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1
Tab. 1 Nanes ofmicwalgal species and strains tested i this study
Species/Stra ns Taxonany Abbreviation ofm cwalgal stra ins
Prorocentrum donghaiense Prorocentrum 1. PDDH; 2. PDHK
P .minimum P rorocen trum 3. PMDH; 4. PMHK
P. triestinum Prorocentrum 5. PTHK
Alexand rum tan aren se A lexand rum 6. ATDHOL 7.ATDHO3 8. ATM JOL; 9. AT J02; 10. ATGX02
A. catenella A lexand rim 11. ACDHOL 12. ACDHO03
A.minutm A lecand rim 13. AMTW
A. dfine A lexand rim 14. AFGXO01
Karenia brevis Gym nodinium 15. KBHK
K .m #inotoi Gym nodinium 16.KMB} 17.KMHK; 18 KM DH
Takayan a pulhella Gym nodinium 19. TPXM
Akashivo sanguinea Gym nodinium 20. AS/CCM P 1740
Gyrod inum instria tun Gyrod inim 21. GIXM
1.2 DNA PCR DNA PCR .
DNA  PCR PCR 2)

Lol DGGE  PCR \ DNA 5 (ITS1 285 DNA 1
18S 1DNA (2 PCR 185 iDNA 3 ), DGGE SetA
188 DNA . DGGE  PCR Se SeC 3

2
Tab. 2 Primer sequences used in this study
(s 3

Primer Sequence ( 503 ) Target region or positions Specificity R eferences

rs4 TCCTCCGCTTATT GATATGC II'SES. 8S-1r's2 Eukaryote [ 8]

rss GGAA GTAAAA GTCGTAA CAAGG II'SES. 8S-1r's2 Eukaryote [ 8]

LSUD4R a(R) AACCAGCTACTAGRYGGTTCGAT 288 Eukaryote [ 9]

D3Ca ACGAA CGATTTG CACGTCAG 288 Eukaryote [9]

SetA

E ukA AA CCTGGTTGATCCTG CCAGT 1 to 21 Eukaryote [ 10]

EukB TGATCCTTCTGCAGGTTCACCTAC 1795 to 1772 Eukaryote [11]

Set B

EukIA CTGGTTGATCCTGCCAG 410 20 Eukaryote [12]

EukA r CCACTCCTGGTGGTGCCCTTCCG 1146— 1168 Eukaryote [13]

Set C

E uk1A CTGGTTGATCCTGCCAG 41020 Eukaryote [12]
Euk516+GC ACCAGACTTGCCCTCC 563 to 548 Eukaryote [ 14]
GC GCGGGGG CA CGGGGGG [ 14]
CGGGGGCACGGG GGG
Prinerl AAT CTA GAC GTT CTG CGC For AP-PCR Eukaryote [ 15]
Primer2 ACC GTG AGT GAC TGT CAA CG For AP-PCR Eukaryote [16]
Primer3 CAGCTAGAA GAGACGAATCTCCA For AP-PCR Eukaryote [16]
Prinerd CGC TGG ACT GTG ATG GTG TT For AP-PCR Eukaryote [ 16]
Prmer5 ATG AAT CTG CCA ACA TCG C For AP-PCR Eukaryote [ 16]
1.3 1DNA DNA Adachjeral.'” . Chist
re

alX 1.81 Pmmen. 1
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BlasN search (www. nchi nln nh tional T axonam ic Unit)[zm
gov) NCBI 1. 6 AP-PCR AP-PCR
“8', Genebank Lopez et al. L] Lol
, ,  Genr ( PCR )
bank 2 Prmerl-Prmer5 PCR
1.4 V ector NT1 Su ite9 1. %% s PCR
Clustal X 1.81 s ’
(N eghbourJoining m ethod) ,
( bootstrap) , 21 DNA ITS
1000 ; Treeviewl. 5. 2 T.pulchella
) 185 28S DNA
1.5 DGGE DGGE [ 11] 5. 8S IDNA ITS G eneBank
DGGE Crosschecker?2. 1 ( 3
SSU DNA 3’ rs1
DGGE 5. 85 DNA 1II'S2 LY DNA
(OTU, Opera ( 3
3 rDNA

Tab. 3 The regstered numbers and length of IDNA and I'S of 3 representative dnoflagelhtes in X im en harbor

, 18S RNA s 283 RRNA
S / Irs1 /
Species/ sequence 5. 85 ms2
A ccession nun ber/ length Accesson number/length A ccession num ber/ kength
T. pulchella AY 800130 /1799bp AY764179/211bp 159bp 217bp AY764178/67 bp
DQ 084522 /1800bp DQ084523/234bp 158bp 211bp DQO84521/889bp
DQ028763 /1796bp DQ054538/205bp 158bp 189bp DQ054539/871bp
: AYT764179 AY 764178

Note AY764179 and AY 764178 had been regstered by D :tHaifeng Gu in the Third Institute of O ceanology State OceanicA dn mistraton China

T.pulchella (TPXM ) 18S RNA Genebank
Karldinum micun ( AY245692)

Gymnod inwun galatheanum ( A¥F272045-272050)

98%, Ir's
DQ 459434 Karldinum micun
(NM B jah047) (9% ), Gaps (1% ),
T.pulchella D1D2
721bp
9%,
T.pulchella PMDHO1  II'S
28SRNA
9% ,
GKXMOl IS
4 9%,
28S 1RNA

Gymnod inim sp- (AY916549) Gyrodinium unca te-
num (AY916541) Gymnodinwm sp. (U94907)

100 100 9% , GIXMO1
28S 1RNA
2.2
(1 23 Irs
, T.pulchella (AY764179)
Karlodinium micum s
; Karenia Gymnod iniun
AF318225 AF318247 ,
s P rorocentrum 5
(DQ054538)
GIXM 01 ( DQ084523)
Gyrod inum (A J534386)
, Takayama
, Karlo-
dinium DQ 114467 U92257  G. galathea
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num ( AF200675)
AY 355459 U 92249
(DQ084521)
Akashivo ,

B

Karenwa

Gym nod inium

Prorocentrun 7

)

Prorocentrum baltium ( AF042816)

Gymnodinium sp. USA29-9AF201747

{1000
"' Heterocapsa triquetra AF527816

ITS

528

999

Scrippsiella trochoidea AY 685009

424 33 Prorocentrum triestinum AF208246

1000 Prorocentrum minimum DQ054538
L 987 Prorocentrum donghaiense AY465116

|:1000 Prorocentrum mexicanum AY886763
Prorocentrum micans DQ485145

(53 Gymnodinium sp. 7-15 AJ534382

I—@O Gymnodinium catenatum AY 506592
Gyrodinium impudicum AF131074

Gymnodinium corii AF318226

—@O Gymnodinium maguelonnense AF318225
Gymnodinium sp. Chile 53/16 AF318247

Karenia brevis AF352369

1 739 — s Karenia mikimotoi AF318224

I:l 300 Karlodinium micrum AF352367
Takayama cf. pulchella AY764179

|:1000 Gyrodinium instriatum GIXM01 DQ084523
Gyrodinium instriatum AJ534386

Akashiwo sanguineum AF131075
Gymnodinium sp. zhaoOl AJ534385
Gymnodinium sp. zhaoO8 AJ534384

LSU

Amphidinium semilunatum AY455678

151

352

7000 Karenia brevis AY355459

L—" Karenia mikimotoi U92249

Karlodinium armiger DQ114467
Gymnodinium galatheanum AF200675
Karlodinium micrum U92257

Takayama tasmanica AY 947669

Takayama helix AY284950

Takayama cf .pulchella U92254

W Gyrodinium instriatum GIXM01 DQ084521

991
1000
999
1000
580

700 Akashiwo sanguinea AB232670
Gymnodinium catenatum AB196486

Heterocapsa arctica AYS571372

197

Pfiesteria-like sp. AY590477

987

000 Prorocentrum dentatum AY 863006
ﬁo Prorocentrum micans AY833513
Prorocentrum donghaiense AY 822610

1000
l:lOOO Prorocentrum balticum AF042816
Prorocentrum minimum DQ054539

Prorocentrum gracile AY259165

Prorocentrum rhathymum AY259167

DN A

Fig 1 NeighborJoningmethod consensus tree resolved fran IDNA nucleotid e sequence( Numbers next to bran ching points ind icate numb er

of 1000 b ootstrap )

2.3 PCR DGGE
, DGGE
(01U)
( 2 , 1
Maker OTUs
4

, Prorocentrun

PMHK PDDH PMDH PDHK PTHK
, AL
exandruun ~ ACDHO1 ACDHO3 ATDHOI ATDH 03
ATM JO1 ATM J02
Gymnodiniwn  KMHK KMBJ KBHK
, KMDH T.puldiella
(TPXM ) PMDH ,
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AMTW AFGXO01
GXM Akashivo  AS (CCM P1740) A lexandmum , DGGE

2 DGGE
Fig 2 DGGE fingewprints of different dinofligellate gpecies
M (M group in Fig 2 was control group ofm ixed alac sanpk); 1. PMHK: 2. PDDH; 3. KMHK: 4. KM BJ 5. KBHK; 6. TPXM;
7.KMDH; 8 PMDH; 9. G XM; 10 AFGXO0L 11. ACDHOI; 12. ACDHO3; 13. ATDHOL 14. ATDHO03 15. ATM JOL 16. AT™M JO2 17. AM'TW; 18. AS
(CQMP1740); 19. PDHK; 20. PIHK; 1 (Abbrev iatons of microalal strains were shown as Tab. 1)
2.4 AP-PCR
3
( 3A) 5 , 31 DNA PCR
4 3,
ACDH 01 ACDHO03 RNA
, ATDHO! ATDHO3 ATGX02 )
, ACDH ATDH : , .
ATM Jo1 ATM Jo2 , 5 2) ;
ATDH AE- 3)
GX01 AMTW ATDH ACDH ;4 RNA
P rorocentrum, PMDH PMHK , ;3 5)
, PDDH  PDHK 2
, PTHK Prorocentrum , 18S  28S RNA
Gymnod inium GIXM ,

T.pulchells (TPXM ) Akashivo ~ AS (CCMP1740)  PCR ;
Karenia  KBHK KMDH

[21]

,Karenia KMBJ KMHK 18S RNA  28S RNA rs
, AP-PCR
’ ' [17 21]
ATDH  ACDH 3
ATDH A ] PDDH T .pulchella
PDHK, , PCR ,
BLAST s s

285 DI D2 )
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, 'S Takayana S
Karlodinum Takayama 24
s , T.pulchella Karlod intum Takayana
K .m icrum , TSI 5.85 I'S2 212 M 2ss , IS
159 216 ,
[22], 'S [25],
[ 23] ITS [17] ,
Akashiwwo  Karenia Gyrodinium ,
Karlodinium Takayama Gyn nodinium 28S DNA
, Gymnodinium  sp. Irs  28S DNA Proro-
, Gymnodinum centrum R

M 19 20 21 22

3 AP-PCR
Fig.3 AP-PCR fingewprint pattems of different d noflagellate species
A AP-PCR (A was thecontrol group of reduplicateAP-PCR ); 1 2 ACDHOI; 34 ACDHO03% 56 ATDHOL 7,8 ATDHO3 9 10
AMMJOL; 11, 12 ATM J02 B 21 AP-PCR (B was AP-PCR fngeprint pattems of 21 dmoflagellate species); 1. ACDH 0L;

2 ACDHO3 3 ATDHOL 4. ATDH 03; 5. ATGX02 6. AT™M JOL; 7. ATM J02 8 GIXM; 9. PMDH; 10. KMDH; 11. AFGX0E 12.AS(CCMP1740); 13. TPXM;
14. KBHK; 15 AMTW; 16. KM B} 17. KMHK; 18 PDDH; 19 PDHK; 20. MHK; 21. PTHK; 22. AFGX 0% 23. TPXM; 24. KBHK M M aker

1 (M wasmarker abbreviations ofmicroalal strainswere shown asTab. 1)
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3.2 DGGE AP-PCR
PCR-DGGE DNA ,
1993 ATDH ACDH
26
e ATDH AIMJ PDDH  PDHK,
. [20]
Seler et al. DGGE
P 5
(OTU) 18S RNA PCR
DGGE H
R GIXM, Akashivo ,
(CCM P1740), AMTW, AFGXO01
, (Karenw mikinotot)
T .pulchella TPXM KMDH Gymnodinium ),
P ym
PM DH, (Gymnodinium m ki oiot),
Lo (28]
, (Karenia)
PCR , T.pulchella
[16 22 24]
DGGE : 1) ,
;5 2) 28S 1DNA
: ( 200— :
[ ]
700bp ) , :
1120
L DGGE : :
2
[26]
3.3 AP-PCR [ 1] Hou J] Chen J X Huang B Q. A dvances ofmolecular probes
bio-techniques in applicaton of ham ful algal bloom species de-
tection [ J]. Chin J. of Pub H ealh, 2004 20(9): 1127—1129
AP-PCR
[ ) .
AP-PCR . , 2004 20(9): 1127—1129]
R , [ 2] Gontcharov A A, M ekonian M. M olecu lar phylogeny ofStauras-
, AP-PCR trum meyenex Ralfs and rehted genera ( Zygneanatophyceae
Streptophyta) based on coding and noncoding DNA sequen ce
’ canparisons [ J]. J. Phycol , 2005, 41( 4): 887— 899
, APPCR [ 3] KawaiH, SasakiH, Maeba S M orphobgy andm olecular phy bge-
ny of Phaeostrophion irregulure( Phaeophyceae) with a proposal
r Phaeostrhiaceae fam. nov., and a reviev of Ishigeaceae
DNA for Ph h d f Ish
RNA PCR [ J]. Phycologia, 2005 44(2): 169— 182
2
RNA DNA [ 4] Muller] Friedl T, Hepperk D. Distinction between muliipl se
’ htes of Chlborella vulgaris ( Chlorphyta Trebouxbphyceae) and
? 10—20 lesting for conspecificiy using an plified fragnent length polm ox
PCR ) » phim and its IDNA sequences [ J]. J. Phycol, 2005 41( 6):
RNA 127l 1236— 1247
AP-PCR [ 51 TaylorF JR. T oxic Phytoplankion Bloans in the Sea [M ]. Elsevi
[16] er New York. 1993 81—86
APPCR [ 6] Houl]J LaiH Y, Huang B Q. Comparative study on method of
’ ’ anplify ng he rRNA of the genanes fran Gymnodinium sp. and
3 Prorocentrum minimum by PCR [ J]. Joumal of H ubei Institute

for Nationalities (Natral Science Edition ), 2005 23( 1): 82—
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85 [ R R PCR [J]. Nuclkx AcdsRes , 1997 25 3389— 3402
RNA . ( [19] PageDM. Tree View: An applicaton to d splay phybgenetic trees
), 20058 23(1): 8—85] on personal canputers [ J]. Canput Appl Biosci , 1996 12
[ 71 Janse L Bok ] ZwartG. A smpl ranedy against artfactual doub- 357—358
le bands in denaturing gradient gel electrophoresis [ J]. Joumal [20] SiglerW V,M mniciC, Zeyer J Electrophoresis time i pacts the
of M icrobiolagical M ethals 2004, 57- 279— 281 denaturing grad ient gel electroph ores 5-b ased assessm ent of bacte-
[ 8] WhiteT J BrunsT, Lee S Amplification and direct sequencing of rial caonmunity stucture [ J]. Journal of M icrobiolagical M eth—
fungal rbosam al RNA genes r phylogenetics [A]. In InnisM als 2004, 57 17— 22
A, Gelfand D H, Sninsky J J et al ( Eds ), PCR Protocols A [21] Chen JX, Huang B Q, JiaoN Z et al Fluorescent in site hybrid
Guide toM ethods and Applications[M ]. Academnic Press Inc , zation with oligonucleotide probes o dentify A levandrium tam a
New York 1990, 315— 322 rense and genusA lecandrim [A].  HoK C Lu SH, YuT S
[ 9] M atsunotoM, W eickert C S Beltaifa S Catechol O-m ethyltrans- (Eds ), Recent advances i the prevention and m anagem ent of
ferase (COMT) mRNA expresion in the domsolateral prefrontal hamfiul algal bbans i the South ChinaSea [ C]. Proceed ings of
cotex of patientsw ith sch zophrenia [ J]. N eur sydiopham acol- the Intemational Conference on the Preventon and M anagem ent
ogy, 2003 28 1521— 1530 of Hamful Algal Blbans i the South China Sea
[10] MedlnL, EwoodH J StickelS. The characterzaton of enzym ati- (HABSCS2003), Hongkong 2003, 81— 88
cally anplified ek aryotic 165-like tRNA-coding regions [ J]. [22] ShaoP, Chen Y Q, ZhouH. Genetic variabiliy m Gymnaliniaceae
Gene 1988 71: 491— 49 II'S regions implicatons fr species ientification and phy loge-
[11] DezB, Pedr sAli CMawshT L, et al Applicaton of denaturing netic analyss [ J|.M ar Bol , 2004 14 215— 224
gradient gel ekctrophoress (DGGE) to sudy the diversity of [23] SteaneD A, M cClure BA, ClackeA E Amplification of the poly
marie picoeukaryotic assem b hges and canparison of DGGE with morphic 5. 8Ss RNA gene fran sekcied Australian gigaitinalean
othermolecular techniques [ J]. App | Environ. M iaobiol , 2001, species (Rhodophyta) by polmerase dvain reaction [ J]. J Phy-
67 2942—2951 wl, 1991 27 758—762
[ 2] SoginM L and Gunderson JH. Stuctural dversity of eukaryotic [24] SaksM FDe Bolch C JS Botes . Takayan a Gen. Nov. (Gym—
snall subunitrbosamal RNAs [ J]. Ann N. Y Aad Sci, 1987, nodiniales D nophyceae). A new genus of unam ored dnoflget
503 125—139 htes with sigmo i apical gooves ncluding the description of two
[13] UsupG Pin L C, Ahmad A. Phybgenetic relatonship ofAlexan— new species [ J]. J Phyol , 2003 39 1233— 1246
drum tamiyawnicii (D nophyceae) o otherd lecandrium spe- [25] Colman A W. II'S2 is a double-edged ol for eukaryote evolr
cies based on rbosomal RNA gene sequences [ J]. Ham ful Al tonary can parsons [ J]. Trends in Genetics 2003, 19( 7): 370—
gae, 2002 1(1): 59—68 375
[ 14] Amann R ] BinderB JOlsonR J Canbiation of 16S RN A-tar [26] MuyzrG, DeW aal E C, Uitterlinden A G. Profiling of can p lex
geted o ligonuckotide probes wih flw cytanetry for analyzing m b al popukltions by denaturing gradient gel electrophores s
m xed m kwbil popubitions [ J]. Appl Environ. M icrobiol , analysis of polym erase chain reaction—an plified genes coding br
199Q 56 1919—1925 16S RNA [ J]. App L Environ. M icrobiol , 1993, 59: 695— 700
[ 15] LopezA, Xanena N, Cabre O. Analysis of genan ic danage in the [27] LingY, LuW E LuE PCR-RFLP and AP-PCR of thd. and II'S
m u lagen—sens itvem us-201 mu tant ofD rosophile m elanoga ser by of DNA shov that x Tavodican eia peizhongii ( Taxodm x
abitrarily prmed PCR (AP-PCR) fngewprinting [ J]. M wtat Cryptaneria) & not an intergeneric hybrid|[ J]. Joumnal of Inte-
Res., 1997, 435 63—75 grative Plant B vlogy, 2006, 48( 4): 468—472
[16] GouW L Sun J He SY. Molecular b blogical analyses of the re- [28] Daugbjerg N, Hansen G, Lasen J Phylogeny of sane of the majpr
latonship beween several species of Chaetoceros [ J]. Chinese genera of dinoflagellates based on ultrastru cture and partial LSU
H igh Technolgy Letters 2003 13 68—95 [ s s DNA sequence daty ncliding the erection of three new genera
. s of unamoured dmoflagellites [ J]. Phywlogia, 2000 39
2003 13 68—95] 302—317
[ 17] AdachiM, SakoY, Ishida Y. R estriction fragnent length polym o+ [29] MeiH, LuG X, Hu Z Y. Phylogenetic sudies of oedogoniales

phisn of rbosomal DNA intemal transcribed spacer and 5. 8S re-
gins n Japanese A lecandrium  species (D nophyceae) [ J]. J
Phycol, 1994 30: 857— 863
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MOLECULAR TAXONOMY ANALY SES OF THE RELATIONSHIPS IN SEVERAL
REPRESENTATIVE HARM FUL ALGAL BLOOM SPECIES

HOU Jan-Jun"***°, IA IH ong-Yan’, HUANG BagQ n’and LIU Shao-Ping'

(1.Key Laboratory ¢ Freshwater Fish Gamplasn Resources and Biotechnology Yangtse River F isheries Researdh Institute ChineseA axdeny
of F idhery Sciences Jinzhou 434000 2.D @artnent of B blogy, HubeiN omal Unwersity, Huangshi 435002 3. SiateKey Laboraory of M arine
Environmeental Sciene, X iamen Unwersity, Xianen 361003 4. SwteKey Laboratory of Freshw ater E cobgy and B btechnology In stitute of
H ydrobology ChneseA mdany of Scences Wuhan 430072 5. College of Fisheries H uazhong Agricultural Unwersit, Wuhan 430070)

Abstract W ith rapid econam ic development and ncreasing pollitbn sane Chnese coastal waters have becane eutroph i¢

which has resulted n a h gh frequency of ham ful alsalbloam s. R apid and unequivocal dentificat bn of ham ful species has
becane a focal pont of recent toxic algal research. A t present mowphological critern are the prin ary m eans to identify and
classify ham ful akae but it is often difficult to distinguish mompho bg ically—sin ilar species and differen tiate non-toxic from
tox ic algae. Som e new moleaular taxonamy m ethods and related technologies must be developed and applied to different ate
non-tox ic fran toxic akae and to mon itor the development of akal bloans in coastal waters Application of the rbosam al
DNA (1DNA) sequences to dentification and chssificatbn ham ful algalbloom species are mportant can plen ents for the
traditionally momphological identification and can give us more exact taxonan ic nfomations and valuable results
sam etimes M oreover analysis of phylogenies and relationships anong ham ful alsal bloan species usng sequences of the
DNA can povide a bas® on molean hr probes design and can detect target algae quantitatvely and rapily.M olecular tae
onan'y has proved particularly useful to separate closely related speces and has be ng the most canmon focuses on phyte-
planktonic ecology. In the present study the gene fragm ents of 18§ 28S DNA and ITS ( Internal transcrbed spacer) of
several representative ham ful akal b ban species fran X Bmen harborw ere amplified by polyn erase chan reacton and
cloned and then their sequencesw ere mensurated and analyzed by software. The variable regions of18S IDNA w ere an pli-
fed by specific priner PCR and then analyzed by denaturing giad ent gel electrophoresis The genam ic d ifferences of these
ham f1l algal bloan speciesw ere analyzed by AP-PCR. The different levels of molecular taxonany were descrbed by the
above-mentioned m ethods which w ere used to analyze the molecular taxonamy relatbnships n these ham ful akal bloam
species from X ian en harbor. T he resultswere as folbws 18S IDNA, detected by denaturing grad ent gel electrophoresis w as
too conservatve and its precisbn to molecular taxonamy was not preferable.M olecular taxonam ic method w ith AP-PCR
based on the analysis of genamic differences was more accumte and integrated than DGGE.The analysis of DNA se-
quences especially the length and whole sequences analysis of 'S and variable danains D1 and D2 ( about 721 bp) n
28S MDNA, could be more reliable and could provile more exact taxonam ic nfomatons han oher methods. These taxo-
nam ic nfomations cou d offer a base and elan ents for the design ofm olecular probe which could detect dentify and clas-
sify these hamful algal bban speckes.Tw o phybgenetic trees were constructed using II'S and partal 285 1DNA of three
representative ham fil algal b ban spec ks isolated fran X amen haibor and its correlatve species. Phylogenetic tree con-
structed using IT'S sequence of 23 species showed thatT akayama pulchells (AY764179) was closely related toK arlod int-
um micrum, and these genuses ofA kashw g K arenia, Gyrod niun, K arlod inium and T akayan a could also be separated from
Gymnad niwm genus approx mately. Phylogenetic tree constructed using 28S DNA (partial L], D1 and D2 regbn) se-
quence of 21 species coull separateKarlodiniun andKareniz fron T akayama, but could not sepawmte Gyrodinium i stria—

wm fran Akashiv o and Gymnodinium species clearly.

Keywords Ham ful akal bloan species M olecular taxonany DNA ( ribosan al DNA ); DGGE ( denaturing gradient gel
electrophoresis); AP-PCR ( arbitrarily prined PCR)



