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Supplementary materials 

 

Library construction and sequencing  

After vortexing all specimens, they were centrifuged for 30 minutes at 3000 × g, followed by 

filtration through a 0.45 μm membrane (Minisart). Total RNA was extracted from the supernatant 

using the QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany). Based on the geographic 

source of these specimens collected, 60 total RNAs were pooled into 2 libraries, resulting in 32 

and 28 nucleotide acids in pool 1 and 2, respectively. The rRNA were removed using the 

TransNGS rRNA Depletion (Human/Mouse/Rat) kit (TransGen). The cDNA was synthesized by 

reverse transcription from single-stranded and double-stranded RNA viral nucleic acids using 

REPLI-g Cell WGA & WTA Kit (150052; Qiagen, Hilden, Germany), followed by the 

purification using a REPLI-g Cell WGA & WTA Kit (150052; Qiagen, Hilden, Germany). 

Fragments of approximately 350 bp were collected by beads after electrophoresis. Library 

preparation and sequencing were conducted by the Magigene Company (Guangzhou, China).  

Bioinformatics analysis for next generation sequencing (NGS) data 

Low-quality bases (q < 20) and adaptors were trimmed using the Fastp program to obtain clean 



reads, and were mapped to the human reference genome (hg19) using Bowtie2. Finally, the 

remaining reads were assembled de novo using Trinity (version 2.8.4). For taxonomical annotation 

of assembled contigs from the two pools, the BLASTn package was implemented against the 

nucleotide database (NT), with an e-value of 1×10-5. We manually checked the mapped results 

and merged them from de novo assembled contigs.  

Molecular detection of novel simian enterovirus 

Specific primers and probes were designed targeting the consensus genomic sequences 

assembled above. Real-time RT-PCR assays were used to distinguish the positive specimens in 

these two libraries. For accurate identification of positive samples, RT-PCR was conducted to 

amplify the fragmented genome region using the PrimeScript One Step RT-PCR Kit Ver.2 

(TaKaRa, Dalian, China) (with primers listed in Table S2), followed by purification using the 

QIAquick PCR purification kit (Qiagen, Germany) according to the manufacturer’s instructions. 

The nucleotide sequences were obtained on the ABI 3130 Genetic Analyser (Applied Biosystems, 

Foster City, CA, USA). The partial genomic sequences were analysed against GenBank database 

using BLAST.  

Sanger sequencing of the nine EV-A122 strains 

Briefly, overlapping fragments representing full-length genomes were amplified using RT-PCR 

using specific primers (Table S2). The ABI 3130 Genetic Analyser (Applied Biosystems, Foster 

City, CA, USA) was used for sequencing as described above. The 3′ end of the genome was 

amplified using an oligo-dT primer (7500A) reported previously. Overall, seven full-length 

genomes of EV-A122 were obtained and incorporated into further analyses. 

Phylogenetic and recombination analysis   

Full-length genomic sequences of the seven strains and their deduced amino acid sequences 

were aligned with the EV-A prototype strains and other representative isolates, using MAFFT 

software. We used the maximum likelihood method to infer the phylogenetic relationships among 

several representative enterovirus prototypes. Subsequent phylogenetic inference of several 

maximum likelihood trees was also obtained using the program described in main text. 

To verify the recombination events, a bootscanning plot with a 200-nucleotide window moving 

in 20-nucleotide steps was generated using SimPlot (version 3.5.1). Briefly, the P2 and P3 coding 

region sequences of the seven strains in this study were analysed using BLAST. When the 



genomic identity was higher than 85%, these sequences were considered as potential parents and 

downloaded from GenBank. A smaller data set was utilized for several screenings, including 

recombinant and parental strains. Overall, a total of 42 genomic sequences were identified for 

recombination display. The Recombinant Detection Program (RDP4, v4.46) was implemented for 

recombination activity detection in the dataset, using seven methods (RDP, GENECONV, 

MaxChi, Bootscan, Chimaera, SiScan, and 3Seq). P values < 0.05 were considered strong 

evidence for recombination events. We only considered the recombination events identified by at 

least three methods. 

 

Table S1  An overview of the libraries and data statistics of each pool. 

Pool 
Number of 
units 

Species  Region Data (reads) 

pool 1 32 
Rhesus macaque, 
Macaca thibetana, 
Macaca nemestrina 

Yunnan province 172681140 

Pool 2 28 
Rhesus macaque, 
Macaca nemestrina 

Yunnan province 176787228 
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Table S2  The primers and probes used for identification and sequencing. 

Primer 
Nucleotide 
position (nt) 

Primer sequence (5’-3’) Orientation 

Probe -4340-F 4340 GAG AGT ATT YTC AAT GGA AAA GAG Forward 

Probe -4440-R 4440 GCT AGA GAT TTT CCT GTC CCT GGG Reverse 

Probe -4380-Probe 4380 FAM-ACA TGC AGT TCA AGG GCA AAC AAC-BHQ  

0001S48  CAACTCTAGATTGTCACCATAAGC Forward 

Sim-590R 590 GATTCATGACATGGTGCGAAGAGC Reverse 

Sim-390F 390 CTGCTTCATAGGATGGGTGTTTTG Forward 

Sim-1330R 1330 GAAATTCCACAATYACAACCCAAG Reverse 

Sim-960F 960 ACACTCACAGGTATGAGRAGGCGT Forward 

Sim-1870R 1870 CCATTARACTACAACACAGGTGCA Reverse 

Sim-1570F 1570 TCCACAGCAGTYTCAGCCACGGAG Forward 

Sim-2600R 2600 CAGGGTGAYCCAGAATCTGCTAT Reverse 

Sim-2400F 2400 GCARTTGCATCTGGCTATTTTGTC Forward 

Sim-3420R 3420 GATTGGGACAACCTTGAATGGGA Reverse 

Sim-3340F 3340 ATGTAATTCACCATTCTCTTTTCC Forward 

Sim-4160F 4160 CARCTTCCCCTCCTAGAAAATCAG Reverse 

Sim-5110R 5110 GTATNATCCATCCTTTCTCTCTGC Forward 

Sim-4920F 4920 GTTGTRTCAGAACTCATAAGAGA Reverse 

Sim-5890R 5890 GTAACGTCCAGTTTCCTTGTTTGG Forward 

Sim-5720F 5720 CCAACCCACAGAACTATGATGTAC Reverse 

Sim-6800R 6800 ATGCCTTTGAAGGTTTTAATTAGC Forward 

Sim-6650F 6650 GATGAGGCTATTAGTCTCATCGA Reverse 

Sim-7160R 7160 CCTTATCTTGTTGACAAACTCCTC Forward 

Sim-6980F 6980 GCAACATTTCTAAAGAGGAGCTTC Reverse 

7500A 7500 GGGGACCACTTTGTACAAGAAAGCTGGG(T)24 Reverse 
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Table S3 The nucleotide sequence identities of the seven novel EV-A122 variants and other EV-A prototypes as 
well as EV-J prototypes. The VP1, P1, P2, P3, and open reading fragment (ORF) coding regions were used, 
respectively. 

Nucleotide identity (%) 
Region 

VP1 P1 P2 P3 ORF 

AKM8/YN/2020/CHN HEV92-USA-GA99 
-RJg-7-EF667344-
genomxe 

63.3 67.7 80.4 82.2 75.9 

SV19-M19s-ORF 79.1 80.9 73.3 74 76.5 

Prototype of  
other EV-A 

54.3-72.6 62.2-73.9 64.2-75 61.3-73.6 64.7-73.8

Prototype of EV-J 52.9-55.7 57.5-61 63.1-63.2 62.4-62.5 60.5-62.1

AKM9/YN/2020/CHN HEV92-USA-GA99 
-RJg-7-EF667344-
genomxe 

63.5 67.7 80.3 82.2 75.9 

SV19-M19s-ORF 79.3 80.9 73.6 74.1 76.6 

Prototype of  
other EV-A 

54.3-73.2 62.1-73.9 64-75.1 61.2-73.6 64.7-73.8

Prototype of EV-J 53.4-56.1 57.7-60.9 62.7-63 62.2-62.3 60.4-61.8

JH04/YN/2020/CHN HEV92-USA-GA99 
-RJg-7-EF667344-
genomxe 

63.1 67.4 81.7 81.9 76.1 

SV19-M19s-ORF 79.7 80.6 73.1 72.6 75.9 

Prototype of  
other EV-A 

54.3-73.2 62.4-73.9 64.8-74.1 60.6-73.6 64.6-73.4

Prototype of EV-J 53.4-56.1 58-59.8 63-63.3 62.1-63 60.4-61.8

JH05/YN/2020/CHN HEV92-USA-GA99 
-RJg-7-EF667344-
genomxe 

63.1 67 82 82.2 76.1 

SV19-M19s-ORF 79.8 80.3 73.4 72.6 75.8 

Prototype of  
other EV-A 

52.6-72.8 62.3-73.4 65.1-74.1 60.6-73.9 64.7-73.2

Prototype of EV-J 54.3-55.6 57.9-59.4 62.9-63.3 62.1-62.8 60.3-61.6

JH06/YN/2020/CHN HEV92-USA-GA99 
-RJg-7-EF667344-
genomxe 

62.9 67.3 82.1 81.8 76.1 

SV19-M19s-ORF 79.8 80.9 73.4 72.4 76 

Prototype of  
other EV-A 

52.5-72.6 62.5-74 64.9-74.2 60.3-73.5 64.6-73.3

Prototype of EV-J 54-55.7 58.1-59.6 62.8-63.3 62.2-62.9 60.5-61.8

OKM5/YN/2020/CHN-
P1 

HEV92-USA-GA99 
-RJg-7-EF667344-
genomxe 

63.6 68 80.3 82.3 76.1 

SV19-M19s-ORF 79 80.8 73.2 74.1 76.5 
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Prototype of  
other EV-A 

54.4-72.7 62-73.9 64.1-74.9 61.1-73.7 64.7-73.8

Prototype of EV-J 53.2-56 57.6-61.1 63.1-63.2 62.3-62.5 60.4-62.1

AKM5/YN/2020/CHN-
P1 

HEV92-USA-GA99 
-RJg-7-EF667344-
genomxe 

63.3 67.8 80.5 82.3 76.1 

SV19-M19s-ORF 79.1 80.8 73.4 74.1 76.5 

Prototype of  
other EV-A 

54.3-72.6 62.1-73.9 64.1-75 61.2-73.7 64.7-73.8

Prototype of EV-J 53.3-56 57.6-61 63-63.2 62.4-62.5 60.4-62.1
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Fig. S1  Maximum-likelihood trees based on the full-length genome and P1 coding region of EV-A to EV-L 

species of Enterovirus genus and the two consensus genomic sequences in this study. The novel EV-A122 

variants in this study are indicated by red branches. The partial phylogenetic trees located at the top right and 

top left corner of each phylogenetic tree show the magnification based on the green boxes. Scale bars 

represent the substitutions per site per year. Genomes of human rhinovirus were used as an outgroup. A  full-

length genome; B  P1 coding sequences. 
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Fig. S2 A The representative schematic of enterovirus genomes. B The amino acid alignment of the available 

second open reading fragment (ORF2) in enterovirus A group (EV-A). The triangles show the highly 

conserved domains in the ORF2 of EV-A. C Maximum-likelihood tree based on the partial VP1 coding 

region of EV-A122 strains. Different colours indicate the information of countries. The EV-A123 prototype 

was used as an outgroup. Scale bars represent the substitutions per site per year. D Maximum-likelihood 

phylogenetic tree, based on the genomes sequence of ORF1, was constructed with EV-A prototypes and EV-

J prototypes. The nucleotide sequences of EV-F, EV-E, EV-I, EV-G, and EV-H were used as the outgroup. 

The seven variants are shown in the figure.  
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Fig. S3  Phylogenetic relationships based on the VP1, P1, P2, and P3 coding regions of EV-A and other 

representative strains. Numbers at the nodes indicate bootstrap support for the node (percentage of 1000 bootstrap 

replicates). Scale bars represent the substitutions per site per year. The nucleotide sequences of EV-F, EV-E, EV-I, 

EV-G and EV-H were used as the outgroup. A VP1 coding sequences; B P1 coding sequences; C P2 coding 

sequences; D P3 coding sequences.  
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Fig. S4  Bootscanning analysis, based on the sequence of the ORF of novel EV-A122 variants with representative 

prototypes, identical to the genomes in Figure S3. Genogroup 1 and 2 were used as query sequences, respectively. 

The meanings indicated by different colours are shown in the inset. A Bootscanning plot of genogroup 1; B 

Bootscanning plot of genogroup 2. 
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Fig. S5  Bootscanning analysis of novel EV-A122 variants with potential parents, according to the sequence of the 

open reading frame fragment (ORF1). Genogroups 1 and 2 were used as query sequences. The indications of 

different colours are shown in the inset. A  Bootscanning plot of genogroup 1; B  Bootscanning plot of genogroup 

2.  
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Fig. S6  Simplot analysis, based on the sequence of the ORF of novel EV-A122 variants with representative 

prototypes, identical to the genomes in Figure S4. Genogroup 1 and 2 were used as query sequences, respectively. 

The meanings indicated by different colours are shown in the inset. A Simplot of genogroup 1; B Simplot of 

genogroup 2. 
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Fig. S7  Phylogenetic trees based on the P1 and P2-P3 genomic modules. The sequences used in this figure are 

identical to those in Figure S5 Numbers at the nodes show bootstrap support values, with 1000 bootstrap 

replicates. Scale bars represent the substitutions per site per year. A P1 coding sequences; B P2-P3 coding 

sequences. 
 

 

 


