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REPORT INFORMATION
· Annual Meeting Dates: 05/06/2008 to 05/07/2008. 

· Period the Report Covers: 01/2007 to 12/2007.
· Annual meeting held at St. Louis, MO.

· Meeting preceeded 57th National Breeders Roundtable.

· NCCC204 website: http://nimss.umd.edu/homepages/home.cfm?trackID=8920
MEETING PARTICIPANTS
· William Muir (Purdue University)

· Frank Siewerdt (University of Maryland)

· Alex Sandro Schierholt (University of Maryland / Universidade Federal de Viçosa) Guest
· Jesus Arango (Hy-Line International) Other
· Dominic Elfick (Aviagen) Other
· David Pollock (Heritage Breeders) Other
· Morteza Sadjadi (Heritage Breeders) Other
MINUTES
Technical program: The meeting began at 1:15 p.m. on Tuesday, May 6 with opening remarks by Frank Siewerdt, Secretary and Acting Chair. The elected chairperson was not able to attend the meeting. Bill Muir served as the Local Host. All participants and guests were welcome and an agenda was approved for the meeting.
Bill Muir provided a brief historical account of NCCC204 from its foundation (under a different name) in the 1950s. Early exponents of this group were Jay Lush, Sewall Wright, Ralph Comstock, and Alan Robertson. A major accomplishment was the creation by a later generation of participants, led by Mike Grossman, Gene Eisen and Jack Rutledge, of the Gordon Conference in Quantitative Genetics and Biotechnology (“Biotechnology” has recently been replaced by “Genomics” in the title, CGQGG). NCCC204 has historically met in university settings and a few times with the Poultry (now “National”) Breeders Roundtable.
Presentations were done by the experiment stations represented (Purdue University, one presentation, University of Maryland, two presentations). Each presentation was immediately followed by discussion of the topics covered. The meeting adjourned at 5:10 p.m.
On Wednesday, May 7 the meeting reconvened at 1:00 p.m. Individual presentations by experiment stations continued, followed by detailed discussion. An in-depth discussion on the applicability of genomic selection methods in commercial poultry breeding programs ensued. Industry participants were instrumental in this process. It became clear that industry input should always be sought in order to help focus some of the research initiatives that are the responsibility of this group.
BUSINESS MEETING
The business meeting was held on Wednesday May 7, after the general discussion session. Frank Siewerdt will be the Chair for the next cycle. No Secretary was elected by there was one suggestion: Bill Beavis (Iowa State University), who will be contacted to explore this possibility.
The current strategy of NCCC204 is to meet in conjunction with the GCQGG in odd-numbered years and with industry in even-numbered years. The proposal of meeting in 2009 in conjunction with the CGQGG in Galveston, TX was approved. The most likely dates for the NCCC204 meeting in 2009 are February 21 and 22, preceding the CGQGG.
The four industry participants spoke very positively about the meeting. They seemed pleased with the format of the meeting and with the opportunity for detailed interaction with the research community in an organized setting. It was their understanding that NCCC204 should make an effort to hold their meetings in even-numbered years with animal and crop breeders.
With no further business to be conducted, the meeting was adjourned at 5:45 p.m.

SUMMARY OF INDIVIDUAL EXPERIMENT STATIONS REPORTS
University of California, Riverside (S. Xu)
Progress of Work and Principal Accomplishments:

Objective 1: QTL mapping

We continued to develop statistical method for QTL mapping. The major accomplishment includes the development of Bayesian LASSO method for mapping multiple QTL (Yi and Xu 2008). This method allows thousands of model effects (QTL) to be included in a single linear model. In addition, we developed a new Fisher scoring algorithm to estimate QTL parameters (Han and Xu 2008). This method generates almost identical result as the ML method, but it provides the variance-covariance matrix of the estimated parameters. Finally, we published a little note to introduce a simple method for calculating the statistical power of QTL detection (Hu and Xu 2008). This simple method will help QTL experimentalists design optimal strategy of QTL mapping. 

Objective 2: Microarray data analysis
Differential expression analysis is still the most important purpose of microarray gene expression experiments. We developed a Bayesian mixture model to detect expressed genes (Jia and Xu 2008). The difference between this method and most other methods was that we treated the difference between the case and the control as a random effects sampled from two distributions, a null distribution (no differential expression) and an alternative distribution (genes differentially expressed). All genes classified into the alternative distribution are declared as differentially expressed.  

University of Georgia (I. Misztal)

Computing Strategies in Genome-Wide Selection

Genome-wide genetic evaluation might involve the computation of BLUP-like estimations, potentially including thousands of covariates (i.e., single-nucleotide polymorphism markers) for each record. This implies dense Henderson’s mixed-model equations and considerable computing resources in time and storage, even for a few thousand records. Possible computing options include the type of storage and the solving algorithm.

This work evaluated several computing options, including half-stored Cholesky decomposition, Gauss-Seidel, and 3 matrix-free strategies: Gauss-Seidel, Gauss-Seidel with residuals update, and preconditioned conjugate gradients. Matrix-free Gauss-Seidel with residuals update adjusts the residuals after computing the solution for each effect. This avoids adjusting the left-hand side of the equations by all other effects at every step of the algorithm and saves considerable computing time.Algorithms were tested on a real mouse data set, which included 1,928 records and 10,946 single-nucleotide polymorphism markers. Computing times were in the order of a few minutes for Gauss-Seidel with residuals update and preconditioned conjugate gradients, more than 1 h for half-stored Gauss-Seidel, 2 h for Cholesky decomposition, and 4 d for matrix-free Gauss-Seidel.

Reliable Computing in Estimation of Variance Components

The purpose of this study is to present guidelines in selection of statistical and computing algorithms for variance components estimation when computing involves software packages. For this purpose two major methods are to be considered: REML and Bayesian via Gibbs sampling. EM REML is regarded as a very stable algorithm that is able to converge when covariance matrices are close to singular, however it is slow. 

However convergence problems can occur with random regression models, especially if the starting values are much lower than those at convergence. AI REML is much faster for common problems but it relies on heuristics for convergence, and it may be very slow or even diverge for complex models. REML algorithms for general models become unstable with larger number of traits. REML by canonical transformation is stable in such cases but can support only a limited class of models. In general, REML algorithms are difficult to program. Bayesian methods via Gibbs sampling are much easier to program than REML, especially for complex models, and they can support much larger datasets; however, the termination criterion can be hard to determine, and the quality of estimates depends on a number of details. Computing speed varies with computing optimizations, with which some large data sets and complex models can be supported in a reasonable time; however, optimizations increase complexity of programming and restrict types of models applicable. Several examples from past research are discussed to illustrate the fact that different problems required different methods.

Future work

Accuracy of genomic selection under a range of effective population size, the number of SNP, the number of QTL, different distribution of gene frequencies and QTL effects. Other factors type of records available including sires with variable number of progenies or animals with own records as well as different heritabilities. The work will be done by simulation.

University of Maryland (F. Siewerdt)
1. University of Maryland contributes to objectives 1 and 2 of the project.
2. (Siewerdt) A framework for estimation of realized genetic parameters from selection experiments is being finalized. The research question is: in order to estimate the realized genetic correlation between two traits is it necessary to keep two populations, each one being selected for each trait? It was shown analytically and through simulations that the two-population approach is unnecessary. The resulting framework is also applicable to the realized heritability of any trait, not just traits being selected for but for all linear functions of measured traits.
3. (Siewerdt) Genetics of excreta composition in broilers. Reduction if the content of nitrogen and phosphorus in poultry excreta through selection may be feasible. Preliminary data (about 200 birds from 14 families) has shown that total nitrogen in the excreta has heritability of 0.14 and that family differences are large enough to warrant a study to identify SNP that are associated with favorable phenotypes (lower nitrogen content). Genetic correlations with key production traits (growth, efficiency of feed utilization, dressing yield) varied in magnitude but were always favorable. No meaningful variation was found for total phosphorus in the preliminary study. The study is been conducted in collaboration with a major broiler breeding company and will be expanded to include a total of 1100 birds from 85-90 sire families. One of the advanced goals of this project is to identify methods for incorporation of this information into formal breeding programs.
4. (Siewerdt) Slow progress was achieved in the effort of attempting to use game theory to rewrite quantitative genetics theory when competition between individuals is present. The main idea is to rely on cooperative, zero-sum games as the basis for explaining intra-group dynamics, since in the presence of limited resources (space, feed, or mating partners) these resources must be fully distributed among all individuals, the gain of one being the loss of others. It is believed that payoffs in game theory may be interpreted as breeding values. No meaningful results were obtained in 2007.
5. (Schierholt – visiting scientist from Universidade Federal de Viçosa, Brazil, Siewerdt) One of the mainly advantage of Composite Interval mapping, combining multiple regression with the interval mapping method, is to make the intervals test independent from the effects of QTLs located at other regions of the chromosome. It is done including the information of markers not linked to the interval tested to increase the power of the test by controlling residual error of the background genetic variance. Considering that the associative effects works as an epistatic effect among genomes, and so contribute to the background genetic varianc, the objective of this project is the development of an interval testing model corrected for associative effect QTL. Associative effects are caused by genes that are expressed in an animal and influence the genes expressions on others animals belonging to the same group. In others words, the phenotype of associative genes may be measured on the companions of the animal bearing these genes. The two mainly hypothesis are that: (1) in analysis of QTL mapping the associative QTL may be decreasing the power of detection of a direct QTL for production in an individual, as it doesn’t have the same conditions to express its genes as an individual that is in a higher position in the hierarchical ranking, and; (2) as the associative QTL provides a better access to resources for the higher ranked individuals, it may be possible that in some conditions these QTL may be mapped as a direct QTL, as individuals bearing alleles that make than have advantages over other individual will have a higher mean in the production traits. In the work we have proposed a way to control the influence of genetic background by removing this confounding information using covariates or cofactor, as it was made when interval mapping was upgraded to composite interval mapping. So the composite interval mapping can be used to complement the model by including the markers information of the group companions in the mapping analysis. Conclusion: although it is methodological difficult for QTL mapping of behavior phenotypes, as it is to estimate these QTLs effects, it’s no doubt that genes with associative effect may contribute to the background genetic variation (and this way the residual genetic variation) in animals bred together under some conditions. Differently from the Composite Interval Mapping, the markers information of the companions of an individual cannot be considered as a fixed effect, as the individuals in a group share the information of its companions and it leads to data colinearity. A model considering the associative effects as random effects, using the relationship matrix is still to be developed.

Michigan State University (R.J. Tempelman and  J.P. Steibel)

Objective 1: Develop and compare statistical and computational methodology for analysis of molecular genetic and genomic data associated with quantitative traits. 

Selective transcriptional profiling and data analysis strategies for eQTL mapping in outbred F2 populations  Fernando F. Cardoso, Guilherme J. M. Rosa, Juan P. Steibel, Catherine W. Ernst, Ronald O. Bates, Robert J. Tempelman
Genetic analysis of transcriptional profiling experiments is emerging as a promising approach for unraveling genes and pathways that underlie variation of complex biological traits. However, these genetical genomics approaches are currently limited by the high cost of microarrays. We studied five different strategies to optimally select subsets of individuals for transcriptional profiling, including 1) maximizing genetic dissimilarity between selected individuals, 2) maximizing the number of recombination events in selected individuals, 3) selecting phenotypic extremes within inferred genotypes of a previously identified quantitative trait locus (QTL), 4) purely random selection and 5) profiling animals with the highest and lowest phenotypic values within each family-gender subclass. A simulation study was conducted based on a linkage map and marker genotypes derived from data on Chromosome 6 for 510 F2 animals from an existing pig resource population and on a simulated biallelic QTL with pleiotropic effects on performance and gene expression traits. Bivariate analyses were conducted for selected subset sample sizes of 80, 160 and 240 individuals under three different correlation scenarios between the two traits. The genetic dissimilarity and phenotypic extremes within genotype methods had the smallest mean square error on QTL effects and maximum sensitivity on QTL detection, thereby outperforming all other selection strategies, particularly at the smallest proportion of samples selected for gene expression profiling (80/510). 

Statistical analysis of efficient unbalanced factorial designs for two-color microarray experiments.  Robert J. Tempelman

Experimental designs that efficiently embed a fixed effects treatment structure within a random effects design structure typically require a mixed-model approach to data analyses. Although mixed model software tailored for the analysis of two-color microarray data is increasingly available, much of this software is generally not capable of correctly analyzing the elaborate incomplete block designs that are being increasingly proposed and used for factorial treatment structures. That is, optimized designs are generally unbalanced as it pertains to various treatment comparisons, with different specifications of experimental variability often required for different treatment factors. This work uses a publicly available microarray dataset, as based upon an efficient experimental design, to demonstrate a proper mixed model analysis of a typical unbalanced factorial design characterized by incomplete blocks and hierarchical levels of variability.

Purdue University (W. Muir)
1. PROGRESS OF WORK AND PRINCIPAL ACCOMPLISHMENTS: 

2. Objective 2:  Examine the efficiency of incorporating molecular tools in breeding programs through theoretical modeling, computer simulations, and biological testing in actual breeding populations.  
Genomic selection
Summary:  The attraction of biotechnology for breeding programs is to directly utilize genotypic information, termed marker assisted selection (MAS), with the intent of greatly enhanced genetic progress, both in speed and accuracy.  Translation from concept to application has been attempted for many decades but as yet has been unsuccessful.  To be successful, breeders need a robust method of selection that can be used for all traits, across families, and in an optimal manner taking into account genetic correlations among traits.  One possible solution is genomic selection based on genome wide predicted breeding values (GEBV), which was first proposed by (Meuwissen et al. 2001) and later variations suggested by Xu ( 2003;  2005).  This theoretical development coincides with the new Single Nucleotide Polymorphism (SNP) technology which is high throughput, accurate, and relatively inexpensive.  The concept of genomic selection is to estimate effects of all markers simultaneously, without first subjecting to variable selection (model building) with associated Type II errors.  In addition, by fitting allelic effects as random, rather than fixed effects, the problem of degrees of freedom for estimating effects is overcome.  Genomic selection requires dense markers spaced across the genome (equal spacing being optimal without prior knowledge of QTL positions), thereby taking advantage of all available genetic variation in population wide linkage disequilibrium (LD) with those markers.  Conceptually, the more dense the markers and greater the population wide LD, the better the method works.  Thus, for the first time there appears to be a combined solution that addresses both theoretical and technical issues of MAS in breeding programs.  Accuracy of prediction of estimated breeding values based on genome wide markers (GEBV) and selection based on GEBV as compared to traditional Best Linear Unbiased Prediction (BLUP) was examined for a number of alternatives, including low heritability, number of generations of training, marker density, initial distributions, and effective population size (Ne).  Results show that the more generations of data in which both genotypes and phenotypes were collected, termed training generations (TG), the better the accuracy and persistency of accuracy based on GEBV.  GEBV excelled for traits of low heritability regardless of initial equilibrium conditions, as opposed to traditional MAS, which is not useful for traits of low heritability.    Effective population size is critical for populations starting in Hardy-Weinberg Equilibrium but not for populations started from Mutation-Drift Equilibrium.  In comparison to traditional BLUP, GEBV can exceed the accuracy of BLUP provided enough TG are included.  Unfortunately selection rapidly reduces the accuracy of GEBV.  In all cases examined, classic BLUP selection exceeds what was possible for GEBV selection.  Even still, GEBV could have an advantage over traditional BLUP in cases such as sex limited traits, traits that are expensive to measure, or can only be measured on relatives.   A combined approach, utilizing a mixed model with a second random effect to account for QTLs in linkage equilibrium (the polygenic effect) was suggested as a way to capitalize on both methodologie
Impact: Because GEBV was found to excel for traits of low heritability, this could be the tool needed to finally translate genomics to actual breeding in the field.
Wageningen University (J. Bastiaansen, M. Calus)
Progress of Work and Principal Accomplishments:

Objective 1: Develop and compare statistical and computational methodology
We analyzed the common dataset distributed by the 12th QTL-MAS workshop using a quick method of comparing allele frequencies between groups of high and low family members. We developed simulation tools in R to develop populations based on a chosen effective population size, genome size, marker density and other parameters relevant in genome wide analyses. The resulting populations fit the theoretical expectations for levels of of linkage disequilibrium and heterozygosity. The methods are currently used to simulate populations for comparing different methods of estimating breeding values using genomewide markers, as well as the impact of simulation assumptions on effectiveness of these methods. 

The Animal Breeding and Genetics group, Animal Sciences Group and Biometris, all part of Wageningen University, are organising the 2009 edition of the QTL-MAS workshop. An important part of the workshop program is comparing statistical and computational methodology applied to a common dataset distributed among participants.

Objective 2: Examine the efficiency of incorporating molecular tools in plant and animal breeding programs. 

We are working on methods to determine the proportion of QTL variance that can be detected with a given panel of SNP markers. The methods use pairwise linkage disequilibrium between SNP markers to predict linkage disequilibrium with QTL.

We are part of a project consortium, with other members of the NCCC204 that will perform a demonstration project implementing selection based on genomewide markers in chicken. 

Virginia Polytechnic Institute and State University (R. Lewis)
Project: Solving an Educational Dilemma Through Collaboration: A Graduate Distance-Learning Curriculum in Animal Breeding and Genetics

Diminishing numbers of faculty in the area of animal breeding and genetics have reduced opportunities for specialized coursework that would prepare future scholars in the field. Existing faculty must often focus on addressing basic content, limiting their ability to offer specialized instruction that could serve to develop higher-level skills and knowledge in their students. As a result, graduate students in this field are often not able to access necessary curricula that would build their own expertise and abilities in animal breeding and genetics.

A consortium of universities, led by Virginia Tech, is combining efforts to address this challenge by developing a series of online courses designed to supplement graduate-level instruction for existing degree programs in animal breeding and genetics. Faculty from Virginia Tech, Colorado State, Michigan State, and Cornell University are working together to create a curriculum that may be taken by students at universities and colleges across the United States.  This project is funded by the Higher Education Challenge Grant Program in the U.S. Department of Agriculture Cooperative State Research, Education, and Extension Service, and began in August 2007.  

Three of the seven planned courses have been developed and implemented, with students from 18 land grant universities participating.  Each course enjoyed an enrollment of approximately 25 students.  An eighth course with the aim of providing foundational knowledge in the field of quantitative genetics is also being added to the curriculum.  Student feedback from the courses has been quite positive. One student, referring to the first course on matrix algebra, stated, “I thought the class was very organized and structured. Expectations were clearly outlined. The subject material was comprehensive, yet intuitive and understandable. Very useful class overall”. 

University of Wisconsin (G. Rosa)

Progress of Work and Principal Accomplishments

Objective 1: Develop and compare statistical and computational methodology for analysis of molecular genetic and genomic data associated with quantitative traits. 

Project 1: Association between SNPs and mortality in commercial broilers: a machine learning approach (N. Long, D. Gianola, G. J. M. Rosa, K. A. Weigel, and S. Avendaño)

Genome-wide association studies using single nucleotide polymorphisms (SNPs) can identify genetic variants related to complex traits. An objective is to find sets of relevant SNPs, and to combine them in a model that predicts phenotypes of individuals or groups. Typically, there are thousands of SNPs genotyped, but the number of phenotypes is smaller. An efficient method of selecting influential SNP markers is required; subsequently, more elaborate statistical modeling work can be conducted. A 2-step feature selection method for binary traits was developed, which consisted of filtering (using information gain), and wrapping (using naive Bayesian classification). The filter reduces the large number of SNPs to a much smaller size, to facilitate the wrapper step. Also, an approach based on discretization for dealing with continuous phenotypic values in a classification framework was developed, to enable feature selection. The methods were applied to chick mortality rates if progeny from 201 sires in a commercial broiler, with the goal of identifying SNPs (over 5000) related to progeny mortality. To mimic a case-control study, sires were clustered into two groups, low and high, according to two arbitrarily chosen mortality cut points. By varying these thresholds, 11 different "case-control" samples were formed, and the 2-step feature selection procedure was applied to each. To compare the 11 sets of chosen SNPs, an ANOVA was carried out, and p-values of overall model fit and the predicted residual sum of squares (PRESS) were used as end-points. The two-step method improved greatly the naive Bayesian classification accuracy over the case without feature selection (from around 50% to above 90% without and with feature selection in each case-control sample). There was consistency over the 11 case-control samples between the patterns of selected SNP and the mutual information.  The best case-control group (63 sires over or below the thresholds) had a small p-value (< 0.0001) and a relatively small PRESS value (0.59). The 17 SNPs selected using this group accounted for 36% of the variation in mortality across all sire groups.

Project 2: Non-parametric methods for incorporating genomic information into genetic evaluations: an application to mortality in broilers (O. González-Recio, D. Gianola, N. Long, K. A. Weigel, G. J. M. Rosa, and S. Avendaño)
Three alternative approaches (linear regression, kernel regression and reproducing kernel Hilbert space) using SNP information were compared with a standard procedure of genetic evaluation (E-BLUP) of sires using mortality rates in broilers, working in a Bayesian framework. Late mortality (14-42 d of age) records on 12,167 progeny of 200 sires were pre-corrected for effects of hatch, age of dam and dam effects, and the average of the corrected records was computed for each sire. Twenty-four SNPs seemingly associated to late mortality were considered in the three genomic evaluations. The posterior mean of heritability of mortality was 0.02 in the E-BLUP approach, illustrating that genetic evaluation could be assisted if molecular markers were used. Estimates of posterior means and standard deviations for the residual variance were 24.38 (3.88), 29.72 (3.56) and 17.07 (3.02) for E-BLUP, linear model on SNPs and the reproducing kernel Hilbert space regression, respectively, suggesting that the latter one accounts for more variance in the data. The two non–parametric methods fitted the data better in terms of residual sum of squares. Results in predictive ability, computed by cross validation, showed advantages using reproducing kernel Hilbert spaces, increasing accuracy by 14%. 

Project 3: Optimizing design of two-stage experiments for transcriptional profiling (J. P. Steibel, G. J. M. Rosa, and R. J. Tempelman)
Gene expression microarrays are powerful tools for simultaneously screening the transcriptional profile for thousand of genes across different treatments. Despite their continually improving sensitivity and dynamic range, microarrays are commonly regarded as a first stage screening step with precision being insufficient to allow them to function as a standalone technology. This limitation has prompted genomics researchers to validate a statistically significant subset of their microarray results using independent second stage techniques, typically quantitative reverse transcription polymerase chain reaction (qRT-PCR). We focus on jointly optimizing microarray and qRT-PCR two stage experiments in order to maximize sensitivity while controlling the false discovery rate (FDR). This optimization is based on partitioning a set of available biological samples into two groups to be separately used for the microarray and qRT-PCR experiments. We demonstrate how the level of statistical significance in the second stage, after selecting a fixed percentage of the genes to validate from the first stage, can be determined to facilitate maximal sensitivity of detection of differentially expressed genes for a desired FDR. The results indicated that most samples (typically more than 60%) should be used within the microarray experiment. Even though our optimization scheme assumes independent genes and known variances, we demonstrate by simulation studies that this scheme is robust to moderate departures from those assumptions. We also address the problem of properly optimizing a validation experiment, conditional upon an existing microarray experiment that was not optimized for two-stage testing. Our results demonstrate that generally liberal significance levels (i.e., P>0.05) for gene-specific second stage tests could be used to properly control FDR in typical studies. 

Project 4: Linear mixed models for the analysis of relative quantification RT-PCR data (J. P. Steibel, R. Poletto, P. M. Coussens and G. J. M. Rosa)
Quantitative reverse transcription polymerase chain reaction (qRT-PCR) is currently the most precise technique to quantify levels of messenger RNA. Relative quantification compares the expression of a target gene under two experimental conditions normalized to the measured expression of a control gene. The statistical methods and software currently available for the analysis of relative quantification RT-PCR data lack the flexibility and statistical properties to produce valid inferences in a wide range of experimental situations. In this paper we present a novel method for the analysis of relative quantification of RT-PCR data, which consists of the analysis of cycle threshold values (CT) for a target and a control gene using a general linear mixed model. Our method allowed testing of a broader class of hypotheses than traditional analyses such as the comparative CT. For all comparisons, the estimated fold change was the same using either linear mixed models or a comparative CT method, but a simulation study indicated that the linear mixed model approach is more powerful. In summary, the method presented in this paper is more accurate, powerful and flexible than any existing statistical or mathematical method for analysis of RT-PCR data. This new method will be especially useful for studies involving more than two treatments and multiple experimental factors. 

•Work Planned for Next Year:

1. Continue research on alternative statistical and computational methods for genetic evaluation using genomic information.
2. Develop a novel statistical approach for the joint analysis of transcriptional profiling on multiple genes using prior biological information.
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