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James Watson and Francis Crick DNA Model 
(Nobel Prize, 1962)



Genotypes
AA: 0
AT: 1
TT: 2



Genomic Prediction
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Genomic prediction
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Domains

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
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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


Five fold Cross validation

ReferenceInference

By Yao Zhou



• N: number of individuals
• K: number of folds
• Leave-one-out cross-validation
• Inference (training) contain only one individuals
• Not possible to calculate correlation between observed 

and predicted within inference
• Evaluation of accuracy must be hold until every 

individuals receive predictions.
• Resampling is not available

Jack Knife: extreme case: K=N



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


Generation of random phenotypes

Genotype Phenotype Random # Random Phenotype



Artefactual negative hold accuracy 



Hold bias relates to number of fold



Problem of instant accuracy



Small sample causes bias



Correction of instant accuracy
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Summary on instant and hold accuracy

•Both are are downward biased
• Instance accuracy is correctable
•Bias correction of hold accuracy: not found yet
• True accuracy might be under estimated, especially 

using hold accuracy on leaving one out
•When true accuracy is low, negative hold accuracy 

could appear at unpresented frequency and 
magnitude
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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
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GWAS Stream
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source("http://zzlab.net/GAPIT/gapit_functio
ns.txt") #Import demo data 
myGD=read.table(file="http://zzlab.net/GAPI
T/data/mdp_numeric.txt",head=T) 
myGM=read.table(file="http://zzlab.net/GAP
IT/data/mdp_SNP_information.txt",head=T) 

#Simultate 10 QTN on the first half 
chromosomes 
index1to5=myGM[,2]<6 set.seed(99164) 
mySim=GAPIT.Phenotype.Simulation(GD=my
GD[,c(TRUE,index1to5)],GM=myGM[index1t
o5,],h2=.7,NQTN=40, effectunit 
=.95,QTNDist="normal")

#GWAS with GAPIT 
myGAPIT=GAPIT(Y=mySim$Y,GD=myGD,GM=
myGM,PCA.total=3, 
QTN.position=mySim$QTN.position, 
model=c("GLM", "MLM", "CMLM", "SUPER", 
"MLMM", "FarmCPU", "Blink"))
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GWAS+gBLUP

Incorporating GWAS in GS

Unpublished DataUnpublished Data
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Thank you for your attention!


