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AGGAAGGGAAAGCGCAAGAGAGAGCGCACACGCACACACCCGCCGCGCGCACTCGCGCACGGAC
CCGCACGGGGACAGCTCGGAAGTCATCAGTTCCATGGGCGAATGCTGCTGCTGGCGAGATGTCTGC
TGCTAGTCCTCGTCTCCTCGCTGCGGTATGCTCGGGACTGGCGTGCGGACCGGGCAGGGGGTTCGG
GAAGAGGAGGCACCCCAAAAAGCTGACCCCTTTAGCCTACAAGCAGTTTATCCCCAATGTGGCCGA
GAAGACCCTAGGCGCCAGCGGAAGGTATGAAGGGAAGATCTCCAGAAACTCCGAGCGATTTAAGGA
ACTCACCCCCAATTACAACCCCGACATCATATTTAAGGATGAAGAAAACACCGGAGCGGACAGGCT
GATGACTCAGTAGGAACCCAGCGCCGGGGCGTGGAATGTGTGGCTTTCCAGGGGGTTACGAGAAG
CCGAACACTTCCAGACTTAACTCTGTTTGCTCTTCGGGCAGATGAAGGTGATTTCACCCGCTCCTTCC
CCACCCACCTGCCCGCCCCCCATTCTTCCTCTTCCTGGAGGAGAATGGAGGTCAAGGGTCCAGCTG
GAGAAGTTAGGGTGTGGTGGGGGTGAGGACGGTAACAGACGTGGTTCATTATGGCCTGATTTGATG
AGTCTTGCTACAATGGCCTTCCCCATCCTACCTCTGCCTGGCTTGTAACTTGGGGAGACCTTCACTTT
GGGGGCGTCGGCCCTTTCCAGTCAGGAGTGGAAATGGAAGGAGAGGCTGGGAATCCCCCTCCCAC
AAACATGAAGTGGTCTCCTGGTACTGTACGAACGAACGAACGTAGCCTTGGGCTTGGAGCTCAGAG
CCCCCACGTTTCCCGTTGCCTCTGTGGTTTTCTTTCCACCACTACCCCCACCCTGCACCTCCCCACC
AAAGAATTCTCAACTGGAAAAGCCAGGAGGCGGTTCTGACAAAAGGCAGGGGCTCCAGGGGAGAC
TCCCCCGTCCCTGGGTGGCTGGCTGTATCGCAGAGCTGGCTTTGCGATTGCGTGTCCGCAATTGTGC
CCATCAGAGTGTGAATGTATTGATATTTCTTTAAGGAAGCTCTTTCGTTCTTCCAAGCCCGAGGTACCT
TAGGGGAGGGACTTAGAACTTATTGGCATTGCATCACTTTAGTTTTCAACCTGCTTGCATAAGAATTAA
GAGCGAATAAATATTAGTGTGGGGGGAGGGGAAGCTAAGCAAAATATGAATTCCTCTCTCTCTCCCC
ACCTCCTTTGAGATTTCTGAGCTGCCAATCTCCCAGCCAATTCTAGACTTTCTGAAACTCCATGCACG
TATAACTGAAGCCAGAAATGGGTTTCCTTGCAAATATAGGTCAACATCCTTTTTATTGCCCTATTAAAAT
ATTCAAGTCCTACCTTTAGGGCTAGGTGCGTACAGCGGCTGATGGAGTGGCGCTGGTGGGGCGCAA
GTGCAGGGGGAGGGTACTGACGGCAGAGAGAGAGGAGCTACCTCCGTGCCGCCCTGCTTCCCGAC
CCGATTCCCAGGCTTGCTTGAGGCCGAGAAAGGCGAGGGGCAGGCAAGGTAGCCTGCTCCAGCTG
TCGGAAGGGAGAGGAATGGGAAATGGTCCTGATTTCCTTGCTCTCCCTCATCTGCTCCCGACCACCT
TAAATCTGGACCGCGAGTGTGGACGCGCGCGCCAGTGCCAGACAGCAGCGCGATCCACAATTAACT
CTGCACGGGCCATGGGGTGCCCGTTGCGTGCAGCTGGCTGGAGGGAGTTCTCCGGCTAGCCCGAG
GCGCCCATCCTCTCGTCACCCTCACTCCCCGCGGAGGAGGGGCCTTGCCAGGGTCCCTCGGAACC
CGAGAGGAGGGAGGCACTGCGGAGACAGCGGCGGGGGCGTGGATACCCGAGGTCCCAGAGCCAG
AGTGGGTCAGCTTCTGACCTGCTCTGCGGGTGACCAATACCGCAGAAGGGGTCCTGGGCTCGCACA
CCTTCCCAGGGCTTGAGCCTTGCAGCCCTGCTGCAATAACTACCCGTGATTTATTAGCTAGCGTACTA 

99%:  
non-coding regulatory 

sequences



ENCODE: Encyclopedia of DNA 
Elements
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ANIMALS'

MAMMALS'

75'MYO'

500'MYO'



Network is a powerful framework for 
data integration

4
image credit: NHGRI Genomics of Gene regulation



Common biological networks

5

Protein-protein Interaction networks

Metabolic pathway networks miRNA-target networks

TF-target-gene Regulatory networks

Undirected

Directed



Example: 3D organization of 
genome

6
image credit: Iyer et al. BMC Biophysics 2011, cartoonist John Chase



Example: 3D organization of 
genome

7
image credit: Iyer et al. BMC Biophysics 2011

Topologically associating  
domains (TADs)

Network communities



Example: 3D organization of 
genome

8Yan and Gerstein (under review)



Disruption of domain structure 
causes congenital disease



Example: Transcriptional regulatory 
network

TF1

Bacteria 
E. coli: 100 TFs, 4000 genes

Single-celled eukaryotes 
Baker’s yeast: 200 TFs, 6000 genes

Complex eukaryotes  
Human: 1400 TFs, 20000 genes

   
10

?

mRNA
Transcription 

factor
Gene
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          TOP

MIDDLE

BOTTOM
higher selective pressure 

at the top

TOP

MIDDLE

BOTTOM

Example: Hierarchical organization of 
human  transcriptional regulatory network

f̄MID

f̄BOT

Distributions of the feature across  
levels are significantly different

f̄TOP

Gerstein M*, Kundaje A*, Hariharan M*, Landt 
S*. Yan KK*  et al. Nature. 2012



Yan et. al. Gerstein Cell Systems 2016

Example: Network comparison 



Example: human transcriptional 
regulatory network versus chain-of-

command hierarchy

Yan et. al. Gerstein Cell Systems 2016
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