Minutes

NORTHEAST MULTISTATE ACTIVITIES
COMMITTEE MEETING

February 21, 2018
3:00pm-4:00pm EST, Teleconference

Chair, Fred Servello (UME)
In attendance: Brad Hillman (Rutgers), Gary Thompson (PSU), Pat Vittum
(UMASS), Dennis Calvin (PSU), Rick Rhodes (NERA), David Leibovitz
(NERA)

Action Items:
Request to Approve Peer Reviewed Project
1. NE_TEMP1834: Genetic Bases for Resistance and Immunity to Avian Diseases, 10/2018
—09/2023 [Renewal of NE1334, AA: Robert Taylor-WVU]
e Strong, large and long established group, integration of a large number of labs
e Poultry isn’t as prevalent in the Northeast and not many Northeast participants are
listed
e Project is similar but complementary to NC1170
o Suggestion for groups to swap attendees at annual meetings
e Not many Appendix E’s are assigned, the team anticipates more participants
e NERA will send another call for participants to submit Appendix E’s
e NERA will work with the project team to address comments in the peer
reviews
e Motion introduced to approve this project by Brad Hillman, seconded by
Dennis Calvin, approved unanimously

Administrative Adviser Assignment

Discussion:
e NERA will hold a best practices session “Suggestions for Administrative Advisers™ at
the 2018 Spring Meeting.
e Should AAs be expected to travel to annual meetings? Likely not; meeting
electronically with groups is appropriate.
e Multistate project team leadership becomes more important than disciplinary expertise.

1. NRSP 6: The US Potato Genebank: Acquisition, Classification, Preservation, Evaluation
and Distribution of Potato (Solanum) Germplasm, 10/2015-9/2020 [Replace Fred
Servello]

e Walter DeJong (NY) was asked to serve as AA after nomination by Jan Nyrop



e Last 8 years, participation has been low, both physical attendance and electronic
participation. The new AA will be expected to be involved actively with the
project team.

2. NE1602: Explorations in the Turfgrass Phytobiome: Understanding Microbial
Associations and Developing Tools for Management, 10/2016-9/2020 [Replace Pat
Vittum]

e UMass is seeking an in-house replacement AA for Pat Vittum, expected
appointment, September 2018. Appoint interim?

e Rick is working with Jody Jellison to determine a new appointee. Bill Miller
(UMass Assistant Director) has been suggested as an interim appointee.

Informational Items:
NRSPs
1. Three NRSPs are up for mid-term review including NRSP-4: Enabling Pesticide
Registrations for Specialty Crops and Minor Uses, NRSP-6: The US Potato Genebank:
Acquisition, Classification, Preservation, Evaluation and Distribution of Potato
(Solanum) Germplasm, and NRSP-9: National Animal Nutrition Program. The MAC
will evaluate the reviews and forward a recommendation to NERA. NERA, through its
Executive Director, will transmit comments and/or concerns to the NRSP AA’s and the
NRSP Review Committee.
e NRSP-4 and NRSP-6 reviews are almost done. We will have both of those, plus
NRSP-9 in hand by the spring meeting.

2. NRSP-8: National Animal Genome Research Program is up for renewal. The MAC will
evaluate the new proposal and forward a recommendation to NERA. NERA, through its
Executive Director, will transmit comments and/or concerns to the NRSP AA’s and the
NRSP Review Committee.

NERA Planning Grants
1. Rebooting the NERA Planning Grant: Framing a discussion for NERA Spring Meeting

e Per 12/20 NERA Zoom Mtg - NERA will hold an in-depth discussion at the
Spring Meeting, develop a new strategy with the full association, truly vet it, and
if approved, release an RFP. Potential focus area - “Emerging Problems in the
Northeast: Invasive Species/Pests.”

e A strawperson RFP was released. Will we adopt this strategy or go with
something different? Will this garner more applications? Is the topic
appropriate?

e We will hold the discussion at the Spring Meeting as planned.

Attachments
1. NE_TEMP1834: Proposal outline and three completed peer reviews



2018 NERA Planning Grant Opportunity: Request for Proposals
Emerging Problems-Invasive Species

The Northeastern Regional Association of State Agricultural Experiment Station Directors (NERA)
announces the 10t round of competitive planning grants.

Area of focus: We are seeking proposals that address emerging problems in the Northeast, especially
those related to invasive species, both animal and plant.

What NERA supports and funds: NERA supports travel costs and meeting expenses of groups of
scientists from state agricultural experiment stations, faculty from Land-grant universities, Extension
scientists and specialists to come together to network, organize and plan. NERA does not support
indirect cost return.

How much support is offered: Applicants may apply for a maximum of $7,000 of travel and/or
meeting support. NERA expects to make 3 awards. NERA Planning Grant proposal funds are
distributed as reimbursements or as invoiced expenses; teams do not receive a check for the grant
total.

Expected products of the planning grant: Examples of products that the planning grant supports
include (but are not limited to):

e Development of a regional action plan.

¢ Creation of a multistate research consortium (e.g., Multistate research projects).

¢ Submission of a competitive grant to agencies like USDA-NIFA, NSF, and NIH.

Proposal requirements: A proposal team must include scientists from a minimum of three
experiment stations or Land-Grant universities in the Northeast. The proposal should include:
e 2018 Planning Grants Cover Sheet (template attached to this RFP),
¢ Narrative (2-page limit, 12 pt font, 1” margins) that includes:
0 Objectives of the planning grant (what do you expect to accomplish?)
0 Justification for the funds
*  What's the emerging problem?
*  What are the important research questions associated with the problem?
*  Who are the stakeholders and what are their needs?
*  Will this funding enable leveraging of other funds and, if so, how?
*  What's the potential for this planning effort to secure competitive, external
funding?
0 Explanation of roles of team members and activities to be engaged in by team
members (what will team members do?)
0 Timetable for completion of the planning activities and preparation of an expected
product
0 Budget for planning activities (travel, meeting expenses, etc.) not to exceed $7,000
e CV of Team Leader - as an appendix (two-page maximum) demonstrating track record of
leading cross-disciplinary and/or multi-institutional collaborations

Proposal submission: Please submit planning grant proposals as a single pdf file by close of business on
MONTH DAY, YEAR, to David Leibovitz at david leibovitz@uri.edu. (There’s an underscore
between david and leibovitz.)



mailto:david_leibovitz@uri.edu

Proposal evaluation: The proposal will be evaluated by NERA based on the following:
® (lear objectives.
e Planning effort address an emerging problem and need in the region.
¢ Proposal identifies researchable questions.
e Justification demonstrates stakeholder need.
¢ Planning effort has potential to lead to leveraging other funds.
e Planning effort has the potential to lead to competitive, external funding.
e Proposal has substantial participation by researchers (minimum institutions = 3) with clear
roles.
¢ (learly defined planning activities.
* Realistic timetable.
® Team leader with demonstrated track record.
e Well-written and organized proposal that address the proposal requirements.

Questions: For questions on the RFP, prospective applicants should contact the NERA Executive
Director (Rick Rhodes; see http://www.nerasaes.org/). NERA also invites applicants to submit
proposals that address other important agricultural issues other than Emerging Issues: Invasive Pests.
If you are considering doing this, NERA strongly encourages the prospective applicant to first contact
Rick Rhodes to discuss the idea.

Small Print: NERA hopes that an outcome of a planning grant will be a proposal submitted to a
major funding agency. Grant recipients will be asked to provide a written report at the end of the
grant period and subsequent periodic reports on the resulting products from the grant funds.


http://www.nerasaes.org/

2018 NERA Planning Grants Cover Page

Project Title:

Team Leader Contact Information:

Name:

Address:

Phone:

E-mail:

Team Leader Signature: Date:

Station Director Signature: Date:

Team Members

Name Institution/Agency/Organization

(Attach an additional sheet if more space is needed.)



NE_temp1834: Genetic Bases for Resistance and Immunity to Avian Diseases

Status: Submitted As Final

Duration 10/01/2018 to 09/30/2023
Admin Advisors: [Robert Taylor]
NIFA Reps:

Statement of Issues and Justification

a) The Ongoing Need for this Work, as indicated by stakeholders

The US per capita poultry (chickens, turkeys) consumption equals the combined per capita consumption of both beef and pork.
The consumption of poultry worldwide has steadily increased since 1960. Given the high feed efficiency of poultry, this food
source represents one of the most economically- and environmentally-sustainable means to provide protein to the growing
human population. United Nations projects the 2050 world population to be 9.7 billion people up from the 7.3 billion people in
2015. Poultry breeders and producers seek to provide consumers with a wholesome product with higher production efficiency
and lower production cost to meet this ever-increasing demand.

Disease remains a major issue for the poultry industry. Economic losses due to morbidity, poor performance, and mortality are
significant with the added threat that some bacterial and viral zoonotic pathogens can cause human iliness or death. While
advances have been made in controlling many poultry pathogens, the impact of diseases is one major impediment for
sustained productivity. The total disease impact on poultry production not only includes losses due to mortality, decreased
meat and egg production, and condemnations at processing, but encompasses the increased costs in prevention (i.e.
vaccinations, biosecurity, and eradication programs for exotic diseases). Moreover, with a major focus on antibiotic free (ABF)
production, understanding and optimizing immune function has become of paramount importance to maintaining sustainable
levels of production.

This project aligns with the producers’ goal of the judicious antibiotic use in poultry meat and egg production, since healthier
birds will reduce the events in which these drugs are necessary. The use of pharmacological agents (e.g., antibiotics) to treat
disease poses its own challenges to animal production, the environment, as well as the wellbeing of poultry and the consumer.

Protection of poultry flocks against endemic and exotic diseases is a priority for meat and egg producers. The 2015 outbreak of
highly-pathogenic avian influenza (HPAI) in the U.S. (Washington, Wisconsin, Minnesota, and lowa) and subsequent smaller
outbreaks in Montana, Tennessee, Alabama, Kentucky and Georgia, remind us of the vulnerability of these systems. In
addition, consumer preferences are also driving commercial production systems to be more open (free range), elevating the
risk for exotic disease introduction. The U.S. Poultry and Egg Association defines 28 critical needs for controlling disease and
ensuring food safety in poultry. These needs include a focus on prevention of diseases, while decreasing the use of antibiotics,
pesticides and anti-parasitic drugs.

This project addresses the genetic bases of disease resistance and immunity in poultry, as well as mechanistic understanding
of innate and adaptive immune processes; issues having fundamental importance. Primary stakeholders (the most immediate
users of these data, reagents, and tools generated in this project) are poultry breeding, vaccine, and allied animal health
industries. Their frequent participation in the annual Technical Committee meetings, and their many collaborative research with
the members, clearly indicate the high value that stakeholders ascribe to this project.

b) The Essential Nature of this Project

This work is essential to advance disease prevention and control strategies that ensure a sustainable poultry industry with
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increased production for a growing world population. Genetic variability is inherent within populations of species and is a
product of natural selection. This project addresses the important issues of genetic bases of resistance and immunity to
diseases in poultry providing stakeholders with a better understanding of genetic variability within their stocks in order to
produce future populations with sustainable, desired traits. Disease resistance as a genetic trait is very multifaceted.
Sometimes one or a few genes, such as the major histocompatibility complex, affect disease responses. Other instances are
more complex with many contributory genes, making heritability low, and difficult to improve by traditional genetic selection
methods. Although there is a chicken genome sequence, much remains to be learned about loci that are naturally polymorphic
and about the functional outcomes of interactions among polymorphic loci that are increasingly under directed selection. We
will also be able to better understand immune responses to common poultry pathogens through this project. This information is
crucial in order to strategize novel preventative strategies, which in some cases can be cross protective. Disease is one of the
major limiting factors in large-scale and small-scale poultry production. Shifts toward managing birds in less-controlled
environments, and reduction of antibiotics use in animal production are exacerbating disease issues. Currently pathologies that
seemed to be controlled are recurring thereby disrupting commercial production. This project addresses the important issues
of environmental and physiologic factors that regulate or affect immune system development, optimal immune function and
disease resistance in poultry. If this work is not done, disease will increase, production efficiency will decrease, food safety will
be greatly compromised, and as a result export markets will be closed. This project also addresses the need for development
of methods, reagents and specialized genetic stocks to be able to assess, monitor and modulate immune system development,
patterning and function. In contrast to biomedical model species, such as mice, few of the reagents needed for poultry
research are commercially available. If immune development is not monitored, immune responses to vaccine and disease
organisms could deteriorate, thereby increasing morbidity and mortality. Understanding immune system development as
affected by genetic and environmental factors will find direct application in the breeding poultry stocks that have improved
health and effective responses to vaccination. These improvements will contain production costs.

c) The Technical Feasibility of This Project

The NE-1334 Technical Committee collectively possesses a spectrum of scientific expertise to execute the collaborative
research essential for the future of poultry production. Their a range of expertise encompasses many disciplines; including:
immunology, infectious diseases, genetics, genomics, virology, kinomics, poultry medicine, physiology, nutrition, biochemistry,
microbiology, and molecular biology. The work is technically feasible as it is rooted in methodologies that have been
demonstrated as successful when used in other species, most notably human medicine. In the past decade, next generation
sequencing, gene editing and many highly sophisticated methods have become now available to examine the expression and
interactions of genes important in disease resistance. The techniques can be readily applied in investigations of disease
especially in genetically defined experimental lines. The researchers work on the leading-edge of science, have demonstrated
their expertise with the requisite infrastructure to successfully complete the described work, if sufficient financial support is
made available.

d) Advantages for doing the work as a multistate effort (The Essential Collaborative Nature of this Project)

Conducting this work as a multistate project offers the advantage of pooling and sharing resources to address critical scientific
questions. The members of the NE-1334 committee are well-established scientists conducting research in a range of
disciplines to examine disease resistance at all levels. In addition, participants have unique skills or specialized resources such
as genetic stocks and poultry-specific reagents that are needed to conduct the work. The multistate effort is required for the
synergistic and collaborative conduct of research that is based upon the combination of biological materials (experimental lines
of birds, antibodies, cell lines, pathogen stocks), facilities, equipment and expertise from multiple stations. No single station
possesses all of these to address the major scientific issues for the project. Conducting this work as a multistate effort allows
for the greatest efficiency of resource use from 27 independent laboratories from 17 U.S. states [AL (1), AR (1), CA (6), DE (1),
GA (1), 1A (1), IN (1), MD (1), MI (USDA-ADOL, 1), MO (1), NC (2) , NY (1), OH (1), TX (1), VA (1), WI (1), WV (1)], and 2 other
countries [Canada (2, ON, PEI) and the Netherlands (2, NL)] in the current NE-1334 group of scientists - each addressing
complementary aspects of the problem. The truly essential, cooperative, multidisciplinary nature of the project is illustrated by
the many joint-authored publications among participating stations. Between 2015 and 2016, the NE-1334 project members
have produced 119 refereed publications and 145 abstracts many of which feature joint authorship among multiple stations.
The extensive expertise of the NE-1334 Technical Committee members and collaborators is also very clearly illustrated by the
members’ contributions to books such as Avian Immunology (published in 2013) co-edited by a NE-1334 member plus
authorship in 7 of the 22 chapters plus one of the two appendices. In addition, contributions of NE-1334 Technical Committee
members and collaborators have been recognized by the Poultry Science Association (PSA) and the American Association of
Avian Pathologists: PSA Early Achievement Award for Research, Hy-Line International Poultry Science Research Award,
Embrex Fundamental Science Award, Evonik Degussa Award for Achievement in Poultry Science, Novus International, Inc.
Teaching Award, two US Poultry Distinguished Poultry Industry career recognitions, Induction as Poultry Science Association
Fellow and Bayer Snoeyenbos New Investigator Award.



e) Outcomes and Impacts of this Project

Impacts are expected to include but not be limited to: a better understanding of polymorphic loci and the consequence of
selection on poultry health and production; new breeding strategies to produce more robust, disease resistant lines of poultry;
improved efficacy of vaccines and other pharmaceutical agents; new vaccine programs for controlling existing as well as
emerging diseases; a better comprehension of immune responses to specific antigens and a better fundamental understanding
of how the avian immune system functions. These impacts aid future scientists by facilitating prevention or control strategies
for current issues plus new problems that will arise. Improved disease resistance and enhanced prevention strategies will
boost production efficiency, animal health and hence welfare. Reduced antibiotic use and improved poultry product safety will
have favorable consumer reception. Much new knowledge in the basic and translational sciences, as well as, reagents and
tools generated by this project, will constitute valuable resources to the stakeholders.

Related, Current and Previous Work

The NE-1834 multistate research project scientists design, create, maintain, and study unique poultry genetic lines. Some
members carry out all of these functions and others a subset as an integral part of our research. These efforts have been our
contribution and our responsibility to achieve the project objectives of understanding the genetic bases for immunity to avian
diseases. Special genetic lines, established over the last 80 years, are at risk at many research stations. If lost, these unique
avian genetic resources (e.g., congenic, recombinant, and inbred lines) are unlikely to be recreated. Since member scientists
share these genetic resources in collaborative research, their elimination will impact the project, collaborators and the avian
research community at large. The Technical Committee recognizes the imperative to conserve the resources currently
available. Several Technical Committee members served on the Avian Genetic Resources Task Force and are now part of the
National Animal Germplasm Program, Poultry Committee. The members are committed to the establishment of a national
system of networked researchers and a site for orphaned stock conservation to support our objectives of understanding and
improving resistance to diseases in poultry. Innovative technologies such as candidate gene identification, applications of
recombinant DNA, monoclonal antibodies, DNA probes, QTL analysis, global and targeted transcriptome analysis, gene
sequencing and other novel molecular approaches have been effectively used to identify and characterize many facets of
disease resistance or immune function. These techniques expand upon the pioneering work conducted by NE-1834 members
throughout the project history. Project results continue to be important and readily applicable in both research and industry.
Commercial poultry breeders lead other animal breeders in terms of improvement of a variety of economic traits, including
genetic resistance to disease. Further research on new methods to select for disease resistance in poultry must, and will,
continue in the proposed renewal project for NE-1834. Recent scientific advances in understanding the immune system and
enhanced knowledge about poultry pathogens promise imminent and significant improvements in poultry health, production
efficiency, food safety and animal wellbeing through genetic selection. Extensive publication searches indexed in the
comprehensive databases (Agricola, Biosis, CAB, CRIS, Health Index, and Medline) for the last five year period revealed
substantial scientific contributions that NE-1834 members have made in genetics of disease resistance and immune response
in poultry. A significant number of the current Technical Committee members are also part of the NC- 1170 multi-state project
on advanced technologies for the genetic improvement of poultry. Through interactions with NC-1170, which focuses their
research efforts more on genomics and system biology of poultry and elucidation of genetic mechanism that underlie economic
traits, duplication can be avoided. The two groups overlap in the creation and sharing of poultry research populations and
research tools, including gene transfer technologies, hence maximizing resources. Compared to other multi-state projects that
focus on specific diseases [NC-1202; Enteric diseases of food animals; enhanced prevention, control and food safety] or
animal welfare beyond animal health [NE-1042; Optimizing poultry welfare], the uniqueness of the NE-1834 group lies in
examining genetic bases of resistance to diseases in avian species in the context of all levels of immune system development
and function. Working relationships, either formal or informal, exist between NE-1834 stations and the international
laboratories conducting similar research. This, too, assures coordination of efforts and avoidance of unnecessary research
duplication. Most of the members also participate in meetings of the Avian Immunology Research Group which is an
international conference that brings together researchers in avian immunology from all over the world to share advances in this
field, build collaborations and avoid duplicate efforts. Participation of international contributors to NE-1834 from institutions in
Canada (UA, PEI) and the Netherlands (NL) demonstrates the stature of the project. To highlight accomplishments achieved
by the NE-1834 investigators during the past 4 years of this project, a summary of major contributions under each Objective
and the need for continuation are presented below.

Objective 1.



Efforts by CA-D, CA-COH, NL yielded a more extensive description of the organization and sequences of the B- and Y-MHC
regions and MHC-B and MHC-Y haplotypes (CA-D, CA-COH, NL). Within this effort, the correct order of MHC genes on gga-16
was further defined revealing the presence of a here-to-fore unknown gene segment within the MHC. The nucleolus organizer
region (NOR) was found to be tightly linked to the MHC-Y and separated from the telomeric MHC-B by a GC-rich region.
Hence, the lack of linkage between the MHC-Y and -B is not the result of being separated by the NOR. This work debunked
the untested hypothesis of the NOR being responsible for the lack of linkage of Y from B and opened up an entirely new
avenue of research to explore the content of the GC-rich region, which likely includes repeat elements and other genes having
important physiologic function relevant to the immune response and resistance or susceptibility to disease. Extensive
sequence data for 14 MHC-B haplotypes, as well as, detailed definitions of the binding motifs for two MHC-B class | (BF)
antigen-presentation molecules and candidate viral peptides, opened new venue for the study of target cell recognition by Tc.
This research also led to the discovery that only few of the MHC-YF class | proteins are expressed in chickens and that at least
one of these may represent a new type of antigen presentation molecule with a hydrophobic binding groove able to present
non-peptide molecules. Molecular definition of MHC haplotypes was extended beyond the use of the LEI0258 microsatellite
marker based on finding micro-variation in the BF1 or BLb2 gene exons. For reliable molecular rather than serological MHC-
typing, further characterization of gene exon variation is required in addition to the molecular MHC typing using the LEI0258
microsatellite marker. AR, CA-D, CA-COH, CA-WU, DK, IA, ON, and VA investigators studied the sequences, expression and
function of the products of other genes playing a role in immune function. Molecular characterization of chicken natural killer
(NK) cells, heterophils and macrophages, as well as, cloning and characterization of avian cytokines and receptors (e.g. IL-19,
IL-22, IL22BP, MIF, Nod1/2, TLRs, scavenger receptors) greatly increased our understanding of genes and their products
involved in avian immune system development and function. The effort initiated and led by VA to sequence, annotate and
analyze the turkey genome and immune related genes provides the much needed basic knowledge and tools for the study of
disease resistance and immunity in turkeys. Further, part of the mannose-binding-lectin (MBL) promoter was cloned and
sequenced to identify polymorphism in two inbred and various commercial and experimental lines. In total, 14 SNPs were
identified which resulted in identification of six different promoter alleles. The allele A1 was found to be associated with low
MBL in serum and it was found in inbred lines as well as in commercial lines. The phenotypic consequences of MHC-
haplotypes in terms of immune system function and disease resistance were examined through live-bird challenges,
quantitative trait locus mapping, single nucleotide polymorphisms (SNP) analyses, establishment of linkage maps based on
microsatellite markers and SNPs, global microarray and qPCR assessment of gene expression (CA-D, CA-WU, DK, IA, USDA-
ADOL, NH). Using these approaches, many genes, genomic regions and signaling pathways associated with the host
response to infection with pathogens such as E. coli, Salmonella, and Campylobacter in the chicken have been identified
providing important direction for further study into these economically important bacterial infections. Similarly, microRNAs and
signaling pathways related to avian influenza virus infection in chickens have been identified using high-throughput technology
including microarray and next-generation sequencing. Other major contributions to our understanding of viral infections in
poultry include NH’s observation that Marek’s disease incidence was affected by a single locus BG1 3’-untranslated region
difference identified in congenic lines 003.R2 and 003.R4 with serologically identical MHC recombinant haplotypes. DK
established that different MHC haplotypes were associated with different amounts of antibodies to infectious bursal disease
virus (IBDV) and lower disease severity after experimental infection of chickens. A similar association of MHC-haplotype with
antibody levels and pathology was also found in Newcastle disease virus (NDV) infected chickens and for parasite egg burden
after a challenge with Ascaridia galli. Greater resistance to clinical illness and better viral clearance in infectious bronchitis virus
(IBV) infected chicks with the B2/B2 compared to the B19/B19 MHC-haplotype were also reported by CA-WU and
collaborators. These studies offer new opportunity for characterization of genetic regulation of resistance and immunity to
pathogens in poultry.

Objective 2.

The group has also made significant accomplishments regarding basic characterization of innate and adaptive immune
functions and examination of the influence of genetic, environmental, nutritional and physiological factors on these processes.
For these studies, availability of genetic lines with optimal and suboptimal immune responses to an experimental antigen has
been very helpful. Lines selected for high or low antibody responses to SRBC were shown by NH to exhibit differential bursal
gene-expression profiles revealing biomarkers unique for high and low SRBC-Ab responders as early as day 15 of incubation.
Embryonic testosterone propionate exposure, which results in bursal ablation, influenced distinct pathways in birds from the
high and low SRBC-Ab responder lines. USDA-ADOL compared MDV-susceptible (7-2) and resistant (6-3) lines based on
expression analysis with a panel of immune-related genes revealing a much more vigorous, especially T cell-mediated,
immune response in line 6-3 than line 7-2. Additionally, transient paralysis could be observed in both lines with high
pathogenic strains of MDV. Using MHC-defined lines of chickens, known to respond differently to infection with pathogens or to
have different innate immune activity to PAMPs or other immunostimulants, several members (CA-COH, CA-WU, CA-D) were
able to better define the nature of an effective or ineffective immune response. CACOH and CA-WU in collaboration with
others have helped to elucidate mechanisms underlying the activation of natural killer cells, T lymphocyte responses and
macrophages. Evaluation of chicken monocytes as a factor in disease resistance showed that B2/B2 monocytes differentiated
more readily into macrophages, were stimulated to significantly greater levels with either poly 1:C or IFNgamma, and exhibited



differential upregulation of at least 9 pathways compared to B19 stimulated macrophages. Genetic lines prone to non-
communicable diseases with immune system involvement (e.g. autoimmune disease, ascites, skin disorders, lameness, etc.)
were used by AR, USDA-ADOL and NH for comparison of aberrant versus normal immune activities. AR identified IL-21, IL-10
and IFNgamma as the signature cytokine profile associated with autoimmune vitiligo onset and progression in susceptible
Smyth Line (SL) chickens. Global gene-expression analysis of the target tissue (feather) before and throughout SL vitiligo
development established a role of innate and adaptive immunity, as well as, cellular stress. Independent of serotype, MDV
infection administered at hatch was reliably associated with vitiligo expression in susceptible SL chicks. Based on HVT
administration, the ability of MDYV to trigger SL vitiligo is limited to infection during the first 6 weeks of life. Susceptibility to
autoimmune SL vitiligo appears to be manifested in part in target cell (melanocyte) defects. Studies by NH using an
atherosclerosis model also reports differentiallyexpressed genes and soluble proteins found in aortic smooth muscle cells in
atherosclerosissusceptible White Carneau and atherosclerosis-resistant Show Racer pigeons. Immune activity and pathogenic
mechanisms initiated as a result of PAMP administration, viral, bacterial, or parasitic infections were also investigated in
selected lines of chickens, commercial layers, broilers and turkeys by members and collaborators of NE-1034 (AR, CA, DE,
DK, NC, NL, NY, ON, PEI and VA). These studies yielded critical new knowledge regarding impact of physiological factors on
aspects of disease susceptibility, disease progression, activities and interrelationships of innate and adaptive immune systems,
virulence of pathogens, immunodominant epitopes, nature of effective or ineffective host responses and approaches for
disease intervention and prevention. An eight year longitudinal survey of SPF flocks at NY infected with immunosuppressive
chicken infectious anemia virus (CIAV) showed that antibody development to CIAV started in general on or after sexual
maturity with significant differences in levels of seroconversion during this period. These findings suggest that the infection
may remain latent and that reactivation is linked in part to sexual maturity. Studies on avian influenza (Al) by NY using the
highly pathogenic H5N1 (VN1203/04) isolate showed that thrombocytes play an important role in the pathogenesis in chickens
but not in ducks. ON conducted extensive study on gene-expression profiles during infection with different serotypes of Marek’s
disease viruses in a variety of tissues known to play a key role in infection, latency and transmission of these MDV. DE studied
the effects of innate immune stimulants on the replication of MDV vaccine strains and overall vaccine efficacy. Inclusion of
some select innate inducers (e.g. PAMPs) did not interfere with vaccine virus replication, despite potent induction of innate
responses but did not have appreciable effects on cell-mediated immune function and MD protection. Gene expression
profiling by USDA-ADOL between rMd5 and rMd5Dmeq infected chickens revealed that Meq functions as an
immunosuppressive oncogene that results in down-regulation of many immunerelated genes and may be controlling the
expression levels of p53 involved in regulating the cell cycle and tumor development. NC worked to characterize numerous
circulating strains of the type- 2 turkey astrovirus isolated from commercial turkeys across the U.S. to identify potential
virulence markers. In the infected host, astroviruses induced a reduction in the apical expression of sodium/hydrogen
exchanger-3 which contributes to mal-absorption and diarrhea. The infected epithelial cells responded to infection by
expressing inducible nitric oxide synthase (iNOS), which likely plays a key role in eliminating the virus in the immunologically
immature host. VA assessed the differential genetic resistance to clostridial toxins in select chicken lines and conducted serum
protein profiling and identification of potential blood markers in Eimeria-infected chickens from commercial genetic stocks.
Influence of environmental factors on mucosal and systemic immunity has been a focus of research by AR, NC, NL, ON, and
VA. AR and collaborators observed different vasoactive and cytokine responses to local pulmonary inflammatory activities
induced by PAMPs or vascular occlusion in ascites-susceptible or -resistant broiler lines. ON developed a probiotic formulation
that possesses immune stimulatory activities, which they plan to test in commercial settings in the near future. VA is evaluating
the effects of antibiotic alternatives in commercial chickens (e.g. betaglucans, probiotics) using various delivery routes and
disease models. Immunomodulatory effects of concurrent administration of model-antigens and PAMPs typically present in the
air of poultry houses were observed by NL particularly in young broiler and layer chickens. Adaptive systemic immune
responses were also shown to be affected by the absence of microflora in the gut following antibiotic treatment as well as by
administration of probiotics. Through these studies, the period of 3-6 weeks of age was identified as a critical time in the
development of mucosal immunity. Investigations into the role of nutrition in the immune responses of poultry by CA-D
established that nutrients that have primarily regulatory functions (vitamins A and D, and essential fatty acids) had greater
effects on development of the immune system than nutrients that serve as anabolic precursors (amino acids, energy,
minerals). Vitamin A deficiency during development diminished B lymphocyte maturation and the breadth of the antibody
repertoire. The entire cost of the adaptive immune response (specific antibodies and lymphocytes) was easily fueled by the
decay of the acute phase proteins produced during the innate response, suggesting that adaptive immunity has no net
nutritional cost. NC demonstrated that changes in the intestinal microflora of poultry alter the amount of energy consumed by
the immune response. PEI characterized local and systemic innate immunity in poultry during nutritional intervention using
yeast derivate carbohydrates (YDC). In several comparative studies using broiler chickens fed conventional diets including an
anticoccidial (Monensin), a growth promoter (BMD), and an anticoccidial plus YDC they found that the inclusion of YDC (23%
mannans) affected several immunological parameters, including regulation of intestinal microflora, intestinal architecture,
cytokine expression and enhanced neutrophil activity. DK conducted studies to characterize and examine the function of
mannose-binding-lectin (MBL, innate immunity) in susceptibility of poultry to different pathogens. Using chickens selectively
bred for a high or a low serum concentration of MBL, low circulating levels of MBL were associated with reduced ability of
poultry to respond to pathogens such as IBV, E. coli, Pasteurella muliocida, and Ascaridia galli. These results confirm that
MBL, as shown in mammals, plays a major role in the outcome of various infections in chickens and may emerge as a
biomarker for disease susceptibility. Similarly, investigations into natural antibodies (NAb) and health in poultry by NL showed
that high levels of NAb, especially of the IgM isotype, correlate with lower mortality during a lay period. NAb levels were found



to be very heritable (0.4), related to SNP in immune response-, behavioral-, and unknown-gene regions. Whether NAb
originate from introduction of the intestinal microbiota or reflect homeostatic auto-antibodies is subject of future studies. Their
studies also showed that NAb binding to protein extracts from chicken organs may provide a fingerprint for measuring the
health status of individuals.

Objective 3.

Efforts by the group resulted in development of a variety of tools and basic data for continued research on the genetic bases of
resistance and immunity to avian diseases. A number of stations (AR, CA, DK, IA, NC, NL, USDA-ADOL) developed,
maintained, characterized, and made available unique genetic resources to the NE-1034 members and the entirety of the
poultry research community. These included genetic lines that are highly inbred and contain MHC-congenic sets, are MHC-
defined, and/or exhibit defined disease susceptibility/resistance characteristics. DK breeds of chicken were found to have five
B21-like haplotypes including B131 (broiler origin) and BW1 (Red Jungle Fowl, Gallus gallus gallus origin). AL generated a
better understanding of the mucosal immune system in chickens induced by IBV vaccines or Ad5 vaccine vectors expressing
the avian influenza HA gene. AL found the head associated lymphoid system, i.e., conjunctiva-associated lymphoid tissues
(CALT) and Harderian glands (HDGL), to generate immunity to avian pathogens after ocular or in ovo immunization. CALT
generated more of a cell-mediated immune response and after priming seemed to contain cytotoxic effector memory T cells,
while the HDGL generated more of a B cell response. The spleen played a minor role after mucosal IBV priming, but generated
the highest IFN-gamma response after boosting, indicating induction of a central memory T cell response. IgA dominated the
primary response, while IgG dominated the memory response to IBV. Advances made by the group to facilitate the study of
immunity include development of chicken whole genome 44K gene expression array (CA-D) that has been widely used in the
poultry community; increased availability of genetic information to conduct targeted gPCR expression analyses of cytokine and
other genes; and, B-cell spectratyping including IgA, IgG and IgM isotypes. Western blotting was optimized to measure post
translational polymorphism of NAb and auto-antibody fingerprints. A minimally invasive procedure to monitor cellular immune
responses in vivo using the growing feather as an in vivo test-tube was developed by AR. Based on analyses of antibody
responses using a peptide array, AL reported that mutations in the S1 protein of IBV contributed to immune escape. VA
identified innate immune markers correlating with disease resistance to coccidiosis. NC developed reagents for use in the
study of turkey immunity, including polyclonal antibodies to the turkey iINOS protein. NY developed an antigen-antibody
complex vaccine that does not cause damage in chickens lacking maternal antibodies to CIAV and protected against
replication of a challenge virus. Over the last four years, DE’s research on the evolving MDV resulted in identification and
development of various MDV mutants for research. Included are mutations in the main oncogene (Meq) of MDV, Meq splice
variants observed during MDV pathogenesis, and a glycoprotein L mutation common to high virulence MDVs. Studies with
these MDV mutations focused on their effects on transactivation, target gene expression, cell shape and mobility, immune
evasion and pathogenesis and the immune response. Use of these mutated MDV viruses has already provided insight into the
impact of viral genes on tumor composition, mechanisms by which MDV regulates immuneassociated genes, virulence, viral T
cell epitopes presented, and effects on the early patterning of immune responses. While transgenic approaches to study the
function of genes is not yet readily available for avian species, virus vectors approaches have been employed by members of
the group. ON developed a prototype virus-vectored system for down-regulation the expression of IFN-gamma, a system that
can be modified for down-regulation the expression of other cytokines in the future. WI has created a generation 3 self-
inactivating lentiviral expression vectors for in ovo administration in preparation for expression of the Mx transcript from the
highly pathogenic Al virus resistant Blue-winged Teal in chickens under control of an inducible promoter.

Objectives

1. 1. To determine how allelic variation influences the efficacy of innate and acquired immune functions.

2. 2. To identify factors and agents affecting poultry immune development, function, dysfunction, and pathology.

3. 3. To develop and employ genetic stocks, methods, reagents, and other tools to assess basic immune function, characterize immune evolutionary processes,
guide genetic selection, and increase resistance to or protection against avian diseases.

Methods

Over the past 30-40 years, the field of immunology and immunogenetics continuously has seen extensive advances,
particularly with regard to immune system function and development in mammals. The increased understanding of immune
system development and function stems primarily from studies on the mouse model, where manipulation of gene-expression
seems to have unlimited potential in dissecting mechanisms of cell development and function. With the availability of the
chicken genome sequence since 2004, holistic approaches such as genome-wide sequencing and whole transcriptome and
proteome analyses have been carried out providing new insights into unique features of the avian immune system, disease
resistance and susceptibility as well as the mechanistic aspects of immune system development and function in chickens. As
additional avian resources are becoming available particularly through contributions of member stations, such as the recently
published turkey genome and much improved chicken genome, poultry scientists are well positioned for further discoveries
pertaining to avian immunity and their inherent responses to disease challenges. Since the complexity of the immune system’s



molecular and cellular components, genetic regulation underlying the functional responses of the immune system, and the
interplay between genetic, immune system, environmental, physiological and nutritional factors have become apparent, such
discoveries will significantly better our knowledge in this arena and further enhance the U.S. global competitiveness.

1. To determine how allelic variation influences the efficacy of innate and acquired immune functions.

Variation in DNA sequence can directly impact immune function, can modulate expression of genes that impact immune
functions, and can serve as markers for other causative variants with which they are in linkage disequilibrium. This project will
apply genetic, genomic and immunological approaches to assess the impact of allelic variation on response to specific
pathogens or other immune stimuli. Several stations will focus on the major histocompatibility complex (MHC) region. BRI will
investigate the role of MHC-Y haplotypic variation and, when possible, individual loci variation on immune responses in
chickens. WVC will keep investigating the underlying genetic mechanisms of differences in innate immune functions,
particularly macrophages, of B2 and B19 haplotypes. WVC will further analyze if epigenetic modifications/variations are
responsible for gene dysregulation in B19 haplotypes after stimulation of macrophages with IFN g. UA will expand its studies
on analysis of the many alleles of the MHC class Il region of mallard ducks by moving to high throughput approaches with
additional animals. CA will study the bases of resistance to respiratory diseases, specifically infectious bronchitis virus (IBV),
using MHC congenic lines. In addition to in vivo challenges, CA will perform in vitro challenges to investigate the specifics of
the immune response without background noise. CA will assess and compare cell activity in tracheal cultures and
macrophages derived from relatively resistant and susceptible congenic chicken lines. In CA and IA, genetic variants in diverse
chicken populations that differ in immune response to viral infection will be identified using next generation sequencing and
high density SNP genotyping, and associations between genetic variants and immune-related parameters such as viral load,
antibody response, and others will be analyzed. IA will investigate the genetic basis of response to avian pathogenic E. coli
(APEC), including the impact of allelic variation and allele-specific expression, and association of genetic pathways identified
by RNA-seq with immune phenotypes. To identify candidate genes and gene regulatory networks for resistance to herpesvirus
infection, MD will analyze transcriptomic data in immune cells from infected and non-infected individuals of two reciprocal
crosses. WV will use sequence and SNP analyses to identify and characterize alloantigen system genes whose products are
detected by antibodies. NL will focus their efforts on looking into the associations of SNP’s with natural antibodies of isotypes
IgM and IgG. These associations will be assessed binding KLH and auto-antigens in laying hens.

2. Objective 2. To identify factors and agents affecting poultry immune development, function, dysfunction, and pathology.

There are numerous genetic, environmental, nutritional, physiological, management, and microbial factors that stimulate,
regulate, and shape the immune response of poultry. The members of NE-1334 have been at the forefront of research to
understand basic mechanisms and unique features of the the avian immune response, to develop novel and effective means to
promote poultry health and production. Over the past 4 years the members of NE-1334 have produced over 250 peer
reviewed publications, and awarded approximately 15 competitive NIFA grants worth over $6 million. The majority of these
efforts are related to our understanding of factors and agents affecting poultry immune development, function, dysfunction, and
pathology, and represent some of the most influential studies related to avian immunity over the past 5 years. As this highly
successful project continues, the members of NE1834 will continue to use a variety of poultry systems, immunomudulatory
approaches, and pathogens to expand our understanding of the avian immune response. AR will determine immunopathology,
immune system dysregulation, and the role of environmental factors in multifactorial, non-communicable diseases such as
fibrosis/scleroderma, vitiligo, thyroiditis and other (auto-) inflammatory diseases. AR will determine basic innate-and adaptive
immune system mechanisms in poultry and immunomodulatory effects of nutrients on immune system development and
function. Methods will include a range from whole animal studies to histological, cellular and molecular examinations, including
gene-expression at the transcriptome and protein level. CA will investigate the effects of viral respiratory infection, specifically
IBV, on the upper respiratory microbiome. CA will examine the difference in immune function and development in genetically
distinct chicken lines using RNA-seq and flow cytometry. Additionally, the molecular mechanism of disease resistance will be
further investigated using CRSPR-cas9. DE will continue working with Industrial partners to test innate immune inducers that
increase the resistance of poultry to various microbial agents. DE will use transcriptomic analysis of the effects of these
inducers on innate signaling and ultimate patterning of acquired immune responses. DE will also employ a kinomic approach to
study poultry health and disease from an immunometabolism perspective. This approach broadens our view of health,



metabolism, disease pathogenesis and potential intervention strategies, and identify metabolic intermediates or immune
modulatory compounds to be used therapeutically. GA will study the development of T-regulatory cells and the contribution of
T-regulatory cells to Salmonella persistence, with ultimate goal of developing a nanoparticle based vaccine against
Salmonella. MD will generate deep sequencing libraries from avian immune cells in order to identify epigenetic markers,
patterns of alternative splicing, and noncoding RNA such as microRNA and long intergenic noncoding RNA (lincRNA). Most
importantly, MD will ascertain the factors affecting avian immune development such as enhancer, repressor, insulator and
transcription binding sites (TFs) and explore their influences on chromatin and the association with immune function,
dysfunction and pathology. NC will investigate the interaction between the host’s intestinal microbiome and
development/function of the avian immune system. As a part of these investigations, NC will focus on how differences in host
genetics affect this process, identifying key members of the microbiome, their metabolites, and ultimately their role in helping
the bird resist colonization and infection by avian pathogens and foodborne pathogens that reside in poultry. NL will use
homozygous SNP-typed TLR1A variant chickens, challenged with various types of infectious agents to understand its role in
immunity and the production of natural (auto-) antibodies. Additionally, NL will investigate transgenerational epigenesis of
specific immunity and innate immunity. OH use in ovo inoculation of d18 embryos with various types of bacteria to investigate
the impact of different pioneer bacteria on GIT immune system development. As part of this work the microbiome and
proteome will be analyzed up to 10 days of age, leading to deeper insights into which types of bacteria promote appropriate
immune development and improved sustainability. PEI will focus on the nutritional immunological factors regulating immune
responses, animal health, and food safety, with the ultimate goal to advance our understanding of the nutritional,
microbiological; and molecular components affect the chicken immune response. VA will focus on the impact of in ovo and in
vivo delivered supplements on the gut microbiota and development of the immune system in poultry (chickens and turkeys).
VA will assess how these treatments affect gut physiology (tight junction disassembly/restructure), the impact on cellular and
body metabolism, feed intake and performance, and gut immune responses. As part of these studies VA will examine these
effects under specific challenges such as; necrotic enteritis, coccidiosis, APEC, salmonellosis, in addition to blackhead and
cellulitis in turkeys. WU will analyze epigenetic modifications during macrophage development and investigate what influence
immune stimulants (liposomal vaccines, adjuvants and others) have on training of macrophages and other immune responses
in different B haplotypes.

3. To develop and employ genetic stocks, methods, reagents, and other tools to assess basic immune function, characterize immune evolutionary processes, guide
genetic selection, and increase resistance to or protection against avian diseases.

When paired with techniques such as next generation sequencing, SNP analysis, and gPCR, highly inbred chicken and turkey
lines, sets of MHC-congenic lines, random breed lines and lines with distinct phenotypes allow the detection and selection of
functional genetic elements that are related to immune function. To the extent that facilities and research budgets allow, (1A)
will maintain, study and share with collaborators, several unique genetic stocks of chickens for research on the genetic basis of
immune response and response to pathogens. The stocks include highly inbred lines, sets of MHC-congenic lines, and
advanced intercrosses of lines with distinct phenotypes. (UCD) Regulatory elements such as enhancer, insulator, promoter in
chicken genome will be functionally annotated and functional elements related to immune function will be identified. Genetic
variants associated with disease resistance to virus infection will be used to genetically enhance broad immunity and
resistance to specific pathogens in poultry. (BRI) MHC-Y was originally identified through polymorphic restriction fragments
revealed in Southern hybridization. Until recently Southern hybridizations were the only means for revealing MHC-Y
genotypes. BRI has developed simpler PCR-based methods for distinguishing MHC-Y haplotypes. These simpler methods
make it easier to MHC-Y type large numbers of birds. BRI will continue to improve these methods and make them available
for those wishing to define the MHC- Y haplotypes within genetic stocks and for use in defining the role of MHCY in genetic
resistance to disease. (NCSU) To further the long-term goal of understanding how the genetic makeup of poultry determine it
response to parasitic infections such as Histomonas meleagridis, experiments will be performed to identify SNPs associated
with turkeys that can and cannot survive infection with a virulent strain of H. meleagridis. (WUR) Chickens will be selected and
bred such that homozygous genotypes will be obtained for a TLR1A variant on chromosome 4 using SNP-typing in
combination with high natural antibody (Nab) levels to KLH (CC variant) and low NADb levels to KLH (GG variant). (ARK) To aid
in research related to cellular and humoral immunity, genetic lines that spontaneously develop autoimmune diseases will be
maintained and shared with project collaborators and techniques will be developed to monitor responses to antigen in blood
and tissues. (WV) Congenic lines 003.R2 and 003.R4 will be maintained for use by project collaborators. Line 003.R4 differ
from 003.R2 by a 225 bp insert in the BG-1 gene3’ UTR resulting in variation in immune responses to various diseases.
(USDA) Experiments will be performed to develop assays to assess epigenetic modifications in a commercial or inbred chicken
line, followed by analyzing the genetic variations associated with differential immune responses in B2 and B19 haplotypes.



These assays will include ChiP seq, ATAC seq, PLAC seq and others. The genomic data will be made available to the poultry
community at large as a resource for further research. (USDA, NCSU, WV) To study Salmonella colonization in broilers, two
immunologically divergent lines of broilers based on selecting for a high and low phenotype of key innate immune markers in
both sires and dams will be generated. Additionally, the role of the gut microbiome and intestinal mucosal response (secretory
IgA [slgA]) will be examined in the founder and the selected High and Low lines to determine the interplay between host
genetics, the gut microbiome and local immune response, selection pressures, and S. Enteritidis colonization. (UA) To assess
immune function in chicken cells, they will make an interferon reporter construct, mCherry-tagged IRF1 and IRF7 constructs,
and many cloned genes and will also develop qRT-PCR primers for many chicken immune genes including IFN-beta, Mx,
OASL. (VT) To continue improving the turkey transcriptome by further sequencing of additional tissue RNAs, The data will help
in refining the global turkey transcriptome during early development, updating tissue-specific and overall annotations of both
transcriptome and genome, and providing public tools for comparative analyses in poultry and other avian species. (UMD) By
integrating different “OMICS” data, advanced methods on host-virus interaction with small number of chicken immune cells will
be developed. In addition, methods on immune response modeling analysis will be established and share with project
collaborators.

ACRONYMS

AR = Arkansas

CA, UCD = Univ of California-Davis

DE = Univ of Delaware

GA = Univ of Georgia

IA = lowa State

BRI = Beckman Research Institute, City of Hope

MD, UMD = Univ of Maryland

NC, NCSU = North Carolina State Univ

NL = Wageningen Univ

OH = Ohio State Univ

PEI = Prince Edward Island Univ

UA = University of Alberta

USDA = United States Department of Agriculture

VA, VT = Virginia Tech

WUR, NL = Wageningen University and Research Centre

WU = University of Washington

WV = West Virginia University



WU, WVC = Western University of Health Sciences

Measurement of Progress and Results
Outputs

e Assess the impact of allelic variation on response to specific pathogens or other immune stimuli Comments: This project will apply genetic, genomic and
immunological approaches to assess the impact of allelic variation on response to specific pathogens or other immune stimuli.

e Understand basic mechanisms and unique features of the avian immune response, to develop novel and effective means to promote poultry health and
production. Comments: The majority of these efforts are related to our understanding of factors and agents affecting poultry immune development, function,
dysfunction, and pathology, and represent some of the most influential studies related to avian immunity over the past 5 years. As this highly successful project
continues, the members of NE1834 will continue to use a variety of poultry systems, immunomodulatory approaches, and pathogens to expand our understanding
of the avian immune response.

e Detection and selection of functional genetic elements that are related to immune function. Comments: When paired with techniques such as next generation
sequencing, SNP analysis, and gPCR, highly inbred chicken and turkey lines, sets of MHC-congenic lines, random breed lines and lines with distinct phenotypes
allow the detection and selection of functional genetic elements that are related to immune function

e Continue to maintain unique genetic resources including selected lines, inbred, congenic and recombinant congenic lines as well as experimental lines.

e Develop additional genetic material (e.g. line crosses) as needs arise.

e Generate atlases of transcriptional responses under normal and disease conditions including those to viruses (e.g. MDV, IBV, Al, AlV, and IBDV) and bacteria
(e.g. Salmonella, Campylobacter, and Clostridium) using RNA-Seq, microarrays, real-time PCR or other methods.

e |dentify individual genes or quantitative trait loci (QTL) associated with disease resistance or immune response via next generation sequencing, microarray
technology or emerging high throughput genotyping methods.

e Uncover and develop new single nucleotide polymorphisms (SNP) markers, microarrays, peptides, antisera, primer sets, and serum chemistry analyses to
categorize immune responses in normal and disease states.

e Use genetic, environmental, dietary and immunostimulation methods to enhance protective immunity.

e Continue to identify new and characterize recently described immune response elements (e.g. cytokines, receptors, MHC molecules) and their involvement in
resistance to disease.

e Use refereed publications, symposia, invited lectures and informal discussions at regional, national and international workshops and meetings to disseminate
information to stakeholders and public

Outcomes or Projected Impacts

e Assess the impact of allelic variation on the response to specific pathogens By doing that we will be able to better understand immune responses elicited by
chickens in response to a diverse range of pathogens and strategize on their prevention and control

e Promote poultry health By knowing and understanding processes and immunity elicited by avian species to diverse challenges (infectious and non infectious)

e Detection of elements that dictate the immune response in poultry Via molecular tool we will be able to detect these elements and maybe manipulate them to get
the best of an immune response generating desired outcomes in terms of protection of the poultry population

e More, better and safer poultry products to feed a population in constant increase Our ultimate goal in this project is to producer more, better and safer poultry
product in order to feed an increasing human population in the world

e |dentify individual causative genes or quantitative trait loci will improve poultry health and animal agriculture in general through marker-assisted selection and
breeding or technological applications.

e Development of new technologies to assess or improve the immune response.

e Appropriate immune responses and improved disease resistance through immune modulators will augment production efficiency.

Milestones

(2018):By 2023 we should be able to better understand the effects of MHC against certain diseases and use this info to breed better chicken populations in commercial
and non commercial settings

(2019):Using complex molecular tools we will be able to better understand immunological pathways stimulated after infectious and non infectious challenges.
(2020):Better understand factors and agents affecting poultry immune development, function, dysfunction, and pathology

(2022):Detect distinct poultry phenotypes and /or functional elements related with immune function

(2023):Advance knowledge regarding basic aspects of innate and adaptive immune system development and function.

(2023):Improve transgenic technology to more effectively elucidate biological functions of known and unknown genes in the immune system.

Outreach Plan

Industry stakeholders are invited to and frequently attend the annual project meetings. Their attendance provides an
opportunity for information exchange. For example, representatives of breeder organizations can learn of the latest genetic
advances in disease resistance from the project scientists. Technical Committee members gain knowledge of emerging field
problems that the project can address through experiments. The combined efforts of the NE-1834 stations will generate new
scientific data. Refereed publications, online data bases of genetic lines and genome/transcriptome information, symposia,
invited lectures and informal discussions are some methods used to disseminate information. Project investigators have made
significant scientific contributions to the improvement of poultry immune responses as well as the genetics of disease
resistance. Cooperation among project members and with other researchers will remain a hallmark of NE-1834. This
cooperative effort will include sharing scientific expertise and genetic resources held at numerous project stations. The addition



of several international members has expanded the research scope and global dissemination of research findings.

Variation in DNA sequence can directly impact immune function, can modulate expression of genes that impact immune
functions, and can serve as markers for other causative variants with which they are in linkage disequilibrium. This project will
apply genetic, genomic and immunological approaches to assess the impact of allelic variation on response to specific
pathogens or other immune stimuli. Several stations will focus on the major histocompatibility complex (MHC) region.
Continuous communication and collaboration will be performed. Historically this communication is by direct collaboration of
participants and / or by presentation and diffusion of the results at scientific meetings, including our annual meeting. This
constant contact allows to strategize and plan in order to avoid research topics duplication.

There are numerous genetic, environmental, nutritional, physiological, management, and microbial factors that stimulate,
regulate, and shape the immune response of poultry. The members of NE-1334 have been at the forefront of research to
understand basic mechanisms and unique features of the avian immune response, to develop novel and effective means to
promote poultry health and production. As an example of this fruitful collaboration, over the past 4 years the members of NE-
1334 have produced over 250 peer reviewed publications, and awarded approximately 15 competitive NIFA grants worth over
$6 million. The majority of these efforts are related to our understanding of factors and agents affecting poultry immune
development, function, dysfunction, and pathology, and represent some of the most influential studies related to avian
immunity over the past 5 years. As this highly successful project continues, the members of NE1834 will continue to use a
variety of poultry systems, immunomodulatory approaches, and pathogens to expand our understanding of the avian immune
response.

When paired with techniques such as next generation sequencing, SNP analysis, and gPCR, highly inbred chicken and turkey
lines, sets of MHC-congenic lines, random breed lines and lines with distinct phenotypes allow the detection and selection of
functional genetic elements that are related to immune function. Whad has made our project so succesful is the level of
collaboration and interaction of our group. Even though the members of the group come from diverse poultry fields all their
expertises are imprinted in the work we do. This high level of planning an coordination is due to the communication we have
via meetings and collaborations.

Organization/Governance

The planning and supervision of the Multistate Research Project shall be the responsibility of the Multistate Technical
Committee. The membership of this committee shall consist of an Administrative Advisor, which this time will be an active
member of this project, a technical representative of each participating agency or experiment station, and a representative of
the USDA National Institute of Food and Agriculture (NIFA). The voting membership shall consist of the Technical Committee
Representatives. The Technical Committee shall be responsible for review and acceptance of contributing projects, preparation
of reviews, modification of the multistate project proposal, and preparation of an annual report for transmittal by the
Administrative Advisor upon approval to NIFA. Annual written reports will be prepared by each technical committee member
and distributed at the annual meeting. A limited number of the compiled annual reports will be available upon request from the
Administrative Advisor. The Technical Committee will meet yearly and elect a secretary, who will serve the year after election
and as the chairperson the following year. An Executive Committee will be formed to conduct all business of the Technical
Committee between annual meetings. The Executive Committee shall consist of the current Technical Committee Chairperson,
the Secretary, and the two immediate Past Chairpersons. The chairperson may name other subcommittees as needed to
perform specific assignments. They may include subcommittees to develop procedures, manuals, and phases of the multistate
project, to review work assignments; to develop research methods, to prepare publications, and to write proposals. Other
agencies and institutions may participate and vote at the invitation of the Administrative Advisor. Minimum expectations for
Technical Committee members are submission of a written annual report every year, and attendance at an annual meeting
including presentation of research results at least one year out of two. Collaborators may include emeritus members with an
interest in attending annual meetings, scientists who wish to contribute by virtue of having special expertise or interest, and
those who engage in research interactions with an individual Technical Committee member. Collaborators should submit a
written report every year, and present their progress when attending the annual meeting. Guests who attend an annual
meeting through special connection to the Technical Committee (i.e. host institution) are invited to make a brief presentation of
their interests and ongoing research.
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| found no issues with the proposal. The collective expertise should continue to provide solid outputs. However, there seems to be a
bit more emphasis on the MHC aspects of immunity and less on the innate aspects. Genetically, this seems to make sense, but
practically there is an issue with the poultry industry and the use of MHC as a genetic basis for resistance and selection for growth
and performance. There are no data that show that this two are compatible with each other.

On the other hand, the fact that an acquired response cannot be induced without the induction of a proper and appropriate innate
response seems to be forgotten within the proposal. This fact must be kept in mind.
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