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• Assumption of GBLUP: Var 𝐮 = 𝐆𝜎𝑢
2

• In SNP-BLUP: 𝐮 = 𝐙𝐚
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GBLUP assumption!!!

Are GBLUP and SNP-BLUP equivalent?



4

GBLUP and SNP-BLUP are equivalent!

If we can get u (𝐮 = 𝐙𝐚) from SNP-BLUP, we can get a from GBLUP!

https://www.mdpi.com/2073-4425/11/7/790

Pages 11-12

https://www.mdpi.com/2073-4425/11/7/790
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ssGBLUP

Misztal et al. (2009)
Legarra et al. (2009)
Aguilar et al. (2010)

Christensen & Lund (2010)

ssSNPBLUP or ssBR

Fernando et al. (2014)
Liu et al. (2014)

Mantysaari & Stranden (2016)
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ssGBLUP and ssSNP-BLUP are also equivalent!
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SNP effects in ssGBLUP
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What can we do with SNP effects?
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1) Predictions for animals not included in the evaluation

Indirect predictions

Indirect Genomic Predictions

2)   Genome-Wide Association Studies (GWAS)



1) Indirect predictions
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• Interim evaluations
• Between official runs

• Not all genotyped animals are in the evaluations
• Animals with incomplete pedigree increase bias and lower R2

• Commercial products
• e.g. GeneMax for non-registered animals 



1) Indirect predictions
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1) Indirect predictions
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Indirect Prediction: 𝒖𝒎
∗ = 𝐙ොa

Fine if comparing among animals with IP

• Not fine if comparing it with GEBV from the main evaluation

• Put in the pedigree scale 

𝒖𝒎 = ෝ𝝁 + 𝒖𝒎
∗

ෝ𝝁 = 𝛼λ𝟏′G−1ොu

𝛼 = blending parameter for 𝐆



1) Indirect predictions
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How to compute Indirect predictions
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1) Pedigree + phenotypes + genotypes

2)renumf90

3) preGSf90 to save clean files 

4)blupf90+ (save the clean files)

• Good practice to save time:  OPTION saveGInverse +  OPTION saveA22Inverse

5)postGSf90 (with clean files)

• BLUPF90 family software to compute SNP effects (+more)

• Same parameter file as blupf90+

• Good practice to save time: OPTION readGInverse + OPTION readA22Inverse
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Output from postGSf90

http://nce.ads.uga.edu/wiki/doku.php?id=readme.pregsf90

 1st line: model, tuning, blending information
 2nd line: Trait/effect infor
 AF in 10 columns
 mu_hat, var_mu_hat
 SNP effects

http://nce.ads.uga.edu/wiki/doku.php?id=readme.pregsf90


How to compute Indirect predictions
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6)predf90

• Have to provide a SNP file for the new genotyped animals to receive IP 

• same SNP as in the clean file

predf90 --snpfile newgen.txt --use_mu_hat

• The last statement adds the base, so that we have: 𝒖𝒎 = ෝ𝝁 + 𝒖𝒎
∗



Output from predf90

SNP_predictions

Animal ID SNP call rate Indirect Predictions

predf90 can also compute accuracy of indirect predictions

OPTION snp_p_value #in blupf90+
OPTION snp_var #in postGSf90
--acc #in predf90 http://nce.ads.uga.edu/wiki/doku.php?id=readme.predf90



2) Genome-wide Association Studies

16



Current standard for GWAS
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• Single marker regression with G to compensate for relationships 
• 𝐲 = 𝐗𝐛 + 𝐳𝑖𝐚𝑖 + 𝐮 + 𝐞

• 𝐳: gene content {0,1,2}

• 𝐚: SNP effect

• Estimate SNP effects

• Get p-values as 𝑝𝑣𝑎𝑙𝑖 = 2 1 − Φ
ොa𝑖

𝑠𝑑 ොa𝑖

• Apply Bonferroni to correct for multiple testing

• Assumption: Genotyped individuals have phenotypes



GWAS in livestock populations
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• Most animals are non-genotyped

• Animals may not have phenotypes

• Some traits are sex-limited
• milk, fat, protein

• Single marker regression
• Only genotyped animals with phenotypes

• Deregressed EBV

• Need a method that fits the livestock data
• ssGWAS
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GEBVs
SNP 

effects
VanRaden 2008
Stranden and Garrick 2009
Wang et al. 2012

b) NonlinearA SNP variance (VanRaden, 2008)

𝑑𝑖 = 1.125
ො𝑎𝑖

𝑠𝑑 ො𝑎
−2

a) Quadratic SNP variance (Falconer & Mackay, 1996) 

𝑑𝑖 = ො𝑎𝑖
22𝑝𝑖 1 − 𝑝𝑖

Single-step GWAS (historical)
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1
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No P-value!!!

Single-step GWAS



Single-step GWAS
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Figure 2. Proportion of SNP variance explained by 5-SNP moving windows for rectal temperature from a single-step GBLUP analysis

Dikmen S, Cole JB, Null DJ, Hansen PJ (2013) Genome-Wide Association Mapping for Identification of Quantitative Trait Loci for Rectal 
Temperature during Heat Stress in Holstein Cattle. PLOS ONE 8(7): e69202. https://doi.org/10.1371/journal.pone.0069202
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0069202

No P-value!!!

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0069202


Can we have p-values in ssGWAS?
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P-values in ssGWAS
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Legarra

blupf90+

1) Factorize and Invert LHS of ssGBLUP with YAMS (Masuda et al., 2014)

2) Solve the MME for 
𝛃
ෝ𝐮

using the sparse Cholesky factor

3) Extract coefficients for genotyped animals (𝐂𝑢2𝑢2) from LHS-1

4) Obtain individual prediction error variance of SNP effects:

𝑉𝑎𝑟 ො𝑎𝑖 = 𝛼𝑏
1

2σ𝑝𝑖(1−𝑝𝑖)
𝐳i
′𝐆−𝟏 𝐆σu

2 − 𝐂𝑢2𝑢2 𝐆−𝟏𝐳i
1

2σ𝑝𝑖(1−𝑝𝑖)
𝛼𝑏

(Gualdron-Duarte et al., 2014)

5) Backsolve GEBV to SNP effects ( ො𝑎):  ො𝑎 = 𝛼𝑏
1

2 σ 𝑝𝑖𝑞𝑖
𝐙′𝐆−𝟏 ො𝑢

6) p-valuei = 2 1 − Φ
ො𝑎𝑖

𝑠𝑑 ො𝑎𝑖

postGSf90

Φ is the cumulative standard normal function
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How to run ssGWAS with p-values in BLUPF90

• After renumf90 and preGSf90 to save clean files:

• blupf90+ to estimate GEBV
• OPTION SNP_file snp.dat_clean

• OPTION map_file mrkmap.txt_clean

• OPTION saveGInverse

• OPTION saveA22Inverse

• OPTION snp_p_value

• postGSf90 to backsolve GEBV to SNP effect
• OPTION SNP_file snp.dat_clean

• OPTION map_file mrkmap.txt_clean

• OPTION readGInverse

• OPTION readA22Inverse

• OPTION snp_p_value
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Output from postGSf90

Pft1e2.gnuplot

Pft1e2.R

Sft1e2.gnuplot

Sft1e2.R
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Output from postGSf90
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P-values in ssGWAS for US Holsteins

• Single-trait models

• 10k genotyped bulls

• 752k records for 100k daughters

• 303k animals in ped

• US HOL 2009 data: milk, fat, protein
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P-values in ssGWAS - Milk
DGAT1
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P-values in ssGWAS - Fat
DGAT1
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Non-significant hits

https://twitter.com/SbotGwa

https://twitter.com/SbotGwa


31Mancin et al. (2021)

• Simulated population (1 QTN per CHR)

14k genotyped sires
500k Pedigree

250k phenotypes

14k genotyped sires
Deregressed EBV

(10 daughters)

Association EMMAX (Khang et al., 2010) ssGWAS (Aguilar et al., 2019)

True Positive 55.2a (3.7) 61.6a (8.7)

False Positive 0.0 0.0

ssGWAS vs. EMMAX



postGSf90 options
http://nce.ads.uga.edu/wiki/doku.php?id=readme.pregsf90



nce.ads.uga.edu/wiki
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