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WP4 – Integrative genotype-phenotype data analysis

WP leader: Hubert PAUSCH (ETH, Switzerland) - 11 partners / 20 involved in BovReg

T4.1 – Hubert PAUSCH (ETH, Switzerland)
GWAS and meta-analyses from whole-genome sequences (WGS) for biological efficiency, 
disease resistance and fertility traits

T4.2 – Carole CHARLIER (GIGA, Belgium)
Phenotypic impact of mobile element integration

T4.3 – Christa KUHN (FBN, Germany)
eQTLs and mQTLs analyses

T4.4 – Emily CLARK (UEDIN, UK)
Tools to prioritize candidate causative variants
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GWAS & meta-analyses

Mastitis
resistance

Milk yield & 
fertility Feed efficiency Beef traits

Within-breed
GWAS

Meta-analyses

4 groups 
of traits

8-13 populations
> 120 000 anim.

7-12 populations
> 125 000 anim.

3-9 populations
> 13 000 anim.

3-10 populations
> 25 000 anim.

Bulls, cows, steers from purebred or crossbred populations
Phenotypes (with weights): YD, DYD, DRP, AP
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Within-breed GWAS & meta-analyses
All partners applied similar imputation and GWAS workflows before meta-analyses

2 steps

Linear mixed model to test individual variant effect together with a polygenic
effect estimated from a GRM built using 50k genotypes

(when required, phenotypes were weighted)

Imputations

GWAS

50k è 777k (HD)
HD  è WGS

Within-breed animals with HD genotypes
Animals of various breeds with WGS (1000 BG project)

tens of millions of variants 
incl. causal variants

Meta-analyses

Fimpute / Minimac / Beagle

GCTA

QC + METAL
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« Beef » MA – populations

A large number of various populations

x

1 composite line from
Canada (ANG, CHA, beef)

8 purebred populations from France (NOR, MON, CHA, LIM, BLA)

4 populations from Swiss breeds (BSW, OBR)

2 crossbred populations 
from Germany (HOL x CHA)
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« Beef » MA – traits analyzed Grouping of traits in 16 MA

A large 
number and 
a large 
diversity of 
traits
Growth (6)
Morphology (6)
Carcass (21)

þ 1 to 5 traits / MA
þ 3 to 10 populations / MA
þ 2 to 5 partners / MA
þ 2600 to 25,000 animals / MA

2 methods: 
z-score & fixed effects
with METAL software (Willer et al., 2010)

1 Growth Birth Weight BW
2 Growth weight at month 15 W15
3 Growth weight at 18 months W18
4 Growth weight at 24 months W24
5 Growth average daily gain ADG
6 Growth average daily gain during fattening ADG
7 Morphology muscularity score MS30
8 Morphology skeletal score SS30
9 Morphology thickness of bones TB30

10 Morphology Thighs THIGHS
11 Morphology Wither WITHER
12 Morphology Fat score FS
13 Carcass carcass weight CW
14 Carcass fat coverage CF
15 Carcass meatiness MT
16 Carcass Area of longissimus thoracis ALT
17 Carcass Carcass conformation CC
18 Carcass carcass fat score FS
19 Carcass carcass yield CY
20 Carcass Internal fat weight IFW
21 Carcass length of the leg LL
22 Carcass Rib Eye Area REA
23 Carcass Weight at slaughter WS
24 Carcass Maximum width of the thigh WT
25 Carcass age at slaughter AS
26 Carcass carcass grade CG
27 Carcass average backfat thickness ABT
28 Carcass hot carcass weight CW
29 Carcass lean meat yield LMY
30 Carcass fat content of 6th rib FC6
31 Carcass fat content measured by ultrasound FCU
32 Carcass muscular development MD
33 Carcass skeletal development SD
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Comparison of GWAS & meta-GWAS results

QTL detected
§ in 15 of the 16 MA
§ in 1 to 5 GWAS

2 QTL detected in GWAS 
and not in MA

9 QTL detected in MA and 
not in GWAS
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QTL detected
§ in 15 of the 16 MA
§ in 1 to 5 GWAS

2 QTL detected in GWAS 
and not in MA

9 QTL detected in MA and 
not in GWAS

Except in G1 and C3, the number of QTL detected in MA was higher
than the number of QTL detected in each GWAS

Comparison of GWAS & meta-GWAS results



p. 9Marie-Pierre SANCHEZ
15 February 2023

QTL detected
§ in 15 of the 16 MA
§ in 1 to 5 GWAS

2 QTL detected in GWAS 
and not in MA

9 QTL detected in MA and 
not in GWAS

MA = 77 variants / 605 kb
GWAS = 218 variants / 1810 kbConfidence Intervals

Comparison of GWAS & meta-GWAS results



p. 10Marie-Pierre SANCHEZ
15 February 2023

Growth MA – results

Growth traits

QTL with the most significant effects
common to the 3 growth MA 
Þ BTA6 » 37 Mb

Variants in LCORL in all MA, not in GWAS
Transcription factor regulating expression 
of other genes

+ QTL on BTA 5, 7, 14, 15, and 20

LCORL

LCORL

LCORL

rs109732906 (intron) 

rs109732906 (intron) 

rs109732906 (intron) 

CCDN2 PIAS4 PLAG1
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Morphology MA – results

Morphology traits

QTL with the most significant effects
Þ BTA2 (MSTN)
Þ BTA6 (LCORL)
Þ BTA15 (SLC35C1, CRY2)

MSTN encodes myostatin, with known
mutations responsible for muscular
hypertrophy

+ QTL on BTA 7, and 14

MSTN rs110344317 (stop-gain) 

MSTN

MSTN LCORL

LCORL

LCORL
SLC35C1
CRY2
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Carcass MA – results

Carcass traits

37 QTL 
with the most significant
effects
Þ BTA2
Þ BTA6

+ QTL on BTA 5, 10, 11, 13, 
14, 17, and 20

SPATS2
FAIM2

MED27
CACNA1B

PLAG1

ERGIC1

LCORL

MSTN

MSTN

MSTN

MSTN

MSTN

MSTN

MSTN
LCORL

LCORL

LCORL



p. 13Marie-Pierre SANCHEZ
15 February 2023

QTL enrichment analyses

Comparison with QTL referenced in CattleQTLdb

% of production, meat and carcass QTL detected
Þ 58% in within-population GWAS
Þ 65%  in fixed effects MA
Þ 72%  in z-score MA

Enrichment of QTL related to the traits analyzed
more pronounced in MA than in GWAS
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Overlapping between QTL and cis-e/sQTL
A limited number of variants detected in MA that are cis-e/sQTL in CattleGTEx

Cis-eQTL Cis-sQTL
Tissues in which

e/sQTL colocalizing
with MA results

related to the traits 
analyzed

54 eQTL x tissue x 
MA x method
combinations 

170 sQTL x tissue 
x MA x method
combinations 

Fixed Effects / z-score
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Overlapping between QTL and cis e/sQTL

eQTpLot analysis for G1 and SLIT2 MultiTissue
analysis, eQTLs collapsed by minimum value

One of the TOP meta-
GWAS variant is a cis-
eQTL regulating the 
expression of SLIT2 
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Overlapping between QTL and cis e/sQTL
eQTpLot analysis for M5 and MAPK8IP1 MultiTissue
analysis, eQTLs collapsed by minimum value

Among a number of 
variants with the most

significant effects, one is a 
cis-eQTL regulating the 

expression of MAPK8IP1
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Conclusions

Value of meta-GWAS compared to within-population GWAS, in identifying:
§ A larger number of QTL
§ A smaller number of target variants within the QTL
§ A more significant enrichment of meat, carcass, and meat production QTL

Large-scale meta-GWAS conducted at the sequence level, coupled with post-
GWAS analyses, significantly improved the identification of genes and causal 
variants associated with beef production traits

With almost 55,000 animals from 15 populations of various breeds, this study
is the first meta-GWAS of this scale dedicated to beef production 
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Thank you for your attention

www.bovregproject.eu

BovReg PARTNERS
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