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Molecular Phylogeny of Chattonella (Raphidophyceae) Species from
Deungnyang Bay, Korea Using Single-Cell PCR
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Abstract @ The genus Chattonella belonging to the class raphidophyceae, is a harmful algal bloom species. Recently, its occurrence has been increasing
and expanding along the Korean coast. Species identification of the genus Chattonella only by morphological observation is difficult due to the lack of
rigid cell walls. In this study, the morphological characteristics and genetic affinity of Chattonella sp. isolated from Deungnyang Bay in 2017 were
examined. We carried out single-cell isolation from field samples then sequenced three different areas using the single-cell PCR method: 1) parts of
ribosomal operon, the large subunit (LSU) of the ¥DNA, 2) the chloroplast-encoded subunit psaA of Photosystem I, and 3) rbcL encoding the large
subunit of the Rubisco gene. The cells were morphologically very similar to the general genus Chattonella (74.010.1 g in length, 33.1£3.6 um in width).
The three partial gene sequences were insufficient to justify distinction at the species rank. However, they clustered at 99-100 % sequence similarity with

C. marina, C. marina var. antiqua and C. marina var. ovata.
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C. minima, C. ovata, C. subsalasa, C. globosa, C. verruculosa®] 7
2 UH(Hallegraeff and Hara, 1995; Demura et al.
Chang et al.(2012)= LSU DNA 97|A<E &
e 3] C globosa7t 2+ BENC Dictyocha fibula var. Al
Heterokontophyta) =

Fol i
2009). 34| 2,
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B39, 188 tDNA A71A Y 24

Es S8 C
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Ao =Y F A o] &¥al StH(Orsini et al,
Beszteri, 2005; Hosoi-Tanabe et al., 2006).
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Table 1. Oligonucleotide primer sequences used for the amplification of Chattonella DNA

EHAA sl A AR
Chattonella A X5S EA
&lod 2~33] HHE

PCR FFHO| &7 Ho} A&

A dH=9 288
Rubisco %A}, Ribulose
bisphosphate carboxylase gene(rbcL)2} Photosystem I P700
chlorophyll a apoprotein(psaA)] Al 4 H 2] LA E K
53Rk A 288 Ax T 17AEE
IDNA, SHXEE rbcl, 6M X psaAS S33t=d AFESHS
o 2 A3 A8-¥ Primer X Table 13} 2T} PCR %
*%-2 EmeraldAmp® GT PCR Master Mix(Takara, Japan)&
gk PCR &% ol 5pmol oligonucleotide primer+= 1 x4, ¢ 7]¢ll
template DNAZ % 7}
B 20wz L3RG PCR 2
#2 ProFlex PCR System(Life Technologies, USA)S A}-8-3}
of a3}ttt Hotstart PCR 7 2= 987 o A
, 58ClA 30%,
353] u}ig}Oﬂq_ ZZy

28S

°o|-&

17k

AccuPrep
ato] Akt
o o2ste] et

=

°ol&

Forward / Reverse Name Sequence (5'—3") Author

Forward DIR-F ACCCGCTGAATTTAAGCATA ..

Reverse D3Ca-R ACGAACGATTTGCACGTCAG Orsini et al, 2002
Forward psaA-F3 GCTTACCGTGTAGATCCAGTTCC Beszteri. 2005
Reverse psaA-R3 CCTTCTAATTTACCAACAACTG ’

Forward psaA-0223f CA(C/T)TTTGGTCA(A/G)(C/T)TAGCAAT

Reverse psaA-1516r AGYTAYGCTTTTGGKGGTGA

Forward rbcL-0130F AACWACWACTTGGATTTGGAA Modified of Yoon et al.,
Reverse rbcL-1600R GCATGAATATGMTGWACCAT 2002

Forward rbcL-0068f ACGCTAAAATGGGTTA(C/T)TGG

Reverse rbel-1421r CTAC(T/A)GATACAGC(A/T)GACTTC
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Single-cell PCRS- o]-&35}o] &413)
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o] +¢ 4 4] (neighbor-joining; NJ)(Saitou and Nei, 1987)2
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NJ9| bootstrap %= 1,0008] w5513t

28S rDNAO| A= Heterosigma akashiwo(GenBank acquisition
AB217644, AB217645), rbcL} psaAN A= H akashiwo (GenBank
acquisiton EU168190, EU168191)2}  Fibrocapsa japonica
(GenBank acquisition AX067619, JX067625)+ outer groupCS.=

g,

3. 2 9 uH
3.1 M= Fey 2t&

2017 7¥ SN TR BFEFA F 28429
Chattonellas w239ty =HEAUE sl #&3
Chattonella MEE2] 52 Fig 19 22 JeZ #Zo] 5
Ak w3 223 F 28 AEE F 17 AEQ HolE 4
3 A3K(Table 2) FEL Ht 740+ 10.1 gmol L FEHL H

33.1+3.6 ymOI AT} 71E00 BA1E Chattonella A1XE A715
S C antiqua= &3 74 ~90 um, C. marina= &35 30 ~70 ym,
C ovata= 3 55~65 s B THTable 2). ¥ Aol M=
FE 740101 mO=2 C antiquat A3 ZolE HHTH
A aE vz A 58 stAZ A wel Chattonella AE A
7 2 Fee] wyge] ATt B E I tH(Oyama and
Yoshimatu, 2007). Wb Al 27] 2 Fewro = F A

I

ol

S#9t Chattonella (Raphidophyceae) ] #2141 &84

Fig. 1. Light micrographs of Chattonella isolated from Deungnyang

Bay. Scale bar =10 ym.

3.2 Single—cell PCRZ 0| &%t 2XA &
S Almol A Eele A T 174 £ 28S tDNA, 54
rbeL, 6AI1E = psaAS SEsh=d AFESISITH SEE
AFE-S 0.7 % agarose gel® 7] A58 A3}, 288 rDNACK A=
1070, rbeLE 57N, psaAs 5709 Alsell A =818k oF 1~15kb
°] PCR AH=E A3tk s AlmE o= a7 d
ARE 53 A3, 28S rDNA G ol A= 848 bp, rbcLd &
o A= 1,256 bp, psaAD Aol A= 1,201 bpo] AAES AU
W, 2% Chattonella® AT AT} o5 G744 H
Genbank® Accession No. MK257155 ~ 58 % 5535} T}

% —L
T

M

=
==

[n)
hvA
s

=
_—
R

fr o 4

(2]
-
3

single-cell PCR 7| o] AFA 2 HE A &L
TS FHHor Ads=d 85y Ik dE
Hamilton et al.(2015)% single-cell PCRS- ©]-8-3}¢] &4
UE TFEF| rbel, 18S, pshA F7IMNES BEH o=

K
ri

[rl
2 5&

14
2

dqr o M

Al

o ojelglom, olelst ol LAAE

i=] ]
T.’Téq‘é‘

ERL TN

st RAAESE

B3It 2 AFo|A S rbcl, 28S,

Table 2. Morphological data of Chattonella isolated from Deungnyang Bay (in this study) and other references

Species Isolation source Length (fm) Width () Cell shape Reference
Chattonella De““%;‘flﬂ;‘f Bay 4 0s10.0 33.143.6 Oblong to obovoid shape This study
NIES-1 80-90 3040 with posterior tail HOw"T;I()%ze ot al,
Chattonella ]
antiqua Aichi, Japan 7412931 34243.03 - Oyama ansoogosmmatsu’
Nagasaki, Japan 83.6+8.7 27.9£1.9 - Nagasoe et al., 2011
MS-3.P 30-40 20-30 Oblong to c?bovo%d with Hosoi-Tanabe et al.,
posterior tail 2006
Chattonella  Kagawa, Japan  67.7+10.04 31.2+3.89 - Oyama anfoog‘”h‘matm
marina -
Nagasaki, Japan 352435 18.9+1.8 - Nagasoe et al.,, 2011
Hokkaido, Japan 30-70 20-30 Oblong to obovoid shape with .0 o a1 2016
two flagella
Oblong to obovoid
Chattonella with a shallow depression at the Hosoi-Tanabe et al.,
ovata Ovata-P 33-65 3545 anterior end, no protrusion at 2006

the posterior end
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psaA D714 EE single-cell PCRZ 43}t |71dE &
A A= Genbankoll 5FF o] T Chattonella®] rbcL, 28S,
psaA AR RE o]&eto] o] 5 4 FAIE=E HlA
A3}, 285 1DNAS] FH @2 F4 77 ol 52 fAbE
& RS OW, Chattonella antiqua, C. marina, C. marina var.
antiqua, C. marina var. marina, C. marina var. ovata, C. ovata &
o] =uf- o] wigFRte] FAA o] FATAH<99.9% A7
AFE)(Fig. 2-A). rbelLd GOl X = Chattonella cf. ovata, C. marina,
C. antiqua 2 MIFTY 52 FAIEE HAH<99.9% &

7] A= )(Fig. 2-B).

Chatlo-285 rDNA-14
Chationella marina var. antiqua JX067556
Chattonslla antiqua FJ030891
Chattonsila antiqua AF210737
Chattonsila marina AF210739
Chattoneila marina AB217638
Chattonella marina AYT04162
Chattonella marina AB217639
cl marina AB217635
100 | Chattonslie marina AB217637
Chattonsila marina var. anfiqua AB217634
Chattonsils marina var. anfiqua AB217631
Chattonsila marina var. anfiqua AB217632
Chattonella marina var. anfiqua AB217868
Chattoneila marina var. anfiqua AB217633
Chattonsila marina var. marina JX067557
Chattonsila marina var. ovala AB217640
Chattonsila marina var. ovala AB217641
Chattonslls ovata AYT04163
Chattonolls ovata AF210738
92 — Chatfonella subsaisa KP702884
cl of. JF896100
Chattonsila subsalsa KRT09207
Chattonsila subsalsa KRT09208
100| Chattonelia cf. subsalsa JX0G7560
Chattonsila o subsalsa JXOG7562
| Heterosigma akashiwo AB217645
100] Heternsigme akashino AB217644

(A)
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Chattonolia maring DXQ273989
87[ | Chattonelia marina DQ273993
Chattonelia marine var. marina LC038083
Chattoneils ovata DQZ73994
Chattoneila anfiqua DQ273991
100 Chattoneila antiqua DQ273995
Chattoneila sp. DQ273988
Chattonedla cf. ovata DO273990
Chattonedla marina HQT10627
98| Chatfoneila marina DQ273996
Chattoneila antiqua DQ273992

T Chattonella subsalsa AF015581
100 Chsttonella subsalsa HQ710628

r Helerosigma akashiwo EU165191
1“0‘Hetemsigmakm EU168190

0.0100

(B)

opy

g - vhe)

Challoneiia marina var. ovata AB367950
’7 Chatlo-psan-04
Chattonelia sp. JX067604

7 Challo-psaA-01
Chaltonella marina HQ710683
95| Chattonella marina var marinag JX067605

100

Heterosigma akashiwo EU165190
1w‘l—h€ermiynadrsﬁwn EU168191
T i ji ica JXOG7625

. aps
100 Fibrocapsach japonica AXOGTE19

©

Fig. 2. Neighbor joining (NJ) phylogenetic trees of selected

sequences of three genetic markers with accompanying

base pair differences and bootstrap values. Branch
lengths indicate genetic distances (scale bars are shown
in individual trees). Raphidophytes other than Chattonella
were used as outgroups (Heterosigma akashiwo or
Fibrocapsa japonica). A. NJ tree of 27 selected 28S
rDNA sequences of Chattonella species. B. NJ tree of
16 selected rbcL sequences of Chattonella species. C.
NJ tree of 8 selected psaA sequences of Chattonella

species.

Hirashita et al.(2000)2} Hosoi-Tanabe et al.(2006)= Chattonella
Chattonella marina, C. antiqua, C. ovata®] 37 & F&d
7 dow e JHF 54 3 29 T 54
o]Fojx o}, LSU DNAE o] &3te] A7IAdE HuE
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ovata Al £ FHA TAHY ¢ & ITS, rbel, COIS] 1}
£ o] &3t F34 S vugt A3 C marina®] 73
C. marina var. antiqua, C. marina var. ovata 5 C. marina®]
gofst 34 del2 EAES B35 3L, Yamaguchi et
al.(2008)= cystoll Al E-2]3F C marina®) A4 EALS E5
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