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Genomic study

vExplanation
• Candidate gene
• Cloning
• Linkage analysis
• GWAS

vPrediction
• MAS
• GS
• GWAS+GS
• AI

Backward

Forward
ValidationGWAS 

Assisted GS



Outline

• Two types of problems: too bad and too good

•Right in the middle

•Overview



Genomic Prediction
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Genomic prediction

RFLP kinship 
in maize
Crop Science
1994

gBLUP

R. Bernardo

Prediction of total genetic value using 
genome wide dense marker maps
Genetics, 2001

Ridge Regression, Bayes 
A, B, Cpi, …

Efficient kinship
J. Dairy Science
2008

Pedigree & Marker kinship
single step
GES, 2011

Use of Marker Based 
Relationships with 
MTDFREML
J. Animal Sci., 2007

P. VanRaden

I. Misztal
T. Meuwissen B. Hayes M. Goddard

D. Van Vleck

ssBLUP

Super and compression
Heredity
2018Z. Zhang

cBLUP

sBLUP

R Fernando

MAS using BLUP
GSE, 1989

MAS

BLUP
Biometrics,1975



Interaction between data and methods

Heredity volume 121,
pages 648–662 (2018)

Jiabo Wang

https://www.nature.com/hdy


mMap: An Online Computing Platform to Transform Genotypes to 
Phenotypes by Mining the Maximum Accuracy of Prediction

You Tang

mMAP website: http://zzlab.net/mMAP

Select the best method using machine learning

Bioinformatics, Volume 37, Issue 9, May 2021, Pages 1324–1326, https://doi.org/10.1093/bioinformatics/btaa824

http://zzlab.net/mMAP
https://doi.org/10.1093/bioinformatics/btaa824


We are not luckier than this



Type I problem: too bad than can be



Negative prediction accuracy

Theor Appl Genet. 2013 Jan;126(1):13-22
Genomewide predictions from maize single-cross data.
Massman JM1, Gordillo A, Lorenzana RE, Bernardo R.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Massman%20JM%5bAuthor%5d&cauthor=true&cauthor_uid=22886355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gordillo%20A%5bAuthor%5d&cauthor=true&cauthor_uid=22886355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lorenzana%20RE%5bAuthor%5d&cauthor=true&cauthor_uid=22886355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bernardo%20R%5bAuthor%5d&cauthor=true&cauthor_uid=22886355


Two ways of calculating correlation

Yao Zhou and et al., Briefings in Bioinformatics, Volume 18, Issue 5, September 2017, Pages 744–753,
https://doi.org/10.1093/bib/bbw064

https://doi.org/10.1093/bib/bbw064


Underestimates of hold accuracy
Yao Zhou



Underestimates and correction of instant accuracy
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Y Zhou, MI Vales, A 
Wang, Z Zhang
Briefings in 
bioinformatics 18 (5), 
744-753





Type II problem: too good to be true



Genomic selection accuracy increased to almost 2-fold at each level of cross validation when the 
GWAS-derived SNPs were incorporated into the genomic selection model. 

Ravelombola,	W.	S.	et	al.	Genome-wide	association	study	and	genomic	selection	for	tolerance	of	soybean	biomass	to	
soybean	cyst	nematode	infestation.	PLoS	One	15,	(2020). 



Medina,	C.	A.,	Kaur,	H.,	Ray,	I.	&	Yu,	L.	X.	Strategies	to	
increase	prediction	accuracy	in	genomic	selection	of	
complex	traits	in	alfalfa	(Medicago	sativa	l.).	Cells	vol.	
10	Preprint	at	https://doi.org/10.3390/cells10123372	
(2021).
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RR

GWAS-RR/Valid
GWAS-RR/Invalid

Invalid procedure create artifact

Artifact

Matthew McGowan, Jiabo Wang, Haixiao Dong, Xiaolei Liu, Yi Jia, Xianfeng Wang, Hiroyoshi Iwata, Yutao Li, Alexander E Lipka, and Zhiwu Zhang*. Ideas in Genomic Selection with the Potential to 
Transform Plant Molecular Breeding: A Review. Plant Breeding Review Vol 45 (eds. Irwin Goldman), John Wiley & Sons, Inc. 2021. pp. 273-320, available as Preprint, Publication, and Google Book. 

https://www.preprints.org/manuscript/202010.0460/v2
https://www.wiley.com/en-us/exportProduct/pdf/9781119828228
https://www.google.com/books/edition/Plant_Breeding_Reviews_Volume_45/5j5IEAAAQBAJ?hl=en&gbpv=1&dq=Ideas+in+Genomic+Selection+with+the+Potential+to+Transform+Plant+Molecular+Breeding:+A+Review&pg=PA273&printsec=frontcover


Right in the middle
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GWAS Stream
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FarmCPU algorithm
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It is time for human geneticists to move forward



FarmCPU is computing efficient

Testing 60K SNPs





Half million individuals, half million SNPs: three days

But, PINK new version is faster 

Crowdsource



BLINK algorithm
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Missing
(bin too big)

False
(bin too small)
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Elimination of markers with LD
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Bayesian information criterion

tk
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Simulation study with human data

FDR Type I error

Meng Huang



1M SNPs + 1M Samples = 3 hours

Meng Huang



Ap
pl

ic
at

io
n 

in
 M

ai
ze



Enrichment

<1%

<3%

Fa
rm

CP
U

 
on

ly
BL

IN
K 

on
ly

Co
m

m
on

Meng Huang and et al, Giga Science, 227249





GWAS+gBLUP

Incorporating GWAS in GS

Unpublished Data
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