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Supplementary Figure 1. ROC-, PR-, and F-curves of DeepZ models for human and mouse
genomes. DeepZ models were trained using the same number of omics features.
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Supplementary Figure 2. Ablation study for group feature importance performed with

Gradient Boosting models on reduced data sets for human and mouse (see Methods for
details).
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Supplementary Figure 3. Patterns of transcription factors and histone marks enriched around
all Deep-Z predicted Z-flipons in human and mouse genome. A. Enrichment of transcription
factors around Z-flipons for the entire genome, promoters, CpG-promoters and non-CpG
promoters. B. Enrichment of histone marks around Z-flipons. C. Share of enriched histone
marks and transcription factors around Z-flipons for CpG- and non-CpG promoters.
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Supplementary Figure 4. Z-flipons in WNT5A gene from Presynapse assembly pathway that
was enriched in common cluster of conserved human and mouse Z-flipons (see Figure 3 in the
main text). A-E. Regions of Z-flipons detected by three methods — DeepZ, KEx, Z-DNABERT. A.
Conserved Z-flipons near splice sites of the second exon in WNT5A in human. B. Z-flipons
composed from GC-repeats in 5’UTR region in mouse. C. Z-flipons at alternative promoters of
WNT5A in human. D. Z-flipons near splice-site after the first exon of Wnt5a in mouse. E. Z-
flipon detected by three methods — DeepZ, KEx, Z-DNABERT in the exon of Wnt5a in mouse.
F-G. Region of WNT5A gene with signals from omics features enriched in Z-flipons both in
human (F) and mouse (G) genomes. Omics features are aggregated signals from all tissues as
they were used in DeepZ model.
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Supplementary Figure 5. Z-flipons at bidirectional and alternative promoters of TMEM51-AS1
in human and mouse genomes. A-D. Regions of Z-flipons detected by three methods — DeepZ,
KEx, Z-DNABERT in human and mouse genomes. E-F. Omics features are aggregated signals
from all tissues as they were used in DeepZ model. G-H. Selected omics features for human
(G) and mouse (H) genome for blood tissue type.
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Supplementary Figure 6. Z-flipons at bidirectional and alternative promoters of BRCA1-NBR2 in
human and mouse genomes. A-B. Region around bidirectional promoter of BRCA1-NBR2 and signals
from omics features enriched in Z-flipons both in human (A) and mouse (B) genomes. Omics features
are aggregated signals from all tissues as they were used in DeepZ model. C-D. Selected omics
features for human (C) and mouse (D) genome for liver tissue type.
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Supplementary Figure 7. Transcription initiation rate for different types of promoters with or without
Z-flipons. The groups are exactly those as in the main Figure 8. The comparison of groups is made
based on t-test, median-test and variance-test.
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Supplementary Figure 8. Z-DNABERT prediction scores plotted against initiation rates for promoters with Z-
flipons (blue) and without Z-flipons (green). The graph is divided into four quadrants: quadrant 2 corresponds to
promoters with both high Z-scores and reinitiation rates; quadrant 1 corresponds to promoters with low initiation
rate; quadrant 4 corresponds to promoters with to low Z-Scores; quadrant 3 corresponds to promoters with both
low Z-scores and reinitiation rates.



