Historical RNA expression profiles from the extinct Tasmanian tiger
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Expression hotspots and rRNA annotation

We assessed whether certain clustered regions of the thylacine genome, harboring genes
predicted to be highly expressed in living cells, showed signs of enriched expression. The
thylacine genome assembly (Feigin et al. 2022) was divided into consecutive non-overlapping
windows of 250 kbp across all annotated scaffolds, with shorter scaffolds considered as a single
independent window. The selection of this window size was motivated by 250 kbp roughly
representing the length of the longest scaffold excluding the seven chromosome-like scaffolds
in the thylacine assembly. UMI-deduplicated reads mapped to each defined window were
quantified. To establish a background distribution of reads across the thylacine genome, public
thylacine DNA sequencing data were used (SRR5055304) (Feigin et al. 2017). Thylacine
paired-end aDNA sequencing data was aligned to the thylacine assembly (Feigin et al. 2022)
using Bowtie 2 v.2.4.2 aligner with end-to-end very sensitive specifications (Langmead and
Salzberg 2012). RNA and DNA mapping distribution were compared to identify genome
expression hotspots above expectations based on DNA mappings as reference. Mapped DNA
reads were subsampled to match the library size of mapped RNA reads per tissue after UMI
deduplication. The coverage function from SAMtools v.1.15.1 software (Li et al. 2009) was
used to assess the breadth and depth of coverage per scaffold for RNA and DNA datasets.

RNA reads mapping to the top 20 highly expressed genomic windows were investigated for
overlaps with annotated genes in the thylacine assembly (Feigin et al. 2022). Unassigned reads
mapping to these genomic hotspots, which did not align to any previously annotated loci, were
considered potential evidence of non-annotated highly expressed genes. To identify ribosomal
RNAs (rRNAs), known to be the most abundant RNA molecules in metazoan cells
(Westermann et al. 2012), unassigned reads from expression hotspots were aligned to annotated
rRNA sequences in humans from the miRTrace database (Kang et al. 2018), and to the 18S
rRNA sequence (GEDNO01046116) from the Tasmanian devil in the SILVA database release
138.1 (Quast et al. 2013). RNA reads mapped to human or Tasmanian devil rRNAs indicated
the presence of unannotated rRNA genes in the thylacine genome and were used for rRNA loci
annotation. Novel rRNA gene boundaries were determined by merging clusters of aligned RNA

sequences with more than 100 reads.

DNA contamination inference

We investigated the origin of reads mapped to intergenic regions to identify potential DNA
contamination in RNA extracts and sequencing data. Specifically, we focused on mapped reads
that did not overlap with any annotated loci in the thylacine assembly (Feigin et al. 2022),

considering the novel annotations of missing rRNAs and microRNAs generated in this study.



The breadth and depth of coverage for each 250 kbp genomic window were calculated using
intergenic mapped RNA sequences from skeletal muscle and skin tissues, and compared to
thylacine DNA data (SRR5055304) (Feigin et al. 2017) as reference. To ensure a fair
comparison, DNA reads were randomly subsampled to match the number of intergenic mapping
reads obtained for each tissue. Additionally, differences in read length distribution between
DNA and RNA reads were accounted for by adjusting the DNA breadth of coverage per
window. This adjustment involved dividing the DNA breadth of coverage by a factor calculated
based on the ratio between the DNA read length (100 bp) and the average intergenic RNA read
length in skeletal muscle (23.6 bp) and skin (24.6 bp), respectively. Intergenic RNA reads
mapped to genomic windows with a difference of up to 2-fold in breadth and depth of coverage

compared to DNA data were considered as potential DNA contamination.

Exonic enrichment and exon-exon spanning reads identification

The distribution of RNA reads mapped to annotated exonic or intronic loci from genes with
reliable expression evidence (breadth of coverage of at least 10%) in the thylacine assembly was
compared with DNA sequencing data (SRR5055304). Exonic quantification of RNA reads was
performed from spliced mature mRNAs transcriptome-wide alignments without intronic
segments to avoid the loss of reads spanning exon-exon junctions. DNA reads mapping to
intronic or exonic loci, as well as RNA reads mapping to intronic loci, were quantified based on
genome-wide alignments. To allow for a fair comparison, exonic/intronic DNA mapping reads
were randomly subsampled to match the library size of RNA reads mapping to exonic/intronic
loci after UMI deduplication for each tissue. The difference in the number of observed (RNA)
versus expected (DNA) reads mapping to exonic or intronic loci was expressed as a fold change
ratio using DNA-based quantification as a reference. The significance of differences in the
exonic/intronic proportion of mapped reads between RNA and DNA alignments was assessed

with a two-proportions z-test using the prop.test R function.

Reads spanning exon-exon and exon-intron junctions were determined from those mapped to
annotated protein-coding genes in the thylacine genome assembly. RNA reads were considered
as spanning exon-exon and exon-intron junctions only if they had at least 4 nt overhangs from

the respective junctions they overlapped with.
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