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I am delighted to write this foreword. This is the tenth
year that students of the Bioinformatics and Systems Bi-
ology PhD programme, along with other UCD students
from a range of different schools, have run this symposium.
We kicked it off ten years ago, and since then the students
are keeping it going from strength to strength. This year
promises to be a fantastic meeting, as the students have
invited accomplished scientists. Along with the PhD stu-
dents from various universities contributing posters and
talks, they will provide us with fascinating presentations.
These range from methods to describe protein interactions,
to genome wide association analyses, to integrative omics
analysis, to systems modelling. The wide scope of this meeting is particularly
attractive. The entire work of administering and organising this symposium,
including choice of themes, speakers, food, sponsors, has fallen on the shoulders
of the PhD students, Barbara De Kegel, Verónica Ibáñez Gaspar, Philipp Junk,
Thomas Lefeivre, Simeng Li, Gillian McHugo, Ashish Neve, Aoife Nolan, Eoin O
Cinneide and Camille Ternet. They have done an amazing job in delivering this
excellent symposium, despite the dearth of funds, since SFI did not have a call
available this year for conference funding. On behalf of all of us attending this
great meeting, I’d like to extend a very warm thank you to the organisers. Well
done, and I hope you get to enjoy the talks and posters and socialising, along
with the rest of us!

Denis Shields
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The organising committee is pleased to welcome you to the 10th annual UCD
Molecular and Computational Biology Symposium.
This year the symposium highlights multi-disciplinary research that falls un-

der the umbrella of molecular and computational biology. This includes the
development of mathematical models based on experimental data, integration of
functional genomics and clinical data, large scale multi-omics analyses, and the
application of multi-layered networks, computer simulations and deep learning.
We are excited to learn from all our speakers and presenters and hope that there
will be something interesting and worth discussing for everyone in attendance,
regardless of their background.

The symposium has a history of hosting esteemed and diverse keynote speakers,
and we are happy to continue this tradition. This year’s line up includes the
Editor-In-Chief of Cell Systems, who will add a broader, editorial viewpoint to
the symposium. We would like to thank all of our keynote speakers for taking the
time to travel to Dublin and look forward to having them share their experience
and expertise.

The symposium has always been by and mainly for PhD students, and we are
proud to host 8 talks and over 20 posters from PhD students and other early career
researchers this year. We want to thank all the attendees that submitted abstracts
- your communication of your research forms a core part of the symposium.

In addition, we want to thank Professor Denis Shields for his support and
advice along the way, and all the judges that are taking time to listen and provide
feedback for the short talks and poster presentations.

We gratefully acknowledge the generous support of our academic and industry
sponsors, without whom this symposium would not have been possible. In
particular we want to thank: Systems Biology Ireland, BioSciences, GenScript,
Integrative DNA Technologies, Ocon Chemicals, QIAGEN, Genomics Medicine
Ireland, Lab Unlimited and Rstudio.
We hope you enjoy the symposium and look forward to seeing you again in

2020!

The Organising Committee
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This year’s Organising Committee is excited to welcome all of you to the sympo-
sium! From left to right:

• Gillian McHugo

• Simeng Li

• Thomas Lefeivre

• Barbara De Kegel

• Camille Ternet

• Philipp Junk

• Verónica Ibáñez Gaspar

• Aoife Nolan

• Eoin O Cinneide

• Ashish Neve
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Locations
All lectures and short talk sessions will take place in the Conway Institute at
University Collage Dublin in the Conway Lecture Theater, located on Level -1 of
the institute. The Conway Lecture Theater is accessible by the stairs located in
the institute’s foyer.
The poster sessions will located in the Charles Institute of Dermatology at
University Collage Dublin in the Kevin Barry Gallery.
During the symposium, committee members will be available to help attendees
out with directions.

Name Badges
All delegates are kindly asked to wear the provided badges throughout the
conference, especially during lunch and coffee breaks.

Speakers
Committee members will be present to assist speakers in transfering their presen-
tations to provided computers or setting up personal computers. Speakers are
kindly asked to be present in the lecture hall 30 minutes before the session starts.

Competition and Prizes
There are prizes for both the best short talks and the best poster presentations.
A team of independent judges will be present to evaluate the talks/poster pre-
sentations. The prize giving ceremony will be during the Reception on Friday
evening.

Poster Presentations
There are two poster session on Thursday, the 21st of November, one from 14:00-
14:50 and another one following immediately from 14:50-15:40. The sessions will
be located in the Charles Institute of Dermatology, UCD. Committee members
will available to guide participants from the Conway Institute. Authors have been
informed in which session they are presenting, and are kindly asked to be present
at their posters during their respective session.
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Set-up and removal

Authors are kindly asked to put up their poster before the start of the poster
session and remove them with the end of the session at 15:40. Any unclaimed
posters will be discarded at the end of the symposium.

Lunch, Tea and Coffee
Lunch, tea, coffee and water will be available in the Conway Institute.

Social Events
To accompany all the densely packed science during the two days of the symposium,
we have organised an evening programme for the participants, intended to provide
opportunities for networking and getting to know each other. One of these will
be the Social Event, which will take place on Thursday the 21st of November,
starting at around 17:00. The social event will be located on campus in the
student’s pub called Clubhouse. Members of the symposium committee will lead
people to the bar after the first day. If you feel like you need to relax after a
scientifically intensive day, then do come and join us for a drink or two – free
finger food will also be provided!
The Farewell Reception will be held at the Conway Insitute on Friday the 22nd
of November after 17:00. Join us to celebrate the conclusion of an intensive two
days in style.

Public Transportation
There are several options to reach UCD from the city centre/airport.

Dublin Bus

Dublin Bus provide services from anywhere in the city to the Belfield campus.
A bus stop located at the main entrance of the University on the N11 road is
serviced by bus numbers 39a, 145 and 46a which arrive every 5/15 minutes and
all travel through Dublin city centre.
Other routes to/from the city centre are operated by lines: 7b, 7d, 25x, 27x, 32x,
41x, 47, 66x, 67x, 94x, 116. These lines stop at different locations around the
campus. We recommend using Google Maps to plan your trips with Dublin Bus.
A single ticket from UCD to St Stephen’s Green (central location) costs €2.15
(Leap Card) or €2.85 (cash, coins only, no change given). Visitor Leap Cards are
available for purchase at Dublin Airport. Additional information can be found at
www.dublinbus.ie.
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Aircoach

Aircoach (http://www.aircoach.ie) operates a bus service from Dublin Airport
to Leopardstown / Sandyford / Stillorgan which stops in front of UCD’s main
entrance. Ask the driver for a ticket to UCD’s Belfield Campus (approximately
€16 return).

Taxis

Taxis to UCD’s Belfield Campus can be booked with the FREE NOW smartphone
app. A taxi from the airport to the campus will cost approximately €30-40,
depending on traffic.

Internet
Two wireless networks are available throughout UCD: UCD Wireless, which is
an open access wireless network, and eduroam, which requires access via your
home university.

Name UCD Wireless eduroam
SSID UCD Wireless eduroam

Network type Access Point Access Point
Security type No authentication WPA2-Enterprise

Encryption type None AES

Regulations
Name badges are required for all of the conference sessions, including the poster
session and hospitality suites. No smoking is permitted on the UCD campus
grounds. Mobile phones must be turned off or silenced during the symposium.
No photography or recording is permitted in any session, including the poster
session.

Code of Conduct
We are dedicted to provide a harassment-free symposium experience for everyone.
Therefore, we have formulated a code of conduct, which we expect participants
to follow at the symposium and any symposium-related social event. The full
code of conduct is available on our webpage.
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Emergency Numbers
All emergencies on campus should be directed to the campus emergency hotline
UniCare at +353 1 716 7999, who will coordinate an emergency response as
required.
Emergency police, fire, ambulance can be reached directly by calling 112 or 999.
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Biography

Quincey obtained her B.A. in Biology from Reed College and
her Ph.D. In Biophysics from the University of California, San
Francisco, where she studied cell-fate decisions with Kevan
Shokat. She comes to Cell Systems from a post-doctoral fellow-
ship with Andrew Murray (Harvard), where she studied how
metabolism controls the cell cycle.

KL1:
Tightening the Loop with Theory: Precision Experiments

Thursday, 10:00 - 11:00

The ability to make precise measurements at scale, in vivo
and under challenging conditions, is forcing a reckoning in biology. These data
challenge our mental models of how the cell works. They demand new theories
that will help us discover and understand new biology, but the theories can only
be as good as the data themselves. In this talk, Quincey Justman, the Editor-in-
Chief of Cell Systems, will talk about the relationships between models, theories,
and experiments, with the goal of a more productive conversation between the
three.
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Biography

Emma Davenport is a Group Leader at the Wellcome
Sanger Institute, Cambridge. Her group focuses on how
genetics contributes to patient-to-patient variation in dis-
ease severity and response to treatment. In particular,
they use gene expression data to identify subgroup specific
signatures and to map in vivo expression quantitative trait
locus (eQTL) interactions.

Emma conducted her postdoctoral research in Professor
Soumya Raychaudhuri’s lab at Brigham and Women’s
Hospital, Harvard Medical School and the Broad Institute.
There she developed a statistical framework to investigate
how the administration of a drug alters the relationship
between genomic variation and gene expression (drug eQTL
interactions).
Emma completed her PhD research under the supervision of Professor Julian

Knight at the University of Oxford. She investigated the genetic determinants of
variation in the human response to common and rare infection, focusing on sepsis
and common variable immunodeficiency disorders. A key finding was a gene
expression signature stratifying patients into two distinct sepsis response signature
(SRS) groups. The SRS1 group identifies individuals with an immunosuppressed
phenotype and was associated with higher mortality.
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KL2: Using functional genomics to understand patient heterogeneity
within disease and in response to treatment

Thursday, 12:00 - 13:00

Our groups research interest lies in integrating functional genomics and clinical
data to understand how genetics contributes to patient heterogeneity. We focus
on how environmental perturbations modulate the regulation of gene expression
in the immune cells of an individual. This can be determined by mapping in vivo
expression quantitative trait locus (eQTL) interactions, where an eQTL effect is
modulated by the environmental perturbation. Identifying such interactions can
give insights into condition dependent regulators of gene expression and therefore
insights into disease and drug mechanisms of action.
To explore heterogeneity in treatment response, we developed a statistical

framework to investigate how the administration of a drug alters the relationship
between genomic variation and gene expression. Through an industry collab-
oration with Pfizer, we have analysed data from an anti-IL-6 clinical trial in
patients with systemic lupus erythematosus. We have identified in vivo eQTL
interaction events with IL-6 and IFN, two clinically important cytokines with
dramatic variation in this cohort due to therapy and disease status respectively.
We find transcription factor binding motifs interrupted by eQTL interaction SNPs,
which point to key regulatory mediators of these environmental perturbations.

In collaboration with the Genomics Advances in Sepsis (GAinS) Investigators
we have profiled gene expression to determine disease heterogeneity within a
cohort of sepsis patients. A key finding was a gene expression signature stratifying
patients into two distinct sepsis response signature (SRS) groups. The SRS1 group
identifies individuals with an immunosuppressed phenotype and was associated
with higher mortality. We identify in vivo eQTL interactions with SRS group
including for a number of transcription factors such as TAF1C, IRF5 and EPAS1.
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Biography

Our laboratory is interested in various aspects of glycobi-
ology in prokaryotic and eukaryotic microorganisms. We
use microbial model systems to study mechanistic and
functional aspects of glycans. Having contributed to the
dissection of the eukaryotic pathway of N-linked protein
glycosylation in the yeast Saccharomyces cerevisiae, the
laboratory continues to work on the molecular mechanism
of N-linked protein glycosylation in bacterial (classical and
non-classical) and eukaryotic cells as well as the processing
of N-linked glycans in the ER and the Golgi. All prokary-
otic and eukaryotic cells are coated with glycans, many of
them covalently linked to proteins or lipids. Glycans there-
fore play a crucial role in the interaction between cells and their environment. In
our laboratory, we study the role of glycans and glycan-binding proteins (lectins)
in the interaction of fungi with competitors, predators and parasites including
microbes and animals.

14



Table of Contents Keynote Lectures

KL3: The making of N-glycoproteins

Thursday, 16:00 - 17:00

Two dedicated organelles, the Endoplasmic Reticulum (ER) and the Golgi contain
the synthetic machinery that generates N-linked glycans, the most divers modifi-
cation of proteins. The ER pathway generates a structurally highly conserved
oligosaccharide that is transferred to selected asparagine residues of nascent
polypeptide chains by oligosaccharyltransferase. These oligosaccharides are es-
sential for the folding and the quality control process of glycoproteins. The
subsequent trimming and remodeling of N-linked glycans in the Golgi compart-
ment follows a completely different regime and generates a heterogeneous assembly
of N-glycans in a species-, protein- and site-specific manner.
We have established MS-based analytical systems for the site-specific quan-

tification of N-linked glycans and combined it with expression systems of model
glycoproteins (such as IgG) in cell lines. We quantified the site-specific glyco-
structures and followed the time-course of intracellular N-glycan processing in vivo
using time-resolved SILAC experiments in CHO cells. Based on the experimental
data, we developed a mathematical model for glycoprotein processing in the ER
and the Golgi. The model allowed for a detailed description of both ER- and
Golgi localized processing pathways.
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Biography

Tamás Korcsmáros is a joint Group Leader at the Earlham
Institute and the Quadram Institute in Norwich, UK. For
15 years, he has been working in the field of intra- and
intercellular signalling networks and studying the regula-
tion of autophagy, a conserved cellular degradation process
relevant in stress response and homeostasis.

Tamás started his research career as a high school student
in a biochemistry lab. After four years of experimental
research work on diabetes and redox biology, he gained his
MSc at Eötvös Loránd University in Budapest, Hungary.
Then, as a PhD student, he developed a signalling network database, SignaLink,
which fills a vital niche in the landscape of bioinformatics tools. In Budapest, he
established and led the “NetBiol” Network Biology group, which has developed
novel databases and web-services to meet key scientific community needs.

In March 2014, Tamás won a unique 5-years fellowship to move to Norwich and
establish a multi-disciplinary group that combines computational and experimen-
tal approaches to predict, analyse and validate host-microbe interactions in the
gut. The main interest of the group is related to the regulation of autophagy by
microbes and upon disease conditions such as inflammatory bowel disease (IBD)
and cancer. Tamás has an extensive track record of research studying signalling
pathways and networks, which has resulted in a total of 51 publications (6 first
author; 19 last author) in top-level peer-reviewed journals, including one Nature
Method paper and cover story.

Tamás played a major role in the organisation of eight international conferences
(each with more than 1000 participants), and as a main organiser established the
Interdisciplinary Signaling Workshop, which was organised twice already in 2014
and 2017. He also co-founded three network analysis companies and has coordi-
nated three innovation grant programs. Since 2001, Tamás has been participating
as a volunteer in Hungarian and international talent support organisations. He
is currently the Chairman of the Research Student Foundation supporting 5000
high-school research students.
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KL4: Using multi-layered networks and multi-omics analysis for precision
medicine studies in the gut

Friday, 10:00 - 11:00
Networks describe the relationships of the elements of biological systems using
edges and nodes. However, the resulting representation of the system can some-
times be too simplistic to usefully model reality and provide new mechanistic
insight. By combining several different interaction types within one larger multi-
layered biological network, we developed resources such as SignaLink, OmniPath,
NRF2ome, Autophagy Regulatory Network and SalmoNet to provide a more
nuanced view than those relying on single-layer networks. Multi-layered networks
display connections between multiple networks (i.e. protein-protein interactions
and their transcriptional and post-transcriptional regulators), each one of them
describing a specific set of connections. We used these resources in the last couple
of years to investigate cancer signaling networks, and recently inflammatory bowel
disease and host-microbe interactions in the gut.

Using integrated networks, we proposed new therapeutic approaches to improve
success rates and to identify suitable proteins as novel, alternative drug targets for
solid tumors. We designed a computational approach, combining mutation and
differential expression data with network information, to analyse the interactions
of cancer-related proteins in colon, breast, liver and lung cancer. We found
that first (direct) neighbours, not linked previously to the given cancer type,
are similarly important as mutated proteins known to be involved in cancer
development. We also found 223 drugs already in the clinic targeting these
proteins but not yet used against cancer as their oncology relevance was hidden
so far.
In a similar study, we investigated ulcerative colitis, a type of inflammatory

bowel disease. This time we did a precision medicine approach, using patient-
specific SNP-profiles for integration with multi-layered networks. We demon-
strated that while most of the SNP affected proteins are not related to ulcerative
colitis associated functions, their interactor partners (not mutated in patients)
are annotated to central pathways with biomedically relevant regulatory roles.
Moreover, we were able to cluster ulcerative colitis patients having nearly the
same symptoms but possessing cluster-specific mutation sets effecting different
pathways and cell types.

Finally, we also combined these multi-layered network resources to investigate
host-microbe interactions. We predicted and prioritised a list of potential con-
nections between the host autophagy machinery and a gut pathogen, Salmonella.
These connections could serve as mechanisms how Salmonella is modulating the
host upon infection. We established an intestinal organoid system to test and
validate these predicted interactions using multi-omics readouts, including small
RNA profiling and single cell sequencing.
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I studied mechanical engineering before switching to ap-
plied mathematics and computer science. I first worked in
financial services before moving over to science and plant
genetics. I’ve worked as a Principal Bioinformatician for 5
years in Eleftheria Zeggini’s group at the Wellcome Sanger
Institute, while studying for my PhD. Recently, I moved
to Germany at the Helmholtz Centre in Munich, where I
work as Head of Analytics in Eleftheria’s newly-established
Institute of Translational Genomics.

KL5: Whole-genome sequencing and complex trait
association studies

Friday, 11:40 - 12:40

Common and low-frequency variants are now routinely and successfully assayed in
populations, and have provided insight into complex disease mechanisms through
genetic association studies (GWAS). In this talk, I will explore variations to
the established GWAS study design, with a particular focus on whole-genome
sequencing (WGS) methods. First, sequencing-based population reference panels
can improve detection of variants of interest in special populations such as isolates.
Second, very-low depth sequencing (1x) can provide access to low-frequency
variants not detected using a hybrid genotyping and imputation method. Third,
high-depth WGS allows to accurately genotype both rare and copy-number
variants, which are understudied contributors to the aetiology of complex traits
and require a different testing framework than the one used in GWAS. Finally,
studying intermediate traits, such as circulating protein levels, can provide further
insight into the genetic risk of complex diseases.
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Ola Söderberg has a background as a chemist (BSc 1991)
at Uppsala University, where he 1997 got his PhD at the
Department of Pathology, “Regulation of Growth, Differen-
tiation and Survival of B-Chronic Lymphocytic Leukemia
Cells”. After post-doc periods at IPATIMUP (Porto, Por-
tugal) and Linköping University (Sweden) he returned to
Uppsala in 2001. In 2007 he got appointed as Associate
Professor and in 2013 he got a position as Senior Lecturer
at Uppsala University. 2016 he became Professor in Molec-
ular Proteomics. In 2017 he moved to the department of
Pharmaceutical Biosciences at Uppsala University, where
he is Professor in Pharmaceutical Cell Biology. His re-
search is mainly focused on development of new methods for visualization of
protein activity in single cells. He is author of more than 90 scientific papers and
inventor of 5 patents.
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KL6: DNA-based molecular tools for monitoring cell signaling

Friday, 16:00 - 17:00

Methods to determine levels of protein-protein interactions are essential in analy-
sis of cellular signaling activity. High-resolution analysis of proteins or protein
complexes requires either advanced microscopy, or molecular methods that com-
bine distance dependence with signal amplification. By using DNA molecules
as a tool we have over the years developed several molecular methods utilizing
a variety of enzymes to modify and amplify the DNA molecules used in the
method. One such method is Proximity Ligation Assay (PLA) where pairs of
antibodies equipped with DNA oligonucleotides (so-called proximity probes) are
used to target proteins. Proximal binding of such probes template the creation of
a circular DNA molecule, which can be amplified using rolling circle amplification
(RCA). The single-stranded RCA product from a single recognition event will
contain several hundreds of repetitive motifs that can be visualized by hybridiza-
tion of fluorophore-conjugated oligonucleotides. The distance requirement for the
formation of the DNA circles will be dependent on the size of the affinity reagents
and the length and polarity of the oligonucleotides used, ranging from a few nm up
to several tens of nm. An alternative to PLA would be the proximity-dependent
initiation of hybridization chain reactions (proxHCR) where the proximity probes
consists of DNA hairpins. The addition of an activator oligonucleotide that can
hybridize to one of the hairpins will liberate a sequence motif that will invade the
other hairpin, if they are in close proximity. The now bridged proximity probes
will reveal an initiator motif that will prime a hybridization chain reaction of
fluorophore-labeled hairpins, creating a long fluorophore-labeled double-stranded
DNA molecule. However, more complex measurements may be required in order
to model signaling pathway activity and information flow in single cells. Informa-
tion on levels of both free and interacting proteins is important to determine if the
interactions monitored are a result of a post-translational protein modification, e.g.
phosphorylations, that changes the conformation of the proteins and subsequently
results in a different dissociation constant (KD), or if the amount of interactions
reflects mere expression levels of the proteins.
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ST1: The PhoPR difference between M. tb and M. bovis and
consequence in lipid biosynthesis

Thursday, 11:00 - 11:20

Josemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-ElizariJosemari Urtasun-Elizari1, Apoorva Bhatt2, David E. MacHugh3, Stephen V.
Gordon1
1School of Veterinary Medicine, Veterinary Science Centre, University College Dublin Belfield, Dublin 4, Ireland.
2School of Biosciences, University of Birmingham, B15 2TT, UK. 3School of Agriculture and Food Science,
Veterinary Science Centre, University College Dublin Belfield, Dublin 4, Ireland.

Tuberculosis disease is caused by different bacterial species belonging to the clonal
group named Mycobacterium tuberculosis complex (MTBC) that affect a wide
variety of mammalian hosts. The MTBC can be mainly separated in two different
groups, the human-adapted strains and the animal-adapted strains. One key
protein system of the MTBC is the PhoPR system, which is a two-component
signal transduction system that directly regulates more than 30 genes of the
mycobacterial genome and controls the biosynthesis of virulent lipids and secreted
proteins. The PhoPR shows variation across human and animal adapted lineages,
and this has been suggested to play a role in the host preference of the strains.
The phoPR allele of the animal-adapted strains contains a two-nucleotide muta-
tion compared to the human-adapted strains; this mutation, when introduced
into M. tuberculosis, attenuates the effect of the recombinant in mouse models.
However, might the inverse apply for animal adapted strains? We hypothesized
that the phoPR mutation occurring in the animal adapted strains is actually
advantageous for animal adaptation of the MTBC members by favouring a specific
lipid biosynthetic pathway that modulates macrophage response.
To test this hypothesis, we are using the reference strains M. tuberculosis H37Rv
and M. bovis AF2122/97 as representatives of the human and animal adapted
strains respectively. M. bovis phoPR knock-out mutants will be complemented
with both the human and bovine allele and RNA sequencing analysis will be done
on those to give new insights on how the PhoPR system differentially modulates
the genetic expression in human and animal adapted strains.
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ST2: Integrative genomics of the host response to Mycobacterium bovis
infection

Thursday, 11:20 - 11:40

Thomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J HallThomas J Hall1, Michael P. Mullen2, Gillian P. McHugo1, Kate E. Killick1,
Siobhán Ring3,4, Donagh Berry3, Carolina N. Correia1, John A. Browne1, Stephen
V. Gordon4,5, David E. MacHugh1,5
1Animal Genomics Laboratory, UCD School of Agriculture and Food Science, College Dublin, Belfield, Dublin,
D04 V1W8, Ireland. 2Bioscience Research Institute, Athlone Institute of Technology, Dublin Road, Athlone, Co.
Westmeath, N37 HD68, Ireland. 3Teagasc, Animal and Grassland Research and Innovation Centre, Moorepark,
Fermoy, Co. Cork, Ireland 4UCD School of Veterinary Medicine, University College Dublin, Belfield, Dublin, D04
W6F6, Ireland. 5UCD Conway Institute of Biomolecular and Biomedical Research, University College Dublin,
Belfield, Dublin, D04 V1W8, Ireland.

Bovine TB, caused by infection with Mycobacterium bovis, is an endemic disease
affecting global cattle production. In this study, we used differential expression
with network approaches to analyse the alveolar macrophage transcriptional
response to infection with M. bovis to identify core infection response pathways.
The host gene expression data consisted of bovine RNA-seq data from alveolar
macrophages infected with M. bovis at 24 and 48 hours post-infection. These RNA-
seq data were analysed using 3 distinct analysis pipelines; standard differential
expression, correlation networks and gene interaction networks. Bovine GWAS
data was obtained from a published BTB susceptibility/resistance study. These
outputs were then integrated with genome-wide association study (GWAS) data
sets to enhance detection of genomic variants for susceptibility/resistance to M.
bovis. To integrate these outputs with GWAS data, we developed an R package,
GWASin. GWASin searches for SNPs within and in proximity to genes of interest,
and calculates local FDR to enrich significant SNPs. With the combination
of multiple ‘omic analytical approaches and integration of three breed based
BTB GWAS, GWASin identified 1265 significant SNPs, which include missense
mutations in pivotal TB response pathways, indicating this approach can leverage
substantial additional information from GWAS data sets.

This research will also be presented during the poster presentation with poster
number 17.
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ST3: Engineering of Carbohydrates-Binding Proteins: Predicting Change
in Binding Free-energy upon Mutation through Computer
Simulations

Thursday, 15:40 - 16:00
Sushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. MishraSushil K. Mishra1, Stephen Cunningham1, Jared Q. Gerlach1, Michelle Kilcoyne2
and Lokesh Joshi1
1Glycoscience Group, Advanced Glycoscience Research Cluster (AGRC), National University of Ireland Galway,
Ireland. 2Carbohydrate Signalling Group, Advanced Glycoscience Research Cluster (AGRC), National University
of Ireland Galway, Ireland.

Glycomics continues to emerge as a high-value information-rich field of medical
insight in the post-genomic era. Development of methods to study the protein-
carbohydrate interactions is, therefore of great importance to understand their
direct contribution and role in biological functions including adhesion, recogni-
tion, differentiation, metastasis, pathogenesis and immunological recognition [1-2].
Carbohydrate binding proteins (i.e. lectins) show relatively weak affinity than
protein-protein or protein-DNA/RNA complexes. Lectins often have the highest
affinity for certain groups of carbohydrate moieties (e.g. RSL shows highest
affinity for L-Fuc and PNA for L-Gal), but can show weak promiscuous binding
interaction with other carbohydrate structures.
Enhancing the binding affinity and specificity of these proteins towards their
binding partner is often needed to use them as effective carbohydrate receptor
molecules in affinity chromatography, analytical approaches or as diagnostic
markers. It is therefore of high interest to develop and evaluate computational
approaches to predict a change in binding affinity of glycans upon mutation not
only to understand the principles of carbohydrate recognition but also for the
design of carbohydrate-based diagnostic tools. In this presentation, we will show
the challenges that exist in the modelling of protein/carbohydrate recognition
through computational approaches and a number of case studies [3-6] showing
how well these techniques can be used to predict the change in binding affinity
and specificity of proteins upon mutations.
References:
[1] Karlsson. Trends Pharmacol. Sci. 12 (1991) 265–272
[2] Gabius. Sci. 40 (2015) 341
[3] Mishra et al., J. Comput. Chem. 33 (2012) 2340–2350
[4] Mishra et al., J. Chem. Theory Comput. 11 (2015) 3333–3345
[5] Nagae and Mishra et al., Glycobiology (2017) 1;27(12):1120-1133
[6] Mishra and Koca, J. Phys. Chem. B, (2018) 122, 34, 8113-8121

This research will also be presented during the poster presentation with poster
number 16.
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Shauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. DrummShauna D. Drumm1,2, Paul Cormican1, Rebecca Owens3, Jennifer Mitchell2
and Orla M. Keane1
1Animal and Bioscience Research Department, Teagasc, Grange, Co. Meath, Ireland. 2School of Biomolecular and
Biomedical Science, University College Dublin, Belfield, Dublin 4, Ireland. 3Department of Biology, Maynooth
University, Maynooth, Co. Kildare, Ireland.

In Ireland, Staphylococcus aureus is the most common pathogen associated with
bovine mastitis. One of the major reasons for its success is the array of viru-
lence factors displayed on its cell surface. Known as Cell Wall Anchored (CWA)
proteins, these factors can be found covalently attached to the cell wall and are
known to interact directly with host cells or indirectly using host proteins like
fibronectin.
S. aureus isolates were previously recovered from milk samples collected in Ireland
from cows presenting with clinical mastitis. Among these isolates, four major
bovine-adapted lineages of S. aureus were identified: CC151, CC97, ST136 and
ST71-like subgroup of CC97. Forty-three isolates representing these lineages were
sequenced, genomes assembled, annotated and searched for the presence of 26
known CWA proteins. The presence of these genes varied across lineages. The
ST71-like subgroup of CC97 contained the most diverse group of isolates within
a lineage while CC151 showed significant genomic decay among genes encoding
CWA proteins.
Following this, expression of these CWA proteins was determined by Mass Spec-
trometry by enzymatically releasing cell surface proteins from six strains rep-
resenting lineages CC151 and CC97. Surprisingly, the CWA protein SdrE had
the highest expression in the majority of strains. Other CWA proteins highly
expressed included AdsA and ClfB.
Importantly, it was also observed that fibronectin-binding proteins were not highly
expressed in these strains and bound weakly to a fibronectin-coated microtitre
plate. These results indicate that CC151, and possibly CC97, could utilise a
fibronectin-independent mechanism for interacting with the bovine host cell.

25



Table of Contents Short Talks

ST5: Multi-omic analysis of the chromatin landscape in recurrent
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1Smurfit institute of Genetics, TCD, Dublin, Ireland. 2Centre for Regenerative Medicine, University of Edinburgh,
UK.

Diffuse Intrinsic Pontine Glioma (DIPG) is a recurrent cancer of the brain stem
almost exclusively occurring in children below 10 years of age. Central nervous
system cancers are the most common cause of cancer death in pediatric patients
and DIPG accounts for 10% of these cancers. Sadly, this devastating disease has
no effective treatment or cure and has a median survival rate of just 9 months from
prognosis with just 10% of patients surviving 2 years post diagnosis. The genetic
cause of this disease is most often due to mutation of histone H3.3 resulting in
the amino acid substitution K27M. This prevents post-translational methylation
or acetylation at this residue which contributes to regulation of gene expression.
The exact molecular mechanisms through which K27M mutation results in disease
are however not yet fully understood.
We have generated the first isogenic model of DIPG in human eSCs through
introduction of mutant or wild type histone H3.3 with a V5 tag and applied
parallel RNA-Seq, ATAC-Seq, ChIP-Seq on V5-H3.3 and ChIP-RX on H3K27me3,
H3K27me2, H3K27Ac, H3K4me3 and Suz12. We derive novel insights into how
H3.3K27M mutation alters the chromatin landscape in an enhancer specific
manner - resulting in dramatic loss of acetylation at enhancer loci which suppresses
expression of neuron differentiation genes. In addition, we apply novel methods to
investigate Suz12 and H3K27me3 deposition, finding global loss of Suz12 binding
and H3K27me3 modifications despite retention at peak regions - the first in
vivo evidence supporting the hypothesis that H3.3K27M drives PRC2 (Suz12)
sequestration.
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The intrinsic apoptosis pathway is a major form of cell death by which organisms
control the removal of damaged or unnecessary cells and homeostasis. Activation
of the caspase cascade is essential for apoptosis. Mathematical models have
demonstrated that this process is tightly regulated by a positive feedback loop
and a bistable switch. BAX and SMAC are two key apoptotic regulators which
are involved in the intrinsic apoptosis system and are often deregulated in cancer.
A mathematical model of intrinsic apoptosis has been developed to investigate
how BAX and SMAC control the apoptotic switch. Formulated as a system of
ordinary differential equations, the model summarises experimental and computa-
tional evidence from the literature and incorporates the biochemical mechanisms
of how BAX and SMAC influence the initiation and progression of apoptosis.
Analyses have demonstrated that both BAX and SMAC regulate the time-delay,
caspase amplitude and activation threshold of the apoptotic switch.
Cell culture experiments using siRNA mediated BAX and SMAC knockdowns
and clinically relevant BAX and SMAC mimetics have been used to validate
model predictions. Future work will include patient specific simulations of the
model in an effort to improve patient stratification and therapeutic strategies,
enhancing personalised medicine.
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1UCD Charles Institute of Dermatology and 2Systems Biology Ireland, School of Medicine University College
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Skin cancer is the most common cancer in Ireland each year accounting for
10000 cases, melanoma the most aggressive form of skin cancer accounts for
around 1100 of those cases. Although 89% of melanoma patients survive for
at least 5 years, Ireland has the highest mortality rates in Europe. For stage
IV melanoma survival rates are around 20% and 50% for stage 3. Melanoma
arises from the transformation of melanocytes in the epidermis, and typically
happens after UV radiation associated damage. Advanced melanoma survival
rate remains low, after chemotherapeutic or biological treatments, most likely
due to development of drug resistance. Tumor microenvironment influence is
implicated as a cause of acquired resistance in patients. The current project aims
to address this issue by studying the effect of the tissue microenvironment on
signaling pathways in melanocytes and melanoma cells. To accomplish this, we
will screen microenvironmental factors for their effect on cells of interest using
transwell system and analyze the readouts via immunofluorescence (IF). This
coculture transwell system allows for different cells and cell types to be in spatial
proximity and exchange paracrine factors, through the semipermeable transwell
membrane. The melanoma coculture used in the current study consists of Fm94
melanoma cells and HaCat keratinocytes in direct cell-cell contact in a transwell,
with fibroblast cells grown in the chamber below. This allows for the fibroblast
secreted factors to reach the cells above without direct contact, mimicking their
distribution in the skin microenvironment. IF imaging was optimized for this
method by adjusting antibody concentrations, different fixing agents and cell
seeding densities. With this model optimized we can move toward investigating
how different microenvironmental factors affect melanocytes and melanoma cells.
This may allow us to discover novel pathways implicated in melanomagenesis,
and subsequently attempt to rewire these pathways and limit or stop melanoma
growth.

This research will also be presented during the poster presentation with poster
number 24.
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1Systems Biology Ireland

Cancer survival prediction is an important tool aimed at guiding how doctors treat
their patients. Most models built for this purpose use simple mathematical models
whose aim is to predict risk scores rather than a time estimate of when progression
might occur. During the last years, deep learning has showed remarkable accuracy
and reproducibility at solving a wide variety of tasks. We developed a deep learning
model that combines tumour RNA-Seq, mutation and clinical data to estimate
time to cancer progression. Our model was trained using publicly available data
from 8804 patients with 30 different kinds of cancer. The results show that
our model can predict accurately the time to progression and rank the patients
according to risk. Furthermore, we tested our models in data from 978 patients
and we were able to validate our results. This illustrates the potential use of deep
learning to integrate different kinds of data for clinical applications.
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Jean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean ManguyJean Manguy1, Pavel Vodicka2, Ludmila Vodickova2, Veronika Vymetalkova2,
Miroslav Levy3, Václav Liska4, Niall Swan5, David J. Hughes1
1Cancer Biology and Therapeutics Group, School of Biomolecular and Biomedical Science, UCD Conway Institute,
University College Dublin, Dublin, Ireland 2Institute of Biology and Medical Genetics, First Faculty of Medicine,
Charles University, Prague, Czech Republic 3Department of Surgery, First Faculty of Medicine, Charles University
and Thomayer Hospital, Prague, Czech Republic 4Biomedical Centre, Faculty of Medicine in Pilsen, Charles
University, Pilsen, Czech Republic 5Department of Pathology and Laboratory Medicine, St Vincent’s University
Hospital, Dublin, Ireland

Biological effects of the micronutrient selenium (34Se) are manifested through
its incorporation in 25 human selenoproteins, of which several have roles in
countering damaging antioxidative and inflammatory responses implicated in
colorectal carcinogenesis. Accumulating evidence suggests insufficient Se intake
and selenoprotein genetic variations may contribute to colorectal cancer (CRC)
development risk. Fedirko et al. (2019) reported in a multi-centre, European
cohort study that several common single nucleotide polymorphisms (SNPs) in
selenium-related genes (selenoprotein and Se metabolic pathway genes) may also
affect CRC risk. Our goal was to test whether these 23 SNP associations are also
observed in other European populations, here comprising case-control studies in
the Republic of Ireland (CRC and adenoma cases: 450, controls: 461) and in the
Czech Republic (CRC cases: 806, controls: 558). Genotyping was performed by
a robust competitive allele specific PCR system (KASPar) and logistic regression
was used to assess the associations with CRC risk adjusting for age and sex using
PLINK. Significant associations were observed for rs11111979 and rs7953266
in TXNRD1 with a decreased CRC risk, and of rs2275129 in SEPHS1 with an
increased disease risk in the Czech dataset. However, none retained significance
after multiple testing corrections. Additionally, no significant associations were
observed for tested genetic variants in the Irish dataset.
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1Animal and Grassland Research Department, Teagasc, Grange, Co. Meath, Ireland 2School of Veterinary Medicine,
University College Dublin, Dublin 4, Ireland

S. aureus is the most frequent cause of bovine mastitis in Ireland. Four bovine-
adapted lineages (CC71, CC97, CC151 and ST136) were identified among Irish
S. aureus mastitis isolates. Among the 4 lineages, in vitro infection with CC97
strains caused a high immune response, while CC151 strains caused low immune
response. The objective of this study was to investigate the influence of bacterial
strain on host immune response in vivo by employing a transcriptomic approach.
Fourteen disease-free first lactation cows were infected with either S. aureus strain
MOK023 (CC97) or MOK124 (CC151). Transcriptomic data was generated from
milk somatic cells at 0, 24, 48, 72 and 168 hours post infection (hpi) and analysed
for differentially expressed (DE) genes relative to time 0. Cell composition of
milk somatic cell samples was analysed using quanTIseq.
Animals challenged with MOK124 developed clinical signs such as clots in milk
and fever, while animals challenged with MOK023 developed mild or subclinical
mastitis. DE genes were associated with immune response between 24-72 hpi in
MOK023 group and at 24 hpi only in MOK124 group. Pathways related to tissue
recovery predominated at later time points in the MOK124 group. Neutrophils
were the main cell type involved in response to MOK124, while M1 macrophages
were more predominant in response to MOK023.
This study highlights diversity in immune response to infection with different
strains of S. aureus. Multiple strains should be studied in the future and considered
in treatment or vaccination for bovine mastitis.
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Surgeons in Ireland, 123 St Stephen’s Green, Dublin 2, Ireland

BCL2-dependent apoptosis plays a major role in the clinical outcome of cancer
therapy. Despite BCL2’s anti apoptotic effect, breast cancer patients with high
BCL2 protein concentrations are reported to have higher overall survival compared
to patients with BCL2 negative tumours. Here we studied whether certain genes
are involved in regulating apoptosis and thus govern the clinical outcome of breast
cancer patients.
573 TCGA patient samples were stratified in 6 groups, according to BCL2 gene
expression and immunohistology (IHC) status. In this groups we identified 29
gene clusters using differential gene expression analysis and consensus clustering.
Clusters were tested for association with overall survival in the TCGA cohort
and correlation of reported breast cancer characteristics. Validation was carried
out in the METABRIC cohort (1,897 patients).
We found that the expression of two gene clusters, cluster A (HR = 5.2, 95%
CI 2.9-9.4, p < 0.001) and Cluster B (HR = 5.2, 95% CI 2.9-9.4, p < 0.001)
were associated with differences in overall survival of ER+ breast cancer patients.
For each cluster we identified 20 representing genes. Further, high expression
of GPR137B was associated with increase morality in ER+ patients (GPR137B
HR = 1.6, 95% CI 1.14-2.2, p = 0.006). GO term analysis and literature review
showed that GPR137B and both clusters were associated with apoptosis.
In conclusion, we identified GPR137B and 2 novel sets of genes that may be
employed to predict ER+ BC patients’ clinical outcome, independently of common
cancer scores and IHC status.
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Laboratory, Backweston, Co. Kildare, Ireland, 3Department of Biological Sciences, Cork Institute of Technology,
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Whole genome sequencing (WGS) has been applied to many pathogen systems,
where its unprecedented resolution has greatly enhanced our understanding of
pathogen transmission. However, WGS has seen limited application to Mycobac-
terium avium subspecies paratuberculosis (MAP); understanding the transmission
of MAP will inform control of Johne’s Disease (JD). We report the first application
of WGS to MAP in Ireland.
DNA was extracted from 167 MAP isolates sourced from cattle across Ireland.
Libraries were sequenced on an Illumina NextSeq500 platform. Sequencing data
were processed using an in-house pipeline, which trimmed reads, aligned them
to the reference genome MAP K10, called variants, conducted quality filtering
and built a maximum likelihood phylogeny. DNA was also used to carry out
MIRU-VNTR typing.
The phylogenetic relationships between the MAP genomes demonstrate that the
MAP population present in Irish cattle is genetically diverse. Such diversity
may partly have resulted from importation of MAP from Europe into Ireland.
Comparing our Irish isolates to a global MAP WGS study showed similarity
between some Irish isolates to others found across Europe, again suggesting
intracontinental spread.
Comparison of our WGS data with MIRU-VNTR data indicates that MIRU-
VNTR typing has limited resolution for discriminating MAP strains in comparison
to WGS data.
The genomic data presented here provide the first picture of the genetic diversity
of Irish MAP and a baseline for future studies into the spread and persistence of
MAP in Irish cattle.
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Age-related macular degeneration (AMD) is one of the commonest causes of sight
loss in the elderly population and to date there is no intervention that slows or pre-
vents early AMD disease progressing to blinding neovascularization or geographic
atrophy. AMD is a complex disease and factors proposed to contribute to the de-
velopment and progression of disease include aging, genetics, epigenetics, oxidative
stress, pro-inflammatory state, and life-style factors such as smoking, alcohol and
high fat diet. Here, we generate a knowledge repository of pathways and protein-
protein interaction (PPI) networks likely to be implicated in AMD pathogenesis,
such as complement activation, lipid trafficking and metabolism, vitamin A cycle,
oxidative stress, proteostasis, bioenergetics, autophagy/mitophagy, extracellular
matrix (ECM) turnover, and choroidal vascular dropout. Two disctinct clusters
ermerged from the networks for parainflamation and ECM homeostasis, which
may represent two different disease modules underlying AMD pathology. Our
analyses also suggest that the disease manifests primarily in RPE/choroid and
less in neural retina. The use of standardized syntax when generating maps of
these biological processes (SBGN standard) and networks (PSI standard) enables
visualization of complex information in graphical programs such as CellDesigner
and Cytoscape and enhances reusability and extension of data. The ability to
focus onto subnetworks, multiple visualizations and simulation options will enable
the AMD research community to computationally model subnetworks or to test
experimentally new hypotheses arising from connectivities in the AMD pathway
map.

35



Table of Contents Poster Presentations

P6: A quest towards an in-silico future for non-toxic peptide drug design

Patrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan TimmonsPatrick Brendan Timmons1, Chandralal Hewage1
1Conway Institute of Biomolecular and Biomedical Research, School of Biomolecular and Biomedical Science,
Centre for Synthesis and Chemical Biology, University College Dublin, Ireland

The increasing prevalence of multi-drug antibiotic resistance provides the mo-
tivation for the pursuit of new antibacterial agents. As few cases of bacterial
resistance to antimicrobial peptides (AMPs) have been identified to-date, this
diversiform class of membrane-active peptides, which in nature function as part
of the innate host defence system, exemplifies an exciting avenue of antibiotic
drug research. Some AMPs manifest toxicity against eukaryotic membranes as
well as the target prokaryotic membranes, a troublesome property that reduces
their therapeutic efficacies which is typically screened for by means of cost- and
labour-intensive haemolysis assays. Advances in machine learning research and
chemoinformatic methodology facilitated the design of an artificial neural network
classifier capable of predicting whether a peptide sequence possesses toxic activity
against eukaryotic membranes, which will provide for a more efficient in silico
screening of peptide drug candidates. The proposed new model provides needed
insights into features that should be avoided when designing novel, non-toxic,
peptide therapeutics.
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Non-template driven post-translational modification of proteins and lipids through
the introduction of diverse glycan chains, performed and regulated by a wide
range of glycoenzymes and substrate availability is known to play contributory
roles across biological functions and communications. Altered glycan structures
have been reported for numerous pathological conditions. In our first steps to
elucidate and understand this complex glycosylation network, we commenced
the construction of an online database “GlycoGAIT”, capturing a list of human
564 glycoenzymes along with their enzymatic reactions and process contributions
(n=331), presented in a network format. Correlation of glycan epitope structures
on immune cells has been explored for glyco-phenotype immune function.
We explored (altered) inflammatory conditions (indicated as a key underlying
pathology) and the contributing glycosylation machinery, testing the utility of the
database in conjunction with online software tools (ConsensusPathDB, GIANT2.0,
Cytoscape) for detailed gene set enrichment, protein-protein, gene regulatory and
biochemical interaction pathway analysis. Differentially expressed genes used in
analysis were identified from across a broad selection of genomic and transcrip-
tomic data from conditions and clinical defined groups for (i) gastrointestinal
inflammatory disease, (ii) major depressive disorder, (iii) autism spectrum disor-
ders and (iv) obese diabetes. Glyco-phenotyping and analysis of bio-compatibility
screening of biomedical devices has recently been added to the networks, under
analysis and generation.
Glyco-immune gene validation is underway (cell line models, serum markers,
and animal models). To date, the translational efficiency of in silico predictions
made using GlycoGAIT supports and enables glyco-immunology mapping for the
identification of potential therapeutic strategies and biomarker discovery.
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Malignant melanoma represents one of the most aggressive cancers. BRAFV600E
constitutes the most common mutation in melanoma. The introduction of tar-
geted drugs for RAF has shown excellent clinical efficacy initially. But prognosis
for late stage patients remains poor due to the rapid development of acquired drug
resistance. The most common mechanism for this acquired resistance is based on
alternative splicing, such as the production of alternative BRAF isoforms that
are resistant to inhibitors. However, how BRAFV600E controls splicing is poorly
understood to date.
Preliminary data on interaction proteomics demonstrate that BRAFV600E in-
teracts with the splicing machinery. To test this, we established sensitive and
resistant MM cell lines to examine whether RAF complexes regulate their own
alternative splicing under drug selection. Endogenous Co-IPs demonstrated that
BRAF interacts with components of the alternative splice machinery including
splicing factor SF3B1. In addition, Co-IPs with SF3B1 as bait corroborate these
data. Quantitative interaction proteomics will elucidate this signalling complex in
more detail. In addition, analysing the transcriptome (RNA-seq) and proteome
will provide systematic identification of aberrant alternative splicing events that
correlate with RAF inhibitor resistance in MM.
Our data support the intriguing hypothesis, that oncogenic BRAFV600E not
only drives melanoma progression, but also directly controls the splicing machin-
ery resulting in the alternative splicing of itself and other proteins that drive
melanoma progression and resistance.
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metabolism in malignant melanoma.
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The MAPK pathway is a key oncogenic signalling pathway in cancer and is there-
fore of high interest for cancer drug therapy. RAF kinase inhibitors demonstrate
initial success; however, drug resistance commonly occurs in patients. Acquired
resistance is mainly due to network adaptations, with RAF heterodimerization
playing a key role in resistance development. Previously, our group used a combi-
nation of co-immunoprecipitation (Co-IP) and quantitative mass spectrometry
to identify protein interactions specific to distinct RAF hetero-dimers, in which
several novel interactions related to RAF signalling were identified. These include
metabolic enzymes and other metabolic proteins. Many of these proteins are
known to be altered in cancer and may play vital roles in drug resistant mecha-
nisms. This project aims to investigate the influence of RAF signalling on tumour
cell metabolism and the impact of metabolic processes on RAF dimerization,
signalling, and resistance mechanisms. Co-IP and western blotting were utilised
to validate the identified dimer-specific interactions and results suggest a potential
role of RAF signalling in the regulation of core metabolic processes. These results
also indicate the alteration of the interactome of RAF in the presence of RAF
inhibitors. Metabolomic and transcriptomic analysis identified potential rewiring
in lactate and fatty acid/lipid metabolism between parental and drug resistant
melanoma cells. We therefore hypothesize that metabolic associations with RAF
may play a role in acquired resistance development. Elucidating the crosstalk
between RAF signalling and cell metabolism may identify potential metabolic
targets to help overcome drug resistance to RAF inhibitors in melanoma.
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African cattle represent a complex mosaic of Bos taurus (taurine) and Bos
indicus (zebu) ancestry with most breeds containing varying levels of taurine-
zebu admixture. The two types of cattle diverged at least 500,000 years ago
and significant genomic differences have accumulated since that time. One
important evolutionary adaptation in certain African taurine populations is a
genetically determined tolerance to infection by protozoan trypanosome parasites
(Trypanosoma spp.), which are transmitted by infected tsetse flies (Glossina spp.)
and cause African animal trypanosomiasis (AAT) disease.
The annual financial burden of AAT is approximately $4.5 billion, and AAT is
one of the largest constraints to livestock production in the areas of sub-Saharan
Africa with significant tsetse densities. The West African taurine N’Dama breed is
trypanotolerant; they have a capacity to control parasite loads and to limit disease
pathology compared to trypanosusceptible zebu breeds. However, zebu or zebu-
taurine hybrid animals are generally larger, produce higher milk yields and are
therefore favoured by many farmers. Using local ancestry analysis of genome-wide
high-density SNP data, we have examined hybrid West African cattle populations
to study sub-chromosomal admixture. A sliding window approach was used and
genes within 1 Mb up- and downstream from the top ancestry windows were used
in gene set enrichment analyses. Results from this study demonstrate that the
top physiological system development and function pathways for genes located
within taurine local ancestry windows include immunobiology pathways, while
the top zebu pathways are related to growth and development.
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Ras proteins are small GTPases that have a pivotal role in vehiculating biochemical
signaling within cells. Their fine regulation permits a highly dynamic and
adaptable response that is modulated by multiple factors, such as environmental
conditions and stimuli. Although extensive research has been dedicated to study
Ras and its oncogenic role, the working principles underlying its regulation are
still unclear [1].
The purpose of our study is to investigate how KRAS proteins interact with
their effectors in colon context, through a network-centric approach, and which
cellular and phenotypic responses are triggered, by integrating experimental and
computational investigations.
We show that treatment with various stimuli, related to colon and colorectal
context, has not produced significant effect on the viability of our 2D cell model,
Caco-2 cells. After 21 days in a trans-well culture system, Caco-2 were indeed
able to differentiate generating a full polarized epithelium monolayer and their
barrier function was intact. We also performed co-immunoprecipitation to identify
endogenous KRAS complexes in Caco-2, confirming our preliminary results by
western blot. In silico, we developed a mathematical model to quantify the
(equilibrium) concentrations of KRAS-effector complexes in colon, for variable
conditions of KRAS availability (e.g. simulating its overactivation in the cancer
phenotype), and fixed biochemical binding affinities. Moreover, a sensitivity
analysis of the affinities has been performed, and further efforts will be made in
order to account for the different colorectal conditions tested in vitro.
In conclusion, we will compare the computational results with the outcomes of
the mass spectrometry analysis on the KRAS complex concentrations measured
in wild type Caco-2 cells, and we will further study the cellular responses induced
by additional pro-tumoral stimuli.
References
[1] Hobbs GA et al., J Cell Sci. (2016).
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Parkinson’s disease (PD) is a neurodegenerative disorder, characterized by degra-
dation of dopaminergic neurons in the substantia nigra, leading to motor impair-
ment. Mitochondrial dysfunction and reactive oxygen species are known to play
a key role in PD pathogenesis. Parkin and PINK1 genes are associated with
familial PD and are known to affect mitochondrial function. The mechanism by
which knockout of those genes lead to a diseased state is not fully understood.
To map out the mechanistic details, experimental data from transgenic knock-
out mice were integrated into a detailed computational model of mitochondria
bioenergetics. Neurons from Parkin knockout animals have increased OXYPHOS,
potentially due to partial uncoupling. Indeed, simulation of partial uncoupling in
our model reproduced literature data demonstrating decreased mitochondrial ATP
and increased oxygen consumption rates in both basal and uncoupled conditions.
Next, we measured decreased sensitivity to Complex III inhibition (Antimycin A)
and reduced oxygen consumption rates in neurons from PINK1 knockout mice.
We used our model to identify which molecular defects can produce this pheno-
type. Interestingly, a decreased Complex I activity (commonly reported in PD)
was not sufficient to explain the experimental observations. Rather, simulation
of combined defects in complex I and cytosolic ATP consumption/proton leak
reproduced the observed phenotype.
In conclusion, we here utilised a computational model to study mitochondrial
bioenergetic defects and successfully reproduced experimental data from PD
animal disease models. We also showed that different genetic defects reported in
PD exhibit different bioenergetic impairments, indicating disease heterogeneity.
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Haematopoetic stem cell transplantion (HSCT) is the only curative option for
certain leukaemias and other hereditary disorders which can be fatal in childhood.
However, HSCT has a 25% mortality rate in the paediatric population. Endothe-
lial cell (EC) damage is the primary event in many of the transplant related
complications and ensues from toxicity of the conditioning and alloreactivity of
donor T lymphocytes, a subset of which are specific to the vascular endothelium.
Our project is aiming to develop an individualised, risk-adapted prophylaxis to
minimise endothelial-related complications of HSCT.
Mesenchymal stromal cells (MSC) from different sources will be differentiated into
endothelial-like cells (eMSC) by growth factors combined with hypoxia and shear
stress and subsequently immortalised (eMSCi) in vitro. The resulting eMSCi lines
will be characterised for their functional and molecular phenotypes and compared
to bona fide endothelial cells. eMSCi will also be tested for their capacity to induce
immune reactions in co-culture assays with allogeneic effector cells. Subsequently,
eMSCi from paediatric patients will be used for an in vitro monitoring of adverse
endothelial-specific alloreactions post HSCT.
MSC from several sources can successfully be transdifferentiated into eMSC which,
in contrast to undifferentiated precursors, give rise to alloreactive T lymphocyte
reactions. In addition, immortalisation of MSC does not change the phenotype of
eMSCs, allowing the generation of robust, stably growing cell lines for long-term
in vitro monitoring purposes.
In conclusion, eMSCi qualify as an endothelial-like cell source for the detection
of endothelial-specific adverse immune reactions, warranting the use of bone
marrow-derived eMSCi in paediatric HSCT patients.
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Colorectal cancer (CRC) is the 3rd most common cancer in Europe. CRC currently
has no predictive biomarkers for the disease with preventative screening being
the predominant form of identifying the disease in its early stages. Survival rates
differ significantly between the various stages of the disease. The majority of
sporadic CRCs (85%) are microsatellite stable (MSS)/chromosomally instable
(CIN), and survival of patients with this MSS tumour phenotype is significantly
lower than that of patients with microsatellite instability (MSI) CRC. Ras plays
an important role in colorectal carcinoma, with KRAS being the most proficiently
mutated Ras isoform in this cancer type.
Therefore, the purpose of this project is to classify patients with MSS RAS
mutant (mt) Colorectal cancer (CRC) into specific subtypes, and unique signalling
dependencies to develop predictive signatures ahead of treatment and deliver
personalised treatment options for this patient cohort. This will be achieved
through the employment of a novel systems modelling and network analysis
framework.
This project will involve proteomic profiling of 200 fresh frozen Stage II/III
COLOSSUS retrospective samples from MSS RAS mt CRC patients. Protein
biomarkers will be identified and used to cluster patients with specific subtypes of
MSS RAS mt CRC. The results will be used to calibrate and validate mathematical
models, to predict patient response to treatment and generate better treatment
options for patients with this specific subtype of cancer.
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3D cell culture is becoming increasingly utilised in cancer research as it has
been demonstrated to be more relevant to in vivo conditions than the traditional
two-dimensional 2D approach. Additionally, co-culture of cells in 3D can more
accurately recapitulate the microenvironment compared to when grown in 2D.
Ovarian cancer (OC) is one of the most lethal of the gynaecological malignancies.
Recent advances have suggested that targeting the tumour microenvironment
(TME) may prove crucial in the treatment of OC. Here we present a 3D co-culture
model of OC, where we look at the effect both chemotherapy and immunotherapy
has on the tumour cells, as well as cells of the TME. We look at the effects of
cisplatin on two OC cell lines, Jurkats and ovarian cancer-associated fibroblasts
(OvCAFs) in 2D and 3D mono-cultures. We then co-culture OC cells with Jurkat
cells (double co-culture) and also with OvCAFs (triple co-culture) and treat
these cultures with cisplatin for 24 hours and 48 hours. We show that treatment
of the co-cultures with cisplatin for 48 hours results in less tumour cell death
in the presence of OvCAFs. Taken together, this suggests that the OvCAFs
are mediating the resistance of the tumour cells to cisplatin, and this may be
occurring initially through increased cell death of immune cells. Lastly, we also
show the effect of Nivolumab and Ipilimumab on the OC cell lines and in the
co-cultures. We have begun to link this data with our FACs analysis of expression
levels of cell surface markers on the OC cell lines.
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Activating mutations in Ras, a family of small G proteins and important signalling
hubs, are common driver mutations in cancer. Most oncogenic mutations in Ras
are located in one of three hotspots and are thought to lock Ras in its active
state. Additionally, a significant body of literature describes a mutation-specific
rewiring of the Ras signalling network. Satisfactory targeted therapy against
Ras is not available yet. Detailed understanding of the network rewiring upon
mutation could be used to identify patient-specific signalling modules, which could
potentially be targeted therapeutically. This requires detailed understanding of
the parameters of the Ras signalling module. As a first step to this, we aim
to characterize the Ras-Effector system by computationally predicting binding
energies using structural analysis and machine learning.
First, we characterized the binding interface between Ras and its effectors. We
determined interface residues and their contribution to binding energy for all
available complex structures. The analysis showed that, although there are
some differences between the effectors, the general architecture of the interface
is conserved. We are currently expanding the energetic characterization to a
dynamic context using molecular dynamic simulations.
Based on our calculated energies, we built mechanistic models and linear regression
models predicting experimentally determined binding energies. Assessing their
performance, the predictions of our mechanistic models proved unsatisfactory.
The linear regression models, however, accurately and robustly predicted binding
energy.
In conclusion, we energetically characterized the interface for different Ras-Effector
complexes and used this knowledge to accurately predict of binding energies using
linear regression.
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What makes a gene essential for cellular survival? In model organisms, such as
budding yeast, systematic gene deletion studies have revealed that paralog genes
are less likely to be essential than singleton genes and that this can partially be
attributed to the ability of paralogs to buffer each other’s loss. However, the
essentiality of a gene is not a fixed property and can vary significantly across
different genetic backgrounds. It is unclear to what extent paralogs contribute
to this variation, as most studies have analyzed genes identified as essential
in a single genetic background. Here, using gene essentiality profiles of 558
genetically heterogeneous tumor cell lines, we analyze the contribution of paralogy
to variable essentiality. We find that, compared to singleton genes, paralogs are
less frequently essential and that this is more evident when considering genes
with multiple paralogs or with highly sequence-similar paralogs. In addition, we
find that paralogs derived from whole genome duplication exhibit more variable
essentiality than those derived from small-scale duplications. We provide evidence
that in 13-17% of cases the variable essentiality of paralogs can be attributed to
buffering relationships between paralog pairs, as evidenced by synthetic lethality.
Paralog pairs derived from whole genome duplication and pairs that function in
protein complexes are significantly more likely to display such synthetic lethal
relationships. Overall we find that many of the observations made using a single
strain of budding yeast can be extended to understand patterns of essentiality in
genetically heterogeneous cancer cell lines.
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Introduction: Acute leukaemias commonly harbour mutations that cause in-
creased kinase signalling activity. These include RAS mutations in acute myeloid
leukaemia (AML) and IL7R-JAK-STAT pathway alterations in T-acute lym-
phoblastic leukaemia (T-ALL), which are each associated with chemoresistance
and poor prognosis. Recent data from our institute suggest that structure-based
modelling could be used to predict effective kinase inhibitor combinations in these
cases.
Methods: We used previously developed structure-based models of MAPK and
IL7R-JAK-STAT signalling pathways to predict responses to combinations of
different kinase inhibitors (Type I/ Type II/ Type I½). Model predictions were
validated in vitro in cell lines bearing mutations in either IL7RJAK-STAT (T-ALL)
or MAPK (AML) signalling pathways. Responses were assessed by measurement
of cell viability and signalling pathway activity.
Results: In T-ALL cells, combinations of Type I and Type II JAK-inhibitors
synergistically reduced viability and signalling pathway activity in IL7R-mutated
cells. These effects were not seen in wild-type T-ALL lines. Cell viability results
were closely correlated with STAT3 phosphorylation as measured by Western
Blot. In NRASQ61L AML cell lines, combinations of Type I½ and Type II RAF
inhibitors synergistically suppressed cell proliferation and ERK phosphorylation,
while in KRASA18D and KRASA146T AML lines these combinations had addi-
tive or even antagonistic effects on MAPK cascade activation and cell viability.
Conclusions: Our results suggest that structure-based modelling can predict
effective kinase inhibitor combinations in acute leukaemia, with preliminary evi-
dence that combination efficacy might correlate with mutational genotype. These
results show how systems biology approaches can be used to identify novel therapy
options for treatment-resistant cancers. Ultimately, we hope that more precisely
targeted therapies like this could lead to higher cure rates and fewer side-effects
for children and adolescents with leukaemia.
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Malignant melanoma displays one of the highest mutation loads of any human
cancer and is one of the deadliest cancers due to its natural tendency to metastasise
and progress rapidly. Alarmingly, Ireland’s rate of melanoma incidence and
mortality are approximately 30% above the EU average and this is increasing.
Even worse, the frequency of drug responsive BRAF mutations in Irish patients
is less than half than in other European patients, whereas NRAS mutations are
almost twice as frequent. While treatment for BRAF driven melanomas exists
in the form of ATP-competitive drugs, no direct-targeted therapies exist for the
treatment of NRAS mutated melanomas.
Our recent data suggests that NRAS driven melanomas can be successfully
targeted by using synergistic combinations of distinct, structurally diverse RAF
inhibitors (Rukhlenko et al., Cell Systems, 2018). Novel data based on mechanistic
models suggest that NRAS mutated melanomas seem to partially compensate
drug blockage by driving oncogenic MAPK signalling through the third RAF
member ARAF and the scaffold protein KSR.
To study these effects in a cellular model, we applied CRISPR/Cas9 gene editing
to deplete ARAF, KSR1, and KSR2, respectively, from Mel-Juso melanoma cells.
Isogenic cell lines were then treated with synergistic RAF inhibitor combinations
and quantitative signalling changes signalling assessed by immunoblotting and
Luminex multiplex-ELISA. Our data suggests that NRAS mutated melanoma cells
adapt signalling and that ARAF and KSR1 impact sensitivity and paradoxical
ERK activation to RAF inhibition. We hope that characterisation of these
signalling complexes and network adaptations will allow for the development of
tailored therapies to overcome intrinsic resistance.
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Breast cancer is the most frequently diagnosed cancer in women, with more than
2.1 million new diagnoses worldwide every year. Personalised treatment is critical
to optimising outcomes for patients with breast cancer. DNA plays an important
role in this way. A large amount of personal genomic data can be generated daily.
On the other hand, the tumour microenvironment has been recognised as an
integral component of identification, progression, therapy resistance, treatment
options, and disease recurrence. We propose a way to face the challenges for
managing, analysing, and interpreting these two different input sources using
machine learning techniques. One of our main goals is to help doctors and patients
to confidently decide on the best course of treatment.
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The use of the TNF related apoptosis inducing ligand (TRAIL) in cancer therapy
has been considered an attractive option to target different types of tumours with
minimal toxicity to normal cells. However, the development of resistance against
TRAIL by many tumours has been considered one of the problems that limit
therapeutic applications in the clinical setting. Certain natural compounds, such
as curcumin, a polyphenolic phytochemical, have been used to target different
types of cancers therefore, our study focused on the ability of these agents in
restoring TRAIL sensitization and thus allowing eradication of carcinoma cells.
The optimum concentrations of TRAIL and the natural agent curcumin and
derivatives that induced maximum renal carcinoma cell death were estimated
using fluorescent cytotoxicity assays. Phase contrast microscopy was used to
visualize cell morphology and to detect apoptotic cells. Flow cytometry was
used to investigate cell death and cell cycle analysis. The activation of caspase
3/7, 8, and 9 was tracked over different time points within 24h using fluorogenic
caspase assays. Western blot analysis was used to investigate the potential effects
of curcumin, TRAIL and the combination of both on different pro- and anti-
apoptotic molecular targets Curcumin and derivatives sensitized ACHN cells to
TRAIL induced apoptosis via activation of both the intrinsic and the extrinsic
pathways of apoptosis. This included arrest of ACHN cell cycle. Therefore, the use
of curcumin and other natural compounds as TRAIL sensitizers, in combination
with TRAIL therapies may prove to be a useful cancer therapeutic strategy.
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