB A BR S BT R T R ) 2 2
SLNZH DNA $2HGAH &, #2073 BARFEALA
411 DNA,
1.3 PCR ¥ i % DNA il

DNA £ 58 5% FH Ward 2505056 £ 2%
WG, WS F 55300 R Fish-F: 5'-
TCAACCAACCACAAAGACATTGGCAC-3', Fish-
R: 5-TAGACTTCTGGGTGGCCAAAGAATCA-3',,

PCR JZ W {K & : 25 pL AR R A4S
2xRapid Taq Master Mix 12.5 pL, fa2&id 5|4
F1/R1 45 1 uL, DNA 4R 2 uL, KK 8.5 L.

PCR W 45 A8 PEIRBE 95 °C, 2% 3 min;
95 C 155,56 C 10s,72 C 40s, fH¥F 35 IK;
75 CHEAH 7 min,
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14 MEEIERFHEZREERK DNA £HEBFT
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YERAP RS
15 HUEH R
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ClustalW F&J7, XFJp o317 loxt, 13751
FE . GC & M5B FES4 2T Kimura
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4k B W SR E A FE R FH Bootstrap K46, A
WHCH 1000,
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53T



%8 ARWIRE LS. WG AR Y 0 DNA A0S 20 2514 240 2 1181

x1 EHBNREEMCRMEE DNA £FHEBER

Tab. 1 Recorded speciesand DNA barcoding information of Gobiidae family in the Yellow Sea and Bohai Sea

4 Sy 275 3Tk DNA 614
species taxonomy references DNA barcoding
A4 il R 5% f8. Acanthogobius elongata [3-5] ANGBF2673-12
B #5E fi| WF 5§ 1 Acanthogobius flavimanus [2-5] AR 3 R
o ) ) VIR P AR R % £
. i _ B,
L (il i & 11 Acanthogobius lactipes Acanthogobius of Gobionellinac [2-5] ANGBF2672-12
T & 8. Acanthogobius luridus [3-5] ANGBF2611-12
B 2 il iR & 111 Acanthogobius ommatur us [2-5] A5 8 B
o 2 : OV P AR i R AR R ) o
72 1 _ 2%
NEBUFRIRIE L Amblychaeturichthys hexanema. (L U0 ehthys of Gobionellinae (2-5] B3 FE
L JBR#R B R 1% 1. Gymnogobius heptacanthus [3, 4] GBMIN122821-17
] £ 4 B IR 5% £ Gyminogobius mororanus [2-5] ANGBF2667-12
AR By IR 58 8. Gymnogobi us macr ognathos UL 2 £ 7 R MR R A R [3, 4] ANGBF15102-19
¢, B B R 7% f71. Gymnogobius castaneus Gymnogobius of Gobionellinae [4] ABFJ033-06
BB U 5% 1 Gymnogobius laevis [4] MW049117
25 B ML B IR 2 £4 Gymnogobius urotaenia [4] ANGBF2666-12
¥ AR K 1 Chaeturichthys stigmatias MN%QHWH T RAR AR [2-5] AW 2 B
Chaeturichthys of Gobionellinae
K 133K R 58 £8. Chaenogobius gulosus Mﬂﬁﬁﬂ_ﬂ %%;&EEF[E@)% [2-5] AW 2
Chaenogobius of Gobionellinae
. - PO & TR AR )R
its i Eut hthys gill 2-5
AT draeniientiys it Eutaeniichthys of Gobionellinae [2-3] x
i B UF Bt Pterogobius zacalles BUF SR 2 a0 s a8 [3-5] ANGBF2597-12
I B T B I 5 £ Pterogobius elapoides Pterogobius of Gobionellinae [3] o
Fe4m IR pE £4 Tridentiger barbatus [2-5] AWF5E 3 B
S 4 IR 8 40 Tridentiger brevispinis [3-5] ANGBF1627-12
LU 4R FE A4 Tridentiger trigonocephalus LR P f R 2 ) [2-5] AT 12 B
XUHE 4 B8 £ Tridentiger bifasciatus Tridentiger of Gobionellinae [3, 4] AHFIE 15 B
PRI 45 0T 5 £ Tridentiger nudicervicus [3, 4] ANGBF2592-12
It 45 IR pE £ Tridentiger obscurus [2] ANGBF2591-12
ifs B2 B I} B B2 £ Lophi ogobi us ocel licauda Mﬂ_ﬁﬁﬂ_ﬁﬂ MMJ{E_EFD%%E [2-5] ¥
Lophiogobius of Gobionellinae
AEHFFE 44 Luciogobius guttatus *u”’#“ﬁ_ﬂzﬂ ﬂf’#‘“@_’ﬁ [2-5] AT 2 B
Luciogobius of Gobionellinae
B3 45 4% 52 4 Mugil ogobius abei MUFREILF SIFRDR [2-4] ANGBF2662-12
. o Mugilogobius of Gobionellinae
s . i ) PR G2 fERL JIF 28
ik Vit m@ _
7N YRR B8 £ Oxyurichthys microlepis Oxyurichthys of Gobionellinae [4] FOAI103-08
JIC: LR p§ #1 Pseudogobius javanicus Mﬂﬁﬁﬂzﬂ TU&F%@E [4] ANGBF15303-19
Pseudogobius of Gobionellinae
- FC 4T £ 1 Acentrogobius pflaumii R e £ P éﬂmmﬁﬁﬁ [2-5] ANGBF36065-19
Acentrogobius of Gobiinae
LIV i BT 2 40 Favoni gobius gymnauchen ﬂ$ﬁ@lﬁﬂ i%%ﬂﬁﬁ@}% [2-5] AW 6
Favonigobius of Gobiinae
WL A U f& 411 1stigobius campbelli Mﬁﬁ.ﬂzﬂ ﬁIHﬁEE [3, 4] ANGBF2665-12
Istigobius of Gobiinae
U7 R HF p f1 Parachaeturichthys polynema ARJRAERY 7 FRUF IR LR [3, 4] ANGBF36379-19

Parachaeturichthys of Gobiinae

(¥4 to be continued)
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T4 3 AL 275 3k DNA £
species taxonomy references DNA barcoding
T R #4 Glossogobius giuris W P £ R T 0 [4] ANGBF36247-19
B4 RS 1 Glossogobius olivaceus Glossogobius of Gobiinae [4] GBMNA15236-19
= A T R | g 2 -
AL AIGEHT i Myersin filifer FRETH HRGRER [2-5] BT S FR
Myersina of Gobiinae
IR X AT R 4 Apocryptodon madurensis HY IR LI X%mﬁﬁﬁﬁ [2-5] GBMNB7364-20
Apocryptodon of Oxudercinae
K 3% £t Boleophthal mus pectinirostris Y IRAE pe 6 L7 j‘%ﬁ@,}% [2-5] ANGBF2670-12
Boleophthalmus of Oxudercinae
44 1. Periophthal mus modestus e MR R 6 R R (2,3, 5] ANGBF2598-12
K HEE 3.4 10, Periophthal mus magnuspinnatus Periophthalmus of Oxudercinae [3, 4] ANGBF2659-12
Jb s S
7 4t Scartel aos histophorus FHRAF P fLL AL 75 g%‘(’%@}% [4] ANGBF50199-19
Scartelaos of Oxudercinae
R 1575 HR AR & £ Oxuder ces dentatus FEHRAE 2 6 Y P IR 11 [4] GBMIN129802-17
Oxuderces of Oxudercinae
rh4E H5fLUF ;% £ Ctenotrypauchen chinensis S AR GG WW’?@E [2-5] o
Ctenotrypauchen of Amblyopinae
4 ) IEHARFR AR AR R R o
N ir mﬁ _ ey =
/NSk Bl FLUT FE 411 Paratrypauchen microcephalus Paratrypauchen of Amblyopinac [3-5] KA 6 B
$ir FC IR AT 2 46 Odontamblyopus lacepedii I AP pe AL AR UE e [2-5] NS

Odontamblyopus of Amblyopinae

I 48 HF p& £41 Taenioides anguillaris

Vi g T % 8. Taenioides cirratus

IEHEFRAWR S UF R G R
Taenioides of Amblyopinae

(4]
(4]

GBMNA15228-19
7

FLUR 2 f2 Trypauchen vagina

IEH R R AR FLAF P8 AR
Trypauchen of Amblyopinae

ANGBF15211-19

2 HREHSW

21 HHBNEELERMER

Xt E i a2 A R ) PR s B e
IRpEfa Rl 18 J& 23 Fi (R EZhE ) (EE gyt
BHH IR H)PEEIR AR 23 8 34
Fob Cr S AR X R AR ) PV R PR £
Bl 27 J& 39 R (Eighi a2k ) PR R
JEAF 19 J& 26 P T RGEMM, RAREI K
i IR B RO SRR I 29 8 47 (R 1), KA
ST 1) B I PR B SRR 44 5%
22 MESBHERESENTEE

MR AR B2 A0 (i JLRUE 25 22 R AE, 150K 73 B
AR Y 50 BRIEEE N 12 FilF g,
Fl4x 23 R TAFHamE, AT,
ToIR S BIFh . B RIE 25 BRI 2,

2.3 DNA £RBEYFHEE

2.3.1 BLAST #H{lELE 3t 5 DNA £ F 54
i Bk, A RASITR 73 K UF R 1 COLJF A
B4 13 4, 43915 GenBank. BOLD %t# JFE #E47
FEX o3, 4553 R 13 4551 DE AL 2 KT 99%
(IREIJE DNA ZRIEHTS . SEAFWIL S 4
TRAEATRERR, Ho 12 4R a7 51 %) BLAST EuX}
SR A RGBS R —3U(GP1-12); TGk
UG 25 22 1E S 0 1Y 23 R4 ke i, DNA 440E
fith 17 91) Ll X 235 SR 43 3l S XUAH 45 i B8 £ (T, bifas-
ciatus)(GP5) . & 4m iR 2 £ (T. trigonocephal us)(GP6),
Fir FC AR 2 1 B2 £21.(O. lacepedii)(GP13).

L ST, 13 FPF A8 73 2P AR B K
FE¥ 609 bp, YA N A T: 30.0%, C:
26.6%, A: 24.3%, G: 19.1%, Hr A+T & &
(54.3%) B & T C+G %5 (45.7%). COI JH %
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Tab. 2 Identification and classification of Gobiidae by morphology and DNA barcoding
Yy e ik
2H 51 W4 & 44 Fh 44 e species identification
group subfamily genus species quantity SR DNA £
morphology character DNA barcoding
i F FE f4 )% Acanthogobius B R P £ 8 2
GP1 : N J
A. ommaturus 8 ind. adult
& ifil| i =
ar SEALAT e W3 2 J y
A. flavimanus 3 ind. adult
GP3 ffi 2 W jE 1% Amblychaeturichthys 7S 22 R AT IR £ W3 R N J
A. hexanema 3 ind. adult
GP4 7% R UF E f1 )@ Chaeturichthys ¥ RUF R A B 2 B N J
C. stigmatias 2 ind. adult
ZAUFFR a8 Tridentiger Xy e W 5 £ S R N J
GPS T. bifasciatus 5 ind. adult
AR B 0 it 10 & N
Gobionellinae 10 ind. juvenile
LUER R Wt s R N N
GP6 T. trigonocephalus 5 ind. adult
i 7 8 N
7 ind. juvenile
FeLR AR a3 R
GP7 T. barbatus 3 ind. adult v v
GP8 LSk MR B f5 )8 Chaenogobius KRR SL I 5 £ Mt 2 B J J
C. gulosus 2 ind. adult
GP9 SR p2 40 )8 Luciogobius AENR R L. guttatus )52@ 2fE N \
2 ind. adult
GP10 FUZUF K 11 )8 Myersina KRR R Wt 5 R N J
IR £ Y B} M. filifer 5 ind. adult
GP11 Gobiinae i H5F 78 £1 J& Favonigobius PRI e BT P £ At 6 B J J
F. gymnauchen 6 ind. adult
GPI12 HIFLUT pE 11 )8 Paratrypauchen /K BIFLER B2 fA Wt 6 B N J
I W BT R P. microcephalus 6 ind. adult
GPI13 Amblyopinae JRZF U B2 )& Odontamblyopus P FRAR T HF B fa Yt 6 2 N
O. lacepedii 6 ind. juvenile
¥ B2 SRR R Iy, B — B 1 GHC & 232 ThEIEMAEEESR MR Kimura 2-
R (56.2%), BTN AT Sk parameter BIRITFEAT 13 PR E A Fb SR (E] a5

(56.1%), I ULAEORIE %65 T 76 i A % - HA —
SE B P (GE 3). 7E 609 bp BIFSH, dhA 365
AMESERL I, A7 244 A, Hh R 2005 B
J2420, B—(F BALE 24, TCIER AR

FEREE (e 4) o 13 FPIF 58 £f 1 FP IR AZ I 4 0.001~
0.009, FH{EH 0.003, KT 2%AIFH] % 15501k
FBREY, Fhia) s AR R 0.149~0.282, SEHIMH Ky
0.216, ¥IET 2% Rl AL /AL AR Y, Fhia) 5

* 3 13MiFERA COl EEmEMEAME
Tab. 3 Bases usage frequency in COIl gene of 13 Gobiidae

T 3 JEy R S A B T 2 DT 3 iR
base frequency 1st site of codon 2nd site of codon 3rd site of codon
T 30.0 17.1 41.8 31.2
C 26.6 24.9 29.0 259
A 24.3 26.7 14.3 31.9
G 19.1 31.3 14.9 11.0
A+T 54.3 43.8 56.1 63.1
G+C 45.7 56.2 439 36.9
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Tab.4 Comparison of intraspecific genetic distance (diagonal) and inter specific genetic
distance (below diagonal) of 13 species of Gobiidae

205 number GP1 GP2 GP3 GP4 GP5 GP6 GP7 GP8 GP9 GP10 GP11 GP12 GP13
GP1 0.001
GP2 0.226 0.002
GP3 0.238 0.177 0.005
GP4 0.253 0.280 0.251 0.008
GP5 0.231 0.241 0.241 0.248 0.001
GP6 0.240 0.234 0.228 0.245 0.117 0.004
GP7 0.230 0.230 0.245 0.228 0.239 0.238 0.007
GP8 0.223 0.264 0.228 0.249 0.258 0.251 0.264 0.001
GP9 0.237 0.252 0.245 0.201 0.240 0.235 0.223 0.168 0.003
GP10 0.149 0.243 0.235 0.227 0.235 0.258 0.234 0.240 0.219 0.001
GPI11 0.247 0.255 0.261 0.197 0.247 0.232 0.261 0.282 0.241 0.227 0.001
GP12 0.215 0.243 0.238 0.263 0.226 0.230 0.218 0.268 0.227 0.242 0.283 0.003
GP13 0.214 0.165 0.194 0.254 0.234 0.189 0.222 0.226 0.213 0.224 0.230 0.242 0.009

N IRAGHE B L EAT & Hebert 421 BRI &
“LOXEEIPHRAEC 12 SR E Ry 13 AR
24 WEBRHLZFRRSMH

SRy ik — 20 0 iE S5 S 45 R 1 A RN AT RE
AP AR DNA FIEWEARER, ¥
AWEGE AR ER R AL 10 J8 13 Fp 73 KiFfRfa
DNA IS, 5 BOLD 4% T 401 18 J& 29 Ff
IR DNA B E I, e TiRgEar 26
J& 42 ML T REM (A 1), BRI E M
W Gobiinae) 6 J& 7 Fi, HAKF & 3 FH(Gobio-
nellinae) 11 J& 25 Ff, 5 HREFFE A L (Oxuder-
cinae) 5 J& 6 1, it H 4FFE 1V Al (Amblyopinae) 4
J& 4 Fh

FokBEWMY, WEKF L, I g 6w R
(Gobiinae) . IR FE 13V Bl (Gobionellinae) . T H
IR 2 4 0 B} (Amblyopinae) . 75 HR UF j§ 4 W Bl
(Oxudercinae) Y SR I AU b, 4K b 2 —
X BKE L, BRAR B UF 5 )8 (Gymnogobius)
Hh, HoAth & B Re A 7 R — 3 FEMIIKE L, 42
FAR P ) DNA SRS F 9 R R oy — 32,

3 it

SRR BN E S Z | TR R 2 Ak
FO AR % SR AE SRR AL, SR G S JME
KE KPR . DNA RISy —Fhnsd . i 5 1
TR, NI S K E R TR SR A Tk

it AHIFFE RN 73 SR R 0 20 A5 B8 E Fl DNA
SICAS P B XA, AN 13 A BOF,
Hodr 12 PPl ) DNA B 588 % 45 R —
B, S35k 23 R4 ALRERI T DNA SIE A6 H
Flv 2, %5 245 1 804 IR 52 £ (T, trigono-
cephalus) . Xy 4 WP j§ £ (T. bifasciatus) 147 [CR
FHFFE£a(0. lacepedii), HFFE a4 B BE O REAR,
HM R 2 S e E AN LB i, MfE DLz B
FLOTIE LB RS E, TiE T DNA SR8 AT
DI HAERf S, X8 T DNA SRIEMTE
gl 5 S R P OLE, DR X I R 7R AR R A
FAFHE A0 4328 v B B0 B I i 5 o

DNA Z5IE 1 Ay 8 5% 40 A7 350 Fh 44 1) i A B 1L
THEIWFUEE . ean, SUEEr g AT, trigo-
nocephal us)-5 X5 45 iR 52 £ (T bifasciatus)JE 25 2%
FEOERC AR, £5 2 R A 22 5 00 45 1R 0%
11 (T. bifasciatus)f A 40 4 U ;2 (T. trigonoce-
phalus) i [R5 4 21, A5 iz F DNA S5 4
Mr &30, 45T pEAf (T, bifasciatus) ., SC4RAF L
(T. trigonocephal us) 4 A5t A& 1 25 4351 24 0.005 Al
0.002, FhIAIGRAGHIES K 0.177, Fia) 560 814
FEES LLIEAF & Hebert £ A0 42 <1074 )
Frife, FEIHLC4E R R (T, trigonocephalus) 5 XL
WP 4R IR PR A0L(T. bifasciatus) AN A % Fh . 7],
ARG AN T PR A R 8 £0.(O. lacepedii)fy
BN A ROC R . TER IR 732808, 2K
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100 Odontamblyopus lacepedii*

100 Trypauchen vagina

100 Oyuderces dentatus™

72 o Paratrypauchen micr ocephalus”

Scartelaos histophorus™

100 enivides anguillaris®
100 Boleophthalmus pectinirostris™

Apocryptodon madurensis™
Periophthalmus modestus™

94 IW Periophthalmus magnuspinnatus™ —

e

100 Mugilogobius abei —

*

100 Chaenogobius gulosus™

76

L—— Gymnogobius mororanus™*

*

100 Gymnogobius urotaenia™

Eeey

100 Luciogobius guttatus

*

Gymnogobius heptacanthus®™

*

— 100 Gymnogobius macrognathos™

51 Gymnogobius laevis™
_97'% Gymnogobius castaneus™"

100 Istigobius campbelli

100 Oxyurichthys microlepis™*
100 apyersina filifer™

*

Parachaeturichthys polynema™

100 Acentrogobius pflaumii
Favonigobius gymnauchen

10
ﬁﬁ Acanthogobius ommaturus™
Acanthogobius flavimaus™™

Acanthogobius luridus™*

ko

Acanthogobius elongata™"
Acanthogobius lactipes™

*

1007, ridentiger nudicervicus™
100 Tridentiger bifasciatus™
100

*

Tridentiger brevispinis™
100
7 A0 Tridentiger obscurus™
0 _ Tridentiger barbatus™"
Tridentiger trigonocephalus
57 100 g g P

*xk

100 Pterogobius zacalles™

*

100

100 Amblychaeturichthys hexanema™
\TLT_W Chaeturichthys stigmatias™*

100 Glossogobius giuris™™

55 ‘W Glossogobius olivaceus™

*

Pseudogobiu javanicus™

00 Pholis fangi

Bl 1 42 RS DNA SIEIARHEE RIE ST R G
NIRRT AR, # BRI T AR P A RS, bR T i R R AR 2K
BV R IOLMR PR A I R £ 2K R g R B £ 3V B 412, Pholis fangi i AMEEE.
Fig. 1 Neighbor-joining phylogenetic tree of DNA barcodes for 42 species of Gobiidae
Marked with underline are the samples determined in this study; Marked with * are the samples of Amblyopinae;

Marked with ** are the samples of Oxudercinae; Marked with *** are the samples of Gobionellinae;

Marked with **** are the samples of Gobiinae; Pholis fangi is the outgroup.
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Fig. 2 Clustal analysis of Odontamblyopus lacemedii and Odontamblyopus rubicundus
Marked with * are the samples determined in this study; GBMIN130107-17 (from Qingdao, China) and ANGBF15191-19

(from Guangzhou, China) are the DNA barcodes of Odontamblyopus lacepedii download by BOLD database;

ANGBF51370-19 (from Xiamen, China), ANGBF15195-19 (from Xiamen, China), GBGCA5332-13 (from India),

GBGCAS5333-133 (from India), GBGCAS5334-133 (from India) are the DNA barcodes of Odontamblyopus rubicundus
download by BOLD database; Acanthogobius ommaturus is the outgroup.
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Abstract: The goby is a key link in the food chain at the bottom of the ocean and plays an important role in the
material circulation and energy flow of the ecosystem. Due to the large variety, extensive distribution, and small
size of the goby, as well as different degrees of degradation and specialization in morphology, it presents great
challenges to morphological classification and identification. In this study, 73 adult and juvenile goby samples
from the Yellow Sea and Bohai Sea were identified by morphology and DNA barcoding. According to the
morphological classification, 12 species of 9 genera were identified, while 13 species were identified belonging to
10 genera of family Gobiidae. Thus, in the case of insufficient experience in morphological identification or
unclear morphological characteristics of juvenile fish, DNA barcoding can effectively identify species. At the same
time, the list of recorded species of family Gobiidae in the Bohai Sea and Yellow Sea of China was systematically
sorted out, with a total of 47 species of 29 genera. According to the recorded species list, the DNA barcodes of 29
species of 18 genera belonging to the family Gobiidae were screened and downloaded from the BOLD and NCBI
databases. Combined with the 13 species of 10 genera of gobies identified in this study, a phylogenetic tree of 42
species of 26 genera was constructed, covering 89.36% of the recorded species of gobies in the Bohai Sea and
Yellow Sea of China. The DNA barcode classification system of gobies was established by confirming and revi-
sing the molecular phylogenetic relationship and morphological classification status of gobies. The results of this
study demonstrate the recognition efficiency of DNA barcoding in the classification of the gobies, make up for the
shortcomings and limitations of traditional morphological identification methods, enrich the goby DNA barcode
database, improve the goby DNA barcoding classification system, and provide a scientific basis for research on the
conservation biology, evolutionary biology, and biogeography of goby fish.

Key words. gobies; DNA barcoding; species identification; molecular phylogenetic relationships; DNA barcode
classification system
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