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Abstract

Aequorar wiwanersis a new hydrozoan species fran the Tawan Stmitwas descrbed using mophological and
molecu hr chamcteristics Bothmophobgical and m itochondril cytochrane oxidase subunit I (mCO1I) data
supported A. taiwanensis n s as a vald peces Sequence d wergence and genetic d stance ofA. iaiv anensis
n sp, A papillan andA. conica were analysed based on them Q0 I gene sequences The m1CO I sequences
from these three species of the genusAequorea show ed high variation frequency w ith sequence dweigences ran-
ging fran @ 1% to 11. Yo, and paiwise genetic d stances ranging from 0 097 to 0 1300 M CO I sequence
analyss provided diagnosticmolkcular systan atic chamacteristics for accurate den tificatbn and diserim naton of
the species ofA equorea or their popu htions andw ill be used to resolve evolitbnaly relatbnsh ps anong hen.

It was suggested that 1000 —20% paitwise m1CO I sequence differences indicated the species-level d vergence

anong congeneric species in the H ydran edusae
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1 Introduction

A lthough molecular systen atics has been used

to study high taxonam ic level relationships an ong the
Cndaria( Collins et al, 2006 Collns and Daly

2003 Colling 2002 Bruge etal, 1995), neither
the phylogenetic relationships between nor with the
lower taxonan i e g, intrageneric levels have been
clearly understood These relatbnships are still the
subject of controversies and debates especially since
the molecular systematics san etmes conflicts wih
the morphological systamatics (Henmrich et al,
2007 Govndarajan et al, 2006 Collins et al,
2004). Despite the pitfalls ofm olecular phylogenet
ics wemust ram enber that the correct identification
of species in the Cndaria is amaprproblen. A suf
ficient number of anbguous morphological charac
teristics the dearth of disthguishable and mportant
morpholog ical characteristics in many taxa ontoge
netic varation, and themorphological sinp licity and
p lasticity m ake morpholog ical hanoplasy likely to be
canmon in the Cnilaria M oreover these problans
have been aggravated because of the technical lim ita-
tons n observing sampling and culuring Cndaria
species Thus evolutbnary relationshps and even
species identification n the Cnidarig are difficult or
mpossble to assess accurately usng trad itional mor
pholog icalm ethods

* Correspond ing authoy Ermail ysln@ xmu edu cn

The partial mCO | sequence is easy to an plify
and sequence and has proved to be an efficient
useful even ndispensable tool mm any studies of ge-
ographic populations (Dawson 2005a G ovndara
jan et al, 2005) or closely related species ( Daw-
son 2005h Holland and Davson, 2004 D awson
and Jacobs 2001) n the Cnidaria where other
characteristics lke m orphological data, are lm ited
or hard to mterpret A lthough molecular analyses
brought an mpressive perspectwe to research in the
Cniaria morphological analyses still play an mpor
tant role in taxonany. For exanple Dawson(2003)
dem onstrated thatm any cryptic species can be distin-
guished by means of a quantitative and ob jective -
vestiation ofmorphobgical variations Thereforg we
suggest that integrated moleaular and morphological
analysesm ay offer the most robust approach to resol
vingm any outstand ng issues regardng the systam at-
ics of Cnidaria

In this paper we present a new H ydranedusae
species which w e assign to he genusA equorea based
on both morphological and m CO I gene sequence an-
alyses and we confim that ( 1) A. taiwanensis n
sp is avald species (2) assess amethod (miCOI
sequencng) as a diagnostic molecular system atic
characteristic for accurate identification and discrin-
natbn w ithin the genus A qquorea or theiwr popula

tions and (3) resolve evolutionary relationshps


https://core.ac.uk/display/41349618?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

110 ZHENG Liamm ing et al A ctaOceanobgica Snica2009 Vol 28§ Nao 1, p 109—115

an ong species of theA equorea.

2 M aterials and m ethods

2 1 Taxon samp ling

The specm ens used in this study, A. tawanen-
sisn sp, A papillata andA. wnic, were collect

ed fran the Tawan Strait or X iamen H arbor and
were allmature medusae A summary of the mater-
als used n this study is provided in Table 1 with
sanple location collection dat¢ code and sanple
numbers given Aequorea species were identified

photographed and then preserved in 90% ethanol

Table L  Sanple beatbn and sanpk nunbers of three species ofAequorea
Species Sanple beation Sanple date Code Sample numbers
A tawaneisis n sp Tawan Strait Jun 2006 A w 3
A papillaia Taivan Strait Jul 2005 A pap 5
A conica X @m en H arbor Jun 2006 A. con 3

2 2 DNA extraction, amp lfication and sequen-
cing

The DNA genane was extracted fran he ehanol
preserved tissues w ith phenokch low fom-isoanyl alco-
hol (25:24: 1). The resultant DNA was dissolved n
TE soltion and siored at — 20C in a dak environ-
ment

Polm erase chain reaction ( PCR) was performed
using a PTC-220 themocycler (M ] Research Cq
USA) and mCOT was amplified using universal CO I
priners (Folner et al, 1994): LCO-1490 (5-GGT
CAA CAA ATC ATA AAG ATA TTG G-3') andHCO-
2198 ( 5 “TAA ACT TCA GGG TGA CCA AAA AAT
CA-3"). Amplificaton reactons were carried out n a
total vobme of 25 L. (10 X buffer 2 5 BI, ML
L SEL, dNTP Q 4 PI, LCO-1490 Q 20 I, HCO-
2198 O 20 M1, Tag DNA polymerase Q 15 BI, ge
nanic DNA 2 0 HL and double-distilled H, O 18 05
BL) under the follw ng temperaure profile 94C
predenatured for 5mn folbwed by 35 cycles (94C
denatured for 40 s 47°C annealed for 50 § and 72C
extension Hr80 s), finally fragnents were e bngated at
72C for 10 mn, and the reactbn was tem inated by
coolng 1o 4C.

PCR pwducts were electrophoresed n 1 0% TBE
agarose gels stanedw ih ehidim branide and visu-
alized under UV light Sequencing was canpkted n
the Shanghai B basia Bidl'echnologies Ca, Ltd

2 3 DNA sequence alignment and phy logen etic
analysis

The sequence datawere aligned with CLUSTAL
X1 81 (Thanpson et al, 1997) and then corrected
by eye Paiw ise sequence differences (PSD) were
calculated n DNAman Base canposition and genetic
distance were calcu lated ushg MEGA (Kumar et al,
2004). Phylogenetic relationsh ps were reconstructed
using the neghbor-jonng (N-J) (K mura two-param e-
ter substiiton model), the outgroup was Fugym-
nanthea inquilina ( Hydranedusag Leptan edusag
E irendag GenBank accession number AY789915),

and the bootstrap test was based on 1 000 replicates

3 Results

3 1 Aequorea tatwanensis n sp

Type m aterial Holotype ( AOB-HL251), para
type ( AOBHL252). Collected fran the Taivan
Strait (21°40 —23°51'N, 116°47 —118°56 E) by
the first author n June 2006 The type specm ens are
deposited n the Deparment of Oceanography, X ia-
men U niversity.

Etymology. This nev speces was named after ils
sample location T aivan Strait

Diagnosis Lens-shaped usually 90—102 radial
canaly gonads Inear extend ng along almost the whole
length of rad ial canals Tentaclesw ith elongated conical
bases narrow ng suddenly distally with a short adaxial
excretory papilhe With 3—5 gnall maiginal bulbs
between marginal tentacles with adaxial excretory pap i
lac W ith one statocyst beween successive radial ca
nals

Descrp tbnn Usually 25 mm wide Umbrelh flatter
than a hem isphere lensshaped with sold jelly jelly
thicker in centr¢ thinning gradually and evenl to-
wards umbrella m argiy, m anubrum broad and lawe
about onehalf diameter of umbrells lateral walls very
extensiveg w ith transparent lines radiating fran ends of
radial canals to mouth-lips mouh-lps ebngated
slender-shaped usually approxmmately as numemwus as
radial canals Radial canals straght and narrow, usu-
ally 90— 102 i number Ring canal narrow; gonads
lnear extend ng along amost the whole length of ra-
dial canals W ih 12maiginal tentacles w ith ebngated
conical bases narrow ng suddenly distally with a short
adaxial excretory papillag and scatiered black pi-
ments W ith 3—5 anall m argnal bubs bewveenmar-
ginal tentacles with adaxial excretory papillag but
wihout black pignents W ith one statocyst betw een
successive radial canals each with 1—2 concretions
vebm narow (seeFig 1).

This new species has a very broad manubrum
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™, 10 mm

Fig 1 Aequorea tawwanensis sp nov a Oralview and b
bellm argin

without papillag with many smple radial canaly
bubs with excretory papillag subumbrella w ithout
rows of gelatnous papillae So itbebngs to he fan ily
Aequoredae Eschscholiz 1982  genusA equorea Péron
and Lesueur 181Q

3 2 MCOI gene sequences and base composition

Five hundred and thirty-e ght base pairs of miCOI
gene fragm entswere sequenced and algned br three nd r
viduals of A tawanensis n sp, fve ndwiluals of A
papilata and three ndividuals of A conica. Sequences
were logged onb the GenBank database with accession
numbers FUO12498 to FU0I2503 no otherA equorea mt
CO I sequences n GenBank Base canpositon of the mt-
CO I sequences of hese three species were parallel (Table
2), with A+T obviously higher han G+ C, and this re-
sultwas consistent with oher hydron edusae taxa (Hem-
mrich et al, 2007 Govindarajan et al, 2006 VAnoh
and Ouhsvirta 2001). The three sequences of A tai-
wanensis n sp were dentical the five sequences of A.
papilluta have wo variable sites nchding three haplo-
types and the three sequences ofA. conica have one var
isb k site nchid ng wo haplotypes Of these sequences
85 characterswere variablg and these characterswere all
parsinony- nfom atve sites mnchiding 43 transitons and
42 thansvers bns

Table 2 Base composition ofm iCO I gene frasment sequences of three species ofA equorea
Species A (%) T (% ) G (%) C (%) A+T (%) Total /bp
A. wivanensis 396 26. 8 151 18 6 66 4 538
A. pilla 390 26. 3 153 19. 4 65 3 538
A. conica 397 25.5 16 2 18 6 65 2 538

3 3 M €Ol sequence divergence and genetic
distance

M ean percentage sequence d vergence between the
three A equorea species varied fran 9 10% to 11 9%;
sequences ofA. papillain and A.  wnica differed frm
each other by 11 3% — 11 Po; and sequences of he
new speciesA. tawanensis and the above woAequorea
spec ks differed respectwely by 11 7o —11 Y% and
9 10% —9 30 (Table3). Paiwise Kmura two-pa

ran eter genetic distance canparisons n the three spe-
cies ofA equorea were between 0. 097 and Q 130 ( see
Table 4). The maximum genetic distance observed
0.13Q was between A. wivanensis and A. papillia,
and a relatively high distance was also observed be-
weenA papilata andA. cnica(Q 128). Them nrt
mun was found beweenA. taivanensis andA. conica
(0. 097), and it seemed that the new speces and A.
conica had a cbser relatbnship

Table3 D wvemwence percentage(% ) of miCO I gene fragn ents of three species ofA equorea

Species 1 2 3 4 5 6 7 8 9 10 11
1 A wwanensis 1
2 A ivanensis 2 0 00
3 A wwanensis 3 0 00 0 00
4 A papillaa 1 117 117 1L 7
5 A. papillaia 2 119 119 11. 9 0.20
6 A papillam 3 117 117 1L 7 0. 00 020
7 A papillain 4 119 119 11 9 0.20 0 00 020
8 A papillaw 5 117 117 11 7 0. 20 0 40 020 0. 40
9 A. conica 1 9 10 Q10 9. 10 115 117 115 1. 7 1L 7
10 A. conica 2 9 30 9 30 9. 30 1.3 115 113 1. 5 1L.5 0002
11 A. conica 3 9 30 9 30 9. 30 113 115 113 11 5 I1L.5 0002 0000
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Table4 Paiw Be genetic d stance between the three species ofA equorea ( belw dihgonal transitions plus transvers bns above

digonal standard error)

Species 1 2 3 4 5 6 7 8 9 10 11

1 A wivanensis 1 0000 Qo000 0017 0017 0017 0017 QO17 0014 0014 0014
2 A wivanensis 2 0 00 00. 000 0017 0017 0017 0017 QO17 0014 0014 0014
3 A wivanensis 3 0 000 0 000 0017 Qo017 0017 0017 0017 0014 0014 0014
4 A papillata 1 0128 0128 0 128 0002 Q000 0002 0002 0016 0016 0O016
5 A papillata 2 0130 0130 0 130 0 002 0002 0000 0003 0017 0016 0016
6 A papilla 3 0128 0128 0 128 0000 0O 002 0002 0002 0016 0016 0016
7 A papillaw 4 0130 0130 0130 0002 0000 0002 0003 0017 0016 0016
8 A papilla 5 0128 0128 0128 0002 0004 0002 QO 004 0017 0016 0016
9 A. conica 1 0097 0097 0097 0126 0128 0126 0O 128 0 128 0002 0002
10 A. conica 2 009 009 009 0123 0126 0123 0126 0126 0002 0 000
11 A. conica 3 009 009 009 0123 0126 0123 0126 0126 0002 0 000

3 4 Phylogenetic analyses
The m CO I phybgran shown in Fg 2 supported

the placan ent ofA. taianensis n sp within the genus

Aequorea. A. tawanensis chstered as a sister species
to A conica, then canbmned wih A. papilata, but
they were strongly supported (> 93% bootstrap) to be
recipocally m onophy letic

A. taiwanensis 1
100 |

95

A. tatwanensis 3
A. taiwanensis 2

A. conica 1

100 l! A. conica 3
74" A. conica 2

A.papillata 5

by

100 A.papillata 3

74 A.papillata 1

A.papillata 2
72 ' A.papillata 4

I}
0.02

Eugymnanthea inquilina

Fig 2 N-] phylogenetic tree of three species ofA equorea based on them 1CO1 sequence Bootstrap numbers are the result

of the search with 1 000 eplicates

4 D iscussion

In recent years more and m ore stud ies have n-
dicated that cryptic species are pervasve in the m a-
rine holoplankton Chen (2006) suggested that all
nan inal species especially those cosnopolitan spe-
cies have a large-scale range of distrbutbn must be
reexan ned usng the genetic approach A dditbnal-
ly, M edusoma taxonamists have to face the difficul
ties not faced by m any other taxonamists includ ing
the fact thatm orphobgical characteristics are lm ited

n number and are lkely to be highly labile Speces

ofAequorea are distributed fran the neritic sea to the
ocean, and their natural tem poral and spatial patchi
nessmeans thatmorphological variation in the spe-
cies of A equorea is often overlooked and this can
make it difficult to identify differences between spe-
cies Prelm nary molecular data (CO1 and IT'S1)
fran A. aequorea | unpublished data cited n Daw-
son (2003) ] also ndicate the relationshp between
cryptic species and fallible taxonany.

Until recent years the genus Aequorea con-
tained only 18 vald species ( Bouillon and Boerg
2000). A. wivanensis n. sp can easily be distin-
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guished fran the others but smilar wA. papillata
(Huang and Xu, 1994) (Table 5). Them ost strik-
ng difference beweenA. tawanensis n sp andA.

papillata is the fom of tentacle bub. This is elonga
tedw ith a conical base narrow ing suddenly distally n
A. tawanensis n sp butwith lateral extensions and
with the end obtuse and spherical nA. papillata

Knowlton (1993) suggests that siblng species are
morphologically ndistinguishable but pseudo-sbling

species are distinguishable once the appropriate
characteristics are dentified For the nev speciesA.
tawanensis the appropriate characteristics used for
the identification ofA equorea species are distngu ish-
able W hile the hypothesis is that the difference be-
ween these wo species is the result of phenotypic
plasticity mCO I sequence data unambiguously
dentify them as different species

Table 3 Comparison ofmompho beical characteristics among five species ofAdequorea

A. i anensis A. aquorar A. papillaia A. conica A. australis
n sp
Umbrelh kens shaped saucer shaped lens shaped conical lwer than a hem sphere
T entac ks 12 tentacks wih at least half the 9—14 tentacles 26— 30 tentacles 16—40 tentacks tentacle
ebngated conical lkngth of radial ca entcle bubs wih  no excretory papit  bubs ebngaed conical
bases  namoving nalk tentacle bubs hteral exiensions he wih dstinct excretory pa
suddenly  ditally ebngaied conical  the ends of which pillae

R adial canals

Gonads

Sabceysts

M argal bubs

Author

with a short adaxial
excretory pap ilhe

90— 102
gonads along at
most whole length
of radial canak

one shbcyst be

ween [uccessive
radial canak
35 margnal

bubs betv een ter
tacles w ih adaxial
excretory papillag
wihout bhek pig

ments

this paper

excretory pores on
short pap ilkhe

60— 80, sam et es
fwer or up b 160

gonads along at
most whole length
of radial canak
5—10  statocysts
between successive
radial canak

gnall bubs fev,
scattered

Kran p (1968)

are obluse sphert
cal wih
ex cretory pap ilhe

adaxnl

64— 81

gonads along at
most whole lengh
of radial canak

6—14  statocyss

between tentacles

5—14 marg nal
bubs betw een ter
tacles with adaxil
excretory papillag
wih bhek pig

ments

Huang and Xu

(1994)

16

gonads albng proxt
mal half of radil

canals

about

many as teniac ks

wice as

same number as
eniacles

K rm p (1968)

16—50

gonads about half as long
as radial canals

about the sane number as
entacle bu bs

2—9 gmall bubs between
entacles w th distinct ex
crebry papillae

Kran p (1968)

Controversy persists as to how much molecular
variation is needed in order to define species Dawson
and Jacobs (2001) proposed that 10 —200 se
quence divergence in COI may be a suitable bench-
matk of distinct species formostofmarine nvertebrate
taxa However no statistical data supportng this
standard can be used to ndicate the species-level dr
vergence n the Hydwm edusae On the basis of our
survey we found that the paiw ise CO I sequence d wer
gence observed among congeneric speces n e
H ydran edusae was canmonly in the range of 100 —
20% , the sane as n Scypham edusae species although
the bwer limits n sme species were less than 10%
( see Table 6). Thus we propose that a 109 —20%
sequence difference could be taken as a benchmaik of
distinct species n the H ydranedusag noting that the

observed 9 100 —11 Y% dwegence nAequorea fell
wihn the range sufficent for species recogn ition
These sequence differences are considerably hgher
than those seen between subspecies ofM astigus from
marine lakes Palayw M icronesia(< %o m COl Dav-
son 2005c¢); or beween different geographic popu la-
tons of Catostylus mosaicus (mean 3 61% n COJ
Dawvson 2005a); orObelia geniculata( < & mCO]J
Govindarajan et al, 2005). Additonally the recipro-
calmonophyly observed n our phylogeny is consistent
wih the existence of wo different species accordng to
the phylogenetic species concept and sean s to bewell
supported by the high bootstrap values Consequently
we pwopose that he COI sequence data support recogn r
ton of A taivanensis as a vald species a result con-
sistent w ith the prior study on morphobgy.
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Tabk 6 Molecuhrdivergence valies for variousH ydwzoa and Scyphozoa taxa based on the miCO I gene sequence

T axon D vergence(% ) A uthor
Hydra 09—-168 H anm rich et al (2007)
Cltia 4—16 7 Govindarajan etal (2006)
Obelia 68135 Govindarajan etal (2006 2005)
B onneiella 77106 Govindarajan etal (20006)
Laan de 15 Govindarajan etal (2006)
O rthopyxis 8§ 7—19 8 Govindarajan etal (20006)
Campanulara 15 Govindarajan etal (2006)
F orskalia” 117225 Dumn et al (2005)

M astigias 6—9 D av son( 2005d)

Cyana 11 8—153 D av son( 2005b)

Cassuopea 102—23 4 H olhnd and Dawson( 2004)
Aurelia 13—24 D av son andJacobs (2001)

Notes 1)mtCO1 gene sequences of Forskalin can e fum GenBank AY 937368—AY 937370,

Another nteresting resu lt observed fram our study
was that the morphobgical difference betweenA. tai
wanensisn. sp andA. conica was greater than that re-
corded beween A. iawanensis and A. papillaia,
whereas molecular differences were the opposite This
phenanenon has also been presented in other taxa
studies More and more exanples have suggested that
motphobgical sin ilarity may mask considerablemolec
ular difference and that conversely mophobgial dr
vergence does not necessarily mply molecular d ver
gence In the light of molecular data woikers found
thatmany cryptic species exist inA. aurita, although
they are mophologrally indistnguishable ( Schroth et
al, 2002 Dawson and Jacobs 2001). Prelm inary
analyses of M astigias fran Pahu ndicate consierable
motphobgical behavioral and ecological diversity but
essentially no molecular differences in either COI or
I'S1 ( Dawson 2005¢ d). A lthough we cannot con-
chde hatd. wwanensisn sp was closer A conica
than t0A. papillata just n the light of one fragment of
gene sequence molecular data provide mportant and
useful nfomaton to evahate independently the utility
ofmomphologicaldata n systematic studies Thus there
is need to addmolecu br data in order to make diosyn-
cratic decisions regard ng what constitutes moiphological
dharacteristics that are independent reliable or suffr
cient to delneateA equorea species Our future stud s
are expected to mntegrate other DNA sequence datg
whid will provide robust nfomatwe characteristics for
unravellng phylogenetic relationsh ps nA equorea or n
the H ydmm edusae at different taxonam ic kvels

Conchisively  both the mophobgy and m01 se
quence data provide the unanbiguous evidence thatAe
quorea tawanensis n sp is a vald species ofA equorea.
Our study dem onstrated m tCO I sequence data to be diag-
nostic mokcular systanatic chamcteristrs for accurate
identificatbn and discrin haton of the species of Ae

quorea or their popuhtions and can be used to resole
evo litionary relationships an ong spec ks ofA equorea. W e
also suggested that a 10 —20 paiwise miCO I se-
quence difference ndicated species kvel diverzence
anong congeneric species i the H ydrom edusae
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