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Abstract: Morphology of a strain of unspecified Skeletonema species established from
Korean coast was examined by light, fluorescence and scanning electron microscopy,
and SSU (small subunit) and LSU (large subunit) rDNA of the strain were also sequenced.
The specimen was characterized by solitary or short chains, and each cell contained 1-2
chloroplasts. The valve face was slightly convex, and the terminal fultoportula processes
(TFPPs) were open and showed narrow distal ends that could be truncated or spiny with
claw-like protrusions. The basal part of the TFPPs was tubular and oblique to the cell axis.
The intercalary fultoportula processes (IFPPs) were also narrow, completely open, and
joined in a 1:1 junction. Occasionally, one IFPP was connected with two opposing IFPPs.
The morphological features of the specimen were identical to those of Skeletonema pseu-
docostatum. Molecular phylogeny based on SSU rDNA revealed that the Korean strain is
nested within a clade comprising S. pseudocostatum and S. tropicum. However, based
on D1-D2 LSU rDNA sequences, a clade including S. pseudocostatum and a Korean
strain was separated from the S. tropicum clade. This indicates that the Korean strain can
be identified as S. pseudocostatum. This species represents the first record from Korean
coastal waters.
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Skeletonema 452 HiH|o] I A FR O] o @ ] 7] E|
HE2HE] WEH Skeletonema barbadense Grev& 715
Z (type species) 2= Sto] W E ATt (Greville 1865).
Greville (1866)2 &% A4 HAH =dF B2}
Q3AM At |27 (ascidian) 2] oA TAHH TE
o] YT FUS 15k, 11 FE Melosira costata Grev.
2 st o]F Cleve (1873)= AHHlafl = e THEH
M. costata®} S. brabadense2] FEA -FAMIS EQIstal, M.
costata’s S. costatum (Grev.) Cleve 2.2 AT 5} T},

Skeletonema <2] PEjH EA2 T E7] (fultoportula
process)°ll &Jol] A|ZE 7tol] AAE o] FAE = ARE A
24 E35H7| A 2 =] X7t (Hasle 1973; Round et al. 1990),
Ul T2 TEY 4 Qe FHIA 540l o # ofy
2, Jef 2] fo] w2, thF-29] Skeletonema &2 Hil=
S. costatum O 24 715 E] o] £t} (e.g. Jung et al. 2009). 514
9k Xl Skeletonema &2] wAAI TS A4S B3t 2
= & W oh49] 528 (cryptic species) 2] HA Y A
O] A1 B S o] B9 1 (Sarno et al. 2005, 2007), &
A A AA B Skeletonema & W S5+ 21822 &
2] 1o} (Guriy and Guiry 2019).

S. pseudocostatum Medlin> T E7] R JH, ==
7] (rimoportula process)©] 129} F712] Zfolof o5 .
costatum @t T-HHTH(Medlin et al. 1991). 18], Sarno et
al. (2005)<= S. pseudocostatum®] =& (cingular band), &
A=7] T9 FHA E4= FAR o= 7Ast g F
o] A 2polE HAISHRITE O]% S. pseudocostatum->
i (ol Eoh vldsts), gotHle]7h(Hekd), ok g
7HCIHE), oMok (T, E), LAEgol wEHE &
A AA AQtell A v B1E|o] £ L (Sarno et al. 2005;
Bergesch et al. 2009; Kaeriyama et al. 2011; McCarthy 2013;
Veen et al. 2015), =] Atol|A o] &£&@-2 B H H gict.

=W A Skeletonema 552 EF= Fs-Au|Fstof| A
" FAE st Aol Tt S costatum O & F
JE]o] $Ft. Jung et al. (2009)= =W At EdsH=
Skeletonema S 5= W= FAPAAAN|Z S o]-8-5}o
TAAR YA S TS 1 A3k S. dohrnii, S.
marioni, S. subsalsum, S. tropicum & 452 SFRISIAAIRE 7]
Zof| FIHSHA HalE|o] 2 S, costatum®] S 21614
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1. Skeletonema pseudocostatum®] Y Y3 (strain)
XNy
S. pseudocostatum-= 19981 54 8§ o] 82|k (34°38'
30.2"N, 128°16'22.7"E)°l| Al 20 ym HE 37]9] A E2%F
IE YEE 43 dddste] HHE ST S. pseudocostatum
o] & A= BAIT o ® skl 2% 20°C,
HE 33psu D B 100 umol m > s Sl £/2 B A] o]l A] Bf
otk & FelH T AR RO B
gElojgot, A= g7 e sHFA=EA]
Tof| Y28t FAEELFIE 7IHTSHE| T ofiE
o] o]0 HiYFS LIMS-PS-0848 2 5-=d}t0] HE3}
011—4-'

Rl o

2. e 2x

S. pseudocostatum®] A (chain) Ao} B, FEA|
Tx 59 e EA-2 F5HA ] (Primo Vert, Zeiss,
Germany)i’]' FgAvA (Axio Imager 2; Zeiss, Germany)
O &2 yaetelal, E7] (process) S| T2} 912 59 1
ATz AAEEE FAPARE R (JSM7600, Jeol,
Tokyo, Japan) & 2 THISIIT FARIAA N 2= ¢
Sl S. pseudocostatum Bl FT= FEEE 2%2! Lugol &
o8 AT 7, ofekE A2 (10, 30, 50, 70, 90, 99, 99%)
2 Al=E 1524 2ok, dAA A EH (critical point
drying method) (Spi-Dry™ Regular Critical Point Dryer, SPI
Supplies, West Chester, PA, USA)< ‘&9l ZAXokTh Ax

% A== aluminum stub®] 217 5Fa W58 (platinum)



Skeletonema pseudocostatum in Korea

Fig. 1. Light and fluorescence micrographs of Skeletonema pseudocostatum (LIMS-PS-0848). (A-E) Colony with 1-2 chloroplasts in each
cell (arrows); (F, G) single cell. Scale bars: A-G =10 um.

5] 5~15Kv, 8.0 mm working distance 5Hol| 4] 253 T}

T ELL R

S. pseudocostatum®] Genomic DNA (gDNA) FEZ 9]
3 44719 BYF 1 mLES 1.5 mL tubeol] 2335}
of AHRE7E JAANZ & AT5HE A AL A
ZTt FEsto] —20°Cc9] YsAH Eysiith 5
H i FF2] ¢gDNA2 DNeasy Plant Mini Kit (Qiagen,
Valencia, CA)E AM&5te] mlwdof whet &5 o
Small subunit (SSU) rDNA 5312} F-9]9] A7|AE 24
<= 915l forward primer: SSU11+ (5"TGATCCTGCCAG
TAGTCATACGCT-3'), reverse primer: SSU1147-(5-AG
TTTCAGCCTTGCGACCATAC-3')2 AR5 1
(Alverson et al. 2007), large subunit (LSU) rDNA+ for-
ward primer: LSU D1R (5-ACCCGCTGAATTTAAGCATA-
3"), reverse primer: LSU R2 (§-ATTCGGCAGGTGAGTIG
TTAC-3')E ©]-8-6}] (Takano and Horiguchi 2006), PCR

= 3Y5F3ATE PCR BE3- 4 9] -9 S uL 10X Ex Taq Buffer
(Mg® " plus), 1.25 U Ex Taq polymerase (Takara, Japan), 1
uM primer ¥ 1yL DNAS FY5to] 2F souL7t ==
5 51913, PCR 2712 pre-denature= 95°COll 4] 2
4, denaturer= 95°COllA 20%, annealing< 55°COlA 1
4, elongation> 72°COIA 124 303] ¥H& F, post-
elongation 72°CO A 5827 AAISHFATH(T100TM
Thermal Cycler; Bio-Red, Hercules, CA). PCR AH&-2 1%
agarose gel°ll Z17H5F1! Midori Green Advance (NIPPON
Genetics, Co., Ltd., Tokyo, Japan) 2 A 5}to] UV oo A
DNA MiEE 2151311, QIAquick PCR purification kit
(Qiagen, Valencia, CA)E AH&-5to] PCR 4t== AR
% ABI PRISM® 3700 DNA Analyzer (Applied Biosystems,
USA)= AHgsto] 71442 24 skl

4. EXPS O £

S. pseudocostatum®] SSU rDNA Q7|4 E-2 Alverson et
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Fig. 2. Scanning electron micrographs of Skeletonema pseudocostatum (LIMS-PS-0848). (A) Terminal valve with subcentral TRPP; (B)
terminal valve with TFPPs and TRPP; (C) detail of a terminal valve; (D, E) detail of TFPPs showing spiny ends; (F) intercalary valves with 1
1 IFPP junctions and IRPP (arrow); (G) intercalary valves with 1:2 IFPP junctions; (H) detail of 1:1 IFPP junctions; (I) detail of a 1:2 IFPP
junction; (J) singular band. Scale bars: A-C, F~J=1pum; D, E=0.1pm.

24 (©2020. Korean Society of Environmental Biology.
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Table 1. Morphological comparison of S. pseudocostatum to other Skeletonema species

TFPP?

Species Chioroplast !F.Ppb IRPP® Reference
number Tip shape Tip width loints

S. pseudocostatum 1-2 Claw-like, truncated, or spiny Narrow 1:1 Short This study

S. pseudocostatum 1-2 Claw-like, truncated, or spiny Narrow 1:1 Short Sarno et al. (2005)
S. dorhnii 1-2 Dentate Flared 1:2 Short Sarno et al. (2005)
S. grethae 1-2 Claw-like, truncated, or spiny Narrow 1:1 Short Sarno et al. (2005)
S. Japonicum 1-4 Truncated or claw-like Narrow 1:2 Short Sarno et al. (2005)
S. marinoi 1-2 Dentate Flared 1:2 Short Sarno et al. (2005)
S. menzelii 1-2 Spiny Narrow - Short Sarno et al. (2005)
S. subsalsum 1-2 Hook-like Narrow 1:2 Long Sarno et al. (2005)
S. tropicum 1-7 Claw-like or truncated Narrow 1:2 Short Sarno et al. (2005)

2 Terminal fultoportula process, °: Intercalary fultoportula process, ©: Process of the intercalary rimoportula

al. (2005) & Sarno et al. (2005)= Zal5to] F 4070, LSU
rDNA+= Sarno et al. (2005)< Falsto] & 36709 A€
g d714d BEE F7HE & MEGA v. 7.026 T2 19
= ARgsto] MR dE AEsknh AdE 971 A
Rt A RES 2] 915 MEGA v.7.0.26 L2130
Al ModeltestE =35t 1L, 2|4 22 SSU rDNA2] 73
< TIM3+G (A:C:G:T=0.2867:0.1822:0.2397:0.2914;
p-inv=0; gamma shape =0.3090), LSU rDNA+ GTR+I1(A
:C:G:T=0.2573:0.1962:0.2932 : 0.2534; p-inv=0.6370;
gamma shape=0)= 4A1745}o] MEGA v. 7.0.26 Z= 1
= AR8sto] F|t-F-AREA] (Maximun-likelihood analysis;
ML)& A5ttt 123, A5 £4 BAE B7tst
7] 15 1,0002] 9] bootstrap= =5ttt Hlo]=
(Bayesian Inference; BI)-> MrBayes 3.1.2E AH8-5}%1,
Ao] ghmH o]%olls FAATE B o & sfof 7t
O] AFTHABAE wole= 2T EE 25kl

HAE 2] 91> MEGA L& 17 0 2 4345} 3ich.

< Ol"N ‘H —lNl
o

2ot Y oy

1. Skeletonema pseudocostatum®2| QEej™ EX

Skeletonema pseudocostatum®] EH|H E7] (girdle view)
N FEA = 1~2700] a1, A2 o] Hho]] 9|5 Utk
(Fig. 1A~E). ZF N\ Z= 4A 53 7P3Ate] 9l E7] 0
ofsf Aks Pz AZHAL Aoy FA9 #AIE F

“J5t3ith (Fig. 1A~C). wA4l= 2~6709] A= A4 o]
a1, T (valve) @] 21742 6~17.3 pm (n=350)2, 22 Hj
G WollM = Alazntct do] 2ol S B gl om, thel Al
2 ZAE o= Zo] Aol AT o AT (Fig. 1F,
G).

FAPAAE 0] E & o83 S. pseudocostatum ] T 4
1k 5782 Y3 o]l (Fig. 2A), 74 H (valve face)= 55}
AL A& 22} (Fig. 24, B). THA| 0] 7Pgta]
A=7] & (terminal fultoportula process; TFPP)% ZatA]
Ay 23] 2eFo| il (Fig. 2B~D), ZOl+& 1.67£0.5 yum
(n=36)°]9, /5= 810+ 1.17] &2 T=742] F7]0] whzt
ThF3i Tt (Fig. 2B, C). 7t 7HS] WA E 4<-E7] (terminal
rimoportula process; TRPP)+= F724H SY o2 HE A
2 Hlojuf Q|5 AU (Fig. 24, B), T2 H&3 <
L mofFolm, Z1o]7} 1.140.6 ym (n=6)°] 1t} (Fig.
2B). 111]_7’_, AZGA|E T =7 (intercalary fultoportula
process; IFPP)= YHFA o= 1.1 Ao 2 gHEd 9lovt
(Fig. 2F~H), 1:2 28= TF T E AT (Fig. 21). TE5
poroid®| 1, WAFY O 2 BiE5tH 1 um F 137 (n=4)°]
o} (Fig. 2J).

Sarno et al. (2005, 2007) 2] E4 ZAito] ©|5HHA, Skele-
tonema 42 Zo| wet TFPPL} TRPPE 74 W Aol
IFPP 2, =elu 29F 52 JEi7t th=t o]of whet s
pseudocostatum= QL 85O Skeletonema®] HIA|TZE
£ H| W5} T (Table 1). S. pseudocostatum= TFPP7} &
o] AR AU, Zale] Bz 7HA] BYR] Z0] S grethae, S.

http://www.koseb.org 25
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Skeletonema pseudocostatum X85393

-~ Skeletonema pseudocostatum AY684955

- Skeletonema pseudocostatum AY684953

- Skeletonema pseudocostatum AY684956

I Skeletonema pseudocostatum AY684957

- Skeletonema pseudocostatum AY684958
Skeletonema tropicum KU363218

65/036{ Skeletonema tropicum DQ396513

93/1.00| Skeletonema tropicum DQ396515

| Skeletonema pseudocostatum AJ632208

I— Skeletonema pseudocostatum AY684951

- Skeletonema tropicum DQ396516

Skeletonema pseudocostatum X85394

Skeletonema pseudocostatum AJ632209

86/0.87] | Skeletonema pseudocostatum AJ632207

Skelet p 1 LIMS-PS-0848

— Skeletonema pseudocostatum AY684952

- Skeletonema pseudocostatum AY684954
86/1 oq: Skeletonema menzelii AJB632218
Skeletonema menzelii AJ632217

/100 Skeletonema grethae M54988
Skeletonema grethae AJ632215

95/1.00)

93/-|
97/0.8;

100/1.00)
79/0.97| Skeletonema grethae AJ632214

Skeletonema grethae AJ632204
99/0|77T Skeletonema subsalsum AY684959

J[Skeletonema subsalsum AJ535166
96/.94) Skeletonema dohrnii AJE32211
Skeletonema dohrnii AJ632210

Skeletonema marinoi AJ632216

98/1.01
Skeletonema marinoi AJ632213

98/1.00) Skeletonema marinoi AJ632212
Skeletonema marinoi AJ535165
Thalassiosira pseudonana AJ535169
Thalassiosira rotula X85397

Thalassiosira eccentrica X85396
Pleurosira laevis AF525670

Lithodesmium undulatum Y10569
99/1.00¢
Helicotheca tamesis X85385
99/1.0(
Ditylum brightwellii X8538

Porosira pseudodenticulata X85398

—

0.02

v dnoiug

Group B

Group C

Group D

Fig. 3. Maximum-likelihood (ML) tree showing the phylogenetic position of Skeletonema pseudocostatum based on partial nuclear-en-
coded SSU rDNA sequences. Pleurosira laevis (AF525670), Lithodesmium undulatum (Y10569), Helicotheca tamesis (X85385), Ditylum
brightwellii (X8538) and Porosira pseudodenticulata (X85398) was selected as the outgroup. The numbers on each node are the bootstrap
values (%) and the Bayesian Posterior Probability (PP). Only bootstrap values above 50 and PP above 0.7 are shown. Scale bar = number of

nucleotide substitutions per site.

japonicum, S. menzelii, S. tropicuml_q' FArSE FEd EAS
H It} (Table 1). SR, ©] FE5-2 TFPPs®| FH, H4tet
Ak, FARE, GFAG 5ol 25l S. pseudocosatum O =
| FEEACE S grethae> TFPPsS] FE|A zfolof 2]5)
S. pseudocostatum™}t B =1L, S, japonicum-< THRE A

26 ©2020. Korean Society of Environmental Biology.
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= of o5l FHEH, S. menzelii-
Al g WEE = Zof|A 2po] S Holal, S tropicum
3, 8 2 FAE PR ZolA
S. pseudocostatum¥t T2} (Sarno et al. 2005). |4 H &
of wet A7 F2 Az Ht FEHA S TV



100/1.00 Skeletonema pseudocostatum AJ633513
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Skeletonema pseudocostatum AJ633514
Skeletonema pseudocostatum AJ633508
Skeletonema pseudocostatum AJ633509
kelet p 1 tatum LIMS-PS-0848
100/1.00,
Skeletonema pseudocostatum AJ633511
Skeletonema pseudocostatum AJ633512
Skeletonema pseudocostatum AJ633510

96/1.00

100/1.00)

Skeletonema menzelii AJ633528
Skeletonema marinoi AJ633531
Skeletonema marinoi AJ633534
Skeletonema marinoi AJ633530
Skeletonema marinoi AJ633533
Skeletonema marinoi AJ633536
Skeletonema marinoi AJ633532
Skeletonema marinoi AJ633535
Skeletonema marinoi AJ633529
Skeletonema dohrnii AJ633538

98/0.96 skeletonema dohrii AJ633537
Skeletonema subsalsum AJ633539

Skeletonema pseudocostatum AJ633507
Skeletonema tropicum AJ633519
Skeletonema tropicum AJ633518
Skeletonema tropicum AJ633520

100100 skeletonema tropicum AJ633515
Skeletonema tropicum AJ633517
Skeletonema tropicum AJ633516

v dnouig

Skeletonema grethae AJ633521
Skeletonema grethae AJ633523
Skeletonema grethae AJ633522
Skeletonema japonicum AJ633524

Group B

Skeletonema menzelii AJ633526

Skeletonema menzelii AJ633527

Group D

1 GroupC

Thalassiosira rotula AJ633505

d—
10011.0 Thalassiosira sp AJ633506

—
0.0050

Fig. 4. Maximum-likelihood (ML) tree showing the phylogenetic position of Skeletonema pseudocostatum based on partial nuclear-encod-
ed LSU rDNA sequences. Thalassiosira rotula(AJ633505) and Thalassiosira sp. (AJ633506) were selected as the outgroup. The numbers on
each node are the bootstrap values (%) and the Bayesian Posterior Probability (PP). Only bootstrap values above 50 and PP above 0.7 are

shown. Scale bar =number of nucleotide substitutions per site.

SHA|TE FAPAZA N F-& F5 A e EA vlu=2
Skeletonema 2] 52 FES 4 2 02 HWiHt

2. Skeletonema pseudocostatum®| A5 288t
x|

S. pseudocostatum®] A58+ 912 E mtefslr] ls A
2 SSU rDNA 9714 22| ZolE 1033 bpA L, LSU
rDNA °ﬂ71A1§94 ol 778bpAal, 2+ F 7k AR
APAE Yol EAHAE = Figs. 337} 4] YERA SITH

Skeletoenma 2] 13+ 5-ATAI= 4719 145 (Group)
O 2 FEE|I (Figs. 3,4), S. pseudocostatum= S. tropicum
I A Group Al EZE|UTE. Skeletonema <52 FENA

S8 fAMdS BAH v, 0 144 A= 7HE
=, 3] S. tropicum= SSU rDNA Aol 4] S, pseudo-
costatum™t T2 22 S5 f1x[ AT ol= SsU
rDNAS &t Aot 24o= F F2 #2¢ &+ ®
thHe A& oJn[ght}, skA]Rt LSU rDNA 17He] 47]A4]
g 24 Aol A S. tropicums= S. pseudocostatum™} 7|
Group A= TFEH AT, {7 A2lo|A 2ol & et
WAL, FAHE 24 (similarity analysis) 23t &2 8 =2}
97% LA|ok= Arkg Bt o] 4 SSUDNA AZ}of A
= TEER] GUE S. tropicums= S. pseudocostatum®] LSU
rDNA Z3tof| A L& 7H55FA Tt wheb A Skeletonema2] 7
St T TS floh of=l #1he] E40] a-H.

2tH, LSU rDNA E71AE 9] FAHE 4] (similarity
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analysis) 27 2 HgFE= o8 A HoA 755 72
o 71 L7 100% LAk 7S HAh ol+= s
pseudocostatum- A 2] 2] 1|2} AHHGlo] H7] A DollA
72 Zpol7F LrehtA] ¢f= T A% (monophyly) ©] 2}
= A< SJn|eitt,

¥ Q9

Skeletonema pseudocostatum®] M| = FAHE AJE-9]
Z1e &gt A& FEIR, doli= 6~17.3um A, H=A
Al & 1~278E Zetskal ISIth FARIANE w7 W
AT} Skeletonema &= =L 7 A= 7FEAE] 57
Z (terminal fultoportula process)<> &°| Z2x| A, Z
a8 eFelal, Aoj7t 1.67+0.5 um®] 1, 7HZHe] 74
Zp2]of] Yx18f o, 4= 8.10+ 1.17HE 7}ZHe] A7)
of wtet cheFstA vrebtth HAIE A&=7] (terminal
rimoportula process) = T/ H&F L W RO
=, Mo S A AASHAAL, ZAol= 1.1£0.6 ym

, M= 170eE AEAIE BE7] (intercalary
fultoportula process)= 52 1:1 2302 A2 9rEd
U= AL 1:2 BEE 55 ‘ﬂa]—@lq%\h:} A 2
W= FEiA S0l fARY F 2ol fAdstd ARzt g
+ A e, A2A 7)ol thE FY £ B9,
FA7 2pol & Holz] QI o]+= S. pseudocostatum-== 7|
212 12|19} dglo] 4 Zpol7t yehtA] fh= T
A& (monophyly) 0] 2f= A& ou|gitt.,

e

Fl‘

l‘l‘

AF A
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