NCCC204 : The Interface of Molecular and Quantitative Genetics in Plant and Animal Breeding - Meeting Minutes
Date of Annual Meeting: 19-20 February, 2011

Galveston - Texas
The NCCC204 meeting was held in Galveston, Texas 19-20 February, 2011 at the Hotel Galvez. The meeting preceded the Gordon Research Conference on Quantitative Genetics and Genomics.

Attendees convened at 8:30 am on 19 February. Deb Hamernik (University of Nevada-Lincoln) conducted administrative business that included discussion of the project ending in September 2012. Renewal of the project must be in by the end of 2011. Guilherme Rosa (University of Wisconsin-Madison) volunteered to review the annual report. David Cowley (New Mexico State University) was nominated to act as secretary for the project meeting. He recorded and prepared these meeting minutes.

Administrative discussion was followed by informal presentations by attendees. Shizhong Xu (University of California-Riverside) discussed a generalized linear mixed model for mapping viability selection loci. Guilherme Rosa followed with a discussion of several new journals and then he presented recent work on phenotype network reconstruction. David Cowley presented results from the group of Milton Thomas (New Mexico State University) and then some of his own recent work with tadpole shrimp (Notostraca). 

John Bastiaansen (Wageningen University) described his work on genome wide association analysis for a large Holstein dataset and a companion simulation study of small and large numbers of SNP and equal or unequal SNP effects. Ignacy Misztal (University of Georgia) presented work on methods to combine G and pedigree matrices. The first day meeting concluded with general discussion amongst attendees followed by a group dinner.

The project business meeting convened after a lunch break. Discussion determined that Chair Petek Settar (Hy-Line International) will organize and host the next meeting. Location was not determined but it was discussed that we might meet jointly with the Poultry Breeder's Roundtable in St. Louis. Alternate locations considered included Iowa, Madison, and Las Cruces. It was determined that Cowley will continue as secretary for the project year.

A motion was made by Cowley that the project participants apply for a renewal of the project. Bastiaansen seconded the motion and it passed unanimously. Guilherme Rosa volunteered to chair a committee to write the renewal proposal. With respect to project governance is was discussed that a participating institution might be dropped from the project with two consecutive absences from the annual meeting. No further action was taken on the matter.

Attendees reconvened at 8:30 Sunday morning. There was general discussion about project renewal and other items of interest amongst the participants. Meeting adjourned at noon.
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Station:  California Agricultural Experiment Station, Department of Botany and Plant Sciences, University of California, Riverside, CA 92521

February 2011

Project: NCCC-204: Statistical Genomics
Principal Investigator: Shizhong Xu

Progress of Work and Principal Accomplishments:

We published nine technical articles in total for the current year of the project, all of which appeared in refereed technical journals and all from my own lab. One objective of the project was to develop Bayesian statistics for QTL mapping. This objective has been accomplished (see Che and Xu 2010a,b). We developed the MCMC implemented Bayesian method along with a permutation test to detect QTL (Che and Xu 2010a). We also reviewed the applications of Bayesian method to agricultural experiments (Che and Xu 2010b). The MCMC procedure in SAS developed by Xu and Hu (2011a) also belongs to this objective. The second objective was to develop methods for mapping traits with non-normal distribution. This has been partly fulfilled with the generalized linear model published by Xu and Hu (2010). Two recent publications (Hu et al. 2011; Xu and Hu 2011b) came from the third objective of the project (genome prediction). In addition, we studied genotype by environment interaction (Chen et al. 2010) using the Bayesian method. Overall, we achieved more than what we expected. 

List of Publications
Che, X. and S. Xu. 2010a. Significance test and genome selection in Bayesian shrinkage analysis. International Journal of Plant Genomics. Volume 2010, Article ID 893206, 11 pages, doi:10.1155/2010/893206.

Che, X. and S. Xu. 2010b. Bayesian data analysis for agricultural experiments. Canadian Journal of Plant Science 90: 575-603
Chen, X., F. Zhao and S. Xu. 2010. Mapping environment-specific quantitative trait loci. Genetics 186: 1053-1066, doi: 10.1534/genetics.110.120311

Han, L. and S. Xu. 2010. Genome-wide evaluation for quantitative trait loci under the variance component model. Genetica 138:1099-1109, doi 10.1007/s10709-010-9497-1.

Hu, Z. Y. Li, X. Song, Y. Han, X. Cai, S. Xu and W. Li. 2011. Genomic value prediction for quantitative traits under the epistatic model. BMC Genetics 2011, 12:15 (11 pages), doi:10.1186/1471-2156-12-15.
Sharma, S., S. Xu, B. Ehdaie, A. Hoops, T. Close, A. Lukaszewski and J. Waines. 2010. Dissection of QTL effects for root traits using a chromosome arm-specific mapping population in bread wheat. Theoretical and Applied Genetics (In press, accepted on 10/22/2010, 30 manuscript pages).

Xu, S. and Z. Hu. 2010. Generalized linear model for interval mapping of quantitative trait loci. Thereotical and Applied Genetics 121: 47-63. doi: 10.1007/s00122-1290-0.

Xu, S. and Z. Hu. 2011a. Mapping quantitative trait loci using the MCMC procedure in SAS. Heredity 106:357-369, doi:10.1038/hdy.2010.77

Xu, S. and Z. Hu. 2011b. Methods of plant breeding in the genome era. Genetics Research (In press, accepted on 11/11/2010, 60 manucript pages).

Zhan, H., X. Chen and S. Xu. 2010. A stochastic expectation and maximization (SEM) algorithm for detecting quantitative trait associated genes. Bioinformatics (In press, accepted on 9/18/2010, 8 preprint pages)

Station: University of Georgia, Athens (UGA)

Project: NCCC-204: Statistical Genomics
Principal Investigator: Ignacy Misztal

Effect of different genomic relationship matrices on accuracy and scale

Phenotypic data on body weight (BW) and breast meat area (BM) were available on up to 287,614 broilers.  A total of 4,113 animals were genotyped for 57,636 SNP. The records were analyzed by a single step genomic BLUP (ssGBLUP), which accounts for all phenotypic, pedigree and genomic information. The genomic relationship matrix (G) in ssGBLUP was constructed using either equal (0.5; GE) or current (GC) allele frequencies. Predictive abilities with all GE and GC were similar. Compared with BLUP, EBVs of genotyped animals in ssGBLUP were, on average, biased up to 1 additive SD higher with GE and down by 2 additive SD with GC. The bias was eliminated by adding constant 0.014 (equal to average off diagonal in a pedigree-based relationship matrix) to GC. This constant is equivalent to twice the mean relationship between gametes in the genotyped and ungenotyped populations. Unbiased evaluation in ssGBLUP may be obtained with GC scaled for compatibility with the pedigree-based relationship matrix. 
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Station: New Mexico State University 

Principal Investigator: Milton Thomas, David Cowley
Objective: Identification of Molecular Markers to Improve Fertility in Beef Cattle. (M.G. Thomas, J.M. Reecy, R.L. Fernando, S.O. Peters, K. Kizilkaya, D.J. Garrick, R.L. Weaber, G.A. Silver, Z-L. Hu, F.D. Schilkey)

Accomplishments: 

Bayesian Quantitative Trait Loci Inference from Whole Genome Analyses of Growth and Yearling Ultrasound Measures of Carcass Traits in Brangus Heifers
Data from developing Brangus heifers (3/8 Brahman-Bos indicus x 5/8 Angus- Bos taurus; n = 802 from 65 sires) were analyzed to detect QTL associated with growth traits and ultrasound measures of carcass traits. Genotypes were from Infinimum® BovineSNP50 beadchips (i.e., 54,001 SNP). Phenotypes included BW collected at birth and approximately 205 and 365 days of age and yearling ultrasound assessment of LM area, % intramuscular fat and depth of rib fat. Simultaneous association of SNP with phenotype were undertaken with Bayes C analyses using GenSel software  and mixed models that treated SNP effects as random with an assumed fraction pi = 0.999 having no effect on phenotype. Fixed effects in the models were calving season, year of birth, and contemporary group with a covariate of age of dam. Posterior model frequencies were estimated for every SNP with high values (i.e., ≥ 0.1; 100-fold larger than the prior) used to indicate QTL association. Detected QTL were mapped to 30 regions on 12 chromosomes (i.e., chromosomes 3, 4, 5, 6, 9, 14, 16, 19, 20, 25, 26 and 29). Nine of these QTL regions had not been reported in CattleQTLdb (Release 12). Two of the 7 SNP associated with birth weight were also associated with LM area and rib fat. These SNP mapped to chromosome 5. The most notable SNP effect was on chromosome 6, and accounted for 2.8% of phenotypic variation in birth weight (i.e., 35.2 ± 0.4 kg). Results from whole genome association of SNP with growth and ultrasound carcass traits in developing Brangus heifers confirmed several published QTL and detected some unique QTL (USDA-AFRI: 2008-35205-18751; 2009-35205-05100; NRSP-8 Bioinformatics).
Data were analyzed to detect QTL in 830 heifers (3/8 Brahman, Bos indicus x 5/8 Angus, Bos taurus; from 67 sires). Genotypes were from BovineSNP50 Infinium-beadchips. Phenotypes included growth traits and yearling carcass measures collected with real-time ultrasound. Simultaneous associations of all SNP with phenotype were undertaken with GenSel, using a mixture model that treated SNP effects as random with an assumed fraction pi=0.999 having no effect on phenotype.  Posterior model frequencies were estimated for every SNP and high values (≥ 0.1) were assumed indicative of QTL association.  QTL were mapped to 30 regions on 12 chromosomes (BTA 3, 4, 5, 6, 9, 14, 16, 19, 20, 25, 26 and 29). Average frequency of the A allele for these SNP was 0.50 in this composite population compared to 0.53 in Angus and 0.47 ± 0.05 in Brahman cattle used to develop this beadchip. Nine regions were new findings for  CattleQTLdb (Release 8). Two of the 7 SNP associated with birth weight also associated with longissimus muscle area and rib fat and were on BTA 5. The most notable SNP effect was on BTA 6, and accounted for 2.8% of the phenotypic variation in birth weight (35.2 ± 0.4 kg).  Results confirmed several published QTL and suggest some unique QTL were detected in this composite population (USDA-AFRI 2008-35205-18751 and 2009-35205-05100).
Genome Wide Association, Hypothalamic-Transcriptome, and Candidate Gene Identification for Fertility Traits in Brangus Heifers

Two binary traits, first service conception (FSC) and heifer pregnancy (HPG)  in 830 Brangus heifers (3/8 Brahman-Bos indicus x 5/8 Angus- Bos taurus; from 67 sires) were analysed to identify SNP associated with variation. Genotypes were from Infinimum  BovineSNP50 beadchips. Yearling heifers were estrous synchronized, AI, exposed to clean up bulls, then later palpated for pregnancy ( approximately 80% success  for HPG and 57.3%  for FSC). Heritability was estimated to be 0.21 ± 0.1 and 0.27±0.1  for FSC and HPG, respectively.  Simultaneous association of all SNP with FSC and HPG  were tested in a GenSel Bayes C analysis using a mixture model that treated SNP effects as random with an assumed fraction 0.001 indicating an association. Fixed effects in these analyses included birth year, calving season, contemporary group, and covariates of yearling age and weight. Model frequency > 0.01 was assumed indicative of QTL association. A total of eight regions on chromosomes 6, 8, 26 and 29 were associated with variation in FSC while a  region each on chromosomes 2 and 4 were associated with variation in HPG. The strongest evidence of association (model frequency 0.17 and 0.15) was a SNP that mapped to positions 28.6 Mb on chromosome 8 for FSC and 43.0 Mb on chromosome 2 for HPG . Since the hypothalamus is a regulatory tissue of the reproductive endocrine axis, RNA-Seq and transcriptome analyses were used to evaluate presence and level of expression of potential candidate genes among pre and postpubertal heifers.  Combining GWAS and RNA-Seq data revealed several annotations  within a 1.5 Mb region flanking these SNP on  chromosome 8 and 2. The ontology of these genes included neuron function and gene regulation. Cumulatively, results warrant fine mapping regions of chromosomes 8 and 2 to help determine functional sequence mutations regulating FSC and HPG (USDA-AFRI 2008-35205-18751 and 2009-35205-05100).
Broader Impacts:  Project will enhance understanding of the genetic pathways regulating reproductive performance in beef cattle, with the intent of using the information to develop gene-assisted improvement programs for fertility. Development of resources within this project allows expansion of the research efforts to include other economically relevant reproductive traits such as heifer rebreeding rate and stayability. 
Objective: Incorporate molecular and quantitative genetics into a nontraditional applications of animal breeding and genomics. (D.E. Cowley)

Collaborators: Ralph Kühn & Bernhard Stoeckle, Technical University of Munich; Douglas Tave & Alison Hutson, New Mexico Interstate Stream Commission

Accomplishments: 

Prior collaborative work with the New Mexico Interstate Stream Commission reported in 2010 on developing methods for applications of genomics to captive propagation of an endangered fish species was delayed indefinitely until the U.S. Fish and Wildlife Service reconsiders endangered species permitting issues for the project. It will evaluate the utility of using genetic markers to avoid unintended domestication selection occurring during captive propagation. Microarray studies are planned that will facilitate adaptation of zebrafish genomic tools for application to other cyprinid minnow species. 

New work in collaboration with investigators at the Technical University of Munich was begun to apply genomic methods to understand the ecology and evolution of tadpole shrimp (Notostraca) that occur Worldwide in ephemeral desert ponds. Initial work in progress is evaluating the mating system of these crustaceans and how differences in reproduction may underlie differences in genetic variability.

Broader Impacts: The captive breeding project will represent one of the first applications of genomics to captive propagation of an endangered fish species. The tadpole shrimp project will provide insights into the breeding system of the ancient species of tadpole shrimp.

Station: INDIANA AGRICULTURE EXPERIMENT STATION, DEPARTMENT OF ANIMAL SCIENCES, PURDUE UNIVERSITY, W. LAFAYETTE, IN 47906

1. PROJECT: NCC204:  Interface of Molecular and Quantitative Genetics.

2.  PRINCIPAL LEADERS:  W.M. Muir
3.  RESEARCH ASSOCIATES: Ashok Ragavendran,
3.  COLLABORATORS:  Guilherme Rosa, Ignacy Misztal 
5.  PROGRESS OF WORK AND PRINCIPAL ACCOMPLISHMENTS:

Use of Next Generation Sequencing to Identify Genetic Adaptations Associated with Trait Selection (Animal Well-being, Disease Resistance, Domestication), Structural Variations (SNPs), and Development of Haplotypes to Aid Genomic Selection .  In collaboration with Ashok Ragavendran, Han Cheng, Ron Okimoto, Sean MacEachern, Theo Meuwissen, Sammy Aggrey, Groenen, M.A.M., Megens, H.J., Crooijmans, R.P.M.A
Rapid fixation of new, favorable alleles through directional selection (a ‘selective sweep, SS’) generates a sudden drop of genetic variability at linked loci by hitchhiking.  The beneficial substitution of an allele shapes patterns of genetic variation at linked sites, and may provide important insights into (1) the mechanisms of evolutionary change; (2) guide selection of loci for inclusion in population genetic studies; (3) facilitate significant genomic regions; and (4) help elucidate genotype-phenotype correlations in complex traits.  Thus, in principle, domestication selection can be mapped by locating signatures of selection in domesticated flocks.  However, detecting signatures of domestication selection presents a greater challenge than detection of natural selection because the LD is expected to be much less, perhaps orders of magnitude less, than that of LD created by natural selection.  Thus, even the 60K SNP chip may not be dense enough to detect these sweeps.  Fortunately, the cost of re-sequencing genomes has become reasonable and it now possible to scan the genome at the highest level of precision for locations that were targets of recent selective sweeps, i.e., domestication selection.  We are resequencing 1) the Red, Green, and Grey Jungle Fowl for ancestry comparison; 2) the Canadian Athens Random bred (CAR) for domestication genes associated with broilers; 3) the KGB/DXL bi-directionally selected layer lines based on group and individual productivity and livability; and 4) Lines 6 and 7 of ADOL bi-directionally selected for MD/LL resistance.  In total approximately 1,600X coverage.  The data will also be used to improve the poultry reference sequence.
Goals: 1. Find signatures of selection and domestication.  2) Determine origins of domestication.  3) Elucidate nature of genetic variation in inbred lines (balancing selection, test of neutral hypothesis).  4) Determine importance of CNVs in evolution and trait development.  5) Improve poultry reference sequence.
Progress:  We have completed re-sequencing ADOL Lines 6 and 7 based on a pool of 6 individuals each, to 40X per line, on an ABI SOLiD machine at Purdue.  Other lines are currently in process of sequencing.

Results: 

1) Coverage was uniform approximately 37X for the larger chromosomes (1-7) but reduced significantly with smaller chromosomes, particularly chromosomes 16, 23, 25, and 26.  

2) Over 5.6 million putative SNPs were found, or about 1 per 200 bp.  

3) Consistent with theory for random genetic drift and inbreeding, of the 5.6 million SNPs, approximately 3.9 and 3.8 million were fixed in Lines 6 and 7 respectively for the non-reference allele.  The higher rate of fixation in Line 6 was predicted from the higher inbreeding coefficient estimated using the USDA 3k SNP chip.

4) The two inbred lines preserved 60% of the non-reference allelic diversity present in the base populations in 1944.  

5) The proportion of genome impacted by selection was determined to be 1.2%, or approximately 37,000 bp.  Total number of loci fixed at opposite frequencies were 3,080,526.  The overwhelming impact of random genetic drift on differentiating the lines highlights the difficulty/impossibility of simply using allele frequency differences between bi-directionally selected lines to find targets of selection.

Implications:

1) MD resistance is polygenic with up to 1% of the SNPs in the genome impacted.

2) Inbred lines are an alternative to outbred populations to preserve allelic diversity.  The number of lines needed is dependent on how rare the alleles are that need to be preserved, the number of lines being the reciprocal of the rare MAF, i.e. for alleles initially present at a frequency of .5, 2 lines are sufficient, while for an MAF of .1, 10 lines would be required. 
6  Publications, proceeding, and manuscripts accepted related to Objectives.

Wade, M.J., Bjima, P., Ester, E.D., Muir, W.M.  2010.  Group selection and social evolution in domesticated chickens.  Evolutionary Applications 3: 453-465.
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7.
External Funding and Leverage of Public Funds

USDA, NRICGP, Award No. 2007-04201, Genome-wide screen for genes with polymorphic cis-acting elements that respond to Marek`s disease virus challenge in chicken.

USDA, AFRI, Award No. 2009-65205, Development and field evaluation of genome-wide marker-assisted selection (GWMAS) over multiple generations in commercial poultry.
Station : University of Maryland

Official Member: Frank Siewerdt

An Association Study of Single Nucleotide Polymorphism with Excreta Traits in Broiler Chickens 

We explores the genetic control the N and P output from chicken excreta.  As an initial approach, nine single nucleotide polymorphisms (SNPs) in the promoter regions of four candidate genes: superoxide dismutase (SOD3), aldo-ketoreductase (AKR1B10), glypican (GPC3), and syndecan (SDC1) were selected for an association study with excreta traits in broiler chicken.  The SNPs were selected based on the results from a previous association study with production traits in divergent chicken lines (lean and fat).  The excreta traits measured in the present study were the percentage of nitrogen in the excreta (PNE) and the percentage of phosphorus in the excreta (PPE).  Other production like weight gain (WG), feed consumption (FC), feed conversion ratio (FCR), and residual feed consumption (RFC) were also measured as part of a feed conversion trial in a commercial farm, and association study with the SNPs were conducted.  Samples were collected at two different time periods from two lines (A and B) of 6 wk old birds.  Results of the point analysis in line A with PNE indicated an additive and dominance effect (P < 0.05) of SOD3 SNP1, and dominance effect (P < 0.05) of AKR1B10 SNP1.  For PPE, an additive effect (P < 0.05) of SOD3 SNP3 was also established in both lines A and B.  Line B point analysis with PNE showed an additive and dominance effect (P < 0.05) of AKR1B10 SNP1, and an additive effect (P < 0.05) of GPC3 SNP1 whereas with PPE the dominance effect of SDC1 SNP1 was significant (P < 0.05). Exploring a larger panel of SNP is the next planned step in this study.
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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. An R package for fitting generalized linear mixed models in animal

Mixed models have been used extensively in quantitative genetics for the study of continuous and discrete traits. A standard quantitative genetic model poses that the effects of levels of some random factor (e.g., sire) are correlated accordingly with their relationships. For this reason, routines for mixed models available in standard packages cannot be used for genetic analysis. The pedigreemm package of R was developed as an extension of the lme4 package, and allows fitting mixed models with correlated random effects for Gaussian, binary and count responses. Following Harville and Callanan (1989), a correlation between levels of the grouping factor (e.g., sire) is induced by post-multiplying the incidence matrix of the levels of this random factor by the Cholesky factor of the corresponding (co)variance matrix e.g., the numerator relationship matrix between sires. Estimation methods available in pedigreemm include approximations to maximum likelihood and restricted maximum likelihood. This note describes the classes of models that can be fitted using pedigreemm and presents examples that illustrate its use.
B. Causal Inference in Quantitative Genetics

Biology is characterized by complex interactions between phenotypes, such as recursive and simultaneous relationships between substrates and enzymes in biochemical systems. Structural equation models (SEMs) 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 SEMs in mixed-model quantitative genetics settings, causal structures were preselected on the basis of 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 that, 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 project 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.

C. 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. In this project we are interested on experimental design and data analysis strategies, which incorporate prior genomic and biological knowledge, such as genotypes and gene function and pathway membership. The focus is on the design of genetical genomics studies, and on significance testing for detection of differential expression. It is hypothesized that the use of prior biological information can effectively improve the efficiency of microarray experiments.

D. Bayesian Model Averaging for Evaluation of Candidate Gene Effects

Statistical assessment of candidate gene effects can be viewed as a problem of variable selection and model comparison. Given a certain number of genes to be considered, many possible models may fit to the data well, each including a specific set of gene effects and possibly their interactions. The question arises as to which of these models is most plausible. Inference about candidate gene effects based on a specific model ignores uncertainty about model choice. In this project, a Bayesian model averaging approach was proposed for evaluation of candidate gene effects. The method was implemented through simultaneous sampling of multiple models. By averaging over a set of competing models, the Bayesian model averaging approach incorporates model uncertainty into inferences about candidate gene effects. Features of the method were demonstrated using a simulated data set with ten candidate genes under consideration.

Objective 2. Examine the efficiency of incorporating molecular tools in plant and animal breeding programs through theoretical modeling, computer simulations, and biological testing in actual breeding populations.
A. Genome-Assisted Prediction of Complex Traits
Prediction of genetic values is a central problem in quantitative genetics. Over many decades, such predictions have been successfully accomplished using information on phenotypic records and family structure usually represented with a pedigree. Dense molecular markers are now available in the genome of humans, plants and animals, and this information can be used to enhance the prediction of genetic values. However, the incorporation of dense molecular marker data into models poses many statistical and computational challenges, such as how models can cope with the genetic complexity of multi-factorial traits and with the curse of dimensionality that arises when the number of markers exceeds the number of data points. We have been working with various statistical and computational methods to address some of these challenges, such as semi-parametric approaches based on Reproducing kernel Hilbert spaces regression, radial basis function, boosting and other machine learning related algorithms.
5.
WORK PLANNED FOR NEXT YEAR

Continue work especially on research related to items 1B, 1C and 2A above.
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