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Monday April 20th

PROGRAM

Morning

Location : Hof van Wageningen (WICC)

08:30 09:00 Registration / Coffee & Tea

Sponsor : SABRE

Chair : Johan van Arendonk

09:00 Session | Introduction / understanding trait complexity

09:00 LOC gtimas2009 Welcome and Introduction

09:15 Roel Ophoff Genomic Perspectives of Schizophrenia
(invited)

09:45 Wilco Ligterink Unraveling the complex trait of seed quality in
tomato

10:00 Lars Ronnegard Detecting variance-controlling QTL

10:15 Albart Coster Simulation of the QTLMAS 2009 common dataset

10:30 11:00 Coffee, Tea

11:00 Session Methods for the estimation of genomic
breeding values

11:00 Hans-Peter Piepho Ridge regression and extensions for genome-wide
selection in maize

11:15 David Habier A mixture genetic model for whole-genome
analyses

11:30 Hans Daetwyler A comparison of genomic BLUP and BayesB at
various population and trait genetic architectures

11:45 Pascal Croiseau Use of the Elastic-Net algorithm for genomic
selection in dairy cattle

12:00 Tomasz Suchocki Detecting the Association of SNPs and Prediction
of Future Yields for a Growth Trait Using a Mixed
Model with Orthogonal Polynomials

12:15 Kacper Zukowski Repeatability model and kriging as methods for
the estimation of growth curves

12:30 13:30 Lunch Sponsor : [llumina



Monday April 20th

Afternoon

Location : Hof van Wageningen (WICC)

Sponsor : CRV

13:30

Session Il

Chair : Roel Veerkamp

Integrating new tools and methods

13:30 Maarten Koornneef

Quantitative genetics in Arabidopsis: from QTL
to QTN (invited)

14:00 Ronny Joosen Genes for seed quality: New tools and approaches

14:15 Saber Qanbari Footprints of Recent Positive Selection in Holstein
Cattle

14:30 Lucy Crooks An improved method for calculating line origin
probabilities for crosses between outbred lines

14:45 Stefan Marklund Extraction of QTL-informative SNPs using genome
sequencing data from founder line DNA pools in
chicken

15:00 15:30 Coffee, Tea, Cold drinks

16:00 18:00 Session IV Common dataset : Estimation of breeding
values

16:00 Ricardo Pong-Wong A two-step approach combining the Gompertz
growth model with genomic selection for
longitudinal data

16:15 Klara Verbyla Sensitivity of Genomic Selection to using different
prior distributions

16:30 Zhe Zhang The prediction of genomic breeding values for
longitude traits using random regression

16:45 Matthew Cleveland Genomic breeding value prediction using three
Bayesian methods and application to reduced
density marker panels

17:00 Sebastian Mucha Comparison of methods for estimation of genetic
covariance matrix from SNP or pedigree data
utilised to predict breeding value

17:15 Nicola Macciotta Prediction of Genomic Breeding Values for a
longitudinal trait by using Principal Component
Analysis

17:30 Torben Genome-wide selection by mixed model ridge

Schulz-Streeck regression and extensions based on geostatistical

models

17:45 LOC gtlimas2009 Comparative analysis of submitted Breeding
Values and applied methods

18:00 19:00 Drinks Sports Bar Down Under

19:00 21:30 Workshop Terraszaal

dinner



Tuesday April 21st

Location : Junushoff

08:30 09:00 Coffee & Tea

Sponsor : Pioneer Hi-Bred International

Morning

Chair : Fred van Eeuwijk

09:00 10:30 SessionV Methods for QTL detection and association
analysis

09:00 Andres Legarra Joint association and linkage QTL mapping in half-
sib families by regression

09:15 Xia Shen Monte Carlo Full Likelihood Approach in Variance
Component QTL Analysis

09:30 Jose Alvarez-Castro  On the estimation of genetic effects for multiallelic
systems

09:45 Cajo ter Braak Identity by descent probability matrix
decomposition by a latent ancestor allele model
and its application in QTL analysis

10:00 Joseph Powell Factors influencing the optimum multiple marker
model for analysis of association data

10:15 10:45 Coffee, Tea

10:45 12:15 Session VI Applications on LD and QTL detection

10:45 Anna Johansson Linkage disequilibrium in two divergently selected
chicken lines

11:00 Katrin Mackenzie Patterns of Linkage Disequilibrium in Cultivated
Barley

11:15 Weronica Ek QTL analysis of vitiligo in an outbred chicken
intercross

11:30 Maria Siwek A QTL on GGA14 - story of detection and
validation

11:45 Dindo Tabanao Genetic relatedness and population structure in
analysis of linkage disequilibrium in barley

12:00 Filippo Biscarini Across-line SNP association study of innate and
adaptive immune response in laying hens

12:15 13:30 Lunch



Tuesday April 21st

Location : Junushoff

Afternoon

Sponsor : TTI Groene Genetica Chair : Richard Visser

13:30 15:30 Session VI Common dataset : QTL detection

13:30 Roel Veerkamp Simultaneous QTL detection and genomic
breeding value estimation using high density SNP
chips

13:45 Olivier Demeure QTL detection for a medium density SNP panel:
comparison of different LD and LA methods

14:00 Georgia Hadjipavlou  Extensive QTL and Association Analyses of the
QTLMAS2009 Data

14:30 Henri Heuven Bayesian multi-QTL mapping for growth curve
parameters

14:45 Hossein Yazdi QTL analysis of QTLMAS2009 dataset through
variance components including haplotype
information and ldentity-By-Descent probabilities
(IBD)

15:00 LOC qgtlmas2009 Comparative analysis of submitted QTL results
and applied methods

15:15 15:45 Coffee, Tea, Cold drinks

15:45 17:00 Session VIII  Selection with markers

15:45 Alfred de Vries The application of Genomic Selection in dairy
cattle (invited)

16:15 Han Mulder Marker-assisted breeding value estimation with
missing marker genotypes

16:30 Jack Dekkers Response and inbreeding from genomic selection

16:45 Closing remarks
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Genomic Perspectives of Schizophrenia
Roel A. Ophoff'?

! Department of Medical Genetics, UMC Utrecht, Thethérlands
2 Center for Neurobehavioral Genetics, UCLA, Los dleg, California, USA

Schizophrenia is a complex disorder, caused by lgathetic and environmental
factors and their interactions. Research on patiexje has traditionally focused on
neurotransmitter systems in the brain, particulatiypse involving dopamine.
Schizophrenia has been considered a separate a@li@agver a century, but in the
absence of clear biomarkers, diagnosis has hiattyribeen based on signs and
symptoms. A fundamental message emerging from genmiale association studies
(GWASSs) of copy number variations (CNVs) associatgtth the disease is that its
genetic basis does not necessarily conform toicklssosological disease boundaries.
Certain CNVs confer not only high relative risk sthizophrenia but also of other
psychiatric disorders. The structural variationsoasated with schizophrenia can
involve several genes and the phenotypic syndromeshe “genomic disorders®,
have not yet been characterized. Single nucleopdymorphism (SNP)-based
GWASSs with the potential to implicate individualrgs in complex diseases may
reveal underlying biological pathways. However, tigentification of common
variants associated with neuropsychiatric traits hat been successful so far. The
question emerges whether alternative (genomic) cmbies are needed for the
identification of the genetic susceptibility of sabphrenia.



Unraveling the complex trait of seed quality in tonato
Wilco Ligterink'”, Rashid Kazmli Noorullah Kahnh, Leo Willems, Henk Hilhorst

Laboratory of Plant Physiology, WUR, Wageningenthedands
Owilco.ligterink@wur.nl

The yield and economic success of horticulturapsrdepends to a large degree on
the quality of the seed used to grow these cropedSJjuality attributes include
dormancy, germination, seed and seedling vigouedisey dry weight, normal
embryo- and seedling morphology, as well as thétyho develop into a normal
plant. The molecular-genetic dissection of the psses that underlie these quality
parameters and their relationship with seed andlisgephenotypes will identify the
regulatory genes and signaling pathways involved, @inus, provide the means to
predict and enhance seed quality.

Our aim is to elucidate the mechanisms involvetheacquisition of seed quality and
to develop molecular markers to aid in marker ésdibreeding. To reach this aim we
make use of the natural variation found in tomatb &d IL populations. We are in
the process of phenotyping a broad range of sedalityuattributes in these
populations and have already identified QTLs forioa#s traits. Besides extensive
phenotyping, the RIL lines will also be used forn@etabolomics study and
transcriptional profiling. This combined use of plofogy, genetics and genomics,
followed by advanced data analysis and in comlnatith a ‘likely candidate gene
approach’ will allow us to relatively quickly idafyt genes that are responsible for
quality related traits of seed and seedling. Sulisetganalysis of the relevant genes
by reverse genetics, using knock-out and overegmesnutants, will be employed to
unambiguously confirm their function.



Detecting variance-controlling QTL
Lars Ronnegard®

! Statistics Unit, Dalarna University, Borlange, $&p

% Department of Animal Breeding & Genetics, Swedighividrsity of Agricultural Sciences,
Uppsala, Sweden

Olrn@du.se

In experimental intercrosses, large genetic diffees between the means of the
founder breeds are expected for the studied fag. main focus in these studies has
been on mean differences between allele effecterellare substantial evidence,
however, that not only the mean but also the enwental variance may be under
genetic control in most organisms. The aim of thesent study is to develop the
commonly used regression based QTL model and extdaddetection of variance-
controlling QTL. The proposed model consists of @ampart and a dispersion part.
The mean part of the model includes Haley-Knottresgion coefficients as
covariates, where the squared residuals are substygused to model the dispersion
part. A generalized linear model with gamma disifitn is used to fit the squared
residuals and Haley-Knott coefficients are includedthe linear predictor. The
residual variance is thereby fitted at each tegtesition along the genome and we
obtain a genome scan for QTL controlling the regidwariance. Simulations from an
F, pedigree with 800 individuals in the last generashowed that the method is able
to detect QTL controlling merely 2% of the variation the model for the residual
variance. However, the proposed QTL detection madal detect either variance-
controlling QTL or mean-controlling QTL that aretrfixed within founder lines. To
distinguish the two from each other the previoysigsented FIA model is required.
The proposed QTL detection model, together with,Fji&kes us a powerful method to
study the genetic control of environmental variance

10



QTLMAS 2009: Simulated Dataset
Albart Costet, John BastiaansénMario Calu$, Chris Maliepaartl, Marco Bink

! Animal Breeding and Genomics Centre, Wageningenvéisity, Wageningen, The
Netherlands,

2 Animal Breeding and Genomics Centre, Animal ScienGeoup, Wageningen University
and Research Centre, Lelystad, The Netherlands,

® Plant Breeding, Wageningen University, Wageninddme Netherlands

“ Biometris, Plant Research International, Wageningé&e Netherlands

The simulation of the data for the QTLMAS 2009 wsitkp is described. The data
consisted of markers, phenotypes and pedigree.t@@mwof 453 markers, distributed
over 5 chromosomes of 1 Morgan each, were simulaed,025 individuals. From

those, 25 (20 females and 5 males) were the paoéritee other 2,000 individuals

(100 full sib families). The 25 parents were geradly related due to 1,000
generations of random mating. Simulated phenotyservations of a complex
longitudinal trait were available for 1,000 of tB@O00 offspring individuals, at five

time points. The phenotypes were simulated acogri a logistic growth curve. The
logistic growth curve was specified by three par@mse Each parameter was
influenced by six QTL that were positioned at thee fchromosomes. For each
parameter one QTL had a large effect and five Qad. $mall effects. The simulation
was performed with the R package HaploSim, avalétdm the R repository CRAN

at http://cran.r-project.org/package=HaploSim.
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Ridge regression and extensions for genome-wide eetion
in maize

Hans-Peter Piephd Torben Schulz-Streetk

YUniversitat Hohenheim, Bioinformatics Unit, Fruvhistrasse 23, 70599 Stuttgart, Germany
Opiepho@uni-hohenheim.de

This paper reviews properties of ridge regression genome-wide (genomic)

selection and establishes close relationships witier methods to model genetic
correlation among relatives, including use of askip matrix and the simple

matching coefficient as computed from marker dataumber of alternative models

are then proposed exploiting ties between geneticelation based on marker data
and geostatistical concepts. A simple method fooraatic marker selection is

proposed. The methods are exemplified using assefiexperiments with test-cross
hybrids of maize conducted in five environmentssis underline the need to
appropriately model genotype-environment interacaad to employ an independent
estimate of error. It is also shown that accountorggenetic effects not captured by
markers may be important. Finally, the methodsiléustrated using the data of the
QTL-MAS workshop.

Piepho HP 2009 Ridge regression and extensiorgeftome-wide selection in maize.
Crop Science (May-June issue)

12



A mixture genetic model for whole-genome analyses
D. Habief, L. R. Totif and R. L. Fernando

YInstitute of Animal Breeding, Christian-Albrechtsidersity of Kiel, Germany
’Pioneer Hi-Bred International, Inc., Johnston, @481, USA

*Department of Animal Science, lowa State Universimes, USA
presenting author D. Habier, dhabier@gmail.com

Accuracy of genome-assisted breeding values (GERMs) be improved and the
decrease of accuracy with genetic relationships himige reduced by using
information from both linkage disequilibrium (LD)nd co-segregation. Mixture
genetic models, in contrast to linear models, héne advantage that covariance
matrices do not enter into the analysis and accomatieg dominance, epistasis and
imprinting is more straightforward. To make comiagtas feasible for whole-genome
analysis using dense marker data and large congadigrees, an approximate two-
step approach is proposed that uses an overlappmcging Gibbs algorithm for
sampling marker allele states and origins, but ewtgl information from trait
phenotypes to sample those variables. The objeofitleis study was to compare this
approach with an exact full-Bayesian analysis. Taken the comparison
computationally feasible, methods were appliedine fmapping of a QTL within a
simulated chromosomal region. Realistic low ma®di- LD and high LD was
simulated. Estimates for location and effect of @EL as well as LD parameters
obtained by both methods were very similar. Oniy.@ could not be estimated
sufficiently well to distinguish between putativd Qlocations, posterior distributions
of the QTL location parameter slightly differed ween methods. Although the exact
approach always performed better in estimating @&hotypes, accuracy of GEBVs
was the same for the two methods at realistic |@wv At high LD, however, the exact
approach resulted in a slightly higher accuracG&BBVs. Pedigree blocking used to
sample SNP variables neither had an effect on atsgnof QTL parameters nor on
accuracy of GEBVs, whereas a smaller locus blozk seduced the accuracy of
GEBVs.
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A comparison of genomic BLUP and BayesB at various
population and trait genetic architectures

Daetwyler, H.D"? Pong-Wong, R, Villanueva, B, and J.A. Woolliam's

The Roslin Institute and R(D)SVS, University of Bdurgh, Roslin, UK, EH25 9PS;
“Wageningen Animal Breeding and Genomics Centre, &viagen University, 6700 AH
Wageningen, NL;*Scottish Agriculture College, West Mains Rd., Edirgh, UK, EH9 3JG
Opresenting author, hans.daetwyler@roslin.ed.ac.uk

Genome-wide evaluation combines traditional bregdnethods with genomic data to
predict breeding values. In this study we compdhedaccuracy (correlation of true
and predicted breeding values) of genomic besatinmbiased prediction (GBLUP)
and Bayesian (BayesB) genome-wide evaluation &ingrnumbers of loci with
effect (Nqtl), ranging from 50 to 2800. In GBLURealised relationship matrix was
calculated based on all loci. In BayesB, exact, (FeNgtl) and low priors (i.e., < Nqtl)
were investigated. Mutation drift balance was sated in populations of effective
population size (Ne) 500 and 1000. The genome &% long with up to 3000 bi-
allelic loci. A training population of equal site Ne was generated to estimate loci
effects and breeding values. GBLUP had a constamiracy at each heritability ¥h
regardless of Nqtl. BayesB had higher accuracy BBLUP when Nqtl was low.
However, this advantage diminished as Nqtl incréasel the two methods’ accuracy
converged at 250 Nqtl £10.5, Ne 500), 450 Nqtl (h0.2, Ne 500) and 750 Nqtl{h
0.5, Ne 1000). When Nqgtl became large GBLUP outperéd BayesB. These trends
were similar for both Ne. Low priors increased thecuracy of BayesB in the
intermediate Nqtl range because of the estimatideveer effects. Low priors did not
outperform exact priors at high Nqtl as less ofdkaetic variance was captured. Our
results illustrate that the performance of genonuewevaluation methods depends
significantly on population and trait genetic atebture.
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Use of the Elastic-Net algorithm for genomic seleicin in
dairy cattle

Croiseau B, Ducrocq \}

INRA — UMR 1313Génétique Animale et Biologie Intétive, 78352 Jouy-en-Josas, France
OCroiseau Pascal: pascal.croiseau@jouy.inra.fr

Background:

The availability of the 54K SNP array in dairy ¢atthakes possible to envision the
use of genomic prediction instead of classical genevaluations in selection
programmes. However, this requires suitable sizdisapproaches as the number of
observations is often much lower than the numb@redictor variables.

In animal breeding, it is clear that for a giveaitir not all SNP across the whole
genome are close to QTLs for the trait, whateverirtsize. In this context, we applied
the Elastic-Net method to simultaneously select rgnall SNP the ones which are
related with the studied trait and estimate thdiect. The Elastic-Net approach
consists of a combination of Ridge Regression ahda dASSO algorithm. A
parameterf. varying between 0 and 1 indicates the relativeghtegiven to Ridge
Regression in the Elastic-Net procedure (pure RiBggression algorithm k=1,
pure LASSO algorithm ik=0).

Results:

We present here an application of the Elastic-Ngr@ach on a set of 694 bulls in
Montbéliarde breed using data available in 2004 phenotypes of these animals are
Daughter Yield Deviations (DYD) calculated for tH&rench Marker Assisted
Selection program for milk, fat and protein yieldad contents. To evaluate the
performance of the Elastic-Net algorithm, we usal&dation set of 227 bulls for the
Montbéliarde breed with phenotypes (DYD) availalite 2008. The Elastic-Net
approach directly applied to the whole data set vaag time consuming (more than
20 days for the Montbéliarde breed). We proposedlemnative two-step approach
which allows performing the analysis in less thaday. In this two-step approach,
relevant SNPs were first selected by looking at impintervals of 500 SNP and then
combined into a single analysis.

Conclusion:

Using the Elastic-Net approach with the whole datiais probably the best solution to
obtain the optimal parameters. But, if we want &ket into account the time
consuming problem, the optimal Elastic-Net paransesee found using our two-step
approach. A comparison with other methods is unds.
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Detecting the Association of Single Nucleotide Patyorphisms and
Prediction of Future Yields for a Growth Trait Using a Mixed Model
with Orthogonal Polynomials

Tomasz Suchocki, Joanna Szyda

! Department of Animal Genetics, Wroctaw UniversifyLéfe Sciences, Wroctaw, Poland
2 Institute of Natural Sciences, Wroctaw UniversifyLde Sciences, Wroctaw, Poland
Opresenting author, tomasz.suchocki@up.wroc.pl

The main aim of this study is the detection obasgtion between SNPs and a
quantitative growth trait in the situation wherdrait value for each individual is
measured at five different time points. In ordeat@ount for the correlation between
the consecutive measurements a mixed model, whashbritbes each effect using the
4™ order Legendre orthogonal polynomials, is fittéml.this model, the SNPs are
modeled as fixed effects while the environment aar@lom effect. The maximum
likelihood estimates of all model parameters araiolked using the EM algorithm and
the assessment of the significance of the addéifexts of each SNP is based on the
Likelihood Ratio Test with P values corrected fowltiple testing. For each
significant SNP, we calculate the percent of thtaltwariance contributed by that
SNP. Moreover, by using a fixed model with orthogjorpolynomials, which
simultaneously incorporates effects of all the SMigsare able to predict future trait
values.

16



Repeatability model and kriging as methods for the
estimation of growth curves

Zukowski Kacpel*, Macierzyhiska Anna, Wierzbicki Heliodot, Szyda Joani&

! Institute of Animal Genetics, Wroctaw UniversitiyBnvironmental and Life Sciences
Z Institute of Natural Sciences, Wroctaw UniversifyEnvironmental and Life Sciences
Okacper.zukowski@up.wroc.pl

The aim of the study was to predict breeding valoksll 1000 non-phenotyped
individuals on time600.

The data were modeled using the repeatability mdded repeatability model can be
employed for the analysis of the data when multipgasurements on the same trait
are recorded on an individual, such as litter sizeuccessive pregnancies, milk yield
in successive lactations or growth trait like in IMMAS2009 data set [3]. With
repeated measurements it is assumed that there additional covariance between
records of an individual due to non-genetic permamvironmental effects. Thus,
the between-individual variance is partly genetra goartly environmental. The
repeatability model is usually of the form:

y = Xb+ Za+Wpe +e,

where y = vector of observationsh = vector of fixed effects (generationl,
generation2, time0, timel32, time256, time397 am#%30),a = vector of random
animal effects,a~N(0,AD G), pe = vector of permanent environmental effect and
non-additive genetic effectpe~ N(O,I 0 P), e = vector of random residual effects,
e~N(O,IJe2) and X, Z, W are incidence matrices of fixed, random animal and
permanent environmental effects, respectively [1,4]

Additionally, a modification of the above model withe additive relationship matrix
estimated from the pedigree information replacedth®y kinship matrix estimated
from genetic information (for 108 SNPs witt»0.5) was used.

Kriging which is based on a minimum-mean-squanmedrenethod of spatial
prediction was applied to predict breeding valuesnae point 600 [2]. The applied
model assumes:

Z(s) = u(s) +e(s)
where,Z(s) the weight at time s averaged over all individua({s) is trend of trait and
&(s) is zero-mean intrinsically stationary randorogass with variograry(s).

' Arango J.A., Cundiff L.V., Van Vleck L.D. (2004) Covariance functions and random regression
models for cow weight in beef cattle; Journal of Animal Science, 82:54-67

14 Cressie N. (1993) Statistics for Spatial Data, revised edition; Wiley, New York

B3 | nterbull (2000) Proceedings of the 2000 Interbull Meeting, May 14-15, BLED, SLOVENIA

[ Mrode RA. (2005) Linear Models for the Prediction of Animal Breeding Values; 2™ Edition, CABI
Publishing
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Quantitative genetics in Arabidopsis: from QTL to QTN

Maarten Koornneef® Joost Keurentjé$ and Matthieu Reymont

YLaboratory of Genetics an@Laboratory of Plant Physiology, Wageningen Univgrsi
Netherlands’Max Planck Institute for Plant Breeding Researatipgne, Germany.

A large natural genetic variation is present amAnapidopsis accessions and which
is assumed to reflect part of the adaptation ofdifferent accessions to their natural
growth environment. The variety of populations deped and their use for mapping
guantitative trait loci (QTL) will be discussed. d&ddition, the feasibility to reveal the
gene responsible for the effect of a QTL by a caration of map based-cloning
coupled with mutant approaches has now been deratetstfor several traits. For this
purpose, the Arabidopsis genome resources represadrful advantages. The full
genome sequence and the resequencing of accesdions the creation of high
density polymorphism maps required and an efficigl@ntification of candidate
genes (QTGs) and even candidates nucleotide pophisons (QTN) . Up to now,
cloned QTLs include those encoding genes for phygical traits such as flowering
time, seed dormancy, frost tolerance etc. Howe@dil, analysis has now also been
extended to molecular traits such as metabolitédT), enzyme activities, proteins
(pQTL) and gene expression (eQTL). Combining molpgioal or phenological traits
with “omic” traits allows the construction of moldar genetic networks based on the
co-regulation by the same genetic factors at differ levels (transcription,
transduction) and may assist the identificatiothefgene responsible for the effect of
the QTL. The use of this approach will be demomstraon the elucidation of the
genetic regulation of glucosinolates, flowering eéirand primary metabolism. This
integrative strategy allows the development ofe@ysbiology approaches.
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Genes for seed quality: New tools and approaches
Ronny Joosen

Wageningen University, Plant Physiology
Ronny.Joosen@wur.nl

Seed performance is a very complex trait which aisep a large number of
physiological principles related to important plaetvelopmental processes. We use a
physiological genetical genomics approach to suthege processes and resolve the
underlying molecular mechanisms.

We are using thérabidopsis Bay-OxSha RIL population and are in the process of
locating phenotypic QTL's for diverse seed qualitgits, like the germination
performance under various environmental stresseseTlable to generate cumulative
germination curves in a high throughput manner,haee developed an automated
germination scoring system, in which we combingohssticated image analysis with
newly developed curve fitting software.

In parallel, we perform a comprehensive eQTL stodydifferent developmental seed
stadia using a generalized setup (Li et al., 2008). this eQTL study we use the
SNPtile array, a new Affymetrix tiling array whiaddso harbors 250K SNP’s. The
combination of this transcriptomic and SNP datahwite genetical power of a
comprehensively phenotyped RIL population will o@enew and exciting area in the
field of physiological genetical genomics.

Li, Y., Breitling, R. and Jansen, R.C. (2008) Generalizing genetical genomics: getting
added value from environmental perturbation. Trends in Genetics. 24, 518-524.
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Footprints of Recent Positive Selection in Holsteiattle

S. Qanbarft, E. C. G. Pimentél J. Tetens G. Thallef, A.R. Sharift and H.
Simianet

! Animal Breeding and Genetics Group, Department afmfal Sciences, George-August
University, 37075 Géttingen, Germany

ZInstitute of Animal Breeding and Animal HusbandBhristian-Albrechts-University, 24098
Kiel, Germany

o Presenting author: sganbar@gwdg.de

The detection of signatures of selective breeditrgss the genome could facilitate
identifying genes and regulatory elements involuadbeneficial traits. To this
purpose, we used the newly available 50K SNP chip tbr tagging the genome wide
footprints of positive selection in Holstein-Friasicattle. We employed the recently
described Extended Haplotype Homozygosity test,clwvhdetects selection by
measuring the characteristics of haplotypes withisingle population. To formally
assess the significance of these results, we cadphe combination of frequency
and Relative Extended Haplotype Homozygosity valtieach core haplotype with
equally frequent haplotypes across the genome. Bsefuof the putative regions
identified by high significance in the genome widelH tests was mapped. We
annotatedyenes to identify possible influence they have endiicial traits usinghe
Gene Ontology (GO) database. A panel of genesydina) FABP3, CLPN3, SPERT,
HTR2A5, ABCE1, BMP4 and PTGER2 was detected whieériapped with the top
P-values. This panel seems to comprise the mostesting candidates as they
represent a broad range of economically importaatst such as milk yield and
composition as well as reproductive and behavitnats. We also reported high
values of LD and a slower decay of haplotype horgogity for some candidate
regions harboring major genes related to dairy iual’he results of this study
provide a genome wide map of selection footprintslolstein genome and could be
used to identify genes of economic interest inydeattle.
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An improved method for calculating line origin probabilities
for crosses between outbred lines

Lucy Crooks” Carl Nettelblagl Sverker Holmgreh Orjan Carlbord

1Department of Animal Breeding and Genetics, SLUe&n
’Department of Information Technology, Uppsala Ursity, Sweden
[presenting author, Lucy.Crooks@hgen.slu.se

Analyses of experimental crosses between divergenbred lines have been
successful in mapping QTL for a range of trait&inumber of organisms. Central to
such analyses is determining the probability ofheomosomal section originating
from each line, given the marker genotypes. Witltbmd lines, the same marker
alleles may be segregating in both lines, so ti@ttlele does not directly identify the
line origin (partially informative marker). This especially likely with SNP markers
because they are usually only biallelic. To cal®ithe line origin probabilities for a
given genomic location, one should consider all omations of possible line origins
for partially informative markers between flankifglly informative markers. The
original and still most widely used approach is deparately evaluate each
combination and take the sum (Halkyal., 1994). This requires a rapidly increasing
number of calculations with the number of mark&is prevent this number becoming
intractable, in the web-based tool GridQTL (Sea¢bml., 2006), no more than 15
partially informative markers are used for eachatmmn. Here, we present an
improved method that is computationally more eéinti and therefore allows
information from many more markers to be includétle method is based on a
Hidden Markov Model structure. We compare our metho the procedure in
GridQTL and discuss the implications in relatiorthie increasing availability of SNP
chips containing tens of thousands of markers.

Haley CS, Knott SA, Elsen JNGenetics 136:1195-1207 (1994).
Seaton G, Hernandeztlal. Proc. 8th WCGALP, Brazl (2006).
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Several quantitative trait loci (QTL) regulatingogrth were previously detected using
an intercross between two chicken lines long-termg generations) selected for high
and low body weight (at 56 days), respectively. Wsed the Applied Biosystems
Solid method for genome resequencing with 4X cayeran line-specific pools of
DNA from 11 founder individuals. More than 100 O0OGfingle nucleotide
polymorphisms (SNPs) were detected within the Q&gions. To extract the SNPs
with most variation between lines we only considepositions where one line
differed from the reference genome sequence imeallls (score = 0), whereas no
difference was listed for the other line. Otherferences included high sequencing
coverage and low variation within lines around tI8&NP. Fixation could
hypothetically be indicated by a high ratio betwéssm number of SNPs between lines
(with score = 0) and the number of SNPs showingrmolphism within lines (score >
0). Therefore, we computed a modified measuremetti® ratio in 2 kb and 10 kb
intervals across the QTL regions and tested itsetadron with allele frequency
difference between linespff using 43 SNPs detected with sequencing scoreard0
previously used for genotyping of 15 founder bifdsn each line. The Spearman’s
rank-order correlations were 0.54 and 0.60 usingkb2 and 10 kb-intervals,
respectively. The described criteria and correfegtiguided our selection of SNPs for
QTL fine mapping, which resulted in 37 SNPs witgrsiicantly higher (P = 0.001)
averagegd than the 43 SNPs used for the correlation tests.
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Background:

We used the Gompertz growth curve to model a simdldongitudinal dataset
provided by the QTLMAS2009 workshop and applied ayeic evaluation to the
derived model parameters and to a model-predicagdvalue.

Results:

The prediction of phenotypic performance assumimgrlinear function allowed us

to obtain genomic breeding value estimates for twiere not phenotypic records
were available. Genomic breeding values calculétad predicted phenotypes were
highly correlated with the breeding values obtaitgddirectly using the observed

phenotype. This suggests that the Gompertz cumaded a good fit of the data.

The results from the genomic selection providedrgjrevidences about the genetic
architecture of the traits. When examining the pest@rs of the Gompertz curve, a
high genetic correlation between the asymptotialfimlue and the maximum growth

was found, where the same set of SNPs appear tmyag a large effect in both

traits.

In this study we estimated of the proportion of Shfecting a given trait, contrasting

with previously reported implementations of genosetection, where this parameter
Is assumed to be known with error.

Conclusions:

The results from this study showed that the twp-steproach used here to combine
curve fitting and genomic selection on longitudidata provided a very simple way

for combining these two complex tasks without agirichental effect in the breeding

value estimation.
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Genomic selection describes a selection strateggdoan genomic breeding values
(GEBV) predicted from dense single nucleotide payphism (SNP) data. Different
Bayesian models have been suggested, with the diff&émence centred around the
specification of the prior distributionsThe simulated dataset of the™.@TL-MAS
workshop was analysed using four Bayesian appreachpredict GEBV for animals
without phenotypic information. Different prior d¢lioutions were assumed to assess
their affect on the accuracy of the predicted GEBN.BLUP approach, assuming
equal variances across SNP, produced significantlyse results than the other
methods. Models that assumed unequal varianceth¢oENP produced comparable
results even when the prior distribution doesn’tahahe true distribution of QTL
effects. However, the recommendation would be wuoke any prior knowledge
available about a trait's QTL effect distributiorh@n choosing prior distributions to
increase the accuracy of the predicted GEBV.
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Background

Genomic selection has become a popular tool foetgemmprovement in livestock
due to its distinct advantages over traditionaés®bn based solely on pedigree. In
the framework of genomic selection, a huge numlbe8MPs or marker haplotypes
are utilized to predict the so-called genomic biegdalues (QEBV). The objective of
the present study is to verify the BLUP method poedicting genomic breeding
values using the public  simulated data  from the sieb
http://www.qtimas2009.wur.nl/UK/

Method

To obtain the gEBVs of the 1,000 unphenotypedviddials at the time point 600,
three different methods were employed includinggEBV were predicted based on
phenotypic values of time point 600, which werenested via the known phenotype
values at time points 0 through 530; (2) predictingg SNP effects on time point 600
via the SNP effects of the previous 5 time poimtkich were separately predicted
based on corresponding phenotypic observationspr@licting the geBV on time

point 600 using the predicted gEBV of the previGusme points. All predictions

were achieved by fitting a 3 order Legendre polyr@nm prediction equations.

Variance components were estimated by REML. A BlhdiBed algorithm was

developed to calculate the effects of the 453 SatR$ifferent time points, with the

assumption that all SNP effects have the equaamee.

In addition to the gEBVs, the breeding values oé th,000 individuals with
phenotypes at the first five time points and tlpairents were also predicted for time
point 600 with traditional animal model BLUP, usimgyedicted phenotypes as
mentioned above.

Results

The heritabilities were estimated to be 0.5 fordimeulated trait at all the time points.
The gEBVs of all 1000 phenotyped animal have naiicance difference between
the three methods. The correlations between the/gEd the traditional EBVs are
0.8628, 0.8908 and 0.8923 for the 1,000 phenotypenhals, their sires, and their
dams, respectively.
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Background

Bayesian approaches for predicting genomic breedaiges (GEBV) have been
proposed that allow for different variances for iuddual markers resulting in a
shrinkage procedure that uses prior informatiocderce negligible effects towards
zero. These approaches have generally assumedamplito high-density genotype
data on all individuals. In this study, three agmtoes were compared for predicting
GEBV when training at high marker density and pecedg at high or low densities:
the well-knownBayes-A, a generalization oBayes-A where scale and degrees of
freedom are estimated from the daéadent-t) and a Bayesian implementation of the
Lasso method. Scenarios were evaluated for predicting3\GRising low-density
marker subsets, including selection of SNP basedemome spacing or effect size
and the inclusion of unknown genotype informatisrganotype probabilities.

Results

The GEBV accuracy (calculated as correlation betw&EBV and traditional
breeding values) was highest fbasso, followed by Sudent-t and thenBayes-A,
though differences were small. In general the glage applied by thieasso approach
was less conservative th&ayes-A or Sudent-t, indicating that_asso may be more
sensitive to QTL with small effects. In the redudhsity marker subsets the
accuracy when usingasso was reduced more than the other methods, reltditiee
high-density set, but the ranking of the methods W& same. Overall, low-density,
evenly-spaced SNPs did a poor job of predicting @ERt SNPs selected based on
additive effect size yielded accuracies similarthose at high density, even when
coverage was low. The inclusion of genotype prdiies to the evenly-spaced
subsets showed promising increases in accuracyhdeat more evaluation when true
breeding values are available.

Conclusions

In this dataset théasso approach slightly outperformed the other methoderw
predicting GEBV at both high and low density andyrhave particular advantages in
situations where large QTL are not expected. Whemkers were selected at low
density based on genome spacing, the inclusiorenbtype probabilities increased
GEBYV accuracy which would allow a single low-depsiharker panel to be used
across traits.
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Background

The analysis was based on a dataset prepareddatFhQTL-MAS Workshop in
Wageningen (The Netherlands), which contained o=coff a trait observed in five
time points on 1000 individuals from a simulatecpplation of 2025 animals. The
aim of this paper was to predict breeding valu¢hef 1000 non-phenotyped animals
in the 6" time point, using three different strategies basedsimilarity between
individuals due to common ancestry (pedigree regerand two methods based on
marker similarity

Methods

Genetic co-variance matrix between all animals goten the dataset was estimated
with three different methods: one using pedigrdermation only and two based on
SNP markers. It was utilized in ASREML with singtait animal model to estimate
breeding value of animals separately in each of fine time points. Quadratic
regression on breeding values in first five pows used to predict the unknown
breeding values in thé"@ime point of the 1000 non-phenotyped individuals.

Results

Genetic and residual variances increased with tegardless of the method used to
calculate genetic co-variances. Breeding valuamattd with all three methods were
increasing with increasing genetic variance. Catiehs between breeding values
estimated with the three methods were between &1820.89 and were decreasing
with time. The ranking of animals with respect tweit breeding value differed
between the methods. However, there was a 45%apverlthe individuals that were
listed in the top 20 animals according to eachefthree methods.

Conclusions

Due to lack of validation methods it is difficulb tcompare results of the three
methods and point out which one provides estimatebreeding values that are
closest to the true values. Therefore comparisaesflts based on simulation studies
can be of great value.
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Background

Several traits of economic interest are expresserkpeated measurements along a
trajectory of time. This is a further issue to logli@ssed in genomic selection, beside
the problem of the large number of marker effelstg have to be estimated. The five
phenotypes available from the common data set @ QAL-MAS workshop were
treated as repeated measures of the same trajgdPat EBVs were estimated for all
the 2025 individuals and considered as “goldendstedi. Two data sets were created:
TRAINING, made by 1000 individuals with availablé&gnotypes; PREDICTION,
with the remaining 1025 individuals. Marker genaypffects were estimated on
TRAINING by a mixed linear model, assuming an eq@itribution of each marker
(as 0%4/n) and no interaction between marker loci. As #erative, k principal
component were extracted from the SNP data matidkused in the estimation step
instead of SNP genotypes. Estimated effects weme tised to predict GEBVs in the
PREDICTION individuals. Accuracy of GEBVs was ewatied as correlation with
polygenic EBVs. Moreover, principal component asalyvas also carried out on five
phenotypes treated as different traits, to derige wariables able to represent the
longitudinal trait under study. Also for these neariables, GEBVs were calculated
using the above described approach

Results

Seventy-six principal components were retainedG&BV estimation. Correlations

between polygenic EBVs and GEBVs in the TRAININGalaere 0.78 and 0.77

when SNP marker or Principal components were useg@redictors, respectively.

Values decrease to 0.52 and 0.50 in the PREDICTd@is. The Principal component
analysis carried out on the five phenotypes yieldedriable related to the “average
level” and one related to the shape of the longiidtrait under study. Correlations
between polygenic EBVs and GEBVs for both the twiogipal component were of

the same order of those estimated in the repeatmbume approach, both in the
TRAINING and PREDICTION individuals.

Conclusions

Principal component analysis was able to reduc@%¥92he number of predictors in
the calculation of GEBVs, keeping the same accumfcestimation either when
repeated records or new synthetic variables weidettea.
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Background

The success of genome-wide selection (GS) appreasliedepend crucially on the

availability of efficient and easy-to-use compuatll tools. Therefore, approaches
that can be implemented using mixed models holdiqodeir promise and deserve
detailed study. A particular class of mixed modsistable for GS is given by

geostatistical mixed models, when genetic distaadeeated analogously to spatial
distance in geostatistics.

Methods

We consider various spatial mixed models for us&$ The analyses presented for
the QTL-MAS 2009 dataset pay particular attentmthe modelling of residual errors
as well as of polygenetic effects.

Results

It is shown that geostatistical models are vialtleraatives to ridge regression, one of
the common approaches to GS. In the example carsidere did not find a large
effect of the residual error variance modellinggéy because error variances were
very small. A variance components model reflectimg pedigree of the crosses did
not provide an improved fit.

Conclusions

We conclude that geostatistical models deservédurstudy as a tool to GS that is
easily implemented in a mixed model package.
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Methods. We propose to combine association mapping by ssgre and Haley-Knott
half-sib regression for linkage (Knadt al., 1996 Theor. Appl. Genet. 93:71) to map
QTLs combining linkage disequilibrium (LD) and liage analysis (LA).

In association mapping, at a given location, therage effect of each QTL of each
sire depends on the allele state of the closeskendhaplotype), and is modeled by
regression. In Haley-Knott linkage regression, #féect in the offspring of the
paternally inherited QTL is modeled as a regressoon the probabilityp of
transmission of each of the paternal QTLs. Thisbabaity is computed using all
available markers. The maternal QTL in the offspraan be modeled by regression
on marker (haplotype) allele/state. Thus, for sofsirei:

Yi = phl+(1_ p)hz"’ pa1'1+(1_ p)a1'2+blj + 6

Wherebj are the effects of the marker observed atktbBromosome at thiesire, by

is the effect of the marker observed at the matem@mosome ofj, anday are the
QTL effects in the sire not accounted for by theeslied marker (i.e., if LD QTL —
marker is incomplete). We term this model “LDLA”sguming LD is complete (all
a = 0) leads to a more parsimonious model calleddé€ay”.

Results and conclusions. We tested this approach against Meuwisseal. (2002
Genetics 161:373) method (IBD) by simulation ines@V scenarios. Performance in
term of mean squared error is generally similanvdwer, IBD tends to be biased
towards the center of the haplotype because itiderssall available markers for LD.
Computations in the regression approach are extyesimple. Extensions of the
model to genomic selection and multi-QTL mapping straightforward. The model
is thus a simple and satisfactory approach for @Epping using LD and LA.
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The identity-by-descent (IBD) matrix is the core tbke variance component QTL
model. The true IBD matrix comes from a distribatiof IBD matrices given the
marker information, but its expectation is usuaibed in the likelihood. This gives an
incorrect likelihood value since the extra uncertaiin estimating the IBD matrix is
not included. We therefore developed a Monte Caméthod for calculating the true
likelihood (so-called full likelihood, Xu, S.; Getes 1996; 144(4): 1951-60)
incorporating the uncertainty of the estimated IB@trix. The aim of the study was
to compare the true likelihood with the likelihobdsed on the expected IBD matrix,
and to study their computational requirements fange pedigrees with a small
founder generation. Our simulation results showt tha likelihood based on the
expected IBD matrix approximates the true likeliticaccurately. Our Monte Carlo
full likelihood method can actually be computatibypamore efficient than the
expectation method for large pedigrees with a sifoathder generation, because the
rank of the true IBD matrix is much lower than tla@k of the expected IBD matrix.
Using the IBD matrices produced in our Monte Calffoll Likelihood (MCFL)
method we may also simplify the modeling of epistdsr linked QTL following
Mao & Xu (Heredity 2005; 94(3):305-15).
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Background: The traditional models of genetic effects havenbedensively revised
since the advent of QTL analysis. On one handissitatl models of genetic effects,
formulated upon average effects over populatioresewmproved to better handling
model selection strategies and the decompositidheofenetic variance. On the other
hand, functional models were built to formulate gfeneffects regardless of the gene
frequencies of any population. By providing a lindtween the two formulations, the
NOIA model enables the study of valuable evolutigriaroperties of a trait that has
been subject to QTL analysis.

Results: Here we present implementations of the functioaatl the statistical
formulations of genetic effects to multiple alleles the framework of the NOIA
model. These implementations conclude the functitoranulation, which gets to be
completely general. We also show that this formoitafits to a common statistical
testing procedure. Concerning the statistical fdathens, our implementations
improve previous models and point to further pregr® be made in this direction. In
particular, we provide expressions to transformvieen functional genetic effects and
statistical, average effects under Hardy-Weinbeoap@tions. Further, we inspect the
impact of deviations from the Hardy-Weinberg prdjmms in the differences between
multiallelic average effects and average excesses.

Conclusions: We stress the need of further improving the modélgenetic effects,
which as kernel pieces of the QTL machinery cannigemented regardless of the
statistical methods used for performing the esemait the shell of that machinery.
For instance, they can be implemented for usingntive a Haley-Knott regression
framework, although an imputations framework cdugdoreferable.
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Elements of IBD probability matrices measure thebpbility that two individuals
share the same allele of a common ancestor. Thestatalleles and their number
remain implicit. For human inspection and QTL asayan explicit representation in
terms of ancestral allele origin and number of lelemay be desirable. To this
purpose, we decompose the IBD matrix by a lateagscinodel witlK classes (latent
ancestor alleles). We provide an efficient alganitto fit the model. The algorithm
correctly reconstructed the ancestry of 16 maibeeds from their IBD matrix only.
We also show that the model can help QTL detecfrom connected crosses.
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Background

There is currently much interest in the comparisbaingle-locus, multi-locus and
haplotype model performance for their ability tgpkn genetic variance, and map
QTL in humans and livestock. Relative performanicdhese models is expected to be
affected by range of localized genetic architecteuech as LD patterns and allele
frequencies at the causal variants. A growing nundfestudies demonstrate that
haplotype-based approaches may provide more pawkrecuracy in locating QTL
and disease variants than single locus methods.ek#w a limitation of these
comparisons is that they focus on extremes, usthgrehe maximum of single-locus
statistics or a global test for all haplotypes.efitative approaches include the use of
multiple markers, but only fitting low order inteteons, such as a main order effects
multiple-regression analysis. To date, there has bigtle focus on determining how
models perform across a range of genetic architecionditions.

Methods

With the aim of determining the relative performaraf four association models,
we used the extent of LD in a broiler chicken deg consisting of 13,000 genome-
wide SNPs genotyped in 200 individuals, to acceew tability to explain genetic
variance and provide statistical support for QTLthwa range of minor allele
frequencies.

The data were used to simulate LD between markedsaaQTL by randomly
selecting one SNP to act as a surrogate QTL (sQdg, then using surrounding
markers to test for association using four regogsbased models. In total 6300 sQTL
were tested against with the following models: Ergcus, three marker main order
effects and two haplotype models each with threekens. sQTL were divided into
ten minor allele frequency (MAF) bins, with equahge, from 0 to 0.5, to determine
the relative performance of models mapping for Qvith different MAF.

Conclusions

When mapping against sQTL with MAF below 0.225 tiaplotype model that
accounted for uncertainty in phase performed betten all other models.
Performance, relative to other models, increasesQd. MAF dropped. There was
little difference in performance of models for sQWith intermediate MAF. Under
the assumption of neutral mutation or stabilizirglestion models, QTL allele
frequencies are expected to resemble a U-shapédbdi®n, producing a high
proportion of QTL with low MAF. Therefore, unlessigr information of QTL
frequencies is available, a haplotype-based approaxrcounting for phase
uncertainty, is preferable to low order interactiam single locus models. Many
genome-wide association studies, particularly inméns, have used single-locus
approaches and struggled to explain much genetiatvm with markers, despite
high-density panels. Given the findings shown h#rete may be some advantage in
revisiting these datasets and reapplying haplobgsed approaches.
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The pattern of linkage disequilibrium in a popuwatiaffects the possibility to map
genes by association mapping. We investigate homectibnal selection in a
population of finite size affects the pattern ofation and linkage disequilibrium,
around the selected loci. We started with simutegtiof single locus selection and
then investigated various forms of epistasis betwee two loci. Using an example
with an experimental chicken population selectetoth directions for body weight,
we found that at most previously identified QTLslestion is strong enough to lead
to fixation at the selected locus. Thus the popamasize has been large enough to
prevent genetic drift from overriding the effect eflection at these QTLs. When
interactions between two loci are present, the giooity to get fixation and the
pattern of linkage disequilibrium is strongly degent on the initial haplotype
frequencies. The level of linkage disequilibriumtire replicates without fixation is
rather low for the studied interacting pairs frdm thicken lines.
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We carried out a genome wide analysis of assooidteiween 2132 SNP loci across
190 elite cultivated accessions chosen to repreabenavailable genetic variation in
current North West European and North Americandyagermplasm. Population
sub-structure and linkage disequilibrium (LD) vdrieonsiderably across the seven
barley chromosomes with gene-rich and rarely-reéom@p haplotype blocks
extending across the genetic centromeres. We hisedata to test measures of
population structure (none, STRUCTURKinship matrix) with association between
SNP loci across the genome. Only loci with a miaitele frequency greater than 0.1
and less than 0.1 missing data were used in thysesa We show that using
information about kinship in the form of a relatstip matrix decreases the number of
false associations between loci and highlights Kdoof short-range linkage
disequilibrium.

*Pritchard,J.K., Stephens,M., Rosenberg,N.A., & DayrP. Association mapping in
structured populationgsm. J. Hum. Genet. 67, 170-181 (2000).
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Vitiligo is an autoimmune disease characterize@ lspontaneous pigment loss due to
death of melanocytes. Smyth Line chickens haverakteatures of this pigmentation
disorder that are similar to those found in humeamd are therefore a valuable animal
model for the study of autoimmune vitiligo in hursatWe have studied an Eross
between Smyth Line and Brown Line (control) chickeylitiligo was phenotyped as a
binary trait, healthy or sick, and a genome-wideL@€an was performed to identify
the loci underlying the disease. We used two ambres to analyze the data.
Generalized linear regression on line-origin QTlnggpe probabilities calculated
using cnF2freq (Nettelbladt al, 2009) and Flexibel Intercross Analysis (FIA), a
variance component model that allows for segregatiRonnegardet al, 2007). The
results obtained with the two methods were highdyredated. Both identified the
same significant QTL and FIA did not show any ewitk of this QTL segregating
within the crossed lines.

Rénnegard, L., Besnier, F., Carlborg, O. 2007. mprioved method for quantitative trait loci detentio
and identification of within-line segregation in iRtercross designs. Genetics 178: 2315-2326.

Nettelblad, C., Holmgren, S., Crooks, L., Carlbo€, 2009. cnF2freq: Efficient determination of
genotype and haplotype probabilities in outbredupetpons using Markov modell press.
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Improvement of health of chickens by selection dahanced general resistance to
pathogens is an attractive alternative for veteyireealth treatments. Therefore quite
often non pathogenic antigens are applied as a&ts®iecriterion to increase overall
immune response. QTL to non pathogenic antigenshwtapresent different types of
immune responses have already been detected musagxperiments. To verify the
existence of a QTL observed in an initial genomansconfirmation is necessary,
preferably in an independent population. Keyholemphet Heamocyanin (KLH)
represents a novel antigen for birds, which theyenencounter during lifetime, and
which results in a TH-2 dependent (antibody) immtesponse. QTL for an adaptive
response to KLH antigen on GGA14 has been origindditected in a cross of two
lines selected for high and low response to SRBfferAirst detection of the QTL
region, this QTL has been validated in a crossaaf lines selected against feather
pecking. Hereby we present a second validatiomisf@TL for an adaptive response
to KLH in a F2 cross of a commercial layer (Whiteghorn) and native polish breed
(Green-Legged Partridgelike). The experimental petpan, which consisted of 559
individuals, was typed with 7 microsatellite markewvenly spaced on GGA14. Titers
of antibodies binding KLH were measured for all iinduals by ELISA. Three
genetic models were applied: a half-sib model (swenmon parent /dam common
parent), a line cross model using the regressioerval method and a combined
LDLA analysis. This study confirms the QTL for adaptive response to KLH to
GGA14 and makes a case for localization of genlasegtto immune response to this
antigen.
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Association mapping promises higher precision bgeati makes use of historical
recombinations among diverse individuals. It alsovjles results that are more
relevant to plant breeding applications when th@piray population is comprised of
breeding materials. These populations, however pevae to genetic heterogeneity
which might lead to false association between nragx@ymorphism and trait
variation. Molecular markers have become usefutstimating relatedness between
individuals and uncovering differentiation in a pégtion, which are valuable
information by which false association could be imized. This study aimed to
compare different methods of estimating relatednasd inferring population
structure in linkage disequilibrium (LD) analysrs barley. The mapping population,
comprised of diverse cultivars collected from thedlerranean area and the rest of
Europe, was previously genotyped with 811 mappedIDAarkers.

Relatedness was estimated using pedigree (PD)i#acedt marker-based measures.
Among six marker estimates, Queller-Goodnight (@Jwed the highest Spearman
correlation with PD, though only 0.26. Of the tot#él,836 pairs of cultivars, only 687
had PD> 0.05. Of this number showing relationship by géoga 1/3 was not related
based on QG. In the cultivar pairs (16,149) forakhPD < 0.05, more than 70% had
QG > 0.05. No discernable improvementrinvas found when comparison was made
from chromosome to chromosome. Marker estimateg wrpected to disagree with
PD, which relies on accuracy of parentage inforomatind assumes identity between
test genotypes and entries bearing their namesreéedmg records. Population
structure was inferred by Bayesian and eigenvesttstering. Bayesian classification
was performed under admixture and linkage modelsiclw suggested five
subpopulations. By eigenvector-based clusteringe rdubpopulations were found.
Clustering from both methods was in modest agreemvéh hierarchical clustering
based on similarity by proportion of shared alleld@®e 95th percentile of the
genome-wider? was 0.15, below which LD across and within chroomss was
found to decay within 10 cM. LD tended to increastin subgroups as they became
smaller and more homogeneous. Dissecting LD pattevithin subgroups and
chromosomes uncovers fine details of populationcsire, thereby retaining only
association due to physical linkage.
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The present study was aimed at detecting QTLsnioate and adaptive immunity in
laying hens. A set of 1534 SNP markers was useabont 600 hens from 9 different
layers lines. A novel approach based on an acnoessanalysis and testing of the
SNP-by-line interaction was adopted. The amouridtonserved among lines has a
shorter extent than in the individual lines and¢f@e SNPs significantly associated
with immune traits across lines are expected talbse to the functional mutations.
The analysis was carried out in two consecutivpsstin the first step all SNPs were
tested ignoring the relationships among animalshénsecond step only SNPs with a
significant and relevant effect on immunity andsignificant SNP by line interaction
were analysed taking into account the relationship®ng animals. Eventually, 59
significant associations between SNPs and immuits tivere detected. This research
confirmed some QTLs in regions in which QTLs hawm previously identified.
Potential new QTLs for immunity were detected. Werfd evidence for a role of the
IL 17F gene on chromosome 3 on natural and acqurgibody titres and on the
classical and alternative pathways of complemetiva®on. The MHC genes on
chromosome 16 showed significant effects on natamal acquired antibodies titres
and classical complement activity. The IL 12 gemecbhromosome 13 showed an
effect on natural antibody titres.
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The simulated dataset of the™@TL-MAS workshop was analysed to i) detect QTL
and ii) predict breeding values for animals withphenotypic information. Several
parameterisations considering all SNP simultangougtre applied using Gibbs
sampling. Fourteen QTL were detected at the differeme points. Genetic
correlations were high between models when estigdireeding values, apart from
when the model assumed that all SNP effects caoma tne distribution. Even a
model including the polygenic effect and only SN8axiated with the 14 QTL gave
close to unity correlations with the full parametations. The best parsimonious
model is likely to depend on the true genetic dedture, rather than on the generic
model.
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Background

New molecular technologies allow high throughpuhagping for QTL mapping
with dense genetic maps. Therefore, the interesinkége analysis models against
linkage disequilibrium could be questioned. As €hego strategies are very sensible
to marker density, experimental design structuliekage disequilibrium extent and
QTL effect, we propose to investigate these pararaaffects on QTL detection.

Methods

The Xlith QTLMAS workshop simulated dataset waslgsed using three linkage
disequilibrium models and a linkage analysis mottekerval mapping, multivariate
and interaction between QTL analyses were perforusaty QTLMAP.

Results

The linkage disequilibrium models identified a &rQTL on chromosome 1 and few
regions with a couple of significant markers. Hoegvnost of the QTLs identified
by interval mapping analysis are not detected lyylimkage disequilibrium model. In
addition, QTL effects are evolving during the timebich was not observed using the
linkage disequilibrium models.

Conclusions

Our results show that for such a marker densityiriterval mapping strategy is still
better than using the linkage disequilibrium orWhile the experimental design
structure gives a lot of power to both approachése marker density and
informativity clearly affect linkage disequilibriuefficiency for QTL detection.
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Background. We applied a range of genome-wide association (WaAthods to
map quantitative trait loci (QTL) in the simulatedataset provided by the
QTLMAS2009 workshop in order to derive a comprehanset of results.

Results A Gompertz curve was modelled on the yield datd showed very good
predictive properties. QTL analyses were done enrdw measurements as well on
the individual parameters of the Gompertz curve isgredicted growth for each
interval. Half-sib and variance component linkagealgsis revealed QTL with
different modes of inheritance but with low resauat This was complemented by
association studies using either single markers haplotypes, and additive,
dominance, parent-of-origin and epistatic QTL efe@ll association analyses were
done on phenotypes pre-corrected for pedigreetsffébese methods detected QTL
positions with high concordance to each other aitth greater refinement of the
linkage signals. Two-locus interaction analysisedttd no epistatic pairs of QTL.
Overall, using stringent thresholds we identifiedLQegions using linkage analyses,
corroborated by 6 individual SNPs with significaitects as well as two putatively
imprinted SNPs.

Conclusions We obtained consistent results across a combmati intra and inter
family based methods using flexible linear modelsvaluate a variety of models.
The Gompertz curve fitted the data really well, andlyses of model parameters and
predictions provided complementary information ba tletected QTL.
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Background

Identification of QTL affecting a phenotype whichmeasured multiple times on the
same experimental unit is not a trivial task beeatl®e repeated measures are not
independent and in most cases show a trend in #no@mplicating factor is that in
most cases the mean increases non-linear with dsneell as the variance. A two-
step approach was used to analyze a simulatedsdatzontaining 1000 individuals
with 5 measurements each. First the measurements sw@nmarized in latent
variables and subsequently a genome wide analyass performed of these latent
variables to identify segregating QTL using a Baeslgorithm.

Results

For each individual a logistic growth curve wagefit and three latent variables:
asymptote (ASYM), inflection point (XMID) and scafj factor (SCAL) were
estimated per individual. Applying an ‘animal’ mddshowed heritabilities of
approximately 48% for ASYM and SCAL while the hehility for XMID was
approximately 24%. The genome wide scan reveal@d@d Ls affecting ASYM, one
(or two) QTL affecting XMID and four QTLs affectin§CAL. The size of the QTL
differed. QTL with a larger effect could be more@sely located compared to QTL
with small effect. The locations of the QTLs fopaeate parameters were very close
in some cases and probably caused the genetidat@mmeobserved between ASYM
and XMID and SCAL respectively. None of the QTL apped on chromosome five.

Conclusions

Repeated observations on individuals were affebiedt least nine QTLs. For most
QTL a precise location could be determined. The (ot the inflection point
(XMID) was difficult to pinpoint and might actuallgxist of two (or more) closely
linked QTL on chromosome one.
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Method of variance component for QTL mapping inaigdhaplotype information
and probabilities of Identity-By-Descent (IBD) bet@n haplotypes was implemented
on dataset simulated by the framework of’ BTLMAS workshop. Data included
information on 453 markers located across 5 chromes for 2025 diploid
individuals and phenotypic information of 5 traig 1000 individuals in the last
generation. The QTL detection was based on thealisspection, value of log
likelihood, LRT along the whole genome. We founddence of 7 QTLs in the
intervals (77-78), (43-44), (41-42), (85-86), a@d3( 14-15, 45-46) on chromosomes
1, 2, 3, 4 and 5, respectively, affected the S4reecorded in this dataset. The final
model for prediction of breeding values includeetr@all mean, animal as the source
of additive genetic effects and the detected QTUsckv applied for each trait
separately.

45



The application of Genomic Selection in dairy cat#
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For a long time, genetic improvement of dairy eatths relied on progeny testing of
bulls. Test data from daughters are used to caEe@BUP breeding values for a large
number of productive, functional and type traitsiodgeny testing gives high

accuracies of selection, but is expensive and slésually, bulls are already 5 years
old when they can be promoted to a commercial Byllthat time the investment per
bull is close to 25,000 euro.

The use of DNA-markers allow earlier selection sfegnd thus can lead to a more
efficient breeding programme. A lot of research bhasn done to find QTLs to be
exploited in marker-assisted breeding programmesveyer, the variation explained
with the small sets of markers was too limited.

A new approach is the use of high density marke&s severing the entire genome.
Early 2007, CRV and the University of Liege devadpa custom made 60K SNP
BeadChip (lllumina) using publicly available SNH$ie marker effects were derived
from a reference panel of 3600 bulls with reliatMeeding values. Recent validations
show that the marker effects can predict breedialges of bulls with up to 70%
reliablity. Selection based on these genome-widekars is referred to as Genomic
Selection.

The relatively high reliabilities with Genomic Sefien offer big opportunities for

cattle breeding organizations. Genotyping costsapénal are very low compared to
phenotypic testing of a bull. Moreover, genotypran be done shortly after birth.
CRYV is now exploiting these new opportunities afeeredesign of the breeding
scheme. We have doubled our selection pool of yoorales and females. All

selection candidates animals are genotyped, ang th@ top 20% enter the

phenotypic testing programme. With this new setecicheme, genetic improvement
can be accelerated with 30-40%. Morover, it camecednbreeding, as more families
get a chance to contribute to the next generation.
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Background

In livestock populations, missing genotypes on rgdaproportion of animals is a
major problem when implementing marker-assistecedirg value estimation for
QTL with a known effect. The objective of this syjudas to develop a method to
include missing marker genotypes in breeding vasemation by predicting the
number of haplotype copies (nhc) for ungenotypeadhals, using 1, 2 or 4 markers.
For genotyped animals the nhc represents the nuailmepies an animal carries for a
certain haplotype, i.e. 0, 1 or 2 copies.

Results

In a mixed model framework, the nhc were predidtedungenotyped animals using
the additive genetic relationship matrix and the rdf genotyped animals. The
heritability of nhc is assumed to be 0.99, allowifay minor genotyping and
haplotyping errors. The predicted nhc were subsgfueised as covariables in
marker-assisted breeding value estimation by apglgi random regression on them.
To evaluate the method, a population was simulaii¢idl one additive QTL and an
additive polygenic genetic effect. The QTL was techin the middle of a haplotype
based on SNP-markers. The accuracy of the total ERveased for genotyped
animals comparing marker-assisted breeding valdena&son with conventional
breeding value estimation, but for ungenotyped afsnthe increase was marginal
unless the heritability was smaller than 0.1. Hgples based on 4 markers yielded
the highest accuracies and using only the left estamarker yielded the lowest
accuracy. The accuracy of the method increased wieemarker density increased.
The accuracy of the total EBV approached the acyunhgene-assisted BLUP when
using 4-marker haplotypes with a distance of 0.1be¥veen the markers.

Conclusion

The proposed method is computationally very effitiand suitable to apply for
marker-assisted breeding value estimation in ldingestock and plant populations
including effects of a number of known QTL.
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Genomic Selection (GS) using breeding values (GS)EBstimated from dense
marker data is promising for genetic improvementr ©bjective was to evaluate
responses from GS to selection on traditional BLEB} over multiple generations.
A trait with 100 or 200 QTL with heritability 0.3nd phenotyping prior to selection
was simulated. GS-EBV were estimated using BayesiBg 1000 individuals from
the training generation only (GS-1) or with updgtusing data from all generations
(GS-all). BLUP-EBV used data from all generatioB&yP-all). Response for GS-1
was similar to BLUP-all in initial generations kthien fell behind because of declines
in accuracy. GS-all had greater response than BalUPoubling the number of QTL
increased response, in particular for GS-all. Ratasbreeding increased from GS-1
to GS-all and BLUP-all. GS-all resulted in the &sitloss in variance, followed by
BLUP-all and GS-1. Lost variance was to a greatgrele from drift and loss of
favorable QTL alleles for BLUP-all than GS. Despltver inbreeding, GS had
greater variance of response than BLUP-all becafisariation in the accuracy of
GS-EBV. Deterministic predictions of response w&railar to those observed from
simulation in the initial generations. Determirgspiredictions of rates of inbreeding
were similar to observed rates, but observed ratesee higher in generations
immediately following training because of the impatrelationships on GS-EBV. In
conclusion, GS offers great opportunities to furthdvance genetic improvement
programs. GS, as simulated here, primarily capiali on historic linkage
disequilibrium.
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