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ZICA T TR s, AR AT 5T 4 2R T HLE
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R AL G REE, FEVE T IS a1 2 BEPE I 5
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S AT FHBE R AR B (B 1) 40510 F 2018—
2019 REHRE . WA, HEEEREREMA (& 1)
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1 HERENE S (a) FIELERENZ & (b)
Fig.1 A. ommaturus (a) and

A. flavimanus (b)

Fo It BEXREA (G50, 2558 R PR IR 52 f
FHHWNE, ARBAEFARE (P>0.05). K,
TE J5 25 1Y 73 M7 o 58— R 72 ) BoA7 R AT o0 b (AR
ZEHAT)

1.2 SR
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IR M RPFRE, R E] 0.1 go X104
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B, BHEEE ST E BT SRS
G A5 ] B B FAE 450 . XHE GBS A
154 "] & AR (R K BL), kK (HL), ¥ K
(SL). B (OD). HRTaIF& AW). HRJ5 kK (PL).
ALK (UGL). &% (BD). BAEK (LCP). EHK
= (CPD), % —FfiEX K (FDL). % gL K
(SDL). Mg 4 (LP). ME &L (QP), Ffig Ik
K (SA)] Bl E 1700 5 o X HE 4275 [D1-2(W) 7 ¥
B 45— 35 65 ). D1-3(W) BT o B I 6 5.
D2-3(3F — Bl S B NE B8 1) . D2-4CE — 5 i
S R AP B AN . D2-5(E — I g R

x1 BHRAGEENHERRERSR
Tab.1 Sample information for two Acanthogobius species
i KA PR /R A/ mm 5 R/g T H AR
species sampling site date sample size body length body weight left otolith number

B AR 5L ZE  Dongying 2018-11 30 114.9~215.4 17.6~112.6 30
A. ommaturus

JHE&  Yantai 2019-04 24 166.2~290.4 38.3~132.1 24
IR G #5  Qingdao 2018-11 25 71.9~128.5 4.0~29.1 24
A. flavimanus

#5  Qingdao 2019-04 28 97.9~139.7 9.3~27.0 27
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g ) . D3-4(IE g R A B A 6B X)) . D3-
SO & S 23 BB 8 A1) . D45 A BB 1 B
B g ). D4A-7(EE U B BB BB R )
D5-6(/ i ke o5 B35 5 B K i) . D6-7(5F 75 6§
R Uit B B E K i) . D6-8(HE T 68 K Ui 3 B g Y
BB A) . D6-9(HE 1 #E K v 2| 2 6 K AR Ak 1)
D7-8 (& fig A vy 1) J2 68 75 AL ) . D7-9(F 5 A vify
FI| 2 6 E T ) . D8-9(JE #E 1 T 4 B HE
B 16 R R T, Hodr, R AR K
FHER &, Kiei 3 0.1 mm, HAb W] &8£I AR
TiEbn R RO, K5 a6 %) 0.02 mm,

HATE 1.5 mL 305 h HZE 8 /K2 24 h,
SRJ5 TR A A TEAS (KQ3200) H1 i UE 30 min,
TR HA AN AL 41, B 55 °C MERE Y
T, 5 0B % i B0 A ML (Nikon
SMZ 1000) X A7 B4 SM T #E 740 08, ARk fif
H] Chaincoder, CHC2NEF Fil PrinComp ¥ 4 11 5
19 20 B A R ER I 77 6 R S X B
SCHFSEAT AL BR 3 B R o 2 R AE A X B A
BOEALE . R/ANFIT 48 /9 T4, BURT 20 448
B EE, —4liBEH 4 MESAE (An, Bn,
Cn il Dn) £/~ , PR ELSRMERE, BA
BB BRI o A L T i A B R0 56 o506 e
BB I, i brEL A B S, H 3
AR BN H R (A1=1, B1=C1=0), HRZBANHA
HNEBES B 77 AN BB, TR 2 A K
FAN AT o

BAEF Tk i A% B2 1 B — S8 0 i 42
s AT i R B A JUL PR AR o B2 OSSR 4 DNA,
Bt 2 BEDLTE T AL R 4 DNA VA i T 100 pL 2518
K, 4°C {-AFE# H . D-loop FF 3 A4 18 K FH 1E
[ 514 dl-x FE 514 d-h®, co T 51§ PCR
PR FAIE M 519 CO 1 -F M)z la 514 co 1 -RP,
12S rRNAJF71 (1 PCR ¥ #8% % 1 1F 17 5| #) MiniFish-
UF FIRJa15 # MiniFish-UR®", 16SIRNA I PCR
P14 % HIE 1 514 16S-AF F1Z 165 9 16S-BR™,

PCR MR WK R 25 nL, R 5% ¢
Bk [29], DA b Jony ¥ s B 6 AR DL HE BR DNA
TSYLA TS . B2 uL PCR 384 7= W) 4T 1% Bl
B BE e HL Tk A I (U=5 V/em), FH UNIQ-10 #1 =
DNA Ji& [l i 351 & 647 B /9 R B i 24
1% 1R AR v A DR A RS B AT R I )

1.3 HiEALE

BEFoA  RHERGSN. HB5
Br. BNERTT 22007 3 5 ik, i e sig
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S8 AR L CH A 0 S S R AT ST T
LA PO R OR 8 f IR S 24 25 5% . A THBRMAR K
INXF AR BRI, Sk IR AR PR LSk K,
RATRARBR AR . 38 FH SPSS 19.0 F 4 X 4% 4§
PRIEAT AT, A 2045 3 04 B A A (A
SRR, JERIEMR NSRS — . TR
YRS B L iz ] SPSS 19.0 B F AT BN K )5
Z0r, R LSD ik (Jr 2257 ) A1 Tamhane’s
T2 ¥ (5 2346551 sl i 22 5. 1z 1] SPSS
19.0 B, AR 25 o B R AE 8 7 D B A1 179 )
U] /A W S o = e B 0 B e 2

I B A (P, Yo)=(FEAS rp ) 3yl 1E 4 19 4>
BUREA B K0D*100%

LA HIBIE-Y A, Y B,

i=1 i=1
A, 4, 5 A REA R B R SR, B,
HE T AR REAR S, n YR BEL
%&A2/R DNA 3 5447 {fi/] DNAStar %k
4 (DNASTAR, Inc) XfJFFIHEAT XS, FFAHLIAT.
KIE; R Arlequin 3.1 3R IH5H 7 T 2 HEES
B, MR, e At L] LR 4 Ak
SRAE B VA2l BER R A0 (Amblychaeturichthys
hexanema) V£ N HME, M GenBank H ' 2 i iF ;2
g AP I T 00T (32 2), FIH MEGA 5.0
B T B9 Kimura U280 5 PR ) B #0815
B, It 9 F 4B %%k (Neighbour-Joining, NT) Al
/DA (Minimum Evolution, ME) #4) 2 & 4 &
R,
# 2 ZA#ZEEA GenBank F5I{ER
Tab.2 GenBank sequence information used in this study
LERLADNA 7 Bt

4 = R=
%ﬂ{ﬁ mitochondrial DNA GenBank/F51 5
species GenBank number
fragment
INLLRH AR fh Ccol KT781104
A. hexanema
D-loop KT781104
128 KT781104
16S KT781104
AR pE £ col JX679021
A. elongata
128 KM030429
FL AR col JX679023
A. lactipes
128 LC385140
TR e £ Ccol JX679024
A. luridus
128 KM030432
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WR P2 A0 AE 23 W RRAE LA — ok, RS —
o WG EE AN B |, IEEESE BN ENE S, TTEEEE A . S AT SE6E SRR M i iE AR
T B 68 SRR MEE R 1 25 5 B (P=0.000)
(3, $55 R FHME).
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Tab.3 Meristic counts of A. ommaturus and A. flavimanus

PRk, PR

S TRHE Bt T £ TR pE »
meristic count A. ommaturus A. flavimanus

I UEEEBEL  first dorsal fin spine 8~10(9.1) 8(8.0) 0.000
B ESEIEL  second dorsal fin spine 0(0.0) 1(1.0)

S HERESL AL second dorsal fin ray 20~22(21.1) 13~15(14.3) 0.000
tERESSL  pectoral fin ray 19~21(20.6) 17~21(19.2) 0.000
JEtEHENREL  pelvic fin spine 1(1.0) 1(1.0)

IEtE#ES% %L pelvic fin spine 5(5.0) 5(5.0)

WEHERETRAL  anal fin spine 0(0.0) 1(1.0)

IBHERESSL  anal fin ray 17~19(17.8) 12~14(12.5) 0.000
GEFH  gill raker 349 349

BHEE L vertebra 41~43(42.5) 32~33(32.2) 0.000

E RO X 3 o o) S B £ B 1 AR IS
() 30 2H s BERRAEAR & R AT E R4 b, B —F
BB BT R N 52.101%, 55 3 B B Tk R
A3 A 15.797%(FE 4, < B R AE X6 1 BU(E
“IRERT) FBH-FERST A GO 1L KL L,
M, N, O, P, Q. T. V. W, X, YF1 AD®
WA EEm, EER T AR e, 5
0K T J5 SB4RAE (A e M f i s 55 — Rk C.
D. E. H. AA. ABHI AC Wi, &
BT kBRI ARAE s N — . B F L
Sy E AT LUE Y, R R BT A X 4 B
T E2E X (1 2-a),

X 77 A B A AR S 38 B AT 32 A T
EVRRIEE KT 10 E 3t 22 4, BT
ik F 84.265%; FLrh, H— E A TTHRE K
12.181%, 2f - FE M3 H 9.211%, F—E 0+
BT H O ARG S S IR AR RRAE, 5
T R T B4 RS & NI RERIE, H
B B ER R EIATLUE A AR
A S EAMERR X, ZREHE (& 2-b),

FI 5] 57 Yo B R S R 2 41 53 A AR
B EE R T 1 51 MR A~AD 3 30 S48 bR ik
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AN AT, FDNERRA 100%. M A~AD 3 30
A FE A HP e BT R R A K 8 N FE bR A B R
U B2 i 0 £ ) 00 R 4 ) 5K

B 2 ol 0 A1

Y =1103.8384 + 4 507.565H + 4 644.7341+

4246.0310 4 2 653.006U+ 5 372.686 W —
5034.51Y + 1511.1594 C — 2 650.57

BB ) U P

Y=1183.1514 +4 610.053H + 4 743.2771+
4137.8110 + 2 545.995U+ 5 280.1W —
4498.417Y 41 576.3654C — 2 656.924

X B2 i8R 5% fa 53 A A2 B A F1 B | R PR
i 51 A28 Hom b A7 B Ad s k) 50 43 B, #00
EHI R IR A 100%, MK 3E Wilks’Lambda 325 % X}
77 BT PR PRIE T, HZERE BISALG,
D17, B18, D18, B20, C20 F1 D20 ixX 8 il i HL
P (E X P AR PR A 2R AT o3 28, A AR
BiF 2 | S 5 £

Y = -59.256B15 +45.89416 — 38.491D 17+
68.5B18 — 19.548D18 — 117.074B 20+
72.986C20 + 18.12D20 — 0.764
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Tab. 4 Factor loadings of principal components extracted from 30 morphological characters between

A. ommaturus and A. flavimanus

BERHE Fart T2 FEH3 Fisra
morphological characterss PC1 PC2 PC3 PC4
HL/BL (A) 0.901 0.002 —0.306 —0.075
SL/HL (B) -0.142 0.095 —0.463 0.751
OD/HL (C) 0.284 0.676 —0.156 —0.331
IW/HL (D) —0.473 —0.736 0.184 0.086
PL/HL (E) 0.057 —0.680 0.349 —0.097
UGL/HL (F) —0.427 0.217 —0.590 0.052
BD/BL (G) 0.826 0.171 0.163 0.027
LCP/BL (H) -0.500 0.676 0.297 0.205
CPD/BL () 0.909 0.290 —0.052 —0.041
FDL/BL (J) 0.736 0.095 —0.042 0.340
SDL/BL (K) -0.906 —0.280 —0.051 —0.053
LP/BL (L) —0.855 —0.161 —0.221 —0.064
QP/BL (M) 0.862 —0.011 —0.170 —0.206
SA/BL (N) 0.824 —0.265 —0.071 —0.139
D1-2/BL (O) 0.943 —0.017 —0.186 —0.082
D1-3/BL (P) 0.874 0.214 —0.259 —0.010
D2-3/BL (Q) 0.890 0.104 0.041 0.020
D2-4/BL (R) 0.461 —0.028 0.146 0.323
D2-5/BL (S) 0.498 —0.165 0.449 0.030
D3-4/BL (T) 0.885 —0.199 0.146 0.018
D3-5/BL (U) 0.574 —0.505 0.434 0.159
D4-5/BL (V) 0.916 0.185 0.105 0.006
D4-7/BL (W) —0.903 —0.120 —0.133 —0.086
D35-6/BL (X) —0.841 0.010 —0.232 —0.140
D6-7/BL (Y) 0.874 0.397 —0.064 —0.022
D6-8/BL (Z) —0.686 0.508 0.153 —0.080
D6-9/BL (AA) -0.371 0.754 0.300 0.053
D7-8/BL (AB) -0.324 0.773 0.309 —0.028
D7-9/BL (AC) -0.578 0.630 0.321 0.047
D8-9/BL (AD) 0.920 0.246 -0.029 -0.007

Y= —32.26B15 — 23.3464 16 — 49.844D 17+
22.169B 18 + 46.377D 18 — 125.856B20—
30.573C20 + 103.525D020 — 0.753

BHEEFE4H AU RER R

FRE 01 5 B 6 0] A 1R £ TR R 2490 11 T A A 1Y
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Fig.2 Scatter plot of the first and second principle components from PCA

(a) morphological characteristics, (b) morphological characteristics of otolith

22 BEEZFHER

LFARDNA 4 AR BRI 00 £
519 & Pro-tRNA J¥1 5, 45 2 BE F& i MR 52 £6.F1 5
BERIUFE A D-loop. CO I . 12SrRNA £ 16S rRNA
F B ES3 503., 610, 167 F1 575 bp, HiFil
SRR P £ F) B S 2 1t AR AL, BR 16S rRNA 4,
HRE3DRBE AT S EHYP R &ET C+G &,
BEJ2 I WF 5 A0 AR Y D-loop 2 51 A6 1l 5] 9 4> 75
SALA, TSRS AY B IAE 5E A0SR Y D-
loop J7 51 A5 2] 7 A8 S 0r i, 5 A LG A
¥4 D-loop J¥ 51 & 343 B, LA I 5] 80 4> 48 i
ML, BERER R AR Cco T 3 LA 3] 10
RSN, 9 AN FART AL B ) 5 A R Y
CO I JP AR IS 1 ARS8, 3 AR RL,
PR RER SR A CO 1 P45 JF 43, Al 2]

86 AR S A0 A5 o B R Al R R S AR 1 128 rRNA
FEH LA I £ 3 AR A 5, 4 PR i
il MR 78 AN K 19 128 rRNA A6 I 31 25 S5 437
LA AR AL 12S TRNA G 43 17 )5 51 2 A6
) 10 478 S 47 5 o BE R I UF 5R A A 1A B 168
rRNA J3 1 & K 0 2 A8 5407 05, AN 1A~ B ff A
6 i) W 2 8N K 1 16S rRNA FE 51 46 0 2] 4 4
AR, A HAEAL; 16S RNA T4 4 314
Bl 2] 31 DA A7 (R 5, £ 6), PIFhMAE
T 4 4 B ¥ e s s R

I T PO Fh ORI R 58 = X . co 1 P FliHA
it fe ZREME S H0h BRI T 5 1 A
RIZFEHI AT iR R Ah, oAb 2R
B R Tt 2 e T BE IR R A0 (R 5, 3 6).
JE T 5 b ofil R PR f8 6 44 BE(CO T . D-loop,

%5 ETCOI . Dloop. 16S rRNA #1128 rRNA EFE KM ERIIIEGIFEZHMSH
Tab.5 Parameters of genetic diversity in A. ommaturus based on CO [ , D-loop, 16S rRNA and 12S rRNA

fjr)ij i,ﬁf,% Ccol D-loop 16S rRNA 12S rRNA
FEA%L  sample number 18 20 6 8
AZ SRS variable sites 10 9 0 3
HfEA% haplotype number 9 7 1 4
BRI ZFEE  haplotype diversity 0.758 2+0.105 6 0.710 5+0.088 9 0.000 0 0.642 9+0.184 1
AR Z M nucleotide diversity 0.002 4+0.001 7 0.003 3+0.002 3 0.000 0 0.004 4£0.004 1
FIPEFEIE R intraspecific genetic distance 0.002 7 0.003 4 0.000 0 0.004 6
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8 11 INEL, S5 BE R IR IR R B AR R B A B LR 1243
%6 CO |, D-loop. 16S rRNA F112S rRNA EFEH B EERITE G RESHESH
Tab. 6 Parameters of genetic diversity in A. flavimanus based on CO [ , D-loop, 16S rRNA and 12S rRNA
f%ﬂﬂj ff Ccol D-loop 16S rRNA 12S rRNA
FEA%L  sample number 24 25 6 8
AZ 7V variable sites 1 7 4 0
FAEA4 haplotype number 3 5 4 1
FAERZFEYE  haplotype diversity 0.358 7+0.109 6 0.730 0+£0.047 9 0.800 0+0.172 1 0.000 0
AR Z M nucleotide diversity 0.000 7+0.000 6 0.002 9+0.002 0 0.002 70.002 1 0.000 0
FIAIBFEIEES  intraspecific genetic distance 0.001 3 0.002 7 0.002 7 0.000 0

16S F1 128) i1 5 #5 3| F 8] ¥ 18t 1% BE 25 43 51 A
0.178 0. 0.178 4. 0.053 4 F110.057 5, W& T/
WG EE B . DAOS 228 R AR 8 10 S EE, LA D-
loop(BAf5 ALY, COT (A% ALY, 12S rRNA Fl 16S
rRNA 4 M Betbj i NJ SCERT (K1 3) FIME 44 (ME #}

A.ommaturus hap
A.ommaturus hap 2

A.ommaturus hap 8

RGN REAR ), Hh, colJEsl
5 128 JF A4 HiAE, A NCBI 3 B J p T 28 14
I UF 5% fa g v R R ) R 58 £f1 (4. elongata) . FLEG
IR PR 8 (A. lactipes) FVAZE IR P84 (4. luridus) HE
M (G 2).

A.ommaturus 8
A.ommaturus 3
A.ommaturus 7

os || Aommanrus 6 | o 6
A.ommaturus 5

COI

A.ommaturus hap 7
A.ommaturus hap 3
A.ommaturus hap 6

A.ommaturus hap 9

BRI £

12S rRNA

91 A.ommaturus 1

A.ommaturus 2

A.ommaturus 4

A.flavimanus 1

l A us hap |

85 Aommaturus hap 4

[ A.flavimanus hap 1

SEEERAR e 1

99 ‘ A flavimanus hap 3

68
L

Aflavimanus hap 2

JX6790241 | R4 £
JX6790231 | L ERF I fa
JX6790211 | AR e i

KT7811041 | /522456 AR f

(@

Aommaturus hap 6
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Fig. 3 Neighbor-Joining tree for A. ommaturus and A. flavimanus with an outgroup A. hexanema

Bootstrap supports >50% in 1 000 replicates
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Comparative studies on morphology and genetics between Acanthogobius
ommaturus and Acanthogobius flavimanus

SUN Zhicheng ', LI Yadong', SONG Chenyu', CHEN Jian°>, SONG Na "

(1. Key Laboratory of Mariculture, Ocean University of China, Ministry of Education, Qingdao 266003, China;
2. Marine Science School, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: In this study, morphological analysis, Fourier analysis of otolith and fragments of mitochondrial DNA
(mtDNA) were used to detect the species differences between Acanthogobius ommaturus and A. flavimanus. The
results showed that there was no overlap among the number of second dorsal fin spines, the number of second
dorsal fin rays, the number of gluteal fin spines, the number of gluteal fin rays and the number of vertebrae. The
results of the principal component analysis showed that the contribution rate of the first principal component was
52.101%, which mainly reflected the proportion of the body shape of the fish. The contribution rate related to the
characteristics of the rear part of the trunk was the highest. The comprehensive discrimination accuracy based on
the discriminant function was 100%. One-Way Analysis of variance showed that there was no significant differ-
ence between the head front indexes (such as the length of snout and the length of the upper jaw) and the indexes
related to the length of the tail of two species. There are significant differences in other indicators except for the
difference between them. The results of the Fourier analysis of otoliths were similar to those of the measurement
characteristics analysis. The result of principal component analysis showed that the contribution rate of the first
principal component was 12.181% which mainly reflected the shape characteristics of the dorsal and anterior and
rear edges of otolith. The discrimination accuracy based on the discriminant function was 100%. The four frag-
ment sequences of D-loop, CO I, 16S rRNA and 12S rRNA in the mtDNA of the two species were compared and
analyzed. The result showed that the genetic distance between species was significantly higher than that within
species based on the K-2P model. The phylogenetic tree constructed by combining the homologous sequences of
other gobies in Acanthogobius downloaded from Genbank showed that the two species were clustered respectively.

And the genetic difference was significant.
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