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Abstract Ciliate, a unicellular eukaryote I1s an important component playing a intermediate trophic role between bacteria and multicellular eukaryotes in ecosystems. However, the Antarctic ciliate has been
less considered and has sparsely investigated so far. In this study, a new “non-oxytrichid Dorsomarginalia” ciliate, Urosomoida sp. n. was discovered from freshwater near the King George Island,
Antarctica using morphological, morphometrical, and molecular analyses. Morphology of U. sp. n. is characterized as follows: body shape slender to elongated; cortical granules spherical and colorless,
groups of granules formed patchy distribution; ring-shaped structures scattered in cytoplasm; 27-30 adoral membranelles with undulating membranes in Oxytricha pattern; usually 17 frontal-ventral-
transverse (FVT) cirri composed of 8 frontal, 3 postal ventral, 2 pretransverse ventral and 4 transverse cirri; 1 right and 1 left marginal rows; 3 dorsal kineties with 1 dorsomarginal row, 3 caudal cirri; 1
micronucleus between 2 macronuclear nodules. This new species mainly differs from other congeners by the combination of following morphological features: a micronucleus, cortical granules, and
ciliatures (e.g., adoral membranelles, FVVT cirri). Urosomoida sp. n. shows a nucleotide similarity of 97.3% with U. agilis, a type species of this genus, in the SSU rDNA sequences. Molecular phylogeny
shows a non-monophyletic relationship among Urosomoida species and emphasizes the need for further morphogenetic studies of this genus and other related species.

Introduction Results & Discussion (Fig. 2, 3 & Table 1, 2)

Fig. 2 Photomicrograph of Urosomoida sp. n. in
vivo (A-J) and after protargol impregnation (K, L).
A, B. Ventral and dorsal view. Arrow denotes a
contractile vacuole. C, D. Lateral views. E. Dorsal
view showing a contractile vacuole (arrow) with
dorsal bristles (DB). F. Ventral view with overall
cirral arrangement. G. Ventral view with nuclear
apparatus and ring-shaped structures (inserts). H.
Ventral view of oral apparatus. 1. One micronucleus
between 2 macronuclear nodules. J. Cortical granules
(arrowhead). K, L. Dorsal and ventral view of
holotype specimen, respectively. AZM — adoral zone
of membranelles; BC - buccal cirrus; CC - caudal
cirri;, DK - dorsal kineties; DM — dorsomarginal
Kinety; FC — frontal cirri; FVC — frontoventral cirri;
LMR — left marginal cirral row; Ma — macronuclear
nodules; Mi — micronucleus; PTVC — pretransverse
ventral cirri; PVC — postoral ventral cirri; RMR —
right marginal cirral row; TC — transverse cirri. Scale
bars: 50 um (in A, E, K), 5 um (in I, J).

Urosomoida Hemberger in Foissner, 1982 is benthic ciliates and consists of 13 species to
date (Shao et al. 2011). They usually occur in terrestrial habitats including freshwater
ecosystem but some species are reported from highly saline soil or a lagoon (Berger 1999;
Foissner et al. 2002; Paiva & Silva-Neto 2004). They usually feed on bacteria or small
protists (e.g., algae, amoebae, flagellates, and ciliates).

Of the thirteen species, two are known to inhabit in Antarctica and they are as follows: U.
antarctica and U. granulifera (Berger 1999; Foissner 1998). Type population of the two
species was discovered from Antarctica (=locus classicus) and their type localities are South
Victoria Land and South Shetland Islands, respectively.

Urosomoida was previously assigned to the family Oxytrichidae whose type genus
Oxytricha has 18 frontal-ventral-transverse (FVT) cirri with dorsal kinety fragmentation.
However, Urosomoida has reduced FVT cirri than the typical Oxytricha and lacks a dorsal
Kinety 3 fragmentation so that Berger (2006, 2008) placed the genus Urosomoida in the non-
monophyletic assemblage  “non-oxytrichid Dorsomarginalia”. The group name
Dorsomarginalia denotes the species which have dorsomarginal kinety originated from right
marginal cirral anlage during morphogenesis.

The phylogenetic relationship of Urosomoida agilis and U. longa was recently investigated
using the SSU rDNA sequences to represent a generic standard of this genus as the type
species (Singh & Kamra 2015). Based on morphogenetic features and the molecular
phylogenetic results, a new genus Hemiurosomoida was established and U. longa was
combined as the type species of this genus. Two genera Hemiurosomoida and Urosomoida
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Table 1 Morphometric data on protargol-
Impregnated specimens of Urosomoida sp. n.

are not clearly distinguished by morphology of the non-dividing cell (=mature form), ~ AZM
supporting a convergence on the cirral pattern as shown in Anteholosticha, one of the well- 7%
Body, length 25 925

known non-monophyletic groups in family Urostylidae (Park et al. 2013).

In this study, we describe a new freshwater ciliate Urosomoida sp. n. collected from King —— 5. & - ¥ ‘;‘;ré‘l"’rf:gbrane”es - gi gg'g
George Island, Antarctica. Its morphology and SSU rDNA sequence were analyzed and - p . \t Macronucleus, length 25 143
compared to those of other congeners. _ i | A - Macronucleus, width 25 90

: . - B - & | . gl : Macronuclear nodules, no. 25 2.0
Materials & Methods (g7 . . Micronuclei, length 21 34
v M | | 0 , Micronuclei, width 21 3.2
' 21 10
. g = D\/(C 21 80
Single-cell New Euk A . R L "7 28 e - Postoral ventral cirri, no. 21 3.0
isolation /f L ITS1 [5.8S [ ITS2 | LSU o T 7 Sy s . il Pretransverse and transverse cirri, no. 21 5.9
LSUrevd &+ % | “ ' Dorsal kineties, no. 21 3.0
%7 N\  PCR . | | : 4 3 )2 56, _
% /O_\ NS s | Dorsal bristles in dorsal Kinety 1, no. 21  16.2
% % | Sequence analysis "5, G ‘. Dorsal bristles in dorsal kinety 2, no. 21 192
&(\ — (BLASTN; NJ, ML, BI) 1 T : - Dorsal bristles in dorsal kinety 3, no. 21 173
= DNA | Ly UK | | % T - Dorsomarginal kinety, no. 21 1.0
lextraction Mophology analysis ‘ B o . e - _ Dorsal bristles in dorsomarginal Kinety, no. |4 s r:;
(infraciliature, ontogenesis) ~ $ 3 % - 21 S
Culture LR S X o . " | Left marginal cirri, no. 21  29.0
' A Right marginal cirri, no. 21 31.2
Resu |tS & Discussion (Flg 1) Table 2 Comparison of morphological features in U. sp. n. with those of closely related species.
30-57 38-51 66 (in vivo) 72-111
Absent Absent Absent Present
13-15 15-18 ca. 18 27-30
12-16 17-22 ca. 13 28-33
11-15 14-21 ca. 12 26-32
1 3-4 3 3
4-5 5 6 5-6
4 4 4 (rarely 5) 4
2 3 2 3
5-7 5 (from illustrate) 4 (from illustrate) 14-19
7 (from illustrate) 10 (from illustrate) 7 (from illustrate) 16-21
6 (from illustrate) 8 (from illustrate) 7 (from illustrate) 14-21
2-3 4 (from illustrate) 6 (from illustrate) 7-10
Foissner et al. (2002)  Berger (1999) Berger (1999) Original
. : :
, Dorsomarginal kinety (DM) 05577 Sterkiella nova AF508771  ———1 __
BI/ML — Tetmemena bifaria FM209296 0
1.0008 ——— Stylonychia notophora FM209297 =
0.03 ' Tetmemena pustulata X03947 | =
_ o _ | R —— Onychodromus grandis AJ310486 S
Fig. 3 Majority consensus tree of Bayesian Histriculus histrio FM209294 -
: : Pleurotricha lanceolata F1748886 g
Inference (BI) using SSU rDNA sequences. On osa —fosass Styxophrya quadricornuta X53485 5
Interior branches, Bl and maximum likelihood Rigidohymena c’am'fenskK(;}élI?SSS s |
woonoo = Larasterkiella thompsoni HM56926¢
(ML) ti bcl)otstrap values  are representEd’ b - Parasterkiella thompsoni KM061387
respectively. — T
— Sterkiella histriomuscorum AF508770
Gastrostyla steinii AF508758
0.96- Steinia sphagnicola AJ310494
1oaes — Stylonychia lemnae AM260994
o — Stylonychia mytilus AM086666
e 083778 = Stylonychia ammermanni FM209295
Laurentiella strenua AJ310487
(),‘i.j-’."}'f(.'f?j:r? acidotolerans FN429123
: : : i i ) o751 = Cyrtohymena muscorum KM061384
Fig. 1 Morphology of Urosomoida sp. n. in vivo (A-C) and after protargol impregnation (D, E). A. Ventral — Paraurosomoida indiensis TX139117 Soft-body oxytrichids
view of representative specimen. B, C. Dorsal views showing contractile vacuole (CV) and cortical granules _“’:}"fo,ﬁii‘!f?ff’fiﬁfifi‘f»ffffgi;ﬂ%’i

(CG), respectively. Dorsal (D) and ventral (E) view of holotype specimen. AZM - adoral zone of Urosomoida agilis KJ864926

membranelles; BC — buccal cirrus; DK — dorsal kinety; DM — dorsomarginal kinety; EM — endoral membrane; BN o) ona shii JQ5 13386 —Soft-body oxytrichids?

FC — frontal cirri; FVC — frontoventral cirri; LMR — left marginal cirral row; Ma — macronuclear nodules; Mi ose m : o

- - - - - ™~
— micronucleus; PM - paroral membrane; PTVC - pretransverse ventral cirri; PVC — postoral ventral cirri; 2 S : S =
i : : : e : Use Hypotrichidium paraconicum JQ918371= Spirofilidae S
RMR - right marginal cirral row; TC — transverse cirri. Scale bars: 50 um. vsase [——Ponturostyla enigmatica KC896649 2
— Rubrioxytricha ferruginea AF370027 ~
— Pseudocyrtohymena koreana KM061385 Soft-body 1~
— Cyrtohymena citrina AY498653 oxytrichids E»-
100100 [~ Hemiurosomoida longa AF508763 i
0.89/61 “ Hemiurosomoida longa AF 164125
) _ _ _ ) _ _ Urosomoida sp. FN429124
Diagnosis of new species. Size in vivo 75-130 x 20-35 um; slender to elongated shape; flexible but v [ Paruroleptus lepisma AF164132 7 {Jroleptidae
. . .. . . . . 0.96/54 . 10 l s .{SC.’S :
not contractile; grayish under low magnification. 1 contractile vacuole slightly above left of mid-body. — SIS A D
- - . . 076k == Uroleptus gallina AF50877
One micronucleus between two macronuclear nodules. Groups of cortical granules sparsely distributed. i Pseudouroleptus caudatus DQ910904

- : S — Pseudouroleptus jejuensis KF471024 ] t- ichids

Ring-shaped structures in cytoplasm. 17 frontal-ventral-transverse cirri composed of 3 frontal, 1 buccal, S A o Soft-body oxytrichids
S . o orzes = Orthoamphisiella breviseries AY498654 PRI
4 fro_ntover_ltral, 3 postoral ventral, 2 pretransverse ventral, a_nd 4 transverse cirri. 1 Ieft_ and 1 r_lght [ Uroleptoides magnigramilosus AM412774 1 Amphisiellidac
marginal cirral row. On average 28 adoral membranelles with undulating membranes in Oxytricha Hﬁggi{;ﬁ;:;;ﬁj;;;f}f;‘;gf;;;ﬁjﬁg@; -
pattern. 4 kineties composed of 3 dorsal and 1 dorsomarginal kineties. Three caudal cirri. Oxytricha elegans AM412767 Soft-body oxytrichids
Heterourosomoida lanceolata AM412773
100197 Metaurostylopsis antarctica JF906730
Urostyla grandis EF535731 Outgroup
1001100 Pseudourostyla cristata F1598608 (Urostylida)

— Pseudourostvia cristatoides IN88T467
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