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Methods 

Nucleic acids were extracted using the Qiagen EZ1 Virus Mini kit 2.0.  

Libraries of the partial MPXV genes targeting the OPG105 (in-house, unpublished data) and OPG185 

(ROPP et al 1995) were constructed from the generated amplicon using the Oxford Nanopore Rapid 

sequencing kit. The libraries were sequenced on the Oxford Nanopore Gridion-X5 with up to 1–2 

Gbases generated depending on the sample. The libraries were sequenced on the Illumina 

NextSeq550 which generated between 30-50 million total paired reads (2x 150 nt). 

Metagenomic sequencing libraries were constructed from extracted DNA using the Nextera XT DNA 

library kit with barcoded indices. The libraries were sequenced on the Illumina NextSeq550 using the 

NextSeq 500/550 Mid Output kit v2.5 which generated between 30-50 million total paired reads (2x 

150 nt). 

 

Low quality reads were removed, and adapters were trimmed using Trimmomatic (v0.39). Reads 

were then mapped to the Human Reference genome GRCh38 using minimap2 (v2.17-r941). Reads-

pairs that had at least one read in the pair that mapped along more than 75% of their length at an 

identity of 90% or greater were removed. The remaining reads were then mapped to the MPXV 

genome (NC_063383.1). Consensus calling was done with Pilon (v1.24). 

Following reference genome mapping, the consensus sequence(s) was then compared to other 

globally available sequences in the GenBank database using blastn 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). A multiple sequence alignment was generated using 

MAFFT v7.453 [Misawa K. et al 2002], incorporating the consensus sequence and sequences 

retrieved from GenBank which represented the most closely related sequence(s) and representative 

sequences from past and present MPXV circulating clades. The multiple sequence alignment was 

then trimmed to remove one of the inverted terminal repeat (ITR) sequences flanking the genome 

(ie. the 5’-terminal ITR, nucleotides 1-6422) leaving the 3’-terminal ITR (Happi, C. et al 2022) and 

https://blast.ncbi.nlm.nih.gov/Blast.cgi


repeat regions. A number of repetitive regions were also masked out 

(https://github.com/nextstrain/monkeypox/blob/master/config/mask_overview.bed). 

Genetic variation analysis was conducted using snp-dists (https://github.com/tseemann/snp-dists) 

and a ML tree was generated using the Jukes-Cantor nucleotide substitution model and IQ-TREE 

v1.6.12 (Nguyen L. et al 2015). Tree visualization and plots were produced using FigTree v1.4.3 

(http://tree.bio.ed.ac.uk/software/figtree/). The genome reported passed QC throughout the 

method process described above. 

 

References 

Ropp SL, Jin Q, Knight JC, Massung RF,  Esposito JJ. PCR strategy for identification and differentiation of small pox and other orthopoxviruses. J Clin 
Microbiol, 33, DOI: 10.1128/jcm.33.8.2069-2076.1995 (1995). 
Berthet N, Descorps-Declere S, Besombes C, Curaudeau M, Nkili Meyong AA, Selekon B, et al. Genomic history of human monkey pox infections in the 
Central African Republic between 2001 and 2018. Scientific reports, 11, doi: 10.1038/s41598-021-92315-8 (2021). 
Faye O, Pratt CB, Faye M, Fall G, Chitty JA, Diagne MM, et al. Genomic characterisation of human monkeypox virus in Nigeria. Lancet Infect Dis. 18, doi: 
10.1016/S1473-3099(18)30043-4 (2018). 
Grubaugh, N.D., Gangavarapu, K., Quick, J. et al. An amplicon-based sequencing framework for accurately measuring intrahost virus diversity using 
PrimalSeq and iVar. Genome Biol 20, 8 (2019). 
Gurevich A., Saveliev V., Vyahhi N., Tesler G., QUAST: quality assessment tool for genome assemblies, Bioinformatics, Volume 29, Issue 8, Pages 1072–
1075, (2013). 
Happi C., Adetifa, I., Mbala, P.Njouom R., Nakoune E. Happi, A., et. al. Urgent need for a non-discriminatory and non-stigmatizing nomenclature for monkeypox 
virus. https://virological.org/t/urgent-need-for-a-non-discriminatory-and-non-stigmatizingnomenclature-for-monkeypox-virus/853. Accessed 14 July, 2022. 
Li H., Handsaker B., Wysoker A., Fennell T., Ruan J., Homer N., Marth G., Abecasis G., Durbin R. and 1000 Genome Project Data Processing Subgroup. 
The Sequence alignment/map (SAM) format and SAMtools. Bioinformatics, 25: 2078-2079, (2009). 
Misawa K., Miyata K. MAFFT: a novel method for rapid multiple sequence alignment based on fast Fourier transform. Nucleic Acids Research, 30, 14, (2002). 
Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ. IQ-TREE: a fast and effective stochastic algorithm for estimating maximum likelihood phylogenies. Mol 
Biol and Evol. 32, 1:268-274 (2015). 
Vasimuddin M.D., Sanchit M., Li H., Srinivas A. Efficient Architecture-Aware Acceleration of BWA-MEM for Multicore Systems. IEEE Parallel and Distributed 
Processing Symposium (IPDPS), (2019). 

 

 

https://github.com/nextstrain/monkeypox/blob/master/config/mask_overview.bed
https://github.com/tseemann/snp-dists
http://tree.bio.ed.ac.uk/software/figtree/

