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Morphological Observation and Phylogenetic Analysis of a
Freshwater Blooming Cystodinium Strain
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Abstract: Many immobile freshwater dinoflagellates, including the epineustonic genus
Cystodinium Klebs, belong to the order Phytodinales. Due to limited cultivation and materials,
knowledge on the taxonomy, phylogenetic position and life cycle of the genus Cystodinium is
limited. An algal bloom was observed in a fish pond in Wuhan, Hubei Province, China in the
summer of 2013. Cells were isolated from enriched samples using a micropipette. The clonal
culture ( FACHB-1781) was established and maintained in the Freshwater Algae Culture
Collection at the Institute of Hydrobiology, Chinese Academy of Sciences. The species was
identified as Cystodinium bataviense Klebs by morphological and molecular evidence. The
vegetative cells were lunate or shaped like an elongated oval with blunt horns. The poles were
bluntly prolonged and without spines or projections. Phylogenetic results based on SSU rDNA
sequences indicated that the order Phytodinales was not monophyletic. Some Phytodinales
groups (e.g. Hemidinium nasutum and Gloeodinium viscum) did not show any consistent
affiliation with any other lineage. While C. bataviense clustered with C. phaseolus, the
phylogenetic position of the Cystodinium clade was still unknown. Future work on this genus
will help clarify its phylogenetic position within the dinoflagellates.
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HE) 2 BTG Tl e ANR KM G, A AR,
FFR ., MFRArAE A B IR R E YR
R, WRIEBUKIEM FERREZ 1 FH
#: H (Phytodinales ) {3 & Z 8% K ANz sh H i
PEHAR NG S B, ANz shrER 40 2 3R K
B a, JHA RORM L I H 8 ( Cystodi-
nium Klebs) K J& THFH W H, 4 F 14 ~28
Foo ) R P A E SR [ BT RiE s,
BRMERIE S AR, b)E R 2K
WAFE T, . DSl Ry
KT ST LARIBCEC 7 X 7 AR
WL A A AR T Ay AT AR BB AME
DRARTFINER ENRAKAZ S H i, R Y 3w H
BT FUE IR IR i s
FRIENME, FFHAS 0o 15 B ( BRI T ik 2
L FRSE AT 2 TR S5 R ), BIOBE LUAT RO
R A R ARG R B LR,

2018 AE R 2=, WL B M ks — gl &k T
PR KA, EERAATK I R EE A, ROITRE
TSI Ty B SR, IR AWMER KT %0,
IZIK AR A L SR 4 i W 35 ( Cystodinium bata-
viense Klebs) , JXJH ¥ SSU JP 9N R4k & it
AT TR, LA e A e F s s A HH 3 B b i R S
RENIE, VISKEPEE AN FZERRIA RS R,

1 #MRERE

1.1 SZIe#

PERRRE R A DT B R — S A
FOKAER L IE T (CREERTE . 2013 4F 6 H 28 H,
Mo FEAE . 30° 32" 13" N, 114° 23" 44" E), H®H
A PRI B A B M, JF T 50 mL = A
PRKGFR, R AF-6 BRR LR Bk
. SLREE®I 12 h 12 h, JGEESRE 2000 Ix, 1
FRRE 25°C, HEAMRAE T b BB B iR /K e PR
(FACHB-collection) , #fi4i5 & FACHB-1781,
1.2 KWAHE
1.2.1 AW

K Olympus BX51 %Y I 135 W5 F 35 20 o

Jf:H Olympus DP71 % CCD %4 &%, H 0.1%
WY ERE X HH S A A% G €8 10 min, FRZE O RIK T
UE, A5 T Olympus BX51 i ot R TIES
HORH0 B BRI i 3 Olympus BX51 1 fift fft
WIS 844 Image-Pro Express 6. 0 58/
1.2.2 DNAREL, PCR ¥ i&Fn 5 5 E

X F CTAB ( cetyltrimethylammonium bro-
mide) 77 ¥ ( BAKZ W, Molecular Systematics''®)
PR EE 20 DNA, T SSU rDNA 43 Fn il
FH 5% h. uP18f (5'-AACCTGGTTGATCCT-
GCCAG-3') H1 uP18r (5 -TGATCCTTCTGCAG-
GTTCACCTAC-3") ", PCR JZ )\ 1A % 4 50 uL:
25 ng A AR FE K 4 DNA, 10 x ZZ bk 5 ul,
2 mmol/L # dNTP 5 uL, 20 umol/L 5| ¥ &
1uL, Tag M (TaKaRa ExTaqg) 1.25 U, &JalAK
BB K HME AR RL, SSU rDNA PCR I 414
H9: 94°C TAEYE 5 min; 94°C 721k 1 min, 56°C iB
K 50s, 72°C &A1 min, 35 MEFR; 72°C FEf
7 min, ¥ H I Axygene B R ) & 4l ik
FERAE R R IR A R A w7 I . P4
% NCBI i (GenBank 551154 KM249872) .
1.2.3 REEEHH

M GenBank T #& ¥ S ALY H 358 SSU JP 41,
FIH Clustal X Xt 3 PP 41 i 47 o Xt ™ ) 4l LA
Bioedit FTHIE"™ , iI#FM MEGA 4 THHGAE
Y RS e/ B

K KSR (maximum likelihood, ML) Al
1 M- 7 3= ( Bayesian inference, Bl) # # SSU
rDNA RGEL TR, ML A Bl R A H W 75K
PAUP 4.0" (v4. 0b10) """ i1 MrBayes (v3.1.2)"®
AR E, ML FI Bl RS0 & T W 2 AR (1) 18
BR FiModeltest 3. 07 B¢ AT ", %4
219X Lt ¥ % ( hierarchical likelihood ratio tests,
hLRTs) bRl PR IRad A i AR AR > 72 ML 43
Mreh, #EHUT R & 2048 &K (heuristic searches) Fll
Il 3L 43 7 A2 # 33%: ( nearest neighbor interchange
branch-swapping algorithm, NNI) #£47 44 ¢, JIf:
% A FEAE 43T (bootstraps, BP) #4THE E 45,
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FE Bl B, SR SR B R SRR R T R > zm@m

(Markov Chain Monte Carlo, MCMC) % & 7 4% B

(6 s, 1 2%4E)i297 1000 000 Ik, JERAE 2.1 E&HE

I5HE % ( posterior probability, PP) #4TH %, B4R RE (K1. A~

10 pm

10 pm

10 ym

H

G I

A~C HEPARAEM HBEEFRAINE, A: BEFRAM; B: BAMIIEE,; C. REMANM N RHER) . D~ AATRIRMH B,
D, E: #EFRMMH LA ; Fo JOMAR, SFPRMEEK; G M2, H, 1 ST,
A- C. Vegetative cells sampled from field. A. Vegetative cells; B: Single cell, showing cell shape; C. Stained cell, showing both

dinokaryotic nuclei (N). D-1. Cultured cells. D, E. Vegetative cell, showing cingulum (arrow) ; F. Stained cell, showing rod-like
chloroplasts; G: Cell division; H, |. Zoospore.

B 1 Bk R REMEN
Fig. 1 Light microscopy images of Cystodinium bataviense
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Cystodinium bataviense Klebs 1912 Verh.
Nat. Med. Ver. Heidelburge. 11. 369-451.

BRI A MEE . Aizgh, B IEEK
DI, RO SRR (1 1. A) o i S
Wi, Rumpll, o s ARE (81 B), it
AR AR, HEmE (B F), BAUE
PR, HA AR e, AT a4 (|
1. C), BANMA M SALEAMFE (K1 H), &
FANHI KN A 80~140 pm x 30 ~45 pm,

AR WOKRNZE, R E SRR R R/ R
CI(ERE /N NS L B P S R 3 S O S Wi e )
BN I, h T REFER . O ES,
A 11 3t v e Y 9 AR T IE TOK I, R R
EokAE . U, KR T E R I 2 A K R
( Oedogonium spp.) #%,

o)A S, WM, Mg, hE,

Y AR 1) UL TR AR 0 B SR B 25 5 N

BREmL AT, H5 T Az (K1,
H) o AT r 0 i) 240 A A DX 3l 5 40 ] 5 ( cell pe-
riphery) alad BRI A Bl A (1. 1),
2.2 FioH

2RI P S P AN A 3 AS TR SSU SR 41,
HAK N 1690 bp, LA Perkinsus marinus i 4h2&
#, UL SR HE R FE R T8, Jf g
T SSU HH R RGE A B M, 1E SSU Kk B J3 41 4 [
W, B 36 KN 1653 bp WIFFS, BT s,
HiAg 539 AN A[ 4847 4 (variable sites), H:r 326
A AL 223 W A5 B . ( parsimony-inform-
ative sites) . 212 N A5 (singleton sites)
AT, C. G B E 13 & & 505N 26.0%.
27.5%, 20. 1%, 26.4%, H i A+T W & &
(53.5%) mT G+C & & (46.5%), It
o/ WA 2. 2, X LEAE H 3 H TR 09 7 51 A
A 84. 1% ~99. 9%, #fEHEEH p = 0. 000 ~

T IR AMIE S ATF , BPANRAERFEERES 0,142 (F 1), FRA T B E 3 4 7 9868k 1)
BRI A, I AR AR, TE ] SSU FH S HUE A e H 2R [R) 3 X R 51 2 ()
¥ (E 1. A, B), MATHEFENEIRAEVRPE AN ?&H%~%3%z@ M%E%ﬁ
BRI S, TSR/, ERKIE  p =0.112~0.142 (£ 1), JE B A AR
(Kl1. D, E), CGAME WSS —MEENERNK  —B R TR ILIES iﬁﬁ)’im#%
RRIZEFAEY (epineuston), NEEEFINRE 2.3 RZEEFHH

(3 N T35 55 1 8 SR 20 R 2 57 T /K T HE SSU FAIM ARG L B /iRy, HH

WEL RN TR SR AR E TR I B2 e (181 1.
G~1) SULAKIE, ZMAER, BIRAMEES
SO 2 AR (1. G~ 2 4T
YRSl Rk BT BBl F s . A7 I EEAH M R AR

WHAR-DRREN, WIER—2K0k, &

Gk B s (8 2) . Spiniferodinium galeiforme

(GU295203) fil S. palauense ( AB626150) JE i,
— A S S Rk e R (BP/PP =100/100) ,

&1 #EREB SSU IDNA 5l EREEER (BXTAREIERN p-BEE) (A1) fFFIMEMUE (£T)

Table 1 Distance values ( pairwise uncorrected p-distances) (upper right) and sequence
identity (lower left) based on SSU rDNA of Phytodinales taxa
AR P e H 2R H. nasutum P.sp. S galeiforme S.palauense G.viscum H.arenarium C.phaseolus C. bataviense
Phytodinales taxa AY443016 EF058251 GU295203  AB626150 L13716  ABO36837  EF058235 KM249872

Hemidinium nasutum AY443016 0 0.112 0.096 0.095 0.101 0.143 0.112 0.137
Phytodinium sp. EF058251 88.1% O 0.089 0.089 0.094 0.133 0 0.122
Spiniferodinium galeiforme GU295203 89.6% 90.7% 0 0.009 0.065 0.116 0.089 0.114
Spiniferodinium palauense AB626150 89.7% 90.8% 98.9% 0 0.063 0.115 0.089 0.114
Gloeodinium viscum L13716 89.2% 90.3% 93.1% 93.3% 0 0.121 0.094 0.112
Halostylodinium arenarium AB036837 84.1% 85.3% 86.9% 87.1% 86.5% 0 0.133 0.142
Cystodinium phaseolus EF058235 88.0% 99.9% 90.6% 90.8% 90.3% 85.2% 0 0.112
Cystodinium bataviense KM249872 85.5% 87.4% 88.4% 88.4% 88.4% 84.5% 89.3% 0
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Diplopsalis lenticula AB716909
Scrippsiella nutricula U52357
— Azadinium poporum HQ324899

— Pentapharsodinium tyrrhenicum AF022201

Blastodinium navicula DQ317538
Peridiniopsis penardii AB353771
100/100 —Peridinium bipes AF231805

I—Peridinium cinctum EF058244

94/1001{r
88/100l prorocentrum micans EF492511

Scrippsiella sweeneyae AF274276
70/98 U Scrippsiella trochoidea HM483396

by Peridinium polonicum AY443017
Peridinium aciculiferum EF417315
" Peridinium wierzejskii AY443018
— Heterocapsa triquetra AF022198
L Heterocapsa niei EF492499
-/52% Lepidodinium viride AF022199

-164
72—

71/100

-/83 72/9

-/9

Karlodinium micrum AM494500
1757 Karena brevis AF274259
991 OOKaren/a mikimotoi EF492505
I Prorocentrum triestinum AB183673
Prorocentrum mexicanum EF492510

Duboscquodinium collinii HM483399

Gymnodinium catenatum AF022193
Gymnodinium dorsalisulcum DQ837534
Spiniferodinium galeiforme GU295203
100/100%-Spiniferodinium palauense AB626150
Gloeodinium viscum L13716
Woloszynskia pascheri EF058253

| Cystodinium bataviense FACHB-1781 KM249872|

100/100 | Cystodinium phaseolus EF058235
IPhyl‘odinium sp. EF058251

-I— Peridiniopsis borgei EF058241

0.02 substitutions /site

Halostylodinium arenarium AB036837

Hemidinium nasutum AY443016
Perkinsus marinus AF126013

T B AR 0 FH B R AR SR v A DL 357125 BT 15 Y BT A A A R S e (BP) RIS IR AR (PP) o AR & T 50% 1Y H i X4+

fE, HH R @AERRC, ARSCRER RS HIRAERIC

Numbers at nodes represent bootstrap support values ( BP)/posterior probabilities ( PP) from maximum likelihood and
Bayesian inference. Only values above 50 for BP and PP are shown. Phytodinales taxa are shown in gray squares. Se-

quences obtained from our study are marked by dashed box.

B 2 E-THE SSU FII#MZME X MUAR
Fig. 2 Maximum likelihood phylogenies constructed from dinoflagellate small subunit
ribosomal DNA (rDNA) sequences

5 ¥ H % H Ay Gymnodinium  dorsalisulcum
(DQ837534) . G. catenatum ( AF022193) &3k X
PR BERRIEOCR B, M H b k4 i
' % Cystodinium bataviense ( KM249872 ) .
C. phaseolus ( EF058235 ). Phytodinium sp.
(EF058251) 15 Suessiales H 1 Y M H 3 J&

Woloszynskia pascheri ( EF058253) %2 ¥E — L,
EEARBE ) A JREE (BP/PP =-/96), H
1EX—r ki, C. phaseolus (EF058235) %A
Ml C. bataviense (KM249872) B1E—i, M5
Phytodinium sp. ( EF058251) 3¢ % H 2k % 1],
Halostylodinium arenarium ( ABO36837) 522 Hi
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Hrhil s 40 £ 4 Peridiniopsis borgei ( EF058241)
KRB (BARBIE R BP il PP 3EE) 5 He-
midinium nasutum ( AY443016 ) ., Gloeodinium
viscum (L13716) 5H & O 0 H SRR ER I A 3=
SN SINIVES S SN

3 g

W % H ( Phytodinales ) 3 #x i Bk F 3 H
(Dinococcales), HHI{XA —FF, BI. Al #H
(Phytodiniaceae ), 1l & 1 £ R /K A~ iz 3
B ESE, EGRERE B H R S A A A
#JE ( Symbiodinium Freudenthal ) 14 H 3 J&
( Pyrocystis Wyville-Thompson) 5Z8#E, [ I i
FOHAE I E H R ek B i H D H AR
HITIAF8))Z 823217, Loeblich'® I\ Ay i FH 3
HAELHE 13 AN Jm, T8 A 40 R DR 0 240 o =2 1 6
V(e W) SRIXARFRE . AR AT
RN R T —StE P e B e, Fealed A T —
SO Y #E H 2B, 40 Horiguchi AT Chihara £
H AR W s e R T — ANz sl BRIR AT
#iJE Spiniferodinium Horiguchi et Chihara ' | %
FBEIRA TR TR VR B i i B 1 SR Y
AW, BAVFZREERIE S AR LAY Y B SEEA% DL K
TR AR 25, Horiguchi 251240 & 3 7 —Fh 2L
AR, ARk B i, @R SRS
TEE NN Y xRS — D JE—
Halostylodinium Horiguchi et Chihara, M H % &
E-RAMAEER, WK, Az, WRiEHEE
B Ko R (B 25 ] 5 Hoe dE e B R S X O

(2R 2), BRI SR P Fh 0 4508 2 2ARYE H i
A&, K/ I ART . Klebs il Popovsky
TR B T A I R SR A R, HOE S A B
sORRKINE, diMumemEide o, HE2B0TIR 4t
&, "R, BRI/ 80 ~140 pm x
30~45 um, FRATILEE Y Y AL & 1R 2R ik 5 1
NHRAARF,  BRHORE ) b 450 by L 3 25 0 FH 3
( Cystodinium bataviense Klebs) , C. bataviense
5 C. phaseolus 1 C. cornifax JE &3k ML, 2
EATEEERA IR LA AR, C. cornifax i
WHEHA 2 (AR 1 A4) dEHRE MM, M
C. bataviense H C. phaseolusif # HA 2 />4 fili
[1#; C. bataviense 4l 28 HIE, i C. phaseo-
lus Z0HEAIEERTE , B MBE A S >,
ELIR e i H B o b & A 3R, (Hl A i
FREMAEE T, U E L T iR
T [FJEBEF AR G AR R iy AT AR 0
MW EEAERE S, SHPBEBELENES
BEL, M B b T A8 U3 R e, P
A 53k E ( Dinococcus Fott) 43 #8141, [tk
A2 O IR Bk L PR A — AT
HY, Pliester 25" Rl [ #£45 %) % R A 1 i FF
BB A LA LT Hypnodinium Klebs,
X WA 1 X B OB ARAS R, B LAIA A Hypno-
dinium JE M P PR B — DA I, AR
FH 32 0 H g Ul 2 IR A R AR X A
LI, Pfiester I Lynch™® 2442 A [a] 5% 35 2t
BRI A Y PP s, (R LB, 2000 4F
R R 4 2 20 5 S A AR T BRI i R e, X

®2 MEEEREBMUENESNERFELR

Table 2 Morphological characteristics and habitat of Cystodinium and related genera

=g TESRHIE A SRRE
Genus Morphological characteristics Habitat

M%) Cystodinium Klebs ¥
VU fi F ¥R Tetradinium Klebs

FE ¥ Phytodinium Klebs
Gloeodinium Klebs

Spiniferodinium Horiguchi & Chihara

Halostylodinium Horiguchi &
Yoshizawa-Ebata

BN H S INIE , Pk | A H )
ARFE

BN =g sk, i BE 1 ~2 SRR R
BTN IRIRIE SRR, FLRE Y 20 BE Yok, BIRMMAED B
BIRMMMERIE 250, HIENZRKRZ

ERANA, JER . ZIRIATE, FAETER o g S
WA, R sk T TR A

FORAMRIG RGBS, MR e
A X S AA e, ERARE A

Yok, LT AVKIKSIRYE, H
?ﬁj(, %#éﬂﬂﬂ@/{\@zﬂj, T
/NP

WK, BIRANEEE




464 AL S e T

%533 %

HIEBFAE LT THER, IR S B EK
FEEAT TR TR, AR B ARG e sl . [EBRAI44
1) 5[] R 4 MR K2 B Fh 7 ( Culture Collection of Al-
gae at Goettingen University, f&#x SAG) i 2 55
FRT R #IE 5 — ¥ F Cystodinium phaseo-
Jus'™ , AHFFTE S AN A B, TENE
PINIFGFRRAT LA W P 8, %R5 FACHB-
1781, 3 A 4R A7 F o B/ B B Ik K B R R
(FACHB-collection) . Hi 7 Jifl '} #2 J& A1 B A & 3k
BCH TR FRRME, BT LA H xS i 8 A9 20 25 i fr
RYR B OB AR LA TR AR,

Timpano #il Pfiester' " M8 & BLBAE L1 5% 19
CLIRGEV A 3, REREIE BHHE -, K3 21 41 ik
A3 FRH e, W] LUR A= i 8 1 3461
RIGEMA I HAA T (RZBEREAETENB)
ARFFEARELR, 40HE SRS I B 1A e B )
B TRARSE RN, RGBT B sh il a4t
¥, BJEERZETFNE SR B, AN
, TEELIRYE MO e R TG so b, 40 R RE4H
e R ) R £ R Al A VB | O E S
Mo 54 E I N 2 DM AHSER AR, 4K 53 AL
5PR R A B M RE . RS ARAAE T R
T RIREYE , BEAHMOREBERC AL IR S I . 20 A RE R
AR ) B I S DR i Je K T LB A iR SR R Y G
HE, ANSRAR IS BB PR H B I Ak LA 1 At
Sr5L, WIS BT B A6 - 0 SR B 200 B 4 3R
A, WS ERT

H T P 9 DA S H e Y 3 SIS T M L 8%
F2, BEMARAT AN ) 8E AR, ez
R G kT KRR KW, Logares %™ xf
HENARZ K BEWREH, Cystodinium phaseo-
lus FI Hemidinium nasutum 43 513 i B i K AL
HHEEHXRBAEY, HAER DK,
C. phaseolus ! Phytodinium sp. ( EF058251) 1Y
LK Z AR B Y], Popovsky' i it B G5 kK B W
SN MM T R ( Phytodinium) AT BE & Ho e f 5
HAEBEW AT, AT 45 R B E 13X — W
i, Logares %:"1{\ i Cystodinium phaseolus F
Hemidinium nasutum iX$83% 7K F i 28 Sk i K 4 5
R AT SESE, R T FNR K H R

orB, WRIIRAK AR K AEERALRTSORK AL
BRI 4 78 SR R R o . ARHIFSE v i H R
)2 PR R A —E, IFH 5 Suessiales H ) —
YR K F2E (T Woloszynskia pascheri) 3 & %
U, (B2 s E A R I R Sk
HOLEATIA A,

Thompson 45"\ fifd FF 88 A e Fh 7E 2 25
ik DA EREL (. NiZaEREIBRKIE, E
AT o Ay 345 A B IR A G T HH 35
JEIEAS RG> R G027 T (WA 58 4 088 i 12 B HL
SERR TR FH g () 2 2L

SE 3k
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