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TITLE:  Factors associated with genetic and phenotypic variation in poultry: Molecular to populational.
DURATION: October 1, 1998 to September 30, 2003

PROBLEM:

Genetic selection for economically important traits has often been at the expense of others such as reproductive efficiency and immunological fitness.  Little knowledge at present defines those factors responsible for the accelerated expression of one gene, while having a negative impact on others.  It is the purpose of this regional project to develop cooperative research to define the biochemical and physiological consequences to genetic selection using both selected and commercial lines of birds. 
JUSTIFICATION:

Archaeological evidence for domestication of fowl dates to approximately 2000 BC in the Indus Valley (India).   Almost 4000 years later, the chicken accounts for nearly 80% of the major domesticated animals in the world, with a 1992 total population of over 17 billion. This increase is inextricably linked to the unprecedented increase in per capita consumption of poultry during the same time.  By 1996, Americans consumed in excess of 100 lb. of poultry per capita -- of which 82 lb. were chicken alone

The modern broiler-type chicken attains a 4.5-lb. body weight in 40-42 days of age with an overall feed conversion of less than two.  Approximately 85 to 90% of this change in growth has been attributed to selection for body weight, and has been achieved by reducing the market age to the same body weight by one day per year.  While quite impressive, there must be a lower limit to this progress.  That is, we will never see a 4.5-lb. chicken at one day of age.

The normal process of growth involves the simultaneous deposition of bone, muscle, and fat; each exhibiting an individual pattern of development.  Selection for body weight has altered two phenomena that impact these processes.  One is progenesis, which reflects the acceleration of development as defined by precocious sexual maturity.  The other is neoteny, which is the retarded development of specific tissues and/or organs. Progenesis and neoteny have very different roles during selection for growth.  Selection at the point of inflection leaves some characters in their juvenile state, while accelerating others.  For example, there is a relatively larger increase in the proportion of muscle mass in chickens selected for high body weight compared to feather development.  Overall these alterations in developmental timing, called heterochrony, can occur via changes in gene expression and/or changes in the allometric relationships among the physiological subsystems themselves.

Difficulties in determining the underlying physiological systems responsible for this distortion have been twofold.  First, there has been an inability to define the non-linear dynamics of the growth process in relation to other physiological systems.  In part, this has been due to the absence of animal model systems to compare and contrast the different developmental periods of growth.  The second has been the lack of the appropriate physiological and/or biochemical tools to identify changes in genetic and physiological processes underlying growth.

In previous revisions of the S233 Project, poultry geneticists have expended great effort to construct model systems, via selection and line crossing, that address the first issue. Members of the S233 group now maintain animal models representing the major species of poultry (turkeys, chicken and quail) which will enable us to identify appropriate physiological mechanisms underlying genetic improvement in growth.  Further, recent advances in molecular genetics will allow us to focus on biochemical characterization of existing genes and identification of new gene families underlying these mechanisms.

Domestication, genetic improvement and controlled reproduction have come with a cost.  The broiler industry has seen increases in the incidence of obesity, leg problems, juvenile mortality, disease resistance and maladaptation to stress.  Reduced reproductive performance in the guise of erratic ovulation and defective egg syndrome has become commonplace among broiler-breeder hens.  Recent reports suggest that the ability of the broiler-breeder male to fertilize eggs is declining at a rate of 0.5% per generation.

Curiously, a major challenge to the poultry industry, and animal agriculture is the propagation of the idea that genetic alterations in production are the direct cause of decreases in animal fitness.  The negative relationship between genetic selection and fitness has been surmised from the temporal congruence of the two events in both industrial and experimental settings.  This conclusion was reinforced by recent observations that suggest early growth restriction increases the fitness of poultry.  However, data from the S233 Project have consistently distinguished between phenotypic correlations that are due to shared genes (i.e., genetic correlations) versus shared environment and/or spurious correlations.  The focus of this project is to discover the underlying physiological consequence to genetic improvement of economically important traits in domestic poultry.

The prospect for genetic improvement of poultry, especially broilers, is quite encouraging.  As we begin to reach the limits of selection for growth rate, the industry will be able to focus on new sources of genetic variation, and the genetic improvement of fitness and welfare related traits.  The upcoming transition period will be extremely important, and the speed at which these changes can be adopted for commercial use will directly influence the survival of poultry as a viable domestic animal species.

A major effort to understand the relationships between genetic change and subsequent biological response in poultry requires a wide range of expertise, the total of which cannot be found at any single experiment station. Members of the S-233 group have primary expertise in genetics (VA, GA, ARK, OH), molecular/physiological genetics (LA, PA, TX), physiology/endocrinology (NC, SC, MS, TN, and AU), and nutrition (SC, TN).  While independent studies are conducted at the stations where the primary genetic stocks are generated and maintained (VA, OH, ARK, GA, LA); it is the overall diversity in training and interest and consequential collaboration between stations that makes it possible to complete the objectives of this proposal.  Interactions among project scientists will lead to the successful understanding of genetic relationships between growth, production, and fitness. The S-233 Project has a strong history of interaction as evidenced by the many multiauthored publications, as well as, the sharing of methods and germplasm resources (including sperm, hatching eggs and DNA and/or RNA sequences).  This project directly addresses national initiatives in the area of "Genetic Resources, Development and Manipulation".  The research proposed herein encompasses several disciplines and is of a magnitude that lends itself to cooperative investigations within the framework of regional research.  However, it cannot be overemphasized that a distinguishing feature of this project is its emphasis on a systems approach to the elucidation of mechanism, as opposed to a strict reductionist perspective. Collaborative efforts are planned between stations housing and generating the primary genetic stocks (VA, GA, ARK, LA and OH) and the remaining institutions (PA, TX, NC, SC,) with the exception of AU and MS who use commercial stocks.  This multi-station effort is needed to better understand the consequence to selection for a particular trait, i.e. body weight (ARK, OH), immunological response (VA), or disease resistance (ARK, GA), on the utilization of nutrients (ARK and GA; GA and SC); reproductive efficiency (VA and TN); or environmental stress (LA, GA and NC).  Biochemical and steroidogenic pathways, as well as pathological and histological studies will be used to determine the cellular effect of genetic selection for a particular trait. Only collaborative efforts between endocrinologists, physiologists, nutritionists, and the geneticists make this possible. No one experiment station possesses the expertise to maintain and select the genetic lines while conducting the physiological and immunological assays necessary to meet the objectives of this proposal.

Benefits of this research will provide a) basic information about selected lines for use by poultry breeders and b) elucidation of specific metabolic pathways affected by selection for economically important traits. A further consequence of this project is that a large majority of the commercial poultry geneticists employed during the past two decades received their training at stations involved with the Southern Region Poultry Breeding Project.  It is only to their benefit to be exposed to the holistic approach of this revised project.

RELATED CURRENT AND PREVIOUS WORK:

Although considerable progress has been made in the accomplishments of the S-233 regional project, additional research is necessary in this rapidly changing field. Accordingly, the central concepts should be retained with continuing research focusing on specific areas that are most promising for further study. The sharing of specific experimental stocks among participating stations has permitted a natural evolution of fundamental and applied studies in this regional project. The dimension of this new regional project has been further broadened to include genetic stocks from commercial sources, yet with a common theme to address the impact of environmental, nutritional, and physiological stressors on the expression of phenotypic traits.  This becomes possible through the involvement of scientists from disciplines other than genetics per se.  The result then creates a powerful synergy. In this spirit, the research proposed will build on the past accomplishments of S-233. It is evident, both from the number of full length refereed papers published and the proportion of these papers with co-authors from more than one station, that S-233 has been an extremely productive project.  Examples where co-authors were from more than one station include Arkansas* -OH*, Southern Regional Poultry Genetics Lab (ARS)*-Georgia, OH*-VA*, TN*-VA, OH-Tuskegee*, Agriculture Canada-VA*, ARK*-ARS, PA*-VA, NC*-OH, ARS-PA*, Tuskegee*-AU, ARS-VA*, OH*-PA, VA-ARS, ARK*-PA*, VA-SC*, and ARS-OH* (* denotes first author station).  For a more complete review of past accomplishments, and collaborations, the reader is directed to the critical review attached to this proposal.

There are several other regional projects that are interested in the expression of economically important genes in the avian genome. However, while they may have a similar interest as S-233, these projects are more focused on the cloning, transfer and manipulation of genes rather than the physiological and biochemical consequence to gene expression identified as the primary interest of S-233. Regional project NC-168 seeks to identify, isolate and characterize genes of economic importance; and to develop new technologies for the genetic improvement of poultry via gene transfer and chromosome alteration. The major focus of regional project NE-60 is the identification of genes and gene interactions that confer resistance and immunity for avian diseases.  Lines developed within the S-233 group by the Virginia station for high and low antibody response are known to be of haplotype B21/B21 and B13/B13 of the major histocompatibility complex (MHC) respectively (Dunnington et al, 1984).  Members of this project will elucidate those biochemical mechanisms that are key to the phenotypic expression of economically important genes.  This project does not seek to duplicate efforts of regional projects through gene transfer or manipulation, nor to solely identify genes involved with disease resistance.  The primary goal of this proposal is to determine the physiological and biochemical pathways impacted by the expression of genes involved in economically important traits. While some members of this project are contributing data in other regional projects; project NC-168 (Advanced Technologies for the genetic improvement of poultry); regional project number NCR- 187 (Skeletal Problems in Poultry); or regional project SR-DC-9703 (Reproductive Performance in Turkeys), this merely establishes the opportunity to interact with other US stations and to increase the knowledge base in the area of poultry genetics.  Again, there is no intention to duplicate efforts of other regional projects.

For the most part, S-233 project members have taken a polygenic approach to the phenotypic expression of economically important traits. Multiple locus DNA markers for use in poultry genetics as identified by this group have been identified (Hillel et al, 1993; Smith et al, 1996).  Relationships between haplotypes, the major histocompatibility complex, and lymphocyte activity of chickens have been cited in Advances in Avian Immunology Research (Davison, Bumstead, and Kaiser (eds., 1995).  Over 310 citings in scientific literature have occurred as a result of publications generated by S-233 members during the last project period.
Further advances in growth rate or feed efficiency in poultry will most likely result from genetic alteration of the genome (Etches and Gibbins, 1993).  Unfortunately little is known about those biological mechanisms specifically influenced by gene(s) related to growth. It obviously will not be easy to identify candidate genes that can be changed or manipulated to affect the “trait” of growth. Members of the S-233 group have measured expression of genes, but have not routinely sought to clone novel genes. Use of randomly amplified polymorphic DNA to measure genetic diversity and relatedness has been utilized (Smith et al, 1996).  Members of regional project NC 168 have identified as one of their objectives to clone and measure expression of economically important genes.  In Evolution and Animal Breeding (Hill and Mackay, eds.1989), G. Bulfield suggested three methods that can be used to identify “trait“ genes: the analysis of genes and gene products known to be associated with a particular trait; dissection of the commercial trait into its physiological components so that genes can be identified through their actions; and determine methods of assessing the expression of a large number of genes and gene products at random, and identify those which are associated with a particular trait. In order to utilize these methods, commercial characteristics must be modulated genetically and the response via expression of “trait: genes measured. To achieve this, the manufacture of transgenic animals may be required. However, a second method can be used to achieve the same end by divergently selecting for a commercial trait. Members of the S-233 group have used this technique for many years. Lines of birds have been, and are being developed which are divergently selected for wide variations in growth rate (Liu et al., 1995; Marks, 1993; Barbato, 1996; Nestor et al, 1996a, 1996b).  These lines can and are now being used to identify genes and metabolic pathways affecting growth in commercial poultry.

Factors controlling the growth process are varied and complex.  Experiments conducted by the S-233 group have used growth curve analyses to study the effect of selection for growth at defined periods, and the subsequent effect of this process on organ growth and health (Anthony et al, 1996; Barbato, 1996). Physiological changes in insulin-like growth-factor as a consequence of growth hormone deficiencies in genetic dwarfs has also been used to study the growth process (Vasilatos-Youken et al., 1997).  Possible reduction of fat in chickens is sought through genetic selection for decreased yolk cholesterol in hatching eggs (Suk and Washburn, 1998), as well as, methods to reduce adipocyte formation in embryos (Isenhart, 1995).

The relationship of dietary fat to carcass characteristics has been studied. Growth and carcass yield as affected by dietary fat and energy level has shown that 7% dietary fat can added up to 21 day of age without affecting 42 day body weight or carcass fat (Peebles et at, 1997a, 1997b, 1997c).  Non-invasive techniques to measure total carcass lean and breast yield have been developed at ARK for use by other stations to evaluate growth in selection and nutrition trials (Staudinger et al, 1995).

Selective changes in leg conformation or morbidity have been used to study growth and reproductive patterns in domestic birds. Physiological and genetic factors involved in the development of tibial dyschondroplasia in broilers has been evaluated through the measurement of interstitial collagenase activity in epiphyseal plates, and the transcriptional activity of the type X collagen gene (Berry et al, 1997; Zhang et al, 1996).  The development of tibial dyschondroplasia has been related to carcass traits (Zhang et al., 1995).  Similarly, the influence of genetic changes in leg conformation (shank width) on walking ability, body weight and reproductive traits has been studied in turkeys (Nestor et al, 1985, 1995; Ye et al, 1997).

Gene products of the major histocompatibility complex (MHC) are cell surface antigens that serve as markers for genetic identity (Sharma, 1991).  Regulation of immune response and disease resistance is a major function of the proteins encoded by the MHC.  Genetic variation in production traits has been associated with the MHC.  Fertilization rate, embryonic mortality, hatchability, mortality, body weight, and egg production are traits all known to be influenced by the MHC genotype.  However MHC allelic frequencies have been changed by selection for egg production traits and disease resistance.  Importance of the B21 locus as described in the high and low antibody lines developed at Virginia show that genes at this locus within the major histocompatibility complex confer resistance to among other’s, Marek’s and Leukosis disease (Bacon, 1987). Further, the influence of this locus on reproductive performance and ovarian steroidogenesis is being studied at TN (Bryan et al, 1997).  The mechanisms by which the MHC influences these traits is not known and may act indirectly via effects on immunocompetence or more directly by mediating cellular communication and development.  These important facts are the direct focus of this revision of the S-233 project. To investigate those biochemical pathways influenced as a result of selection and expression of major genes of the MHC.

OBJECTIVES:

1). To determine the effect of selection, gene introgression and crossing on genetic homeostasis.

2). To determine the interaction of genetic and non-genetic factors on the mechanisms involved in the expression of performance phenotypes.

3).  To evaluate ontogenic factors associated with developmental stability.

PROCEDURES:

(In Objectives 2 and 3, lead institutions are designated by an asterisk *, unless both stations share equally in which case both will be designated by an *.  Lead institutions are responsible for experimental design and analysis of data.  Both institutions will contribute to the generation and laboratory analysis of data.)

OBJECTIVE 1: To determine the effect of selection, gene introgression and crossing on genetic homeostasis.

Genetic Selection

Genetic lines selected for growth rate, antibody response, plasma yolk precursor, shank width, and susceptibility to ascites have been developed, and are maintained by project members.  These lines and others being developed for efficiency of phosphorus utilization are the base populations used in the regional project. Published research shows that there is a long history of sharing genetic stocks among cooperators. There is no reason to believe that this cooperation will not continue, as it is essential for the evaluation of long-term effects of selection.  The development and maintenance of these lines are the primary focus of this aspect of Objective 1, and is primarily accomplished at individual stations as this is where the lines are generated and the scientific expertise in genetics is located. (See Attachment 2).  Each station that is conducting selection experiments is responsible for the summarization and analysis of data resulting from the selection trials. Sharing of genetic stocks provides the replication needed for such selection trials.

Growth-Body Weight 
The Arkansas and Ohio stations have established programs to determine the effect of selection for body weight or body weight gain on patterns of growth in quail.  The Arkansas station currently maintains Coturnix quail lines H10, H17, H28, and H40 which have been selected for high rate of growth at 10, 17, 28, or 40 days of age respectively.  Line HL has been selected for high growth rate between days 10-17 of age, and low body weight gain between 17 and 28 days of age.  Line LH has been selected for a low rate of growth between days 10 to 17 days of age, and a high rate of growth between days 17 to 28 days of age.  All lines have demonstrated distinct patterns of growth. Similar to the lines developed at Arkansas, the Ohio station has Japanese quail lines divergently selected for high or low 4-week body weight (HW, LW). Sublines of the HW line have also been established by continuing to select the males for increased 4-week body weight and the females for increased or decreased plasma yolk precursor (as determined by total plasma phosphorus measured at the beginning of lay; HW-HP, HW-LP; see plasma yolk precursor lines described below).  The HW, LW lines are in their 35th generation of selection, the HW-HP and HW-LP sublines are in the 26th generation of selection. These quail lines from both institutions will be maintained and routine measurements of selected and correlated traits will be made. These lines are available for use in collaborative projects.

Virginia and Pennsylvania have established lines of chickens selected for growth rate. Virginia maintains several lines of White Plymouth Rock chickens selected for high or low growth response. Lines HW and LW have been selected for high or low juvenile, 8-week body weight respectively. Four sublines of HW and LW have also been developed where selection has been relaxed (HWR, LWR), or where the sex-linked dwarf allele, dw, was introduced (DwHW, DwLW).  Pennsylvania currently maintains 4 unique chicken populations divergently selected for exponential growth rate (EGR).  Similar to the Arkansas quail lines, these birds have been selected for high or low EGR from hatch to 14 days of age (14H; 14L), and high or low growth rate from hatch to 42 days of age (42L; 42H).  These lines have undergone over 10 generations of selection. Arkansas and Pennsylvania plan to consolidate the growth curve response observed for these lines in an effort to characterize growth dynamics of the fowl.

Antibody Response

The Virginia station continues to be one of the major reservoirs of genetic stocks and selection trials for the group. Aside from the high and low juvenile body weight lines, Virginia maintains genetic lines of White Leghorn chickens selected 24 generations for high or low antibody titers (HA, LA) in response to sheep red blood cell challenge (Siegel and Gross, 1980). The HA line is known to be haplotype B21/B21, and the low line B13/B13 at the MHC.  Sublines have also been developed where selection has been relaxed.

Plasma Yolk Precursor

Ohio has developed and maintains Japanese quail lines divergently selected for high or low plasma yolk precursor (HP, LP).  As described by Nestor et al (1996a) birds were selected based on total plasma phosphorus at the beginning of lay.  These quail lines, now in their 35th generation of selection, will be maintained and selection continued based on puberal plasma phosphorus levels.  Periodic measurements will be made of genetic parameters.  Body weights at 4 weeks of age, and at the beginning and end of lay will be recorded.  Egg production traits (number of eggs, egg weight, egg composition, liver weight, and ovarian follicular development) and hatchability of all eggs set will be recorded for selected breeders of each line.

Shank Width  

Leg weakness in commercial turkeys is an increasing problem that results in poor growth, increased mortality and downgrades at processing. In 1985, Nestor et al  (Ohio) hypothesized that increased body weight and breast muscle development without a concomitant increase in leg muscle and leg bone would be biologically incompatible with the maintenance of normal walking ability.  To test this hypothesis, two sublines were developed from a well established high growth line (F) by selecting for increased shank width (FL line) or increased leg muscles (FM line).  Selection was not effective in the FM line, so it was discontinued.  In the FL line, body weight was greatly increased without any loss in walking ability.  The bones of the leg increased in the FL line relative to the F line and its randombred control (RBC2; Emmerson et al, 1991).  Selection trials will continue.  The F line is in the 31st generation of selection while the FL line is in its 18th generation of selection.  Conceivably, the FL line may prove useful to improve the walking ability of commercial turkey lines, however it may approach a selection limit with continued selection.

Ascites

The Arkansas station is in the process of developing lines of chickens divergently selected for the incidence of ascites.  This is being done through family selection where sibs are selected based on performance (survival) when reared at 9000 feet altitude. Lines are in their third generation of selection and progeny are available for use at other stations.  Efforts will be made to compare the various models used to induce ascites, i.e. altitude, cold stress, pulmonary clamp, or bronchus clamp in order to determine if the mode of ascites induction is the same between models.

Phosphorus Utilization

Georgia and Auburn University (Alabama) will begin a cooperative selection program using standard and hi-yield commercial broilers to develop strains of chickens for maximum phosphorus utilization. Experiments will be conducted at both Alabama and Georgia to determine the genetic variation of phytate phosphorus utilization. Selection programs will be initiated among families fed low phosphorus diets. The most efficient method of measuring this response will be studied, and will include age and time of deficiency as well as body weight and bone ash response.  If correlations between body weight and other variables are high, body weight will be used in subsequent studies.  If successful, strains able to utilize lesser amounts of organic sources of phosphorus and more phytate phosphorus (plant) would be more cost efficient to produce. However, more importantly, phosphorus content of house litter would be less, and result in reduced environmental pollution.

Stress Responsiveness

The Louisiana Station has established lines of Japanese quail divergently selected for an exaggerated (LSU high stress line, LSU-HS) or diminished (LSU low stress line, LSU-LS) plasma corticosterone response to a brief mechanical restraint.  The lines have undergone 12 generations of selection, after which time pressure was relaxed.  The stress responsiveness trait has been fully maintained for over eight subsequent generations, despite the lack of selection pressure (colony breeding only, no full sib matings).  Maintenance of the phenotype in the face of relaxed selection pressure, as well as the rapidity of which the lines diverged during selection, suggests that only a few genes maybe involved in this trait.  Furthermore, differences observed between the HS and LS lines in many stress and fear paradigms indicate that the selection program influenced a genetic component(s) of a common underlying mechanism for stress responsiveness.

Introgression

As the move to an era of molecular genetics and transgenic animals is made, concerns have been raised about the possibility of interactions between major genes and the background genome. These interactions, known as the process of introgression, could present serious implications to the genetic progress of poultry, particularly if the interaction results in compromised growth or immune response.

       Will introgression of major genes affect breeding or growth performance?

Naked neck populations of two diverse backgrounds are maintained at the Georgia station, while Virginia maintains populations where a sex-linked dwarfism gene has been introduced into the high and low antibody lines known to be B21/B21 and B13/B13 haplotypes at the MHC.  Introgression of these major genes and gene complexes among the various lines will provide an opportunity to evaluate their effects in response to environmental variation. Such information can provide valuable insights into the feasibility of using transgenic animals in poultry breeding.

At the Texas station, a white gene will be crossed into a large bodied meat line of Japanese quail.  After allowing the line to recover growth characteristics by increased selection pressure for growth, studies will be initiated to examine relationships between nutrition and growth characteristics.  These studies will be used to show interactive effects of the white gene on phenotypic growth performance.

Line Crossing

The importance of line crossing cannot be understated, as it is through this process that genes have and are being introduced into commercial lines to affect improvement of specific traits.

Can commercial stock be improved through line crossing with strains selected for a single trait?

Cooperation between Ohio and Arkansas will continue using the RBC2, F, and FL turkey lines. Measures of selected and correlated traits will be made to include changes in bone and muscle development in the F and FL lines relative to the RBC2 control line.  Growth curves of various body components will be evaluated (ARK), as will the feasibility of using the FL line to genetically improve the walking ability of commercial lines by crossing the FL line reciprocally with commercial sire lines (OH).
OBJECTIVE 2: To determine the interaction of genetic and non-genetic factors on the mechanisms involved in the expression of performance phenotypes.

Objective 2 has been divided in to four specific areas of interest to include nutrition, fitness, the environment and behavior as effectors of performance traits in commercial and selected genetic stocks.

Nutrition

What are the impacts of dietary and management regimes on nutrient utilization, reproductive efficiency, and the incidence of tibial dyschondroplasia among commercial and selected stocks?

Nutrient Utilization

Cooperative studies between the Georgia* and Arkansas* stations will be conducted to determine the feasibility of using non-invasive total body electroconductivity (TOBEC) to determine lean body mass and protein utilization of live chickens.  Chickens will be fed diets of different protein levels, and evaluated by TOBEC methods to obtain estimates of lean body mass. Efficiency of feed and protein utilization will be obtained on an individual basis.  Methodologies developed as a result of these studies will be applicable to commercial breeders desiring to base selection choices on reduced body fat, without having to sacrifice valuable primary breeder animals. Results from these studies will generate data to directly select for carcass protein instead of body weight thus increasing efficiency of meat production.

Experiments will be conducted at Clemson University (South Carolina*) in cooperation with Virginia and Georgia that address ascorbic acid biosynthesis in poultry. Unlike other domestic animals, poultry are capable of ascorbic acid synthesis in kidney tissue.  However, there have been inconsistent reports on the positive effects of exogenous ascorbic acid on performance traits, livability, and product quality. Conceivably, environmental, physiological, and/or social factors may have differed, or there may have been uncontrolled or unknown genetic effects that confounded previous experiments.  Biosynthesis is genetically controlled, and a fatal deficiency has been reported in other species of birds capable of ascorbic acid synthesis. Factors affecting biosynthesis in different genetic lines have been ignored.  Proposed studies will determine factors that influence the activity of L-gulono-(-lactone:oxygene 2-oxidoreductase [EC 1.1.3.8], the enzyme responsible for the catalysis of the final step in L-ascorbic acid biosynthesis.  The activity of L- gulonolactone:oxidase will be measured in kidney tissue.  Preliminary experiments will validate assay conditions and sensitivity. A standard operating procedure based on preliminary experiments will be used to determine time course changes in ascorbic acid biosynthesis in genetic lines of male and female chickens, turkeys, and Japanese quail.  These experiments will be repeated under different conditions such as selected nutrient variables: supplemental vitamin C, dietary vitamin E, energy and protein content. Genetic stocks will be obtained from collaborating stations at Georgia and Virginia, and from commercial breeders.  It is expected that these experiments will generate information on ascorbic acid biosynthesis in three species of poultry, and selected genetic lines within these species. Further, data will be generated on specific nutrient effects on ascorbic acid biosynthesis in selected lines. Information generated could be used for appropriate nutritional intervention rather than indiscriminate supplementation.  Since ascorbic acid biosynthesis is genetically controlled, indiscriminate supplementation may mask the spread of genetic lines with low synthetic ability that in turn would be an economical disadvantage to the poultry industry.

The Virginia Station has lines selected for high or low juvenile body weight.  Nutrient density and vitamin E are factors known to influence production performance and immunocompetence of poultry stocks.  Lacking is information on whether these influences are stock specific or general.  Studies are planned to make comparisons of the effects of high protein‑low energy and low protein‑high energy diets on performance of fast and slow growing stocks.

At the Texas Station, a white gene has been crossed into a large-bodied meat line of Japanese quail that has important commercial utility.  Genetic selection will improve the new white Japanese quail line to recover growth performance characteristics.  Other studies will examine nutrition and growth relationships and possible comparative effects of the white gene on growth performance.  Improvement in important commercial characteristics (fertility, nutrition and economic factors) also will be investigated.

Reproductive Efficiency

As selection for rapid growth and high yield continue to increase the size of the commercial broiler, problems have developed with reproductive efficiency.  Feed restriction programs which once were effective in maximizing production of parent stock may now be too severe.  Thus in order to study this further, the Arkansas station will develop different feeding programs designed to alter the shape of the breeder growth curve and determine the effect on reproductive parameters.  Ultrasound techniques will be applied to non-invasively monitor the ovary status of the bird as it enters and progresses through the production cycle.  Total body electrical conductivity will be used to monitor changes in carcass composition during this same time period.

Auburn University (Alabama) plans a series of studies similar to those described at Arkansas to examine reproductive performance of broiler breeders as affected by high yield commercial genetic strain, dietary protein, and age at which birds are changed from brooder to grower diets. Males will be evaluated for semen quality, incidence of tibial dyschondroplasia, and reproductive performance based on dietary protein level and weight at which grower diets are initiated (0.45 or 0.68 kg body weight).  Hens will be fed to two different body weights at age of photostimulation, 1.95 or 2.25kg, and peak egg production (30 weeks of age; 3.35 or 3.60 kg).  Reproductive response to 20 or 41 gm/bird feed reduction after this age will be determined.  Additional experiments will investigate the influence of flock uniformity on egg production among hens provided conservative or aggressive feed allotment programs through peak egg production.

In quail, the Ohio station has observed a reduction in total hatchability of eggs among the HW, LW, HP, and LP lines relative to the R1 line (Nestor et al., 1996b).  The problem appears to be more severe for the HW line, and several families have been lost during each generation.  In fact, in the last three generations of the HW line, supplemental artificial insemination has been used to increase the number of viable families.  Attempts will be made to determine the cause of the problem. Preliminary studies have indicated that reduced total hatchability was due to reduced fertility. Quite likely, the greatly increased body weight has restricted mating ability of the HW males. A study will be conducted in which the body weight of HW males will be reduced nutritionally and the resulting effect on mating ability and fertility will be measured. Nutritional reduction in body weight may improve mating ability, at least for a few generations.  Eventually, artificial insemination without natural mating may be necessary to maintain the line.

The Mississippi* and Virginia stations* are interested in the effect of maternal dietary fat on internal egg and eggshell quality, embryogenesis and subsequent hatched chick performance.  Additionally, the effects of various incubational parameters or conditions on yolk uptake and content, embryo growth, and body composition prior to hatch will be studied.  These objectives will be accomplished through standard laboratory procedures for the determination of body tissue and egg yolk lipid, fatty acid, moisture, and protein concentrations.  Data from this research will be used to determine the relative importance of the yolk stalk at various times during posthatch growth by chicks, and the relationships between the utilization of various yolk components to embryo growth and body composition.  The impact of the maternal diet and various environmental factors during incubation on the embryo and its yolk utilization will also be assessed.

Tibial Dyschondroplasia

Additional experiments at Auburn University (Alabama) will be conducted to determine the effects of commercial strain, dietary protein levels, and weight at which young broiler breeder males are changed to grower diets on growth performance, and incidence of tibial dyschondroplasia. Birds fed two different levels of protein will be changed to grower diets at body weights of 0.45 or 0.68 kg. At 4 and 8 wk. of age, the proximal tibiotarsus will be examined by use of a lixiscope to score the incidence of tibial dyschondroplasia.

Fitness

What is the impact of genetic selection for economic traits on the health, efficiency of nutrient utilization, and reproductive performance of domestic poultry?

Health

Among Ohio quail lines, two problems have developed during selection that could impact fitness.  The frequency of smooth muscle tumors (leiomyomas and leiomyosarcomas) has increased greatly in the growth selected lines (HW, HW-HP, and, HW-LP) during the latter part of the laying period.  The frequency and size of these tumors will be constantly monitored.  The HP line has exhibited increased mortality during the laying period.  The cause of increased mortality is believed to be heart problems.  Heart function will be studied in the HP, LP, and R1 lines. The concentration of the very-low density lipoprotein yolk precursor (VLDL-y) in the HP quail line is about 8 fold higher than in the control, R1 line, while the concentration in the R1 line is about 4 fold higher than the LP line. The rates and source of secretion and irreversible loss of VLDL-y will be determined in laying females of the lines in an attempt to determine if the increased concentration of VLDL-y is related to increased rate of secretion, decreased rate of irreversible loss, or some combination of these metabolic parameters.

Likewise in the Ohio turkey lines, a condition termed “early poult flipovers” associated with fitness in the line selected for egg production (E) has been observed. The early poult flipover syndrome occurs shortly after hatching and is characterized by poults flipping over on their backs and having difficulty righting themselves without assistance.  The frequency of early poult flipovers has increased in recent generations of the E line and is a problem in commercial turkeys.  Continued monitoring of reproductive fitness (mortality, semen production, fertility, hatchability, and egg production) will continue in lines selected for high egg production (E) line, 16 week body weight (F line), or shank width (FL line).

The developmental changes occurring in the F, FL, and RBC2 Ohio turkey lines will be studied in cooperation with the University of Arkansas*.  Growth curves of bone and muscle of these lines will be studied.  The F line exhibits increased susceptibility to several common diseases relative to its randombred control.  Immunological parameters will be measured in the F and RBC2 lines to determine reasons for line differences in disease susceptibility.

Nutrient utilization

Additional studies between the Alabama*, Georgia, and Virginia stations will assess stress factors that influence the activity of L-gulono-(-lactone:oxygene 2-oxidoreductase [EC 1.1.3.8] as described in the nutrition portion of this objective.  The change in ascorbic acid synthesis will be measured in response to: acute vs. chronic heat stress, pharmacological dose of cortisol, vaccination, and stocking density.

Reproductive efficiency

Experiments at Tennessee* in cooperation with the Virginia station will address the effect of genetic line and immune response on the mRNA expression of key steroidogenic enzymes during follicular growth.  Large preovulatory follicles from White Leghorn hens selected for high or low antibody (HA and LA; Virginia) response to immune challenge with sheep red blood cells have been shown to have differential rates of egg production and progesterone secretion. Selection for LA production has resulted in a higher rate of egg production to 300 days of age, however this is primarily due to the precocious nature of these hens. In vitro progesterone secretion from large preovulatory follicles and circulating levels of plasma progesterone is less among LA vs. HA hens.  Further, in the presence of tumor necrosis factor alpha (TNF(; a cytokine protein secreted by activated immune cells), progesterone secretion by large follicles from either line is significantly (P < .05) reduced. Thus genetic selection for antibody response is having a concomitant effect on steroid secretion by ovulatory follicles. The goal of the next series of experiments will be to determine specific points of biochemical control in the steroidogenic pathway exerted by TNF(.  Messenger RNA expression of key enzymes in the steroid synthetic pathway will be measured from granulosa cells obtained from preovulatory follicles of both HA and LA hens.  Isolation of cells from hens of different ages (young vs. old), and during different periods of a single ovulatory cycle will enable further characterization of the cytokine’s effect on follicular growth and differentiation.  Information gained from these experiments may result in the development of selection strategies to increase egg production without sacrificing immunoresponsiveness.

Studies are planned at the Pennsylvania* and Virginia stations that will continue work in the area of gamete membrane structure and their interactions. Using roosters from the high and low body weight lines (14H, 14L, 42H, 42L), a non-linear 0.82 correlation between in vitro sperm binding (to intact perivitelline membrane) and fertility was found. This assay appears to be most predictive for infertility among individuals who display poor in vitro binding.  Further effort during the next cycle of the project will continue to study the biochemical aspect of female, as well as male infertility as related to gamete membrane structure interactions.

Environment

What is the physiological response to temperature stress among lines of selected birds?

Using the naked-neck line of birds developed at Georgia, cooperative studies will be conducted with the North Carolina* station to determine the effect of temperature stress on production traits and physiological response.  Birds will be placed in controlled temperature environments of 21.1, 32.2 and 37.7( C. Data will be collected on mortality, body weight gain, feed efficiency and carcass traits. Physiological response will be measured by body temperature, total serum proteins, and mRNA expression of heat shock proteins.  Results will provide useful information to commercial breeders developing broiler strains more resistant to temperature stress.

Cooperative studies between the Pennsylvania and Louisiana Stations will be directed toward elucidating the type and magnitude of genetic variation that underlies stress responsiveness in quail.  A full diallele cross will be conducted using the LSU-HS and LSU-LS lines, as well as a population of randomly bred Japanese quail (also maintained at the Louisiana Station), as parental populations.  Preliminary work in this area has indicated strong maternal effects in the LSU-HS line.  The proposed studies will provide estimates of the average heterotic and percent heterosis and average line effects, as well as maternal effects and sex linkage of male and female progeny.

Experiments will be conducted at the Louisiana Station in conjunction with the Pennsylvania Station to identify DNA polymorphisms within the LSU stress lines that may serve as genetic markers of the stress responsiveness trait(s).  Markers established in the chicken genome will first be screened for use in the LSU quail stress lines.  Also, amplified fragments length polymorphism (AFLP) will be used to create a high-density map in the quail.  ALFP is relatively inexpensive, highly reproducible and allows codominant scoring of AFLP markers.  Linkage analysis will be used to identify likely genetic markers for the low and/or high stress traits.

Behavior

Does degree of libido or mating behavior impact on the reproductive efficiency of Japanese quail?
As described under the nutrition section of this objective, hatchability of eggs has been declining in the Ohio* Japanese quail lines HW, LW, HP, and LP relative to the R1 line (Nestor et al., 1996b).  Additional studies are planned with these lines to determine if mating behavior is responsible for reduced reproductive efficiency in the HW line.  Mating behavior of the HW vs. the R1 lines will be studied to determine if the problem might be sexual libido or a simple inability to mate. Concomitant studies will proceed at the Virginia station with the lead station determined from preliminary results

OBJECTIVE 3: To evaluate ontogenic factors associated with developmental stability.

Those factors influencing individual development of an organism (ontogenesis) and their relationship to the stability of the development is the third objective of this regional project. Three periods of ontogenesis will be studied, that during embryogenesis, early post hatching (0-7 days), and then during the rapid growth phase (0-42 days of age). Factors affecting adipose tissue formation during embryogenesis in commercial flocks will be studied at the Texas station.  Factors influencing yolk stalk metabolism in commercial stocks during the early post-hatching period will be studied at MS.  At AU and PA collagenase activity in TD lines and heart development in exponential growth lines will be studied.

Embryogenesis

Will changes in adipose tissue or yolk stalk development in commercial chickens affect subsequent growth rate?

Monoclonal antibodies developed against embryonic adipose tissue at the Texas station are being used to observe adipose tissue development in chickens. Both in vitro and in vivo experiments will determine which antibodies, and at what concentrations they affect proliferation and differentiation of adipocytes.  In vitro studies will evaluate the in ovo infusion of antibodies into eggs during embryonic development. In vivo studies will determine optimal dose and antibody combinations when administered at one day of age. Subsequent chick growth and development of adipose tissue will be measured.

A series of experiments at Mississippi State University* in cooperation with Virginia will define the relative importance of the yolk stalk at various times during post-hatch growth on yolk utilization by chicks, and the relationships between the utilization of various yolk components to embryo growth and body composition. Yolk uptake during the first week of posthatch life will be monitored through the use of India ink (histological observation) and radioactive Chromium51 labeled microspheres injected into the yolk sacs of chicks at 0 days of age.  Body, organ and fecal tissue samples will be monitored in order to determine the amount of material that has accumulated in each tissue each day during the first week of post-hatch life. The yolk stalk is known to have active involvement in yolk transport and absorption during neonatal development.  In an effort to understand and improve yolk utilization in chicks from young parental stock (26-30 weeks of age), experiments will utilize chromium51 labeled microspheres to quantitate the passage of yolk into the gut via the yolk stalk during the first 5 days of posthatch growth.  However, it is not known whether poor growth in embryos and chicks from young parents is primarily a result of poor nutrient availability in the yolk, or due to poor tissue development which drive or control nutrient utilization. Further experiments will delineate the mechanisms that influence nutrient utilization in these offspring by determining the influence of various growth factors.  It has been suggested that one of these agents, epidermal growth factor (EGF), may not only stimulate DNA synthesis and mitogenesis in adrenal tissue, but may target cells of the pituitary.  Furthermore, the hatching process, which is dependent upon pituitary stimulation, is vital to chick development posthatch. Trials will be conducted in which EGF injected into the air cell during embryogenesis. Yolk utilization, chick growth, and yolk passage will be monitored during the posthatch period.  Histological preparations of the intestine, yolk stalk, and yolk sac membrane will be collected at hatch (21 days) to determine possible increased mitogenesis.  At hatch, labeled microspheres will be injected into the yolk sacs of control and EGF treated chicks.  Daily through 5 days of age, relative weights and levels of radiation of various tissues and organs will be evaluated.  Determinations of the excretion and distribution of microspheres as affected by treatment and day of age will be performed.  The impacts of changes in various environmental factors during incubation and maternal diet on the embryo and its utilization of the yolk will, likewise, be assessed. Complementary studies on the transfer of maternal antibodies to embryos and chicks will be conducted at the Virginia* station.

Growth Phase

What specific physiological factors are affected by selection for maximum growth rate and leg conformation in selected strains of poultry?

Auburn University (Alabama) will conduct additional experiments to determine if derangements of collagenase activity contribute to tibial dyschondroplasia (TD) and subsequent growth rate of broilers.  Cartilage from the proximal tibiotarsal joints from high (HTD) and low (LTD) tibial dyschondroplasia broiler lines will be sampled at two-week intervals from 2 to 12 weeks of age. Collagenase activity in the cartilage of TD lesions will be measured using zymography. Enzyme activity will be expressed per unit protein in the cartilage extract.

Divergent selection for body weight in chickens at 14 and 42 days of age at the Pennsylvania station has shown that the allometry of heart development changes over time. At hatch and 14 days of age, the relationship between heart weight and body weight has a steeper mathematical slope than at 42 days of age. Birds selected for high body weight at 42 days of age have a significantly smaller heart size than birds selected for low body weight at the same age. It is hypothesized that this may be related to hypertrophy of cardiac muscle (right ventricle), and that the increased incidence of ascites among poultry may be due to a negative relationship between body weight and heart size.   Among the Pennsylvania growth lines, the 14L and 42H lines have been shown to be the most susceptible to temperature induced ascites, and these lines also have the highest growth rate between days 14 and 42 days of age.  However, analyses of frequency distributions of a calculated right ventricle index (right ventricle weight/expected right ventricle weight) suggest that there are both singular and polygenic factors affecting ascites susceptibility. Studies will continue to identify biochemical and genetic factors that influence the development of heart muscle in lines of chickens selected for accelerated growth rate. Certainly, information gained from this very valuable area of research will have application to the development of commercial broiler stocks.

PROJECTED OUTCOMES

Objective 1:

It is expected that the lines of poultry developed by the members of the S-233 group continue to be maintained for independent as well as cooperative research.  These lines, basically selected for growth, reproductive or fitness traits have direct application for needs in the commercial sector. Certainly the turkey shank width line developed at the Ohio station and the chicken phosphorus utilization lines being developed at Arkansas and Georgia are two such examples. Data obtained on the introgression and line crossing segments of this objective (Georgia, Virginia, Arkansas, Texas, Ohio) will give greater insight into the possibility of introducing genes widely divergent from the parent genome into commercial lines of birds.

Objective 2:

Data generated as a result of experiments under the second objective will provide valuable information as to the feasibility of using TOBEC methodology (Arkansas and Georgia) to monitor reproductive fitness, and changes in fat and muscle in breeder birds without having to sacrifice them for tissue analysis. It is expected that information generated from nutrient/nutrition studies (Arkansas and Auburn University) may lead to the development of better feed management programs for broiler breeders that due to excessive feed restriction practices, do not achieve optimal semen quality, egg production, egg fertility or hatchability expectations. Similarly, additional studies will establish the relationship between growth curve feed management and the incidence of tibial dyschondroplasia in broiler breeder males (Auburn University).  New data about ascorbic acid biosynthesis in commercial species of poultry, and those selected for antibody formation or resistance to heat stress may lead to revised guidelines on the use of this vitamin for stress management and optimal performance (Clemson University, Virginia, and Georgia).  Data generated at the Virginia station will show whether nutrient density and vitamin E contribute to performance differences in fast vs. slow growing genetic stocks.

While most stations are addressing the post hatch performance of the bird, results from data generated at the Mississippi station will quantify the role of the yolk stalk in yolk uptake, embryo growth and body composition prior to hatching.

Selection for maximum early growth rate (Ohio, Pennsylvania) seems to compromise heart development, and may compromise male fertility and late season livability. Data generated from planned experiments at Ohio and Pennsylvania will show the relationship between selection for early growth rate and ventricular hypertrophy, and “poult flipovers”. Additional studies at the Pennsylvania and Ohio stations will generate correlative data between selection for early growth rate and subsequent male infertility; whether this is due to decreased libido or inability to mate due to increased body size (Ohio), or whether there is decreased gamete membrane interaction during fertilization (Pennsylvania). Quail lines selected for high body weight and plasma yolk precursor experience higher mortality and an increased incidence of smooth muscle tumors Ohio). Data generated from experiments using these lines will show if adult mortality and tumor formation is due to suspected heart dysfunction and/or other physiological parameters such as altered very-low density lipoprotein yolk precursor.

Aside from lacking proper immune response to disease challenge, birds selected for low antibody formation have decreased levels of circulating steroidogenic hormones that seem to lower late season egg production (Tennessee).  Results of studies conducted during the next project revision will equate the response of ovarian cells to cytokine proteins and subsequent steroid production that will relate directly to the effect of immunological stress on reproductive performance in hens.  Data from heat resistant lines of birds (Naked neck, Georgia) will equate the physiological response of birds under heat stress as related to production characteristics, total serum proteins, and the mRNA expression of heat shock proteins (North Carolina).

Collaborative studies between Louisiana and Pennsylvania Stations will make estimates of the type and magnitude of genetic variation underlying fear and stress responsiveness in quail.  Data generated on DNA polymorphisms in the LSU-LS and LSU-HS quail lines at the Louisiana and Pennsylvania Stations may allow establishment of genetic markers for stress responsiveness in fowl.  Markers linked to the traits in quail will be screened in other poultry including chicken and turkey.  Marker development may allow introgression of low stress traits into commercial populations.  Eventually, we will seek to clone the genes involved in the stress responsiveness trait.

Objective 3:

Results from both in vitro and in vivo experiments at the Texas station will study the proliferation and differentiation of adipose tissue in chickens, as well as the feasibility of methods to retard or delay adipose development in commercial stocks of birds. The impact of environmental factors during incubation as affecting yolk uptake and subsequent early chick growth.

Results of additional experiments at Pennsylvania will show the relationship between selection for growth rate, and the incidence of ascites (Pennsylvania). Similarly at Auburn University, data from lines selected for increased tibial dyschondroplasia will show activity of collagenase degradative enzymes as a result of line selection.
ORGANIZATION 

The Technical Committee is composed of a representative from each contributing experiment station or agency, and a Representative of the USDA Cooperative State Research, Education and Extension Service (CSREES). This committee shall have the responsibility for overseeing the duties associated with the execution of the regional project. These duties shall include the review and acceptance of contributing projects, review and modification of the project outline, review of data generated under declared objectives, and preparation of an annual report to be forwarded to CSREES by the administrative adviser upon approval.

Committee business shall be conducted by an elected executive committee, and shall consist of an elected Chair and Vice-Chairpersons. The immediate past Chairperson, a Secretary, and the Administrative Adviser shall also be members of the executive committee.  Term for elected officers shall be two years. Every two years a new Vice Chairperson shall be elected, and will advance to chairperson after completion of his/her’s term. The Chairperson shall oversee the annual meeting of the Technical meeting, collate and distribute annual station reports to all committee members, and forward the minutes and annual report to the administrative advisor for submission to CSREES.  The Chairperson may also name subcommittees to prepare proposals or publications, develop manuals, or other tasks needed in execution of committee business.  The Vice-Chairperson shall serve on the executive committee and aid in conducting committee business. The Secretary will prepare minutes of the annual meeting, and an annual report which is to be a condensed version of all research results from the past year, and will forward these documents to the Committee Chairman for distribution.  The Chairperson shall act as liaison between this regional project and other related projects for the purpose of information sharing and to prevent duplication of effort between this project and others which may be similar.

It shall be the responsibility of individual committee members to prepare an annual report for their station. These reports are to be distributed to all committee members at the yearly meeting of the Technical committee.  Members not in attendance shall forward the annual report to the local host in time for distribution at the annual meeting.

Procedures as outlined in the Manual for Cooperative Regional Research (Revised 1992) shall be followed.
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Attachment 2, S-233 Regional Project (1998-2007)

GENETIC STOCKS
The following is a list of genetic stocks available for cooperative work between stations.

Table 1. Genetic Stocks Involved in S-233 Regional Project (1993-1998) 

     Station                              Line    

                    Trait of Selection 

I.CHICKENS



Arkansas



Jungle Fowl

Regressor

Progressor

       Ascites Resistant 

Ascites Susceptible
Gene Pool

Rous Sarcoma Regression

Rous Sarcoma Progression

Resistant to high altitude induced ascites

Susceptible to high altitude induced ascites

Auburn
HTD

LTD
High tibial dyschondroplasia susceptibility

Low tibial dyschondroplasia susceptibility

Clemson 
HL (Aflatoxin) 

LL (Aflatoxin)
High plasma protein

Low  plasma protein

Georgia-

University of Georgia

           
HP

LP

Na-HBW

Na-LBW
High phytate phosphorus utilization

Low phytate phosphorous utilization

Naked Neck-High Body Weight

Naked Neck-Low Body Weight

Pennsylvania 
14H




14L

42H

42L
High 14d EGR

Low 14d EGR

High 42d EGR

Low 42d EGR

Agri. Res. Service So. Reg. Lab. (ARS)1
AC

ARB




Dw
Athens-Canadian Randombred control

Randombred control

Dwarf
BW in AC background (relaxed)

Virginia
HW

LW

HWR

LWR

DwHW

DwLW

HA2
LA2



High 8-week BW

Low 8-week BW

Relaxed – HW line

Relaxed – LW line

Dwarf High 8-week BW 

Dwarf Low 8-week BW

High Antibody

Low Antibody

1 There is no current S-233 member from the Southern Regional Poultry 

   Laboratory, however genetic stocks are available for use by project participants 

2 Also sublines segregating at the MHC.
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II.
Station     

             Line               
        Trait of Selection 

TURKEYS



Ohio
RCB2

F

FL

E
Randombred control

BW (16 week)

Shank width (16-week)

Egg Production

Station     

             Line               
        Trait of Selection

QUAIL



Arkansas
H10

H17

H28

H40

HL

LH

Randombred
High 10d BW

High 17d BW

High 28d BW

High 40d BW

High BW gain (10-17d)-Low BW gain (17-28d)

Low BW gain (10-17d)-High BW gain (17-28d)

Randombred Control

Ohio
RBC1

HW

LW

HP

LP

HW-HP (subline)
Randombred Control

High 4-week BW 

Low 4-week BW 

High yolk precursor

Low yolk precursor

Males (HW) X Females (HP)

Agri. Res. Service So. Reg.  Lab. (ARS)
C

P

T

51 (H-SD)

54 (L-CD X L-SD)

AR

H-PCHOL

L-PCHOL
Randombred Control

High 4-week BW (28% CP)

High 4-week BW (20%CP + TU)

High 4-week BW

Low 4-week BW

Aflatoxin resistance (relaxed)

High plasma cholesterol (relaxed)

Low plasma cholesterol (relaxed)

Louisiana
LSU-HS

LSU-LS
High Stress Line (high plasma corticosterone)

Low Stress Line (low plasma corticosterone)
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RESOURCES:

Agency of Institution
Objective
Committed Annual Input


Participation



1
2
3
SY
PY
TY

University of Arkansas
X
X

.25

.25

Auburn University
X
X
X
.30

.40

Clemson University

X

.25
1.00
.25

University of Georgia
X
X





Louisiana State University
X
X

.10

.25

Mississippi State University

X
X
.10
.50
.25

North Carolina State University

X

.05
.30
.10

Ohio Agric. Research and Development Center
X
X

.50
.10
.40

Pennsylvania State University
X
X
X
.20
.20
.15

University of Tennessee

X

.20

1.00

Texas A & M University
X
X
X
.25
.50
.06

Virginia Polytechnic Institute and State University
X
X

.15
.10
.20









TOTALS



2.35
2.70
3.31
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