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Abstract

In order to compare the applicability of mitochondrial 16S rRNA and COI (mitochondrial cytoch-
rome oxidase subunit I) in species identification and phylogeny of Gobiidae from Yangtze Estuary,
this study investigated the genetic characteristics of these two gene fragments. The two gene
fragments of 8 species in Gobiidae were amplified by PCR, and the sequence variation among in-
terspecies was analyzed. A total of 535 bp, 12 haplotypes, 161 variation sites (about 30.1% of all),
15 insertion or deletion of sites were detected for 16S rRNA of 24 individuals, and 178 amino acids
were encoded. All of the transitional pairs (si) was slightly more than that of the transversional
pairs (sv), and the ratio (R = si/sv) was 1.51; while 641 bp and 221 variation sites were detected
for COI, and no insertion or deletion of sites was found in the COI gene, the ratio of si and sv was
1.29. Both the ratios of the two genes from 24 individuals were less than 2, so mutation saturation
of the two genes was analyzed. However, the result showed that there was no mutation saturation
in the two genes of Gobiidae. The results of genetic distance showed that the degree of variation of
16S rRNA in interspecific sequence was less than that of COI sequence. Intraspecific and interspe-
cific K2P genetic distances were respectively 0.002 and 0.169 for 16S rRNA sequences, and 0.001
and 0.215 for COI sequences. Genetic differences of 16S rRNA sequences between congeners were,
on average, about 84 times higher than the differences within species, and the minimum value
(0.100) was existed between Tridentiger trigonocephalus and Tridentiger barbatus; while genetic
differences of COI sequences were 215 times between intraspecies and interspecies, which met
Hebert’s species identification standard (more than 10 times the difference between intraspecies
and interspecies). Therefore, 16S rRNA and COI sequences were both applicable for species identi-
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fication in Gobiidae. The UPGMA phylogenetic tree was constructed based on 16S rRNA and CO],
which demonstrated that Gobiidae in the Yangtze Estuary was a monophyletic group. The major
differences were that interspecies and genera were more emphasis for 16S rRNA gene, while it
highlighted interspecies, genera and family more for COI gene. As a result, it is advisable to select
appropriate molecular markers according to different classified levels when applying the two
gene fragments for studying species identification and phylogeny.
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1. 5|15

R % fi FH(Gobiidae) fa 2@ i L H . R R AW H, ZBAFIHTE H 28 5o — N, hE
HUFEE 9 kL5 WA 106 J& 307 Fh, 29 5t SR R £ 2R S EUE 14% [1]. WF LT 22 DARR /K Mo 1) i
FEER AN S, FEDSE A/ NI, 2 eG4 R R B R A, ERILAS
ARG AAEEHAL[2]. SFRARASTERR, RN, HEWESHEERZHUNE, EEREEY
BERAERZ WM, SEOEMEN GG KRG ERR FAEERRGWN . BT, ZRiREEF T3
BT R, BB AL PR % R G et o b A EZAE (3] [4] [5].
H1, 16S rRNA FI COI ZEH 7 oI5 A RGRpI MR S Al6e /1, O Z A T aRM%EE. 2R R%
A EE AL 6] [7] [8].

AT IEIE X LG 16S rRNA Fl COI HEPHEE 43 3 FULEAN R 40 KB se (1 7 71048 57, ST 8 FhiR p%
R IR AT S A R G T, KT RifA 16S rRNA I COI B K v BRI j8 fa R 2 R
Guor R BE R, UGN BT f R S A s e R R G o) SRR E 2 1 A T hR i

2. M5 5%
2.1. #8

AHIF 5% H T FH (S04 % 71 (Tridentiger trigonocephalus). 245 & i (Tridentiger barbatus). JTUHE LR
Ji& 1. (Pseudogobius javanicus). B J& %Il iF 5% ff1 (Acanthogobius ommaturus) . [ 2 ## &} 4 j& 71 (Lophiogobius
ocellicauda). i FCAR 41 52 4. (Odontamblyopus lacepedii). 7 334 a4 (Scartelaos histiophorus). —FBZWIHF g fa
(Rhinogobius giurinus)Z5F j& i f} 11 2 K7 b [E 1£ fi (Lateolabrax maculatus) Al Sk 4 # £ (Collichthys lucidus)
IR EKITIUKIR, JES ChEZE) R4 TS SRR R R AR A TR 2 S e (1] S0
R AL 7 J8 8 Fh 24 ANMAT 16S rRNA FT COI 3 K BEAT RIVEIE /34T, 7[Rl — /K I b [ A firi A
kMg, W HFEAEATY R, JF@ i NCBI (National Center for Biotechnology Information)s /541 [=] 5 14
BEATHON, EH 2 Fh 5 ANFEFPFIE RSN, BT RRE I SR . FEA R S5 55 AH (5 B L. 1.

2.2. EF4E DNA 2B, PCR ¥ & F5IME

FIFH AR R A SR B S R AR A TR A R, )L RZ4 DNA. KA 165 rRNA
W51 16S AR/16S BR(5-CGCCTGTTTAACAAAAACAT-3/5-CCGGTCTGAACTCAGATCATGT-3) 4 14
16S rRNA FEX[9]: S%H] COl it f 514 FIR 5-TCAACCAACCACAAAGACATTGGCAC-3/5-TAGACTTCTGGG
TGGCCAAAGAATCA-3)J 1 COI K FB10]. PCR BLEAFIA 50 ul, HiH Premix Tag 25 ul (1.25 U),
S ARG 16S AR/16S BR. F/R £ 1 uL (20 umol-L ™), HRIEAIEEAIE S0 E 2 DNA 5, FMnxizEK 4
50 ul. PCR Nigkft)9: 94°C FALE: 5 min; R)5 35 MiEH, 4% 94°CA:M: 45's, M4l AN[F] 5144 50.5°C~55C
18K 455 (16SrRNA 52°C, COI557C), HMfaH H7 BrKE 72°C 4B 50 s~1 min, /& 72°C4EfH 10 min; PCR
) A CLRAT

By 1= A 1.0%58 AR FE R KA . PCR P29l A= TAEY) AR (R ifg) B4l A PR A =) HEA T 1F J )
BUEED T -

2.3. BESH

KBl 741 A NCBI 1 Blast T2 5 L RIFh R f SR 1 b AR 5L [R5 #1347 LU X, B TR 5108 B 19
FrBt. N DNAstar 5.0 AR THMHZ, FH4HLLF TR . H MEGA 5.0 340t e st i £ ExF b, 47
G RIE L . AR AR . I AME B S AL S . B SRR B, HEAT R

O,



%

Table 1. Relevant information of samples used in this study

=1 XHFAEREXER

AR
Yrh HEAE N FE i RUE
16S rRNA col
fiid
LU4m MR % 4 Tridentiger trigonocephalus 3 AHFFE(1~3) 1 1
Fe4 R % £ Tridentiger barbatus 3 AHFFL(1~3) 1 3
JIVEEFULUF % £1 Pseudogobius javanicus 2 AHFTE(1~2) 1 1
BE AR 2 1. Acanthogobius ommaturus 6 AHFF(1~6) 2 2
% B LR 2 #71 Lophiogobius ocellicauda 2 AW (1~2) 2 1
PRI AU % 2. Odontamblyopus lacepedii 2 A (1~2) 1 2
T #% f Scartelaos histiophorus 4 AHFTE(L~4) 2 1
FBEWIHR 1 Rhinogobius giurinus 2 AW FR(L~2) 2 1
HhEE
1 [E #E 87 Lateolabrax maculatus 2 AW (1~2)
kM3 £ Collichthys lucidus 3 A (1~3)

Gi ot KM Kinura S EE A (Kimura’s 2-Parameter, K2P)it 0 fh oy FIFh A] AL E B, IFH
SPSS 19.0 ML HIFEE, /34 16S rRNA F1 COl F K F BEAEA[E] 23 25 7o K2P 3345 IH B8 1K) 0 A 17
o FEALIET K2P B UPGMA R4 R AEM, K H LK (Bootstrap) 1000 /X 5 &G4 70T R G M
BRI EEE[11]. FIF DNAsp 5.1 i+ H 8% H .
3. BRENH
3.1. 16S rRNA F1 COI £ E K BRI E LA R,

16S rRNA F1 COI JE[X] A BY OB IE 4 s an < 2 Atz BFpE RS R R .25 16S rRNA 41 iR 3L 2H %
MR IAFEAR T PP A RS B T 22.0%, C 24.6%, A 30.2%, G 23.2%, H At A SEH 5,
HE 3L SEAE, T A+T 58(52.2%)H 25T G+ C 55 (47.8%). COl 4 HhsFE4H pl sk
AR —F PSR H S A T 30.2%, C 27.4%, A 23.9%, G 185%, i T &E& 5,
FUCRIHE Co AL GAKIKFIE, “Fi A+ T & (54.2%) M &5 T G+C 7 5(45.8%).
3.2. 16S rRNA #1 COI £FE & ZBFHBE R

DT 3 AN ORI A R T3 2 R (I 3): MR FE fRIAS R Fh .25 16S rRNA 541 % 215 1 1)
TRIE A AR — 3, 3 MRS T A S0t & 22 R BN, 78 3 N FIA T FIARIE N 21%~22%, C
HIASTE N 23.4%~26.6%, A 2518~ 30.0%~30.4%, G [KAZIE N 20.6%~25.1%., COIl 741 %80 115
SR R ZE RO, b, It B 7 T S ER %, Bk 42%, 2st %651 G (18 ERCNRHE, N 10.8%,
WL T G I BLER, 1M 3st 1A IS 1 st 60 Fromdt & &, T &S ERK(18%), i G &
1 (29.7%), COIl 531 %551 RS LA FH ATUR A7 A8 B S5 1 D T 12
3.3.16S rRNA 1 COl £E K BENHET R

D FESRASAR kL 7 J8 8 Fh 24 NAMAT 16S rRNA FE R A B, Exf #5351 16S rRNA JE KK 24 535 bp
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Table 2. The bases contents of 16S rRNA and COI gene of 8 Gobiidae species
2. dREEFR 8 Fif A 165 rRNA #1 COI EE FF5HITEEE R

16S rRNA col
Fhs

TI% Cl% Al% G/% TI% Cl% Al% G/%
A. ommaturus 20.9 24.6 31.8 22.6 30.6 27.3 23.8 18.3
L. ocellicauda 221 25.0 29.0 23.9 285 29.0 248 17.6
O.lacepedii 21.7 255 30.6 223 31.0 25.8 25.0 18.2
S.histiophorus 23.0 235 30.3 23.2 31.2 26.7 243 17.8
T. trigonocephalus 22.7 24.2 29.1 23.9 31.2 25.6 23.6 19.7
P.javanicus 225 238 30.4 23.4 30.3 27.1 228 19.8
T. barbatus 21.4 25.8 28.8 24.0 29.6 28.4 239 18.0
R. giurinus 228 241 30.2 23.0 27.8 30.3 231 18.9
“FI1EI% 22.0 24.6 30.2 23.2 30.2 27.4 23.9 18.5

(A+T)/% 52.2 54.2

(G+C)/% 478 45.8

Table 3. Nucleotide frequencies of 16S rRNA and COI partial sequence of 8 Gobiidae species (%)
52 3. 8 FhiFE AR & 280 16S rRNA F1 COI EE TS F 5 h B IRE S HIE(%)

FEPNR A ik 5 T LA ER T 2 P T 3 LA
T 22.0 22.0 21.0
C 26.6 23.7 23.4
16S rRNA
A 30.4 30.0 30.1
G 20.6 24.0 25.1
T 42.0 31.0 18.0
C 27.6 27.9 26.7
col
A 15.4 30.7 25.6
G 15.0 108 29.7

FPo, egntsh 178 AN IERR . 24 5 16S rRNA [FAIFLE 12 NG, kI BIR AL L 374 4>, A RAr
RU161 N2 30.1%), BLFETTZME B AL 168 Ay, FURAL AT 3 AN, HRAERARAL A 156 Ay A 26 N
Bbi i, 24 DNERIRAL S, B 5 G (Si/Sv) N 1.51. F3EarEtEl 7 J& 8 F 24 NMEf COl
B R B, XTEEAS 2] COI FERK AL 641 bp (1741, St4mbs 213 MM JERR . 24 % COI JPFI3LF 12 /M5
58, JAGI B F AL 420 A, ARSA7 05 221 N1 34.5%), AEBAMLIE BALLE, #A HBAN S,
KRR NIERIAT S HEAT 58 ANFEHRAT A5, 45 NERAT 5, et 5 HiH LU B (SI/SV) v 1.29. 8 Fhlif & fa
() 2 ML IR BB S 28 2 B RS AL rUR R B i 22, U COI BRI 5 2 S5 o7 sl ) 45 A 46k
EIHE T HE 2 ML 4).

3.4.16S rRNA F1 COI £ FEBZ=TaF ST
K 16S rRNA F1 COI 2[R 3 51 A sle o Bl s e i Bt B AR AN Kumura SUSHUE B 11T b ek

®



%

IR PR 1 RHER SR % H A DR e AR RAR AL B ZRRifAR 16S rRNA AT COI Jk P F 71 4 R AL £ )
A AR A2 5 HE S K P 21 22 S AR R B n ] 1 s e B S A Sk R e 91 v g i A 5

FRER B Z A 2RI R, B, ENFEEF RRHE R AR E .

35. BIFEESH

WHE SR, ANFEYIFE) 16S rRNA A1 COl A& AMIE, AR ZIERAFFIBLZIR . 8 Fhlk
J e R A0 2o [E RO P B4 BE B W55 5 TR, 16S rRNA FIFH -85 K2P 8 6 FE B85/, A 0.002, T
SRR EAL BE B Y 0.169, L1y AL BE B (1 84 £, L rh LU Lmi R R e ST PR £ 1) P ] 8 A% S
/N 0,100, Fo7 FRR R e A8 R 2 SR 5 0 (R 38044 B 2 e KO 0,287 MILLERIT 5, 8 MRSl

Table 4. Sequence variations of 16S rRNA and COI gene of 8 Gobiidae species

52 4. 8 MhETE A Rl M 24A0 16S rRNA 1 COI £EAFHR ZRF I SmET R

, - . . b . DSV A

P B8 AL B S1) L () e
E RS 139 8 9 0.98
B2 135 14 9 1.53

16S rRNA
5 3hiA 138 13 6 2.26
AERAT 55 412 26 24 151
=T 214 0 0 0
52 for 8 121 49 43 1.14

col

B3 203 9 1 7.73
AL 538 58 45 1.29

Table 5. Genetic distance pairwise and within-species of 16S rRNA (DOWN) and COI (UP) gene in 8 Gobiidae species
5. ANE &R 8 #if 2 16S rRNA (T)F1 COI (L)EERMEMMAIZEIERS

Fift Ay
i8] 1 2 3 4 5 6 7 8 9 10

16SrRNA  CO 1
1 A. ommaturus 0.189 0228 0222 0224 0235 0213 0221 0255 1.379 0.001 0.001
2 L. ocellicauda 0.170 0.227 0212 0234 0216 0211 0232 0249 1384 0.003 0.000
3 0. lacepedii 0.237 0212 0.185 0226 0236 0.231 0221 0240 1.344 0.000 0.002
4 S. histiophorus 0.175 0.144 0.163 0208 0.232 0.169 0.188 0245 1.282 0.000 0.000
57T.trigonocephalus  0.194 0.138 0.217  0.153 0.263 0.180 0209 0274 1.239 0.000 0.000
6 P. javanicus 0.175 0.153 0.194 0.150 0.169 0.221 0219 0287 1255 0.000 0.000
7 T. barbatus 0.184 0.128 0193 0.156 0.100 0.166 0.176 0239 1.265 0.000 0.003
8 R. giurinus 0211 0147 0198 0.164 0156 0.138 0.132 0.250 1.295 0.008 0.000
9 C. lucidus 0221 0209 0242 0221 0246 0170 0235 0.196 1.345 0.002 0.001
10 L. maculatus 0200 0220 0238 0209 0228 0200 0220 0219 0126 0.003 0.000
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Figure 1. Plot for transition and transversion of the 16S rRNA and COI gene
versus P-Distance

B 1. &Rk 16S rRNA 1 COI EFEpY5E#e, Ei#efn P-Distance z [B]AYEL
=E

2 COI [ 1M 24385 BE 554 0.001, Fhia)Ef& BE RS 0.215, AR sf& R 11 215 £, K
T 16S rRNA JFHIIFR[E] 22 5%, 1 CON J¥ 51 (¥ A1 i A% o B8 fie /M A2 T ik f. 5 Re G e 0 2 [ (1) T 4%
FEFSA 0.169, FR 5zt 172 ST UL p% i RIS 4Rl % #6 [R]85 R 5504 0.263. 16S rRNA F1 COI %A
J BAEA A 73 2KB o K2P 8% BE B I A1l DL LI 2. BRFPA 16S rRNA (1) K2P 1% #F 25 i &1 COl
SR AL, FEFE . FRBE &R B RBHE R 16S rRNA JEF ) K2P i34 FE B 54 8] AT COl L.

36. MREGEMERNDTFRED XN

SR FE AL 7 J8 8 Fh 24 ANk 5 rp EAE 1 RS A B 1 2 /N AT 16S rRNA FI COI & K] 7 41 4 7
SIS, g5l 3 Fron . MBI AR RTEH A AL R A A0 R R} 0 2R TR B R B . 7 16S
rRNA JE [ 791 51 406 & B bt PR R £ R oy SRR 2 (0 D r IR 2 W 5 i, JL 0 N B R o g £

2 UEIT P f0 RN S0 4T 5t K AR IR 23 S (BAS D 90%), I — 3 s ok R (K 3()): TMifE COl 3
FHRISESG R R EE R,  HILTENR PE R SR 2 1 A2 TE DL pR fr, LR 9 BRE 2 ) A 5 R e e s
WP, JF HLBE R R 5T o RTH FE sk o 5 T b ik 7 52, L EAS A 83%, R —F BARULMSE
R Z (K 3(0))s
4. T1ig

TV A I 91 3 B 2R R A A [R] B2 D8] () b A T e A7 22 57 [11] [12] [13]0 TEZRKLARSERIZH A 165 rRNA A
BORORST, I ZERRAE, T COIl HE PR S MM AR XK [14] [15] [16] [17]. AHFFTHIESRpE A% 8
Tl 24 ANAMKN 16S rRNA JE K 7 71 R 1) 161 MR 5, 2915 30.1%; 1fi7E COl J7 4 R ILAR 5
£ 55 2214, 15 34.5%, AT UL COI FE[RIEEbHE A X 16S rRNA FERIFLR, #E— B IUESL 165 rRNA JEK A

XFORSFIX— 4518 . [N, ABFFir 168 rRNA HI COI FE K 7 41 4 i 4 5 M S B0 ELAE 7330 9 1.51 F
1.29, $/hT 2. (HIEE X HAEAT GBI RATMAE 70 r, 8 5 BB} B S AT P 1) A Bl it 8 A =[] 38 A

@
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Figure 2. Box chart of distribution of K2P distance for the two mtDNA genes
fragments within different taxonomic levels
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Figure 3. UPMGA phylogenetic tree of Gobiidae inferred from 16S rRNA and COI gene
sequences

3. ET 16S rRNA (a)#1 COI (b)ER o EE FFIMZEITE & R & 88 UPGMA #

BT PR ) 5 SR S 7N 3K A P ] o T 1R A A R A A R A, RS AT RR S F T R R
KD TR HNT, 1245 REIMERRSE[18]0 10 Pl % £ 24 (R RfF 71 45 R — 2.

Asakawa %5 [19]42 tH Ji5 A= P2 R k5 DR (1 B A B A IR 2 A a5 1, B RICH A+ T ST
BT G+ C A& AN 8RR fe 1 B 22511 16S rRNA A1 COI 311 A+T SR E ST G+ C & &,
HE— BB AE 7 iR e P O RRAE[15] [16] [17] [18] [19]. Saccone £5[20]4 1 i A= S () £ ki A4 Ik Rl 4 42
IS, BEEAEITEY) G + C A (43.2%) W3 i T HCH 195(38.4%) . ANHIF 7L HlR B8 R 251 16S
rRNA fil COI K741 F-%) G + C &85 47.8%FH1 45.8%, 5 E & T KM TH G+ C &8,
FEa a0 7 A BURFE . tE41, COI BE R 7 41 255 1 3 AL i b IR B AL H i Y 3 25 7, R COl
J 51 - [R] PR A5 FH A28 A7 76 BA 2 P R ] 14

NIB AL R B £ FE A3, Pl PR AR [ 353 A% B P /N R AT o 28 25 08 1 L K G . Hebert S8[2111AH
COI JF7FITEDFh ] (1 184 72 S0 KT 0.02, F4 H 2P )35 4% BE 525 5 o P it % E B 1) 22 S8 31 10 5 DA
B, COl ZEF A A XA AT A 2 %52, X — W& CAEVE 2 P I 7R 45 2 T 380E[22] [23] [24].
AH T IE ISR L 43 A 16S rRNA F1 COI ZEK /741, 15 Hi R P9~ 3503845 2R 55 4373 24 0.002 1 0.001, Fi ]~
PJIBEEE 55 4302 0.169 F10.215, FhiajiE AL IE B9 K T Fh N st L BE RS, Ak, 16S rRNA Al COl 2 [H 7
H 5 AT R KL TR et Bt B HEAT MR 4 5 . (HMER 5 AT, 16S rRNA J7 471 [a] [ ] - 2 3kt
FEFE BB /NT COI 741, BHUILTT UL, COI & RITEFh A (1 R PR B0 2 i T 16S rRNA R[], iE— 25
HITEAT SR PRt R 2, COI S A ) E AL AT AL, 16S rRNA 2 R UL A 5 i 2

KT T RGEERIINE R TR, BRI DR 7 41 (0 52 (R 2815 9 B I o R, LRI gR
F I 53 SRR T DI G053 AR HERI 23 IR SR f R ) 7 R £ DL R B T B A R I QAR W B £ [25]
MERGRAKRE, LRWMALSIHTIRRAKNRERRED]), B NIREaR. %0 SHER
(LM CREZE) ot LR R SR R — 5. 1E 16S rRNA BRI 0C R B &



%

N, BedmR R AN SUGRER PR B ik sy 5, IR R RS R 0.100, UL ESEG O REGL, A8 T 44
U2 1 J [1] 5 1T 7E CON J& [R] (1) 5% 2% 0% 2 Bt vh {2 7R, SR 0% 2R 0T 1) D iy SRR Bl s b8 £ 1 B 2 IR 5 £
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