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Supplementary Figure 1. Validation of hReg-CNCC shows consensus optimization obtain higher-quality
regulatory network. (a-c). Precision, Recall, and F1 scores of consensus networks with different parameters
(50, 100, 150, 200, 250, 500) (d). Coverage of three CNCC pathway functions in hReg-CNCC. (e). With chick
-GRN as gold standard, consensus optimization achieves significantly higher precision, recall, and F1 measure
than single networks. N=6 for consensus optimization and N=6 for single networks. (f). Consensus optimization
outperforms the naive union and intersection methods in precision, recall, and F1 measure.
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Supplementary Figure 2. Module classification is unrelated to motif information content and TFs in Module 1
show broader regulation while TFs in Module 2 show specific regulation, which is consistent with hReg-CNCC
-H9. (a) Boxplot of information content (IC score) of TFs in Module 1 and Module 2. N=72 for Module 1 and
N= 103 for Module 2. (b). Scatter plot shows no correlation between IC score and number of hReg-CNCC-
predicted bound REs of 103 TF (32 Module 1 TFs and 71 Module 2 TFs). (c). The number of TGs regulated by
 TFs in Module 1 is significantly larger than that of TFs in Module 2. N=72 for Module 1 and N= 103 for Module
2. (d). TFs in Module 2 and associated tissues. (e). Dense TF network extracted from all TF set. (F). Dense TF
network of hReg-CNCC-H9.·
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Supplementary Figure 3. The SNPs of facial morphology are more enriched in hReg-CNCC than randomly
generated SNPs. (a). The ranked FC score of facial GWAS SNPs in hReg-CNCC RE set, CNCC peak set,
and other 76 tissues’ peak sets. (b). The ranked FC score of SNPsnap generated SNPs in hReg-CNCC RE
set, CNCC peak set, and other 76 tissues’ peak sets.
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Supplementary Figure 4. hReg-CNCC reveals correlated regulators of ALX1. (a). The accessibility of “chr12:8
5576368-85576871” is highly correlated with expression of ALX1 across diverse samples. (b). Sub-network
related to ALX1 in hReg-CNCC. TCF cluster is important regulators to ALX1.
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Supplementary Figure 5. Annotating Human accelerated regions (HARs) with hReg-CNCC reveals biological
insights associated with face. (a). HARs were annotated by hReg-CNCC. (b). The HAR associated SNPs and
face distances. (c). The HAR associated face distances are involved with nose area. (d). The average
openness value in human and chimpanzee of 13 HARs in the annotated network.
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Supplementary Figure 6. Application of hReg-CNCC to study cancer (Skin Cutaneous Melanoma, SKCM) of
CNCC derivatives. (a). Overlapping of REs in hReg-CNCC, ATAC-seq peaks of “lower leg skin”, and “SKCM”.
(b). The REs regulating SOX9 and SOX10 were inactive in SKCM. We collected ATAC-seq peaks for SKCM of
TCGA at https://gdc.cancer.gov/about-data/publications/ATACseq-AWG. To make comparison with normal
tissue, we collected tissue of “lower leg skin” in ENCODE under accession ENCSR864IGD. We overlapped
the 15,686 REs in hReg-CNCC with ATAC-seq peaks of “lower leg skin” and “SKCM” respectively. We found
that 12,297 of the hReg-CNCC’s REs (78.39%) were also accessible in the normal “lower leg skin”, which
indicated that the neural crest derivatives shared some of the epigenomic landscape of neural crest. However,
only 1,366 REs (8.71%) in hReg-CNCC were accessible in “SKCM” (a). And the REs that regulated important
NC TFs, such as SOX9/10, were all inactive in SKCM (b). This different overlapping ratios with hReg-CNCC
between normal skin and skin cancer were consistent with the huge difference between normal skin and skin
cancer (a). These observations showed that hReg-CNCC held the promise to study the pathology of cancer.
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