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Abstract: The aim of the present study was to conduct a genome-wide screening for QTL (Quantitative Trait
Loci) detection using the simulated phenotype and genotype data sets obtained from the QTL-MAS workshop
12, A genome scan was carried out in 45 half-sib families to identify QTL influencing a hypothetical trait.
Among six chromosomes, each chromosome with 1000 SNP locy, 11 mformative markers at least 2 cM apart from
one another were chosen based on PICs with highest y’-statistic. Half-sib data were pooled and used
simultaneously in the analyses conducted for each chromosome separately. Data were analyzed by generating
an F-statistic every 1 ¢cM on a linkage map by regression of phenotypes on the probabilities of inheriting an
allele from the sire. Permutation tests at chromosome-wide significance thresholds were carried out over
1000 iterations. Among six chromosomes, significant putative QTL were detected on chromosome 1 (27 ¢M),
2 (36 cM), 3 (18 cMD), 4 (0 c¢M) and 5 (96 cM) across the families (¢ = 0.01 and ¢ = 0.05). There was no QTL
detected, exceeding chromosome-wide significance level of p<<0.05 and p<0.01 on chromosome 6.
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INTRODUCTION

SNPs (Single Nucleotide Polymorphisms) are DNA
sequence variations at the base of a single nucleotide
(A, T, C, or G) in the genome differing between members
of a species. SNPs are generally bi-allelic genetic markers
that tend to be less polymorphic than RFLP (Restriction
Fragment Length Polimorphism), SSR (Simple Sequence
Repeat) and other multi allelic genetic markers although,
the most abundant class of DNA polymorphisms
(Nielsen, 2000, Heaton et al., 2002).

As genetic markers, SNPs are essential for
development of genetic test for economically important
traits n livestock and complex disease-related traits in
other species as well as in humans. Due to being stable
through many generations, SNPs can be used for
establishing ancestral relationships among individuals.
Taking these relationships inte account one can
reconstruct haplotypes for any region of interest in the
genome (Cervino ef al., 2005, Stone et al., 2005).

Significant associations of SNP marker alleles with
the phenotype in question suggest linkage of the marker
to QTL (Quantitative Trait Loci), or the QTL with major
effect on phenotype contaming that particular SNP.
Additionally, in the last few years, there has been increase

in population-based studies to identify genomic regions
that are associated with common diseases m humans and
economically important quantitative traits of livestock
and plants (Cleves, 2005). Moreover, a genome-wide
search for QTL. associations using SNPs will become
more popular and cheaper for genotyping of individuals
than using conventional genetic markers such as
microsatellites with regards to DNA (SNP) microarrays or
chips in the near future.

The aim of the study was to perform a genomic scan
thus, detecting or identifying putative QTL locations
along with chromosomes using the sumulated data sets
obtained from the QTL-MAS workshop 12.

MATERIALS AND METHODS

Data set: Simulated common data sets including
phenotypic and genotypic data obtamed from the
QTL-MAS worlkshop 12. The phenotypic data set
consists of 5,865 individuals from seven generations. The
genotype file contains the genotype of each animal
in the pedigree described in the phenotype file. There
are 6,000 loci evenly distributed over 6 chromosomes
(1,000 markers/chromosome), with 0.1 centi-Morgan (cM)
between markers.
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Statistical methods: The common data sets were analyzed
and evaluated using a web-based GridQTL (http:/gridgt] .
cap.ed.ac.uk:R080/gridsphere) computer program
developed by Seaton ef al. (2002) and SAS-statistical
software package (version 9.13). Analysis of SNP alleles
for choosing SNPs with the highest PIC (Polymorphism
Information Content) values was performed using the
Allele Procedure function of SAS. SNPs and trait
associations within and across families were detected
using GridQTL with a single QTL model.

QTL analysis: Offspring of the 43-45 sires from the
simulated data spanning 4 generations were evaluated.
First of all, 11-13 informative SNPs from each of the six
chromosomes containing 1000 SNP loci at 0.1 ¢cM distance
i adjacent each other were chosen based on the highest
y’-statistics values of Polymaorphism Information Content
(PIC values of SNP markers) by using allele procedure of
SAS-statistical software package (version 9.13). Then, the
method of Haley and Knott (1992), Knott ef al. (1996) and
De Koning et ol (1998, 2001) were adopted for the
detection and mapping of QTL in half-sib families using
least square simple regression analysis.

The half-sib model of GridQTL runs within and
across sire families. The analysis carried out in a two-step
procedure. Firstly, SNP marker data on progeny of
common parent (sire) were combmed in a multipoint
approach to obtain the probability of inheriting an allele
or the other from the sire at particular region of a
chromosome of interest. The calculated probabilities were
combined mto coefficients with values varying between
0 and 1. Secondly, the phenotypic values on half-sib
family members were regressed on these coefficients ina
within-common sire regression analysis. A linear model
with the fixed effects of generation and sex was fitted to
coefficients and phenotypic data. Appropriate F-statistic

thresholds for a p<0.05 and p<0.01 chromosome-wide
type 1 error level were generated by permutation test as
described by Churchill and Deorge (1994) and Deorge
and Churchill (1996). The sigmficant threshold levels and
F-statistics (for p<0.05 and p<0.01) were computed by
GridQTL program. When the F-statistic exceeded the
F-threshold value, it was mdicated as a SNP-trait
association. The analyses were carried out for each
chromosome separately.

RESULTS AND DISCUSSION

Table 1 shows, the selected informative SNP markers
for each chromosome and the number of sire families used
1n the analysis. Although, =13 informative SNP markers
were 1dentified by SAS program for each chromosome,
11-13 SNP markers were chosen among them for the
purpose of ease of computation by GridQTL computer
program. Another reason for not choosing more SNP
markers was to guaranty the distance between the
adjacent SNP marker loci being at least 2 cM apart. The
number of allele ranged from 1-2 for each SNP locus.

Table 2 and Fig. 1 (a-f) show that the PIC values of
SNP markers vary depending upon chromosomes. The
highest SNP-PIC value (0.686) was obtained on
chromosome 1 whereas the lowest SNP-PIC value (0.273)
was seen on chromosome 2.

Table 3 shows, the estimated QTL locations
corresponding to the peak of F-statistics, as well as
results of chromosome-wide analysis with 5 and 1%
thresholds for the phenotype across sires. Significant
QTL locations were identified between intervals for
chromosome 1 (9-47 ¢M), 2 (18-55 cM), 3 (0-50 cM),
4 (0-54 c¢M) and 5 (64-100 cM) and putative QTL
influencing trait were detected in 27, 36, 18, 0 and 96 ¢cM
positions on each chromosome, respectively (¢ = 0.01

Table 1: Selected SNP markers according to PIC's based on -y *-test using allele and haplotype procedure in SAS statistical software for each chromosome

Chromosomes
Selected SNPs 1 2 3 4 5 6
1 SNP1# SNP3 SNP3 SNP2 SNP1 SNP2
2 SNP13 SNP102 SNPRY SNP104 SNP101 SNP104
3 SNP33 SNP199 SNP195 SNP209 SNP200 SNP201
4 SNP128 SNP249 SNP289 SNP326 SNP304 SNP311
5 SNP206 SNP378 SNP432 SNP405 SNP403 SNP433
6 SNP266 SNP545 SNP525 SNP507 SNP508 SNPSOT
7 SNP396 SNP&l6 SNP&21 SNPa43 SNP&36 SNP&25
8 SNPS07 SNP7T30 SNPT31 SNPT16 SNPT1S SNP716
9 SNP596 SNP852 SNP823 SNP848 SNPS14 SNP787
10 SNP698 SNP903 SNP920 SNP921 SNPo15 SNPS64
11 SNP724 SNP1000 SNP992 SNP992 SNP996 SNP921
12 SNP732 - - - - SNPI92
13 SNP994 - - - - -
Total SNPs 13 11 11 11 11 12
Total famnily 45 44 44 44 45 43

*SNPi = SNP i cM apart from the left end of the corresponding chromosome
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Fig. 1: Polymorphism Information Content (PIC) values and positions of SNP markers along with (a-f) chromosomes 1-6
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Fig. 2. Genome scan of each chromosome to identify putative QT influencing trait positions along with (a-f)

chromosomes 1-6

and o = 0.05). There were no QTL detected, exceeding
chromosome-wide significance level of p<0.05 and p<0.01
on chromosome 6. Entire genomic scan and significant
levels of (p=<<0.05 or p<<0.01) chromosomal regions scanned
chromosome-wide were shown in Fig. 2 (a-f).

This study presents a pioneering example of a
genome-wide, QT detection method using simulated SNP
markers, as well as phenotypic and genotypic data for
traits in question. Based on a chromosome-wide screening
protocol, it was concluded that SNP markers detected on

2628



J. Anim. Vet Adv., 8 (12): 2626-2630, 2009

Table 2: Lowest and highest PIC values of SNP markers and their positions
(in cM) on chromosomes

Chromosome
PIC values/position 1 2 3 4 5 6
Lowest 0.324 0273 0343 0463 0.312  0.345
Position (cM) a7 25 0 98 0 7
Highest. 0.686 0.505 0.584 0.582 0477 0431
Position (cM) 6l 6l 29 o4 51 62

Table 3: The estimated QTL locations corresponding to the peak of
F-statistics and chromosome-wide 5 and 1% thresholds for the
phenotype for each chromosome

Chromosome
Statistical analysis 1 2 3 4 5 1]
QTL at (cM) 27 36 18 0 96
Interval (cM) 9-47 1855 0-50 0-54 64-100 -
Critical F (x =0.05) 1.5685 1.5165 1.5371 1.5547 1.5480 1.5427
Critical F (x=0.01) 1.8594 1.7298 1.7716 1.7648 1.7542 1.7448

Highest F-value 2.16 1.91 2.5 3.08 1.99 0.87
LR* 2641 8369 109.03 13394 89.03 37.49
*LR = Likelihood Ratio

chromosome 1 (27 ¢M), 2 (36 ¢cM), 3 (18 cM), 4 (0 cM) and
5 (96 c¢M) had significant putative QTI. associations.
However, detection of QTL-mfluencing traits that was
based on an F statistic computed from sums of squares
explained only additive effects. Accordingly, such
detection does not contain dominant and epistatic effects,
1t also does not explain additive, dominance and epistasis
coefficients, resulting in the estimation of QTL locations
along the chromosomes with a wide confidence interval.
As pomted out earlier, the results presented here
are from an initial genomic search that will enable the
performance of further fine-mapping analysis of
putative QTL-affecting traits using multi-QTL model(s)
for detection of both QTL and QTL-SNP associations per
chromosome. Consequently, in order to make more
precise estimations of QTL locations throughout the
genome, calculations should be carried out considering
>1 QTL at a time and with additive, dominant and

epistatic effects and interactions determined as well.
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