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T A AR A 89 &A1k COl, 16S A= 12S KB 69347 7], 454 GenBank F ik @ A+ ety At 69 128,
285 A7 18S F KA A 51, thdn T RFIR B A B A KR R A A 09 ST A ey STAT Ay 20k, SRBRS
16S #= 128 /75 57 T i A& R A A 09— R X A . ATT L R A COl KB oy A% ) F= A )
FAEFEBA YR YA X, COl R ANAFIESES A 0.122, 2 K FRAAMNIEH 0.023, M 16S K A a9 4 i)
57?‘1’?&1&&%@&%;%, RONAPEIBE®E A 0.018, TR AAAIES 0.023, Bk, KAk R COl

A I T AHAP A BRAY M X R, A B AR £ T 0.023, AFi £F K F 0.1. ML
ﬁv BI AR A A ASMAERER—H, AHADHGSREZ%; ERTTHYRNRERH, LHERS,
AR Rt ke R — L, BR—ANAEER, KX L Newman & Ross 4918350, BP Lk & B A=
E k& B B A .

FiR: ReA AMA, DNA; B A%AH

PESES: Q959 XHkFRIRAS: A X EHS: 1000-3096(2012)09-0082-07
, (2) ;
, (3) ,
(Thecostraca), (Cirripedia), (2]
DNA (DNA Barcoding)
> s DNA

>

> > , Barcoding gap;

> ’ DNA [2]
’ DNA ,
[l] 2 b
) « D, '
20 DNA Col
« 2 )
:2012-02-15; :2012-06-11
4 : (2011FY120200)
(1985-), ,
(1) DNA , E-mail: yundanfengqmgde@126 com;
’ , E-mail:

> > shazl@qdio.ac.cn
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DNA

COl, 16S 12S ,
285 12S ,
COl  16S
, 165 128

GenBank 18S,

Barnacle external structure
a. ;ra. 5 p.

Fig. 1

a. ala; ra. radius; p. plate

Fig. 2 The barnacle internal structure for Shape classification

1 MREFE
1.1 HHRREEZE DNA H3R I
21 s
75% 5
]‘9
S 3 7 TIANGEN
DNA -20 C

12 BHERNTEALFFIGMNE
1.2.1
col, 165 125 3

, : LCO14905'-GGTCAA-

CAAATCATAAAGATATTGG-3', PPCO1 _JR 5-CTT-
TAATACCTGTAGGGACAGCA-3"®); 1471F 5'-CC-
TGTTTANCAAAAACAT-3', 1472R 5-AGATAGAA-
ACCAACCTGG-3"", 5-GAAACCAGGATTAGATA-
CCC-3', 5-TTTCCCGCGAGCGACGGGCG-3""!

122

PCR 25 uL ,
PCRMIX12.5 uL, 3 umol/L 6.5
uLDNA : 94°C, 4 min;

94°C, 30 min, 45°C, 1 min, 72°C, 1.5 min, 30 ;
72°C 10 min

1.2.3
PCR
ABIPRISMTM3730XL DNA
Analyzer , BioEdit
Col ,
S NCBI Blastn
1.3 HELHH
19 CoOl , 19 16S 4
12S , 887bp, 529bp, 338bp
GenBank ( 1 * )
10 16S , 3 COol , 11 18S , 9
28S , 13 12S , Clustalx ,
, Col
653 bp, 16S 529 bp, 125 338 bp, 18S
1803 bp, 28S 1785 bp Mega4.0
( Kimura
2-parameter) Nyl Bioedit
16S 128 ,
864 bp Modeltest ,
Paup*4.0b10 MP ML
MrBayes 3.1.2 [7-8]
2 ZR5W®
3 COl 185 722
, 1746 ,125,16S  28S
2.1 BRI
MEGA4
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Tab. 1 Serial numbers and sampling locations of the samples

col 16S 128 18S 28S
Balanus trigonus Bl JQ035523  JQ035491
Balanus trigonus B2 JQO035524  JQ035492
Balanus perforates* B3 N AY520731  AY520663  AY520629  AY520595
Balanus balanus* B4 N AY520730  AY520662  AY520628  AY520594
Balanus crenatus* B5 N AY520658  AY520624  AY520590
Balanusamphibalanus balanl*  B6 N X78253
Balanus eburneus* B7 N L26510
Balanus glandula* B8 N EF694585 AY520727  EF552056  AF201663  AY520591
Amphibalanus eburneus* B9 N FJ845844
Amphibalanus amphitrite Al JQO035515  JQ035493
Amphibalanus amphitrite A2 JQO035516
Amphibalanus amphitrite A3 JQO035517 JQ035486
Amphibalanus rhizophorae A4 JQO035509  JQ035494
Amphibalanus rhizophorae A5 JQO035510  JQO035495
Amphibalanus rhizophorae A6 JQO35511  JQO035496 JQ035488
Amphibalanus reticulatus A7 JQO035518  JQ035497
Amphibalanus variegatus A8 JQO035519  JQ035498 JQO035487
Amphibalanus variegatus A9 JQO035520  JQO035499
Amphibalanus variegatus A10 JQO035521  JQO035500
Amphibalanus variegatus All JQO035522 JQ035501
Fistulobalanus albicostatus AF12 JQO035512  JQ035502
Fistulobalanus albicostatus AF13 JQ035513  JQO035503
Fistulobalanus albicostatus AF14 JQ035514  JQO035504 JQ035489
Megabalanus tintinnabulum M1 JQO035505
Megabalanus tintinnabulum M2 JQO035525  JQ035506
Megabalanus tintinnabulum M3 JQ035526  JQ035507
Megabalanus tintinnabulum M4 JQ035527  JQ035508
Megabalanus tintinnabulum* M5 N AY520733  AY520665 < AY520631  AY520597
Megabalanus volcano* M6 N AB167539 ABI167539  AB167539 AB167539 AB167539
Megabalanus spinosus* M7 N AY520735  AYS520667 AY520633  AY520599
Megabalanus californicus* M8 N AY520734  AY520666 AY520632  AY520598
Megabalanus stultus* M9 N AM497925  AM497926 AMA497924
Austromegabalanus psittacus*  M10 N AY520736  AY520668 AY520634  AY520600
Menesiniella Aquila* Cl N AY520732 AY520664  AY520630  AY520596
Tetraclita squamosa Tl N JQ035490 AY 520673
N ¥ GeneBank
*2 SMEERFBEBESE
Tab. 2 Base contents of the fivegenefragments
(%)
A T C G A+T G+C
16S 33.7 34.4 13.3 18.6 68.1 333
Col 36.6 28.2 17.2 18.0 64.8 35.2
12S 34.4 32.0 12.8 20.8 66.4 36.8
18S 23.5 23.8 23.9 28.7 47.3 52.6
28S 21.7 20.4 25.6 32.3 42.1 57.8
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( 2), 16S, COl, 12S  A+T
G+C , , (Fistulobalanus albicostatus)
, 185  28S , A+T (Megabalanus tintinnabulum) 0.218,
G+C 0.2
* 3 N . s
2.2 BeaMIANHFRITR B AQREER 0.102, Balanus
165 amphibalanus balanl  M.californicus
0.078, (Amphibalanus 0.155,
rhizophorae) Austromegabalanus psit- (M.tintinnabulum) (M.volcano)
tacus (AY520736) 0.125, 0.000; 18S 0.013,
(Megabalanus  volcano (AB167539)) Balanus crenatus  Megabalanus spinosus
M.californicus (AY520734) 0.018, 0.022; 28S
Hebert [ 0.038, 0.061, 0.000,
0.1 COl 12S, 18S, 28S R
0.181, ( 3) col
(A.rhizophorae) , 16S , 128,
(A.reticulatus) 0.140, 0.1, 28S, 18S
%3 ET 57 DNA EHBEEEE
Tab. 3 Genetic distance on the basis of the 5 DNA barcodes
DNA (bp) (%) (%)
16S 529 24.4 17.8 0.125~0.018 0.023~0.001
Cal 653 38.3 33.7 0.215~0.122 0.018~0.001
12S 338 25.0 16.3 0.155~0.000
18S 1803 4.4 1.9 0.022~0.004
28S 1785 9.9 6.3 0.061~0.000
col 16S , « ” , Herbert  [1¥] DNA
5 , BTR, (DNA Barcoding), DNA
ARH, AVA, )
FAL, MTI 16S DNA Hebert
0.010,0.001, 0.004, 0.001,0.023, 112003
0 0.023 : 16S 020 - - U
0.078, | ( C30),I | g:z o ﬁ'P@EE?H
0.005,0.001, 0.011,0.018,0.007, - g:;‘
ARH 0.001,  FAL | 0.102
0.018, 0.020, col B 08} 0078
0.181, ( 3, col 0.06 |
165 g_g: I . 0.038
| 0 16[;0078 002‘0084 125 g 288
2.3 DNA &% -
DNA (DNA Barcoding) 3 5

B

Fig. 3  Genetic distances of 5 molecular markers
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co1l DNA
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Col
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, 23 150 ,
Col ,
51 Bucklin ¥
DNA Barcode(COI , 650 bp)
Elias-Gutierrez [ Col
61 Cladocera 21
Copepoda ( 40% ),
COl, 16S,
12S, 18S,28S 5 DNA ,
col , ,
0.122,
0.018(  3),
Hebert [ , col
11.3%, Col
, 2% Col
, Col
DNA ,
10%, 2%

24 GATHREFOARLREHX AR

COl 0.189, 10%,
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COl

25 BEHEZART T oM

( Chthamalinae, Balaninae)
( Balaninae,
Megabalaninae, Concavinae)
( Balaniae Amphibalanus
Megabalaninae Concavinae
), 4 [16]
Modeltest TVM+I+G
16S 12S 4
MP , , ML

BI (4,

85/51 B. perforatus AY520731

7%/61 B. balanus AY 520730

B. glandula AY520727

99/91 ——— M. aquila AY520732

—— A. variegatus AVAS8S

100/86

F. albicostatus FAL3

A. rhizophorae ARH3

100/97 — M. tintinnabulum AY 520733

100/9 —— M. volcano AB167539

100/90 ————— M. californicus AY520734

73/53 M. stultus AM497925

M. spinosus AY 520735

T. squamosa TSS82

4 16S+12S
Fig. 4 The phylogenetic tree of family Balanidae based on
16S+128S genes
/1000
, T.squamosa TSS82

Numbers above branches indicate The values of Bayesian/Bootstrap
proportions (percentage of 1000 replicates) based on 16S+12S genes.
T. squamosa TSS82 is outgroup

36 /9



ML: 86,

Newman

HRRE REORTS

B >

R BI: 73, ML: 53

> > >

, BI: 100,
; Zullo!”!

[18]

B AT B A R BT R BT X 35 B R e AE AT
RAEFBREAFRHEAFEATTOLT T Hhfis .

, 1997.

Meyer C P, Paulay G. DNA Barcoding: error rates based
on comprehensivesampling [J]. PLoS Biol, 2005, 3:
2229-2238.

VanSyoc R J, Fernandes J N,Carrison D A, et al. Mo-
lecular phylogenetics and biogeography of Pollicipes
(Crustacea: Cirripedia), a Tethyan relict[J]. Elsevier,
2010, 392: 193-199.

Crandall K A, Fitzpatrick J J R. Crayfish molecular
systematics: inferences using a combination of proce-
dures to estimate phylogeny[J]. Syst Biol, 1996, 45 (1):
1-26.

Mokady O Y, Loya Y, Achituv E,et al. Speciation ver-
sus phenotipic plasticity in coral inhabiting barnacles:
Darwin’s observation in a phylogenetic context[J]. Mol
Evol, 1999, 49: 367-375.

Tamura K, Dudley J, Nei M, et al. MEGA4: Molecular
Evolutionary Genetics Analysis (MEGA) software ver-

sion 4.0[J]. Molecular Biology and Evolution, 2007, 24:

1596-1599.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Posada D, Crandall K A. Modeltest: testing the model
of DNA substitution[J]. 1998, 14:
817-818.

Ronquist F, Huelsenbeck J P. MrBAYES 3: Bayesian

Bioinformatics,

phylogenetic inference under mixed models[J]. Bioin-
formatics, 2003, 19: 1572-1574.

Hebert P D N, Ratnasingham S, DeWaard J R. Barcod-
ing animal life: Cytochrome ¢ oxidase subunit 1 diver-
gences among closely related species[J]. Proc R Soc
Lond B Biol Sci, 2003(b), 270: 596-599.

Hebert P D N, Cywinska A, Ball S L ,et al. Biological
identification through DNA barcodes[J]. Proc R Soc
Lond B Biol Sci, 2003(a), 270: 313-321.

Hebert P D N, Ratnasingham S, de Waard J R. Barcod-
ing animal Life: cytochrome ¢ oxidase subunit 1 diver-
gences among closely related species[J]. Proc. R. Soc.
Lond. B(Suppl 1), 2003, 270: 96-99.

Bucklin A, Frost B W, Allen L D, et al. Molecular sys-
tematic and phylogenetic assessment of 34 calanoid
copepod species of the Calanidae and Clausocalani-
dae[J]. Mar Biol, 2003, 142: 333-343.

Costa F O, deWaard J R, Boutillier J, et al. Biological
identifications through DNA barcodes: the case of the
Crustacea[J]. Fisheries and Aquatic Sciences, 2007, 64:
272-295.

Bucklin A, Wiebe P H, Smolenack S B, et al. DNA
barcodes for species identification of euphausiids
(Euphausiacea, Crustacea)[J]. Plankton Research, 2007,
29: 483-493.

Elias-Gutierrez M, Jeronimo F M, Ivanova N V, et al.
DNA barcodes for Cladocera and Copepoda from
Mexico and Guatemala, highlights and new discover-
ies[J]. Zootaxa, 2008, 1839: 1-42.

Pitombo F B. Phylogenetic analysis of the Balanidae
(Cirripedia, Balanomorpha)[J]. Zoologica Scripta, 2004,
33:261-276.

Zullo V A. New genera and species of balanoid barna-
cles from the Oligocene and Miocene of North Caro-
lina[J]. Palacontology, 1984, 58 (5):1312-1338.
Newman W A, Ross A. Revision of the Balanomorph
barnacles including a catalogue of the species[J]. San
Diego Society of Natural History Memoirs, 1976,9:
1-108.

Marine Sciences / Vol. 36, No. 9 /2012 87



HRRE REORTS

DNA taxonomy of Balanidae
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Abstract: The Balanidae (Cirripedia Thoracica) taxonomy had two subfamilies systems(Chthamalinae, Balani-
nae)and three subfamilies systems (Balaninae, Megabalaninae, Concavinae). The current system is the four sub-
families system. Molecular systematic research between them have never been reported. Many species of barnacles
had convergent evolution so that the traditional morphological classification was not well identified. Our research
determined three mitochondrial gene fragments and compared different gene fragments’ (COI, 16S, 12S, 28S and
18S) feasibility and effectiveness as barcoding to identify Barnacle species based on the 12S, 16S gene sequence.
The results showed that the COIl distance between groups and distance within groups had obvious interval.
Minimum distance between species was 0.122, being much larger than the maximum distance within species (0.023).
The distance between groups and distance within groups of 16S had coincidence; minimum distance between spe-
cies was 0.018, less than the maximum distance within species 0.023. Therefore, the mitochondrial COl gene could
more accurately identify barnacle between species and within species, and intraspecific difference was less than
0.023, difference between species was bigger than 0.1. The analysis of ML and BI was consistent, which supported
the classification of four subfamily system. Megabalaninae formed a monophyletic with a higher rate of support,
which proved that transverse tubes was plesiomorphy. Amphibalanus and Fistulobalanus form a single clade. The

result supported Newman & Ross’s (1976) hypothesis that the two should be merged.
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