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Abstract: The ability of a 650 base
pair section of the mitochondrial
cytochrome ¢ oxidase I (COI) gene to
provide species-level identifications
has been demonstrated for large
taxonomic assemblages of animals
such as insects, birds, and fishes, but
not for the subphylum Crustacea, one
of the most diverse groups of

arthropods.
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AnsoTtanus: CnocoOHOCTh ydacTtka 650
OCHOBHBIX  Map  MHUTOXOHAPUAIBHOM
nutoxpom ¢ okcugazsl [ (COI) rena
obecrneunBaTh UJIEeHTU(PUKAITIT Ha
BUJIOBOM YpOBHE ObL1a
NPOJEMOHCTPUPOBAHA i1 OOJBIINX
TaKCOHOMMYECKUX TPYyHI  >KUBOTHBIX,
TaKUX KaK HACEKOMbIC, MTUIIbI U PHIOHI,
HO He Uit moartuna Crustacea, ogHON U3
CaMbIX pa3HOOOpa3HBIX TPy

YICHHUCTOHOTI'UX.




In this study, we test the ability of COI
to provide identifications in this group,
examining two disparate levels in the
taxonomic hierarchy — orders and

species.

The first phase of our study involved
the development of a sequence profile
for 23 dominant crustacean orders,
based upon the analysis of 150 species,

each belonging to a different family.

The COI amino acid data placed these
taxa into cohesive assemblages whose
membership coincided with currently
accepted boundaries at the order,

superorder, and subclass levels.

Species-level resolution was
subsequently  examined in  an
assemblage of Decapoda and in

representatives of the genera Daphnia
(Cladocera)
(Amphipoda).

and Gammarus

B »TOM wuccnenoBaHMM MBI TTPOBEPSEM

CIIOCOOHOCTH COlI o0ecrieumnBarh

uAeHTUPUKALMIO B 9TOM  Tpymrne,
uccieays ABa HECOMOCTABUMBIX YPOBHS B
TaKCOHOMHYECKOW MepapXuu — MOPSAIKH

Y BUJEL.

IlepBblii STam HaAIIETO MCCIECAOBAHUS

BKJTFOUATT pa3palboTKy npodus

MOCJICIOBATEIbHOCTH JUTSt 23
JTOMUHUPYIOIIUX OTPSI0B PaKOOOPa3HbIX,
OCHOBaHHOIo Ha asainm3e 150 BuOOB,

KOTOPBIC IIPpUHAAJICKAT K PA3JINYHbIM

CEMEHCTBaM.
Jannpie no  amuHokuciaoram  COI
MTOMECTHIIN 3TU TaKCOHBI B

B3aNMMOCBA3aHHBIC coo6mecma, YJICHCTBO
B KOTOPBIX COBIaAAJIO C IIPUHATBIMU B
HACTOAMICC BPpCMA I'paHHULIAMH Ha YPOBHC

ImopsaaKka, HagoTpsaaa U IIoAKJIacca.

Pa3spemienre Ha BHUJOBOM YPOBHE OBLIO
BIIOCJIEICTBUM HCCJIEI0OBAHO Ha TIpYIIIE
JNECATUHOTHX U Ha MPEJICTaBUTEINAX POJOB
Daphnia  (Cladocera) wu
(Amphipoda).

Gammarus




These studies revealed that levels of
nucleotide sequence divergence were
from 19 to 48 times greater between
than between

congeneric  species

individuals of a species.

We conclude that sequence variation in
the COI barcode region will be very
effective for discriminating species of

Crustacea.

Résumé : Il a ét¢ démontré que
I’utilisation d’une section de 650 paires
de bases du gene mitochondrial de la
cytochrome ¢ oxydase I (COI) permet
de faire des identifications au niveau
spécifique de grands ensembles
taxonomiques d’animaux tels que les
insectes, les oiseaux et les poissons,
mais pas encore dans le sous-phylum
des crustacés, I’un des groupes les plus

diversifiés d’arthropodes.

DTH UCCIIEIOBAHUS MTOKA3aJIU, YTO YPOBHU
PacXOXKICHUS HYKJICOTUIHBIX
rocJjieqoBareabHoCTeN ObLIH OT 19 mo 48
pa3  BBIIE  MEXIY  POIACTBEHHBIMH
BUJIaMH, YE€M MEXKIY OCOOSMHU OJHOTO

BUaa.

Mbl npuiiii K BbIBOAY, YTO HW3MEHEHHE
MOCJIEIOBATEIBHOCTH B O0JIACTH IITPHUX-
kona COI 6ynet oueHb A3(h(PEKTUBHBIM IS

pacrno3HaBaHus BUIOB PAaKOOOPA3HBIX.

Pesrome ObUIO  IIOKa3aHO,  4TO

WCIIOJIb30BAaHUE OAHOTO yyacTtka u3 650
map  OCHOBHBIX  MHTOXOHJIPHATHHOU
muroxpom C okcuaaszel | (COI) rena
MO3BOJISICT TPOBOJIUTH HJICHTU(DHUKAIUIO
Ha

ONPEACICHHOM yPOBHE KPYIIHBIX

TaAKCOHOMHNYCCKHUX KKHNBOTHBIX,

TPy
TaKMX KaK HACEKOMBIE, NTHUIIBI W PBIOHI,
HO €IIe HE B TMpeaenax IOABUAA-THUII
pakooOpa3HbIX,  OJHA

H3 CaMBbIX

pa3HOOOpa3HBIX TPYIIT WICHHCTOHOTHX.




Nous testons dans notre étude le
potentiel de I’utilisation de COI pour
faire des identifications dans ce groupe
en examinant deux niveaux disparates
de la hiérarchie taxonomique — les

ordres et les especes.

La premicre phase de notre recherche
consiste en I’établissement de profils
de séquences pour 23 des ordres
principaux de crustacés, d’apres
I’analyse de 150 espéces, appartenant

chacune a une famille différente.

Les données sur les acides aminés de
COI permettent de placer ces taxons en
dont la

ensembles cohésifs

composition coincide avec les
frontieres couramment acceptées aux
niveaux de I’ordre, du super-ordre et de
la sous-classe.

Nous avons ensuite ¢étudié la
détermination au niveau spécifique
chez un ensemble de décapodes et chez
des représentants des genres Daphnia
(Cladocera) et Gammarus

(Amphipoda).

B namem uccienoBaHuu Mbl MPOBEPSIEM
noreHuuai wucnoiap3oBanuss COI g

uaeHTuuKanmu B JTOH

rpymnmne,
uccieays JBa HECOMOCTABUMBIX YPOBHSI
TaKCOHOMHYECKOW HepapXuu — MOPSIKH

Y BUJEL.

IlepBblii STam HaAIIETO MCCIECAOBAHUS
3aKJIFOYAETCAd B COCTABICHUM Mpoduiien
MOoCJIeqOBaTeIbHOCTEN It 23 OCHOBHBIX
OTPSIZIOB  pakooOpa3HBIX HA  OCHOBE
aHanu3a 150 BUIOB, KaXKIbIil U3 KOTOPBIX

IIPUHAIEKUT JPYTOMY CEMEUCTBY.

Janneie mo amuHokuciaotam wu3 COI

ITO3BOJIAIOT O6’I>€I[I/IHI/ITI> 9T TaKCOHbI B

CBSA3HBIE TpPYyNIbl, COCTaB  KOTOPBIX
COBITIAJIACT c OOLIENPUHATHIMU
rpaHUIlaMM  Ha  ypOBHAX  MOpsKa,

Haao0TpsAaa U IoAaKacca.

3aTeM MBI HCCIEIOBAIH JICTCPMHUHAIIUIO
Ha OMNpEACICHHOM YPOBHE Y TPYIIIBI
JCCATUHOTUX M Yy MPEICTaBUTEIICH POJOB
(Cladocera) wm

(Amphipoda).

Daphnia Gammarus




Ces études révelent que les niveaux de

divergence  des  séquences  de
nucléotides sont de 19 a 48 fois plus
importants entre les espéces d’un
méme genre qu’entre les individus

d’une méme espéce.

Nous concluons que la variation des
séquences dans la région du code-barre
de COI devrait permettre de séparer de
facon tres efficace les especes de

crustaceés.

Introduction

The i1deal DNA-based identification

system would employ a single gene for
the placement of any organism in the
full from

taxonomic  hierarchy

kingdom to species.

Ot HCCIICOAOBAHUA IIOKa3bIBAIOT, YTO

YPOBHU  PACXOXKJACHUS  HYKJICOTHUIHBIX
nocjueaoBarenbHocTed B 19-48 pa3 BbIlie
MEXIYy BHUJIAMU OJTHOTO M TOTO K€ poja,
YeM MEXJIy O0COOSIMU OJHOTO M TOTO XK€

BHUaa.

MBI pUILTA K BBIBOAY, YTO W3MCHEHHUE
MIOCJICIOBATEIIBHOCTEH B 00J1aCTH MITPUX-
koma COl gomxHO 00ecHeuuTh OYEHB

ahdexTuBHOE paserneHue BUJIOB

pakooOpa3HbIX.

Beenenue

NneanpHas cucrema HICHTH(UKAIIUN HA
ocHose JIHK mcnonn3oBama Obl OJWH T'eH
JUTSI MECTOTIONIOXKEHUS JIF0O0TO OpraHu3Ma
BO BCE€M TAKCOHOMHYECKON HEpApXUHU OT

napcTBa 10 BUA.




The ability of a ~658 base pair (bp)

section  of  the  mitochondrial
cytochrome ¢ oxidase I (COI) gene to
provide this resolution has now been
demonstrated for many animal
lineages,
(Hebert et al. 2003; Janzen et al. 2005;
Hajibabaei et al. 2006), birds (Hebert
et al. 2004),
Hebert 2005), ants (Smith et al. 2005),
and fishes (Ward et al. 2005) (but see

Dasmahapatra and Mallet 2006 for a

including  lepidopterans

spiders (Barrett and

discussion of success rates).

Although COI appears to have high
potential as the foundation for an
identification system, it is critical to
verify that 1t can deliver similar

taxonomic resolution in other groups.

The present study addresses this issue
by examining the patterning of COI
diversity in the subphylum Crustacea,
the most ancient and structurally

diverse group of arthropods.

CnocobOHocth 658 06azoBbix map (0.11.)
y4acTKa MHUTOXOHAPUATBLHON ITUTOXPOM
okcunazel [ (COI) rena obGecrieuyuBath
TaKO€ pa3pelicHre B HACTOAIIEE BpeMs
IPOJIEMOHCTPUPOBAHA JIJIT MHOTHX JIMHHM
J)KHBOTHBIX,  BKJIFOYas

(Hebert et al. 2003; Janzen et al. 2005;
Hajibabaei et al. 2006), nruir (Xebept u

YCITYCKPBIIBIX

ap. 2004), nmaykoB (bappert u Xebept
2005), mypasseB (Cmut u ap. 2005) u
ppi6 (Yopn u ap. 2005) (Ho cM. B
Dasmahapatra u Mallet 2006 o6cyxnenue

MOKa3aTesiel yCIEeIHOCTH ).

Xors COI, mo-BuguMomy, oOmamaeT

BBICOKMM [OTEHIMAJIOM B KAueCTBE
OCHOBBI JISl CHCTEMBI HIACHTU(DUKAIIWH,
KpaiiHe Ba)KHO YOCIHMTHCS, YTO OH MOXKET
00€eCIeYnTh AHAJIOTUYHOE

TaKCOHOMHYECKOE pa3pelieHUue B IPYrux

rpymnmax.

B HACTOSILIEM HUCCIEeI0OBaHUHU
paccMaTpuBaeTCs ASTOT BOMPOC MYTEM
U3YyYEHHs CTPYKTYyphl pazHooOpazus COI
B noarune Crustacea, caMoil JpeBHEN U
CTPYKTYpPHO  pa3HOOOpa3HOM

HYICHHCTOHOI'UX.

rpyIiIe




The diversity of modern crustaceans, in
addition to their remarkable wvari
ety in morphologies, habitats, and
ecologies, 1is reflected by their
assignment to six classes, 48 orders,
849 different families, and

about 52 000 species (Martin and

Davis 2001).

By comparison, the more than one
million described species of insects are
assigned to about 1000 families, but
just 30 orders and a single class

(Borror et al. 1989; Nielsen 1995).

While the higher level systematics (i.e.,
class, subclass) of the Crustacea are
not fully stabilized (Martin and Davis
2001), ordinal boundaries have been
nearly constant for more than 20 years
despite ongoing morphological and

molecular studies.

Paznoobpasue COBPEMEHHBIX
pakooOpa3HbIX, B JOMOJHEHHE K UX
3aMe4aTeIbHOMY pazHoOoOpa3uio
Mop¢oJIOTHH, MECTOOOUTAaHUM U

9KOJIOTHHN OTPAXKACTCA B UX OTHCCCHHU K

mectu  kimaccam, 48 otpsgam, 849

pPa3IMYHBIM CEMENCTBAM M IPUMEPHO 52

000 Bumam (Martin and Davis 2001).

IEE

Jlis

OIMMCAHHBIX BHMAO0B HACCKOMBIX OTHCCCHBI

CpaBHEHUS, MUJIHOHA
npumepHo k 1000 cemeiicTBam, HO TOJIBKO
k 30 otpsimam u onHOoMYy KJaccy (Borror et

al. 1989; Nielsen 1995).

B To Bpems kak cucremaruka Ooiee
BBICOKOTO YpOBHs (T.€. KJacc, IMOAKIACC)
pakooOpa3HbIX HE HOJTHOCTBIO
crabunusupoBana (Martin and Davis
2001), mopsaIKOBBIE TPAaHUIIBI OBUTH MTOYTH
NOCTOSIHHBIMU Ha MNpoTsbkeHuu Ooinee 20
JEeT, HECMOTpA Ha MPOJOJIKAIOIIUECS
MOp(OJIOTUYECKHE U MOJIEKYJISpHBIE

HCCJICOOBAHUA.




As such, this taxonomic rank

represents a useful criterion to judge
the ability of a DNA-based
identification system to deliver coarse
taxonomic placement of an unknown

taxon.

However, as the primary task of

taxonomy lies in identification of

species, it is also critical to test the
effectiveness of DNA barcodes at this

level.

The present study examines the

effectiveness of a 658 bp section near

the 5" end of COI (hereafter referred to

as the COI Dbarcode) as an
identification tool at these two
disparate levels in the taxonomic

hierarchy — orders and species.

Kak TakoBoOM, 3TOT TaKCOHOMMHYECKHI
paHr TpeAcTaBiIsieT Co00iMl  ToJIe3HbIN

KPUTEPU Il OLEHKH CIIOCOOHOCTH

CUCTEMBI HUJCHTU(UKAIIMK Ha OCHOBE
JIHK  obecneunth  mpuOIM3UTEIIBHOE
TaKCOHOMHYECKOE pasMmerieHue

HCU3BCCTHOI'O TaKCOHA.

OI[H&KO, IIOCKOJIBKY OCHOBHAaA 3aj1a4da

TaKCOHOMUH 3aKJII0YaEeTCS B
UIEeHTU(PUKAIIMK BHJIOB, TakKXKe BaXKHO

poBepUTh FP(HEKTUBHOCTH IITPUX-KOIOB

JAHK Ha 3TOM ypOBHE.
B HACTOAILIEM HUCCJIEIOBAHUM
paccMaTpuBaeTCs 3¢ PEeKTUBHOCTH

ydyacTka JIMHOM 658 m.H. BOMM3UM 5'—
xonra COI (mamee MMEHYyeMOro IITPUX-
komom COI) B kauecTBE HMHCTpyMEHTa
UACHTU(UKAITH Ha

9THUX ABYX

pa3pO3HEHHBIX YPOBHSX
TaKCOHOMHMYECKOM HEepapXuu - MOpsaAKax

U BHUAAX.




Its effectiveness at the ordinal level
was tested in a two-step process: 150
species, each in a different family and
including representatives from 23 of
the 48 crustacean orders, were
sequenced to establish a COI ordinal

profile.

The effectiveness of this profile in

ordinal-level placements was
subsequently evaluated by determining
its success in the assignment of 100

new taxa to the proper order.

The present study also sought to
determine if the COI barcode region
can enable species-level assignments
within the Crustacea; this issue was
examined in representatives of nine
genera of Decapoda and in single

genera of Cladocera and Amphipoda.

Ero »sddexTuBHOCTS Ha MNOPSIKOBOM

ypoBHE Oblla TpOBEpeHAa B  XOJE

JIByXdTanHoro mpouecca: 150 BuIOB,

KOKJbIH M3 KOTOPBIX OTHOCHUTCS K
IpyroMy  CEMEWUCTBY W  BKIIKOYAET
npeacrasuresiel 23 u3z 48 oTpsAnoB

pakooOpa3HbIX, ObUTH YIOPAIOYHEHBI IS

YCTAHOBJICHUSI ~ OOIIETO  TOPSIAKOBOTO

npodus.

OddextuBHOCTH 3TOrO0 npoduiIs mpU
pa3MEIIEHN Ha IOPSAKOBOM YPOBHE
BIIOCJIEJICTBUM ObLIa OLIEHEHA IyTeM

OIIpPENICIICHUs]  €Tro

100

YCIEIIHOCTA B

IMPUCBOCHHUHA HOBBIM TaKCOHaM

HaaJICKalero mopsaaka.

B HaCTOAICM HCCIICJOBAHUHN TAaKIKC ObL1a

NPEANPUHATA  TOMBITKA  ONPEICITHUTh,
MOXKeT Ju obOmacth 1mrpux-koma COI
o0ecrieynBaTh

IMPUCBOCHHC BHUJIOBOI'O

ypoBHSL BHYTpU PakooOpasHbIX; 3TOT
BONIPOC OBLI M3Yy4YEeH y MpelCTaBUTENCH
neBaTH poaoB Decapoda v y OTIENbHBIX

ponos Cladocera m Amphipoda.




Materials and methods

Taxon sampling

COl ordinal profile

One hundred and fifty species, each
belonging to a different family and
including representatives from 23 of 48
crustacean orders, were sequenced to
establish a COI ordinal profile
(sequences for 75 of these families
were acquired from GenBank, see

below).

More than 10 families were examined
from each of four orders (Amphipoda,
Calanoida, = Decapoda,  Isopoda),
between four and nine families from
eight other orders (Anostraca,
Cladocera, Cumacea, Diplostraca,
Harpacticoida, Podocopida, Sessilia,
Stomatopoda), while one to two
families were examined from the other

11 orders.

MarepuaJibl M METOABI

Bb10opka TakcoHa

IHopsiakoBbI HOMeEpP NpopuIs

CT0 mATHAECAT BHUAOB, KAKABIA U3 KOTOPBIX
MPUHAJICKUT K JPYIOMYy CEMEWCTBY U
BKJIFOYAET IpezcTaBuTenien 23 u3 48 oTpsanos
pPakoOOpa3HbIX, ObLTM CEKBEHUPOBAHBI s
YCTAHOBJIEHHUS COBMECTHOTO MOPSIKOBOIO
npodust (mocnenoBarebHOCTH it 75 U3
TUX CEMEUCTB ObUIM  TIONy4YeHbl W3

GenBank, cM. HIDKe).

bruio uccienosano 6osee 10 ceMelicTB U3
KaXX7[0TO u3 YEeThIpEX OTPSIIOB
(Amphipoda,  Calanoida,  Decapoda,
Isopoda), oT deThipex [0 JCBATH
CEMEHCTB M3 BOCBMHU JPYTHX OTPSIIOB
(Anostraca, Cladocera, Cumacea,
Diplostraca, Harpacticoida, Podocopida,
Sessilia, Stomatopoda), B To Bpemsi Kak OT
OJTHOTO J10 JBYX CEMEHCTB ObuIH

MCCIIEIOBAHBI U3 IpyTrux 11 oTpsgos.




Sequences were also obtained for 100
additional species (53 were acquired
from GenBank, see below) in families
included in the profile, but belonging
to different genera to provide a group
of test taxa (details on specimens are
provided in Appendix A, Tables A1 and
A2).

P. 274
Results
Ordinal profile
The amino acid NJ tree for
representatives of 150 crustacean

families showed high cohesion of

taxonomic groups.

Most allied species formed

assemblages that mirrored established
higher-taxonomic categories — orders,
superorders, or subclasses (Fig. 1; a
can be found in

detailed tree

Supplemental Appendix S1).’

ITocnegoBareIbHOCTH ObLTH TaKKe
nosiydeHsl 41 100 qONOJTHUTEIBHBIX BUIOB
(53 6pun onyuensl U3 GenBank, cM. Hike)
B CEMENCTBaX, BKJIIOUCHHBIX B MPOQUIb, HO
MPUHAUICKAIINX K Pa3HbIM pojJaM, YTOOBI
TECTOBBIX

00

MMOJIy4YHThb TaKCOHOB

rpyniy

(mogpobHass  mHpOpMaIUs obpasmax

MIpUBEJICHA B MPUIOKEHUU A, Tabmuibl Al u

A2).

Crp. 274
Pe3syabrarsl

IHopsiakoBblii HOMep npodus

AMUHOKHUCIIOTHOE  jAepeBo  NJ s
MpeCTaBUTEIICH 150 CEMENCTB
pakooOpa3HBIX  TOKa3ajo0  BBICOKYIO

CINTIOYCHHOCTb TAKCOHOMHWUYCCKHUX I'PYIIII.

BONBIIMHCTBO ~ POJACTBEHHBIX  BHJIOB
00pa3oBbIBAJIM  COOOIIECTBA, KOTOPBIC
OTpakasn YCTaHOBJICHHBIC Oonee

BBICOKUC TAKCOHOMHUUYCCKHC KaTCTrOpUH -

MOPSAJIKA, HAJTOTPSAAbl WU TOAKIACCHI
(puc. 1; mogpoOHOE AEPEBO MOKHO HANTH

B JIOTIOJIHUTEIILHOM MPHUI0KEHUU Sl).3




For example, members of the orders
Sessilia and Pedunculata formed a
cohesive

group as  superorder

Thoracica, while members of the
subclasses Copepoda and Phyllopoda

formed distinctive assemblages.

Members of the orders Amphipoda,

Anostraca, Isopoda, Mysida, and
Stomatopoda were also joined in

cohesive clusters.

There were, however, a few deviations
from this pattern; members of the order
Decapoda split into two groups, with

Stomatopoda embedded within.

As well, two species in the orders

Cumacea and Amphipoda
(Pseudocuma similis and Themisto
gaudichaudii,  respectively)  were
genetically divergent from allied taxa,
grouping instead with species from

orders represented by a single family.

Hanpumep, nmpenctaBUTEIM  OTPS/IOB
Sessilia wu  Pedunculata o6pazoBanu
CIUIOUEHHYIO TPYIIly Kak HaJIOTPsA
Thoracica, B TO BpeMsI KaK

npencraButenu nojakiaaccoB Copepoda u

dbumononsl 00pa3oBbHIBAIN XapaKTEpPHbIC

CKOTLICHUS.
[IpencraButenu otpsgoB  Amphipoda,
Anostraca, Isopoda, Mysida u

Stomatopoda Takxe ObUTM OOBEAMHEHBI B

CILJIOYEHHBIE TPYIIIIBI

ELIJIO, OJHAaKO, HCCKOJIBKO OTKJIOHCHUM OT

TOW CXEMBI; TPEACTABUTEIN OTpsia
JNECATUHOTHX  pa3[eNWiuCh Ha  JIBE
TPyNnbl, BHYTPU  KOTOPHIX  OBUIH
Stomatopoda.

Kpome Toro, nBa Buna u3 orpsaoB Cumacea
u Amphipoda (Pseudocuma similis wu
Themisto gaudichaudii cooTBeTcTBEHHO)
TeHETUYECKU OTINYAINCh OT POICTBEHHBIX
TAKCOHOB, TPYHITUPYSCh BMECTO 3TOTO C

BUAaMH U3

OTPSJIOB,  TIPE/ICTABIICHHBIX

OJHHNM CEMEHCTBOM.




A few other species, such as the

parasitic 1sopods, (Bopyroides

hippolytes, Olencira  praegustator,
Rocinela angustata), occupied isolated

positions in the tree.

The ordinal profile was subsequently
used to classify 100 newly analyzed

species.

In 95 of these cases, the test taxon was

assigned to the correct order.

In three cases, the test taxa were assigned
only at a rank above the order level,

namely Drepanopus Eurycercus

sp.,

longirostris, and Mpytilocypris
ambiguosa, which were assigned to
subclasses Copepoda and Phyllopoda

and class Ostracoda, respectively.

Heckonbko APYrux BHAOB, TAKHX KakK

napasutudeckre wuzomnonsl (Bopyroides
hippolytes, Olencira praegustator,
Rocinela angustata), 3aHUMAalu

HN30JIMPOBAHHBIC ITO3UIINH HA APCBC.

[lopsinkoBbIii  MpOoQuMIIb  BIOCIEICTBUH
ObUI HKCIIOJIB30BaH JUIsl KJIacCHU(PUKALUU

100 BHOBb MpOaHATU3UPOBAHHBIX BUIOB.

B 95 u3 aTuX cilydyaeB T€CTOBOMY TaKCOHY

OBbUI IPUCBOEH MTPABUIIBLHBIN TOPSIIOK.

B Tpex ciydasx TeCTOBBIE TAaKCOHBI OBLIH
OTHECEHBI TOJIBLKO Ha PaHT BHIIIC YPOBHS
nopsaka, a wuMmeHHo Drepanopus sp.,
Eurycercus longirostris u Mytilocypris
ambiguosa, KOTOpble OBLTH OTHECEHBI K

nonkinaccam Copepoda u Phyllopoda u

ki1accy Ostracoda COOTBETCTBEHHO.




Two misassignments involved taxa in

the  order  Mysidacea, namely

Paramesopodopsis rufa and

Tenagomysis australis.

P. 279-280
Discussion
This study establishes that the barcode
region of COI has considerable
potential as the foundation for a DNA
barcoding identification system for

crustaceans.

A COI profile based on single
representatives of 150 crustacean
families proved 95% effective in

placing newly encountered species to

the right order.

This high success makes it clear that a
profile based on even a few thousand
species will provide a highly effective
tool for taxonomic assignments at this

level.

JlBa HETPaBUIIHHBIX Ha3HAYCHUS
KacaJnch TaKCOHOB oTpsana Mysidacea, a
uMeHHo  Paramesopodopsis rufa wu

Tenagomysis australis.

Ctp. 279-280
Oo6cyxnaenue
DTO HCCIECIOBAaHUE TIOATBEPIKIACT, UTO
obmacte mTpux-koga COI  oGmamaet
3HAUYMTEJILHEIM ITOTCHIIHAJIOM B KaueCTBE

OCHOBBI IJIsI CHCTCMBI I/IILGHTI/I(i)I/IKaHI/II/I

JIHK-1mpuxxoqpoBanys pakooOpas3HbIX.

[Ipoduns  COI, ocHoOBaHHBIN  Ha

OTIEJIbHBIX IIPEICTABUTEISX 150
CEMEHMCTB pakoOOpa3HBIX, OKa3aJics Ha
95% »>(dexTuBHBIM TNpU pazMelIEHUU
BHOBb BCTPEUYEHHBIX BUJOB B MPABUILHOM

IMOpsAIKE.

DTOT BBICOKMI YCIIEX SICHO MOKa3bIBAECT, UTO
npo(huITh, OCHOBAHHBIN JaK€ HA HECKOIBKUX

THICSTYaX BUJIOB, obecrieuuT

BbICOKOO()(PEKTUBHBIA ~ HMHCIPYMEHT  JUIS

TAKCOHOMUYECKVIX ONPESIEIICHHN HA 3TOM YPOBHE.




Further parameterization of the ordinal
profile should begin by adding
sequence records for each of the 849

crustacean families.

Higher sampling intensity should be
directed to families with accelerated
rates of molecular evolution, and the
present results provide some directions

in this regard.

Parasitic lineages often show rate
acceleration (Hassanin 2006; J.R.
deWaard and P.D.N. Hebert,
unpublished data), and this pattern was
apparent in the current study, as
evidenced by the isolated positions of

parasitic isopods in the NJ tree.

JlanpHENIIyI0 MapamMeTpU3aLMIo
TIOPSITKOBOTO TIPO(HIIS ClieTyeT HadaTh C
noOaBneHus 3anucei
MOCJIEIOBATEIbHOCTA ISl KaXKJOTO U3

849 cemeiicTB pakooOpa3HbIX.

bonee BbICOKas WHTEHCHUBHOCTH OTOOpa
npo0 JomKHa OBITh HampaBlieHA Ha
CEeMEiCTBA € YCKOPEHHBIMU TEMIIAMU
MOJIEKYJISIPHOM SBONIIOLIMU, M HACTOAIINE
pe3ybTaThl JAlOT HEKOTOPhIC YKa3aHUS B

9TOM OTHOIIICHHH.

[Tapa3uTnueckue JMHAA 9acTo
JEMOHCTPHUPYIOT YCKOPEHHE CKOPOCTH
paszsutus (Hassanin 2006; J.R. deWaard u
PD.N. Hebert, HeomyOmukoBaHHBIE
JaHHbIE), U 3Ta 3aKOHOMEPHOCTh Oblia
OYCBUJHA B JaHHOM HCCIICIOBAaHUH, O
9YeM CBHUAETEIbCTBYIOT H30JIMPOBAHHBIC
HOJIOKEHUS Mapa3UTUYECKUX H30IO/ Ha

npese NJ.




As a result,

should be

particular sampling

intensity directed to

crustacean lineages with parasitic
lifestyles to subdivide the misleading
long branches and to create an
effective system for placements deep

in the taxonomic hierarchy.

The present study suggests that a COI-
based system will regularly deliver
species-level resolution for crustacean

lineages.

In fact, levels of sequence divergence

of
the

among  congeneric  species

crustaceans averaged 17.16%,
highest value yet reported for any

animal group.

B pesynprate o0co0asi WMHTEHCUBHOCTH
oTOopa TpoO MODKHA OBITH HAIpPaBIICHA
Ha JTVHAA pakooOpa3HbIX C
napazuTUYECKUM 00pa3oM KU3HHU, YTOOBI
pa3fenuTh BBOIALIME B 3a0NIyKJIEHHUE
JUTMHHBIE BETBH U CO311aTh d()(PEeKTHBHYIO
CHUCTEMY MECTOIOJIOKEHNSI BHYTPU B

TaKCOHOMHUYECKON UepapXHUU.

Hacrosiee uccienoBanue mpeanosaraer,
yTo cucteMa, ocHoBanHasi Ha COIl, Oyznet

PErYISIpHO TPENOCTABIISATh pPa3pelIeHUE

Ha  YpOBHE  BHJOB Ui  JINHHUM
paKooOpa3HBIX.

@dakTUYECKH, YPOBHU  PACXOKICHUS
ITOCJICA0OBATEILHOCTEH cpeau
OJHOPOMHBIX  BHUJOB  PaKOOOpa3HBIX
cocraBuwin B cpeaHeM 17,16%, wuto

SIBJISIETCS. CAMBIM BBICOKUM 3HAYE€HHEM, O
KOTOPOM KOTJa-Inb0 Ccoo01manoch s

J000H TPYIIIBI )KUBOTHBIX.




By comparison, congeneric species of
lepidopterans show just 6.1% variation
(Hebert et al. 2003), birds show 7.93%
variation (Hebert et al. 2004), and
fishes possess 9.93% divergence (Ward
et al. 2005).

Of course, the actual level of
divergence among congeners is less
critical than the ratio of the genetic
divergence between species to that

within species.

Levels of intraspecific variation in
crustaceans averaged 0.46%, values
slightly higher than those reported in
other groups (most range from 0.25%
to 0.30%), but the interspecific to
intraspecific  ratios of sequence
divergence were very large, ranging

from 19.2 to 48.3.

s

YCITYCKPBIIBIX

CpaBHEHUS, POJCTBCHHBIC BHUBI
JE€MOHCTPHUPYIOT
BapuabenbHOCTh Bcero Ha 6,1% (Hebert
et al. 2003), OTUIBI JEMOHCTPUPYIOT
BapuabensHocTh Ha 7,93% (Hebert et al.
2004), a peIObI 007aAI0T THUBEPTEHIIUCH

Ha 9,93% (Ward et al. 2005).

Koneuno, dakTuyeckuit YpOBEHb
JTUBEPreHIIUU CPEIU COPOAMYEH MeHee
KPUTHYEH, YEM OTHOUIEHHWE T€HETHUYECKOM
JUBEPTreHIIMM MEX]y BUJAMU K TaKOBOMU

BHYTpH BHJIOB.

YpOBHH BHYTPUBUIOBOM U3MEHUYHUBOCTH Y

pakooOpa3HbIX COCTaBISUIM B CpPEIHEM

0,46%, 3HAYCHMUS, HEMHOTO
IIPEBBIMIAIOIINC TC, 0 KOTOPBIX
coobmajiocb B JAPYyrUx  Tpynmax

(OOMBIIMHCTBO M3 HUX BapbUPYIOTCS OT
0,25% no 0,30%), HO MEXKBHAOBBICE U
BHYTPHUBHIOBBIC COOTHOIIICHUS
pacxoxaeHus ITOCJIEI0BAaTEILHOCTEN
OBLIM OYEHL OOJIBIIMMH, B JHUAIIQ30HE OT

19,2 no 48,3.




As a consequence, species recognition
was straightforward in most cases

(~95%).

Based on these observations, we
conclude that a COI barcoding system
will deliver levels of species resolution
comparable with those seen in tropical
lepidopterans (98%, Hajibabaei et al.
2006), marine gastropods (96%, Meyer
and Paulay 2005), fishes (100%, Ward
et al. 2005), and birds (95%, Hebert et
al. 2004).

We emphasize the need for a critical
assessment of both barcode results and
current taxonomic systems in cases of

discordance.

Kak CICACTBHUC, pPACIIO3HABAHNC BHIOB

ObUIO MPOCTBHIM B OOJBIIMHCTBE CIIy4yaeB

(~95%).

OCHOBBIBasICh Ha ITHUX Ha6J'HOIleHI/I$IX, MbI

IMpHUILINA K BBIBOAY, qTo CUCTCMa

mrpuxkonupoBanus  COIl  obecreunt

YpOBHHU BUJIOBOTO paspenieHus,

COIIOCTaBUMBIC C TCMU, KOTOPLIC

HaOIOAAI0TCS y TPOMUYECKUX
yemryekpouibix (98%, Hajibabaei et al.
2006), MOpPCKHX OPIOXOHOTHUX MOJLIIOCKOB
(96%, Meyer and Paulay 2005), pwib
(100%, Ward et al. 2005), u ntunsl (95%,

Xebept u ap., 2004).

MBI mogdepkuBaeM — HEOOXOIWMOCTH
KPUTUYECKOW OILIEHKA KakK pe3yJIbTaTOB
ITPUX-KOIA, TaK H  CYLIECTBYIOIIUX
TaKCOHOMHUYECKHUX CHCTEM B Cilydasx

HCCOOTBCTCTBHAI.




For example, the lack of barcode
divergence between members of the

mitten crab genus Eriocheir reflects a

case where there is a growing
consensus that some recognized
species do not merit this status

(discussed in detail in Chu et al. 2003
and Tang et al. 2003).

In other cases, levels of barcode
variation within species have surely
been inflated by a failure of current
taxonomic systems to recognize valid

species.

For example, the presence of two
genetically divergent groups in the
hermit crabs Pagurus longicarpus and
Pagurus pollicaris is thought to reflect
overlooked

2002).

species (Young et al.

Hanpumep, orcyTcTBHE pacxoXIEHHUU B
ITPUX-KOAAX MEXKAY MNPEICTABUTEIIMHU

pona pykaBuuHbIX kpaboB Eriocheir

OTpa)kaeT  cllyyad, Korjga  pacTeT

KOHCCHCYC B OTHOHOICHHUHM TOI0, YTO

HEKOTOpble  MpPU3HAHHBIE  BUABI  HE
3aCIyKUBAIOT 3TOro craryca (moapoOHO
obcyxnaerca B Chu et al. 2003 u Tang et

al. 2003).

B npyrux ciydasx ypOBHM Bapualuu

HITPUX-KOJIOB BHYTPH BUJIOB,
HECOMHCHHO, OBLIM 3aBBIMICHBI HW3-32
HECIIOCOOHOCTH CYIIECTBYIOITUX

TAKCOHOMHUYCCKHUX CHUCTEM pPACIIO3HABATD

I[GﬁCTBHTGHBHBIG BH/IBI.

Hanpumep, cuutaeTcsi, 9T0 HAIUYUE ABYX
TCHETUYCCKHA PACXOIIMXCS TPyHn y
pakoB-oTIeNbHUKOB Pagurus longicarpus
151 Pagurus

pollicaris OTpakaeT

yhoyuieHHble U3 Buaa Buabl (Young et al.,

2002).




Similarly, the freshwater shrimp

Paratya australiensis includes several
highly divergent mitochondrial
lineages that are now thought to
represent species that diversified in the

Pliocene (Baker et al. 2004).

Finally, both morphological and
biogeographic  data  suggest the
possibility of overlooked species

within Cherax tenuimanus and Cherax

preissi (Munasinghe et al. 2003).

No single approach can provide a
definitive  conclusion

boundaries (but see Lee 2003).

on species

We emphasize that DNA barcoding is

not a substitute for conventional

taxonomic approaches.

AHaorn4HbIM  00pa3oM, MPECHOBOIHAS
KpeBeTka Paratya australiensis BKiodaer
B c€0s1 HECKOJIBKO CHJIBHO PacXOASIIUXCS
MHUTOXOHIPUAIIbHBIX JIUHHUH, KOTOPBIE, KaK
B HaCToOsIIee

BpCM:L CHUTACTCA,

NpCaACTaBJIAIOT BHABI, OTACIMBIINCCA B

mouene (Baker et al., 2004).

Hakonen, kakx wmopdomoruueckue, Tak u
O6uoreorpaduueckie JaHHbIE YKa3bIBAIOT Ha
BO3MOXKHOCTh CYIIIECTBOBAHUS
MPOMYyIIEHHbIX BUI0B B mpeaenax Cherax
tenuimanus u Cherax preissi (Munasinghe et

al., 2003).

Hu OJWH IMOAXO0d B OJAMHOYKY HC MOKCT
JaTb OKOHYATCIIbHOI'O 3aKJIIOUYCHUA O

rpanuiax BujoB (Ho cM. Lee 2003).

Mbl  nomuepkuBaeM, YTO  IITPHUX-

kogupoBanue JIHK He sBusgeTcs 3ameHon
TPaJIUIMOHHBIM TaKCOHOMUYECKHUM

moaxoaam.




It seeks instead to flag cases of deep
genetic divergence among individuals
grouped as a single species that may

indicate overlooked species.

For example, we noted particularly
high intraspecific divergences (3.1%)

n Gammarus oceanicus, but

individuals from the Baltic Sea,

Iceland, and Hudson Bay showed an
average within-species K2P divergence

of only 0.43%.

The extreme divergence values all

reflected samples of this species from

the St. Lawrence estuary, perhaps

reflecting an overlooked species

endemic to this region.

Bmecto »3TOro oHoO HaIpaBJICHO Ha

BBISIBIICHHE CIIy4acB 1y OOKOM
TEHETUYECKOW  JUBEPreHUMH  Cpeau
oco0eil, CcrpynnupoBaHHBIX KaK OIUH

BHA, KOTOPBIC MOI'YT VYKa3blBaTb Ha

IMPOIIYHICHHBIC BUBI.

Hampumep, ™Mbl OTMETUIHM OCOOEHHO
BBICOKHE BHYTPHUBHUIOBBIE PACXOXKICHUS
(3,1%) y Gammarus oceanicus, HO ocoOu
n3 banrtuiickoro wmops, HWcnanguum wu
['yn3oHoBa 3anmBa TMOKa3ainu CpenHeEe
BHYTpPUBHA0BOE pacxoxjaeHue K2P Bcero

Ha 0,43%.

Kpaiinee pacxoxieHue 3HAYECHUH BCEX
OTpaXEHHBIX OOpa3loB ATOr0 BUJA U3
YCThsl CasiToro

peku JlaBpeHnTns,

BO3MOXHO, OTpaxactT HCHOOHGHGHHBIﬁ

BHU, BHHCMHqHBIﬁ IJIsL 9TOr0 peruoHa.




In contrast with these cases, there are
other cases where species recognized
through past taxonomic work show

little or no barcode divergence.

Some of these cases may represent
instances where current taxonomic
systems inappropriately  recognize

variation as reflecting species status.

However, other cases may reflect very

young species.

We emphasize that the recognition of
taxonomic boundaries in such cases is
always demanding, often subjective,
and best pursued through a weight of
evidence approach that employs
molecular, morphological, and

ecological traits to reach a decision.

B ommune or 3THX Ciy4daeB, CYILECTBYIOT
JPyTHE CIy4ad, KOIja BUIpbl, PU3HAHHBIE B
XO7Ie TPOIUION TaKCOHOMHYECKON paloThl,
JIEMOHCTPUPYIOT HE3HAYUTENBHOE
PacXoXKJIEHUE IUTPUXKOOB WM BOOOILE HE

0OHAPY>KUBAIOT €T0.

Hekotopele U3 3THX CiIy4aeB MOTYT
MPENCTaBIATh COOOW  cioydau, Korma
CYIIECTBYIOLTUE TaKCOHOMUYECKHUE
CUCTEMBI HEHAIEKAIIUM o0OpazoMm
NPU3HAIOT  BapHUallMK  OTPAKAIOIUMHU

CTarycC BUJa.

Opnako npyrue ciiydyau MOTYT OTpaXkaTb

O4YCHb MOJIOABIC BUAHI.

Mbl  nomyepkuMBaeM, UTO IPU3HAHHE
TaKCOHOMHYECKOTO OIPE/IEICHUS TPaHNL] B
TaKuX CIy4asx Bcerga TpeOyeT YCWIIHH,
4acTO CyOBEKTMBHO, M JIy4YllE€ BCEro
NPOBOIUTH €0 € IOMOIIBK IOAXO/A,
OCHOBAHHOIO Ha BeC€ JOKa3aTelbCTB,
KOTOPbI ~ HCHOJNB3YET  MOJIEKYJISIPHBIE,
MopdoIornyeckue M IKOJOTHYECKHUE

XAPAKTCPUCTUKHN MJIA IIPUHATUA PCILICHUSA.




As the creation of a comprehensive
COI barcode database for crustaceans
will be a substantial undertaking, we

stress that benefits will be diverse.

COI can, for example, serve as a
sentinel gene enabling the detection of
lineages with unusual patterns of
nucleotide usage or exceptional rates

of evolution.

The analysis of GC content in the
present study demonstrates that the
COI barcode region can be a predictor
of the nucleotide usage of the entire

mitochondrial genome.

Similarly, the molecular rate

acceleration of parasitic lineages
revealed previously using other gene
regions (Hassanin 2006; J.R. deWaard
and P.D.N. Hebert, unpublished data)

was evident in the current data set.

[Tockonbky co3naHue BCEOOBEMITIONICH
0a3bl gaHHBIX WTpUx-KogoB COI ans
pakooOpa3HbeIX  OyaeT  3HAYUTEIHHBIM
MEpPOIIPUATHEM, MBI TMOTYECPKUBACM, YTO
BBITOJIbI OyIyT pa3HOOOpa3HBIMHU.

COI mMoxer,

HallpuMep, CIYXUTb B

KauecTBe CTOPOXKEBOTO reHa,
MO3BOJISIIOLIET0 OOHApYXUBaTh JUHUU C
HEOOBIYHBIMU 3aKOHOMEPHOCTSIMU

HCIIOJIb30BaAHU L HYKJICOTHIO0B nIn

HCKIIIOYUTCIBHBIMHU TEMIIAMHU 3BOJJIIOIINH.

Anamu3 cogepxanusi GC B HacTodllem

UCCJICIOBAHUU  JIEMOHCTPUPYET,  UTO
ob6nacte mTpux-koga COI moxker OBITH
MOKa3aTeneM WCITOJIb30BaHMS

HYKJICOTHUAOB BCEro MUTOXOHAPHAJILHOIO

reHOMa.

AHaNIOrM4YHBIM o0pazom, YCKOpPEHUE
MOJIEKYJSIDHO ~ CKOPOCTH  TIapa3UTapHbIX
JIUHUM, BBISIBIICHHOE panee Cc

UCIIOIb30BAaHUEM JIPYTUX OO0JacTeli IeHOB
(Hassanin 2006; J.R. deWaard u PD.N.
Hebert, HeonyOnmiukoBaHHbIE JAHHEIE),

OBbLIO OYEBHUJTHO B TEKYILIEM HAOOpE TaHHBIX.




As such, it will aid multigene
systematics by allowing such studies to
target taxa showing unusual attributes
of nucleotide usage or evolutionary

rates.

The benefits of a barcode system will
also extend into ecological work. For
example, an estimated one-third of
marine  arthropods (thus mainly
crustaceans) in 138 studies from the
North Atlantic could not be identified
to a species level (Schander and

Willassen 2005).

Schander and Willassen (2005) pointed
out several relevant means by which
improved ability to recognize marine
species will benefit marine biological
and ecological sciences in a number of

ways (see also Bottger-Schnack et al.

2004).

Takum o0Opazom, 3TO IOMOXKET

MYJBTUTEHHON CHUCTEMATHUKE, MO3BOJISA
TaKUM HUCCJIEIOBAaHUSAM HAIleIUBAThCS Ha
TaKCOHBI, JEMOHCTPHUPYIOLITHE
HEOObIYHBIE TPHU3HAKK HCIOJIb30BaHUSA

HYKJIICOTU 0B NJIX CKOPOCTH 3BOJIIOINUH.

[IpeumymecTBa CHCTEMBI IITPUX-KOAOB

Takke OydyT pacnpoCTpaHsTbCA Ha

JKOJIOTHYecKyto pabory. Hampumep, mno

OLICHKaM,  OJHa  TpeTb  MOPCKHUX
YIEHUCTOHOTUX  (TakuM  00pa3oM, B
OCHOBHOM  pakooOpa3ubix) B 138

uccienoBanusx n3 CeBepHON ATIaHTUKH
HE Moria ObITh WACHTHU(HUIIMPOBaHA Ha
Bu10BoM ypoBHe (Schander and Willassen

2005).

[Tanaep u Bunnaccen (2005) ykazanu Ha
HECKOJIbKO COOTBETCTBYIOIIMX CPEJICTB, C

IIOMOIIBIO KOTOPBIX YIIyduicHHasA

CoCcoOHOCTH paciio3HaBaTb MOPCKHC

BHJbl  [PUHECET  IOJb3y  MOPCKUM

OHNOJIOTUYECKUM u HKOJIOTUUYECKUM
HayKaM HECKOJIIbKUMHU crnocodaMu (CM.

taxxke berrrep-I1Inak u ap. 2004).




A particular gain could arise through
species-level identification of larvae,
enabling studies of larval dispersal and
ecology, and benthic adult
connectivity, all critical for
management of crustacean fisheries

(Tully et al. 2003).

DNA barcoding will also allow the
identification of crustacean prey items
in stomach contents of fishes, birds,
and other predators, aiding

parameterization of food web models.

For example, morphological
approaches did not allow the species
identification of several crustacean
prey in the stomach contents of fulmars
(Fulmarus glacialis) (Phillips et al.
1999).

OcoOBbIil BBIMTPBILI MOKET OBITH MOTYYEH
3a CcueT WIACHTH(PHUKAIMHK JIUYMHOK Ha
BUJIOBOM YPOBHE, YTO IO3BOJIUT U3y4aTb
paccelieHue JMYMHOK M DJKOJIIOTHIO, a
TaKK€ CBsI3b MEXay OeHTOocOM W
B3pOCJIBIMH ~ OCOOSIMM,  YTO  HUMEET
pemiaroniee 3HAYEHUE IS YIPaBICHHS

npomeiciiom pakooobpaszusix (Tully et al.,

2003).

[IITpux-koaupoBanue JAHK TaKXe
MO3BOJINT UJEHTU(DUIIUPOBATH J10OBIUY
pakooOpa3HbIX B COACPKUMOM JKETYIKOB
ppiO, TTUIl © JPYTUX  XWIIHUKOB,
CHOCOOCTBYSl TMapaMeTpu3alluud Mojesei

MMHIIEBOM CETH.

Hampumep, Mopdosiorudeckue mMoaxobl
HE TO3BOJIMJIM WJECHTU(UIIUPOBATH BUIBI
HECKOJIbKUX  PakoOOpa3HBIX-)KEPTB B
COIECPKUMOM  JKEIyJKa  MOJUIKOCKOB

(Fulmarus glacialis) (Phillips et al. 1999).




Other potential benefits of a COI

barcode identification system for
crustaceans include the identification
of parasitic crustaceans at any
developmental stage (e.g., Qines and
Heuch 2005), as well as the detection
of

(Armstrong and Ball 2005).

invasive  crustacean  species

In summary, the present study reveals
that a large-scale effort to assemble
DNA barcode records for crustaceans
will deliver a highly effective
identification system with impacts on a

broad range of research themes.
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