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1 BERRILTE & ((a)F0 R EERI AT R & (b)
Fig.1 Acanthogobius ommaturus(above) and

A. flavimanus (below)
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WAF T R BRI IR 5T A0 A 6
IR i KPR E, RS 300.1 g0 XF104H]
Bk GF — T B8 B MOE . 5B AT BEEE AL, 56
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Tab.1 Sample information for two Acanthogobius species

Ykh KA KA (5] /A~ FRACHEE /mm R R /g T H AR
species sampling site date sample size length range weight range sample size
B8 S £ 78 Dongying 2018-11 114.9~215.4 17.6~112.6 30
A. ommaturus
% Yantai 2019-04 166.2~290.4 38.3~132.1 24
IR G #5  Qingdao 2018-11 71.9~128.5 4.0~29.1 24
A. flavimanus
#H&  Qingdao 2019-04 97.9~139.7 9.3~27.0 27
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JH Chaincoder, CHC2NEF, PrinComp4X 4 1144 15 3]
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WAEF gk AL G - R
AR Fp R 52 £ L PR R R 4R IS 41 DNA, 8
O TETUE 5 Y 3 K] 2H DNAY ## T 100 pLzE 18 7k
Hr, 4 °CIR-A7 4 . D-loop) ¥ 51 (W4 14 5% I 1F [f)
519 dl-xF1 52 1) 51 %) dI-h™ . COLF 31 1Y PCRY™ 14
FHIE R 5 YCOL-FHI 5 #ICOI-R™, 12S rRNA
J¥ 51 9 PCRY™ 4 % H 1E 1] 51 ) MiniFish-UFFl JZ [11]
5 ¥ MiniFish-UR?, 16S rRNAJF 51 f) PCRY"™ 1 %
FHIE [ 519 16S-AFA1Z [ 5 9 16S-BR™

PCRAJ R R IL25 uL, R &MHS%E
RFRSCERPY, Db O B B % BE D) HEBR DNA
YL . B2 pL PCRY™ 34 7 1y i 47 1% 15
W BE I FR K A I (U=5 V/em), ] UNIQ-10%E 5
DNAJiE [l it 351 & 6 47 B 5 R B [l fic 46k
7% IR AR v A R A RS B AT R
1.3 #HIELIE

BEFSHN  RHERS . A5
M. Ry 2500138 ik, M ETAHE SRS
f 8 bR DA K B A B 48 S R A AT SR A A,
P B RN IR B M0 B B 22 5 0 T BR SRR
INKF A AR AR IS, Sk AR bR DAk K,
RS TEIRBR VAR K o 38 HISPSS 19.0%k {4 X} 4% 15
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(O Z3E55 1) A Wi Al ] 22 5 . 32 FHSPSS 19.04k
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F) 590 M W 232 P(%)=(FE A Hh 40 3] 1E 8 19 1> %L
IREAR B )% 100%

A HIHIE=3 4,/ S B,

=1 =l
Ao, ACH S U B b L ) O w0 S AR
B, BOMERI BRI AR S8, oW Rh E gk
KALARDNAZ &4 #7  ffi HIDNAStarfk
{4:(DNASTAR, Inc)Xf Fol 47 Hext, FH4HLLAT
K 1E 5 F)H Arlequin 313K 4F 8 0 F 2/ 1E 2
B, M RAE, e o DL RS A
SRR EG VIS22i IR f(Amblychaeturichthys
hexanema)fE R 7MNEE, M GenBank™ T 25 i #F f2 £
J& 8 HH 5 P 3 (R 2)i#k AT 43 A, A HIMEGAS.0
() Kimura X S 55005 115 W Fp E) A v st AL R e, 9F
47 5 FH 4B 4% 1 (Neighbour-Joining, NJ)Fl # /)y it £k
#:(Minimum Evolution, ME)f4 ## 2 4t & & #,
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Tab.2 GenBank sequence information used in this study

LRI ADNA B B

[ =)
%ﬂi% mitochondrial DNA GenBankf¥51 S
species GenBank number
fragment
Il AR R col KT781104
A. hexanema
D-loop KT781104
128 KT781104
16S KT781104
AR pe £ col JX679021
Acanthogobius elongata
128 KM030429
FL IR 5 col JX679023
A. lactipes
128 LC385140
T AR R £ col JX679024
A. luridus
128 KM030432
+
2 4R

X 2 0 R PR £ M g e o W 2
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A1 P JE S8 B R R RE L, R i R RO E (LS,
BFLRCN 3+9, SYAAFAEE S5 R A0 A B8 £ 1Y
S5 T B R 6 24 G R, T B A 0] A S 1Y
S W R AR EE A — BB, T AR O TR AY X
ORRRAE 5 AR B B o R N g G 2R R0 — &

BEHES, HMisirtES, Bk, WEE
P AAE ST RRE D AR —E Ak, AR 1
BEEERRAL . T EEEE M. MEEEE L. B
g6 SRR . FHE AR 22 7 35 (P=0.000)(#3).

®3 BERANE & MEREER RSN D TIHIEGES AR F11E)

Tab.3 Meristic counts of A. ommaturus and A. flavimanus (numbers in the brackets are mean values)

I3 RHE DE R AR % B T £ »
meristic count A. ommaturus A. flavimanus

H—IUEEEMEL  first dorsal fin spine 8~0(9.1) 8(8.0) 0.000
I EEEEIREL  second dorsal fin spine 0(0.0) 1(1.0)

TS HERESAEL  second dorsal fin ray 20~22(21.1) 13~15(14.3) 0.000
fltig#& 2% %L pectoral fin ray 19~21(20.6) 17~21(19.2) 0.000
MG EEMAL  pelvic fin spine 1(1.0) 1(1.0)

IEEEEES<E  pelvic fin spine 5(5.0) 5(5.0)

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

BHERESEL  anal fin ray 17~19(17.8) 12~14(12.5) 0.000
HEHIEL  gill raker 3+9 3+9

HHEEEL vertebra 41~43(42.5) 32~33(32.2) 0.000

RS Xof 1 A B £ bR o AL Y
3041 2 BERRAE AR AT F R 0T, SR —
() 5T Bk SR IA 3 52.101%, 55 A4S T 4 19 sk R
G390 R 15.797%(F 4), Hd, H—F W a A,
G.I. K., L. M, N, O P, Q T. V., W,
X. Y. ADM#E M ER m, BB T iRk
MBI, 5 4R TS AR A A e B s 2B
FHC, D E. H. AA, AB. ACHY# ff{H
B, FERWT S EB AR A ERE s A —
o Z F o HOS E E 2@ ] DUE . PIRREE R
0 XA s, TeAMARSE X,

X5 774 B A A S (R AT R A AT
R EVRRAEAE R T 109 = s 36224, BB TTERR
ik 5 84.265%; Hoi, i — F A TTHR R A
12.181%, 4 — F W5 F9.211%, F— F s+
BT B O RR S S TR AR AR AE, 5
FR BT B4R & IR IE . B
B B RS RN LA, PR E
A DEMEZE N, ZREIEE20).

H| B A7 X BiF J52 3] M 5 £ 534S AN (AR i
g 668 ) R B AR ST SR 19 A-ADIE 30 F5 A i AT
F oA, A0 IE #0328 100.0%. M A-ADHE30
A F8 b v e BT R R A K Y 84 48 Bk A 7 B
W 5 R B R S £ 1 0 A 5
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Y =1103.838A 44 507.565H + 4 644.7341+
4246.0310 4 2 653.006U + 5 372.686W —
5034.51Y + 1511.159AC — 2 650.57

B R A

Y =1183.151A + 4 610.053H + 4 743.2771+
4 137.8110 + 2 545.995U + 5 280.1W —
4 498.417Y + 1 576.365AC — 2 656.924

X BiE B2 o R P £ 534 22 B A i 6 ofi) MR PR
514 A Hom i AT Ho sy e A 7000 43 A, H
S 1E B 2R R R 100.0%. 4K i Wilks Lambdaik B
XFTTIAG N, M AR PR dEA T I 8, FRe Ak HEBIS,
Al6. D17, B18, DI8, B20. C20. D203i% 87 {#
FEL IR X R O B 2 A T 4028, HOHI B R

BE 2 ofl] A P A1

Y = —59.256B15 + 45.89A16 — 38.491D17+
68.5B18 — 19.548D18 — 117.074B20+
72.986C20 + 18.12D20 — 0.764

e fE A £

Y = —32.26B15 — 23.346A16 — 49.844D 17+
22.169B18 +46.377D18 — 125.856B20—
30.573C20 + 103.525D20 — 0.753
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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/BLH -0.500 0.676 0.297 0.205
CPD/BL 1 0.909 0.290 —0.052 —0.041
FDL/BLJ 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/BLM 0.862 —0.011 —0.170 —0.206
SA/BL N 0.824 —0.265 —0.071 —0.139
DI1-2/BL O 0.943 —0.017 —0.186 —0.082
DI1-3/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
D5-6/BL X —0.841 0.010 —0.232 —0.140
D6-7/BLY 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

SR, TEE RN T 5 200 o X BE R A AF
1 i R B 01 Y 301 H5k HE R AR A B R AT BLPA 3R
Jr2EoMT, HREOR, WK LA A ST
$5 b F1 55 R A L A 5% 9 45 A A P p ] 22 5 AN
B, HRSERIITFEREIEZ R

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

22 EEFER

K ALARKDNA 44 B B8 F 9 o NS
5195 K Pro-tRNAF S J5 , 15 2 B 2 | 0F 5% £ Al g
€ | iF j% 6 D-loop. COI. 12S rRNA. 16S rRNA

http://www.scxuebao.cn


http://www.scxuebao.cn

6 KopE o R 44 %
2| e pRMITF R 3¢ ° BERJIT
o g Es e C o O EEERINF R
P 2 2t .
It - . :‘\;aajm < - o o
N ' - 2 j_ffg St ~ ¢ =0
§ . .. o %‘né’ § 1 .“...I s, c = o -
E 0 . " o 5 E : . .0 ° . uﬁﬂD:ﬂ .
N & : 0. o N O * [ =] -:";" -Er'_[h Po
@ ~1 o* QQ o Oy oy e Th
ﬁ - * ate dl->ll< -1 L ';
H 33 H ‘e, 3%,
72 L - 72 | : .
_3 L _3 L

-3 -2 -1 0 1 2
FRS) 1 factor 1
(a)

FE RS 1 factor 1
(b)

B2 BEREFES. RERINEERSER

(@MEARERBIFO)E— =S E

Fig.2 Scatter plot of the first and second principle components from PCA based on morphological characteristics

(a) and morphological characteristics of otolith (b) between A. ommaturus and A. flavimanus

A B 3 503, 610, 167H1575 bp., BFf
IR PR Y B R 4 & B A ARL, BR 16S rRNASE,
HAM R BMATE 285 T C+GH &
B J2 ) R B2 8 4K ) D-loop 7 311 31 46 1 3] 94~ A
SALE, TS ERAR T T PR f8 S A 1Y D-
loop/ 7 1| FEAG I 2] 7448 52407 45, SAS LA AL M
D-loop) ¥4 & I 4 Hr , - ek ) 51 804~ A8 5 407 45,
BEJ2 il 5 i1 N A ) COL 31 4G 1 3] 10428 S5
B, BRI B B U 5T 0 A K Y Coly
HUKG I BN 1A A, 3AS BRSO g
1Y) COUT 51 & I 43 B, L4803 864~ 28 7 7
Mo BRI R R S AR 19 12S rRNAJT 1) 2 A )
B3R T, A ERAEAL ;B BB PR AR
19128 rRNAZA A I 2148 55 47 5, 14> B fs A
12S rRNAG I 43 #1 17 51 3L A8 i 2] 104~ 28 5 v
Mo B R R R A S AR 9 16S rRNAJT 51 K A

AR S, A AR B AR R
() 16S rRNAJT 51| K5 I 2] 44> A8 S 057 p5, 44> BAf%
A5 16S rRNAJT 91 4 I 43 B 46 I 31 314~ 48 S5 if
MRS, #o6), MMaATEAN B Fyodt=
iRy

BT PRI g g6l X . COUF i3 i
WA Z RS0, BRI T 9 By A A 2
BEPE B AIC T B g R PR fa Ah , Hofhas % e PER
BT S R T 0 3 v T AR PR A (GRS, 3K6).
T AR pE £ 1 40 i Bo(COL. D-loop. 16S.
1281 54 45 3 A ] ¥ 352 4% 5 25 A 43 318 10.178 0.
0.178 4. 0.053 4. 0.057 5, .3 T Fh N siLHHE
B o2zt BAR R fa S ANEE, LA D-loop(PRL A%
A1), COICAAE ALY, 12S rRNA. 16S rRNA 44
BEFY H#ENTSE R B (15 3)F ME (MEA 28 S 5 NIRY
GERIEAR—F), H, COUFFI 51285 4 #r

# 5 ETCOIL D-loop. 16SrRNA, 12S rRNAERFEMMERIIFE&RESZHMSH
Tab.S Parameters of genetic diversity in A. ommaturus based onCOI, D-loop, 16S rRNA and 12S rRNA
T%jiiif]% COI D-loop 16S rRNA 12S rRNA
FEAL  number 18 20 6 8
Ag 27 45, variable sites 10 9 0 3
FEAIE haplotype number 9 7 1 4
BRI ZFEE  haplotype diversity 0.758 240.105 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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JX6790241 | KREIERE
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Tab. 6 Parameters of genetic diversity in A. flavimanus based onCOI, D-loop, 16S rRNA and12S rRNA
T AE IR
S col D-loop 16S rRNA 128 rRNA
A. flavimanus
A% number 24 25 6 8
AR A7 variable sites 1 7 4 0
FEAIE haplotype number 3 5 4 1
FERIZFEYE  haplotype diversity 0.358 7+0.109 6 0.730 0+0.047 9 0.800 0+0.172 1 0.000 0
HHIRZFEYE  nucleotide diversity 0.000 7£0.000 6 0.002 9+0.002 0 0.002 7+0.002 1 0.000 0
F IBAE PR RS intraspecific genetic distance 0.001 3 0.002 7 0.002 7 0.000 0
A.ommaturus 8
68 A.ommaturus 3
A.ommaturus hap A.ommaturus 7
T3 Aommaturus hap2 | PR ee—
A.ommaturus hap8 A.ommaturus 5
COI A.ommaturus hap7 12S rRNA 91 A.ommaturus 1
o8 A.ommaturus hap3 | BRI 8 A.ommaturus 2
P dommaturus hap6 A.ommaturus 4
71 70
9 A.ommaturus hap9 A flavimanus 1
l A. us hapl A flavimanus 2
85 A.ommaturus hap4 A.flavimanus 3

SRR
91| A.flavimanus 4

A flavimanus 5

A flavimanus 6

KM0304291 | KAfsfliF e
—gsr_';mws(mﬂ | AR
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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. Ocean University of China, Key Laboratory of Mariculture, 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 Acanthogobius flavi-
manus. 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 100.0%. One-way analysis of variance showed that there was no significant dif-
ference 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 that of the measure-
ment characteristic 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
edges of otolith. The discrimination accuracy based on, the discriminant function was 100.0%. The four fragment
sequences of D-loop, COI, 16S rRNA and 12S rRNA in the mtDNA of the two species were compared and ana-
lyzed. The result showed that the distance between species significantly higher than that within species based on
the K-2P model... The phylogenetic systematic 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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