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STERRLfa KR PEARITS1FFIEL
2 B, W #, B &7, AFE”, inm”

(L) PERFERE T PR ARIE R0y, TR SR S5, )08 dbifiE 536000
2. [ Bf 2 Bt B R TTAUT, PO AR S AR T AR E, )R )M 510301;
3. ERMEEBERS, bR 100049)

WME: URAEEARK - BHENEA N mEEEHRELTR, BRERSH LT
MEATRHENFF L5, RALZEWEHMC. H TRMEH B XZREENZTNHE
BMEIATSHFZ| 2 EFEZ S, FRAELREEABXELH 2 THIE, AFER
BRRTSHEREREIBRITSIAFH . £RET, RUNGEHAMNZFLENR
BAM, RNAALFAATEBERF#ALT R, MELRIBEHE X P HRALRA
FA &S, RAE Rz FAONMEFITSIEA AWM EKERAME, "A
B 7 5 I A BB A% 85 (412 bp), A K By 4 HR 3E 49 85 (585 bp). A AT B T ITS1F 7 &
SHEHa X MENLMAKESE: CGA>T, HGCH & §69.5%, TE TATE E.
REAMETHRMRBY G, HABEARBRAY —X, WEARSEFFRE, XU
ITSIFFI e B E AR KX E RN D TAHR. EERBEYGH I TEMETEGER —
X, BRAFAZSHEAMELERFET T, BRAEAZ SHITSUF FI1E A 2 F #7132

M—FEZHEBH R E, BEREELR AL TWHEFEFHNLE L
KR A, AEFERBR; XL, 2 F/40; BER; EHE#; BRELH

FESES:Q522; S917.4

FAZ A W A DNA (rDNA)JE i = B e Bk
HERIPHH RN Z ARG, BEEEYRHEA
AL A EE LA, AT —4
R L. B SRROTH 18S. 5.8S.
28S rRNAZ it 5 X A1 P 3 % 5% 8] B X (internal
transcribed spacer, ITS)ZH i, ITSHFEITS1HI
ITS2, W& T 188558820, J5#& 1 T5885
28SZa] . — A HEIR18S, 5.8SHI28SFF 4 b4
PRSF, ITSIK P 8148 SR A ok,

BT EBARITS R FAEgRS X, fEidf b
HRAZ W B I8N, AR A R,
A BAL S AN E 5, ER N SEEAS AL, T
FEFP )0 SR B G A 25 55, I L i A 18S
FI5.8SIF 4 FEORSE, 8 Tt 5|k iT i3,

I FS BHA: 2016-04-14 &R BHI: 2016-09-06

XRkIRERS: A

R B T 28k K &I 1 (Barcoding) i FH T Fh 28 46
FEZAN, BB IRITS VT 5IAE R Fh 2 45 58 i F
FAWARE T, RS Y . E R SRR A
TEE,{H A 2 IS M S v T AR X A
U Pérez 51" 1 1 1280 5 (Merluccius sp.)JITS1)¥
G, AR T YT P S K 5 D RE 8 A A
R s KumarfgVRFSE T SHhEJE 60254~ 4
FIAZBEIR LR, R FHITS 1 51 #4) 1 R Se i g
RO AR RS X3 TT

B A HR 1B A TS TRE % 1 b P 2 5 2 10
SFirid, BETLU T - MEENE, HITSI
M G (AR AR S IR R B 4, (AN RIITS
PONEAB T e —5"", XM, ITSI
el — A b e A ¥ Do a T —2, m

BHTE : HKARF 54 (31272273): ) VHLLAARAR Y 55 0 FH 2 0512 50 & T T80 4 (GKLMC-201502)
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Ko AR

4%

FERME S S m o2 R 225, &6
TERP R X 0 Fhnid. (Hi&, HERRZE
IR I, ITS1¥E DAEVF Z R0 N3 EAR N 7E
W 280, BIAnAE B . Y. a . W
sok. Wacah¥y . eI masA s 'Y, AL
WF T 38 3 B 3 Fh B0 52 32 02 R TR 2 I o A
iz T ITS YR A Z BT RS AR IR 4
[R5 A I Y =R S R 2 N S
s AH B 1Y 2R G 1Ak 43 B L T BB 2 BRI U T DSV A
g A RE A R AR PR G 3R 3 AR P IYE 3 A
FF (Paralichthys olicaceus) . MRV 21 6 (P.
dentatus) X 58 F — AR Z Bl (Y ITS 1T 51 F¢ 1k
F, B KPG A B BA — Rl 51 288 (X)),
i1l 2 BF A P AR 2K R (XRTY L), AR = R e
(X, YR EYIER), FALXLEITSIFE S IE 0 EA]
HEATRE M R, MRIZERLE P IR AE— R R
H—3Z, AR XX =AFSrF AR

H fii %} 572 H (Pleuronectiformes) i 35 4% i 1A
B WA ST AT 0B, AUTE T B3R (Cynoglossi-
dae)??!', Bl (Pleuronectidae)" > 1 7 & R}
(Paralichthyidae) & A — il #ti& . #F}(Soleidae)
YERBOE B 2 F 5 MR GSE 175, 1R
ZRREEAEFELZWNERFME, HEZS
KT RO MR T 5 B s 1. A K]
BATE Wi 52 53R} 19 HR 58 3% 85 (Pardachirus pavoninus)
ITSUFHIN, K BHAFAEPIRR 22 53 35 00 7 Bk

1= 24
)

A, R 2N TR At S5 A} £
KITSUR B WATETF I Z B, IR IR g
BHEZBRETENMREEN > Firid, X
TR T3 IR 5B A 2BV R &, 4 45
15 )& (Zebrias ) 24 FhZE [47 8L 2% 85 (Zebrias zebrinus)
gk JE 25 85(Z. quagga) |V W B85 8 (Brachirus) i)
IRITEBR(B. orientalis) 15 )& (Solea) ) S B5(S. ovata)
LANFRE, HE— 50T LA T X SR 751y
it RN 50T R G T LR A

MBS 7 vk
1.1 SRR

IRBER M . Ry & ok, mE &
{153 1 ) 65 1) SR R B L6 1, A AP — AN M
T FREUL R WL A AR AE T 95% T K T 15 1 .
1.2 DNAIZEL. PCR3¥ #&F00 5

BORE S LA 2930 mgW) i, & T 1.5 mLAYE
LA, A 200 mLA) 3 9% vh i 120 mL AR [
K, ZNAHLE 2L, RIS HN
P R BURF) & FLEUDNA s FH XK K 7 i 5%
H4IDNA, {47 F-20 °CokFih . RiEE AL
G2 18S 1 5.8SIF 81, FEARSFAL S T E
SIMHFY HEITS1 A B 1IE M 514Z-18S-1720:
5'-TCGCTACTACCGATTGGATGGTTTA-3';
S5 HF-5.85-150: 5'-AGCGACCCTCAGA

1

F1 SHENERITSIFNSEEFEREER

Tab.1 The polymorphism information of ITS1 sequence from five Soleidae species

- s s 551 , BT 5%
P R gns CREM TEREEUAS R ZEMERHEH) K5/ bp CS/ VS/ PS/ R base content
species location no. of clone genotype haplotype diversity length Ao A SSR T ¢ A G GC
ARBESEE R = 36 29 0.9794 561~585 56325 7 (CT)jp—15» (CCG)sn 15.3 39.8 14.5 30.4 70.2
P. pav (A) (CGTG),~ (CCGG),
MR = 1 1 433 (CT)yo 15.5 35.8 17.6 31.2 67.0
P. pav (B)
KRITESE  JARIHL 14 8 0.8901 427~435 4317 4  (CT)jg—y~ (GTA)s- 15.4 37.5 17.5 29.6 67.1
B. ori (AGAGGGC),-
(CTCCACC),
Walkty WL E M 19 5 0.5263 418 4144 1 (CDs (GO)3+ (GA)s- 13.3 38.6 18.2 29.9 68.5
Z. zeb (TCCCQ),
WA ) ARENE 23 22 0.9960 412~441 360 80 47 (GGGGA),. (GCGCCGG),10.8 37.6 20.0 31.6 69.2
Z. qua
Y 3 I ARG 25 9 0.8067 520 5149 5 (GCCC);» (GGGCGC),. 13.8 40.3 142 31.8 72.1
S. ova (AGAAAG),
T 13.6 38.8 16.9 30.7 69.5
average

T: P pav (AYFIP. pav (B) 73RBS EHA . BPRIEILF A1, CSARRIRTALAT, VSIRERA RN, PSHEMANLA, FF
Notes: P. pav (A) and P. pav (B) denotes Type A and B in P. pavoninus, respectively. CS denotes conserved sites, VS denotes variable sites, and PS

denotes parsimonious informative sites, the same below
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CAGGCGTAG-3'. KM A ARFI 25 L, Hify
}52.5 uL 10xZZ #hi , 2 pL MgCl,(25 mmol/L),
2 uL ANTP (43 51°~2.5 mmol/L), #4541 uL
(10 pmol/L), 1 {irTaql§, 1 pLEiHDNA
(50 ng/pL), K WAEK#D R 225 pL, R4 IAE
TFFREE IR, — 8 VR B (— A 5 10%) Y 28
) H BV (DMSO)RE B £ M 9 IR, Atk
A5 A H ALPCREL A LW T 8% DMSO.
PCRIZ W FEJ¥ : 94 °CHiAE 143 min, 94 °CAEHE
1 min, 50 °CiE k505, 72 °CIEMH150s, #7354
PEIR )G 72 °CHEAHI 10 min, 473 7= 4 F 1% i
WHEE I B PR AT, 7= ) FH GenCleantd: X Bt Jig W ¢
5 DNA [a] W53t 71 6 2t Ak [n1 i s 5 pMID 19-T#k A
HAE, HALE KB ITE DHSo. BEHLPE B T R
S i =y S B N T DS 1 D R e

1.3 HEAESRGELEIHN

W 5E 14 ¥ %) FH Codoncode Aligner#K 4 (vers.
3, CodonCode Corporation, USA)MEF7 8, &
JEBLAST (http://www.ncbi.nlm.gov/ BLAST/)#;
R, VR BRI 18SHI5.88 )7 41 5 3 L Fh
HLA e i AH UM, IEBR 34 o B
Bt. JACLUSTAL X" % iy 91 #E 47 £ 1
X, i LABioEdit?" AT F TR HE . i
MEGA 5.0°" 8 F e il cEE 5 i . ARSFALS 2
S AR A0 8, R Kimura WS HOB R 5
WAL EE R, FHDnaSP™ #4460 5 5 B 7 41) 19 5%
R DL 2 2 85 48 %, FSSRHunter3.17% 1 {4
WM BEFY . Wy HATEIEH PN T A
i (Kareius bicoloratus)fNITS1F 4, KL BER: A
BEVE AN ERE, FEMEGA 5.0 R Hl R RSk &
(maximum likelihood, ML)FI14J %1% (neighbor-
joining, NI € SHhRAL 0 M 73T R G i1k
B, B AR BT A 25 43 4t (Bootstrap) #E 47 10004
R .

2 4

21 ITSIFFKELTR. MIEESHEAHER
FFE

Ay ARAT TR BESY 6 . ARy B L A 8UAR
il . W JE A% 5 R DN BRSSP BRI 37 . 140 19,
23, 25 EATEREIE S . R WIN Y 18S (162 bp)Fil
5.8S (158 bp)/ 741, SFpnAlfa I MITS 1 B AR 5+

EE K, BAHBARMEEENMERANKEZER
(F)o FhIA BE S ML MW, 22173 bp,
T J 14 7 50 o BLAE I S5 R (412 bp), K
g MR BE 5 85 (585 bp). S ip A 3R AETE LA
B AR K B 25 59, R BE A0 5 91 4 22
SR, H152 bp (433~585 bp); Hik 2k JH &
5 R 25 7 8, 43 WA 2229 bp (412~441 bp) Al
8 bp (427~435bp). MMiTEH SR E AN, WA
FEEAN RN KEZS, 7354181520 bp.

Lo 55 I8 S B SRR R R 10 2R TTS 1 31 76 AR [
PSAATEARF SR D EFH, JPAKEN
2~7bp, HEREWH2~5K(FK1); (HZTE R RS
FIVAR 7 25 658y 50 AH R A7 4 % K = i L2 (CT) n,
KB W 10~19F119~21, 1 H Ay 3R a5
FEAE R AL S AR B TR IP A, i — 251
MTIFIKESHMTEZEBER, 45RER,
B AR BE 5 840, [/ —Fh AR P A B 25 7 &
BRI TR DLIREOR R SR 1, HR B %Y fi
P A B 2 S U2 Hy T A T o 5 4 A ) 28 Y
FEBN SRR 5 1A R Rl 38 22 8] 9 )3 504 55
P D)2 P AN TR AE A5 P A A /82 365 B 1 (81 1) o

3L 43 BT R SRR R R0 2K BT A TTS 1F 51 Hh
P REIC>G>A>TIN A A (IR BEF B A<T), & &
A C (F-4438.8%), HK NG (30.7%), A
(16.9%), SHREIEAT(13.6%); FidFIHGCH
H(69.5%) L TATE 8 (30.5%), X—45 55 HiAth
5T RITSUTF A1) 8 GO 2 B 4F S AR 2,

22 FIBSMS

K SFHERRL 0 ZRITS 1 51 He Xt 5 & BRHR B 54
5 5 A PR 22 S W R B A, R aRh A 2k
ITSUFS I A —FIER, BRRFEFIEZ H 51
ZRAEw R, KR ATERALL, T
AEARL AT (T 1) o HIR B6E 5% 65 14 oy 2 76 43 31 i 44
ARIBRL, Horp AZHFH) b 46K 2 40(36/37), K
& H561~585 bp, GCHHE 469.9%~70.5%(F )
70.2%), A5 E/N A HEAN-1757.6 kI/mol;
M BZERIA — 5575 (hric A P. pav0l), KX
433 bp, LAZEARIE T /0128 bp, GCH N
67.0%, /NAMBEHN-1412.3 kI/mol, HRKE%Y
BEBA I 7 51 (P. pav0 1) HI 245 77 %25 (B. ori) ¥ 51 H
B AL PE (£996.2%) (F 1), il ad e e ]
WA %) 18 SN S. 8 ST &1l ml LA HE Bk A1 B35 e 1) ]
RETE
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P.pav25 --ATTGGTCC GGGCAAAGCG GCCACGCCGG CGAGTCTCCG GCTTCCCCGC CG

GCGCTC-CTG AGC CTCCC----- --- AGGGCCG ATGGACTCGG CGGCGTGAGC [480]

P.pav29 --ATTGGTCC GGGCAAAGCG GCCACGCCGG CGAGTCTCCG GCTTCCCCGC CG

GCGCTC-CCG A

P.pav3l --ATTGGTCC GGGCAAAGCG GCCACGCCGG CGAGTCTCCG GCTTCCCCGC CG

P.pav33 --ATTGGTCC GGGCAAAGCG GCCACGCCGG CGAGTCTCCG GCTTCCCCGC CGCCGCCGCC GCGCTC-CCG AGCCGCCCCG CTCCC--

CTCCC-==== === AGGGCCG ATGGACTCGG CGGCGTGAGC [480]

GCGCTC-CCG AGCCGCCCCG CTCCC----- --- AGGGCCG ATGGACTCGG CGGCGTGAGC [480]

-AGGGCCG ATGGACTCGG CGGCGTGAGC [480]

Z.zeb01 --TTTGGTCC GGG-GCCGTG TTCCCGCGAG AGAGCGCCCC TCTCTCCACC GGGGGCTG-- -~ -AACGA CCGACACCAA -- -- [480]
Z.zeb05 --TTTGGTCC GGG-GCCGTG TTCCCGCGAG AGAGCGCCCC TCTCTCCACC GGGGGCTG-- -- -AACGA CCGACACCAA -- - [480]
Z.zebl5 -- TT G TCTCTCCACC GGGGGCTG- - -AACGA CCGACACCAA -- [480]
Z.zeb03 --TTTGGTCC GGG-GCCGTG TTCCCGCGAG AGAGCGCCCC TCTCTCCACC GGGGGCTG-- —=--==-==-=== —==- ---AACGA CCGACACCAA -- - [480]
Z.qua02 ----TGGTCC TG cC GACCTCAACC CCCTCCCTCT GTCTCCACCG GGCCGGCCCC CCCCC----A ARAAAAAAAA CCGGAACTAG -- [480]
Z.qua08 ----TGGTCC GGGGGCCGTG CCGGAGACGG TGGGGGAGGG GACCTCAACC CCCTCCCTCT GTCTCCACCG GG! CCCCCC--AA AAAAAAAAAA CCGGAACTAG -- [480]
Z.qua05 ----TGGTCC T GACCTCAACC CCCTCCCTCT GTCTCCACCG GGCCGGCCCC CCCCCCC-AA AAAAAAAAAA CCGGAACTAG -- [480]
Z.qua09 ----TGGTCC cc GACCTCAACC CCCTCCCTCT GTCTCCACCG GGCCGGCCCC CCCCCCCAAA AAAAAAAAAA CCGGAACTAG -- [480]

B.ori0l TCTCTCTCCC ACCTAGTCTG G---
B.ori08 TCTCTCTCCC ACCTAGTCTG G---
B.ori02 TCTCTCTCCC ACCTAGTCTG G---
B.ori05 TCTCTCTCCC ACCTAGTCTG G---

AP.pav0l TCTC----CC ACCTAGTCTG G--------- -GGGGTAGTA ----- GTAGT CCC------

S.ova0l CAACCTCCCC ACCAAACCTG GCTCTAGTC- TGGGCTACTA CGTCCGCGGA CCCCCTCCCC GCC--C-ACG GGGAGACCCG CGCCG--
S.ova06 CAACCTCCCC ACCAAACCTG GCTCTAGTC- TGGGCTACTA CGTCCGCGGA CCCCCTCCCC GCC--C-ACG GGGAGACCCG CGCCG-----
S.ova02 CAACCTCCCC ACCAAACCTG GCTCTAGTC- TGGGCTACTA CGTCCGCGGA CCCCCTCCCC GCC--C-ACG GGGAGACCCG CGCCG-----

___________ -GGTGGCCCC ccee---

-- -GGTGGCCCC cCCC---
-- -GGTGGCCCC CCCC---
-GGTGGCCCC ccce
-GGTGGCCCC ccee

--ACCG GGCTTCCCCC CCACCTCGGA [480]
--ACCG GGCTTCCCCC CCACCTCGGA [480]
--ACCG GGCTTCCCCC CCACCTCGGA [480]
--ACCG GGCTTCCCCC CCACCTCGGA [480]
--ACCG GGCTTCCCCC CCACCTCGGA [480]

-GACCG TGCCCGCCCG CCACACTCGG [480]
---GACCG TGCCCGCCCG CCACACTCGG [480]
---GACCG TGCCCGCCCG CCACACTCGG [480]

S.ova04 CAACCTCCCC ACCAAACCTG GCTCTAGTC- TGGGCTACTA CGTCCGCGGA CCCCCTCCCC GCC--C-ACG GGGAGACCCG CGCCG----- -—--- GACCG TGCCCGCCCG CCACACTCGG [480]

1 SThESFR @ BITSUFHIEL X @B 4

AJRIRBESY BB AL 771

Fig. 1 The alignment of ITS1 sequences of five Soleidae species (partial)

A denotes P. pavoninus Type B sequence

SF IR SRITS T 5 2 8 M s 248
P48 £ (Hd) e 5 1 28 1968 5585(0.9960), HIKH
HR B %0 #5(0.9802) . 75 7 2 #5(0.8901) . B &
(0.8067), Heflk Ry BL5H5(0.5263), SFPEFRL
FEar, A SUR SRR IR ST, 19557 SR 44
A BR R IRBEF BB TS, AR SRR K
(S JE 25 5, 23557 51 R AT 80 AR S . R
BER R T 8 A2 S e K, AEAE198 B i pi s fH
AT 3655 7 A 251728 S o7 45, H Al LA
Ry B N BN ] Pes cl WA 1 E AN A
BN

23 BEEEESH

Xof o () B Aol P AN [] 35 PR Y 2 i) ) 3 A R
HEAT A0 AT, 45 5 S ) e R 11 35t A% I
7 HR B 50 5 AZIS B D 853 22 1] (0.475), e/ hist %
A2 PR AE IR BE 4 5 A S 7R R Ay 2 5% iy 2 ]
(0.218), MiASJ2 HH BLTE [7] & Ay S0 2% i A g i 2%
i 2 [6](0.277), EWIITS 1 51 ] 55t 4% BE 85 R I
DU WX SFRERR Z M R4 K R BETMAAR
[vi) 32 PR AU 2 ) ) 3 A5 R B, A o B TE R BE 4
i, #i%0.429, HoRK T IHAB4RN GRS, 1M H Al
A7 fig S i PN 35 A% BB B A K O A AR, B HA
0.015(5 AR BE S B3 AH 22 292845, /N s Sr 4k i
FBH #5(0.003) 5 {H &R 25 HR BE 54 5 k5 5+ ) B AL
JPA, AZRHRP NS AL EE B 0.002, EELT
T /IN R A 50 2% B R O 8 56 IR B 5 6 5L A 1Y
WA 58 42K [A] 9 e 910 28 R0t 5 0L b i 3t % 1R
B = R (GR2),

24 RGEEBOW
AT RIFRITS T 5 HE B AE A Fh 38 % 5E 1) 4
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*2 SMGNaXMRAGTALZ DR
HiEl (W AL T) K2PiRfE B 5
Tab.2 The Kimura 2-parameter genetic distance of within
(on diagonal) and between species (below diagonal) in

five Soleidae species

TR R4S

species abbr.

LIRBEZYES  P. pav(A) 0.002

2 3 4 5 6

2.iRBEFES P, pav(B) 0.429
3B Z. zeb 0.218 0.427 0.003
4IKJE 58 Z qua 0.328 0.411 0.277 0.015
SRITERS B ori 0.438 0.011 0.427 0.413 0.005

6.9165  S. ova 0.475 0.237 0.417 0.434 0.238 0.003

FhRic, MR PN A [R] B 3 R AR s B — 2% % 971
VE AR, LA AR g Sh S R AL 2 570 5 R £ 206
14 e KA SR A (ML) FH &R 42 (NT) o PP 7 2545 1
MRG0k B WA G — 5, ARBFIRAL LR K
RUR B AT R G M (B12) 0 RGEIrHrah ik i
N, FT ARSI B o SRS (O EBERR AN, BR
IR BE 5 85 (P. pav0O1)Fh, 7] F S 1 AN ] 35 K] 754 5 £
MR —3, HYEAGRENERSE(=99%),
P. pavO0 /3 %1 A 5 HE B 54 65 H At 1 )5 51 SR A —
B, MESARTESRER RN —X, HEFEHN100%,
UEAk, HREESIEP. pav)HAl T8 e 5 SUA BR(Z. zeb)
RBh—3&, HEHEKEAB(Z. quayRR—3; b}
f5(S. ova)Fl & J7 25 (B. ori) R H—, fE ML L
INFRRIIHIR Y, RS RBEA I — K.
ZEER GRS AE S T2V A .

3 itie

TEWFFE R SFHBRRL A ITS 3, A
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.pav24
.pavl3
Jpav22
.pav30
.pav23
.pav26
.pavl?
.pav10
.pav34
.pav % %
.pav.
63 .pav3s
.pav(09
P.pav08

29(P.pavll

98

100

100

I)
P
1’)
P
I)
P
]’)
P
]’)
P
P
P
P
p
mogmﬁ3 IRPTH ALY
I)
P
I)
P
I)
P
I)
P
I)
P
P
P
I)
P

.pav3l i j
bavss Pardachirus pavoninus type A (29)

.pav29
rP.pavl4
.pav37
.pavlo6
.pav36
.pav03s
.pav03
.pav(2
.pav06
.pav2y
.pav04
Jpav2l
.pav07

65

87

WALk HE Zebrias zebrinus (5)

Wk JE 4585 Zebrias quagga (22)

Yt Solea ovata (9)

B.ori05 VA E ]
B.oril0 Brachirus orientalis (8)

-ori7 HR B34 i B2 A
: Pardachirus pavoninus type B (1)

Al Kareiusbicoloratus 01 AR
118 Kareiusbicoloratus 02 1 SPSERE outgroup

B2 ETITSIFIZESHERR & 2R KRR

55 W R A1 4 5

Fig.2 Maximum-likelihood (ML) tree based on ITS1 dataset of five Soleidae species

Numbers in the bracket indicate the amount of clones

REEF BRI A T LRI TA, BIFI 2R B ED
A, RUIHEEAR U E T =, AR H AR 4R
525 F R A BB AN & I — )P a1 25 7, R
SRl E AL . MLAINIF R FR R 2 5% 5 B2 Y
J¥H1(P. pav 01)Fk, A [7] o fi5 24 (1) AN [i] 2 P 7Y
JF OB B R O — 3, R AR R IR,
TE B AT DL > A o 5 5 3 28 M 28 1 4 TR id o
SR, MR BESY 545 S i B2 AN 55 4Ry 5685 R ol —
3, AR RFZE M T IR —3, X
YZR RIS G T B, RS
53 i R S O BSR4 R AR AR (1/37),

AL Pk 1o v I I i 4 AR R HR B 5 B8 0 A 4y ol
Sl REPEAE AR, H R84
e BT — SR R KRS, X
Pt B AR UL o AR A AT BA R R A BER
HA Z R AR 1 5 Fh AR 45 M R S, Ak
FEP XA BURSCR BLGAR T WY I
AW TS ITS 1T 51 BE A 11 2 Bl 28 42 5 1) 70 145
ico BB, 7EFHRZMERITS IR SI1E Jy fk
MRER, BB T AT, R B
Z B RMEH R e p B, — 5 B KE
PRSI EAT IR, ANRER AR R AR I%
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PAMER, e AR 25 BRI ES S
Hebert3& R MR IARCO T J7 5 1E R 2 A 1
B 22 Sl K T0.02, H W E K TR BALH
BEAfELA L), HREHKCOT IFIIENFI S
FEM Ay FARID o X — WS AR 1R 2 D 28 % 0 T A5
B TARGF B BAECT A AE ERL 28 RS e
TSN T SBRN4E 240 R i co T 175
() 35t A B B, R LR JR] 5t 4% R 25 /N 0,037,
HRHTEO. LA, )it 4% 5 85 24 g i~ 3
BEIEE 60E AL, 6 LikbrdE, mitbRY]
CO 1 JFHInl LI FEiRH M s e . 54
Kiikco 1 )5 M, ZAIRITS 1Y 51748 57 5
K, FEFPERI B ERE S, B ENF
BKEE M4y FhRIc, BHCO 1 FHlAETH R
R IX 5 B o AnASHE 5% SFp R Rl 2, ITSUF 3
Fofr TR d5e /0N a8t A% BE B ORI B K3t AR BE B 4 i oA
0.218F10.475(A % G IR BEF i BA T F 51, i
KFCOT FEIRAGHEE . A, SLhifkcol
FEAIAE, BBERITS IR R Fh 28 45 5 19 4 F ARl
B BI— D co 1 FEIERFRME T K
JE 22 AR/, TITSUFF K B e R [l fb 2 vp 22 57
HEAEH K, WAHEFE K AR 8 TS U 51 AH
ZE170 ey, XEERLAT LA )Pt B, B
AT 5 R VKO A K R Ok X A AN TR AR S, B AT
BT RS B A TR, XA TR
MBRFAER S A REREWRESFE X,
ZFPITS1 R B RAE A Fp 28 B0 25 A A
WA LW, BL0F58 A4 L A 7 7E 2
S B R BRI R S B B A U T
s 5 R — #1055 R A B I 1Y
JPA 25 . BIKMGCHE & . BARUE M) g2
¥ DL B B AR Y e/ A BB SRR s 0700 R B X
ANHE R BA T 52 IR BE 5 5 (P. pav 01)fR R B
Ry 50 1 2 A A AE AR 0 25, HLA B (433 bp) B
WNTF AZETIF S (585 bp); ILAM, A, BRAE
R H)TE 2 GCE & (70.2% vs. 67.0% YA 2 45
¥ d5e /N B B AE I (~1757.6 vs. —1412.3 kJ/mol
YR 6 AN LN | BRI SE R BARAE
AlvarezZ P B 25 T ZFPITSZ A 3 51 AL 11
SMATRE L, — PRI R A A B
A BIARFE R LR T, A0 R0
FEH P LR AL, 5 — X R REAAE D
Hh— LAY 55 TR AR E Ak B o Rl 2
PR FRRALR T, R R A

http://www.scxuebao.cn

FEBIRAS, NEASCHEH ,; 5 =M meh
SR DL (4 28 Y 2 ) R A A e R A 3 M T
W, FMEEARLR P AR A, AR
HFHIR BXE 0 85 418 35 DX 3 (P pav O1) AR Ty 2 i3 A
IR H = (£196.2%) , 1 5 1R BE 5 5 B 5L A )y
G BE AN A 43.5%, AR 3 Alvarez 25 B UL 5 HE
TN HRE 308 5% 885 R0 2R O 25 G A RO AL S, TEH
L2 1 56 TR 20 vh AT BEAEAE P AP ITS 1 B S AU (A
HE B 5% i b AZS AU RIBZRAY), ki /v, 43
TR AN 2 2, b ARTB W Rl 2k BT 0E AR B
PRI 2, AR 7 R S DR A ) A —
FRAAL, fF ASREREE T, IREESEBA ALY
S\ Z W R YIRE, S R, H AT iR
(4 R 2R T 45 B e 9] A G AR B Ay IR B 5 5 e 2k 1R
TE G A F 3R Ak 3k B B . HE T B AR S A
R B, HR B 50 68 {15 3 PR S AU ] B 2> 3% T DA
IZE s 2, X ST — 5 T s 1 1R 5 5 5
B 35 DX A A 1) 5 A1 28 v s B AR AR ARG 1 D A
sk R AR fE il it R b 2k L T OhRE, (HE IR
BT OBCE T A Bl R DL A e T e A A
Tadsk, BB R LH R R E ST
{1 N S A AR RO N Ak 2l 3 A NN 8
DR A i W o 2 22 ) 119 SR % i AL 2 &R, H AT 7E
TE 2454 2R Hofh 43 1 1 5% 7 T AR A i, X
— R IKG RS 5 R R R G oW A A
) ERNISE =N

SEH:

[1] Hillis DM, Dixon M T. Ribosomal DNA: molecular
evolution and phylogenetic inference[J]. The Quarterly
Review of Biology, 1991, 66(4): 411-453.

[2] WangY P, Guo X M. ITS length polymorphism in
oysters and its use in species identification[J]. Journal of
Shellfish Research, 2008, 27(3): 489-493.

[3] LiX W, Yang Y, Henry R J, et al. Plant DNA
barcoding: from gene to genome[J]. Biological Reviews,
2015, 90(1): 157-166.

[4] Blaalid R, Kumar S, Nilsson R H, et al. ITS1 versus
ITS2 as DNA metabarcodes for fungi[J]. Molecular
Ecology Resources, 2013, 13(2): 218-224.

[5] Gulyas G, Sramké G, Molnar V A, et al. Nuclear
ribosomal DNA ITS paralogs as evidence of recent
interspecific hybridization in the genus Ophrys

(Orchidaceae)[J]. Acta Biologica Cracoviensia Series



3

2 M, %. SPERELEREEHRITS RS LK 327

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Botanica, 2005, 47(2): 61-67.

Pérez M, Vieites ] M, Presa P. ITS1-rDNA-based
methodology to identify world-wide hake species of the
genus Merluccius[J]. Journal of Agricultural and Food
Chemistry, 2005, 53(13): 5239-5247.

Kumar R, Singh M, Kushwaha B, ef al. Molecular
characterization of major and minor rDNA repeats and
genetic variability assessment in different species of
mahseer found in North India[J]. Gene, 2013, 527(1):
248-258.

Presa P, Pardo B G, Martinez P, ef al. Phylogeographic
congruence between mtDNA and rDNA ITS markers in
brown trout[J]. Molecular Biology and Evolution, 2002,
19(12): 2161-2175.

Hillis D M, Moritz C, Porter C A, et al. Evidence for
biased gene conversion in concerted evolution of
ribosomal DNA[J]. Science, 1991, 251(4991): 308-310.
Smith G P. Unequal crossover and the evolution of
multigene families[J]. Cold Spring Harbor Symposia on
Quantitative Biology, 1974, 38: 507-513.

Freire R, Arias A, Méndez J, et al. Sequence variation of
the internal transcribed spacer (ITS) region of ribosomal
DNA in Cerastoderma species (Bivalvia: Cardiidae)[J].
Journal of Molluscan Studies, 2010, 76(1): 77-86.

Xu J P, Zhang Q Q, Xu X F, et al. Intragenomic
variability and pseudogenes of ribosomal DNA in Stone
flounder Kareius bicoloratus[J]. Molecular
Phylogenetics and Evolution, 2009, 52(1): 157-166.
Harris D J, Crandall K A. Intragenomic variation within
ITS1 and ITS2 of freshwater crayfishes (Decapoda:
Cambaridae): implications for phylogenetic and
microsatellite studies[J]. Molecular Biology and
Evolution, 2000, 17(2): 284-291.

LiY, Jiao L, Yao Y J. Non-concerted ITS evolution in
fungi, as revealed from the important medicinal fungus
Ophiocordyceps sinensis[J]. Molecular Phylogenetics
and Evolution, 2013, 68(2): 373-379.

Redmond N E, McCormack G P. Ribosomal internal
transcribed spacer regions are not suitable for intra-or
inter-specific phylogeny reconstruction in haplosclerid
sponges (Porifera: Demospongiae)[J]. Journal of the
Marine Biological Association of the United Kingdom,
2009, 89(6): 1251-1256.

Bayly M J, Ladiges P Y. Divergent paralogues of

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

ribosomal DNA in eucalypts (Myrtaceae)[J]. Molecular
Phylogenetics and Evolution, 2007, 44(1): 346-356.
Keller I, Chintauan-Marquier I C, Veltsos P, et al.
Ribosomal DNA in the grasshopper Podisma pedestris:
escape from concerted evolution[J]. Genetics, 2006,
174(2): 863-874.
Zheng X Y, Cai DY, Yao L H, et al. Non-concerted ITS
evolution, early origin and phylogenetic utility of ITS
pseudogenes in Pyrus[J]. Molecular Phylogenetics and
Evolution, 2008, 48(3): 892-903.
Song H X, Gao S P, Jiang M Y, ef al. The evolution and
utility of ribosomal ITS sequences in Bambusinae and
related species: divergence, pseudogenes, and
implications for phylogeny[J]. Journal of Genetics, 2012,
91(2): 129-139.
Wei X X, Wang X Q, Hong D Y. Marked intragenomic
heterogeneity and geographical differentiation of nrDNA
ITS in Larixpotaninii (Pinaceae)[J]. Journal of Molecular
Evolution, 2003, 57(6): 623-635.
SR AR, 2276, 25 AR 07(Q) HATP(O) R AT
ACHIITS U B AE A3 AT (9], T K™ B, 2015,
22(1): 17-23.
Gong L, Xu H, LiJ, et al. Characterization of the first
internal transcribed spacer of ribosomal DNA in
Paralichthys olivaceus () and P. dentatus
(S)Hhybrids[J]. Journal of Fishery Sciences of China,
2015, 22(1): 17-23(in Chinese).
PRI, A5 SR H, 4. 60 R B RHE 2RI TS T 41 K
FE 2 A 1E KRG M D). M S5V, 2008, 39(1): 35-
41.
Xu H, LiJ, Kong X Y, et al. Phylogenetic relationship
and length variation in the first ribosomal internal
transcribed spacer of Cynoglossinae species[J].
Oceanologia et Limnologia Sinica, 2008, 39(1): 35-41(in
Chinese).
Buckler IV E S, Holtsford T P. Zea systematics:
ribosomal ITS evidence[J]. Molecular Biology and
Evolution, 1996, 13(4): 612-622.
Buckler IV E S, Ippolito A, Holtsford T P. The evolution
of ribosomal DNA: divergent paralogues and
phylogenetic implications[J]. Genetics, 1997, 145(3):
821-832.
Gong L, Shi W, Yang M, et al. Non-concerted evolution
in ribosomal ITS2 sequence in Cynoglossus

http://www.scxuebao.cn



328 VL A%
zanzibarensis (Pleuronectiformes: Cynoglossidae)[J]. the Royal Society of London- Series B: Biological
Biochemical Systematics and Ecology, 2016, 66: 181- Sciences, 2003, 270(1512): 313-321.

187. [34]  FIBEE, WA, L4, 55, CO 1 F116S IRNAKEH P41

[26] Larkin M A, Blackshields G, Brown N P, et al. Clustal eI Rl (Soleidae) i SRS % 7 rb (103E BT 9T [J]. 4
W and clustal X version 2. 0[J]. Bioinformatics, 2007, HEPESAAR, 2014, 33(3): 57-65.

23(21): 2947-2948. Wang S'Y, Shi W, Jiang J X, et al. Applicability of

[27] Hall T A. BioEdit: a user-friendly biological sequence mitochondrial CO 1 and 16S rRNA gene sequences in
alignment editor and analysis program for Windows species identification of sole fish (Pleuronectiformes:
95/98/NT[J]. Nucleic Acids Symposium Series, 1999, Soleidae)[J]. Journal of Tropical Oceanography, 2014,
41(2):95-98. 33(3): 57-65(in Chinesc).

(28] Tamura K, Peterson D, Peterson N, et al. MEGAS: 5 gieinke D, Zemlak T S, Boutillier J A, ef al. DNA
molecular evolutionary genetics analysis using barcoding of pacific Canada’s fishes[J]. Marine Biology,
maximum likelihood, evolutionary distance, and 2009, 156(12): 2641-2647.
maximum parsimony methods[J]. Molecular Biology

[36] Zhang J B, Hanner R. Molecular approach to the
and Evolution, 2011, 28(10): 2731-2739. . . . o .
identification of fish in the South China Sea[J]. PLoS
[29] Librado P, Rozas J. DnaSP v5: a software for
One, 2012, 7(2): €30621.
comprehensive analysis of DNA polymorphism data[J].
[37] Bailey C D, Carr T G, Harris S A, et al. Characterization
Bioinformatics, 2009, 25(11): 1451-1452.
. of angiosperm nrDNA polymorphism, paralogy, and

[30]  Z=4R, J7#ER. SSRHunter, — AN AHAL I SSRAT 48 %

seudogenes[J]. Molecular Phylogenetics and Evolution,
ORI TFALT). 21%, 2005, 27(5): 808-810. prendogencsll] vos

i 2003, 29(3): 435-455.
Li Q, Wan J M. SSRHunter: development of a local
38 Harpke D, Pet A. 5. 8S motifs for the identificati

searching software for SSR sites[J]. Hereditas (Beijing), [38] atpxe L, Tetersotl fmotits for fhe identihication

f ic IT i .B 2 :
2005, 27(5): 808-810(in Chinese). of pseudogenic ITS regions[J]. Botany, 2008, 86(3)

. 300-305.

[31] Chen C A, Chen C P, Fan T Y, ef al. Nucleotide
sequences of ribosomal internal transcribed spacers and (391 Alvarez I, Wendel J F. Ribosomal ITS sequences and
their utility in distinguishing closely related Perinereis plant phylogenetic inference[J]. Molecular Phylogenetics
polychaets (Annelida; Polychaeta; Nereididae)[J]. and Evolution, 2003, 29(3): 417-434.

Marine Biotechnology 2002 4(1) 17-29. [40] Bayly M J, Udovicic F, Gibbs A K, et al. Ribosomal

[32] Booton G C, Kaufman L, Chandler M, et al. Evolution DNA pseudogenes are widespread in the eucalypt group
of the ribosomal RNA internal transcribed spacer one (Myrtaceae): implications for phylogenetic analysis[J].
(ITS-1) in cichlid fishes of the Lake Victoria region[J]. Cladistics, 2008, 24(2): 131-146.

Molecular Phylogenetics and Evolution, 1999, 11(2): [41] Brownell E, Krystal M, Arnheim N. Structure and
273-282. evolution of human and African ape rDNA
[33] Hebert P DN, Cywinska A, Ball S L, et al. Biological pseudogenes[J]. Molecular Biology and Evolution, 1983,

identifications through DNA barcodes[J]. Proceedings of

http://www.scxuebao.cn

1(1): 29-37.



3 B, S SRR ROBHRITS 5 g 329

Comparative analysis of the first internal transcribed spacer of
ribosomal DNA in five Soleidae species

GONGLi '™, SHIWei’, YANGMin?>, SILizhen>, KONG Xiaoyu >’

(1. Guangxi Key Lab of Mangrove Conservation and Utilization, Guangxi Mangrove Research Center,
Guangxi Academy of Sciences, Beihai 536000, China,
2. 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;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: For a long time, the ribosomal RNA gene was thought to conform to the paradigm of strict concerted
evolution pattern. In fact, an increasing number of intraindividual and intraspecies variations have been discovered,
indicating non-concerted evolution. In order to explore the polymorphism of the first internal transcribed spacer
(ITS1) in the species of Soleidae in Pleuronectiformes and whether it is suitable as a marker for species
identification, a total of 118 ITS1 sequences were determined from five soles. The results showed that two distinct
types were found in Pardachirus pavoninus genome, suggesting a non-concerted evolution pattern, while
concerted evolution was confirmed in other four soles because of absence of intraindividual polymorphism.
Sequence analysis demonstrated that ITS1 had significant length heterogeneity, ranging from 412 bp in Zebrias
quagga to 585 bp in P. pavoninus. The base content of sequences in all five soles was in the same trend with
C>G>A>T and GC content (69.5%) was far higher than AT content. Except for one sequence of P. pavoninus,
each of five soles clustered into one clade, respectively, suggesting ITS1 sequence was suitable for species
identification in the present study. It is worth noting that the sequence of P. pavoninus clustered with Brachiru
orientalis, suggesting that ITS1 sequence polymorphism interfered species identification, as a result, it is essential
to obtain enough clones before using ITS1 sequence as the molecular marker for species identification in order to
avoid incorrect conclusions.

Key words: Soleidae; internal transcribed spacer; species identification; molecular marker; pseudogene; non-
concerted evolution; cluster analysis
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