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Ballast water has been known as a major vector for global dispersal of toxic dinoflagellates and other microal-
gae. In this study, biodiversity in ships’ ballast water was examined using a dinoflagellate-oriented PCR primer
set and species-specific real-time PCR. While motile dinoflagellates could be observed at very low cell densities
by light microscopy, a wide range of dinoflagellate taxa including parasitic and phototrophic pico-dinoflagel-
lates as well as harmful species to marine fish/shellfish was detected when techniques for cloning/sequencing
of SSU rDNA of sample cells were used. Present result suggests that molecular methods including species-spe-
cific PCR primers may offer rapid and accurate detection of invasive species in ballast water.
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on], AZEYAE FTEY AN olF YA W, T o) Y A7elx 98] 8H2 ik § T1HE ol §dl
24, 3394, A% A Boll 4T vl F 3IHSmayda 2007). S5 2] SHBFINE w2 FE Tl SAFL e

8 59, §5 SHRZF Gymuodinium catenatum Graham o} thi-9] AEFES vidke] o9 42he] Ay 94
A 10037 TF U BoprolE AUEE £8 3 fdo]l  7hukEA YA 2 dHiolth(Lopez-Garcia er al, 2001). WjAZ
9T, ol vATEE A dglo] Hof B2 wiFdAFe]  FO ST AFE VM OEE HT realtime PCRY] Z4E ¥
AAZ FHE FUcHBolch and Salas 2007). AEREE &= U2l 1 3loH §5 vAEF U Hx 2] HRE 3 S8 UHeg
3 N AEFY AT Y EL AN A S o)§T Y Park ef al, 2009). Real-time PCRE-2 H|ofo] T ¢l31, Thokst
Bla 5o o $o) Ho shth(Hallegraeff and Bolch 1992; o] £} Qe @4 sieEi e 53 A& G 228
Bolch and Salas 2007). A1) & AlE BH, 79 1] & e Aol 3lvh & A7elXe cloning/F 7MY real-time
& 5ol 3430 FEAE FAWE d3, FEFY JEFE PCR 7S ol4sle] A9y 4 o) JEREF UM R &
22 2313 syl o n|ARF FHIAL BA B9 98 £ A (Karlodinium veneficum(Ballantine) J. Larsen) 8 H5F-&2
S AFH R Wolslo] Wik W AAFEv|A SR #Ao] HYTE  EARISITH

(Hallegraeff and Bolch 1992). ¢ 418183 71 328 2%
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o 129 179 B8k E2H8F 4000-TEU 32411 TEU =20 feet
FEA)CZRE FoF kY ). AEE e T
oA mE=EA] Gt wiE AREERERE R PR R
sieh. g8 4= 10 L7 ARSI 10 L polyethylene €7]
o Zo} 10°C AEE X5k APHE HAFTH DNA FE52
AN F 2 AZE ofuiel] o]FoiF Tt DNA F55 93] 4 L A5
& 02 ym(47 mm diameter) polycarbonate membranes(Whatman,
Ltd, Maidstone, Englandys o83} ey, dojal AE=2
Bl DNAZ F&3190th. T8t 4 L A998 5 10 pm BT 2
719 B ol g3 F53 3, s5E g BEA9EE o)L
A3}, Total genomic DNA 28 phenol-chloroform B4¥-&
o) 231tk 7y2kelA 4= b, 900 pL TE buffer(10 mM Tris-
HCI, pH 7.5; 1 mM EDTA, pH 8.0)% ¥ ¥ FEA S o454
A8 olg3le] FA ¥-9rt. 11 F 100 °Cofl 587 #2 % 900 L.
phenol: chloroform: isoamyl alcohol(25:24:1)2 ¥it}. 4% g
% DNAE 3 M sodium acetate(pH 5.2)%} 99.5% ethanols- ©]£-
3o RAA7) 1, 742F DNAE 100 pL TE bufferdl] £330}

SR ZERC] SSU rDNAT JHEZXF H0]4<l SSU DNA
primers(Dino18SF1 and 18ScomR1, Table 1)S ©]-&3lo} 34}
£ ZFZ3oheE 1.6 kb 7)) (Line ef al, 2006). PCRY] S0
7l Aok 23 gt 0.5 ul Takara EXTag DNA polymerase
(Takara MirusBio, Madison, WI, USA),0.5ul template DNA,
primers(HF5E 1.0 uM), ANTP mixture(FF5% 2.5 mM), 10
pL 10 x EXTag buffer, 18]35 PCR & SH5E 08314 100
pLE FFFEE ®HFTh PCR B4 242 94°CoH 28 &
32 8O 94°C 18, 58°C 1.5%, 72°C 28°I3it}. PCR AHE-E
ethidium bromide® & 40]E 2% agarose gelolA] BlEg 3,
QIAquick PCR purification columns(Qiagen, Hildon, Germany)S
ol &skod AAstsict. AAE AHEL pGEM-T vector system
(Promega, Madison, WI, USAYS ©] €8} cloningd}3i 1L, ¢&&
27 Aeis 297)) clonesS plasmid purification kit(Promega, Madison,
WI, USAYE ©]831 plasmidE A8t 71ME 24L&
primers pUC/M13(Promega, Madison, W1, USA)?} internal primers
(Table 1)YE o] 83193, Macrogen(Seoul, Korea)oll 249]=] &}

Stk 4949 971482 GenBankel] 555 tH(GenBank accession

numbers FJ832099~FJ832127).
K. veneficum HE-E A3 K. veneficum Eo1&<3! real-time PCR

F3l SRR 37
TR SAAE o831t Table 2). ¥AIUE Park ef al.(2009)
o] e with Ay = Ul f3F 2E AR 1L A
8 AFFE LAl U K veneficum HOFEFY AMEE $E 4
o4 A&sI5iTt ¢4 standard curve® AJZ3IATE K. veneficum
Wi BEan ololN AlFEAI6,540 AE), HEFTE
0.2 um membrane filter(MFS, California}2 BF¥ 1 L A4y
o] A7EESth DNA 2 § DNAT 10952 Yozt
{6,540, 654, 65, 6, 0.6413E; n =3). Real-time PCRE ©]-831 10
B2 vhd DNAE #48laGRlE £4), olF o] &3t
standard curved AZ3IRTH F8ERE AFZE A9 real-time
PCRZ AFE NEFE 345 vlwslr] ¢3) #ednZos A
48 5,870, 1,174, 2,348 A ZE real-time PCRE(GHHE 2 &
A3t

SSU DNAS| AlE-fd £ A3l Apicomplexa Hammondia
hammoni outgroup® 2 X743}5Act. 242kl H7INELE ClustalX
(Thompson et al, 1997)2 °©|-§3t] FEsI®lx, a4 3l
3 AL sgivh, ZHE-4 (Neighbor Joining analysisy& PAUP
(Version 4.0, Swofford 1999)& ©]-438]0] AATEIS1 1, Modeltest3.7
(Posada and Crandall 1998)2 ©]8-310] &) F-859=2 GTR+
G+ model of nucleotide substitutions ©]43}5ith. Z42he] £
A= independent, unordered, equally weighted characters® X2}
B9 alignment gaps missing characters® &1t}
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% MEgo] #aAHATH ¥, cloning/S7 MG ¥4 AY=E o}
W8t JHEEZR FREC] EIHNTFg 1). €F A8 FY
DNAE o}88 G7IME 42 PCR 2FYolA chimeric sequences
£ AT 4 917] WEel Bellerophon(Huber et al., 2004)S ©]
£3}o chimeric sequence 9152 ZA8I3Ich AWEE frojr] &
o170 clone?t B FHERZEF F7IAEE 200-nt X 300-nt
window sizesZ 433t 2 20787H200-nt window?} 1571,
300-nt window7} 57) putative parent &} chimera®] +AMIE &
ulsh= 1 Br}h & preference scores® HITh AWk 207 B

Table 1. Primers used to amplify and to sequence of partial SSU rDNA (1.6 kb) of dinoflagellate species

Primer name Forward/Reverse Amplification/Sequence Sequence (5'-»3") Reference
DINO18SF1 Forward Amplification AAGGGTTGTGITYATTAGNTACARAAC Lin et al.(2006)
18ScomR1 Reverse Amplification CACCTACGGAAACCTTGTTACGAC Lin et al.(2006)
G17F Forward Sequence ATACCGTCCTAGTCTTAACC Litaker ef al.(2003)
G23R Reverse Sequence TTCAGCCTTGCGACCATAC Litaker ef al.(2003)
Table 2. Primers and TaqMan probe for Karlodinium veneficums pecific real-time PCR assay
Dinoflagellate  Forward/Reverse/Probe Code Sequence (5'—>3") Reference
o Forward KVITSF3  CTGTGAACTTCTITGIGAGCTCTT
ng”i‘;j‘gi’" Reverse KVITSR3  TAGCGATAGCTTCGCAGACA Park et al.(2009)
Probe KVITSP3  FAM-AGGTGAATCCCAATGCTGCTCCACTA-TAMRA
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Fig. 1. Phylogram based on minimum evolution (distance) analysis using field (ballast water originating from Singapore) derived partial SSU
rDNA sequences(1.6kb) of dinoflagellates and related organisms. The parameters of the GTR++G model of nucleotide substitution were estimated
as follows: the frequencies of nucleotides were 0.2335 for A, 0.3137 for T, 0.1832 for C, and 0.2697 for G; the rate parameters were 1.4104
for A C, 4.1685 for A«>G 1.7884 for A¢>T, 0.9620 for C«>G, 7.4922 for C«>T, and 1.0(fixed) for G«>T; Proportion of invariable sites
was 0.3459; Gamma distribution shape parameter was 0.5815. Numbers of adjacent to each node represent bootstrap values 250 % calculated
from 1000 replicates. The thickest lines indicate bootstrap values of 100 %, the thick lines indicate bootstrap values of >80 %, and thin lines
indicate bootstrap values of 250 %. Scale bar = 0.01 substitution per base. Samples sequenced in the present study are shown in bold.
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clones® SFARZF| £ AFHA B4 HFig 1) 271%F
77l (clones 7, 18, 20, 21, 23, 24, 25) clones®] undescribed eukaryotese]
35193 ool B thalke] picoeukaryotes®} 22 cladeZ
A5} F 7Y clopesS(clones 14, 22) B2 E¥E Hol:= parasitic
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o2 Alexandrium FRAIAZ} Rl A998 £ ol 27
971% grh(Hallegraeff and Bolch 1992). FHZAW} obd §9)
A RS vl Heg. brown tide phytoplankton Aureococcusano
phagefferens) AR 7+ Yellx 717k o] NVedithe By
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