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Abstract

Background: Ciliated protists, a huge assemblage of unicellular eukaryotes, are extremely diverse and play important
ecological roles in most habitats where there is sufficient moisture for their survivals. Even though there is a growing
recognition that these organisms are associated with many ecological or environmental processes, their biodiversity is
poorly understood and many biotopes (e.g. soils in desert areas of Asia) remain largely unknown. Here we document
an undescribed form found in sludge soil in a halt-desert inland of China. Investigations of its morphology, morpho-
genesis and molecular phylogeny indicate that it represents a new genus and new species, Parasincirra sinica n. g., n.
sp.

Results: The new, monotypic genus Parasincirra n. g. is defined by having three frontal cirri, an amphisiellid median
cirral row about the same length as the adoral zone, one short frontoventral cirral row, cirrus Ill/2 and transverse

cirri present, buccal and caudal cirri absent, one right and one left marginal row and three dorsal kineties. The main
morphogenetic features of the new taxon are: (1) frontoventral-transverse cirral anlagen Il to VI are formed in a
primary mode; (2) the amphisiellid median cirral row is formed by anlagen V and VI, while the frontoventral row is
generated from anlage IV; (3) cirral streaks IV to VI generate one transverse cirrus each; (4) frontoventral-transverse
cirral anlage Il generates one or two cirri, although the posterior one (when formed) will be absorbed in late stages,
that is, no buccal cirrus is formed; (5) the posterior part of the parental adoral zone of membranelles is renewed; (6)
dorsal morphogenesis follows a typical Gonostomum-pattern; and (7) the macronuclear nodules fuse to form a single
mass. The investigation of its molecular phylogeny inferred from Bayesian inference and Maximum likelihood analy-
ses based on small subunit ribosomal DNA (SSU rDNA) sequence data, failed to reveal its exact systematic position,
although species of related genera are generally assigned to the family Amphisiellidae Jankowski, 1979. Morphologi-
cal and morphogenetic differences between the new taxon and Uroleptoides Wenzel, 1953, Parabistichella Jiang et al,,
2013, and other amphisiellids clearly support the validity of Parasincirra as a new genus. The monophyly of the family
Amphisiellidae is rejected by the AU test in this study.
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Conclusions: The critical character of the family Amphisiellidae, i.e., the amphisiellid median cirral row, might result
from convergent evolution in different taxa. Amphisiellidae are not monophyletic.

Keywords: New species, Morphology, Morphogenesis, Parasincirra, SSU rDNA phylogeny

Background

Recent faunistic studies have revealed numerous new
taxa of hypotrichous ciliates suggesting that this group
is more diverse than previously supposed [1-8]. Fur-
thermore, much work has been carried out on the mor-
phogenesis and molecular phylogeny of hypotrichs,
which has led to a better understanding of their sys-
tematics and evolutionary relationships [9-17].

Among these, the order Stichotrichida Fauré-Fre-
miet, 1961 is one of the most confused and diverse
ciliate groups in terms of both its taxonomy and phy-
logeny [18]. One of its largest families, Amphisiellidae
Jankowski, 1979, is characterised by the possession of
an amphisiellid median cirral row derived from two
or three, rather than one, frontoventral-transverse cir-
ral anlagen. Most amphisiellids occur in terrestrial
habitats, although some are marine [15, 19, 20]. In
the present study, we present a new amphisiellid col-
lected from sludge soil in a flood drain in Lanzhou,
China (Fig. 1). Observations of its morphology and
morphogenesis, both in vivo and after protargol stain-
ing, demonstrate that it represents a novel genus, Par-
asincirra n. g., of the family Amphisiellidae. The SSU
rDNA of the new isolate was sequenced and its molec-
ular phylogeny was analyzed.

Results

ZooBank registration

Present work: urn:lsid:zoobank.org:pub:51385DEC-9698-
435A-AB33-C3EB91CBE777.

Establishment of the new genus Parasincirra n. g.

ZooBank registration

Parasincirra n. g.: urn:lsid:zoobank.org:act: ACDEF2AA-
F1A6-4D80-BOF9-115603AB6B3E.

Diagnosis Amphisiellidae with elongate body. Three
frontal cirri. Amphisiellid median cirral row about
same length as adoral zone. One short frontoventral
cirral row. Cirrus III/2 and transverse cirri present.
One right and one left marginal row. Three dorsal kine-
ties. Caudal cirri and buccal cirrus lacking.

Type species Parasincirra sinica n. sp.

Etymology Composite of the Greek prefix para- (close
to; related; deviating) and suffix (-sincirra) of the genus
name Hemisincirra Hemberger, 1985. This indicates

that Parasincirra has a cirral pattern similar to that of
Hemisincirra. Feminine gender.

Remarks We do not assign Hemisincirra interrupta
(Foissner, 1982) Foissner in Berger, 2001 and H. vermic-
ularis Hemberger, 1985 to our new genus Parasincirra
although both species also lack a buccal cirrus. The main
reasons are that either the ontogenetic or the molecular
information are unknown for these two species.

Parasincirra sinica n. sp.

ZooBank registration
Parasincirrasinican.sp.:urn:lsid:zoobank.org:act:3F05A977-
F059-4108-895F-CA98FF59ESDE.

Diagnosis Size in vivo 90-160 um x 20-40 pm. Body
slender, fusiform to vermiform, with pointed posterior
end. Two to six (mostly four) macronuclear nodules.
Contractile vacuole located slightly ahead of mid-body.
Cortical granules about 0.5 pm across, colourless and
grouped around dorsal ciliary organelles. Three fron-
tal cirri and one parabuccal cirrus; frontoventral row
constantly with two cirri; two to four transverse cirri.
Amphisiellid median cirral row terminates behind level
of cytostome, invariably composed of four cirri. One
left and one right marginal row, composed of 34-52
and 34-53 cirri respectively. Three bipolar dorsal kine-
ties. Adoral zone composed of 14—19 membranelles. Soil
habitat.

Type material One protargol-stained slide (no.
MJY2017043001B) with the holotype specimen and two
paratype slides (no. MJY2017043001A, C) were depos-
ited in the Laboratory of Protozoological Biodiversity and
Evolution in Wetland, Shaanxi Normal University, China.

Type locality Flood drain, Lanzhou (36° 03/ N; 103° 49’
E), China.

Etymology The species-group name sinica means the
species was first discovered in China.

Morphological description Body 90—160 um x 20—40 um
in vivo (n=6) with a ratio of length to width of about
3.5:1-7.5:1; protargol-stained cells 120 pm x 30 pm on
average with a ratio of length to width of about 4:1. Gen-
erally slender, almost fusiform to vermiform, non-con-
tractile but highly flexible, and thus cell outline variable,
i.e., sigmoidal or curved (Fig. 2d). Anterior end narrowly
rounded and posterior end more or less tapered to form a
pointed tail that is more flexible and contractile than the
rest of the cell (Fig. 2a, d, g, h); tail unrecognisable in pro-
targol preparations (Fig. 2e, f, i). Dorsoventrally flattened
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Fig. 1 a-c Locations of the sample sites. a, b The map of China from the MAP WORLD (www.tianditu.gov.cn, drawing review number: GS (2019)
1673) (a) and portion of Google Map (b), showing the location of Lanzhou, China (36° 03’ N; 103° 49’ E). ¢ Showing the area surrounding the flood
drain from where the sample containing Parasincirra sinica n. sp. was collected

up to 2:1. Usually four (2-6) macronuclear nodules
arranged along or slightly left of mid-line, behind buccal
vertex; one to three, on average two, micronuclei attached,
or near to, macronuclear nodules. Macronuclear nodules
ellipsoidal, about 9-19 pm x4-10 um after protargol
staining (Fig. 2j). Micronuclei about 2.9 pm X 2.4 pm after
protargol staining. One contractile vacuole measuring
about 13 pum in diameter in diastole, positioned near left
margin, contracting at intervals of 10 s (Fig. 2g, h). Cor-
tical granules colourless, globular, about 0.5 pm in diam-
eter, distributed around dorsal ciliary organelles, also
visible in protargol preparations (Fig. 2c, j, m). Cytoplasm
colourless to greyish, often packed with numerous small
lipid droplets. Locomotion mainly by slowly crawling on
substrate and debris, sometimes jerking back and forth.
When suspended, cells often swim continuously in circles.

Infraciliature as shown in Fig. 2b, e, f, i-1. Most
somatic cirri relatively fine with cilia about 12-16 pm
long. Constantly three relatively stout frontal cirri in

an almost transverse pseudo-row immediately behind
several distal adoral membranelles, cilia about 15 pm
long. Amphisiellid median cirral row (ACR) short and
consisting of four cirri; commences at about the level
of the rightmost frontal cirrus (about 6% down length
of body), or slightly lower, terminates at about level
of buccal vertex (about 21% down length of body).
Parabuccal cirrus (cirrus I11/2) located at the level of the
middle region of the paroral and endoral. Frontoventral
row lies between the parabuccal cirrus and the ACR,
invariably composed of two cirri; commences at about
the level of the second cirrus in the ACR (about 8%
down length of body) and terminates ahead of the third
cirrus in the ACR (about 10% down length of body).
Three, rarely two or four, slightly subterminal trans-
verse cirri, cilia of which are about 16 um long. Con-
stantly one left and one right marginal row with 34-52
and 34-53 cirri, respectively (Table 1). Right marginal
cirral row begins dorsolaterally at anterior end of cell
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Fig. 2 a-m Morphology of Parasincirra sinica n. sp. from life (3, ¢, d, g, h) and after protargol staining (b, e, f, i-m). a Ventral view of a representative
specimen. b Ventral view, to show ciliature of frontoventral area. ¢ Arrangement of cortical granules on dorsal side. d Ventral views, to show the
various body shapes. e, f Ventral (e) and dorsal (f) view of a typical individual, to show the ciliature and nuclear apparatus. g, h Ventral views of
representative individuals, arrow indicates contractile vacuole. i Ventral view of the holotype specimen to show ventral ciliature. j Dorsal view

to show cortical granules (arrows). k Ventral view of anterior portion, to show the cirri in frontoventral area and a short gap in adoral zone of
membranelles (arrow). I Ventral view, to show transverse cirri. m. Showing cortical granules on dorsal body side (arrows). ACR amphisiellid cirral
row, AZM adoral zone of membranelles, £ endoral, FC frontal cirri, FVR frontoventral cirral row, LMR left marginal row, Ma macronuclear nodules,

Mi micronuclei, P paroral, PBC parabuccal cirri, RMR right marginal row, TC transverse cirri, 1-3 dorsal kineties 1-3. Scale bars: a, e, f, i = 60 um,

c = 15 um. The images of this figure we have used are freely available to use

while left marginal cirral row begins at level of poste-
rior end of adoral zone, both terminate caudally, not
confluent posteriorly (Fig. 2b, ¢, i, k, 1).

Three dorsal kineties arranged in Gonostomum-pat-
tern, with cilia about 3 um in length, composed of about

13, 15 and 15 dikinetids, respectively, and arranged in
a gradient; that is, kinety 3 commences apically, kinety
2 starts slightly behind kinety 3, while kinety 1 starts
slightly behind kinety 2. Each terminates at the poste-
rior end of the body (Fig. 2f, j).
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Adoral zone of membranelles (AZM) shaped as in
other amphisiellid species, terminates 11-20% (aver-
age about 16%) down length of body, comprising 14-19
membranelles. Cilia of distal membranelles about
13 pm long. Buccal cavity small, endoral and paroral
bending strongly and optically intersecting with each
other at their lower or middle regions (Fig. 2b, e, i, k).

Morphogenesis during binary fission

Stomatogenesis

Cortical morphogenesis in Parasincirra sinica n. sp.
mainly occurs in two zones: an anterior field for the pro-
ter and a posterior field for the opisthe. In the opisthe, the
first evidence of stomatogenesis during cell division is the
appearance of groups of basal bodies on the cell surface,
i.e., the opisthe’s oral primordium, which is located in the
end of the ACR, indicating that parental basal bodies are
incorporated in the primordium (Fig. 3a). These groups
subsequently merge by further proliferation of basal
bodies forming a single anarchic field. Subsequently the
new adoral membranelles organise posteriad (Figs. 3c,
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5e). The anlage for the undulating membranes (anlage I)
is formed to the right of the oral primordium (Figs. 3c,
5e). Later, the left frontal cirrus develops from the ante-
rior end of the UM-anlage (Figs. 4g, 5j). During the later
stages, the differentiation of membranelles is completed
forming the new oral structure for the opisthe. Subse-
quently, the UM-anlage gives rise to the leftmost frontal
cirrus and the new endoral and paroral (Figs. 4a, b, 5n).

In the proter, several of the proximal membranelles
dedifferentiate into sparsely distributed basal bodies
which then differentiate into membranelles (Fig. 3c—e).
The parental undulating membranes dedifferentiate into
UM-anlage. The basic development of the UM-anlage
then follows a similar pattern to that in the opisthe
(Figs. 3b—e, g, 44, 5d, e, m).

Development of the frontoventral-transverse cirri

The development of the somatic ciliature begins with
the formation of the frontoventral-transverse cir-
ral anlagen (FVT-anlagen). Initially, the FVT-anlagen
appear as a small group of basal bodies (Fig. 3a). The

Table 1 Morphometric characteristics of Parasincirra sinica n. sp

Character® HT Min Max Mean M SD cv n

Body, length 105 81 152 119.7 115 18.3 153 25
Body, width 29 18 47 303 31 6.3 21.0 25
Body, length: width ratio 357 2.29 7.59 4.12 3.79 1.13 27.35 25
AZM, length 16 13 24 19.1 19 25 13.0 25
AZM, length: body length ratio 0.16 0.1 0.20 0.16 0.16 0.02 13.07 25
AZM, number 15 14 19 15.6 15 13 8.1 25
Paroral, length 15 8 16 124 12 24 19.3 15
Endoral, length 13 8 15 11.0 11 2.1 18.8 15
PBC, number 1 1 1 1.0 1 0 0 25
FVR, number 2 2 2 20 2 0 0 25
ACR, cirri number 4 4 4 40 4 0 0 25
Frontal cirri, number 3 3 3 30 3 0 0 25
Left marginal cirri, number 43 34 52 413 41 53 129 25
Right marginal cirri, number 39 34 53 41.2 39 52 12.6 25
Transverse cirri, number 3 2 4 3.1 3 0.5 16.0 25
Dorsal kineties, number 3 3 3 3.0 3 0 0 25
Dikinetids in DK1, number 10 10 17 125 12 23 18.7 15
Dikinetids in DK2, number 15 13 18 149 15 15 10.3 15
Dikinetids in DK3, number 16 1 18 14.5 14 22 15.0 15
Macronuclear nodules, number 4 2 6 41 4 0.7 16.2 25
Macronuclear nodule, average length 10 9 19 13.8 14 28 204 25
Macronuclear nodule, average width 5 4 10 6.0 6 1.2 204 25
Micronuclei, number 2 1 3 2.0 2 0.7 375 25
Micronuclear nodule, average length 4 2 4 29 3 04 14.5 25
Micronuclear nodule, average width 3 2 4 24 2 04 18.0 25

ACR amphisiellid median cirral row, AZM adoral zone of membranelles, CV coefficient of variation in %, DK dorsal kineties, FVR frontoventral cirral row, HT holotype
specimen, M median, Max maximum, Mean arithmetic mean, Min minimum, n sample size, PBC parabuccal cirri, SD standard deviation

@ All data are based on protargol-stained specimens. Measurements in um
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parental frontoventral cirri disaggregate and appear to
in the formation of the FVT-anlagen. Later, five FVT-
anlagen are formed to the right of the UM-anlage in
the proter as primary primordia (Figs. 3b, 5d). Then,
the FVT-anlagen fragment in the middle to form two
sets of anlagen, one set for the proter and the other for
the opisthe (Figs. 3d, e, 5h, i). Subsequently, cirri seg-
regate from anterior to posterior in the following man-
ner: anlage I develops the frontal cirrus I/1 (leftmost
frontal cirrus); anlage II produces the middle frontal
cirrus; anlage III generates a parabuccal cirrus and the
rightmost frontal cirrus; anlage IV contributes two
cirri forming the short frontoventral cirral row; anlage
V produces the posterior two cirri in the ACR; anlage
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VI forms the anterior two cirri in the ACR; and anla-
gen IV-VI produce one transverse cirrus each (Figs. 4a,
b, 5m, p). Finally, the new cirri move to their final
positions.

Development of marginal rows and dorsal kineties

Within every parental marginal row a few cirri near
the anterior end, and a few others below the mid-body,
differentiate to form two separate anlagen. The dor-
sal kineties develop by intrakinetal basal body prolif-
eration, i.e. two anlagen develop in each parental row.
Subsequently, the new marginal cirral rows and dorsal
kineties develop and replace the old ones (Figs. 3d-h,
4a-c, 5g, h, j, m).

freely available to use

Fig. 3 a-h Early and middle stages of morphogenesis in Parasincirra sinica n. sp. after protargol staining. a, b Ventral views of early dividers, showing
oral primordium of opisthe and frontoventral-transverse cirral anlagen. Note parental undulating membranes start to dedifferentiate (b). ¢, d Ventral
views of later dividers, to show the development of oral primordium, frontoventral-transverse cirral anlagen and undulating membranes anlagen
(arrows). Note the dedifferentiation of membranelles at the proximal end of the old adoral zone of membranelles (arrow in ¢), and the intrakinetally
formed anlagen for the marginal rows (d). e~h Ventral (e, g) and dorsal (f, h) views of middle dividers, to show stretched marginal anlagen and dorsal
kineties anlagen, the posterior membranelles of the parental adoral zone of membranelles renewed (g) and the macronuclear nodules fusing into

a single mass. Note the old dorsal dikinetids are not absorbed (arrows). OP oral primordium, LMA left marginal anlagen, Ma macronuclear nodules,
Mi micronuclei, RMA right marginal anlagen, 1-3 dorsal kineties anlagen 1-3. Scale bars: a, g, h = 60 pm. The images of this figure we have used are
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Fig. 4 a-c Late stages of morphogenesis in Parasincirra sinica n. sp. after protargol staining. Ventral (a, b) and dorsal (c) views, to show the
frontoventral-transverse cirral anlagen differentiating into cirri, transverse cirri migrating into their final position (arrows), the old adoral zone of
membranelles have been rebuilt (arrowheads). LMA left marginal anlagen, LMR left marginal row, RMA right marginal anlagen, RMR right marginal
row, Ma macronuclear nodules, Mi micronuclei, 7-3 dorsal kineties anlagen 1-3. Scale bars: 60 um. The images of this figure we have used are freely

Division of nuclear apparatus

The nuclear apparatus divides in the usual way for
hypotrichs hence no need to describe this process in
detail (Figs. 3f, h, 4c, 5k).

SSU rDNA gene sequence and phylogenetic analyses

The 18S rDNA gene sequence of Parasincirra sinica
n. sp. (GenBank accession number: MN472864) is
1731 bp long and has a G+ C content of 45.70%. Phy-
logenetic trees inferred from the SSU rDNA sequences
using two different methods (ML and BI) show similar
topologies. Therefore, only the topology of the ML tree
is presented with nodal support from both methods
(Fig. 7).

Molecular phylogenetic analyses result in a clade
containing four polytomies represented by Parasin-
cirra sinica n. sp., two Uroleptoides species and Parab-
istichella variabilis Jiang et al., 2013 with high support
(83% ML, 1.00 BI, Fig. 7). They also confirm the poly-
phyly of other amphisiellids including species belong-
ing to the type genus Amphisiella Gourret and Roeser,
1888. The monophyly of the family Amphisiellidae is

rejected by the AU test (p<0.05) based on SSU-rDNA
dataset (Table 2).

Discussion

Comparison with similar genera

Amphisiellidae were divided into three groups by
Berger (2008) [19]. Group I comprises the marine taxa
Amphisiella, Caudiamphisiella Berger, 2008, Maregas-
trostyla Berger, 2008 and Spiroamphisiella Li et al., 2007.
Species of these four genera possess a buccal cirrus and
a very prominent ACR which commences at about the
level of the distal end of the adoral zone of membranelles
and terminates beyond the mid-body. Hence the new
genus, Parasincirra n. g., can be distinguished from the
members of group 1.

Group II comprises two genera, i.e., Lamtostyla Buit-
kamp, 1977 and Uroleptoides Wenzel, 1953, both of
which possess a buccal cirrus whereas Parasincirra n. g.
lacks a buccal cirrus.

Group III also comprises two genera, i.e. Lamtostyl-
ides Berger, 2008 and Paramphisiella Foissner, 1988.
Species of these genera possess a buccal cirrus and have
only one cirrus (cirrus II1/2) left of the ACR. In contrast,
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Fig. 5 a—p Photomicrographs of Parasincirra sinica n. sp. during morphogenesis (after protargol staining). a-d Ventral views of early dividers,
to indicate the oral primordium (arrows in a—c), the formation of frontoventral-transverse cirral anlagen and undulating membranes starting
to dedifferentiate (arrowhead). Note the old frontal cirri remain intact (arrows in d). e, f Ventral views of later dividers, to show the oral
primordia starting to differentiate into membranelles (arrow), formation of undulating membranes anlagen in the proter (arrowhead), and
frontoventral-transverse cirral anlagen starting to separate (f). g-i Ventral views of later dividers, to show the dedifferentiation of membranelles

at the proximal end of the old adoral zone of membranelles (arrow), the intrakinetally formed anlagen for the marginal rows (arrowhead), and
stretched marginal anlagen and frontoventral-transverse cirral anlagen (h, i). j-1 Ventral (j) and dorsal (k, ) views of a middle divider, to show
frontoventral-transverse cirral anlagen differentiating into cirri (j), dorsal kineties anlagen (arrowheads), the old dorsal dikinetids (arrows) and

the macronuclear nodules fusing into a single mass (k). m, n Ventral views of a late divider, arrows show transverse cirri migrating into their final
positions in the opisthe (m) and proter (n). Note the undulating membranes anlagen longitudinally splitting into parorals and endorals. o Dorsal
view, to show the newly formed dorsal kineties. p Ventral view, to demonstrate transverse cirri (arrow) migrating into their final positions. Scale bars:
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Parasincirra n. g. has no buccal cirrus and one frontoven-
tral cirrus left of the ACR.

Six genera, namely Afroamphisiella Foissner et al.,
2002, Cossothigma Jankowski, 1978, Hemisincirra Hem-
berger, 1985, Mucotrichidium Foissner et al., 1990,
Terricirra Berger & Foissner, 1989 and Tetrastyla
Schewiakoff, 1892, are incertae sedis in Amphisiellidae
[19]. With reference to the general infraciliature, Hemi-
sincirra resembles Parasincirra n. g., however, the type

Table 2 Approximately unbiased (AU) test results

Datasets Topology —InL AU (P)  Conclusion
constraints (likelihood)

SSU-rDNA  Unconstrained  8986.1376 1.000 -
Amphisiellidae®  9053.5857 5e—005 Rejected

Significant differences (P value < 0.05) between the best maximum likelihood
trees and the best constrained topologies are shown in bold

2 Amphisiellidae: includes Uroleptoides, Parasincirra, Lamtostyla and Amphisiella
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species of Hemisincirra has a buccal cirrus (vs. absent
in Parasincirra n. g.) [19]. Afroamphisiella can be dis-
tinguished from Parasincirra n. g. by the presence (vs.
absence) of a buccal cirrus and the absence (vs. presence)
of transverse cirri [19]. Cossothigma can be separated
from the new genus by its trachelostylid (vs. elliptical to
elongate-elliptical) body shape and trachelostylid oral
apparatus (vs. in Oxytricha-pattern), and the probable
presence (vs absence) of caudal cirri [19]. Mucotrichid-
ium differs from the new genus in possessing a buc-
cal cirrus, postperistomial cirrus and caudal cirri, all of
which are absent in Parasincirra n. g. [19]. Terricirra can
be separated from Parasincirra n. g. by the presence (vs.
absence) of a buccal cirrus, while Tetrastyla can be sep-
arated from Parasincirra n. g. by the absence (vs. pres-
ence) of parabuccal cirri [19].

Comparison of Parasincirra sinica n. sp. with similar species
Species assigned to Hemisincirra have an infraciliature
which is very similar to that of Parasincirra sinica n. sp.,
i.e., three frontal cirri, a short amphisiellid median cirral
row, few transverse cirri and lack of caudal cirri.

Considering its somatic ciliature, Parasincirra sinica n.
sp. resembles Hemisincirra interrupta and H. vermicu-
laris most in that these two species also lack buccal cir-
rus. Nevertheless H. interrupta can be separated from P
sinica n. sp. by in having fewer dorsal kineties (1 vs. 3),
more macronuclear nodules (about 30 vs. 2—-6) and more
cirri in the amphisiellid median cirral row (6—8 vs. invari-
ably 4). Hemisincirra vermicularis differs from P, sinica n.
sp. in having more macronuclear nodules (about 10 vs.
2-6) and contractile vacuoles (4 vs. 1), and fewer dorsal
kineties (1 vs. 3) [19].

In terms of the somatic ciliature, Lamtostyla decorata
Foissner et al., 2002, L. perisincirra (Hemberger, 1985)
Berger and Foissner, 1987, L. islandica Berger and Foiss-
ner, 1988, Uroleptoides magnigranulosus (Foissner, 1988)
Berger, 2008 and U. longiseries (Foissner et al., 2002)
Berger, 2008 closely resemble P sinica n. sp. and thus
should be compared to the latter. Parasincirra sinica n.
sp. differs from Lamtostyla decorata in: (i) its smaller
body size in vivo (90-160 pum x 20-40 um vs. 100—
220 pm x 20—35 pum); (ii) buccal cirrus and pretransverse
cirri absent (vs. present); and (iii) fewer transverse cirri
(two to four vs. five to nine) [19].

Discrepancies between Parasincirra sinica n. sp. and
Lamtostyla perisincirra include: (i) its larger body size in
vivo (90-160 pum X 20—40 pum vs. 50-80 pum x 20-30 pum);
(ii) cell outline fusiform (vs. parallel body margins with
both ends broadly rounded); (iii) buccal cirrus absent (vs.
present); (iv) larger number of cirri in ACR (four vs. six to
eight); and (v) cortical granules present (vs. absent) [19].
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Parasincirra sinica n. sp. appears to be a close form to
Lamtostyla islandica, but the former can be recognised
by: (i) larger body size in vivo (90-160 um x 20-40 um
vs. 60—-80 pm x 20—25 um); (ii) cell outline fusiform (vs.
parallel body margins with both ends broadly rounded);
(iii) buccal cirrus absent (vs. present); (iv) cortical gran-
ules present (vs. absent); and (v) arrangement of endoral
and paroral (at about same level vs. overlapping only by
about half of their length) [19].

Uroleptoides magnigranulosus has a close relationship
to P, sinica n. sp. in the SSU rDNA tree (Fig. 7). Parasin-
cirra sinica n. sp., however, can be recognised by: (i) buc-
cal cirrus absent (vs. present) and (ii) having fewer cirri
in the ACR (4 vs. 12—19) and transverse cirri (two to four
vs. constantly five) [19].

Parasincirra sinica n. sp. can be separated from Uro-
leptoides longiseries by its lack of a buccal cirrus (vs. pre-
sent in the latter) and having fewer cirri in the ACR (4 vs.
2454 in the latter) [19].

Morphogenetic comparison

One of the most remarkable morphogenetic features in
Parasincirra sinica n. sp. is that the rightmost frontoven-
tral row is formed by two anlagen, which is a specific
character for amphisiellids and is called the amphisiellid
median cirral row. Hitherto, accounts of morphogenesis
are available for relatively few amphisiellids and include a
wide diversity of processes:

1 The parental adoral zone of membranelles is com-
pletely retained in some taxa, e.g. Amphisiella, Lam-
tostyla, Lamtostylides, Paramphisiella and Hemi-
sincirra inquieta Hemberger, 1985, while it is partly
renewed in others, e.g. Parasincirra n. g.;

2 Ventral cirri develop from five (e.g. Lamtostylides
and Paramphisiella), six (e.g. Amphisiella, Parasin-
cirra n. g., Spiroamphisiella, Hemisincirra inquieta,
Terricirra, Mucotrichidium and most Lamtostyla
species) or seven (e.g. Lamtostyla salina Dong, et al.,
2016) FVT-anlagen;

3 FVT-anlage II generates the buccal cirrus in several
taxa (Amphisiella, Spiroamphisiella, Lamtostyla,
Lamtostylides, — Paramphisiella,  Afroamphisiella,
Hemisincirra inquieta, Terricirra and Mucotrichid-
ium) but not in Parasincirra n. g.;

4 The amphisiellid median cirral row is formed by two
(in Amphisiella, Hemisincirra inquieta, Parasincirra
n. g., Lamtostyla, Lamtostylides, Mucotrichidium and
Paramphisiella) or three (in Terricirra and Spiroam-
phisiella) anlagen;

5 Caudal cirri are formed in some taxa, i.e. Spiroam-
phisiella, Paramphisiella and Mucotrichidium, but
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not in others, ie. Amphisiella, Parasincirra n. g.,
Lamtostyla, Lamtostylides, Afroamphisiella, Hemi-
sincirra inquieta and Terricirra;

6 No transverse cirri are formed in Afroamphisiella
and Paramphisiella whereas transverse cirri are
formed in Amphisiella, Parasincirra n. g., Lamtost-
yla, Lamtostylides, Terricirra, Mucotrichidium, Hemi-
sincirra inquieta and Spiroamphisiella [19, 21-23].

Phylogenetic analyses

Molecular phylogenetic analyses did not resolve the
relationship of the four polytomies represented by Par-
asincirra sinica n. sp., Uroleptoides magnigranulosa,
U. longiseries and Parabistichella variabilis (Figs. 6, 7).
Taxonomically, P. sinica n. sp. has the critical character
of the family Amphisiellidae, i.e., the ACR that originates
from two separate anlagen, and apparently it should be
assigned in this family (exactly, group II in Amphisielli-
dae) [18, 19]. However, the long ventral row is formed by
just a single anlage in Uroleptoides longiseries and Parab-
istichella variabilis, hence they should not be assigned to
Amphisiellidae. Whether Uroleptoides magnigranulosa
is correctly assigned to the family Amphisiellidae needs
further clarification [19, 24, 25]. The close relationship
between these four species is supported by each hav-
ing three enlarged frontal cirri, one marginal cirral row
on each side and cortical granules present. Nevertheless,
their close relationship not represented in the SSU rDNA
tree might be due to poor taxon sampling.

The phylogenetic relationship between Parasincirra
sinica n. sp. and its most morphologically similar genera,
Lamtostyla and Hemisinicirra, also needs further investi-
gation due to the remote position of P, sinica n. sp. in the
SSU rDNA tree and the lack of information of the latter,
e.g., the ontogenetic process has not been characterised
for the type species of either.

Conclusions

It is noteworthy that the positions of other amphisiellid
species, even members of the type genus Amphisiella,
are not well resolved well in the SSU rDNA tree (Fig. 7),
which is consistent with previous studies [22, 26, 27].
Members of the Amphisiellidae are placed at two dif-
ferent parts of the phylogenetic tree even though they
all possess the critical character of the family, i.e., the
development of the ACR from two separate anlagen. Fur-
thermore, the monophyly of the family Amphisiellidae
is rejected by the AU test (p <0.05) based on SSU-rDNA
datasets. A composite row, resembling ACR, is formed
in Kahliella matisi Vda¢ny et al., 2010, which belongs
to the oxytrichine hypotrichs, and in Hemiholosticha
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pantanalensis Vdaény and Foissner, 2019, which belongs
to the psilotrichid hypotrichs [28, 29]. These observations
indicate that the ACR might be homoplastic. Further
studies are needed to clarify the systematic position and
evolution of species within the family Amphisiellidae.

Methods

Sample collection, isolation, and culturing

Sludge soil samples were collected from the upper 10 cm
layer within a flood drain in Lanzhou (36° 3’ N; 103° 49’
E), China on 30 April 2017 (Fig. 1). Samples were dried
at room temperature (about 24 °C) immediately after col-
lection in order to preserve them. Several months later,
ciliates were induced to excyst from the soil samples by
employing the non-flooded Petri dish method [30]. Cili-
ate cells were then isolated using micropipettes and non-
clonal cultures were established at room temperature in
Petri dishes containing mineral water (Nongfu Spring)
with rice grains added in order to stimulate the growth of
bacteria as food source for the ciliates. We identified only
one species, and relied on in vivo morphological charac-
teristics to assure the accuracy of that identification for
all downstream analyses, even though we were unable to
establish clonal cultures. No other stichotrichid morpho-
types were present in the protargol preparations.

Morphology and morphogenetic studies

Live observations were carried out using bright field and
differential interference contrast microscopy (Olympus
BX53), photographed using a digital camera and figures
were made by Photoshop. Protargol staining was used to
reveal the ciliature and the nuclear apparatus [31]. The
protargol reagent was synthesized following the proto-
col of Pan et al. (2013) [32]. Counts and measurements
of stained specimens were performed at a magnification
of 1000x. Drawings of protargol-stained cells were made
with the assistance of a drawing device (camera lucida).
To illustrate the changes that occurred during morpho-
genesis, parental structures are depicted by contour
whereas new structures are shaded black [33, 34]. Termi-
nology is according to Berger (2008) [19] and the system-
atic classification follows Lynn (2008) [18].

DNA extraction, PCR amplification, and gene sequencing

Single cells of Parasincirra sinica n. sp. were isolated
from cultures, washed several times with distilled water
using a micropipette in order to remove potential con-
tamination, and then transferred to 1.5 mL microfuge
tubes with a minimum volume of water. DNA extrac-
tion was performed with the DNeasy Blood & Tissue Kit
(Qiagen) following the manufacturer’s instructions with
minor modifications [35, 36]. PCR amplification and
sequencing of the SSU rDNA were performed according
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to Sheng et al. (2018) [37] using high fidelity Takara Ex
Taq DNA polymerase (Takara Ex Taq; Takara Biomedi-
cals) to minimise the possibility of amplification errors.
The PCR products were purified using Geneclean (BIO
101 Inc., La Jolla, CA, USA) and sequenced bidirection-

ally on the ABI 3700 sequencer (GENEWIZ Biotechnol-
ogy Co., Ltd., Beijing, China).

Phylogenetic analyses and topology testing

The SSU rDNA sequence of the new species, together
with 54 representative taxa downloaded from the Gen-
Bank database, were used in the phylogenetic analyses.
The final alignment included 54 taxa and 1734 sites,
with 446 variable sites and 265 parsimony-informa-
tion sites. Three oligotrich species (Novistrombidium

sinicum Liu et al., 2009, Strombidium cuneiforme Song
et al., 2018 and S. apolatum Wilbert et al., 2005) were
selected as putative outgroups. All sequences were
aligned using the GUIDANCE web server (http://guida
nce.tau.ac.il/) [38]. The resulting alignment was manu-
ally edited using the program BioEdit 7.0 [39]. Both
Maximum likelihood (ML) and Bayesian inference (BI)
analyses were performed on the final alignment under
the best-fit nucleotide substitution model of GTR+T
that was selected by jModelTest ver. 2.1.7 [40]. The
ML analysis was performed using RAxML-HPC2 on
XSEDE v8.2.12 on the online server CIPRES Science
Gateway [41], with 1000 rapid bootstrap replicates and
a subsequent thorough ML search. Bayesian inference
was computed with MrBayes on XSEDE 3.2.6 [42],


http://guidance.tau.ac.il/
http://guidance.tau.ac.il/

Ma et al. BMC Ecol Evo

(2021) 21:21

Page 12 of 14

SSU rDNA o

ML/BI o/t
21/0
0.01 48/0.98)
66/0.98+1+ iL

3/1.00| Uroleptoides magnigranulosa AM412774

o Keronopsis helluo KY492516 ¢
Lamtostyla salina KX641150 * 11

Bistichella cystiformans KJ509196 ¢

Parabistichella variabilis JNO08943 ¢

Parasincirra sinica n. gen., n. sp. MN472864 % II
Uroleptoides longiseries MH143251 <
Orthoamphisiella sp. JQ723974
Orthamphisiella breviseries AY498654 ¢

Bistichella variabilis HQ699895 ¢
amtostyla ovalis KP266625 % 11

58/1.00

* ACR is formed by two anlagen

* FVR is formed by one anlagen  [70/1.00]

I1 Group II of Amphisiellidae

38/0.76|

42/0.66|

73/1.00)
48/0.81

44/0.79

- e|yolodAH

32/*

64/0.84)

22/4
43/4)! Kabhliella matisi EU079472 ¢

67/1.00

94/1.00— Pseudonotohymena antarctica KU821589
79/1.00|

———— Atractos contortus KP233896

87/1.00

79/0.98 Deviata bacilliformis KJ766110 3¢
_/_: Perisincirra paucicirrata JX012184 ¢

Oxytricha longigranulosa JX899420

- Hemiurosoma terricola AY498651
I Group I of Amphisielidae e Egymcha elegans AM412767
94/1.00

Deviata rositae KU525298 v«

Deviata parabacilliformis KJ766111 ¢
Pseudouroleptus caudatus DQ910904
Pseudouroleptus caudatus caudatus KF591597
Hemiamphisiella terricola gingdaoensis KM222091
-={Hemiamphisiella terricola terricola MG603621
10074 | Pseudouroleptus jejuensis KF471024
42+ = Pseudouroleptus plestiensis KJ173910
S5/% +—Strongylidium orientale KC153532

- Oxytricha granulifera JX899421
16/ Engelmanniella mobilis AF164134 7

eT0R0 Parentocirrus sp. KR063273
it Onychodromus grandis AJ310486
94/1.00 Paraurostyla weissei AF164127
Paraurostyla coronata KU715982 -

N ——— Pseudokahliella marina KM222095 7«

Gonostomum namibiens AY498655

o Gonostomum strenuum AJ310493
Cotterillia bromelicola HM750260
B Schmidingerothrix salina FJ870085 <
Schmidingerothrix elongata KY085934

Amphisiella candida JX461344 * 1
Amphisiella milnei FJ870072 % 1
Amphisiella pulchra JX461343 * 1
Amphisiella annulata DQ832260 * 1
Amphisiella sinica FJ870073 % |

Apogastrostyla rigescens FJ870089
& Parabirojimia similis DQ503584 <
g Al o

Parabirojimia multinucleata FJ156104 +¢

——mmsmmlllll OUTGROUP

Fig. 7 Maximum likelihood (ML) tree inferred from the SSU rDNA sequences showing the phylogenetic relationships of Parasincirra sinica n. sp.

(in bold) and the related species (in rectangular box). Numbers near nodes are bootstrap values for maximum-likelihood and posterior probability
values for Bayesian inference (BI). ”*"at nodes indicates disagreement between the two methods. Fully supported (100%/1.00) branches are marked
with solid circles. The scale bar corresponds to 0.01 expected substitutions per site

Strongylidium pseudocrassum
DQ910903

Stichotrichida

Sporadotrichida
Spirofilidae

Urostylids
Kahliellidae

Sporadotrichida
Kahliellidae

Sporadotrichida

Kahliellidae
Sporadotrichida

| Kahliellidae
Gonostomatidae

ISchmidingerotrichidae

Amphisiellidae

Sporadotrichida
Parabirojimidae

running four Markov chains sampling every 100 gen-
erations for a million generations and discarding the
first 25% of trees as burn-in. The majority rule consen-
sus tree was produced from the remaining samples with
each node labelled with its posterior probability. SeaV-
iew v.4 [43] and MEGA v5 [44] were used to visualise
the tree topologies.

The approximately unbiased (AU) test [45] was per-
formed to assess the monophyly of species of the family
Amphisiellidae that possess an amphisiellid median cir-
ral row. The constrained ML tree was generated based
on SSU rDNA sequences. The site likelihoods for the
resulting constrained topology and then on-constrained

ML topology were calculated using PAUP and then
analyzed in CONSEL [46].
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