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MINUTES
Technical program: The meeting began at 8:30 a.m. on Saturday, February 17 with opening remarks by John Bastiaansen, Chair. New participants were welcome and an agenda was approved for the meeting. Presentations by experiment stations were done in alphabetical order of the respective university names. Presentations by new participants were made at the end of the list. Discussions were held immediately after each presentation was made. The meeting adjourned at 5:00 p.m.
On Sunday February 18 the meeting reconvened at 8:00 a.m. Individual presentations by experiment stations continued. Guest presenters and presenters from other organizations were given time for their presentations at the end of the presentations of the official members. A general discussion followed the end of the presentations.

Specific accomplishments and impact statements are included with the individual experiment station report summaries, presented below.
BUSINESS MEETING
The business meeting was held on Sunday February 18, after the general discussion session. John Bastiaansen, the outgoing Chair of NCCC204 brought to the attention of the group that new officers needed to be chosen. Cynthia Ernst (Dow AgroSciences), the current Secretary, agreed to serve as Chair for the next cycle while Frank Siewerdt (University of Maryland) was elected secretary for the next cycle.

It was decided that NCCC204 would attempt to meet with industry in 2008. Two possibilities were raised: (a) Dow AgroSciences (Indianapolis, IN) could serve as a host for next year’s meeting or (b) NCCC204 could meet in conjunction with the National Breeders Roundtable, in St. Louis, MO. A final decision will be made at a later time.

The meeting was adjourned at 4:00 p.m.

SUMMARY OF INDIVIDUAL EXPERIMENT STATIONS REPORTS
University of California, Davis (J. Medrano, R. Verdugo)

-Fine mapping growth and obesity QTL

-Power of Detection of Natural Transcriptome Variation in Mouse using Affymetrix and Illumina Microarrays 

Background and Significance: Microarrays have been very useful for the study of gene interactions in diseases such as cancer, where genomic changes can affect the transcription level of a large number of genes allowing for the identification of biomarkers for prediction of treatment response. Microarrays have also been used to study natural genetic variation, e.g. in congenic strains to search for differentially expressed genes in regions containing quantitative trait loci (QTL) associated with complex traits. This approach has been used for the study of glucose and fatty acid metabolism, type I diabetes, and growth and obesity in rat and mouse. Two of the most used microarray technologies are produced by Affymetrix and Illumina. The latter was shown to provide the most complete coverage of the mouse genome. Power analysis with respect sample size and number of probes has been recently reported. However, power variation between microarray platforms for different tissues, laboratories and mouse strains has not been addressed.

Objective:To assess the variability of transcript levels due to biological and technical factors and to determine the minimum number of replicates needed to detect meaningful changes in gene expression in different mouse tissues. 

Conclusions: 1) Technical variation is very similar between Affymetrix and Illumina arrays.

2) Sample variation is highly variable between tissues and mouse strains.  3)Among the tissues tested, brain shows the lowest biological variation, followed by liver, MG and GWAT, resulting in large differences in sample size to achieve comparable levels of power of detection. 
University of California, Riverside (S. Xu)
Objective 1: QTL mapping. We developed an empirical Bayes method for mapping QTL with epistatic effects (Xu 2007). The method can handle a model with the number of independent variables many times larger than the sample size. We applied this method to a published barley data for evaluation of epistatic effects for seven quantitative traits (Xu and Jia 2007). We found that epistatic effects contribute little to the total genetic variance of the traits. We also developed new methods for mapping binary traits (Xu and Xu 2006). Finally, we studied QTL mapping for dynamic traits (traits measured repeatedly over time). We adopted the Legendre polynomial to fit growth trajectories and found that the polynomial method is more flexible than the logistic function proposed by Wu and his colleagues (Wu et al. 2002). 

Objective 2: Microarray Analysis. We published two papers in microarray data analysis. The paper by Qu and Xu (2006) used Legendre polynomials to fit the functional relationship between gene expression and a quantitative trait phenotype. We then classify genes based on their functional associations with the phenotype. We also studied methods for mapping eQTL (QTL for expression traits). We proposed a method to map all expression traits and all markers simultaneously in a single model (Jia and Xu 2007).

Computing options for genetic evaluation with a large number of genetic markers

University of Georgia (I. Misztal)

Two simulated and one commercial data set were used to evaluate computing options for models where effects due to QTL are fit as covariables. The simulated data sets included records on 24,000 animals for 10 traits. Data sets 1 and 2 were simulated with low and high correlations among traits, respectively. The model included an overall mean, 160 covariables as effects due to QTL, the random animal genetic effect, and the random residual effect. A commercial data set included records on about 110,000 animals for 11 growth, reproduction and other traits. The model for included the effects usually fitted for these traits plus 156 covariables as effects due to QTL; models including the number of covariables varied by trait. Initial computing was by the BLUP90IOD program, which applies iteration on data using a preconditioned conjugate gradient algorithm with a diagonal preconditioner. Modifications included adding block preconditioners for effects due to QTL (BQ) and for traits (BT).

With the simulated data sets and the original program, one trait analyses without the covariables took 7 s while the 10 trait analyses with the covariables took 15 min for a data set with low correlations and 1 h 40 m for a data set with high correlations. BQ improved the convergence rate but increased the computing time. BT decreased the computing time from 1.5 times (low correlations) to 7 times (high

correlation) at a cost of higher memory requirements.  For the commercial data and the complete model, computing took 10.3 h with the unmodified program and was reduced to 6 h with BT. Relative changes in computing time and convergence rate with the commercial data set were close to the simulated data set with low correlations among the traits. BQ caused lower than expected number of rounds. Genetic evaluation with a large number of effects due to genetic markers fit as covariables is feasible.
Iowa State University (J. Dekkers, D. Habier)

Objective 1. Develop and compare statistical methodology to map genes

Evaluation of linkage disequilibrium measures between multi-allelic markers as predictors of linkage disequilibrium between single nucleotide polymorphisms

(Zhao, Nettleton, Dekkers)
Effectiveness of marker-assisted selection (MAS) and quantitative trait loci (QTL) mapping using population-wide linkage disequilibrium (LD) between markers and QTL depends on the extent of LD and how it declines with distance between markers and QTL in a population. Marker-QTL LD can be predicted from LD between markers. Our previous work evaluated LD measures between multi-allelic markers as predictors of usable LD of multi-allelic markers with QTL. Since single nucleotide polymorphisms (SNPs) are the current marker of choice for high density genotyping and LD–mapping of QTL, the objective of this study was to use LD between multi-allelic markers to predict LD among biallelic SNPs or between SNPs and QTL. Observable LD between multi-allelic markers was evaluated using nine measures. These included two pooled and standardized measures of LD between pairs of alleles at two markers based on Lewontin’s LD measure, two pooled measures of squared correlations between alleles, one standardized measure using Hardy-Weinberg heterozygosities, and four measures based on the chi-square statistic for testing for association between alleles at two loci. The standardized chi-square measure that best predicted usable LD between multi-allelic markers and QTL, based on our previous work, over-estimated usable SNP-SNP or SNP-QTL LD. Instead, three other measures were found to be good predictors of usable SNP-SNP or SNP-QTL LD when LD is generated by drift. Therefore, the LD measure between multi-allelic markers that is best for predicting usable LD in a population depends on the type of markers (i.e. multi-allelic or biallelic) that will eventually be used for QTL mapping or MAS.

Correspondence of relationships between broiler breeding lines based on marker allele frequencies and marker-marker linkage disequilibrium.
(Andreescu, Ralph, Hassen, Lamont, and Dekkers)

High-density genotyping of single nucleotide polymorphisms (SNPs) enables detection of QTL associated with traits by linkage disequilibrium (LD) mapping using the existence of LD between markers and QTL. Use of associations detected in one population for use in other populations requires LD between loci to be consistent across populations. To investigate this, we used genotype data for 959 and 398 SNPS on chromosomes 1 and 4 on 96 to 244 individuals from each of 10 commercial broiler chicken breeding lines to evaluate similarities in LD across the lines and compare this to phylogenetic relationships between lines estimated using differences in SNP allele frequencies. Within each line, LD measured by r was computed for all pairs of markers with minor allele frequencies >.2 and that were within 500kb (about 1.4 cM) of each other. To evaluate consistency of LD across lines, r values for corresponding pairs of SNPs were correlated between all 10 lines, separately for chromosomes 1 and 4.  Resulting LD correlations ranged from .06 and .95. Relationships between lines suggested by LD correlations were visualized by creating phylogenetic trees for each chromosome, with distances equal to the inverse of the correlation values, using two standard algorithms, UPGMA and Neighbor Joining. Using the same chromosomes and algorithms, we also obtained trees based on allele frequency-derived distances, using all SNPs that were segregating across the 10 lines The topology of trees derived from LD correlations and allele frequency were very similar, although the correlation based trees varied more by chromosome and algorithm in terms of branch distances. The topology also matched the known history of the lines very well. In conclusion, the correlation between LD measured by r2 between lines for SNPs at short distances is a good predictor of line relationships, although somewhat less so than the typical allele frequency-based distance.

The effect of heritability estimates on high-density SNP analyses with related animals

(Hassen, Avendano, Lamont, Hill, Dekkers)

The effect of heritability estimates on high-density SNP analyses with related animals was investigated using actual data from a broiler breeding population. The use of high-density SNP data for detection of genes affecting quantitative traits in outbred populations requires efficient computational methods for statistical analyses. Association studies often involve selected individuals that may not be representative of their populations. Although the use of heritability estimated from the sample in a mixed linear model analysis of SNP effects may be best, they may not be accurately estimated. Thus, the objectives of this study were to evaluate the influence of heritability used in analysis of SNP data on the significance and magnitude of SNP effects and their standard errors (SE) and to develop an approximation that would allow results for alternate levels of heritability to be obtained without reanalysis.  Phenotypic data were mean performance of progeny of 186 sires for a trait under selection in a commercial broiler breeding population, each adjusted for fixed and some random effects.  Both actual and simulated sire genotypes were used. Sire genotypes were simulated from a multinomial distribution assuming Hardy Weinberg Equilibrium, with1000 replicates. Data were analyzed by a linear mixed model that included SNP genotype as fixed effect and random sire effects with pedigree relationships spanning 4 generations.  Heritabilities used ranged from 0.02 to 0.37.  Generally, SE of estimates increased with heritability, resulting in changes in the distribution of p-values ranging from highly skewed, with many significant p-values, to nearly uniform. However, rank correlations of 0.99 between SE values from different heritabilities indicated absence of re-ranking of p-values across SNPs. There was also a strong linear relationship of heritability with differences in model likelihood values, which allows p-values for alternate heritabilities to be computed by linear approximation. Thus, when estimates of heritability are inaccurate, the impact of alternate levels of heritability on SNP association results can be evaluated using linear approximations.

Effects of population structure on power and precision of regression-based linkage disequilibrium mapping of QTL

(Zhao, Fernando, Dekkers)

Least squares methods based on regression of phenotypes on marker genotypes or haplotypes are effective for linkage disequilibrium (LD) mapping of quantitative trait loci (QTL) in commercial breeding populations of livestock. The objective here was to evaluate the effect of population structure on power and precision of LD mapping using high density single nucleotide polymorphism (SNP) genotyping. An 11 cM region was simulated with 1000 SNPs and a central biallelic QTL with frequencies ½ and in equilibrium. LD was generated by drift in three random mating populations: (1) idealized population with effective size (Ne) = 100 for 100 generations, (2) idealized population with Ne = 500 for the first 85 generations and Ne = 100 for the last 15 generations, and (3) 30 sires each mated to 5 dams, which provides Ne = 100, for 100 generations (= population with relationships). For each population, 10,000 replicates with QTL allele frequencies between 0.3 and 0.7 in generation 100 were used for analysis. In generation 100, genotypes with known linkage phase for 10 segregating SNPs that were well-spaced over the QTL region were identified, and phenotypes were generated on 500 individuals with effects of the QTL set to explain 5% of the phenotypic variance. To detect and map the QTL, phenotypes were regressed on genotypes or (assumed known) haplotypes of 1, 2 or 4 neighboring SNPs. Empirical 1% region-wise thresholds were derived assuming no QTL effect. Compared to the idealized population with Ne = 100, power and precision of QTL mapping were much lower for population (2) and slightly lower for population (3). Differences in the extent of LD were found between populations. Therefore, population structure, including historical Ne and mating system, may be important for LD mapping.

An A-optimal statistical design for post-hybridization washing procedures in Affymetrix micorarray experiments

(Qu, Nettleton, Dekkers)

Microarray data are noisy, with variability from many factors in various steps of an experiment that need to be carefully considered during the design. In this work, we focused on sources of variability in the post-hybridization washing step that have often been overlooked. The data came from a study on the effect of selection on residual feed intake and feed restriction in pigs. Before microarray analysis, the study followed a randomized complete block design. Using a genewise mixed linear model with treatments as fixed effects, and block (4 levels), processing day (3 levels), batch of wash (time between hybridization and washing, 3 levels/day), washing station (2 levels) and modules nested within station (4 levels/station) as random effects, we found that module variability was the largest (~50% of residual variances) based on REstricted Maximum Likelihood (REML) estimates of variance components. Hence, to design a future study on the effects of genotype of the MC4R gene and feed restriction, we used the A-optimality criterion and the estimated variance components to find the design that minimizes the average variance of the estimates of contrasts of interest. We found that the most efficient design is to completely confound modules with blocks for each station. Because in this design only one random effect is needed to account for both module and block effects, this design also decreases model complexity. Relative to naive completely randomized assignments of samples to day, washing batch, and modules within stations , the average variance of contrast estimates for the optimal design is >8% smaller on average, and >25% smaller than the worst case among 100000 randomized assignments. In conclusion, for the chip washing step in Affymetrix microarray experiments, modules within washing stations were the largest source of variation other than residuals. Experimental designs chosen based on A-optimality that take this variation into account will increase the power of an experiment, and could also decrease model complexity. (Supported by USDA-NRI-2005-3560415618.)

Selective transcriptional profiling for trait-based eQTL mapping

(Nettleton, Wang)

There is currently great interest in identifying genetic loci associated with the expression of one or more genes by combining methods for the mapping of quantitative trait loci (QTL) with microarray technology.  Because of the high cost of microarrays, it is useful to develop strategies for selecting a subset of individuals for expression profiling.  We describe a method of selective transcriptional profiling that uses available information on individual quantitative traits and marker data to choose an optimal set of individuals for measurement with microarrays.  We show how to analyze the resulting data to identify genes whose expression is associated with a QTL for a traditional trait or any other locus.  Examples are used to illustrate the method and highlight some challenges associated with the analysis of selected data.

Identifying genes associated with a quantitative trait or quantitative trait locus via selective transcriptional profiling

(Wang, Nettleton)

Genetical genomics is an approach that blends the mapping of quantitative trait loci (QTL) with microarray analysis.  The approach can be used to identify associations between the allelic state of a genomic region and a gene's transcript abundance.  However, the large number of microarrays required for adequate power results in high material and labor cost that prevent wide adoption of the genetical genomics strategy outside of some well funded laboratories.  We present a method called selective transcriptional profiling that involves selecting an optimal subset of individuals to microarray from a larger set of individuals for which relatively inexpensive quantitative trait and molecular marker data are available.  We show how to use microarray data from the selected individuals, along with the trait and marker data from all individuals, to identify genes whose transcript abundance is associated with a quantitative trait of interest through linkage to a trait QTL or correlation with the trait.  Our methods for selection and analysis are derived within a missing data framework.

Exploring the information in p-values for the analysis and planning of multiple-test experiments

(Ruppert, Nettleton, Hwang)

A new methodology is proposed for estimating the  proportion of true null hypotheses in a large collection of tests.  Each test concerns a single parameter delta whose value is specified by the null hypothesis. We combines a parametric model for the conditional CDF of the p-value given delta with a nonparametric spline model for the density g(delta) of p under the alternative hypothesis. The proportion of true null hypotheses and the coefficients in the spline model are estimated by penalized least-squares subject to constraints that guarantee that the spline is a density.  The estimator is computed efficiently using quadratic programming. Our methodology produces an estimate of g(delta), the density of delta, when the null is false and can address such questions as “when the null is false, is the parameter usually close to the null or far away?” This leads us to define a “falsely interesting discovery rate” (FIDR), a generalization of the false discovery rate. We contrast the FIDR approach to Efron's “empirical null hypothesis” technique. We discuss the use of our estimated g(delta) in sample size calculations based on the expected discovery rate (EDR). Our recommended  estimator of the proportion of true nulls has less bias compared to estimators based upon the marginal density of the p-values at 1. In a simulation study, we compare our estimators to the convex, decreasing estimator of Langaas,  Ferkingstad, and Lindqvist.  The most biased of our estimators is very similar in performance to the convex, decreasing estimator. As an illustration, we analyze differences in gene expression between resistant and susceptible strains of barley.

A discussion of statistical methods for design and analysis of microarray experiments for plant scientists

(Nettleton)

There is much excitement among biologists and statisticians regarding new high-dimensional datasets that have arisen from the application of microarray technology.  In statistics there has been a flurry of activity surrounding the development of new methods for the analysis of such data, and biologists are eager to extract as much information as possible from their substantial investments in microarray experiments.  In this article I offer statistical advice for plant biologists engaged in microarray research.  My views are those of a statistician who has been working with scientists on the design and analysis of microarray experiments for the past five years.  I will describe statistical concepts important for all researchers to understand and present data analysis strategies that I have found useful.

Estimating the number of true null hypotheses from a histogram of p-values

(Nettleton, Hwang, Caldo, Wise)

Mosig et al. (2001, Genetics 157, 1683-1698) proposed an intuitively appealing method for estimating the number of true null hypotheses in a multiple test situation.  They presented an iterative algorithm that relies on a histogram of observed p-values to obtain their estimator.  We characterize the limit of their iterative algorithm and show that their estimator can be computed directly without iteration.  We compare the performance of the histogram-based estimator with other procedures for estimating the number of true null hypotheses from a collection of observed p-values and find that the histogram-based estimator performs well in settings similar to those encountered in microarray data analysis.  We demonstrate the approach using p-values from a large microarray experiment aimed at uncovering molecular mechanisms of barley resistance to a fungal pathogen.

Objective 2. Examine the efficiency of incorporating molecular tools in breeding programs through theoretical modeling, computer simulations, and biological testing in actual breeding populations

Marker-assisted selection for commercial crossbred performance
(Dekkers)

Several studies have shown that selection of pure breeds for increased performance of their crossbred descendants under field conditions is hampered by low genetic correlations between purebred and commercial crossbred (CC) performance. Although this can be addressed by including phenotypic data from CC relatives for selection of purebreds through combined crossbred and purebred selection (CCPS), this also increases rates of inbreeding and requires comprehensive systems for collection of phenotypic data and pedigrees at the CC level. This study shows that both these limitations can be overcome with marker-assisted selection (MAS) using estimates of the effects of markers on CC performance. To evaluate the potential benefits of CC-MAS, a model to incorporate marker information in selection strategies was developed based on selection index theory, which allows prediction of responses and rates of inbreeding using standard deterministic selection theory. Assuming a genetic correlation between purebred and CC performance of 0.7 for a breeding program representing a terminal sire line in pigs, CC-MAS was shown to substantially increase rates of response and reduce rates of inbreeding compared to purebred selection and CCPS with 60 CC half-sibs available for each purebred selection candidate. When the accuracy of marker-based EBV was 0.6, CC-MAS resulted in 34 and 10% greater responses in CC performance than purebred selection and CCPS. Corresponding rates of inbreeding were 1.4% per generation for CC MAS, compared to 2.1% for purebred selection, and 3.0% for CCPS. For an accuracy of marker-based EBV of 0.9, CC-MAS resulted in 75 and 43% greater response than purebred selection and CCPS and further reduced rates of inbreeding to 1.0% per generation. Selection on marker-based EBV derived from purebred phenotypes resulted in substantially less response in CC performance than CC-MAS. In conclusion, effective use of MAS requires estimates of effect on CC performance and MAS based on such estimates enables more effective selection for CC performance without the need for extensive pedigree recording and while reducing rates of inbreeding.

Genomic-assisted prediction of genetic value with semiparametric procedures

(Gianola, Fernando, Stella)

Semiparametric procedures for prediction of total genetic value for quantitative traits, which make use of phenotypic and genomic data simultaneously, are presented. The methods focus on the treatment of massive information provided by, e.g., single-nucleotide polymorphisms. It is argued that standard parametric methods for quantitative genetic analysis cannot handle the multiplicity of potential interactions arising in models with, e.g., hundreds of thousands of markers, and that most of the assumptions required for an orthogonal decomposition of variance are violated in artificial and natural populations. This makes nonparametric procedures attractive. Kernel regression and reproducing kernel Hilbert spaces regression procedures are embedded into standard mixed-effects linear models, retaining additive genetic effects under multivariate normality for operational reasons. Inferential procedures are presented, and some extensions are suggested. An example is presented, illustrating the potential of the methodology. Implementations can be carried out after modification of standard software developed by animal breeders for likelihood-based or Bayesian analysis.

University of Maryland (F. Siewerdt)
1. The University of Maryland has joined NCCC204 in 2006. The official participant is Frank Siewerdt, from the Department of Animal and Avian Sciences. Thus, this report will present a limited amount of results and also a plan of work to start in 2007. The work of Jiuzhou Song (Department of Animal and Avian Sciences) is also relevant to the group but is not being reported at this time.

2. Our goal is to contribute to objectives number 1 and 2 of the project.

3. A framework for estimation of realized genetic parameters from selection experiments is being developed. This framework was prepared as a challenge to a statement in Falconer and MacKay that says that, in order to estimate realized genetic correlation between two traits from a selection experiment, it is necessary to use two distinct selection lines, one being selected for each trait. It was shown that no such requirement exists and that the resulting framework is also applicable to heritabilities, not just of a simple trait but of any linear function of measured traits. A short paper was presented at the 8th World Congress on Genetics Applied to Livestock Production in Belo Horizonte, Brazil.

4. One of the proposed lines of work is to investigate the underlying genetics of excreta composition in broilers. The ultimate goal is to attempt to reduce the content of nitrogen and phosphorus in the excreta through selection. A proposal was sent to a major broiler breeding company, who is considering the possibility of providing access to their facilities for this work. Expected outcomes from this work are: (1) traditional estimation of genetic parameters of excreta composition; (2) estimate the genetic correlations between excreta composition traits and commercially important traits (e.g., growth, feed utilization efficiency); (3) search for QTL that influence excreta composition; (4) identify methods to incorporate this information into formal breeding programs.

5. Another proposed line of work is to use game theory to rewrite quantitative genetics theory in the presence of competitive genetic effects. The initial 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 redefined as breeding values. This is a high-risk project in terms of results. Because it is an entirely novel approach to quantitative genetics it is not known at this time if any meaningful results are possible.

Purdue University (W. Muir)
Progress of work and principal accomplishments
Objective 2: Examine the efficiency of incorporating molecular tools in breeding programs through theoretical modeling, computer simulations, and biological testing in actual breeding populations.
In collaboration with H. Cheng PI and M. Groenen, and industry we have completed a genome wide industry wide assessment of biodiversity.

Summary:  The poultry industry has been incredibly successful in selecting birds for agricultural traits, especially given the fact that modern poultry breeding did not start until around the early 1950s.  Following decades of intense selection primarily for meat or egg production, and competition that has reduced the industry to a few multinational companies, the question arises as to whether sufficient genetic diversity exists as insurance to address future needs.  With the advent of the chicken genome sequence and the identification of 2.8+ million single nucleotide polymorphisms (SNPs), it is possible to address biodiversity with respect to loss of alleles.  To achieve this goal, a panel of 2551 informative SNPs spaced throughout the chicken genome were genotyped on 2580 unique individuals including 1440 commercial birds.  Results from several analytical methods combined with theory indicate that individual commercial breeding stocks have lost 70% or more genetic diversity of which no more than 10% can be recovered by combining all breeds from commercial poultry.  These results indicate a need for concerted national and international efforts to preserve chicken biodiversity.  This is the first report of a genetic diversity survey of virtually an entire agricultural commodity.

Impact: Results show that even very moderate inbreeding, as low as 10% can result in as much as 50% loss in diversity.  These results indicate a need for concerted national and international efforts to preserve chicken biodiversity
Wageningen University (J. Bastiaansen, M. Calus)
Objective 2: Examine the efficiency of incorporating molecular tools in breeding programs through theoretical modelling, computer simulations, and biological testing in actual breeding populations. 

Methods to predict the proportion of detectable QTL variation were developed based on pairwise measures of linkage disequilibrium between SNP markers. An average coefficient of multiple determination is calculated for the genotyped SNP panel and used to predict determination of the ungenotyped QTL genotypes. The method was applied to human hapmap data (HSA9) to assess the predictive power of the method. Predictive power for QTL was found to exceed predictive power for other genotyped SNPs when SNPs in the genotyping panel are equally spaced. SNPs with an average flanking LD (r-squared) of 0.14 were found to be able to extract up to 60% of QTL variation on HSA9. 

University of Wisconsin (G. Rosa)

Progress of work and principal accomplishments
1. Efficient Designs for Genomics Studies
Microarray experiments have been used recently in genetical genomics studies, as an additional tool to understand the genetic mechanisms governing variation in complex traits, such as for estimating heritabilities of mRNA transcript abundances, for mapping expression quantitative trait loci and for inferring regulatory networks controlling gene expression. Several papers on the design of microarray experiments discuss situations in which treatment effects are assumed fixed and without any structure. In the case of two-color microarray platforms, several authors study reference and circular designs. In this project we discuss the optimal design of microarray experiments whose goals refer to specific genetic questions. Some examples were used to illustrate the choice of a design for comparing fixed, structured treatments, such as genotypic groups. Experiments targeting single genes or chromosomic regions (such as with transgene research) or multiple epistatic loci (such as within a selective phenotyping context) were discussed. In addition, microarray experiments in which treatments refer to families or to subjects (within family structures or complex pedigrees) were also considered. In these cases treatments are more appropriately considered to be random effects, with specific covariance structures, in which the genetic goals relate to the estimation of genetic variances and the heritability of transcriptional abundances. 

2. Statistical Analysis of Gene Expression Profiling (Microarrays and RT-PCR)

Gene expression studies using either microarray or RT-PCR technologies have lead to interesting experimental design and statistical analysis challenges. The comparison of expression profiles across populations is one of the most common objectives of microarrays experiments. We have been interested and developing research on some issues regarding design and statistical analysis for two-color microarrays and RT-PCR data using mixed linear models, with special attention directed towards the different hierarchical levels of replication and the consequent effect on the use of appropriate error terms for comparing experimental groups. We examined the traditional analysis of variance (ANOVA) models proposed for microarray data and their extensions to hierarchically replicated experiments. In addition, we discussed the commonly used data analysis tolls for RT-PCR experiments, such as the delta-delta-Ct, and their pitfalls in terms of correctly modeling the various sources of variation. We developed a general linear mixed model framework for the appropriate analysis of transcriptional profiling data. 

3. Environmental Risk Assessment

Transgene fate can be completely determined by six life history characteristics (net fitness components) common to all species (Muir and Howard 1999, 2001, 2002). Fitness components can be measured in secure settings, so a fitness components modeling approach could be utilized by regulators to evaluate the environmental risk of any transgenic diploid organism. Current models, however, are deterministic, i.e., random events and uncertainty in fitness component estimation are not reflected in model predictions. The objectives of this research are to: 1) Expand the Muir and Howard model to incorporate stochasticity and uncertainty and develop a user-friendly computer program that incorporates these additions. 2) Estimate fitness components using transgenic zebrafish as a model organism. 3) Test model predictions using replicated populations of wild-type and GM zebrafish and examine changes in fitness component values through time.

Since this project started, Drs. Muir and Howard have been conducting a set of experiments, which are almost complete. Concomitantly with the experimentation, intense literature review was undertaken in the areas of gene flow modeling, and statistical methods for risk assessment and decision-making. In addition, a software code written in C++ was developed for implementing Muir and Howard’s original risk assessment methodology, which was also further extended to incorporate stochasticity using Monte Carlo approaches. A series of simulations were performed to compare the predictions obtained from the risk assessment model with and without the incorporation of uncertainty and stochasticity. Preliminary results have been presented in three scientific meetings and a manuscript describing the results is in preparation. The next step will involve the analysis and validation of the model with the experimental data.
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