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DAY 1 - MARCH 8th 2022 

Session 1: 1:00pm March 8th - KEYNOTE 

Multi-scalar regulating of developmental timing. 

Ben Steventon 

Assistant Professor and lead of the Laboratory of Comparative Developmental Dynamics, 
Department of Genetics, University of Cambridge 

Abstract: 

Timing is a fundamental concept in developmental biology, that must be regulated across 
multiple length scales to form a well-proportioned body plan. Several studies have shown that 
when axial progenitor cells are grafted backwards in time to younger embryos, they delay 
their contribution to the body axis. As axial elongation requires a series of distinct cell state 
transitions, we sought to ask at what point in the process cells are being delayed. We focus 
on the contribution of medial somite progenitor (MSP) cells to the chick posterior body, 
beginning by coupling single cell transcriptomics with multiplexed gene expression analysis. 
We find that HH8 MSP cells in HH4 embryos are delayed at the transition from mesenchyme 
to invasive mesenchyme, a step which we term dispersion. HH8 donor cells maintain Hox gene 
expression profile after grafting, and the Hox Clock also progresses when MSP populations 
are cultured in a neutral environment – together supporting its regulation through a 
population intrinsic mechanism. However, we find that dispersive cell behaviour can be 
uncoupled from Hox expression within small graft sizes, revealing and additional community 
effect mechanism that acts in concert with an intrinsic Hox Clock to time MSP contribution to 
the body axis.
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Session 1: 1:30pm March 8th  

Primordial germ cells require c-Kit and CXCR4 genes for efficient gonadal colonisation in the 
chick embryo 

Alewo Idoko-Akoh 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland 

Co-authors: Lorna Taylor, Helen Sang and Mike McGrew 

Abstract: 

Primordial germ cells (PGCs) are the precursors of the germ cell lineage that differentiate into 
mature spermatozoa and oocytes. In many organisms, PGCs are specified at a distant site and 
migrate actively to the developing gonads. The chemokine/receptor SDF1/CXCR4 signalling 
provides directional cues to migrating PGCs in mouse, zebrafish and Xenopus while SCF/c-Kit 
signalling maintains survival of migrating PGCs in mouse. Avian PGCs migrate through the 
vascular system in place of endoderm migration observed in mammals. Avian PGCs express 
similar cytokine receptors as their mammalian counterparts. To address the factors guiding 
avian PGC migration, we used CRISPR/Cas9 to create c-Kit and CXCR4 loss-of-function 
deletions in chicken PGCs. We show that, in vitro, both deletions do not affect chicken PGC 
proliferation. In vivo, we observed that CXCR4-knockout PGCs colonise the lateral plate 
mesoderm but fail to migrate to the genital ridges. c-Kit-knockout PGCs migrate to the 
developing gonads in reduced numbers but fail to proliferate and are mostly absent in the 
gonads in later embryonic stages. These results reveal important roles for CXCR4 and c-Kit 
signalling in chicken PGCs for efficient gonadal colonisation and subsequent proliferation. 

Key words: c-Kit, CXCR4, PGCs, Gonads, CRISPR/Cas9 
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Session 1: 1:45pm, March 8th  

Mind the gap – Delineating the gene regulatory networks of optic fissure closure 

Brian Chan 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland 

Co-authors: James Prendergast and Joe Rainger 

Abstract: 

Optic fissure closure (OFC) is the fusion of opposing sides of the ventral retina into a single 
continuous epithelium during normal eye development. Failure of this process results in the 
clinical condition ocular coloboma (OC). To understand the genetic regulation of OFC and non-
coding genetic causes of OC, this project aims to identify genomic regions responsible for 
regulating the expression of differentially expressed genes from extracted embryonic chicken 
optic fissure margin cells. To identify fusion-specific genes during OFC, bulk RNA-seq was 
conducted on fissures during and after OFC with stage-matched dorsal (non-fusing) retinal 
tissues. Among the 81 fusion-specific genes identified through this approach, 7 genes have 
previously been linked with OC causation. Functional analysis of these 81 fusion-specific 
genes revealed that genes associated with extracellular matrix were enriched compared to 
dorsal tissue, suggesting a major extracellular matrix modification during OFC. Plausible cis-
regulatory regions for 2 fusion-specific and coloboma-associated genes (NTN1 and ALDH1A3) 
were analysed using existing ATAC-seq data. Differentially accessible chromatin regions were 
found for both loci, providing candidate cis-regulatory regions for further analysis. Current 
experiments are using ATAC-seq with higher sequencing depth for determination of 
differentially accessible regions within 10kb of the transcriptional start sites for fusion-specific 
genes, including those previously associated with OC. 

Key words: Chicken, Coloboma, Next-Generation Sequencing 
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Session 1: 2:00pm, March 8th 

Characterising the embryonic origin of hematoendothelial progenitors, their trajectories 
and lineage decisions at single cell resolution 

Gi Fay Mok 

School of Biological Sciences, University of East Anglia, Norwich, United Kingdom 

Co-Authors: Anita Scoones, Eirini Maniou, Victor Martinez-Heredia, Shannon Weldon, Lydia 
Pouncey, Wilfried Haerty, Iain Macaulay and Andrea Münsterberg 

Abstract: 

Hematoendothelial progenitors (HEPs) generate cells of the hematopoietic and vascular 
systems. Understanding the molecular, cellular and developmental biology of these cells is of 
fundamental importance. The major anatomical sites of hematopoiesis change during an 
organism's lifetime and new blood vessels can form in response to injury and disease. 
However, the developmental origin of HEPs is incompletely understood. Furthermore, the 
gene regulatory network (GRN) involved in cell specification is also unresolved. Using the 
chick embryo as our model organism, we performed ATAC-sequencing on embryonic 
mesoderm tissue to identify genome-wide accessible-chromatin. We identified a novel cis-
regulatory element (CRE) that is specifically active in early HEPs and label with a fluorescent 
tag. Time-lapse imaging reveal specified-HEPs during early gastrulation prior to ingression into 
the primitive streak and migration trajectories into the dorsal aorta and extra-embryonic 
regions. Co-labelling with hematopoietic (Tal1) and endothelial (Lmo2) markers confirms 
hematoendothelial-specific labelling. To gain insight of the GRN and pseudo-developmental 
trajectories of HEPs, single-cell RNA sequencing was performed. Using hierarchical clustering 
and cell trajectory analysis of differential genes, we are able to identify novel regulators for 
early HEPs such as HAPLN1 and endothelial lineages such as KLHL4. 

Key words: ATACseq, Hematoendothelial Progenitors, Single-Cell RNA Sequencing 
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Session 1: 2:15pm, March 8th 

Novel fate map to uncover forearm primordia using CPX chickens 

Julia Dong Hwa Oh 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland 

Co-authors: Dillian Saunders, Lucy Freem, Helen Sang and Megan G. Davey 

Abstract: 

The foundation of many experiments in the wing bud depends upon fate mapping and lineage 
tracing which have been used to help understand major events in limb development such as 
patterning, specification and determination of the bony elements. However, experimental 
limitations of previous fate map approaches have meant that we have a poor understanding 
of the origins and patterning of forearm bones compared to the digits. To clarify the origins 
of the radius and ulna, Cre-inducible Cytbow transgenic (CPX) chickens were generated using 
a transposon vector system. Stage 20HH CPX embryos were manipulated with Affigel beads 
soaked in Cre-recombinase to induce clones of fluorescent cells. The final destination of 
fluorescent cells and their corresponding origins were recorded on a grid of coordinates 
referencing somite numbers and distance from the AER. This novel fate map showed that the 
origin of the radius and ulna are highly localised in the stage HH20 chick wing bud and that 
these anlagen are further apart than previously thought. We demonstrate a technique for 
fate mapping that is capable of cellular resolution and its application on the chick wing that 
furthers our understanding of the development of the forearm. 

Key words: Fate mapping, CPX, Limb 
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Session 1: 2:20pm, March 8th  

Axial/Paraxial mesoderm decision: The role of CNOT2 

Tomas Pais de Azevedo 

University of Algarve, Faro, Portugal, Algarve Biomedical Center - Research Institute 

Co-authors: Isabel Palmeirim 

Abstract: 

During gastrulation, the three embryonic germ layers, are formed and cells acquire their 
developmental fate. Underlying this is the expression of key transcription factors, with their 
corresponding mutations leading to conversion of cells between different germ layers. 
Neuromesodermal progenitors, which can originate mesoderm and spinal cord, are now 
being extensively studied. However, much is still unknown about axial (notochord and floor 
plate) and paraxial (presomitic mesoderm and somites) mesoderm cell fate choice. The 
zebrafish transcription factor flh is shown to be important for this decision, as in flh mutant 
embryos the notochord is replaced with somitic tissue. While other corresponding 
orthologues are also shown to be important in notochord formation, the role of its chick 
ortholog, CNOT2, is still unknown. To test its role in axial/paraxial mesoderm cell fate decision, 
we electroporated chick embryos with CNOT2. The resulting embryos showed correlated 
enlargement of both axial mesoderm structures, notochord and floor plate. Additionally, 
these embryos demonstrated shortened trunks and various defects in both somites and 
presomitic mesoderm. Finally, we observed that CNOT2 electroporation leads to 
downregulation of the paraxial mesoderm transcription factor TBX6L. We suggest that CNOT2 
electroporation increases axial mesoderm progenitor cells, by repressing TBX6L and paraxial 
mesoderm fate. 

Key words: CNOT2, Axial Mesoderm, Progenitor Cells 
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Session 1: 2:25pm, March 8th  

Making muscle - The differentiation of avian germ cells towards a defined musculoskeletal 
cell lineage 

Guillermo Tellez 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland 

Co-Authors: Lorna Taylor, Lonneke Vervelde and Mike McGrew 

Abstract: 

Myogenic differentiation factor 1 (MyoD), is a master transcriptional regulatory factor of 
skeletal muscle differentiation that can directly reprogram various cell types, including 
mammalian pluripotent cells, towards a skeletal muscle lineage. Here we investigate the use 
of MyoD1 to differentiate chicken germ cells into induced skeletal myocytes. We discovered 
that ectopic expression of a MyoD in germ cells in the presence of certain pro-myogenic 
factors could efficiently differentiate germ cells into induced skeletal myocytes. These 
findings establish a protocol for the production of induced skeletal myocytes that could be 
used to model muscle myopathies or study regenerative biology. 

Key Words: Primordial Germ Cell, Cell Differentiation, Myogenesis 
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Session 2: 3:00pm, March 8th  

Vertebrate axis elongation via ECM expansion 

Alessandro Mongera 

Harvard Medical School, USA, Department of Genetics 

Co-authors: Arthur Michaut, Mattia Serra, L. Mahadevan, Karine Guevorkian, Pietro Rigoni, 
Jong Lee and Olivier Pourquié 

Abstract: 

The vertebrate bauplan is primarily established via the progressive formation of embryonic 
tissues in a head-to-tail direction. An FGF-dependent random cell motility gradient and a fluid-
to-solid tissue transition in the presomitic mesoderm (PSM) have been implicated in the 
control of posterior body axis extension. However, the mechanism generating the forces 
driving posterior elongation remains poorly understood. Here, we find that the chicken PSM 
can elongate autonomously along the antero-posterior (AP) direction when physically 
confined in PDMS microchannels. We show that PSM volumetric expansion ex vivo does not 
require proliferation or cell addition but is accompanied by an increase of the tissue’s 
extracellular fraction. The pushing force produced by the PSM expansion ex vivo (49 ± 3 Pa) 
largely accounts for the force produced by the elongating embryo in vivo (114 ± 26 Pa). Thus, 
the PSM appears as the major force-generating engine sustaining posterior elongation. This 
posterior expansion requires hyaluronic acid (HA), a glycosaminoglycan (GAG) that swells with 
water. We show that FGF signaling promotes glycolysis-dependent HA production which, in 
turn, is required for volumetric expansion of the posterior PSM. Our findings link body axis 
formation to tissue expansion through the metabolic control of ECM production downstream 
of FGF signaling. 

Key words: Axis elongation, Extracellular Matrix, Mechanical Forces 
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Session 2: 3:15pm, March 8th 

Reconstruction of distinct vertebrate gastrulation modes in the chick embryo 

Guillermo Serrano Nájera 

University of Dundee, School of life Sciences 

Co-authors: Manli Chuai, Mattia Serra, L. Mahadevan and Kees Weijer 

Abstract: 

The morphology of gastrulation driving the internalisation of the mesoderm and endoderm 
differs dramatically among vertebrate species. It ranges from involution of epithelial sheets 
of cells through a circular blastopore in amphibians to ingression of mesenchymal cells 
through a primitive streak in amniotes. By targeting signalling pathways controlling critical 
cell behaviours in the chick embryo, we generated crescent- and ring-shaped mesendoderm 
territories in which cells can or cannot ingress. These alterations subvert the formation of the 
chick primitive streak into the gastrulation modes seen in amphibians, reptiles and teleost 
fish. Our experimental manipulations are supported by a theoretical framework that couples 
actomyosin activity to tissue flows, thus providing the basis for gastrulation dynamics and 
linking cellular behaviors to self-organized multi-cellular flows. All together, this suggests that 
the evolution of gastrulation movements are largely determined by the shape of and cell 
behaviours in the mesendoderm territory across different species, and controlled by a 
relatively small number of signalling pathways. 

Key words: Gastrulation, Morphogenesis, Cell Behaviours 
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Session 2: 3:30pm, March 8th  

A molecular clock in temporal control of hoxb gene expression: Evidence from the chicken 
embryo 

Raquel P. Andrade 

Universidade do Algarve, Faro, Portugal Algarve Biomedical Center Research Institute (ABC-
RI) 

Co-authors: Ramiro Magno, Catarina Fernandes, Caroline J. Sheeba, Filipe Pinto, Ana N. 
Gonçalves, Tatiana Resende, Joana Amaro, Athanasius F. M. Marée and Isabel Palmeirim 

Abstract: 

Embryo development is strictly regulated in time and space. Hox combinatorial gene 
expression specifies cell identity along the embryo anterior-posterior body axis. Activation of 
Hox expression occurs in a temporal sequence which reflects Hox gene organization within 
genomic clusters. The molecular mechanisms driving temporal collinearity of Hox expression, 
however, remain unclear. A paradigmatic mechanism operating in temporal control of 
development is the embryo clock (EC), first reported in the chicken embryo as cycles of hairy1 
(hes4) gene expression underlying periodic segmentation of the body axis. To assess if the EC 
participates in timely Hox gene activation, hairy1 (hes4) was misexpressed in gastrulating 
chicken embryos and expression of HoxB cluster genes was evaluated. Either over-expression 
or down-regulation of hairy1 delayed trunk development and HoxB signatures. This was 
evidenced by STAGER - a novel embryo staging tool developed from a quantitative systems 
approach to HoxB cluster expression. Dynamic dimer formation/disassembly was observed 
between Hairy1 and the mesodermal marker Brachyury (T) and chromatin 
immunoprecipitation revealed that Hairy1 and T bind to HoxB promoters in a time-dependent 
manner. Our findings evidence that the EC is regulating Hox temporal collinearity through 
Hairy1-T interaction, coupling temporal and positional information in the early embryo. 

Key words: Somitogenesis Clock, HoxB, Temporal Collinearity 
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Session 2; 3:45pm, March 8th 

Temporal control of early chick embryo development: lessons from in vivo real-time 
imaging 

Ana Maia-Fernandes 

University of Algarve, Faro, Portugal, Algarve Biomedical Center Research Institute (ABC-RI) 

Co-authors: Tomas Pais de Azevedo, Ana P. Martins-Jesus, Ramiro Magno, Isabel Duarte, Sara 
Ramalhete, Gabriel Martins, Isabel Palmeirim, Paulo Martel, Ana Marreiros and Raquel P. 
Andrade 

Abstract: 

A molecular embryo clock (EC) underlying temporal control of vertebrate development was 
first described in Gallus gallus embryos, as gene expression oscillations in the presomitic 
mesoderm with the same periodicity as somite formation. Somitogenesis and EC oscillations 
are slower in later developmental stages and the early-most somites are formed faster, 
although their periodicity is unknown. Visualization of chicken embryo morphogenesis with 
high temporal and spatial resolution using live-imaging approaches allows to unveil how 
temporally controlled processes unfold. We performed time-lapse imaging of chicken 
embryos since gastrulation (HH4) to 10-somite stage (HH10), with 3-min intervals (up to 27h). 
We measured the distance between multiple morphological landmarks over time, obtaining 
a morphometric dataset with high temporal resolution. Elongation rates were determined, 
elucidating the relative contribution of each tissue for overall growth. Importantly, the length 
of the head-fold is linearly correlated with time, so it is possible to directly infer 
developmental stage from head-fold length. Hence, a quantitative morphometric tool 
capable of detecting and quantifying deviations to chicken embryo body elongation upon 
experimental manipulation was developed. Finally, we determined the time of formation of 
the early-most somites and showed that it is also coupled to EC oscillatory expression, as in 
later stages. 

Key words: Chick Embryo Elongation, Somitogenesis, Embryonic Clock 
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Session 2: 4:00pm, March 8th  

Exploring early transcripts landscape with Isoseq 

Sébastien Guizard 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland 

Co-authors: Katarzyna Miedzinska, Jacqueline Smith, Jonathan Smith, Richard Kuo, Megan 
Davey and Mick Watson 

Abstract: 

The EU H2020 Gene-Switch project is a collaborative endeavour that will produce new 
genome information to enable the characterization of genetic and epigenetic determinants 
of complex traits in the two monogastric species (chicken and pig) that are the primary 
sources of meat worldwide.  

The characterization of genome functional elements is being made through a wide diversity 
of analysis methods, on seven tissues at three developmental stages (E8, E15, hatched).  

Iso-Seq, generates accurate full-length transcripts. It allows direct identification of gene 
intron-exon structure and thus better isoform detection. This method has growing utility and 
has been used to re-annotate genomes but no standard pipeline has yet been released.  

We are thus developing an nf-core isoseq pipeline, which enables insight into the chicken 
early transcriptomic landscape. The pipeline generates HIFI sequences, maps transcripts to 
the genome and reduces gene model redundancy.  

We processed the Iso-Seq data for each chicken sample to reveal the transcriptome for a 
given tissue at a given time point. Comparison of annotations gives a first look at 
transcriptional landscapes across tissues and the dynamic over time development. 

“This project has received funding from the European Union's Horizon 2020 Research and 
Innovation Programme under the grant agreement n° 817998”. 

Key words: Isoseq Annotation Transcript 
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Session 2: 4:15pm, March 8th 

gga-miRNOME, a microRNA-sequencing dataset from chick embryonic tissues 

Gil Carraco 

University of Algarve, Faro, Portugal, Algarve Biomedical Center Research Institute (ABC-RI) 

Co-authors: Isabel Duarte, Nayara Azevedo, Vladimir Benes and Raquel Andrade 

Abstract: 

MicroRNAs (miRNAs) are small non-coding RNA molecules, with sizes ranging from 18 to 25 
nucleotides, which are key players in gene expression regulation. These molecules play an 
important role in fine-tuning early vertebrate embryo development. However, there are 
scarce publicly available miRNA datasets from non-mammal embryos, such as the chicken 
(Gallus gallus), which is a classical model system to study vertebrate embryogenesis. Here, we 
performed microRNA-sequencing to characterize the early stages of trunk and limb 
development in the chick embryo. For this, we profiled three chick embryonic tissues, namely, 
Undetermined Presomitic Mesoderm (PSM_U), Determined Presomitic Mesoderm (PSM_D) 
and Forelimb Distal Cyclic Domain (DCD). We identified 926 known miRNAs, and 1,141 novel 
candidate miRNAs, which nearly duplicates the number of Gallus gallus entries in the miRBase 
database. These data will greatly benefit the avian research community, particularly by 
highlighting new miRNAs potentially involved in the regulation of early vertebrate embryo 
development, that can be prioritized for further experimental testing. 

Key words: miRNA; Embryo Development; microRNA-sequencing 
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Session 2: 4:20pm, March 8th 

Determination of the function of refractive error risk factor genes in the embryonic 
development of the eye  

Yanlin Liu 

Institute of Medical School, University of Aberdeen 

Co-authors: Lynda Erskine 

Abstract: 

Refractive errors, especially myopia (short-sightedness), are major public health issues 
worldwide and linked to vision-threatening complications. How myopia develops is complex 
and poorly understood. Unexpectedly, recent genome wide analyses (GWAS) have indicated 
that some genes expressed in early eye development may make individuals more susceptible 
to myopia in later life. However, we know little about the mechanisms that control eye size 
prior to birth. 

Signals from the lens play an essential role in controlling eye size prior to birth. By using 
bioinformatics approaches to compare our previous RNA-seq data from normal and lens 
removed embryonic chick eyes and human GWAS analyses of myopia susceptibility genes, I 
have generated a list of lens-regulated genes that are associated with increased risk of 
myopia. Genes in this list were prioritized for further analyses based on their fold change in 
lens-removed eyes and the known functions of the encoded proteins. In situ hybridization is 
being used to determine the expression pattern of the candidate genes in the developing 
chicken eye. Overexpression and gene knockdown approaches in chicken embryos will be 
used to investigate the functional importance of candidate genes for normal eye 
development. I also am developing a human eye organoid system to enable analyses of gene 
function in a system more directly relevant to human eye development. The results will 
provide important new information on the mechanisms controlling embryonic eye 
development and size, providing a mechanistic basis for understanding eye growth and the 
links between early eye development and postnatal eye defects. 

Keywords: Refractive Errors, Chicken Embryos, Eye Development 
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Session 2: 4:25pm, March 8th  

Retrieving the chicken embryo as a model to study the impact of hyperglycemia on 
embryonic development 

Rute S Moura 

Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, 
Life and Health Sciences Research Institute (ICVS) 

Co-authors: Daniela Machado-Costa, Gonçalo Miranda and Jorge Correia-Pinto 

Abstract: 

Elevated blood glucose levels in the early stages of embryonic development increase the risk 
of developing congenital anomalies. In this study, we aimed at retrieving the in ovo model to 
study the impact of uncontrolled hyperglycemia at the early stages of development. In ovo 
manipulations circumvent the contribution of maternal metabolism, allowing precise control 
of dose and exposure, thus enabling the study of hyperglycemia in the embryo. 

Fertilized non-incubated eggs were treated with different glucose concentrations and allowed 
to grow for five days. After five days, embryos were photographed and macroscopically 
analyzed to determine the presence of gross malformations. Egg glucose levels were 
measured in all groups. 

Glucose administration created a consistent hyperglycemic environment in the egg, with 
values ranging between 156-270 mg/dl, whereas the normal value is 133 mg/dl. The mortality 
rate increased from 20% to 70%, with the progressive increase of glucose administered in 
ovo. The appearance, as well as the severity of malformations, is also dose-dependent. 

This model allows a systematic, inexpensive, and easily reproducible way to create different 
hyperglycemic scenarios during embryonic development. Once these conditions are 
established, it is possible to use this model to determine the molecular mechanisms 
underlying the impact on organogenesis. 

Key words: Hyperglycemia, in ovo,  
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DAY 2 - MARCH 9th 2022 

Session 3: 1:00pm March 9th - KEYNOTE 

Using genetically modified sterile host chickens to produce novel transgenic chicken lines 
and biobank existing chicken lines. 

Mike McGrew 

Senior Lecturer at the Roslin Institute, part of the Royal Dick School of Veterinary Studies at 
the University of Edinburgh, UK. 

Abstract:  

Studies using the chicken have made very significant contributions to understanding the 
development of vertebrates owing to the ease in manipulating the chicken embryo. The chick 
model system has become even more useful with the development of robust methods for 
transgenesis using primordial germ cells. Primordial germ cells are the lineage restricted stem 
cell which produces the sperm and eggs of adult birds. Migratory primordial germ cells from 
the chicken can be cultured in vitro for extended periods and used to generate genetically 
modified chicken. I will describe our pipeline to rapidly produce and cryopreserve lines of 
transgenic chicken using a sterile surrogate host chicken to carry the modified germ cells.  
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Session 3: 1:30pm, March 9th  

Production of knockout bird models in a Specified Pathogen Free (SPF) context to study 
disease resistance 

Dominique Meunier 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland, The National Avian Research Facility 

Co-authors: Mike McGrew, Kellie Watson, Kay Boulton, Damer Blake, Mark Stevens, Androniki 
Psifidi, Fiona Tomley, David Hume, Jim Kaufman and the National Avian Research Facility team 

Abstract: 

A highly efficient and bio-secure pipeline for the production of genetically altered chickens in 
a Specified Pathogen Free (SPF) context has recently been developed at the National Avian 
Research Facility (NARF). This process uses advanced strategies and tools developed in the 
McGrew lab, including gene editing of avian primordial germ cells (PGCs) and injection of 
edited PGCs into iCaspase9 sterile surrogate embryos, to create novel knockout bird models 
of known health status. Being unvaccinated and certified free of up to 20 specified pathogens, 
these knockout birds are particularly suitable for studying immune response to pathogens. 
Using this bio-secure pipeline we have already created two distinct IL10 knockout bird models 
to study the implication of the IL10 locus in the control of gastrointestinal pathology during 
Eimeria infection. We are also in the process of creating knockout bird models to study the 
role of the avian Major Histocompatibility Complex (MHC) in disease resistance and 
susceptibility in chickens. The challenges associated with the production of genetically altered 
birds in a SPF context, and the results obtained so far with the IL10 knockout birds, will be 
discussed. 

Key words: Gene editing, Disease Resistance, Specified Pathogen Free (SPF) 
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Session 3: 1:45pm, March 9th 

Analysis and application of flagellin as a vaccine adjuvant when fused to Pasteurella 
multocida lipoprotein E against fowl cholera in chickens 

Thi-Thu-Dung Doan 

National Pingtung University of Science and Technology, Taiwan General Research Service 
Center 

Co-authors: Chun-Yen Chu and Cheng-Li Ting 

Abstract: 

Flagellin, a major component of bacterial flagella, activates Toll-like receptor 5 (TLR5) to 
initiate pro-inflammatory immune responses. However, the full-length flagellin is challenging 
to produce with high quality and is unstable. Therefore, our studies focused on evaluating the 
domains within flagellin that may act as a vaccine adjuvant for protein subunit vaccines. 
Identified flagellin domains were fused to the lipoprotein E of Pasteurella multocida as a 
chimeric protein. The immunostimulatory effects of the flagellins were evaluated on native 
chicken peripheral blood mononuclear cells (PBMCs) and the challenge model. The results 
showed that the chimeric protein stimulated pro-inflammatory cytokines in the chicken 
PBMCs. After immunization, the identified flagellins enhanced both Th1 and Th2 related 
immune responses in chickens. Compared to the antigen-only group, elevated antibody 
levels, CD4+ and CD8+ populations, and cytokine mRNA levels were observed in the flagellin-
antigen vaccine group. In a challenge test, the identified domains of flagellin increased the 
survival rate to 75%, compared to 25% in the antigen-only group. In conclusion, our study 
found that the truncated forms of flagellin may act as a biological adjuvant for the subunit 
vaccine development. 

Key words: Flagellin, Adjuvant, Lipoprotein E, Fowl Cholera, Chimeric Protein 
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Session 3: 2:00pm, March 9th  

Eurofins and NRGene: Complimentary, data-driven services for research and breeding 
applications 

Kristian Ridley  

Eurofins Genomics  

Abstract : 

Analysis of genetic variation for population studies or breeding applications rely on the careful 
selection of a minimal set of markers to achieve a cost efficient genotyping strategy, while at 
the same time ensuring that diversity or trait resolution is not lost through under-
representation of informative markers. Conventional approaches to marker selection based 
on physical distribution and allele frequency can be improved by using a novel informatics 
approach called SNPer (NRGene). Here, we give a brief overview of the benefits of SNPer and 
how this platform dovetails into the flexible genotyping services offered by Eurofins 
Genomics, which together offer an end-to-end solution for your diversity or breeding study. 
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Session 3: 2:15pm, March 9th  

Knocking out the IFITM locus in chicken embryonic fibroblast cell line DF-1 increases the 
yield of influenza and Newcastle disease viruses; a proof of concept for cell-based vaccine 
production 

Ahmed Samy Ibrahim 

The Pirbright Institute, Woking, UK, Immunogenetics 

Co-authors: Andreas Alber, Delphine Cougot, Mark Stockdale, Mark Fife and John A. 
Hammond 

Abstract: 

The production of many human and livestock vaccines relies on embryonated chicken eggs. 
However, the global supply of eggs is underpinned by complex supply chains that makes scale 
up during a disease outbreak challenging, requires prioritisation between vaccines and 
geographic areas, and produces vast amounts of biohazardous animal waste. Avian origin 
immortalized cell lines have the potential to provide an alternative to eggs, but widespread 
use is currently limited by lower vaccine yields and lack of suitability for specific viruses. 
Interferon-induced transmembrane protein (IFITM) proteins are now well known as a broad 
range of viral restriction factors in vertebrates. Therefore, we used CRISPR/Cas9 gene editing 
to delete the IFITM locus in chicken DF1 cells and examined the impact on viral yield, 
infectivity, and the abundance of cells expressing the surface immunogenic protein post 
influenza (AIV) and Newcastle disease virus (NDV) infection. Compared to wild type DF1, AIV 
yields increased up to 1.5 log10 pfu, and NDV LaSota increased by 0.8 log10 pfu. Both 
correlated with higher infectivity and higher expression of haemagglutinin and fusion protein. 
To confirm increased viral yields was not due to unknown effects from the editing process, 
we rescued the restriction phenotype in edited cells through transient expression of IFITM 
genes. Expression of IFITM3 but not IFITM1 restored AIV restriction, while expression of both 
IFITM1 and IFITM3 restored NDV infectivity. In conclusion, we have confirmed that removing 
IFITM genes enhances viral growth in DF1 cells, presenting a proof-of-concept technology to 
increase the value of avian cell-based vaccine production. 

Key words: Avian Cell Based Vaccine 
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Session 3: 2:20pm, March 9th 

Correlative cryo-bioimaging to study avian coronavirus replication organelles 

Patrick Phillips 

The Pirbright Institute, Woking, England 

Co-Authors: Nicole Doyle, Sarah Keep, Philippa Hawes, Maria Harkiolaki, Daniel Clare, 
Jonathan Grimes and Helena J. Maier 

Abstract: 

Bronchitis Virus (IBV) is a highly contagious pathogen of poultry and can be used as a model 
coronavirus to study the formation and structure of the coronavirus replication organelle 
(RO). All +RNA viruses create platforms for the viral RNA synthesis machinery by rearranging 
host-cell membranes into compartments called ROs that are also thought to protect nascent 
viral RNA from host-detection. Using fluorescently labelled recombinant viruses and 
correlative cryo-bioimaging, sites of viral replication can be marked and directly targeted for 
imaging using X-rays and electrons. These techniques will reveal the structure of the 
membrane rearrangements induced by infection to high resolution and under near-native 
conditions. Fluorescence signal from nsp2-tagged IBV has been shown to colocalise with 
known IBV replication structures using correlative light and electron microscopy (CLEM). 
Imaging at early timepoints, including following cryopreservation, will elucidate the formation 
of these structures under near-native conditions. Furthermore, using co-infection with the 
different tagged viruses, we can study the dynamics and interplay between replication 
structures of individual viruses. This work will contribute to understanding the sites of 
coronavirus RNA synthesis and this critical stage of the virus lifecycle. 

Key Words: Microscopy, Coronavirus, Replication 

  



 23 

Session 3: 2:25pm, March 9th 

Investigating the iCaspase9 function in engineered DAZL-iCaspase9 transgenic chicken PGC 
lines 

Sudeepta Kumar Panda 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland 

Co-authors: Anna R. Naim, Emily M. Leishman, Nienke van Staaveren, Benjamin J. Wood, 
Alexandra Harlander and Christine F. Baes 

Abstract: 

The advent of genome editing tools in poultry opens unprecedented opportunities to improve 
the production, productivity, and welfare of avian species. The development of the surrogate 
chicken hosts provides another stepping stone to expedite the gene-editing and biobanking 
pipeline by selectively removing endogenous PGCs that facilitates the colonisation of 
exogenous PGCs. Our lab at the Roslin Institute produced DDX4 Knockout and iCaspase9 
surrogate hosts. The iCaspase9 surrogate hosts contain a P2A-iCaspase9-T2A-GFP transgene 
at the c-terminal of the DAZL locus. By adding a dimerising compound (B/B) during injection, 
the iCaspase9 protein dimerises and induces apoptosis of endogenous PGCs. Here, I aim to 
investigate iCaspase9 gene activity in two different DAZL-iCaspase9 transgenic chicken PGC 
lines. First, I generated the DAZL-P2A-iCaspase9-T2A-GFP and DAZL-IRES2-iCaspase9-T2A-GFP 
PGC lines by exchanging P2A to IRES2 cassette using CRISPR/Cas9-mediated homology-
directed repair. Second, the GFP expression in the DAZL-P2A-iCaspase9-T2A-GFP PGC line was 
significantly higher (p<0.05) than the DAZL-IRES2-iCaspase9-T2A-GFP line. Third, upon 
performing a functional apoptotic assay by adding gradient doses of the B/B compounds to 
the sorted GFP population from these PGC lines, I found that the apoptotic activity of 
iCaspase9 of DAZL-IRES2-iCaspase9-T2A-GFP PGCs had equal activity to the DAZL-P2A-
iCaspase9-T2A-GFP line and both transgenes ablated PGCs at nanomolar concentrations. 

Key words: CRISPR/Cas9 Genome Editing, iCaspase9, Primordial Germ Cells (PGCs) 
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Early life management, behaviour and cognition in poultry 

Rebecca E. Nordquist 

Faculty of Veterinary Medicine, Utrecht University, Utrecht, the Netherlands, Animals in 
Science and Society 

Co-authors: Vivian C. Goerlich 

Abstract: 

Farm animals are exposed to a broad scale of early life events that are potential threats to 
their development, which may hinder their ability to adapt and thrive. For poultry, this may 
mean exposure to crowding at rearing, lack of maternal care, and/or mutilating procedures 
to, for instance, curb effects of feather pecking. Effects of management during in ovo 
development, and during the rearing phase (between hatch and lay onset) on later life 
behavior and development is vastly understudied. As this is such a critical developmental 
period, we study effects of transportation of fertilized eggs, and management and housing in 
early life on later cognitive, physiological and neural development. We find among others 
effects of early life stocking density on later feather corticosterone levels, and on anxiety-
related behaviors (von Eugen e.a. 2019, https://doi.org/10.3390/ani9020053) and effects of 
early maternal care on brain development (Hewlett e.a. 2014, https://doi.org/10.1186/1746-
6148-10-167). Preliminary results also indicate effects of in ovo transportation on acute stress 
responses in embryos. It is essential for the welfare of farm-kept animals to understand the 
effects of early life challenges on cognition later in life, in order to match housing and 
management practices to their adaptive and cognitive capacities. 

Key words: Chicken, Behaviour, in ovo 
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Effects of early-life experiences on micro-circuitry in avian forebrain areas involved in stress 
regulation 

Evgenii Liubishkin 

Discipline of Physiology, School of Medicine, Trinity College Dublin, Ireland; Discipline of 
Zoology, Trinity College Dublin, Ireland 

Biosciences Institute, The Henry Wellcome Building for Neuroecology, Newcastle University, 
Newcastle upon Tyne, UK 

Co-authors: Samuel Preston, Nicola Marples, Tom Smulders and Mark Cunningham 

Abstract: 

Neuronal oscillations are correlated to a variety of cognitive functions in mammals. This 
neuronal activity is disrupted in neuropsychiatric conditions in which stress is a critical 
environmental factor. Commercial hatching of chickens takes place in a stressful environment 
and has a negative effect on traits important for the industry. Whilst the impact of stress on 
mammalian neuronal oscillations has been examined, little is known regarding the effect on 
avian brain neuronal dynamics. Our lab has demonstrated the ability to record cholinergic 
evoked gamma oscillations (20-80Hz) in acute hippocampal brain slices in vitro. (Dheerendra 
at all, 2017). Using this approach, we examined the effect of early-life stress on neuronal 
oscillations in the chicken hippocampus. The effect of dark and green light incubation in white 
and brown eggs was studied as stress factors. We observed no effect of incubation conditions 
and genetic background on baseline gamma oscillations. Furthermore, the incubation 
conditions had no impact in several behavioural tests. In addition, our results showed that 
noradrenergic modulation has opposing effects on gamma oscillations in caudal versus rostral 
portions of avian hippocampus. Finally, we observed a difference in cholinergic subtype 
receptor sensitivity of avian hippocampal gamma oscillation compared to the mammalian 
equivalent. 

Keywords: Hippocampus, Gamma Oscillation 
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Threats to sustainable poultry production in Nigeria 

Bryony Armson 
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Co-authors: Abel B. Ekiri, Kehinde Adebowale, Isabella Endacott, Erika Galipo, Ruth Alafiatayo, 
Daniel L. Horton, Adah Ogwuche, Olorunsola N. Bankole, Hussein M. Galal, Beatty-Viv Maikai, 
Mariana Dineva, Aliyu Wakawa, Erik Mijten, Gabriel Varga and Alasdair J. C. Cook 

Abstract: 

A cross-sectional study was conducted to generate baseline data on poultry health, 
management, production, and challenges on 44 commercial poultry farms in Oyo and Kano 
states, Nigeria. Serum and tissue samples were also collected to assess antibody protection 
against Newcastle disease (ND), infectious bursal disease (IBD), and infectious bronchitis (IB) 
and to identify circulating viral strains, respectively. Live-spent layers, eggs, and used 
beddings were most frequently sold for revenue. Newcastle disease, chronic respiratory 
diseases, coccidiosis and lice infestation were the most observed conditions. Antibiotic 
products were widely used, mostly Doxygen (doxycycline and gentamicin), Tylosin, and 
Conflox (enrofloxacin), 39.5% of farms used feed additives (toxin-binders, minerals, vitamins) 
and 11.8% used coccidiostats. Access to pharmaceutical products was a key challenge, which 
was more apparent in northern Nigeria (Kano). Overall, 34.1%, 79.5%, and 2.3% of farms were 
considered protected against ND, IBD, and IB, respectively, and NDV, IBDV and IBV RNA were 
detected on 15.9%, 36.4% and 81.8% farms, respectively. Based on results from this study, 
reasons for inadequate protection following vaccination (vaccine ineffectiveness) should be 
further investigated. A multi-faceted approach integrating appropriate vaccination strategies, 
improved husbandry, biosecurity, and access to effective treatments is also required to 
address high priority poultry health issues. 

Key words: Vaccines, Infectious Disease, Poultry 
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Heritability and genetic correlation of keel bone morphometric phenotypes and injury 
grading in laying hens 

Maisarah Maidin 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland, Genetics and Genomics 

Co-authors: Junyuan Liang, Heather McCormack, Pete Wilson, Björn Andersson, Matthias 
Schmutz and Ian Dunn 

Abstract: 

Skeletal health in laying hens is an ongoing issue. The keel bone has the highest fracture 
incidence. The aim of this study is to analyse keel bone morphological phenotypes and 
measure heritability, genetic correlation, and correlation with keel injury. Radiographs were 
taken of the keel bones collected from 53 weeks old hens (n=956). Novel keel phenotypes 
were measured including keel depth at two points, localised radiodensity at two points, area, 
perimeter and length of each keel. Heritabilities were estimated using ASReml-W and genetic 
correlations estimated with other bone phenotypes. Keel injuries observed on the 
radiographs were graded 1-6 based on severity. ANOVA was performed using Genstat. Cranial 
keel depth had a heritability of 0.3 and significant genetic correlations with tibia and humerus 
densities. Cranial keel density had a significant genetic correlation with tibia and humerus 
densities. Keel overall density was higher (P=0.05) in keels graded 6 than in keels graded 1. 
Tibia and humerus breaking strength was higher (P<0.001, P<0.05 respectively) in keels 
graded 1 than in keels graded 6. These results suggest that the novel phenotypes could be 
used as proxies for bone quality measurement to aid selection. Improving general bone health 
will improve keel quality and improve welfare. 

Key words: Laying Hens, Keel Bone 
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Identifying subsets of chicken M cells using the CSF1R-reporter transgenic chickens 

Safieh Zeinali Lathori 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland 

Co-authors: Neil Mabbott, Kate Sutton and Lonneke Vervelde 

Abstract: 

M cells are specialized intestinal epithelial cells that sample luminal contents for mucosal 
immune surveillance. Recent studies, using CSF1R-reporter transgenic chickens, have found 
that along with mononuclear phagocytic cells and granulocytes, antigen sampling M cells in 
the bursa of Fabricius, large intestine and lung express the CSF1R. However, few CSF1R-eGFP 
expressing epithelial cells have been observed throughout the small intestine. Without 
additional chicken-specific M cell markers, research into M cells is limited. To gain more 
insight into chicken M cell biology, CSF1R-eGFPpos CD45neg and CSF1R-eGFPneg CD45neg 
bursal cells were sorted to enrich for M cells and inter-follicular epithelial (IFE) cells, 
respectively, for RNA-seq analysis. Transcriptome analysis revealed that chicken M cells 
express conserved M cell-related genes (SOX8, MARCKSL1 and PRNP) and chicken-specific M 
cell genes (CSF1R, SPI1, AIF1L, ANXA11, and ANXA4). Immunohistological analysis revealed 
the presence of SOX8pos CSF1R-eGFPneg cells in the epithelium overlying Peyer’s patches of 
the chicken small intestine, suggesting the presence of chicken M cell subsets that 
differentially express the CSF1R. In this project, we identified chicken M cell markers that is 
used to characterise M cells in the small intestine 

Key words: M cell, Marker, Mucosal Immunity 
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Effects of the early-life and adult environment on laying hens’ spatial cognition 

Lucille Dumontier 

Norwegian University of Life Sciences, Ås, Norway, Faculty of veterinary Medicine, 
Department of Paraclinical Sciences 

Co-authors: Andrew Janczak and Janicke Nordgreen 

Abstract: 

To investigate the effects of environmental complexity on spatial cognition, we tested 64 
White Leghorn hens in a detour task. These hens were cage- or aviary-reared and housed in 
standard or enriched cages during laying (n=16 per group). Enriched cages were more 
complex than standard cages and contained an additional dustbathing platform and curtains. 
Each hen was tested twice (62 & 64 weeks) and latencies to perform the detour were 
recorded (cutoff of 10 minutes). Results were analyzed using survival analyses, and pairwise 
comparisons were performed using log-rank test. Analysis showed a significant difference 
between cage-reared hens housed in standard cages and aviary-reared hens housed in 
enriched cages at both ages (62w: p=0.028; 64w: p=0.032). The hens were also faster to 
perform the detour during the second test (62w: mean=476s vs 64w: mean=397s), and more 
individuals accomplished the task before the cutoff (62w: n=26 vs 64w: n=32). Thus, the 
complexity of the rearing environment has long lasting effects on spatial cognition and the 
ability to solve a detour task. However, the adult environment can partly compensate for this 
if it offers a higher degree of complexity than the rearing environment. 

Key words: Cognition, Environmental Complexity, Enrichment 
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The effects of common laying hen injuries on landing velocity 

Jacob Brost 

Department of Animal Biosciences, Campbell Centre for the Study of Animal Welfare, 
University of Guelph, Guelph, Ontario, Canada  

Co-authors: Bret Tobalske, Nienke van Staaveren, Audrey Elias, Rahul Sharma and Alexandra 
Harlander 

Abstract: 

Chickens use their wings and legs to slow descent and absorb landing forces when jumping 
from elevated resources to the ground. Between 40-90% of laying hens kept in human-
managed systems have footpad dermatitis (inflammation on the plantar surface of the foot, 
FPD) and/or keel bones fractures (breast bone fracture, KBF). Effects of injuries on locomotion 
in laying hens are unknown. We hypothesized that hens with FPD, KBF, and neither condition 
(assumed healthy) exhibit different mechanics in force development during landing. Hens 
were trained to land onto two identical force plates (Bertec Corporation, Columbus, OH, USA) 
from a 30 cm drop. Using 3D force data inputted into IgorPro 6 (Wavemetrics, Lake Oswego, 
OR, USA), we measured landing velocity (m/s) as mass-specific impulse (Ns/kg). Twenty-two 
hens exhibited an average velocity of 2.3 ± 0.1 m/s (KBF n = 8), 2.0 ± 0.1 m/s (FPD n = 8), and 
2.0 ± 0.1 m/s (Healthy n = 6). Injury status tended to affect landing velocity, with higher 
velocities in KBF than FPD hens (P = 0.06). Increased velocities in birds with KBF may indicate 
that they cannot generate enough force to slow descent by their wings and this could increase 
risk of additional injuries. 

Key words: Force Plate, Biomechanics, Keel Bone Fracture 
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Is the predictive force of the pectoralis muscle related to intact wing feathers in chickens? 

Grace Hong 

Campbell Centre for the Study of Animal Welfare, Animal Biosciences, University of Guelph, 
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Co-Authors: Bret Tobalske, Nienke van Staaveren, Renee Garant, Neila Ben Sassi and 
Alexandra Harlander 

Abstract: 

In Galliformes, flapping flight requires intact feather cover and high force output from the 
pectoralis muscle. Feather loss due to pecking one another is reported in up to 90% of laying 
hens kept on farms. Flight feather loss decreases pectoralis thickness and reduces elevated 
resource usage. We hypothesized that this could have further implications for the pectoralis 
muscle's ability to produce force. Eighteen laying hens were kept in aviary-style pens and 
assigned to three treatments at 32 weeks of age (WOA): unclipped (all flight feathers 
remained intact, N=6), half clipped (primary flight feathers clipped, N=6) and fully clipped 
(primary and secondary flight feathers clipped, N=6). At 42 WOA, hens were euthanized and 
pectoralis was excised. Muscle weight, muscle fibre length, and pennation angle were 
measured to calculate the predictive muscle force (PMF). Preliminary results show that the 
average PMF was 20.2± 3.47 kPa in fully clipped, 20.1±2.60 kPa in half clipped, and 19.9± 2.23 
kPa in unclipped birds. While further analysis is on-going, this suggests that changes in muscle 
thickness and behaviour that occurred due to wing feather loss were not driven by a reduced 
ability to produce the necessary force for flapping flight. 

Keywords: Flapping Flight, Poultry, Locomotion 
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Understanding Coronavirus replication organelles, a critical conserved step in virus 
replication 

Dr Helena Maier  

Group Leader of the Coronavirus Cellular Biology group at The Pirbright Institute, UK.  

Abstract: 

Coronaviruses are an important family of disease-causing viruses responsible for the current 
COVID-19 pandemic as well as significant disease and economic losses to the livestock 
industries. Infectious bronchitis virus (IBV) in particular causes large economic losses to the 
UK and global poultry industries. Understanding the molecular basis of virus replication and 
how viruses interact with and control the host cell provides the information required for 
design of novel approaches to vaccine development and antiviral treatments. In addition, 
knowledge of cellular proteins involved in virus replication provides mechanistic 
understanding of host resistance and susceptibility, providing an opportunity for a targeted 
approach for development of disease resistant livestock animals. During replication, 
coronaviruses rearrange host cell membranes to produce replication organelles. These 
conserved structures are the site of viral RNA synthesis and are, therefore, critical for 
optimum virus replication. This presentation will cover our current understanding of IBV 
replication organelles and ongoing studies utilising advanced bioimaging and ‘omics 
techniques.
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Effect of timing of early-life cecal microbiota transplant in broiler chickens on the reduction 
of faecal shedding and intestinal colonisation with the foodborne pathogen Salmonella 
enterica serovar Typhimurium 
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University of Liverpool, Liverpool, United Kingdom, Institute of Infection, Veterinary and 
Ecological Science, Infection Biology and Microbiomes 

Co-authors: Amyleigh Watts, Amy Wedley, Sue Jopson, Alistair C Darby and Paul Wigley 

Abstract: 

Exposure to microbes early in life has long-lasting effects on microbial community structure 
and function of the microbiome. However, in commercial poultry settings chicks are reared 
as a single-age cohort with no exposure to adult birds which can have profound effects on 
microbiota development and subsequent pathogen challenge. Here, we show that 
manipulation of the microbiota between 4 and 72 hours of hatch markedly reduces pathogen 
load in transplanted birds compared to controls. We show that fewer birds in transplant 
groups shed Salmonella in the faeces compared to PBS gavaged control birds. This effect is 
apparent regardless of the time interval between hatch and transplantation. There was also 
a marked reduction in cecal colonisation of CMT birds compared to PBS. Microbiome analysis 
showed that specific increases in the bacterial genera Faecalibacterium, Sudoligranulum, 
Dehalobacterium, Defluvifalea and Unclassified RF39 appear to be associated with CMT 
treatment whereas Coprococcus genera are significantly higher in PBS treated birds. Early 
microbiota intervention in chickens is a promising route of pathogen control in broiler flocks 
in the fight to control food-borne outbreaks in the human population. Specific species appear 
to be associated with protection against Salmonella challenge and could be utilised as 
potential probiotic treatments. 

Key words: Microbiome, Transplant, Salmonella 
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DDTNFR23, a tumor necrosis factor plays a role in F subgroup avian leukosis viral infection 
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Co-authors: David Přikryl, Lubomíra Pecnová, Dana Kučerová, Jiří Plachý, Mireille Morisson 
and Jiří Hejnar 

Abstract: 

Avian leukosis viruses have been categorized in both exogenous and endogenous subgroups, 
in chickens and related galliform birds. The subgroups A, B, C, D, E, J, and K are grouped 
according to their antigenic reactivity, superinfection interference, and cell receptor usage. 
The aim of this study is to determine the cell receptor for the undescribed F subgroup. The F 
subgroup is at the level of several endogenous env sequences in the ring necked pheasant 
genome. The F avian leukosis virus was rescued by recombination with infectious chicken 
virus. We constructed a recombinant avian leukosis virus with the F subgroup env gene that 
replicates only in chicken cells. No superinfection interference of the F subgroup virus with 
other subgroups was detected. A chicken/hamster radiation hybrid was used for mapping 
chicken receptor. Based on chromosomal position, we identified in chicken and pheasant, 
DDTNFR23, a gene which is necessary for F subgroup infection. Taken together, we provide a 
molecular characterization of the F subgroup avian leukosis virus and enhances our 
knowledge of receptor usage diversification within a closely related virus. 

Key words: F Subgroup, DDTNFR23 
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Evaluating the antigenic relatedness of seven diverse infectious bursal disease virus (IBDV) 
strains using novel rescue system 

Vishwanatha Reddy 
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Andrew J. Broadbent 

Abstract: 

Infectious bursal disease virus (IBDV) is endemic worldwide, and eight genogroups have been 
identified based on the sequence of the hypervariable region (HVR) of the VP2 capsid. There 
is a need to evaluate the ability of commercial vaccines to neutralize the different 
genogroups, including to understand the relationship between IBDV HVR sequence diversity 
and antigenic diversity. To address this, we used an in-house reverse genetics system and the 
chicken B-cell line DT40 to rescue a panel of chimeric-IBDVs with the backbone of a lab-
adapted PBG98 strain and the HVRs from diverse field strains: classical F52-70 (genogroup 1), 
US-variant Del-E (genogroup 2), Chinese-variant SHG19 (genogroup 2), very-virulent UK661 
(genogroup 3), M04/09 distinct (genogroup 4), Italian ITA-04 (genogroup 6), and Australian-
variant Vic-01/94 (genogroup 8). Rescued chimeric IBDVs were showed no cell adaptation 
tropism amino acid substitutions at 253, 279, 284 and 330 of HVR VP2s, except strains Del-E 
and M04/09 had a N279H mutation. Groups of 6 chickens were inoculated with vaccine 228E 
or wild-type F52-70, serum was obtained at 28 days post-inoculation, and the neutralization 
titer determined against the panel. Sera of F52-70 and 228E inoculated chickens had strong 
neutralizing activity against homologous F52-70 and chimeric pPBG98A-F52-70-HVR, and 
228E viruses (genogroup 1), but lowest neutralizing activity against pPBG98A-Del-E-HVR and 
pPBG98A-SHG19-HVR (genogroup 2), whereas neutralization activity against other four 
genogroups such as pPBG98A-UK661-HVR (genogroup 3), pPBG98A-M04/09-HVR (genogroup 
4), pPBG98A-ITA-04-HVR (genogroup 6) and pPBG98A-Vic-01/94-HVR (genogroup 8), was in 
between genogroup1 and genogroup 2. In summary, our assay can be used to evaluate the 
antigenic relatedness of diverse IBDV strains, including to identify the contribution of 
individual HVR mutations to antigenicity, which is a breakthrough in IBDV research to design 
a “tailor made” novel IBDV vaccines. 

Key words: Infectious Bursal Disease Virus, IBDV, Antigenicity, Reverse Genetics 
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Coronavirus RNA synthesis takes place within membrane-bound sites 

Nicole Doyle 
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Abstract: 

Infectious bronchitis virus (IBV), a gammacoronavirus, is an important virus to the poultry 
industry, both economically and as a significant welfare issue. As in all positive strand RNA 
virus infections, IBV causes host cell intracellular membrane rearrangements which form 
replication organelles. Replication organelle formation is a crucial and highly conserved step 
in the viral life cycle. In this work, we used a uridine analogue and confocal microscopy to 
investigate both the localisation of viral RNA synthesis, as well as the link with replication 
organelles in host cells. We have shown that sites of viral RNA synthesis and the virus-related 
dsRNA are closely associated with one another and, notably, that they are located within a 
membrane-bound compartment in the cell. We have also shown that while some viral RNA 
produced early in infection persists within these membranes throughout the course of 
infection, a proportion of the viral RNA is trafficked to the cytoplasm. Importantly, we 
demonstrate here that this mechanism is conserved across all four coronavirus genera of 
coronaviruses, including SARS-CoV-2. Adding to our knowledge of the replication of these 
viruses is imperative to effectively find ways to manage them. 

Key Words: Infectious Bronchitis Virus (IBV), Viral RNA Synthesis, Replication Organelle 
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Evaluation of the cross-protective efficacy of avian pathogenic Escherichia coli mutants with 
truncated lipopolysaccharide in chickens 

Ricardo Corona Torres 
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on behalf of the Glycoengineering of Veterinary Vaccines Consortium 

Abstract: 

Respiratory and systemic infection caused by avian pathogenic Escherichia coli (APEC) 
represents a major problem in the poultry industry due to mortality, carcass condemnation 
and reduced meat and egg production. The most common serogroups associated with avian 
colibacillosis worldwide are O1, O2 and O78. Control by vaccination can be challenging due 
to the high variability and antigenic dominance of the lipopolysaccharide (LPS) O-antigen 
which impedes cross-serogroup protection. We hypothesised that truncation of the 
lipopolysaccharide may expose underlying surface antigens that could enhance cross-
protection. We constructed two mutants of an APEC O78 strain. These were designed to 
disrupt the synthesis of the O-antigen monomers (Δrfe) or their polymerisation (Δrfc), while 
keeping the core of the LPS intact. White Leghorn birds divided into groups of 5 animals, were 
orally vaccinated with APEC Δrfe, APEC Δrfc or APEC::pgl (previously reported to protect 
against homologous infection) and challenged via the intra-airsac route with either APEC O78, 
O1 or O2. While the protection conferred by APEC::pgl to homologous O78 challenge was 
reproduced, it did not protect against the heterologous strains. Furthermore, none of the 
vaccine candidates with truncated LPS conferred protection to any of the challenge strains. 
These data suggest that despite our efforts to identify new conserved vaccine targets, 
protection against experimental APEC infection seems to be mostly mediated by host 
responses to the O-antigen. 

Key words: O-antigen, Avian Pathogenic Escherichia Coli, LPS Truncation 
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Plant-based vaccines for prevention of poultry viral diseases: Newcastle disease 
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Abstract: 

Newcastle Disease (ND) is an economically important viral disease of poultry. Vaccination is a 
cornerstone for ND control, particularly in countries where strict biosecurity measures are 
lacking. However, commercial ND vaccines are expensive, require cold chain storage, and 
poorly protect against local emerging strains, which limits their benefits for low-resources 
markets. Therefore, the need for novel ND vaccines should be emphasized. This study aims 
to 1) demonstrate the feasibility of Agrobacterium-mediated transient protein expression 
system in Nicotiana benthamiana to produce safe and cost-effective plant-based ND vaccines 
as virus-like particles (VLPs) and/or sub-unit vaccines based on Newcastle disease virus (NDV) 
envelope proteins (fusion/F, haemagglutinin–neuraminidase/HN, and matrix/M) ; and 2) 
design ND vaccine based on local variants in Asia. Here we show that the NDV envelope 
proteins could be successfully expressed in plants using a transient expression system. The 
expression of NDV HN was associated with cell death in infiltrated plants that may reduce 
protein yield. This symptom was further ameliorated by co-expression of heterologous 
chaperone protein, calnexin. Overall studies highlight the transient expression system in 
plants as a promising approach to produce ND vaccines. Ultimately, this system paves a way 
for rapidly updating the NDV vaccine strains against local variants. 

Key words: Newcastle Disease Virus, Agrobacterium Transient Expression in Plants, Sub-Unit 
Vaccines, Virus Like Particles, Calnexin 
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Abstract: 

Poultry red mites (PRM) are small, highly mobile, blood feeding ectoparasites that live off-
host, only seeking a bird to rapidly engorge every few days. PRM are therefore difficult to 
contain in a controlled experimental environment that allows natural feeding on the host and 
in vitro  

feeding techniques have been previously employed to overcome containment issues (e.g. 
McDevitt et al., 2006).  

High background mite mortality and variable mite feeding rates make in vitro testing 
challenging. An ‘on-hen’ in vivo feeding device was developed and optimised for all 
hematophagous life stages of PRM: mite conditioning and co-feeding studies were 
undertaken to maximise feeding rates (Nunn et al.,2019) and evaluate baseline mortality 
followed by a trial to the effect of hen age on mite feeding (Nunn et al., 2020).  

The device attaches to the hen’s thigh which is plucked to facilitate a flush attachment of the 
device to the hen’s skin, enabling mite feeding. A study to determine any analgesic effect of 
EMLA cream while plucking and effect of EMLA cream on mite feeding, mortality and 
fecundity was evaluated. Ethogram scores demonstrated significant differences between 
treatment groups and no significant difference in mortality or fecundity between groups was 
evidenced after 48h of treatment. 

Key words: Hens, in vivo, 3Rs 
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Characterisation of the infectious bronchitis virus E protein for rational vaccine design 

Isobel Webb 
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Co-authors: Sarah Keep, Helena J Maier, Andrew Davidson and Erica Bickerton 

Abstract: 

Infectious bronchitis virus (IBV) is a Gammacoronavirus which infects the epithelial surfaces 
of the respiratory and reproductive tracts within poultry, causing the economically important 
disease Infectious Bronchitis. Current vaccines are generated through serial passage of 
pathogenic IBV in embryonated eggs. These vaccines have several major caveats so there is a 
need for rationally attenuated live vaccines. The IBV envelope (E) protein forms a pentameric 
ion channel which can be inactivated with a single amino acid change at the T16 residue. The 
E protein ion channel has been shown to be a key virulence factor in Severe Acute Respiratory 
Syndrome coronavirus (SARS-CoV). Using reverse genetics, this residue has been modified to 
T16A in both a non-pathogenic strain (Beau-R) and pathogenic strain (M41-K). The 
characteristics of the resulting viruses have been assessed for genetic stability, growth 
kinetics, thermal stability, E expression pattern and plaque morphology. The growth kinetics 
of BeauR-T16A are comparable to Beau-R whereas some isolates of M41K-T16A are not 
comparable to M41-K. These results indicate that M41-K is less tolerant of the T16A mutation 
than Beau-R, therefore the impact of the mutation differs between the strains. 

Keywords: IBV, Coronavirus, E Protein 
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Quantifying the use and impact of antimicrobial drugs on chicken gut biome and the 
presence of resistance genes 

Sophie Hedges 

Royal Veterinary College, London, England, Department of Comparative Biomedical Sciences 

Co-authors: Ludovic Pelligand, Guillaume Fournie, Damer Blake and Jose Lourenco 

Abstract: 

Antimicrobial resistance (AMR) is one of the leading causes of human death worldwide and 
can be partially attributed to the use of antibiotics in livestock production. Antibiotic drugs 
are used within the poultry sector for the treatment and prevention of disease, and in some 
countries as growth promoters. Despite ongoing global efforts to reduce the impact of AMR, 
low to middle income countries can often fall behind, with minimal guidance on drug 
prescription and access to restricted antimicrobial drugs (AMDs). 

Mathematical models have been widely used in understanding infectious disease dynamics 
and recently adopted in AMR. These compartmental models look at the bacterial state of 
individual chickens over time, modelling host-host and host-environment transmission routes 
of different AMDs and bacteria with supporting data. Detection methods using liquid-
chromatography mass-spectrometry and lateral flow assays are used identify AMD residues 
in both meat and feather samples. The addition of sequencing methods to detect resistance 
genes from E. coli, Campylobacter and Salmonella from poultry ceacal microbiome were used 
to parameterise these novel models.  

This research focuses on resistance modelling within chicken flocks demonstrating changes in 
resistance dynamics under different AMD regimes, supported by data collected in South-East 
Asia. 

Key words: Antimicrobial Resistance, Mathematical Modelling 
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Implementing care and welfare strategies for novel genetically altered chickens 

Kris Hogan 

The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, 
Scotland 

Co-authors: Adrian Sherman, Lindsay J. Henderson and Amanda Novak 

Abstract: 

Genetic alteration of the chicken genome has contributed significantly to an increased 
understanding in a wide range of topics, including avian immunology and developmental 
biology. Once a novel genetically altered (GA) chicken line has been established, standard 
husbandry practices are generally sufficient to ensure bird health and welfare, and most lines 
display little or no associated phenotype. The development of surrogate host technology has 
significantly reduced both the difficulty and time taken to create novel GA poultry lines, 
potentially increasing the number of new GA chicken lines. Whilst creation of a new line poses 
opportunities for research, with each new line there is the potential to introduce expected or 
unexpected welfare harms. Establishments and researchers are legally and morally obliged to 
adhere to Home Office licencing regulations including the principals of the 3Rs; Reduce, 
Refine and Replace. Mitigations against expected detrimental phenotypes are in place pre-
hatch to reduce potential harms and severity of harm experienced by chicks. Harms cannot 
always be predicted post-hatch, to address this, a robust process must be in place to allow 
health assessment of each new line. Rapid discovery of deleterious effects within a line 
facilitates immediate change to husbandry practices and development of bespoke welfare 
routines. 

Key words: Welfare, Husbandry, GA 
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Short-term fasting increases food seeking behaviour and hypothalamic neuropeptide y 
mRNA in Japanese quail chicks 

Alex Johnston 
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Co-authors: Valerie R. Bishop, Marie C. Simonot, Gareth Leng and Simone L. Meddle 

Abstract: 

Little is known about the central mechanisms regulating the onset of appetite in birds in early 
life and here we investigated how changes in nutritional status and food availability effect the 
hypothalamic pathways modulating appetite in young Japanese quail (Coturnix japonica). 
Nine-day old chicks (both sexes; n=22-26/group/sex) kept on (19L:5D) were randomly 
assigned to FED (control, ad libitum feeding) or FASTED (4h fast from lights on, food removed 
at lights off) groups. Food seeking behaviour and appetite-related hypothalamic gene 
expression was compared between groups. FASTED chicks exhibited significantly lower body 
and gut weights as well as lower blood glucose levels and increased firing of hypothalamic 
feeding circuit neurones compared to FED controls. Behavioural analysis showed FED and 
FASTED chicks did not feed or drink during darkness. Following lights on FASTED chicks 
showed increased food seeking behaviour compared to the FED chicks. RT-qPCR analysis of 
appetite-related hypothalamic gene expression, showed a significant increase in 
hypothalamic neuropeptide-Y (NPY), but not agouti-related peptide (AgRP), 
Proopiomelanocortin (POMC) or cocaine-and-amphetamine-regulated transcript (CART) 
mRNA in FASTED quail compared to the FED control chicks. Thus, negative energy balance 
caused by food restriction enhances food-seeking behaviour in male and female chicks, and 
this was associated with increased hypothalamic NPY mRNA expression but not AgRP mRNA. 

Key words: Appetite, Feeding, NPY 
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RNA-seq analyses reveal environmental stress response genes in Lapland longspur 

Zhou Wu 
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Abstract: 

Extreme weather events are becoming more frequent because of climate change. 
Understanding how organisms respond to adverse environmental conditions is a prerequisite 
to coping with environmental challenges. We studied a unique set of samples collected from 
free-living Lapland longspurs(Calcarius laponnicus) during their arrival and incubation. Birds 
were sampled at an extreme arrival period, a typical arrival period, and incubation before and 
during a severe snowstorm. 

To understand how climate change influences the biological systems of wild birds, we 
performed RNA-seq on the liver, hypothalamus, heart, and gonad. Plasma levels of 
glucocorticoids were elevated in response to stress handling during the extreme spring and 
during the snowstorm. We identified storm-associated differentially expressed genes (DEGs). 
In particular, the gene encoding FKBP5 was up-significantly regulated in hypothalamus, 
suggesting that FKBP5 is functionally important for the response to inclement weather. FKBP5 
is a regulator of the Hypothalamic-Pituitary-Adrenal (HPA) axis stress-response, and it acts to 
modulate glucocorticoid receptor sensitivity. FKBP5 acts as a co-chaperone, negatively 
regulating the glucocorticoid signalling pathway and provides a mechanism by which an 
individual can adjust to environmental perturbations. Such findings will build on our 
understanding of endocrine mediated stress and resilience in freely living animals in a 
changing world. Extreme weather events are becoming more frequent because of climate 
change. Understanding how organisms respond to adverse environmental conditions is a 
prerequisite to coping with environmental challenges. Wild animals are an excellent proxy, so 
we studied a unique set of samples collected from wild Lapland longspur (Calcarius 
laponnicus) breeding in Alaska, representing different tissues under exposure to different 
environmental conditions, including a severe snowstorm. To understand how climate change 
influences the biological systems of wild birds, we performed RNA-seq on different tissues 
including liver, hypothalamus, heart, and gonad, with the presence and absence of storm 
condition. 

We identified many storm-associated differentially expressed genes (DEGs). In particular, 
when comparing the differentially expressed genes in hypothalamus, the gene encoding 
FKBP5 is significantly up-regulated, which suggests FKBP5 is functionally important in 
response to storm conditions. FKBP5 is a regulator of the Hypothalamic-Pituitary-Adrenal axis 
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and stress-response, and in response to stress FKBP5 modulates glucocorticoid receptor 
sensitivity. FKBP5 acts as a co-chaperone, negatively regulating the glucocorticoid signalling 
pathway and other biological functions. Such findings will provide the foundations to develop 
resilience strategies to mitigate potentially devastating effects in all life on earth including 
those of global agricultural importance. 

Key words: Stress Response, RNA-seq, Genome Assembly, Lapland longspur 
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The relationship between feather corticosterone and fault bar occurrence in purebred 
domestic turkeys (Meleagris gallopavo) 

Anna R. Naim  
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Co-authors: Emily M. Leishman, Nienke van Staaveren, Benjamin J. Wood, Alexandra 
Harlander, and Christine F. Baes 

Abstract: 

Feather corticosterone (FCORT) is a popular indicator of hypothalamic-pituitary-adrenal axis 
activity when wild and domestic birds experience perturbations. These perturbations are 
hypothesized also to be indicated by visible fault bars perpendicular to the feather rachis, 
leading to narrow breaks in the bars and barbules, which could act as a proxy for FCORT. 
However, fault bars are not well studied in domestic turkeys and their relationship to FCORT 
is unclear. We investigated the relationship between FCORT and fault bar incidence/severity 
in turkey feathers. Primary wing feathers (n = 75) were collected from male turkeys reared 
under identical husbandry conditions. A scoring scheme was used to count the number of 
fault bars and classify feathers by fault bar severity: no fault barring, light barring, moderate 
barring, and severe barring (absence of barbules). FCORT was measured using an ELISA 
(Corticosterone ELISA kit, No. 501320, Cayman Chemicals). Elevated FCORT levels appear to 
be correlated with fault bar severity and frequency. FCORT was elevated, and fault bars were 
concentrated towards the feather tips. The results of this study indicate that fault bars have 
the potential to be scored as a proxy for FCORT, however further research should investigate 
the effect of other factors involved. 

Key words: Turkey, Corticosterone, Feathers 
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The role of cholecystokinin in the chicken crop elucidated from the distribution of gastrin, 
cholecystokinin and their receptors expression 

Ian Dunn 
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Co-authors: Jiao Yuping, Peter W. Wilson and Angus M. A. Reid 

Abstract: 

Food intake is controlled by central and peripheral feedback signals. Cholecystokinin (CCK) 
and its receptor CCK receptor A (CCKAR) are particularly important to feed intake in chickens 
and can define final body weight. In this study, expression of the CCK/gastrin family and their 
receptors expression was measured to understand the peptides target organs. The functional 
consequences of CCK in the crop a novel target organ for CCK discovered in this study were 
elucidated. 

CCK was abundant in the hypothalamus followed by the small intestine. Gastrin was confined 
to the antrum and was elevated by release from feed restriction. CCKAR was most abundant 
in the pancreas and crop whilst CCKBR was highest in the hypothalamus and proventriculus. 
Pancreatic CCK expression increased after removal of food restriction. Crop contractions as a 
% of a maximal K+ induced response was 58±11% in response to 1x10-6 M CCK and formed a 
dose response curve down to 1x10-8 M. 

The distribution of the CCK/gastrin receptors is novel and pointed to new roles for the peptide 
family. CCKAR expression in the crop was unexpected but its role in crop emptying was 
supported by in-vitro contraction after CCK administration. 

Key words: Feed, Growth, Physiology 


