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N6-methyladenosine (m6A) is a kind of widespread and abundant RNA modification in eukaryotes. Nosema ceranae 
exclusively infects adult bees and results in nosemosis, giving rise to severe losses for apicultural industry. In this 
work, N. cerana methyltransferase-like protein 5 encoding gene NcMettl5, with an expected size of 600 bp, was for 
the first time cloned. The molecular weight of NcMettl5 was approximately 22.64 kDa, with the molecular formula of 
C1039H1645N269O284S6, theoretical isoelectric point of 9.37, the fat-soluble coefficient of 98.98, the unstable coefficient 
of 13.96, and the average hydrophilic coefficient of -0.230. There were 20 phosphorylation sites, a superfamily structural 
domain (AdoMet_MTases superfamily), and seven same conserved motifs included in NcMettl5, but no transmembrane 
domain and signal peptide were detected. NcMettl5 was simultaneously located in cytoskeleton, cyto_nucl, nucleus, 
mitochondria and peroxisome. The Mettl5 had high sequence identity and close evolutionary distance among Nosema 
ceranae, Nosema bombycis CQ1 and Nosema granulosis. The expression of NcMettl5 in the Nosema ceranae infection of 
Apis mellifera ligustica workers’ midguts was down-regulated (P>0.05) at 2 days post inoculation (dpi) and 3 dpi without 
significant difference, while significant down-regulated (P<0.05) at 4 dpi, as compared with that at 1 dpi. These findings 
suggested that NcMettl5 may be a hydrophilic, non-transmembrane, and intracellular protein, Mettl5 in Nosema species 
are highly conservative, NcMettl5 is likely to be involved in the Nosema ceranae infection of A. m. ligustica worker.
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N. ceranae is a single-cell fungal pathogen that exclusively infects honeybee midgut’s epithelial cell, widely infecting bee 
colonies throughout the world. The objective of this study is to perform identification and analysis of single nucleotide 
polymorphism (SNP) and insertion and deletion (InDel) loci in N. ceranae using the obtained high-quality transcriptome 
data from clean spores of N. ceranae, aiming to enrich the information of SNP and InDel loci in N. ceranae and provide 
a basis for developing novel molecular markers. SNP and InDel loci in N. ceranae were detected using GATK software. 
SnpEff software was used to predict genomic regions occurred with mutation sites and affection caused by mutation. 
Genes containing SNP or InDel loci were respectively aligned to GO and KEGG databases to gain corresponding function 
and pathway annotation. A total of 28 195 SNP loci were identified in N. ceranae, and the numbers of conversion and 
transversion were 21 403 and 6 792. These SNP loci had 12 mutation types, among them the most abundant one was 
C/T. SNP loci distributed in CDS region were the most. Additionally, the largest mutation type of codons of SNP loci was 
synonymous mutation. Moreover, genes containing SNP loci can be annotated to 43 GO terms such as metabolic process 
and cellular process, and 85 KEGG pathways such as metabolic pathway and ribosome. In N. ceranae, 2 831 InDel loci were 
identified, and those distributed in intergenic region were the most, while those distributed in CDS region was the least.
The most abundant mutation type of codons was frameshift mutation. Genes containing Indel loci could be annotated 
to 38 GO terms including cellular process, cell and binding, and 73 KEGG pathways including metabolic pathways and 
biosynthesis of secondary metabolites. There are plenty of SNP and InDel loci in N. ceranae; the main mutation type of 
SNP loci is conversion. The genomic distribution rule of functional elements and mutation type of SNP loci are obviously 
different from those of InDel loci. Genes containing SNP and InDel loci have potential relationship with adaptation of N. 
ceranae to intracellular environment and pathogen proliferation process.


