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DAY 1 – Tuesday March 7th 2023 
 
Session 1: 1:00pm March 7th – KEYNOTE 
 
Illumination of chick photoreceptor formation through cis-regulation 
 
Mark Emerson 
 
Associate Professor at The City College of New York, City University of New York, USA 
 
 
Abstract: 
 
The retina has been one of the most intensely studied regions of the nervous system, driven by its 
unique combination of primary sensory function, local circuit architecture, developmental and 
physiological properties (and many other characteristics) that can all be found in this highly 
accessible tissue. While the retina has a high degree of functional homology between species, it has 
also shown considerable species-specific adaptations, notably in its ability to maximally function 
under the low light and bright light conditions associated with nocturnal and diurnal behavioural 
patterns, respectively. The chicken is an excellent developmental model to study the formation of 
the retina in a diurnal species. Of particular interest to our research group are the generation of a 
high proportion of multiple cone photoreceptor types that allow for the high acuity and color vision 
capabilities of the chick visual system. The paucity of these cell types in rodent models and their 
formation at embryonic timepoints creates experimental barriers to the study of cones that the 
chick model is well-suited to overcome. Our goal is to identify the gene regulatory networks that are 
active during cone formation (beginning around embryonic day 4). To do so, we have used, 
modified, and developed techniques that are based on the use of electroporation to introduce DNA 
specifically into dividing cells of the developing retina. This experimental approach has many 
benefits, but has inherent hurdles created by the mosaic nature of electroporation. This talk will 
focus primarily on our use of experimental techniques such as gene editing, single cell 
transcriptomics, and lineage tracing to understand cone photoreceptor formation and our strategies 
for maximizing their effective implementation given these barriers. 
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Session 1: 1:30pm March 7th 
 

Using a live vaccine as a model for respiratory disease in hens: inducing clinical symptoms  

Hyungwook Kang*, Victoria Sandilands and Marie Haskell and Susan Jarvis  

*Global Academy of Agriculture and Food Systems, University of Edinburgh and SRUC, Edinburgh, UK  

 

Abstract: 

To assess the clinical response to a disease challenge without actually inducing illness, a live vaccine 
model was applied in laying hens. Twenty previously unvaccinated hens (25-35 weeks old) were used 
in 5 batches (4 hens/batch) for 12 days each. Hens were housed in an experimental room from day 1 
(D1), which contained food, water, nest boxes and perches. On D3, saline control was administered 
to all birds by nasal and ocular drop. On D6, birds were given ILT (Infectious Laryngotracheitis) 
vaccine using the same method. Clinical symptoms were recorded daily using a scoring system 
(unusual breathing, nasal and ocular discharge, conjunctivitis, depression), cloacal temperature and 
respiratory rate (counts/min). Changes in body weight and feeding were measured on D1, D3, D6, 
D9 and D12. Data were analysed by linear and generalised linear mixed models. There was no 
significant difference over the 12 days in mean cloacal temperature, mean nasal discharge, or feed 
intake (P>0.05). Mean scores of abnormal breathing, ocular discharge, conjunctivitis, and 
depression, and mean respiratory rate, and mean body weight were significantly different over days 
(all P < 0.001). Using a live vaccine for a respiratory disease was successful at stimulating measurable 
changes in clinical symptoms in hens.  

 
Keywords: laying hens, respiratory disease, clinical symptoms  
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Session 1: 1:45pm March 7th 
 
Genome-scale identification of Staphylococcus aureus determinants of avian host interactions 
 
Fiona A Sargison*, Joana Alves, Zhiguang Wu, Amy Pickering, Adam Balic and J. Ross Fitzgerald 
 
*Department of Biochemistry, Oxford University, Oxford, England, UK   
 
 
Abstract: 
 
The capacity of S. aureus to adapt to distinct host-species ecologies is a major public health and 
economic concern. Approximately 60 years ago, a human-to-poultry host jump by S. aureus 
belonging to the widespread CC5 clade, led to the global expansion of S. aureus in broiler poultry. 
Our research aimed to identify the immune cell repertoire and bacterial genes involved in avian 
host-adaptation. To determine the avian immune cell tropism for S. aureus, mCherry-integrated 
clones from common avian (CC385, CC5) and human (CC8) S. aureus clonal lineages were screened 
in blood extracted from the transgenic chicken line Runx1-eGFP. We demonstrate that monocytes 
and heterophils generate the first-line response to S. aureus infection, with avian strains exhibiting 
differential uptake by heterophils compared to a human strain. Furthermore, our analysis 
demonstrated that avian S. aureus strains may have adapted to the avian host through the inhibition 
of degranulation of heterophils as a novel survival mechanism. This study provides new insights into 
the evolution of S. aureus and the key host-pathogen interactions underpinning S. aureus infections. 
 
 
Keywords: Staphylococcus aureus, Host-adaptation, infection  
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Session 1: 2:00pm March 7th 
 
Avian Leukosis Virus subgroup K originated from a globally widespread endogenous retrovirus 
 
Andrew Mason* 
 
*Department of Biology, the University of York, York, UK  
 
 
Abstract: 
 
Avian Leukosis Viruses (ALV) promote lymphoid leukosis via insertional mutagenesis, impacting 
commercial and smallholder flocks worldwide. Six ALV subgroups are well described in chickens, 
including the endogenous retrovirus (ERV) subgroup “E”. In 2012, a novel ALV subgroup “K” was 
identified in Chinese commercial flocks. ALV-K is highly homologous to ALV-E, but uses a different 
host cell receptor and has been associated with glioma.  
Much work has focused on the origins of ALV-K: favouring a complex multiple recombination event 
hypothesis, rather than a more parsimonious origin from a naturally occurring ALV-E variant. Here 
we analysed over 1000 domestic chicken and wild-caught red junglefowl genomes and identified 
integrated ALV-K-consistent sequences. Exogenous ALV-K has not been detected outside China, 
Japan and Taiwan, but integrated ALV-K was widespread across Asia, sub-Saharan Africa, and in 
breeds imported to Europe and North America from those regions, such as the Silkie. Building on 
whole genome analysis, we developed a Nanopore bait-panel approach to specifically sequence 
integrated ALV and relate the subsequent phylogeny to ALV-E/K geographic distribution. 
This work highlights the emergent potential of oncogenic ERVs, particularly as ALV-K has both 
altered tissue tropism and an expanded host range compared with ALV-E.  
 
 
Keywords: ALV; ERV; genomics  
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Session 1: 2:15pm March 7th 
 
Testosterone-dependent androgen receptor signaling in socio-sexual and vocal behaviours of 
domestic chicken 
 
Mekhla Rudra*1, Kamila Lengyel2, Antje Bakker1, Monika Trappschuh1, Lisa Trost1, Carolina Frankl-
Vilches1, Albertine Leitao1, Benjamin Schusser2, Manfred Gahr1  

1. Dept. of Behavioural Neurobiology, Max Planck Institute for Biological Intelligence (formerly Max 
Planck Institute for Ornithology, Seewiesen, Germany 2. Dept. of Reproductive Biotechnology, TUM 
School of Life Sciences, Technical University of Munich, Freising, Germany 

 

Abstract: 

Sexual behaviours including vocalization, aggression and copulation are known to be induced by 
androgens, notably testosterone. Testosterone is converted into a number of metabolites in the 
neural tissues of vertebrates, most of which fall in the androgen family and act through the 
androgen receptor (AR). However, testosterone is also metabolized to estradiol which then acts 
through the estrogen receptor (ER) to affect sex differentiation, behaviour and morphology. Insights 
on testosterone-mediated behaviours have been gained in the past by using traditional hormone 
manipulation techniques like castration, administration of exogenous hormones and blocking of 
hormone receptors, however they have limitations which might lead to inaccurate interpretation of 
results. To this end, we use a transgenic line of androgen receptor knockout (ARKO) domestic 
chicken (Gallus gallus domesticus) developed by us which is capable of providing insights on AR-
dependent regulation of behaviours. I use telemetric audio and video recording technologies to 
compare behaviours between ARKO and control birds, both in juvenile and adult males. As per our 
observations so far, testosterone is unable to elicit androgen-linked behaviours in juvenile ARKOs, 
although occurrence of mild levels of some sex-specific behaviours have been unexpectedly 
observed in adolescent and adult ARKO males. By directly modifying testosterone binding to AR, this 
system is a powerful tool to understand which testosterone-dependent phenotypes are mediated 
directly by the AR or indirectly via aromatization of testosterone to estradiol functioning through the 
ER. 

Keywords: androgen, behaviour, mechanism, transgenic, ARKO 
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Session 1: 2:20pm March 7th 
 
Does complexity of aviary design affect hippocampal plasticity in laying hens? 
 
Matthew J Craven*, Jonathan H Guy, Timothy Boswell and Tom V Smulders 
 
*School of Natural and Environmental Sciences, Newcastle University, Newcastle Upon Tyne, UK  
 
 
Abstract: 
 
This study compared two cage-free housing designs used with laying hens. We hypothesised that 
birds housed in a lower complexity flat-deck system would experience higher levels of chronic stress 
than those housed in a more complex multi-tier aviary, in which they had greater opportunity to 
explore. 
Pullets were sampled from a flat-deck rearing site at 14 weeks of age. Two weeks later, some 
remaining birds were moved into flat-deck adult housing, and some were moved into multi-tier 
housing. At 24 weeks of age, 12 birds were selected from each group. Brains were collected from all 
three groups (pullets, flat-deck, multi-tier). We counted cells in the hippocampal formation (HF) 
expressing doublecortin (DCX), a marker of neural plasticity, which has previously been found to 
decrease in the avian caudal HF in response to chronic stressors. We expected that DCX+ cell density 
in the rostral HF, which has a role in spatial memory, would be significantly higher in the multi-tier 
group because of greater cognitive stimulation. 
There were no significant differences in DCX+ cell density among the housing groups. The difference 
in complexity was therefore not great enough to have a detectable effect on hippocampal plasticity 
and any welfare differences would be minimal. 
 
 
Keywords: Welfare, hippocampal plasticity   
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Session 1: 2:25pm March 7th 
 
Determining the optimal beak morphology for reducing damage related to feather pecking in 
commercial laying hens 
 
Sarah Struthers*, Ian C. Dunn, Jeffrey J. Schoenebeck, Vicky Sandilands 
 
*Genome Biology, the Roslin Institute, University of Edinburgh, Edinburgh, UK   
 
 
Abstract: 
 
This study’s objective was to determine if there were differences in pecking damage between hens 
with different beak shapes. Understanding the damage different beak shapes can cause could guide 
genetic selection of hens whose beak shapes cause less damage when they engage in severe feather 
pecking behaviour. 24 laying hens were sorted into 2 groups based on beak criteria: “sharp” beaks 
(min 0.35 cm top beak overhang) and “blunt” beaks (max 0.15 cm overhang). Hens were habituated 
to a test pen containing a “chicken” model (foam block covered with feathered chicken skin) and a 
video camera. Following habituation, each hen was placed in the pen and recorded for 15 min twice 
a week for 3 weeks. Pecking at the model was encouraged using mealworms. Feather number and 
block weight (proxy for tissue damage) were recorded before and after each test. Data were 
analysed as a one-way ANOVA (R). Beak shape did not affect block weight change. Hens in the sharp 
group removed more feathers from the models than the blunt group. The results suggest that birds 
with a sharp beak shape are more capable of removing feathers and that factors beyond beak 
“sharpness” contribute to feather removal and tissue damage. 
 
 
Keywords: Welfare, beak shape, plumage 
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Session 1: 2:30pm March 7th 
 
The Immunological Mechanisms of In Ovo Vaccination 
 
Emma Armstrong*, Ad de Groof, Jayne Hope and Lonneke Vervelde 

*Infection and Immunity, Roslin Institute, UK 
 
 
Abstract: 
 
The in ovo vaccination technique administers a vaccine by injecting the broad end of an egg at 
embryonic day (ED) 18 and is expected to deliver antigens into the amniotic fluid where it can then 
be taken up by the embryo through ingestion. Commercial hatcheries typically apply in ovo 
vaccination using fully automated machines, which simultaneously vaccinate 70,000 eggs per hour. 
However, despite having been used successfully for over 30 years, there is still a limited 
understanding of how these vaccines induce an effective immune response in a neonatal chick, 
which lacks a functionally mature immune system until several weeks after hatching.   
S. Typhimurium and Herpesvirus of Turkeys (HVT) vaccine expressing fluorescent proteins (GFP/m-
Cardinal) were inoculated in ovo to: 
• Characterise where antigens are taken up after in ovo application. 
• Characterise the cells involved in antigen uptake and induction of the innate and adaptive immune 
responses in the embryo and post hatch. 
Current results have suggested that in ovo inoculated antigens appear to be taken up by ingestion 
which distributes antigens to the intestinal and respiratory tract where they can then spread 
through the systemic circulation to the spleen and thymus, within 24 hours.  
 
 
Keywords: In ovo, Herpesvirus of Turkeys, Vaccination   
  



 

10 
 

Session 2: 3:00pm March 7th 
 
Interrogating the function of the avian germline-restricted chromosome 
 
Niki Vontzou*, Francisco J. Ruiz-Ruano Campana, Simone Immler, Alexander Suh 

*School of Biological Sciences, University of East Anglia, UK 

 

Abstract: 

More than two thirds of all bird species have a mysterious chromosome which is exclusively present 
in their germline, as it is eliminated from all somatic cells during early embryogenesis. In the zebra 
finch (Taeniopygia guttata), this germline-restricted chromosome (GRC) constitutes the largest 
chromosome of the genome. The zebra finch GRC was initially cytogenetically detected back in the 
late 1990s, yet its genetic content has only been thoroughly examined in the last five years. There 
are considerable oddities surrounding this chromosome. Firstly, its genomic content is based on the 
amplification of hundreds of gene copies found on other chromosomes of the genome. Secondly, 
whether the GRC has a beneficial function for the host genome or a more parasitic behavior, is yet to 
be elucidated. In this project, we use different RNA sequencing technologies, such as RNA-seq, small 
RNA-seq and Spatial Transcriptomics to produce a high-resolution GRC expression map during zebra 
finch embryo development. We identify biological pathways and processes that provide mechanistic 
insight to a potential role of some GRC genes in germline development.  

 

Keywords: Germline-restricted chromosome, Programmed DNA elimination, songbird germline 
development 
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Session 2: 3:15pm March 7th 
 
Identification of novel candidates for BOR syndrome 

Ramya  Ranganathan*, Fereshteh Sari, Ailin L Buzzi & Andrea Streit 

*Centre for Craniofacial and Regenerative Medicine, King's College London, London, UK  

 

Abstract: 

In humans, mutations in the nuclear factors Six1 and Eya1 cause Branchio-Oto-Renal (BOR) 
syndrome, an autosomal-dominant disorder characterised by hearing, branchial fistulae and renal 
anomalies. However, only 50% of BOR patients harbour Six1 or Eya1 mutations suggesting that other 
causative mutations remain to be discovered, which may reside in coding or non-coding, regulatory 
regions. We have previously shown in chick, that activation of Six1 targets is essential for normal 
development of the inner ear primordium, the otic placode. We therefore hypothesise that 
understanding the molecular mechanisms downstream Six1 will reveal novel candidates for BOR 
syndrome. Using a combination of RNAseq, ChIPseq and in vivo experiments we have identified 
many active enhancers that harbour Six1 binding sites and are associated to otic-enriched genes. 
Investigating the functional relationship of Six1 and its putative targets we find that some are indeed 
regulated by Six1. Interestingly, some targets identified in chick were also expressed during human 
inner ear development Together, our study not only highlights novel candidates for human BOR 
syndrome, but also elucidates the molecular mechanisms that act downstream of Six1 to form a 
functional ear. 
 

Keywords: Inner ear development, hearing/deafness, and gene regulation 
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Session 2: 3:30pm March 7th 
 
A gene knockdown approach to the control of the poultry red mite Dermanyssus gallinae 
 
Wan Chen*, Jeremy Sternberg, Alan Bowman, Alasdair Nisbet, Stewart Burgess 
 
*Vaccine and Diagnostics, Moredun Research Institute, UK  
 
 
Abstract: 
 
Avian haematophagous ectoparasite, the poultry red mite (PRM) Dermanyssus gallinae, affects the 
health and welfare of poultry, bringing substantial economic losses to the layer industry worldwide. 
Current acaricide-based controls are limited by ineffective application and developing resistance. An 
improved understanding of the blood meal processing by PRM will provide further insights into 
identifying novel targets for sustainable control. RNA interference (RNAi) as a genomic knock-down 
tool has been established to validate the gene functions of novel targets. In this study, the aspartic 
protease Cathepsin D (CatD), functioning in blood meal digestion, was selected for knock-down by 
RNAi, which is achieved through oral delivery of double-stranded RNA (dsRNA) within the PRM’s 
blood meal via an in vitro feeding device. After 72hrs post-blood meal feeding using female mites, 
RNA was extracted for qPCR validation of CatD gene-knockdown. This confirmed that CatD 
expression was successfully knocked down by 65%. All PRMs were then re-fed with one more round 
of dsRNA for the phenotypic monitor. The experimental group of PRMs showed decreased blood 
digestion after 2 rounds of the dsRNA delivery compared to the control. At the proteomic level, 
western blotting revealed increased haemoglobin residues and decreased CatD protein in the CatD 
knock-down group. 
 
 
Keywords: RNAi, gene knockdown, ecto-parasite  
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Session 2: 3:45pm March 7th 
 
Uncovering the core principles of the gut lung-axis to understand microbiota-mucosal immunity 
relationships in the chicken 
 
Vincent Saint-Martin*, Vanaique Guillory, Mélanie Chollot, Ferdinand Roesch, Ignacio Caballero-
posadas, Brian Ferguson, Sascha Trapp, Rodrigo Guabiraba 
 
*INRAE, Nouzilly, France  
 
 
Abstract: 
 
The gut microbiota (GM) and its metabolites regulate immunity and anti-pathogen responses in the 
gut and airways, a phenomenon dubbed gut-lung axis. However, the gut-lung axis in birds is largely 
unexplored despite most pathogens in commercial poultry target the gut and/or airways. To uncover 
this concept in birds, we collected tissue samples from conventional (CV) and germ-free (GF) 
chickens to investigate transcriptomic and metabolic signatures along the gut-lung axis. The caeca 
and its contents in GF birds show dramatically altered physiological landscapes in parallel to the lack 
of central GM-derived regulatory metabolites such as short-chain fatty acids (SCFA). We also reveal 
the functional existence of the gut-lung axis in chickens with the detection of SCFA in peripheral 
tissues of CV birds and the significant differential expression of genes related to innate immunity in 
peripheral tissues of GF birds. In vitro, the SCFA butyrate showed antiviral effects in chicken 
respiratory epithelial cells possibly via the regulation of interferon-stimulated genes such as OASL. 
Butyrate effects appears to be mediated by HDAC inhibitor functions via a sp1-dependent regulation 
of the OASL promoter. We therefore provide mechanistic evidences that the GM and its metabolites 
may regulate mucosal immunity in poultry along the gut-lung axis.  
 
 
Keywords: Microbiota, Influenza, Innate immunity  
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Session 2: 4:00pm March 7th 
 
Netrin-1 gene-edited chicken lines: a new genetic toolkit to understand tissue fusion development 
 
Teresa Requena*, Holly Hardy, Jason Ioannidis, Dominique Meunier, Mike McGrew, Joe Rainger 
 
*Division of Functional Genetics and Development, the Roslin Institute and the Royal Dick School of 
Veterinary Sciences, Edinburgh University, Edinburgh, UK  
 
 
Abstract: 
 
Background: Defects associated with abnormal tissue fusion affect 1 in 500 births and suffer from 
poorly understood aetiologies and a consequent lack of prevention or treatment strategies. Fusion 
failure in the developing eye causes coloboma - a leading cause of childhood blindness. We recently 
described “pioneer” cells that directly mediate the fusion process in this context, however until now, 
a significant challenge has been distinguishing fusion-specific mechanisms in the developing eye-
from broader eye developmental processes. Determining the function and behaviour of pioneer cells 
during fusion will help address this problem. 
Methods: To meet this challenge, we used cutting-edge chicken genetic modification technology to 
generate two novel gene-edited stable chicken lines targeting Netrin-1, a key regulator of fusion 
processes. We have generated a Netrin-1 loss-of-function mutation line and a NTN1-GFP reporter 
line, both confirmed by genotyping.  
Results and conclusions: Both lines are viable and show no gross anatomical differences from 
controls. Our qPCR results show that Netrin-1 has a reduced expression in OFM and the neural tube 
(NT), two tissues that present fusion during development. Our immunostaining in the OFM and NT 
during the fusion process shows that the NTN1GFP expression patterns are consistent spatially and 
temporally with known Netrin-1 expression domains. Thus, these two lines have demonstrated that 
they will be fantastic tools to facilitate the selective isolation of “pioneer” cells and to determine the 
mechanisms of normal and defective tissue fusion throughout the developing embryo. 
 
 
Keywords: Coloboma, Netrin-1, development  
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Session 2: 4:15pm March 7th 
 
Evo-devo of epaxial musculature 
 
Gauthier Toulouse*, Fabien Le Grand, Christophe Marcelle 
 
*Université Claude Bernard Lyon I, NeuroMyoGene Institute, France   
 
 
Abstract: 
 
Muscle progenitors emanate from the somite to colonize the growing limb bud. Once they reach 
their final destination, they start to activate Myogenic Regulatory Factors (MRFs), elongate and fuse. 
During these processes, Wnt ligands, inhibitors and others pathway components are dynamically 
expressed throughout the limb bud. However, even though the role of Wnt signaling has been highly 
characterized during somite formation and muscle regeneration, its precise role on limb myogenesis 
remains elusive. Here by using chicken embryo electroporation and transcriptional reporter coupled 
with destabilized fluorophore, we uncovered that the transcriptional activity of the Wnt signaling 
pathway drastically decreases once muscle bundle starts to split and attach to the tendon. By 
looking at the expression of different MRFs, we discovered that only early muscle progenitors 
(PAX7+/MYF5+), and not the muscle fibers as it has been suggested, are expressing the destabilized 
reporter. Interestingly, blocking Wnt signaling at the transcriptional level does not interfere neither 
with myogenic commitment nor cell proliferation but instead totally disrupts cell migration. These 
results were confirmed by scRNAseq sequencing where we identified pro-migratory genes 
upregulated in Wnt responsive progenitors. Finally, we set up a molecular tool to lineage trace Wnt+ 
cells and observed that only a subset of progenitors went to a Wnt+ state during the first phases of 
myogenesis. Those myoblasts are then rapidly fusing to form myofiber and do not renew themselves 
as progenitors. We therefore propose that Wnt signaling is essential for long range migration of a 
transit amplifying myoblasts population that will be responsible for the first wave of myogenesis in 
the embryo. 
 
 
Key words: Wnt, Myogenesis, Chicken  
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DAY 2 – Wednesday 8th March 2023 
 
Session 3: 1:00pm March 8th – KEYNOTE 
 

Welcome to the jungle (fowl): the complex relationship between foodborne bacterial pathogens 
and the intestinal microbiome of the chicken and how we can exploit this 

Paul Wigley 

Professor of Animal Microbial Ecosystems at The University of Bristol, UK. 

 

Abstract: 

Controlling zoonotic enteric bacterial pathogens such as Salmonella and Campylobacter remains a 
key priority for chicken producers.  To colonise the chicken intestinal tract such pathogens have to 
conquer considerable physical and chemical pressures from the host environment such as low pH, 
hypoxia, antimicrobial activity and intestinal flow. Once in the ileum and caeca pathogens face the 
complex ecosystem of the gut microbiome where competition for resource, niche and inhibition 
from resident bacteria and eukaryotes. 

We know certain features of pathogens help in this process. Salmonella enterica serovar 
Typhimurium and serovar Enteritdis have key features for adhesion such as fimbriae and flagella, 
have many metabolic pathways, are facultative anaerobes and more recently have been shown to 
release oxygen to out-compete anaerobes through inducing epithelial inflammation.  We also know 
that host-adaptation to cause systemic disease leads to the loss of some or most of these features. 
Salmonella Gallinarum, the cause of fowl typhoid, is a poor coloniser of the gut and lacks flagella, 
many fimbriae and has pseudogenes that impact on several metabolic pathways such as the use of 
tetrathionate as a nutrient source.  We also know that other components of the microbiome can 
directly inhibit Salmonella colonisation and that metabolites of the microbiome including short chain 
fatty acids such as butyrate act to prevent Salmonella growth. 

The use of microbial-based interventions to control Salmonella is well established. The early work of 
Nurmi and Rantala established the principles of competitive exclusion and since then the use of 
probiotics, competitive exclusion microflora products and more recently combinations of probiotics 
have increased in poultry production often as a replacement for antimicrobials. Such interventions 
are well-accepted by the poultry industry and are considered to increase productivity as well as 
reduce pathogen carriage. However, these approaches are largely empirical with candidate 
probiotics such as Bacillus and Lactobacillus species selected on ease of culture and stability to make 
a commercial product. Efficacy against pathogens is usually shown in vitro. As such the actual in vivo 
efficacy of many products is mixed. 

The development of sequence-based approaches to characterise microbiomes has given us a greater 
understanding of the taxa more frequently associated with a beneficial or poor gut health 
phenotype that can be applied to nutrition and productivity or pathogen exclusion.  Through use of 
caecal microbiome transplants (CMT) in broiler chickens that reduce infection and transmission of 
Salmonella and Campylobacter we are able to identify key features associated with a ‘beneficial’ 
microbiome. These include a greater microbial diversity, decreased levels of enterobacteriaciae and 
a strong association with some taxa such as Segmented Filamentous Bacteria and Faecalibacterium 
prausnitizii.  We have also shown that early intervention is most effective and that methods used for 
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in hatchery delivery of vaccines can also successfully deliver CMT in terms of both modulation of the 
microbiome and reduced pathogen colonisation. We consider such approaches can be used to 
rationally identify potential probiotic taxa and that these can be used more successfully together as 
a consortium of 5-10 different strains to modulate the microbiome even with easily cultured and 
robust species.  We also show that ‘farm level’ short read sequencing of faecal microbiomes may be 
a valuable tool in helping to predict and identify gut health problems in both broilers and laying 
hens, allowing for more targeted intervention. 
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Session 3: 1:30pm March 8th 
 
Development, plasticity and evolution of the neuromuscular system in tetrapod limbs 
 
Maëva Luxey1*, Gabriele Pumo1, Caitlin McQueen2, Fabio Sacher1, Hani Singer3, Jessica Whited3, 
Matthew Towers2 and Patrick Tschopp1  
 
1. DUW Zoology, University of Basel, Basel, Switzerland, 2. Department of Biomedical Science, 
University of Sheffield, Sheffield, UK, 3. Department of Stem Cell and Regenerative Biology, Harvard 
University, Cambridge, MA 

 
Abstract: 
 
The evolution of tetrapod limb neuromuscular system, essential to movements of the body, has 
helped to give rise to a diversity of locomotor behaviors. While evolution of motor circuits has so far 
been mainly addressed in the central nervous system, how the limb peripheral innervation patterns 
have co-evolved and are integrated in the context of different locomotory modes remains poorly 
understood. 
Here, combining whole mount immunostaining and light-sheet imaging, we are reconstructing high-
resolution 3D-comparative anatomy of nerve and muscle development in the limbs of several 
tetrapod species. We report that the previously described ‘nerve arch’ in the chicken autopod is 
conserved amongst birds (duck and quail), but absent in axolotl, mouse and humans. However, in 
anole lizards we observe a similar fusion of peripheral axons, thereby suggesting distal ‘nerve arches’ 
as a potential sauropsid-specific trait. Moreover, using single cell RNA-sequencing and 
pharmacological inhibition, we identify, for the first time, SHH as a putative “axonal address code” 
for the formation of posterior limb innervation trajectories.  
Collectively, our experiments aim to elucidate the molecular logic of limb peripheral innervation 
patterns, as well as setting a framework to address questions of evolution of peripheral innervation 
patterns in the diversification of the limb-based locomotion.  
 
 
Keywords: Neuromuscular system, light sheet microscopy, single cell  
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Session 3: 1:45pm March 8th 
 
Detailed characterization of developing bursa of Fabricius reveals a novel lymphoid follicle inducer 
cell type 

Emőke Szőcs*, Ádám Soós, Viktória Halasy, Nándor Nagy 

*Department of Anatomy, Histology and Embryology, Semmelweis University, Budapest, Hungary 

 

Abstract: 

The avian bursa of Fabricius (BF) is a primary lymphoid organ, critical to B-cell development. During 
embryogenesis CD45+ hematopoietic stem cells colonize the epithelial-mesenchymal primordium of 
the BF, migrate to the surface epithelium and initiate lymphoid follicle bud formation, which provide 
a selective microenvironment for B-cell precursor expansion. The goal of this project is to 
characterize the developmental mechanisms of lymphoid follicle formation using a large panel of 
monoclonal antibodies specific for leukocytes (CD45), B-cells (chB6, EIVE12), macrophages (TIM4) 
and bursal dendritic cells (CSF1R). The staining of wild type and CSF1R-eGFP embryonic BF helps 
distinguish three different lineages of hematopoietic cells. CD45+/EIVE12+ cells were first observed 
in the BF rudiment and many of them enter the surface epithelium to induce follicle bud formation. 
This will be colonized by the second cell type that belongs to the CSF1R+/TIM4+ population, 
followed by chB6+ B-cell precursors. Using chick-duck chimeras, we demonstrate that the first cell 
types which enter the bursal epithelium are not dendritic/macrophage or B-cell precursors, but are a 
transient EIVE12+ cell population whose primary role is to induce follicle bud formation. Epithelial-
mesenchymal recombination experiments demonstrate that given the right epithelial 
microenvironment EIVE12+ cells present in secondary lymphoid organs are equally capable of follicle 
bud induction. 
 
 
Keywords: bursa of Fabricius, lymphoid follicle, embryo  
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Session 3: 2:00pm March 8th 
 
600 alleles and 200 haplotypes identified for the chicken MHC 
 
Jim Kaufman*, Rebecca J. Martin, Lan Huynh, Nicolas Rocos, and Clive A. Tregaskes 
 
*Institute of Immunology & Infection Research, School of Biological Sciences, University of 
Edinburgh, UK 
 
 
Abstract: 
 
The chicken MHC (BF-BL region of B locus) determines striking resistance to certain economically-
important infectious pathogens. However, almost everything known in detail is from a few "standard 
haplotypes" identified in White Leghorn chickens during the mid-1900s. We developed a PCR-NGS 
protocol and bespoke analysis pipeline to sequence polymorphic exons of classical class I (BF1 and 
BF2) and class II B (BLB1 and BLB2) alleles. Altogether, 22 different MiSeq runs (validated and 
extended by SNPs, microsatellites, BF2-specific PCR and/or PacBio sequencing) covered roughly 
20,000 samples of DNA, blood cells or tissues primarily from experimental lines, red jungle fowl, 
commercial flocks, fancy birds and African chickens. Thus far, 339 class I and 259 BLB sequences 
have been identified and many are assembled into 242 haplotypes. Interesting results include 
typically low diversities of commercial broiler and egg-layer flocks dominated by a few haplotypes 
with low-expression class I alleles, high diversity of African chickens, null alleles of both BLB1 and 
BF1, a large clade of BF1 alleles, BLB alleles found in either or both class II loci, high levels of historic 
recombination between BLB1-BLB2 and BF1-BF2, and associations of previously undescribed MHC 
haplotypes with low viral titres of Newcastle disease virus after experimental infection.  
 
 
Keywords: MHC, disease resistance, typing  
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Broiler and layer enteroids single-cell transcriptomic atlas  

Dominika Borowska*, James Furniss, Andy Law, Dan Macqueen, Lonneke Vervelde 

*Division of Immunology, the Roslin Institute and R(D)SVS, the University of Edinburgh  

 

Abstract: 

Enteroids are miniature self-organizing three-dimensional (3D) tissue cultures which replicate the 
complexity of the intestinal epithelium. Bulk RNA-seq analysis of chicken enteroids revealed the 
presence of all epithelial cell subsets as well as leukocytes, representing lamina propria, neurons and 
mesenchymal cells. Although RNA-seq data demonstrated the reproducibility and complexity of the 
enteroids cultures it is indistinguishable which cells drive the expression of immune and metabolic 
genes. Therefore, to accurately understand the contribution of each cell type to the heterogeneous 
enteroids culture, single-cell RNA-seq (scRNA-seq) will be performed. The aim of this study is to 
make a single cell transcriptomic atlas of chicken enteroids derived from layers and broilers to 
identify differences in relation to genetics, immune responses and metabolism. To support further 
studies using the enteroids, we must profile the transcriptome of single cells to accurately 
understand the contribution of each cell type to the heterogeneous enteroid culture. ScRNA-Seq of 
chicken enteroids may also reveal yet unidentified avian cell subsets such as tuft cells, innate like 
cells as well as subsets of DCs and NK cells unique to the intestine. The outcomes of this project can 
be widely applied and its predictive accuracy will provide guidelines for future applications.  

 

Keywords: enteroids cultures, single cell RNA sequencing, broilers, layers, intestinal homeostasis   
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Hippocampal immediate-early gene induction and HPA-axis activation in response to acute stress 
in chickens 
 
Karina Santiago Gonzalez*, Tim Boswell, and Tom V Smulders 
 
*Biosciences Institute, Newcastle University, UK  
 
 
Abstract: 
 
This study aims to extend the understanding of the avian HPA axis functioning and to shed light on 
the role of the hippocampus in the regulation of stress in birds. A functional differentiation appears 
to exist along the transversal and longitudinal axes of the mammalian hippocampus with the dorsal 
hippocampus participating in cognitive tasks, and the ventral hippocampus in emotional processes. 
Despite suggested homologies, little is known about the morphological organization of the avian 
hippocampal formation (HF) and its role in the regulation of the neuroendocrine stress response. 
We, therefore, evaluate the effect of an acute stressor on the activity patterns of the c-Fos 
immediate-early gene (IEG) expression in the chicken hippocampus, lateral Bed Nucleus of the Stria 
Terminalis, and paraventricular nucleus of the hypothalamus. Changes in plasma corticosterone 
(CORT) concentrations and pituitary gene expression levels of proopiomelanocortin (POMC), 
corticotropin-releasing hormone receptors (CRH-R1 and CRH-R2), and chicken vasotocin receptor 
two (VT2R) and four (VT4R) were also analysed. Our study provides a better understanding of the 
neuroendocrine stress response in birds and aims to provide valuable information about the 
subregional organization and functional specialization of the avian HF.  
 
 
Keywords: hippocampus, stress, neuroendocrine  
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A gradient border model for cell fate decisions at the neural plate border 

Alexandre Thiery*, Ailin Leticia Buzzi, Eva Hamrud, Chris Cheshire, Nicholas Luscombe, James 
Briscoe, Andrea Streit  

*Centre for Craniofacial & Regenerative Biology, King’s College London, UK 

 

Abstract: 

The vertebrate ‘neural plate border’ is a transient territory at the edge of the neural plate containing 
precursors for all ectodermal derivatives: the neural plate, neural crest cells, placodes and 
epidermis. Previous functional experiments conducted at tissue level have raised seemingly 
contradictory models for how cell fates are allocated in the ectoderm. Here, we perform single cell 
RNA and ATAC sequencing of chick ectoderm from primitive streak to neurulation stage, to explore 
the gene regulatory interactions during fate specification. We identify and characterise the dynamics 
of gene modules containing key factors known to regulate ectodermal cell fates, allowing us to 
predict a transcriptional hierarchy as cells diversify. Detailed analysis of the transcriptional profiles of 
single cells at the neural plate border reveals that progenitors are in an unstable state and cannot be 
defined by a unique transcriptional signature. Instead, we identify a population of border located 
unstable progenitors (BLUPs) that co-express genes with known cross-repressive interactions. As a 
result, we propose a new probabilistic ‘gradient border’ model for cell fate choice at the neural plate 
border, with the probability of cell fate allocation dependent upon the balance of cross-repressive 
transcription factors.  

 

Keywords: single cell, GRN, cell fate decisions  
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How to breathe like a bird? An evo/devo analysis of the lung 
 
Celeste Nelson*, Aaron Griffing, Katharine Goodwin, Michael Palmer, Bezia Lemma, Ricardo 
Mallarino, and Celeste M. Nelson 
 
*Chemical & Biological Engineering, Princeton University, USA  
 
 
Abstract: 
 
Evolution has generated a beautiful diversity of epithelial architectures in the lungs of terrestrial 
vertebrates, from the tree-like lungs of mammals, to the sac-like lungs of reptiles, to the looped 
airways of birds. The physical mechanisms that generate pulmonary epithelia of such different 
shapes are just beginning to be uncovered. Pulmonary smooth muscle plays an essential role in 
shaping the epithelium of the mouse and lizard, but is absent during the formation of airways in the 
chicken. We hypothesized that the absence of airway smooth muscle during the early stages of 
development of the bird lung might correspond to distinct patterns of gene expression in the 
pulmonary mesenchyme. To test this hypothesis and investigate differences in pulmonary smooth 
muscle patterning across terrestrial vertebrates, we generated scRNA-seq datasets from lungs of 
mouse, anole (lizard), and chicken embryos. These data revealed that smooth muscle regulators are 
expressed in similar patterns in mouse and anole lungs, in which epithelial branches are sculpted by 
smooth muscle, but diverge in chicken lungs, in which the epithelium branches in the absence of 
smooth muscle. Pulmonary smooth muscle differentiates from the lung mesenchyme in mouse and 
anole. Surprisingly, however, bioinformatic and experimental evidence suggest that pulmonary 
smooth muscle, which appears at late stages of lung development in the bird, is derived from 
vascular smooth muscle in chicken. Furthermore, our data revealed differences in the timing and 
extent of smooth muscle innervation across species. These findings highlight how birds have 
repurposed conserved morphogenetic motifs to build a highly efficient gas exchanger to suit their 
energetic needs. 
 
 
Keywords: evo/devo; morphogenesis; patterning 
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Desynchronization of local brain waves during high alertness situations in broiler chickens 
 
Tom Smulders*, Daniel D. O'Hagan 

*Biosciences Institute, Newcastle University, Newcastle upon Tyne, UK  
 
 
Abstract:  
 
Affective states, in the most general meaning of the term, represent states of the brain which bias 
the brain’s workings in a particular direction. One possible measure of changes in brain "state" is to 
measure the rhythmicity of brain activity, as is done with EEG recordings in humans. We recorded 
local field potentials (i.e. localized EEG) in the hippocampus, caudolateral nidopallium, and nucleus 
taeniae of the amygdala of broiler chickens, while we exposed them to different experiences. We 
noticed that in all areas, the power in the lower frequencies (4-12Hz) was reduced the moment the 
experimenter walked into the room. Power in the lower frequencies indicates neuronal 
synchronization, which in turn is associated with less alert states (like sleep). In humans, reduction in 
power at lower frequencies (“desynchronization”) is associated with more alert states. In the 
broilers also, desynchronization happened when the birds showed more alert behaviours, and was 
associated with increases in heart rate. These changes in state were seen to switch on a timescale of 
seconds when birds alternated anticipation for mealworms with their consumption. This suggests 
that brain mechanisms of alertness are likely to be conserved across mammals and birds. 
 
 
Keywords: Avian brain, EEG, attention  
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Tenascin-c regulates b-cell migration in developing avian bursa of fabricius 
 
Ádám Soós*, Emőke Szőcs, Viktória Halasy, Nándor Nagy 

*Department of Anatomy, Histology and Embryology, Semmelweis University, Budapest, Hungary
  
 
Abstract: 
 
Immunofluorescence staining of adult chicken bursa of Fabricius (BF) revealed a heterogeneous B-
cell population in the follicle cortex with a chB6+/IgM+/CXCR4high outer region and a CXCR4low/dim 
region directly adjacent to the cortico-medullary border. The cortex is supported by mesenchymal 
reticular cells, which uniformly produce extracellular matrix (ECM). 
The aim of this project was to characterize the neglected cortical compartment of the BF. 
 Detailed characterization of the ECM revealed that tenascin-C (TNC) expression is highly 
concentrated to the CXCR4low/dim region of the post-hatch follicle cortex and its embryonic 
expression starts when CXCR4high B-cell precursors forming the cortex accumulate around follicle 
buds. We hypothesize that TNC regulates B-cell migration in embryonic and adult chicken BF. Using 
in vitro BF follicle explants, we show that TNC inhibits CXCR4+ B-cell migration. This was confirmed 
by TNC overexpression, achieved in ovo using Shh-encoding RCAS retrovirus, which resulted in 
reduction of size and BF follicle formation. 
These data indicate that exclusion of TNC from the embryonic BF mesenchyme is essential for the 
homing of CXCR4high B-cell precursors. Complementary expression pattern of TNC and CXCR4 
molecules support the model that B-cells have to downregulate CXCR4 to leave the tenascin-high 
microenvironment of the cortex and colonize the peripheral organs 
 
 
Keywords: bursa, tenascin, lymphocites  
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Innate immune sensing of DNA and DNA viruses in chickens 
 
Brian Ferguson*, Marisa Oliveira, Damaris Rodrigues, Emma Wagner, Stathis Giotis, Mike Skinner, 
Rodrigo Guabiraba, Clare Bryant 

*Pathology, University of Cambridge, UK 

 

Abstract: 

Innate sensing of intracellular DNA by pattern recognition receptors (PRRs) is essential for initiating 
antiviral immunity against DNA viruses. Multiple DNA sensing PRRs are described in mammals, but 
the receptors and downstream signalling mechanisms are less well described in birds. Fowlpox, a 
poxvirus with a dsDNA genome, causes a significant impact on poultry industry. Little is known about 
the innate sensing mechanisms relevant to fowlpox virus infection in chickens. Here we describe 
data defining cGAS, DNA-PK and TLR21 as DNA-sensing PRRs in chickens, triggering IRF7 and NF-kB 
dependent interferon and inflammatory signalling. We also show that cGAS and DNA-PK sense 
fowlpox infection and that fowlpox encodes inhibitors of DNA-PK-dependent DNA sensing using a 
family of immunomodulatory proteins that are highly conserved across the poxviridae.   

 

Keywords: Fowlpox; innate sensing; DNA  
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Evaluating the Chick Chorioallantoic Membrane (CAM) model for hazard assessment of High 
Aspect Ratio Nanomaterials 
 
Fiona Murphy*, Marie Boyd, Hannah Gardiner, Linda Horan 
 
*Institute of Pharmacy and Biomedical Sciences, University of Strathclyde, Strathclyde, UK 
 
 
Abstract: 
 
Inhalation exposure to high aspect ratio nanomaterials (HARNs) is a particular concern within the 
burgeoning nanotechnology sector due to their potential structural similarity to asbestos. 
Mesothelioma is a currently untreatable tumour which arises almost exclusively in response to 
inhalation exposure to asbestos fibres. Toxicity of fibres at the mesothelium is primarily driven by 
the fibrous structure of asbestos. Evidence is accumulating that needle-like, fibrous HARNs pose 
asbestos-like hazards after inhalation including chronic inflammation, lung fibrosis and tumours of 
the lungs and mesothelium. The hazard posed to human health by the increasing exposure to HARNs 
needs to be thoroughly assessed however the vast number of HARNs under development raises 
ethical concerns over the reliance and extent of animal usage in the hazard assessment of 
substances. The chick chorioallantoic membrane (CAM) has been identified as a promising surrogate 
model of the mesothelium. Our research aims to evaluate the utility of the CAM as a novel model to 
detect mesothelioma hazard through assessment of tissue responses to the direct application of 
well-characterised high and low hazard HARNs and demonstrate the potential for the CAM model to 
replace currently used rodent models, reducing the number of animals that are used in 
nanotoxicology testing.  
 
 
Keywords: Chick chorioallantoic membrane, nanotoxicology, new approach model  
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Cellular migration and control of vertebrate embryo axis elongation 
 
Alexandra K. Eicher1* and Olivier Pourquié1,2  
 
1. Department of Genetics, Harvard Medical School, and Department of Pathology, Brigham and 
Women's Hospital, Boston, Massachusetts 02115, USA; 2. Harvard Stem Cell Institute, Harvard 
University, Cambridge, Massachusetts 02138, USA 
 
 
Abstract: 
 
Vertebrate embryos progressively form their body axis by a poorly understood mechanism involving 
posterior elongation. The presomitic mesoderm (PSM), the embryonic tissue containing 
musculoskeletal precursors, plays a key role in this elongation. The PSM segments into somites 
(blocks of tissue that run along the neural tube) and gives rise to dermis, vertebral cartilage, and 
limb, rib, and back muscles. Defects in segmentation and body axis elongation can cause early 
embryo axis truncation or disorders that impact posterior spinal cord development, which have no 
cure. PSM cells exhibit a posterior to anterior gradient of cell motility that generates a posteriorly 
oriented force driving elongation due to confinement by the surrounding tissues. The mechanisms 
that create this gradient at the individual cellular level are unknown. We isolated anterior to 
posterior sections of chicken PSM, dissociated them into single cells, plated them onto chamber 
slides, and simultaneously cultured and time-lapse imaged the cells. We analyzed the resulting 
videos for percentage of motile versus non-motile cells present within each region, by morphology, 
and correlated these categories with calculated mean squared displacement and diffusivity of each 
cell. In posterior PSM, we see more motile cells and higher cellular diffusivity, compared to anterior 
PSM cells.  
 
 
Keywords: migration, elongation, vertebrate  
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The avian genome: the current state of play  

Jacqueline Smith  

Avian Genomics Group Leader at the Roslin Institute, UK 

Publication of the chicken genome sequence in 2004 heralded a new era in avian research. Since 
then, advances in technology mean that we have had continually improving reference genomes and 
annotations and, indeed, now have genome sequences for >350 avian species. Having a high-quality 
reference genome is fundamental to so many fields of research, in a time when data-driven 
advancements continue to grow. I will present an overview of the current chicken reference genome 
and annotation, as well as describe some genomic resources and initiatives that are underway, with 
a view to highlighting information that may be useful in your work.  
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Application of genome-wide molecular approaches to understand genetic makeup (economic 
traits) of native chicken in Bangladesh 
 
Md Ataul Goni Rabbani*, Kasia Miedzinska, Zhou Wu, Shakila Faruque, Kellie Watson and Jacqueline 
Smith 
 
*The Roslin Institute, the University of Edinburgh, UK   
 
 
Abstract: 
 
Bangladeshi native chicken varieties - Naked Neck, Common Desi and Hilly are notable for their egg 
production, meat quality, extraordinary survivability and disease resistance. However, they are 
gradually losing their potential due to genetic erosion. To date, in-depth genomic studies have yet to 
be carried out on these breeds. The objectives of the current study are to evaluate their genetic 
diversity, detect genomic regions and candidate genes affecting economic traits of interest (body 
weight, egg production and stress tolerance), and investigate the feasibility of genomic selection. To 
this end, I have collected a total of 390 chicken’s blood samples from eight different locations across 
Bangladesh, of which 175 were from local (unimproved) and 215 were from Bangladesh Livestock 
Research Institute (BLRI)-improved chickens of the same breeds. I also collected associated 
metadata relating to characteristic and production-associated phenotypes. Genomic DNA from 
selected 96 samples has been sent for Whole Genome Sequencing (WGS). Data will be analysed for 
SNP variation and regions under selection (for production traits and environmental adaptation) 
identified. Genomes will also be evaluated for their particular MHC haplotypes and endogenous 
retroviral content. Ecological Niche Modelling will also be used to determine environmental 
suitability maps for each breed. 
 
 
Keywords: Indigenous chicken, Whole Genome Sequencing, selective sweeps  
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Differential Innate Immune Responses of Chicken 3D and 2D Enteroids to Salmonella Typhimurium 
Infection 
 
Kate Sutton*, Tessa Nash, Dominika Borowska, Samantha Sives, Prerna Vohra, Mark Stevens & 
Lonneke Vervelde 
 
*Infection and Immunity, The Roslin Institute, University of Edinburgh, UK. 
 
 
Abstract: 
 
Salmonella Typhimurium (S. Typhimurium) infection in young chickens can result in intestinal 
inflammation and systemic disease. The interplay between intestinal epithelial and immune cells 
during S. Typhimurium infection in young chicks is unknown. Chicken 2D and 3D enteroids retain the 
cellular diversity, polarity and barrier function of the intestine. In contrast to mammalian enteroids, 
chicken 3D enteroids have a novel apical-out architecture with an inner core of lamina propria 
leukocytes while 2D enteroids self-organise into epithelial and mesenchymal sub-layer. These in 
vitro enteroids enabled the study of cross talk between immune cells and epithelial cells following S. 
Typhimurium infection. Chicken enteroids were infected with a S. Typhimurium wild-type (WT) strain 
or invasive-deficient ΔprgH mutant, or treated with lipopolysaccharide (LPS) derived from S. 
Typhimurium, for 4 and 8 h. The mRNA expression levels of 86 innate-immune related genes were 
analysed using Fluidigm qRT-PCR array. Comparative analysis of 2D and 3D enteroid models 
demonstrates the temporal regulation of the inflammatory response by lamina propria leukocytes. 
In conclusion, the chicken enteroids can encapsulate in vivo responses to S. Typhimurium, providing 
excellent models to study host-pathogen interactions in mucosal tissue and investigate the role of 
virulence factors in disease.  
 
 
Keywords: Enteroids, Innate Immunity, S. Typhimurium  
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Mind the Gap – Delineating the Gene Regulatory Networks of Optic Fissure Closure 
 
Brian Ho Ching Chan1*, James Prendergast1, Andrew Papanastiou2 and Joe Rainger1 

 
1. Roslin Institute, R(D)SVS, University of Edinburgh, Easter Bush Campus, EH25 9RG, UK. 2. MRC 
Human Genetics Unit, Institute of Genetics and Cancer, University of Edinburgh, Crewe Rd South, 
Edinburgh EH4 2XU, UK. 
 
Abstract: 
 
Optic fissure closure (OFC) is an evolutionarily conserved process in normal eye development, in which 
opposite epithelial margins of the ventral retina fuse to form a single continuous sheet. Failure of OFC 
results in ocular coloboma, a potentially blinding structural eye defect that manifests clinically as a 
gap along the proximal-distal axis of the ventral of eye. Coloboma is genetically heterogeneous and 
currently >80% of cases do not have a genetic diagnosis. To elucidate the gene regulatory network 
controlling OFC, we aimed to identify differentially expressed genes and differentially accessible 
chromatin (DAC) regions that are specific to cells within the fusing fissure margin. To identify fusion-
specific genes, RNA sequencing (RNA-seq) was conducted on fissure tissue during and after OFC, with 
stage-matched non-fusing dorsal tissues as controls. A list of 107 fusion-specific differentially 
expressed genes were identified using this approach. To identify fusion-specific DAC, Assay for 
Transposase-Accessible Chromatin (ATAC-seq) was conducted using a similar approach. By conducting 
de novo motif prediction using fusion-specific DACs as an input, we identified significant enrichment 
for motifs bound by the Transcriptional Enhanced Associate Domain (TEAD) family of transcription 
factors within fusion-specific DACs. Furthermore, in silico footprinting analysis provided evidence that 
loci containing TEAD motifs were significantly more bound in fusion specific DACs than was observed 
for other developing eye tissues. Loss of function mutations in the TEAD transcriptional activator 
cofactor YAP1 were previously identified in patients with coloboma, and our new results link YAP/TAZ 
signalling to TEAD transcriptional activity during OFC. Currently, we are (i) linking fusion-specific DACs 
with predicted TEAD binding activity to specific gene loci to identify YAP/ TEAD regulated genes active 
during fusion, (ii) testing TEAD motifs in vivo using reporter constructs to determine activity during 
OFC, and (iii) revealing activity of YAP1 in cells that directly mediate fusion during OFC. 
 
 
Keywords: Optic Fissure Closure; Next-Generation Sequencing; Enhancer Prediction 
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Disruption of the s2m RNA structure in the avian coronavirus infectious bronchitis virus results in 
reduced clinical disease during in vivo infection 
 
Katalin Foldes*, Sarah Keep, Giulia Dowgier, Shafiyeel Chowdhury, Christine M Jonassen, Torstein 
Tengs and Erica Bickerton 
 
*Coronavirus group, the Pirbright Institute, UK  
 
 
Abstract: 
 
Infectious Bronchitis Virus (IBV) is a globally distributed economically important Gammacoronavirus 
that infects poultry causing predominantly respiratory disease. The genome of IBV contains a stem-
loop RNA structure denoted s2m which has unknown function. To investigate the requirement of 
s2m in the replication of IBV in vivo, we generated a recombinant IBV, denoted M41K-delGCC which 
was based on the pathogenic M41-CK strain and contained a three-nucleotide deletion, GCC, which 
is predicted to destabilise the stem loop structure. The replication of M41K-delGCC was assessed in 
primary chicken kidney cells and was comparable to the pathogenic parent virus M41-K suggesting 
that s2m is not required for replication in vitro. In vivo, M41K-delGCC infected chickens exhibited 
levels of snicking comparable to mock infection and no tracheal rales were detected, suggesting that 
the destabilisation of the s2m had reduced clinical disease. Interestingly, no difference in IBV derived 
RNA or infectious progeny was detected in tracheal and eyelid tissue extracted day 4 and 6 post 
infection indicating that the destabilization of s2m had not impacted viral replication in vivo. Our 
results indicate that whilst s2m has importance for clinical disease presentation during in vivo 
infection it is not required for viral replication in the natural host.  
 
 
Keywords: Infectious Bronchitis virus, coronavirus, s2m  
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Cross talk between signalling and glycolytic gene gradients during the chicken embryonic limb 
development 
 
Vedant Chaure*, Vinay Bulusu, Amrit Patra 
 
*Department of Biological Sciences, Indian Institute of Science Education and Research (IISER), 
Berhampur, India 
 
 
Abstract: 
 
The development of vertebrate embryonic limbs is a good paradigm for investigating pattern 
formation and morphogenesis. The gradient of signaling molecules (FGF and Wnt) specify patterning 
and morphogenesis of limb buds. The morphogen gradient determines the fate of cells along the 
concentration gradient which is regulated via  differential gene expression. The interplay of 
metabolism and signaling genes has a substantial impact on cancer development, which might also 
hold the potential of altering limb morphogenesis via glucose metabolism. The metabolic regulation 
of embryonic development is being studied in great depth. With a particular emphasis on the 
glycolytic regulation of embryonic limb development (which is mainly unexplored) our effort aims to 
validate the presence and understanding of the significance of glycolytic gene gradients along the 
Proximal-Distal axis during chicken embryonic limb development. To accomplish our objectives, we 
would use whole mount in situ hybridization and qRT-PCR. The preliminary results of whole-mount 
RNA tagged in situ hybridization and qRT-PCR indicate the presence of glycolytic gene gradients such 
as Glut1, MPC1, Aldolase A, and PDK1. The initiative will also look into the understanding of the 
cross talk between signaling  and glycolytic genes at the molecular level. 
 
 
Keywords: Limb development, Metabolic gradients, glycolysis, FGF and Wnt signalling  
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Chick Embryo Xenografts: A Cost and Time Efficient 3Rs Models for Drug Target Evaluation in 
Malignant Pleural Mesothelioma 
 
Sarah E Barnett*, Anne Herrmann, Liam Shaw, Martina Tripari, Elisabeth N Gash, Helen Kalirai, 
Harish Poptani, Joseph J Sacco, Judy M Coulson 
 
*Institute of Systems, Molecular and Integrative Biology, University of Liverpool  
 
 
Abstract: 
 
Fertilised hen’s eggs provide a 3Rs-compliant in vivo model that does not require an animal license 
up to two-thirds gestation (UK, embryonic day E14). The chick chorioallantoic membrane (CAM) is a 
highly vascularised source of oxygen and nutrients, upon which cancer cells readily engraft. We have 
established CAM xenograft models of malignant pleural mesothelioma (MPM), a cancer in urgent 
need of new therapeutic options. Ten dual-labelled (fluorescence/bioluminescence) cell lines were 
implanted on the CAM at E7, engrafting efficiently and forming vascularised nodules within days, as 
seen previously with other cancer types. Bioluminescence was used to assess the viability of 
xenografts, which were excised at E14 for immunohistological staining or qPCR. MPM phenotypes 
including local invasion, fibroblast recruitment, tumour angiogenesis and vascular remodelling were 
evident. Bioluminescent imaging could be utilised to reliably estimate tumour burden pre- and post-
treatment. In addition, we have successfully established patient-derived xenografts (PDX) from MPM 
tissue on the CAM, which retains components of the tumour microenvironment including immune 
cells. These xenograft models can now be utilised to assess new therapies for MPM and our 
protocols could be applied for CAM xenografts of other cancers offering alternatives to murine 
xenografts for the translation of in vitro oncology studies.  
 
 
Keywords: CAM, xenograft, cancer 
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Investigating Cell Fate Decisions at the Neural Plate Border  

Eva Hamrud*, Alexandre Thiery, Alessandra Vigilante, Andrea Streit  

*Centre for Craniofacial & Regenerative Biology, King's College London, London, UK   

 

Abstract: 

The neural plate border gives rise to four different cell populations: the neural plate, neural crest 
cells, placode progenitors and epidermis. Each of these in turn gives rise to distinct components of 
the central and peripheral nervous system and specialised epidermal cell types. Different fates begin 
to be specified around gastrulation and are classically thought to segregate spatially with time. 
However, recent single-cell analysis suggests that these events are more complicated than 
anticipated, and progenitor cells at the neural plate border are highly heterogenous and often co-
express competing fate determinants. This project aims to build the gene regulatory networks that 
drive fate segregation in individual cells by integrating single cell RNA-seq and ATAC-seq datasets 
from the developing chick ectoderm. I have identified groups of accessible regions that segregate 
with the neural crest and placodal cell lineages and from these predicted putative enhancers which I 
am now validating in vivo.   

 

Keywords: single cell fate  
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Signal sequence contributes to the immunogenicity of Pasteurella multocida lipoprotein E 
 
Thu-Dung Doan*, Li-Ting Cheng, Chun-Yen Chu, Hung Vu-Khac 

*International Degree Program in Animal Vaccine Technology, National Pingtung University of 
Science and Technology, Pingtung, Taiwan  
 
 
Abstract: 
 
Recombinant Pasterurella multocida lipoprotein E (PlpE) has been shown to protect against fowl 
cholera. This study aimed to determine if the signal sequence may contribute to the antigenicity and 
protective efficacy of recombinant PlpE. A small antigenic domain of PlpE (termed truncated PlpE, 
tPlpE) was constructed with (SP-tPlpE) or without (tPlpE) the signal sequence and evaluated in vitro 
and in vivo. In vitro, the HEK-Bule hTLR2 Cells were used to evaluate the activation of NF-kB in the 
test associated with the stimulation of the SP-tPlpE and tPlpE proteins. When chickens were 
immunized, compared to the tPlpE vaccine group, the SP-tPlpE group showed higher antibody levels 
and enhanced CD4+ T cell response. In a challenge test, the SP-tPlpE group showed a survival rate of 
87.5% (n = 8), compared to 25% for the tPlpE group. It is confirmed that the inclusion of the native 
signal sequence enhanced protective efficacy against fowl cholera and may act as a vaccine 
adjuvant. The short SP-tPlpE construct is amenable to further vaccine engineering and has potential 
to be developed as a fowl cholera vaccine 
 
 

Keywords: signal sequence, lipid moiety, lipoprotein E, fowl cholera, subunit vaccine  
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Rescuing the Scaleless Chicken phenotype: repairing of FGF20 Mutation through Gene Editing 
 
Izel Cohen*, Enbal Ben-Tal Cohen, Amit Haron, Michal Dimor, Olga Genin, Shelly Druyan, Itamar 
Barash and yuval cinnamon 

*Agricultural Research Organization, Volcani Center/Hebrew university of Jerusalem, Rehovot, Israel  
 
 
Abstract: 
 
Avian skin, characterized by feathers, scales, and spurs, protects birds from environmental elements. 
However, Scaleless (sc/sc) chickens lack almost all body feathers, foot scales, and spurs due to a 
failure in skin patterning during embryonic development. This phenotype is caused by a single 
recessive natural-occurring mutation, discovered through a genome-wide SNP scan by Wells and co-
authors. Segregating at a predicted Mendelian distribution, the mutation - A535T in the FGF20 gene, 
results in a substitution of Arginine amino acid to a stop codon, implying that FGF20 is necessary for 
the Scaleless phenotype. However, there was previously no direct evidence that FGF20 is sufficient 
for feathers-scales formation. 
In this study we show that using single-stranded oligodeoxynucleotides (ssODN)-mediated HDR and 
high-fidelity SpCas9-HF1, the stop-causing mutation in Scaleless-derived PGCs was repaired to the 
Wild type coding sequence of FGF20. This genomic modification results in a completely normal 
feathered-scaled appearance in the repaired Scaleless founder chickens crossbred with Scaleless 
chickens. This serves as proof of concept for FGF20 as a sufficient gene for feathers-scales formation 
in Scaleless chickens.            
 
 
Keywords: Scaleless, PGCs, single-stranded oligodeoxynucleotides 
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Heritability and genetic correlation of keel bone morphometric phenotypes and injury grading in 
laying hens 
 
Maisarah B. M. Maidin*, Junyuan Liang, Heather A. McCormack, Pete W. Wilson, Bjorn Andersson, 
Matthias Schmutz, Ian C. Dunn 
 
*Quantitative Biology, the Roslin Institute, Midlothian, UK  
 
 
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.  
 
 
Keywords: laying hens, keel bone  
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Hindbrain boundaries-niches of neural progenitors/stem cells in the developing chick embryo 
 

Dalit Sela-Donenfeld*, Carmel Hutchings, Yarden Nuriel, Daniel Lazar 

*Israel School of Veterinary Medicine, The Hebrew University, Rehovot, Isreal 

 
Abstract: 
 
The chick embryo is a powerful model system to study development, due to its similarity to 
mammalians and the ability to perform cutting-edge experiments in vivo.  An important 
developmental mechanism lays in the formation of compartment boundaries, arising between 
different cell populations and orchestrating tissue patterning. The chick hindbrain is an excellent 
model to investigate compartment boundaries., as it is composed of repetitive rhombomeres, which 
are separated by well-defined boundaries. While each rhombomere is an individual molecular 
compartment, all hindbrain boundaries (HBs) share a specialized morphology, expression of similar 
genes and ECM components, stressing their likely significance. Yet, their role during development 
remained vague.  
We have recently found that chick HBs express the neural progenitor/stem cells (NPSCs) gene Sox2, 
while also being surrounded by the ECM-molecule chondroitin sulphate proteoglycan (CSPG), and 
demonstrated that HBs cells are reservoirs of NPSCs. However, the mechanisms governing their 
development are unknown.  
By conducting RNAseq on rhombomeres versus HB cells, together with applying loss-and gain-of 
function approaches in chick embryos in vivo and in vitro, we marked novel HB-inclined genes, and 
demonstrated that HBs represent a unique microenvironment that promote the development of 
NPSCs via FGF-CSPG-Sox2 dependent action.   
 
 
Keywords: Hindbrain, neural stem cells, CSPG  
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CXCR4-CXCL12 signaling regulates development of extrinsic innervation to the colorectum 
 
Viktória Halasy*, Emőke Szőcs, Ádám Soós, Tamás Kovács, Nóra Fejszák, Ryo Hotta, Allan M. 
Goldstein, Nándor Nagy  

*Department of Anatomy, Histology and Embryology, Semmelweis University, Budapest, Hungary
  
 
Abstract: 
 
The gastrointestinal tract is innervated by an intrinsic neuronal network, known as the enteric 
nervous system (ENS), and by extrinsic axons arising from peripheral ganglia. The nerve of Remak 
(NoR) is an avian-specific sacral neural crest-derived ganglionated structure that extends from the 
cloaca to the proximal midgut and, similar to the pelvic plexus, provides extrinsic innervation to the 
distal intestine. The molecular mechanisms controlling extrinsic nerve fiber growth into the gut is 
unknown. In vertebrates, CXCR4, a cell surface receptor for the CXCL12 chemokine, regulates 
migration of neural crest cells and axon pathfinding. We have employed chimeric tissue 
recombinations and organ culture assays to study the role of CXCR4/CXCL12 molecules in 
development of colorectal innervation. CXCR4 is specifically expressed in nerve fibers arising from 
the NoR and pelvic plexus, while CXCL12 is localized to the hindgut mesenchyme and enteric ganglia. 
Overexpression of CXCL12 results in significantly enhanced axonal projections to the gut from the 
NoR, while CXCR4 inhibition disrupts nerve fiber extension, supporting a novel role for 
CXCR4/CXCL12 signaling in extrinsic innervation of the colorectum.   
 
 
Keywords: CXCR4, enteric nervous system, neural crest cells  
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Impacts of glycerol on sperm fertilizing ability in chickens 
 
Hsiu-Lien Herbie Lin*, Isabelle Grasseau, Pascal Mermillod, Elisabeth Blesbois, Anaïs Vitorino 
Carvalho 
 
*INRAE, Nouzilly, France   
 
 
Abstract: 
 
Glycerol is the most efficient cryoprotectant to freeze chicken sperm, but it is associated with 
fertilization failures, requiring its removal before insemination. The cellular mechanisms underlying 
these negative effects on fertility remain unknown. Here, we firstly investigated the impacts of 
glycerol (0,1, 2, 6 and 11%) on sperm biology within 60 min of incubation at two temperatures to 
mimic freezing procedures (4°C) and physiological temperature (41°C). After collection, semen of 10 
roosters was pooled, incubated with different doses of glycerol and sperm motility, membrane 
integrity, apoptosis, mitochondria activity and ATP production were assessed. Secondly, we explored 
how glycerol modulates sperm storage in oviduct. Nine hens were inseminated with Hoechst stained 
sperm (200×106 sperm/female), slaughtered after 24 hours, and the presence of sperm was 
explored in sperm storage tubules (SST) at uterovaginal junction. 11% glycerol is the only 
concentration interfering with sperm biology at 4°C whereas 6 and 11% glycerol significantly impair 
sperm characteristics at 41°C, especially in terms of motility. Furthermore, % of SST containing 
sperm decreased with increasing glycerol concentrations. Collectively, our data revealed important 
impacts of glycerol on sperm motility, potentially responsible of the reduction of sperm storage in 
SST observed in vivo after insemination, explaining reduced fertility. 
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