
Figure S1 Violin plots of ERV-ORF Length 
Frequency distribution of length of all ERV-ORFs A) ERV-ORFs, and domains of 
ERV-ORF B) are shown. Average length in each species are indicated by red 
diamond and letter. 
 

 
  



Figure S2 Medians of Kimura divergence for ERV-ORF and non-ERV-ORFs 
The plot shows the median values of Kimura divergence for ERV-ORFs (orange), and 
non-ERV-ORFs (blue). Background colors for each species’ name indicate that they 
have shared species classification equal or below the level of order. 
 
 

 

  



Figure S3 Numbers of Ensembl known genes containing ERV-ORFs 
The bar graph shows the number of ERV-derived gene (orange), ERV-ORF containing 
genes predicted only by HMM (blue), and ERV-ORF containing multi-exon genes 
(yellow). The number in black on each bar represents the total number of Ensembl 
genes containing ERV-ORFs. Gene numbers of HMM genes (dark blue) and other 
multi-exon genes (brown), which are referred in the main text, are shown on the bar. 
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Figure S4 Kimura divergence of known ERV-derived genes containing 
ERV-ORFs 
The bar graph shows the frequency of ERV-ORFs. Background colors for each 
species’ name indicate that they have shared species classification equal or below the 
level of order. The divergence of known ERV-derived genes containing ERV-ORFs are 
indicated. Small and large divergences are colored in red and blue. 
 

 
  



Figure S5 Mouse ERV-ORF vs. non-ERV-ORF 
Proportions of three types of ERVs in 1000bp bins according to the distance to TSS.�
All ERV-ORF, ERV-ORF with detected by functional dataset (ERV-ORF with tp), and 
ERVs with no ORF (non-ERV-ORF) are shown in light blue, pink, and grey points, 
respectively. Asterisk (*) indicates statistically significant differences when comparing 
ERV-ORF with tp and non-ERV-ORF at each distance bin (p<<0.05, fisher’s exact test, 
FDR corrected). Comparisons between all ERV-ORFs and non-ERV-ORFs showed 
statistically significant difference in all bins except for 19k-20kbp.�
 

 
 

  



Figure S6 Distance between TSS and ERV-ORFs in humans 
A) The distance between TSS and human ERV-ORFs in each domain. Only 
ERV-ORFs which were located within 10,000bp downstream of TSS showing 
dN/dS<1 in human and non-human primate pairs (ERV-ORFs with transcriptional 
potential) were used. B) Top 20 enriched ERV groups of human ERV-ORFs with 
transcriptional potential (tp). ERV groups in ERV-ORFs with tp showing significant 
changes in their proportions compared to those in all ERV-ORFs were shown in light 
blue (residual analysis after chi-squared test, adjusted p-value << 0.001). ERV groups 
in all ERV-ORFs are indicated by gray. 
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Figure S7 Mouse PCA plot 
PCA plot of ERV-ORFs expressed across 3 different stages of myoblast (C2C12) 
differentiation on the first two principal components (PC1 and PC2). Differentiation 
status was indicated by color. D0: undifferentiated myoblasts, D3, 6: 3 and 6 days 
after starting the myoblast differentiation process. The percentage of variation to a 
given PC is indicated on the axis. 
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Figure S8 Heatmap of ERV-ORFs in mouse C2C12 cells during differentiation 
ERV-ORFs with normalized read counts at least 4 samples of each stage were shown 
in the heatmap. ERV-ORF types are on the left column. The regularized logarithm 
(rlog) transformed read counts for ERV-ORF are color coded from blue (low 
expression) to red (high expression). Differentiation status is shown underneath D0: 
undifferentiated myoblasts, D3-D6: 3 to 6 days after myoblast differentiation started. 
The number of ERV-ORFs detected in the RNA-Seq was large so that only 
ERV-ORFs with read counts ≥50 was shown.  
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 
Figure S9 Cell types 
ERV-ORFs with ≥10 normalized read counts at least 4 samples were shown in the 
heatmap. ERV-ORF types are on the left column. The regularized logarithm (rlog) 
transformed read counts for ERV-ORF are color coded from blue (low expression) to 
red (high expression). Differentiation status is shown underneath D0: undifferentiated 
myoblasts, D3-D6: 3 to 6 days after myoblast differentiation started. 

 
  



Figure S10 Enriched ERV groups of ERV-ORF with transcriptional potential 
Top 10 enriched ERV groups in the human ERV-ORF detected in A) the CHESS 
transcripts, B) myoblast RNA-seq transcript, and C) H3K36me histone data. 
ERV-ORFs detected by the functional data and all ERV-ORF were shown in blue and 
gray, respectively. All ERV groups in the ERV-ORF detected by functional data 
showed statistically significant changes compared to those in all ERV-ORFs (residual 
analysis after chi-squared test, adjusted p-value << 0.001). 
 

 
 
 
  



Figure S11 Sequence numbers in each ≥80% level cluster containing ERV-ORFs 
with transcriptional potential 
The number of ERV-ORF sequences in each cluster containing at least one human 
ERV-ORF with transcriptional potential were shown. The x-axis represents clusters 
with ≥80% identity. Individual bar colors indicate which ERV-ORFs in each cluster are 
derived from which species shown in Figure 1A [e.g. Apes (blue) contain ERV-ORFs 
from human, chimpanzee, gorilla, and/or orangutan]. Sequence number at 10 is 
highlighted by red line. Total cluster numbers in each domain is shown on the top right 
corner of the panel. 
 

 
 
 
  



Figure S12 Multi-shared cluster names 
ERV-ORFs that are shared among ≥8 species at ≥80% nucleotide identity (A), and 
among ≥10 species at ≥60% nucleotide identity are shown. 
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Table S1 ERV-ORFs overlapping with Ensembl annotated gene. 
ID: gEVE database ID, HMM: viral motives predicted by HMM, Repbase: Repbase 
annotation of ERV-ORFs predicted by RepeatMasker, Gene: gene name and 
Ensembl transcript or gene IDs. We used transcript ID when available. If the transcript 
has no gene name, “NA” is shown. ERV-ORFs residing within “known ERV-derived 
single-exon genes“ are indicated by cells colored pink. Dist_TSS: the distance to the 
TSSs is shown only for the ERV-ORFs in the known ERV-derived single-exon genes 
in humans and mice. The ERV-ORF with only a dot “.” in the Repbase column exhibits 
the ERV-ORF that was predicted only by HMM.  
 
 
Human ERV-ORFs 
Only human has a column for CHESS annotations (CHESS). In the column, 
ERV-ORFs overlapping status with CHESS transcript is shown; each ERV-ORF has 
≥50% overlap, ≥30%, and ≥10% with CHESS transcript, respectively. 
   

 
  



Chimpanzee ERV-ORFs 

 
 
Gorilla ERV-ORFs 

 
 
Orangtan ERV-ORFs 

 



 
Baboon ERV-ORFs 

 

 
Rhesus magaque ERV-ORFs 

 

 
Marmoset ERV-ORFs 

 
 
  



Mouse ERV-ORFs 

 

 
  



Rat ERV-ORFs 

 
 



Rabbit ERV-ORFs

 
 
 
 
  



Dog ERV-ORFs 

 
 
Cat ERV-ORFs 

 



 
 
Pig ERV-ORFs 

 
 
  



Cow ERV-ORFs 
 

 
 
 
Platypus ERV-ORFs 
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Table S2 Species and Genome assembly used in this study. 
Genome ID: Species name in the gEVE database (http://geve.med.u-tokai.ac.jp) 
 

 

  



Table S3 Accession numbers of runs used in myoblast differentiation analysis. 
A) Human, B) Mouse. NOTE: We did not use a mouse replicate SRA data for day3 because it was broken. 
 
A Human (SRP033135)

 
 
B Mouse (SRP036149) 

 
 


