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TECHNICAL PROGRAM
The meeting began at 9:00 a.m. on April 26th with opening remarks by Ignacy Misztal, Chair. The following minutes were dedicated to welcoming current and new member and to set an agenda for the meeting. The presentations were given by the following experiment stations: Genus-PIC, Purdue University, Iowa State University, University of Georgia. Additionally, several student guests presented their research to the group. To each specific station projects or student presentation, a discussion followed. The business meeting was conducted on April 27th 11:00 am to 0 12:00 pm. The meeting adjourned at 12:00 p.m. The current secretary, Juan P. Steibel (Michigan State University) was not in attendance; Cynthia Ernst (Dow Agrosciences) kept minutes.
BUSINESS MEETING
The business meeting was the last activity of the group on April 27th 2010. The new officers of NCCC204 were elected unanimously: Juan P. Steibel (Michigan State University) for Chair, and Petek Settar (Hy-Line International) for Secretary for the 2011 meeting. It was determined the next meeting of annual meeting of the Multistate Research Project, NCCC204 – “The Interface of Molecular and Quantitative Genetics in Plant and Animal Breeding" will be held from 1 PM CST, Friday, February 18, 2011 - 5 PM CST, Saturday February 19, 2011 at the Hotel Galvez, Galveston Texas (immediately preceding the Gordon Conference on Quantitative Genetics).
Guidance was provided on the steps on becoming a member; questions may be addressed to Ignacy Misztal or Christina Hamilton, NIMSS System Administrator, (chamilton@cals.wisc.edu). It was also noted that this meeting is an excellent graduate student training opportunity and graduate students should be encouraged to attend.


SUMMARY OF INDIVIDUAL EXPERIMENT STATIONS REPORTS
Five stations submitted activity reports summaries for calendar year 2009. A list of specific accomplishments and impact statements is included with each individual experiment station report summary; these reports are reproduced below. Some participants that were not able to attend also sent station reports.

LIST OF REPORTING STATIONS
REPORTING MEMBER(S)
1.University of California, Riverside
Shizong Xu

2.University of Georgia
Misztal

3.Michigan State University
Steibel

4.Virginia Tech and State University
Lewis

5.University of Wisconsin
Rosa

NCCC204: The Interface of Molecular and Quantitative Genetics in Plant and Animal Breeding
Annual Report (01/2008 – 12/2008)
Station 1: .University of California, Riverside (Shizong Xu)
Project: NCCC-204: Statistical Genomics
Principal Investigator: Shizhong Xu

Progress of Work and Principal Accomplishments:

We continued to develop statistical method for QTL mapping. The major accomplishment includes mapping QTL using distorted markers (Xu and Hu 2010a), generalized linear model for mapping discrete trait QTL (Xu and Hu 2010b), the EM algorithm for the Lasso estimation of QTL effects (Xu 2010), permutation test and genome selection for the Bayesian shrinkage method of QTL mapping (Che and Xu 2010) and SAS/MCMC procedure for mapping QTL (Xu and Hu 2010). 
Station 2: University of Georgia (I. Misztal)
Personnel
Ignacy Misztal

Shogo Tusruta

Ignacio Aguilar

Past work

The first national single-step, full-information (phenotype, pedigree, and marker genotype) genetic evaluation was developed for final score of US Holsteins. Data included final scores recorded from 1955 to 2009 for 6,232,548 Holsteins cows. BovineSNP50 genotypes from the Cooperative Dairy DNA Repository were available for 6,508 bulls. Three analyses used a repeatability animal model as currently used for the national US evaluation. The first 2 analyses used final scores recorded up to 2004. The first analysis used only a pedigree-based relationship matrix. The second analysis used a relationship matrix based on both pedigree and genomic information. The third analysis used the complete data set and only the pedigree-based relationship matrix. The fourth analysis use predictions from the first analysis (final scores up to 2004 and only a pedigree-based relationship matrix) to obtain genomic predictions using a multistep approach. Different allele frequencies were tested in construction of the genomic relationship matrix. Coefficients of determination between predictions of young bulls from parent average, single-step, and multistep approaches and their 2009 daughter deviations were 0.24, 0.37 to 0.41, and 0.40, respectively. The highest coefficient of determination for a single-step approached used a genomic relationship matrix with assumed allele frequencies of 0.5. Coefficients for regression of 2009 daughter deviations on parent-average, one-step, and multistep predictions were 0.79, 0.69 to 0.80, and 0.88, respectively, which indicated some inflation of predictions. The single-step regression coefficient could be increased up to 0.94 by scaling differences between the genomic and pedigree-based relationship matrices. One complete evaluation took about 2h of computing time and 2.7 gigabytes of memory. Computing times for single-step analyses were slightly longer (2%) than for pedigree-based analysis. A national single-step genetic evaluation with the pedigree relationship matrix augmented with genomic information provided genomic predictions with accuracy and bias comparable or superior to multistep procedures and could account for any population or data structure.

Future work

Determine accuracy of genomic selection in chicken

Evaluate a number of different relationship matrices with respect to accuracy and bias of genetic evaluation
Station 3: Michigan State University (J.P. Steibel)
Integration of genomic sequence information, DNA markers and transcript level data uncovers cis and trans acting eQTL in pigs.

Collaborators
Catherine Ernst (MSU)
Robert Tempelman (MSU)
Ronald Bates (MSU)

Guilherme Rosa (UWM)

Joint analysis of DNA marker variants and transcript level abundance is termed expression quantitative trait loci (eQTL) analysis. While many model organisms and plant species have been the subject of comprehensive eQTL scans, such studies are sorely lacking in livestock populations. Here we report the first genome-wide eQTL scan conducted in the pig. Our objective was to perform eQTL analysis of loin muscle tissue from 176 F2 Durox X Pietrain Pigs using 124 microsatellite markers and transcript levels from 20400 oligonucleotides.

For the statistical analysis we used a QTL model for crosses between outbred populations and included random effects of litter and array. To separate cis-acting from trans-acting eQTL we aligned oligonucleotides and microsatellite markers to the preliminary pig genome sequence assembly (pre.ensembl.org/Sus_scrofa/, accessed 8/01/09). We could physically localize 10171 oligonucleotides and 77 markers. Our results show very strong evidence of cis-acting eQTL. For instance, setting a a significance threshold p <5(10-6 (FDR=10%), we detected 62 unique eQTL, with 40 oligonucleotides physically aligned to the pig genome, including 24 that map to the chromosome where their linkage peak occurs. Pathway analysis of significant eQTL revealed two gene networks involved in lipid metabolism, that include cis-acting eQTLs for CYP450 proteins, GSTM1, TXNDC12, ERH, RNF167, MRPS14 and CASP7. These now constitute strong positional candidate for phenotypic QTL previously detected in this cross for back fat, growth and meat quality traits.

Plans for future work

For the year 2010 our group will continue to work in analysis and design of gene expression experiments. Swine functional genomics projects will include study of the transcriptomal response to PRRSV infection and mapping eQTL in multiple pig tissues.
Additionally we started to work on whole genome association and genomic selection in pigs. Our project deals with imputation of genotypes using high densitity reference panels and low density typing in outbred populations.

Station 4: Virginia Tech and State University (R. Lewis)
Solving an Educational Dilemma Through Collaboration:  A Graduate Distance-Learning Curriculum in Animal Breeding and Genetics

Ron Lewis

Faculty numbers in quantitative genetics have fallen substantially over the past decade. With less advanced coursework offered, training of experts in this discipline for academia and industry has reduced. A potential solution to this dilemma is distance learning driven by across-institutional collaboration. A consortium of four universities combined effort to develop eight Masters degree-level asynchronous courses. Learning is facilitated through a variety of strategies, including recorded lectures and discussion board activities. One course is a game-based genetic simulation played across-Universities using a purpose built web-interface. The curriculum began in fall 2007, with students from 28 Universities since participating. The first module in the curriculum considers quantitative genetics applications of matrix algebra. Feedback was provided anonymously by 63 of the 80 students that completed the course. Content was evaluated as overwhelmingly positive. Student opinions regarding the technology and ethos of on-line learning were sought. The technologies used were deemed successful with 97% of students comfortable with audio-presentations. Interaction was encouraged through on-line discussion boards and E-mails. Most students felt they had enough interaction with the instructor (77%) and classmates (92%) through the asynchronous tools provided. Concerns regarding the ‘distance’ in distance-delivery were not realized. Inter-institutional distance-delivery of advanced training in quantitative genetics appears to be a viable strategy to meet student, industry and academic needs.
Station 5: University of Wisconsin (G. Rosa)
1. PROJECT: NCCC204: The Interface of Molecular and Quantitative Genetics in Plant and Animal Breeding

2. PRINCIPAL LEADER: Guilherme J. M. Rosa

WI Collaborating Faculty: Daniel Gianola, Kent Weigel, Hasan Khatib and Brian Kirkpatrick

WI Students and Staff: Ana Vazquez, Bruno Valente, Evangelina Maturana, Gustavo de los Campos, Maria Perez-Cabal, Nanye Long, Nick Wu, Oscar Gonzalez-Recio, Selma Forni

Collaborators in NCCC204: Bill Muir, Juan Pedro Steibel

3. 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.

A. Causal Inference in Multi-trait Quantitative Genetics Analyses

Biology is characterized by complex interactions between phenotypes, such as recursive and simultaneous relationships between substrates and enzymes in biochemical systems. Structural Equation Models (SEM) can be used to study such relationships in multivariate analyses, e.g. with multiple traits in a quantitative genetics context. Nonetheless, the number of different recursive causal structures that can be used for fitting a SEM to multivariate data can be huge, even when only a few traits are considered. In recent applications of SEM in mixed model quantitative genetics settings, causal structures were pre-selected based on prior biological knowledge alone. Therefore, the wide range of possible causal structures has not been properly explored. Alternatively, causal structure spaces can be explored using algorithms which, using data driven evidence, can search for structures that are compatible with the joint distribution of the variables under study. However, the search cannot be performed directly on the joint distribution of the phenotypes as it is possibly confounded by genetic covariance among traits. In this article we propose to search for recursive causal structures among phenotypes using the Inductive Causation (IC) algorithm after adjusting the data for genetic effects. A standard multiple trait model is fitted using Bayesian methods to obtain a posterior covariance matrix of phenotypes conditional to unobservable additive genetic effects, which is then used as input for the IC algorithm. As an illustrative example, the proposed methodology was applied to simulated data related to multiple traits measured on a set of inbred lines.

B. Statistical Methods Applied to Genomic Selection

Large amounts of genomic information have become available in recent years for many species of domestic animals, which can be used to detect polymorphisms contributing to variation in economically important traits, such as disease resistance in farm animals. Recently, genetic markers known as single-nucleotide polymorphisms (SNP) have attracted attention, because they are very abundant throughout the genome of all species. In the context of animal breeding, an interesting application of SNPs is in prediction of performance of progeny groups, e.g., progeny of dairy sires, as an alternative to a standard progeny test. Currently, predictions are based on pedigree indexes (information from ancestors), but without using molecular markers. To the extent that there is an association between genetic markers and progeny performance, genomic information might enhance the accuracy of genetic evaluations. For example, SNP information on candidate sires could be used to make early decisions on which of these should be progeny tested. Hence, it is of interest to study whether genotyping sires for SNPs improves the accuracy of predictions over and above that attained with pedigree indexes. Some methods have been proposed for dealing with the large amount of genomic information currently available. An issue is whether or not all SNPs should be included in a predictive model. For example, excluding irrelevant SNPs led to more accurate classification in an association study. Further, incorporating the massive genomic information into genetic evaluations is not trivial from statistical and computational points of view. Many issues need to be considered when using SNPs in the context of traditional methods, e.g., the distributional assumptions made, the fact that the number of SNPs can exceed by far the number of observations in the data, and the difficult problem of estimating and interpreting nonadditive genetic effects. The objective of this project is to develop and compare alternative statistical and computational methods for genetic evaluation of livestock within a genomic selection context.

C. Dynamic models for quantitative genetic analysis of longitudinal data

A Bayesian model for quantitative genetic analysis of longitudinal traits was developed. It connects the model known as the Kalman filter (KF) with the standard mixed model of quantitative genetics. The KF model can be implemented easily in a Bayesian framework because, under standard prior assumptions, all fully conditional posterior distributions have closed forms. An analysis of beef cattle growth data including comparisons with a standard multivariate model was performed to assess applicability of the KF to animal breeding. Models were compared using the deviance information criterion and the Bayes factor. Models in which a KF acted on additive genetic and maternal effects were favored by the deviance information criterion, although KF did not describe residual (co)variance adequately. The Bayes factor did not provide conclusive evidence in favor of a specific model. Fitting KF to longitudinal traits provides estimates of genetic value for a whole range of time points, assuming that there are genetic differences through time between and within individuals. Different models embedding the KF in a mixed model were demonstrated to provide a more parsimonious (co)variance structure than a standard multitrait specification for the quantitative genetic analysis of longitudinal data.

D. Integrating Biological Information into the Statistical Analysis and Design of Microarray Experiments

Microarray technology is a powerful tool for animal functional genomics studies, with applications spanning from gene identification and mapping, to function and control of gene expression. Microarray assays, however, are complex and costly, and hence generally performed with relatively small number of animals. Nevertheless, they generate data sets of unprecedented complexity and dimensionality. Therefore, such trials require careful planning and experimental design, in addition to tailored statistical and computational tools for their appropriate data mining. We are developing research on experimental design and data analysis strategies, which incorporate prior genomic and biological knowledge, such as genotypes and gene function and pathway membership. Our focus refers to the design of genetical genomics studies, and on significance testing for detection of differential expression. Preliminary results show that the use of prior biological information can appreciably improve the efficiency of microarray experiments.

E. Statistical Models for Genetic Evaluation of Susceptibility to Clinical Mastitis in Dairy Cattle

Typically, clinical mastitis is coded as the presence or absence of disease in a given lactation, and records are analyzed with either linear models or binary threshold models. Because the presence of mastitis may include cows with multiple episodes, there is a loss of information when counts are treated as binary responses. Poisson models are appropriated for random variables measured as the number of events, and although these models are used extensively in studying the epidemiology of mastitis, they have rarely been used for studying the genetic aspects of mastitis. Ordinal threshold models are pertinent for ordered categorical responses; although one can hypothesize that the number of clinical mastitis episodes per animal reflects a continuous underlying increase in mastitis susceptibility, these models have rarely been used in genetic analysis of mastitis. The objective of this study was to compare probit, Poisson, and ordinal threshold models for the genetic evaluation of dairy cattle for clinical mastitis. Mastitis was measured as a binary trait or as the number of mastitis cases. Predictive ability of different models was assessed via cross-validation techniques using 2 loss functions: mean squared error of prediction (MSEP) as the end point and a cost difference function. Among healthy animals, MSEP was smallest for the probit model, and the cost function was smallest for the ordinal threshold model. Among diseased animals, MSEP and the cost function were smallest for the Poisson model, followed by the ordinal threshold model. In general, the models for count variables more accurately identified diseased animals and more accurately predicted mastitis costs. Healthy animals were more accurately identified by the probit model.

5.
WORK PLANNED FOR NEXT YEAR

Continue work on research related mostly to items A, B and D. Specifically regarding item A, we want to study the implications of causal inference on the genetic improvement of livestock
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