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Abstract

The morphology and taxonomy of two marine Amphisiella species, isolated from mariculture waters in northern China,
were investigated using standard techniques. One species corresponds well with the original description of the poorly known
Amphisiella milnei (Kahl, 1932) Horvath, 1950 by remarkable characteristics, inter alia, (i) the additional cirri between the
left frontal cirrus and the buccal cirrus, and (ii) ring-shaped structure in the anterior and posterior body portion (posterior one
sometimes lacking). The detailed description of the cirral pattern and an informative ontogenetic stage first reveal that the
additional cirri, which are uniformly absent in all congeners, originate from the frontal-ventral transverse cirral anlage 1. The
other species represents a new species of Amphisiella, A. sinica sp. nov. It is distinguished from its most closely related congener
A. annulata (Kahl, 1928) Borror, 1972 by having numerous ring-shaped structures with a shallow brim more or less densely
centralised at both ends of the body. Brief notes on the cell division and phylogenetic analyses based on small subunit (SSU)
rRNA gene sequence for both organisms are also supplied in order to get further understanding of their systematic positions.
The molecular information indicates that both organisms belong to two separate clades and confirms that the genus Amphisiella
might be polyphyletic.
© 2016 Elsevier GmbH. All rights reserved.
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and by forming their frontal-ventral-transverse cirri by six
anlagen. So far ca. 60 nominal forms have been found,
most of which live in terrestrial habitats, although some
are marine (e.g. Berger and Foissner 1989; Blatterer and
Foissner 1988; Dragesco 1963; Foissner et al. 2002; Gong
et al. 2007; Gourret and Roeser 1888; Li et al. 2007a,b; Song
and Wilbert 1997; Wilbert and Song 2005). Recently, Berger
(2008) made a comprehensive revision of amphisiellids, and
redefined the genus Amphisiella Gourret and Roeser, 1888
as follows: Amphisiellidae with continuous adoral zone of
membranelles; undulating membranes straight and parallel;
three enlarged frontal cirri; buccal cirrus present; two or more
cirri left of anterior portion of the amphisiellid median cirral
row, which originates from anlage V (posterior portion) and
VI (anterior portion); postperistomial cirrus lacking; usually
two pretransverse ventral cirri; five or more prominent trans-
verse cirri; one left and one right marginal row; more than
three dorsal kineties each originating intrakinetally; caudal
cirri lacking; saltwater. According to this definition, only
five species were included in the genus with Amphisiella
capitata (Pereyaslawzewa, 1886) Borror, 1972 as the type,
and A. arenicola Fernandez-Leborans and Novillo, 1992
was classified as an indeterminate species (Berger 2008;
Fernandez-Leborans and Novillo 1992, 2001). Very recently,
Chen et al. (2013) added two new species. Among these
forms, three species, i.e. Amphisiella ovalis Fernandez-
Leborans and Novillo, 1992, A. turanica Alekperov and
Asadullayeva, 1999 and A. milnei (Kahl, 1932) Horvath, 1950
have not been described in detail in terms of their living fea-
tures, infraciliature and/or morphogenesis (Alekperov and
Asadullayeva 1999; Fernandez-Leborans and Novillo 1992;
Horvith 1950; Kahl 1932) and 18S rRNA gene sequence data
are unavailable for these three species yet (Chen et al. 2013).
During a survey of the marine ciliate fauna in northern China,
two organisms were isolated and studied using standard meth-
ods. One species was demonstrated to be conspecific with
Amphisiella milnei. The other represents an unknown species.
In addition, small subunit (SSU) rRNA gene sequence data
and one ontogenetic stage were obtained for each species.

Material and Methods

Amphisiella sinica sp. nov. and A. milnei were collected
from coastal waters off Qingdao (36°03'36” N; 120°18'54” E
and 36°06'58” N; 120°43/96” E), China, on September 28th,
2007 (salinity 29%o, water temperature 24 °C, pH 8.0), and on
October 24th, 2007 (salinity 30%o, water temperature 18 °C,
pH 7.9), respectively. The ciliates were collected using micro-
scope slides as artificial substrates that were fixed to a frame
and immersed in the water at a depth of ca. 1 m for about
one week to allow colonisation to occur (Lu et al. 2014).
Following retrieval of the slides, ciliates were isolated and
raw cultures were established at room temperature (24 °C) in
Petri dishes containing filtered marine water with squeezed
rice grains to enrich the bacterial food.

Ciliates were examined with bright field and differential
interference contrast microscopy. The protargol silver stain-
ing method according to Wilbert (1975) was used to reveal the
infraciliature. Measurements were carried out with an ocular
micrometre. All drawings were performed at a magnification
of 1250x with the aid of a camera lucida. To illustrate the
changes occurring during the ontogenetic process parental
cirri are depicted by contour whereas new ones are shaded
black. Terminology is mainly according to Berger (2008).

Cells were washed several times by sterile seawater
to remove other protists before the extraction of DNA.
Genomic DNA was extracted according to the protocol for
the REDEXxtract-N-Amp Tissue PCR Kit (Sigma, St. Louis,
USA) as described by Fan et al. (2014). The universal primers
Euk A (5-AACCTGGTTGATCCTGCCAGT-3’) and Euk
B (5-TGATCCTTCTGCAGGTTCACCTAC-3) (Medlin et
al. 1988) were used for the SSU rRNA gene amplifi-
cation. Running cycles of the Polymerase chain reaction
(PCR) amplifications of the SSU rRNA gene were as fol-
lows: Smin at 94 °C for initial denaturation, followed by
35 cycles of 94°C for 30s, 54°C for 1 min, 72°C for
2 min; the final extension was 10 min at 72°C. The puri-
fying, cloning and sequencing of the PCR products were
performed according to Chen et al. (2015b). Primers used for
sequencing were M13-47, M13-48 and two internal primers
900F (5'-CGATCAGATACCGTCCTAGT-3') and 900R (5'-
ACTAGGACGGTATCTGATCG-3').

As revealed by Chen et al. (2013), the SSU rRNA gene
sequence of Amphisiella milnei with the accession number
DQ845293 could come from a misidentified population and
thus was not used in the current phylogenetic analyses. Two
new SSU rRNA gene sequences of Amphisiella sinica sp.
nov. and A. milnei as well as 42 sequences of other species
from the GenBank database were analysed. A total of 44
sequences were aligned using the online server GUIDANCE
with the alignment algorithm MUSCLE (Penn et al. 2010a,b)
provided on the web, and the automated removal of unreli-
able columns was performed with default parameters (below
0.93). Gblocks v0.91b (Castresana 2000) was used to remove
the ambiguous blocks, resulting in an alignment of 1701 char-
acters. The sequence identity matrix of species in the genus
Amphisiella was performed using BioEdit 7.0.0 (Hall 1999).

Ciliates in Phacodiniidia and Protocruziidia were chosen
as the out-group species. Maximum likelihood (ML) anal-
yses were conducted using the tool kit RAXML-HPC2 on
XSEDE v 7.2.8 (Stamatakis 2006; Stamatakis et al. 2008),
which was implemented in the online server CIPRES Science
Gateway (Miller et al. 2010) using the GTR + G model. The
reliability of internal branches was estimated by bootstrap-
ping with 1000 replicates. Bayesian inference (BI) analysis
was performed using MrBayes on XSEDE v 3.1.2 (Ronquist
and Huelsenbeck 2003) on CIPRES Science Gateway with
the GTR + G model, chosen under the Akaike Information
(AI) Criterion in MrModeltest v2 (Nylander 2004). Markov
chain Monte Carlo (MCMC) simulations were then run with
two sets of four chains using the default settings of a chain
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length of 2,000,000 generations and trees sampled every 100
generations. The first 25% of sampled trees were discarded as
burn-in. The posterior probabilities (PP) were calculated from
the remaining trees using a majority rule consensus. MEGA
5 (Kumar et al. 2008) was used to visualise tree topologies.

Results

Amphisiella milnei (Kahl, 1932) Horvath, 1950
(Figs 1-3 and Table 1)

Basionym: Holosticha (Amphisiella) milnei Kahl, 1932.

Since the first reports by Kahl (1932, 1933), this species
was found on several occasions but no more details have been
provided (Agamaliev 1972; Aladro-Lubel et al. 1986; Berger
2008). Furthermore, details of the infraciliature are unknown
yet. Our organism corresponds well with the original descrip-
tion of Amphisiella milnei in live features (e.g. cell shape and
size, cortical granules, ring-shaped structures, two macronu-
clear nodules) and cirral arrangement, and thus both are very
likely conspecific. Here we present an improved diagnosis
based on all available data and a detailed description of the
Chinese population.

Improved diagnosis

Size in vivo about 100-160 x 20—40 wm. Body elongate
elliptical, dark yellowish to slightly brownish in colour at
low magnification. Fine, light yellowish coloured cortical
granules irregularly and densely distributed ventrally, while
grouped in longitudinal stripes dorsally. Usually one large
ring-shaped structure at each end of body. 27-43 adoral mem-
branelles and 23-37 right and 27-39 left marginal cirri. Three
frontal cirri, usually two cirri behind left frontal cirrus, one
buccal cirrus, one parabuccal cirrus; consistently three fron-
toventral cirri, two pretransverse ventral cirri, and about five
transverse cirri; seven bipolar dorsal kineties. Amphisiellid
median cirral row shortened posteriorly and composed of
22-36 cirri; two macronuclear nodules. Marine and brackish
habitats.

Deposition of voucher slides

One protargol preparation slide was deposited in the Lab-
oratory of Protozoology, Ocean University of China with
registration number LLQ-20070928-02. A second slide was
deposited in the Natural History Museum, London (registra-
tion number: NHMUK 2010:1:30:3).

Morphological description of Chinese population

Cell size about 110-160 x 3040 pum in vivo; body
usually elongate-elliptical in outline; both ends widely
rounded, margins more or less straight depending on feeding

situation (Figs 1A, B, 2A, E). Living cells seem dark yel-
lowish to slightly brownish in colour at low magnification.
Body flexible and inconspicuously contractile, dorsoven-
trally flattened about 3:1 (Fig. 2D). Ventral side flat with three
indistinctive grooves along marginal rows and amphisiellid
median cirral row (Fig. 2D, E, L). Cytoplasm colourless to
greyish, often filled with many shining globules (3—5 pm in
diameter). Pellicle comparatively thick, with light yellowish
cortical granules (about 0.5 wm across), which are irregularly
densely distributed ventrally, while grouped in longitudinal
stripes throughout whole dorsal side (Figs 1H, 2F, G, K, L).
Usually one hollow sphere (ring-shaped structure), 67 wm
in diameter, conspicuously appears in anterior and poste-
rior portions of body (Figs 1A, E, 2A, I). Posterior sphere
sometimes lacking or situated in mid-body portion (Fig. IB).
Contractile vacuole not observed, possibly lacking. Two
ellipsoidal macronuclear nodules, on average 17 x 10 um
in size, positioned slightly left of midline, roughly in
central body portion, transparent and detectable in vivo
even with bright field microscopy at low magnification
(Figs 1A, B, D, 2B, C, J, 3A). Two to five, mostly three,
micronuclei adjacent to macronuclear nodules (Fig. 1D).
Locomotion moderately slow. Individuals crawl on bottom
of Petri dish or on debris, with short and frequent pauses and
intermittently change their direction.

Buccal field dominant; adoral zone occupying about
30—40% of body length, with its distal end extending posteri-
orly to about one quarter of buccal field (Figs |A-C, F, 2C, E).
Base of the membranelles in proximal portion around 8§ pm
wide. Undulating membranes probably roughly straight and
side by side; paroral slightly in front of endoral (Figs 1C, 3C).
Three slightly enlarged frontal cirri in oblique pseudorow
along distal portion of adoral zone, while parabuccal cir-
rus (= cirrus II1/2) located left behind right frontal cirrus
(Figs 1A, C, F, 2H, 3C, D). One buccal cirrus pos-
itioned at right of anterior third of undulating membranes
(Figs 1C, F, 3C). Usually two, rarely one or three cirri (5
specimens out of 25) behind left frontal cirrus longitudinally
situated above buccal cirrus (Figs 1A, 2H, 3C). Amphisiellid
median cirral row (ACR) composed of 22-36 cirri, mostly
grouped in two inconspicuous segments, extends from dis-
tal end of adoral zone to about posterior 75% of cell. All
cirri in ACR of equal size (Figs 1C, F, 3B). Consistently,
three frontoventral cirri positioned left of anterior portion of
ACR (Figs 1C, 3D). Five, very rarely four, slightly enlarged
transverse cirri, arranged in a J-shaped pseudorow, with
cilia projecting three-quarters of their length beyond poste-
rior body margin in live specimens. Two fine pretransverse
ventral cirri closely located above right two transverse cirri
(Figs 1C, 3E). Right marginal row commencing above level
of proximal end of adoral zone, ending sub-terminally and
therefore distinctly separated from rear end of left marginal
row, which commences to left of proximal portion of ado-
ral zone (Figs 1C, F, 3A). Six almost bipolar dorsal kineties,
bristles around 3 wm long. Caudal cirri obviously lacking
(Fig. 1C, D).
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Fig. 1. (A-I) Morphology of Amphisiella milnei from life (A, B, E, H) and after protargol staining (C, D, F, G, I). (A) Ventral side of a
representative specimen; arrow marks the ring-shaped structure. (B) To show the different body shape. (C, D) Ventral and dorsal side of the
same specimen to show the infraciliature and nuclei, arrows in (C) indicate the fine pretransverse ventral cirri, arrows and arrowhead in (D)
mark the micronuclei and the anterior portion of right marginal row respectively. (E) Ring-shaped structures. (F) Infraciliature on ventral side
of another specimen, arrowhead depicts membranelle at distal end of adoral zone and arrow indicates the gap in the amphisiellid medium
cirral row. (G) Ventral side, to demonstrate the development of cirri, broken line connects cirri originating from the same anlage. (H) Dorsal
side, arrows mark the grouped tiny cortical granules. (I) Ventral side of a middle divider, arrows mark the right marginal row anlagen. ACR,
amphisiellid median cirral row; BC, buccal cirrus; DK, dorsal kineties; FC, frontal cirri; I-VI, frontal-ventral-transverse cirral anlagen I-VI;
LMA, left marginal row anlagen; LMR, left marginal row; Ma, macronuclear nodule; RMR, right marginal row; TC, transverse cirri. Scale

bars =30 pm.
Notes on morphogenesis

Only one middle divider was observed (Figs 11, 3H). The
following phenomena can be deduced: (1) the parental ado-
ral zone of membranelles is very likely completely inherited
by the proter; (2) the marginal row anlagen develop within
the parental structures; (3) the frontal-ventral-transverse cirri
originate from six cirral anlagen: anlage I (= undulating
membrane anlage) — undulating membranes (paroral mem-
brane, endoral membrane), left frontal cirrus, cirri behind left
frontal cirrus; anlage II — middle frontal cirrus, buccal cir-
rus, left transverse cirrus; anlage III — right frontal cirrus
and parabuccal cirrus (cirrus I111/2), second transverse cirrus
from left; anlage IV — three frontoventral cirri left of ante-
rior portion of ACR, third transverse cirrus from left; anlage

V — fourth transverse cirrus from left, left pretransverse ven-
tral cirrus, and posterior part of ACR; anlage VI— fifth
transverse cirrus from left, right pretransverse ventral cirrus,
and anterior portion of the ACR (Figs 1G, I, 3H).

Amphisiella sinica sp. nov. (Figs 4-6, Table 1)

Diagnosis

Size in vivo about 135-180 x 30—40 wm. Body elon-
gate elliptical to fusiform with anterior portion distinctly
cephalised and curved leftwards. Two macronuclear nod-
ules. Two kinds of colourless cortical granules: larger ones
grouped along dorsal kineties; smaller ones distributed in
whole cortex. Ring-shaped structures with shallow brim,
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Fig. 2. (A-L) Photomicrographs of Amphisiella milnei from life. (A, E) Ventral side of representative specimens, arrows in (A) depict the
ring-shaped structures. (B, C) Ventral side of specimens to show different body shapes, arrows indicate the macronuclear nodules. (D) Ventral
side, to show the flexibility of the body. (F) Ventral side, arrows indicate the cortical granules grouped in streaks. (G, K) Dorsal side, arrows
mark the tiny cortical granules. (H) Ventral side of oral field, arrows indicate the slightly enlarged middle and right frontal cirrus. (I) Ring-
shaped structure in the rear end of body (arrow). (J) Lateral view of partial body, to demonstrate the thick cortex (arrow) and macronuclear
nodule (arrowhead). (L) Ventral side of middle portion of the specimen, to show the shallow grooves with the cirral rows and the tiny cortical

granules (arrows). Scale bars: A—-E=50 pm, F, [, J =10 pm.

more or less densely centralised in anterior and posterior body
portions. Amphisiellid median cirral row extending to trans-
verse cirri, and consisting of about 47 narrowly spaced cirri.
On average 55 adoral membranelles. Left and right marginal
row composed of 33-44 and 31-49 cirri, respectively. Consis-
tently three slightly enlarged frontal cirri, one buccal cirrus,
one parabuccal cirrus, three cirri left of anterior portion of

amphisiellid median cirral row, two pretransverse ventral
cirri, usually six transverse cirri, and six dorsal kineties.
Marine habitat.

Type locality
Seawater near the pontoon bridge of Zhangiao Pier at Qing-

dao (36°03'36" N; 120°18'54” E), China.
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Fig. 3. (A-H) Photomicrographs of Amphisiella milnei after protargol staining. (A) Ventral side, to show the infraciliature and macronuclear
nodules (arrowheads), arrow indicates amphisiellid medium cirral row. (B) Ventral side of the anterior and middle portion of a specimen, to
show the amphisiellid medium cirral row. (C) Ventral side of the anterior portion of body, arrow indicates the buccal cirrus, arrowhead marks
the right frontal cirrus close to the distal end of the adoral zone of membranelles. (D) Part of the buccal field, arrows indicate the frontoventral
cirri. (E) Ventral side of the cell end to show the fine pretransverse ventral cirri (arrowheads) and the transverse cirri (arrows). (F) Dorsal side,
arrowheads indicate the dorsal kineties. (G, H) Dorsal (G) and ventral (H) side of the same middle divider, arrows in (G) and arrow in (H)
showing the dorsal kineties anlagen and the new cirri generated from the undulating membranes anlage, respectively. Scale bars: A =40 um,

E=10 pm.

Type slides

One slide of protargol-impregnated specimens including
the holotype (Fig. 4F, G) was deposited in the Laboratory of
Protozoology, Ocean University of China with registration
number LL.Q-20071024-01. A second slide with paratypes
was deposited in the Natural History Museum, London (reg-
istration number: NHMUK 2010:1:30:4).

Etymology
The species-group name sinica (Latin; Chinese) refers to
the country (China) where the species was discovered.

Morphological description

Live specimens usually about 135-180 x 30—40 pm in
size, ratio of length to width ranging between 5:1 and 4:1;
body outline elongate elliptical to slightly fusiform, with con-
spicuously cephalised and leftwards curved anterior portion
and rounded posterior end. Left margin more convex than
right one (Figs 4A, B, F, 5A, D). Body soft, flexible, and
often slightly twisted about main axis, not distinctly con-
tractile (Fig. 5C, D). Ventral side slightly uneven with three

furrows along marginal and amphisiellid median cirral rows,
which can be easily detected in living cells (Fig. 5B, C).
Invariably two ellipsoidal macronuclear nodules slightly left
of midline; individual nodules in life up to about 30 x 10 pwm.
Micronuclei ellipsoidal and adjacent to macronuclear nod-
ules (Figs 4A, G, 6C, F). Two kinds of colourless cortical
granules: larger granules globular, about 1.0 wm across,
grouped along dorsal kineties; some subconically shaped and
4-5 pm long when ejected (Figs 4E, 5J, 6E); smaller ones
about 0.3-0.5 pm across and more or less densely distributed
in whole cortex (Figs 4E, SE, F, J). Cytoplasm colourless,
contains about 70—-100 ring-shaped structures (lithosomes?),
4-5 pm in diameter, with fine and shallow brim, basically
arranged densely in anterior and posterior portion, render
body opaque and greyish in colour under low magnification
(Figs 4B, D, 5A, G-I). Several conspicuous food vacuoles,
up to about 15 wm across, very probably containing diatoms
and bacteria, scattered mainly within cell centre. Locomotion
moderately rapid. Individuals crawl on bottom of Petri dish or
on debris, with short and frequent pauses and intermittently
change their direction.
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Table 1. Morphometric data of Amphisiella milnei (first line) and A. sinica sp. nov. (second line). Data based on protargol-impregnated

specimens.

Character Min Max Mean Median SD (6AY SE n
Length of body (pm) 92 144 113.4 112 13.5 11.9 2.7 25
130 180 159.7 160 14.6 9.1 2.9 25
Width of body (pm) 32 48 38.9 38 4.2 10.7 0.8 25
22 48 34.9 34 6.1 17.4 1.2 25
Length of adoral zone (pm) 28 48 39.0 40 4.8 12.3 1.0 25
50 76 64.9 66 6.1 9.3 1.2 25
Number of adoral membranelles 27 43 37.5 38 4.0 10.6 0.8 25
46 64 54.9 55 4.6 8.3 0.9 25
Number of buccal cirri 1 1 1 1 0 0 0 25
1 1 1 1 0 0 0 25
Number of frontal cirri 3 3 3.0 3 0 0 0 25
3 3 3.0 3 0 0 0 25
Number of cirri behind left frontal cirrus 1 3 2.0 2 0.4 17.9 0.1 25
0 0 0 0 0 0 0 25
Number of parabuccal cirri 1 1 1 1 0 0 0 25
0 1 1.0 1 0.2 20.8 0 25
Number of frontoventral cirri 3 3 3 3 0 0 0 25
3 3 3 3 0 0 0 25
Number of cirri in amphisiellid median cirral row 22 36 29.9 30 3.6 12.0 0.7 25
41 52 46.8 47 2.7 5.8 0.5 25
Number of left marginal cirri 27 39 33.8 34 3.0 8.9 0.6 25
30 44 38.1 38 32 8.5 0.6 25
Number of right marginal cirri 23 37 322 33 3.2 9.9 0.6 25
31 49 39.1 39 4.2 10.8 0.8 25
Number of pretransverse ventral cirri 2 2 2 2 0 0 0 25
2 2 2 2 0 0 0 25
Number of transverse cirri 4 5 5.0 5 0.2 4.0 0 25
6 7 6.1 6 0.3 5.4 0.1 25
Number of dorsal kineties 7 7 7 7 0 0 0 25
6 6 6 6 0 0 0 25
Number of macronuclear nodules 2 2 2 2 0 0 0 25
2 2 2 2 0 0 0 25
Number of micronuclei 2 5 2.6 2 0.8 30.0 0.2 25
2 8 4.2 4 1.6 37.0 0.3 25
Length of macronuclear nodule (pm) 12 24 17.0 18 2.5 14.5 0.5 25
14 30 21.5 22 3.9 18.3 0.8 25
Width of macronuclear nodule (pm) 8 12 9.6 10 1.3 13.1 0.3 25
5 14 9.6 8 3.1 32.4 0.6 25

Abbreviations: CV, coefficient of variation in %; Max, maximum; Mean, arithmetic mean; Median, median value; Min, minimum; n, number of specimens

analysed; SD, standard deviation; SE, standard error.

Buccal field narrow, about 1/3 of body width. Adoral
zone comprising 55 membranelles on average, and occupy-
ing 37-48% of body length, proximal portion usually slightly
spoon-shaped (Figs 4A, B, 5SA, D, 6C). Distal end of adoral
zone extending on to 12% of body length on right body mar-
gin (Figs 4C, 5A). Undulating membranes arranged straight
and in parallel; 2-rowed paroral membrane longer than single-
rowed endoral membrane, and ahead of latter (Fig. 4C). Cirral
pattern and number of cirri show usual variability (Table 1).
Three distinctly enlarged frontal cirri in oblique pseudorow
along distal portion of adoral zone, while parabuccal cir-
rus (= cirrus III/2) located left behind right frontal cirrus
(Figs 4C, F, 6H). One buccal cirrus (= cirrus 1I/2) of same

size as frontal cirri, situated right of anterior end of paro-
ral membrane (Figs 4C, 6H). ACR composed of 47 cirri on
average, commences to the right frontal cirrus and terminates
posteriorly ahead of transverse cirri. Cirri within ACR nar-
rowly spaced, especially in middle part where they are also
rather wide, that is, up to 4-5 pm (Figs 4F, 6D). A row of
three frontoventral cirri present to left of anterior portion of
ACR (Figs 1C, 6H). Usually six, rarely seven (3 out of 25
specimens) transverse cirri arranged in J-shaped and slightly
subterminal pseudorow; cirri about 15 wm long in life and
distinctly projecting beyond rear body end (Figs 4F, 61). Con-
sistently two rather fine pretransverse ventral cirri: right one
ahead of rightmost transverse cirrus; and left one behind
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Fig. 4. (A-G) Morphology of Amphisiella sinica sp. nov. from life (A, B, D, E) and after protargol staining (C, F, G). (A) Ventral side of a
representative specimen. (B) Ventral side to show the number and arrangement of the ring-shaped structures (arrows). (C) Ventral side of the
anterior portion of a specimen, showing frontal ciliature and oral apparatus. (D) Ring-shaped structures (arrows) and tiny dot-like granules
(arrowhead). (E) Part of dorsal cortex, arrows indicate the ejected cortical granules, arrowheads mark the larger cortical granules, double-
arrowheads indicate the tiny dot-like granules. (F, G) Ventral (F) and dorsal (G) side of the holotype specimen to show the infraciliature and
nuclear apparatus, arrowheads indicate the fine pretransverse ventral cirri, arrows mark the micronuclei. ACR, amphisiellid median cirral row;
AZM, adoral zone of membranelles; BC, buccal cirrus; DK, dorsal kineties; FC, frontal cirri; FVC, frontoventral ciri; LMR, left marginal row;
Ma, macronuclear nodules; PM, paroral membrane; RMR, right marginal row; TC, transverse cirri. Scale bars: A, C=50 um, F, G=45 pm,

D, E=10 um.

posterior end of ACR and near leftmost transverse cirrus
(Figs 4F, 6I). Marginal cirri relatively narrowly spaced and
about 8 wm long in life. Left marginal row commencing at
level of mid-buccal field, and ending subterminally; right
marginal row beginning at anterior quarter of body and termi-
nating near right pretransverse ventral cirrus (Figs 4F, 6C, I).
Six more or less bipolar dorsal kineties consistently present,
with about 3 wm long dorsal cilia (Figs 4G, 6E).

Notes on morphogenesis

Only one mid-late divider was found (Fig. 6A, B, G),
revealing the following morphogenetic features: (1) the
frontal-ventral-transverse cirri originate from basically six
cirral anlagen (I-VI): anlage I (= undulating membrane

anlage) — left frontal cirrus (= cirrus I/1), and undulating
membranes (paroral, endoral); anlage II — middle frontal
cirrus (= cirrus I1I/3), buccal cirrus (= cirrus 11/2), and left
transverse cirrus (= cirrus II/1); anlage III — second trans-
verse cirrus from left (= cirrus III/1), parabuccal cirrus (=
cirrus I11/2), and right frontal cirrus (= cirrus III/3); anlage
IV — third transverse cirrus from left (= cirrus I1V/1) and
three frontoventral cirri left of anterior portion of ACR;
anlage V — fifth transverse cirrus from left (= cirrus V/1),
left pretransverse ventral cirrus (= cirrus V/2), and poste-
rior portion of the ACR; anlage VI — sixth transverse cirrus
from left (= cirrus VI/1), right pretransverse ventral cirrus
(= cirrus VI/2), and anterior portion of the ACR; (2) the
parental adoral zone of membranelles remains more or less
unchanged; (3) the anlagen of marginal rows and dorsal
kineties occur within the parental structures. No caudal cirri
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Fig. 5. (A-J) Photomicrographs of Amphisiella sinica sp. nov. from life. (A) Ventral side of a representative specimen. (B, D) Ventral side
of two specimens to show variation of body shapes, arrows note the opacity caused by the ring-structures. (C) Ventral side, to show the
flexibility of the body. (E) Dorsal side of anterior portion, arrows indicate the larger cortical granules. (F) Dorsal side, arrowheads indicate
the cortical granules grouped along the dorsal kineties. (G, H) Arrows indicate the ring-shaped structures within the cytoplasm, arrowheads
in (H) mark the tiny granules. (I) Ventral side of a squeezed specimen to demonstrate the arrangement of ring-shaped structures (arrows).
(J) Part of dorsal side showing the larger cortical granules (arrow), the tiny dot-like granules (arrowheads) and the ejected cortical granules

(double-arrowheads). Scale bars: A-D=70 wm, E, H=20 pwm.

are formed at rear ends of dorsal kineties anlagen. Addition-
ally, another feature can be deduced according to the closely
related congener Amphisiella annulata, that is, an additional
cirral anlage between the ordinary anlagen IV and V often
produces one extra cirrus (fourth transverse cirrus from left,
rarely two) so that totally six transverse cirri are formed.

SSU rRNA gene sequence and phylogenetic
analyses (Fig. 7 and Table 2)

The SSU rRNA gene sequence data of Amphisiella milnei
and A. sinica sp. nov. have been deposited in GenBank with
the accession numbers FJ870072 and FI870073. The length
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Fig. 6. (A-I) Divider (A, B, G) and interphasic specimens (C-F, H, I) of Amphisiella sinica sp. nov. after protargol staining. (A, G) Ventral
side of the same mid-late divider, cirri originating from same anlage connected by broken line. Arrow marks the fourth transverse cirrus
derived from an additional cirral anlage between anlagen IV and V. (B) Dorsal side of the same specimen as (A, G), arrow indicates the
separating micronuclei. (C) Ventral side of the holotype, to show the infraciliature and nuclear apparatus. (D) Ventral side, arrow indicates
the wide, narrowly spaced cirri with stained fibrils in the amphisiellid medium cirral row. (E) Dorsal side, to show extrusomes (arrows) and
dorsal kineties (arrowheads). (F) To show the macronuclear nodule (arrow) and micronuclei (arrowheads). (H) Ventral side of anterior portion
of body, arrowhead indicates the frontoventral cirri, arrow marks the buccal cirrus. (I) Ventral side of the cell end, to demonstrate the fine
pretransverse ventral cirri (arrowheads), the posterior end of the amphisiellid medium cirral row (arrow) and the slightly enlarged transverse
cirri (double-arrowhead). DKA, dorsal kineties anlagen; I-VI, frontal-ventral-transverse cirral anlagen I-VI; LMA, left marginal row anlagen;
RMA, right marginal row anlagen. Scale bars: A, B=40 um, C, G=50 pm.

Table 2. The structural similarities of the SSU rRNA gene sequences of Amphisiella milnei, A. candida, A. sinica sp. nov., A. annulata, and
A. pulchra, determined according to Elwood et al. (1985).

A. milnei A. candida A. pulchra A. sinica sSp. nov.
A. candida 0.988
A. pulchra 0.955 0.957
A. sinica sp. nov. 0.954 0.956 0.983
A. annulata 0.955 0.957 0.992 0.983

and G + C contentare 1772 bp, 45.43% for Amphisiella milnei
and 1773 bp, 46.02% for A. sinica sp. nov., respectively. The
SSU rRNA gene sequence similarities of species in the genus
Amphisiella are in the range of 0.983-0.992 (Table 2).
Phylogenetic trees constructed by Bl and ML methods gen-

Discussion
The new species Amphisiella sinica sp. nov.

In terms of body shape, general cirral pattern, two

erated nearly identical topologies. We therefore combined
them into one consensus tree (Fig. 7). Amphisiella sinica
sp. nov. clusters with two congeners, i.e. A. annulata and A.
pulchra in a fully supported clade of the genus Amphisiella
(group I), which is consistent with the morphological classi-
fication. Amphisiella milnei together with A. candida forms a
distinctive clade (group II) from group I with relatively high
support values (ML 99% BI 1.00).

macronuclear nodules, the morphometric data and, espe-
cially, the two size classes of the cortical granules, the most
closely related congener of the new species should be A.
annulata (Kahl, 1928) Borror, 1972 that is rather recogni-
sable by the wide and narrowly spaced cirri of the ACR, even
in life, and the conspicuous ring-shaped structures. A signif-
icant difference between both in respect to the ring-shaped
structures could not be ignored, however. For A. annulata,
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Fig. 7. Maximum likelihood (ML) phylogenetic tree based on the small subunit (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 disagreement between BI and the reference ML tree. The scale bar corresponds to 2 substitutions per 100
nucleotide positions. Species newly sequenced in the present study are shown in bold. Inset figures from top to bottom cited from Hu et al.
(2004) and Chen et al. (2013) to show the live morphology and infraciliature of Amphisiella annulata, A. pulchra, and A. candida respectively.

Scale bars =50 pm.

although some of the previous reports did not mention the
ring-shaped structures, suggesting that these are sometimes
lacking, nonetheless, the basic number and arrangement of
this kind of organelle can be confirmed: that is, several (up to
about 20 in the Adriatic neotype population), about 4-8 pm
in diameter, sparsely distributed within endoplasm (Aladro-
Lubel 1985; Alekperov and Asadullayeva 1999; Berger 2004;
Borror 1963; Hu et al. 2004; Kahl 1928, 1932, 1933; Li et al.
2007a). In contrast, for A. sinica sp. nov., similar organelles
are about 70-100 in number, 4-5 pm in diameter, with a
fine and shallow brim, and basically arranged densely in
the anterior and posterior portions of body. The new species
has the paroral membrane located distinctly ahead of the
endoral membrane and a distinctly cephalised anterior body
end, while the neotype population of A. annulata possesses
undulating membranes at almost the same level and a non-
cephalised anterior body end (Berger 2004). But the Chinese
population of A. annulata resembles the new species in these
two aspects, so the conspecificity of both forms cannot be
excluded to some extent (Hu et al. 2004). Furthermore, the
molecular data evidently indicate that both forms should not
be conspecific (30 bp difference) since SSU rDNA sequences

among congeners in hypotrichs always exhibit very steady
deviation as revealed in numerous recent studies (Chen et al.
2013; 2015a,b; Fan et al. 2014, 2015; Jo et al. 2015; Lu et al.
2014; Luo et al. 2015). So A. annulata and A. sinica sp. nov.
should be distinct species.

Another closely related congener, Amphisiella pulchra
Chen et al., 2013, is mainly distinguished from A. sinica sp.
nov. by: (1) one type of cortical granules (vs. two types); (2) a
slightly yellow-brownish body colour in life (vs. opaque and
greyish); (3) the scattered ring-shaped structures (vs. densely
arranged in both ends); (4) 7-9 dorsal kineties (vs. 6). Thus,
these two forms cannot be confused (Chen et al. 2013).

As exhibited in Table 3, the new species can be distin-
guished from other congeners, the critical living features of
which are available (Amphisiella capitata, A. milnei, A. can-
dida) by having two types of cortical granules (vs. one type)
and 70-100 ring-shaped structures (vs. absent or several in
number). Nevertheless, the cortical granules information of
A. turanica and A. ovalis were not provided so far, the former
can be separated from A. sinica sp. nov. by presence of con-
tractile vacuole, higher numbers of adoral membranelles,
cirri in ACR, and macronuclear nodules, and fewer dorsal



Table 3. Morphological comparison of eight Amphisiella species investigated using living observation and silver staining techniques.*

Character A. pulchra A. sinica sp. A. annulata A. capitata® A. turanica A. ovalis® A. milnei A. candida
nov.
Body length in vivo 100-120 130-180 100-160 90-150 170-210 50-63 100-160 100-130
Body shape Elongate Slender, Slender and Elongated with Belt-like with Oval, posterior Elongate, both Elongate, both
elliptical, both fusiform elongated, cephalised both ends end broadly ends rounded ends rounded
cell ends anterior end anterior end anterior region narrowed rounded
rounded narrowed narrowed
Contractile vacuole Absent Absent Absent Present Present - Absent Absent
Ring-shaped structures ~ Present ca. 70-100 and Absent or Absent Absent - Usually one Absent
densely several scattered each in cell end
arranged in both  distributed
ends
Cortical granules Colourless and Two types, Two types, Colourless - - Colourless, Colourless,
grouped bigger one bigger one globe-like, grouped in grouped in
globe-like, tiny globe-like, tiny distribute along bands bands
one dot-like one dot-like but not around
dorsal bristle
No. of AZM 43-65 46-64 31-57 25-36 70-85 16-19 27-43 31-38
No. of cirri in ACR 49-64 41-52 25-54 315 ca. 67 18-22 22-36 23-31
No. of DK 7-9 6 6-8 5-6 4 4 7 5-7
No. of FC 3 3 3 3-5 3 24 4-6 3
PTC Present Present Present Absent - Present Present Present
No. of TC 5-7 67 5-6 6 6 6-7 4-5 4-5
No. of Ma 2 2 2 2 4 32-45 2 2
Data sources Chen et al. Present work Berger (2004) Lietal. (2007a)  Alekperov and Fernandez- Present work Chen et al.
(2013) Asadullayeva Leborans and (2013)
(1999) Novillo (2001)

2 All measurements in wm. ACR, amphisiellid median cirral row; AZM, adoral zone of membranelles; DK, dorsal kineties; FC, frontal cirri; Ma, macronuclear nodule; No., number; PTC, pretransverse ventral

cirri; TC, transverse cirri.

“~ The characters were not provided in the source cited.
YIdentified as Amphisiella marioni, which should be the junior synonym of A. capitata.
“The living characters are not clear from life, or after silver preparations.
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kineties. In addition, Amphisiella ovalis differs from the new
species in body shape (oval, posterior end broadly rounded
in A. ovalis vs. slender fusiform with anterior end nar-
rowed) and most of the morphometric data, inter alia, body
size, numbers of adoral membranelles, dorsal kineties, cirri
in amphisiellid medium cirral row, and macronuclear nod-
ules (Alekperov and Asadullayeva 1999; Chen et al. 2013;
Fernandez-Leborans and Novillo 1992,2001; Li et al. 2007a).

As expected, the results of the molecular analysis, includ-
ing the phylogenetic tree and similarity comparison using
SSU rRNA gene sequences, are very consistent with the mor-
phology and hence support the validity of A. sinica sp. nov.
(Table 2; Fig. 7).

The phylogenetic position of two Amphisiella
species

Amphisiella was considered to be a morphologically well-
outlined and small assemblage (Berger 2004, 2008; Chen
et al. 2013; Hu et al. 2004; Li et al. 2007a). It can be very
easily separated from several other genera with an ACR by
the lack of caudal cirri (presence in Caudiamphisiella Berger,
2004; Protogastrostyla Gong et al., 2007; Hemiamphisiella
Foissner, 1988; Trachelostyla Borror, 1972; Spiroamphisiella
Li, Song and Hu, 2007; and Nudiamphisiella Foissner,
Agatha and Berger, 2002) (Berger 2008; Borror 1972;
Foissner 1988; Gong et al. 2007; Li et al. 2007b; Shao et al.
2007). Uroleptoides Wenzel, 1953 morphologically differs
from Amphisiella in the presence of a dorsomarginal row and
kinety fragmentation (vs. absence in the latter) and habitat
(terrestrial vs. saltwater) (Berger 2008; Foissner et al. 2002;
Wenzel 1953).

However, the present molecular phylogenetic analyses
could not get a consistent result with morphological classifi-
cation. Five species with 18S rDNA sequence data available
cluster into two isolated clades that contain three and two
species respectively. Chen et al. (2013) demonstrated that
Amphisiella candida clustered with all its congeners but with
low support values (26% ML and not supported by BI), which
means this relationship was unreliable. By contrast, our tree
shows more reasonable topological relationships, based on
careful identification with relatively high support values (ML
99% BI 1.00), among the target forms, which indicate that the
genus Amphisiella is polyphyletic dividing into two distantly
separated clades. Hereby, the conflict makes us to reconsider
the true relationship among the Amphisiella species. The con-
sistent common features of group I (A. annulata + A. sinica
sp.nov. + A. pulchra), which are distinct from group II (A. mil-
nei+A. candida) include: (1) the wide and narrowly spaced
cirri of the ACR (vs. cirri within ACR of ordinary width and
length, that is, not as wide, short, and narrowly spaced as in
group I); (2) the anterior and posterior portion of the ACR
is well pieced together to be a continuous row (vs. ACR is
inconspicuously separated in group II); (3) one extra trans-
verse cirrus is usually formed (vs. absence in group II); (4)

the proximal portion of the adoral zone of membranelles is
usually slightly spoon-shaped widened (vs. the adoral zone
of membranelles are shaped like a normal question-mark)
(Aladro-Lubel 1985; Aladro-Lubel et al. 1990; Berger 2004;
Chenetal. 2013; Hu et al. 2004). Some minor differences are
worth mentioning, but these should not be over-interpreted,
inter alia: (1) the amphisiellid median cirral row posteriorly
extends very close to the transverse cirri in group I, while a
conspicuous gap is present between the posterior end of the
ACR and the rear end of the body in group II; (2) the body
shape is more or less cephalised in group I, while in group
II the anterior body portion is not head-like (Berger 2004;
Chen et al. 2013; Hu et al. 2004; Li et al. 2007a). These
morphological and morphogenetic differences are not suffi-
cient, however, to strongly support the splitting of the genus
Amphisiella since infraciliature formation and SSU rRNA
gene sequences are not available for all known Amphisiella
species.
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