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, Phred abl s
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, Phrap (Ewing et al, 1998a, b),
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s , Paup*v4b10 cox1l
DNA ,
, Tris-EDTA-NaCl (patristic distances) PATRISTIC (Fourment et al,
(Qiagen) 2006)
x1 AARPEAERGIY
Tab.1 Primers used in this study for PCR and sequencing
(5'=3" )
cncoxf TTTCTACTAATCATAARGAYATWGG 25
CNCoXr GCTACTACATAATAWGTRTCRTG 23 46
crcoxf GGTCCTGTAATCATAAAGAYATYGG 25
crcoxrl GCGACTACATAATAAGTRTCRTG 23 46
Crcoxr2 TCTATCCCAACTGTAAATATRTGRTG 26 47
HCO1490 GGTCAACAAATCATAAAGATATTGG 25 Folmer (1994)
LCO2198 TAAACTTCAGCCTGACCAAAAAATCA 26 42 Folmer (1994)




704 42
T2 KAMRIGBEMEMBR. RGN LEHAL( V& 3T KK GenBank & RS
Tab.2 Specimen information for which DNA barcodes were analyzed for this study, including: phylogenetic position, species
name, sample location and GenBank Accession Number
GenBank GenBank
Arthropoda Alpheus japonicus HQ700926 |Copepoda Centropages abdominalis EU599518
Decapoda Fenneropenaeus chinensis HQ700930 Centropages tenuiremis EU599519
Litopenaeus vannamei HQ700931 Centropages tenuiremis EU599520
Euphausiacea Euphausia pacifica GenBank  AF177184 Sinocalanus sinensis HM045313
Euphausia pacifica HQ700929 Sinocalanus sinensis HM045315
Pseudeuphausia sinica GenBank  AY754819 Sinocalanus tenellus HM045320
Pseudeuphausia sinica GenBank  AY947488 Sinocalanus tenellus HM045321
Pseudeuphausia sinica GenBank  AY947491 Parvocalanus crassirostris HM045397
Mysidacea liella pelagicus HM045339 Parvocalanus crassirostris HM045396
Neomysis awatschensis HQ700927 Paracalanus parvus EU856802
Neomysis orientalis HQ700928 Paracalanus parvus EU856803
Cladocera Penilia avirostris HM045337 Paracalanus parvus EU856804
Penilia avirostris HMO045341 Labidocera euchaeta HMO045391
Amphipoda  Themisto gracilipes HMO053514 Labidocera euchaeta HMO045392
Ostracoda Cypridina nana HM045340 Labidocera rotunda GenBank  AB206442
Copepoda Acartia bifilosa EU599500 Labidocera rotunda GenBank  AY145428
Acartia bifilosa EU599501 Pseudodiaptomus marinus GenBank  AY145436
Acartia bifilosa EUS599507 Pseudodiaptomus poplesia GenBank  AF536521
Acartia clausii EUS599495 Scolecithricella nicobarica GenBank  AB380025
Acartia clausii EU599496 Eurytemora pacifica GenBank  AY145427
Acartia clausii EU599499 Tortanus derjugini HM045419
Acartia ohtsukai GenBank  DQO071176 Tortanus derjugini HM045418
Acartia ohtsukai EU599509 Tortanus forcipatus GenBank  AF513649
Acartia pacifica HM045357 Tortanus forcipatus GenBank  AY145431
Acartia pacifica HM045356 Oithona similis EU599542
Calanus sinicus EU599514 Oithona similis EU599543
Calanus sinicus EU599515 Euterpina acutifrons EU599523
Centropages abdominalis EU599516 Corycaeus affinis HQ718597
Copepoda Corycaeus affinis HQ718595  |Hydrozoa Abylopsis tetragona HMO053522
Corycaeus affinis HQ718596 Abylopsis tetragona GenBank  GQ119938
Chaetognatha Sagitta bedoti GenBank  DQ862795 Hippopodius hippopus HMO053521
Sagitta bedoti GenBank  DQ862796 Varitentaculata yantaiensis HMO053528
Sagitta bedoti GenBank  DQ862798 Varitentaculata yantaiensis HMO053529
Sagitta bedoti GenBank  FJ648783 Varitentaculata yantaiensis HMO053530
Sagitta crassa HQ700945 Varitentaculata yantaiensis HMO053531
Sagitta crassa HQ700946  |Scyphozoa Nemopilema nomurai HQ700941
Sagitta crassa HQ700947 Nemopilema nomurai HQ700940
Sagitta crassa HQ700935 Rhopilema esculentum GenBank  EU373722
Sagitta enflata GenBank  AP011547 Rhopilema esculentum GenBank  EU373723
Sagitta enflata HQ700936 Rhopilema esculentum GenBank  EU373724
Zonosagitta nagae GenBank NCO013810 Aurelia aurita HMO053523
Chordata Branchiostoma belcheri HQ700939  |Echinodermata Asterias amurensis HQ700942
Oikopleura dioica AY 116609 Asterias amurensis HQ700943
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GenBank GenBank
Cnidaria Proboscidactyla flavicirrata SF4cox1 Asterias amurensis HQ700944
Hydrozoa Rathkea octopunctata FJ602540 Apostichopus japonicus HQ700926
Clytia hemisphaerica HMO053515  [Mollusca Venerupis philippinarum GenBank  DQ399394
Clytia hemisphaerica HMO053516 Venerupis philippinarum GenBank  GQ855265
Clytia hemisphaerica HMO053517 Crassostrea ariakensis HQ700934
Lovenella assimilis HMO053520 Crassostrea gigas GenBank  AF280608
Eirene ceylonensis HMO053525 Crassostrea gigas HM626169
Eirene ceylonensis HMO053526 Crassostrea gigas HQ718598
Eirene ceylonensis HMO053527 Crassostrea gigas HQ718599
Sugiura chengshanense HQ718600 Argopecten irradians HQ700932
Sugiura chengshanense HQ71859%4 Chlamys farreri HQ700933
Obelia sp. HMO053524 Brachionus plicatilis HQ700937
5'—3' GenBank
coxl (saturation)
s Perl s >
(wobble codons) , ;
MEGA 4.1 R R
( 500 ), MrBayes ,
GTR+I+G , 0.8r
0.7r
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7 (1 3 g 0.5
) 1000000 (100 ) & 0.4
Burnin 1000 - ae
sumt - EIWLF
> 0.1 » F2BIBF
(BPP) 0.0 L
3 4 5
2 HE®BAE
21 2 coxl
’ Fig.2 Mutation saturation scatter plots of different codons in
6 13 45 cox1l
cox1l 82 cox1 Y coxl X
PCR
700bp; crcoxf coxl
crcoxrl 1060bp, crcoxf 3 110 , A CGT
Crcoxr2 830bp; 25.8% 17.6% 19.6%  7.0%, A+T
cncoxf  cncoxr 1060bp G+C ,
533bp ,
397 30 (indels), , AT ,
355 Excel ,
(p-distance) ( 2, T ,
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DNA BARCODING OF ZOOPLANKTON IN THE JIAOZHOU BAY FOR SPECIES
IDENTIFICATION

WANG Min-Xiao', CHENG Fang-Ping"?, LI Chao-Lun', SUN Song'

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Jiaozhou Bay Marine Ecosystem Research Station,
Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071; 2. Graduate University of
Chinese Academy of Sciences, Beijing, 100049)

Abstract Estimation of zooplankton diversity and distribution is important for understanding local marine ecosystem
conditions, and may serve as sensitive indicators for climate-induced changes. The scarcity of taxonomists and subtle
morphological variations in some groups pose a problem for the identification of zooplanktons, especially at their larval
stages. DNA barcodes provide an alternative approach to accurate identification of zooplankton species. The efficiency of
the mitochondrial cox1 fragments for species reorganization in zooplanktons was evaluated in this study. The samples were
collected from the Jiaozhou Bay and a station in the South Yellow Sea. 82 DNA barcodes were determined for 45 common
species that belonged to six different phyla in the local region, including: Arthropoda, Chaetognatha, Chordata, Cnidaria,
Echinodermata, and Mollusca. According to the saturation plot, the cox1 gene was substitutionally saturated for the align-
ment, which was best illustrated by the wobble codons of the gene. The wobble codons quickly got saturated at around 0.2
substitution per site. K2P genetic distances between individuals within the same species ranged from 0 to 0.11, with an
average of 0.013 (SE = 0.003); meanwhile, genetic distance between species within the same genera ranged from 0.137 to
0.369, with an average of 0.265 (SE = 0.002). Thus the genetic distance between species was at least 20 times larger that of
the within species, indicating a barcode gap, which ensured that cox1 sequences can be used as reliable characters for spe-
cies identification for the zooplankton assemblages. However, species with extremely large intraspecific divergences were
still noticed in our study, which may be explained by population genetic divergence owing to ecological or geographical
isolation, unidentified cryptic speciation, and mis-identification. The significant barcode gap and the long-branch isolated
shallow tips topology for the Sagitta bedoti suggested a possible cryptic speciation for the species. According to the
Bayesian and neighbor-joining trees, the monophyly of all the species was resolved, with the node confidence support
value of 1. However, the genetic divergence at the level of genera and family overlapped, possibly owing to the substitu-
tional saturation. The lack of gap precluded the utility of coxl sequence as the only molecular markers for phylogenetic
issues at above levels. At higher taxonomic levels, cox1 sequences exhibited some resolving power by clustering the spe-
cies within the lineage for some groups, including Copepoda, Scyphozoa, and Chaetognatha. In addition, DNA barcodes
allowed recognition of cryptic species and mis-identified species. Based on the analyses of DNA barcodes, species names
of several copepods were revised. Acartia hongi and Acartia omorii were mislabeled as Acartia bifilosa and Acartia clausi
in previous reports. Acartia pacifica, which had been considered as one species with an apparent ability to live at a very
wide range of salinities, was actually comprised of two different species: Acartia pacifica present at high salinity and
Acartia ohtsukai at low salinity. Consequently, DNA barcoding based on cox1l fragments were confirmed to be an appealing
tool for zooplankton investigations by identifying specimens during all life stages. A comprehensive DNA barcode data-
base will allow rapid assessment of species diversity and distribution of zooplankton in the Chinese coastal regions.

Key words Jiaozhou Bay, Zooplankton, Cytochrome oxidase subunit 1 (cox1), DNA barcode



