
Figure S0: Schematic illustration of the annotation of loci derived via retrotransposition. Loci are identified as having arisen 

via retrotransposition primarily by identifying changes to their gene structure relative to closely related paralogous loci, specifically, 

loss of exon-intron structure as a result of the removal of introns in the 'parental' transcript via splicing. Following its creation by 

insertion of a spliced transcript into the genome, the locus is subject to one of four possible broad fates which is reflected in the way 

it is represented in the Gencode geneset. Where a locus gains a mutation likely to be disabling it is annotated as either a 

processed_pseudogene (1) or, where  locus specific transcriptional evidence can be identified, as a 

transcribed_processed_pseudogene (2). Where a locus does not gain a disabling mutation and there is no evidence of locus specific 

transcriptional evidence it is annotated as a processed_pseudogene (3); where locus-specific transcriptional evidence is present and 

the CDS does not contain a disabling mutation, the locus is annotated as protein_coding (4).
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Figure S1: Difficulties in pseudogene annotation. Case study - pseudogene resurrection. (A) MST1P9 locus as viewed in the Zmap manual 

annotation interface. UTR exons and splice variants with no annotated CDS are shown in red, coding exons are shown in green and the CDS 

portion of models annotated as NMD are shown in purple. The upper boxed section shows the novel 5' end and the lower boxed section 

highlights the part of the model critical to the coding potential of the locus while the red bar highlights the position of the exon whose 

incorporation introduces the disablement that pseudogenises the locus. The alignment of protein sequences (pale blue boxes) from 

orthologous and paralogous loci can be clearly seen to incorporate this exon (indicated by black arrow). Locus-specific transcript evidence is 

shown to the right of the figure; EST evidence is represented as purple boxes and mRNA evidence in brown. The red arrow highlights the 

alternative structure of the full-length mRNA (AY192149), which supports the annotation of a coding gene model with a full-length CDS. 

(B) Schematic of the proposed origin of the MST1P9 locus. MST1P9 is derived from the MST1 almost certainly via the intermediate locus 

(MST1P2) but it is 5' truncated relative to both paralogous loci. MST1P9 has acquired a novel TSS and 5' exons leading to translation 

initiation at a different AUG (1) and two internal changes (2,3) required to allow the translation of a complete CDS. (C) Details of the 

internal changes. Transcripts from the MST1P9 locus utilize a downstream splice donor which is never used by transcripts from the MST1 

locus, and this shifted splice junction, in combination with the skipping of the adjacent downstream exon is sufficient to restore a full-length 

CDS at the MST1P9 locus.



Figure S2: Pseudogenes overlapping with protein  coding genes. (a) Part of the pseudogene 

sequence is used to create a new alternatively spliced internal exon in the protein-coding gene. (b) 

The pseudogene sequence contributes the 5’ terminal exon of the protein-coding gene. (c) The 

pseudogene sequence contributes the 3’ terminal exon of the protein-coding gene.
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Figure S3(A): Examples of pseudogenes overlapping with protein-coding genes. Unprocessed   

pseudogene and protein-coding annotation overlap on same strand. Solute Carrier Family 19, 

member 3 (SLC19A3) pseudogene (AC064853.3) ends at end of first coding exon on coding 

transcript. 

Window Position

Scale

:chr2

C2orf83/ENST00000264387.4

C2orf83/ENST00000409066.1

AC064853.3/ENST00000509872.1

Human Feb. 2009 (GRCh37/hg19)   chr2:228,493,776-228,517,232 (23,457 bp)
10 kb

228500000228505000228510000228515000
Comprehensive Gene Annotation Set from ENCODE/GENCODE

Pseudogene Annotation Set from ENCODE/GENCODE

Human mRNAs from GenBank
AL359944

CR749679

AK055355

BC131618

AM393148

AM393273



Window Position

Scale

:chr1

Human mRNAs

Human Feb. 2009 (GRCh37/hg19)   chr1:155,573,135-155,641,416 (68,282 bp)
20 kb

155580000155590000155600000155610000155620000155630000155640000
Basic Gene Annotation Set from ENCODE/GENCODE

Pseudogene Annotation Set from ENCODE/GENCODE

Human mRNAs from GenBank

RP11-29H23.4/ENST00000456382.1

MSTO1/ENST00000538143.1

MSTO1/ENST00000452804.2

MSTO1/ENST00000245564.2

MSTO1/ENST00000368341.4

MSTO1/ENST00000483734.1

YY1AP1/ENST00000311573.5

YY1AP1/ENST00000368340.5

YY1AP1/ENST00000347088.5

YY1AP1/ENST00000361831.5

YY1AP1/ENST00000355499.4

YY1AP1/ENST00000404643.1

YY1AP1/ENST00000407221.1

YY1AP1/ENST00000359205.5

YY1AP1/ENST00000295566.4

YY1AP1/ENST00000368330.2

YY1AP1/ENST00000368339.5

YY1AP1/ENST00000535662.1

YY1AP1/ENST00000405763.3

YY1AP1/ENST00000438245.2

YY1AP1/ENST00000476093.1

RP11-243J18.3/ENST00000538914.1

RP11-29H23.5/ENST00000500626.2

B

Figure S3(B): Examples of pseudogenes overlapping with protein  coding genes.  Pseudogene 

and protein coding annotation overlap on different strands. Novel Pseudogene - 

RP11-29H23.5-001 overlaps the coding part of the final exon of YY1AP on the same strand and 

the 3’ UTR of MSTO1 on the opposite strand.



Figure S4: Sequence identity to parents. Transcribed pseudogenes on average show a lower sequence identity to parents than non-

transcribed pseudogenes.
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Figure S5: Sequence similarity for 

pseudogenes in human and chimp.
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FIGURE S6: Variant densities in transcribed and non-transcribed pseudogenes. Densities of SNP, indel and SV in 

transcribed and non-transcribed pseudogene sequences are compared. Means and standard errors of densities are indicated. 

The transcribed pseudogenes have significantly lower SNP, indel and SV densities than non-transcribed pseudogenes with p-

values are <2.2x10-16, 1.59x10-8 and <2.2x10-16, respectively. However, no significant differences were found in the 

DAF spectra (Fig. 7). To obtain better statistical power, we have repeated the analyses using a draft version of 1000 Genomes 

Phase I data which is derived from ~1000 individuals and much larger than the pilot data (1000genomes.org). 

We found similar results in DAF spectra for the two groups of pseudogenes.
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Figure S7: TFBS in upstream of pseudogene. Distribution of pseudogenes with different numbers of   TFBS in their 

upstream sequences. Profiles from transcribed pseudogenes and non-transcribed pseudogene were compared for 

different cell lines.
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Table S0: Simple matrix to describe gene annotation of loci derived via 

retrotransposition. The presence/absence of disabling mutations is reflected on one axis 

and the presence/absence of locus-specific on the other. Combinations that would be 

annotated as processed_pseudogene are highlighted in green, 

transcribed_processed_pseudogene in orange and protein-coding loci in yellow.
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Table S1: Segway segmentation labels.
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Table S2: Transcription factors enriched in the upstream regions of transcribed pseudogenes in different cell lines.



Pseudogene Id Chromosome Strand Start End Parent gene Parent transcript

ENST00000333131.4 22 - 22469236 22472374 FAM108A1 ENST00000250974.8

ENST00000411545.2 22 - 21022106 21025272 FAM108A1 ENST00000250974.8

ENST00000503096.1 1 - 214779018 214782183 FAM108A1 ENST00000250974.8

ENST00000457740.2 1 + 147618674 147621845 FAM108A1 ENST00000250974.8

ENST00000358206.4 1 + 146076838 146080009 FAM108A1 ENST00000250974.8

ENST00000458502.1 17 + 20744360 20747574 FAM108A1 ENST00000250974.8

ENST00000417397.1 22 - 35897908 35899633 TRMT11 ENST00000334379.5

ENST00000512203.1 X + 104650318 104651710 KCTD9 ENST00000221200.4

Table S3: Partially spliced pseudogenes.


