
 
Figure S1. SPAAR is only annotated in placental mammals in Ensembl and NCBI Gene. (a) Venn diagram of 

placental mammal species annotated with SPAAR in Ensembl version 104 [1] and NCBI Gene (August 2021 version) 

[2]. (b) Cladogram of all placental mammal species found across Ensembl and NCBI Gene databases. Species were 

colored according to their annotation status of SPAAR in Ensembl version 104 and NCBI Gene (Aug 2021 version). 

Taxonomic structure was retrieved from NCBI Taxonomy [3]. 

 

 

 
Figure S2. Genomic region of SPAAR has undergone several chromosomal rearrangements. Locations of genes in 

close proximity to SPAAR in human chromosome 9, and their corresponding locations in platypus are shown. Genes 

above each line reflect their position on the (+) strand of each chromosome assembly, and genes below each line 

reflect their position on the (-) strand of each assembly. Genomic coordinates for NPR2, TMEM8B, OR2S, OR2S1P, 

OR2AM1P, RECK, GLIPR2, PYCARD, and TAF1C, and for the human SPAAR and HRCT1 were retrieved from 

Ensembl version 104 [1]. Coordinates for HRCT1 and SPAAR in the platypus were identified in this study. The 

platypus OR2S homolog coordinates were identified through a tblastn [4] query of the human OR2S against the 

platypus genome assembly.  
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Figure S3. RNA-seq reads of platypus and opossum in SPAAR locus. (a-b) RNA-seq reads from platypus and 

opossum tissues as displayed in IGV [5]. Data displayed for platypus was from one study[6], and for opossum from 

two studies [6,7]. The locations of the HRCT1 ORF, putative SPAAR pseudogene, and SPAAR have been highlighted 

in yellow, red, and blue, respectively, to easily compare density of reads across the region. 
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Figure S4. Inconclusive remote homology detection results. (a) Coordinates of the Shisa envelope profile that aligned 

to the SPAAR protein sequence. No significant results were found with queries of SPAAR in Pfam [8], but many 

species returned Shisa family as the top result with good alignment. Four of 25 SPAAR homologs queried in Pfam 

did not return a Shisa result, and lengths of aligned regions varied across species with no discernable pattern, making 

it unconvincing as a true signal. Green lines represent monotremes, red marsupials and blue placental mammals. b) 

Top non-SPAAR result from hmmerscan [9] from Reference Proteomes database (E-value:1.5 × 10-7), and (c) Ensembl 

genomes database (E-value: 0.0034).(d) Counts of species that aligned to human SPAAR exon coordinates in 605-way 

vertebrate Cactus alignment. All but one mammalian genome (gibbon) had alignments to SPAAR; no bird sequence 

was aligned. Though an hmmerscan query against the Reference Proteomes database returned a few significant hits 

that were not annotated as SPAAR, the Indian carp hit in (b) was the only significant result in fish, with no other hits 

in species closer in relation to placental mammals; thus, this result was inconclusive. 
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Figure S5. Prediction of transmembrane and disordered regions across primate species with long SPAAR ORF. 

Predicted transmembrane domains as predicted with TMHMM [10] are shown in teal, disordered residues as 

predicted by Disopred [11] in orange, and positions with both transmembrane domain and disorder predictions are 

shown in yellow.  
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Figure S6. Ancestral reconstruction of SPAAR in primates with critical mutations leading to two elongations. (a) Phylogram of primate sequences used in 

ancestral sequence reconstruction, with each ancestral node labeled. Tree was taken directly from output of PRANK [12] analysis. Ancestral nodes at which 

critical mutations occurred are boxed in yellow. (b) Sequence alignment of primate sequences and reconstructed ancestral sequences. Start codons of the short 

SPAAR ORF are highlighted in blue, in-frame start codons upstream of the short SPAAR ORF are highlighted in green, and in-frame stop codons are highlighted 

in red. Critical mutations along the branches leading from the last common ancestor of primates to the lemur lineage are highlighted in orange, and critical 

mutations along branches from the last common ancestor of primates to the simian lineage are highlighted in purple. 
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