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Newly annotated genomic features for biology-driven genome selection: the BovReg contribution

> 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.

aw i,

@ Research Institute (O SME () University/Higher education @ No profit () Public Administration

€) @BovReg.H2020 [T]] BovReg

www.bovreg.eu
8 3 @BovReg m BovReg project >




Newly annotated genomic features for biology-driven genome selection: the BovReg contribution

> Recent efforts from the FAANG consortium have contributed to the functional annotation of the bovine

genome but, with a limited number of tissues, individuals and populations analyzed
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tissues reveals the expression specificity
patterns in beef cattle
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Functional annotations of three domestic animal
genomes provide vital resources for comparative
and agricultural research
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- 8 tissues from 2 Herefords male cattle (14 months old)
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Functional genomics of cattle through integration of multi-omics data
Hamid Beiki', Brenda M. Murdoch?, Carissa A. Park’, Chandlar Kern®, Denise Kontechy?,

Gabrielle Becker?, Gonzalo Rincon?, Honglin Jiang®, Huaijun Zhou®, Jacob Thorne?, James E.
Koltes?, Jennifer J. Michal’, Kimberly Davenport?, Monigue Rijnkels®, Pablo J. Ross®, Rui Hu®,
Sarah Corum?, Stephanie McKay®, Timothy P.L. Smith'®, Wansheng Liu®, Wenzhi Ma?, Xiaohui

Zhang’, Xiaoging Xu®, Xuelei Han’, Zhihua Jiang’, Zhi-Liang Hu®, James M. Reecy"

- 47 tissues from 4 Herefords (male and female) (14 months old)

- Only Liver. CD4 and CDS cells

- 4 adult animals (Holstein) =~ - oo oo
1 - \

- PolyA+. ATAC and Hi-C ' il nature genetics !
: M) Check for updates comment :
' The missing diversity in human epigenomic :
1 . 1
' studies ;
1 Charles E. Breeze, Stephan Beck, Sonja |. Berndt and Nora Franceschini :

B()VRCO‘B -

Ulsderstaisding cane geacmes

Several assays performed in the same animal/tissue\
- Different developmental stages

Different environments

- Both sexes

Different breeds mmm )
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> BovReg utilizes a diverse catalogue of tissues for functional annotation.
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Holstein neonate Kinsella composite juvenile Charolais x German Holstein F2 adult H[ WGS
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l Transcriptome atlas }!y'




Newly annotated genomic features for biology-driven genome selection: the BovReg contribution

> 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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Total RNA

[ 290,707 transcripts ]

43,979
Ensembl Biotypes

+

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

+

199,561
\Non-coding transcripts

Class Features? Compared with bovine annotation
eatures
code! Ensembl r.105 NCBI r.106
: _ complete transcripts thictﬁnexact match of intron 42873 (14.75%) 36660 (12.61%)
1 < .. Y

c transcripts contaég’e?:; Z‘jtbhli)reference (intron 4(0.00%) 3082 (1.06%)

k containment of reference (reverse containment) 25403 (8.74%) 24814 (8.54%)
transcripts with retained introns (all introns o o

m matched or retained) 4555 (1.57%) 6321 (2.17%)

n transcripts with retained mtrqns (not all introns 13812 (4.75%) 14760 (5.08%)

matched or retained)

j multi-exon tmnscnpt:i :It;zctz at least one junction 142987 (49.19%) 150476 (51.76%)
single exon transcript partially covering an intron o o

N (possible pre-mRNA fragment) 0 (0.00%) 170 (0.06%)

o other same Stz;ei Zlizsgg)n{;s overlap with 6422 (2.21%) 9458 (3.25%)

s transcipts with .intron matck' on the opposite strand 63 (0.02%) 81 (0.03%)

(likely a mapping error)

exonic transcripts overlap on the opposite strand o o

x (like o or e but on the opposite strand) 10569 (3.64%) 8817(3.03%)

i transcritps fully contained within a reference intron 10961 (3.77%) 12419 (4.27%)

y transcripts with a ref;;’;r;;e transcript within its 1871 (0.64%) 999 (0.34%)

p possible polymerase run-on (no actual overlap) 357 (0.12%) 342 (0.12%)

. S repeat (al least 30% bases soft-masked) _________ | 0000%) _____ 0 (0.00%) _
] u none of the above (unknown, intergenic) 30830 (10.61%) 22308 (7.67%)

Total number of transcripts

290,707

! Transcript classification code from gffcompare v.0.12.210,
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1,142 mature miRNAs
(miRBase v22, Btau_5.0.1)

> BovReg expanded the repertoire of mature miRNAs annotated in bovine.

Newly annotated genomic features for biology

Neonate (< 4 weeks)

!! !; Skeletal muscle
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Count of TSSs matched by gene symbol (sqrt scaled axis)

> 51,295 transcription start sites (TSS)

> 2,328 TSS-Enhancer regions shared across the three populations
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Improving the annotation of the cattle genome by
annotating transcription start sites in a diverse set of
tissues and populations using Cap Analysis Gene
Expression sequencing

Mazdak Salavati (B ,1'* Richard Clar‘k,2 Doreen Bscker_] Christa Kﬁhn,l" Graham Plasmw_5 Sébastien Dupom,a
Gabriel Costa Montairo Moreira,® Carole Charlier,®” Emily Louise Clark,'on behalf of the BovReg consortium

"The Roslin Institute, University of Edinburgh, Edinburgh EH25 9RG, UK

Edinburgh Clinical Research Fa netics Core, University of Edinburgh, Edinburgh EHa 26U, UK

Yinstitute of Genome Bislogy, nstitute for Farm Animal Biology (FBN), Dummerstorf 18196, Germany

*Facuity of Agricultural and Envi reity Rostock, Rostock 18059, Germany

S of Agr |, Food and Science, Livestock Gentec, University of Alberta, Edmonton T4G 2H1, Canada
#Unit of Anirmal Genarmics, GIGA Institute, ity of Lizge, Lisge 4000, Belgium

TFaculty of Veterinary Medicine, University of Lisge, Lisge 4000, Belgium

*Comespanding suthor: The Ro
Email: Mazdak Salavati@roslin.edac.uk
'Present address: Dairy Research and Innevation Centre, Seatland's Rural Callege (SRUC), The Barany Campus, Dumfries DG1 3NE, UK.

nstitute, Royal (Dick) Schoal of Veterinary Studies, University of Edinburgh. Edinburgh EH25 9RG, UK.
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> We identified thousands of peaks for the different marks in our catalogue of tissues!

BETIVEQINOTIF,

6 animals x —

24 tissue types ) d |C|ge n dﬁ e/
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nf-core f https://github.com/BovReg
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H3K4mel (associated with enhancers) Genome cov. = 7.96%

H3K27ac (associated with active enhancers) Genome cov. =3.95%
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> Around 25% of the genome was covered by different chromatin states (except quiescent)

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

[ATAC-Seq [ ChIP-Seq ] B e R EEEE R S

LOADING...

ATAC- and ChIP-Seq

C____ S Genome Cov. (%) ATAC-Seq
Average + SD Coton atac |7
State (Emission order) Across all individuals eodened e
ATAC
1) ATAC island 0.90 + 1.11 .y A -
2) Enhancer & ATAC 0.54 + 0.44 ATAC-Seq Hypothalamus ChIP -ERkCtme3
10130
| 3) Active enhancer & ATAC 0.66 + 0.54 i Tleum ChIP - H3K4mel s A
4) Active Enhancer 1.26 + 0.83 - Je:(“;‘:e"; o/
5 ) Enhancer 6.43+ 273 E]
Juvenile Liver ChIP - H3K27ac .A‘L
6) Bivalent enhancer 172+ 1.71 - —
Juvenile e ChIP - CTCF
7) Polycomb repressed 8.31 4+ 5.82 - -
8) Polycomb repressed & CTCF 0.65 + 0.81 Neonate . ChIP - H3K4me3
9) CTCF ISIand 0.63 i 0.37 Neonate Spleen ChIP - H3K4mel o . . .
10) Enhancer & CTCF 0.59 +0.39 Testis curp-u3zmmes |
11) Poised enhancer 0.70 £ 0.75 Thyroid-gland —
12) Active Element 0.60 + 0.65 L IR - AD
13) Active TSS/promoter 142 +0.38 ranseriptome Sty ChIP - CTCF B
14) Quiescent/low signal 74.30 + 6.90
U 0mLwLm
QO 0 E [0 o o o e e
1
|<_): .:Er o g (@] ,§ > 79% TSS annotated on RNA-Seq were validated by chromatin states |
R o T !
nPm <
TtT o
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> We recaptured known enhancers and annotated new ones! "-

Line 1 Herefords

L ~_
COMMUNICATIONS

Functional annotations of three domestic animal
BovReg active genomes provide vital resources for comparative

[ ATAC-SCq [ ChIP-Seq ] > enhancers VS |and agricultural research

Colin Kern', Ying Wang', Xiaogin Xu®, Zhangyuan Pan', Michelle Halstead® |, Ganrea Chanthauixay',
Perot Saelao® ', Susan Waters', Ruidong Xiang®3, Amanda Chamberlain®, lan Korf*, Mary E Delanya |

LOADING... Hans H Cher;gs, Juan F. Mma:u@‘, Alison L“\;an Egnfnnaamc“ F;«is K. Tuggle ® %, Catherine Emst® 7,
_ J Gel‘lome cov. (‘%’) Paul Flicek ® %, Gerald Quon® °, Pablo Ross® "™ & Huaijun Zhou®
Average + SD - 8 tissues from 2 Herefords male cattle (14 months old)
State (Emission order) Across all individuals
1) ATACisland 0.90 £ 1.11 Tissues Active enhancers Enhancers recaptured ’
2) Enhancer & ATAC 0.54 + 0.44 (Kern et al., 2021) BovReg
3) Active enhancer & ATAC 0.66 + 0.54 Cerebellum 16,612 12,993 (78.21%)
4) Active Enhancer 126 +0.83 Cortex 28,235 24,408 (86.45%)
Hypothalamus 27,796 17,277 (62.16%)
n r 6.43+ 273 .
6 Bia SJE hh:"ce e Liver 57,457 46,312 (80.60%)
) Bivalent enhancer A8 Lung 49,861 38,537 (77.29%)
7) Polycomb repressed EElEEos Muscle 28,023 19,442 (69.38%)
8) Polycomb repressed & CTCF| | 0.65 + 0.81 Spleen 29,707 24,520 (82.54%)
9) CTCFisland 0.63 +0.37
10) Enhancer & CTCF 0.59 + 0.39
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> Mobile genetic element co-localized with liver-specific regulatory elements!

# LIEGE université
GIGA institute

BSW 126
43

41 49

ETH:urich

oBvV

129

7

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

> 700 probes in ]

genotyping array (public)
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“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 genotvped structural variation improves molecular
phenotype mapping in cattle; Leonard, Mapel & Pausch, bioRxiv 2023.
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{ Perspectives & take-home }!l;
message
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Genomic features

_______________________________________________________________________

L,[

Transcriptome map ]

> 48k genes models including =15k potentially novel transcripts
1,265 (638 known and 627 novel) miRNAs

51,295 transcription start sites (TSS)

2,328 TSS-Enhancer regions shared across the three populations

Regulatory regions ]

—* 925,498 ATAC-Seq consensus peaks
—» 327,236 H3K4me3 consensus peaks
396,828 H3K4mel consensus peaks
316,262 H3K27me3 consensus peaks
> 454,530 H3K27ac consensus peaks
—» 643,198 CTCF consensus peaks

»[

Variations ]

L Mobile genetic elements (727 probes, EuroGenomics array)

'I e¢QTL in different bovine tissues
:\ (liver, blood, jejunum, rumen, milk cells, muscle, adipose tissue and mammary gland)

N — e —— ——

LOADING...
\4 (—

WP7/Task7.2: Validating biology-driven genomic selection
within and across small breeds
(French, Nordic, Swiss, Canadian beef and dairy breeds)

Understanding cattle genomes g

BovReg Final Conference

University Foundation
Room “Felicien Cattier”
Bruxelles

(virtual participation available)

I~ 14t (afternoon)
FM 15 (full day)

February 2024

Watch out our website www.bovreg.eu for
further details to be announced soon!

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




Understanding cartle genomes (_

Thank you for your attention! BOVRL &

www.bovreg.eu
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