Genomic and mechanistic insights of convergent transcription in bacterial genomes

Kashish Chetal’, Sarath Chandra Janga'
'Indiana University School of Informatics and Computing, Indianapolis

e INDIANACTS! 19)348]

Clinical and Translational Sciences Institute

| ( 3 ) E_coll_K12_MG1655 ] o B_subtllis_166 H_pylori_Jo9
Abstract Methods g N
Convergent gene pairs with overlapping head-to-head configuration S S ‘DA N : :
: : : enome Size to g z g
are widely spread across both eukaryotic and prokaryotic genomes. Distribution of Il proporton of Sl i e e
. : . rtion of °
They are believed to contribute to the regulation of genes at both COGPs across G * :- N//J : Wu/ | Al
= 4 ‘ I Bacterial ~ — Groups §J_ A~ \ 3 8 j\ /\ J U
transcriptional and post-transcriptional levels, although the factors Lifestyles el ; e T e
contributing to their abundance across genomes and mechanistic ' o o
basis for their prevalence are poorly understood. In this study, we . Y s e ~! g |
explore the role of various factors contributing to convergent ~— e e S i 1 ' 5
. X i gh : : . Sequence <-<- Reverse-Reverse —1  Groups) & g \ - &
overlapping transcription in bacterial genomes. Our analysis shows for Bacteria | Opposite Gene Strands s .| =y {5
that the proportion of convergent overlapping gene pairs (COGPs) Skl (Convergently ranscribed) s N JJ WMJ\J MF/
in a genome is affected by endospore formation, bacterial habitat e T sl : - | 1 [\
and the temperature range. In particular, we show that. bacterial - ’ ° °
genomes thrlvmg in speC|allzed habitats such as thermophlles Mapping of Figure 3: Density distribution ofCOGi;‘s with inter-genic distance in selected bacterial genomes
Map ing of PR - COG IDs to
exhibit a high proportion of' COGPs. Our results also show that the PS 0 Density Distribution Convergent 9 A
| . S : ' , : Gene for proportion of Gene pais (A) Forward Strand (B) Forward Strand
density distribution of COGPs across the genomes is high for Sequence COGPs to predict i 50—
2 = . ) hi her d . *end-on overlapping’ o .
shorter overlaps with increased conservation of distances for Ridbpor: - ‘ B ;
decreasing overlaps. Our study also reveals that COGPs frequently ‘ | B o
contain stop codon overlaps with the middle base position exhibiting ~ 7 G . A A
mismatches between complementary strands. Functional analysis et y —L— i = . . = 1GG
: . ) . : . 0.0 y : — i e R e —o
using COGs (Cluster of Orthologous groups) annotations suggested pateuiiyy | | Soneiaeg Enrichment 5 10
- _ _ : Gene of Overlap and to
that cell motility, cell metabolism, storage and cell signaling are Sequence across all calculate -log
_ i . _ across COGPs| | genomes for p-value Reverse Strand Reverse Strand
enriched among COGPs suggesting their role in processes beyond - COGPs 5 D L
regulation.» Our analysis provides genomic insights iInto this Figure: A representation of methodology to get the genomic and mechanistic insights of convergent transcription in \ ‘4
s | ' : . b al 5 5
unappreciated regulatory phenomenon, allowing a refined e _ @, - e, 1
understanding of their contribution to bacterial phenotypes. | RESUltS and DiSCUSSiOﬂ = ;G = AA
IntrOducuon ._ (1) S - =2 Fimicutes 0-0~ -0 ___‘5 - 10
|n the process Of gene expression transcription iS the first Step iN- E gf;;?;f;?;irgictena. Figure 4: Sequence logo representing stop codons for the COGPs having inter-genic distance (A) -3 and
) _ ) , o _ 5 ammaproteobacteria (B) -10
o Betaproteobacteria
. onciusion

simultaneous induction of the sense and antisense transcripts | : o

through two different opposing promoters. Many studies have been > % . . N
L . 5 In this study, we explore the role of Vvarious factors contributing to
done to document the role of convergent transcription to provide 5 - convergent overlapping transcription%in bacterial genomes. Our
the evidence about the functionality and gene regulation occurring g 0 analysis shows that the proportion of convergent overlapping. gene
in different organisms?>. Convergent gene transcription also allows 5 pairs (COGPs) in a genome is affected by endospore formation
unc.i.erstandlng thg process of tran§crlptlonal gene silencing = ° bacterial habitat and the temperature range. Our results also show that
facilitated by RNA interference mechanism?. ; oo o the density distribution of COGPs across the genomes is high for
In a recent study by Chatterjee et. Al’°, convergent " shorter overlaps with increased conservation of distances for
transcription has been shown to act as a bistable switch explaining i é : ; : ; . T decreasing overlaps. Our study also revaals that COGPs frequently
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mathematical models for Enterococcus faecialis. Studies also show
that head on collision of the RNA polymerases Il can hinder
transcriptiont. In yeast, it has been shown that convergent
transcription can lead to RNAP collision which can stop the
transcription when there is head to head collision, strengthening its
role in the process of gene regulation?.

Given these recent observations indicating the importance of
convergent regulation, we performed a global survey of thousands of
bacterial genomes, to study the contribution of various bacterial life style
parameters and genome size to the abundance of this form of regulation
and to uncover the functional pathways associated with convergent gene
pairs.
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Figure2: Comparison of proportion of COGPs for different lifestyle parameters across bacterial genomes
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