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WE: FHZREIAR DNA FAETT T 8 5 8l (Osteoglossidae) H B T A FRE L B R R KHASFIRICHER, 4
Mrill e 7 EAF Y 7 B ARSI, K18 T B S fi(Arapaima gigas) . JE 2 5 HE o 1 (Heterotis niloticus) |

S 7% 111 (Osteoglossum bicirrhosum) . 2% FC/B 75 £4.(O. ferreirai). 35 A% 4B 75 . (Scleropages formosus) . 77 K A
ANE& (S jardinii) F#EA M (S, leichardti) A rDNA 2751, KEE4r514 11714 bp. 8957 bp, 12057 bp., 11556
bp. 10377 bp. 10724 bp F1 10725 bp, GC PFE S 63.78%~66.13%. R FHAB4E:F0 DL B ek Bk e T &
GiAb i, 455 s, % ITS1 48, 18S. ITS2. 28S Fl 18S+ITS1+5.8S+ITS2+28S B4 41 S A 4 5 14 55 1) 4 2 M0 45

o, WA R BT B aPLER R AR AR, A DNA RIS B F AR 2 AR

KR BE MR AZBHAKRA, 18S tDNA; 5.8S rDNA; 28S rDNA; ITS; IGS; RS K E /T

RESES: S917 N EARER: A

BRI AN E B B A s cm L), &
AN B R, AE AR 0 A A Bl h B
EAMY, BB A WA % B R RNA S
(ribosomal DNA, tDNA)JE = B B 248 D
JPA, PRz X, B ERE)TS)
F45 3 ANADIEIN 18S rDNA ., 5.8S rDNA #il 28S
tDNA, DAKAT 3 A~ ih B P 22 [R] 1% N 5 55 Al
[X.(internal transcribed spacer, ITS1 #1 ITS2)2, 7£
BAEEIFIZME, BN DNA JF 5
(non-transcribed spacer, NTS)LL S 7£ 18S F1 28S
Sk B &b % 53¢ 0] B X (external transcribed spacers,
5'-ETS and 3'-ETS)/ril, X L8751 KA £ N 52
5% [A] B [X. (intergenic spacer, IGS)P™!, kb4 g it
DXORSF YRR, AR g X AL R, AR R0,
ITS1 A ITS2 B4 Z W TR E | sl %

Yim HER: 2021-02-26; 1&iTHHE: 2021-04-19.

XEHE: 1005-8737—(2022)01—-0013—15

REVEM T RS 1L % B AR 5T 25 45RO

B AN E E A (Osteoglossidae) 125 1 4E
Fr, B W E 4 4 (Osteichyes), %R #& o1 WV 2K
(Actinopterygii), ‘B 7 fi H (Osteoglossiformes),
Eretetar, E—2h BRIk M, BAR
BTN . SU M E AR T, HAR
AT ER=SLCPERE L), S
2.4240~2 3T LA, FA MAETHEA IR B
TR 2 WAL 4 8 11 Fh, BAER 28 B 7 R,
2 BB i (Arapaima gigas) . e % S HE
i (Heterotis niloticus) . Wi 7 £ (Osteoglossum
bicirrhosum) . 2% [CH5 % (0. ferreirai) . 3% mifE1
B 75 fa.(Scler opages formosus) . 71 FG A 1 M 7 f.(S.
jardinii) FIff{ Mg (S leichardti)!'* ', Hr2g
A AR A N e AR Ry 3 D AR &

BEEWE: Al A FER T A 5 5 5256 2 B4 T H (UA201910); J M AT R 2155 H (201904010409); T~ A 4 P4
Al 7= b B A AR Z B T BA LB H (2021KT150); B ZRIR KK = F 5T 9 U5 )2 551 B (FGRC18537).
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Jeffi(gold arowana), ZIJpffi(red arowana)fl T &

1 (green arowana)!'>'%

Hl, FIH AFLP, T AEPRIC ., FeRdl . 4
AR R 4 B AL U S5 AR XA [ . AN TRl
KR EHABREENMRE LT XRIET T KE
gt AR T R 2R A B A DNA
SE DR P 5 5 AR R Y AR S N 2 LD AR TR
LRI R 2 L B A AR . A HOE
PR T, R AL IR ELAT WU A st AL R AR Y,
AL HEAY 2R G0 4 R AR T 4 b S e A A ) A
B FR, HITS Al IGS X 595 X AH 1L, 769
o E b 3 A v 32 0 9 5 B R A ARG /DN, 2R 4R 1)
WH M, TEJE SR SRR B oK L B
P, FERETEEMESSMHE SN, FrlifEsh
R T 2 BB R B2 A ) 12 28,
FEABEZE R, R AR A0 = AR 7 A 4 A
Jrids, M T BAF W BT B 2 50 B i i A
EHAFH), X T A MM REkE
SR, BB IR RGOS AL T R,
Ivi] F 3 B A0 A R S IR 1) 22 R etk Ak 204
5 T 5T

1 #MHETE

1.1 HmREF DNA ZE

PAF A B AR EGER )R A EZKIRK
KA BT R R R AT TR AR B RE R B R, Hh B
B RE Rl 2012 AEARAFOREART) S A
B ACE e AR fRE ) 2009 FFEERIT
IS T NS SR P 5 | i A A4 o £ 453k
W1 R, BUHGE REE %, H95% LB E, RAFT
—20 ‘C., Z & EZNA (OMEGA )R 7 & 1) 7 : 42 B
i DNA, 20 CIRAF%&H .
12 XEHMBENSEENF

AR Nlumina 7 SCFEME ST R4
1) DNA 52 I8 Tllumina DNA SCEE R EEbR 1
At (Illumina, California, USA), #4#H6H A H B R
/INK 350 bp BYRCR Sl 7 SO o SR 52 i
PL qPCR J57%H1 Agilent 2100 Bioanalyzer (Agilent
Technologies, California, USA)#FAT %, XJ Bk
4K DNA SC% % Tllumina Hiseq 4000 (I1lu-

mina, California, USA)fm; il &2 Il 71 &5 #4700 ¥,
W5 W% >4 PE150 (Pair-End 150), 45 fil£E 5 )%
B AT 1 Gb,

AR Pacbio M7 SCEMEFM )T FRIES
T H & f DNA, XRS5 DNA #E47 5k .
B A S A% L 4H DNA 28 Pacbio sequel “F-
£ (Pacific Bioscience, California, USA)FxfESZ 5K
AR R T AN Y, AR AR 3
4l DNA £ 26 G Needle H Bifk, i/ Blue
Pippin #£4#% 10 kb LA _E A B, SR umt& & M A
RBJa, HHTE R Bewism o i 443k, il 45 DNA 3
o PERG GRS, AR R SCPE A 500k B S 7
F7>Kia ]l Pacbio sequel {5 (Pacific Bioscience,
California, USA)FEATIF .
1.3 ZHEGEEARFTIAR

FIF PacBio Sequel 2% = ALl & AR M,
il Canu v1.8 (https://github.com/marbl/canu)ZH
e K AZ R DNA 7512, SR AT BWAPY
1 Samtools v1.85 s — A I B Lo w3 =
fREAELER, IR Pilon v1.22P2 %% A DNA
FEAERE— 2B TE, DT AR A o8 5 0B & A% b
PRI 20 o o B AF 5 51 NCBI U7 2L Blast
A, ARPEAS )R 43 7 51 ) 14 0 2 B o
14 FHHEKRS T RIEEEE S

FHERAT MEGA X 57 51 1082 & & . ORSF
(F=SN R S DA SR A=W S PVE 2 ¢ i
(Kitumra-2-parameter-distance) #1735t 1% 5 5 1) ]
50, DNAMEN 4047 %80 i — 8otk . i
SSRHunter3.1 i #k 2~6 bp i 112 55154,
i Tandem Repeats Finder 7E£8 41 (http://tandem.
bu.edu/trf/trf html) 2 $ 5 K 5 P 905, R K
KJEEF 10 bp BIFSI
15 RGEXZEMNEE

FIH tDNA A5 P F G P50, 435
I 4R 4% (neighbor-joining, NJ)A1 D1 i3 418 1
(Bayesian inference, BI)f4 & gEfL A, Hoep NT F|H
MEGA X 434, 1% Bootstrap #E47T 1000 7K
FEKK , iE 1] MrBayes3.2. 15004 2 D1 -t
[F 2 AT A IS 5B, BT 4 &5
IRBEREE( AEE, 1 40%4E), 58T AREHLR
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16 Hh [ K R A

%29 &

f, Iaz17 5000000 1K, HE 500 fRH— AR, KT
5% FEARNE R BACHEAR & L, R M IR
4t 11 J5 55 #E >R (posterior probability, PP), 4
5000000 fRIZAT5E L, F3 24N AR i 2 (average
standard deviation of the split frequency)fii T 0.01
W, A PRSI ST o BT Y 4 SR AR T, RN A
B TreeView & & .

2 HREHSW

21 ERANFHEESIT
FIH = Al m RN, 3545 10.58 G
BRI 3 Fh AR € A 58 0 A A N B (4 e
L L AR e ) AR AR P 9 8 A — B TR
AR T R, D& etk SN R A S AR
HHAb 6 FE S a— g T A Hlumina P17,
M FP2s ) Clean Reads SR 7= M i 501t
WL 20 254 AR A AR A A B 25 1, A
R T 7 FEEMN R 42T 5] (18S-1TS1-
5.8S-1TS2-28S-1GS), HWIHE B H AP 5 H
H, RN S E AR S A JEmAE b
B TR I FCREA N fa RN A i+ £
2.2 1ZAEEEREF S

ARIFARAT T 7 PO B & MR S8 AL
RIEL L S ot, JPA T s X (18S . 5.8S
A1 28S)F[EI PR X.(ITS1, ITS2 A1 IGS), % 5:50
FEF K BE 43 51k 11714 bp (B 875 £8) 8957 bp (JE
B H AT ) 12057 bp GUFE 7 1) . 11556 bp
(PR IH ), 10377 bp (GERRAEA MEF ) . 10724 bp
(Fr RREAD B & ) F 10725 bp (REAME & )
(F D) BABMER T IIAELE 4935 MERALT, 2336
AN {5 B A, GC BRIE & =7 63.78%~66.13%
Z 1, 3£ 1),
221 18S 7 FMEEMmIE 18S FFAIKEY N
1835 bp, GC F 28 Mk/N, N 54.11%~54.50%.,
41 AT AME B, TRSFALE LB 97.33%, 748
ST R 2.67%. BB EAMEY 5 HEE
() 18S P HA 6 AL 25, XUNE & M
MR CE AR 1 EZER(1836nt: G/T), ¢
A A Ne 5 fa AR -5 Y 18S )78l —34, [FlE
SETRE MBS WA 3 R (1330t

-

¥
fh

85 o185 WITSI 4585 ~ITS2 %285 @IGS
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Fh2& species

K1 BE Az E A 18S, ITS1, 5.8S, ITS2,
28S A1 IGS 1y GC &
I: BTS2 R S 3 SRR i
4 PRIty S SENREA M T s 60 77 ECREA M fh
7. WEANE AL
Fig. 1 GC content in 18S, ITS1, 5.8S, ITS, 28S and IGS
sequences in the ribosomal gene of Osteoglossidae
1: Arapaima gigas; 2: Heterotis niloticus; 3: Osteoglossum
bicirrhosum; 4: O. ferreirai; 5: Scleropages formosus;
6: S jardinii; 7: S. leichardti.
T/A, 1424nt: C/A, 1425nt: G/A), FPH 18S &= &
PRSFIY o
222 ITS1 7 Fig&@2s ITS1 JPHIKE N
598~871 bp, MUNEH fft<, MM & ARk, GC
T (72.6%~78.3%)iL = T AT 5 &(21.7%~27.4%).
AT M5 B 323 A, PRSP A LB 33.56%,
AR EE R 63.21% A HEXT LB, 7E 540~
692 bp A 3 Bt 30 bp LA EILRSFIF A (E 2), Hor
T LA A B 7 0 R i 35 0 58 22 R B0, 7
G —ZH R 99.51%.
223 58S 7FEEHMIE5.8S KN 159 bp,
25 B 3 A, PRSFALAL LB 98.11%, 48
SR ] 1.89% 3 N8 47 A (11nt: G/T; 42nt:
A/C; 128nt: C/ARTETRLZ[H], RIE &% e
P Hg & ey —2, HAh 5 Fi s an iyl
—3H, GC FEZMR/N, 75 57.2%~57.9%Z |A],
S BERSF T
224 1TS2 7 ME&mIE 1TS2 WIFFIKE N
327~612 bp, Z5 K, FEmRE{hE ARk,
FEEfiE, GC &iE(70.34%~80.07%)ik & T
AT 55 (19.93%~29.66%). & 2115 B A5 161 4,
PRSP B R 30.87%, A8 S A0 A5 H ] 54.52%
JEAN XS R B, FEF SR S A A 2 BefRsT



1 M kS LRpE S A AT S AR E SRS K F AT 17
x2 THMBELEE DNA ZRNFHBESITR
Tab.2 Total DNA sequencing data of Osteoglossidae
PRl speices Bk 531 e % JERTE 2 GC &®=/% JEfH20 Fi=fd 30

read read number base number  total base number  GC content /% Q20 /% Q30
ﬁ%?ﬁ . Readl 4465257 669788550 1339577100 42.55 99.62 98.73
Arapaima gigas Read2 4465257 669788550 42.64 96.86 90.47
BB R T A Readl 4897612 734641800 1469283600 43.20 99.50 98.31
Heterotis niloticus Read2 4897612 734641800 43.26 97.81 93.15
W Readl 4690420 703563000 1407126000 45.19 99.38 98.14
Osteoglossum bicirrhosum Read? 4690420 703563000 4531 97.06 91.21
%mﬁﬁu%@ Readl 3846166 576924900 153849500 46.32 99.35 98.06
O. ferreirai Read2 3846166 576924900 46.37 97.24 91.70
SR M A Readl 197463943 29619591450 59230182900 45.15 97.00 92.64
Scleropages formosus Read2 197463943 29619591450 4528 92.71 85.17
T [C M3 T £ Readl 6244737 936710550 1473421100 45.13 99.48 98.21
S jardinii Read2 6244737 936710550 4521 97.82 93.17
AT Readl 5078369 761755350 1523510700 4291 99.49 98.27
S. leichardti Read2 5078369 761755350 43.00 97.79 93.13

JPo, ERME 3 i, HohIr R
B MEE TS 22 5 B0, P8 —3E R 99.53%

225 28S 7 fpER Mk 288 WAEFIIKE N
3996~4419 bp, GC Fr it K 62.4%~65.9%. fHZIfF
B 249 4, ARSI 91.96%, A8 A
S 7.77% 0 RN TR 22 SRR, —BUEAE
96%LL . FHAAWFEUA 54 MERALA, 5
HAHMUA 103 ANAEFALS . 2 DTRFZ )T
ERBERFERHAERHAWVFA 3 B 50 bp
DAL B 35 1 5 2k

226 IGS 7AEEHMILIGS [FHIH 1815~4679 bp,
KEASK, BaFank, ¥ 5HaH ARk
., GC &8N 63.73%~71.52%, fAi2915 B0 5
1808 >, PRSFALI ELBI A 14.56%, 28 A0 s e A5
79.68% I EAA M % f FNATA i 40P 51 22 57
BN, PH—8 R 98.31%,

LA U LEAE T LA B AR g b Sk
18S. 5.8S Fll 28S [T A GC & & AHXT AR
S, ASABIEREDN, EIFEIX ITST . ITS2 F1 1GS 1)
REEK, G B AE YIRS IR )P B RRAE
23 BEEFY

MREMFREN, KT HEEREREE T
G B AP R U AT X T E N, RECAF

ALK EARR . AR50 TP I E
it 25 bp, HEEWHGEN 2 NHEKELE T,
g5 B R TR TE IGS Xi(3 3) R T e B H
Hagash, Hibh 6 & @3y L K R Bk
FEEPH] A E A AL 10 S HEE K 5,
6 1~/& 100 bp LA LI EREREE T, SUNE &k
T A-REER T, s KBREEE TSR 160 bp;
WRBHFALN 6 MREKERITY, HAHRHKE
RSN 455 bp; FERHAEANE & 10 T ECAEA M
A N E B 2.3 F 3 R A
FPo1

FiAb, TEE T RO A T R R R T A
JEH, BRT 5.88 b, HALX B TR )T
(£ 4), EEOAATE 1IGS 1 288, 7% KE 7 i1
TEFEEE 86 1
24 BEHEBEMBEIWN

I MEGA X 1 DNAMEN 43511 % & 75 i 2
&ASFPIE] 18S. ITS1. 5.8S. ITS2. 28S Hl IGS %}
PEATHERR IE P BE B A 1T AT 51 G — ot o bt
(& 5), 4R, BB ETH N 0~0.024.,
0~0.852.0~0.019, 0~0.799 , 0~0.066 F1 0.001~1.877,
FE A B — 2t 23 A 97.52%~100% . 38.34%~
99.5%. 98.11%~100% ., 31.63%~99.53% . 84.98%~



18 Hh ] K R H29 %

10 20 30 4 50 60 70 80
E B Arapaima_gigas/! cclca GG CBAEC 35
JEB SR B f Heterotis_ nlIon’cm'/l 657 1- ACE- - ACGGACTCG cc Gj 31
SRR ' 1-871 1-TACCCCCCCG-GATTCCGAACCCGTCCGGCGCCACCCC---CGGAGAGAGAGAGGGACCCCCGGCCCCGGCCGGTGGGGAAGE GCCGAAGGG 116
REAE irai/1-825 1 GTACCCCCCCCCGATTCCGAACCCGTCCGGCGCCCCCCCGTCCGGCGCGAGAGCGAGACCCCCGGCCCCGGCCGGTGGG-AAGG GCCGAAGGG! 120
(M 711 1--- GGCCTET 39
FRECHE ME 5 £ Scleropages_jardinii/1-600 GGCCTCT 37
BEMB L Scleropages _leichardti/1-598 GGCCTCT 35
Consensus
GTACCCCCCC+CGATTCCGAACCCGTCCGGCGCC+CCCCGTCCGG+G+GAGAG+G+GACCCL‘CGGCCCCGGCCGGTGGGGAAGGT++GCCGG+GCGG+CTC+
Occupancy .

150 200 210
B 4 Arapaima_ gigas/1-T18 36 CTH- AC| Achc.cIuchc ABGCG- - - GCBTTEGGGGC GGET TECGCCHCGTCGTCGGT!
JEB S EBF i Heterotis_niloticus/1-65T 32 GCTEAT) ABCCC GCCGGECBCGGCCCAC) TT TTTAGEG G CGAAAE--BBicC--- - )
S & Osteoglossum_ bicirrhosum/1-871 117 CCIBEGC] GGGGT»»CAG GAGGGAGCGGGTGTTGBGACCGGGT GCGA| AG- CGEGA GAGGGAGCGC!
B f Osteoglossum_ferreirai/1-825 121 CCE- GC| GG- AGGGGAGCGGGTGTTG GAC- GCGA AG-CGEGA GAGGGAGCGC!
SEMITE M3 44 Scleropages_formosus/1-T11 40 GT| T} CAGTCGGCT G, AAGCCECETC; GCGCGAA GGCGi IACCAGCCCGC
FRECHEA M5 4 Scleropages_jardinii/1-600 38 GT, T ICCTCC--CTCBG ACA CTCCGECBTCGGCCGCHAGAAGCG --fi
B M7 i Scleropages_ leichardti/1-598 36 GT) TS ICCTCC--CTCHGAACA) CTCCGECEBTCGGCCGCHAGAAGCG
Consensus e < -
AC “GGC G Z GA S L = GeCr "2« =
cchcchrchcc+cccccrcccAAcccc‘rc ccccu+ccccccccAcccc+ccucccmccc+cccccccc+ CTAGGGTACGGATCGCCsCTCCGGOCGTCECOLOCCOaTTrC
oy L
1 a oL | [ [
260 270 280 290 300 320 360
B 4 Arapaima_ gigas/1-T18 143 GTT| CGGTCGECT ccc--ccccccclc c GAAGCGEGG| GTACTTCG TTCGGG GTGT-C 248
BB 5 E B f Heterotis _niloticus/1-657 125 AACEC - - CTTETECTTT GTcC--Bccc) 4 GAGTEGEG- - -~ cceeTT GGCTGEEG 209
XU % £ Osteoglossum_ bicirrhosum/1-871 235 TT, TGGTTACGT) GACGGGETGC| GEGCCGCGC- ccccac C 350
A E 4 Osteoglossum_ferreirai/1-825 25TT TGGTTACGT, A GEGCCGCGC-----GGCC ccccac C 340
WA M 7 £ Scleropages_ formosus/1-711 151 GCG IGAGGCGGGG) TGTTGG| T 268
FRECH M5 4 Scleropages_jardinii/1-600 127 GCi I TG- - GG| A 210
BB 44 Scleropages_ leichardfi/\-598 125 GC| TTTTET A 209
Consensus . e " :
SGTC. CTT AT T= TS b
c+cc+ccccccccccT++ccTcncc1Tccc1cccsc+cmscc+nccccnccccrcccccccsmncr.Tccnnccccucccccccmccccccccccncccccccccnccccccccc
Ouespency N
. L u a 1
370 430 440 450 460
% f Arapaima_ gigas/1-718 GTCCTCGET! CGTEEGCGT Ger cccchIcm CBGAGGEGAGTGCTCCGGCACGAGCCAGEGTCGAACARG ---rTT Arcl GTG 365
JBB 5 H-H {4 Heterotis_ niloticus/1-657 0 BEGCGTAC GGABTCGCCT - GCGGAGTGBECTEC! - - oo — - - - - - - - GGGAG GCT| GBG 299
Ui f8 Osteoglossum_ bicirrhosum/1- 871 CAC GGCAGGABGTGABGACCABEC GCCCTTCCCTCTCCGAAACCCCACCGEC GG rrercr C 471
WA 4 Osteoglossum_ferreirai/1-825 GeC C- - - G- CAGGABGTGABGACCABEC GCCCTTCCCTCTCCGAAACCCCACCGCC GGCCG} C 456
AR M . Scleropages_ formosus/1-T11 CGG CGA| CGAC-GCBECCTECCGACEEG C -TCGCCGGAGTGCGGGACCCCC! GGGT, C 383
FREH M 14 Scleropages_jardinii/1-600 --G CG| G - - - - - TTGT, GEG 295
Mg 4 Scleropages_ leichardti/1-598 G 44 G| G 294
Consensus
= AC TC TT- CC T C. G .CCc b A T TTc AGTG! C
CCGCGGCGCTCCGTCCG+CCGGC+CCCGCCCGCCCGGCCCGG+CAGGCGCTCGCGAGCCCCCCC+GCCGCCCTT+CCTCTCCGA++CC+CACCGC+GGGGCCCGCC++G+CCCCCTCGGCG
oo o -
490 500 510 570
ELE i Arapaima_ gigas/\-718 366 CGTGAAGCTEEGAA CACGAAAABAAAC)
JEB AV i Heterotis _niloticus/1- 657 300 CGT--CGABGEAGGAG- GCGCGABMCGTT GGCG CA-
BAHE 871 IGACAAAGAGAG GA- - - - AAAC]
BT BOA‘Iwgloxsum_fﬂrelmn/l-XlS IGACAAAGAGAG) GAGAGAAAAC]
MR M AL 711 T CCETCAACCT C
b M _jardinii/1-600 TC
B MEE y_leichardti/1-598 TC
Consensus
Occupancy
ol | B a1 | il | [ -
660 700 720
B4 44 Arapaima_ gigas/1-718 4 - CETEGGGTET|
JEB A f Heterotis_niloticus/1-657 CTTTTEACEGAG
S 4 Osteoglossum_ bicirrhosum/1- 871 TCGGGGAACECCCCCECCECCCCGA CBA GCCCGCCCGCCTGEC 707
BRI F Osteoglossum_ferreirai/1-825 TCGGGAA -- -Bccccaal cEABCcEcGeCE- - - - - ------GCC 671
EMARE M3 {4 Scleropages_ formosus/1-711 CTTTCCCGEEGCCCGEGGEGGGATT) TEG! C--A 587
FEECHIA ME 4 Scleropages_ jardinii/1-600 - --TCCCGCCGTTCCCGGEGGG-CT) TEG! C--G 489
BUMA 44 Scleropages _ leichardti/l-598 ---TCCCGEEGTTCCLGGEGGG-CT! T8G
Consensus ]
I x TAAYCaC
CTACCTCCTCOCCTCOACGACCOCOLCCECCTCOTCOCOCCaTTCCCeaCaatts TOCCCOCaCCOE0ECOETCOTTCARACACTCTECErCCOCCaLCCECCCorEeoecaeatrect
- g " - m
| T
740 760 770 780 79 820 830 840
E 1l Arapaima_ gigas/\-T18 559 GGC GGACBGGAGC] G| CTETTTEECCTCCGAAATGTEABACC ICAGCCGAAA IEGTICCC CCTECGGGGACCCCETTTICGTCT - - - AE 670
JESHECHH f Heterotis _niloticus/1-657 498 TCC C- - - GGAAGG) C GCCCHGEA- ICGAl TC ccchAAccch TCT AAAC CCAAACC C- CGHICCCGCECGTGGTTACGTGT
XU % {4 Osteoglossum_ bicirrhosum/1-871 708 TGCCEBCCCGCCEGCCC) G AC CAGGGHA GGTGTGG c GGGG cccc cc GCCAGGAGTTECCACCCCCCEETCMAACCCCGAGT 827
I f Osteoglossum_ ferreirai/1-825 672 cGCelicccaecececc G AGEBGCTG- - - B6G GGGGAGCGCECGGEGGCCHAGGAGTTEC- ACCCCCCBET CMAACCC-GAGT 782
MR M3 4 Scleropages_ formosus/1-711 588 CGT. - CGCG| TG CGGEGT - TTTTTTTTTTTTTTTTTTTTTTTCTCCCT Al T GT -
FRECHIA M f Scleropages_jardinii/1-600 490 C- - TEBG- AGAG c CGG! - ITTCCICTTT Tc AAT GTT
B M7 4 Scleropages_ leichardti/1-598 489C--T - AGAG c| clc - CETTCCACTTT. AAT

Consensus y¢

CY~GT AC A A T foce~ € =
CCCCCCCCCCCCC+CCCCCCCCGCCCA+CCCCCCCAACCCCCCCCCCCGTC+C+GCCCACCACTTCCCCT+C+AC+TTCC+CCCA+CCAGCA+CTCC+ACTCCCGCCCCAACTTCC+GG+C

s B I EL A i H N Tl

870 880 890
% fi Arapaima_ gigas/1-718 67 GTACCGGABGCECGAAACGAAACGAAACGAACGT 718
JBB S HA 7t Heterotis_ niloticus/1-657 GC CACACGG, JACAGCAACAAAAAAAAAAAGAGTT 657
S f Osteoglossum_ bicirrhosum/1- 871 GCCTGGCGAMCGAGATGAAAAACGTACCAT---- 871
BRECA 14 Osteoglossum_ ferreirai/1-825 GCCTGGCGAMCGAGATGAAAA-CGTACCGT- - 825
A MY 4 Scleropages_formosus/1-711 ACCTCGATA- m
FRECHE{ M 4 Scleropages_jardinii/1-600 ACCTCGATG- 600
B{MEE i Scleropages _leichardti/1-598 ACCTCGAT 598

Consensus. = A o Al ATAAA
<CGATARGAC

CCCCTCACTTCCAACG+A+++GCAAACCCCGATAAAACG+A+C+TA++T

oy He B B

K2 B2 ITS1 341 Hoxt 5]
Fig. 2 Multiple alignment of ITS1 sequence of Osteoglossidae
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10 20 30 40 50 60 7 80 %0 100 110 120
E 7 i Arapaima_ gigas/1-327 CEGTCCCCCGCGAGEGGCGG)
JEBSHILYE 4 Heterotis_niloticus/1-462 CBETTCCCC---GCGAGGGGT,
BEEE 544 ACGCT]
B ::us"‘ irai/1-518 ACGCT
/1-612 GAGAC GAAcCCCC
me iﬁiﬁi&lmpaguﬂm"mm CACGC CCCGAACEC]
WM £ Scleropages._ leichardti/1-407 cACGC CCCGAACEC

‘Consensus.

P = A GT A~ CTanC A T
TGCCATCAATCGGGC+TCCCCCGCG+GGGAGG+CGCCCGCGGCTGGGGCTGTCGAAGGCAGAAGCCTCCGTCCCCCTAAGCGCAGAC++CGGCGGCC+GCGCCG+A+CGCC+CCCTCCCCG

Occupancy
130 150 160 170 220
E %1 Arapaima_ gigas/1-327 122 CGEACGCGTECTC CGGAAGGCGA] A GAAGEC ccc'rlc-
BB SH AT 4 Heterotis_niloticus/1-462 118 CCEC -gGAac -TTEET (d AGCEEcC] -cc GAAAGG|
XiF % £ Osteoglossum_bicirrhosum/1- 544 110 TCRGGG GTT C| ACCEETEBCGA A
PRICH T f Osteoglossum_ferreirai/l-518 110 TCEGG- AA GACBCCGACGGTT| c ACC] I CGA G
REM M {1 Scleropages_formosus/1-612 108 GCBCG- CT. A ccccccccT GG-BCGGGAGCGC o CCCTCGAA -TC E
FFICHE ME & £ Scleropages_jardinii/1-407 110 CGECGCGCG - cccAc.cl CGCBTTCCGAAAC u C
BEA £ Scleropages_ leichardti/1-407 110 CGEC- CGCGEGGGGT - TGl GGGAG CGCETTCCGAAAC u c
Consensus
C+CCG+ACCGGC S CTCCACHCGG
Occupancy
| ¥ | il 1 |
320 330 340
E R Arapaima_gigas/1-327 GCECETAARCETETTTA| TCEG| CEGAAABAG- - AGA
JRB 5B 41 Heterotis_ niloticus/|-462 q c c TG cGTRTETCCBG cci
UG T #4 Osteoglossum_ bicirrhosum/1- 544 GACAGCC AA cTCGAG)
AT Osteoglossum_ferreirai/1-518 cAcccccccccccrcr CTCGAG

SERARE{ M5 L Scleropages_formosus/1-612
FRECHBE{ M 1 Scleropages_jardinii/1-407
M 4 Scleropages_ leichardti/1-407

GCCGAC]
GCCGAC]

T)
u
G - - - AGG|
G
G

Consensus

Oceupancy " S — — | |

480

EE 1 Arapaima_gigas/-327 321 AGACHEBIT - -~ - =~ -—-——------ e e e e e e e e - 327
JeHSHHAYE 14 Heterotis_niloticus/1-462 c- - ccTTc AGGGA TGCCGGA GGCTT] GTCCCTAGC 397
AR Os 544 339 CC- GG GA C Ci CG TCGGC GTTCCRATGTTGTCGG) GGEGGACGEGGGAGAAAAAGGGAGCGTC 451
REHEE _ferreiraif1- 518 TTGGC GTTCCBAGGTT- - - CGl c GGEGGACGEGGGAGAAAA-GAGAGGGTC 444

A M 12 3 AGGGC GCCGABGCGCGGCGGC TT TCGCGEGAACCBACCCCACTCGGGGCGGGGE 433
ffE-ﬂM}ﬁgSclmpagu jardlml/l-4(77 GCCTG cc| GGA 407
M i Scleropages._ leichardti/1-407 GecTa - 407

‘Consensus.

R | 1 = B e

490 500 510 520 530 540 550 560 570 580 590
EHEM Arapaima_gigas/|-327 S === e oo o e o e s e e e so oo —— - -oooo-o
JEB SELF . Heterotis_ niloticus/1-462 398 GGAACGATTCGGCCACCGEGTTCCTCCCCCTGTETCTCTEGAGACGGTGGGGGGGGTGACCTTTT- 462
H@iﬂﬁﬁl}:ﬁgﬂg[omum bicirrhosum/1- 544 452 GAGGCGGTGCGGACGAC-CGCGAG-GAGGGCGCCGGCGGCG-GCGTCCCGGGCGGGCGACGACGACGACGACGACGACGAAACCCCGTCTTTTTTC 544
PRERAF AL Osteoglossum_ferreirai/1-518 445 GAGGCGGTGCGGACGAC- - GCGAG- GAGGGCGCCGGCGGEG-GCGTCC- GGGCGGGCGACGACGACG -~~~ — - -~ - - - - AAACCCCGTTTT

FeniBE| M o Scleropages_formosus/1-612 434 GGGGCGGGCLGGGGGLC- CGCCGGCGCCGCCGCCGACGACACGAGTTTCCGGCCGGGAGCGGCGGCCGCAGGCAGCGCGGCGCCGGCAGCAGGCAGCGTCCCGCACCCGCCGTGCCTCTGT 553
FRECHEA MY Scleropages_jardinii/1-407
B M 44 Scleropages_ leichardti/1-407

‘Consensus
G+GGCGGTGCGGACG+CGCGCGAG+G++G+CGCCGGCGGCG+G+GTC+CGGGCGGGCGACGACGACG+C+++GA+++CGAAACCCCGT+TT+++++CGTGGGGCAGCGGCCGTGCCTCTGT

FEf %1t Arapaima_ gigas/1-327
B 5 &iﬁé Heterotis_ niloticus/1-462

544
3 Em D:l(aglon-um_ ferreiraifl-! snx
e 12

IR EGHEA M Eﬂl Scleropages_j _/'anﬂn!n/l-407 612
BEAM 10 Scleropages _leichardti/1-407
Consensus.
CCCCTCTGTCTCTCCCCGCCCGCCCGCCCGCCTGCGTGCCTCCCTCCCCCGGACCCAGT
Occupancy
K3 g E a2k 1TS2 741 Lt
Fig. 3 Multiple alignment of ITS2 sequence of Osteoglossidae
®3 BEEN IGSEKEBMEBRESFI
Tab.3 Tandem repeatsin |GSregion of Osteoglossidae
Yk EEKE KB /bp HEIFHI(5-3")
speices copy number consensus size tandem repeat sequence (5'-3")
4.2 26 GGCCGAGAGGGCCGGGGTACCAGGAC
CGGGGTACCAGGCGGCCGAGAGGGCCGGGGTACGAGGACGGCGGGCCTTAA
5.1 120 GGGAGCAGGTAGGGCCGGAGGAAGGAAGGGCGAGGGGGTCCGGGACTTAA
i GACCGAAGGCCGAGAGGGC

CGGGGTACCAGGCGGCCGAGAGGGCCGGGGTACGAGGACGGCGGGCCTTAA
GGGAGCAGGTAGGGCCGGAGGAAGGACGGGCGAGGAGGTCCGGGACTTAAG
2.5 238 ACCGAAGGCCGAGGGCCGGGGTACCAGGCGGCCGAGAGGGCCGGGGTACGA
GGAAAGAGGGCCTCGAGGCGGCGGGTAGGGCCCGACGAAGGAAGGGCGAG
GGGGTACGGGACTTAAGACCGAAGGCCGAGAGGGC

Arapaima gigas

(¥4 to be continued)
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(8:3¢ 3 Tab. 3 continued)

Yo

speices

copy number

K% /bp

consensus size

R FS(5-3")

tandem repeat sequence (5'-3")

EEEM
Arapaima gigas

2.1

14.3
16.8

53

2.5

8.4

10.4

146

29
58

176

354

119

51

GGCCAGGGGTACCAGACGGCCGAGAGGGCCGGGGTACGAGGACGGCGGGCC
TTAAGGGAGCAGGTAAGGCCGGAGGAAGGAAGGGCGAGGAGGTCCGAGACT
TAAGACCGAAGGCCGAGGGCCGGGGTACCAGACGTCCCAGTAAA
GGGGTACCAGACGTCCGCTTTAAGGCCCA
CTCGGGGGGCCGGGGCCGACTCGGGGAGACGCGAGGCCGAGGCCCAGCGCA
CCGACAG
CTCGGGGGGCCCGGGGCGACCCAGGGAGGACGCGGGCCGAAGCCCAGCGCA
CCGACAGCTCGGGGAAGCCGGGGTCGACTCGTGGAGGTCGCGGGCCGAGGC
CCAGCGCACCGACAGCTCGGGGGGGCCGGGGCCGACCAGGGGAGACGGGAG
GCCGAAGCCCAGCGCACCGACAG
CCACCACCTCGGAGGGGCCGGGGCCGACTCGGGGAGGTCACGGGCCGAGGC
CCAGCGCACCGACAGCTCGGGGGGGCCGGGGCCGACTCGGGGAGGTCGCGG
GCCGAGGCCCAACGCTCCTACAACTCGGGGGAGCCCGGAGGGACCCGGGGA
GACGGGAGGCCGAGGCCCAGCGCACCGACAGCTCGGGGGAGCCCGGAGGGA
CCCAGGGAGACGGGAGGCAGAAGCCCAGCGCACCGACAGCTCGGGGAAGCC
GGGGTCGACCCGTGGAGACACGAGGCCGAGACCCAGCGCACCGACAGCTCG
GGGGGGCCGGGGCCGACCAGGGGAGACGGGAGGCCGAAGCCCAGCGCA
CTCGGGGGGGCCGGGGCCGACTCGGGGAGGTCGCGGGCCGAGGCCCAGCGC
ACCGACAGCTCGGGGGGGCCGGGGCCGACTCAGGGGAGACGGGAGGCCGAA
GCCCAGCGCACCGACAG
GAGAGCCTCTGCCCGGGCCCTGACCCTGCGCCGATCGTGGGTCCCCCCTAC

XU R
Osteoglossum
bicirrhosum

15.6

3.1

4.9

10.6
53

2.2

2.3

32

160

76

44
92

92

71

CACCCTTAAGCCTCCGGCGAGCGGAGGCCCGC
CACCCTTAAGCCTCCGGCGACCGGAGGCCCGCCACCCTTAAGCCTCCGGCGACC
GGAGGCCCGCCACCCTTAAGCCCCCGTCGAGCGCAGGCCCACCACCCTTAAGCC
TCCTGCGAGCGGAGGGCCGCCACCCTTAAGCCTCCTGCGAGCGGAGGGCCGC
CGCTCAGAGACTTTGCGCCCCAAGCAAGTGCACATTTCGGGCCGTGCGCTCA
GAGACCTGGACCCCCCCCACGTCG
TGCACATTTCGGGCCTTCGCTCGGAGACCTGAGCCCCGAGCGCC
TGCACATTTCGGGCCTTGAGCTCGGAGACCTGTACCCCCACCTCGCGCTGAC
ACTTTAGGTCCTGCGCTGGGAGACCTGAGCCCCGAGCGCC
CACACTTCAGGCCCTGCGCTGAGAGACACGAGCCCCAAGCGCCTGCACATTT
CGGGCCCTGCGCGCAGACGCTTTAGCCCCCTTCGCGCGCC
CACATTTCGGGCCCTGCGCGCAGAGACTTTAGCCCCCTTCGCGCGCAAGCAC
GCTTCAGGCCCTGCGTGCT

IR EH A
Osteoglossum
ferreirai

7.6
3.8

2.5

14.3

4.7

2.3

32
64

95

76

228

455

CACCCTTAAGCCTCCGGCGAGCGGAGGCCCGC
CACCCTTAAGCCTCCGGCGAGCGGAGGCCCGCCACCCTTAAGCCTCCGGCGA
GCGCAGGCCCGC
CACCCTTAAGCCTCCGCCGAGCGGAGGCCCGCCACCCTTAAGCCCCGGCGAC
CGGAGGGCCGCCACCCTTAAGACTCCGGCGAGCGCAGGCCCGC
CGGAGACCTGTACCCCCCCTGTCGCGCGCACAGACACTTTGCGCCCCAAGCA
GCTGCACATTTCGGGCCGTGAGCT
CGGAGACTTGGACCCCCCCGTCGCGCGCGCAGACACTTTGCGCCCCAAGCAA
GCTTACGTTTCGGGCCGTGAGCTCGGAGACCTGTACCCCCCCTGTCGCGCGC
ACAGACACTTTGCGCCCCAAGCAACTGCACATTTCGGGCCTTGCGCTCGGAG
ACCTGTACCCCCCCCGTCGCGCGCACAGACACTTTGCGCCCCAAGCAAGCTG
CACATTTCGGGCCGTGAGCT
ACCCCCCCCGTCGCGCGCAGAGACACTTTGCGCCCCAAGCAACTCACGTTTC
GGGCCGTGAGCTCGGAGACCTGTACCCCCCCTGTCGCGCGCACAGACACTTT
GCGCCCCAAGCAACTGCACATTTCGGGCCTTGCGCTCGGAGACCTGTACCCC
CCCCGTCGCGCGCACAGACACTTTGCGCCCCAAGCAAGCTCACATTTCGGGC
CGTGAGCTCAGAGACTTGGACCCCCCCGTCGCGCGCACAGACACTTTGCGCC
CCAAGCAAGCTTACGTTTCGGGCCGTGAGCTCGGAGACCTGTACCCCCCCTG
TCGCGCGCACAGACACTTTGCGCCCCAAGCAAGCGCACATTTCGGGCCTTGC
GCTCAGAGACTGTGACCCCCCCCGTCGCGCGCACAGACACTTTGGCGCCCCA
AGCAAACGCACATTTCGGGCCGTGAGCTCGGAGACTTAC

ESIDR V| =g A
Scleropages
formosus

2.2

2.5

49

49

TCAAAGTCCCCTGGGGGACCAGGCGCCCGCGGAGGCCGCTCGGAAACGC

AAGTCCCTTCGGGTACCAGGCGTCCGCGGAGGAAAGCCAGAAATTTTCT

Tr FOBEA bR 5 £/
B4R
Scleropages

jardinii/leichardti

[\S)

2.8
2.9

153

50
48

CGGCGGCGGGACTTAAGCCCCGGCGGGCCGGAGGGGAGCGGGGGGCCAAAG
CCCGCCTGCCCGCCAGCACTCAAGCTTCAGACTTAAGCCCGGGGGACGCGCA
GCCTAGAGGCGGCAGCCCGCGGCCGCAGGGGCGACGGCCGCCTGGTACCC

CCGAAAAATTTTTCAAAGTCCCGCGGGGGACCAGGCGTCCCGAGCCCACC
CCCCCCGGAAATATTTTCAAAGTCCCGCGGGGGACCAGGCGTCCCGAT
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Tab.4 Number of microsatellite sequencesin rDNA of Osteoglossidae
X 5k Ei&f RBPRHETM XA T WIHHM  EWh &G TR EEA S G
o Arapaima Heterotis Osteoglossum Osteoglossum Scleropages Scleropages Scleropages
region h A e A LY . )
gigas niloticus bicirrhosum ferreirai formosus jardinii leichardti
18S 7 7 6 6 6 6 6
ITS1 3 5 8 7 5 5 5
1TS2 6 5 4 4 10 5 5
28S 15 14 24 23 23 22 22
1GS 9 11 37 46 24 25 25
&1l totle 40 42 79 86 68 63 63
%5 BESRE 189/1TSY/5.85/1TS2/28S/IGS ik FF 5 i E BB B FF 51 — B0
Tab.5 Genetic distances and sequence identity of 18S/I TS1/5.85/1 T S2/28S/1 GS rDNA in Osteoglossidae
%
L = H A 4 AL TN AT £
W HHAG RDREAEG - SARES g SRS fpmirma mivEe
species b eter 1€0g O.ferreirai ~ Scleropages Sjardinii S leichardi
gigas niloticus bicirrhosum formosus
S =gl - 99.68/53.25/100/ 97.79/43.87/ 97.73/42.92/ 97.68/50.73/98.11 97.73/46.03/98.11 97.73/40.35/
Arapaima gigas 43.06/96.3/19.31  98.11/35.02/ 98.11/35.1/  /31.63/85.65/26.68 /43.05/86.29/32.4 98.11/42.82/
84.98/37.63 85.13/33.53 86.32/32.24
Y S H & EHM  0.003/0.679/0/ - 97.57/39.69/98.11 97.52/40.72/ 97.57/45.09/98.11 97.63/53.79/98.11 97.63/51.91/
Heterotis niloticus 0-665/0.014/ /45.66/86.07/20.8 98.11/45.7/  /46.41/86.88/31.91 /50.59/87.6/24.67 98.11/51.37/
1.007 86.13/20.77 87.6/24.5
KU 0.022/0.678/ 0.024/0.822/0.019/ - 99.95/91.3/100/ 99.68/51.01/100/  99.73/38.34/100/ 99.73/38.66/
Osteoglossum 0.019/0.784/ 0.571/0.065/1.164 89.84/99.73/ 53.06/96.42/31.67 52.01/96.38/39.25 100/52.02/
bicirrhosum 0.066/1.877 75.34 96.36/40.75
FICEEH M 0.022/0.654/ 0.024/0.815/0.019/ 0.001/0.017/0/ - 99.62/53.14/100/  99.68/43.85/100/ 99.68/43.33/
O. ferreirai 0.019/0.799/ 0.559/0.064/1.084  0.024/0/0.128 51.82/96.44/35.58 51.12/96.44/46.1 100/51.31/
0.066/1.865 96.42/49.12
EimE{dbEE A 0.023/0.722/ 0.024/0.611/0.019/  0.003/0.852/0/ 0.004/0.832/0/ - 99.84/69.13/100/ 99.84/69.45/
Scleropages 0.019/0.707/ 0.556/0.062/0.843  0.439/0.019/ 0.413/0.019/ 53.21/97.73/42.64 100/53.59/
formosus 0.062/1.373 0.769 0.756 97.7/42.43
RGNS E /A 0.022/0.609/ 0.023/0.478/0.019/  0.003/0.779/0/ 0.003/0.740/0/  0.002/0.198/0/ - 100/99.51/
S jardinii 0.019/0.706/  0.490/0.063/0.872  0.406/0.016/ 0.394/0.016/  0.369/0.010/0.483 100/99.53/
0.063/1.483 0.857 0.854 99.95/98.31
A N £ 0.022/0.608 0.023/0.478/0.019/  0.003/0.779/0/ 0.003/0.740//0/ 0.002/0.196/0/ 0/0/0/0/0/0.001 -
S leichardti /0.019/0.702/ 0.492/0.063/0.872  0.406/0.016/0.862 0.394/0.015/ 0.370/0.009/0.484
0.063/1.488 0.857

E: AT A, 7 Moy —8ut.

Note: Uncorrected pairwise distances are below diagonal and sequence identities are above diagonal.

99.95%11 19.31%~98.31% . & W <5 1Y /5 51,
Fofr ] 9 381 HE B 8D, T8 — SO R s

FIF rDNA A[A43 X )751(18S . ITS1, ITS2 Fil
28S) LA 1) (18SHITS1+5.8S+ITS2+28S), LLHT
P4 22 28 J= 3 U1 (Perna canaliculus)(GenBank 55
& MK419109.1) 85, ffi[l MEGA X. Bayes #&
PE4Y BIFSEE T NJ F1 BI R L B N 5.8S 759114
JIFNIGS IFAKEZE R K, RTRERE /T

REGRWME 4 FroR, PFPREHFI S 2
—HW, A EEAERN-KEEESD), B
ITS1 4b, HAh 4 AFa0H g bRy 5 HEr 7
Fii T L IAEGEAr EARRT & o R BT A
f& 18S. ITS2 F1 28S X JFHILI K 18SHITS1+
5.8S+ITS2+28S 22 )7 41| £ R AL A #1 mT AR &y e fe
g & aPRER . JR AR UL
& DNA AR R B & BT By e 7 Feid
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%29 %

92/0.84 STEE M fi Scleropages formosus
FRERHEA MY 4 Scleropages jardinii
B M 1 Scleropages leichardti

PRRER bicirrhosum
100/1.00 —1—
98/1.00 WEAFE M Osteoglossum ferreirai

1001.00 99/1.00

AT AR
Osteoglossinae

5 Arapaia gigas £ 100099 AR Slergesormons | ] g
4.0«4.,%': JR39 A 1. Heterotis niloticus :| 8 g - FRIGHEA i F £ Scleropages jardinii 213
4072 % 2 - 1oorL.00 /M fa Scleropages leichards w5
100/1.00 I Zebrias zebrinus (RX651114.1) [ . e g
99/1.00 |: BRI Zebrias crossolepis (KX651069.1) o082 W{ BT ferreirai
SEPIIIRE Sole is (KX651053.1) 5B £ Arapaima gigas § é
1007100 is aureus (GU285229.1) STos SR ottt | g E
- oy
98/1.00 Genicanthus lamarck (KU3S6791.1) 1007100 #8 Cyprinus carpio (IN628435.1) =
100/0.99 FriMl £ Centropys i 1) 99/1.00 414 Carassit @ 1)
651097 StaRigs icolor (1 .1) HRSR18 Dinotopterus cunningtoni (AJ876385.1)
4,00,1_00'— XUSBIRE: Kryploplerus bicirhis (AJBT6375.1) 100/0.96 A3 T4 Clarias gariepinus (GQ465237.1)
I8 Dir " 1876385.1) 49036 88 Ch ica (KI4S1611.1)
100/1.00 BORTHUE Puntius conchonius (INT04069.1) - 61 Frige e Centropyge flavissima (KU363797.1)
997100 #8 Cyprinus carpio (TN628435.1) IR Genicanthus lamarck (KU356791.)
74/0.55
1000.99 BWHERA =ERIRE i J356793.1)
Pe [t 1) WP 2LBUR L Perna canaliculus (MK419109.1)
188 ITS2
997100 WA M5 4 Scleropages formosus
FRECHE{ M 4 Scleropages jardinii % g
100/1.00 B
1007100 BE{M& £ Scleropages leichardti Q‘i: %
& i
1001.00 —C DU i Oseoplamna Hcihoce S o100 SERBAMIT 1 Scleropag z
1007100 % 11 Osteoglossun ferrerai £ TGN T Slropageoraii | | 5 %
| 100/1.( 100/1.00| i E;
E#E£a Arapaima gigas B B i Scleropages leichardti =%
i 10011.00 o E 100/1.00) BAREML bicirrh ©
. JEB SHIR T S Heterotis niloticus L - 10071.00 B 4 Osteoglossum ferreirai
is aureus (GU289229.1) 57/0.98) b5 i Arapaima gigas ] § g
100/1.001 il &
100/1.00 Zalge 1356793.1) B SR T Heterotis niloticus oy g
88 Cyprinus carpio (IN628435.1) 2
100/1.00 Rl Centropyge flavissima (KU363797.1) B AR is 1
57/0.99 23 8 bflfe Genicanthus lamarck (KU3S6791.1) T0071.00| FrBERH it Centropyge flavissima (KU363797.1)
. . 100/1.00| R B35 Hlifh Genicanthus lamarck (KU356791.1)
88 Cyprinus carpio IN628435.1) 97/- =448 Holacanthus tricolor (KU3S6793.1)
HE LMW Perna canaliculus (MK419109.1) BT 2RI Pe Z 1

288

1001.00 SRR A i Scleropages formosus
FRICHEA M fi Scleropages jardinii
95/1.00
99/1.00

18S+ITS1+5.8S+ITS2+28S

HAME T 8 Scleropages leichardti

43/0.68

44/10.59

571050

X 46 Osteoglossum bicirrhosum
WG E i Osteoglossum ferreirai
BT

BB 5 E A ft Heterotis niloticus

ﬂ'— HHAURI Zebrias zebrinus (KX651114.1)
BRI Zebric

lepis (KX651069.1)

—[— BEdiARk Dinotopterus cunningtoni (AJ876385.1)
100/1.00

TR Cl riepinus (GQ465237.1)

4‘— aureus (GU289229.1)
100/1.00 14 Channa asiatica (RIM51611.1)

ITS1

Perna o 1)

K4 Zr5I3ET 5 A rDNA FFFREE R NI/BI 73T R GEHE A
Fig. 4 NIJ/BI phylogenetic trees based on 5 rDNA sequences

3 itip

31 HBRFEIIMEEHRLS T

ABEFEH 7 PR E ) 18S rDNA KK
1835 bp, JFHI—&1E R 97.52%~100%, 1574 55,
Fe il 97.33%, W WL 18S FEHILEH 75 Rt i s
L BRI . GC & (54.11%~54.5%)
BT AT &5 (45.5%~45.94%), 565E H(GC &
55.77%~56.33%)"7 | @I H (GC & # 52.6%~
57.1%)% . f##(Cyprinus carpio)(GenBank %%

IN628435.1, GC & & 56.21%). mH HH M
(Onychostoma alticorpus)(MF598162.1, GC & &
56.62%) . 5 B 4t (Zebrias zebrinus)(KX651114.1,
GC & & 54.29%) . 28 fi§ 4% 5 (Z. crossolepis)
(KX651069.1, GC & & 54.27%) 1 Z€ P i /R 5
(Solea senegalensis)(KX651053.1, GC 12 53.82%)
M ZE R IE— By . A 7 g & A 5.8S K
JERE, A 159 bp, GC g 57.23%~57.86%,
5 52 H (58S K & 157 bp, GC & &
57.96%~59.24%)"7 57 H (5.8S K JE 160 bp, GC
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B 55.6%~58.9%) P I 5T 45 R — B0 o AHE
FEH 7 Pl R 28S KR 3996~4419 bp, FR5F
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sima) (KU363797.1, GC it 62%) . BA A JE
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B—3 ., 5 fE— R, 28S R A — Sy
TE 96%LA L, AT UL, 28S 7 £1 iy WAk AL K
S ERSEIY
o AR N AT IR Y A 1) — T AR R,

HSEEFIM A HIL . LR EESF L5
DL BRI SR AR B L R P, GC & #m, i
H DNA 4»Faifibifae ™, 535 vk f
A —E XA AR I 3 X
GC a5 H A A ¥ Ab F— AR e 1
K, gt X P H RS R AL T 3Rl B
BRI 3Gt XAH LA, P A BE 28S>18S>5.88,
157 PE 5.85>188>28S, GC 7t 285>5.8S>18S.,
HFRERBIHSP RV, FT 18S F1 28S 14
B RGN 55 02—, WAE R
TR LT 43 2K JT i o FhRid .

Bl R AR IE ) 3 A gt X 34 R
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AR 5E A —E X T 18S, B g 1) XU
B RN B G £ R 81— E0ME AN gt 15 R 4 )
H99.95%F1 0.001; A & 1 7w FAEA ME
£ FRE A 1 07 81— S0 RN AR R B 43 S R
100%F1 0, 5 [F) e Y & un A4 b f— S50 A st
TEEE 2543 511 99.84%F1 0.002, X T 28S, AU
RN 2% PR ) 51— SO AR AL RE B 4
99.73%#1 0.002; Fr QAL & A b & £
J7 51 — B0t RS AL B 5 300 99.95% A1 0, 1]
a8 ) 5 R A D5 £ R 81— B0ME R 15 R 4 )
4 97.7%F1 0.01 . AT WLAE 5 A, 18S F128S
FE B I PR ~F 2 7 AL v 5 M B A R BB — o K
R WUIE & AR & o TR, e
B2 A WA AR /2 7 WA S i =B o VA AV T A9
Wl\ﬂ*%ﬁa%ﬂ@ﬂ\ﬂ%mﬁ%ﬁﬂﬁﬁ#—/)ll, Hu B
BB, PRSFIE S AL AR SNy T 9% IR A D

WA T W, 5FEE SR A T —
TE IR AL A4k, X5 28 3 F I 18 2R IR AF 9 25 21
S oy —Fhl R s, K
b P 25 AT e R s R e R I 2 —
32 HREXAEEHNL S

ARSI R ITST P FHCE A 598~
871 bp, FFA B ITS1 /NF 1100 bp T,
WAEREE a2 ITS1 B E X ](272~918 bp)™*l.
T ITS1 ) GC & 12 R (72.6%~78.3%), i T
— M .25 GC &, i IE H 125(51.05%~
71.04%)5" | 4 5540 & (Epinephelus) (58.5%~ 67.9%)
4} 7K £t (Toxotes chatareus)(71.4%)1* . 7 H a2
(62.6%)™ | BF} 125 (67.0%~72.1%) V1 4 11
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FEH K BN 327~612 bp, TEREE a2 1TS2 JL[H
(128~694 bp) 1, GC F =75 (70.34%~80.07%),
5 H A 2RO 45 BB, EhIE H 6(52.71%~
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FERAAEREIFEIX, H ITS1 M ITS2 B AR Fpl
ARHFFE L5 BB R AN TS 225 % 63.21%>1TS2
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A AR S ECE M 1GS 78K B AR A K ) R
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54 MK419109.1) . /MG 7K 5% (Paracyclopina
nana) 1936 bp (GenBank & %5 FJ214952.1),
4545 24 % (Eriocheir sinensis) 4240 bp™Y . 44
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(Pyropia yezoensis) 5984 bpl " f 1 dt 1822~2419
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Characteristics of ribosomal gene of seven Osteoglossidae species and
molecular phylogeny
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Abstract: Osteoglossidae, a family of ancient fishes known as “living fossils,” has high economic, cultural, and
scientific value. In this study, we analyzed the molecular phylogeny of higher-order elements in the Osteoglossi-
dae family using ribosomal DNA sequences. The complete sequences of the ribosomal gene of Arapaima gigas,
Heterotis niloticus, Osteoglossum bicirrhosum, O. ferreirai, Scleropages formosus, S. jardinii, and S. leichardti,
obtained using second-generation and third-generation sequencing methods, were as follows: 11714 bp, 8957 bp,
12057 bp, 11556 bp, 10377 bp, 10724 bp, and 10725 bp, respectively. The base content of GC ranged from
63.78% to 66.13%. The lengths of 18S rDNA were 1835 bp; GC content ranged from 54.06% to 54.5%. The ge-
netic distance ranged from 0.000 to 0.024, and the sequence identity varied from 97.52% to 100%. The lengths of
ITS1 rDNA were between 598 bp and 871 bp; GC content ranged from 72.6% to 78.3%. The genetic distance
ranged from 0.000 to 0.852, and the sequence identity varied from 38.34% to 99.5%. The lengths of 5.8S rDNA
were 159 bp; GC content ranged from 57.23% to 57.86%. The genetic distance ranged from 0.000 to 0.019, and
the sequence identity varied from 98.11% to 100%. The lengths of ITS2 rDNA were between 327 bp and 612 bp;
GC content ranged from 70.34% to 80.07%. The genetic distance ranged from 0.000 to 0.799, and the sequence
identity varied from 31.63% to 99.53%. The lengths of 28S rDNA were between 3996 bp and 4419 bp; GC content
ranged from 62.42% to 65.69%. The genetic distance ranged from 0.000 to 0.066, and the sequence identity varied
from 84.98% to 99.95%. The lengths of IGS rDNA were between 1815 bp and 4679 bp; GC content ranged from
63.73% to 71.52%. The genetic distance ranged from 0.001 to 1.877, and the sequence identity varied from
19.31% to 98.31%. The phylogenetic tree was constructed using the neighbor-joining method and Bayesian infer-
ence method on the 18S, ITS1, ITS2, and 28S single sequences and the 18S+ITS1+5.8S+ITS2+28S combined se-
quence. The results showed that the topological structure of the two trees was consistent. Moreover, this result is
concordant with the traditional classification of seven species of bony tongue fish, except for ITS1, which can be
used as a molecular marker of Osteoglossidae. Our findings provide data for the phylogenetic study of ancient
fishes and to enrich the diversity and evolution mode research of fish using ribosomal RNA genes.
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