
M
p
g

M

a

b

R
A

A

c
c
c
s
c
a
h

©

K

I

a
e
a
(
1
P

f

(

h
0

Available  online  at  www.sciencedirect.com

ScienceDirect

European Journal of Protistology 54 (2016) 1–10

orphology  and  small subunit  rRNA  gene sequence  of  Uronemita
arabinucleata n. sp.  (Ciliophora,  Uronematidae),  with  an improved
eneric diagnosis
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bstract

The morphology and infraciliature of a new species, Uronemita  parabinucleata  n. sp., isolated from intertidal sediments in a
oastal region in northern China, were investigated using live observation and silver impregnation methods. The new species is
haracterized by an in vivo body size of about 20–50 ×  10–25 �m, 22 or 23 somatic kineties, two macronuclear nodules, and one
audal cilium. Its small subunit ribosomal RNA gene (SSU rDNA) was sequenced and compared with those of other Uronemita
pecies to reveal nucleotide differences. Phylogenetic analyses indicated that Uronemita  is monophyletic and that the new species
lusters with its congener Uronemita  filificum, with full support provided by both Bayesian inference and maximum likelihood
lgorithms. Based on previous studies and the present study, an improved diagnosis of the genus Uronemita  is supplied, which

as been absent since the establishment of this genus. A key to the Uronemita  species is also provided.

 2016 Elsevier GmbH. All rights reserved.

eywords:  Infraciliature; Phylogeny; Scuticociliates; SSU rDNA; Uronemita  parabinucleata  n. sp.
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Ciliates in the subclass Scuticociliatia Small, 1967 are usu-
lly very small (15–50 �m), distributed in various aquatic
nvironments worldwide (Lynn 2008; Song et al. 2009),
nd exhibit great biological and morphological diversity

Foissner 1995; Foissner and Wilbert 1981; Foissner et al.
982, 2009, 2014; Jankowski 2007; Lynn and Small 2002;
an et al. 2011, 2015; Seo et al. 2013; Song and Wilbert

∗Corresponding authors. Tel.: +86 532 8203 1676;
ax: +86 532 8203 1676.

E-mail addresses: gaof@ouc.edu.cn (F. Gao), xiaozhonghu@ouc.edu.cn
X. Hu).

s
h
r
e

a
U
o

ttp://dx.doi.org/10.1016/j.ejop.2016.02.005
932-4739/© 2016 Elsevier GmbH. All rights reserved.
002). Recent studies have demonstrated that the diversity
f this group has not been well documented (de Castro et al.
014; Foissner et al. 2014; Pan et al. 2015; Xu et al. 2015),
hich highlights the need to conduct further studies on this
roup.

In recent years, molecular phylogenetic analyses based on
mall subunit ribosomal RNA gene (SSU rDNA) sequences
ave increasingly been used to investigate the evolutionary
elationships within Scuticociliatia (Gao and Katz 2014; Gao
t al. 2012a,b, 2013, 2014).
In the present work, a novel species of the re-
ctivated genus Uronemita  Jankowski, 1980 (junior synonym
ronemella  Song and Wilbert, 2002) is documented based
n live observation and silver staining preparations, and

http://www.sciencedirect.com/science/journal/09324739
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejop.2016.02.005&domain=pdf
dx.doi.org/10.1016/j.ejop.2016.02.005
mailto:gaof@ouc.edu.cn
mailto:xiaozhonghu@ouc.edu.cn
dx.doi.org/10.1016/j.ejop.2016.02.005
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ts SSU rDNA sequence was characterized and analyzed
o determine the phylogenetic position of the new species
ithin Uronemita. An improved diagnosis of Uronemita
ased on available data and an updated key to the species are
rovided.

aterial and Methods

ampling and cultivation

Samples were collected from the surface of sandy littoral
ediments of the No. 1 Bathing Beach in Qingdao, China
36◦03′18′′ N; 120◦20′22′′ E), on 3 August 2015, when the
ater temperature was about 24 ◦C and the salinity was 28‰.
The sampling method was mainly that of Yan et al. (2015).

t a slightly polluted location near a sewage outfall on the
each, 5 cm-deep holes were dug in the sand, into which sea-
ater gradually seeped. Sandy sediments and seawater were

ollected from the bottoms of the holes. The specimens were
solated and maintained in non-clonal cultures in Petri dishes
ontaining filtered seawater at room temperature (ca. 22 ◦C),
ith artificial fish food granules or rice grains to enrich the
acterial food (Qu et al. 2015).

orphology

Living cells were isolated and observed using bright-
eld and differential interference contrast microscopy at
00–1000×  magnification. The protargol staining method
escribed by Wilbert (1975) and Chatton-Lwoff wet silver
itrate (Foissner 2014) were used to reveal the infracilia-
ure, nuclear apparatus, and silverline system. Counts and
easurements of the stained specimens were performed at a
agnification of 1000×. Drawings of living cells were pro-

uced using free-hand sketches and photomicrographs, and
rawings of silver-stained specimens were produced with the
elp of a camera lucida (Luo et al. 2014). The terminology
sed is mainly that of Jankowski (2007) and Song and Wilbert
2002).

NA extraction, PCR amplification, and
equencing

Genomic DNA extraction, PCR amplification, and
equencing of the SSU rDNA from Uronemita  parabinu-
leata n. sp. were carried out according to the methods of
uang et al. (2014). Genomic DNA was extracted from

leaned cells using a DNeasy Tissue Kit (Qiagen, CA, USA).
rimers 18s-F (5′-AAC CTG GTT GAT CCT GCC AGT-
′) and 18s-R (5′-TGA TCC TTC TGC AGG TTC ACC

′
AC-3 ) (Medlin et al. 1988) were used for SSU rDNA ampli-
cation. To minimize the possibility of PCR amplification
rrors, Q5® Hot Start High-Fidelity DNA Polymerase (New
ngland BioLabs, USA) was used. Purified PCR products in

w
b
1
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he appropriate size were inserted into the pEASY-T1 vec-
or (TransGen Biotech, Beijing, China) and transformed into
ompetent cells. Sequencing was performed bidirectionally
n an ABI 3700 sequencer (GENEWIZ Biotechnology Co.,
td., Beijing, China).

hylogenetic analyses

The SSU rDNA sequences of Uronemita  parabinu-
leata n. sp. and 59 other ciliates obtained from the
CBI GenBank database were used for the phylogenetic

nalyses. Ten pleuronematid species were treated as the
utgroup taxa. The sequences were aligned with MUS-
LE v3.7 (Edgar 2004), using the default parameters
f the web server (http://www.phylogeny.fr/version2 cgi)
Dereeper et al. 2008, 2010). The resulting alignments were
efined manually by trimming both ends, using the BioEdit
.0.5.2 program (Hall 1999). The final alignment included
744 characters and 60 taxa (available from the authors upon
equest).

Bayesian inference (BI) analysis was performed with
rBayes v.3.2.6 on XSEDE (Ronquist and Huelsenbeck

003) via the CIPRES Science Gateway (CIPRES por-
al: http://www.phylo.org/sub sections/portal) using the
TR + I + G evolutionary model as the best-fit model, which
as selected by MrModeltest v.2 (Nylander 2004), accord-

ng to the Akaike Information Criterion. Markov chain Monte
arlo simulations were run with two sets of four chains for
,000,000 generations at a sampling frequency of 100 and

 burn-in of 10,000 trees (25%). All the remaining trees
ere used to calculate the posterior probability using a 50%
ajority rule consensus. Maximum likelihood (ML) analy-

es were conducted online on the CIPRES Science Gateway
ith RAxML-HPC2 on XSEDE (8.2.3) (Stamatakis 2014),
sing the GTR + I + G evolutionary model as the best model
ccording to the Akaike information criterion selected by
he Modeltest v.3.4 program (Posada and Crandall 1998).
ode support came from 1000 bootstrap replicates. Tree-
iew v.1.6.6 (Page 1996) and MEGA 4.0 (Tamura et al. 2007)
ere used to visualize the tree topologies. Systematic clas-

ification was conducted primarily in accordance with Lynn
2008).

omparison of the SSU rDNA sequences  within
he genus Uronemita

The SSU rDNA sequence of Uronemita  parabinucleata  n.
p., along with the sequences of three congeners obtained
rom the GenBank database, was aligned using BioEdit
.0.5.2 (Hall 1999). After deleting both ends of the alignment,
he numbers of unmatched sites and sequence similarities

ere calculated. The alignment was then modified manually
y removing identical nucleotides with BioEdit 7.0.5.2 (Hall
999), resulting in a nucleotide matrix.

http://www.phylogeny.fr/version2_cgi
http://www.phylo.org/sub_sections/portal
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esults and Discussion

eactivation of Uronemita Jankowski (1980)

Remarks.  Jankowski (1980) established a new genus,
ronemita, with Uronema  filificum  Kahl, 1931 as its type

pecies. He provided a short statement for the new genus:
similar to Uronema, without argyrome.” Song and Wilbert
2002) stated that Uronemita  is invalid according to the Inter-
ational Commission on Zoological Nomenclature ICZN
1999), as no clear definition or detailed description was
rovided for it. They suggested the establishment of a new
enus, Uronemella, with a definition, and they designated
ronema filificum  Kahl, 1931 [which was transferred into

he genus Homalogastra  by Song (1993) and to Urocy-
lon by Small and Lynn (1985)] as its type species, with
etailed descriptions. Two additional species were included
n the genus: Uronemella  binucleata  (Song, 1993) Song and

ilbert, 2002 (basionym: Homalogastra  binucleata  Song,
993) and Uronemella  cymruensis  (Pérez-Uz and Hope,
997) Song and Wilbert, 2002 (basionym: Urocyclon  cymru-
nsis  Pérez-Uz and Hope, 1997). According to the definition
f Uronemella, two new species—Uronemella  parafilificum
nd U.  sinensis—were added (Gong et al. 2007; Pan et al.
013) and the generic diagnosis was amended (Pan et al.
013).
However, the genus Uronemita  established by Jankowski

1980) is nomenclaturally valid according to ICZN 1964 (arti-
le 13, a.i.; this edition was essential for Jankowski 1980), as

 type species was designated and a definition was provided
although the defintion is incorrect according to later data).
hus, the statement by Song and Wilbert (2002) that Urone-
ita is invalid is obviously incorrect. Jankowski (2007) also

ommented on this problem, and synonymized Uronemella
ong and Wilbert, 2002 with Uronemita  Jankowski, 1980.
e provided a description of the type species, Uronemita  fil-

ficum (Kahl, 1931) Jankowski, 1980, but without redefining
he genus. We agree with Jankowski (2007) on the validity of
ronemita, and transfer four other species formerly assigned

o Uronemella  into the current genus.
Because the original definition of the genus Uronemita  is

ncomplete and incorrect and no amended generic diagnosis
as been provided, herein we provide an improved diagnosis
f Uronemita  based on previous and present data. The diag-
osis is mainly from that of the synonym Uronemella  with
ome emendations.

Improved  diagnosis  of  genus  Uronemita  Jankowski,
980. Thigmotactic Uronematidae with generally elongate-
lliptical or inverted pear-shaped body; apical plate
ominant; subequatorially positioned cytostome, about one-
alf to two-thirds of the total body length; Uronema-like oral
pparatus with membranelle 1 consisting of one row of basal

odies and membranelles 2 and 3 consisting of two or more
ongitudinal rows of basal bodies; paroral membrane com-

encing anteriorly at about the mid portion of membranelle
; one typical caudal cilium; somatic kineties comprising a

e
g
c
(
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ixture of dikinetids and monokinetids; locomotion in vivo
xhibiting typical rotatory movement with help of a caudal-
ilium-associated sticky thread; marine habitat.

Type species  (by  original  designation).  Uronemita  fili-
cum (Kahl, 1931) Jankowski, 1980 (basionym: Uronema
lificum Kahl, 1931).
Species  assignable.  Uronemita  filificum  (type spiecies);

ronemita binucleata  (Song, 1993) nov. comb. [Synonyms:
omalogastra  binucleata  Song, 1993; Uronemella  binu-

leata (Song, 1993) Song and Wilbert, 2002]; Uronemita
ymruensis (Pérez-Uz and Hope, 1997) nov. comb. [Syn-
nyms: Urocyclon  cymruensis  Pérez-Uz and Hope, 1997;
omalogastra  cymruensis  (Pérez-Uz and Hope, 1997) Song

nd Wilbert, 2000; Uronemella  cymruensis  (Pérez-Uz and
ope, 1997) Song and Wilbert, 2002]; Uronemita  parabin-
cleata n. sp.; Uronemita  parafilificum  (Gong et al., 2007)
ov. comb. (Synonym: Uronemella  parafilificum  Gong et al.,
007) and Uronemita  sinensis  (Pan et al., 2013) nov. comb.
Synonym: Uronemella  sinensis  Pan et al., 2013).

ronemita parabinucleata n. sp.

Diagnosis.  Size in vivo about 20–50 ×  10–25 �m. Twenty-
wo or 23 somatic kineties. Two macronuclear nodules.

Type locality.  Marine water from sandy littoral sediments
f the No. 1 Bathing Beach in Qingdao (36◦03′18′′ N;
20◦20′22′′ E), eastern China.
Deposition  of  type  slides.  One protargol preparation

registry no. LMJ2015080301) with holotype specimen
Fig. 2G, H) is deposited in the Laboratory of Protozo-
logy, Ocean University of China. Two paratype slides
ontaining protargol and silver nitrate stained specimens (reg-
stry no. NHMUK 2016.1.25.1 and NHMUK 2016.1.25.2,
espectively) are deposited in the Natural History Museum,
ondon.
Etymology. Composite of the Greek word para  (beside)

nd the species-group name binucleata, indicating that this
pecies is similar to Uronemita  binucleata  in having two
acronuclear nodules.
Description  (table*  1  and  Figs  1A–G,  2A–L). Body size

pproximately 25–50 ×  10–25 �m in vivo, with a length:
idth ratio of about 2:1. Inverted pear-shaped or elongated

lliptical outline. Anterior end flat and slightly truncated,
ith a prominent apical plate covering about one-half to

wo-thirds of body width, and slightly narrow posterior part
Figs 1A, B, 2A–C). Ventral side slightly concave and dor-
al side conspicuously convex (Fig. 2D). Buccal field about
hree-fifths of body length, with cytostome positioned slightly
osterior to equatorial level (Figs 1A, B, 2A–C). Pelli-
le thin and conspicuously notched, with grooves located
ongitudinally along ciliary rows (Figs 1A, 2A, C, F). No

xtrusomes detected in vivo. Cytoplasm colorless to slightly
rayish, containing several refractile globules and bar-like
rystals distributed at in anterior and posterior portions
Figs 1A, 2A–D). A single contractile vacuole, positioned
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Table  1.  Morphometric data of Uronemita  parabinucleata  n. sp. from life and after protargol impregnation.

Characteristica Max Min Mean Median SD CV n

Body length (living cells) 40 30 35.00 35 3.34 9.54 15
Body width (living cells) 20 15 17.20 18 1.90 11.03 15
Body length (protargol-stained cells) 42 30 35.04 35 3.86 11.01 25
Body width (protargol-stained cells) 30 20 23.68 25 3.20 13.50 25
Width of apical plate 20 10 13.08 13 2.06 15.75 25
Length of paroral membrane 10 8 9.20 9 0.76 8.30 25
Number of somatic kineties 23 22 22.96 23 0.20 0.87 25
Number of kinetids in SK1 27 19 22.20 22 1.66 7.47 25
Number of dikinetids in SK1 20 9 14.00 14 2.84 20.31 25
Number of kinetids in SKmid 17 11 14.28 14 1.40 9.80 25
Number of dikinetids in SKmid 13 4 8.12 8 2.49 30.65 25
Number of macronuclear nodules 2 2 2.00 2 0 0 >100
Diameter of single macronuclear nodule 14 8 10.52 10 1.50 14.29 25

aMeasurements in �m. CV, coefficient of variation in %; Max, maximum; Mean, arithmetic mean; Min, minimum; n, number of individuals examined; SD,
standard deviation; SK1, the kinety on right of buccal field; SKmid, the middle kinety on dorsal side.

Fig.  1.  (A–G) Uronemita  parabinucleata  n. sp. in vivo (A, B), after protargol (C–E) and silver nitrate (F, G) impregnation. (A) Right
ventrolateral view of a representative individual, arrow shows contractile vacuole. (B) Right ventrolateral views of different body shapes. (C,
D) Ventral (C) and dorsal (D) view of holotype specimen to show the infraciliature and nuclear apparatus. (E) Detail of buccal field, arrows
indicate the gap between membranelles 1 and 2. (F) Portion of silverline system. (G) Caudal view, showing the caudal complex. Arrowheads
very likely point to the vacuoles after the ejection of extrusomes, and this kind of vacuoles are usually distributed over silver nitrate stained
cells. CCo, caudal complex; CVP, contractile vacuole pore; M1–3, membranelle 1–3; PM, paroral membrane; Sc, scutica; SK1, the somatic
kinety right of buccal field; SKn, the somatic kinety left of buccal field. Scale bars = 15 �m.



M. Liu et al. / European Journal of Protistology 54 (2016) 1–10 5

Fig.  2.  (A–L) Photomicrographs of Uronemita  parabinucleata  n. sp. from life (A–F, with B in bright field illumination and others in DIC
microscopy), after protargol (G–I) and silver nitrate (J–L) staining. (A–C) Right ventrolateral views of representative individuals, arrow in
A shows contractile vacuole, arrowheads in B and C indicate the refractile globules and bar-like crystals. (D) Lateral view of another cell.
(E) Different body shapes and sizes. (F) Arrow shows the longitudinal grooves along the kineties. (G, H) Left ventrolateral (G) and right
dorsolateral (H) view of holotype specimen to show the infraciliature and nuclear apparatus. (I) View of a specimen in early stage of cell
division, indicating the two macronuclear nodules do not fuse during division. Arrow points to one of the elongated macronuclear nodule. (J)
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orsal view, showing the silverline system. (K) Apical view, revea
enotes somatic kinety n  (n  = 23 in present case). (L) Caudal view, 

 and arrow points to the contractile vacuole pore. Scale bars = 30 �

audally, up to 6 �m in diameter when fully expanded, pul-
ating at intervals of 25–35 s (Figs 1A, 2A–C).

Cilia approximately 6–8 �m long, densely arranged; a sin-
le caudal cilium about 12–17 �m in length (Figs 1A, 2A–C).
ocomotion by ‘rotatory movement’: with help of a thread-

ike structure deriving from the caudal cilium, cells become
ttached temporarily to a substrate and rotate continuously;
or more details, see Song and Wilbert (2002).

Ciliature as shown in Figs 1C, D, 2G, H. Most cells contain
3 (22 in only one of the 25 cells examined) almost bipolar
omatic kineties. Each kinety composed of closely arranged

ikinetids in anterior part and loosely arranged monokinetids
osteriorly (Figs 1C, D, 2G, H), except for the SKn (kinety
n left of buccal field), which located slightly posteriorly and

r
o
s

e large apical plate. Arrow indicates somatic kinety 1, arrowhead
onstrate the caudal complex. Arrowhead shows the somatic kinety

onsisting almost entirely of dikinetids (Figs 1C, F, 2G, L).
he SK1 (kinety on right of buccal field) composed of
9–27 kinetids, of which 9–19 dikinetids. Caudal complex
onsisting of about three argentophilic granules (Fig. 1G).
nvariably, two spherical to oval macronuclear nodules adja-
ent to each other, located anteriorly or centrally, each
bout 10 �m in diameter; they do not fuse during division
Figs 1D, 2G–I).

Oral apparatus typical of genus (Fig. 1E). Membranelle 1
ocated one-fifth of the body length from anterior end, com-
osed of about six basal bodies arranged in one longitudinal

ow, with two additional basal bodies positioned closely, left
f membranelle 1 (Figs 1C, E, 2G). Membranelle 2 slightly
horter than membranelle 1, comprising of three rows of
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inetids, and located approximately one-third of body length
rom anterior end (Figs 1C, E, 2G). Membranelle 3 composed
f about 10 basal bodies, forming a small patch behind mem-
ranelle 2 (Fig. 1E). Paroral membrane right of buccal cavity,
ith basal bodies arranged in a zig-zag pattern, anterior end

ommenced at middle portion of membranelle 2, occupying
ne-fifth of body length (Figs 1C, 2G). Scutica consisting
f three pairs of basal bodies, with an additional basal body
ositioned posteriorly (Figs 1C, 2G).

Silverline system as shown in Figs 1F, G, 2J–L. Silverline
asically located in each somatic kinety row, with short trans-
erse lines connecting two neighboring longitudinal lines
Figs 1F, 2J). At anterior end of cell, silverline forming a
losed circle around the apical plate (Fig. 2K). Pore of con-
ractile vacuole at posterior ends of somatic kineties 3 and

. Silverline at somatic kinety n extending posteriorly across
audal complex, connecting with silverline at about somatic
inety 14 or 15 on dorsal side (Figs 1G, 2L).

g
T
i

ig.  3.  Maximum likelihood (ML) tree inferred from SSU rDNA sequences
ear branches denote ML bootstrap value/BI posterior probability. Asterisk
ully supported (100%/1.00) branches are marked with solid circles. The sc
ll branches are drawn to scale. Systematic classification mainly follows 
rotistology 54 (2016) 1–10

olecular data and phylogenetic analyses
Table 2 and Figs 3 and 4)

The SSU rDNA sequence of Uronemita  parabinucle-
ta n. sp. was deposited in GenBank with accession
umber KU199245. The length and GC content of the
equence (not including primers) were 1711 bp and 42.78%,
espectively.

Phylogenetic trees based on the SSU rDNA sequences
ere constructed using both BI and ML algorithms. The

opologies of the BI and ML trees are generally concordant,
nd the topology of ML analysis is presented, along with sup-
ort values from both algorithms (Fig. 3). As shown in the
hylogenetic trees, 10 pleuronematids (see Fig. 3 for acces-
ion numbers) are selected as an outgroup, and all available

enera and families within the order Philasterida are included.
he genus Uronemita  is monophyletic with full support, and

s sister to the clade comprising Uronema, Parauronema, and

, showing the position of Uronemita  parabinucleata  n. sp. Numbers
 (*) indicates topologies that differ between the ML and BI analyses.
ale bar corresponds to 5 substitutions per 100 nucleotide positions.

Lynn (2008).
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Table  2.  Sequence comparisons of the small subunit ribosomal DNA in the genus Uronemita, determined by BioEdit 7.0.5.2 (Hall 1999).

SSU rDNA sequencea 1 2 3 4

1 U.  parabinucleata  ID 99.9 99.1 95.3
2 U.  filificum  1 ID 99.0 95.3
3 U.  parafilificum  14 15 ID 95.0
4 U.  sinensis 76 77 82 ID

aValues below the diagonal are numbers of unmatched sites; those above the diagonal are sequence similarity percentages (%). GenBank accession numbers
a

E
b
p

a
f
a

M
p
(

c

s
o
t
k
c
o
t

s
2
(
t
a
b
p
a
(
i
1

t
c
t
w
k
i

F
a
a

re given in Fig. 3.

ntodiscus  (53% ML, 081 BI). Within Uronemita, U. para-
inucleata n. sp. clusters with U. filificum, followed by U.
arafilificum  and U. sinensis.

The results of the sequence comparison are shown in Fig. 4
nd Table 2. Uronemita  parabinucleata  KU199245 differs
rom U.  filificum  in one nucleotide, and from U.  parafilificum
nd U.  sinensis  in 14 and 76 nucleotides, respectively.

orphological comparison of  Uronemita
arabinucleata  n. sp. with its congeners
Tables 3 and 4)

Thus far, Uronemita  comprises five species that should be
ompared with Uronemita  parabinucleata  n. sp.

Uronemita parabinucleata  n. sp. and U. binucleata  are
imilar in body size and shape in vivo, as well as number
f macronuclear nodules. However, the former can be dis-
inguished from the latter mainly by the number of somatic

ineties (22 or 23 vs. 16 or 17), the size of the macronu-
lear nodules (8–14 �m vs. 4–8 �m in diameter), the length
f the caudal cilium (about 12–17 �m vs. 20–25 �m), and
he structure of the infraciliature: (1) in U.  parabinucleata  n.

fi

s
e

ig.  4.  Sequence comparison of the SSU rDNA showing the unmatched n
nd congeners (for GenBank accession numbers, see Fig. 3). Nucleotide po
re compensated by introducing alignment gaps (–). Matched sites are rep
p., the distance between membranelle 1 and membranelle
 is conspicuously longer than the length of membranelle 1;
2) membranelle 2 in the new species is relatively smaller
han that of U. binucleata  (membranelle 2 occupies 5.4%
nd 9% of the body length in U. parabinucleata  and U.
inucleata, respectively. Data measured from drawings and
hotomicrographs); (3) in the new species, somatic kinety 1
nd somatic kinety n  contain much more basal bodies; and
4) the basal bodies in the posterior part of somatic kinety n
n U.  parabinucleata  n. sp. are more densely arranged (Song
993).
Uronemita  parabinucleata  n. sp. resembles U. filificum  in

he structure of the buccal field. However, the new species
an be separated from U. filificum  by its different body fea-
ures (inverted pear-shaped or elongated elliptical; length:
idth ca. 2:1; pellicle notched with grooves vs. slender D- or
idney-shaped; length: width ca. 3:2; pellicle slightly notched
n U. filificum) and two macronuclear nodules (vs. one in U.

lificum) (Pan et al. 2015; Song and Wilbert 2002).

Uronemita cymruensis  differs from U.  parabinucleata  n.
p. in cell shape (slender oval vs. inverted pear-shaped or
longated elliptical), number of somatic kineties (24–27 vs.

ucleotides between Uronemita  parabinucleata  n. sp. (KU199245)
sitions are given at the top of each column. Insertions and deletions
resented by dots (.).
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Table  3.  Morphological comparison of Uronemita  parabinucleata  n. sp. with its congeners.

Charactera U. parabinucleata n.
sp.

U.  binucleata U. filificum U. parafilificum U. sinensis U. cymruensis

Cell size in vivo 25–50 × 10–25 �m 25–40 × 15–20 �m 25–45 × 12–30 �m 20–35 × 10–20 �m 25–35 × 15–20 �m ca. 29 × 16 �m
Size after protargol

staining
30–42 × 19–30 �m N/A 28–43 × 16–28 �m 21–30 × 11–17 �m 34–46 × 20–31 �m 22–37 × 12–23 �m

Body features Inverted pear-shaped
or elongated
elliptical in outline;
length: width ca. 2:1;
pellicle notched with
grooves

Inverted
pear-shaped; length:
width ca. 2:1;
pellicle notched

Slender D-, inverted
pear- or
kidney-shaped;
length: width ca. 3:2;
pellicle slightly
notched

Kidney- or inverted
pear-shaped; length:
width ca. 3:2; pellicle
inconspicuously
notched with ridges

Elongate-elliptical in
outline; length: width
ca. 2:1; pellicle
inconspicuously
notched without
ridges

Inverted pear-shaped,
slender oval; length:
width ca. 2:1; pellicle
slightly notched in
some individuals

Caudal cilia Single, about
12–17 �m

Single, about
20–25 �m

Single, ca. 10–20 �m
long

At least four
extremely long cilia
(including one
typical caudal
cilium), ca.
18–25 �m

Single, about 15 �m
long

Single, length data
not provided

SK, No. 23, rarely 22 16 or 17 15–23 16 or 17 9 or 10 24–27
Ma, No. 2 2 1 1 1 1
Diameter of Ma 8–14 �m 4–8 �m 10–14 �m 5–10 �m 10–18 �m 12–20 �m
Data resource Original Song (1993) Pan et al. (2015),

Song and Wilbert
(2002)

Fan et al. (2011),
Gong et al. (2007)

Pan et al. (2013) Pérez-Uz and Hope
(1997), Song and
Wilbert (2002)

aMa, macronuclear nodule; N/A, non applicable; SK, somatic kineties.

Table  4.  Infraciliature comparison of Uronemita  parabinucleata  n. sp. with congeners.

Charactera U. binucleata  U. parabinucleata  n. sp. U. filificum

Distance between M1 and M2 Approximately equals the
length of M1

Conspicuously longer
than the length of M1

Conspicuously longer
than the length of M1

Percentage of M2/body length ca. 9.0% ca. 5.4% ca. 5.5%
Number of basal bodies in SK1 17–20 19–27 18–23
Number of basal bodies in SKn 19–22 ca. 27 23–32
Denseness of posterior part of SKn Loose-set Densely arranged Densely arranged
Commencing position of PM Commencing anteriorly at

the frontal end of M2
Commencing anteriorly at
mid portion of M2

Commencing anteriorly at
mid portion of M2

Data resource Song (1993) Original Song and Wilbert (2002)
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aM1 and M2, membranelle 1 and 2; PM, paroral membrane; SK1, the ki
2/body length were measured from drawings and photomicrographs.

2 or 23) and number and size of macronuclear nodules
one, diameter 12–20 �m vs. two, each 8–14 �m in diameter)
Pérez-Uz and Hope 1997; Song and Wilbert 2002).

Uronemita parabinucleata  n. sp. and U. parafilificum  are
imilar in body size and shape. The former can be separated
rom the latter, however, by some live features (length: width
a. 2:1; pellicle notched with grooves vs. length: width ca.
:2; pellicle inconspicuously notched with pellicular ridges
etween ciliary rows), number and length of caudal cilia (sin-
le cilium, about 12–17 �m vs. at least four extremely long
ilia, including one typical caudal cilium, ca. 18–25 �m in
. parafilificum), number of somatic kineties (22 or 23 vs.
6 or 17) and number of macronuclear nodules (two vs. one)
Fan et al. 2011; Gong et al. 2007).

Uronemita sinensis  has an elongated elliptical body outline
ith a slightly narrow anterior end (vs. inverted pear-shaped
r elongated elliptical with a wider anterior), fewer somatic

ineties (nine or ten vs. 22 or 23), and one (vs. two) macronu-
lear nodule. Thus, it cannot be confused with Uronemita
arabinucleata  n. sp. (Pan et al. 2013).

p
b
(

 right of buccal field; SKn, the kinety on left of buccal field; percentage of

omparison of Uronemita parabinucleata n. sp.
ith other morphologically similar species

Song and Wilbert (2000) re-established the genus Uro-
yclon mainly because no type species was fixed, and they
escribed a new species: Urocyclon  ovatum, whose cell size
nd shape resembles the size and shape of Uronemita  para-
inucleata  n. sp.
However, the new species differs in the number of
acronuclear nodules (two vs. one) and somatic kineties (22

r 23 vs. 23–28). Moreover, Urocyclon  ovatum  has gradu-
lly shortened somatic kineties 1–4 (vs. not shortened in the
ew species) and a highly reduced membranelle 1 (vs. mem-
ranelle 1 composed of six basal bodies arranged in one row),
hich is relatively close to membranelle 2 and membranelle

 (vs. farther away in U. parabinucleata  n. sp.). In addition,
embranelle 2 is shorter and the scutica is composed of three
airs of kineties and a single basal body in the new species,
ut of two single or paired basal bodies in Urocyclon  ovatum
Song and Wilbert 2000).
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on evolutionary phylogeny of two controversial ciliate orders:
Pleuronematida and Loxocephalida (Protista, Ciliophora, Oligo-
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hylogenetic analyses

According to the morphological data, Uronemita  parabin-
cleata n. sp. resembles U.  binucleata  mainly in having two
acronuclear nodules. However, there are no SSU rDNA

equence data on U.  binucleata.
Based on the present phylogenetic analyses, the genus

ronemita is a monophyletic group within the family Urone-
atidae. The findings confirm the validity of Uronemita

s a genus (Gao et al. 2012a,b; Gong et al. 2007; Song
nd Wilbert 2002; Yi et al. 2009). Phylogenetically, Urone-
ita parabinucleata  n. sp. is most closely related to U.
lificum (Fig. 3). However, U. parabinucleata  n. sp. dif-
ers morphologically from U.  filificum  in many aspects, of
hich the most significant is the presence of two macronu-

lear nodules in U.  parabinucleata  n. sp. vs. only one in
. filificum. The explanation for their close phylogenetic

elationship is that U.  parabinucleata  n. sp. and U.  filificum
re more similar in buccal field structure, somatic kinety 1,
nd somatic kinety n  when compared with U.  parabinucle-
ta and U. binucleata  (see Table 4) (Pan et al. 2015; Song
993; Song and Wilbert 2002). The results of the present
tudy indicate that aspects of the infraciliature seem to be
ore important diagnostic characteristics within the genus
ronemita than the number of macronuclear nodules or body

hape.

ey to the identification of species of Uronemita

1 One macronuclear nodule 2
1′ More than one macronuclear nodule 3
2 A single caudal cilium 4
2′ More than one caudal cilium U.  parafilificum
3 Number of somatic kineties ≥  20 U.  parabinucleata
3′ Number of somatic kineties < 20 U.  binucleata
4 Number of somatic kineties > 10 5
4′ Number of somatic kineties ≤  10 U.  sinensis
5 Body slender D- or kidney-shaped;

length: width ca. 3:2
U.  filificum

5′ Body inverted pear-shaped, slender
oval; length: width ca. 2:1

U. cymruensis
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