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Abstract
hAT-Tip100 transposable elements (TEs) are known to have been co-opted as regulatory loci (i.e., promoters and enhancers) for the snake venom serine protease (SVSP) gene family in a
single viper species1. This is notable because TEs are sequences that are usually silenced after insertion to protect against their many deleterious effects (e.g., disruption of normal gene
regulation or protein-coding potential, ectopic recombination etc.). However, the process by which a normally silenced element becomes one that has a defined regulatory role is not well
understood. Here, we leverage functional and comparative genomics applied to the hAT-Tip100 SVSP gene regulatory system of rattlesnakes to understand the genomic drivers of TE-
driven regulatory element evolution.

• We measured chromatin accessibility, and ChIP-seq intensities for 
H3K27ac, H3K4me3 and CTCF. All of which are indicators of functional 
activity

• In Crotalus viridis, the prairie rattlesnake, hAT-Tip100s are markers of
functional activity, but only when they are associated with SVSP genes

• Almost elsewhere else in the genome, hAT-Tip100s are in closed 
chromatin regions, inaccessible for protein-binding

The diversification of viperid venom genes highlights genomic mechanisms underlying 
transposon-mediated cis-regulatory element evolution

hAT-Tip100s mark functionally active 
regions, but only in the SVSP array The tissue-specificity of hAT-Tip100 activity

• We sequenced and annotated the genome of a species of rattlesnake 
related to C. viridis called C. atrox, the Western diamondback 
rattlesnake

• Like in C. viridis, hAT-Tip100s is the most highly enriched TE in the 
SVSP array of C. atrox

• When on the chromosome with SVSPs, hAT-Tip100s are almost 
exclusively found within the SVSP array

• In both C. viridis and C. atrox, hAT-Tip100s are in regions of 
closed chromatin in skin, pancreas and skeletal muscle, 
suggesting they are elements that are not active in every tissue

• In venom gland tissue however, hAT-Tip100s strongly 
associate with functional activity (such as open chromatin, 
transcription factor binding, forming chromatin loops etc.) 
across the sequence phylogeny

Single-cell multiomics reveals strong 
predictors of SVSP expression 

Highly biased binding site occupancy in 
SVSP-associated hAT-Tip100s
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• GRHL1 is predicted to activate SVSP expression, here one 
target SVSP gene (SVSP7) is shown 

• The binding sites for a select set transcription factors are highly 
biased to being occupied only in SVSP-associated hAT-
Tip100s.

• This suggests that there are sequence-based differences 
underlying hAT-Tip100 

Conclusion

References

• The regulatory co-option of hAT-Tip100s in SVSP genes 
originally described in C. viridis is replicated in C. atrox, a more 
distantly related species

• hAT-Tip100s are overwhelmingly active in a tissue-specific 
manner (only in the venom gland) and are markers of 
functional activity only when associated with SVSP genes

• Single-cell data helps to identify the transcription factors most 
strongly associated with SVSP regulation

• The binding sites of some transcription factors are highly 
occupancy biased in SVSP elements, suggesting functional 
divergence is related to sequence differences
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