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1. INTRODUCTION

Chinese false gudgeon Abbottina rivularis Basi -
lewsky (Cypriniformes: Cyprinidae) is a widely dis-
tributed small freshwater cyprinid in East Asia,
which is native to eastern China and the Korean

Peninsula and was introduced to southeastern and
central Asia (Hayashi et al. 2013). A. rivularis natu-
rally inhabits shallow zones of lentic rivers, ponds
and lakes with sandy or muddy bottoms, which may
provide suitable conditions for infections with myx-
osporeans. To date, 28 nominal myxosporean species
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ABSTRACT: During an environmental assessment on the Huang River in Xinyang City (Henan
Province, China), a novel Myxobolus species (Myxozoa: Myxobolidae) was found infecting the
trunk muscle of Chinese false gudgeon Abbottina rivularis Basilewsky, 1855 (Gobioninae,
Cyprinidae). Plasmodia of the new myxozoan, nominated herein as Myxobolus xinyangensis sp.
nov., are round and yellowish, symmetrically and bilaterally located dorsal to the openings of the
2 opercula, and measure about 4.5 mm in diameter. The mature myxospores are orbicular in
frontal view and fusiform in sutural view, with slightly tapered anterior end and rounded posterior
end, and measure 9.4 ± 0.5 (8.7−10.6) µm long, 8.6 ± 0.6 (7.3−9.5) µm wide and 6.4 ± 0.3 (5.8−
7.1) µm thick (mean ± SD, range). The ratio of spore length to spore width is close to 1. Two slightly
unequal pyriform polar capsules, with tapering anterior ends and rounded posterior ends, meas-
ure 5.6 ± 0.67 (4.3−6.8) µm long and 3.0 ± 0.3 (2.4−3.6) µm wide, present as a figure 8 in the ante-
rior part of spores and tightly converge at the top end of spores. Polar filament coils show 4 to 5
turns and are situated perpendicularly to the longitudinal axis of the polar capsules. No intercap-
sular appendix or sutural folds at the posterior end of spores were observed. The obtained partial
small subunit ribosomal DNA sequence did not match any available data in GenBank and showed
the highest sequence identity (93%) with 2 cyprinid trunk muscle-infecting Myxobolus species,
M. pseudodispar and M. klamathellus. Phylogenetic analysis clearly showed that M. xinyangensis
sp. nov. clustered within a cyprinid trunk muscle-infecting Myxobolus subclade at the basal
 position, but as an independent branch which was a possible reflection of its distinct myxospore
morphology. This is the first record of infection of Myxobolus species in the trunk muscle of
Abbotina fish.
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have been recorded in A. rivularis and its 2 con-
geners in China, including 2 Chloromyxum species, 3
Zschokkella species, 5 Myxidium species and 18
Myxobolus species (Chen & Ma 1998, Eiras et al.
2005). However, the original descriptions of some of
these species were incomplete and based solely on
myxospore morphology and thus these species war-
rant further evidence to validate them. Records of
multi-hosts or multi-infection sites for a given species
are frequent in the monograph of Chen & Ma (1998).
Among the Myxobolus species reported to infect
Abbottina spp., M. chuhsienensis, M. haichengensis,
M. kiatingensis, M. mapienensis, M. pseudodis-
paroides, M. schirzothoraxi and M. abbottinae were
originally documented as new species based on mor-
phological and morphometric data (Chen & Ma
1998). However, only M. haichengensis was recently
proven to be a valid species by a holistic taxonomic
approach combining myxospore morphology, tissue
tropism, host biology and molecular data (Li et al.
2018). To validate the nominated myxosporeans in -
fecting Abbottina spp. in China and further uncover
their true diversity, a joint project was initiated
between ichthyologists and fish ecologists of the
Institute of Hydrobiology (Chinese Academy of Sci-
ences). As a part of this ongoing project, a novel spe-
cies, Myxobolus xinyangensis sp. nov., is de scribed
herein with robust morphological and molecular
characteristics, which formed distinct connected
cysts in the trunk muscle of A. rivularis collected
from the Huang River in Xinyang City, Henan
Province, China. This is the first report of a trunk
muscle-dwelling myxosporean in A. rivularis.

2. MATERIALS AND METHODS

2.1. Sample collection and morphological
observations

Fish specimens were captured by ground net cages
in November 2017 from the Guangshan County
reach of the Huang River (Xinyang City, Henan
Province, China; 31° 84’ 41”N, 115° 00’ 64”E), a main
upstream tributary of the Huai River, which is one of
the 7 largest rivers in China. Suspected myxozoan
plasmodia were screened by eye when investigating
the fish resource and population structure required
for environmental assessment. Fish specimens with
suspected plasmodia were preserved in 95% ethanol
and transported to the laboratory of the Institute of
Hydrobiology, Chinese Academy of Sciences, for fur-
ther species identification. The suspected plasmodia

were isolated from the preserved fish and washed
several times with distilled water. After rinsing in dis-
tilled water for 12 h at room temperature, the plas-
modia were ruptured by a fine needle to make wet
preparations for morphological characterization. The
remaining plasmodia were subjected to the following
molecular characterization. Wet mounts were ob -
served under an oil immersion objective (1000×) with
an Olympus BX 53 microscope equipped with an
ocular micrometer. Mature myxospores were photo -
graphed with Zeiss Axioplan 2 Image and Axiophot 2.
Line drawings were made based on the photographs
with the aid of Adobe Photoshop CS (Adobe Sys-
tems). Iodinophilous vacuoles and mucus en velopes
of the spores could not be observed in fixed speci-
mens. Morphological and morphometric data of 30
randomly selected mature myxospores were ob -
tained according to Lom & Arthur (1989). All meas-
urements are given in µm as mean ± SD, followed by
the range in parentheses, unless otherwise stated.
The presence of possible myxosporean plasmodia in
gills, skin, kidney, gallbladder, heart, spleen and
intestinal contents was also roughly determined by
eye and by examining wet mounts under light
microscopy after necropsy.

2.2. Genomic DNA extraction and sequencing

Ethanol-preserved plasmodia contents were washed
2 times with distilled water to remove the ethanol
remnants. Genomic DNA (gDNA) of the novel myx-
osporean was extracted using the Qiagen DNeasy
Blood & Tissue Kit as per the manufacturer’s recom-
mended protocol for animal tissue. The ob tained
gDNA concentration was determined with a Nano -
Drop 2000 spectrophotometer (Thermo Fisher Scien-
tific) at 260 nm. The partial sequence of the small
subunit ribosomal DNA (SSU rDNA) gene was ampli-
fied using the primer pair MyxospecF/18R, with an
expected amplicon of about 1600 bp (Whipps et al.
2003, Fiala 2006). PCR was performed in a 25 µl reac-
tion volume, comprising about 30 ng template DNA,
1×PCR mixture (CWbiotech) and 10 pmol of each
primer pair. Cycling conditions consisted of an initial
denaturation step at 95°C for 4 min, followed by 35
cycles at 95°C for 1 min, 48°C for 1 min, 72°C for
2 min, and a final extension of 7 min at 68°C. The
obtained PCR amplicons were visualized by 1%
agarose gel electrophoresis with SYBR safe DNA gel
stain (Thermo Fisher Scientific) under ultraviolet
light, purified with a PCR purification kit (CWbio -
tech), and then cloned into a PMD-18 T vector system
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(Takara). Three randomly selected positive clones
were sequenced in both directions using vector
primers (M13/M47) with the ABI DigDye Terminator
v3.1 Cycle Sequencing Kit with an ABI 3100 Genetic
Analyzer.

2.3. Phylogenetic analysis

All sequences were assembled using BioEdit (Hall
1999), and the consensus sequences obtained were
determined to be myxozoan by a GenBank BLAST
search. To explore the phylogenetic position of the
present species, sequences with high search scores
and those of representative Myxobolus species with
plasmodia located intracellularly in muscle of cy -
prinid fish were retrieved from GenBank. In total, 30
sequences were aligned with Clustal X (Thompson et
al. 1997) using the default settings. The alignment
was corrected manually with the alignment editor of
the software MEGA 6.0 (Tamura et al. 2013) by elim-
inating positions containing gaps and missing data.
DNA pairwise sequence distance estimation was per-
formed using the Kimura-2-parameter model dis-
tance matrix for transitions and transversions. Phylo-
genetic analysis of the final aligned dataset was
conducted using maximum likelihood (ML) in Phy -
ML 3.0 and Bayesian inference (BI) in Mr. Bayes
(Ronquist & Huelsenbeck 2003, Guindon et al. 2010).
The optimal nucleotide substitution model of the best
fit for ML and BI was determined by jModelTest 3.07
(Posada 2008) to be GTR+I+G based on the highest
value of the corrected Akaike’s information criterion.
Ceratonova shasta (AF001579) was used as the out-
group to root the tree. Two independent runs were
conducted with 4 chains for 1 million generations for
BI. Phylogenetic trees were sampled every 100 gen-
erations. The first 25% of the samples were dis-
carded from the cold chain (burninfrac = 0.25). Boot-
strap confidence values were calculated with 100
pseudoreplicates for ML. Support values below 50
are not shown. The tree was initially examined in
TreeView (Page 1996) and then edited and annotated
in Adobe Illustrator (Adobe Systems).

3.  RESULTS

In total, 24 fish species were collected, all of which
were identified to species by the ichthyologists
involved in the project (see Table A1 in the Appen-
dix). The prevalence of myxosporean infection was
only determined based on the presence of plasmodia

observed by eye. One out of 51 Abbottina rivularis
(prevalence of 1.96%) with average body weight of
10.2 g and body length of 7.7 cm was found to be
infected by a suspected myxosporean. Five plas-
modia were located bilaterally dorsal to the 2 opercu-
lar openings, with 2 and 3 connected plasmodia
located in the left and right side of the operculum,
respectively. The plasmodia were round and yellow-
ish, measuring about 4.5 mm in diameter (Fig. 1). We
found no other infection site in A. rivularis and no
infection by this unidentified myxosporean in any of
the other captured sympatric fish.

3.1.  Species description and morphological
 comparisons

The myxospores are typical of Myxobolus. Mature
myxospores are orbicular in frontal view and fusiform
in sutural view, with a slightly tapered anterior end
and round posterior end, and measure 9.4 ± 0.5 (8.7−
10.6) µm long, 8.6 ± 0.6 (7.3−9.5) µm wide and 6.4 ±
0.3 (5.8−7.1) µm thick. Spore valves are thin and sym-
metrical, with smooth surfaces. The sutural ridge is
straight and thick, but does not protrude out of the
spore ends. The ratio of spore length to width is about
1. Two pyriform polar capsules are slightly unequal,
presenting as a figure 8 in the anterior part of the
spore, measure 5.6 ± 0.67 (4.3−6.8) µm long and 3.0 ±
0.3 (2.4−3.6) µm wide and tightly converge at the top
end of the spore, with a tapering anterior end and a
round posterior end. The length of the polar capsules
is more than half of the spore length. Polar filaments
coil with 4−5 turns and are situated perpendicularly
to the longitudinal axis of the polar capsules. No in-
tercapsular appendix or sutural markings at the pos-
terior end of spore were observed (Figs. 2 & 3).

Among 18 nominated Abbottina-infecting Myxo -
bolus species, M. physophilus, M. obovoides, M.
obliquus and M. pseudosquamae are morphologi-
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Fig. 1. Plasmodia of Myxobolus xinyangensis sp. nov. sym-
metrically located in the dorsal trunk muscle on the back
side of the operculum of Abbotina rivularis, with 2 and 3
fused plasmodia on the left and right side of the host body, 

respectively
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cally superficially similar to the present species, as
they all have a round or ovoid myxospore morphol-
ogy. However, M. physophilus and M. obovoides are
distinct from M. xinyangensis sp. nov. by their larger
spore body and more coils of the polar filament (6−7
and 7−8, respectively vs. 4−5). Furthermore, the
anterior end of the spore of M. physophilus is sharp,
rather than orbicular, as in M. xinyangensis sp. nov.
M. obliquus can be distinguished from M. xinyan-
gensis sp. nov. by having smaller spore body and nar-
rower spore posterior end. The ratio of spore length
to spore width of M. pseudosquamae is significantly
larger than that of M. xinyangensis sp. nov., and the
2 polar capsules of M. pseudosquamae do not con-
verge as tightly as those of the present species. More
importantly, M. xinyangensis sp. nov. is the only spe-
cies reported to date that infects trunk muscles of

Abbottina spp. (Table 1). Further morphological com-
parisons with other nominated species that infect
muscles of cyprinids and have round spore bodies
showed that the novel species was superficially simi-
lar to M. yibenensis and M. artus, which are both
Cyprinus carpio-infecting species; however, the
spore length of the latter 2 species is shorter than
their spore width. The oblate spore body of M.
yibenensis and M. artus was remarkably different
from the orbicular spore body of the present species
(Ogawa et al. 1992, Chen & Ma 1998). M. stanlii is
distinctly different from M. xinyangensis sp. nov. in
that it has thick spore valves, polar capsules of equal
size and more polar filament coils (5−7 vs. 4−5)
(Iwanowicz et al. 2013). An unidentified muscle-
infecting Myxobolus species associated with verte-
bral deformities in cyprinid fish in the USA is mor-
phologically similar to M. cyprini (Kent et al. 2004),
which can also be morphologically distinguished
from the present species.
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Fig. 2. Mature myxospores of Myxobolus xinyangensis sp. 
nov. in (a) sutural and (b) frontal view

Fig. 3. Schematic drawing of myxospores of Myxobolus xin -
yangensis sp. nov. from Abbotina rivularis, in (a) frontal 

view and (b) sutural view

Myxobolus species IF SBS SL (µm) SW (µm) ST (µm) PCL (µm) PCW (µm) PFC

M. xinyangensis Muscle Round 9.4 ± 0.45 8.6 ± 0.61 6.4 ± 0.28 5.6 ± 0.67 3.0 ± 0.27 4−5
sp. nov. (8.7−10.6) (7.3−9.5) (5.8−7.1) (4.3−6.8) (2.4−3.6)

M. physophilus Gill Ovoid 12.5 9.0 8.4 7.2 3.1 6−7
(12.0−13.0) (8.4−9.6) (6.6−8.4) (2.8−3.6)

M. obovoides Gill/kidney Round 14.2 13.5 8.4 7.7 5.8 7−8
(13.8−14.4) (13.2−14.4) (7.2−8.0) (5.4−6.0)

M. obliquus Kidney Ovoid 8.4 8.1 6.2 4.0 2.5 4−5
(7.8−9.0) (7.2−8.4) (6.0−7.2) (3.8−4.2) (2.4−2.6)

M. pseudosquamae Gill Ovoid 11.46 8.53 6.13 5.6 3.06 ?
(11.2−12.0) (8.0−8.8) (6.0−6.4) (2.8−3.2)

Table 1. Morphological comparisons of Myxobolus xinyangensis sp. nov. with other Abbottina-infecting species with round or
ovoid spore body. IF: infection site; SBS: spore body shape; SL: spore length; SW: spore width; ST: spore thickness; PCL: length
of polar capsule; PCW: width of polar capsule; PFC: number of polar filament coils. Values in the first row are given as means ± 

SD; ranges are in parentheses
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3.2. Molecular characteristics

The sequences of 3 clones were 100% identical
to one another. A final consensus sequence of 1720
bp of SSU rDNA with 45.52% GC content was
successfully obtained after trimming the ambiguous
parts and primer sequences and was deposited in
GenBank under accession number AF001579. A
se quence similarity search by nucleotide BLAST
clearly revealed that it did not match any se -
quences available in GenBank, but presented rela-
tively high sequence similarity with several Myxo -
bolus species infecting muscle of cyprinid fish.
Sequence comparisons showed that the present
species was most closely related to M. pseudo -
dispar (93.2%, KU3409 83), M. klamathellus (93.2%,
KX261616), M. musculi (93.1%, JQ388891), M. artus
(92.8%, FJ710799), M. cyprini (92.6%, AF380140),
M. bhadrensis (91.9%, KM029971), M. kingcho wen -
sis (91.7%, KP400625), M. stanlii (91.7%, DQ779995),
Myxobolus sp. (91.5%, AY591531), M. terengganu-
ensis (91.2%, EU643629) and M. ladogensis
(90.9%, KU160629), all of which intracellularly in -
fect the muscle of cyprinid fish. However, the novel
species was genetically distant from M. haichen-
gensis, a species infecting the gill filaments of A.
rivularis in China (Table 2). Phylogenetic analysis
also clearly revealed that this novel species clus-
tered with M. bhadrensis, M. kingchowensis and
M. terengganuensis to form an in dependent sub-
clade which was positioned with  in the clade of
Myxobolus spp. that infect cyprinids intra-muscu-
larly (Fig. 4).

3.3. Taxonomic summary of
Myxobolus xinyangensis sp. nov.

Type host: Abbottina rivularis Basilewsky (Cyprini-
formes: Cyprinidae).
Type locality: Huang River, Xinyang City, Henan
Province, China (31° 84’ 41”N, 115° 00’ 64”E).
Infection site: Trunk muscle.
Type material: Digitized photos of syntype myxo -
spores and 70% ethanol-preserved plasmodia were
deposited in the Laboratory of Fish Diseases, Insti-
tute of Hydrobiology, Chinese Academy of Sciences,
under accession number MTR20171206. The partial
18S rDNA was deposited in GenBank under acces-
sion number AF001579.
Prevalence: 1 of 51 (1.96%).
Etymology: The species is named after the type
locality, Xinyang City, China.

4. DISCUSSION

Myxobolus Bütschli, 1882 is the most speciose
genus among the phylum Myxozoa, with more than
900 nominated species (Eiras et al. 2005, 2014), and
the number of described species is continuously
increasing (Atkinson & Banner 2017, Guo et al. 2018).
However, many nominated species have been de -
scribed solely based on simple myxospore morpho-
logical data, and some only with line drawings, espe-
cially for species recorded in China, Russia and India
(Chen & Ma 1998, Liu et al. 2016). An integrative
 taxonomic approach of combining myxospore mor-
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Myxobolus species           Table ID    1           2           3           4           5           6           7           8           9         10         11         12         13

M. xinyangensis sp. nov.       1          −       93.2     93.2     93.1     92.8     92.6     91.9     91.7     91.7     91.5     91.2     90.9     70.6
M. pseudodispar                     2       0.068       −       96.1     95.1     95.3     95.6     94.1     93.1     94.6     95.7     93.7     95.0     72.3
M. klamathellus                     3       0.068   0.039       −       96.2     93.9     94.3     93.5     92.2     94.3     95.6     92.2     94.6     72.4
M. musculi                              4       0.069   0.049   0.038       −       93.8     94.3     93.8     93.0     95.4     96.5     92.5     95.4     72.1
M. artus                                   5       0.072   0.047   0.061   0.062       −       99.2     93.2     92.7     92.7     93.9     92.1     93.0     72.0
M. cyprini                               6       0.074   0.044   0.057   0.057   0.008       −       93.7     93.2     93.0     94.2     92.5     93.3     72.6
M. bhadrensis                         7       0.081   0.059   0.065   0.062   0.068   0.063       −       94.1     91.9     92.9     94.4     92.4     72.7
M. kingchowensis                  8       0.083   0.069   0.072   0.070   0.073   0.068   0.059       −       91.7     91.7     94.1     91.0     72.4
M. stanlii                                 9       0.083   0.054   0.057   0.046   0.073   0.070   0.081   0.083       −       94.7     91.5     93.2     71.7
Myxobolus sp.a                      10     0.085   0.043   0.044   0.035   0.061   0.058   0.071   0.083   0.053       −       92.8     95.3     72.2
M. terengganuensis              11     0.088   0.063   0.078   0.075   0.079   0.075   0.056   0.059   0.085   0.072       −       92.1     71.4
M. ladogensis                        12     0.091   0.050   0.054   0.046   0.070   0.067   0.076   0.090   0.068   0.047   0.079       −       70.5
M. haichengensis                  13     0.294   0.277   0.276   0.279   0.280   0.274   0.273   0.276   0.283   0.278   0.286   0.295       −
aAn unnamed Myxobolus species from skeletal muscles of Ptychocheilus oregonensis (Cyprinidae) (GenBank accession  number
AY591531)

Table 2. Pairwise nucleotide sequence identity percentage (above diagonal) and DNA distance using Kimura 2-parameter
model (below diagonal) among Myxobolus xinyangensis sp. nov. and cyprind-infecting Myxobolus species with high

sequence similarity
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phology, ecological features (host affinity, tissue tro-
pism and geographical distribution) and molecular
characteristics has been widely accepted for species
descriptions of myxosporeans and identification of
possible cryptic species (Atkinson et al. 2015), for
descriptions of extensive intraspecific morphological
variations (Zhai et al. 2015, Guo et al. 2018) and for
descriptions of interspecific morphological similarity
among this group of ubiquitous parasites (Zhang et
al. 2010). Although several evolutionary pressures

have been suggested to drive the speciation of myxo -
sporeans, it remains enigmatic how these taxonomic
characteristics evolved during their radiation history
(Bartošová et al. 2009, Fiala et al. 2015). One reason
for the uncertainty lies in the lack of sufficient data
as a result of under-sampling; therefore, one of the
main tasks for ichthyo-parasitologists is to apply
this integrative approach to validate the nominated
 species that have incomplete descriptions and to
describe novel taxa.
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Fig. 4. Phylogenetic tree generated by Bayesian analysis (BI) and maximum likelihood (ML) of the aligned partial SSU rRNA
gene sequences of Myxobolus xinyangensis sp. nov. and related cyprinid-infecting congeners, rooted at Cernotova shasta.
GenBank accession numbers are given adjacent to the corresponding species name. Numbers at nodes indicate posterior
probabilities of BI and bootstrap support values of ML, respectively. Dashes represent values under 50%. The new species is 

highlighted in bold and the cyprinid muscle-infecting cluster is shaded



Wu et al.: Myxobolus xinyangensis sp. nov. from Abbottina rivularis

In the present study, we have described a novel
trunk muscle-infecting Myxobolus species, desig-
nated as M. xinyangensis sp. nov., based on robust
morphological, ecological and molecular characteris-
tics. This species was obtained from wild A. rivularis
caught during an environmental assessment of an
upstream tributary of the Huai River in China. Given
the lack of sufficient funding support for most
ichthyo-parasitologists worldwide, we think that
cooperating with other agencies or individuals is a
feasible way to increase sampling efforts and thus
better describe the diversity of fish myxozoan para-
sites. No myxosporean infections in A. rivularis have
been found outside of China (Chen & Ma 1998, Eiras
et al. 2005, 2014), although this small cyprinid has a
wide distribution throughout East Asia. Based on
strict morphological comparisons, we determined
that M. xinyangensis sp. nov. is significantly different
from all known Abbottina-infecting and cy prinid
muscle-infecting congeners. The partial SSU rDNA
sequence of M. xinyangensis sp. nov. is 93.2% identi-
cal to that of M. pseudodispar and M. klamathellus,
which is the highest identity among available data in
GenBank. All species with high sequence similarity
with M. xinyangensis sp. nov. infect the muscle of
cyprinids; however, they can be discriminated from
M. xinyangensis sp. nov. by significant morphological
discrepancies, especially their elongated oval spore
bodies (M. bhadrensis, M. terengganuensis, M. king-
chowensis, M. klamathellus and M. ladogensis)
(Székely et al. 2009, 2015, Zhao et al. 2017) and polar
capsules of distinct unequal size (M. cyprini, M. mus-
culi and M. pesudodispar) (Molnár et al. 2002, Forró
& Eszterbauer 2016).

Molecular phylogenetic analysis of Myxobolus spe-
cies involved in cyprinid intramuscular infection
clearly indicate that this clade is monophyletic, con-
gruent with previous reports (Molnár et al. 2002,
Székely et al. 2009, 2015, Zhao et al. 2017), although
several sub-clades were based on the precise loca-
tion of the plasmodia. M. xinyangensis sp. nov. was
found to cluster with M. bhadrensis, M. kingchowen-
sis and M. terengganuensis within a sub-clade at the
basal part of the tree. We therefore suspect that dif-
ferent infection sites drive the morphological differ-
entiation of species in the lineage of Myxobolus that
infect cyprinids intramuscularly. Our results also
prove again that phylogenetic affinities of host and
tissue tropism provide a stronger evolutionary signal
than myxospore morphology (Eszterbauer 2004, Car-
riero et al. 2013). For example, 2 common carp mus-
cle-infecting species, M. artus and M. cyprini, formed
a sister relationship, even though they possess dis-

tinct spore body shapes (Chen & Ma 1998). However,
to some extent, myxospore morphology can predict
the phylogenetic relationships within the clade of
cyprinid muscle-infecting species. For example, M.
bhadrensis, M. kingchowensis and M. terengganu-
ensis, which possess elongated ellipsoidal myx-
ospores and tapered anterior spore ends, clustered
together into an independent group. Among nomi-
nated Myxobous species that infect cyprinid muscle,
few possess an oblate spore body, like M. artus and
M. yibinensis, 2 common carp-infecting species.
Obtaining molecular data on M. yibinensis to prove
that it phylogenetically clusters with M. artus among
the common carp muscle-infecting lineage, will fur-
ther support the viewpoint of myxospore morpho -
logy-based phylogenetic correlation at a short evo -
lutionary history (Liu et al. 2016). In the present
analysis, however, M. xinyangensis sp. nov., which
has an orbicular spore body, did not locate in the
transitional position between the lineages with elon-
gated ellipsoidal spore bodies and those with oblate
spore bodies. This result can be partially explained
by the species involved in the present phylogenetic
analysis being positioned at wide evolutionary his-
tory. Furthermore, it can also not be ruled out that
different myxospore shapes have evolved independ-
ently multiple times within the clade of Myxobolus
species that infect cyprinid muscle (Liu et al. 2016).

M. haichengensis, which is the only species with
available sequence data in GenBank among Abbot-
tina-infecting myxosporeans, possesses a spore body
shape (ellipsoidal vs. orbicular) and tissue tropism
(gill filaments vs. trunk muscle) distinct from M.
xinyangensis sp. nov. More sequence data are re -
quired to explore the phylogenetic relationships
among Abbottina-infecting Myxobolus species.

Phylogenetic analysis also indicated the muscle
tropism of M. xinyangensis sp. nov. All species clus-
tering with it within an independent lineage infect
the intracellularly muscle of cyprinids, although no
histological analysis was conducted in the present
work to determine the location of the plasmodia, as
formalin-preserved samples were unavailable. M.
klamathellus infects muscle rather than subcuta-
neously (Atkinson & Banner 2017), which presents
symptoms of distinctly raised plasmodia outward,
similar to M. xinyangensis sp. nov. The symmetrical
distribution of plasmodia, as observed in M. xinyan-
gensis sp. nov., is rarely reported among histozoic
myxosporeans, although low infection prevalence
may preclude this particular observation. The possi-
ble detrimental effects of infection by M. xinyangen-
sis sp. nov. on the host warrant further study.
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Species Samples (n)

Abbottina rivularis Basilewsky, 1855 51
Acheilognathus chankaensis Dybowski, 1872 16
Acheilognathus gracilis Nichols, 1926 55
Acheilognathus macropterus Bleeker, 1871 33
Channa argus Cantor, 1842 13
Chanodichthys dabryi Bleeker, 1871 17
Chanodichthys erythropterus Basilewsky, 1855 17
Chanodichthys mongolicus Basilewsky, 1855 43
Hemibarbus maculatus Bleeker, 1871 22
Hemiculter bleekeri Warpachowski, 1888 49
Macropodus ocellatus Cantor, 1842 58
Micropercops swinhonis Günther, 1873 19
Microphysogobio microstomus Yue, 1995 11
Misgurnus anguillicaudatus Cantor, 1842 29
Opsariichthys bidens Günther, 1873 71
Paramisgurnus dabryanus Dabry de Thiersant, 1872 9
Pseudobrama simony Bleeker, 1864 33
Pseudorasbora parva Temminck et Schlegel, 1846 62
Rhinogobius giurinus Rutter, 1897 38
Rhodeus ocellatus Kner, 1866 123  
Sarcocheilichthys nigripinnis Günther, 1873 32
Saurogobio dabryi Bleeker, 1871 23
Squalidus argentatus Sauvage & Dabry de Thiersant, 1874 29
Tachysurus nitidus Sauvage & Dabry de Thiersant, 1874 11

Table A1. Fish collected in November 2017 during environmental assess-
ment of the Huang River, Xinyang City (China). The species of interest
(Chinese false gudgeon,infected with new myxosporean) is marked in bold
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