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Overview

Introduction to the BovReg Project

Reproducible, scalable and shareable analysis pipelines in nf-core

Annotating the bovine genome using data for tissues from three populations of cattle

Description of genomic structure and functional features in the five cell lines

Summary 
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Introduction to the BovReg Project
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Establish new laboratory and bioinformatics tools

Annotate functionally active genomic regions for tissues that are highly relevant for the BovReg target 
traits across ontogenetic stages, gender, metabolic breed types and environments

Map molecular and whole-animal phenotypes (ranging from transcriptome to intermediate phenome 
to performance/health) to newly annotated genomic features 

Develop prototype models for integrating biological knowledge on regulatory variation in genomic 
selection

Provide targeted training, dissemination and communication activities and assess social perception 

An introduction to BovReg
EU H2020 – funded consortium as contribution to global  FAANG with 
focus on biology-informed breeding (Sep 2019 – Feb 2024)

Annotation of the Bos taurus genome

Key traits: robustness (fertility), health (mastitis susceptibility), biological efficiency (feed efficiency) 

Objectives:

Aims:
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BovReg Consortium
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Annotating the bovine genome using data for 
tissues from three populations of cattle

Gabriel Costa Moreira, Sébastien Dupont and Carole Charlier, University of Liege
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Neonate

Juvenile

Adult

21 tissues

23 tissues

19 tissues

22 tissues

21 tissues

23 tissues

Different breeds; 
both sexes

Different 
enviroment

Diverse 
catalogue of 

tissues

Different ages / 
developmental 

stages

Male Holstein

Female Holstein

Male Kinsella composite**

Female Kinsella composite**

Male Charolais x German Holstein F2 

Female Charolais x German Holstein F2 

129 tissue samples**50% Hereford, 30% Angus, 20% Holstein

Diversity in sample selection for a comprehensive annotation



regulatory regions
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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

BovReg - Transcriptome Atlas

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

➢ 48k genes models including ≥15k potentially novel transcripts!
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➢ BovReg expanded the repertoire of mature miRNAs annotated in bovine.

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

BovReg - Transcriptome Atlas – mature miRNAs

Are they all processed through canonical pathways? 
What about mirtrons?

58% non-canonical or false entries
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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

Genome cov. = 2.89%

Genome cov. = 7.96%

Genome cov. = 3.95%

Genome cov. = 1.52%

Genome cov. = 5.16%

Genome cov. = 2.49%

BovReg - Regulatory Regions
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➢Around 25% of the genome was covered by different chromatin states (except quiescent) 

ATAC-Seq ChIP-Seq

Adult

Adult

Juvenile

Juvenile

Neonate

Neonate

Colon

Duodenum

Heart

Hypothalamus

Ileum

Jejunum

Kidney

Liver

Lung

Lymph-node

Skeletal muscle

Spleen

Testis

Thyroid-gland

Gene

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

Active enhancer (liver specific) only detected in neonate animals!!

ATAC-Seq

ATAC-Seq
ATAC- and ChIP-Seq

79% TSS annotated on RNA-Seq were validated by chromatin states

BovReg - Regulatory Regions
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DI
VE
RS
IT
Y!

➢ We recaptured known enhancers and annotated new ones! 

ATAC-Seq ChIP-Seq BovReg active 
enhancers vs

- 8 tissues from 2 Herefords male cattle (14 months old)

Line 1 Herefords

Tissues Active enhancers
(Kern et al., 2021)

Enhancers recaptured 
BovReg

Cerebellum 16,612 12,993 (78.21%)
Cortex 28,235 24,408 (86.45%)

Hypothalamus 27,796 17,277 (62.16%)
Liver 57,457 46,312 (80.60%)
Lung 49,861 38,537 (77.29%)

Muscle 28,023 19,442 (69.38%)
Spleen 29,707 24,520 (82.54%)

Liver Spleen

BovReg - Regulatory Regions
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Description of genomic structure and functional features in the five 
cell lines

D. Becker, F. Hadlich, C. Mörke, A. Sharma, J. Vanselow, R. Weikard, Ch. Kühn (FBN),
D. Rocha (INRAE), G. Costa, Ch. Charlier (ULIEGE)
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vMDBK 
• Madin-Darby Bovine Kidney cells: derived from a 

kidney of an adult steer, spontaneously immortalized

vF3 trophoblast cells: 
• isolated from a bovine cotyledon of a male fetus (approx. 5 

month of gestation), spontaneously immortalized

vMac-T mammary alveolar cells: 
• generated from mammary alveolar cells using the 

large T antigen of SV40

vEBL
• Embryonic bovine lung cells: established from a lung of 

a 7-month old bovine fetus, spontaneously immortalized

vLuteal cells: 
• generated from ovary tissue from lactating Holstein 

cow (A. Sharma, FBN)

Description of genomic structure and functional features in the five cell lines
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• Read depth
o Coverage of each chromosome should be similar to

the average coverage

F3
40 Mb

Chromosome position

3N

2N

1N

co
ve

ra
ge

0

0.5

1

ra
tio

monoploid diploid triploid

v Genomic features – large structural aberrations

Criteria

• Allele support for heterozygous SNPs
o ratio of reads that support the alternative allele 

for heterozygous SNPs should be around 0.5 for 
diploid chromosomes

Description of genomic structure and functional features in the five cell lines
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à BTA1 partly triploid

à BTA11 triploid

Example chromosomal aberration EBL

Description of genomic structure and functional features in the five cell lines
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F3

MacT

Cell Line Aneuploidy
(whole chromosome)

Structural variation
(part of the

chormosome)

EBL 1 11

F3 6 2

MacT 5 11

MDBK 1 7

Luteal 0 7

Aneuploidy and structural variations are common in all 
characterized cell lines 

Description of genomic structure and functional features in the five cell lines
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Overview expression activity

F3

MacT

Between 13,280 (F3) to 14,568 (MDBK) genes were expressed per cell line

TPM > 1a TPM > 0.1b Median TPMc

EBL 12,205 14,423 12.26

F3 11,348 13,280 8.28

MacT 11,478 13,709 9.90

MDBK 12,273 14,568 11.88

Luteal 11,780 14,186 8.98

a: number of genes with TPM > 1 
b: number of genes with TPM > 0.01 
c: median TPM (only genes with TPM>0) 

Description of genomic structure and functional features in the five cell lines
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Description of genomic structure and functional features in the five cell lines
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Reproducible, scalable and shareable analysis 
pipelines in nf-core

Jose Espinosa-Carrasco, Björn Langer, Cedric Notredame
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- A community

- A set of guidelines (standard)

- A curated set of analysis pipelines built using Nextflow

- Helper tools
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The pipelines working group 

Who: EuroFAANG projects (BovReg, Gene-SWitCH, AQUA-FAANG, GEroNIMO, Rumigen, 
HoloRuminant) + nf-core core members

What: Collect existing resources, list good practices, identify gaps and overlaps

When: Monthly meetings

Lead: EMBL-EBI and CRG

BovReg partners involved: Jose Espinosa-Carrasco (CRG), Björn Langer (CRG), Cedric
Notredame (CRG), Alexey Solokov, Peter Harrison (EMBL-EBI), Praveen Chitneedi (FBN), 
Andreia Amaral (FMV), Mathieu Charles (INRAe), Daniel Fischer (Luke), Mazdak Salavati
(UEDIN), Gabriel Costa (Uliege)
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BovReg pipelines examples
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Example: 

Development of a container- and workflow manager-based eQTL detection pipeline

Workflow
- RNA-seq alignment
- Quantification
- Count matrices
- Extract WGS data
- Covariates estimation
- QTL mapping
- QTL permutation

WGS

Genotype

partners

+ +
Phenotype

RNAseq from various tissues 
DSL2

P. K. Chitneedi - FBNhttps://github.com/BovReg/
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Summary
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Summary

Annotated functionally active genomic regions for multiple tissues across three populations of cattle from 
different developmental stages.

Worked with the other EuroFAANG projects to provide reproducible, scalable and shareable analysis 
pipelines for the livestock genomics community pipelines in nf-core.

Identified novel coding and non-coding transcripts, and tissue- and developmental stage specific enhancers.

Provided analysis of genomic structure and functional features in the five cell lines which suggests that 
aneuploidy and structural variations are common.

For the BovReg Project we have:
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www.bovreg.eu

This project has received funding form the European Union‘s Horizon 2020 
research and innovation programme under grant agreement No 815668

BovReg partners

http://www.bovreg.eu/
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https://bovreg.eu/bovreg-final-conference/


