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Introduction



Introduction

Why to study genomic inbreeding?

❑ Plethora of estimators (single SNP vs. continous homozygous blocks)
❑ Plethora of SNP panels (LD, MD, HD)
❑ Variability in QC of SNP data (i.e., different data filtering)
❑ Simulation studies and/or with few genotyped data

Depends upon:
❑ The relationship between the core animals genotyped in HD and those to be 

imputed from LD/MD to HD 
❑ The distribution along the genome and the number of SNP in the LD/MD panels 
❑ The linkage disequilibrium between SNP in the LD/MD and SNP in the HD 

Real case scenario in breeding programs: SNP imputation



Introduction

Research on genomic inbreeding 
coefficients using imputation SNP (i.e., 
genotyped + imputed)

Compare SNP genomic inbreeding 
coefficients (fSNP):
1. Different estimators
2. SNP panels used to genotype cows
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Objective

Investigate the effect of ancestral genotyping (and the interaction with 
SNP panel) used to genotype the cow for estimating SNP inbreeding 
coefficients derived after SNP imputation in Holstein cows



6 SNP panels68,127 cows

# SNP/panel

Material and Methods

Select:
• 2 HD (~600 cows)

• 4 MD (~10-30k cows)

84,445 imputation SNP



Material and Methods

❑Estimators:
• GRM 

o VanRaden (method 1 & 3; Fgrm & Fgrm2, respectively)

• F plink (plink imports the algorithms from GCTA)
o F method of moments based on observed and expected autosomal homozygous genotype counts for each 

sample [(obs.hom.count-exp.count)/(total obs-exp.count)])
o Fhat1 (usual variance-standardized relationship minus 1, VanRadens’ 2nd)
o Fhat2 (≅F)
o Fhat3 (based on the correlation between uniting gametes)

• FROH (consecutiveRUNS.run, detectRUNS, R)
o ROH definition: minSNP = 20, maxGap = 10^6,  minLengthBps = 106,  maxOppRun = 1,  maxMissRun = 1

❑ Cow ancestral genotype information
• Sire, dam, maternal grandsire
• G: genotyped, N: not genotyped, M: missing information

❑ Metrics comparing genotyped vs. imputation fSNP :
• Pearson and spearman correlations
• Regression coefficients

Allelic frequency 
dependent

Allelic frequency 
independent

Regressed on Fped

(--ibc flag)

(--het flag)

Villanueva et al., 2021
PMID: 33933002
Caballero et al., 2022
PMID: 36575379

Confusion of nomenclature in 
the literature…



Results and Discussion

- Red horizontal line was set to zero.
- - Dashed grey horizontal line was set to 0.8.

• Similar patterns for F, Fhat3, Fgrm2 and Froh
• Robust results for F, Fhat3, Fgrm2 and Froh
• At least one genotyped parent needed
for F, Fhat3, Fgrm2 and Froh
• Effect of ancestral genotype – SNP panel
interaction on Fhat1-2, and Fgrm

• Sire, dam, maternal grandsire
• G: genotyped, N: not genotyped, M: missing information



Results and Discussion

- Blue horizontal line was set to 1.

• Similar patterns for F, Fhat3, Fgrm2 and Froh
• Robust results for F, Fhat3, Fgrm2 and Froh
• At least one genotyped parent needed
for F, Fhat3, Fgrm2 and Froh
• Effect of ancestral genotype – SNP panel
interaction on Fhat1-2, and Fgrm
• Depending upon SNP panel, there can 
be inflation or deflation of fSNP

• Sire, dam, maternal grandsire
• G: genotyped, N: not genotyped, M: missing information



Results and Discussion

Froh
genotyped vs. imputation fSNP

• Inflation of imputation fSNP

• Sire, dam, maternal grandsire
• G: genotyped, N: not genotyped, M: missing information



Results and Discussion

Froh
genotyped vs. imputation fSNP

• Inflation of imputation fSNP

• Sire, dam, maternal grandsire
• G: genotyped, N: not genotyped, M: missing information



❑FROH was the most robust estimator
o If extreme fSNP found, check SNP panel of the cow and ancestors in 

the imputation process.

❑Fhat1-2, and Fgrm are influenced by the cow’s SNP panel and the 
ancestral genotyping status.

❑Downgrading HD SNP panels to a set of carefully selected MD imputation 
SNP has, in general, no effect on fSNP.

❑The choice of SNP panel for genotyping cows, parental genotyping and 
genomic inbreeding estimator should be considered when designing 
imputation strategies for genomic analysis in dairy cattle

Conclusion



Thank you for your atttention!
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