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Morphological and Phylogenetic Analysis of Prorocentrum micans Isolated
from the Beibu Gulf
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Abstract: The aim was to understand morphological characteristics and phylogenetic evolution significant of
Prorocentrum micans. The morphological characters of P. micans BBW-01strain, isolated from Beibu Gulf of
Guangxi Province, was described under light microscopy, and phylogenetic evolution relationship was studied
on the basis of molecular sequences. The morphological characters of different geographical P. micans tested in
this study were similar, except of the range of cell size. The morphology of P. micans BBW-01 was more close
to that isolated from Daya bay of Guangdong Province. Seven big pores arranged symmetrically with V-shape at
the posterior end could be an important indicator of identification of P. micans. Homologous Blast and system
evolution analysis on the basis of 18S rDNA sequence showed that P. micans BBW-01 had close relation with
P. micans (DQ004735), and clustered together with two other P. micans, belonging to planktonic or facultative
planktonic Prorocentrum. Therefore, the precise identification of the causative species was helpful to prevent and
reduce the harm of red tide on marine environment and human beings.
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Table 1 Origin of materials for thel8S rDNA sequences used in the phylogenetic analysis

i GenBank #%5 A K
Species GenBank Accession No. Strain Source
WEEER S Prorocentrum micans — BBW-01 JUPEILERY Beibu Gulf, Guangxi
DQO004735 PmicC " [E Fg 6 South China Sea
EU780638 CCMP1589 FE B 15 B ML T FERHS Narragansett Bay
AY585526 CCMP1589 T 22 AL ¥R HE 11 West Boothbay Harbor
12 H P, rhathymum EU287487 S7 FE % HLIAMN Florida, USA
AEVYRHE S P mexicanum EU287485 CCMP687 FE % HLIEMN Florida, USA
AR EE P, triestinum AB183673 MBIC11147 —
DQ004734 PtriC ' [E 7 South China Sea
LENE I P. gracile AY443019 CCCM 765 26 [ B 5 R TS Puget sound, Washington, USA
P. tsawwassenense EF657885 — A E RS HAV. British Columbia
TN P, minimum AY803740 1 Fh[E F75F South China Sea
AY421791 PmiPrMu21 g [E T Korean Coasts
RIS P. donghaiense DQ336054 — 1 [E| %1% East China Sea
HVGJEH 3 P. dentatum DQ336057 CCMP1517 B KFE South Pacific
P. arenarium Y 16234 PMAYDI1 E[1JZ ¥ Indian Ocean
P. bimaculatum HQ890882 IFR10-166 FA[RiAF 7% Arabian Gulf
P. concavum Y16237 PPANO4 Gulf of Panma, Pacific Coast
HQ890884 IFR10-096 B[ RIAF % Arabian Gulf
P. glenanicum GU327679 TFR1080 L E R A 53 JE South Brittany
P. levis FJ489617 VGOS80 —
FIIL T H ¥ P, lima Y 16235 #151 H A KSEFETEE Tapan, Pacific Coast
P. maculosum Y16236 PPAN20 EZ LR E Contadora Island, Pananma
P. panamensis Y16233 PPANO6 MDA LH Contadora Island, Pananma
P. pseudopanamense GU327677 IFR709 P E 5135 ) South Brittany
TOGEE Noctiluca scintillans AF022200 — —

—: BAE R

—: Missing information.

P 1 TR LT BBW-0 1T ASHRE . AL WU 7 IR s B. Z7e i, TRORIFIRIA ;s C. A 5eh, RSP RAE M i 4 AL LU V7 SIS R AL
AS:THI; as: @I EP:A0HAL; LP:KAL.

Fig. 1 Morphological characters of Prorocentrum micans BBW-01 strain. A. Valve surface view;B. Left valve, showing apical spine and ancillary

spine (arrows); C. Right valve, showing radially extended elongated pores and V-shape arranged large pores (arrows). AS: Apical spine; as: Ancillary

spine; EP: Elongated pore; LP: Large pore.
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Table 2 The morphological characters of different geographical Prorocentrum micans
BRI N K (wm) 9% (wm) KL Ratio of Tk Apical £ AL 3k
Origin of algae Shape Length Width length to width ~ spine (pum) Trichocyst pore Reference
Bl ii5e ROKIHTE 42 ~57 23 ~33 <2 =7 A TSN B NEL B REE A
Beibu Gulf,  Oblique drop-shaped [i1) ¢ T 340 2k S AR AT AR AE A 40 This paper
Guangxi AL 5 FOAL 2 243 A F 7 MR AT ity
NG, TRV FA
Xf FR HE 31 Valve surface regularly
distributed many small pores.
Elongated pores radially distributed
from middle to edge. Large pores
mainly distributed at anterior end,
and seven V-shaped arranged big
pores at posterior end
K75 WAL 45~55 20 ~ 30 — 7~9 i 22 L 3 2 B O IRAE A 2 52 [1]
Daya Bay, Oblique pear-shaped M i %k Trichocyst pores radially
Guangdong extended to the edge
ARPYR G b ZE T 40 ~ 57 26~ 30 — — 22 fL R CHIRIE SR [13]
Mexico Oval-lanceolate e S, 53 K 22 AL
& 1E 5% B2 31 % Trichocyst pores
radially extended to the edge, and
others scattered the edge
RMg s YIJE Oval 35~70 20 ~ 50 — — il 22 JaFLE R AES [3]
Dapeng Bay, Trichocyst pores radially arranged
Guangdong
HRItE RO 35~70 20~ 50 — 7 NG TR 22 g [2]
East China Oblique drop-shaped FL Numerous trichocyst pores radially
Sea arranged around edge
=Tk [IEC{AEE N 19.6~86.5 8.6~36.4 <2 62~80  FEMRREMMIFLZRAIMRN  [14]
Mexico Rounded anteriorly, il L AR ) 5T T 2 2 AR IR
pointed posteriorly i) 20 4 AL s 2D i R AL Valve
surface regularly distributed many
depression small groove. Elongated
pores radially distributed from
middle to edge. A few of large
pores
—JESCRAE R

—:Not mentioned in original paper.

3 AN B A 2 e (LA T A B 2 S a0, AR A v
1K 99.82%; 5 1 1 i HT HE(EUT780638) Ml TAE 7 Ji
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rhathymum) . 55 V4 5 J& H 3 (P. mexicanum) . = f B
i H (P, triestinum) 2T 40 )5 H $E(P. gracile)Fl P.
tsawwassenense [FIFUPELI KT 99.00%. 5] 183
rDNA J@8 LA RS, 28 57 5/ (HH] ] BLAST [+
R ZR AT RE T BT 1 0 Pk 25 1 51 1) F) ik 2 S FTAH
I, HEAh, Hext gl SRk 2B, [R] Ay pig 1 ik AR 1)

TR BBW-01 557 7E [ F 5(DQO04735) Y jit
X ZRENEY]
222 Rt

M35 1 b 18S tDNA T 51 ¥4 £ & 4t iF 1k
B, 43 o AR 32 BN L F /D i3 4R i (Minimum
evolution, ME)Fl iz K i 7% (Maximum parsimony,
MPI R G & W, T4 RIEA —2., WA
B T R VLR (K] 2K, 1 T 3
BBW-01 5 ¥ 7 J5L ! 38(DQ004735) % i — 37, ¢
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lima) M1 P. maculosum A A 15 19 Jirt FH eI ie o

gt & 3 3, B H Mega 4.0 # 1f /9 Kimura 2-
parameter 158U 1554 AR [A] 1B AL PR S . 45 SRR

Prorocentrum micans DQ004735
P. micans BBW-01
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fl
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Ji

Fig. 2 Phylogenetic tree based 18S rDNA gene sequence by Neighbour-Joining method. Noctiluca scintillans as outgroup.

2 3 5B JEH 5 18S rDNA J¥ 4111 Jukes-Cantor [ 2541 [4:

Table 3 Jukes-Cantor corrected distance based on 18S rDNA sequences in Prorocentrum

1 2 3 4 5 6 7 8 9
1
2 0.001
3 0.001 0.002
4 0.001 0.002 0.000
5 0.002 0.002 0.002 0.002
6 0.002 0.003 0.001 0.001 0.002
7 0.007 0.007 0.006 0.006 0.006 0.006
8 0.007 0.007 0.007 0.007 0.006 0.007 0.001
9 0.007 0.007 0.006 0.006 0.006 0.006 0.001 0.001
10 0.011 0.012 0.010 0.010 0.012 0.010 0.013 0.014 0.013

1: Procentrum micans (BBW-01); 2: P. micans (DQ004735); 3: P. micans (EU780638); 4: P. micans (AY585526); 5: P. rhathymum (EU287487); 6: P.
mexicanum (EU287485); 7: P. triestinum (AB183673); 8: P. triestinum (DQ004734); 9: P. gracile (AY443019); 10: P. tsawwassenense (EF657885).
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VW58 3 A AR I A i) R ek Ak

PR D i SR S SR, — R T
WA RN T 28 I H R S 248, 2
AKX FREEH 5 75— A 2 I 38, 3 S 4 i
TEAIIFR, A AL /N2 R e R Gtk e
Z AL U B T E R A ] X 2 B
RHBVIKIE Exuviaella J& A B34 5%
AT AR W 45 Tt FE g o BRI AL, GOOR A5 B il 7 22 5
PRI AR M AR L TR R e i AL T Tt A5 3] T — 2B
PR RAE Ak, B i T BRI RS I,
Jir 88 1 SR T ) AT 5 45 6 I FR R T A8
FROE R ZAE 0 70 FRic s 7 IR 2 I AR
HIBFFE

Sk

[1] GuXL,QiYZ, ChenlJF, etal. Species of Prorocentrum (Dinophyceae)
in Daya Bay, China [J]. J Trop Subtrop Bot, 2002, 10(4): 335-
339.

SENE, SR, MRADS, A TS K R A
D] Bl WA A4, 2002, 10(4): 335-339.

[2] Lu D D, Goebel J. Five red tide species in genus Prorocentrum
including the description of Prorocentrum donghaiense Lu sp.
nov. from the east China Sea [J]. Chin J Ocean Limnol, 2001,
19(4): 337-344.

[31 QiY Z, Qian F. Taxonomic studies on red tide causative
dinoflagellates in Dapeng Bay, south China Sea [J]. Oceanol
Limnol Sin, 1994, 25(2): 206-210.

FERTEE, Bkl MBI LR R B 20T (0], RS
1A, 1994, 25(2): 206-210.

[4] Han X T, Zhen L, Yu Z M, et al. Molecular identification and
phylogenetic analysis of HAB Prorocentrum using small subunit
ribosomal DNA genes [J]. Chin High Technol Lett, 2006, 16(8):
864-869.

FEER, KR, ATAEEA, . AR EH BEProrocentrumy ¥
PUNFIRG L & 25 ], ORI, 2006, 16(8): 864-869.

[5] State Oceanic Administration. Bulletin of China’s Marine
Environmental Status of China for the year of 2010 [M]. Beijing:
State Oceanic Administration, 2011: 20-22.

[ ZHETE IR 20 104F H [EHRAEFRBE O A0 (M. bt 500
PEJR, 2011: 20-22.

[6] State Oceanic Administration. Bulletin of China’s Marine
Environmental Status of China for the year of 2009 [M]. Beijing:
State Oceanic Administration, 2010: 50-52.
| G Jey. 20094 Hh [T PR B A 04T (M. bt B R
P, 2010: 50-52.

[7] State Oceanic Administration. Bulletin of China’s Marine
Environmental Status of China for the year of 2008 [M]. Beijing:
State Oceanic Administration, 2009: 66—69.



338

AT AR R~ 41

$21%

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[E AR . 200848 i EIRAEPRE BT AL [M]. dExt: [H5H
TEJR, 2009: 66-69.
Bravoa I, Fernandez M L, Ramiloa I, et al. Toxin composition
of the toxic dinoflagellate Prorocentrum lima Dodge isolated
from different locations along the Galician coast (NW Spain) [J].
Toxicon, 2001, 39(10): 1537-1545.
Ehrenberg C G. Oranisation in der Richtung des Kleinberg
Raumes. Dritter Beitrag zur Erkenntnis grosser Oranisationen
in der Richtung des kleinsten Rames [J]. Abh Akad Wiss, 1834,
307(3): 307-308.(in German)
Zhu M Y, Li R X, Wang F. Proceedings of the Second Meeting
of Chinese Committee of SCOR-IOC HAB Working Group [C].
Qingdao: Qingdao Press, 1996: 120-121.
Qian F, Qi Y Z, Zhu C J. Methodological studies on
dinoflagellate taxonomy: I. Thecal isolation and staining [J]. J
Jinan Univ (Nat Sci Med), 1995, 16(1): 127-130.
BRI, FERTHE, R, SR B eIk (—) — A
SEHIEEH T BAR s . e SO [J]. R RAE A AR
S EEAERT, 1995, 16(1): 127-130.
Scott O R, Bendich A J. Extraction of DNA from plant tissue [J].
Plant Mol Biol Manual, 1988, A6(1): 1-10.
Hernandez-Becerril D U, Cortés-Altamirano R, Alonso R.
The dinoflagellate genus Prorocentrum along the coasts of the
Mexican Pacific [J]. Hydrobiologia, 2000, 418(1): 111-121.
Cohen-Fernandez E J, Castillo E M C, Ugarte I H S, et al.
Contribution of external morphology in solving a species
complex: The case of Prorocentrum micans, Prorocentrum
gracile and Prorocentrum sigmoides (Dinoflagellata) from the
Mexican Pacific Coast [J]. Phycol Res, 2006, 54(4): 330-340.
Okamura K. An annotated list of plankton microorganisms of the
Japanese coast [J]. Annot Zool Japan, 1907, 6: 125-151.
Wang B, Mi T Z, Lii S H, et al. Cloning and sequences analysis
of 18S rRNA gene of five Prorocentrum species/strains [J].

Oceanol Limnol Sin, 2006, 37(5): 450-456.

[17]

[18]

[19]

(20]

[21]

[22]

[23]

[24]

EU, RERAL, BWURE, . TR R B SRR AN (18S
rRNA)JE N TEEE K P51 50 [J]. HE T SH, 2006, 37(5):
450-456.

Grzebyk D, Sako Y, Berland B. Phylogenetic analysis of nine
species of Prorocentrum (Dinophyceae) inferred from 18S
ribosomal DNA sequences, morphological comparisons, and
description of Prorocentrum panamensis, sp. nov [J]. J Phycol,
1998, 34(6): 1055-1068.

Saldarriaga J F, Taylor F J R, Cavalier-Smith T, et al. Molecular
data and the evolutionary history of dinoflagellates [J]. Eurp J
Protistol, 2004, 40(1): 85-111.

Faust M A, Vandersea M W, Kibler S R, et al. Prorocentrum
levis: A new benthic species (Dinophyceae) from a mangrove
island, Twin Cays, Belize [J]. J Phycol, 2008, 44(1): 232-240.
Chomérat N, Sellos D Y, Zentz F, et al. Morphology and
molecular phylogeny of Prorocentrum consutum sp. nov.
(Dinophyceae): A new benthic dinoflagellate from south Brittany
(northwestern France) [J]. J Phycol, 2010, 46(1): 183—194.
Hoppenrath M, Leander B S. Morphology and molecular
phylogeny of a new marine sand-dwelling Prorocentrum
species, P. tsawwassenense (Dinophyceae, Prorocentrales), from
British Columbia, Canada [J]. J Phycol, 2008, 44(2): 451-466.
McLachlan J L, Boalch G T, Jahn R. Reinstatement of the
genus Exuwiaella (Dinophyceae, Prorocentrophycidae) and an
assessment of Prorocentrum lima [J]. Phycologia, 1997, 36(1):
38-46.

Zhang H, Bhattacharya D, Lin S. A three-gene dinoflagellate
phylogeny suggests monophyly of Prorocentrales and a basal
position for Amphidinium and Heterocapsa [J]. ] Mol Evol,
2007, 65(4): 463-474.

Murray S, Ip C L C, Moore R, et al. Are prorocentroid
dinoflagellates monophyletic? A study of 25 species based on
nuclear and mitochondrial genes [J]. Protist, 2009, 160(2): 245—
264.





