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Microsporidia are obligate intracellular parasites and 
the phylum consists of approximately 160 genera and 
over 1 300 species (corradi et al. 2009). Although micro-
sporidia were previously regarded as primitive eukaryotes, 
they are now widely accepted as belonging to the king-
dom Fungi (James et al. 2006). Since the first discovery in 
the 1850’s, microsporidia have been identified as causa-
tive agents of microsporidioses, which have been found 
in many vertebrates and invertebrates, including insects, 
fishes, and human beings (Sprague 1977, Canning et al. 
1986, Wittner and Weiss 1999, Wasson and Peper 2000, 
Franzen and Muller 2001). Microsporidia also cause seri-
ous problems in fisheries and sericulture, especially dur-
ing breeding and cocoon production (liu et al. 2011).

insects, especially the lepidoptera and Hymenop-
tera, are frequently considered as the primary hosts for 
microsporidia (sprague 1977, schuld et al. 1999, tsai et 
al. 2003). several microsporidian genera such as Nosema, 
Pleistophora, Thelohania, Vairimorpha and Endoreticula-
tus have been found to infect the silkworm, Bombyx mori 
linnaeus, 1758 (Bhat et al. 2009). they may infect fat 

body, nervous system, reproductive organs, muscles, silk 
glands and Malpighian tubules, and can cause systemic 
infection (solter and Becnel 2000, Johny et al. 2006).

in our earlier study, Dong et al. (2010) have analysed in-
formation from ssU rrNA sequences of Nosema sp. from 
the mulberry pest, Hemerophila atrilineata Butler, 1881. 
they named it as “Nosema sp. HA” and placed it tenta-
tively to the genus Nosema Nägeli, 1857. in this paper, in 
order to provide more biological information about Nose-
ma sp. HA, we further confirmed its taxonomic status by 
describing its morphology in tissues of the silkworm and 
phylogenetic relationships inferred from sequence identi-
ties and the arrangement of the rrNA gene subunits. 

MATERIALS AND METHODS

Microsporidian isolate
spores were isolated from Hemerophila atrilineata collected 

from the mulberry field, and preserved at the Pathology Depart-
ment of the sericulture research institute of the chinese Acad-
emy of Agricultural Sciences. Purification of Nosema sp. HA 
was done as previously described (Zhu et al. 2011) and is briefly 
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summarised herein. the infected H. atrilineata larvae were ho-
mogenized with sterile water, the homogenates were filtered 
through four layers of cheesecloth, then centrifuged at 3 000 g 
for 15 min. The pellets were purified by 90% Percoll gradient 
centrifugation at 15 000 g for 40 min. A white band close to the 
bottom of the centrifuge tube was collected and washed several 
times with sterile water. The purified spores were stored at 4°C 
for further use. spore size was measured and photographed un-
der a light microscope (IL/Leica Microsystems, Inc., Deerfield, 
MA, UsA). 
Transmission electron microscopy 

Purified spores of Nosema sp. HA were fixed in 2.5% glu-
taraldehyde in 0.1M cacodylate buffer (pH 7.4) overnight. 
Samples were postfixed in 1% osmium tetroxide for two hours, 
dehydrated through ascending ethanol series, and embedded in 
Epon-Araldite. Ultrathin sections were cut with reichart-Jung 
UltrAcUt E ultramicrotome, stained in methanolic uranyl 
acetate and then lead citrate. stained grids were observed using 
a JEM-1230 (JEol, Japan) transmission electron microscope.
Tissue infection

 silkworm larvae were fed on Nosema sp. HA by smearing 
the spore suspension on the mulberry leaves and raised in rou-
tine conditions. All tissues from the infected larvae were rinsed 
several times with distilled water to prevent possible contami-
nation and then examined for the presence of spores using light 
microscope. 
DNA extraction, amplification and sequencing 

genomic DNA was extracted from the microsporidian spores 
as described previously by Dong et al. (2010). the primers used 
for the large subunit (LSU) rRNA gene amplification were 
LSUF/LSR and LSF/ILSUR (Zhu et al. 2010). We amplified 
the coding region of the small subunit (ssU) rrNA gene using 
the primer set 18f and 1537r; the primers used for the internal 

transcribed spacer (ITS) gene amplification were ILSUF/S33R 
(Huang et al. 2004). the intergenic spacer (igs) gene and the  
5S region amplification were amplified by ISSUF (Zhu et al. 
2010) and 5SR (Huang et al. 2004). PCR amplification was car-
ried out according to Zhu et al. (2010). sequences were submit-
ted to genBank (Accession No. JN882299). 
Data analysis

 lsU rrNA and ssU rrNA nucleotide sequences of Nosema 
sp. HA were aligned with homologous rrNA gene sequences 
of 15 microsporidia from the NcBi genBank database using 
clUstAl X version 1.83 and Schizosaccharomyces pombe 
as an outgroup. Phylogenetic tree was constructed with nucle-
otide sequences using molecular evolutionary genetic analysis 
(MEgA 4.0) (tamura et al. 2007). one thousand bootstrap rep-
lications were performed to test the robustness of the estimated 
phylogenetic trees. subsequently, the length and gc content 
of the rrNA genes were analysed with the Editseq program of 
DNAstar software package (DNAstAr, Madison, Wi, UsA) 
and identity and pairwise distance of the sequences of selected 
microsporidian species were analysed using Megalign program 
(DNAstar).

RESULTS

Morphological characteristics
light microscopy revealed that the spores of fresh 

Nosema sp. HA were long oval in shape with a length of 
3.8 ± 0.4 μm and a width of 1.9 ± 0.3 μm. Transmission 
electron microscopical observations of sections of mature 
spores revealed that the spore wall consisted of an elec-
tron-dense exospore and electronlucent endospore layer 
and that the sporoplasm was enclosed by a plasma mem-
brane. The number of polar filament coils varied between 

Fig. 1. Electron-micrographs of sections of spores of Nosema sp. HA. Micrograph showing endospore (En), exospores (Ex), nucleus 
(N), polar filament (PF) and posterior vacuole (PV).
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11 and 13 in one row, and two nuclei were slightly sepa-
rated from each other. A vacuole with amorphous content 
was located at the posterior end of the spore (Fig. 1). All 
the above-mentioned features correspond to the principle 
characteristics of the genus Nosema (see larsson 1986).

Tissue infection
When the tissues are infected with Nosema sp. HA, 

a large amount of spores in the tissue cells can overflow, 
or can be observed under the microscope. the heavily in-
fected silkworm larvae showed loss of appetite, growth 
retardation and other symptoms. the midgut, Malpighian 
tubules, muscles, fat body, epithelium, silk glands, hemo-
cytes, nerve tissue and gonads were all infected.

Sequence data 
the rrNA complete sequence of Nosema sp. HA 

contained 4 305 base pairs (bp) (genBank Accession 
JN882299). The gene arrangement from the 5′ end was: 
the large subunit gene (lsU rrNA) with a length of 
2 492 bp, and G/C content of 32.1%; the internal tran-
scribed spacer (its) with a length of 187 bp, and g/c 
content of 17.7%; the small subunit gene (SSU rRNA) 
with a length of 1 232 bp, and G/C content of 34.1%; the 
intergenic spacer (igs) with a length of 279 bp, and g/c 
content of 25.8%; and the 5S region (5S) with a length of 
115 bp, and G/C content of 44.4%. 

guan et al.: characterization of Nosema sp.

Fig. 2. Phylogenetic analyses of Nosema sp. HA based on the ssU rrNA and lsU rrNA genes; a – a phylogenetic tree based on 
the ssU rrNA sequences; b – a phylogenetic tree based on the lsU rrNA sequences. Phylogenetic trees were constructed by using 
the neighbor joining method. the bootstrap values are indicated at the nodes. the genBank accession number for each sequence is 
given adjacent to the corresponding species name. Nosema sp. HA is indicated by triangle (▲).

a

b
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Phylogenetic tree constructed from rRNA sequences
From the phylogenetic tree inferred from the ssU 

rrNA (Fig. 2a) and lsU rrNA (Fig. 2b) gene sequences, 
Nosema sp. HA grouped in the same clade with N. bomby-
cis, N. philosamiae, N. spodopterae, N. plutellae, Nosema 
sp. PX1 and uncultured Nosema. the ssU rrNA gene 
of Nosema sp. HA shares high sequence identity with 
N. bombycis (99.6%), N. plutellae (98.5%), N. spodop-
terae (99.7%), Nosema sp. PX1 (99.7%), N. philosa-
miae (99.5%), uncultured Nosema (99.0%) and Nosema 
sp. C01 (98.1%) (Table S1). The LSU rRNA gene of the 
Nosema sp. HA also shares high sequence identity with 
N. bombycis (99.5%), N. plutellae (98.4%), N. spodop-
terae (99.6%), Nosema sp. PX1 (99.4%), N. philosamiae 
(99.4%) and uncultured Nosema (99.4%) (Table S2), but 
shares only 80%–83% identity with Vairimorpha necatrix 
(tables s1, s2). 

the its of Nosema sp. HA shares high sequence 
identity with that of N. bombycis (93.3%), N. spodop-
terae (91.6%), uncultured Nosema (88.2%), N. plutel-
lae (86.5%), N. philosamiae (84.8%), Nosema sp. PX1 
(92.7%) (Table S3). On the basis of the results of phyloge-
netic analysis mentioned above, Nosema sp. HA appears 
to be closely related to Nosema species. 

DISCUSSION
Since the first microsporidium, Nosema bombycis, was 

described in 1857, many reports of microsporidia have 
been published (see Fast et al. 2001, rao et al. 2004, 
Johny et al. 2006). We have previously isolated a micro-
sporidium from the Hemerophila atrilineata, a pest of 
mulberry. in our earlier study, Dong et al. (2010) ana-
lyzed information from the ssU rrNA gene sequences 
of this microsporidium and named it tentatively Nosema 
sp. HA. in order to know more about this microsporidium, 
we provide data on its morphology, phylogenetics and in-
fected tissues of its host. 

As a matter of fact, many of the early classification of 
microsporidia resulted in the necessary creation of new 
Nosema species based on spore size, shape, host-para-
site relationship and ultrastructure of spores including 
number of coils of the polar tube (rao et al. 2004). the 
spores of Nosema sp. HA are 3.8 ± 0.4 μm × 1.9 ± 0.3 in 
size, the nuclei are diplokaryotic and vertically arranged. 
The number of polar filament coils varied from 11 to 13 in 
one row. these characters are in accord with those typical 
of the genus Nosema as currently defined (Larsson 1986).

Besides its pathogenicity in H. atrilineata, Nosema 
sp. HA can infect the silkworm as well. since H. atriline-
ata is a mulberry pest and only takes mulberry leaves as 
food, the infected H. atrilineata, its faeces and corpses 
are probably transmission sources of silkworm pebrine 
disease and cause sericultural losses.

compared with most microsporidian rrNA regions 
that are arranged 5′-SSU-ITS-LSU-3′ (Zhu et al. 1994, 

gatehouse and Malone 1998, Müller et al. 2000, tsai et al. 
2002, Huang et al. 2007) the ssU rrNA and lsU rrNA 
of Nosema sp. HA have been transposed as 5′-LSU-ITS-
SSU-3′. In this study, the organization of the rRNA gene 
of the Nosema sp. HA was 5’-lsU-its-ssU-igs-5s-3’, 
which is the same as that in N. bombycis, N. spodopterae, 
N. plutellae, and uncultured Nosema. the transposition to 
5′-LSU-ITS-SSU-3′ has occurred in several further Nose-
ma species that belong to the so-called “true” Nosema: 
Nosema antheraeae, Nosema sp. PX1, Nosema sp. cPP, 
Nosema sp. co and Nosema disstriae (Huang et al. 2004, 
tsai et al. 2005, 2009, Wang et al. 2006, Ku et al. 2007, 
Kyei-Poku et al. 2008). 

the arrangement of rrNA genes has recently become 
a useful tool for identification of microsporidia. Tsai et al. 
(2005) suggested that the reversed arrangement of rrNA 
genes such as lsU-ssU-5s arrangement may be a spe-
cific characteristic suitable for identification of Nosema 
species (Huang et al. 2004, tsai et al. 2005, ironside 
2007). However, there are a few exceptions: refardt and 
Mouton (2007) and Xu et al. (2011) reported a similar re-
verse rrNA arrangement of rrNA subunits in Glugoides 
intestinalis and Endoreticulatus sp., respectively. 

the percentage of sequence similarity has proved to 
be a reliable criterion for scoring taxonomic relation-
ships among microsporidian species (Baker et al. 1994). 
the ssU rrNA and lsU rrNA genes of Nosema sp. HA 
share high sequence identity (98.5–99.7%) with N. bom-
bycis, N. plutellae, N. spodopterae, Nosema sp. PX1, 
N. philosamiae and uncultured Nosema. Based on genetic 
characters, we think that Nosema sp. HA is closely related 
to the members of the “true” Nosema group.

As the ssU rrNA and lsU rrNA genes have highly 
conservative characteristics, it is difficult to distinguish 
between Nosema sp. HA and other Nosema species. tsai 
et al. (2005) suggested that the microsporidian its se-
quences have good potential as informative molecular 
markers. the its located between ssU rDNA and lsU 
rDNA varies largely between species and subspecies, and 
thus can be used for classification and identification. In 
this study, the its of Nosema sp. HA shares sequence 
identity only 84–93% with N. bombycis, N. spodopterae, 
uncultured Nosema, N. plutellae, N. philosamiae, Nose-
ma sp. PX1, which is far less than that of the ssU rrNA 
and lsU rrNA gene sequences. 

Based on morphological characters, the reverse ar-
rangement in the rrNA gene subunits, phylogenetic 
clustering and sequence similarities of ssU rrNA, lsU 
rrNA and its, we conclude that the Nosema sp. HA is 
distinctly different from the other known Nosema species. 
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