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1. P ERER #OF B RIRESESEALEE, )& )M 510301;
2. FEBLEBERF, JEE 100049

WE: BRHAREE NP EE 28 N AYIER, A4 3 AN gmISHEEH(18S, 5.8S, 28S)FIWi-~[a]ff X ITS1(internal tran-
scribed spacer 1)1 ITS2(internal transcribed spacer 2). H I, XFAZ AR B AH G R AE 32 B4 TP e R TR #5 L
] F) 22 2SR AE, DAKILAE 4 FARic A R R EAAR R T RIN A, GC F & —WEH BEEWZTTIRIT 54845, 1M
AR . A TR IE N GC & B RAE LU A B X 2 W 7E e GC B %, AMotiest 798 H
(Perciformes) 5 Bt 11 Fifa2s 5 R B RAHRIE R TR ST, 4GRW) &R} (Latidae) . J17K M8} (Toxotidae) . ZEH
#%} (Rachycentridae). $1#FH(Xiphiidae). #5%}(Carangidae), KB T 1651 MEATLRETY], /003t LB C AR
Ho A BB 107 5 B GC & AR AR RRIE, 25 R M. AWFE M2 18S Y GC & il 52.6%~57.1% (P34 54.6%),
5.8S N 55.6%~58.9% (F-1J 57.4%), 28S 5 64.2%~65.8% (F14 64.6%), ITSI N 56.5%~73.0% (FJ 65.0%), ITS2
K 62.3%~77.5% (F1 69.1%) . IHIX 1K) GC &M XT RS, 28 EE /D, 18S M 5.8S A=Ak 3 Fl B /N F (Al f@
X, 288 JUJ 47 T[] B DX 14 e AU AR 3 e (L 22 ] o PRI, AT & BRE B f AOBE AR 1TS 155 T 60%1 GC & it 2 1Z K HERY
— AR, JF Him GC &M ITS1 M ITS2 A P AfEE Wi GC AKX, Ha &AL 5 F K B
WA HIENE . ABFSE 11 PR 2SRy ITS1 M ITS2 1 GC & 7E Rl N (A L BE A8 Tt A8 /Nl B AH 5] A B 9 AH
ik, B GC I G HAFAERS A Fh e rh o AT SR 45 AL 0] £ A0 A B R 5 1 ARR 1K 1) i — 25 B 52 ) R A2 it
BREEARAE

XA gL, [EPRIX; 18S; 5.8S; ITS1; ITS2

P E S ES: S963 XHKARARED: A X EHE: 1005-8737-(2017)04—-0657—12

MR A AL AH 2 BT A
WKEE R, BRI EERG X S5IEHGIX,
iy X AL 45 18S . 5.8S A1 288 3 ANFE[H, R4S X
W F 7 T 18S 5 5.8S Z[E] 1Y ITS1 % 5.8S 5 28S
Z B ITS2 WA N L S lal B X2 Al . — Bk,
o i 55 IR P 9] LU B AR ST, 1T ] B DX 9] 722 S A 6
BRI R RAIE IRy 22 4 DL N, (H 2 Hobh
[) 2 A 1) T Al AN () 4 D1 22 [ %) 20 i [ F PR
—E, HE, — B DRI s 5 PR A 5 B
ZUVHATFHI N . SR, HOkEZ 0o & B,
A7 B IR ) S2E AR AL I AS e Al 4 b e 35 P A K
(18 ) Jo 1 i 3 5 0 S R AR R — B, Y S R

i B EA: 2016-09-30; 1&1T HER: 2017-03-17.
EE&MB: EZRARBYILATH (31272273; 41276166).

KT R B Al R, 3 R 21 N AR B 51 1 A T
5 D1 2 B 0025 HER 5E AR TR A B4, DT S 5
HIFSIF S M2 807, Wi, e
T T fAZ AR A I (K AR A, I A 16 24 BT
MEFREA . HET, XH2ORE AR SE R 0 HH 56 i F2 2
B PR AN YR [R5 DL ) ) 22 25 E S R
VERAr THReAE R GeiL e R g 2, i
D SETAZ AR IE R R BERRE A A ARAE o

TESY THEYERRGE T, GC & 1S DNA 2
T 4 FPo L & IS (G) I WA BE (C) T 5 1 L%
GC Frafe—WaAEH HEENEHRT IR, 5
VFZ AR ERIE AR B E VI LR .GC & 5 s
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RS =LA R B AR e, I H S 2R
A RFIEARDG, EFGEEFHI . HIEEDL &
HEBEER GC Fritd S A —E X
%, Rodriguez Z Uil i SMAERE /TG H, 7R SR
I J& (Sophophora)tH 56 3 K (1) GC & & L H 5 B
PR o RIIEXT GC & i il o8 BoAT — e O B
WE N, B2, BRI GC &ratifoT 2 LU g i ik
PR g 2, 1 Ao A 2 A i DR 0 5 D e 123290

kT WESE it 3 AR gD I Y GC fr
(R RFIE B A 2 18] ) S ), ATk 48 T Ml A
S i 5 DR AR 24 5 35 DR ) A AR ik R I B4 Sk
FEXTR, X — el R IL R TS GC &
AT TR0 FRATT R A Lt A iR 5
R 7 51 R 2 dm i FE R (188, 5.8S, 28S)ik A& ]
B X.(ITS1, TIS2)HY GC & H#BK T 50% > % 20281,
JEHARGASIX ) GC & & TamisI A, X 5H
bR 10 28 LB R 2 GC &4 30%~ 50%)
BIIARRE, 5 —8E WL IERBXE GC fFa
INF 50%I A X ]P0,

Torres %P 5E T PR 2 RISk e PG #H
7% (Cucurbita pepo) il JIL (Cucumissativus) ) ITS1
FITS2 275, JHEE T EA W 18 AR Y ITS
LIFH), RIMZEARFE YR ZE ITS 1 GC &
AR K (20% to 90%), (H 2[R —A~Ffy ITS1 F
ITS2 ) GC FEAFAE RIS, B E P
ITS1 i) GC F 45T ITS2 {8, FHBF B N
GC “F1#(GC balance).

h T TR R RN S GC SR AR
AEAHEAF LA B[] B X2 5 AP AE GC Al F- i Bl 42,
FATHERE T 69K B A i 5 ARE 11 Rt A BESE X
G I ARAT AR AR SE AR TR) | B i) s b 3 971,
[ At Y80 T I A 10 R £ 288 R AW A S TR
JPA, it XX e B GC i AT, &
PR PR E GC &R TSR ERAE, 1
Wl B X2 B AFFE GC Bl g, LIh 4 I il
B A S I SR SR LR 2 A Al

1 HRE5HE

1.1 SSIeH
ABFF Be B T 9598 F I 5 BE 11 R a2 BT

X4, fuFE 5%l (Carangidae) . W) ffiEl(Latidae) .
7K . B} (Toxotidae) . &1 i B} (Xiphiidae) LA K %
# {1 Bl (Rachycentridae), FRZEHITEAIE B W2 1,
JIFARAT FOAE it 0 S UL R A 75 % FA T8 A v DR A7
.

1.2 DNA #2El. PCR ¥ & FailFF

HRE LA 2 30 mg, VIR T 1.5 mL (95
L, A 200 uL 573K 52 b Fi 20 uL 25 17 K,
ZNAAL T 230, SR5 G P23
HIRBUAF] 3B DNA(KAR 1L, db50); 3
WZE K AR I ZH DNA, 177 T—20°C k4t .
MR8 O A S YR R SR 7 BT 91, 4 5]
VTP W54, dT ITS1 A ITS2 AHXF AESE, [
W5 | R A T o DX A0y R 56 R 371 L (36 2)
Y1 BefudE 18S F1 28S #R43F4 . ITS1, 5.8S
FITS2 275 R 1 e KA BE AR A A A A
B RSB R 48 DUF ), A SCEFE PCR 473
A 8% DMSO,

PCR W AR, 25 pL, Hrfudh 2.5 uL
10xZ% i, 2 uL MgCl, (25 mmol/L), 2 pL dNTP (43
24 2.5 mmol/L), &4~514 1 pL (10 pmol/L), 1 H
37 rTaq i, 1 pL 8 DNA (50 ng/uL), K MZEK
FMVEE 25 pLo OWARTF A 94 CHAEYE 3 min, 94°C
5PE 1 min, 50°CIB K 50 s, 72°CIE 50 s, #EAT 35
AMEM T 72°CHEM 10 min, ¥ =P 1%3%

SR BRI HL KA, PCR 729 ] GenClean 235
JEWEEE e DNA G S gl me, KR5S
pMD 19-T #hikit 4%, #4412 KA B DHS o, 4
YR A1 R B Pk 12~36 LT RE T
EATIN P, o 4R 1 1R 0 75 B 1 30 FH 10
1.3 HEHSH

K E ) 11 A S R R ARSE R  371
FBAIH BLAST M3 (http://www.ncbi.nlm.gov/
BLAST/)ku & i HE B . FfiJg A NCBI %k
P P T 2T A At A £ 2R A AR B R ) )
(£ 3), I EIEH, K5, KL EFERS
B4 B A ClustalX 1.83B2f: LIAh s H Hy2h
PNEFEAT AR e BERI R B LU X o K A5 Y EE X P 31
FIH MEGA 5.0P°158 1A /] 43 25 B o0 1 A% i A
K R BT GC it BT 288 SR 41 B4 3000 b,
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Tab.1 Theinformation of 11 speciesin 5 families used in present study

325K I Taxonomic category

Fh 4 455 abbreviations of species A% No.

RAEH A5, collecting location

W%} Latidae
W) i) Lates
W fifi Lates calcarifer JWL
i {6 Bl Rachycentridae

7 ¥ 46 J& Rachycentron

ZZ ¥ f11 Rachycentron canadum ICY
K Rl Toxotidae
$$7K 1 J& Toxotes

7K fir Toxotes chatareus SSY

#lfaFl Xiphiidae
#1411 )& Xiphias
#1144 Xiphias gladius Y
#5758l Carangidae
gl i%)E Alepes
HATHEIM45 Alepes djedaba JDF
[51 % & Decapterus

% [R5 Decapterus maruadsi LYS
KH 5] Megalaspis
K H % Megalaspis corayla DJS

M5 )E Selaroides
4xii 4115 Selaroides |leptolepis IDX
8% J& Trachinotus

i &8 6% Trachinotus blochii BSC
185 )8 Scomberoides

Z&fufiki% Scomberoides tala TLC
P 3éfa )& Trachurus

H AAT3€ 40 Trachurus japonicas VANG

2 J”Z WY1 Zhanjiang, Guangdong

3 WIVLIRIS Wenling, Zhejiang

2 J M AEHB S T 3% Huadiwan Market, Guangzhou
2 K HW, 52E Australia and America
5 JLiEEA HE £ TT fish market in Beihai Port
2 JUIEFHF HE AT fish market in Beihai Port
3 AL Rk T fish market in Beihai Port
3 JLIREAF HE A1 TT fish market in Beihai Port
3 JE 1755 /A1 3% Xiamen Market 8

1 AL R T fish market in Beihai Port
2 JUIEFHFHE AT fish market in Beihai Port

*2 BECREZETERER PCR Y EHIIYFT
Tab.2 PCR primersfor the amplification of different
fragmentsin ribosomal genes

|

i BB (5-3)
amplification . 57-37)

primer primer sequences (
18S* Z-18S-10/TCTGGTTGATTCTGCCAGTAG
18SF-1874/ATGATCCTTCCGCAGGTTCA
ITS1-5.8S Z—18S-1720/TCGCTACTACCGATTGGATGGTTTA
’ F-5.8S-150/AAGCGACCCTCAGACAGGCGTAG

5 8S_ITS? Z-5.8S-10/DACAACTCTTAGCGGTGGATCA

’ F-28S-100/GCTCTTCCCTCTTCACTCG
285* Z-28S-10/ACGACCTCAGATCAGACGTGGC

F-28S-1500/TCGGTTCATCCCGCAGCG

T R AR EKFS.

Note: “*” represents the partial sequence.

FURTHRGE B9 NCBI A A7 A £ 28 (4 Fr 371 35 O A
SRR B, KO — BB e B>, AR
PE, K, 7EARBIGEH 28S T A0 LR oA H
LABFEHRE) 11 R H A2, A 4% H A il
A% B A

2 #RE5HH
21 UMBaEREMESHEZERERERN GC
EERTEREER

PG T 5B 11 PSSR 1651 4>
HpERET A, AT 1825~1845 bp (1 254 4>
18S HTE[E 741, 443~662 bp 1) 338 4~ ITS1, 160 bp
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Tab. 3 Ribosomal gene statistics of each fragment
of telesost in present study

H iy AT BEAL number of monoclone
order 18S 5.8S ITS1 ITS2
3% H Acipenseriformes 36 - - -
HE@EH )8 3 B B
Osteoglossiformes
#2JY H Anguilliformes 9 8 14 -
7 H Clupeiformes 6 64 100 -
##IE H Cypriniformes 71 - 199 -
&% H Cyprinodontiformes 37 - - 105
g#f H Characiformes 16 - 36 37
fi5J% H Siluriformes 6 79 88 109
)84 H Osmeriformes 9 - - 87
fe: 7% H Salmoniformes 16 10 204 53
59 H Gadiformes - 12 37 17
ARIUAA H Atheriniformes 14 - - -
Wit H Beloniformes 5 - 9 _
iif H Perciformes 10 20 166 55
%2 H Pleuronectiformes 59 64 70 -
filiJ& H Tetraodontiformes — — 10 13 7
RN AE B
Note: “~”means no information.

1 339 4> 5.8S, 310~515 bp ¥ 451 /> ITS2 Al
1317~1437 bp 11 269 > 28S,

XoJ 33X G B [ 9] A B A A AT, AR
A~ 11 PR BHR R B GC S & 50%,
I H ITS1.ITS2 VI & 28S ) GC &R KT 60%,
1M 18S F15.8S 1Y GC &t WI/NT 60%. 7E Zhth I
i, 18S 1Y GC & i ieflk, KEZH T HFE 53.4%
2| 54 2%EFE N CEE Jy 53.7%); HIKIE 5.8S, N
57.03%~58.2% (°F-3°h 57.5%); Wi 28S [H1E
64.2%~ 65.8% [8] I Eh (44N 64.6%). 1 [a] b [X.
) GC FaAfbi kK, HhRZ50m 1TS1 M
61.5%F1 72.0% (CEH1°8 66.9%), 1TS2 MAE 62.3%
1 77.0%Z B2 69.6%; 1 1),

FULAT UL, SfS3EH ) GC B AT AR ST,
AR EED, BFXA GC & aiu A& T
A% XY 18S A1 5.8S, 1 28S F GC 5 i i T 1A
B XA e AR {EL, B T ) B X A o (B R F- 24 1
(B 1, Kl 2),

R T TR 11 Rl 2SR 18] B X g A
FH GC FEZBIIZENZ AL, 5 RIXHEAF 4
FIEAREIE(A . T, C. Q)W ¥ ERIHAT TR

Br, DL AR A 28 55 14 28 S5 ok U A B2 A A
LRI (F 2), 458 ER, 18S [ G RILHM
C BREL & &0 28.4%~28.6%, 25.0%~25.6%
( 2a), 5.8S } 28.8%~29.0%, 28.7%~29.0% (/]
2b), 1M ITS1 B9535°4 27.3%~31.7%, 33.4%~40.8%
(K 2¢), ITS2 191 29.9%~35.1%, 35.2%~42.0% (&l
2d), LA L, ITS A9 GC &8 EE B E M
C &SI, H2 G.C MAIRIEZ 8 A 177 H
R o

AWFFEA 11 RS gt 3L GC & &1 B A%
TR P, X—HE50E TR GC S&=M
WEFE N8R, o TR VHX PG 75 HAE7E T 11 #h
e, SR AETE T H A A B £ 2 A% R IR I
i, RATFER T AW 8~14 MHEEH AN 4
BB 288, % 3), JfFHERSHT T GC Ea (A
1, Bl 2a-b), 255 KW, HALRE & AN S g 5L
PRI A2 (8] B X 1Y GC & 3t 50%; KZ4018S
1 GC &K 52.6%~57.1% (CF-H414 54.6%), 5.8S N
55.6%~58.9% (“F-#°8 57.4%), ITS1 A 56.5%~
73.0% (CE¥IH 65.0%), ITS2 HITE 62.5%~77.5%
CF¥IA 69.1%). Dh b8 o oAt a6 25 1
ITS 1 GC & FHE = T 18S Fil 5.8S H[H .,
A TR T HAR B G C &
HOE S AAEMIE RS, DL ITS & GC &1
KR, FATGHE—4E HA45 F Bl G il C &
S RlEAT T ek, R H )T T T
BT .

R IR, 188 M G Ml C &N
27.4%~30.6%, 24.5%~27.0%, 5.8S } 25.5%~31.6%,
25.2%~29.7%, T ITS1 ) G Fll C &5 &4 HIHE 27.5%~
32.4%, 29.2%~37.6% 3 [Fl N, ITS2 & 31.0%~
34.4%, 31.9%~39.3%. LA Eds oAt i f
EKMITS B9 G Al C B8, FEulE ITS2 A&k
G oA T 18S 1 5.8S HN A B i, XM
B Z WA B RS, JF HH GC &
1 AR 5 Py Fh kAL M TE 3, & BENLAS LI o
R 11 Fa2En GC F iR E—800.
22 GC E#&

KT GC PG B AEAN 5T 2
FE7E, BUAPPY ITST A1 ITS2 W5 A BL 2 Al i A Bl
KT FhEAH [ B Rl AR, FRATIH5E T 11



55 4 3]

FHA: 1 MY H AR GC 5

i N H 58 0 2R AT R 661

£8P PR 7 B 2z (8] B R ) A [R) R B 22 T 1)

SRFHENERGRS, £4), SEREHFN
PR B Z (B 22 {53 AT TE 1.20%~6.89%; ITS1 #f
[ 55 LA rh /N TR N B/ IMEA 7 2H(0.35%~

1.20%), RKZHCRTER/MEM R KIEZ A4 40 4
(1.20%~6.58%), KFHRKIEMIAT 8 41(>6.89%); ITS2
FhIE) Y 55 Ay 14 /TR e/ME(0.01%~
1.20%), 24 2H 5 4 A1 7 S /ME AR KAB Z [8]

NS IASEAES HAtRE A
o 45 11 species in Perciformes 200 other teleostean fishes
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Fig. 1

GCH& E/% GC content

BIL 11 Bt 28 S AR 0 SHA L I BOP SIS GC & A S &

Distribution of the GC content of ribosomal genes from 11 species and other teleostean fishes
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Fig.2 Mean GC content of ribosomal genes from 11 species and other teleostean fishes

(1.20%~6.75%), 17 HEHE K TR AR (>6.89%).

FET LB, ATICHTEAMFR 11 Fhiys
e B a2, FhpN ™ A Bz ] A AR AR 5 A )
AR R B 22 6] A AR AL P A BH S R, ol
KBS0 N PR R B 25 (8 430K TR E) AH [
B2 ME,; A FT R85 0 R B 25 (5 /N TR
[ AR A B 22 (E R LR 7+ 3, A58 fafh g
B i 28 /N TR ) AH W] R B Y 22 18 1 L 41 Ry
1:9,

Kth, XF ik Sepp 2 R BAAAE GC P LA,
SUBE A BT RIAR R 9 B A FP 2 0] 7 B 2 [H] Y
2 MAF N o a2 Wy RN A 0 LLACE, AP
(PR 5 BAR AR /N T (8] AR [ - B2 2 ] i AR AL,
AEFE GC FAFIG:; (HIZRW) B F 7 FT /65

LAEET, AP G R B4 AR R U 5 ol ) A [+
B [ p AR, A E GC P 4 .
23 ERERXE GC EENHIFH

TEABFSE &I T ITS1 A ITS2 FEA4E B Y GC
SEING, A THETXFMRLETSKER XL
FEBAEAER G.C 8t GC &t w45, A1 5
X B A AR 112500 917 4% ITS1(272~918 bp)
1333 45 ITS2 (128~694 bp) i — 52K F 4 Y
GC & & T TG, HEAFKER GC &
B2 5 (1 3); [RIE AT B A B
HIE p BRI AL AT T 20T, DA & AN )7
HIFHE GC HmA MR, BEAAEGCHE
X, B s GC &R rRE (K 3).

PO A R B KT I GC F it
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Tab. 4 Differences of GC contentsof I TS1 and | TS2 of 11 speciesin same species or between species
4 species Fli N 25{H D Fa] 2214 difference within inter—species
JWL  JCY SSYy Y JDFY LYS DJS JDXS BSCS TLCS ZJY
ITSI 0 0.75 2.7 1.76 7.11 6.17 2.55 3.88 2.18 1.24 2.90
JWL 3.32 ITS2 0 1.54 2.39 3.4 6.91 6.06 1.01 1.74 1.55 1.72 5.03
PH v v
ITS1 0.75 0 3.45 2.51 6.36 5.42 1.8 3.13 2.93 0.49 2.15
ICY 5.62 1TS2 1.54 0 0.85 1.86 8.45 7.6 0.53 3.28 0.01 0.18 6.57
PH Vv
ITS1 2.7 3.45 0 0.94 9.81 8.87 5.25 6.58 0.52 3.94 5.6
SSY 3.02 ITS2 2.39 0.85 0 1.01 9.3 8.45 1.38 4.13 0.84 0.67 7.42
PH vV v v v
ITS1 1.76 2.51 0.94 0 8.87 7.93 431 5.64 0.42 3 4.66
Y 5.97 1TS2 34 1.86 1.01 0 10.31 9.46 2.39 5.14 1.85 1.68 8.43
PH Vv Vv
ITSI 7.11 6.36 9.81 8.87 0 0.94 456 3.23 9.29 5.87 421
JDFY 3.53 ITS2 6.91 8.45 9.3 10.31 0 0.85 7.92 5.17 8.46 8.63 1.88
PH Vv Vv Vv Vv v V Vv
ITS1 6.17 5.42 8.87 7.93 0.94 0 3.62 2.29 8.35 4.93 3.27
LYS 3.44 1TS2 6.06 7.6 8.45 9.46 0.85 0 7.07 4.32 7.61 7.78 1.03
PH Vv Vv Vv Vv vV Vv Vv
ITSI 2.55 1.8 5.25 431 4.56 3.62 0 1.33 4.73 1.31 0.35
DIS 6.89 ITS2 1.01 0.53 1.38 2.39 7.92 7.07 0 2.75 0.54 0.71 6.04
PH
ITS1 3.88 3.13 6.58 5.64 3.23 2.29 1.33 0 6.06 2.64 0.98
JDXS 5.47 1TS2 1.74 3.28 4.13 5.14 5.17 4.32 2.75 0 3.29 3.46 3.29
PH
ITSI 2.18 2.93 0.52 0.42 9.29 8.35 4.73 6.06 0 3.42 5.08
BSCS 2.7 ITS2 1.55 0.01 0.84 1.85 8.46 7.61 0.54 3.29 0 0.17 6.58
PH v v vV v
ITS1 1.24 0.49 3.94 3 5.87 4.93 1.31 2.64 3.42 0 1.66
TLCS 6.28 1TS2 1.72 0.18 0.67 1.68 8.63 7.78 0.71 3.46 0.17 0 6.75
PH
ITSI 2.9 2.15 5.6 466 421 3.27 0.35 0.98 5.08 1.66 0
VANS 1.2 ITS2 5.03 6.57 7.42 8.43 1.88 1.03 6.04 3.29 6.58 6.75 0
PH v v v vV v vV v

H: MAGEESER 1V RESS GC M4, “PH” ”GC A7 45 5 .

Note: “D” is difference within intra—species. Species abbreviations are given in Tab. 1; “\/” represents which belong to GC balance; “PH” is

short for “GC balance”.

IITEE R B R, ARIBTE ITS1 (R4 MR GC
T EIEAKT 50%2 48, IETE ITS2)FHH, A7
R AT 2 GC SRR, Mkl
W, GC Fra5M R By FIH B AR LA A e,
GC &I A S BT K B AR A & A= A8 4k,

MEHCIRBEN LA TE 46.3%~75.7% (ITS1)F1 52.7%~
77.4% (ITS2).

XF T B A A s 8 i 2 2 B 3 sk 3l
A 20 NI G C E S ESER, &
143 e T ITST 1 ITS2 31 i K Fldwe 4 19 A
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BEMARER AT 0T, ITST 348 TR K A9 918 bp Y
242 (Tor mosalmahanadicus; GU568373) % % 11t
272 bp A7 3 P % (Notropis leuciodus; JF523436),
ITS2 4% 694 bp B PUJI| 1 H £ (Onychostoma an-
gustistomata; DQ994151)#1 128 bp i [F 1E i (Auxis
rochei; AB193740),

T AEH I excel 43555 T 51 B 20 /> i
S G C YA A, BIANES 1~20 S F

100 [
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=]
880t
O a
&) aa (1) ]
%70 m o a adf
if
é I, W™
(™
50t
A A

G CHEE, 5 2~21 M G fl C & &,
MR HE, ST 1%y 515 20 I 3EH GC
Fr s W EL (BT 4)o ANETR AT LR H, TTST P30 1)
GC FHETE 20%% 90%Z [R1 8l, 1TS2 7E 40%~
90%, AIEJE ITSI ibJ& ITS2, GC # f& A8 fk &
AR I, A A GC T ry X, X
KW B E o, #RA M R GC
B, W G ok C RN AEA 5 F Y.

ITS2

: -'ﬁ"‘f" e

40 1 1 1 1 1 1 1 1 1 )
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K3 O HAR A ITS FBIFHIKES GC Famy xR Al
®: {03k GC &t T 50% M2, A: 03 GC & RET 50%M 2.
Fig. 3 Relationship between the length and GC content of ITS in other teleostean fishes
@ : black circle represents GC content higher than 50%; A : triangle represents GC content below 50%.
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Fig. 4 Relationship between the sites of nucleotides and GC content of ITS from four representive fishes
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3 e

WX O B 5 B 11 a2 S o3 b B
i 38 (A AR LRI (18S L ITST . 5.8S ., ITS2 il 28S)
M) GC & EFHEHAT T 0, S5 R R L R B
1 GC & EBIKT 50%, I HIEEXHKT 60%
KZH0W R BE X Bory & 5 KT gt 5L 1Y,
A RIE AN GC % E(30%~50%); iXLbzd
SALTE AT AT 3R o0 BB f AL MR IR SE ] GC i
45 RS E] TIESL . X5 Torres 20 iR iy — 2t
Fh2 2 75 i k2% i (Caenorhabditis elegans) . 2 i
S i (Drosophila melanogaster) . 52 1 %4 5 | £
(Schizosaccharomyces pombe)Z: /T 50%i8 &4
BB REI R . ZE43HT ITST 1 ITS2 55143 A5 Ao Bk
AW, WA R GC SHEAAEHBNES &
XA, Jf B R/ 23 Bl P 8 B i AR Ak
KA, SFHKERAMECH, HERFBA
[Ff iz Bl GC & i iy 8 R FER, 76 20%-~
90%,

GC - (A 25 42 Torres 25311990 4R 42 H 119,
YEFARPE# P BL 2 FAE P ITS 4558 9F e 17 =
i 18 YN ITS [ 51, KBARYIFIZ[E] 1TS
1 GC & & BRANVEIR K (20%~90%), 1HEF N
[ ITS1 FITS2 i GC & S A 7E R b B4, R
FRNRY ITST ) GC &5 ITS2 AL, Kt g:
A GC ¥4 (GC balance),

F Torres 25BMEN GC VA ESE, WA
HEU MARAEMATIT R TR & B T GC P
MG, ANEJE Torres SFib & A=, W & T
FXMPEE T HE . Y. W, FELRBK
i, WA BRI N A B GC % B AR E]
AR R B 18] 1 25 S0 RO, AR IR IX 26 22 F 1)
FEREHIWr R BAAAE GC i, F-AT1 87 T Torres
ECUE A A, 2 B0A Rk 26 ML 5t 4%
WHEFTE GC A A —3 ez Ak, Flhnsfssh
% Fl(mouse)1y ITS1 F1 ITS2 1) GC & & 451N
70%11 75%, %t fH (Lytechinus variegatus) 1 43 )
K T1%. 75%, KPR R B 25 5 )
R 5%H 4%, (PSR R]AE R A B A Y 2 5
ITS1 A 1%, ITS2 MW 0, PRI, F P i 22 (6 W]
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SE(110 ), FrA R R B 2206/ F HAl
10 FpeaSmhE AR i BE22(H A 34 41, KT
B 6641(F4), HIL, NREFHFITHIFTA FIZELA T
— A, BT ELARFR 2 A AH R E i X S A
REHIE . Bilin, Rt F NP R B GC FEZ
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Analysis of the GC content of ribosomal genes of 11 species of Perci-
formes and comparison with other teleostean fishes

SI Lizhen"?, WU Baosheng" %>, KONG Xiaoyu', YANG Min"?, GONG Li"?, SHI Wei'

1. CAS Key Laboratory of Tropical Marine Bio-resources and Ecology, South China Sea Institute of Oceanology,
Guangzhou 510301, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: The ribosomal RNA gene (rDNA) cluster consists of multiple units of three coding genes (18S, 5.8S,
and 28S) as well as two internal transcribed spacers (ITS1 and ITS2) separating the coding regions. Thus far,
studies on these five fragments mainly focused on the polymorphism of different copies within each individual
sample and identification of useful markers for phylogenetic relationship analysis. However, there are limited
studies related to the features of GC content, which is a very important characteristic of ribosomal RNA gene. The
characteristics of rDNA GC content and whether the GC balance phenomenon exists in the coding regions in fishes
were investigated by selecting 11 species from five families of Perciformes, including Latidae, Toxotidae, Rachy-
centridae, Xiphiidae, and Carangidae. In all, 1651 monoclones from the five fragments mentioned above were
obtained. The GC content features were analyzed based on the sequences from the 11 species or the datasets from
other teleostean fishes retrieved from GenBank. The results from the above two analyses were compared. The fol-
lowing results were obtained. First, the GC content of 18S, 5.8S, 28S, ITS1, and ITS2 ranged from 52.6% to
57.1% (average, 54.6%), 55.6% to 58.9% (average, 57.4%), 64.2% to 65.8% (average, 64.6%), 56.5% to 73.0%
(average, 65.0%), and 62.3% to 77.5% (average, 69.1%), respectively. Second, compared with non-coding regions,
coding regions were relatively conserved. The GC content of the coding genes varied in smaller ranges than those
of the internal transcribed spacers. The GC contents of 18S and 5.8S were lower than those of ITS1 and ITS2, but
that of 28S was between the lowest and highest values of ITS1 and ITS2. Therefore, we found that the GC content
of non-coding regions was higher than 60%, which was a remarkable characteristic of these fishes, and no correla-
tion was found between fragment length and higher GC content. Further, no obvious G, C, or GC rich block was
found in the high-GC-content regions of ITS1 and ITS2 sequences. Third, the similarity of GC content between
ITS1 and ITS2 within the same species could be higher or lower than that of the same fragment among different
species within the 11 species. Therefore, the GC balance phenomenon is not universal and only exists in species
whose intra-species GC content similarity is lower than the inter-species GC content similarity. The results of this
study might provide a scientific basis for further studies and facilitate the utilization of the ribosomal gene char-
acteristics of fish.
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