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SEME RITSHHERD T R EERZ T XMRPRIER

REAY, dAZxEY, FAwxn", ®H F7, # °
(1. P ER =B R, MFEREYRESASESLRE,
JREANHEEAEYFESELGE, RN 510301

2. FEFR R RS, LR 100049)

WME: HFTRAITSIEA S THIBATERRARR AW ER K, LRERS T ESH
LUMBXARENE, BERYHEH. FAER. ZEEH, SafmsH, @ 7wi
Aol BOR SE IR AR T 348 KITSF 51, K Z i B 442~661 bp; 3t x4 BT A 7 71 B9 K
B ERUAHE. GCLE. RERSIFUREFEE SRR ERFREHELRL
KA, N1MHaXITSIFFI R REMNLEREME, KEMFIABLAERAALE S
St HAZEEE AT, 704 T &M K Z T B & 648~661 bp, fBH — &7 5| #7455 bp
Rk, HeZFFIMGCEE, —REMMR/D B Wk, I IZTFA NBER. LEY
SR, ETHMEARITSLF 7 A2 8 AP B 2 E WA A K ACE £, B ASR8 5E [E A
TR RRZ, ITSIUH T ZABHUANE2; EREAKTL, ITSIKIIEZ X ZAK
AT, REHTRAKTHREL; EREAKTL, BASHRLN2LINSTERMILS
NRGEEEZR, EITSIMAHRAXR AR EL TR EMEN REHUREM. TR
KW, SEERITSIT UGN R A2 TR EATHERERG R A2 X0, FHT

B 2LNTTEMAE TR, TEFELBERGTF R B/ FZKRE
KR 4 H,; B8 ITSIFF 24508, 248N, BER

hESES: Q346;S917.4

#AEAITS 1 (internal transcribed spacer 1){i; T
43RS 0 G i JE P 188 5 5.8S 2 al . T AE
SE A b B AR IR AT, BAT DI B
KEE R . 5 TY 0 7eJm sk K- o 1 &
. 28R . FEEFESNA, U ZH
N T YR AKE DL @ K, B AR
RGBT, AN DR S BIAE S
UESEITS W R 43 F-bric i] DAAR S b iz TR By
TG (J Rl LA K Fif 7K P ) B 49 ol 8 AR S T A
W, B, 7EYFh%EE T, HuyseS5: AT 5T
KW, ITSITESE R ) Fh %58 b REK X 240 R
(Pomatoschistus, Gobiusculus)f) /S [7) .25 X 43 FF ,
L2 5 15 2o 1A (9 12S AN 16S Y 43 26 45 SR — 35
Harris%5 " BF 58 A ITS 1H R 76 W) FlOKF- HoA

i Fs BHA: 2017-06-21 &R BH: 2017-08-16
BHTE: EXK A RF R4 (31272273, 41276166)

X RAFRAERD: A

—E M EERIRE T, (HANEE H T R 2 AR & (Procam-
bams)F X% U J& (Orconectes) 1) 3 Gt i AL HE
Wr. 75 RGem e, P2 mAE g T
ITS14 25 L K K 2550 bpl)5.8SH1150 bpi 18SX:F
% A £ J& (Oreochromis)SFhfa 2 I F 55 R B, JE
% B AE1.(O.niloticus) F1JE B8 % E 111 (O.niloticus
Qx0. aureus3)EL R FZ I, BAHIEP E£(O.
aureus)5 ¥ F i B AE £4.(O. mossambicus)7E % X
R BMEI R ERRL4)E SHh 0 S [ E 5%
fi5(Zebrias quagga), L 558(Z. zebrinus), Y
(Solea ovata), 7r7J5 %5 (Brachirus orientalis), 1R
LS5 (Pardachirus pavoninus) i & B, 1TSIAY
A LIRS 3 26 10 S 75 W) Bl R0 & GOk F X I, ik
RES LA R Z B R E R

BIE1EE: fLIEHy, E-mail: xykong@scsio.ac.cn; M ffi, E-mail: shiwei@scsio.ac.cn
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466 KopE o R 245

SR AN TRV 58 % IN R, ITS1H T 728 S %
o, JE HIME DL, R R g e R 3
AL, e A RCH 8 R ) A 2 Ta) A S Ak G
F, HWMICHITSWE RN 43 FARe AT T R Ge i
PEER G i, ChowEI7E Xk 5994 1 v 3
Y (B35 TG HE 3 4 LA R A - £ 2R A8 DY 1) 36 A 3
W) ITSTA K B S LA R 48 k& 43 it v (4 FH
AT TR, RIFE— DRI g Z ), &
Z [R)— A& 1 A TR A 22 18] 1 7 4 ol F K 22
K, BRAMAEZL, UETIFHEMEL LT, JE
DI RG R, INITIAHITSIE N REAE
AWM TARIC HA —E )RR ; Redmond¥™
TEW SR 4 sh W R ITSHY , K ¥ Haliclona
cinereall MEAMF I ERR K, UETAGRS
HAtb-™MAB. C. DitfrZH ILXT, RBEOCEMH
2 A A R RGBT AR T
ITSHE Jy 3 Fhr 10 76 15 45 30 ) 3 G i AR A 5 v 1)
1. BT FITS TR RAE LA HAE 4 F o
10 T4 b S 2 AR 0 T A Y e R g —
H SR o

s PR — 25 7 )7 4 1 55 Ty e 3 TR s B A
L, HERINAEMDNAITI . A S — Pl A% BHA
R A FF Y, O TR R A oY — B DK
HIREIA, FERRIEAE R, MEE AN £
A HERGE P AS W B0 RO AR R B A
AN e A A U IR AL, TR B AR A E A AR P [ 3
PRI G, T A 45 % A% W 4 2 A1 ) F 58 DA B —
v B AR BRI AMR B Z A e e, X 45 40
KARFE N 8 H ¥R 2, SR ¢ T fa 200
AR B B 2 430 DL 220 Hlp, EAR
VA WD AR 1 BT R A AR R TR A A o, (LR
BT B 5T 3R B AR DY — i B A A
. GCHRBAN. H/hH W BB 9 451
AT DL SRS DXCIAR S KR A i B0 22 ik
SRR 2 T UIfE, AH IR 2 76 B ] o DA 3k
B2 R, I DA R T 2 B 66 A i) Ak o o
AEEMAI AR, R T BCE T AT AL S Y EE
A BTt sk, &5 4 DNAYE L Y <t
>, R EEE A A, WK
105 T KR 47 50 BUE T AR ) ki R
RazafimandimbisonZs " '7E iF 57 75 KL &l (Rubiaceae)
W) 2 G0 0 ZR B D RO R AT DL DL R B 47
B, Rl A R 2 R S, Rk
Rt %5 d AR . SR A5 e A FHITS 10F 58

http://www.scxuebao.cn

SThERRL A B SR O R AT LB, BRBES) 5 1Y
374 FORE TR AN X TE B S AR O R I ) 57
AL 51596.2%, JFERE iz ERERN S
KRG EBRREL, HARSREEHNEHER T, MR
DAL 1 A0 T HIS B 54 65 5 AR O 4 B LA o O
MISES R FR . B, xR E o4t T
+ 43 FE B

H AiA O fa R MR i 8 i 5 0, %
SR A G A0 28 OB AR A5 DX A B A 4
U AWESE BEBCSFF L URR (28 RSx4, 2 e
Tk bt RAZ R ITS 16 P a8 AL R AE . — D7 T
BT TITSUE Moy Fhnicis FH F RS e MR 4
WA E S M SO, B T iR
LR SER R fa A 3 1 o T R Gk A i 52
Wi o DAY A — 2 1) s A BRI TS | B HL A 3 A
(RIS LR 2= AR Al o

1 MRS TTE

1.1 SCIe#t Rt

AWFFVERCT SERIRZS, FESFIE . 5K
o MRS TG B LR, RIS RE
Hh 43 S BUL R 50N 95 % F14) P K Hh AR A7 75
1.2 DNAIZEL. PCR3¥ #&F00

230 mghE S LA ZHE, DIFEE T1.5 mL
BB AT, 200 uL2) 3 2% whil F120 pLi&
HAEGK, ZALRHL S 2, RGBS Y
2H 23 PN 2 2 O] A R AR AR 4k, dE st 4 i
DNA; J XL ZE K i J5 R A7 T 20 °CukAfi .
MG O A TSR R AR BOY A, ik
TSI #4514, HdiF 5 #2-18S-1720: 5'-
TCGCTACTACCGATTGGATGGTTTA-3', X
] 5] ¥ F-5.85-150: 5'-AAGCGACCCT-
CAGACAGGCGTAG-3", HH 5 ufd K £1150
bpiY18S, 3%t K 27160 bpf5.8S.

PCRI W BARFR Jy25 L, {04%2.5 uL 10x2%
MR, 2 uL MgCl,(25 mmol/L), 2 pL dNTP (435
2.5 mmol/L), R[a] 54451 pL (10 pmol/L), 15
fiirTaql, 1 pLEEHDNA (50 ng/pL), K W%
JKANE 225 uL. f#i H ABI-9700% PCRAX k47 4"
W, NIRRT 94 °CHUZEPE3 min, 94 °CZEH:1 min,
50 °CiR k50's, 72 °CIEfHi50 s, HATISMEAG
72 °CHEA10 min, 3G 7 1 FH 1% B0t g ARk 156 Jg
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#z1 AARPUMHEXERITSIFENEXER

Tab.1 The relative information of 11 species in five families and numbers of ITS1 used in present study

51K 7o G TeRERUA KA AT
taxonomic category individual number no. collecting locations

2%} Carangidae

R 2R Alepes

HHREIME2  Alepes djedaba 1 18 JZ1155)\1li%%  eighth fish market, Xiamen
2 59 JEI 128 )\Ti3%  eighth fish market, Xiamen
3 22 JEI 1585 )\Ti3% eighth fish market, Xiamen

Ff2)E Decapterus
W88 Decapterus maruadsi 1 12 JbigHRiE T fish market, Beihai
2 10 JEI1%5 )\ eighth fish market, Xiamen

KHE2JE  Megalaspis

KK Megalaspis cordyla 1 19 LR fish market, Beihai
2 11 JLH#EMRE T fish market, Beihai
3 12 b #FHEfa T fish market, Beihai

)& Scomberoides
Fehitts  Scomberoides tala 1 12 AL fish market, Beihai
MEBJE  Selaroides

EYNtE  Selaroides leptolepis 1 22 LM fish market, Beihai
2 24 JLig# T fish market, Beihai
3 36 b¥EEHFHEf T fish market, Beihai

6REEJE  Trachinotus
A KBEE2  Trachinotus blochii 1 11 JEI58)\li%%  eighth fish market, Xiamen
2 12 JE 115 )\Ti%  eighth fish market, Xiamen
%t )E  Trachurus
HANT %M Trachurus japonicas 1 36 JbiEHF# T fish market, Beihai
2 36 JL¥EEHFHEf T fish market, Beihai
RWiFEFl  Latidae
RVIEJE  Lates
RWI Lates calcarifer 1 11 WHT AT fish market, Zhanjiang
2 13 WT T  fish market, Zhanjiang
$fKEFL Toxotidae
SKfJE  Toxotes
7K Toxotes chatareus 1 12 JINAEHTS  fish market of Huadiwan, Guangzhou
2 12 JoMAEH  fish market of Huadiwan, Guangzhou
Sl Fl  Xiphiidae
SlfJE  Xiphias

S\ Xiphias gladius 1 11 WAF)  fish market, Australia
2 13 EEFETRH  fish market of Missouri, America

¥ MFl Rachycentridae
W8 Rachycentron
ZEW Al Rachycentron canadum 1 12 RIS AT fish market, Wenling

2 8 04 faTlT  fish market, Wenling

http://www.scxuebao.cn
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0 E

HLUK A, PCR™ ) FH GenCleantd: 3X Byt Jig 1 5 Jist
DNA 5 & 2k miic, If HpMD 18T A %
B, HlbE KRBT WDHSa, AR 1 R
By | Pk 10~40 se b 1 R AT I e, e R (Al
TG T T 09 7 50 0 T 43

1.3 BUESH

B, BRI B 1R SR TTS U 51 A
BLAST® 3 #F 47 K 2 (http://www.ncbi.nlm.gov/
BLAST/), Ml & MEMAF B, K5, H
ClustalX 2.1%04 & Fp f0 1) | Be b A7 bext, Jf-41 2%
ITS1 5% #Y9 18SHI3 Ui (4 5.8S /751, 3R 15528 11
ITS1)F 5. #5345 1Y 1o X7 31 i 5 MEG A
5.0PMGE S A SRITS IR PR SF AL R . A8 S L 1]
P05 DAL RO S AL s e S R — AR )F
FIRIGCH i, SRJE 5 A — Fp i iy GO i3
il e RAE 5 Fe/IME R 226 . P E] A PR PR 22 (H
L Fifr ] e /N R K 25 (B . i i DnaSP 5.10.17%43
STH I B A Y 5 B A R B . SR A
PEAE BT IR Z 61 . 3 T2 )7 %1 i Tandem
Repeats Finder?E £& # {412 ] (http://tandem.bu.edu/
trf/trf.basic.submit.html), & F KimuraX{Z %

(K2P) 5 8l i 580 45 £ A (] 1 91) () ) st £ B 5
FAMEGA 5.04) # 58} 1 181 £ SE Y ITS 1T 51 1) <B4
M (Neighbor-joining tree, NJ). M NCBI
(https://www.ncbi.nlm.nih.gov/) F 2% T 5E} 105 12
M RARFEN A, i FHMrbayes 3.1.2%F &R T
ND6LLSM 1243 H B | 128 16SHI224
tRNAK: A 751 14 01 ot #r 4 (Bayesian Inference
tree, BI),

2 iR

21 KEZEM

SEFLLRR (0 2 24 (R HL 4R 15 T 348 S e,
B 5 AT B AR5 9 TERE LA AN, Hifl A4S
ARERIRATF T 10 LA LAy el 1X 26 e pe K 5
i F442~661 bp, 1 LA H 4R AGK 2 5
o B B (R 2) 0 HAE P P 4% o I ) K B R B,
AR R K AT — W22 5%, Bk
i Hokfa ., HARATSE L AW AIA K 6E 62
F T P9 3 [R) B 22 S 380/ IN(1~5 bp), - 4R i) 2 28
LB 2 R G K fR I K B AR PR S, BRI 624
A 34 5 BT HI 7E 160 bp i A4 — B L T ikt

£2 1NMHELITSIFH S HMIFELLE

Tab.2 The comparison for polymorphic feature of ITS1 sequence among 11 species

s GenBank %i 5 R KEEbp  GCEE% .
scientific name GenBank accession number no. length  GC content o v P B P T Hd R
TR MG026872~MG026913 44 526~537 61.59 470 63 11 40 0.864 0.01018 0.9950 2.39
A. djedaba
W5 iz MG026914~MG026935 22 563~573 62.53 530 44 12 21 0920 0.01340 09957 2.69
D. maruadsi
KH 2 MG026962~MG026995 34 578~605 66.15 564 44 9 33 0.920 0.00682 0.9982 10.72
M. corayla
F A MG027068~MG027077 11 598~599 67.46 580 21 1 10 0965 0.00681 0.9818 4.60
S. tala
K MG027078~MG027120 46 489~514 64.82 437 82 17 37 0.815 0.01282 09710 2.56
S. leptolepis
i IG R 2 MG027143~MG027167 25 566~571 70.88 540 32 2 20  0.941 0.00442 0.9500 32.33
T. blochii
HA %1 MG027168~MG027190 23 653~655 65.80 612 43 10 23 0932 0.00868 1.0000 3.49
T. japonicus
Ryt MG026936~MG026961 26 652~655 68.70 604 50 5 25 0.921 0.00680 0.9969 9.59
L. calcarifer
Sk MG027121~MG027142 22 508~509 71.40 491 17 2 14 0963 0.00391 0.8745 2.40
T. chatareus
foilcil MG027191~MG027214 24 442~454 7046 405 53 20 22 0.882 0.01848 09928 1.55
X. gladius
EEM-F MG026996~MG027039 70 648~661 67.95 536 129 18 58 0.808 0.00653 09720 2.19
R. canadum-F MGO027041~MG027066
TP MG027040 1 606 66.67

R. canadum-P

e FEIER: PARIER CARSTALAEG VAR AEG PLITAMEBALAEG HEAMIEL PARSTALSLILS]: o F IR L Hd A5

ZREREG R

Notes: F. functional gene; P. pseudogene; C. number of conserved site; V. number of variable site; Pi. number of parsimony informative site; H. number

of haplotype; P. sequence conservation; m. nucleotide diversity; Hd. haplotype diversity; R. transition/transversion

http://www.scxuebao.cn
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&, BEARAAUA 20 58 B 53 I AE TR B C R AR 4
Ao HARPT S 43w by F A FGBR 65 oy 1 K
Ji 22 5 BARHRAES bpZ 9, HJ2 LA A sl 2k 7
MO R EL(E D). R | TR
Gl LT AN ES RN K 62 Sh A 2 Fh Y 4% v B ()
()7 91 K B 22 S8 K (10~27 bp). (H A5 =1
&, AT IR B N 606~661 bp, K
KB 5/ EEZ 2453555 bp, XJE 112
Tl bR B 25 S e R R 25, A AR N
JEAR S, 1R A0 2R ) 3 91K B 22 S A Ab T TR
Koo HAFT S A TN Wy fir (14 4 BE L 458 M 3T (A 22
1 bp), i [ 2 F1 A FC8E 62 19 K B B BAH 3T (R 22
3bp); HA7FptaRmPaIKEES o E,
B R BE 2276 9 [ R K P 62 22 i), 5535163 bp
(442~605 bp).

22 FHIEESMH

R T = TR ERITSUT I £ 3
PEREA, N BT A P8 0 2 SRR AT T
HEMAH(E2), IMAaRXNGCHFEN i T
61.59%~71.40%, TEFIN, GCHEZEMH /NN
ZRPIEEH210.84%, B KK B2191.87%; Fp
[) 25 fe /N o K R 62 55 HOARAT 5 40190.35%,
KRB R FK 585 5T R 62 199.81%. BT
AR AR ST 07 05 B8 (C) R A (i 1R T 400, 28 A0 A5(V)
ST 17~129, 2945 BAL R (P A 1~20, B4
FETEAE B 2945 B AL SEGI /N T 728 5 A7 5 800 9
%, Horp o 2045 B S B R D 1 2R L 62 (R
14, mEMEIHA201 . PO 5 H B (P)fE
W I% e 51 0 S 34 78 SRR, Sl A0 B R B AR ST
57 53, FE 4 0.808 (bR 25 J 41y, HAF- 349745 S Rt
e 5 I 2% 3or 65 68 R S5 UK A0 0 R S AL 05 L 1)
0.965%10.963, FH V34747 S 2 AL A, X AIEAT]
KM PR — 30 . A5 A 2R M TS 8K
(H)/3 AT & BLIR 37K fa i HAME b 0.874 548, Hi4x
105 £ 2 (U HAME 4 5 F0.95, 3K B 25 bR G /K
LA 104 Wb 1 BT A1 SR e 91 AR 20 8038 AN AT
FE25 58— B A, 5 e H AR AT 5 fa 1)
HAA #351.0, ZYF N I T4 5 B T 51 4R S AH
. ZFREMEE@ST RN, ST m
FEERMN, 4N0.018 48, HIKZE4H S,
1 5 K A0 A% T R F & AR, {X£70.003 91,
Yy el /6, mukal W, ANEYF R
MREMNMFAEEWENES . Wi 55T

(B (R AT DU H B 6 0 9 5 i 15 0T e /)N
TF2.08A4h, Hofl 1 2 5 He 5 016 L 1 89 8 T
2.0, ZEb, HFEKKZREESEB IR —,
VURI £ SR TTS 1 H 778 5 A 2 1) 9 22 5k

23 FEEHRFIZTHESN

P b KB T 14555 bpBk /Y e
BE, PRI ORI T i R e R R, 2R
3R B T 3536 Bk o XX 2L TERE AT LK
KIAFAE 2R K B B 2 R TSI AL, Hop
70/ SE 1Y K E R 648~661 bp, A 14T R
606 bp, 3 5l K ¥ 51 2 4y 44 S8 Type A (70/71)
U 7 5 25 R 4 44 M Type B (1/70), i 2P 25 7Y
25 5% 19 )5 A 2 Type BFE AV 14.284~333 bpf77£50 bp
() 7 Bk 2k (1 1) LA B A A A 55/ S bpiift 26 o
AR FE S R, AEAL A 137~179 bpld K191~
249 bp/3 MAFAE(GGA)g_;  FI(CT) 9062l i 1R
§1; GCERATEAA, Type AN67.95%, Type
B}66.67%, Type A GCH &I T Type B
(1.28%), 2F 73 1Y 9 25+ Fnde /N H | BE 1L
BRI, Type AIFFI /N H HAE-327.5 keal/mol
K FType BFFIAI-307.6 kcal/mol., LA, EfE
FEBS T s, ZE W 02 MR 22 6] LA K 2Fh Type
[B) (o AL B B IR A W B 22 5% . MR TN Type
A58 A5 BE S 490.005 6, A2 Type AR
P13 E B 0.007 6, Type A5 Type BIY V-4 35
fEHEES H0.007 3, RIIE, EAR2T, ST
TEH 2R AL, HType AP 31 2 8] 1) 22 7 LW =5
FAE 1) Type A,

24 RBEEAESH

H T HATITSITE R G 2K rh iy ad Ik, A
5T L) 2 7R £ 25 (IR 5 B (Remora australis),
KA (Echeneis naucrates)| h AN EBER EE T 5B 1Ap
0234855 FF S KINIR (1512) 0 X R GEW 73 Hr
W, RS E R S, 1IRhaEER
RHNKSZ, HEFREPEGE, BREARNEMA
(Y ELAR E 89%, HALHER A 100%. FEF N A
KA L, AR Z BRI R S, T
JEOPEUR S, AR R, TR M
BT AR, 2SR E) Type AN Bl 3R 5,
Type BIJJF 51 fl Type AR, -4 R 3 HoAh
b, B T ERLTRN A 2305, HAEH
KPR E, BRWH A A, EIR
K2 s SRR —, #

http://www.scxuebao.cn
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R.can1726 TACCGTTTCG GAGCCGCCCG GCCCCCTCGG GGCTCGGAGT CGGTTTCCGC ACAGTCTCCG GATTGCTTAG [70
Reanl 6 .......... ..o il i B B T [70
3 1§ R [70
Rican2_16 .. oo e e e e e [70
Rean2 2 ... . ... ... oL Sl e e e C. [70
Rican2 10 . ..o e e e e e [70
R.Can1726 AGTCTCCCGT CTCGGGTCCC CGTCCCAGGC GGATGGGTTC CCGTGCGTGT CTCCC-GAGG CCGGGAGGGA 140
Ricanl 6 G. .. o e e e e et T [140
Recanl 11 G. .. .. . e e e e e 140
Rican2 16 G. .. ... e e e e e 140
Rcan2 2  G. ... e e e e e 140
Rcan2 10 G. .. ..o e e e e e e 140
R.can1726 GGAGTAGGAG GAGGAGTAGG AGGAGGAGGA GTGGTAGGAG TAGTCGTCTG ACTCTCTCAC TCTCTCTTTT 210
Recanl 6 e s e 210
Recanl 11 .. ... e AL e e 210
Recan2 16 .......... ...... e e e e e AL e e 210
Rean2 2 .......... ...... ——— e e e e e e e 210
Recan2 10 ....... T.. oo L 210
R.canl 26 TCTCTCTCTC TCTCTCTCTC -------- CC TCCTTTTCTC CACCGCTGCC AGTCGGGGCC TCGTCCCCGC 280
Recanl 6 ........ ... .. ... .. ... —=—=---- e e e e 280
Ricanl 11 ... L mmmm e e e e 280
Rcan2 16 —-. . ... L mm T e e e e 280
Recan2 2 ... ... ... ... ... ..., TCTC---=.. ...uu... o e e e e 280
Recan2 10 .. ... . L mm e e e e e 280
R.canl 26 CGGACGCACC CAACGGCCTC CCCGCCTCCC GCCACCGCGA CGCGTCCCGC CGGCCTGCTC CGAGGGCCAA  [350
Ricanl 6 . .o e e e e 350
Ricanl 11 .o e e e e e 350
Rcan2 16 .. .. e e e e e 350
N S VR 350
Rean2 10 .. . [c=----c -co oo e e o — e m oo - - [ [P 350
R.can1726 GACGGGCTTG ACGTCGGGCG CGCTCGCACA GGGCAGGGGA GGAGGCCGAT GTCCGGCGAC TCACGGGCCC 420
2 420
Ricanl 11 .o e e e e e 420
Rcan2 16 . . .o e e e e e 420
Recan2 2 o e e e e 420
Rican2 10 . G. . .ot e e e e 420
R.can1726 GGTCCCACAG CTTCGGAACC GCCAAACCCC AGCGCGGCGC GGCGGCTTCG CCCTGGCCGC CTGCCGTGCG 490
Ricanl 6 . oot e e e e e 490
Ricanl 11 .o e e e e e e 490
Rican2 16 ..o e e e e e 490
Rican2 2 .. e e e 490
Recan2 10 .. Lo e e e e 490
R.canl 26 CCCGCGGGCA CCCAACTCTC CTCTCTCCCT CGGAGGGAGG CGGGGGGTTT AATGTCTCCC CAACCCGCCC 560
Ricanl 6 o e e e e e 560
Recanl 11 ......... et e e e e e e 560
Recan2 16 . . .. e e e e 560
Recan2 2 e e 560
Recan2 10 . o e 560
R.canl 26 CGGCGGGGGA CGGGGAGCGC TCGCGGGTTT CGGAAGTCTC ACGAGTCAAA CCTCTCCCAG AACCTTTTCT 630
Recanl 6 ..o e e e e G 630
Ricanl 11 ..o e e e e e 630
Rican2_16 ... .. e e e e GT........ 630
Rican2 2 . e e e e 630
Recan2 10 .......... ....... T oo e e e e e e e e e e e e e 630
R.canl 26 TTTTGGCCGG AAACCAACAG AAAAATCCAA ACCTT [665]

Recanl 6 ... ... L e e 665]
Reanl 11 ... ... . oo oo [665]
Recan2 16 . ... ... .. ... ...t i G ..... [665]
Recan2 2 ... e e e [665]
Recan2 10 ... ... . ... ... .. [665]

ARILFE AType ARBMARFH . FTRLLKNFINRMEEELTH: JTHEN AL 8 Type Bk & T 51

1 EE&2MFHIEREE
“R.can” % W (455, R 0 H— M8 FREAHE S, FRLFTOETRETEFS. “Rean2_10” HType BEA, 3

Fig.1 The comparison between ITS1 sequences of two types in R. canadum

“R.can” is the abbreviation of R. canadum, the first digit following letter denotes individual’s number, the digit behind the underline

denotes monoclone’s number. “R.can2_10" is the sequence of Type B, five others are representatives for Type A sequence. The un-

derlined sequences represent microsatellite tandem repeats; the missing sites are indicated by box
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Fig.2 The NJ phylogenetic tree reconstructed based on ITS1 sequences of 11 species from five families

numbers in the bracket indicate the amount of clones
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Fig.3 The Bayesian inference tree reconstructed based on the mitochondrial sequences from 10 species
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The analysis of ITS1 characteristics of 11 species from 5 families and
its application in phylogenetic research

WU Baosheng "7,  SI Lizhen ’, KONG Xiaoyu', SHIWei", YANG Min "

(1. Key Laboratory of Tropical Marine Bio-resources and Ecology, Guangdong Provincial Key Laboratory of Applied Marine Biology,
South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China,
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In recent years, the study on ribosomal genes has always been a hot spot. However, only a few reports
on ribosomal genes of fish were reported, especially about the ITS1 (internal transcribed spacer 1) pseudogene. In
order to investigate the applicability of ITS1 as a molecular marker in species identification and the phylogenetic
analysis in fishes, 11 species from five families, belonging to Perciformes, were selected as the representatives, in-
cluding Latidae, Toxotidae, Rachycentridae, Xiphiidae and Carangidae. A total of 348 ITS1 sequences were ob-
tained, and the length of these sequences ranged from 442 to 661 bp. Compared with the genetic characteristics,
such as the length differences, number of variable sites, GC content, nucleotide diversity and haplotype diversity,
the ITS1 sequences of 11 species showed obvious polymorphism within intra-species and inter-species. The unusu-
al case was that a shorter sequence with 55 bp deletion was detected among the 71 clones of Rachycentron canad-
um. Based on the data of GC content, secondary structure and minimum free energy of the shorter sequence, this
sequence was inferred as pseudogene. The neighbor joining tree was constructed based on ITS1 sequences of 11
species from five families with Remora australis and Echeneis naucrates as outgroup. The result showed that the
ITS1 sequences of different individuals from each species gathered together, and the species from each genus also
grouped to one clade. These indicated the ITS1could be used as the molecular marker for phylogenetic analysis at
the genus level. At the family level, the Carangidae was divided into two clades, which was similar to the result of
phylogenetic analysis based on the mitochondrial marker, but both were contradictory with the classification based
on morphological characteristics. To a certain extent, the ITS1 plays a role of molecular marker for phylogenetic
analysis at the family level . These results provide useful scientific information for further studies on ITS1 in fishes

and contribute to polymorphism analyses of ribosomal RNA genes in teleostean fishes.
Key words: Perciformes; Carangidae; ITS1 sequence polymorphism; phylogeny; pseudogene
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