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Detects if predicted sites tend to be
less than 200 bp from each other
more often than expected by chance

1 scores extremeness

2 colocalization

3 intergenicity

Accounts for the quantity and value
of scores above the threshold
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Ripley’s L function
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Proportion of predicted sites that are
intergenic

Pseudogenome: k-mer sampling of original MGE
sequence maintaining its genomic structure
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Metric calculation on pseudogenomes.
Inference of statistical significance

𝑝 𝑋 ≥ 𝑥𝑜𝑏𝑠

𝑝𝑗 = 𝑝𝑒 ∙ 𝑝𝑙 ∙ 𝑝𝑖

Joint p-value, 𝑝𝑗: integration of genomic metrics

𝑝𝑗
MGE-TF pair 𝑝𝑗 values are:

• comparable
• interpretable

Recapitulation of results from (Mascolo et al., 2022)

CtrA (life cycle) LexA (SOS response to DNA damage)

“inventions”

HIV

AIA08826 AIA08760AIA08827 AIA08761 AIA08762

integrase hypothetical

56285 58432

Leukocidin
toxin

Leukocidin
toxin hypothetical

Staphylococcus phage phiSa119

AAY53141

Listeria phage B054

AAY53143AAY53142 AAY53144 AAY53145

integrase hydrogenase metalloprotease

25131 28419

hypothetical hypothetical

AGR48396

Escherichia phage 1720a-02

AGR48330AGR48329 AGR48331 AGR48332

DinI (SOS induction 
modulator)Integrasehypothetical hypothetical hypothetical

AGR48382 AGR48384AGR48383 AGR48385 AGR48382

Repressor 
protein CI

regulatory 
protein CII hypothetical hypotheticalXRE-family TF

45571 1755

61715 2340

ASV44791

Agrobacterium phage Atu_ph08

AUZ95469ASV44792 AUZ95470 ASV44793

transcriptional 
regulator AlpADUF1232GTA holin

integrase/ 
excisionase hypothetical

41234 44293
P33997 · ALPA_ECOLI
Overexpression of AlpA leads to excision of the 
CP4-57 prophage by IntA.

LexA regulation of MGE genes across many bacterial clades

33_00030 33_0003233_00031 33_00033 33_00034

DUF1654 domain-
containing proteinhypotheticalhypothetical

CI-like phage 
repressor

Cro-like
protein

16409 18669
PF07867 · PP_3901 prophage protein, dual LexA-regulation 
reported in Abella et al. 2004.
Targeted by post-transcriptional regulation (PMC7937890).

Pseudomonas phage Epa33
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Uncovering host-MGE cross-regulation
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Rank based on joint p-value

RelA NFKB1

HIV-1 1/680 2/680

HIV-2 2/680 11/680

Adapted from https://viralzone.expasy.org/5183

476 complete genomes of phages infecting the 
Alphaproteobacteria, scanned with the CtrA motif

Aim: to develop and benchmark a
computational platform to
systematically assess the extent of
this novel GRN paradigm.

Some mobile genetic elements (MGE)
have genes regulated by transcription
factors (TFs) of the host cell.
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p-value

Analysis of HIV-1/2 with 680 
human TF PSSM models identifies 
known instances of regulation

Elements are transformed 
using a background model

Position-specific 
probability matrix

Position-specific 
scoring matrix (PSSM)

The joint p-value distribution stands out
compared to 10 control experiments
using permuted CtrA motifs.

The program identifies the known cases
and provides a reconstruction of the
evolution of cross-regulation.
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An extended model of transcriptional
gene regulatory networks (GRNs)

CtrA, the master cell cycle regulator in Alpha-
proteobacteria, regulates gene expression in several
Alpha-infecting phages (Mascolo et al., 2022).

Regulation of the lytic switch in
Bacteriophage GIL01 by the
host’s LexA (Fornelos et al.,
2011).
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