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Investigations on pleiotropy and genome wide association analyses by
random effects using QTL-MAS 2010 dataset
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Summary: Recent advances in molecular genetics have provided hundreds of thousands of single nucleotide polymorphisms
to detect mutations at the vicinity of genes related with quantitative traits. Breeding values could be used as response variable in
mixed model framework to detect possible associations with genomic relationship matrix. It is known that most of quantitative traits
are correlated which leads to construct of networks and pathways of genes due to pleiotropy. Hence the main aim of this paper is to
a) detecting pleiotropy by principal component analyses methods b) prediction of genomic breeding values by ridge regression c)
detecting associations based on predicted genomic breeding values obtained from b) using QTLMAS 2010 simulated dataset. Most of
the Quantitative Trait Locus (QTLs) were located at chromosome 1 and 3. Highest correlation between true breeding value and
predicted breeding value were obtained by Gaussian Kernel function as 0.557. To detect pleiotropy we used first and second
principal components as response variable and success rates found to be 0.2727 and 0.1714 and error rates found to be 0.5952 to
0.6400 for first two principal component loadings respectively. Using genomic breeding values as response variable gave better
success rate and lower error rate compared with when using raw phenotypes. We found that using the most heritable and variable
component (first component) had higher change to detect pleiotropic genes using QTLMAS-2010 dataset.

Keywords: Breeding values, genome wide association analyses, genomic selection, pleiotropic genes.

Rassal etkiler kullanilarak yapilan genom tabanh iliski ve pleiotropi analizi icin QTL-MAS 2010 veri
seti iizerine incelemeler

Ozet: Molekiiler genetikteki son gelismeler fenotipler ile iliskili olabilen bagkalasimlarin: yiiz binlerce tekil niikleotit
polimorfizmi ile saptanmasina olanak tanimistir. Damizlik degerlerin karisik modellerde cevap degiskeni olarak kullanilmasi ile
genom tabanli iligkiler tespit edilebilir. Pleiotropi nedeni ile farkli fenotipler birbirleri ile bagintili olabilmekte ve bdylece gen aglari
olusturulabilmektedir. Dolayisi ile bu ¢aligmanin amaglari a) pleiotropinin temel bilesenler analizi ile tespiti b) Ridge regresyonu
kullanarak genomik damizlik degerlerin tahmini ve c) b)’den elde edilen damizlik degerler ile iliski analizini benzesim yolu ile elde
edilmis QTLMAS 2010 veri seti ile yapmaktir. Verimden sorumlu bélge (QTL)’lerin biiyiik ¢ogunlugu 1 ve 3. kromozomlarda
bulundu. Gergek ve tahmin edilen damizlik degerler arasindaki en yiiksek korelasyon Gausgu ¢ekirdek ile bulundu (0.557). Birinci ve
ikinci temel bilesenler ile pleiotropi tespitinde basar1 oranlart 0.2717 ve 0.1714; hata oranlari ise 0.5952 ve 0.6400 olarak bulundu.
Genomik damizlik degerlerinin cevap degiskeni olarak kullanilmasi fenotiplerin kullanimina oranla daha yiiksek basart orani ve daha
diisiik hata oranlar1 verdi. Pleiotropik genlerin tespitinde kalitim derecesi ve gesitliligi en yiiksek olan ilk temel bilesenin kullanilmasi
QTLMAS 2010 veri seti i¢in daha iyi sonug vermistir.

Anahtar sdzciikler: Damizlik degerler, genom tabanli iligki incelemesi, genomik secilim, pleiotropik genler.

Introduction

A mixed model is a mathematical model including
both fixed and random effects and used in many
applications including prediction of genomic breeding
values (12) and prediction of longitudinal breeding
values (9). After taken into account the random and fixed
effects from observations remaining random effects
could give useful information regarding underlying
phenomena.

Recent advances in molecular genetics have
provided hundreds of thousands of Single Nucleotide
Polymorphisms (SNPs) to detect mutations at the vicinity

of genes related with quantitative traits. Undetected
shared ancestry within samples of animals could lead to
detect false genomic signals in association mapping (8).
Although pedigree based relationship matrix could be
used to introduce ancestral correlations into the mixed
model equations; genomic relationship matrix could also
be used to accomplish the aim. Remaining solutions:
breeding values could be used as response variable in
mixed model framework to detect possible associations.
It is known that most of quantitative traits are
correlated which leads to construct of networks and
pathways of genes (6). Such phenotypic correlations can
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arise from pleiotropic effect of genes. Principal
component analyses (4, 7) could be used to discover
loadings that combines underlying relationships hence
pleiotropy among different quantitative traits.

Hence the main aim of this paper is to a) detecting
pleiotropy by principal component analyses methods b)
prediction of genomic breeding values by ridge regression
(3) c) detecting associations based on predicted genomic
breeding values obtained from b) using QTLMAS 2010
simulated dataset(16).

Material and Methods

Data: The pedigree included four generations with
2326 animals for quantitative trait. Additional last
generation (n=900) were also simulated without
phenotypes but with genotypes to predict genomic
breeding values conditional to their ancestors (training
population). The number of population founders was 20
(5 males and 15 females). Each female mated only once
and gave birth approximately 30 progeny. Generations
were forced to be nearly discrete hence over-lapping. To
investigate to pleiotropy two genetically correlated traits
were simulated. The genome consisted of 10031 Single
Nucleotide Polymorphisms (SNPs) distributed over 5
chromosomes. The two major QTL positions were
simulated on chromosome 3 and a set of other intermediate
QTL positions were simulated on chromosome 1 and 2.
Set of other QTL positions were simulated on
chromosome 1 with tiny effects and lastly there was no
QTL located at chromosome 5. More details about the
dataset could be found at (Szydlowski and Paczynska,
2011).

Genome Wide Association Analyses and Predicting
Genomic Breeding Values: We used mixed model to
perform genome wide association analyses (3);

y=Xb+Za+te (1)

where y contains the observations, b is the fixed effects, a
is the additive genetic effect, matrices X and Z are
incidence matrices, and e is a vector containing residuals.
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For the random effects, it is assumed that A is the
coefficient of coancestry obtained from genotype of
animals; [ is an identity matrix, =2, is the additive genetic
variance and o, is the residual variance. Two criteria
were used to compare the association results by different
sampling schemes; the success rate (ratio of mapped
QTL to the total number of simulated QTL) and the error
rate (ratio of false positives to the number of reported
positions) as was defined by (13). We judged mapped
QTLs by if they were located within 1Mb distance from
true QTL position.

We used ridge regression best linear unbiased
prediction (RRBLUP) to predict genomic breeding
values with different kernel functions (3): Gaussian and
Exponential models. In RRBLUP each marker assumed
to has same variance on the trait concerned. Gaussian
model assumes that distances between genotypes could
be scaled in [0 1] interval and measured by Euclidean
metric. Exponential model has also same assumptions
with Gaussian model but not in quadratic form.

Principal component analyses: Principal components
analyses used to orthoganize the phenotypic space;

Y =apx, +apx, +...+a,,x,

Yy = Ay X +ayX, +...+a,,X,

YV, =a,X +a,X, +...+a,x,

with the coefficients (a) being chosen so that

Y15Y35---,), account for most of the explanatory

proportions of the total variance of the original variables,

X3 Xgseees X, (4). We used linear combinations of

multivariate  phenotypes (loadings) for detecting
pleiotropy (17). Loadings were used to estimate
heritabilites and to detect associations.

Results

Quality Control: We excluded 263 SNPs due to
minor allele frequency <1%, leaving 9768 SNPs in the
analyses. We excluded 8 individuals with too high
Identity By State (IBS) (>95%) leaving 2318 individuals
in the dataset. We estimated heritability as 0.4239 and
0.4017 wusing first and second principal component
loadings based on mixed model (1) using genomic
coancestry matrix (1). Explanatory proportions and
eigenvalues (in brackets) were 0.6240 (1.2484) and 0.376
(0.7516) for first and second principal components
respectively.

Association Analyses: A genome wide association
analyses were conducted by generalized least squares
method using model (1) and we used genomic breeding
values and principal component loadings as response
variables. Most of the QTLs were located at chromosome
1 and 3. We did not detect any QTL on chromosome 5
which is indicative of the model perform well in terms of
false positives. Success rate found to be 0.3240 and error
rate found to be 0.1714 based on model (1) using
genomic breeding values as response variable. To detect
pleiotropy we used first and second principal components
as response variable and success rates found to be 0.2727
and 0.1714 and error rates found to be 0.5952 to 0.6400
for first two principal component loadings respectively.

Predicted Genomic Breeding Values: We used
RRBLUP to predict genomic breeding values of animals
and correlation between true and predicted genomic
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breeding values were found to be 0.703. To predict
genomic breeding values of individuals of last generation
we used Gauss and Exponential kernel functions (Table
1). Highest correlation between true breeding value and
predicted breeding value were obtained by Gaussian
Kernel function as 0.557.

Table 1: Correlations between true and predicted breeding
values with different kernel functions: ridge regression,
Gaussian and exponential models for last generation.

Tablo 1: Son kusak icin degisik cekirdek islecleri ile( ridge
regresyon, Gausgu, ve lissel modeller) elde edilen ger¢ek ve
tahmin edilmis damizlik degerler arasindaki korelasyonlar.

Ridge Gaussian Exponential
Regression
True Breeding Value 0.553 0.557 0.504
Ridge Regression 0.996 0.930
Gaussian 0.940
Discussion

We combined quantitative and qualitative (binary)
traits using a multivariate data reduction method to
obtain linear combinations of them. We assumed that
underlying hidden structure could be correlated with
common genes hence pleiotropy. (14) found that
principal component of the quantitative phenotypes and
the residual of a logistic regression of the binary
phenotypes may be an optimal method to combine
quantitative and binary trait to reduce the dimension from
multivariate to univariate dataset.

Quantitative trait was simulated with 0.39
heritability and binary trait was simulated with 0.52
heritability whereas we estimated the heritability to be
0.4239 and 0.4017 by first and second principal
component loadings using genomic coefficient matrix.
Estimates of heritability of first component were found to
have slightly higher compared with the estimates of
heritability of second components. Again first principal
component had higher explanatory proportion (0.6240)
compared with the second one (0.3760). Success rate
were found higher (0.2727) using first principal
component compared with second one (0.1714) and
again error rate were found smaller using first principal
component (0.5952) compared with when second
principal component used as response variable (0.6400).
(2) did not able to detect pleiotropic genes using
principal component analyses. However they noted that
failure of principal component analyses to detect
pleiotropic genes might related with sampling from
population and/or trait-specific genes. Although we
found that using the most heritable and variable
component (first component) had higher change to detect
pleiotropic genes; (11) suggested to use multivariate
regression to include number of principal components.

(17) found that detecting probability of pleiotropy would
be much higher when residuals from principal
component analyses used when environmental covariates
exist.

We used RRBLUP to predict breeding values of
animals and correlation between true and predicted
breeding values were found to be 0.703. RRBLUP
assumes that all markers have effect on trait with equal
variances. However Bayes type methods (15) assume
different priors hence different marker effects over
genome. Since, in reality, most of traits affected by
limited number of loci with various effect sizes Bayes
type model could give better results compared with
RRBLUP.

Using genomic breeding values as response variable
gave better success rate (0.3240) and lower error rate
(0.1714) compared with when using raw phenotypes (10)
(success rate 0.3000; error rate 0.2900) in association
model. Generalized least square method with estimated
breeding values gave better success rate (0.3240) and
lower error rate (0.1714) compared with our previous
model; GRAMMAR(Genome-wide rapid association
using mixed model and regression) using pedigree
information(8) with phenotypes (success rate 0.1400;
error rate 0.4400). (5) suggested using predicted breeding
values as response variable for genomic prediction.

We used 3 different models to predict breeding
values of last generation without phenotypes (Table 1).
All 3 models had higher correlations within each other
(ranged from 0.9300-0.9960). Highest correlation with
true breeding values was obtained by Gaussian kernel
(0.5570) although Ridge Regression with realized
relation matrix had similar correlations (0.5530). (3) also
obtained similar results for predicted breeding values
using RRBLUP and Gaussian kernel in maize dataset.
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