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Morphology and Molecular Data for
Antarctic Cryophilic Microalga, Porosira pseudodenticulata

Woongsic Jung, Hyoung Min Joo, Sung Soo Hong,
Jae-Shin Kang, Han-Gu Choi and Sung-Ho Kang?*

Korea Polar Research Institute,
7-50 Songdo-dong, Yeonsu-gu, Incheon, 406-840, Korea

We have cultured more than 100 Arctic and Antarctic cryophilic microalgal strains in KOPRI culture collections of
polar microorganisms (KCCPM). Among them, we tried to identify an Antarctic strain, KOPRI AnM0008 by
morphological and molecular analysis. Nuclear SSU rDNA and plastid rbcL. sequences were used to identify the
strain. It was identified as Porosira pseudodenticulata based on SSU sequence data showing 99% identity with
GenBank X85398. This result was supported by morphological features like solitary labiate process, external
foramina and internal cribra by optical and scanning electron microscope. Morphological identification and
molecular analysis on polar cryophilic microalgae will be accomplished to construct the databases for KCCPM.

Key Words: cryophilic microalgae, molecular analysis, Porosira pseudodenticulata, rbcL, SSU rDNA
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(small subunit ribosomal DNA) £} 28 2~ ©] rbcL (ribulose 1,5-
bisphosphate carboxylase large subunit) f-A2}2] 971 <ES
2499 SUE 99 2lnE A4e ARE /KT e
FHAAZA AAYE et EAATEE Aol gl A
257 Tt (Medlin ef al. 1996; Kiihn et al. 2000; Kithn ef al.
2004), bl RS BT A8 AN HRelH COE
DS E 7% Bodste EAEAN AAAE zt3 Yt 2
g% 259 $AAEES A7l ¥el AgHT 9
(Bouquet et al. 1992; Miiller et al. 1998; McCourt ef al. 2000;
@3} o] 2001; Draisma et al. 2001; Lindstrom and Fredericq
2003 Savolainen and Chase 2003) .
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Fig. 1. Optical microscopy of KOPRI AnM0008 (Scale bar: 10
um).

AT AR REEAFE] FAE fl3te] 4F AU S AME
319121 ABI Prism 3100 Genetic Analyzer (Applied Biosystems)
£ AH&-3ste] DNA 971482 238ttt

DNA ¥7]x<¥€-2 DNassist Z=Z13 (ver. 2.2, http://
www.dnassistorg) 9} SeqEd™ == 72 (ABI)S Al-&3ho]
T T AAAT. 9E AVIMEL Custal X Z21
2 (ver. 1.64b, Thompson et al. 1997) & Al-&-3te] FHAA 71 &
MacClade =2 13 (ver. 4.06, Maddison and Maddison 2003)
AN A71XL HstE FZSAh rbcl FAk2] AS- A
gk Zefolml o] o} KRR el AT HER] #el
5}7] f15te] GenBank W €] blastnel] H71AE-& 553k th
2 AEEY bl 71X A9} vl watith

AnMO0008Z Aol & FE9 ArIAES FH
?18td blastn searchE 3315 1, o] FE g ExH
FABAAE Feotstr] Y] PAUP* =232 (ver. 4.0 beta
10, Swofford 2002)& AH&-3FATh BAWH O 2 HYFAHE
A (ML, maximum likelihood analysis; 1000 rounds of
bootstrap) Z} # ] & k-4 (MP, maximum parsimony
analysis; R=10, 1000 rounds of bootstrap) 18] 3 2 &
21 (NJ, neighbor-joining analysis; 1000 rounds of bootstrap) 2
FASAT Al HAREA T 2URFEAIH E Modeltest
Z 233 (v.3.06, Posada and Crandall 1998)-2 Al-&3ted Z+
24 ARE A9 A9 ANTAL BHAT B0 A4

S5,

Z I
Y olMxFo Hef

FeHEgH o2 AnMO008E T, 2 7 W (valve)ol] 3
AgEe] A o A2 AZEo] Al EH o oot
(Figs 1, 2). 7492 9¥ o1 F7 2 3570 ume|H, F7

Z (pervalvar axis)2 10-25 wumo|tF, 10 um ol H=
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Fig. 2. Scanning electron microscopy (SEM) of KOPRI

AnMO0008. Scale bars: 10 um. A, valve view; B, girdle view.

(areolae)2 9-1074 2 A2 = ATt W5 (areolation) 2 AN
ol HEFH Y (striae) & YA F|ATH YFE LAMT
(foramina) o™ HF= A (cribra) 0 &2 o] SIS0
=57 (labiate process) = WHZA 2o & shir} &2
HAt G54 & Yt go|H t EAlstA T oY
3 P shd =72 Tomas(1997)$} Scottel Marchant(2005)
o] &8 =, Porosira pseudodenticulata (Hustedt) Jousé2] & Ej
2

=43} 2 QA5

SUA o|MZ=Re| SSUDNA 2 rbcl SFA} 227|A

SSU rDNA 7MY EA: BEA%E AnM0008<] SSU
rDNAS] d7|-E2 F 1805 bp=E FAHANL2H &
GenBankel] SZA]Z thH(GenBank ID: DQ436461) . Blastn
search 23 Z 971¢] F3 A#Go] EL 2= Yeyth
(Table 2). Z1 5 Porosira pseudodenticulata®} 99% (598/604) 2]
540 9k Ao BAIAT, FEARE BAD A
5709 A7leA zpolE Q1S th(Fig. 3). Position 1176~
117794 F W9 A (ToCe G-T)S FAsH a1,
position 5769 4= gap th4l G(Guanine)& 2135153t &
5] X893982] 7| E A position 673-6742] R AnMO008
o] A1 A(Adenine) 2} G(Guanine) 2 235+ th.

GenBank®] #}& & AnM00089] SSUS] dA71M<E e} FA}
=7FRlaA £ 10709 ARE W ot F 11709 |74
g AR FAE BEFT 1345709 418z A8
SSUS] AHAEE BEAo| AL23}9TH(Table 2). Galeidinium
rugatum=} Peridinium balticums 272 2 ot HGAAE
Foll A FAEA, HoAGEY, 2AAFRA
bootstrap valueE 3 A]35}53t}(Fig. 4A). AnM00083} P.
pseudodenticulata= $12] 3712 £419] bootstrap valueZ} 5
10022 ZetA XA H = bd AleTS 339 o5
7J3A AR == Detonula confervacea/Skeletonema costatum,/
Thalassiosira nordenskioeldii®] AlEw3} 733HA] AR/E Apw)+
(sister group) & A A . Galeidinium rugatum}
Peridinium balticumo] o2 AAAE YD, H)FAIEA

o kA 23 A A o] et bootstrap values
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A SSuU B rbeL C combined
a:- 163/ - o6/ - o k:87/89/ -
 Galeidinium rugatum b:-/99/ - e 3. rugatum g:91/91/89 G. rugatum Dinophyceae 1:100/99/ -
(AB195668) c:88/94/85 (AB195669) h:92/95/78 m:59/54/ -
d:99/94/90 60/ - /- n:-/97/100
I—Peridinium balticum BibGAL P palticum j:65/ - 158  —P, palticum — Peridiniaceae o:-/83/73
(AF231803) (AB195670)
. OSSQmﬂWﬂWmmMMmEQS: Rh. setigera Rh. setigera — Rhizosoleniaceae
(AF015568)
b Phaeodactylum tricornutum o
(AJ269501) f D. confervacea ANMO0008 — Thalassiosiraceae?
. (AB018006)
Nitzschia longissima
(AY881968) 5 Th. nordenskioeldii D. confervacea — Skeletonemaceae
(AB01007)
Skeletonema costatum m.o
0G0 ¢ (reamss) - Sk. costatum Th. nordenskioeldii —Thalassiosiraceae
: o | L= Thalassiosira nordenskioeldi (AF015569) QLB
(DQ093365) '
98 M ANMO008 Sk. costatum — Skeletonemaceae
o| —Detonula confervacea 99 |
(AF525672) 100
N. longissima N. longissima
100 _>3_<_ooom (AY881967)
100 ~ Bacillariaceae
100 iporosira pseudodenticulata C. closterium C. closterium
(X85398) (DQO19445)

Rhizosolenia setigera
(AY485508)

Ph. tricornutum

Ph. tricomutum — Phaeodactylaceae
(AF195952)

Fig. 4. Phylogenetic trees constructed by maximum likelihood analyses for SSU rDNA (A; TIM + I + G model), rbcL (B; GTR + G
model) and combined (C; GTR + I + G model) alignment. Values at branches represent probabilities of maximum parsimony (left
value), maximum likelihood, and distance analyses (middle and right value, respectively). The bootstrap replicates for SSU
rDNA, rbcL and combined alignments are 1000. Scale bars = 0.05 substitutions /site.

Table 3. Nucleotide composition of SSU, rbcL and their
combined sequence alignments and statistics from
maximum parsimony analyses of the individual and
combined SSU rDNA and rbcL data sets

SSU rbcL combined

Number of taxa 11 10 10
Nucleotides (bp) 1345 1206 2551
AT Ratio (%) 54.9 62.5 58.2
Ts/Tv Ratio 1.24 0.784 1.02
Variable sites (%) 32 25 28.4
Informative sites (%) 21 14 17
Divergence 02-20 51-13 51-16

between all taxa (%)
Number of MP trees 1 1 1
MP tree length 762 510 1286
Consistency index 0.782 0.680 0.733
Retention index 0.702 0.513 0.575

(Fig.4C) . F&Ar= ] tigt A B4 AnM0008-2
v A 78FA AR E Detonula confervacea/Skeletonema
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