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Executive Summary

Major problems faced by the Australian poultry istty include: reduced productivity due to disease,
reduced reliance on antibiotics and how to respongrowing public concerns over welfare issues.
The availability of the full chicken genome has pded a wealth of information and has
revolutionised the design, scope and implementatiohiological studies. In 2004 we initiated this
project to develop research strategies that emplggnomics approach as a platform technology for

improved poultry health and performance.

This project encompassed three interconnectedegtest focused on developing and applying new
genome-based technologies and immunological inéies for the development of improved health

products:

Strategy 1. Application of functional genomics for discoveryy mew health products. (Leader
Dr Rob Moore). The major objective was to estab{eha CRC-CSIRO co-investment) a state-
of-the-art national facility for poultry immunologand genomic research to service the
Australian poultry industry. This expertise is ussdthe current project, as well as other CRC
projects, to understand the response of the chitkgrathogens and will allow the analysis of
the genetic expression networks that play fundaaterdles in the chicken’s biological
responses to disease, vaccination, diet, and sttessinderstanding of these networks will
allow the design of optimal intervention strategi@smprove immunological responses, disease

resistance, and productivity.

Strategy 2.Development of RNA interference for genomic stedied therapeutic applications
(Leader Dr Tim Doran). RNA interference (RNAI) is &xciting new technology that has
potential for therapeutic applications for contodlviral infection and to control expression of
genes with important production benefits, in pafdc genes that determine sex differentiation

and genes regulating muscle development.

Strategy 3.Enhancement of immune responses. (Leader Dr AnBesam).

A major deficiency in managing disease control Ime® a closer understanding of the nature of

protective immune responses. In order to ratiorgdisign therapeutics and vaccines for a particular
disease it is critical to first understand the retaf the protective immune response and then
replicate that response during a control stratiigwly identified candidates can then be assessed

for their ability to act as immune enhancers, waecadjuvants or therapeutics. These new



insights into the early processes of immune resgongill offer improved vaccination and

control strategies for a wide range of pathogens.

Major Outcomes:

This project has generated commercially valuabléw® areas, both of which have the potential to
significantly improve the competitiveness of theuly industry. Three International patents have
been filed. One technology involves the developnsephisticated RNAIi constructs that can alter the
phenotypic traits of poultry. This development megd to the ability to control the sex of chickens
(by silencing particular sex-determination genes)t@ enhance muscle growth in chickens (by
modulation of developmental genes). Both of thesesinave major commercial potential and address
significant welfare issues. The second technologglives the discovery of a new immuno-modulator,
interferon lambda. This technology is expected &vehapplications as a vaccine adjuvant and

therapeutic agent for viral diseases.

Other outcomes include:

* The establishment of a National Facility for Immtgenomics

» Establishment of disease models for immune prgfibhCAV and IBV

* Animal trials establish utility of novel adjuvardad therapeutic8L-6 and IFNA)

* RNAI technology has been developed and validateéihfgitro and in ovo use as a gene knock-
down tool to study the function of genes identifigdgenomic studies

» Developed proof-of-concept for RNAI gene silenciagontrol sex determination

» Development of a bacterial delivery vector for #uEninistration of new therapeutics

* Major input and resource for new gut health proje¢trogram 1 (05-09)

* Major input into formation of a new project for tdevelopment of a novel RNAi based MDV
vaccine (04-14)

* Successful training of three Post Docs and 3 PhBesits

Commercial potential:

We envisage future commercial applications in tweaa that the CRC and CSIRO has a strong

competitive position in:

1. RNAIi Technology: This technology potentially pides a mechanism to significantly improve the
efficiency of poultry production. For the egg lagimdustry the ability to hatch all chicks as feesal
would result in a more efficient and welfare-frigndystem as it would eliminate the need for the

wasteful mass disposal of male chicks.



2. Interferon Technology: Interferon lambda is aviyeidentified natural immuno-enhancer that has
health benefits such as anti-viral and vaccinewadjuactivity. It has the potential for in ovo usghe

poultry industry.



Introduction

Background

A major problem faced by Australian poultry indiestris reduced productivity due to disease, which
is compounded by the fact that newly hatched chéckshighly susceptible to infection during thetfir
two weeks of life. Over the past several decadeswio main mechanisms used to control disease have
been the use of vaccines and antibiotics. Vaccaresintended to offer long-term immunity and
protection against a particular pathogen followimgnunisation. In contrast, antimicrobials, such as
in-feed antibiotics and chemicals, provide broadesum protection and their use is intended to
prevent bacterial disease. In addition to contglldisease, antibiotics also have growth promoting
activity, making them a more attractive product.fajtunately, the extensive use of antibiotics and
chemicals over a long period of time has resultethe emergence of pathogens that have become
resistant to such treatments. Furthermore, growingic concern over these issues has resulted in a

reduced reliance on antibiotics, resulting in ageuat need for alternative methods for disease cbntr

Vaccination strategies using live vaccines havih@npast provided effective protection from disease
however, there are concerns over their abilitydecaately protect against emerging hyper-virulent
strains of pathogens. For several diseases of cocrahémportance there is a need for alternative
vaccines. Killed and recombinant subunit vaccinagely provide adequate levels of long term
protection and often require the use of adjuvamtsnthance their activity. At the time of initiatiof

this project, there is a lack of suitable, coseefive adjuvants for use in both the broiler and eg

industries.

The availability of detailed genomic informationoalb an organism has revolutionised the design,
scope and implementation of biological studies.c&ithe chicken is the first livestock species for
which the entire genome sequence is availablegtiemow an exciting opportunity to develop
research strategies that will employ a genomicgagmgh as a platform technology for improved
poultry health and performance. CSIRO AAHL has ntélgemade a large capital investment in
microarray technology. As part of this project, wepose to establish a state-of-the-art national
facility for poultry immunology and genomic resdatbat will service the Australian poultry industry
Microarray experiments will identify particular logenes that are up or down regulated during
infection. Manipulation of these identified gene#l allow the development of methods to enhance
disease resistance. Similar types of genomic aisabgn be used to identify novel therapeutics or
antimicrobial peptides such as defensins and newkiryes or to develop better diagnostic tools. This
facility can also be used by other projects witthia CRC to study the expression of pathogen genes

and for the identification of potential new vaccagigens.
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RNA interference (RNAI) is an exciting new techmgjothat involves the use of small interfering
double stranded RNA (siRNA). RNAI is a protectivenate response observed in a wide variety of
organisms, and is a feature of all eukaryoteshAtdellular level, the detection of a double steghd
RNA molecule triggers the specific degradationtef tnRNA of an exact sequence to an expressed
gene, leading to loss of phenotype. This technolvay been developed as the method of choice to
produce gene knockouts for high throughput funetiogenomic studies in a number of species,
opening the way to utilize this for studies in ttld@cken. As well as genomic studies, RNAi has
potential for therapeutic applications. For exam@i&&NA molecules against essential viral genes
have been shown to reduce viral loads in cell celtGene specific therapeutics for cancer and auto-
immune diseases are also being investigated avd gramise in in vitro systems. A major obstacle to
overcome in the development of RNAI therapeuticsfiigient delivery of siRNA's into target cells in
vivo. This has been dramatically advanced by CS&Rdiscovery that small hairpin loop RNAs
(shRNAs), transcribed from DNA elicit RNAI in veliemte animal cells. This now enables DNA
delivery systems such as plasmids, bacterial aradl wectors to be developed for targeted delivdry o

shRNAs to animals for therapeutic RNAI use.

The potential to use RNAI to control expressiorgehes with important production benefits will also
be investigated, in particular genes that deterramedifferentiation and genes negatively regugatin
muscle development.

Cytokines are proteins that control immune resperigdowing infection or vaccination. And
represent excellent, naturally occurring therapsutCytokine therapy has been successfully used in
humans for the treatment of immunodeficienciespamticular, patients suffering from an impaired
immune system as a result of cancer treatment hasletheir immune responses restored following
administration of particular types of cytokinesledlcolony stimulating factors. This enabled them t
combat pathogenic organisms that would have otBermverwhelmed them. This is a situation
analogous to the immunodeficient nature of newlyched chickens or chickens infected with
immunosuppressive viruses such as CAV, MDV and IBBYtokines such as IL-6, IL-15 and IL-18
have been shown in mammals to play crucial roléariate immunity and these same cytokines have
recently been discovered in the chicken and ardada to study. There are many different types of
cytokines that perform different functions. Thisject will undertake studies assessing the biokdgic
function of different cytokines and assess theiititgbto manipulate the the innate and adaptive
immune systems and enhance vaccine efficacy. Tpacitg of cytokines as natural alternatives to
antibiotics will also be studied.



This Project encompasses 2 major themes:

1. Establish a national facility for immunology andhgenics-based technology in poultry
2. Application of new technologies for the developmefinovel health products and improved

vaccines.

Extensive information about the chicken genome idxpressed genes is now becoming available,
so it is ripe for study at the functional genomiegel. This project established a National Facildy
Poultry Immunology and Genomics to facilitate thedegpread availability of genomic and
immunological tools to the poultry research comrum Australia. The work is far ranging and

requires the development of several new and engtgthnologies.

Industry Outcomes:

» Development, application and commercialisatiomagfioved health products and diagnostic tools
» Adoption of new vaccine strategies and integratiith other control strategies
* Increased production efficiency of the Australiaulry industry

« Significant generation of IP

Research Strategy:

This proposal contains three interconnected stiedetipat are focused on developing and applying
new genome-based technologies and immunologicathventions for the development of improved
health products.

Strategy 1. Application of functional genomics for discovery of new health products.
(Leader Dr Rob Moore)

Our major objective is to establish a National Fgcfor Poultry Immuno-Genomics. This expertise
will be used to understand the response of thekehido various challenges, initially focused on
immune responses to pathogen challenge, but expgimatio other areas in the future. The principal
resource required for these studies will be theeligament and refinement of suitable microarrays.
The microarrays will consist of collections (libies) of several thousand, appropriate, defined,
expression sequence tag (EST) clones. Such miesgawvill allow the analysis of the genetic
expression networks that play fundamental roleshi chicken’s biological responses to disease,
vaccination, diet, and stress. An understandinghe$e networks will allow the design of optimal

intervention strategies to improve immunologicap@nses, disease resistance, and productivity.



Outcomes

* The establishment of a National Facility for Immu@enomics, will provide a state-of-the-art
resource to a range of projects and collaboratittsrmthe CRC.

» The planned long-term outcome of the project is ittentification and development of novel,
natural therapeutics, such as antimicrobial preteimd cytokines.

» It is anticipated that the functional genomic as&ywill also provide new analytical tools to
monitor poultry health and welfare status.

» The study of functional genomics will provide funaental insights into poultry biology.

Strategy 2. Development of RNA interference for gen  omic studies and therapeutic
applications (Leader Dr Tim Doran)

RNA interference (RNAI) has already been developsdthe method of choice to produce gene
knockouts for high throughput functional genomicadsés in a number of species. As well as
functional genomic studies, RNAi has potential tberapeutic applications for control of viral
infection and to control expression of genes witipértant production benefits, in particular genes

that determine sex differentiation and genes reigganuscle development.
Outcomes

* RNAI developed for routine in vitro and in ovo uas a gene knock-down tool to study the
function of genes identified by genomic studiesjuding those responsible for sex-determination

and muscle development (see Strategy 1).
* RNAiI developed as an anti-viral agent (e.g. CAV)

* Generation of IP and potential commercial prodidestified via proof-of-concept.

Strategy 3. Enhancement of immune responses.  (Leader Dr Andrew Bean).

A major deficiency in managing disease control imes a closer understanding of the nature of
protective immune responses. In order to rationddégign therapeutics and vaccines for a particular
disease it is critical to first understand the retf the protective immune response and thencagplthat
response during a control strategy. This involtadysng the innate immune response and the cytskine
produced during infection by the pathogen in qoestis well as the immune cell populations affected.
With the recent publication of the full chicken geme, we now have access a large number of avian
immune response genes, and with the recent develdpoh Real Time gPCR, we can now accurately
measure the profile of these genes during the eafran infection. As we build on our understandifg
how cytokines control the immune system, we wilingarther insight on how to optimise immune

responses to vaccination and how to transform iseade control strategies.
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In particular, we will study innate receptors swah Toll Like Receptors (TLR), which direct the
immune response and determine which cytokines ra@uped. Our approaches will make use of this
protective immune control point to enhance protectiCytokines such as IL-6 and -18 have been
shown in mammals to play crucial roles in innatenimmity and these cytokines have recently been
discovered in the chicken and are available toystliie technologies used will rationally determine
which combinations of immune molecules are likelydidates as therapeutics. Genomic strategies
will also allow us to discover new immune molecud@sl measure their biological activities. The best
candidates can then be assessed for their alaldgttas vaccine adjuvants or therapeutics. Thewse n
insights into the early processes of immune resgomsll offer improved vaccination strategies for a

wide range of pathogens.

Outcomes
» Improved understanding of innate immune respongaeglinfection (e.g. CRD and CAV)
 Identification of novel TLR’s, and innate cytokines
» Development of novel approaches for improving tealth of poultry:
» Novel therapeutics for reduced reliance on in-faetibiotics and chemicals
» Improved adjuvants for new vaccines against hyjredent pathogens

» Generation of IP and potential commercial prodidggstified via proof-of-concept.
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