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Background

-Genomic data allows us to identify regulatory
elements and SNPs in key tissues of different
livestock species, including cow

-How regulatory elements and SNPs influence gene
expression and subsequently modulate phenotype
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Our Strategy

(rSNPs)
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Testing Enhancers and Promoters



6

Enhancer1 has enhancer activity

SNPs Identified method Promoter 
/Enhancer

Enhancer activity 
(N4) 

Enhancer1 13 SNPs ATAC-enhancer ChIP Enhancer 2.13
Enhancer2 1SNP_t/c ATAC-enhancer ChIP Enhancer 4.06
Enhancer3 1SNP_a/c ATAC-enhancer ChIP Enhancer 2.64
Enhancer4 1SNP_t/c ATAC-enhancer ChIP Enhancer 0.98

MT/WT Activity MT/WT (N6)
Enhancer2 1SNP_t/c ATAC-enhancer ChIP Enhancer 0.81
Enhancer3 1SNP_a/c ATAC-enhancer ChIP Enhancer 0.23
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CRISPR-mediate deletion of SNPs cluster element in 
Enhancer 1

Confirmation of CRISPR-mediated editing

Strategy of CRISPR-mediated deletion of Enhancer1  in MDBK cells

WT

Enhancer1 SNPs 
Deletion Mutant

Clone
1
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Enhancer1
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630 Genes are altered in Enhancer1 SNPs
deletion mutants 

WT

CRISPR
(del SNPs)
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630 Genes are altered in Enhancer1
deletion mutants 

WT Clone
1

Clone2

Enhancer1 
Deletion Mutant

Clone
1

Clone2

Significantly changed gene expression in two CRISPR 
(Enhancer1 deletion) clones compared to MDBK WT  
(FDR<0.001)
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Validation with qPCR confirms the accuracy 
of RNAseq
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Cell growth and cycle pathway are affected by the lack 
of 13SNPs in Enhancer1 region
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Cell growth and cycle pathway are affected by the lack 
of 13SNPs in Enhancer1 region
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Region A Region B

Region A Region B
Crosslinking

Region A Region B
Enzyme cut

Region A

Region B

Interaction

NGS Sequencing
(Hi-C&3CqPCR)

Enhancer1

Integrating Regions

Ligation-Decrosslinking

HiC and 3C assay reveals the interaction of the 
Enhancer1  with BIN1

BIN1
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HiC and 3C assay reveals the interaction of the 
Enhancer1 with BIN1

Gene Name Reads Interaction Enhnacer Interaction
BIN R1_74 Enhancer1 Yes
BIN R1_108 Enhancer1 Yes
BIN R1_124 Enhancer1 Yes
BIN R1_144 Enhancer1 Yes
BIN R1_268 Enhancer1 Yes
BIN R2_12 Enhancer1 Yes
BIN R2_42 Enhancer1 Yes
BIN R2_186 Enhancer1 Yes
BIN R2_324 Enhancer1 Yes
BIN Contig1 Enhancer1 Yes
BIN Contig2 Enhancer1 Yes
BIN Contig3 Enhancer1 Yes

Contig2R1_124 R1_144 R2_12 R2_42 Contig1
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Conclusion

We have generated more than 10 SNPs deletion mutants in 
regulatory elements using CRISPR-mediated gene editing

We have identified chromosomal interaction between Enhancer1 
and BIN in normal and stressed conditions 

Beef trait-specific SNPs in Enhancer 1 element deletion showed 
630 gene expression alterations including cell cycle and growth
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Thank you for your attention

www.bovregproject.eu
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