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Abstract: The germination characteristics of the resting cysts of Pheopolykrikos hart-
mannii collected from the southern coastal sediments of Korea were studied at different
temperature conditions, and the morphology and phylogeny of the germlings were
examined. The resting cysts of Ph. hartmannii were round and characterized by a red
accumulation body and many arrow-like spines and could germinate at temperature of
10 to 30°C. High germination rates (>90%) were observed at 15 and 20°C, indicating that
the resting cysts could act as seed populations for the bloom initiation of Ph. hartmannii
in Korean coastal waters in early summer or early fall. The morphology of the germlings
was generally consistent with the previous description, and an apical groove character-
ized by a fully enclosed loop was observed. Phylogenetic analysis based on large SubUnit
(LSU) rRNA gene sequences revealed that the germlings shared an identical sequence
with the Korean and American isolates of Ph. hartmannii and was a sister clade of Poly-
krikos species.

Keywords: morphology, LSU rRNA, germination, temperature, Polykrikos, Pheopoly-

krikos
N 2 eF oA 7128 4F 4} (primary producer) 24 e-E Sk
F a3t AETol A, At oA LAY ot= o, 75 &
ol A @FH R Z7 (dinoflagellate) = TF55F (diatom) Z Y (harmful algal bloom) 2] 9?1 F-©]7| %= S}t Hop-
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penrath et al. (2009) 9] A5 Aol W™, AESH= oF
2,5009] 2] s AW ZT F 20% H =7t A A(life
cycle) Tl FHEZ (resting cyst) & AL & U= AL
2 oreld Qo FRREAL G9Ams e S5 3
4 542 ot glev], §95eo0l fL, 9Hol §
(organic wall) = /0] o] 17] wfZe], s E|ZFof
A 2@ 7|17F HEE 4= Qltk(Head 1996). 181 42, 4
¥, 2o, ) 5 chakeh §4.2.10] oja) A3 o} o}
(germination) 5t0] 2572 7H YA 3L (vegetative cell)
2 Fobzh 4= 9lo}(Matsuoka and Fukuyo 2000).

Pheopolykrikos hartmannii (W. Zimmermann) Matsuoka &
Fukuyo+= 72}9] 2}H B 257 (unarmoured dinoflagellate) =
279 Mz27t AZA%H ZF2Y (colony) FEIE Shal 3loH,
FS st A Foll FAEAE AL 7 Ut (eg
Matsuoka and Fukuyo 1986; Hoppenrath et al. 2010; Tang et
al. 2013). 0] F-2 =& E S A& F= Ayt vl= 5
A AA At oty He-2 e =
1jr(Steidinger and Williams 1970; Godhe et al. 2000; Huang
and Dong 2001; Garate-Liz4rraga et al. 2008). A9 Florida
©] Indian River Lagoon} ?t=2] ZI5fjRte]| A o] F2 ¢l
S 2 g 54 (bloom) 715°] ATH(Kim et al. 1990; Bady-
lak and Phlips 2004).

Ph. hartmanniit= Polykrikos &} FEfH .2 vf-g- F-AFSH
7] wiizell, Ph. hartmanniioll Tt A7+ FIH 2] FH

Nooglh %
o

=

34°48°E

Goheung

34°36'N

127°27°E

127°39°E

o} A1 917 9] Tt A7) ROl Heg
Huang and Dong 2001; Gérate-Lizérraga et al. 2008; Kim et al.
2008; Hoppenrath et al. 2009). Z|<10]= Tang et al. (2013) ]|
|5l Ph. hartmannii®] ‘s T olF 574 B7P7L o] F
o FAIT, o] F-o A=, Aot el digt #8 A=
Y 7] okt £, Sb=r dAQtoll A Ph. hartmannii= _L
Z9} o] 7|8 5]0] Qi B 7ok, FHEAL}
$BAE] o, BAAF BT 7120] Foak) 9,
FrH Ao droto]] F2 n|Al= 2 ale] tigt A+
=

whetA], 2 A= Felte] Bl A -Fo|l A Ph. hartmannii©)
HEZALE StEsto] Jefd EAS A Aok Hote] o
S n| = o WS mlolsliA} sHglon, Wot A9
ol et feAlZe] FHet 221 214
=] stz skelr

1. EIXE M M3 FHER 22

et gl ol Edshe ShREF FHEA B
95t 20201 3Gl W 5 cm @] 52307 (gravity core)
2 olgslo] HHES YFstAct(Fig. 1). AHF Fo]

HE22 oM AT 2emE EFE §, Yol B

® Sampling station

127°51°E 128°03'E

Fig. 1. Location of the sampling station on the southern coast of Korea.
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sto] dedd=z pHtehltt. B2 FHEA &2
= Matsuoka and Fukuyo (2000)7} A|AIgF By o] what %1
sttt 5, HAE 2g2 Hlo|A ¥l 250t 247]=
3023F A &, 120 pm e} 20 um @] FHE A (sieve) ]
A EA S-S 0L, 20 yumell EAR B A 52 o} of
£ o]-8oto] AAFA] (watch glass)©ll #%] F pannning
= 5ol F-fotl e frlES filor FHslo] 10
L-§30] Azl %A "okt 123 AlmolA 1mL
S BH5E] chamberl %71 &, 38073 (Primo Vert,
Zeiss, Germany)= ©|-§-5o] JE2] T} FAo] FHE
A2 B85t A B oA Ph. hartmannii ] SHEAF E]
= Matsuoka and Fukuyo (1986), Hoppenrath et al. (2010)}
Tang et al. (2013)©] 7|55+ FE & E4-S Farseloh

A

E

8

2, FHEXLQ| Lot A

A zol| A 22|_t Ph. hartmannii®] FAZA= FotA 0]
74 (Primo Vert; Zeiss, Germany)= ©]-85to] e 4]
T 7, £/2-Si WA 7F ALK 96 well plate©l] E5H
2 Aol A ot AelS 919t 2% 272 s°CollA 30°C
7HA] scC A 0 & JRPSHYIT 121 A2 AlmE A
et ofj o] AE (33 psu) 2= SFHCH, FH-2 100 ymol m™
o, BF71E 12L: 12D Sho ot A FaYshaltt

-, 3

«»

2 QoA FHEA= 20704 22 7, 3ull4= She] I
Whel, Wot-e ] FRABANA Holgt FAEAL)
5 Alitsto] 4HEstinh

3. REMIZ Hel arat

FrHZA A Hrolet HobA| (germling) = W o= &

2t &, A n] 7 (Primo Vert; Zeiss, Germany)= ©]-86

2 o
=

ol

]
S

AJm

Ne B U Agelsict Ten 2R
1] 7 (JSM7600, Jeol Ltd., Tokyo, Japan)-2 ©|-&3F G JAHE
B 919, PobHe] S0z ehwl A2g AHist
(Osmium tetroxide; OsOy) (H|F5L 1%) 22 455
ot 24 AT T, B O g A
0, 50, 70, 90, 99, and 99%) A ZtZ} 121 &5
A A X (Critical Point Drying method)=
Ztt. 2Ax9 A== aluminum stubl] 1175}
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Pheopolykrikos hartmannii from Korean coastal area
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4. Genomic DNA %, PCR 3E % |7IME

i1

2 AN FFAIEE] EAAETH AX]+= large Sub
Unit (LSU) rRNA gene sequence2] w412 &l 2= 3Ich
Genemic DNA®| F&2 FHIEZAO| A Toldt A
£ gl o7 Ha]5}o] PCR tube©] B2 DNeasy Plant Mini
Kit (Qiagen, Valencia, CA)E ©]|-8-5to] X1d¥s}t3ict. LSU
rRNA gene sequence Z=Z o 95t primer pairoﬂ A forward
primeri= DIR, reverse primer= R2E ©]-8-6}3{T} (Takano
and Horiguchi 2006). PCR =32 Mastercycler (Eppendorf,
Hamburg, Germany)E ©]-8-6}0] pre-denature 98°COllA] 5
+2, denature= 98°COllA] 10X, annealing< $8°COllA] 152,
elongation<> 65°COlA SEO = 5t 302]=2 & Whg-=
d7sto] Z13g5FS) Y, Final elongation 65°COA] sHO2
ST PCRAMES 1% agarose geloﬂ Z7R8k2! Midori Green
Advance (NIPPON Genetics, Co., Ltd., Tokyo, Japan) 2= &4
Sto] Uvstol 4] DNA fHEES 24153t A% PCR pro-
duct cloneE2] DNA sequencing+> QIAquick PCR purifi-
cation kit (Qiagen, Hilden, Germany)& ©]|-8-5}%11, Cycle-
sequencing reaction+> ABI PRISM® 3700 DNA Analyzer
(Applied Biosystems, USA)E ©]-8-0F31Tt.

578 &4

As B4 AHEH A714E % E= NCBI (National Cen-
ter for Biotechnology Information; www.ncbi.nlm.nih.gov)&
Solf st oAl g Fof SHHE ArIAES =
gt ZF 507H<] Q7|41 E O] Mega v. 7.0.26 L= 178 (Kumar
etal.2016) 2.2 AE 9 HYE|Qrh FH H vjoFs2] LSU
rRNA gene sequence 1< &0l B> H7]14 G- Genbank
o]l 555} (accession no. OP482173-7). 1 A3t & 4
°] 1,221bp®] AHH A7 E A= (dataset) S B= 7 A
31, Oxyrrhis marina (EF613360)E out group 22 o]
jModelTest version2.1.4 T2 10 O 2 HAS}FI T} (Dar-
riba et al. 2012). A5 B TIM3+1+G 22 (A:C:G: T=
0.2355:0.2098: 0.3007 : 0.2540; p-inv=0.1920; gamma
shape =0.4990)2 A&t AlE e FATA 240
Al Ho] = F=E (BI; Bayesian Inference)+< MrBayes 3.1.2
E AH8oFY 1L, FH-AHEA (ML; Maximum-likelihood anal-
ysis)<= RAXML< ©]-8-5}3{ Tt (Ronquist and Huelsenbeck
2003; Stamatakis 2014). | -FAHEA A AlF42] ZF
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Fig. 2. Resting cyst of Pheopolykrikos hartmannii collected from surface sediments of the southern coast of Korea. A-C. Light micrographs
of resting cysts of Ph. hartmannii showing spines and a red accumulation body (black arrow). D. Scanning electron micrograph of a resting
cyst of Ph. hartmannii showing knobs and spines (white arrow). Scale bars: 10 um.

branch A1 E|E= 1,0005] 2] bootstrap 2= slqict o] &
A AN uE o 7t F 7H] AR ATAE Hole &
AATEE 27350, FAAEES] S Tree-View
452307 L5Y5)QITE

Aa Y %
1. Pheopolykrikos hartmannii EHEZX}]
Yy 57

b= Foll g 9] B Zo| A B2l Ph. hartmannii F-H
2Ape] Gefi o) Ao 71SH e 43 2ok
(e.g- Matsuoka and Fukuyo 1986; Steidinger and Tangen 1997;

390 (©2022. Korean Society of Environmental Biology.

Hoppenrath et al. 2010; Tang et al. 2013; Chai et al. 2020). &H
R o Bre ZAAS T Qlom, A7) 46.60 £
3.5 um (n=5)°] T} (Fig. 2A~C). st u]7 Tz A
A= o] v A B ITh(Fig. 2A~C). SHA|TL
AR Bo A G IEARS] B vl Ah2>
(knob)©] Wl=oHA] H2LS) 911 (Fig. 2D), EH O 2 HE]
S5 HISSE Aol o] A G7HE R E71E (spine) % 2
wjo} BIE35}T Qlck(Fig. 2A~D). 18] 1 1 E7]E9]
£ 5.68+0.5 um ]tk (Fig. 2B~D). FHEA}F Y=
A3} A 3 7] 9] F-2M A AA (red accumulation) 7t
W, 71 Ml e FH ] 7R ol A1) ATt (Fig.
2B~C).

Ph. hartmannii FAZA= JEE O 2 Echinidinium gra-

o N e
oft O N it Jok 4N ol

=)
g



nulatum Zonneved@} 1J-$- -S-AFSH} (e.g. Zonneveld 1997).
SHA|RY, E. granulatum-2 Ph. hartmannii 2.0k 27]0)| 4] 2kl
E7E2 T, E7]=°| Ph. hartmanniiX 8 BHE o]
NA| QFopx FLBo| 715351t 183 Ph. hartmannii® 5
FH L FARE FElA £ 7HA= PolykrikosE2] &
HEzRel= 2719 FH, E71=9 FEoIA o] "ot
(Matsuoka and Cho 2000; Nagai et al. 2002).

Hoppenrath et al. (2010)% Ph. hartmannii®] BjFoA &
T AE W7, AT T NAE 4 FALAE
A5t o] e 42 ot Fei o A=A
SYHSY Ph. hartmannii SHEAQ] EAy} LR B A
2 A2} §ALY] HORS Bl AR FREAjA o
B A Zpol= o] dAof|e 7] Fo] H o] §ltt(eg Tangand
Gobler 2012; Li et al. 2014). Tand and Gobler (2012)+ & &
of| A FHEA= AR 3FeH4 3+ (biotic or chemical pro-
cess)oll SI3l FRBAS] 5723} AHa12o] ThopsiA Let
o 4 ook st SRR B Eo| A SR T ph. hart-
mannii SHIEA E7]E Hoppenrath etal. (2010) o] 71=3t
vl ol A Aate FREALS] 7|23 2 2] E HolA|

271 wZel, thgRt s o] B4 E ) v ol FEE
FHEASO] FEiA 2ol His v A7} H asi.

e of

2.2 H1$£}°1| e Pheopolyknkos hartmannii

E AFANA Ph. hartmannii FHEAR= 5°CE AL 2

Pheopolykrikos hartmannii from Korean coastal area

E 2% 7oA Holstgith (Fig. 3). Woldh 2 ko]
Al ‘%IO}E% 2o et thEA e, HE & 271

of A7 = th2 A LRt (Fig. 3A). o] tigh FHZEA}
O] =8 ok (>80%)-2 15°C, 20°C, 25°COllA et

(Fig. 3B). 12|11 10°CONlA] WoF&-2 63.4%, 30°CollA &
OF&2 30.1% % YEIHTE Totgo] w2 2k 7H(15°C,
20°C, 25°C)OlIA FFHZEA] 27] Wob= s o]ujof| Lpe}
Ha 79 ool Wolg-2 oF 80%7HA] EEat L) 514
T 10°CollA] 271 Wok= HE § 100l Hehsten, o]
T 5% oJujof] Hrokg-2 60%71A] EEsklet. 121 7Y
W2 dokg-g B2l 30°CollA] 7] ok 10°CollA Bt
B2 Yebtow, 7] Wob= HFE § 4Ye] Yt
(Fig. 3A).
StE xRt At
1

RmAte] Wolole 42, AR,
01101:01 l-—_}_ =

TheFet g aclo] g
1| %It} (Kremp and Anderson 2000; Itakura and Yamaguchi
2001; Kim et al. 2002; Vahtera et al. 2014; Natsuike et al. 2017).
53], #2215, ol PR ER FHEARe] ool

P AL, FGAIRES] tFA] (bloom) = BT A
©] AT} (Itakura and Yamaguchi 2001; Kim et al. 2002; Nat-

suike et al. 2017). & AT X Ph. hartmannii 5 HEZAFS] &
ohgo] & 2% (15°C, 20°C, 25°C) & T Fa ool Al
=& B o5, 7F&oll YERd T (Choi et al. 2017; KODC:
Korea Oceanographic Data Center). 121! Tang et al. (2013)
O] A+ Axtol| W=, Ph. hartmannii WYY 7= 74
©] Forge sH-olA o153 o] & 7h2ofl @AYs}Hal, Badylak

100 100
_____ TR B RGE | 5 T T
TS A’A*A*A‘A_A P = S T A i 10°C B

= iii + | —#—15C
e bd] —&— 20°C
< 80 A . 1| —= 25°C 80
b1 —e— 30°C

1 —_
g 3 g L
= T @
= 60 = 60
& E
£ g
g =
= 1 =
S0 40 £ 40 1
@
g E
- P
= O
=
E 20 26
s i
&)

0 -+ 0 T T T T T T
0 5 10 15 20 25 30 5°C 10°C 15°C 20 °C 25°C 30°C

Incubation times (days)

Temperature (°C)

Fig. 3. Changes in the cumulative germination rates (A) and germination rates (B) of the resting cysts of Pheopolykrikos hartmannii at six

different temperatures.
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and Philips (2004)= Ph. hartmannii®] tHEAY-2 B4 2 HE F 10947 H Yepdrhs Zlo|t ety o= ohy
W A71e] et shele) 5, g0] e A7l maRel FHBAE Folt e FWE ME Ao

tu
o

Ph. hartmannii A XA} Hrol= oA A 2] of A2 A U} (Pfiester 1977; Anderson and Keafer 1987;
HrAof] A SEN A (seed population) &2 A] ATHE Gl= Pfiester and Anderson 1987; Perez et al. 1998). SFA|%F, FzY
Ao g T gh= Qo AT 19881 o EH e Ph 7YA| Ph. hartmannii®] FR710] tiet 7152 glek & A+
hartmannii®] tEAY o] 71 == o] QAT (Kim et al. 1990), ollA] Ph. hartmannii SrHEZ}= BB A B2 E 7] of
o] F20] =2 A|7|9] Ph. hartmannii®] LAY A o, Follel o] El8E-S 113t (e.g. Shin et al. 2012),

42| 7150] o] QIR oot whebA, FHEA =R E T TR FHIE 7S A2 TE, Do B+t
O}3t Ph. hartmannii - FAH| L] FAlofl= Fo| A Thakst 1, 2o mE 2 7] o} A|7|= o] & Kt} o] Ail=

%
> F°+“

el ofsf| 2 5= Ao w T FAZE 7H A A she et Wolrt 7hseh

Ph. hartmannii SHEALS] 2o gt wol A o] A A 42| A Hol5 (germination capability) F/d7H] &
THER e w2 25(>15°C)°1WL z7] Foprt s g AZH(SF sh)o] 2853, T oty g2 W2 a2
A ofe]] AJZFE] L, e 25 (10°C)elA= 7] ot Hoh &2 2o A e] Uehs o & Y,

2

Fig. 4. Light micrographs of germling cells from the resting cysts of Pheopolykrikos hartmannii. A, B. Ventral and dorsal view of a colony of
two cells showing two transverse furrows (black arrows) and the visible border between the two zooids (white arrow). C, D. Deep focus of
dorsal and left lateral view showing two nuclei (n). Scale bars: 10 pm.

392 (©2022. Korean Society of Environmental Biology.



3. Pheopolykrikos hartmannii SGMIZ2]
YHH S AE 7

FrAZA A olet f gAML ] P2 5P AT
£ Figs. 4~6°ll HEFN QI F-FA1Z ] Feja] 542 o]
Aol 7154 Ph. hartmannii®t L X5}t (Matsuoka and
Fukuyo 1986; Hoppenrath et al. 2010; Tang et al. 2013; Chai
et al. 2020). Al 2= 2702 Al 22 H F=Y (two-celled col-
ony) FHI= WEE A (Fig. 4), T2Y Alel= A7 &+
Zlo] UEH T (Fig. 4A). A2 B2 =4S Tal Ql3le
o, 27]& Zo] 33.5242.1 ym (n=12), Z°]|7} 59.03+5.8
um= EFHS 2] FEE stal Tk HHAE (anterior cell)
of| A AZ¥at SHFA| I (posterior cell) Ol A SHF2 211,
AHNA W2 cingulum©] ZF ZEUY A 1704, 27171 &
2] It} (Fig. 4A, B). Cingulume A Hol7t 1.5~2
Hi A F 52 AT (Figs. 4A and SA). Sulcusi= F27 2}
224 9] epicone”tx| AAE ] 1Tt 2709] & (nucleus)
o] TS5t T = ]l o™, WAL ] 5H) (hypocone), 5

Pheopolykrikos hartmannii from Korean coastal area

A2 0] 77 (epicone) Ol A THEHE] Itk (Fig. 4C, D). 35}
dn|gstel] TR AL QA yehd 42 FAR
Adn]7gof| A F-SisHA W E ATt (Fig. SA~D). FAPIR}
Ang A E F 719 cingulum $1oll F 7o) HE
7F T =] (Fig. 5A, C, D), FHA| L 2] 5ol A 1=
1%F9] apical groove”t =] AT (Fig. SE, F). 212] 29
apical groovet= 25| 20, sulcuse} AZAE] o] ATk

FHEARRE Dol FIAM2 F7IAE =4 2t
o3} o] of| b= Atell A SHEE 2] (isolate) 2] A
71X G}t LASFATH(Fig. 6). 12|11 o] =712 Polykrikos
lebourae®} P. schwartzii®t P. kofoidiiSt -1 THAIZ ZRI=]S)
th

Ph. hartmannii= Zimmermann (1930)°l &3l P. hart-
manniiZ FE|A EAo] Hx 2 7|FE At 0] F Matsuoka
and Fukuyo (1986)-2 Ph. hartmannii”’} Polykrikosg2t &
o] H= FHIA Aole} ArtPYdel EFS iR P

hartmannii's Ph. hartmannii= 7155t A9, Hoppenrath

Fig. 5. Scanning electron micrographs (SEM) of germling cells from the resting cysts of Pheopolykrikos hartmannii. A. Ventral view, B. Dor
sal view, C. Left lateral view, D. Right lateral view, E. Antapical view, and F Apical view with apical groove (white arrow). Scale bars: 10 pm.
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76/0.99

Polykrikos kofoidii FJ947043
961092, Polykrikos kofoidii AB466284
Polykrikos kofoidii AB466285
Polykrikos schwartzii EF205013
Polykrikos schwartzii AB466281
W01 Polykrikos schwartzii AB466282
Pheopolykrikos hartmannii OP482173
Pheopolykrikos hartmannii OP482174
Pheopolykrikos hartmannii OP482175
Pheopolykrikos hartmannii OP482176
Pheopolykrikos hartmannii OP482177
Pheopolykrikos hartmannii F1947045 USA
Pheopolykrikos hartmannii HQ834210 USA
Pheopolykrikos hartmannii HQ834209 USA
Pheopolykrikos hartmannii AY 526521 Korea
Polykrikos lebourae FI947044
| Polykrikos tanit KF806600
Polykrikos tanit KF806601
Gymnodinium aureolum AY 999082
Gymnodinium aureolum DQ917486
99/1 Gymnodinium corollarium FJ211386
60/0.93| Warnowia sp. F1947042
e - Nematodinium sp. FI947041
Gymnodinium catenatum DQ785882

Gymnodinium dorsalisulcum DQ336190

100/1

99/0.93

100/1

100/1]
90/1

61099+ | {Gymnodinium impudicum DQ779992
100/0499\\\5_[ Lepidodinium chlorophorum AY331681

Lepidodinium viride DQ499645
_{ Polykrikos geminatum JX967270
871098 Cochlodinium cf. geminatum EF616462
100/1[ Cochlodinium fulvescens AB288382
Cochlodinium fulvescens AB295051
Cochlodinium polykrikoides JX967271

95/0.99+
100/1
Cochlodinium polykrikoides AB295044
Akashiwo sanguinea AF260397

98/1[ Gyrodinium spirale AY571371
Gyrodinium rubrum AY 571369

78/0.991°
60/0.80

100/1
100/1

Karenia mikimotoi AY355460
Karenia brevis AY355459
Karenia papilionacea AY590124
Karlodinium veneficum DQ114466
Karlodinium conicum EF469231
Karlodinium ballantinum EF469232
Takayama tasmanica AY 947668
Takayama acrotrocha DQ656115
Takayama helix AY284951
— Heterocapsa triquetra EF613355
1001~ Amphidinium klebsii AF260381

100/1
99/1H

97/1

“— Amphidinium carterae AF260380
Oxyrrhis marina EF613360

— 0.05

Fig. 6. Maximum-likelihood phylogenetic tree for germling cells from the resting cysts of Pheopolykrikos hartmannii based on LSU rRNA
gene sequences. Sequences newly acquired in this study are shown in bold. Oxyrrhis marina was used as the outgroup. Scale bar: number

of nucleotide substitutions per site.

et al.(2010)-2 TR W&ol A Y= Ph. hart-
mannii®t Polykrikosg2] ZPIA|F-Z (ultrastructure) Ol 4]
A& vF o 2 A} Ph. hartmanniis P, hartmannii 2 7] %
Steith o]# /%ol A, Tang et al. (2013)<2 Ph. hartmannii
o] EAAIEHH A&t FARA AN S Foff W
= apical groove®] FEIONA] Ph. polykrikos?} Polykrikos s

394 (©2022. Korean Society of Environmental Biology.

T Rl B AL 2RIstA, A} P. hartmannii S Ph.
hartmannii= 71 Z5keh & Ao AL FHEA A T
o}t OFA|= Tang et al. (2013)°] 7|52t apical groove 2]
Qe 727 919Lo vl (Fig. SE, F), 1 ol £
Matusoka and Fukuyo (1986)7F 7153t Ph. hartmannii®] @

B4 542 7423 9l



DL Fof Tl U i K
4= Slth(Matsuoka and Fukuyo 2000). -41:_7'

IALO] G A 2fol7t PR 27O EF ATl
Za% Hlo|H & o]-§=1L §lth(e.g. Shin et al. 2014; Mer-
tens et al. 2019; Li et al. 2020; Shin et al. 2021; Gu et al. 2022).
2 et o] o] A Aol 7155 ATt Zo] Ph. hart-
mannii®] FHEA = o)1l 7Hil 71 E7]= (spine)=
7HxIet. shARE, Polykrikas%——‘l] FHEA= Bl 1
B WoF 52 712 g 7Y ko] E7|ES 71A]7] o
ol JefA 02 ph. hartmanml—/] SHIZZR} =5
0] Ft} (e.g. Matsuoka et al. 2009; Tillmann and Hoppen-
rath 2013). T2hA], Zimmermann©] 7153t P hartmannii=
Ph. hartmannii= 7| =SE|ojoF & A 0 72 o=}

A

=~ a

= gl o E2E oA 2] Pheopolykrikos hart-
mannii FHEAE P07 dre ZHHS myl §lo ‘11 Bt
Holl= 41 I7t2e 57]|8o] IEEI Y=

At A L] F2A A (red accumulat10n)7]' ]
ot o] FHEAE 5°CE A €J5ka, 10°ColA 30°C Aol
o 2rofA Wolstal, 15°Cet 20°CollA] =2 Hoks
(>90%)& Hot FAZAZTE Tolgt FYA L= 2
7Rl MEZ = Z2Y (two-celled colony) FE|Z T E]
Qa1 FAPA| I o] AFFTLof| A 18] ko] apical groove
7h =SS 193 FAAE 24 A3, Pheopolykrikos
hartmanniii= Polykrikos &2t T+ TA = 1=k
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