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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

➢ BovReg consortium brings together scientists from twenty leading laboratories from different countries (EU, 
Switzerland, international organizations, Canada and Australia)

➢Aims to improve our understanding of the cattle genome; also provide a comprehensive map of functionally 
active genomic features in cattle

➢ Critical for biological discovery and in linking genotype to phenotype; key knowledge for biology-driven 
genomic prediction needed by scientific and industry livestock communities.

www.bovreg.eu
@BovReg.H2020

@BovReg

BovReg

BovReg project
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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

➢ BovReg utilizes a diverse catalogue of tissues for functional annotation.

WGS (30X)

https://github.com/BovReg

OP14
P103
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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

Transcriptome atlas
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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

➢ BovReg expanded the catalog of bovine non-coding RNAs by including non-polyadenylated transcripts.

➢ BovReg improved the transcriptome annotation based on gene models.

BovReg de novo 
transcriptome atlas

PolyA+ Total RNA

43,979
Ensembl Biotypes

199,561
Non-coding transcripts

47,167 (CodAn; ORF)
CDS, start- and stop-

codon

+

+

35,143

290,707 transcripts
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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

➢ BovReg expanded the repertoire of mature miRNAs annotated in bovine.
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Neonate (< 4 weeks)

miR-381-5p (mature; BovReg annotation)

Small RNA reads

GTF BovReg annotation

MSTRG.22771 (pri-miRNA)

Located within DLK1 – GTL2 imprinted domain (MEG8)!

1,142 mature miRNAs
(miRBase v22, Btau_5.0.1) 

miR-381-5p

Tissue-specific miRNA
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Regulatory regions
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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

H3K4me3 (associated with promoters)

H3K4me1 (associated with enhancers) H3K27me3 (repressive mark)

H3K27ac (associated with active enhancers) CTCF (TF; insulator)

ATAC (open chromatin regions)

➢ We identified thousands of peaks for the different marks in our catalogue of tissues! 

6 animals x
24 tissue types https://github.com/BovReg
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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

➢ Expanding the repertoire of regulatory regions in the different stages/ages. Diversity is key!

➢ 1.642 differentially accessible regions
➢ 423 down (up in Neonate Liver)
➢ 1.219 up in Adult Liver

-5 0 5

0
5

10
15

20
Active enhancer (liver specific) only 

detected in neonate animals!!
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BovReg de novo transcriptome 
assembly

ATAC

ATAC

ChIP - H3K4me3

ChIP - H3K4me1

ChIP - H3K27me3

ChIP - H3K27ac

ChIP - CTCF

ChIP - H3K4me3

ChIP - H3K4me1

ChIP - H3K27me3

ChIP - H3K27ac

ChIP - CTCF
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➢Around 25% of the genome was covered by different chromatin states (except quiescent).

➢The vast majority of TSS annotated on RNA-Seq were validated by chromatin states.

ATAC-Seq ChIP-Seq

290,707 transcripts

1000bp
100bp

TSS

State 13
Active TSS/promoter

vs
35,143

Are these regions in agreement with transcripts assembly?

RNA-Seq…
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➢Active TSS/promoter: Tissue-specific and tissue-shared components by non-negative matrix factorization.

Digestive system Endocrine system Muscular system

Tissue-invariant / shared 

Can Yuan
OP84
P114
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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

➢ Mobile genetic element co-localized with liver-specific regulatory elements!

Holstein-Friesian (H.F), Brown 
Swiss (BSW), Grauvieh (GV) and 

Original Braunvieh (OBV).

Enhancer (liver-specific)

MGE (ERV2-1)

ATAC

ChIP – H3K4me3

ChIP – H3K4me1

ChIP – H3K27me3

ChIP – H3K27ac

ChIP – CTCF

Colon

Duodenum

Heart

Rumen

Ileum

Jejunum

Kidney

Liver

Lung

Lymph-node

Skeletal muscle

Spleen

Cerebrum cortex

Cerebellum

ATAC ATAC ATAC

> 700 probes in 
genotyping array (public)

“Given the SV size distribution spike around the size of LTR elements, it is likely such 
transposable elements will increasingly be identified as a driving force behind bovine 

phenotypic diversity” - Pangenome genotyped structural variation improves molecular 
phenotype mapping in cattle; Leonard, Mapel & Pausch, bioRxiv 2023.

Lijing 
Tang

P345
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Perspectives & take-home message
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Perspectives!

➢ Long-read cDNA sequencing (ONT-Seq)

➢ First trial: one flow cell - 6 samples

96,623 transcripts assembled

91,445 transcripts assembled Illumina
(same samples)

58.68% of the transcripts assembled by Illumina exhibits a 
perfect match with ONT transcripts!

gff-compare

vs

We still need 
to increase 
coverage!

Ensembl

BovReg
(Illumina)

➢ Preliminary data: new isoforms validated.

➢ Preliminary data: alternative exon usage.
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BovReg Exploring tissue-specificity in the regulatory landscape of bovine genome

➢ BovReg expanded the repertoire of regulatory elements annotated in cattle.

➢ BovReg identified (unannotated) tissues-specific regulatory elements across different developmental stages.

➢ Mobile genetic element co-localized with tissue-specific regulatory elements.

➢ Panel of tests for unfixed MGE insertions in cattle: a legacy of BovReg! 

Perspectives & take-home message!
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Thank you for your attention!

WUR, the Netherlands. BovReg General Assembly, October 2022. 

www.bovreg.eu
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