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Abstract. Tachysoma pellionellum Stokes, 1887, a freshwater ciliate isolated from Stone Mountain State Park, North Carolina, was studied
in vivo and after staining with protargol. The population was characterized mainly by having the typical 18 frontal-ventral-transverse cirri;
posterior ends of left and right marginal rows not confluent; five dorsal kineties and one dorsomarginal kinety; two macronuclear nodules
near left cell margin with one or two micronuclei between them; contractile vacuole located at mid-body near left margin. Morphogenesis is
characterized as follows: (1) in the proter, the parental adoral zone of membranelles is retained completely; (2) 18 frontal-ventral-transverse
cirri are derived from the anlage of the undulating membrane and the five streaks of the frontal-ventral-transverse anlagen; (3) marginal
rows develop intrakinetally; (4) anlagen of dorsal kineties 1, 2 and 4 develop in the parental structure and anlagen of dorsal kineties
2 and 4 fragment in the posterior region forming anlagen of dorsal kineties 3 and 5; (5) only one dorsomarginal kinety formed; (6) the two
macronuclear nodules fuse into a single mass, which then divides. Phylogenetic analyses based on sequences of the gene coding for SSU
RNA revealed a close relationship between 7. pellionellum and the Oxytricha clade, both of which grouped with Kleinstyla dorsicirrata and
Heterourosomoida lanceolata.
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INTRODUCTION er 1999, 2006, 2008, 2011; Foissner et al. 2002; Shao
et al. 2007; Song et al. 2009; Bharti et al. 2016; Foiss-
ner 2016; Chen et al., 2017). Patterns of morphogenesis
and analyses of data from gene sequences are widely
used in order to determine phylogenetic relationships
among ciliates. However, morphogenetic data are still
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Ciliates in the subclass Hypotrichia Stein, 1859 are
abundant in ecosystems worldwide and exhibit both
a great biological and morphological diversity (Berg-



222 Chen et al.

2017a, 2017b). Members of the large hypotrich fam-
ily Oxytrichidae have broadly similar patterns of mor-
phogenesis, but there are a number of significant differ-
ences in detail among them (Kumar et al. 2016; Wang
et al. 2016, 2017).

The genus Tachysoma was established by Stokes in
1887, with T. pellionellum as the type species. Subse-
quently, more species were described and, at present,
seven species are assigned to Tachysoma, i.e., T. pel-
lionellum (Miiller, 1773) Borror, 1972, T. balatonicum
Gellért and Tamas, 1958, T. bicirratum Foissner, Blat-
terer, Berger and Kohmann, 1991, T. ferricolum Hem-
berger, 1985, T. granuliferum Berger and Foissner,
1987, T. chilense (Birger, 1905) Berger, 1999, T. humi-
colum Gellért, 1957. Morphogenesis of Tachysoma has
been investigated only for T. pellionellum, which shows
a Tachysoma formative pattern of dorsal ciliature, i.e.,
two dorsal anlagen fragments, dorsomarginal kineties
present, and caudal cirri absent, which differs from that
seen in all other oxytrichid genera (Berger 1999; Shao
etal. 2012, 2015).

The present paper describes the morphology and bi-
nary fission of a population of Tauchysoma pellionellum
collected from a limnetic habitat in the eastern U.S. and
analyzes its phylogenetic position based on sequences
of the gene coding for SSU rRNA.

MATERIALS AND METHODS

Sample site and cultivation: Samples were collected on 10th
June 2015 from a freshwater pool below Widow’s Creek Falls
(36°14'07"N, 81°0227"W) in Stone Mountain State Park, North
Carolina, USA (Fig. 1A-D). The water temperature was 25°C and
pH measured 6.5. Clonal cultures were used for studies of Tachyso-
ma pellionellum. These were maintained in Petri dishes at approxi-
mately 24°C, using mineral water with a few wheat grains added to
enhance bacterial growth as a medium (Shao et al. 2011).

Morphology, morphogenesis, and voucher material: Live
observations were carried out using bright field and Nomar-
ski differential interference contrast microscopy. Staining with
protargol (Wilbert 1975) was done to reveal the infraciliature.
Counts and measurements of stained specimens were performed at
a magnification of 1,000 x. Drawings were made with the help of
a camera lucida. In illustrations illustrating changes that occurred
during morphogenesis, parental structures are depicted by contour,
and new ones are shaded black (Li ez al. 2017).

Two voucher slides (protargolpreparations) have been depos-
ited, one in the laboratory of Protozoology, Ocean University of
China (registry number: CLY2015061004) and the other in the
Natural History Museum, London (registry number: NHMUK
2017.11.27.1).

Terminology and systematics: Terminology is mainly accord-
ing to Berger (1999, 2008), the numbering system established by
Wallengren (1900) was used for designation of the frontal-ventral-
transverse (FVT) cirri and anlagen (for details see Berger 1999).
The term “18-cirri hypotrich” means a hypotrich with 18 FVT cirri
(Berger 2008).

DNA extraction, PCR amplification, and sequencing:
Genomic DNA was extracted from cells washed with autoclaved
fresh water using a DNeasy Blood and Tissue Kit (Qiagen, CA)
with the modification that 25% of the volume suggested for each
solution was used (Zhao et al. 2015). The SSU rRNA gene was am-
plified using the universal primers EukA and EukB (Medlin et al.
1988). Cloning and sequencing were performed as reported by
Huang et al. (2016).

Phylogenetic analyses: Phylogenetic analyses included the
SSU rRNA sequence of the American population of Tachysoma
pellionellum and 72 other sequences downloaded from GenBank
(see Fig. 7 for accession numbers except those of the following
13 urostylids: Anteholosticha pseudomonilata HM568416, Het-
erokeronopsis  pulchra JQ083600, Nothoholosticha fasciola
FI377548, Pseudokeronopsis carnae AY 881633, Uroleptopsis citri-
na GU437211, Pseudourostyla cristata GU942569, Hemicycliosty-
la sphagni FJ361758, Monocoronella carnea F1775726, Diaxonella
trimarginata DQ190950, Urostyla grandis EF535731, Apokeronop-
sis wrighti EU417963, Thigmokeronopsis stoecki EU220226 and
Metaurostylopsis salina EU220229). Sequences were aligned us-
ing Clustal W implemented in Bioedit 7.2.5 with default parameters
(Hall 1999). Regions that could not be aligned unambiguously were
removed and ends were trimmed manually, resulting in a matrix of
1,755 characters. Four species of the subclasses Oligotrichia and
Choreotrichia were chosen as the outgroup taxa. Bayesian infer-
ence (BI) analysis was performed with MrBayes 3.2.6 (Ronquist
and Huelsenbeck 2003) on the CIPRES Science Gateway us-
ing GTR + I + G (Shape = 0.4337, Pinvar = 0.5440) as the best
model selected by MrModeltest v.2.2 (Nylander 2004) under the
Akaike Information Criterion. Four MCMC simulations were run
for 1,000,000 generations with a sampling frequency of every
100 generations and a burn-in of 2500 trees (25%). Maximum-like-
lihood (ML) trees were constructed on the CIPRES Science Gate-
way using RAXML-HPC2 on XSEDE (8.2.4) with 1000 bootstrap
replicates. TREEVIEW v1.6.6 (Page 1996) and MEGA 6.05 (Ta-
mura et al. 2007) were used to visualize tree topologies.

RESULTS

Morphology of American population of 7Tachysoma
pellionellum (Figs 2 and 3; Table 1)

Body measuring 70-90 pm x 25-40 pm in vivo,
length/width approximately 3 : 1 in vivo, 2.2 : 1 on av-
erage in fixed and stained cells. Flexible and non-con-
tractile, usually slender oval to elliptical with anterior
end slightly narrowed, posterior broadly rounded; left
margin slightly convex, right margin convex in typi-
cal individuals (Figs 2A, 3A). Dorsoventrally flattened
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Fig. 1. Map of North America (the background from Google earth) showing the sampling sites. (A, B) Map showing Stone Mountain State
Park, North Carolina, USA. (C, D), where Tachysoma pellionellum was collected.

(ca. 2.5 : 1); ventral side flat, dorsal side slightly convex
in middle portion. Cells colorless to grey; cytoplasm
colouless, containing several food vacuoles filled with
bacteria, refringent cytoplasmic crystals, and granules
measuring 1-4 pm in diameter (Figs 2B, C, 3B-D).
Usually a very conspicuous, ~10 pm, refringent globule
that resembles a ring with a thick (ca. 1 pm) wall in both
ends of cell (Figs 2C, 3C, D). Cortical granules absent.
Contractile vacuole measuring approximately 10 pm in
diameter during diastole, located approximately in mid-
body region near left margin (Figs 2A—-C, 3B, C). Two
ellipsoidal macronuclear nodules, measuring approxi-
mately 24 um x 12 pm in vivo, usually arranged in a lin-
ear series left of midline in the central body portion,
with small to moderately large nucleoli (Figs 2A, 3A).
One spherical micronucleus between the two closely
spaced macronuclear nodules (Fig. 2F). Locomotion by
slow crawling on substrate or by swimming while rotat-
ing about longitudinal axis of body.

Infraciliature as shown in Figs 2D-F, 3E—H. Adoral
zone occupies 30-35% of cell length in vivo (ca. 30%
after fixation and staining); composed of 20-22 mem-
branelles. Bases of largest adoral membranelles ap-
proximately 10 pm wide, cilia up to 12 um long (Figs
2D, 3E). Distal portion of adoral zone extends slightly

posteriorly onto right side of cell, that is, DE-value
about 0.20 (Fig. 2D; for explanation of DE-value, see
Berger 2006: 18). Paroral and endoral almost equal in
length and parallel to each other, the former slightly
longer than the latter (Figs 2D, E, 3E, F). Frontoventral
transverse ciliature comprising 18 cirri: three slightly
enlarged frontal cirri with cilia about 15 pm long; single
buccal cirrus near anterior ends of paroral and endoral;
frontoventral cirri arranged in a short, mixed, asymmet-
ric, V-shaped row; cirrus I11/2 in the level between cirri
IV/3 and VI1/3; three postoral ventral cirri located me-
dially below vertex and distinctly separated from two
pretransverse ventral cirri; five transverse cirri with
cilia 15-20 pm long and arranged in a roughly hook-
shaped pseudo-row in posterior region of cell and the
rightmost transverse cirrus close to the right marginal
row. One right and one left marginal row, posterior ends
of which are separated; each row with 13—15 cirri; cilia
of marginal cirri about 10 pm long (Figs 2E, 3E-G).
Six dorsal kineties; dorsal kineties 1, 2 and 5 almost
bipolar, comprising 14-19, 10-15, and 11-14 pairs of
basal bodies, respectively; dorsal kinety 3 comprising
8—14 pairs of basal bodies, commences at level near
5 of body length and extending to posterior end; dorsal
kinety 4 comprising 6—8 pairs of basal bodies, starting
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Table 1. Morphological characterization of Tachysoma pellionellum*

Characters Min Max Mean M SD (6\% n
Length of body 64 88 76.1 77.0 5.6 7.4 15
Width of body 28 40 31.6 31.0 3.6 11.5 15
Length of adoral zone 21 25 23.2 23.0 13 5.7 15
AE to distal end 5.2 7.6 5.9 5.7 0.7 11.7 15
of the AZM

DE-value® 0.22 0.33 0.26 0.24 0 12.0 15
Number of adoral membranelles 20 22 20.7 21.0 0.8 3.9 15
Number of frontal cirri 3 3 3.0 3.0 0 0 15
Number of buccal cirri 1 1 1.0 1.0 0 0 15
Number of frontoventral cirri 4 4 4.0 4.0 0 0 15
Number of postoral ventral cirri 3 3 3.0 3.0 0 0 15
Number of pretransverse cirri 2 2 2.0 2.0 0 0 15
Number of transverse cirri 5 5 5.0 5.0 0 0 15
Number of left marginal cirri 13 15 13.9 14.0 0.6 43 15
Number of right marginal cirri 13 15 13.9 14.0 0.5 33 15
Number of dorsal kineties 6 6 6.0 6.0 0 0 15
Number of basal bodies in dorsal kinety 1 14 19 16.3 17.0 1.5 9.1 15
Number of basal bodies in dorsal kinety 2 10 15 12.9 13.0 1.9 15.0 15
Number of basal bodies in dorsal kinety 3 8 14 9.9 10.0 1.7 16.8 15
Number of basal bodies in dorsal kinety 4 6 8 7.1 7.0 0.5 7.5 14
Number of basal bodies in dorsal kinety 5 11 14 12.5 12.0 1.1 8.5 15
Number of basal bodies in dorsal kinety 6 5 9 5.5 5.0 1.1 19.4 15
Number of macronuclear nodules 2 2 2.0 2.0 0 0 15
Number of micronuclei 1 2 1.3 1.0 0.5 36.6 15

@ All data are based on protargol-stained specimens. All measurements in pm.

® Indicates the distance between anterior body end and distal end of AZM divided by length of AZM (Berger 2006).
Abbreviations: AE, anterior end of cell; AZM, adoral zone of membranelles; CV, coefficient of variation in %; M, median; Max, maximum; Mean, arithme-

tic mean; Min, minimum; », number; SD, standard deviation.

at approximately the anterior end of cell and terminat-
ing at point % of body length toward posterior; dorsal
kinety 6 (dorsomarginal kinety) composed of 5-9 diki-
netids and begins at anterior end of cell (Figs 2F, 3H).

Morphogenesis during binary fission (Figs 4-6)
Stomatogenesis

Opisthe: Division commences with the apokinetal
proliferation of groups of closely spaced basal bodies
between the left marginal row and the posterior-most
postoral ventral cirrus (Figs 4A, B, 6A). Following the
proliferation of basal bodies, the oral primordium de-
velops and differentiates new membranelles posteriad
(Figs 4C, D, 6B). Then, the anlage of the undulating
membranes (UM-anlage) forms to the right of the oral

primordium as a long streak of basal bodies (Figs 4E,
6C). Later, the anterior end of the newly organized
adoral zone of membranelles (AZM) bends to the right
and the differentiation of membranelles is completed,
forming the new oral structure for the opisthe. The left-
most frontal cirrus is derived from the anterior end of
the UM-anlage (Figs 4G, 5A, C, 6D, E). Subsequently,
the UM-anlage splits longitudinally into two streaks
from which the endoral and paroral form. Initially,
these streaks are closely parallel, but later, they separate
and arch (Figs 5C, E, G, 6G, H).

Proter: The parental AZM is retained intact during
morphogenesis, and changes to the oral structure are
confined to the paroral and endoral. The first sign of
the formation of the UM-anlage is the dedifferentiation
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Fig. 2. Morphology of Tachysoma pellionellum from life (A—C) and after protargol staining (D-F). (A) Ventral view of a representative
individual. (B, C) Detail of cell, arrows indicate the refringent globules and arrowhead shows the food vacuole. (D) Detailed ventral view
of the anterior region, showing the frontoventral (in rectangle) and postoral ventral cirri (in ellipse). (E, F) Ciliature of ventral and dorsal
side and nuclear apparatus, the dashed ellipse depicts the postoral ventral cirri; arrowhead indicates the micronucleus. AZM, adoral zone
of membranelles; BC, buccal cirrus; CV, contractile vacuole; E, endoral; FC, frontal cirri; FVC, frontoventral cirri; LMR, left marginal
row; Ma, macronuclear nodules; P, paroral; PTVC, pretransverse ventral cirri; RMR, right marginal row; TC, transverse cirri; 1-6, dorsal

kineties. Scale bars: 40 um.

of the anterior portion of the old paroral (Figs 4E, 6C).
Later, basal bodies proliferate in both paroral and en-
doral giving rise to the UM-anlage (Figs 4G, 6D). In
subsequent stages, the basic development of the UM-
anlage follows a similar pattern to that in the opisthe.
Development of the anlagen of the frontal-ventral-
transverse cirri: Development of the somatic ciliature
begins with the formation of the anlagen of the frontal-
ventral-transverse cirri. Frontoventral and undulating
membranes remain intact (Figs 4A, B, 6A). For lack of
some stages, we were not able to identify whether the
postoral ventral cirri will contribute to the formation of
the streaks. Probably, at least some postoral ventral cirri
will contribute to the FVT anlagen (Figs. 4A, B). Lat-
er, streaks II-VI form as the first indication of the five
frontal-ventral-transverse cirri (Figs 4C, D, 6B). They
appear initially as a single set (primary pattern) that

subsequently divides into two groups (Figs 4E, G, 6C,
D). As mentioned above, the leftmost frontal cirrus is
formed from the UM-anlage in each dividing part (Figs
4G, 5A, C, 6D, E, G). After segregation and migration
of the cirri that develop from the six anlagen (includ-
ing UM-anlage), a total of 18 cirri has formed, namely,
three frontal, one buccal, four frontoventral, three pos-
toral ventral, two pretransverse ventral and five trans-
verse (Figs 5A, C, E, G, 6E, G, H).

Marginal cirri: Anlagen of the marginal row de-
velop intrakinetally during the mid-stages of division
by dedifferentiation of the parental structures. The anla-
gen of the left marginal row appear somewhat later than
those of the right marginal row (Figs 4E, 6C) and then
lengthen toward both ends of the dividing cell (Figs 4G,
5A, C, 6D, E, G). Finally, all anlagen of the marginal
row generate new cirri that replace the parental ones.
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Fig. 3. Photomicrographs of Tachysoma pellionellum in vivo (A-D) and after protargol staining (E-H). (A-D) Ventral views of typical
individuals; arrow in Fig. B marks the contractile vacuole, arrows in Fig. C show the refringent globules and arrowheads demonstrate the
dorsal cilia. (E) Ventral view of the infraciliature; showing the frontoventral (in rectangle) and postoral ventral cirri (in circle). (F) Ventral
view of anterior portion of infraciliature. (G) Ventral view of posterior portion of infraciliature, showing the pretransverse ventral cirri
(dashed line). (H) Dorsal view of the infraciliature, showing the dorsal kineties (arrowheads). AZM, adoral zone of membranelles; BC,
buccal cirrus; CV, contractile vacuole; E, endoral; FC, frontal cirri; FVC, frontoventral cirri; LMR, left marginal row; Ma, macronuclear
nodules; P, paroral; PVC, postoral ventral cirri; PTVC, pretransverse ventral cirri; RMR, right marginal row; TC, transverse cirri; Scale bars:
55 um (A), 35 um (E) and 15 pm (F, G).

Dorsal ciliature: Two sets of anlagen of dorsal ki- lagen then elongate mainly posteriad and gradually re-
neties develop intrakinetally within dorsal kineties 1,2  place the parental rows (Figs 5SA-D, 6G). In late stages
and 4 in both proter and opisthe (Fig. 4E-H). The an-  of division, anlagen of dorsal kineties 2 and 4 fragment
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Fig. 4. Divisional morphogenesis in Tachysoma pellionellum (after protargol staining). (A, B) Ventral views of an early divider. Note the
basal bodies in the oral primordium forming an elongated field; arrowheads show the postoral ventral cirri which remain intact only for
a short time. (C, D) Ventral views of an early divider. Arrowheads show the developing FVT-anlagen. (E, F) Ventral and dorsal view of
a divider in early divisional stage. In E, arrow marks the old paroral which is dedifferentiating, double-arrowheads shows the UM-anlage
formed to the right of the oral primordium as a long streak of basal bodies and arrowhead indicates the right marginal row anlagen developing
intrakinetally; in F, arrows show the intrakinetal formation of the dorsal kineties anlagen 4 in the dividing cell. (G, H) Ventral and dorsal
view of a divider in early divisional stage. In G, arrows show the first frontal cirri separating from the undulating membranes anlagen;
arrowheads mark the left marginal row anlagen developing intrakinetally; in H, arrows show the intrakinetal formation of the dorsal kineties
anlagen 4 in the dividing cell. DKA, dorsal kineties anlagen; I[I-VI, frontoventral—transverse cirral anlagen; Ma, macronuclear nodules; Mi,
micronucleus; OP, oral primordium; RMA, right marginal anlage. Scale bars: 15 pm (A, C) and 35 pm (B, D, E-H).

in the posterior region forming dorsal kineties anlagen = marginal row and becomes the dorsomarginal kinety in
3 and 5, respectively. Overall, five anlagen of dorsal each daughter cell (Figs SE-H, 6I). No caudal cirri are
kineties form in each daughter cell. Simultaneously, formed during morphogenesis (Fig. SF, H).

a streak of basal bodies develops to the right of the right
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Fig. 5. Middle and late dividers of Tachysoma pellionellum, after protargol staining. (A, B) Ventral and dorsal view of a middle-stage
divider. In A, arrowheads show the first frontal cirri and arrows mark the left marginal anlagen; in B, arrows mark the intrakinetal formation
of the dorsal kineties anlagen 4. (C, D) Ventral and dorsal view of a mid-divider. In C, arrowheads show the first frontal cirri, arrows mark
the left marginal anlagen and double-arrowheads show the anlagen of dorsal kineties; in D, arrows mark the intrakinetal formation of the
dorsal kinety anlagen 4. (E, F) Ventral and dorsal view of a late divider; double-arrowheads show the dorsomarginal kineties (dorsal kineties
6) and arrowheads show the left marginal row. (G, H) Ventral and dorsal view of a late-stage divider; arrowheads show the dorsomarginal
kineties (dorsal kineties 6). DK A, dorsal kineties anlagen; LMR, left marginal row; Ma, macronuclear nodules; RMA, right marginal anlage;
RMR, right marginal row; 1-6, dorsal kineties. Scale bars: 45 um.
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Fig. 6. Photomicrographs of Tachysoma pellionellum during divisional morphogenesis (after protargol staining). (A, B) Ventral views of
early dividers, note the basal bodies in the oral primordia forming an elongated field; arrows show the postoral ventral cirri which remain
intact. (C, D) Ventral views of early dividers. In C, arrow in the proter marks the paroral which is dedifferentiating; arrow in the opisthe
shows the anlage of the undulating membranes, and arrowhead indicates the right marginal anlage; in D, arrows show the first frontal cirri
separating from the anlagen of the undulating membranes, and arrowheads mark the left marginal anlagen. (E-G) Ventral and dorsal view of
a middle-stage divider. In E, arrowhead shows the first frontal cirrus and arrows mark the right marginal anlagen; in G, double-arrowheads
show the first frontal cirrius, arrowheads mark the left marginal anlagen, and arrows show the intrakinetal formation of the dorsal kineties
anlagen 1. (H, I) Ventral and dorsal view of a late divider; arrows show the dorsal kineties 6. II-VI, FVT-anlagen; Ma, macronuclear
nodules; OP, oral primordium; 2-5, dorsal kineties. Scale bars: 20 pm (B, D, F) and 45um (I).
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Division of the nuclear apparatus: The nuclear ap-
paratus divides in the usual way for oxytrichids and
hence needs no detailed description. Briefly, two ma-
cronuclear nodules fuse to form a single mass during
the middle stages of division, which then divides twice
prior to cytokinesis (Figs 4F, H, 5B, D, F, H, 6F, I).

Phylogenetic analyses based on SSU rRNA sequenc-
es (Fig. 7)

The SSU rRNA sequence of Tachysoma pellionel-
lum was deposited in the GenBank database with the
accession number KX509970. The sequence was 1772
bp long and had a G+C content of 46.95%. We included
a broad selection of 73 species in the present phylo-
genetic analyses, including all available SSU rRNA
sequences from both the Oxytrichines and Stylonych-
ines. The topologies of the ML and BI trees were ba-
sically congruent, and therefore we present only the
ML tree with support values from both algorithms in-
dicated on branches (Fig. 7). The American population
of Tachysoma pellionellum clusters with the Chinese
(Qingdao) population with maximum support (100%
ML, 1.00 BI).

DISCUSSION

Identification of the American population of Tachy-
soma pellionellum

Tachysoma pellionellum was originally discovered
by Miiller (1773) in an infusion of plant material. Sub-
sequently, it was redescribed by a series of researchers
(for revision, see Berger 1999). The American popu-
lation of T. pellionellum corresponds closely with the
original and subsequent descriptions (Berger 1999).

It is also noteworthy to point out that two syn-
onymized species (Tachysoma agile, Tachysoma mira-
bile), were discovered by Stokes (1887) in the eastern
United States. No specific localities were given, but
specimens probably were collected in the vicinity of
Trenton, NJ, where Stokes lived. This is only approxi-
mately 700 km from the locality at which the popula-
tion described in the present paper was collected and,
presumably were coastal-plain habitats rather than the
montane stream in which our population was discov-
ered. Stokes’s (1887) descriptions documented only the
characters of living cells and closely resemble those
in our population; therefore, we think that these two
species are subjective junior synonyms of Tachysoma
pellionellum.

With respect to morphology, the Chinese population
investigated by Tchang et al. (1984) has fewer adoral
membranelles (20-22 vs. ~ 40), dorsomarginal rows
(one vs. two) and cirri in the left (13—15 vs. 34-36) and
right (13—-15 vs. 36-39) marginal rows than the popu-
lation described in the present paper. Furthermore, the
position and length of dorsal kineties 3—6 are different
in both populations. Therefore, we hypothesize that the
Chinese population was misidentified, as already stated
by Berger (1999: 437).

Morphogenetic comparison with related taxa

In the present study, we provided supplementary in-
formation on morphogenesis in 7. pellionellum, which
is the type species of Tachysoma. Hemberger (1982) re-
ported the morphogenetic process of a European popu-
lation of T. pellionellum, which is basically similar to
the U.S. population we observed. The only difference
of note was in the dorsal pattern, in which the anlage of
dorsal kinety 4 develops in the parental dorsal kinety 3
in Hemberger’s description but developed in the paren-
tal dorsal kinety 4 in our observations. Unfortunately
Hemberger didn’t illustrate dorsal morphogenesis;
therefore we hypothesize that Hemberger (1982) may
have omitted the real parental kinety 3.

The development of the ventral ciliature and nu-
clear apparatus in the Chinese population described by
Tchang et al. (1984) is similar to that in the U.S. popu-
lation; however, there are several differences in mor-
phogenesis between the two, especially with respect to
the formation of the dorsal ciliature. First, the anlagen
of the dorsal kineties develop in parental kineties 1-3
in the Chinese population (vs. in kineties 1, 2, 4 in the
U.S. population). Also, only the anlage of dorsal kine-
ty 3 fragments in the Chinese population vs. both the
dorsal kineties anlagen 2 and 4 in the U.S. population,
and two dorsomarginal kineties form in the Chinese
population vs. only one dorsomarginal kinety in the
U.S. population. Thus, it is no doubt to confirm Chinese
population was misidentified.

Phylogenetic position of Tachysoma

As in previous analyses (Berger 2006: 34; 2008: 47;
Schmidt et al. 2007; Gao et al.2016; Luo et al.2017), the
present study showed that the subfamily Oxytrichinae
is not monophyletic, with low support values. The two
populations of 7. pellionellum (morphological details
of the Qingdao population KM222096 was described
in the doctoral dissertation of Dr. Jiamei Jiang) grouped
together with full support, but the phylogenetic posi-
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Fig. 7. Maximum likelihood (ML) phylogenetic tree based on the small subunit rRNA (SSU rRNA) gene sequences. Numbers at the nodes
represent the bootstrap values of ML analyses and posterior probability of BI analyses. Fully supported (100%/1.00) branches are marked
with solid circles. Asterisk (*) represents support values less than 50% and the disagreement between BI and the reference ML tree. The
scale bar corresponds to two substitutions per 100 nucleotide positions. The newly sequenced species in the present study is shown in bold.

tion of the species within the subfamily Oxytrichinae
is far from settled. In the present ML tree, Tachysoma
clusters with four species of Oxytricha but with weak
support. Morphologically, T. pellionellum differs from
Oxytricha in the absence (vs. presence) of caudal cirri
and development of the dorsal pattern (Berger 1999).
However, Tachysoma also has the ventral cirral pattern,
dorsomarginal kineties and flexible body of Oxytricha,
suggesting a close relationship between the two genera.

Owing to limited taxon sampling in the molecular
tree (less than 50% of oxytrichid species are available),
we cannot infer evolutionary relationships within this
complex group with confidence. Furthermore, morpho-
genetic data also are lacking for many oxytrichid gen-
era. Perhaps a final could be proposed that Tachysoma
is an artificial assemblage mostly united by the lack of
caudal cirri, but with different ventral and dorsal mor-
phogenetic patterns. As more data become available on
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species primarily assigned to Tachysoma, a refinement
of the diagnosis of the genus also would be desirable.
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