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TACATGTGTTTTAGA-——————— ATATATATATATATATATATATATATATATATATATATATATATGGGCAAAACATATAA
TACATGTGTTTTAGA- ATATATATATATATATATATATATATATATATATATATATATATGGGCAAAACATATAA
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5' flanking region 3' flanking region
AGGTTTTGGATTATAATCATCATCATCATCATCATCATCATCATCATCATCATCATCTATGATATCATCATCTTCGATATTTATTTT

AGGTTTTGGATTATAATCATCATCATCATCATCATCATCATCATCATCATCATCATCTATGATATCATCATCTTCGATATTTATTTT
AGGTTTTGGATTATAATCATCATCATCATCATCATCATCATCATCATCATCATCATCTATGATATCATCATCTTCGATATTTATTTT
AGGTTTTGGATTATAATCATCATCATCATCATCATCATCATCATCATCATCATCATCTATGATATCATCATCTTCGATATTTATTTT
AGGTTTTGGATTATAATCATCATCATCATCATCATCATCATCATCATCATCATCATCTATGATATCATCATCTTCGATATTTATTTT

Figure S1. Examples for read mapping artefacts and correction in monkeypox virus (MPXV) genome low-complexity regions (LCRs)
a LCR2 alignment highlighting differences compared with various consensus sequences. b LCR7 alignment demonstrating identical results obtained using
three sequencing platforms compared to the subclade Ilb lineage A MPXYV reference isolate MPXV-M5312_HM12_Rivers sequence.



c
Ex
g
g
=
>
«Q
=
o
3

s
o~
o 2 o g S ¥ M
N A Q
Gy, Z 2 & o8 S o &
Sy ® i) > S N &y X N
% 5 B3 g,83 S§& ¢
Q. > > F RN NS S
S 2, S 5 zz28 >33 § a S S
7, zZ 233 S x 8 <
y 22 %2350 da s g
C 9, 252222328 S
Z < QDRSS S S a &
c o &
D, Y, R ’é%x&ﬁ&’m 3
. ~n ©
"0 eRRxgss g .
7, 52205%0‘2" O

Usa Mpy 202.
ON676704 Spon 2 TLILS
TMPXY 2022 N Sp 2022 al
Port SA 2022 X\ 345R Portug
ugal FLooz %‘;e 407211 MPXY PT0021 2022

ON585037.1 MPXV PT0005 2022

ON649713.1 MPXV PT0020 2022 ON631241.1 MPXV P12 L0 2022

ONB49719.1 MPXV PT0012 2022

Portugal ON585038.1 Mvaproogg 22%2222 | el Portuga
MPXV 2437 : e 022
4 2022 XV 34 .
spainf CrOUP NPRI TSP S WXy 5 SP 2022 Spain
A mi?ﬂ'ﬂ' ON6‘4972 453p2022 s
in 46 09! . 25 oain
s NI o gmgxs\’ oo 1077
! * o< Sl)ain
portug? \x\\’? e
. W OV P,
S gt (@S Ortygey
“‘6“ ‘{\\‘ Q'l’b
BN
o’ «© o,
S %
5 @ & &~ 29272 (B
7 N ) SISV z223% 72 5 % 2 )
S S R EEE R TR O
. ¥ & N S OS5 2a882323%22% g,
g FEFLEISP353523822 %2 %%
<« S o § SESET B8 590 5 @ Z, > ° A
FEEIsEIeReY :,
< SEEZE3RERES 5
SSTIFExEVZRB 0%
§ 78 ¢ s,
3 2 3 < %
F 2 El 2
S 3 2 S
= S =
3 §] El
N
S
s 8 8 ) . %
5
$ £ 553 s 52 % %
S & < 8 £ 5 & = 0 2 G 3 T °
S S 5 & 8§ ¢ B ¥ 5
£ g o 3 3
S = 2

Figure S2. Phylogenetic analysis of monkeypox virus (MPXV)
a Phylogenetic maximum-likelihood (ML) tree showing monkeypox virus (MPXV) subclade Ilb single-nucleotide polymorphism (SNP) clustering. Bootstrap

supports >60 are indicated by labels with their number of supports. b Haplotype network showing SNP differences among samples included in the
phylogenetic tree. Details on groups can be found in Supplementary Data 4.
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Figure S2. Phylogenetic analysis of monkeypox virus (MPXV)

a Phylogenetic maximum-likelihood (ML) tree showing monkeypox virus (MPXV) subclade IIb single-nucleotide polymorphism (SNP) clustering.
Bootstrap supports >60 are indicated by labels with their number of supports. b Haplotype network showing SNP differences among samples
included in the phylogenetic tree. Details on groups can be found in Supplementary Data 4.
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Figure S3. Conservation and variation in proteins encoded by orthologous poxvirus gene (OPG) 208
a Metalogo visualization of conserved and varying amino-acid residues in OPG-encoded proteins among monkeypox virus (MPXV) clade |, subclade lla,
and subclade IIb, with homologous and nonhomologous sites highlighted; b Entropy heatmap; ¢ Entropy analysis by site
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Figure S4. Conservation and variation in proteins encoded by orthologous poxvirus gene (OPG) 153
a Entropy heatmap. CMLV, camelpox virus; VARV, variola virus; VACV, vaccinia virus; CPXV, cowpox virus; MPXV, monkeypox virus. b Clustering result of sequence
logo groups. MPXV, monkeypox virus; CPXV, cowpox virus; VACV, vaccinia virus; VARV, variola virus; CMLV, camelpox virus.



[

Mann Whitney B LCRs ‘ LCRs
test =0.02 (Coding) (No coding)

'
£ 1.0 1
g2 :
o< !
> 0 0 8— 1
5E 1
£ e !
EE 1
52 06- |
53
£8 Fisher Exact Test (Coding vs No coding): p = 0.022
S5 0.4
E < If homopolymers are disregarded

ORF
Outside

Fisher Exact Test (Coding vs No coding): p = 0.021

© with Stop  © Without Stop

Figure S5. Low-complexity regions (LCRs) in coding areas evolve mostly as changes of
nucleotide triplets (codons), a pattern significantly different from LCRs in non-coding
areas

a Proportion of variants in LCRs (inside versus outside coding areas) that do not cause
frameshifts. b Proportion of LCRs (inside versus outside coding areas) that include stop
codons.
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Figure S6. Characterization of monkeypox virus (MPXV) promoters

a Logo plot displaying the frequencies of nucleotides that form the promoter sequences from the top 10 genes most expressed early (above) and late
during infection (below). b Distribution (top 10 early genes) of distances of the 3' of the promoter to the initial codon (note that the promoter of late genes includes the
first alternative start codon [ATG]). ¢ 5' end of OPG204, including its promoter aligned to the top 10 early genes (black box) and the LCR21 repeat region, that
contains its ATG (red box). d 5' end of OPG208, including its promoter aligned to the top 10 late genes (black box) and the ATG followed by the first two repeats of
LCRS3 (red box).



SUPPLEMENTARY NOTE 1

Supplementary Note 1. Analysis parameters for validation of short tandem repeats (STRs)
in National Center for Biotechnology Information (NCBI) Sequence Read Archive (SRA)

A. Short tandem repeats curation

Short Tandem Repeats areas were manually inspected in assemblies from sample 353R.
Alignments show for all identified LCRs:
1. NC_063363.1 reference genome
353_R sample de novo assembly from MiSeq reads 2x 300
353 R sample de novo assembly from NovaSeq 2x150 reads
353_R sample de novo assembly from Nanopore reads.
High quality genome

akwbd
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Occupancy et
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aaclaacitiafigactiaactlaaciitiatgactiflaacBaaciiflafflacillaaclaaciiflaiifaciflaacllaaciiflaffacBfiazcllaaciilaBfaciiflaaclaacBilflaiifacflaaclaaciiflaiiacll LY
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353 R_nanaopore_fiye pilon/1-198541 gggcaaaacatataa
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353 R nanopare five pilon GREGEEER:E: a COE -t attttta
353 R_High_Quality EREEEEEE-R- BE-E-EEEER RNt attttta

Consensus _

ATAAAAAAGTTTTACAAAAAAAAMAAAAAAAATATTTTTATTICTCTT

Occupancy
|
LCR12:
v

NC_063383.1/1-197209 a ctttttce
353 R_nova_assembly/1-190773 a :
353 R miseq assembiy/1-192918 cttttte
353 R nanopore flye pilon/1-158541 cttttt
353 R _High Quality/1-195556 actttttc aaaaaaaaa gaa

TGATACTTTTTC TAGAAAAARAAATGAATTGATGATATA

Occupancy

LCR13:

76912 76922 76932

NC_063383.1/1-197209

353 R _nova_assembly/1-190773
353 R_miseq assembiy/1-192918
353 R_nanopore_flye pilon/1-198541

353 R_High_Quality/1-198556

GCTCCTGTAGCATACTTTTTTTTTACCTTGAGAATATCC

Occupancy

B1674
NC_063383.1/1-197209
353 R_nova_assembly/1-190773
353 R_miseq assembiy/1-192918 atcttgat
353 R _nanopore_flye pilon/1-198541 a tcttgatata
tcttgata

353 R_High Quality/1-198556

TTACATCTTGATATATTTTTTTTTAAAGAGGC TGGTAAC

m
m
"
o
-
n

Occupancy

LCR15:



1 .
063353.1/1-197209 ttgttacaaaagttafs ataattatgatgata

C

53 _R_nova_assembly/1-190773 ttgttacaaaagttafs ataattatgatgata
53 _R_miseq assembiy/1-192819 ttgttacaaaagttafs ataattatgatgata
53_R_nanopore_fiye_pilon/1-198541  [EERELEEEETLREE1: ataattatgatgata
53 R_High_Quality/1-198558 ttgttacaaaagttafs ataattatgatgata

Consensts _

TTGTTACAAAAGTTAATAACAAT TATAACAAT TATAACAATTATAACAATTATAATTIGCTTATAATAATTATAATTIGTTATAATTATGATGATA

Occupancy

LCR16:
153501 lISSSll 153521

atttgtgaaaatat tEEEEEEEEEItactttttttattaa
atttgtgaaaatat tEEEEEEEEEItactttttttattaa
atttgtgaaaatat tEEEEEEEEEItactttttttattaa
atttgtgaaaatat tEEEEEEEEEItactttitttattaa
atttgtgaaaatat tEEEEEEEEEtactttttttattaa

ATTTGTGAAAATATTAAAAAAAAATACTTTTTTTATTAA

NC 063353 1/1-137209

353 R nowva_assembly/1-190773
353 R _miseq assembly/1-192918
353 R nanopore_fiye_piton/1-198541
353 R_High_Quality/1-198556

Occupancy

LCR17/:

- 164023
NC 0633583.1/1-197209 actgttatcteotitt cttatatactattaa
353 R _nova_assembly/1-190773 actgttatctcotitt cttatatactattaa
353 R _miseq assembly/1-192918 -tgttatctctttt cttatatactattaa
353 R _nanopore_flye pilon/1-198541 tgttatctctttt cttatatactattaa

353 R High Quality/1-198556 attuttatctttttt aacilaaclflaaciflaaciflaacilaa ciifAEEIEIE-TAE- 0T

ACTGTTATCTCTTTTTAAC TAACTAACTAACTAACTAACTCTTATATACTATTAA

Occupancy

LCR18:

. 166924 L L L 166964
NC_063383.1/1-197209 atataaatccgt taafll t¥lcgaacaagtat
353 R nova_assembly/1-190773 atataaatccgt taall ERlcgaacaagtat
353 R miseq assembiy/1-192918 CQ Ef-lcgaacaagtat
353 R _nanopare_flye_pitond1-198541 atataaatc ERlcgaacaagtat
353_R_High Quality/1-195555 atataaatccgttaall Klcoaacaagtatcaaa

ATATAAATCCG TTAAAATAATTAATAATTAATAATTAATAACGAACAAGTATCAALA

Occupancy

LCR19:

170551 IITOSEL 170571 170581 II?CISS]. 170601 170621
NC_063383.1/1-197209 cttactactaacatg a & ca alla ca acafa aca gtagaagatatcatg
353 R nova_assembly/1-190773 cttactactaacatg aca aca aca aca
353 R_miseq assembly/1-192918 cttactactaacatg aca aca aca aca

353 R _nanopore_flye_pilan1-195541 cttactactaacatg aca aca aca aca
353 R_High Quality/1-198556 cttactattaatatu aca aca aca aca

Cunse s _

CTTACTAC TAACATGGATTCAGATACAGATACAGATACAGATACAGATACAGATACAGATACAGATACAGATGTAGAAGATATCATG

a . .
a t t
a t t
a {: {:

Occupancy



LCR20:

NC_063383.1/1-197208

353 R nova_assembly/1-190773

353 R miseq assembly/1-192918
353_R_nanopore_flye_pitondl-198541

353_R_High_Quality/1-198556

172912

actaacaggttaaca
actaacaggttaaca
actaacaggttaaca
actaacaggttaaca

actaacaggttaaca

172922

172932

AABARAtAQAAAAAAEC
ooaaatagaaaaaac
daaaatagaaaaaac
aaaaatagaaaaaac
dafAaatagaaaadac

Consensus

ACTAACAGGTTAACATTTTTTTTTAAAAATAGAAAAAAC

Qccupancy

LCR21:
175358 175378

tatcttagtacctat a8
tatcttagtacctat aa
tatcttagtacctat LN}
tatcttagtacctat a8
tatcttagtacctat a8

175398

Htggtccgtatatatttt
Fltggtccgtatatatttt
Htggtccgtatatatttt
Mtoggtccogtatatatttt

gotccgtatatatttt

NC_0633583.1/1-197209

353 R_nova_assembly/1-190773
353 R _miseq assembly/1-192918
353 R_nanopore_fiye_pilonl-198541
353_R_High_Quality/1-198556

Consensus

TATCTTAGTACC TATGATGAAGATGAAGATGAAGATGAAGATGATGGTCCGTATATATTTT

Occupancy

B. Nanopore samples analysis downloaded from SRA

Monkeypox samples with nanopore data available in SRA (August 10, 2022) were
downloaded from NCBI webpage (https://www.ncbi.nlm.nih.gov/sra) resulting in 35 samples.
Next, reads were de novo assembled using flye assembler v2.9-b1768 (Kolmogorov et al. 2019)
with default parameters in nanopore raw reads mode, and analyzed using a modified version of
strsearch (https://github.com/BU-ISCIII/MPXstreveal). Reads spanning the defined LCR3, LCR1
and LCR4 regions were identified. Those with both flanking reads with 0 mismatches were
collected, aligned and generated a consensus sequence. Potential number of repeats of selected
LCRs in each sample were inspected by comparing the assembled genome and the strsearch
result according to Supplementary data 6.

The “de novo" assembly method only resulted in the resolution of a few complete genomes.
To identify the number of LCRs repeats, we mostly used the method spanning the flanking
regions. Although the results differ in some cases between bioinformatic methods, and we cannot
validate the exact numbers of repeats experimentally since we do not have access to the
samples, the values obtained show clear differences in the tendency of the number of repeats.
For clarity, the most conservative nhumber was selected, considering the biology of MPXV
replication, the solution that was supported by the highest number of genomic data, and the
selection of the solution that underestimated variation.



https://www.ncbi.nlm.nih.gov/sra
https://sciwheel.com/work/citation?ids=6744810&pre=&suf=&sa=0
https://github.com/BU-ISCIII/MPXstreveal
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