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Supplemental Methods

Supplemental annotation methods

Manual annotation overview

Gene annotation was performed in accordance with the guidelines used by the GENCODE
project, which were originally developed for the ENCODE project. All relevant annotations were
made by the HAVANA manual annotation group at the European Bioinformatics Institute, and
became publicly available within the GENCODE / Ensembl gene sets following the next
annotation freeze and genebuild process. However, annotations were also made available 24
hours after creation via the GENCODE annotation updates hub
ftp.ebi.ac.uk/pub/databases/gencode/update_trackhub/hub.txt. Note that GENCODE provides
the annotation for the Ensembl human and mouse genebuild, and the annotation can be
downloaded from either the GENCODE web portal https://www.gencodegenes.org/ or the
Ensembl web browser https://www.ensembl.org/. Further details on the genebuild process can
be found at https://www.ensembl.org/info/genome/genebuild/genome annotation.html, and
https://www.gencodegenes.org/pages/fag.html, and within (Zerbino et al. 2018; Frankish et al.
2018).

HAVANA manual annotation is based around a set of consistently applied guidelines, developed
by the HAVANA group for the GENCODE / ENCODE projects (Harrow et al. 2012), which are
available here: <http://ftp.ebi.ac.uk/pub/databases/havana/havana/Guidelines/Guidelines March 2016.pdf>.
This process is centred on the creation of gene models via the manual interpretation of RNA
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and protein sequences aligned to the genome sequence, using the Zmap / Otterlace bespoke
in-house software developed at the Wellcome Trust Sanger Institute.

Summary diagram for the workflow used in this study

This diagram outlines the key analytical stages, evidence datasets, and search algorithms used
to generate GENCODE annotation for this study. All aspects are discussed in detail in the
following text.

Transcriptomics
PacBio

SLRseq
RNAseq introns Human GENCODE » 5. Variation analysis
CAGE

pAseq
1. Manual annotation
BLASTP HMMR
[ New human annotation ]:>[ Transcriptomics analysis ]

[ 4. Comparative
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Transcriptomics analysis

Annotation reported in this study was carried out following the completion of the ‘first pass’
manual annotation of the entire human genome (hg38 / GRCh38) by the HAVANA group, where
the core evidence sets used for annotation were mRNA, cDNA, and EST sequences in
GenBank, and protein sequences from the SwissProt / UniProt project.

The present study utilised additional transcriptomics datasets, primarily to expand the
GENCODE transcript catalog to incorporate sequences previously not recognised as
transcribed, but also to provide insights into the specificity of transcript expression. The vast
bulk of transcript annotations produced in this study were supported by RNA data from the
following sources:

e PacBio data generated by GENCODE using a capture-seq methodology (Lagarde et al.
2017).

e Synthetic long-read sequencing (SLR-seq) data generated by Hilgner et al (Tilgner et al.
2015), based on brain tissues.

e Short-read RNA-seq data from a wide variety of external studies. Initially, these data
were incorporated via the Intropolis resource, which has extracted a vast collection of
RNA-seq data from SRA, reprocessed it according to consistent standards and
presented a set of read-supported introns for public use (Nellore et al. 2016). A ‘look-up’
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table was created to allow the experimental provenance of the reads supporting a given
intron to be judged, i.e. to provide information on tissue expression. However, Intropolis
is not fully comprehensive, and additional RNA-seq data provided by the GTEx (GTEx
Consortium 2013) and Blueprint projects (Adams et al. 2012) was manually assessed at
the UCSC Genome Browser using the trackhub resources provided for each.
Annotations were not based on transcript ‘models’ that were computationally assembled
from short-read data (although the prior existence of such models proved useful in the
analysis of non human or mouse genomes; see below). Such models were not used
because they represent predicted combinations of splicing features and transcript
endpoints, and may not capture bona fide transcripts.

e Cap Analysis of Gene Expression (CAGE) data provided by the FANTOMS5 project (The
FANTOM Consortium and the RIKEN PMI and CLST (DGT) et al. 2014). These were
used to examine transcript start sites, and also the specificity of transcript expression.
The datasets cover hundreds of different experiments, incorporating a wide range of
normal somatic tissues.

e PolyAseq data provided by Derti et al. (Derti et al. 2012). These were used to help
established transcript 3’ ends, i.e. polyadenylation sites.

There was no requirement that a gene or transcript model must be supported by data from all of
these sources, and it became apparent during this investigation that a subset of annotations
have highly restricted expression. Thus, certain annotations lacked any long-read
transcriptomics support (or cDNA or EST support), and were constructed by the careful manual
analysis of RNA-seq-supported introns in concert with PhyloCSF data and comparative
annotation, as described below.

Comparative annotation

The annotation of coding or pseudogenic sequences was initially inferred based on PCCRs as
discussed in the main manuscript. However, all suggested annotations were also investigated in
depth based on a process of manual comparative annotation. This process was seen to be
essential in providing confidence in the annotation.

Comparative annotation proceeded according to the following workflow.

Human vs mouse

Firstly, manual HAVANA gene annotation equivalent to that performed on the human genome
was also carried out on the mouse reference genome, version GRCm38/mm10. This was done
to provide additional confidence in the human annotations, i.e. through the demonstration of
conservation, but also to simultaneously improve the mouse GENCODE gene set. The progress
of new mouse annotations into GENCODE and Ensembl occurs along essentially identical lines
as described for human above, including visibility after 24 hours on the GENCODE annotation
update trackhub.

The transcriptomics datasets used to support mouse annotation, in addition to nucleotide
sequences in GenBank, were:

e PacBio data generated by GENCODE using a capture-seq methodology (Lagarde et al.
2017)

e Short-read RNA-seq data generated by the mouse ENCODE project (Mouse ENCODE
Consortium et al. 2012). These had already been converted into read-supported introns
by the Ensembl project. As for human, these data were not interpreted based on
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computationally assembled short-read transcript models.

e CAGE data provided by the FANTOMS project (The FANTOM Consortium and the
RIKEN PMI and CLST (DGT) et al. 2014).

e PolyAseq data provided by Derti et al (Derti et al. 2012).

Orthologous mouse annotation was attempted for all prospective human annotations, i.e. for
both new genes and new transcript models within existing genes, for both protein-coding genes
and pseudogenes. The first stage was to establish gene orthology between the two species. For
extensions to ‘known’ genes -- i.e. genes that were already recognised as functional protein-
coding genes -- this was straightforward based on the existing Ensembl gene catalogs (which
contribute to the Ensembl Compara gene homology resource), as well as EntrezGene. For
prospective newly identified protein-coding genes and pseudogenes, human and mouse gene
orthology was initially extrapolated through an investigation of whole-genome alignments.
However, the accuracy of these alignments was manually assessed in all cases. Gene synteny
between human and mouse was established manually, i.e. by a consideration of gene order.
Care was also taken to identify potential paralogous sequence relationships between human
and mouse that may have confounded the alignments. This was found to have occurred in
numerous cases, and we emphasise the importance of manual analysis in the demonstration of
‘true’ orthologous gene relationships. This is especially true for the establishment of orthology
across more distant evolutionary relationships, as discussed below, and the analysis of genome
sequences of poorer quality than the mouse and human reference assemblies can provide
additional complications.

Once gene annotation had been performed on the mouse genome, the prospective human
genes or transcripts were manually compared against existing or new mouse counterparts.
Transcript sequences were aligned using in-house tools, taking special care to manually assess
splice site equivalency, and protein alignments were performed using Clustal Omega.

Analysis of other vertebrate genomes

Next, comparative analysis was performed on additional vertebrate species. The major focus
was on species whose genome sequences are included in the whole-genome alignments. The
phrase ‘comparative analysis’is used here because this process did not result in the creation of
annotations in public catalogs, as for human and mouse GENCODE. An exception is the
zebrafish genome, where annotations could be created for certain genes as part of the ZFIN
project, to which HAVANA previously contributed.

Vertebrate comparative analysis occurred along two lines, which were ultimately convergent.
Firstly, for prospective novel human protein-coding genes or pseudogenes, attempts were made
to find existing CDS annotations in other vertebrate species. This was done by NCBI BLASTP
analysis of the full non-redundant protein sequences collection held by GenBank (Altschul et al.
1990), and also by HMMER analysis of the full set of Ensembl vertebrate genome annotations
(Potter et al. 2018). Both searches were required as the Ensembl databases do not incorporate
RefSeq annotations, while the NCBI search does not analyse Ensembl annotations; however
both searches do analyse the SwissProt / UniProt catalogs. Furthermore, GenBank -- unlike
Ensembl -- also includes protein sequences from additional sources.

Secondly, vertebrate genome analysis was performed according to the same principles
described for human and mouse manual annotation, although by necessity according to more
basic criteria. Thus, gene orthology was initially suggested based on the whole-genome
alignments, before being manually investigated in more detail. Transcriptomics resources were
utilised according to availability, and knowledge of availability informed the choice of species
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genomes to initially focus on (as did knowledge of the quality of genome sequences). We note
the particular value to this study of the RNA-seq-based PLAR models generated and made
publicly available by Hezroni et al (Hezroni et al. 2015), which cover 16 vertebrate genomes.

Critically, where existing protein sequences were found for other vertebrate genomes based on
database searching, these sequences were reanalysed within the context of the genome of that
species. Thus, translations that were initially provided by (e.g.) RefSeq or Ensembl were
analysed in more depth using genome browsers, especially by a comparison against
transcriptomics data for that species. As noted in the main manuscript, we were frequently
found that the translations provided for these genes by RefSeq and Ensembl were not fully
accurate, and we could manually extrapolate the ‘true’ full-length CDS as part of this process.
We also caution that GenBank contains ‘low quality’ predictions based on the RefSeq
computational pipeline for other vertebrate species. These can apparently occur when protein
sequences are extrapolated from other vertebrate genomes based on comparisons against the
gene annotation catalogs of reference genomes like human and mouse. In these predictions,
the protein or CDS is artificially ‘fixed’ to provide an intact translation that matches that found in
other species. While this process can presumably provide ‘true’ translations from species
genomes that are ‘broken’ by genome sequencing errors, it can also mask genuine
pseudogenisation events, and -- in our experience -- even provide spurious translations for loci
that have no provenance as protein-coding sequence.

Ultimately, manual comparative analysis continued until we were satisfied that a thorough and
(as far as possible) accurate evolutionary ‘stratigraphy’ had been established for each protein-
coding gene or pseudogene. In other words, until we were confident that the provenance of
each gene could be established within the vertebrate phylogeny, as demonstrated by the
generation of a comprehensive multi-species protein alignment that satisfied the evolutionary
principles of parsimony. This last point is important: in comparative annotation it is vital that
arguments are not based only on the consideration of a small number of genome sequences
that support the original supposition, i.e. that a sequence is protein-coding.

Overlap of novel annotations with transposon sequences

As part of the human manual annotation process, we checked for overlap with transposons.
While it is well established that ancient transposons can contribute to the human proteome --
both by adding novel coding exons and by creating novel coding genes (Riordan and Dupuy
2013; Hayward et al. 2013; Sorek 2007) -- more recently inserted transposons can also be a
source of false positive protein-coding annotations (Abascal et al. 2018). We found that 27 of
our newly annotated protein-coding genes and 17 new CDS in previously annotated protein-
coding genes contained at least one base pair of overlap with a transposon identified by
RepeatMasker (Smit et al. 2013). However, in 21 cases the overlap was limited to an alternative
transcript rather than the PhyloCSF-supported transcript listed in Supplemental Data S2, while
for 18 cases the overlap was either a small fraction of the new CDS, was in a transposon call
that could be reappraised as a false-positive, or was in the uncertain region near the edge of the
transposon prediction. In the five remaining cases our comparative analysis verified that the
transposon insertion occurred near the base of the mammalian radiation or earlier, and we are
thus confident that these newly annotated CDS represent genuine ‘domestication events’ in the
human proteome. For example, 100% of the novel CDS within MED25 results from a DNA /
hAT-Charlie transposon that added alternatively spliced exons to a gene that is conserved in
vertebrates, and 69.4% of novel gene PNMASC overlaps an LTR / Gypsy element. This gene is
found across the mammal clade and is a paraneoplastic antigen-like protein, a family derived
from Gypsy-like transposons with the CDS being co-opted from a functional ORF within the
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transposon.

Assessing the novelty of annotations

We use the term ‘novel’ or ‘new discovery’ to describe a coding gene, coding sequence, or
pseudogene that, at the time it was made publicly available by GENCODE, was not considered
to be coding or, respectively, pseudogenic in the species under consideration in any of the
major gene catalogs, or, as far as we could determine, in the peer-reviewed literature.

More specifically, we considered protein-coding genes added to human GENCODE as part of
this work to be ‘novel’ if they satisfied the following criteria: (1) a corresponding protein-coding
gene could not be found in the RefSeq database at the time the GENCODE annotation became
publicly available (for most annotations this was RefSeq release 107); (2) the novel CDS did not
have a counterpart in the UniProt / SwissProt database at that time; (3) an equivalent human
protein-coding gene model could not be identified in the GenBank repository; (4) the protein-
coding gene had not been identified in earlier published ‘gene discovery’ efforts that we were
aware of (a comparison against the efforts of Mackowiak et al is included in Supplemental Data
S2). We considered pseudogenes and newly annotated CDS in known protein-coding genes
added to human GENCODE, or any annotations added to mouse GENCODE, to be ‘novel if
they were not in the RefSeq or UniProt catalogs at the time the annotation become publicly
available.

Note that GENCODE makes novel annotations publicly available every 24 hours prior to
incorporation into a full release, using the GENCODE Annotation Updates track hub available at
the Ensembl and UCSC Genome Browsers.
(http://ftp.ebi.ac.uk/pub/databases/gencode/update trackhub/hub.txt).

As pointed out in the Introduction of the main manuscript, by ‘novel’ we do not mean ‘de novo'.
While these genes have not been previously annotated in human, in many cases they have
orthologs that were identified by gene annotation efforts or experimental publications in other
species, or are paralogs of genes that are already known in human.

Additional considerations for the annotation of PCCRs in other species

Broadly, we envisage that the PCCR sets created for D. melanogaster, A. gambiae, and C.
elegans could be utilised according to a similar workflow to that presented for human;
specifically, based on a manual approach that systematically examines PCCRs sorted
according to SVM score. Each of these three organisms represents a ‘model species’, and as a
result each has an appreciable amount of corresponding experimental datasets to support
annotation, e.g. transcriptomics datasets. However, it is currently not clear whether the
stratification of annotation outcomes presented for the human analysis will also be borne out in
these species. There are several reasons for this, and these issues should also be considered
by users considering the creation of whole-genome PhyloCSF datasets for additional genomes.

(1) The ‘discoverability’ of novel features depends on the extent and quality of gene annotation
already available for a species. Obviously, if a genome has a relative paucity of quality
annotation, then there will be more novel features to discover. The D. melanogaster and C.
elegans genomes have been manually examined for many years by the respective FlyBase and
WormBase projects. In contrast, the gene annotation of A. gambiae originates from
combinations of automated annotation pipelines from Celera and Ensembl, later incorporating
Genewise-based updates, and subsequently improved with ongoing VectorBase and community
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curation.

(2) Discoverability will relate to the ‘biology’ of a given genome, specifically (a) the number of
protein-coding genes, (b) the complexity of protein-coding genes, including CDS size and extent
of alternative splicing, and (c) the size of the pseudogene compliment.

(3) The quality of a genome sequence can affect the fidelity of PhyloCSF signals, as well as the
accuracy of existing gene annotation. Errors in a genome sequence -- e.g. incorrect bases,
sequence insertions, sequence gaps etc -- can disrupt CDS, and our experience in the Ensembl
project is that disruptions often incorrectly manifest as pseudogenic regions during
computational annotation. Thus, we recommend that apparent pseudogenic regions identified
by PCCRs in the three invertebrate genomes are re-evaluated in the context of genome
sequencing information, e.g. the presence of known assembly problems. In our experience,
variation datasets also provide an excellent resource for identifying unrecognised genome
errors. Conversely, we note that the analysis may in fact identify novel variants, i.e. linked to
polymorphic gene / pseudogene loci.

(4) We suspect that the quality of transposon annotations available for a genome may also have
consequences for the generation of PCCRs. Pertinently, certain classes of transposons contain
open reading frames, and if these are not ‘masked’ it is plausible they will manifest as PCCRs
(presumably due to the codon frequency component of PhyloCSF as opposed to the
interspecies-substitution component).

PhyloCSF and browser tracks

Multispecies alignments used for PhyloCSF were obtained from the UCSC Genome Browser
(Casper et al. 2017), except for the Anopheles alignments, which were generated as described
previously (Neafsey et al. 2015; Jungreis et al. 2016). Alignments and PhyloCSF parameter sets
are summarized in the table below.

Species Assembly PhyloCSF Parameter Sets Alignments
Human hg19 29mammals 29 mammal subset of 46 vertebrates
Human hg38 29mammals Liftover from hg19 + special 29 mammal subset

of 100 vertebrates (see below)

Human hg38 58mammals 58 placental mammal subset of 100 vertebrates
Human hg38 100vertebrates 100 vertebrates

Mouse mm10 29mammals 29 mammal subset of the 60 vertebrates
Chicken galGal4 49birds 49 sauropsids

Drosophila melanogaster (fly) dm6 23flies 23 Drosophila subset of the 27 insects
Caenorhabditis elegans (worm) cel1 cel1 8 Caenorhabditis subset of 26 worms

AgamP4 Anopheles gambiae AgamP4 21mosquitoes 21 Anopheles

PEST strain (mosquito)
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We began working with the hg38 / GRCh38 human assembly before whole-genome alignments
were available for that assembly, so scores for most codons were obtained by using liftover to
find the corresponding codon in hg19, and then using the hg19 score of the resulting codon.
When the 100-way vertebrates hg38 assembly became available, we added scores for codons
that did not liftover to hg19 using a 29-mammal subset of the 100-vertebrates hg38 alignment,
consisting of the species Human, Chimp, Rhesus, Bushbaby, Mouse, Rat, Squirrel,
Rabbit, Pika, Alpaca, Dolphin, Cow, Horse, Cat, Dog, Microbat, Megabat, Hedgehog,
Shrew, Elephant, Tenrec, Armadillo, Chinese tree shrew, Guinea pig, Marmoset,
Star nosed mole, Manatee, Brush tailed rat, and Chinese hamster, and then
dividing the score by 0.97 to make it as comparable to the lifted-over hg19 scores as possible.
Subsequently, we also computed scores for every codon in hg38 directly using the 100-
vertebrates alignment and, separately, using the 58-placental-mammals subset of the 100-
vertebrates alignment.

Splice site predictions shown in the browser tracks were computed using the maximum entropy
method (Yeo and Burge 2004), trained on splice sites from D. melanogaster for dm6, C. elegans
for ce11, A. gambiae for AgamP4, and human for the other assemblies.

We computed PhyloCSF Candidate Coding Regions for hg19 (human) using GENCODE v19,
for mm10 (mouse) using GENCODE version M5, for galGal4 (chicken) using Ensembl version
82, for dm6 (D. melanogaster) using version 6.15 from www.flybase.org (Gramates et al. 2017),
for ce11 (C. elegans) using version WS259 from www.wormbase.org (Lee et al. 2018), and for
AgamP4 (A. gambiae) using version 4.8 from www.vectorbase.org (Giraldo-Calderén et al.
2015). We computed PhyloCSF Candidate Coding Regions for the hg38 human assembly using
GENCODE v23, and those are the ones whose counts are reported in the Results section. We
have also computed PhyloCSF Candidate Coding Region lists relative to later GENCODE
versions for use by the community.

For the hg38 human assembly, we computed three sets of regions, using:

1. the liftover PhyloCSF scores from hg19 based on the 29 mammals alignment,

2. the scores computed in hg38 using the 58-mammals alignment, and

3. scores computed using the 100-vertebrates alignment.
In each case, we computed three sets of rankings (for a total of nine region-list/ranking
combinations) by using the original “fixed” PhyloCSF score for each region and scores
recomputed for each region using the “mle” option with the 58-mammals or 100-vertebrates
alignments. Most of our work was done using the 29-mammals regions with the original “fixed”
scores, but we also investigated the lowest-ranking regions from each of the other eight
combinations on an ad-hoc basis, which led to several additional new annotations, including five
protein-coding genes labeled ‘re-ranking’ in Supplemental Data S2. For dm#6, ce11, and
AgamP4, we only computed rankings using scores recomputed using the “mle” option.

Human variation

Germline single-nucleotide variants in the CDS portion of a newly annotated coding gene or of a
previously annotated coding gene containing new CDS were obtained from Ensembl release 91.
Previously annotated coding genes containing new CDS are listed in the “Notes” field of lines in
Supplemental Data S1 having category “coding exon(s)”. The new CDS in these genes refers to
any genomic intervals in these genes that were annotated as coding in GENCODE v28 but not
annotated as coding in GENCODE v23. Derived alleles were determined using the hg38 100-
vertebrates alignment. The sample of previously annotated CDS used for comparison consisted
of the previously annotated CDS in the coding genes containing new CDS.
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Variants associated with disease were found by searching for SNVs in newly annotated CDS or
adjacent splice sites having p-value less than 5 x 10®in the EBI GWAS catalog (MacArthur et
al. 2017), accessed through the gwascat R package
(http://bioconductor.org/packages/gwascat/, image version dated August 3, 2015), and
autosomes in the UK Biobank GWAS summary statistics for 2419 traits provided by the Neale
lab (http://pheweb.sph.umich.edu:5000/about, accessed December 20, 2017). One SNP,
rs576793567, was excluded because it is in a CDS that was added to GENCODE for reasons
unrelated to this project. Variants shown in Figure 3C and corresponding p-values are from the
genome-wide meta-analyses conducted in (Tedja et al. 2018). Linkage disequilibrium was
based on the EUR population in the 1000 Genomes Project (Nov 2014). Chromosomal
coordinates and annotations shown in Figure 3C are from GENCODE v19 in the hg19
assembly.

The CDSs added to eight known genes -- TBC1D30, LMTK3, FAM83H, CRYBG1, RHOT1,
PLEKHG4B, NEDDA4L, and SPTBNZ2 -- were either discovered or reclassified as coding after the
variation analysis in this study had already commenced. These annotations are thus included in
the total gene feature counts presented in the main text, although not in the variation
calculations. Subsequently, we observed that these CDSs do not overlap any GWAS variants in
the EBI catalog, or disease-linked variants in ClinVar.

Supplemental Data Formats

Supplemental Data S1-S6 are tab-delimited text files that can be viewed in a spreadsheet
application or accessed programmatically. The fields are described below.

Supplemental Data S1

All PCCRs that were subjected to manual analysis. Each row corresponds to a cluster of one or
more PCCRs. All genome coordinates are from the hg38 assembly.

e ‘PhyloCSF start’ and ‘PhyloCSF end’ list, respectively, the first and last genomic
coordinate of the 5 and 3’ PCCR in a cluster.

e The number of PCCRs that make up a cluster is also listed, alongside the coordinates of
the PCCRs in the cluster (the ‘PhyloCSF region ID’). It is possible that not all PCCRs
within a cluster that led to productive annotation were individually informative.
Meanwhile, certain clusters were found to elucidate multiple separate features, and so
row counts extrapolated from this file do not precisely equate to the number of protein-
coding gene and pseudogene identifications described in the main text.

e ‘Top rank’ lists the rank of the best (i.e. lowest ranked) PCCR in a cluster. This was
based on the set of 29-mammals regions built on hg19 using the ‘fixed’ option and ‘lifted’
onto hg38, with the exception of the nine clusters listed as ‘re-ranking’ in column K (see
below), whose ranks were based on the set of regions built on hg38 using the 58-
mammals alignment and ranked using the ‘mle’ option, as discussed in the “PhyloCSF
and browser tracks” section of Supplemental Methods.

e CpG island overlaps were defined in-house; ‘yes’ indicates that at least one PCCR in the
cluster has a coordinates-based overlap with a CpG prediction.

e Brief notes are provided on the interpretation of the PCCR cluster, as deduced by
manual annotation.

o ‘Putative regulatory region’ is used to denote clusters that did not lead to
productive annotation and potentially represent genomic elements in either
promoter or enhancer regions. Such manual interpretations were based on the
resources provided by the Ensembl Regulatory Build.

o Meanwhile, clusters were considered ‘potentially spurious’ when they did not
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correspond to prospective open reading frames, and did not appear to represent
regulatory regions based on current data.
The ‘Category’ column is defined as follows

o Definitions for the annotation categories ‘not annotated’, ‘coding exon(s)’,
‘protein-coding gene’, ‘pseudogene’, ‘pseudo-exon’ and ‘pseudogene extension’
are described in the main text. For pseudogene categories, if an HGNC gene
symbol listed in the Notes column is placed in parentheses, this indicates that
this symbol is for the inferred parent gene (for processed and unprocessed
pseudogenes) and not the pseudogene locus itself. Official pseudogene symbols
are listed without parentheses, while Ensembl IDs (words beginning with ‘ENSG’)
are only listed for the pseudogene itself. Note that in a small number of cases,
the PCCR cluster was seen to include more than one separate locus (‘shared
cluster’).

o ‘immunoglobulin segment’ describes those PCCR clusters that overlap a known
immunoglobulin locus in GENCODE, which are categorised separately to protein-
coding genes. These entries were removed from further analysis.

o ‘known assembly issue’ describes a small number of cases where the coding
potential of a locus cannot currently be described in GENCODE because a
known error in the genome sequences prevents annotation.

o ‘redundant’ describes cases where the CDS or pseudogene annotation
overlapped multiple clusters, and the annotation is described at a cluster row
elsewhere in the sheet.

o ‘under investigation’ describes clusters that we consider likely to have genuine
evolutionary provenance as protein-coding regions, but that could not
immediately be used to create CDS or pseudogene annotation according to our
criteria. After the completion of this study, six of these clusters led to the
annotation of protein-coding genes (category “under investigation; now made
coding”) but they are not counted in the totals reported here.

The ‘List’ column indicates the stage of the analysis in which the PCCR cluster was
investigated, as described in the Results section:

o ‘first 1000 PCCRSs’ denotes the 658 clusters containing the top 1000 ranked
PCCRs;

o ‘lincRNA PCCR'’ denotes clusters that overlapped GENCODE lincRNA genes;

o ‘previously unannotated PCCR’ denotes clusters with a top rank of between 1001
and 2,200 that did not overlap any previously existing GENCODE category;

o ‘re-ranking’ denotes clusters based on the set of 58-mammals regions built on
hg38 that were investigated in an ad hoc manner.

The ‘Novel?’ column defines whether the annotation was novel at the time it was made
public, as defined in this document in the section ‘Assessing the novelty of annotations’.
Novelty was only assessed for the protein-coding gene, coding exon and pseudogene
categories.

Supplemental Data S2

All protein-coding genes added to GENCODE during this study.

‘Novelty’ describes our classification of the novelty of the gene annotation, as described
in the ‘70 protein-coding genes are new discoveries’ section of the manuscript.

The ‘HGNC gene symbol’ for each locus is provided by the HUGO Genome
Nomenclature Committee (HGNC). This work is ongoing, and genes without an official
name and symbol are instead noted by the generic clone-based symbol provided by
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Ensembl.

The CDS start and end coordinates are from the hg38 genome assembly, and list the
first coordinate of the initiation codon and the last coordinate of the termination codon
respectively.

The ‘Top rank’ is the rank of the best (i.e. lowest ranked) PCCR in a cluster, based on
the 29-mammals alignments.

‘List’ notes the stage of the analysis within which the locus was found, as per
Supplemental Data S1; i.e. the analysis of the first 1000 top-ranked PCCRs signals
(‘1000), the analysis of lincRNAs (‘lincRNA’), or the analysis of additional regions up to
rank 2,200 that previously had no GENCODE annotation at all (‘'unannotated’).
Alternatively, 4 CDS were identified as paralogs in the vicinity of a novel protein-coding
gene, while 5 CDS were identified based on an ongoing effort to reappraise PhyloCSF
ranking based on additional genome alignments (re-ranking).

‘Model status’ notes how the transcriptional annotation of the locus has changed since
GENCODEV22, prior to its annotation or re-annotation during the course of this work.
CDS were thus described variously as being on a ‘gene added’ to GENCODE, on an
‘existing transcript’ that did not require any modification to its length or intron / exon
structure, on a ‘transcript extended’ that was modified to incorporate the entire CDS, or
as a ‘spliceform added’ to GENCODE within an existing gene.

The specific biotype of the model in GENCODE v22 is listed where annotation was
previously found at the locus.

Each gene is also listed by its ‘Human GENCODEvV28 gene ID’ (an Ensembl gene ID),
and the 'Human GENCODEV28 transcript ID’ is used to specify the model within that
gene which contains the CDS reported in this file. Ensembl IDs became available once
the initial manual annotations were incorporated in a GENCODE release; all human
annotations were available in GENCODE v28, which is the annotation used for Ensembl
release 92, except for transcript ENST00000637802 in EDDM13, which was included in
v27 (as ENST00000637802), mistakenly removed in v28, and was reinstated in v29 (as
ENSTO00000649256).

‘Conservation’ details the most distant evolutionary relationship across which an ortholog
of the gene has been identified with confidence, and synteny maintained. This is
essentially simplified to mammals, avians, xenopus, coelacanth, or vertebrates (i.e. the
gene is found in all vertebrate genomes analysed, with a preservation of synteny).
However, certain paralogs are noted as unique to human or primates. Furthermore,
where a prospective ortholog has been identified without the conservation of synteny this
is noted.

Mouse Ensembl IDs are provided for GENCODE M18. An exception is gene
ENSMUSG00000118462, added in the latter stages of this study and first available as
an annotation model in M19. A ‘known coding gene’ in mouse was one that had been
annotated in either RefSeq or mouse GENCODE prior to being rediscovered here. Thus,
a ‘previously undescribed coding gene’ was created as part of this work, and had not
apparently been described previously in any other annotation databases at the time the
annotation was made.

A non-human representative model is provided for all non-paralog cases. If the locus is
conserved in mouse but not beyond mammals, the mouse ID in the previous column is
considered sufficient. Other listings are variously RefSeq models, HAVANA zebrafish
models, CDS predicted by the AUGUSTUS in silico annotation pipeline (Stanke et al.
2008), PLAR models based on transcript data including short-read data (Hezroni et al.
2015), or in a small number of cases genome coordinates for a manually identified CDS
that does not have transcription evidence in that species. In many cases, the CDS
provided by these third party annotations were seen to be not precisely correct, and
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efforts were made to manually ‘complete’ the model by considering other experimental
datasets.

All human and mouse loci were subject to manual expression profiling based on short-
read data, as described in the Methods and Supplemental Methods. The use of a variety
of experimental approaches and datasets makes it difficult to infer accurate
quantifications, and these data were therefore used simply to suggest expression
patterns of potential interest for future investigations.

Where applicable, ‘Contemporary RefSeq annotation’ lists the RefSeq model equivalent
to the CDS transcript annotated as part of this work at the time these annotations were
made. Certain RefSeq loci have since been updated, including cases where the update
was made based on the sharing of the information presented here (see main text).
‘Bicistronic?’ notes if the transcription of the CDS is linked to that of an adjacent gene,
i.e. based on the sharing of exons

Further information is provided in the ‘Comments’ column, which more generally
provides any pertinent observations regarding the CDS, for example in terms of its
potential functionality. If a protein is regarded as ‘uncharacterised’ that means we are
currently unable to provide any insights into its nature based on the work presented here
(for example, we have not detected homology to other known proteins).

‘Peptide support’ lists whether the CDS has supporting peptides from mass spectrometry
datasets: ‘Kim et al’ highlights cases where we identified these matches as part of the
reanalysis of the ‘draft proteome’ datasets carried out in this study (see Results and
Methods), while ‘neXtProt’ highlights cases where we subsequently found peptide
support in the neXtProt database, as extrapolated from PeptideAtlas. Note that Ensembl
proteins can rapidly propagate into UniProt via curation, while the proteins in neXtProt
are derived from UniProt. Thus, the neXtProt entries corresponding to the 70 protein-
coding genes we refer to as new discoveries were ultimately ‘seeded’ by our original
annotations. Further information on the ‘Kim et al’ peptide support is presented in
Supplemental Data S4, while neXtProt entries can be queried using the Ensembl gene
ID at https://www.nextprot.org/. Following the publication of this work, we anticipate that
additional peptide matches will accumulate in neXtProt.

‘sorfs.orf’ support highlights CDS that are listed in this repository of short ORFs
previously identified in ribosome profiling assays (see main text); ‘no’ is listed only for
those CDS that are theoretically discoverable by the criteria employed.

‘Edge case?’ highlights those loci that were annotated as protein-coding genes based on
how we viewed the balance of probability, although without the same degree of
confidence as for other loci (see main text).

‘CDS sequence’ provides the translation of the human protein-coding transcript specified
by the 'Human GENCODEV28 transcript ID'. Note that unlisted alternative translations
have been annotated in GENCODE for numerous genes in this file based on transcript
evidence for alternative splicing.

Supplemental Data S3

Human unitary pseudogenes annotated in this study. Each row corresponds to a cluster of one
or more PCCRs.

The description of the first seven columns is provided in the legend to Supplemental
Data S1 or S2, as are the descriptions for human and mouse gene IDs.

‘GENCODEV22’ lists the annotation status of the pseudogene in that previous release.
The ID of the RefSeq model available at the time the pseudogene annotation was made,
if any, is listed.

‘Transcribed?’ indicates if there is manually-appraised RNA evidence for the
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transcription of the pseudogene.

The official symbol of the mouse gene provided by the Mouse Genome Informatics
institute is listed where available, as is the ID of the corresponding RefSeq annotation
available at the time the mouse annotation was made.

‘Point of pseudogenisation’ notes the evolutionary clade with which pseudogenisation
appears to be consistent based on genome alignments, e.g. ‘primates’ means that the
locus appears to be a pseudogene (i.e. the ancestral CDS is disrupted) in all primate
species with genome sequence in the 100-way vertebrate alignment resource at the
UCSC Genome Browser.

An apparent coding model described within an outgroup species of this clade is listed, as
is the nature of the mutation event(s) leading to pseudogenisation (PTC: Premature
Termination Codon, i.e. nonsense mutation).

‘Notes’ provides additional insights into the locus, including information on protein
homology if available.

Supplemental Data S4

Peptide support for human CDS annotations.

'Peptide’ indicates the sequence of a single peptide obtained from mass spectrometry
(see Methods), with [J] representing either [I] or [L] as these amino acids are
indistinguishable.

'GENCODE gene ID' and 'GENCODE transcript ID' are as listed in Supplemental Data
S2.

'Tissues (no. PSMs)' lists the tissues in which peptides were found, and the number of
times a peptide was found per tissue (Peptide Spectrum Matches; PSM).

'"Total PSMs' provides the total peptide count.

'RNA expression notes' provides information on the RNA expression profile of the
relevant transcript, based on contemporary transcriptomics data (see Methods). For new
protein-coding genes, this information is duplicated from Supplemental Data S2. For new
coding exon(s), information has been obtained relevant to the alternative transcription
event, e.g. CAGE data for alternative first exons and RNA-seq intron data for alternative
splicing (see also legend for Supplemental Data S2).

‘Notes’ indicates the nature of the transcript model containing the PhyloCSF Candidate
Coding Region.

'Category' distinguishes new protein-coding genes from new coding exon(s).
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Supplemental Data S5

GWAS variants in newly added CDS. This is a tab-delimited text file with information about the
118 protein-altering SNVs in new CDS for which significant associations with diseases or other
traits were previously found. It includes the SNP id; chromosomal coordinates; reference and
alternate nucleotides, codons, and amino acids; minor allele frequency; list of transcripts;
containing genes; indication of the level of novelty (from Supplemental Data S2, plus ‘New CDS
in existing coding gene’); indication of whether it is in the CDS or (in one case) a splice site;
indication of whether it is missense or nonsense; source GWAS catalog (UK Biobank or EBI);
list of associated traits, with corresponding p-values and Z scores; and trait with strongest (i.e.,
lowest) p-value, with the abbreviation used in Figure 3A. For SNVs in new coding genes, we
have duplicated some of the information about the gene from Supplemental Data S2 that might
be helpful in analyzing the trait association, including human and mouse expression data.

Supplemental Data S6

Details of PCCRs in manually evaluated clusters. Information about each of the 4035 PCCRs in
clusters that were manually evaluated, including PhyloCSF and SVM scores, position with
respect to previously known annotations, and the result of manual annotation. These are the
PCCRs included in the “PhyloCSF region ID” column of Supplemental Data S1. The columns
are the same as those in the data files in the PCCR repository (described here:
https://data.broadinstitute.org/compbio1/PhyloCSF Candidate Coding Regions/README.html)
with the addition of two columns, ‘AnnotationCategory’ and ‘AnnotationNotes’, that show the
'Category’ and ‘Notes’ fields of Supplemental Data S1.

Supplemental Tables

Supplemental Table S1

TranscriptRegion Breteinceding (fecding f dog pseudo-exon pseudog.ene . un.r.l er' gl L i redundant | Total
gene exon(s) investigation y issue d
Extension5p 0 13 0 4 0 7 0 0 1 1 26
Extension3p 0 1 0 4 0 0 0 0 1 0 6
ExtensionMid 0 11 0 0 1 0 0 0 1 0 13
CDS 2 8 4 3 0 6 0 0 6 1 30
UTRS 8 42 5 10 2 4 0 0 3 6 80
UTR3 2 14 0 5 0 0 0 0 3 0 24
NC 86 87 36 4 21 4 38 36 3 60 375
CDSintron 3 84 4 11 0 1 0 0 8 6 117
UTR5intron 0 6 11 8 0 0 0 0 1 0 26
UTR3intron 0 0 0 0 0 0 0 0 0 0 0
NCintron 4 5 20 1 10 1 0 0 3 11 55
AntiCDS 0 0 0 0 0 0 0 0 23 0 23
AntiUTR5 0 0 0 0 0 0 0 0 3 0 3
AntiUTR3 0 0 0 0 0 0 0 0 1 0 1
AntiNC 2 0 0 0 0 0 0 0 1 2 5
AntiCDSintron 7 0 4 0 0 0 0 0 5 0 16
AntiUTR5intron 0 0 4 0 0 0 0 0 0 0 4
AntiUTR3intron 0 0 0 0 0 0 0 0 0 0 0
AntiNCintron 7 4 6 0 0 0 0 0 1 2 20
Intergenic 50 26 63 0 8 3 1 0 10 15 176
Total 171 301 157 50 42 26 39 36 74 104 1000

Counts of top 1000 PCCRs by transcript region and annotation type. Counts of PCCRs among
the top-ranked 1000 that resulted in each kind of annotation (‘Category’ in Supplemental Data
S1), broken down by transcript region (overlapping CDS, extension of CDS, UTRs, etc.) defined
by the ‘OverlapTypes’ in Supplemental Data S6. If a PCCR has several overlap types, only the
first one is counted. If a PCCR has no overlap types, it is counted as ‘Intergenic’.
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Supplemental Figures

Supplemental Fig. S1. PhyloCSF Support Vector Machines.

(A) ROC curve for the SVM used to distinguish PhyloCSF Regions overlapping protein-coding regions in
the antisense frame from ones overlapping in the coding frame. We excluded from further consideration
regions whose scores were less than 0.3, a threshold that admitted 99% of our positive training examples
while excluding 94% of our negative training examples. (B) ROC curve for the SVM used to rank the
PCCRs. (C) Density plots show values of the four features used by the SVMs, computed on PhyloCSF
Regions overlapping protein-coding annotations in the coding frame (black), ones that overlap protein-
coding annotations in the antisense frame (red), and ones that do not overlap protein-coding or
pseudogene annotations in any frame on either strand (green). Protein-coding overlapping regions were
distinguished from antisense overlapping regions using the score per codon, the per-codon difference
between the score on the two strands, and the length of the region in codons. The SVM used to rank the
PCCRs used these features plus the relative branch length of the local alignment.

S1A. ROC curve for antisense SVM
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S1B. ROC curve for PCCR-ranking SVM
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Density

S1C. Density plots of features used by SVMs
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Supplemental Fig. S2. PhyloCSF specifically distinguishes protein-coding
conservation

UCSC Genome Browser image illustrates how PhyloCSF differs from measures of nucleotide-level
conservation such as phyloP and phastCons. In the particular segment of human Chromosome 1 shown,
the signal in the PhyloCSF tracks (light green) is a nearly exact match (green boxes) to the coding exons
of the CEP85 models and the top model of SH3BGRLS3 (thick blue rectangles in the GENCODE track),
indicating that PhyloCSF specifically detects selection for protein-coding function. In contrast, the phyloP
and phastCons tracks (blue and dark green, respectively) include many signals of nucleotide-level
conservation in non-coding regions (red boxes and smaller unlabeled regions) because nucleotides can
be conserved for many reasons other than protein-coding function. The bottom model of SH3BGRL3 was
previously annotated according to the criteria of the GENCODE project, which allow for 'putative’
alternative translations to be described on alternatively spliced transcripts based on their similarity to the
canonical CDS. However, there is no independent evidence that the inferred protein isoform exists, and
the stop codon is not conserved beyond gorilla. The lack of PhyloCSF signal at the 3’ end (purple box)
flags this annotation as suspect.
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Supplemental Fig. S3. Additional novel genes

Additional novel human loci annotated based on PhyloCSF PCCRs. CDS are shown as open green
rectangles, UTRs in red. Additional transcript models have been omitted for clarity. Supporting PCCRs
are displayed below the transcript models, with the top rank highlighted. cDNA evidence is shown in
brown. RNA-seqg-supported introns are shown as dark blue rectangles. Multi-species protein alignments
for each locus are collated in Supplemental Fig. S4 (E-I). (A) EDDM13 is a novel human protein-coding
gene with a 161-aa CDS identified based on a cluster of PCCRs with a top rank of 609. The gene was
previously annotated in GENCODE as an antisense INcCRNA on the opposite strand to ZSCANS5A. There
are no human cDNAs associated with the locus, while EST analysis had led to the annotation of a series
of short models without obvious coding potential in GENCODE v22 (two of which have now been re-
annotated as nonsense-mediated decay candidate models; purple CDS). The novel CDS is conserved in
mammals, and the ENST00000637802 transcript model is supported by a combination of exonic
conservation, deep splice site conservation and partial intron coverage in the Intropolis database. Eleven
of these exons are ‘microexons’ under 30 bp in size, which likely explains why just four have associated
PCCRs. The locus was previously recognised as protein-coding in mouse (Epp13), where full-length
cDNA evidence was available. Mouse has an additional 9-bp exon that has apparently lost its
transcriptional potential in the human genome due to splice site mutation. FANTOMS CAGE data indicate
that the locus is highly and specifically expressed in epididymis in both human and mouse (data taken
from the ZENBU browser, precisely redrawn for clarity), and mouse cDNA AY226991 is derived from
epididymis. (B) SMIM41 is a novel human protein-coding gene with a 93-aa CDS, discovered based on a
PCCR with a rank of 562. The protein-coding transcript (ENST00000546390) was previously described in
GENCODE as a non-coding transcript within the OR7E47P pseudogene locus, as the cDNA used to
construct the former overlapped with the latter. The novel CDS was found to be conserved within the
mammal / avian clade. SMIM41 and OR7E47P are now classified as separate genes in GENCODE. A
protein-coding gene was added to mouse GENCODE (Smim41) based on cDNA evidence. The
untranslated 3’ exons of the human and mouse models are non-equivalent, and the mouse genome does
not contain an ortholog of the human pseudogene. RNA-seq data from Human Protein Atlas (HPA) and
mouse ENCODE indicate that these loci are appreciably expressed in most normal tissues. (C) C10orf232
is a novel human protein-coding gene with a 186-aa CDS, identified based on a PCCR cluster with a top
rank of 118. This discovery depended entirely on PhyloCSF, as this region of the genome was previously
considered to be untranscribed. Modest short-read support for these introns have now been found in the
Intropolis database -- specifically in brain and eye assays -- and the CDS is confidently supported by
comparative annotation, with syntenic conservation observed within mammalian and avian genomes. The
gene may in fact be older based on homology to fish models that lack synteny (e.g. carp XP_018954235).
The novel mouse protein-coding ortholog (Gm30797) displays strong FANTOMS CAGE support specific
to inner ear cells (data from the ZENBU browser, precisely redrawn for clarity), and weak RNA-seq
support in brain / nervous system experiments in ENCODE datasets. The human FANTOMS5 CAGE
datasets do not contain any ear-related experiments. (D) ENSG00000285043, a novel human protein-
coding gene, identified based on a PCCR cluster with a top rank of 226. The 139-aa CDS was identified
within the 5" UTR of ALDOA. This novel CDS, like ALDOA, is apparently conserved amongst vertebrates.
In human, it has not been possible to find transcripts covering the novel CDS that do not also utilise
exons of the ALDOA CDS (e.g. cDNA BC004333), and there is no evidence for polyadenylation to
support 3’ end annotation prior to the ALDOA initiation codon. Although there is no cDNA or long-read
evidence to unify the orthologous novel mouse protein-coding gene (ENSMUSG00000114515) with
Aldoa, short read RNA-seq coverage indicates that transcription routinely continues beyond the currently
annotated endpoint of model ENSMUST00000207534 into the Aldoa locus. However, ALDOA and Aldoa
share two conserved promoter regions downstream of the novel CDS termination codon (P2 / p2 and P3/
p3), based on FANTOMS CAGE data in both species; this suggests that, while the novel CDS is not
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independently transcribed from ALDOA (based on current evidence), ALDOA can be transcribed
independently of the novel CDS. Zebrafish protein-coding gene ENSDARG00000097765 is clearly a
distinct locus to aldoaa (though adjacent), including polyadenylation features (‘polyA’) to confirm its 3’
end. FANTOM5 CAGE and RNA-seq data indicate that expression from the promoter of the novel CDS
(P1/p1)is largely limited to testis and cancer cell lines in human and mouse, while ALDOA is
ubiquitously transcribed at high levels from P2 / p2 and P3 / p3. (E) PFN5P is a novel unitary pseudogene
in human GENCODE, identified based on a PCCR with a rank of 335. It is orthologous to novel mouse
protein-coding gene Pfn5. Neither the human pseudogene nor the mouse protein-coding gene include
any introns; however, their CDS have full-length homology to Profilin 1 and 2 proteins, which are multi-
exon loci, indicating that the locus was likely formed by retro-insertion. The human CDS is disabled by a
premature termination codon that does not correspond to a known SNP, which is also found in ape
genomes. The mouse locus has a testis-specific expression profile (based on ENCODE RNA-seq read
coverage), while the human pseudogene is also transcribed in testis (transcript model
ENSTO00000637712 has been annotated based on three ESTs to accompany the pseudogene model
ENST00000636088).
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S3A. CDS discovered on novel transcript within a previous IncRNA gene
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S3B. CDS discovered within a pseudogene-overlapping transcript
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I " ——"""""{_] ENST00000634842

I | s BB PhylocsF Pccr

= Intropolis

Mouse Gm30191
B V""" ENSMUST0000020550
Mouse CAGE
Experiment name sense strand ->

Atoh+ inner ear hair cells — organ of corti pooll
Sox2+ supporting cells — organ of corti, pooll

Inner ear stem cells, 1st generation Bosi3
Mesenchymal stem cells, differentiation to adipocytes o
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S3D. Novel CDS identified within ALDOA 5’ UTR

Human ENSG00000285043:

b3 ALDOA
e PN

} M~

W

1| | 226

H i i+ H—H-Ha

Mouse ENSMUSG00000114515
Aldoa

pl
PRV 1 ®

p2

ENST00000395240
ENST00000563060
ENST00000338110

PhyloCSF PCCR
BC0O04333

ENSMUST00000207534

PE-0NTIDCME ENSMUST00000032934

PI—"—{0NTI00E ENSMUST00000106348

Zebrafish ENSDARG00000097765
Aldoaa

(o

S3E. Novel unitary pseudogene

Human PFN5P:

[ |

T ——
=
———————————————
.|
.

HPA RNAseq

Mouse Pfn5

Mouse ENCODE RNAseq
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Supplemental Fig. S4. Multi-species protein alignments

Multispecies protein alignments for the gene examples presented in Figure 2 and Supplemental Fig. S3.
All alignments were produced using Clustal Omega. (A) Alignment for SMIM31, Figure 2A. The
coelacanth translation (‘coe’) was taken from PLAR model

EnsShortNonCoding|3p|XLOC_155298| TCONS_00200728|0:0.366284|93AA|72AA|(72aa). (B) Alignment
for C100rf143, Figure 2B. The Xenopus translation (‘xen’) was taken from model OCT69938. (C)
Alignment for CCDC201, Figure 2C. The chicken translation was derived from Ensembl model
ENSGALT00000020330. However, manual analysis found that this model incorporates a 5° UTR exon
that is poorly supported by transcript data, and removing this exon allowed for the CDS presented here
(‘chk’). The accuracy of this improved chicken CDS is supported by full-length alignments to unmodified
RefSeq models from other bird genomes such as Numida meleagris (LOC110390840) and Meleagris
gallopavo (LOC104910070). The pig translation is from RefSeq model LOC106506856. Although the
protein alignment is particularly divergent within the second coding exon, addition confidence in this
comparative annotation is provided by the conservation of synteny (anchored by genes IGFBP1 and
ADCY1), the conservation of splice sites, and the conservation of reading frame. (D) Alignment for
H2BET1, Figure 2D. The chicken translation (‘chk’) is taken from existing Ensembl model
ENSGAL00000013346. (E) Alignment for EDDM13, Supplemental Fig. S3A. (F) Alignment for SMIM41,
Supplemental Fig. S3B. The alligator translation (‘alg’) was derived from model g4669.t1. (G) Alignment
for C1orf232, Supplemental Fig. S3C. The chicken translation (‘chk’) was taken from RefSeq model
XP_429682. (H) Alignment for ENSG00000285043, Supplemental Fig. S3D, found within the 5’ UTR of
ALDOA, Supplemental Fig. S3D. The zebrafish translation (‘zeb’) was taken from Ensembl gene
ENSDARGO00000097765. (I) Alignment for PFN5P, Supplemental Fig. S3E. The human locus has been
annotated as a unitary pseudogene, with a premature termination codon common to ape genomes
indicated by a red asterisk. The dog translation was taken from Ensembl model ENSCAFT00000026220.

S4A. Alignment for SMIM31, Figure 2A

hum MELPYTNLEMAFILLAFVIFSLFTLASIYTTPDDSNEEEEHEKKGREKKRKKSEKKKNCSEEEHRI
mus MELPFTNLEVAFILLAFFIFSLFTLASIYTSPNERNEDDDFHLKEKRRKRKEFKGKKNCSDEEHKI

coe MALPFTNLEVAFILLAFVVFSIYTLASIYTKPEEKNSEIEEHEREQRMKRRASQIKKQKKMSPDVP
* kkokkkk.kkkkkkk -kk..kkkkkkk k.. Kk . - - - Kk . kK-

hum EAVEL-*

mus ETMQP-*
coe DANEIN*

S4B. Alignment for C100rf143, Figure 2B

hum MD------- SLALGRWR-QRRAEDLQVPGDVKRVCRRLEASGHE--RGCHQVNACALASW

mus MD------- SLASGRWR-RRRTEELPAAGDAKRACRRSEPGGYE--CSGHMLTTCALLSW

xen MDICGDMAMELDLAHVRKRHCMDDIGEFPNSKRTCRGLENLTNGDGILLNQLNECDMVYL
* % * PR I PR *k Khk * . . * -

hum GPEDRELPSRGCLPAPRPESGQGRLSTGISQNGGRSSAQPCPRCIAGESGHFSHTKNH*
mus STEDQEPRPR-GLPASQPDCSQERLSSMVLONGGRSSAQPCLRCISGESGHFNHTDNH*

xen QMQMA--ANKDSFQTLTPQR----- HQNMVVPGSMGSGQPCPRCIAGESGHINHILGL*
. s . * Kk _kkk kkk.kkkkk. *
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S$4C. Alignment for CCDC201, Figure 2C

hum MEPG--VQDLGLSSSEDESPSLAIRSPTLRKPLKHSTPEEAALGWSPRPSGGA-—--—-—--—-—

pig MELE--AQFPGWSSPEEEALGSGTSQPGPRRLLKHSTPEGAAVSWRSGLLGDVPS----P
chk MECNTMDSKPDFQMSEEEDSIPNVKRSLKRKLVKHSTPVDSMLSRKTLSLSGPINWLVKD
* % . . . *:* *: :***** s . ..
hum ----SYLSGSPMPA--—————— == —mm e HFSQDLASHPAGVSPPA
Pig QE-AGPAGASPLPA-—-——===== === PSSQGLPSPRAGLSPTA
chk QDLSKRAYVSPVPKSTPGRSVAQLSLASVEAYFPYMSPKRFSAVFDLQDSSREISQSSQV
* %k - % * *
hum TVRKRRLSTLWASKESSLDLS------ APGEEPPTSASLTQRQRQOROQQQQQQESLRAKS
pig PVRKRRLSTIRASGVSSGQLGSDADPWAFEEDPPVPASFTPRRRQRRQOQQOD-ASPQARR
chk VYSGRRLSTVLASDESNEEASEKAVS- SVETQTPTEA ——————————— SEKIAVTPKSGS
***** * % * . . * *

hum WAQNPGLPGILNTTGRKRRDPKKRAAAMERVRQWEIYVLQNIEEATQHELTIEDD*
pPig GPPHLGLPGIPNKTSRRRRDLKKLAAALERARQWEIRLLQSIEEATQHELTVQEE®*

chk SWMVSGIPGIKDPPMLKKKKID-KATVRKKQREWVLRQLINIEEATKHELTIEES*
*okkk - e L ke e. kek .k kkkkk-.kkkk:

$4D. Alignment for HZBE1, Figure 2D

hum MSAEYGQRQQPGGRGGRSSGNKKSKKRCRRKESYSMYIYKVLKQVHPDIGISAKAMSIMNS
chk MSAESGRMR----GHPSSSGDKKSKRKPKRKETYSVYIYKVLKQVHPDTGISSKAMSIMNS

*kkk ko . hkkokkhkhk:: shkhkk kk-hhkhkhkhkkkhhhkhkk dhhkk.kkkkhhkk
hum FVNDVFEQLACEAARLAQYSGRTTLTSREVQTAVRLLLPGELAKHAVSEGTKAVTKYTSSK*

chk FVNDIFERLAVEASRLAQYNHRSTITSREVQTAVRLLLPGELAKHAVSEGTKAVTKYTSSK*
hkkk -kk-kk Kkk-kkkkk ko k.hkhkkhkhkhkhkhkhhkhkhhhhhhhhhhhhhkhhkkkkkkkkk

S4E. Alignment for EDDM13, Supplemental Fig. S3A

hum MHRSEPFLKMSLLILLFLGLAEACTPREVATKEKINLLKGIIGLMSRLSPDGLRHNIT
mus MCRLEPFLKRSLVVLLFLGLAEACVPREVAMEEKIKMLKGILGLMGRLSPDGFRONII
h ok kkkkk khk.ohkhkkhkhkkhhhkk kkhkkk kkk. o okkkk.kkk kkkkkk.k.kk
hum S-LKMPPLVSPQDRTEEE---IKKILGLLSLQVLHEETSGCKEEVKPFSGTTPSRKPL
mus SSSKTPPLVITPDKSEEEMKILKRILGLLSLQVLNEETSNCKEEVKPPPATTTVRGL-
* ok kkkk: k. .kkk ckokkkhkkhkkkhkk kkkk Khhkkkkkk  kk %
hum PKRKNTWNFLKCAYMVMTYLFVSYNKGDWCYCHYCNLELDIRDDPCCSF-*

mus -VRTSGWNFLRCAYMVITFFFVSYNKGDWCYCRYCNPDLDLRDDPCCSFQ¥*
K kkkkokhkkkk ok khkkkkkkkkkkk.kkk . kk.kkkkkkkk

S4F. Alignment for SMIM41, Supplemental Fig. S3B

hum MNGSQAGAAAQ-AAWLS-SCCNQSASPPEPPEGPRAVQAVVLGVLSLLVLCGVLFLGGGLLLRAQGL
mus MNGSQVGAAAK-AAWL--SCCNQSGLPLGPPEGPRMVQAVVLGVLSLLVLCGILFLGGGLLLRAQGL

alg MNGTVSAEAPTVASLLSTGCAIVVGSEARSQHSVQVVQVAVLCVLCLTVIFGIVFLGCNLLLRAESM
*kk Lo* *. kK A L kk | kk kk Kk k. k. .kkk _kkkkk. -

hum TALLTREQRASREPEPGSASGEDGDDDS*
mus IALLARERHSTPEAEPGACGGDDDS---%*

alg MALLARDRRPSKEMEVGIAGT------- *
*kk koo o Kk ok ok
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$4G. Alignment for C1orf232, Supplemental Fig. S3C

human MNQAFWKTYKSKVLQTLSGESEEDLAEERENPA--LVGSETAEPTEETFNPMSQLARRVQ
mouse MNQAFWKTYKSKVLQTLSGESEENLAEERESPT—-LEESEKAEPTEETFNPMSQLARRVQ
chick MTQGIWGLYKARVLQTLGGARADGALQEEGEPSELMEAAEPPAVMEEGPGPVSQLARKVQ
* ok ok kk..kkkkk * . sk ke . X *k  _ kakkkkk.kk
human GVGVKGWLTMSSLFNKEDEDKLLPSEPCADHPLAARPPSQAAA AAEARGPGFWDAFASR
mouse GVGVKGWLTMSSLFNKEDEDKLLPPEPCADHPLAAPPSSQAATAETEPRGPGFWDAFASR
chick G————GWRTFSSLFTREDEHQLLNAEPCADHPLAAMPAELP————PTQKAGGFWDLFATK
* hk kokkkk kkk kk  hkkkkkkkkk * . *kkk kk-
human WQQQQAAAASMLRGTEPTPEPDPEPADEAAEEAAERPESQEAEPVAGFKWGFLTHKLAEM
mouse WQQQOQQAAASMLRGVETAAERDPEPQDKPDEEATECPETREADPAAGFKWGFLTHKLAEM
chick WQQASAPDKEVAPP ————— ELGESPTEPPG---DEGPSDLREPEEGAFRWGFLANKLAEI

*kk * . * . * x Lk kkkk . ckkkk .

human RVKAAPKGD*
mouse RVKAAPKGD*
chick RNKNASKGN¥*

* Kk ok Kk,

S4H. Alignment for ENSG00000285043, Supplemental Fig. S3D

hum
zeb
mus

hum
zeb
mus

hum
zeb
mus

S41.

hum
mus
dog

hum
mus
dog

hum
mus
dog

Mudge, Jungreis, et al.

MDASSSPWNPTPAPVSSPPLLLPIPAIVFIAVGIYLLLLGLVLLTRNCLLAQGCCADGSS
———————————— MAVPVWDLPIPLPAIIMISVGLYMVFLAVVLWCHHCLKAK-CDPRCSD
MDASPGPWNPAPASI-GPSLQLPTPAIVFIAVGIYLLLLGLVLLTRHCLLAQGCCTDCSS

* ok kkk.ok.kk.k..o.k .kk . .kk k. * *

PCRKQGSSGPPDCCWTCAEACNFPLPSPAHFLDACCPQPTRADWAPRCPRCCPLCDCACT

CCV---GFSPCEYCLVCAQSCDCRPPSLRSCLDNSCPSPN--—--—--—-~ CTMMDCACT

PCRKQGASETQDCCWSCAEACDFPLPSPTHCLDACCPHLSEAGWAPRCPGCCPLCDCACA
* s ok kk. ok *k *k _kk * . kkkk .

CQLPDCQSLNCLCFEIKLR*

CQPPECDSINCICFEIKFK*

CQLPDCQSLNCLCFEIKLR*

kk kokokokkokkkkk. .

Alignment for PFN5P, Supplemental Fig. S3E

MQCIQDVSEEVWQECLTLFLLTGTCYDAVIITNSPPWLLASYSEGNLFQLTQEEIQILLA
MQSIEDVSHEVWQDCVKMCLQSELCSDAAIITNCPPWLLASFTEGNFTQITQEEIQTLLA
MQCIGDISEEVWQDCITLFLQTGMCCDAAIITNSPPWLLASYPEGNLLQLTQEEIQILLA
hhk k kok kkkk-k. Kk .k kk kkkk Khkkkkkk. kkk. k.kkkkkk kkk
REGREKLFLQGVTLAGTKCLLI*DNLYTEGNNTMYLRTKGQSQGSRAVTVVQIESVRLVV
REGREKLFLQGITLAGIKCLLIRDNLLTQGN-SMDLRTKGQSRSSQAVTIVQIESVFLVV
REGREKLFLQGITLAGTKCLLIRDNLYTEGNNTMDLRTKGQSRGSQAVTVVQIESVYLVV
hhkkhkkkhkhkhkhkhkdhhhkk khkkhkk *hkk Kh.kk -k khkkkkkk. k-kkk.kkkkkk *kk
IGQKGTEGGPLNLEAFEMAGYVREATIEQHVAHL*

MGKKGTEGGPLNLKAFEVAGYMREAILKKMAHS *

MGQKGTEGGPLNLKAFEMAGYIKEAIHQHMAHF*
sk akkkkkkkkkk hkk-kkk. kkk .- -kk
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Supplemental Fig. S5. Polymorphism evidence supports recent protein-
coding selection.

(A) Fraction of single nucleotide polymorphisms (SNPs) in all newly annotated CDS (left), in the subset
consisting of just the 70 novel protein-coding genes (middle), and in a sample of previously annotated
CDS (right) that are synonymous when translated in the annotated frame (blue) is larger than the
fractions in the theoretical translations in the other two frames (red and green), providing evidence that
these CDS, in aggregate, are under purifying selection at the amino acid level in the human population.
Error bars show the Standard Error of Mean. Because low-frequency variants have generally been
subject to constraint for a shorter time, this analysis was restricted to variants having minor allele
frequency greater than 0.01. Of 725 SNPs in new CDS, 281 (39%) would be synonymous if translated in
the predicted reading frame, a significant excess compared to the 26% on average if they were translated
in one of the other frames (P = 0.0006). When restricted to the 175 SNPS in novel protein-coding genes,
71 (41%) would be synonymous if translated in the predicted reading frame compared to the 27% on
average if they were translated in one of the other frames (P = 0.044). By comparison, 51% of SNPs
within a sample of previously annotated CDS are synonymous, compared with 21% in alternate reading
frames, perhaps indicating a previous bias towards finding and annotating sequences under stronger
constraint. (B) Cumulative distributions of derived allele frequencies for nonsense (black), missense (red),
and synonymous (green) single nucleotide variants (SNVs) in new CDS. Derived allele frequencies for
nonsense SNVs are significantly lower than those of missense SNVs (rank sum P = 0.002), which are in
turn significantly lower than those of synonymous SNVs (rank sum P = 3 x 10'8). Since purifying selection
tends to decrease the frequencies of deleterious derived alleles, this provides further evidence of
purifying selection on the amino acid sequences in the human population. Variants were obtained from
the Ensembl database (Zerbino et al. 2018). (C) Similar cumulative distributions as in (B), but for the
subset consisting of just the 70 novel protein-coding genes. The corresponding p-values are 0.14 and

5x 10'6, respectively.
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e e
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Supplemental Fig. S6. Alignhments of the candidate novel CDS in Figure 4

Alignments rendered using CodAlignView. Each alignment includes 10 codons before and after the
proposed CDS (gray). Insertions in other species relative to the reference species are hidden for clarity.
(A) Candidate novel protein coding gene or additional cistron in 5’-UTR of D. melanogaster nudE gene.
(B) 5’ extension of an exon of D. melanogaster gene CG33743, including possible translational
readthrough of a TAG stop codon. (C) A 1271 amino acid candidate novel protein coding gene in C.
elegans. (D) Three candidate alternative starts for C. elegans gene WBGene00006792 (unc-58). In each
case, start codon is perfectly conserved, splice site is predicted with high score, and reading frame is
preserved. (E) Candidate novel first exon of protein coding gene AGAP005849 in A. gambiae. (F)
Candidate novel protein coding exon in A. gambiae gene AGAP011962.

Legend

GAC No Change
GAT Synonymous
Conservative
(eleld Radical
TAA Ochre Stop Codon
- Amber Stop Codon
TGA Opal Stop Codon
ATG In-frame ATG
GA- Indel
GAC Frame-shifted
<6 Splice Prediction
[] Exon Break
. No alignment
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S6A. Candidate novel single-exon coding gene in D. melanogaster

¥ M s K I T K N S N K I DN KD S V S G E G S N S G D ODINTS TS S S DF E T S R
AAT ATG TCT AAA ATC ACG AAA AAC TCC AAT AAA ATT GAC AAT AAG GAT TCT GTA AGC GGG GAA GGC TCA AAT AGT GGG GAC GAT AAC ACG TCC ACA AGT TCA AGT GAC TTT GAA ACA AGC AGA

B rca BEE acT - cacf

Aac -- ACA AGT - aGT - 1T -
afar] P\ B&H Acc Aca
@ act Tca BEE cac @ Gan Aca acc BGE

dtak--MTnu
drho caa aac AT 666 688
afic [EHE HEE BAT cca
dper caa aac HAG 68
dmir caa aac HAG HEE [6H8 676 |

IntronPred 2> <7
dmelea Xk B K L R R K § C R N V S Y H Y B A L P M R V VvV G E N V A A L P Q T P S S T R D L T L S S A 0 I I E
dmel AAA CAC ARA CTA CGC CGC AAA TCC TGT CGA AAT GTA TCA TAT CAT TAT CAT GCG CTG CCC ATG CGC GTA GTT GGC GAA AAT GTT GCA GCA CTG CCA CAA ACT CCC AGC TCC ACT CGT GAT TTA ACA CTA AGC TCA GCT CAA ATA ATT GAA
dsimARA CAC ARA CTA B&H B ARA TCC TGT CGA AT GTA TCA TAT CAT TAT CAT GCG CTG CCC ATG CGC GTA GTT GGC GAA ART ACT CGT GAT TTA ACA [l AGC TCA GCT CAR ATA ATT GAA
ACT CGT GAT TTA ACA [l AGC TCA GCT CAR ATA ATT GAA
aar B Tca TaT cat TaT [BB) GCG CTG CCC ATG CGC GTA GTT GGC GAA can Act cec ace G Fen 668 oA BGH cTa AGC TCA GCT CAA ATA ATT GAA
[ G B ccc ATG coe GTA GTT GGe GAA AAT [

IntronPred 6>
dmelaaD S S D S E F # I §$ D D T S N DA P AN K S I T F T AR PTILETIKTYDTELETYTIRTEKTELTRTZ KT REKTKZKTP S K
dmel GAT AGT TCC GAC TCT GAG TTT CAT ATT TCG GAC GAT ACC AGC AAC GAT GCG CCG GCC AAC ARA TCG ATA ACG TTC ACA GCA CGT CCA TTA GAG ARA TAT GAT TTG GAA TAT ATA AGA AAA CTA CGT AAA CGC ARA ARA ARG CCG AGT ARA
dsim@RE acT Tcc GRE TCT GAG TTT CAT ATT HEH CCG GCC AAC AMA TCG ATA ACG [ Aca B8 cGT CCA TTA GAG AAA TAT GAT [l GAA TAT ATA AGA AAA CTA CGT BRG ce AAA BRE AAG CCG AGT AAA
CCG GCC AAC AAA TCG ATA ACG [l ACA GCA CGT CCA TTA GAG BAG TAT GAT 8 GAA TAT ATA AGA AAA BERY cGT BAG cc Aaa BAE AAG CCG AGT AAA
[BEE cca cor coa TN GAG AAA TAT GAT TTG GAA TAT ATA AGA AAA [iA coT BRG ccc [\ BAE Aac ccG AGT AaA
BAE aac cce

7 cmmc.nmmm- [66A ana ccc ana AnA -AGTAAA

GA
dkik GAT AGT TCC GAT HCA cac @ car arT Tce [B¥ caT acc acc - GAT
{688 ar 68 ¥ ca BEE acc aac BAE

drho 888 Act rcc BRH M8 cac TrT car Atc Tcc [BH] car acc acc BEE car B

dgri GAT AGT TCC GAT
IntronPred>

dmelaaT L Y V D * I S5 N N N C * P G L
dmel ACT TTA TAT GTT GAT BB ATT TCA AAT AAC AAC TGT TGA CCA GGG CTG
dsimact U5
dsec ACT [Ii6 TAT GTT GAT AR ATT TCA AAT AAC AAC TGT TGA CCA GGG CTG
dyak BGA TTa TaT PNl GAT TAR ATT TCA AAT|

A A e A
dgr1 WG avc B Aal TAT TR ca [ K 900 JAE 966 aa- ca|

IntronPred 4

FlyGene_chr3L.:9898731-9899168
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S6B. Candidate novel exon extension in D. melanogaster - possible stop-codon
readthrough

¢c L PR CEGOCGTIFODRTCTFROQYPRZ®RTETLTETRT DTCGTCOQTFATLTLTHTZEKA ATDV E S
; TGC TTG CCG CGA TGC GAG GGC TGT GGT ATC TTC GAC CGC TGC TTC CAG TAT CCG CGA AGG GAG CTG GAG CGC GAC TGC GGC TGC CAG TTT GCC CTG CTG CAC AAG GCG GAT GTG GAG AGC

AAA AAA CAG TGC TTG G 88 TGC GAG GGC TGT GGT ATC TTC GAC B8 TGC TTC CAG TAT cG B8 AGG GAG CTG GAG CGC GAC TGC GGC TGC CAG TTT GCC CTG CTG CAC AAG GCG GAT GTG GAG AGC
B cac cac Tec TTC CAG TAT ccG B8 AGG GAG CTG GAG CGC GAC TGC GGC TGC CAG TTT GCC CTG CTG CAC AAG GCG GAT GTG GAG AGC
AAA CAG TGC TTG cCG [B8E TGC GAG GGC TGT GGT ATC TTC GAC CGC TGC TTC CAG TAT G 88 AGG GAG CTG GAG CGC GAC TGC GGC TGC CAG TTT [B8H CTG CTG CAC AAG GCG GAT GTG GAG AGC
cac Tee TTG ccc 888 Tac cac cae 88 GeT ATC TTC Gac ce Tac [l cac A ccc 686 B8E cac CTG GAG CGC GAC TGC GGC TGC CAG TTT Gee CTG B8 CAC AAG GCG GAT GTG GAG AGC
CAC AAG GCG GAT GTG GAG AGC
B Gac cec i@ TTc cac TaT ccc (686 668 BAE cc BAR cec cac &R coc MEH cac i ccc crc B8 cac aac ce BAE 6TG 6ac Acc
GAC CGC TGC TTC CAG TAT CCG (666 AGG Gac 6 GAR cec cac &R cec M6 caG TTT Gee CTG CTG CAC AAG GeG BAE GTG GAG AGC
& [ GAC CGC TGC TTC CAG TAT CCG CGA AGG GAG CTG Al CGC GAC TGC GGC TGC CAG TTT GCC CTG CTG CAC ARG GCG GAT GTG GAG AGC
CGC TGC TTC CAG TAT CCG CGA AGG GAG CTG GAG CGC GAC TGC GGC TGC CAG TTT GCC CTG CTG CAC AAG GCG BAB GTG GAG AGC
rc B8 cec Tec Trc cac Tat B 688 BEE cac cTe GAG cac GaC TGc 6Ge Tec cAc 8 GCC CTG CTG CAC AAG GCG GAT GTG GAG AGC
TC GAC c6c T6C il cAG TA GG GAG CTG GAG CGC GAC TGC GGC TGC CAG TTT GCC CTG CTG CAC AAG GCG BBE GTG GAG AGC
TC GAC c6c T6C T1C cAG IR cc 688 AcG GAG cTG 6aG [BEE GAC TGC GGC TGC CAG TTT GCC CTG CTG CAC AAG GCG BAE GTG GAG AGC
{668 rcc [l cac TaT cco GG R cT BBH CGC GAC TGC GGC TGC CAG TTT GCC CTG CTG CAC AAG GCG
rc BB cec TGC TTC CAG TAT CCG cGA [BBE GAG CTG GAG CGC GAC TGc Gac i cac il e et cTG cac aaG Gee ca B8 6AG Ace
rc BB cec TGC TTC CAG TAT CCG cGA (88 GAG CTG GAG CGC GAC Tac Gac [l cac il e et cTG cac AaG Gee cat B8 6AG Acc

IntronPred 3> <3 1>

dmelaa * 0 P A H R E A S S A A V S A A S 5 #H G H G H § H G T
ame? [l cAA cCA GCG CAC CGC GAA GCC TCC TCE GCG GCC GTG AGC GCG GCG TCC AGT CAC GGA CAT GGT CAC AGC CAT GGC ACT CC
dsim[@88l cAA CCA GCG CAC CGC GAA GCC TCC TCG GCG GCC GTG BB GCG Gee TCC AGT cac GGa cat [l CAC AGC CAT GGC ACT CC
asec [l caa cca cee cac cec caa cee T8 e 6o cec et @ cee 6o Tec AGT cac Gea car Ml cac ace car cee acr cc
aya [l caa cca e cac cec caa eee Tee Tee 6o (B8l eTc ace cee 6o Tec BEH cac [l car Bl cac acc car cee acr cc
dere [l caa cca Gee CAC CGC GRA GCC TCC TCG GCG GCC GTG AGC GCG GCG TCC BBH cac cea ca Bl ~cc car coclll cc
dbia il caa cca Gee cac cec Gaa 6ee Tee e 6o (B8R erc BEH B8 cec Tec BEH cac cea car MM Acc car cec acr co
asuz [l caa cca 6ee cac cec Gaa 6ee Tee e 6o [GER et KGR GA CAT GGT CAC AGC CAT GGC ACT CC

afic [l caa cca GCG CAC CGC GAA GCC TCC TCG GCG GCC GTG - GCG - Tcc Bel -
CAA CCA GCG CAC CGC GAA (666
dper 88 caa cca cea cac cac can 666

da1b [Hl8 caa cca B
dgri [l caa cca
IntronPred

FlyExonExtension_chr2R:22629737-22629909
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S6C. Candidate novel 1271-AA coding gene in C. elegans

Celegans aa # L R L & A A T £ I M L L A E K E N D K I A Q L P F A H L R T E § G A R I I A L V D S G A Q T § I I
C_elegans GAG T7G AGA
C_brenneri
C_remanei .
c_briggsae il
c_japonica il B30
C_tropicalis|s
C_sp_5_jusool
IntronPred

Celegans aa s E K A A L Q N N F
C_elegans TCC GAA AAA GCA GCG CTC CAA AAT AA'

¢_prensont I
C_japonica e

IntronPred

Celegansaaa P G F R R M A T K F R A P E F C D E D L E V L Q ©Q N G vV E F D E I R M A Y Y R D G T P V D L I L G
C_elegans GCT CCA GGT TTC AGA CGA ATG GCG ACG AAA TTC CGA GCA CCC GAA TTC TGT GAC GAG GAT CTG GAA GIT CTG CAG CAG AAT GGC GTG GAA TTT GAT GAG ATA AGA ATG GCC TAT TAT CGA GAT GGA ACA CCG GTG GAT TTG ATT TTG GGA

C_japonical
C_tropicalis
C_sp__5_ju800
IntronPred

CelegansaaN D Vv I N K I T R L R T R I H I E L P S K R § Vv E K T v I G N F Y H P P W L E D A I V L E E E S A G
CeleqansAATGATGTAATCAATAAAATTACACGCCTGAGAACACGAATACATATCGAATTGCCAAGCAAAAGATCGGTGGAAAAGACGGTCATCGGGMTTTCTACCATCCTCCGTGGCTCGAAGATGCGATAGTGTTGGAGGAGGAATCAGCTGGA

c_japonica ARG %Y
c_tropicalis ARG
C_sp__5_3ju800 AAT (¥}
IntronPred <3

Celegansaa Kk @ I S T @ v L H M @ I F A M E I E E E § R K E K 0 0 S 0 0 K L A K L V E K § M D L E T I G I E K P
c,elegansmcmmrTcaAcAcmamc-mcumccmmrr-rccscsmcsmm-rcusmcauuAGAmGAGmcucmrcccAGcmmsc-rcscAmesrTsAsmc-rcAAmcmCNGAGACAMCGGAATCGAAAAGCCG
C_brenneri .
C_remanei
c_briggsae .

IntronPred

Celegans.aa S A L K S
C_elegans AGT
c_brenneri [

C_tropicalis|[d
c_sp_5_jusoo ¥ ccT

IntronPred

Celegansaa K K L I § L F N T K M R D K § T R A A A D R A I R E @ L E A G I T E I V K P E M D G D G P I F Y N P
C_elegans AAA ARA CTG ATC TCC TTG TTC AAT ACG AAA ATG CGA GAT AAA TCG ACG AGA GCA GCG GCA GAT AGA GCG ATA AGA GAG CAA CTA GAA GCT GGA ATT ACG GAA ATT GTG AAG CCG GAG ATG GAT GGC GAC GGT CCG ATT TTC TAC AAT CCA
c_brenner (18 B

¢_japonica
_tropicalis[f
C_sp__5_jusoo
IntronPred

CelegansaaL G I v I K E E § Q@ T T K T R M vV T D A S S H A K G E L § L N N V L H A G P P L M N K I Q@ G I L M R
C_elegans TTG GGA ATA GG ATT AAA GAA GAA TCT CAA ACA ACG AAG ACA AGG ATG GTT ACG GAC GCT TCT TCT CAT GCA AAA GGC GAA TTG TCG CTT AAT AAT GTG CTT CAC GCG GGT CCT CCA CTG ATG AAC AAA ATT CAA GGG ATC CTA ATG AGA

c_japonica
C_tropicalis
C_sp_ 5_jug0o
IntronPred

Celegansaa c R N R § F L Vv Vv § D L E K A F H K V 6 L A R § C R N L T R F L Ww F K D VvV E K G P I P G N F I E L R
C_elegans TGT CGA AAT AGA TCG TTT CTA GTC GTA TCG GAT CTG GAA AAA GCG TTC CAT AAA GIT GGA TTA GCA AGG AGT TGC AGA AAT TTG ACT AGA TTT CTA TGG TTC AAA GAT GIC GAA AAA GGT CCG ATA CCA GGA AAT TTT ATC GAG CTT CGT

IntronPred

Celegansaas T R I T F 6 ¢C Vv ¢ § P F L L A G T I L L Y L D I F P H E I N N 9 I K T N L Y Vv D N V & M L A E S E
C_elegans TCA ACG AGG ATT ACG TTC GGA TGT GTA TGT TCA CCT TTC CTA CTC GCG GGG ACA ATT CTT TTG TAC CTG GAT ATT TTT CCA CAT GAA ATC AAT AAT CAG ATA AAA ACC AAT CTG TAC GTC GAT AAT GTG GCG ATG TTA GCA GAA TCG GAA
c_brenneri i 7eT [§6H 66 T A B Led Lo

IntronPred <6

Celegansaa Kk E I L @ L Y E D 9@ K E v F T R M H M K I R E F VvV T N A G E A T E K M E P E D R A K G A H C K L L G
C_elegans AAG GAG ATC CTT CAG CTG TAC GAG GAT CAA AAA GAA GTT TTT ACG AGA ATG CAC ATG AAA ATC AGG GAA TTT GTC ACA AAT GCA GGA GAA GCA ACG GAA AAA ATG GAG CCG GAA GAT AGA GCA AAA GGA GCA CAC TGT AAG CTA CTC GGA

aarf arcl r[arafcar] AT [ana crT cTG
[T 1 | B i s

e caclo frocki¥ans an [ (656 56
I I N e S S S
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c_briggsae
C_japonica
C_tropicalis
C_sp_5_3ju800
IntronPred <3 <1

ATG
886 TG cac ATG
ATG CAC ATG
¥ arc [B¥8 arc

Celegans aa® v W N § L L b T L E I XK I A T P P E G I P T K R @ I V A F N A S N Y D P C G L M T P I T V K L R Q
C_elegans CAT GTT TGG AAC TCG TTG TTG GAC ACG TTG GAG ATC AAA ATT GCG ACG CCA CCA GAA GGA ATT CCG ACG AAG AGG CAA ATA GTG GCT TTT AAT GCC TC
¢_brenneri B 6TT TG E

CelegansaaL I 0 0 L W N F K L E w K D K I 2P E E L I N T W E E V K § 0 F T E K Vv ¥ v I P R K L S R I M D F E E
C_elegans CTG ATT CAA CAA CTC TGG BAT TTC ARA TTG GAG TGG AAG GAC AAA ATT CCA GAA GAA CTG ATA AAT ACC TGG GAA GAA GTG ARG AGC CAG TTC ACA GAA ARG GTA TAC GIC ATT CCG AGG AAA TTG TCA AGA ATT ATG GAT TTC GAA GAA
¢_brenneri B8 AT

IntronPred

Celegansaa Vv E L I A F S D A S K W T Y A A A I Y L R F T Y P D G A V E T S L V M S K A R M K P A N G G T E F T
C_elegans GTA GAG CTC ATT GCA TTT TCC GAC GCT TCA AAA TGG ACA TAT GCA GCA GCG ATT TAT TTG AGA TTC ACT TAT CCG GAT GGT GCA GTG GAG ACG TCG TTG GTG ATG TCA ARA GCA AGG ATG AAG CCG GCG AAT GGA GGA ACT GAA TTT ACA

C_sp_5_ju800 Gra ¥ Arc
IntronPred<l

Celegans aa I P K M E L I § L E L A S N A A V Y T L K E I Q@ I P I K R V T F F § D S T c T I Y W TS SKTR S M
C_elegans ATT CCA ARA ATG GAG TTA ATT TCA TTG GAG TTG GCT TCG AAC GCG GCG GTC TAC ACG TTA AAA GAA ATT CAA ATT CCG ATT AAA AGA GTG ACG TTT TTC TCA GAT TCC ACG TGC ACA ATA TAT TGG ACT ACG AGC AAA ACC AGA TCA ATG
C_brenneri ATT arc BB 656 BFE rca atc 6AE v 68|
c_remanei Bl cca 76 GAA BTG ATc fiGE ATc cac (NI 668
c_briggsae &5 |
c_japonica Big cca X atc BB 658

C_tropicalis

c_sp_5 ]uBOD-CCAAAAATGGAG-ATG
IntronPred

Celegans aas D S R W I E N R V K A V K G N M N 7 I R E E F G A § S T V R Y V E § E 0 N P A D L A T R G C § I E
C_elegans TCA GAT AGC AGG TGG ATA GAG AAC AGG GTG AAA GCT GTA AAA GGA AAT ATG AAT ACG ATT CGA GAG GAG TTT GGA GCA TCT TC
c_brenneri [6# AA- === —=a Tcc aac B6A TG Aaa ACG [GCA EAR G-= aaT G ET GTa coa Tac G|
C_remanei . - {688 Tac
c_briggsae TTT
C_japonica GIT ca-

C_tropicalis B€6 G-

v 668
HeH Azc GG [T 616 -CAGAATCCAGCA-- BGA coa

IntronPred2 4> <4

Celegans aa E L K N H K L W K ¢ G P E F L E K D E D G W P K K L N\ G T P A D P Y E F R R Q A V E A E I I K E T E
C_elegans GAG CTA ARA AAT CAC ABA TTA TGG AAA TGT GGT CCA GAA TTC CTC GAG ARA GAC GAA GAT GGG TGG CCA AAG AAG TTG AAT GGA ACT CCA GCA GAT CCT TAC GAA TTC CGG AGA CAA GCA GTT GAA GCG GAA ATT ATA AAG GAA ACA GAG
C_brenneri GAG B Ara AAT AGT CA= 7€ TG [} Gca HEH cca B8 car A aTT GTA aaG
¢_remanei GAH cTaA
C_briggsae AAT
C_japonica
C_tropicalis GAR CTA
C_sp__5_ju800
IntronPred

Celegansaan D V I XK T E I K S M E I F K K A T I V P F E 8§ A K ¢C M R R L T I T V K K V F Q F I N N C W K K M M
C_elegans GCG GAC GTC ATC ARA ACA GAA ATA AAA TCG ATG GAA ATA TTC AAA ARA GCC ACA ATT GTA CCT TTC GAA TCT GCG AAA TGT ATG AGA AGA CTG ACG ATT ACT GTG ARA ARA GTA TTT CAA TTT ATC AAT AAT TGT TGG AAA AAA ATG ATG

C_tropicalis
C_sp__5_ju800
IntronPred

Celegans aa k R R E L E K R R B A B § T Vv I R E F N K A D F E G D E vV E K R R I A R R F I M Q Q K Y E D A K V R
C_elegans ARA AGA AGG GAA TTG GAG AAG AGA AGA GAA GCG GAA TCT ACA GTA ATC CGA GAG TTC AAT ARA GCC GAT TTC GAG GGA GAT GAA GTT GAA AR AGG AGA ATT GCA AGA AGG TTC ATA ATG CAG CAA CAC TAC GAA GAT GCA ARA GTG AGA
¢_brenneri [
C_remanei GAR.

C_briggsae

IntronPred

Celegans aa F G W K A G G
C_elegans TTC GGA TGG AAA GCA GGC GGT

C_tropicalisCTG AAT -
C_sp__5_jus0o TT. [0
IntronPred

Celegansaa R L I F M E I H E K L K H Q@ G I @ D M I 8§ E F o T K Y W M E K M V 0 T A K K L R N D C V I C R K Q H
C_elegans CGG CTC ATA TTC ATG GAA ATC CAC GAA AAA TTG AAA CAT CAG GGA ATA CAG GAT ATG ATC AGC GAA TTC CAG ACA AAA TAT TGG ATG GAA AAG ATG GTT CAG ACG GCC ARG AAA TTG AGG AAC GAT TGT GTA ATA TGC AGA AAA CAA CAT

c_tropicalis/CGH CIH
c_sp__5_3ju800 AGE cTC
IntronPred
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Celegans.aa A R 8§ F N Y P G T T E I P P E R T D F A G P F K H I 6 V D Y I 6 P I A Y K I G E E R E K 8§ W I M L A
C_elegans GCG AGA AGC TTC AAT TAT CCT GGG ACG ACG GAG ATA CCA CCT GAA AGA ACG GAT TTC GCG GGT CCT TTT AAG CAT ATT GGA GTC GAC TAC ATC GGT CCG ATC GCA TAT AAA ATC GGT GAA GAA CGT GAA AAA AGT TGG ATT ATG TTG GCA

IntronPred

Celegans.aa T ¢ V Vv T R A V H L E L V T D N T § F 6 F I N A L K R M I 8 R R G I P E T I L S D N A P S F K L G F
C_elegans ACT TGC GTC GTA ACA AGA GCA GTA CAT CTG GAG CTG GT'T ACT GAC AAT ACA AGC TTT GGA TTC ATT AAT GCT CTG AAA AGG ATG ATT TCG AGA CGT GGG ATA CCT GAA ACA ATT TTA TCA GAC AAT GCC CCA TCG TT"
C_brenneri AcT H6H T 888 cca B3 car cre cac arc BN 0 cac HEE T

c_remanei BH Tcc [T

C_tropicalis ca
C_sp__5_ju800 AGE WeH ca GTA caT cTG [GRH X GFE AcT cac aa BEE
Intronpred <0 <

Celegansaas I I N @ D L A T A vV D G C E L M T § ¥ L A S N o I K I K H I V P G A P W Q G G V Y E H G G § I § R
C_elegans TCT ATT ATT AAT CAG GAT TTG GCG ACG GCA GTA GAT GGT TGT GAA TTG ATG ACG TCA TAT TTG GCA AGC AAT CAA ATT AAG AT GGA GCG CCG TGG CAA GGA GGA GT'T TAT GAA CAC GGT GGT TCA ATC TCT AGA
Tce ATG B8H cca

C_japonica S8 aTT G can B8 ca
c_tropicalis A6H aTc BTG X% 666 Tcc caa cea Goa A TaT BAE © 1]
c_sp_ 5_jusoo [ ate cce 766 can G886 BEE M BRG can L. J L Lo L LU ol
IntronPred <

Celegansaaw R @ T R S I A N N C L N F K P F T R H R F § P F F A D F N R F § V § F L L F F F V K § K K C V L F
C_elegans TGG AGG CAR ACA CGC TCT ATT GCG AAC AAT TGT TTA AAT TTC AAG CCT TTC ACT CGG CAT CGA TTC TCT CCG TTT TTT GCC GAT TTT AAC CGT TTT TCC GTA TCT TTT TTG TTA TTT TTT TTT GTA AAA TCG AAA AAG TGT GIC TTG TTT
C_brenneri .
C_remanei .
Cc_briggsae .
C_japonica .
c_tropicalisl
C_sp_5_jusook

IntronPred

Celegansaa @ vV v s E K I R G K @ R S V G V G R K E N E L § E F F D E F § * K I 1T K ¥ F F oL I
C_elegans CAG GTA GTA AGC GAA AAA ATT CGA GGA AAA CAA AGG AGC GTC GGC GTG GGC AGA AAG GAA AAC GAA TTA AGT GAG TTT TTT GAC GAG TTC TCT AR AAA ATC ACA AAA TAT T
_brenneri .
C_remanei .
Cc_briggsae .
C_japonica .
c_tropicalisl
C_sp_5_juso0l g
IntronPred C><9 <7 0>

WormGene_chrl:2054512-2058327
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S6D. Three candidate novel start exons for C. elegans gene WBGene00006792 (unc-
58)

C_elegans_aa I R ¥
C_elegans ATC CGA TA

E P M F L R K F WUNOQWTITLETENA AR RTERMTTITVTILZP?PSGTX KKV HLEKTETPNTETL A
GAG CCA ATG TTC CTT CGA ARA TTT TGG AAC CAA TGG ACT CTG GAA GAA AAT GCA CGA CGG ATG ACC ATT ACG GIC TTG CCG TCG GGC ACC AAG AAA GTT CAT CTG AAA GAG CCC AAC GAG CTG GCT
/AG CCA ATG TTC CTT CGA BBG [IG TGG AAC CAA TGG ACT CTG GAA GAA AAT BT 66 ccG ATG Acc BTA acc rc 8 cce Tce cee acc BRA Ana BFE car crc aaa cac [6EE aac GAR
TGG AAC CAA TGG ACT CTG GAA GAA AAT GCA CGA CGG ATG Acc Bl ACG GTC TTG CCG TCG Ge Acc BAH AaA

B TGG AAC CAA TGG ACT CTG GAA BAE AT 6@ cca ccc ATG acc B acc 6
c_tropicalisBEN8 cca rac oG coc ea lcaAc [ cAG cca ATG TTC CTT CGA AAA @ TGG AAC CAA TGG ACT BB GAA GAA AAT GCA CGA CGG ATG AcC BEA AcG crc B8 cce Tce Goe acc BAE Ana BFA caT cTG Ana Gac [6EE Aac BAR

A
AT G rrc 68T Tcc B&H acc B aaa crT cat Al Ana 6ac ccc anc cac A 668

C_angariali.. .. | | . [..4 a6 TTC CTT (668 AnA BEE TGG MR caA TG AcT G GAE caa AaT cea B6H B6T AT BEA
C_sp__5_juB00 ATC crAm GCG cGGlTea AC GAG CCA ATG TTC [GH6 666 AnA [FFE TGG AAC CAA TGG ACT CTG GAA GAA AAT GGG CGA CGG ATG ACC Bl ACG GTC TTG CCG TCG GGC ACC AAG AAA Gl GAG CTG AAA GAG (666 aac BB cTc GEA
IntronPred <2

<1

Celegans aa E L Y P D L H D R G L F T F K 5 F F I
C_elegans GAA CTC TAT CCG GAT CTT CAT GAC AGA GGT TTG TTC ACA TTT AAA TCA TTT TTT ATT A
C_brenneri GAA B TAT CCG GAT
C_remanei GAA [ TAT

c_angaria Gaa B8 TaT ccc car coa ¥R GAR
C_sp__5_ju800 Gaa B8 TaT cc- === ~-a[¥® cac aca Ger 176
IntronPred <B

‘WormExon1_chrX:10117338-10117485

C_elegans_aa G P 5 T H A F R N v oM I F S 0 A F R N E Q F 8§ P A V A L F S A A G L I K T T A G I K E E E E N E Q 0
C_elegans GGA CCT TCA ACT CAC GCT TTT CGT TGA GTT ATG ATT TTT TCG CAA GCG TTC CGA AAC GAG CAA TTC AGT CCG GCG GTT GCT CTG TTC AGC GCC GCT GGT CTC ATA AAA ACG ACT GCC GGA ATC AAA GAA GAA GAG GAG AAC GAG CAG CAG
c_brenneri 67 Ge- (656 6 7 EER v~ I arc BH 6 F6H caa GCG TTC CGA AAC GAG CAA TTC AGT CCG GCG GTT GCT BB TTC AGC GCC GCT GGT CTC ATA AAA ACG ACT GG GGA ATC AAA GAA GAA BER
C_remanei |48 e= (656 67 (can B rc» B arc B8 B8 fGH caa cCG TTC CGA AAC GAG CAA TTC AGT CCG GCG GTT e BFA T BEH coc ceT cer Bl ATA AAA ACG ACT GCC GGA ATC AAA GAA GAA GAR
c_briggsae 666 lfc= ScA co e B ccr | TGA- ATG -- [BGH cAA GCG TTC CGA AAC GAG CAA TTC AGT CCG GCG GTT GCT CTG TTC AGC GCC GCT BBE CTC ATA AAA ACG ACT GCC GGA ATC AAA GAA GAA BAR GA(

C_japonicals an e Trc B66 RRE cac [BX B acT ccc oo B8 B8 cr TTc Acc Gec cer B8E BFE aTa aaa acc BEE ccc B8 atc aaa can BRE
c_tropicalis iGE

ATG
-- m 762 [ AT BTA FE TCG CAA GCG TTC CGA AAC GAG CAA TTC AGT CCG GCG GTT GCT CTG TTC RGH GCC GCT GGT CTC ATA AAA ACG ACT GCC GGA ATC AAA GAA GAA GAR
IntronPred 1> 2> <0

Celegansaa N N R K K G D v G E R 0 K V K
C_elegans AAT AAC AGG AAA ARA GGT GAT TAC GGG GAA AGG CAG AAA GTG AAG A

IntronPred

WormExon2_chrX:10113672-10113807

Celegans aa . # F K * K H F F s M V V I 8 P L Q L D A E Q L C H K L N 6 L Q G +* +* kK I F F P I *
C_elegans CTC CAT TTT AAA TGA AAA CAC TTC TTC TCG ATG GTC GTG ATT TCA CCG TTG CAA CTT GAT GCC GAA CAG CTT TGT CAT AAG TTG AAT GGA CTT CAA GGT [l [l 222 AT 777 T7C CCG ATT A
c_brenneri [GH6 247 777 i e HAE BAE 77| ATG GTC GTG ATT [EH cCG TTG CAA CTT GAG GEH GAA CAG CTT AAG TTG AAT GGA CTT CAA GGT A~ === === [=¢1l TTT-- --
C_remanei [Bi8[SA% 77T 222 TGA AAA cac [del TCG ATG GTC GTG ATT [l CCG TTG CAA CTT GAT Gec GAG GAR BFE TeT caT BAE TTG AAT Gea cTT caacerlma. L. Lo L. L.
c_briggsae [l -4 68 ¢ T TG ATG GTC GTG ATT BEH cG €8 CAA CTT GAT Gee GAA AR cT [GE cAT AAG TTG [ GGA CTT CAA GGT 6
c_japonica crc it [fee HAE e 688 BAE A7c ATG 688 TG ATT [ET ccc ITA can BTE GAG ccc GAG AR TTA ToT [N AAG TTG AAT Gea BT caa el
c_tropicalis [BH8[BAR TTT 2AA TGA AAA CAC rrc [l atG e oG BEA B6H ccc TTG BAG cTT cAT GEA caa GAR cTT [BEE CAT AAG TTG AAT GGA CTT CAA GGT TA.
c_sp__5_jusoo [l =A% [ HAH el BAE cat e TCG ATG GTC GTG ATT TCA CCG TTG CAA CTT GAT GCC GAA [GAR CTT TGT CAT AAG TTG GGA CTT CAA GGT [TA.

IntronPred 1><8

WormExon3_chrX:10111072-10111138
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S6E. Candidate novel first exon in A. gambiae

Agamp3_aa L

AgamP3 CTT GCC CAC CCC ACG CCC
agams1 crr cec cac ccc ace [l
AgamM1 CTT GCC CAC CCC ACG CCC
AmerM1 CTT GCC CAC|
AaraDl CTT GCC CAC CCC ACG
Aquasl crr
v e cac cec acG cccl

Achra (668 HEE

AmelcCl CT

RepiEl

IntronPred

Amin1 6 (666 =2

AgamP3_aa A A A
AgamP3 GCC GCC GCA TCA TCG CGC CGC TCG AAC CGG ARA CCT GCT ARA AGG GGA AGC CCC ACC GCC GAR CAG TAT GCA CCG GCG ARA CAA CAC ACC CCG ACC ACG CTC AGC CTC GGC CAG GTG TAC GTC CTG CTG GCG GTA CTG CTG GTC GGT ATG
AgamS1 GCC GCC GCA TCA TCG CGC CGC TCG AAC CGG ARA CCT BB@ ARA AGG GGA AGC CCC ACC GCC GAA CAG TAT GCA CCG GCG AAA CAA CAC ACC CCG ACC ATG CTC AGC CTC GGC CAG GTG TAC GTC CTG CTG GCG GTA CTG CTG GIC GET ATG

cG cee coe 88 aac cec ana cor B8E ArA AGG 6GA AGC [T ACC GCC GAA CAG TAT GCA CCG GCG AA CaA [SES BRY CCG ACC ACG CTC AGC CTC GGC CAG GTG TAC GIC CTG CTG GCG GTA CTG CTG GTC GGT ATG

Aganit1 GCC GCC GCA
AmerM1 GCC GCC GCi
AaraDl GC=

AmelC1 GCC GCC GCA

Astes1Ge-
AsteI2 G-
AmacM1 GC=
AfarF1Ge-
AdirwlGe-

Asins1 e

IntronPred

AgamP3_aa F

RatrEll..

v

L

Al

P

s

s

T

s

P

R

'CG CGC CGC TCG AAC CGG ARA CC!

C TCC AAT CCT
ceeT

s ¥~ R ¢ M D CAET®RAGTEKMSTRI K S S P S AGE- AVAPIKTA ATDTILS S I P S V AV A
TCC AAT CGT GGG ATG GAT TGT GCC GAG ACG CGG GCA GGG AAA ATG AGC ACC CGC AAG TCA TCT CCA TCC GCC GGG GAA GCG GTG GCA CCG ARA ACT GCT GAC CTG TCA TCG ATA CCG TCC GTG GCG GTA GCA
TCC AAT CCT GGG ATG (BN Gec [BRH R ccG GCA GGG AAA ATG AGC ACC CGC ARG TCA TCT CCA TCC GCC GGG GAA GCG GTG GCA CCG ARR ACT GCT GAC CTG TCA TCG N8 CCG TCC GTG GCG GTA GCA
TCC AAT CCT GeG ATG [N cee ¥ ACG CGG GCA GGG AAA ATG AGC ACC CGC ARG TCA TCT CCA TCC GCC GGG BB GCG GTG GCA CCG ARR ACT GCT GAC CTG TCA TCG [N& €CG Tec 6T6 GG [H aca

R S N R K P A K R G S P T A E Q Y A P A K Q H T P T T L § L G 0 V Y V L L A V L L V G M

AAR AGG GGA AGC CCC ACC GCC GAA CAG TAT GCA CCG GCG ARA (BB CAC ACC CCG ACC ACG CTC AGC CTC GGC CAG GTG TAC GTC CTG CTG GCG GTA CTG CTG GTC GGT ATG

cG cee coe 88 aac cac ana cor BBE ARA AGG GGA AGC CCC ACC GCC GAA CAG TAT GCA CCG GCG AAA CAA €CG ACC ACG CTC AGC CTC GGC CAG GTG TAC GTC CTG CTG GCG GTA CTG CTG GIC GGT ATG
Aquas1 GCC GCC GCA TCA TCG CGC CGC TCG AAC CGG ARA CCT BB@ AAA AGG GGA AGC CCC ACC GCC GAA CAG TAT GCA CCG GCG AAA CAA CAC ACC CCG ACC ACG CTC AGC CTC GGC CAG GTG TAC GTC CTG CTG GCG GTA CTG CTG GTC GGT ATG
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S6F. Candidate novel alternative exon in A. gambiae
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Supplemental Fig. S7. Candidate pseudogenes in D. melanogaster and A.
gambiae

(A) Alignment of D. melanogaster candidate novel unitary pseudogene at positions 21837089-21837485
on the ‘-’ strand of Chromosome 2L, identified by a cluster of PCCRs. Propensity of substitutions to be
synonymous (light green) and conservative amino acid changes (dark green) shows that this region was
protein coding in the Drosophila ancestor, but frame shifts (orange) and in-frame stop codons (cyan,
magenta, and yellow) have disrupted the reading frame in the five species of the melanogaster subgroup
(D. melanogaster, D. simulans, D. sechellia, D. yakuba, and D. erecta) and independently in D. elegans.
We have found no homologous region within D. melanogaster so this is probably a unitary pseudogene.
(B) A cluster of A. gambiae PCCRs (green rectangles) identify a candidate pseudogene at positions
23749550-23752332 on the ‘+’ strand of Chromosome X, an ortholog of protein coding gene
AGAPO007772. The PhyloCSF signal (green wiggle track) changes frame several times and there are
several in-frame stop codons (red rectangles in corresponding lines of base position track), indicating that
this is a pseudogene.

S7A. Candidate novel unitary pseudogene in D. melanogaster
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S$7B. Candidate pseudogene in A. gambiae
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