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Genetic Diversity among Populations of the Toxic Dinoflagellate
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Abstract: Alexandrium tamarense was a wide-spread species of dinoflagellate causing harmful algal blooms and

paralytic shellfish poisoning around the world. The genetic diversity of 5 European and 4 Chinese strains of A.

tamarense was analyzed by using microsatellite markers. Relative low genetic diversity was revealed in the 9
strains of A. tamarense, with effective number of alleles of 1.3243 ~ 3.2667 and gene diversity of 0.3630. Based
on the markers, the 9 strains of A. tamarense were divided into three lineages with genetic differentiation of
0.7522, which related to their geographic origins. Chinese samples could be divided into two lineages, and the
European strains belong to another lineage. High genetic differentiation among the three populations suggested the

lack of gene flow.
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ZEBAB LW, BL L 1DNAE HFRKFHPIE
AET HHFAAR B E S HERRRSY, B
BEERTRER, LB AR /DI EEESH,
LA X 43 B 2L 5] 3 3R I8 19 25 38 A Wy Fp e A
FREERIOFR PR G 2R, B, RAFRBARE
WREHEE IS5 L KERN B SRR A
FEEEX,

% T2 DNA, B} DNA fi 8 3 & & (simple
sequence repeat, SSR), 7E H %A W EL R 40 B/ 2
FUERE B RERTH EREREEN G
HER RER - F AR, AR 2R TR,
I BB AT AR SR P s BRI AT
MR Z MR REE RXIERL T 1DNA 75
5}, RFLP %L\ DNA S5 Bl 5 2 Frid, AR 43
&% rRNA FRICARER MR 22 57

AR ERE 12 MEEERS, 5HE B P EE
¥ BRI 9 HRIEIS W 7 1L K BT R Y s A%
ZREHETPAT, 0T T A [R] H 3H R YR Bk ) B 3t A%
SRR AR R IREKE, 912800 T REAEIE
0 5 WL KB B AE B REE, St — 20 I E 4y
YEIEIG 7 L KB R85 2R M DA R s
REIE LR M SR AL T BRI R
| BRI
1.1 LIEHRRIEFR

9 #REEIGE I L K B (A lexandrium tamarense)
) CCMP115., CCMP116., CCMP1493 , CCMP1598,
CCMP1771 ,CCMP2022 , CCMP2023 Btk H £ H
Provasoli-Guillard National Center for Culture of
Marine Phytoplankton(CCMP), ATHK 1 ATDHO1 H

BEINREERSHEBEE . BRHS LIRS
W1,

®1 BHRRHEMR

Table 1 Strains and sampling locations of 4. tamarense

BERR Strain RAEH R Sampling locations
CCMP115  EELHFHIEE Plymouth, England, UK
CCMP1771  EEEFIFEWISHE, Plymouth, England, UK
CCMP2022  EEEFIFEWISE, Plymouth, England, UK
CCMP2023  EEEFIFEHISHE, Plymouth, England, UK
CCMP116  FHEEF HL ¥ Vigo, Spain

CCMP1493 1 EATEE ¥, Daya Bay, Guangdong, China
CCMP1598 1 EAKTEE ¥ Daya Bay, Guangdong, China

ATHK 1 E &8 Hong Kong, China
ATDHD1 B YL O ¥#38, Mouth of Yangtze River, China

CCMP115,CCMP116 , CCMP1493 , CCMP1598 .
CCMP1771.,CCMP2022, CCMP2023 F L1-Si ¥ %
FEOAGINEEE)IEF: , ATHK f1 ATDHO1 f 2 35
FIEFE, PIFIESREN 3.3% AN ¥ /KR HAE M
BB I0E FRERFR R AR, 2 0.22 pm SF4E0E g
TERRTE TS, BEESRMME TIRE 20 £ 1C OER
R A 200 wmol m”s™ JEEEH 12 h: 12 h B RXZ-
430E N TR MM (T EAER ) 3EF

1.2 D ERICAIEIE

WMITEFFCE| Y15 B EARKEY A Nagai &
BI75 3 , PCR 738 7212 2% SRR I vl 3 A
Ja PR Y RE Y M B AT, HRE K
EWIFHEI Y. BJEXHEREE WETRIERIC,
FK#AT PCR, LB E B Ik B AN PCR 3
FEYIR A B IME AR SR B R R I B

1.3 PCR KRR RERF

PCR Wi #& & % 10 pL:10 x Ex Tag Buffer
(Mg®* Plus) 1 pL, dNTP Mixture (% 2.5 mmol/L)
0.8 wL,TaKaRa Ex Tag HS (5 U pL™") 0.1 pL,f{ T
E FTE%(20 pmol/L)#& 0.1 pL, itk DNA 4
50 ng, i ddH,0 E & F 10 pL, KN FRH
Touch down PCR:94C FiZAS £ 5 min; 94C 45 {#
30 5,60CiR kK 30 s,72C IEH 1 min, FEH 2 K ;B
KEREFXR TR 2C, 5MREHIT 2 RBEFEER
50°C ;94°C 28 4 30 s, 50C Bk 30 s, 72%C IE fi
1 min, 753 29 ¥k, BJ5 72CIEMH 7 min, FFH 2%
DRI SES fE Wk AL I PCR 38 7= 497, %1 4 H Wi 5|
YIRBREY W B AT

1.4 WHARID 5% PCR 5EME B kiGN

PCR JX W #& & 4 50 pL: GeneAmp 10 x PCR
Buffer II 5 pL, MgCL (25 mmol/L) 5 pL, dNTPs
(2.5 mmol/L each) 4 pL, Primer-mix 5 pL, Ampli
Tag Gold (5 U pL™") 1 uL, gDNA & ¥k N 50 ng,
ddH, 0 %M TR E 50 wL, PCR RIVFREF: 95CH
A8 10 min;94°CAE P 15 5,55CiB K 15 5,72CIE
830 s, 40 MBI ; BJG 72°CIEfH 30 min,

EBABHREEARARN SR ERRFN LY,
Lk BB 4 Genemapper 3X{4-ACHEE1E BRI - B
KN,

1.5 Y\
{8 F§ POPGEN32(version 1.32)#/4-4E1HEE T
DI KEM N B 2 AR REZRE
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B, W £ % & B # (Observed number of
alleles, Na). H R % i 3£ K ¥ (Effective number of
alleles, Ne) Nef's Z:H Z M (Nef's genetic diversity,
H). 22547 5 ¥ (Number of polymorphic loci)f1Z& %
{57 55 M #8 (Percentage of polymorphic loci, P), PA &
B B H 4 5 & (Total population expected
heterozygosity, Ht). . FF #F #§ 2 4% & ¥ (Each
population expected heterozygosity, Hs). i &7k &
% (Coefficient of gene differentiation, Gst)F1x: [ ¥
& (Estimate of gene flow)Z,

I NTSYSpc (version 2.10e)$ /48 & kR A]
)38 £ R A0 BE 7 Nets 82 AZEE 25 , 8- LUIE A3
% (Unweighted Pair Group Method with Arithmetic
means, UPGMAYHATRET, WERAERBTH .

2 GRS

2.1 MOEfM R PCR =Y EHAE BRI EFR
HREW, 23 MM T ERICTI YA 15 X5
Yreey 3 HIEWTH B & . HE—B3X 15 345
YrHEAT oI , B #EAT PCRo HH, 12 XH5006
PRICT I WTREIRS T M i B B &R, LA 26 NF
fEH, B 1 8T WBAE BN R
FHeh A BT | PrxER o AR YA B AR
W EAE T TR A RN PR, WTRER: (1)
G S EAL, LHRFI Y 37 R R AT AR
2B A BEAR BRAR T T2 ARICE PCR ¥738;5(2)
PG EISF MR R A BRI F] 5 (3) DNA AR i
BAFSRE AR R R E",

2.2 MNEESHEYE

M2 TTLAER N, 12 MEEERREHA 9 MU
BEBENM, 220 A HEE 5%, 9 ME&ME
LA AL B EHCh 1.3243 ~3.2667, F 3
1.8774, EIBWILKERHEEZH R 02449 ~
07222, F#1503630, ABFREINLA 55 Nagai
ZUUAN Alpermann %" BT 45 RARML (BN B
HEFE H Z R PO E A B AR, X T AR R
LR ERFERER A KI5 EST 7
FIVIHR, ¥ B R ST, AR BT BEA
mEIEME,

2.3 BESH
RGBS LR DB AR M TN Nei's 18 &R Bt 2 i
REI(E 2), T LLE ), CCMP1493 . CCMP1598 Fl

ATHK 1 3% 1% BE B % /), H o+ CCMP1493 HI
CCMP1598 A —%, 4% Kk &K ik; CCMP115,
CCMP1771, CCMP2023 , CCMP116 I CCMP2022
MBEEREZRBARAK, FERXABR NEIT; W
ATDHO1 A% F X B4k 32 B BEAR SR 4 K R AR
Heim , BRI 9 ARIE I B 1L KRR 408 3 R4k
. #4 X 1 g% CCMP115, CCMP1771,
CCMP2023 .CCMP116 I CCMP2022, #3722 R
4 ATDHO1, #4k % 3 645 CCMP1493., CCMP1598
M ATHK, #4632 P& EARBIR B R — B A
SR, Ui 9 MRIBI T L KM R LR AR
S5BLAAREREY, EME F g, K
SEGRFBMGT

Hb X 2 FFEE 2 3 B9 4 BREEMRERRIE TP
ERG I, DA B BV YIS I 1L K E DAL 4
HFAN ST B, X SR ARG R A E RS,
BRS8N, B EVE RIS IS AR R 7 1L K
FF3EEE TR I KR A A TR
HORERE, A RS RREE B E 2SN
41 BT (Restriction Fragment Length Polymorphism,
RFLP)ZXH,8 HrH E R G IEB TG IL KBS
BRE BRI AR, R RIS
S IR EERR B HEAL ST 1 R FE b [ i v bk 9 3
#3723 Z B AEEE R, KRR RESHTE
FRIC BB % BB rDNA FRIEA B8 X 43t FF Y
WG EFA K, W B BT A i AR A T 5,
A RTFH—EHTR,

2.4 FhERBEES U RERR

RYE 9 HRIBIB L I KB, AR
ROWER , AR E XL ER N 3 NFIEE, 77
K3 AR (FE3). TTLLER 3 MEBER
IR SRR A E y 03814, WFFHE
PEHEE A BN 0.0945 , 5Bk H BN (R BRI
FEBRNZH, BEMMERPCEHE RN 0.7522,
BAE AL R BN S, ULHA A [F] s BB Ap B R A7 7E
BRMBIEER

3 ANEIG W Py L R SRR A A A B B 3 KR
R4, — AR, BERF AT 1 6, GLEFPEER]
FE—ENERKH, TUEH,3 M2
HIEFERAAR/NE/NT 0.5), B 3 MR B A4
FHEW A T BB R/ o

Scholin 254188 $2 1 | 7[RIy HHL 40 149 35 35 0 17
WK ER AR B A —AN L[ B R B R 4 ot
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Fig. 1 Capillary electrophoresis of the part of microsatellite markers primer

(1)P1; (2)P6; (3)P8
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ATHK

| I
0.71 0.79 0.88
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Fig. 2 The dendrogram based on Nef’s gentic distance of 9 strains 4. famarense
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®2 IKEBTHLAES 12 M DEFCHBEESHE
Table 2 Genetic diversity of 12 microsatellite markers in 9 4. tamarense strains

514 M SR EEL ARENERY Nei’s 2 £ R
Primer Observed number of alleles Effective number of alleles Nei’s gene diversity
P1 2 1.6 0.3750
P2 1 1 -
P4 2 1.3243 0.2449
P6 4 36 0.7222
P7 4 3.2667 0.6939
P8 2 1.4706 0.3200
P9 1 1 -
P10 2 2 0.5000
P11 2 2 0.5000
P12 3 2.6667 0.6250
Atamal9 2 1.6 0.3750
Atama26 1 1 -
-3 Mean 2.1667 1.8774 0.3630

S Y¥E Number of polymorphic loci:9

£ AMES| YL 2R The percentage of polymorphic loci:75%

2|47 P1 ~ P12 3| B 3CHR[8], Atamal9 F1 26 B[ A 3CHE[11]. P1 to P12 from reference 8, Atamal9 and 26 from reference 11.

:3 3MEEIEHLARWMFEANEEIL
Table 3 Gene diversity in 3 populations of 4. tamarense

- BN RREE MERHERSE MERE LR
Primer Expected heterozygosity Expected heterozygosity Coefficient of gene
among populations within population differentiation
P1 0.5000 - 1.0000
P2 - - -
P4 02778 02222 0.2000
P6 0.7160 0.1481 0.7931
P7 0.6528 02917 0.5532
P8 0.3750 02500 0.3333
P9 - - -
P10 0.5000 - 1.0000
P11 0.4444 - 1.0000
P12 06111 02222 0.6364
Atamal9 0.5000 - 1.0000
Atama26 - - -
Mean 03814 0.0945 0.7522

IRTIR , KA AT b 922 57 R B O IS HG U B R
BRI PEAL . John PO 4148 H 20N WL AR, A
THRBEB I I RBEE S MRS T — ek
AR, PEREE U E JTAER MR 2R M 5 s B A
EIRARAEAL , 10 [R) 7 100 B 35 35 30 B Ll e
BAFRETRAMFEMRES ML, HESKE
BT U P b PRI IE RS 5

F4 3MEBEFHLARHFNERREE
Table 4 Estimate of gene flow in 3 populations of 4. famarense

R 1 it 2 3
Population 1 Population 2 Population 3
Fp# 1 Population 1 - - -

F# 2 Population 2 0.4259 - R
FFE 3 Population 3 0.1803 0.4059 -
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oL E R R M R I i B
BRI 3 B B B JLF T A A, B U A S 5
53, BB H] BRTE ARG S I T A —E W
FPW. B, B P 7 X S0 18] B T % K P 8
R, B AR R —2, B ER AR,

ABIFEY 9 ARIEIGE I L R EER BT Loy
N 3 AN, o E AR G B 1L KBS VU R
P R B A IR B RE AL ST, IR AR BE B BT , b
VR ) 5 R 7K SPARAER , DA P2 3 Bl R 28 B
Y5 T E YA 1L R B B R AR, i
VR Ey 2k B A A T 2 ) iR 2 2 DR 3 T R 5 3
HAoMERWER, Fa,dEAEEMKIA
YRR AL P Lk B T BBJR T A R B #E 45T, 3
I H] B daoR A A LR SR, DA o BB L
WIREEF T 2 BB e 2, X TR R R LA 1
WREANNEREN, BRASEEE, b EERED
W R EEGR > B ZEB, 50 RK BRYH 4F M O B AR
KM, MSILRFHOAR, FHEEIU N, 5
R Y S5 B0 R T 17 L R P B SE R0 T 35
SAME W RS HEFNE, A, BT AR
WENERBEAR, FXAEHHFE— 2K
UESE,
3 4L

9 BRIEFEJy I KRBERBFT LA 3 itk
X, SEAR R LA B A KB, K, E
W MIEBLH L KEZE DS A 2 MR
BT, AR A B3 35 W 7 1L R A 5t %
ALK R, 75 0.7522,, FREEE AR Fifh Bk
SRR, R 3 MR REAFEE R AR . W
LK , R [F AR R A R B B SR E iz
Ve ik = FEE R IR BOR R B P 2 A5 A 38 BB 0 7 Ll K
B AR s % K

B 3k

[1] Lilly E L, Halanych K M, Anderson D M. Species boundaries and
global biogeography of the Alexandrium tamarense complex
(Dionphyceae) [J]. J Phycol, 2007, 43(6): 1329-1338.

[2] McCauky L A R, Erdner D L, Nagai S, et al Biogeographic analysis
of the globally distributed harmful algal bloom species Alexandrium
minutum (Dinophyceae) based on rRNA gene sequences and
microsatellite markers [J]. J Phycol, 2009, 45(2): 454-463.

[3] Scholin C A, Herzog M, Sogin M, et al. Identification of group-and

strain-specific genetic markers for globally distributed Alexandrium
(Dinophyceae). II. Sequence analysis of a fragment of the LSU
rRNA gene [J]. J Phycol, 1994, 30(4): 999-1011.

[4] Scholin C A, Hallegraeff G M, Anderson D M. Molecular evolution
of the Alexandrium tamarense “species complex” (Dinophyceae):
Dispersal in the North American and West Pacific regions [J].
Phycologia, 1995, 34(6): 472-485.

[5] Li Y(Z#), Li S H(BSUE), Jiang T J(ZLR ), et al. Population
dynamics of Alexandrium tamarense and its relations with
environmental factors in Nanji Islands sea area of Zhejiang Province
[7]. Chin J Appl Ecol(Bi Fi £ &2 4), 2009, 20(4): 916-922.(in
Chinese)

[6] Tang X HUE#ME), Yu R C(F/2M), Yan TEHXK), et al. Sequence
analysis and molecular phylogenetics of ribosomal RNA gene of
Alexandrium (Dinophyceae) strains in China [J]. Ocean Limnol Sin
(S HATE), 2006, 37(6): 529-535.(in Chinese)

[7] Wang D Z, Lin L, Chan L L, et al. Comparative studies of four
protein preparation methods for proteomic study of the dinoflagellate
Alexandrium sp. using two-dimensional electrophoresis [J]. Harm
Algae, 2009(8): 685-691.

[8] Wang D D(ERK), Yang W D(BHER), Lin T SN ).
Screening of microsatellite markers in Alexandrium spp. [J]. Acta
Ecol Sin(2EA&%£3]), 2009, 29(4): 2124-2133.(in Chinese)

[9] Masseret E, Grzebyk D, Nagai S, et al. Unexpected genetic diversity
among and within populations of the toxic dinoflagellate
Alexandrium catenella as revealed by nuclear microsatellite marker
[J1. Appl Environ Microbiol, 2009, 75(7): 2037-2045.

[10] Nagai S, Lian C, Yamaguchi S, et al. Microsatellite markers reveal
population genetic structure of the toxic dinoflagellate
(Dionphyceae) in Japanese coastal waters [J]. J Phycol, 2007, 43
(1):43-54.

[11] Nagai S, Lian C, Hamaguchi M, et al. Development of microsatellite
markers in the toxic dinoflagellate Alexandrium tamarense
(Dinolhyceae) [J]. Mol Ecol Notes, 2004, 4(1): 83—85.

[12] Nagai S, Sekino M, Matstuyama Y, et al. Development of
microsatellite markers in the toxic dinoflagellate Alexandrium
catenella (Dinophyceae) [J]. Mol Ecol Notes, 2006, 6(1): 120-122.

[13] Nagai S, McCauley L, Yasuda N, et al Development of
microsatellite markers in the toxic dinoflagellate Alexandrium
minutum (Dinophyceae) [J]. Mol Ecol Notes, 2006, 6(3): 756-758.

[14] Nagai S, Nishitani G, Yamaguchi S, et al Development of
microsatellite markers in the noxious red tide-causing dinoflagellate
Heterocapsa circularisquama (Dinophyceae) [J]. Mol Ecol Notes,
2007, 7: 993-995.

[15] Demura M, Kavachi M, Kunugi M, et al. Development of
microsatellite markers for the red tide-forming harmful species
Chattonella antigua, C. marina, and C. ovata (Raphidophyceae) [J].
Mol Ecol Notes, 2007, 7(2): 315-317.

[16] Dakin E E, Avise J C. Microsatellite null alleles in parentage analysis
[J]. Beredity, 2004, 93(5): 504-509.

[17] Alpermann T J, John U E, Medlin L K, et al. Six new microsatellite



434 Rl R Y 4R F18%

markers for the toxic marine dinoflagellate Alexandrium tamarense 1951, 15:323-354.

[J]. Mol Ecol Notes, 2006, 6(4):1057-1059. [20] John U, Fensome R A, Medlin L K. The Application of a molecular
[18] Chen Y Q(B& A ), Qiu X Z(FB/ME), Qu L QUE R E8), et al clock based on molecular sequences and the fossil record to

Analysis of molecular biogeographic marker on red tide toxic exphin biogeographic distributions within the Alexandrium

Alexandrium tamarense in the south China sea [J]. Ocean Limnol tamarense “species complex” (Dinophyceae) [J]. Mol Biol Evol,

Sin(¥H: 5HI1E). 1999, 30(1): 45-51.(in Chinese) 2003, 20(7): 1015-1027.

[19] Wright S. The genetical structure of population [J]. Ann Eugen,





