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e 524 717 (metagenomics)s #1-8-8te] a7t frE, 7 AT, dEl Ak, 240 W 5o &
o Hieh IAEAS 7H FOE fEE FAE AR 3 Yol AR ZHAE SRS 248t
Atk 33 dgrellA 18S 1DNA SEete| B glE 753130l Al A olx 49 37070] S5 FollA 94719
phylotypes-& =3IQlth. AlS2A A7 phylotypeS+> Dinophyceae(427l), Ciliophora(1571), Bacillariophyta(7
71), Chlorophyta(27ll), Haptophyceae(17ll), Metazoa(Arthropoda(177ll), Chaetognatha(17ll), Cnidaria(27}),
Chordata(17)), Rhizaria(Acantharea(27ll),Polycystinea(17}])), Telonemida(171l), Fungi(27l) 52 tfF3t Als+5
of &= Zow vttt sl ARIE Al FlelA vehd ERAE 24 AlolE ol ARE0] o 7]
A2 3] (water mass) Z3el WE TiFs £ 81 3 Q10 oJEFel Qi Ao dhdkErt. 3 wEH
F A VRS B EHAE T2 A7 vk 23EtE BAs 7 Ak A8 EAIE olslekEt &
S35t o= eyt

The species composition of plankton is essential to understand the material and energy cycling within marine
ecosystem. It also provides the useful information for understanding the properties of marine environments due
to its sensitivity to the physicochemical characteristics and variability of water masses. In this study we adopted
metagenomics to evaluate eukaryotic plankton species diversity from coastal waters off Busan. Characteristics
of water masses at sampling sites is expected to be very complex due to the mixing of various water masses;
Nakdong River runoff, Changjiang diluted water (CDW), South Sea coastal water, and Tsushima warm current.
18S rDNA clone libraries were constructed from surface waters at the three sites off Busan. Clone libraries
revealed 94 unique phylotypes from 370 clones; Dinophyceae(42 phylotypes), Ciliophora(15 phylotypes),
Bacillariophyta(7 phylotypes), Chlorophyta(2 phylotypes), Haptophyceae(l phylotype), Metazoa(Arthro-
poda(17 phylotypes), Chaetognatha(l phylotypes), Cnidaria(2 phylotypes), Chordata(l phylotype)), Rhizaria
(Acantharea(2 phylotypes), Polycystinea(l phylotype)), Telonemida(l phylotype), Fungi(2 phylotypes). The
difference in species diversity at the closely located three sites off Busan may be attributed to the various phys-
icochemical properties of water masses at these sites by the mixture of water masses of various origins. Metage-
nomic study of species composition may provide useful information for understanding marine ecosystem of
coastal waters with various physicochemical properties in the near feature.
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i *ﬁ%(plankton)i FAEA WellA 12k ARk wdetar ¢l
© AEZFIES vEsI] o]F HolYo® sk FEERAE,
JHL A0 QS dgshs wElgol 5o ekt AR
e 2FL Stk gk, A717F 1 pm oJeRtE Y em7t H
= A7 vk arlE & Ho}ﬂ% T, A 9 EugeA
g QQlef tist PH e A58 Holil Slth(Falkowski et al.,
1998). 31 AAENAlNA = gﬂlxﬂa— =% (picoplankton)¥} #-&
22 3719 A tiste] “A7el 77 AR=Te} “1ES
& AE St TR 7P 7)1 AR 2] weoi]
1 th(DeLong, 2009). &3t EHTENA X274 L& F
A=A 9" 7o) ZtaoA ] Fwgk ZQ1A| opH st

3k e FeaE7 Tﬂﬁﬁi F Q3 A gt AT
7} @7-E & ok i) i qhel F uink s} A vl
A Eo] txﬂo}ﬂ i ol A&} ﬂ@.‘ﬁou TE4 Ao 22
A& AABE UTHBowler ef al., 2009; DeLong, 2009). %3k,
EFAEL TS o]FE TS Telstezn FAHAE ol

ekt T2 ARE IS F A om(Falkowski ef al., 1998;
Bianchi et al., 2003), =2E2] AEIA A 9] (ecological niche)
HEE o]gslo] BEe] A& A B aRlE FAskE
83t YR = &89 4 th(Pauly and Christensen, 1995; Duffy
and Strachowicz, 2006).

A o] S EPaE ng 2 AT5e F

=2 ?‘KJEHGJQ% ELHE 8} 02‘11 ZA],] o]_Er.ﬁxq %\—q
51(1969)~ 1965\ AHE] 19661374 &= Od '8H skl g &
g ZolA] Agsie] ZE2ARIo R vAH 7 AlE Ul &
Ak AEEFa = dist A8 st 74 8H°4°ﬂ AT

= T 55 BAEIGITE BEEh 4 5(1989) 1985 -t
2} T8l Adsleelr AEEHAE A 248 AAEk vlAl
23515 (nanoplankton; 2.0-20 um)°| 313 3] e] Axpyrtaat
T3 ARIATE S-S ERISISILE o5 B3l sk yElAl el
v A EFAE ZUW] 2} (picoplankton; 0.2-2.0 pm)°] X}A]
k= F8/30] AxHUT el 4 519955 Fal wH-al e

oA sl AEEFAE TR RS Arlste] Fel
2 ZHaE PR Rxee BAE bk otk o] -7 e A
28 99 AEZE EAS B uAt FAEZSHAEY] FHTE)
WA Ee] gror, 53] $47)99 A9} 19k Jeks wo}
A} Jokede] We % Ejgsty] g9 Wgo] Al Y4t
e} okl o ¥ ATA7) Ho} gkt A, 1991;
A =, 2001; F —‘é—, 2007, 2008). FEHBARTAE 53 F
7 (species identification)= she 710 EHAE
ATE BA/JTE dnFoR AEE] o viAl B xu]Al
EFAES] EA9) gEo] FEE AV (similarity) 2 744
(plasticity) 2] o= 5ol o] FAlFo] =il Qlrk
(Duffy and Stachowicz, 2006). Wb F-574<] e el digt 7
E7F HBadk Ao Od:ﬁx}fﬂ SREe] wet 2folE Kol
TEEEl £574 dolHES vl glojA Bt A
2l o] J st

FH AEeoFetel] EAYE
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(metagenomics, environmental genomics)®] F={JEo] FAVEfA|
Proh TRAE Fo Aol A 4712 ANST
(Lépez-Garcia et al., 2001; Moon-van der Staay et al., 2001;
DeLong, 2009; Not et al., 2009; Rush et al., 2007; Gilg et al.,
2010; McDonald et al., 2010; Kim et al., 2011; Simon and Daniel,
2011). HIEHAE 4] 712 A molA] RS Wl 0101
x3E AEE WA DNAS —Zr%Oh_ TFX_VHE]—'E_ 93 Qs 54
DNA 971X 95 #4510 *§ HE = o), 5}73/‘]
E"ﬂ Z3Eo] gl BEA 01] EHO}O% wAo] 7hsete] T2

= Fpoteh=d] AR 9EAIA ¢ ik B3, dAnjdo® ghob
S T578 RS} Bluste] A RN HEE AVINYE R
= F7141:230Q1 GenBank (NCBI; National Center for Biotechnology
Information)oll 55 o] F7E= Ui dR W 7| LE3
HlaL #240] 7lseb] F5o|w IAEA] HEF JEE dEE
I Qlthk= Ao o] itk # Ao A4] 18S ribosomal DNAS
EA A9 (target DNA region)® A3l wEMAF 4 7]
W % S&go]=e|E](clone library) 75'H& 3ol Q744G 4
RHE vlelslgit) o] 3k 18S DNA H-9l& BE M ZeoEo]
7HA AL Qlom fRxpge thefst AlGERu sl &3k e
FTE=9 Farvele7) Wol F2]Eo] glo] Friekd W #ix ds
of gt JRE golstAl grd = it WeHls 24 71HE
ggste] Aozl T ARES FAHARIN YESS] 9T
W G =8 WAYUST Fetel o8% B Q1o (Louie ef al.,
2011; Monier ef al., 2012) HEF 7 A5 FAENA L 8)s)
sl 5A AdaiAlE F4 A 2 (water masses)'d
T2 Aol U S8setd] 4ol &8 7hesith
(Leppard and Munawar, 1992; Bianchi et al., 2003).

Al J AR 2 At el A FEFE 3N

A g7l Falers wkel Fel® xQlshe =07 Walel ¢k
o U FEFS S w=ukEd o], 2004; 2 5, 2007).
olggt thefst Y E2 FAF It e] el Al T2 A
=50l veket M-S ATE F s Zow ot et
A Ak ‘?i‘-‘&oioﬂf‘i AgE A Ee)A 18S (DNA EETolH
HEE T 0] A4S B A 2 A
=9 Ty X*l‘i—a‘ FRstaA}; sk, B3, S AL
2 3 7)E Aok g 94F Rk OM?/} iL
2F 5o MER ASEFTe] A4 71s
2871 BRI AL A Esl] e %ﬂ- C/Ej (cryptic species
diversity)& H]Este] A OHOO o B2 HE-E AHsta glov
2 A7)7}F Rt 7IE wAH L. HEAA X FE AT,

rare species)?} 720] AfZ2 K. % Zrolr 112} 33T

B A= 2010 92 29U RV 7IAF 2000% 0|4 @A
ANBIGEE FAE Qotol A oF 15 km Hol7l sA9] Al oA
ESTE ARSI Al - NKC2, NKC3, NKC4= F577 3}
I Ak oA FAkghef| o2& 3R] ME 2F 10 km (FA Q.
& "olx] Qlth(Fig. 1). BFaNTAIFEE YT (Niskin) 22
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Fig. 1. The map of three sampling sites in the coastal water of Busan(Korea). NKC2 is located in 34°58'15.61"N, 129°11'56.39"E, NKC3
is located in 34°55'58.80"N, 129°5'9.60"E and NKC4 is located in 34°54'57.60"N, 128°58'12.02"E.

ol &7 @9k}, o3}17](Filter set, Gelman sciences)= 2 475
9] I AT A 10% FAke = MlAste] AREsISITt. dlg
= dAolA 02 pum pore size mixed cellulose(%]7d 47 mm,
Advantec)s AME5I] 500 mLE ©373151 21 petri dishel] €Ol
20°Ce] WEaold Bykeiet. AR olF $<l 2ALYE
T.(-80 °C)ell HABIGITE. o] 24 dojzl BHA 5= DNA F=74
PCR(ZEEATENS; Polymerase Chain Reaction), S-E2}0]E.
A 75 5 Lee et al(2010)2] el wa} == 3Tk

AR} S T3l o] HA| el Zobxl A717F 0.2 um o de] A&
E% DNeasy Plant Mini Kit(Quiagen, Germany)= 14| DNAS
EFA1Fth % 23+ Lambda DNA/Hindlll marker & ©]-
T4 1% agarose geloll 100 V, 458 39+ 179502 RIS
. %% DNA F X EZ3E9] 18S iDNATLS F3A1717]
$ 3l primer A(Medlin et al., 1988)¢} primer SSU-inR1(Lee et
al., 2010)s AEi3l] PCRS F733131ct. PCR Rk 7= 100bp
DNA Ladder marker Plus& ©]-83}%] 2% agarose gel®ll 100V,
254 Bt A7 Esto] gRlskgint. PCRe oJ8l S35 AHES
High Pure PCR product Purification Kit(Roche)S ©]-&3}%] gel
purification ¥78 & &3l FAstAth FAE PCR vH&iHE2
TOPO TA cloning Kit(Invintrogen, USA)= &34 (cloning)e 5~
e S| 1Y E TSI

SEdfo| B glof|A A ZZ U (colony)THS HHE oA
= ARgslo] AESIIAL colony PCREZY FHEATENS)S
B, 24219 strip tube SFollE 30 uLe HES

g2} ol 2
ZUZ 45" PCR Y852 amfiXpand PCR master mix(2X,

ol

GenDEPOT) 15 pL, primer A 1 uL, primer SSU-inR1 1 uL., DDW
13 uL= E3kslo] B3890t PCRE 94 °Colld] 10 = B<T initial
denaturations 3] 94 °Cell A 30 % 2] denaturation, 55 °Col| 4]
30 %9 annealing, 72 °Coll4] 1 %3} extension g2 40 3] Wk
E3lal wpRg o2 72 °ColA] 7 &%t final extension TS 478
S} tF. PCR-RFLP(A| & 4~ A TH3 4] ; Restriction Fragment
Length Polymorphism) 21-2 Lee ef al.(2010)°l we} F 7}4]
AR A Msel} Tip5091E ARSI M 795 S At
agarose geldoll ZF & (clone)=2] IEHS At} o] T wHEH
A k3 3A-gk dielolgt s s E85 AYska 714G
A (sequencing)S AAIEI] G7IMLES Bt A E A714LE
9] electropherogram=- 97149 4] A3ZELJOR] Sequencher
v4.95 olgslo] P 7ML HolHE wAak 74 3 Ul 9
7144 (contigys EHATE o] ZH dE A7]A D> NCBI
GenBank(http://www.ncbi.nlm.nih.gov)l| ] BLAST(Basic Local
Alignment Search Tool) HAS F3l AANE #4998 3319

AR A 2AFoR Yehd 7 IE R 2 AR}
=2 uncultured environmental clone®] G71HEES Eglslo] &
A7l AHH FE25] FAERA S At
7IMEES AZE QO] Clustal X(Jeanmougin et al., 1998)% ©]
g3lo] G 2ZE o] PAUP 4.0(Swofford, 2001)S ]
43199 neighbor-joining(NJ)*- " (uncorrected-p model, midpoint
rooting option)S A B3t FAATFE AT E3E
bootstrap 232 2000 replicatesS 2]-&-3tod AAISF3AT) 18|31
A Q7L E T2 chimeradd SALRIE f18k] Guillou
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et al.(2008)°] w2} KeyDNAtools(http://KeyDNAtools.com)= ©]
£3}0] Chimera tests <3313t}

2 1

Al J71e] SRR THE 188 IDNA SEEto|He]gellA
FAMEFTE] TS gRlsl] flste] NKC2E 1027, NKC3
& 1720, NKC4= 96719] S8-5 TR Agaigltt. ol &
PCR-RFLPS] BRI S Folo] 7402 13 dels Hol=
SES A A7IMEE AHslth 9714E FA A=
BLAST A& 53l°] NKC2ol| A= 2271, NKC3ol| A= 5071,
NKC40ll43= 227112] phylotypeS-2 BHZ3F tH(Table 1). W%
FE9 A7 EEL GenBankoll 55513 tH(Table 3, 49} 5;
NKC2(JN814924-JN814946), NKC3(IN814947-JN814996), NKC4
(JN814997-JN815019)).

7} 738 7IME A A9E RS (High taxonomic
rank) 7] 9.2 NKC2i= Alveolata(137)]), Stramenopiles(271),
Haptophyceae(171]), Metazoa(67)Z 4712] AlFTC.Z LA™
NKC3< Alveolata(317l), Stramenopiles(571), Viridiplantae(271),
Metazoa(87ll), Rhizaria(37ll), Telonemida(171)Z 670] AlE 1
2] 31 NKC4+= Alveolata(137}]), Metazoa(77}), Fungi(271)= 37}
9] AFroR vt 747k AR RAS A A, Y
SR FAIT O Z Lol 32718133 Alveolatas= Dinophyceae
($FA R Z57)%} Ciliophora(4d &%), Stramenopiles= Bacillar-
iophyta(Tf%=++), Viridiplantaex= Chlorophyta(Z %), Rhizaria:=
Acantharea(UA=%°1), Polycystinea(Chd)% o] #7138}k
§lo™ Metazoai= Arthropoda(@=]FE+t-), Chaetognatha(3HHd
), CnidariaRE5E) 18] Chordata(H At s 21) 02 -
T3] E718F th(Table 2). o]l gl Al A wdae
phylotypeE& aldsh= R ME Wril 2 Eael] wE
phylotype 752 %2 32|31 TH(Table 2).

BLAST A4 Ayl= 7P 2 4 (Max score)®] FANES 7}
A= A& 4 A, 28-S 7 QAW AR
F& A7INYG AAE 0 71 TH(Table 3, 49} 5). #H W
= 7o) VM EEe] el 24 7S o] &8 AR
A EE I glo] I ALY BEYEZE iR uncultured
environmental clone® Z ¥7| F oIt}

Chimera test A7}, & 9471¢] €& SollA Guillou et al. (2008)
o] 7]l &A% chimera 7 IM DR AAE gk 7| ge
A5 okrh ok NKC3-1302] 7% Chimera test A2}7} %
Al 523 bp T 5] 47 A oA 270 A 71D 7ol
Dinophyceae(12; KeyDNAtools(Guillou et al., 2008) 2} =2 F-E]
A2 key T2t FALBEL 449 oIA 509504 A71A LTS
Ciliophora(12)¢} frAFs 210 71¥]o] chimera A9 2]4lo]

O - opgel - xeEt - of7lel - ol

o1&

Table 2. Higher-level taxonomic affiliation of phylotypes at each
sampling sites. Taxonomic grouping was determined by the result of
BLAST analysis

. .. Sampling sites
Taxonomic affiliation ping

NKC2 NKC3 NKC4
Alveolata Dinophyceae 10 21 11
Ciliophora 3 10 2
Stramenopiles Bacillariophyta 2 5
Haptophyceae Haptophyceae 1
Viridiplantae ~ Chlorophyta
Metazoa Arthropoda 4 8 5
Chaetognatha
Cnidaria 1 1
Chordata 1
Rhizaria Acantharea 2
Polycystinea 1
Fungi 2
Telonemida Telonema 1
Total 22 50 22

=101} Sargasso SeaollX BHEEl AY664962 53 98%2] =
FAFE(87% coverage)E 7FA™ 53] 99% coverage® Y] W ¥
Sargasso SeaclA] HFAE AY66491591= 92%2] FANES Ho|H &
chimera A€ =2 @sl7]= oHT).

E 9

A Al AL oF 10 Km 1M o2 )]s glom, M=
A ] AHEHAE TS B37} 18S (DNA &2
SEetolvy] 755¢l= PCR-RFLP
7S =38k kst Biatoll £3s phylotypesS a)
SAth. PCR-RFLP 71H& ESleh= ol 28 ol disle] &
B A= wjAlela gz o R 1438 d7dS B 9
g xlo|tHGuillou et al., 2008; Lee et al., 2010). ¥ A7rellA A
g5t T 714 Al (Msel?} TspS09D)i= Lee et al.(2010)°114
PCR-RFLP 7|®H2] T 714 Astaiol A 84S ARV
Slato] FUS HHS 7R F2ol tigh $4S AAEea, 7
501014 E T Ao digk S2884 273U 9714
A& 7HA= phylotype® & FA = SIC}. whebA]
o 22 o® 3fst HES V= EE
A8l o (Table 1) F7H4Q1 S5 3t
A T AVIMGE AU
ol#M B Al A2 phylotypeS< Aol whep eh=
EHFTY #Ho]E R9kt) Dinophyceae®} Ciliophora(Alveolata),
Arthropoda(Metazoay= Al 43l F50= Yepsou Bacillar-
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Table 1. The number of selected clones and phylotypes from constructed clone libraries

Sampling sites No. of libraries

Total no. of clones

No. of sequencing No. of unique phylotypes

NKC2 1 102
NKC3 1 172
NKC4 1 96

28 22
64 50
45 22
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Table 3. Phylotypes revealed from NKC2 clone library. Phylogenetic affiliations of phylotypes were adopted from the result of BLAST search
and the phylogenetic analysis

Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score Accession number and Similarity
NKC2-9 JN814926 Uncultured eukaryotic clone 524 841 EF526881, Identities = 503/526
(96%), Gaps = 4/526 (0%)
Dinophyceae  Azadinium spinosum 808 HQ324900, Identities = 499/527
(95%), Gaps = 11/527 (2%)
Dinophyceae  Karlodinium micrum 808 AF274262, Identities = 500/529
(95%), Gaps = 9/529 (1%)
NKC2-83 JN814938 Uncultured eukaryotic clone 524 941 EU333087, Identities = 519/524
(99%), Gaps = 0/524 (0%)
Dinophyceae  Gyrodinium helveticum 878 AB120004, Identities = 495/504
(99%), Gaps = 3/504 (0%)
NKC2-94 JN814942 Uncultured eukaryotic clone 525 965 AY 664916, Identities = 524/525
(99%), Gaps = 0/525 (0%)
Dinophyceae  Warnowia sp. 920 FJ947040, Identities = 517/526
(99%), Gaps = 2/526 (0%)
Dinophyceae  Lepidodinium chlorophorum 898 AY331681, Identities = 514/527
(98%), Gaps = 4/527 (0%)
NKC2-97 JN814943 Dinophyceae  Uncultured dinoflagellate clone 524 797 FN598262, Identities = 498/529
(95%), Gaps = 9/529 (1%)
Dinophyceae  Lepidodinium chlorophorum 791 AY331681, Identities = 496/528
(94%), Gaps = 7/528 (1%)
Dinophyceae  Gymnodinium aureolum 791 AY999082, Identities = 496/528
(94%), Gaps = 7/528 (1%)
NKC2-99 JN814944 Uncultured eukaryotic clone 526 859 AY 665026, Identities = 506/525
(97%), Gaps = 6/525 (1%)
Dinophyceae Warnowia sp. 754 FJ947040, Identities = 484/519
(94%), Gaps = 11/519 (2%)
NKC2-12 JN814928 Uncultured eukaryotic clone 525 948 AY 664948, Identities = 520/523
(99%), Gaps = 2/523 (0%)
Dinophyceae  Dinophyceae sp. 876 AY434687, Identities = 508/524
(97%), Gaps = 4/524 (0%)
Dinophyceae = Heterocapsa sp. 863 FI549370, Identities = 510/529
(97%), Gaps = 9/529 (1%)
NKC2-100 JN814945 Uncultured eukaryotic clone 525 965 AY 664962, Identities = 524/525
(99%), Gaps = 0/525 (0%)
Dinophyceae  Lessardia elongata 863 AF521100, Identities = 505/523
(97%), Gaps = 4/523 (0%)
Dinophyceae  Karlodinium micrum 854 AF274262, Identities = 508/529
(97%), Gaps = 8/529 (1%)
NKC2-28 JN814929 Uncultured eukaryotic clone 522 697 GU433178, Identities = 469/511
(92%), Gaps = 16/511 (3%)
Dinophyceae  Uncultured dinoflagellate clone 664 GQ402476, Identities = 466/514
(91%), Gaps = 21/514 (4%)
Dinophyceae  Amoebophrya sp. ex Prorocentrum 652 AY208894, Identities = 462/512
minimum (91%), Gaps = 17/512 (3%)
NKC2-32 JN814931 Dinophyceae  Uncultured syndiniales clone 523 843 EU793362, Identities = 490/505
(98%), Gaps = 7/505 (1%)
Uncultured alveolate clone 701 HM997334, Identities = 483/531
(91%), Gaps = 15/531 (2%)
NKC2-68 JN814935 Uncultured eukaryotic clone 523 856 JQ226593, Identities = 508/528
(96%), Gaps = 9/528 (2%)
Dinophyceae ~ Uncultured syndiniales clone 804 EU793696, Identities = 478/497
(96%), Gaps = 9/497 (2%)
NKC2-77 JN814937 Bacillariophyta Achnanthes brevipes 513 850 AY485476, Identities = 480/490
(98%), Gaps = 0/490 (0%)
Bacillariophyta Navicula diserta 815 AJ535159, Identities = 490/514

(96%), Gaps = 2/514 (0%)
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Table 3. Continued.

Clone

Accession No. Taxa

Result of BLAST search(NCBI)

Size (bp) Max score Accession number and Similarity

NKC2-91 JN814940

NKC2-92 JN814941

NKC2-85 JN814939

NKC2-102 JN814946

NKC2-29 JN814930

NKC2-11 JN814927

NKC2-75 JN814936

NKC2-1 JN814924

NKC2-38 JN814932

NKC2-39 JN814933

NKC2-67 JN814934

NKC2-102 IN814946

NKC2-29 JN814930

Bacillariophyta
Bacillariophyta
Bacillariophyta

Bacillariophyta

Ciliophora

Ciliophora

Ciliophora

Ciliophora
Haptophyceae
Haptophyceae
Chrodata
Cnidaria

Cnidaria

Arthropoda
Arthropoda
Arthropoda

Arthropoda

Arthropoda

Arthropoda

Ciliophora
Haptophyceae

Haptophyceae

Nitzschia longissima
Achnanthes brevipes
Cymbella capitata

Nitzschia longissima
Uncultured eukaryotic clone
Strombidium cf. basimorphum
Uncultured eukaryotic clone
Uncultured ciliate clone

Parastrombidinopsis minima

Uncultured eukaryotic clone
Uncultured ciliate clone
Chrysochromulina simplex
Chrysochromulina scutellum
Doliolum nationalis

Velella sp.

Porpita porpita

Uncultured eukaryotic clone
Acrocalanus monachus
Neocalanus cristatus
Centropages furcatus
Centropages furcatus
Uncultured eukaryotic clone
Paracalanus aculeatus
Neocalanus cristatus
Uncultured eukaryotic clone
Uncultured ciliate clone
Chrysochromulina simplex

Chrysochromulina scutellum

513

521

494

519

523

535

533

528

525

526

529

519

523

809

878

837

837

963

870

822

691

564

754

651

966

909

972

863

857

926

898

885

959

966

793

787

760

754

651

966

909

AY 881968, Identities = 489/514
(96%), Gaps = 2/514 (0%)
AY485476, Identities = 485/490
(99%), Gaps = 0/490 (0%)
HQ680519, Identities = 494/514
(97%), Gaps = 2/514 (0%)
AY881968, Identities = 494/514
(97%), Gaps = 2/514 (0%)
EF527095, Identities = 521/521
(100%), Gaps = 0/521 (0%)
FJ480419, Identities = 499/513
(98%), Gaps = 0/513 (0%)
AJ829840, Identities = 479/494
(97%), Gaps = 7/494 (1%)
FJ032670, Identities = 416/435
(96%), Gaps = 8/435 (1%)
DQ393786, Identities = 438/497
(89%), Gaps = 30/497 (6%)
HM228002, Identities = 436/450
(97%), Gaps = 0/450 (0%)
GQ402487, Identities = 424/459
(93%), Gaps = 4/459 (0%)
AM491021, Identities = 523/523
(100%), Gaps = 0/523 (0%)
AJ246274, 1dentities = 513/523
(99%), Gaps = 2/523 (0%)
ABO013012, Identities = 534/537
(99%), Gaps = 3/537 (0%)
AF358087, Identities = 511/532
(97%), Gaps = 4/532 (0%)
GQ424319, Identities = 511/533
(96%), Gaps = 6/533 (1%)

AY 665124, Identities = 519/528
(99%), Gaps = 0/528 (0%)
GU969201, Identities = 501/508
(99%), Gaps = 1/508 (0%)
AF514344, 1dentities = 515/531
(97%), Gaps = 7/531 (1%)
GU969158, Identities = 523/525
(99%), Gaps = 0/525 (0%)
GU969158, Identities = 523/523
(100%), Gaps = 0/523 (0%)
EF219017, Identities = 458/471
(97%), Gaps = 5/471 (1%)
GU969180, Identities = 457/471
(98%), Gaps = 5/471 (1%)
AF514344, Identities = 498/537
(93%), Gaps = 18/537 (3%)
HM228002, Identities = 436/450
(97%), Gaps = 0/450 (0%)
GQ402487, Identities = 424/459
(93%), Gaps = 4/459 (0%)
AM491021, Identities = 523/523
(100%), Gaps = 0/523 (0%)
AJ246274, Identities = 513/523
(99%), Gaps = 2/523 (0%)
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Table 4. Phylotypes revealed from NKC3 clone library. Phylogenetic affiliations of phylotypes were adopted from the result of BLAST search

and the phylogenetic analysis

Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score  Accession number and Similarity
NKC3-129 JN814990 Dinophyceae  Uncultured dinoflagellate clone 521 821 GQ402476, Identities = 500/526 (96%),
Gaps = 8/526 (1%)
Dinophyceae  Amoebophrya sp. ex 776 AY208894, Identities = 492/526 (94%),
Prorocentrum minimum Gaps = 8/526 (1%)
NKC3-17  JN814954 Uncultured eukaryotic clone 524 952 EF526908, Identities = 521/524 (99%),
Gaps = 0/524 (0%)
Dinophyceae  Amoebophrya sp. ex Prorocen- 736 AY?208893, Identities = 490/532 (93%),
trum minimum Gaps = 16/532 (3%)
NKC3-88  IN814975 Uncultured eukaryotic clone 520 841 GU433129, Identities = 498/519 (96%),
Gaps =2/519 (0%)
Dinophyceae  Amoebophrya sp. ex 726 AY208893, Identities = 483/525 (92%),
Prorocentrum minimum Gaps = 12/525 (2%)
NKC3-123 JN814986 Uncultured eukaryotic clone 524 891 AY 664881, Identities = 512/526 (98%),
Gaps = 4/526 (0%)
Dinophyceae  Karlodinium micrum 841 EF492506, Identities = 507/530 (96%),
Gaps = 11/530 (2%)
Dinophyceae  Cachonina sp. 822 AB183639, Identities = 500/525 (96%),
Gaps = 9/525 (1%)
NKC3-152  JN814994 Dinophyceae  Lepidodinium chlorophorum 525 920 AY331681, Identities = 516/525 (99%),
Gaps = 0/525 (0%)
Dinophyceae  Warnowia sp. 898 FJ947040, Identities = 513/526 (98%),
Gaps =2/526 (0%)
Dinophyceae  Proterythropsis sp. 881 FJ947037, Identities = 510/526 (97%),
Gaps =2/526 (0%)
NKC3-61  IN814967 Uncultured eukaryotic clone 525 959 AY 664916, Identities = 523/525 (99%),
Gaps = 0/525 (0%)
Dinophyceaec  Warnowia sp. 915 FJ947040, Identities = 516/526 (99%),
Gaps = 2/526 (0%)
Dinophyceae  Lepidodinium chlorophorum 893 AY331681, Identities = 513/527 (98%),
Gaps = 4/527 (0%)
NKC3-79  IN814973 Uncultured eukaryotic clone 525 965 AY 664916, Identities = 524/525 (99%),
Gaps = 0/525 (0%)
Dinophyceaec  Warnowia sp. 926 FJ947040, Identities = 517/525 (99%),
Gaps = 0/525 (0%)
NKC3-145 JN814993 Uncultured eukaryotic clone 525 965 AY 664916, Identities = 524/525 (99%),
Gaps = 0/525 (0%)
Dinophyceae  Warnowia sp. 920  FJ947040, Identities = 517/526 (99%),
Gaps =2/526 (0%)
NKC3-90  IN814977 Uncultured eukaryotic clone 525 920 AY 664916, Identities = 517/526 (99%),
Gaps = 2/526 (0%)
Dinophyceaec  Warnowia sp. 887 FJ947040, Identities = 511/526 (98%),
Gaps = 2/526 (0%)
Dinophyceae  Lepidodinium chlorophorum 865 AY331681, Identities = 508/527 (97%),
Gaps = 4/527 (0%)
NKC3-78  IN814972 Uncultured eukaryotic clone 525 942 EF527111, Identities = 520/525 (99%),
Gaps = 0/525 (0%)
Dinophyceaec  Gymnodinium sp. 870  AF274260, Identities = 507/525 (97%),
Gaps = 0/525 (0%)
NKC3-163 JN814995 Uncultured eukaryotic clone 525 959 AY 664919, Identities = 523/525 (99%),
Gaps = 0/525 (0%)
Dinophyceae  Gymnodinium sp. 848 AF274260, Identities = 505/527 (96%),
Gaps = 4/527 (0%)
NKC3-114 JN814984 Uncultured eukaryotic clone 525 915 AY 664919, Identities = 515/525 (99%),
Gaps = 0/525 (0%)
Dinophyceaec  Gymnodinium sp. 821 AF274260, Identities = 503/530 (95%),

Gaps = 10/530 (1%)
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Table 4. Continued.

Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score Accession number and Similarity
NKC3-3 IN814949 Uncultured eukaryotic clone 524 963 AY 664889, Identities = 523/524 (99%),
Gaps = 0/524 (0%)
Dinophyceae  Gymnodinium aureolum 830 DQ779991, Identities = 499/523 (96%),
Gaps = 3/523 (0%)
NKC3-104 JN814982 Uncultured eukaryotic clone 525 913 EU780604, Identities = 498/500 (99%),
Gaps = 0/500 (0%)
Dinophyceaec  Amphidinium semilunatum 660 AF274256, Identities = 477/534 (90%),
Gaps = 18/534 (3%)
NKC3-130 JN814991 Uncultured eukaryotic clone 523 811 AY 664962, Identities = 453/460 (99%),
Gaps = 0/460 (0%)
Dinophyceae  Lessardia elongate 721 AF521100, Identities = 438/461 (96%),
Gaps = 4/461 (0%)
Dinophyceae  Prorocentrum triestinum 710 EF492512, Identities = 436/461 (95%),
Gaps = 3/461 (0%)
NKC3-45  IN814961 Uncultured eukaryotic clone 528 804 AY 664962, Identities = 453/462 (99%),
Gaps = 0/462 (0%)
Dinophyceae  Lessardia elongate 725 AF521100, Identities = 440/463 (96%),
Gaps = 4/463 (0%)
NKC3-72  JN814970 Dinophyceae  Ceratium fusus 525 918 AF022153, Identities = 502/504 (99%),
Gaps = 1/504 (0%)
Dinophyceae  Ceratium tenue 826 AF022192, Identities = 502/528 (96%),
Gaps = 5/528 (0%)
NKC3-101 JN814981 Dinophyceae  Noctiluca scintillans 511 861 AF022200, Identities = 497/512 (98%),
Gaps =2/512 (0%)
Dinophyceae  Spatulodinium pseudonoctiluca 673 GU355685, Identities = 379/386 (99%),
Gaps = 2/386 (0%)
NKC3-15  JN814952 Uncultured eukaryotic clone 519 643 HM227211, Identities = 469/525 (90%),
Gaps = 17/525 (3%)
Dinophyceae  Uncultured syndiniales clone 516 FN598291, Identities = 453/533 (85%),
Gaps =27/533 (5%)
NKC3-75  IN814971 Uncultured eukaryotic clone 522 952 FJ221511, Identities = 520/522 (99%),
Gaps = 1/522 (0%)
Uncultured eukaryotic clone 942 AY 665065, Identities = 519/523 (99%),
Gaps = 2/523 (0%)
Dinophyceae  Duboscquodinium collinii 440 HM483399, Identities = 442/536 (83%),
Gaps =31/536 (5%)
NKC3-121 JN814985 Uncultured eukaryotic clone 526 331 AY919716, Identities = 407/513 (80%),
Gaps =31/513 (6%)
Dinophyceae  Adenoides eludens 303 EF492484, Identities = 402/513 (79%),
Gaps =31/513 (6%)
NKC3-65  IN814969 Bacillariophyta Achnanthes brevipes 513 872 AY 485476, Identities = 484/490 (99%),
Gaps = 0/490 (0%)
Bacillariophyta Cymbella capitata 832 HQ680519, Identities = 493/514 (96%),
Gaps =2/514 (0%)
Bacillariophyta Nitzschia longissima 832 AY 881968, Identities = 493/514 (96%),
Gaps = 2/514 (0%)
NKC3-128 JN814989 Bacillariophyta Achnanthes brevipes 513 867 AY485476, Identities = 483/490 (99%),
Gaps = 0/490 (0%)
Bacillariophyta Cymbella capitata 826  HQ680519, Identities = 492/514 (96%),
Gaps =2/514 (0%)
Bacillariophyta Navicula diserta 821 AJ535159, Identities = 491/514 (96%),
Gaps = 2/514 (0%)
NKC3-139 JN814992 Bacillariophyta Achnanthes brevipes 513 872 AY 485476, Identities = 484/490 (99%),
Gaps = 0/490 (0%)
Bacillariophyta Cymbella capitata 830 HQ680519, Identities = 492/513 (96%),
Gaps =2/513 (0%)
Bacillariophyta Navicula diserta 824 AJ535159, Identities = 491/513 (96%),

Gaps =2/513 (0%)
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Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score Accession number and Similarity
NKC3-95  JN814978 Uncultured stramenopiles clone 504 845 HM799827, Identities = 494/510 (97%),
Gaps =10/510 (1%)
Bacillariophyta Cymbella zebra 839 HQ680574, Identities = 493/510 (97%),
Gaps = 10/510 (1%)
Bacillariophyta Pseudo-nitzschia seriata 839 GU373969, Identities = 493/510 (97%),
Gaps = 10/510 (1%)
Bacillariophyta Fragilariopsis cylindrus 839 EF140624, Identities =493/510 (97%),
Gaps = 10/510 (1%)
NKC3-58  IN814966 Uncultured eukaryotic clone 521 952 FJ985881, Identities = 519/521 (99%),
Gaps = 0/521 (0%)
Bacillariophyta Chaetoceros rostratus 926 X85391, Identities = 515/522 (99%),
Gaps = 2/522 (0%)
Bacillariophyta Asterionellopsis glacialis 817 AY216904, Identities = 498/524 (96%),
Gaps = 7/524 (1%)
NKC3-33  JN814959 Uncultured eukaryotic clone 513 869 GU474378, Identities = 503/518 (98%),
Gaps = 6/518 (1%)
Ciliophora Laboea strobila 865 AF399151, Identities = 501/516 (98%),
Gaps = 6/516 (1%)
NKC3-127 JN814988 Ciliophora Pseudotontonia simplicidens 521 946 JF91015, Identities = 516/518 (99%),
Gaps = 0/528 (0%)
Ciliophora Strombidium ct. basimorphum 843 FJ480419, Identities = 496/515 (96%),
Gaps =4/515 (1%)
Ciliophora Varistrombidium kielum 839 DQ811090, Identities = 498/519 (96%),
Gaps =3/519 (1%)
NKC3-52  IN814964 Uncultured eukaryotic clone 522 819 EU333072, Identities = 451/455 (99%),
Gaps = 0/455 (0%)
Ciliophora Pseudotontonia simplicidens 741 FJ422993, Identities = 439/457 (97%),
Gaps = 4/457 (0%)
Ciliophora Strombidium cf. basimorphum 725 FJ480419, Identities = 469/505 (93%),
Gaps = 9/505 (1%)
NKC3-21  JN814955 Uncultured eukaryotic clone 519 948 EU333072, Identities = 517/519 (99%),
Gaps = 0/519 (0%)
Ciliophora Pseudotontonia simplicidens 767 FJ422993, Identities = 490/525 (94%),
Gaps = 10/525 (1%)
Ciliophora Laboea strobila 743 AF399151, Identities = 487/525 (93%),
Gaps = 18/525 (3%)
NKC3-28  IN814958 Uncultured eukaryotic clone 513 767 GU433133, Identities = 483/515 (94%),
Gaps =7/515 (1%)
Ciliophora Strombidium cf. basimorphum o0 660 GU206561, Identities = 469/521 (91%),
Gaps = 15/521 (2%)
NKC3-98  JN814980 Uncultured eukaryotic clone 515 913 AY 129053, Identities = 509/516 (99%),
Gaps = 1/516 (0%)
Ciliophora Varistrombidium kielum 689  DQ811090, Identities = 475/523 (91%),
Gaps = 11/523 (2%)
NKC3-62  JN814968 Uncultured eukaryotic clone 515 907 AY 129053, Identities = 508/516 (99%),
Gaps = 1/516 (0%)
Ciliophora Varistrombidium kielum 684 DQ811090, Identities = 474/523 (91%),
Gaps = 11/523 (2%)
NKC3-124 JN814987 Uncultured eukaryotic clone 493 861 GU433146, Identities = 484/493 (99%),
Gaps = 0/493 (0%)
Uncultured eukaryotic clone 771 AJ829840, Identities = 474/499 (95%),
Gaps = 13/499 (2%)
Ciliophora Parastrombidinopsis shimi 549 AJ786648, Identities = 449/516 (88%),
Gaps =36/516 (6%)
NKC3-166 IN814996 Uncultured eukaryotic clone 492 881 AY 665101, Identities = 487/492 (99%),
Gaps = 0/492 (0%)
Ciliophora Parastrombidinopsis minima 604 DQ393786, Identities = 457/514 (89%),

Gaps =31/514 (6%)
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Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score Accession number and Similarity
NKC3-84  IN814974 Uncultured eukaryotic clone 508 867 AY 665090, Identities = 497/510 (98%),
Gaps = 3/510 (0%)
Uncultured alveolate clone 773 DQO001414, Identities = 436/444 (99%),
Gaps = 5/444 (1%)
Ciliophora Zosterodasys agamalievi 501 FJ008926, Identities = 395/451 (88%),
Gaps =23/451 (5%)
NKC3-23  JN814957 Chlorophyta  Uncultured Ostreococcus clone 510 942 HM997279, Identities = 510/510 (100%),
Gaps = 0/510 (0%)
Chlorophyta  Ostreococcus lucimarinus 942 CP000592, Identities = 510/510 (100%),
Gaps = 0/510 (0%)
Chlorophyta  Ostreococcus sp. 942 AY425310, Identities = 510/510 (100%),
Gaps = 0/510 (0%)
NKC3-47  JN814963 Chlorophyta  Micromonas sp. 511 944  HMI191693, Identities =511/511 (100%),
Gaps = 0/511 (0%)
Chlorophyta  Micromonas pusilla 944 AB183589, Identities = 511/511 (100%),
Gaps = 0/511 (0%)
NKC3-22  JN814956 Rhizaria Acanthometra sp. 518 957 GU246573, Identities = 518/518 (100%),
Gaps = 0/518 (0%)
Rhizaria Dorataspid sp. 957 AB178586, Identities = 518/518 (100%),
Gaps = 0/518 (0%)
Rhizaria Haliommatidium sp. 896 AF018159, Identities = 511/523 (98%)),
Gaps = 6/523 (1%)
NKC3-89  JN814976 Rhizaria Acanthometra sp. 516 931 GU246574, Identities = 513/517 (99%),
Gaps =2/517 (0%)
Rhizaria Hexaconus serratus 926 AB178587, Identities = 511/516 (99%),
Gaps = 0/516 (0%)
Rhizaria Amphibelone cultellata 845 AB178580, Identities = 501/521 (97%),
Gaps = 8/521 (1%)
NKC3-97  IN814979 Uncultured eukaryotic clone 515 813 FJ785927, Identities = 495/521 (96%),
Gaps = 7/521 (1%)
Rhizaria Uncultured polycystinea clone 750 FN598307, Identities = 487/524 (93%),
Gaps = 14/524 (2%)
Rhizaria Astrosphaera hexagonalis 640 AB490706, Identities = 425/461 (93%),
Gaps = 13/461 (2%)
NKC3-2 IN814948 Uncultured eukaryotic clone 526 972 GU433130, Identities = 526/526 (100%),
Gaps = 0/526 (0%)
Arthropoda Neocalanus cristatus 872 AF514344, Identities = 510/528 (97%),
Gaps = 3/528 (0%)
NKC3-7 JN814950 Uncultured eukaryotic clone 528 926 AY 665124, Identities = 519/528 (99%),
Gaps = 0/528 (0%)
Arthropoda Acrocalanus monachus 898 GU969201, Identities = 501/508 (99%),
Gaps = 1/508 (0%)
Arthropoda Neocalanus cristatus 885 AF514344, Identities = 515/531 (97%),
Gaps = 7/531 (1%)
NKC3-16  JN814953 Uncultured eukaryotic clone 528 920 AY 665124, Identities = 518/528 (99%),
Gaps = 0/528 (0%)
Arthropoda Acrocalanus monachus 893 GU969201, Identities = 500/508 (99%),
Gaps = 1/508 (0%)
NKC3-57  IN814965 Uncultured eukaryotic clone 528 920 AY 665124, Identities = 519/529 (99%),
Gaps = 2/529 (0%)
Arthropoda Acrocalanus monachus 893 GU969201, Identities = 500/508 (99%),
Gaps = 1/508 (0%)
NKC3-1 IN814947 Arthropoda Copepod environmental sample 529 965 GQ402479, Identities = 527/529 (99%),
Gaps =2/529 (0%)
Uncultured eukaryotic clone 965 EU371350, Identities = 527/529 (99%),

Gaps = 2/529 (0%)
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Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score Accession number and Similarity
NKC3-12  JN814951 Arthropoda Copepod environmental sample 529 898 GQ402479, Identities = 516/530 (98%),
Gaps = 4/530 (0%)
Uncultured eukaryotic clone 898 EU371350, Identities = 516/530 (98%),
Gaps =4/530 (0%)
NKC3-39  JN814960 Arthropoda Copepod environmental sample 527 974 GQ402479, Identities = 527/527 (100%),
Gaps = 0/527 (0%)
Uncultured eukaryotic clone 974 EU371350, Identities = 527/527 (100%),
Gaps = 0/527 (0%)
NKC3-46  JN814962 Arthropoda Copepod environmental sample 529 893 GQ402479, Identities = 515/530 (98%),
Gaps =4/530 (0%)
Uncultured eukaryotic clone 893 EU371350, Identities = 515/530 (98%),
Gaps = 4/530 (0%)
NKC3-108 JN814983 Telonemida Uncultured telonema clone 520 937 AM418563, Identities = 515/519 (99%),
Gaps = 0/519 (0%)
Telonemida Telonema antarcticum 852 AJ564773, Identities = 502/521 (97%),

Gaps = 6/521 (1%)

Table 5. Phylotypes revealed from NKC4 clone library. Phylogenetic affiliations of phylotypes were adopted from the result of BLAST search
and the phylogenetic analysis.

Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score Accession number and Similarity
NKC4-1 IN814997 Dinophyceae  Noctiluca scintillans 511 944  GQ380592, Identities = 511/511
(100%), Gaps = 0/511 (0%)
NKC4-10 JN815001 Dinophyceae  Uncultured dinoflagellate clone 966  HM769615, Identities = 523/523
(100%), Gaps = 0/523 (0%)
Gyrodinium cf. gutrula 523 966  FN669511, Identities = 523/523
(100%), Gaps = 0/523 (0%)
Gyrodinium dominans 966  FN669510, Identities = 523/523
(100%), Gaps = 0/523 (0%)
NKC4-75  JN815018 Uncultured eukaryotic clone 524 843  AY664956, Identities = 481/493
(98%), Gaps = 2/493 (0%)
Dinophyceae  Gyrodinium dominans 797  FN669510, Identities = 473/493
(96%), Gaps = 3/493 (0%)
NKC4-30 JN815011 Uncultured eukaryotic clone 524 946  AY664972, Identities = 520/524
(99%), Gaps = 0/524 (0%)
Dinophyceae  Gyrodinium helveticum 878  AB120004, Identities = 495/504
(99%), Gaps = 3/504 (0%)
NKC4-69 IN815017 Uncultured eukaryotic clone 524 941  AY664972, Identities = 519/523
(99%), Gaps = 0/523 (0%)
Gyrodinium helveticum 870  AB120004, Identities = 494/503
(98%), Gaps = 3/504 (0%)
Gyrodinium rubrum 850  AB120003, Identities = 490/503
(97%), Gaps = 4/504 (1%)
NKC4-7  JN815000 Uncultured eukaryotic clone 525 965  AY664916, Identities = 524/525
(99%), Gaps = 0/525 (0%)
Dinophyceae  Warnowia sp. 926  FJ947040, Identities = 517/525
(99%), Gaps = 0/525 (0%)
Proterythropsis sp. 904  FJ947036, Identities = 513/525
(98%), Gaps = 0/525 (0%)
NKC4-36  JN815013 Uncultured eukaryotic clone 525 920  AY664916, Identities = 517/526
(99%), Gaps = 2/526 (0%)
Dinophyceae  Warnowia sp. 887  FJ947040, Identities = 511/526 (98%),
Gaps = 2/526 (0%)
Nematodinium sp. 865  FJ947039, Identities = 506/525
(97%), Gaps = 0/525 (0%)
NKC4-79 JN815019 Uncultured eukaryotic clone 525 948 AY 664936, Identities = 521/525

(99%), Gaps = 0/525 (0%)




70 A - OAE: - o - WERE - oKlef - Ao - oFsA]

Table 5. Continued.

Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score Accession number and Similarity
Dinophyceae  Karlodinium micrum 865  EF492506, Identities = 507/526
(97%), Gaps = 2/526 (0%)
Amphidinium semilunatum 865  AF274256, Identities = 507/527
(97%), Gaps = 4/527 (0%)
NKC4-65 JN815016 Uncultured eukaryotic clone 523 883  AY664881, Identities = 510/525
(98%), Gaps = 3/525 (0%)
Dinophyceae  Karlodinium micrum 835  AF274262, Identities = 506/530
(96%), Gaps = 12/530 (2%)
Lessardia elongata 822  AF521100, Identities = 498/523
(96%), Gaps = 6/523 (1%)
NKC4-35 JN815012 Uncultured eukaryotic clone 525 948 DQ647525, Identities = 521/525
(99%), Gaps = 0/525 (0%)
Dinophyceae  Uncultured syndiniales clone 926  FN598302, Identities = 518/526
(99%), Gaps = 2/526 (0%)
NKC4-15 JN815003 Uncultured eukaryotic clone 522 952 FJ221511, Identities = 520/522 (99%),
Gaps = 1/522 (0%)
Dinophyceae  Gymnodinium catenatum 440  DQ779989, Identities = 444/539
(83%), Gaps = 32/539 (5%)
NKC4-20  JN815005 Uncultured eukaryotic clone 521 902  EF527095, Identities = 511/522
(98%), Gaps = 2/522 (0%)
Ciliophora Varistrombidium kielum 861 DQ811090, Identities = 502/519
(97%), Gaps = 3/519 (0%)
Novistrombidium sinicum 850  FJ422990, Identities = 503/523
(97%), Gaps = 5/523 (0%)
NKC4-23  JN815008 Chlorophyta  Uncultured Ostreococcus clone 510 937  HM997279, Identities = 509/510
(99%), Gaps = 0/510 (0%)
Ostreococcus lucimarinus 937 CP000592, Identities = 509/510
(99%), Gaps = 0/510 (0%)
Ostreococcus tauri 907 AY329635, Identities = 505/511
(99%), Gaps = 3/511 (0%)
NKC4-6  IN814999 Chaetognatha Flaccisagitta enflata 570 961  DQ351877, Identities = 527/530
(99%), Gaps = 1/530 (0%)
Chaetognatha Aidanosagitta neglecta 944  DQ351882, Identities = 524/530
(99%), Gaps = 1/530 (0%)
NKC4-13  JN815002 Cnidaria Geryonia proboscidalis 527 968  EU247816, Identities = 526/527
(99%), Gaps = 0/527 (0%)
Liriope tetraphylla 963  AY920756, Identities = 525/527
(99%), Gaps = 0/527 (0%)
Olindias sambaquiensis 946  EU247814, Identities = 524/529
(99%), Gaps = 4/529 (0%)
NKC4-2  JN814998 Arthropoda  Paracalanus parvus 526 904  GU969181, Identities = 489/489
(100%), Gaps = 0/489 (0%)
NKC4-37 IN815014 Uncultured marine archaeon clone 526 966  JQ226647, Identities = 525/526
(99%), Gaps = 0/526 (0%)
Arthropoda Paracalanus parvus 898  GU969181, Identities = 488/489
(99%), Gaps = 0/489 (0%)
Neocalanus cristatus 867  AF514344, Identities = 509/528
(96%), Gaps = 3/528 (1%)
NKC4-29 JN815010 Uncultured eukaryotic clone 528 926  AY665124, Identities = 519/528
(99%), Gaps = 0/528 (0%)
Arthropoda  Acrocalanus monachus 898  GU969201, Identities = 501/508
(99%), Gaps = 1/508 (0%)
Paracalanus aculeatus 894 GU969180, Identities = 484/484
(100%), Gaps = 0/484 (0%)
NKC4-52  JN815015 Uncultured eukaryotic clone 528 920  AY665124, Identities = 519/529

(99%), Gaps = 2/529 (0%)
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Table 5. Continued.
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Clone Accession No. Taxa Result of BLAST search(NCBI) Size (bp) Max score Accession number and Similarity
Arthropoda Acrocalanus monachus 893 GU969201, Identities = 500/508
(99%), Gaps = 1/508 (0%)
Arthropoda Neocalanus cristatus 880  AF514344, Identities = 514/531
(97%), Gaps = 7/531 (1%)
NKC4-27 JN815009 Uncultured eukaryotic clone 528 915  AY665124, Identities = 517/528
(98%), Gaps = 0/528 (0%)
Arthropoda  Acrocalanus monachus 887  GU969201, Identities = 499/508
(99%), Gaps = 1/508 (0%)
Arthropoda Neocalanus cristatus 874  AF514344, Identities = 513/531
(97%), Gaps = 7/531 (1%)
NKC4-21 JN815006 Fungi Uncultured fungus clone 527 970  AB451532, Identities = 525/525
(100%), Gaps = 0/525 (0%)
Fungi Exidiopsis calcea 902  AY293130, Identities = 514/527
(98%), Gaps = 0/527 (0%)
Fungi Auricularia sp. 896  DQ234542, Identities = 513/527
(98%), Gaps = 0/527 (0%)
NKC4-17  IN815004 Fungi Gelatoporia subvermispora 527 974  AF334900, Identities = 527/527
(100%), Gaps = 0/527 (0%)
Fungi Byssomerulius albostramineus 968  AY219404, Identities = 526/527
(99%), Gaps = 0/527 (0%)
Fungi Leptoporus mollis 968  AY293140, Identities = 526/527

(99%), Gaps = 0/527 (0%)

iophytai= NKC2, NKC3 7 7oll4] LERLIL Haptophyceaer= NKC2,
Acantharea®} Polycystinea(Rhizaria), Telonemidai= NKC3 73,
Fungi= NKC4 7 H o] A 7k L EF ST (Table 2). B3, NKC2$}
NKC4 7] ArfellA] 2+ 529] phylotypeE©] YR TR
g7l mlsl W2 phylotypeso] HWERE NKC3 7S vl
Tkt B HS RS tH(Table 4). 18 & Ao I
phylotype=- ©F& EFAA7E 8822 942 uncultured
environmental clones¥ %2 H& FANEE B3 o]#st E&
o] "REFAA Uellxe] g&st E78t4 Aol disike F7t
Aol A7 B AS AABlAL SUthFig. 2).

H HE0NM S22 WEZEl MEF1| phylotypeS

A AN FFSFE =49 Ciliophora &F ol &3+
phylotype5-2 55 W14 B (oligotrichs)oll &3H= 2% LE}h
ok 22 NKC3-332 Laboea strobila®} 98% FAF=S 714
AT O EE v FASIL(Fig. 2) 71E2] el AT Fll
A A7 131 AgEellA] B vt QIth(Kim and Jang,
2008). &gk, 71 5 (2010)9] S NHI8S-110] 2 NKC3-33%
98% FAFEE 7FAW Laboea strobila®F= 96% FAIEES 7=
Aoz yelyttl 181 F8 NKC3-333 GenBankoll 435
Laboeas BEFS BLAST AN A3}, Laboea strobila] Z}7]
O oA Rare 47]4 4 (Snoeyenbos-West et al., 2002;
Agatha et al., 2004)Z} 94-98%F 7FA= Z o2 UElstl 18
1} GenBank®l| =% Laboea strobila 7+2] B A4S A A8k
A= FUlollA] 99%2] WlolE Holi= Ao =E eh o]z{sh W
o]7} FHoIIX] FHHOIJIA] = GenBankdll 5% Loboeass
AEE0] Laboea strobila 1 50|82 £+ FAIAE A4
= oJ{u). I % S8t A9k of| Laboea strobila A%

o] EAsh 1 4 Wole] vefdo] wEEgle R R S
% L. strobila 24 AEEl gk 2, single cell analysise} 22 <1
T &3l 1 AAZE g Eefof stk AdEth S8 NKC3-21,
NKC3-522 H5=38lol4] H.a1% uncultured environmental clone¥}
7 =2 FARER] 99%E XL Pseudotontonia simplicidens
k= 247t 94%, 97%°] fAREE Bt 18v S NKC3-127
2 Pseudotontonia simplicidens®} 99%2] %2 FAIES BRSO
o Ao R T mle- fARRS HolFqith Bg, 2 AqtelA
U= 91 Laboea strobila, Nocistrombidium sinicum, Pseudo-
tontonia simplicidens, Strombidium cf. basimorphum, Varistrombidium
kielum= =Ulell a8 2571 §lot. -84 5% (tintinnids)©l
Eohes AREF A9 AEA S 74 BFo® Q8 B A
TF7F R&@ o] FxAde] gk Bart ot MR EF] -
= FHE 240] ol AR B2 F EAE B8t
L IRA RN BEa] A Aol AR FuellA wlraL
H olf2 Ty 5, 2002; A3} o], 2003; Kim and Jang,
2008; = -5, 2008). = A7E S RIAEZF ¥ phylotypes
7128 A+ W) ARF ML) ¥ 14 glol® EAo] 7t
s FoS HoFuk B3, Fig. 3914 Ciliophora w-F<oll &
SR= S NKC3-62, NKC3-98, NKC3-282 A28 Al o)A 2
Fare] A 7FsA S AlAlEkaL ol

AR ZO &3 Warnowia sp= Hoppenrath et al.(2009)°]]
w2 B, tiAe) 5 AAAZoE B FEEo] 9l
©1 Sargasso SeacllA fAlgE S0 HEEH Tk Haso] §f
ok 2 Aol A e S8 NKC2-94, NKC2-99, NKC3-61,
NKC3-79, NKC3-90, NKC3-145, NKC3-152, NKC4-7, NKC4-
362 ©]et Wamnowia sp. ¥ TAEFu Y Bl A =2 AAMIS
Helth Arthropoda &+ ¢ll &3 &8 NKC2-1, NKC3-2,
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Fig. 2. Phylogenetic tree obtained from 18S rDNA sequences of clone libraries and reference sequences deposited in GenBank database.
Numbers above the branch indicate bootstraps of NJ analysis.
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NKC3-7, NKC4-29, NKC4-52, NKC4-27 Neocalanus cristatus ¢
97%2] fAKEE KA o= 2 (201000014 22 W os &
Aste] B G mo] F2 NHI8S-49F G7|1M o] -2 7o
Z BA4H900H Sargasso Seal] EEHE =2 FANEE Hol A
A B2 3okl BRIl 225 S-S & 7 UtH(Tsuda
et al., 1993).

2t HE0IM S0|4S HO|= AIST phylotypes

NKC2 7oMet vh¥ Haptophyceae T2 =1717F 20 um
oJstE > #om QARbel|A QYA 1T FaxE o] glort
Sdfelld A7 wlulstek A I A, 2004). & NKC2-29+
Chrysochromulina simplex®} 100% Y X8}y Chrysochromulina
scutellum®=. 99% FAFCS Ho|al Qo] o]52 &7t Hol7} &
T AR ZA% AAZE B H(Medlin et al., 2008). F=3}
Chrysochromuling %52 18] &%, Fold A7 AEH
a1 Qo] EHAA] WE7FeAdo] QIth(Edvardsen et al., 2007).
NKC3 - ollA 7t ¥z Rhizaria AlSv-2 v]HATo] X yrt
T AEFE A= ol Bokolv AAE 2= T ol s
FE e =AE 7= A Qlo] theke FHiE EAE i
oL} WA, ofdHA R S Fgkslal Sl Il EE
oA maeFet ATE Q1% el FE ATEHL e & &,
2010; 7 5, 2010) 71 9]e] el thgh ARt vHleht
(Itaki, 2003). Rhizaria A5 Z°lli= Acantharea oA 5
2 RO Polycystinea w-irollA = WERTE 22 NKC3-
222 Acanthometra sp. GU246573%} 100% FAFEE HolH
Dorataspid sp.2F= 100% FANEE R o]ol] F F2 £
Wo |7} sty shkEt), 5238, Haliommatidium sp. 2 98%
9] FAIEE Hol=t Gilg et al (2010)1X % Acanthometra sp.
o} Haliommatidium spi= %530 T+1d @AYol R F ok
EE NKC3-89= Acanthometra sp. GU2465732H= 95% AHE
= VEAIE dcanthometra sp. GU24657491= 99% A=
Roy s At BXESK= Acanthometra %5 A3E50 tfsk A+
o] FeAs AXSIL Y. Telonemida Alet-2 ol v X,
1 AL RE FE NKC3-1082 Telonema antarcticum™ 97%
o] FAMSE 7= AOE YERRIL Indian Oceanol| A ¥
uncultured environmental clone®}= 99% =2 FAIEE KAt
Fungi A&7 NKC4 g7l A vt Yepsitt. sjjefelx 2] o] Als
T2 U9 B AR 7} H=8l (Matheny er al., 2007; Jones,
2011) 2 NKC4-17, NKC4-21%= Fugd7iMgs) £ &8 =
Zko] BolA2 HolR] okgpt.

Metazoa 715+ 5 NKC4 -7 2% cnidaria F5Fr
oA &8 NKC4-132 Geryonia proboscidalis, Liriope tetraphylla,
Olindias sambaquiensis®}t 99%2] FANEE RSt} Collins et al.
(2006)°ll W2 Geryonia proboscidalis®} Liriope tetraphyllai=
22 E(order)dll &ohe oA UL & F AU TS o] F
&% Olindias sambaquiensisc 5o e T ER/T= Holut
S NKC4-132 7 T3 | 52 fFAHEE Kof F 53t &
7199 WHo7} A =gk Zlo g A3t 4= Qlt}. Chaetognatha
Tl S8l S8 NKC4-62 Aidanosagitta neglecta, Flaccisagitta
enflatas} 99%°] FAMIS HIlaL o] 7+ T AEH 0= w9

=

5
=1

=

FA¥s1 (Papillon et al., 2006) AEF2] F7]Ho] Mo ukah
& NKC4-6= 3] the Al Y 7= Sl

71 2| CIfSt AlSTat phylotypeS

Chlorophyta s-7-2] Ostreococcus 452 Gel%l XANEFA
FolA g A 2 A71@A<2 el 1 5k ol o
A7k uulglot AR W Fal AT7h )
&)%) 311 9l Uh(Palenik ef al., 2007). S NKC3-23%} NKC4-23
Ostreococcus lucimarinus®t Z¥2+ 100%, 99% FAFEES HSa1
3] 2% NKC4-23 Ostreococcus taurit} s 99%2] FAIEE K
Aok, T3, FE NKC3-472 100% FAREE Roli= Micromonas
Sp.fq Micromonas <58 Ostreococcus< 2} McDonald et al.(2010) o
e} &1ke)] wj$- s Ao Jehdtt olge nAZHIE
W 2 AEZAES A717F wig- ZAE 26l ghe) AEAREC]
FQ3 Hol7} Hm 7|2 & Y-S A #lYg AEiAlel 5
Q3 e sfo] AT IAETE HokA AL vk whEhkA £ At

| SJ3l A ex 9] FHo] RugL Fasirtal I ThY
5, 1998; Romari and Vaulot, 2004).

A Dinophyceae w-F-Q! Gyrodinium helveticum-= 21|
el FEj4] WEo] o]Folx] et KR5S okl vkl By
B} ) TH(Takano and Horiguchi, 2004). ©]123t G helveticum>}
99%2] =2 fAHEE Bl 5 NKC2-837F NKC4-302 2 <
7IMEE 7HE Zlo®E BRIsIglaL NKC3 F3S A9l NKC2
¢} NKC4 Z3oNM G helveticum¥}+ S1¥HE phylotype©] 271 %]
Sde= & g Utk G rubrumS G helveticum®.Tr Z1 1717} 2
v’ %= ] A K(Takano and Horiguchi, 2004) AlEsr8 o2 ¢
3l 2 NKC4-69= G helveticum™ 98%, G rubrum>}t 97%
9 FAIEE HAT FE NKC4-102 G dominansS} G cf.
gutrula &5 100% FAHEE Bok Wb £3F 471499 2
o7} &5 Zl o2 HAXYY. Karlodinium micrums 2% NKC4-
799} NKC4-65°14 72} 97%, 96%%5 R0t A= v 947]
MAE Zh=ZZt EF492506, AF274262) K. micrum ©] Z&3 71
O % ol Fu AVIMG Hol7l Bg AowE ogEHTE E8
NKC4-65= K. micrum®™ 34 Lessardia elongataE}E 96%2] &
APEE Bolo) wlel Alsslr o vy nwz ZAAAS 2= A
©F Wt} 2 NKC4-79% K. micrum®} Amphidinium semilunatum
BF 97%2] FALEE R3Oy A4 (Fig. 2)9l-e= A2 Az
AL Sl Ao® vepsith B35, dalfollx] st Ao
2 9Ed 7 52010)9) 2 NHI8S-116°] K. micrum¥} 96%
o] FAFEE Hof # S8 VAol Akt AEFo] dallel
% EAskE Aem AdEHIh i F(2010)004 A B3F
3l At -8F 07 Ve Noctiluca scintillans= 2% NKC4-1
7} 100% FFAFEE E3 3 NKC3 429 28 NKC3-1017H=
97%, Lee et al.(2010)8] A= E& 1J18S-1 GQ899147T+=
99%2] FAFES Btk Wb N, scintillanst B2 FU| Hol
7t EAF] et Abhazhs fsle] AxE AT A
ETO|EE Y& AL A7 3Tl F3iE oo} s o]
TAl dist F&st FJrrt Qs (Huang and Qi, 1997;
Montani et al., 1998).
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