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Figure 1. Assorted mammals.

— RN
— ks
'o p Y
& A

* Mammals are very diverse (Fig. 1)

 Many differences are likely due to changes in
gene regulation between species!?

 Enhancers are small DNA sequences that
regulate gene activity in specific tissues?

 Bound by transcription factors
 Goal: correlate their activity with phenotypes
* Sequence similarity is insufficient

* |nstead, use models to predict activity
Open chromatin regions (OCRs) are a
proxy for enhancers in a species and tissue
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The Tissue-Aware Conservation Inference Toolkit (TACIT)
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Figure 3. TACIT Overview
A model trained on OCRs from a few species was used to make
predictions of OCR activity across orthologous sequences in 222
0) 1 .. .
mammals. These predictions were then correlated with a

Figure 2. Predicting OCR Activity. phenotype (e.g. brain size), and significance was determined by
comparison to simulated null phenotypes.

222 Boreoeutherians from Zoonomia

Train machine learning models to predict enhancer activity in specific tissues
* |n this project: CNNs*~ on OCRs identified in brain regions®’8 & cell types?10 of 2-5 species
Predict enhancer activity across many species with aligned genomes (Fig. 2-3)
* |n this project: >200 mammals!! in a Cactus alighment*?
Find correlations between predicted OCR activity and phenotype annotations (Fig. 3)
Fit line (or logistic curve) accounting for phylogenetic relationships?3
Compute p-values by comparison with fit to null phenotype distribution
* Phylogenetic permulations!4 preserve the tree topology of the phenotypes
Study associated enhancers to provide insight into regulatory mechanisms governing phenotypes

Brain Size Results>
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Brain Size Highlights Figure 3. Mammalian brain size.

Positively-associated motor cortex OCR near SALL3 (Fig. 5A)

* SALL3 regulates neuron maturation'®

* |In human cortex, OCR is physically close to SALL3 and not other genes®
Negatively-associated motor cortex OCR near LRIG1 (Fig. 5B)

* [RIG1 regulates neural precursor development?®

* OCRis physically close to LRIG1 in both human and mouse cortices®®?1
Two negatively-associated motor cortex OCRs near the gene SATB1 (Fig. 5C-D)

* Mutations in SATB1 cause abnormal brain size??

* One physically close to SATB1 in mouse cortex?!
Two negatively-associated parvalbumin-neuron OCRs near the gene Mocs2

* Mutations in Mocs2 also result in abnormally small brains?3
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Figure 5. Selected motor cortex OCRs associated

with brain size.

Each point represents one ortholog, grouped along the x-axis by
clade as shown by the tree below. Associations in the Hominoid and
Cetacean clades are shown in blue and green insets. Points are
colored by brain size residual following the scale below.

Other Results

e Two OCRs in a key locus associated with social
behavior in humans and mice>

* 53 OCRs associated with vocal learning®

e Extension: Train a CNN to predict whether OCRs
are involved in response to neuron activation

* |nsufficient accuracy to use in associations
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