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Main aim

▶ What is sufficient evidence to call a
transcript a non-coding RNA?
▶ Important for annotating genomes.
▶ What should appear in databases such as Rfam

and RNAcentral?
▶ Expanded scope to include long ncRNAs and

protein-coding exons.

Cooper & Gardner (2020) Features of Functional Human Genes. bioRxiv.

https://www.biorxiv.org/content/10.1101/2020.10.10.334193v1


▶ There are some polarizing opinions on what evidence is
required to say something is a ncRNA, e.g.
▶ “a few RNAseq reads in a single experiment is sufficient”

(causal effect)
▶ “must be expressed, KO impacts phenotype, and evolutionarily

conserved...” (selected effect)

▶ Shouldn’t a functional ncRNA be distinguishable from junk
DNA?



Vertebrate genomes & junk DNA

▶ Vary in length by an order of magnitude, e.g. bird genomes
are ≈ 1Gb, while salamander genomes are ≈ 32Gb
▶ Variation largely driven by decaying remnants of transposons

▶ ≈ 300Mb of sequence is conserved across the vertebrates

▶ Randomly generated sequences when inserted into genomes
are also transcribed (and translated)

▶ Which suggests the number of functional elements should not
scale with genome length

Ohno S (1972) So much’junk’DNA in our genome. In Evolution of Genetic Systems, Brookhaven Symp. Biol.



Our experiment

▶ Compare the strength of association between “known” human
genes & control regions for a range of genomic features.
▶ Positive controls: sampled 1,000 genes from each of the

“ncRNA”, and multiexonic “protein” and “lncRNA” HGNC
classes

▶ Negative controls: length-matched regions 20 Mb away to
avoid linkage
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Selected genome features...

Inclusion criteria:

▶ Expected to relate to gene function

▶ Must be a genome-wide statistic

▶ Readily accessible for the GRCh38

▶ Non-redundant
▶ Selected:

▶ Intrinsic features (G+C, start)
▶ Conservation (PhastCons, PhyloP, GERP)
▶ Population variation (1000g, gnomAD)
▶ Transcription (ENCODE RNAseq)
▶ Genome repeat (copy num., distance to Tn)
▶ Protein/RNA specific features (coding,

structure, interactions)



Feature correlation with function...
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Sequence Type

● lncRNA Exons

Protein−coding Exons

Short ncRNAs
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Sequence Type
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Sequence Type

● lncRNA Exons

Protein−coding Exons
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Random forest result...
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Conclusions

▶ Conservation and transcription is useful for identifying genes

▶ Covariation is surprisingly high in protein-coding alignments

▶ RNA structure and interactions important for short ncRNAs

▶ SNP data is not useful for determining function, MANY false
positives in short ncRNAs

▶ It is difficult to distinguish many lncRNAs from neighbouring
intergenic regions of the genome



Reviewers...

R1: The authors ultimately conclude that evolutionary conservation and
transcription should be “taken into consideration” when
differentiating between functional sequences and noise: however,
this is a principle that biologists have long applied.

R2: The study adds value to the current debate on the functionality of
lncRNAs and makes a number of other interesting observations such
as the covariation patterns in coding sequences or the excess of
SNPs in small RNAs.

R3: ...we are far from knowing the full set of non-protein coding genes...
The study is well designed and carefully executed. The manuscript
is concise and clearly written...

R4: I have major concerns about this manuscript. While the title
and abstract suggest that the authors seek to explore, challenge,
and ultimately more precisely define notions of “functionality”, no
meaningful analysis along these lines is performed...

R5: The analysis is thorough and very nicely described. Such detailed
description and comprehensive analysis ... is sure to be appreciated
by many readers.



Does the bar need raising on the lncRNAs?

Xu et al. (2017) A comprehensive overview of lncRNA annotation resources. Briefings in bioinformatics.





Relating genome features to function...

▶ Spearman correlation coefficients

▶ Random forest feature importance
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SNPs in ncRNAs...


