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Pallisentis celatus(Van Cleave)  Parate-
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, (Monogonont) R
5:Q959.17 XEkERIRED: A XEHS: 1000-3207(2014)02-0351-11

[2]

, 1—2 , 18S  28S
1200 , ; RNAM 778" SSU  LSUrDNA 10 cox1®
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(Syndermata) (Rotifera)
(Bdelloidea) (Monogononta) (4 11 ,
(Seisonidea), ) )
(341 Leptorhynchoides thecatus(Linton)
, P. ambiguus Oncicola luehei Travassos
) Acanthocephlala, Macracanthorhynchus hirudina-
(Archiacanthocephala) (Eo- ceus(Travassos)'> 14 ,
acanthocephala) (Palaeacanthocephala) R
(Polyacanthocephala)' ¢!
, (Siniperca chuatsi
[5. €1, Basilewsky) (3]
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( O. luehei, GenBank
NC 006892 NC 016754) (Rotaria
rotatoriaPallas, Brachionus plicatilis Muller; NC_
1 013568, NC 010472 part-I NC_010484 part-11)
1.1 DNA cox2
, 1) 50 pL, 5uL
0.6% , 70% , —20°C 10xPCR Buffer, dNTPs 10 nmol, 20 pmol,
DNA Promega Wizard® Tag DNA (TakaRa)2.5 U,DNA  20ng PCR
Genomic DNA Purification Kit (Promega) 1 94°C 3min; 94°C 30s,
1.2 PCR 45°C 30s, 72°C Imin, ;
(cox1F/ coxIR, cobF/ cobR, 72°C 10min 1.2% , PCR

and rrnLF/ rrnLR)!!

coxl cox2 cob,

#R 1 SRALHA{K B (Hebesoma violentum) 4 KA £ E ¢H PCR ¥ HEEFE S|4

Tab. 1 PCR primers used in the mitochondrial genome of Hebesoma violentum

PCR
Primers DNA sequence (5-3) Estimated size of PCR products Primer source
cox1F GGTCAACAAATCATAAAGATATTGG
—680 bp Folmer, 1994
cox1R TAAACTTCAGGGTGACCAAAAAATCA
cox2F GGWCAYCARTGATATTGA
-340 bp This study
cox2R CAATKACAATYGGTATAAA
rrnLF GACYGTRCTWAGGTAGCRTRATC
—600 bp Gazi, 2012
rrnLR AWRDRATRATCCAACATCGAGGTA
cobF CTTTTTTAGGGTATGTTTTACC
—600 bp Gazi, 2012
cobR TCWACARYAYAWCCTCC
coxl-rrnLF GGTTTATTGGGTTTAGTAGTGTGAGCG
-1.9 kb This study
coxl-rrLR TACTTTTACCCTCAGCAGCGACATTC
rrnL—cobF AGGAATGTCGCTGCTGAGGGTAAAAG
-7.5 kb This study
rrnL—cobR CCCCACAGAACCCCAACGATGTAAGA
cob—cox2F GGCAAATGTCTTATTGAGGGATGACTGTG
-2.8 kb This study
cob—cox2R CTGGATAGGAGGTCAAAGTCCCCGTC
cox2—cox1F GAGGTTTTCGCCTGTTGGATGTGGAC
-2.3 kb This study
cox2—cox1R ATTTACCCCTATAAGCCACAACCACA
1.3 PCR 1.4
coxl rrnl cob cox2 , DNASTAR SeqMan
PCR MEGA 5
coxl-rrnL  rrnL-cob cob-cox2 cox2-cox1( Open
1), 1.9 7.0 2.8 2.3kb : Reading Frame Finder (http://www.ncbi.nlm.nih.gov/
50 uL, 5 pL 10xLA PCR Buffer, dNTPs  gorf/gorf.html) invertebrate
10 nmol, 20 pmol, LA Tag DNA RNA (rrnL) RNA(rrnS)
(TakaRa)2.5 U, DNA 20ng PCR BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
: 94°C 3min; 94°C 30s, 60°C 30s, tRNA
68°C 10min, 33 ; 72°C tRNAscan-SE  DOGMA ,
10min 1.0% , PCR Sequin

GenBank, : KC415004
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GenomeVx

nad2 nad3 nade6!'”!,
9

(Lophotrochozoans) 14

%2 BATEZAEMRRHMMREELRIAERELHE GenBank BERS

(Platyzoans)20
(Ecdysozoans)5 (Deuterostomes)4
Montastraea annularis Ellis and
Solander ( 2) 9
ClustalX , Gblocks
1112

Tab. 2 Species and their mitochondrial genome GenBank accession numbers used in the phylogenetic analyses

Species

Taxonomic group

GenBank
GenBank accession No.

Lophotrochozoa

Mytilus galloprovincialis
Musculista senhousiavoucher
Terebellides stroemi
Lumbricus terrestris
Loxosomella aloxiata
Loxocorone allax

Urechis caupo

Urechis unicinctus
Sipunculus nudus

Laqueus rubellus
Terebratalia transversa
Phoronis psammophila
Flustra foliacea

Watersipora subtorquata
Platyzoa

Hebesoma violentum
Paratenuisentis ambiguus
Pallisentis celatus
Leptorhynchoides thecatus
Oncicola luehei
Macracanthorhynchus hirudinaceus
Rotaria rotatoria

Philodina citrina

Adineta vaga

Habrotrocha constricta
Macrotrachela quadricornifera
Adineta ricciae

Philodina roseola

Brachionus plicatilis

Brachionus calyciflorus
Brachionus manjavacas
Paragonimus westermani
Taenia solium

Taenia crassiceps

Mollusca
Mollusca
Annelida
Annelida
Entoprocta
Entoprocta
Echiura
Echiura
Sipunculida
Brachiopoda
Brachiopoda
Phoronida
Bryozoa

Bryozoa

Acanthocephala; Eoacanthocephala
Acanthocephala; Eoacanthocephala
Acanthocephala; Eoacanthocephala
Acanthocephala; Palaeacanthocephala
Acanthocephala; Archiacanthocephala
Acanthocephala; Archiacanthocephala
Rotifera;Bdelloidea
Rotifera;Bdelloidea
Rotifera;Bdelloidea
Rotifera;Bdelloidea
Rotifera;Bdelloidea
Rotifera;Bdelloidea
Rotifera;Bdelloidea

Rotifera; Monogononta

Rotifera; Monogononta
Rotifera; Monogononta
Platyhelminthes
Platyhelminthes
Platyhelminthes

NC_006886
GU001954
EU236701
NC 001673
AB264800
NC_010431
AY619711
NC 012768
NC 011826
NC_002322
AF331161
AY368231
JQO61319
NC_ 011820

KC415004
FR856885
7Q943583
NC_006892
NC_016754
FR856886
NC_013568
FR856884

1

2
3
4
5

NC_010472 part-1
NC_010484 part—
6

7

NC_002354
NC_004022
NC_002547
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GenBank
Species Taxonomic group GenBank accession No.
Echinococcus multilocularis Platyhelminthes NC_000928
Ecdysozoa
Homarus americanus Arthropoda HQ402925
Scutigera coleoptrata Arthropoda NC 005870
Opisthopatus cinctipes Onychophora NC_014273
Epiperipatus biolleyi Onychophora NC_009082
Priapulus caudatus Priapulida NC_008557
Deuterostomia
Branchiostoma floridae Cephalochordata NC 000834
Acanthaster planci Echinodermata NC 007788
Sarotherodon melanotheron Chordata NC_015611
Rhabdopleura compacta Hemichordata NC_015649
Radiata (outgroups)
Montastraea annularis Cnidaria NC_007224
Ha JX183993 JX184001 JX184009 JX184017 JX184025 JX184033 JX184056 JX184064 IX184072; <2~
JX183994 JX184002 JX184010 JX184018 JX184026 JX184034 JX184057 JX184065 JX184073;“3” JX183995 JX184003
JX184011 JX184019 JX184027 JX184035 JX184059 IJX184067 JX184075; “4” JW861109 JWS861111 JW861112; 57
JW861079 JW861081 JW868082 JWR61084 JWS861085; “6” JX463644 JX463643 J1X463645 JX463646 1X433647

JX463648 JX433649 JX463650 JX463651;“7” JW861101 JWS861103 JW861104 JW861106

Note: “1” indicates JX183993, JX184001, JX184009, JX184017, JX184025,JX184033, JX184056, JX184064, JX184072;“2” indi-
cates JX183994, JX184002, JX184010, JX184018, JX184026, JX184034, JX184057, JX184065, JX184073;“3” indicates JX183995,
JX184003, JX184011, JX184019, JX184027, JX184035, JX184059, JX184067, JX184075;4” indicates JW861109, JWS861111,
JW861112;“5” indicates JW861079, JW861081, JW868082, JW861084, JW861085;“6” indicates JX463644, JX463643, JX463645,
JX463646, 1X433647, JX463648, 1X433649, JX463650, JX463651;“7” indicates JW861101, JW861103, IW861104, JW861106

MrBayes 3.2 3
(Bayesian Inference, BI) Akaike In- 2.2
formation Criterion(AIC) , ProTest 2.0 AT
MtATt+GH+F , , el
MtArt+G+F  MtArt+I+G  MtArt+G  RtRev+I+G+F AT 59.1%, 0.
MrBayes MtATrt , luehei (58.8%), (71.6%) P. am-
RtREV BI , biguus (67.1%) (63.9%)
4 (Markov Chain Monte Carlo, Pallisentis celatis (Van cleave)(61.5%)!""!
MCMO), 1000000, 100 4
, 10000 , 2000 (200000 T
) ,
113112 9831 bp, 3227
2 ( ) :
2.1 TTT (6.43%) TTG (5.97%) GTT
, (5.82%); CGA CGC CGG CAC,
13393bp,T G A C 38.3% 28.5% 0.18% 0.18% 0.21% 0.27%( 5)
21.1%  12.1%( 3) 36 : 12
12, tRNA22 RNA2 ; Leu Val Ser,

( D, 16.42% 15.62% 11.75%,
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Hebesoma violentum

13393 bp

Fig. 1
, 22 tRNA
L1(trnL-uag) L2(trnL-uaa) S1(trnS-ucu) S2(trnS-uga)

6500 bp

Circular presentation of the complete mitochondrial genome of Hebesoma violentum

2 2

All genes are encoded in the same direction and 22 tRNA genes are designated by a single-letter abbreviation. The two leucine and serine
tRNA genes are labeled according to their anticodon sequences, as L1 (trnL-uag), L2 (trnL-uaa), S1 (trnS-ucu ), and S2 (trnS-uga ), respec-

tively
43.79%
Leu Val
Phe, 16.38% 10.14% 9.93%,
36.45%" 0. luehei
Val Leu Ser,
18.24%  14.17%  10.27%,
42.66%! " ,
Leu Trp Gly, 19.27%
11.38% 9.46%, 40.11%!4
P ambiguus ,
Leu Phe Gly, 21.31% 13.61%
9.33%, 44.25%M4
s Val
Gly Ser, 15.84% 10.82% 10.60%,
37.26%!"

5

cox2 3

TTG, nad6 nad4L

12
coxl atp6 cob nadl cox3
GTG, nad4 nad5
ATT, nad3 nad2
ATG ATC 12
, nad6 nad4dlL TAG
atp6 nad5 cob cox2 nad2
, coxl cox3 nadl
12
3
2.3 RNA RNA
22
trnl  trnS 2, tRNA

trnA trnH trnll trnK trnS2

TAA

nad3 nad4 T

tRNA,
47—65 bp
dihydrouridine
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Tab.3 The mitochondrial genome organization of Hebesoma violentum
Gene Start Finish No. of nt No. of aa Initiation Termination  Intergenic sequence
cox1 1 1537 1537 512 GTG T 1
trnG 1537 1590 54 -1
trnQ 1591 1655 65 0
trnY 1661 1710 50 5
rrnlL 1711 2476 766 0
trnL 1 2477 2535 59 0
nad6 2570 3034 525 174 ATT TAG 34
trnD 3040 3090 51 5
trnS2 3152 3207 56 61
atp6 3210 3740 531 176 GTG TAA 2
nad3 3741 3993 253 84 ATG T 0
trnW 4070 4117 48 76
trnV 4115 4169 55 -3
NCRI1 4170 4409 240 0
trnT 4410 4456 47 0
NCR2 4457 4661 205 0
trnK 4662 4716 55 5
nad4L 4756 5043 288 95 ATT TAG 39
nad4 5058 6264 1207 402 TTG T 14
trnH 6278 6335 58 13
nad5 6341 7912 1572 523 TTG TAA 5
trnL.2 7913 7961 49 0
trnP 7961 8021 61 -1
cob 8021 9112 1092 363 GTG TAA -1
nadl 9113 9884 772 257 GTG T 0
trnl 9882 9931 50 -3
NCR3 9932 10050 119 0
trnS1 10051 10115 65 0
NCR4 10116 10237 122 0
trnE 10238 10295 58 0
trnM 10302 10360 59 6
S 10361 10947 587 0
trnF 10948 11000 53 0
cox2 11011 11610 600 199 TTG TAA 10
trnC 11609 11659 51 -2
cox3 11678 12392 715 238 GTG T 18
trnA 12396 12455 60 3
trnR 12455 12507 53 -1
trnN 12509 12558 50 1
nad2 12567 13391 825 274 ATC TAA 8

, nt=

, aa=

Note: Stop codons were not included, nt = nucleotide, aa = amino acid
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Tab. 4 Nucleotide composition of the mitochondrial genome of Hebesoma violentum

Nucleotide percentage

Nucleotide Length (bp) A C T G A+T G+C

Entire sequence 13393 21.1 12.1 38.3 28.5 59.4 40.6

Protein coding sequence 9831 19.2 11.2 40.4 29.2 59.6 40.4
Condon position*

I 3277 22.1 10.7 33.0 342 55.1 44.9

2m 3277 13.8 14.8 49.1 22.3 62.9 37.1

31 3277 22.2 10.4 37.0 30.4 59.2 40.8

Ribosomal RNA genes sequence 1353 28.7 13.3 31.2 26.8 59.9 40.1

Transfer RNA genes sequence 1147 23.1 12.2 36.1 28.6 59.2 40.8

Non-coding region 1 240 33.7 16.7 24.2 25.4 57.9 42.1

Non-coding region 2 205 17.6 10.2 37.6 34.6 55.2 44.8

Note: Termination codons were excluded

x5 EAARERFAERA 2 AEARBERTLTAK (DHU) pseudouridine(T¥C) , rnR trnQ trnF

RIERMESH
Tab. 5 Genetic code and codon usage for the 12 mitochondrial trnS1 trnV’ DHU > 12 tRNAs
protein coding genes of Hebesoma violentum TYC tRNA
Cod AA No. % Cod AA No. % .
odon 0 o odon 0 0 , O. luehei  tRNA
TTT Phe 211 6.43 TAT Tyr 95 2.89
TTC Phe 35 1.07 TAC Tyr 34 1.04
TTA  Leu 172 524 TAA * 5 0.15 rrnL rrnS 766 bp
TTG Leu 196 597 TAG * 2 006 587 bp, AT 61.6% 57.8% rrnL
CTT L 59 1.80 CAT Hi 30 0.91 .
e ' trnll  trnY , P. ambiguus
CTC Leu 15 0.46 CAC His 9 0.27
CTA Leu 52 158 CAA Gln 10 030 O. luehei ’
CTG Leu 44 1.34 CAG Gln 17 0.52 , rrnL trnY trnl2 rrnS
ATT lle 102 311  AAT  Asn 36 L10 trnM  trnF R O. luehei P. ambiguus
ATC Ile 26 0.79 AAC Asn 14 0.43
ATA Met 86 262 AAA Lys 38 1.16 ’
ATG  Met 100 3.05 AAG Lys 29  0.88 , trnS1 trnF
GTT Val 191 5.82 GAT Asp 41 1.25 2.4

GTC Val 41 1.25 GAC Asp 14 0.43

(Non-coding region, NCR)
GTA  Val 111 338 GAA Glu 27 082

GTG  Val 169 515 GAG Glu 57 1.74 988 bp, 21 )

TCT  Ser 97 295 TGT Cys 46 140 1—240 bp 2

TCC Ser 36 1.10 TGC Cys 13 0.40 , NCR1 240 bp, tnV  trnT ;
TCA Ser 29 088 TGA Trp 36 110

TCG  Ser 23 070 TGG Trp 66 2.0l NCR2 205 bp, trnT trnK NCRI

CCT Pro 33 100 CGT Arg 17 052 NCR2 AT 57.9% 552%( 4)
CCC  Pro 15 046 CGC Arg 6 0.8

CCA Pro 12 037 CGA Arg 6 0.8 2.5

CCG Pro 10 030 CGG Arg 7 021 ,
ACT Thr 41 125 AGT Ser 59 180

ACC Thr 13 040 AGC Ser 18 055 (20]

ACA Thr 26 079 AGA  Ser 42 128

ACG Thr 14 043 AGG  Ser 81 247 ,

GCT Ala 58 177 GGT Gly 95 2.89 [21]

GCC Ala 17 052 GGC Gly 36 110

GCA Ala 33 100 GGA Gly 47 143 O. luehei P. ambiguus

GCG Ala 27 082 GGG Gly 157 478 6

-k

5 tRNA

Note: *Stop (termination) codon ’
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(trnT  trnK trnE  trnS1  trnM) (13574—14281bp) AT (60.2%—71.46%)'> 41
12
O. luehei tRNA
trnK trnV nad4 nad5 cox2 TTG, nad6 nad4L
trnS1 trnM O. luehei  P. ambiguus ATT, cox] atp6 cob nadl cox3
trnS2 O. luehei GTG, nad3 nad2
6 , ATG ATC 12 7
trnLl  trnL2 trnS1 trnS2 trnK tranV s nad6 nad4L TAG,
44 9 atp6 nad5 cob cox2 nad2 TAA, 5
, , T
M. annulari ,
s , BI cox] nadl nad4
1.00 BPP ( 2) , nad5 cob T 12170, luehei
P ambiguus coxl cox3 nad5 T ,nad6 cob
, 1.00 BPP, TA e, coxl
, 1.00 BPP cox3 atp6 nad4 nad4l nadl T [19]
, 5
1.00 BPP ,
O. luehei 1.00 BPP, tRNA trnK
Bdelloidea 7 trnV  trnS1  trnM S
1.00 BPP, trnE  trnS2  trnLl1 trnl2
Monogononta 3 ,
1.00 BPP )
’ ) [14,17.23,24]
( 2
[17]’ 9
3
, 16S rRNA 18S rRNA 28S rRNAP
[4,12—14,24] ’
P ambiguus 23,
O. luehei, ) )
36 12 22 tRNA )
2 RNA, 5 )
2 ’ 2 [22]
13393 bp AT 59.4%, ) ) ,
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THE CLONING OF THE MITOCHONDRIAL GENOME OF HEBESOMA
VIOLENTUM(ACANTHOCEPHALA) AND THE PHYLOGENETIC
ANALYSIS OF ACANTHOCEPHALANS

PAN Ting-Shuang' and NIE Pin’

(1. Fisheries Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China; 2. Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: The acanthocephalan Hebesoma violentum Van Cleave was collected from the intestine of Siniperca chuatsi
Basilewsky, which were captured in the Liangzi Lake of Hubei Province, China. Using long PCR we cloned the entire
mitochondrial (mt) genome sequence of H. violentum(13,393 bp) (GenBank accession No. KC415004). The genome
consists of 36 genes including 12 protein-coding genes, 22 transfer RNAs (tRNAs) and 2 ribosomal RNAs (rRNAs),
which was consistent with previous reports about mt genomes of other acanthocephalan species. All genes in the mt
genome were encoded on one strand and transcribed in the same direction. The phylogenetic analysis of the mt genomes
of acanthocephalans, rotifers and others indicated that the class Eoacanthocephala, containing Pallisentis celatus Van
Cleave, Hebesoma violentum Van Cleave and Paratenuisentis ambiguus Van Cleave, was closely related to Palaeacan-
thocephala which was then correlated with the class Archiacanthocephala. It is obvious that acanthocephalans are
closely related to a clade containing bdelloids which were then correlated with the clade containing monogononts. Fur-
ther phylogenetic analysis of rotifers in the Seisonidea and acanthocephalans in the Polyacanthocephala will provide
insights into the phylogenetic relationship between the major taxa of rotifers and/or acanthocephalans, as well as be-

tween these two groups.

Key words: Acanthocephala; Hebesoma violentum; Mitochondrial genome; Phylogeny; Rotifera
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