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Welcome
Welcome to the  
2nd Postdoctoral Methods Symposium: from single cells to molecules

Today we meet at the Walter and Eliza Hall Institute of Medical Research and acknowledge 
the traditional owners and custodians of this land, the Wurundjeri people of the Kulin nation, 
and pay our respects to their elders past and present and the elders from other communities 
who may be here today.

The Walter and Eliza Hall Institute Postdoctoral Association in collaboration with multiple 
institutes around Melbourne have prepared an exciting, varied program of post-doctoral 
speakers and two inspiring young principle investigator keynote speakers covering a wide 
range of topics and giving different perspectives to address today’s fundamental biomedical 
questions: From single cell to molecules.

Our thanks to The Walter and Eliza Hall Institute, Thermo Fisher Scientific, BMG labtech, 
Abacus dx and the University of Melbourne Materials Characterisation and Fabrication 
platform for their sponsorship, support and enthusiasm that has made today’s conference 
possible.

We strongly encourage active participation in the conference from all attendees through 
questions and conversations. We provide an inclusive environment where you can interact 
and establish new networks and collaborations to promote your standing within the local 
biomedical research community.

We hope you have a stimulating and rewarding day at this symposium learning about the 
latest scientific discoveries and sharing your expert knowledge on the cutting-edge science 
you have developed with your peers! 

Warm regards, 
The 2018 Organising Committee
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Premium
Thermo Fisher

Gold
BMG labtech

Silver
Abacus dx

Talk sponsor
MCFP

Meeting support

Thank you…

To our sponsors for their generous support of this meeting:

The 2018 Organising committee:
Marie Trussart (Co-convener, The Walter and Eliza Hall Institute)
Richard Birkinshaw (Co-convener, The Walter and Eliza Hall Institute)
Katrina Jean Binger (Baker Heart and Diabetes Institute)
Kerstin Brinkmann (The Walter and Eliza Hall Institute)
Bianca Capaldo (The Walter and Eliza Hall Institute)
Vincent Corbin (The Walter and Eliza Hall Institute)
Hannah Coughlan (The Walter and Eliza Hall Institute)
Joseph Cursons (The Walter and Eliza Hall Institute)
Marcel Doerflinger (The Walter and Eliza Hall Institute)
Simon James (The Florey)
Andrew Jarratt (The Walter and Eliza Hall Institute)
Dorothea Lesche (The University of Melbourne)
Rhea Longley (The Walter and Eliza Hall Institute)
Stephen Mieruszynski (The Walter and Eliza Hall Institute)
Denise Miles (The Walter and Eliza Hall Institute)
Andrew Mitchell (The University of Melbourne)
Nisha Narayan (Murdoch Children’s Research Institute)
Susan Northfield (The University of Melbourne)
Onisha Patel (The Walter and Eliza Hall Institute)
Emma Petrie (The Walter and Eliza Hall Institute)
Ashleigh Poh (The Olivia Newton-John Cancer Research Institute)
Ashish Sethi (Bio21 Institute)
Lorey Smith (Peter MacCallum Cancer Centre)
Tatiana Soares da Costa (LaTrobe University)
David Thal (Monash University)
Rachel Thijssen (The Walter and Eliza Hall Institute)
Clare Weeden (The Walter and Eliza Hall Institute)
Kate Weeks (Baker Heart and Diabetes Institute)
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Program
Thursday, 13th September

Event Approximate Time Location

Registration Opens 8:30 – 9:00 Tapestry Lounge  
(in front of the Davis 
Auditorium)

Session 1 9:00 – 10:30 Davis Auditorium

9:00 – 9:05 Organising Committee Welcome and Introductions

9:05 – 9:20 Daniel Brown 
Walter and Eliza Hall Institute

An overview of single-cell omics methods, from 
technology to applications

9:20 – 9:35 Belinda Phipson
Murdoch Children’s Research Institute

Kidneys in a dish: examining the reproducibility 
of organoid differentiation using transcriptomics

9:35 – 9:50 Joanna Sacharz
Bio21 Institute, University of Melbourne

SELEX: In search of solubilizing nucleic acids

KEYNOTE:
9:50 – 10:20 Matthew Richie 
Walter and Eliza Hall Institute

A primer on single cell RNA-seq analysis

Morning Tea
posters & sponsor exhibits

10:20 – 11:00 Tapestry Lounge
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Event Approximate Time Location

Session 2 11:00 – 12:15 Davis Auditorium

MCFP sponsored talk
11:00 – 11:15 Babak Nasr 
University of Melbourne

Biological Imaging via Helium ion Microscopy

11:15 – 11:30 Mohamed Fareh 
Peter MacCallum Cancer Centre

Single-molecule fluorescence reveals the 
dynamics of microRNA recognition by Dicer-
TRBP complex

11:30 – 11:45 Charis Teh 
Walter and Eliza Hall institute

Capturing the cellular gymnastics of survival 
and killer proteins by mass cytometry (CyTOF)

11:45 – 12:00 Jieqiong Lou 
Bio21 Institute, University of Melbourne

Phasor analysis and image correlation 
spectroscopy of histone FLIM/FRET reveals 
spatiotemporal regulation of chromatin 
organization by the DNA damage response.

Session 2 Flash talks 12:00 – 12:15 Davis Auditorium

Rachel Lundie
Walter and Eliza Hall Institute

Flow FISH as a method to elucidate the 
transcriptional effects of M. tuberculosis on 
human dendritic cell subsets

Goknur Giner
Walter and Eliza Hall Institute

Pathway-VisualiseR

Jarrod Sandow
Walter and Eliza Hall Institute

Utilising an ensemble of structural mass 
spectrometry techniques to characterise 
activation of MLKL

Ilona Turek 
La Trobe University

An Arabidopsis Plant Natriuretic Peptide 
interacts with Catalase 2 to affect cellular H2O2 
homeostasis

Alvin Lo 
Walter and Eliza Hall Institute

Nanobody technology: small antibodies with 
great versatility

Lunch
posters & sponsor exhibits

12:15 – 1:45 Tapestry Lounge
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Event Approximate Time Location

Session 3
Sponsored by ThermoFisher

1:45 – 3:15 Davis Auditorium

ThermoFisher sponsored talk 
1:45 – 2:00 Lesley Cheng 
La Trobe University

Small RNA sequencing on the Ion Torrent Ion 
S5 and Chef system

2:00 – 2:15 Dezerae Cox
Bio21 Institute, University of Melbourne

Quantifying protein foldedness at the 
proteome-wide scale

2:15 – 2:30 Julien Legrand 
Australian Regenerative Medicine Institute, 
Monash University

Post-transcriptional regulators of germline stem 
cell function

2:30 – 2:45 Daniela Zalcenstein
Walter and Eliza Hall institute

Introducing the WEHI Single Cell Open 
Research Endeavour (SCORE)

2:45 – 3:00 David Priest 
Bio21 Institute, University of Melbourne

Chromatin dynamics during the DNA damage 
response

Session 3 Flash talks 3:00 – 3:15 Davis Auditorium

Michael Jarva 
Walter and Eliza Hall Institute

From five billion cells to one nanobody in five 
weeks

Momeneh Foroutan 
University of Melbourne / 
Walter and Eliza Hall Institute

Single-sample scoring of molecular 
phenotypes: singscore

Lisa Ioannidis
Walter and Eliza Hall Institute

Identifying signatures of protective immunity to 
malaria

Abolfazl JalalAbadi
University of Melbourne

Combining independent single cell RNA-seq 
studies using a component-based approach

Sarah Charnaud
Walter and Eliza Hall Institute

Long Read sequencing using PacBio for 
pharmacogenomics

Afternoon Tea
posters & sponsor exhibits

3:15 – 3:45 Tapestry Lounge
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Event Approximate Time Location

Session 4
Sponsored by BMG Labtech

3:45 – 5:15 Davis Auditorium

Keynote 
3:45 – 4:15 Diana Stojanovski
Bio21 Institute, University of Melbourne

Systems approaches to understanding 
mitochondrial protein transport mechanisms in 
health and disease

4:15 – 4:30 Victoria Garside 
Australian Regenerative Medicine Institute, 
Monash University

Investigating the role of Hox genes in the 
development of the spinocerebellar neurons 
and their circuitry

4:30 – 4:45 Christoph Grohmann 
Walter and Eliza Hall Institute

PROTACs for induced protein degradation: 
Targeting your protein of choice

4:45 – 5:00 Boris Reljic
Bio21 Institute, University of Melbourne

Investigating cancer cell metabolism using the 
Seahorse XF bio-analyser

Closing remarks and prizes 5:00 – 5:30 Davis Auditorium/ 
Tapestry Lounge

Conference networking (drinks) 5:30 – 7 pm Tapestry Lounge
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KEYNOTE SPEAKERS: 

Matt Richie
Walter and Eliza Hall Institute
mritchie@wehi.edu.au

A primer on single cell RNA-seq analysis

Dr Matt Ritchie is an NHMRC Career Development Fellow and Laboratory Head in the Molecular 
Medicine Division at the Walter and Eliza Hall Institute of Medical Research. He is an experienced 
computational researcher, with skills in analysing high-throughput sequencing data and in developing 
open-source software for Bioinformatics analysis. The tools his lab develops are freely available from 
the R-based Bioconductor project (https://www.bioconductor.org) and are widely used by researchers 
around the world. Through close collaboration with wet-lab scientists, his lab has contributed new 
insights into epigenetic processes, hematopoiesis and apoptosis that have been published in leading 
journals including Cell, Cancer Cell and Genome Biology.

Diana Stojanovski
Bio21 Institute, University of Melbourne
d.stojanovski@unimelb.edu.au

Systems approaches to understanding mitochondrial 
protein transport mechanisms in health and disease

Dr Stojanovski is a mitochondrial biologist located in the Department of Biochemistry and Molecular 
Biology at the University of Melbourne and the Bio21 Institute. Dr Stojanovski obtained her PhD 
from La Trobe University in 2006 where she worked with Prof. Mike Ryan on the emerging topic of 
mitochondrial dynamics. In 2006, she moved to the University of Freiburg, Germany, as an Alexander 
von Humboldt research fellow working with Prof. Nikolaus Pfanner on protein translocation systems in 
yeast mitochondria. She returned to La Trobe University in 2009 as an Australian post-doctoral fellow 
and in 2013 was recruited to the University of Melbourne to start her independent research group. Her 
team investigates the mechanisms and machines that oversee mitochondrial protein transport in human 
mitochondria and how perturbations in these pathways/machines lead to mitochondria disease.
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SESSION ONE 

Daniel Brown
Walter and Eliza Hall Institute 
Single-cell laboratory methods/ Molecular Medicine
brown.d@wehi.edu.au

An overview of single-cell omics methods, from technology to applications
Single-cell RNA-seq has enabled important insight into heterogenous biological systems. This technique 
has dominated the single-cell omics field due its robustness and ease of use. Yet many other single-
cell omics techniques exist ranging from protein, genome, DNA methylation, DNA accessibility and 
chromosome conformation. The field is moving beyond analysing cells in suspension with new spatial 
methods such as Seq-FISH and spatial transcriptomics. Combining these measurements into multi-
omics approaches allows the understanding of how transcriptional output is defined by genotype, 
nuclear organisation and microenvironment.  As a new member of the Single Cell Open Research 
Endeavour (SCORE) at WEHI I will provide a brief overview of the variety of wet-lab single-cell omics 
that are possible. My aim is to gauge the level of interest in implementing these techniques from the 
Melbourne research community.  I will end by presenting some applications from my prior postdoc 
utilising single-cell Genome and Transcriptome (G&T-seq) to study tumour evolution and genetic vs 
non-genetic resistance in cancer. We selected a representative Braf mutant patient derived melanoma 
xenograft (PDX) and collected single cells from three time points; before, during and after therapy with 
Braf and MEK inhibitors. Interestingly we identified multiple resistant tumour subpopopulations with 
different transcriptional programs driving their resistance. These subpopulations had distinct genetic 
alterations and changed with frequency over time.

Belinda Phipson
Murdoch Children’s Research Institute 
Bioinformatics
belinda.phipson@mcri.edu.au

Kidneys in a dish: examining the reproducibility of organoid differentiation 
using transcriptomics
The ability to make three dimensional organoids from human pluripotent stem cells through directed 
differentiation opens up the possibilities of personalised drug testing, disease modelling and 
regeneration, as well as enhancing our knowledge of organ development. However, successfully using 
organoids for drug screening or disease modelling will rely on the robustness and transferability of 
the protocol between lines. Here we examine the reproducibility and robustness of a specific kidney 
organoid protocol using RNA-seq and single cell RNA-seq data.   We designed and performed 
extensive transcriptional profiling of kidney organoids taken from various time points across the 
differentiation protocol. In addition, we generated a series of day 18 organoids derived from distinct 
iPSC clones, differentiations separated in time, as well as organoids grown concurrently from the same 
starting cells in separate vials. This allowed us to specifically examine the sources of variability that 
arise during the step-wise differentiation process. While individual organoids within a differentiation 
experiment showed strong transcriptional correlation, greater variation was seen between experimental 
batches. The most highly variable genes between differentiations were found to be associated with 
organoid maturation as defined by our temporal analysis. Single cell profiling of organoids revealed 
shifts in patterning and cell type proportions in line with this observation. Epithelial cells isolated from 
organoids showed transcriptional alignment with total organoids at the same day of differentiation, 
again implicating relative maturation as the dominant source of variation. Finally, we demonstrate the 
application of such analyses to the optimisation of disease modelling, thereby increasing the utility of 
kidney organoids for personalised medicine and functional genomics.
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Joanna Sacharz
Bio21 
Biochemistry and Molecular Biology
Joanna.sacharz@unimelb.edu.au

SELEX: In search of solubilizing nucleic acids
SELEX (Systematic Evolution of Ligands by EXponential enrichment) is a combinatorial chemistry 
technology employed to find nucleic acid ligands (aptamers) which bind with high affinity and specificity 
against a given target. SELEX carries a number of advantages; it is inexpensive, there is substantial 
experimental and theoretical evidence showing that SELEX efficiently selects the strongest binders 
from relatively large nucleic acid libraries; additionally, the synthesis process doesnít require an animal 
host. Up to now, there are only several patented therapeutic aptamers and most are used in targeted 
molecular cancer therapy and diabetes. However, SELEX carries many other promising medical 
implications, in particular recently recognized as a powerful technique in the field of amyloidogenic 
proteins. Not surprisingly, many proteins found in aggregates in degenerative diseases are nucleic acid-
binding proteins. This talk will review the SELEX-based methods (cell-SELEX, IP-SELEX) combined with 
basics of CLICK-chemistry. It will focus on how SELEX protocols can be employed in determination of 
ssDNA, which could bind and solubilize proteins aggregating in neurodegenerative diseases. I will show 
how selected ssDNA impact solubility of ALS markers: TDP-43 and Fus proteins and how the presence 
of certain aptamers influence their physiology in living cells.

SESSION TWO 

Babak Nasr
University of Melbourne 
Imaging
babak.nasr@unimelb.edu.au

Biological Imaging via Helium ion Microscopy
Currently, high resolution imaging, in biology and materials science, is mainly performed by Scanning 
Electron Microscopy (SEM). The ease of use and the widespread availability of this method has made it 
the dominant approach for imaging. In contrast, structuring and manipulation of nanostructured features 
is traditionally performed using Focused Ion Beams (FIB). Helium Ion Microscopy (HIM) is a technique 
that unites many of the advantages of SEM and FIB in a single technology. It combines a special gas 
field He & Ne -Ion microscope, which allows the highest resolution surface imaging of bulk materials 
from a scanning microscope (≤0.5 nm), and bridges the gap in imaging resolution between SEM and 
transmission electron microscopy (TEM). More importantly, it overcomes several deficiencies of SEM 
and FIB – in particular the ability to image biological and insulating samples without metal coating, 
which is achieved due to its charge compensation technology using an electron flood gun at highest 
resolution. This has been crucial in addressing many scientific questions in materials science and 
biology. Finally, the unique nanosized beam of the HIM makes it possible to mill and pattern the smallest 
features with minimal damage to materials. 
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Mohamed Fareh
Peter MacCallum Cancer Center 
Single-molecule Fluorescence
Mohamed.Fareh@petermac.org

Single-molecule fluorescence reveals the dynamics of microRNA 
recognition by Dicer-TRBP complex
The RNA binding protein TRBP is a central component of the Dicer complex. Despite a decade of 
biochemical and structural studies, the main function of TRBP in microRNA (miRNA) biogenesis 
remains poorly understood. In this work, we show that TRBP is an integral cofactor for time-efficient 
Dicer processing in crowded cellular environments. We competed for Dicer processing of pre-miRNA 
with a large amount of cellular RNA species and found that Dicer-TRBP, but not Dicer alone, remained 
resilient1. To apprehend the mechanism of this substrate selectivity, we developed a new protein 
complex pulldown assay combined with Single-Molecule Total-Internal Reflection Fluorescence (smTIRF) 
Microscopy(1,2). The real-time observation revealed that TRBP acts as a gatekeeper, precluding 
Dicer from engaging with pre-miRNA-like substrates. During the initial collision, double-stranded RNA 
(dsRNA) binding domains of TRBP randomly trap dsRNA molecules and orient them toward Dicer’s 
PAZ domain to probe the authenticity. This dual recognition mechanism allows Dicer-TRBP to rapidly 
reject pre-miRNA-like molecules (in less than 1 second) and engage a productive binding with canonical 
pre-miRNA.  Our recent single-molecule data show that LoqsPD, a drosophila homolog of TRBP, 
also assists Dicer-2 in the recognition and processing of viral dsRNA(3). This cooperation between 
Dicer proteins and their dsRBP cofactors accomplishes an efficient way of discarding non-canonical 
substrates. This finding fundamentally changes the perception of the role of cofactors in microRNA 
and viral RNAs processing and suggests that other RNA-processing enzymes might use similar dual 
recognition mechanism for time-efficient substrate recognition.  (1) Fareh et al, Nature Communications, 
2016 (2) Fareh et al, Methods, 2016 (3) Fareh et al, Nucleic Acids Research, 2018

Charis Teh
Walter and Eliza Hall Institute 
Systems immunology, mass cytometry, blood cancer
teh.c@wehi.edu.au

Capturing the cellular gymnastics of survival and killer proteins by 
mass cytometry (CyTOF)
The mass cytometry (CyTOF) technology is a breakthrough new technology that can provide new 
insights into complex biological systems. It allows high-throughput detection of up to 100 characteristics 
on a single cell simultaneously. This is more than five times the amount of data generated by existing 
technology. We coupled this technology with a unique suite of 26 probes to profile cell survival/cell 
death, cell-cycle status and cellular signalling to understanding changes in blood cancer cells before 
and after treatment with five different therapeutic agents (bortezomib, lenalidomide, dexamethasone, 
JQ-1 and iBclxL). We used high-dimensional progression analysis with the FLOW-Map alogorithm to 
compare the changes in single cells over time following treatment with the five common blood cancer 
therapeutics. While there were some shared reprogramming landmarks across all treatments, there 
were also some changes that were unique to particular treatments. We provide a comprehensive 
reference for dynamic changes occurring during drug treatment. The results shed light on the specific 
action of the cancer drug on life/death of cancerous blood cells, and may reveal why certain patients 
are sensitive or resistant to particular therapies.



2nd Postdoctoral Methods Symposium 2018   #PDMS2018   11

Jieqiong Lou
Bio21 
Fluorescent microscopy
jieqiong.lou@unimelb.edu.au

Phasor analysis and image correlation spectroscopy of histone FLIM/FRET 
reveals spatiotemporal regulation of chromatin organization by the DNA 
damage response.
Here we describe a biophysical method to measure chromatin organisation in live cells with nucleosome 
level resolution. The method is based on a localised phasor image correlation analysis (ICS) of FLIM-
FRET microscopy data acquired in human cells co-expressing H2B-eGFP and H2B-mCherry. This 
multiplexed approach produces spatiotemporal maps of nuclear wide chromatin compaction and 
quantifies the stability, size and spacing between detected chromatin foci. We used this method in 
cells where double strand breaks (DSBs) were induced by near-infrared laser micro irradiation to assay 
chromatin dynamics during the DNA damage response (DDR). These experiments revealed that ATM- 
and RNF8 directed rapid local chromatin decompaction at DSBs, coupled with formation of a stable 
ring of compact chromatin surrounding the repair locus. ATM and RNF8 also directed reorganization of 
global chromatin into compact chromatin domains over hours. Based on these data we built a longevity 
map of sites with high FRET indicating the time scale of large scale compaction events. Then by use 
of a phasor-based ICS analysis we identified the locations where the DDR shapes local and global 
chromatin dynamics and demonstrate the utility of phasor-based ICS analysis of FLIM-FRET for the 
study of chromatin biology.

SESSION TWO FLASH TALKS 

Rachel Lundie (poster 1)
Walter and Eliza Hall Institute 
Infection and Immunity
lundie.r@wehi.edu.au

Flow FISH as a method to elucidate the transcriptional effects of M. 
tuberculosis on human dendritic cell subsets
The PrimeFlow RNA assay (Invitrogen) enables single-cell RNA detection by flow cytometry. This assay 
employs a proprietary fluorescent in situ hybridisation (FISH) and branched DNA signal amplification 
technique, enabling simultaneous detection of up to four RNA transcripts in a single cell using a 
standard flow cytometer (known as flow FISH). Major advantages of this technique include: (1) the 
ability to detect target-specific RNA for which flow cytometry antibodies are not available; and (2) RNA 
detection can be teamed together with intracellular protein and cell surface receptor antibody staining 
to generate multi-parametric data in heterogenous cell populations. This facilitates rare subpopulation 
transcriptional profiling without the need for sorting specific subsets. Dendritic cells (DC) are a rare 
and heterogenous population of sentinel immune cells that function as a vital interface between the 
innate sensing of pathogens and the activation of adaptive immunity. Three major DC subsets exist, 
each specialised to make specific responses to pathogens or danger signals: plasmacytoid DC 
(HLADR+CD11c-CD123+), myeloid/conventional DC1 (cDC1; HLADR+CD11c+CD141+) and myeloid/
conventional DC2 (cDC2; HLADR+CD11c+CD1c+). In humans, DC comprise only 1% of peripheral 
blood mononuclear cells, making it technically challenging to isolate sufficient numbers of each purified 
DC subset for gene expression and functional analyses. To overcome this, we aim to use the EasySep 
Human Pan-DC Pre-Enrichment immunomagnetic negative selection cell isolation kit (STEMCELL 
Technologies), in combination with the PrimeFlow RNA Assay and traditional DC typing by flow 
cytometry, to investigate the effects of Mycobacterium tuberculosis (Mtb) and Type I, II and III interferons 
on gene expression in bona fide human blood DC. This will provide new insights into the functional 
specialisation of human DC subsets in response to Mtb and distinct families of interferons produced 
during Mtb infection.
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Goknur Giner (poster 3)
Walter and Eliza Hall Institute 
Bioinformatics
giner.g@wehi.edu.au

Pathway-VisualiseR
Statistical modelling of any genomic research produces sets of genes and individual biomarkers 
which require investigation. Further exploration of those set of biomarkers is a prominent step towards 
discovering the source of a biological problem. Furthermore, understanding the collective behaviour of 
genes has been shown to provide valuable insights into the triggers of many human diseases. We have 
developed an RShiny application that provides an interface for researchers, enabling them to discover 
the interaction between their genes and biological pathways. This application allow users to inquire into 
details of their research through Gene Ontology (GO) analysis with interactive network visualisations and 
links to related web sites.

Jarrod Sandow (poster 5)
Walter and Eliza Hall Institute 
Proteomics
sandow@wehi.edu.au

Utilising an ensemble of structural mass spectrometry techniques to 
characterise activation of MLKL
Necroptosis is a cell death mechanism characterised by permeabilisation of the inner plasma 
membrane, with subsequent release of cellular contents initiating an inflammatory response. The 
pseudokinase, Mixed Lineage Kinase-domain Like (MLKL) is the most terminal known effector of 
necroptotic cell death. MLKL is a multi-domain protein in which the N-terminal four-helix bundle (4HB) 
executes cell death via lipid engagement and is tethered to the C-terminal pseudokinase domain (PsKD) 
by a two-helix linker. Following cell death stimuli, MLKL is phosphorylated by Receptor Interacting 
Protein Kinase-3 promoting activation and oligomer formation, which is essential for necroptosis. The 
stoichiometry, structure and dynamics of MLKL during transition to an active oligomer was unknown. 
We employed multiple structural mass spectrometry techniques to comprehensively characterise MLKL 
oligomerisation and activation. Using native mass spectrometry, a technique that allows accurate mass 
measurements of non-covalent protein complexes in their native state, we determined that MLKL 
assembles as a tetramer where as a mutant MLKL (E351K MLKL) remains monomeric. To determine 
the structural changes between monomeric E351K MLKL and tetrameric MLKL we utilised chemical 
cross-linking mass spectrometry to define distances between different regions of the protein to model 
the monomer and tetramer MLKL structures. By combining these results with hydrogen-deuterium 
exchange mass spectrometry, a technique that allows characterisation of protein dynamics, we mapped 
the changes that occur as MLKL transitions to an active state. This analysis revealed that the PsKD is 
the molecular switch that constrains the 4HB, while the linker facilitates oligomerisation upon activation. 
Together, this work describes how the PsKD of MLKL regulates the transition to an active tetramer 
during necroptotic cell death.
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Ilona Turek (poster 7)
La Trobe University 
Molecular Science
i.turek@latrobe.edu.au

An Arabidopsis Plant Natriuretic Peptide interacts with Catalase 2 to affect 
cellular H2O2 homeostasis
Plant natriuretic peptides (PNPs) comprise a novel class of systemically acting peptidic hormones 
that share some sequence similarity in the active site with their animal analogues regulating salt 
and water balance. One aspect of understanding the function of these compounds is their potential 
biotechnological application in conferring increased stress tolerance to plants. Since the molecular 
mode of action of PNPs still remains unclear, comprehensive protein-protein interaction (PPI) studies 
have been undertaken to identify physiologically relevant interactors of the Arabidopsis thaliana PNP 
(AtPNP-A) that acts as a systemic regulator of biotic and abiotic stress responses. Here we report 
identification of catalase 2 (CAT2), an enzyme capable of H2O2 decomposition, as a direct interactor 
of AtPNP-A by yeast two-hybrid (Y2H) assay and cross-linking followed by mass spectrometric 
(MS) analysis and verification of the binding with surface plasmon resonance (SPR). Furthermore, 
zymographic analyses revealed that AtPNP-A enhances CAT2 activity in vitro while an atpnp-a 
knockdown mutant exhibits decreased levels of extractable CAT enzymatic activity. The AtPNP-A 
ñ CAT2 interaction, verified in vivo with bimolecular fluorescence complementation (BiFC) assay, 
modulates the H2O2 levels having implications for plant responses to stress.

Alvin Lo (poster 9)
Walter and Eliza Hall Institute 
Infection and Immunity
lo.a@wehi.edu.au

Nanobody technology: small antibodies with great versatility
Members of Camelidae family, which includes camels and alpacas, produce a unique variable segment 
of heavy chain-only antibodies, VHH. An antigen-specific VHH is refered to as a nanobody (Nb). 
Nanobodies are approximately one-tenth of the size of conventional antibodies, highly stable across a 
wider pH and temperature range and soluble. They are known to confer high affinity in low nanomolar 
range and specificity when properly selected. Furthermore, they are lacking immunogenicity because 
genes encoding them share high degree of sequence identity with the human type 3 VH domain and 
they have an ability to tissue penetration in vivo. Functional Nbs can be expressed in bacteria and 
yeast expression systems leading to their cost effective production. Their modular architecture makes 
them amendable for the generation of multivalent molecules that recognize a number of targets and 
the unsual length of their third complementarity determining region (CDR3) also confers unique ability 
to bind cryptic epitopes. These properties make them promising basic research tools as crystallization 
chaperones and in high-resolution molecular imaging applications. Nbs are also currently being used 
in clinical practice for¨ drug delivery and disease diagnosis. To date, we have successfully established 
protocols for alpaca lymphocytes isolation, total RNA extraction and cloning of alpaca naÔve VHH 
library into phagemid vector for the establishment of a nanobody phage library.
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SESSION THREE 

Lesley Cheng
La Trobe University 
Biochemistry and Genetics
l.cheng@latrobe.edu.au

Small RNA sequencing on the Ion Torrent Ion S5 and Chef system
The Ion Torrent Ion GeneStudio S5 and Ion Chef system is a bench top Next-generation sequencing 
platform suited for small genomes, targeted sequencing or small RNA sequencing. The Hill Laboratory 
based at La Trobe University have been using the Ion Torrent System for 7 years to profile small RNA 
species found inside extracellular vesicles, in particular exosomes, isolated from cells, tissues and 
biological fluids. Our interests include identifying exosomal microRNA biomarkers associated with 
neurodegenerative diseases that may be involved in the pathology of the disease, used as diagnostic 
markers or developed into therapeutics.   Previously, we isolated serum exosomes from Alzheimerís 
Disease patients which displayed an abnormal composition of 16 specific microRNA biomarkers 
compared to controls. To provide evidence that our serum exosomal miRNA biomarkers are suitable 
for the detection of a brain condition, we also profiled exosomes isolated from post-mortem human 
Alzheimerís and control brain tissues. Exosomes were extensively characterised to meet the minimal 
experiments requirements set out by The International Society for Extracellular Vesicles to be defined 
as exosomes and small RNA profiling was performed on the Ion Torrent system. This work identified 
a highly specific panel of miRNA that is both present in the brain and blood of Alzheimerís patient 
samples. In the future, the miRNA candidates could be used to develop a blood-based diagnostic test 
highly relevant to a brain disease, equivalent to non-invasive brain biopsy. Furthermore, this biomarker 
discovery pipeline could be used to identify exosomal miRNA biomarkers for other diseases and 
conditions.

Dezerae Cox
Bio21 Institute, University of Melbourne 
Department of Biochemistry and Molecular Biology
dezerae.cox@unimelb.edu.au

Quantifying protein foldedness at the proteome-wide scale
Cells have an extensive quality control network responsible for maintaining proteostasis. This 
network regulates protein synthesis, folding and transport. Proteostasis is often severely imbalanced 
in neurodegenerative diseases such as Alzheimerís and Motor Neuron diseases, permitting the 
characteristic aggregation and deposition of vulnerable proteins. After decades of dedicated 
examination, the folding and stability characteristics of many individual proteins are well understood 
in vitro. However, understanding the process of protein folding and unfolding in live cells remains a 
grand challenge. A key limitation to probing protein folding within a biological context is the capacity 
to quantitatively assess the folding status of individual proteins at the proteome-wide scale. We have 
recently developed a fluorogenic thiol-binding dye (TPE-MI) that can capture a snapshot of the balance 
of unfolded protein relative to folded states in intact live cells (Chen et al. 2017, Nat. Comm.). This 
approach does not require any expression of specific protein reporters, and has the potential to offer 
single-protein folding information for endogenous proteins at a proteome-wide scale. Here, we describe 
the development and application of this probe to determine proteome foldedness in cells following a 
variety of stressors. This represents an invaluable tool which will empower researchers to quantitatively 
probe proteome foldedness across diverse disease states in a variety of model organisms.
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Julien Legrand
Australian Regenerative Medicine Institute, Monash University 
Germline Stem Cells
julien.legrand@monash.edu

Post-transcriptional regulators of germline stem cell function
The maintenance of adult tissue integrity and function is dependent upon the proliferation and 
differentiation of tissue-specific adult stem cells. In the mammalian testis, a population of self-renewing 
stem cells and their progeny collectively known as undifferentiated spermatogonia maintain the male 
germline throughout life. These cells undergo differentiation and meiosis during a process known as 
spermatogenesis to ultimately produce haploid spermatozoa capable of fertilising an ovum during 
sexual reproduction. Spermatogenesis is regulated by tightly co-ordinated transcriptional plus post-
transcriptional mechanisms and novel regulators of these processes continue to be uncovered. 
Recently, the RNA helicase DDX5 has been identified as a candidate marker of spermatogonia; 
however, its role in spermatogenesis remains unknown. DDX5 is known in other systems to play 
essential role in splicing, mRNA export, maintenance of transcript stability, rRNA biogenesis and 
microRNA processing. Using a murine knockout model, we demonstrate that DDX5 is indispensable 
for the maintenance of male fertility. In addition, we used an in vitro germline stem cell culture system to 
elucidate the molecular mechanisms underlying DDX5 function. We show using co-immunoprecipitation 
and mass spectrometry that DDX5 can associate with other RNA binding proteins to post-
transcriptionally regulate key genes involved in germ cell function. Through CRISPR/Cas9-mediated 
gene knockout, we identified additional factors that may also be important for germline function. Using 
RNA-Seq followed by splicing analysis, we show that loss of DDX5 alters the splicing of key genes 
required for normal spermatogenesis. Finally, through analysis of mRNA stability and export, we show 
that DDX5 is important for the regulation of cell cycle-related genes. We conclude that DDX5 is essential 
for post-transcriptional regulation in undifferentiated spermatogonia and its loss results in male infertility.

Daniela Zalcenstein
Walter and Eliza Hall Institute 
Setting up a single cell core facility at WEHI
zalcenstein.d@wehi.edu.au

Introducing the WEHI Single Cell Open Research Endeavour (SCORE)
In the last decade single cell technologies moved from proof of principal experiments to high throughput 
research methods across all fields of biology.  The WEHI Single Cell Open Research Endeavour 
(SCORE) will provide high quality data to help biologists understand complex systems at single cell 
resolution. Our new team of experts integrates their knowledge to provide the best and most cost 
effective solution to answer your questions. Our expertise spans across all areas starting from study 
design, sample processing and all the way to data analysis and visualization. We offer established 
solutions as a routine service at a cost recovery price point (e.g. 10X Chromium, CelSeq2 + index 
sorting). In addition we develop/implement new cutting edge protocols (e.g. DropSeq, SORTseq, 
scATACseq) to keep up with this fast evolving field and further reduce cost on a demand driven basis. 
Our special interest is to expand into the multi-omics field, which allows the simultaneous measure 
of DNA and RNA (G&T seq) or protein and RNA (CITEseq) from the same cell as well as spatial 
transcriptomics, which links RNA expression to a cellular location (ST, seqFISH).
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David Priest
Bio21 / Biochemistry, The University of Melbourne 
Chromatin dynamics/ Biochemistry
david.priest@unimelb.edu.au

Chromatin dynamics during the DNA damage response
[Please ignore my other previous abstract submission]  Chromatin dynamics modulate DNA repair factor 
accessibility throughout the DNA damage response (DDR). The spatiotemporal scale upon which these 
dynamics occur render them invisible to live cell imaging. Here we present a novel assay to interrogate 
the impact local chromatin organisation has on DNA repair factor access during the DDR. Based on 
fluorescence fluctuation spectroscopy coupled with laser micro-irradiation, this assay measures DNA 
repair factor mobility with millisecond resolution in the context of local chromatin compaction. We find 
from using this assay on EGFP-53BP1 that DNA damage induces a transient decrease in chromatin 
compaction at the damage site and an increase in compaction to adjacent regions, which together 
facilitate DNA repair factor recruitment to the lesion with high spatiotemporal control.

SESSION THREE FLASH TALKS 

Michael Jarva (poster 2)
Walter and Eliza Hall Institute 
Bioinformatics
jarva.m@wehi.edu.au

From five billion cells to one nanobody in five weeks
Monoclonal antibody (mAb) tools are the cornerstone of modern biomedical science. Techniques as 
diverse as ELISA, Western blotting, immunoprecipitations, histology, fluorescence imaging and 
structural biology, among others, rely on high quality antibodies. Furthermore, many modern drugs are 
either themselves mAbs, or utilise mAb fragments (e.g. CAR-T therapies).  The recently popularized 
VHH domain from camelid heavy chain-only antibodies, now commonly referred to as a nanobody (Nb), 
are attractive alternatives to mAbs and fragments thereof. Nbs have many favourable properties, 
including: a small size (12-15 kDa), high thermal stability, and being a single polypeptide chain that is 
easy to produce in established expression systems. These properties make them useful in x-ray 
crystallography, cryo-EM, super-resolution microscopy, and drug discovery. While the utility of Nbs is 
unquestionable, their availability is scarce because few labs have the means or will to immunize 
camelids (typically llama or alpacas) over the course of several months, then generate and pan phage 
display libraries using cDNA from the animalís lymphocytes. This bottle neck in the development of 
nanobodies has recently been diminished by the development of a yeast surface display library that can 
yield specific and high-affinity nanobodies within five weeks with as little as 10 nmol of antigen 
(McMahon et al., 2018).  We have obtained this nanobody library and successfully established the 
nanobody selection technology at WEHI. Beginning with 5x109 cells, a ten-fold coverage of the 500 
million nanobody variants in the library, we perform several rounds of magnetic cell sorting and FACS 
sorting using fluorescently labelled antigen to whittle this diversity down to tens of clones for expression 
and characterization. This in vitro selection process can be performed in parallel for multiple antigens, 
and is likely to change the approaches we take to generating monoclonal tools for biomedical science.
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Momeneh (Sepideh) Foroutan (poster 4)
University of Melbourne and Walter and Eliza Hall Institute 
Bioinformatics
foroutan.m@wehi.edu.au

Single-sample scoring of molecular phenotypes: singscore
Single sample gene-set enrichment methods allow the transcriptome of samples to be scored against 
gene expression signatures associated with specific cellular phenotypes. A number of methods have 
been established for this analysis, although we note that previous methods use information from 
across all samples in a dataset in order to calculate the scores. This may lead to unstable scores, 
which are influenced by the overall composition and number of samples within a dataset, a major issue 
when working with small numbers of patient samples for personalised medicine. We have developed 
singscore, a rank-based and truly single-sample scoring method implemented as an R/Bioconductor 
package. Compared to other methods, singscore shows comparable or better performance across a 
range of metrics including: stability, statistical power, F1 score and computational time. Methods such 
as singscore are particularly useful for the dimensional reduction of large transcriptomic data sets, and 
we demonstrate this in the context of cancer biology by scoring several gene signatures associated with 
specific molecular phenotypes.

Lisa Ioannidis (poster 6)
Walter and Eliza Hall Institute 
Infection and Immunity
ioannidis@wehi.edu.au

Identifying signatures of protective immunity to malaria
Malaria remains a significant global health problem, causing more than 200 million clinical cases and 
400,000 deaths each year. Clinical immunity to malaria is slow to develop and is only acquired after 
years of repeated infection. However, this form of immunity is not sterilizing and only reduces parasite 
densities below the threshold required for the development of clinical symptoms. As a result, people 
living in malaria-endemic areas frequently experience asymptomatic infections.  Whereas most studies 
have focused on the mechanisms underlying the slow and inefficient acquisition of naturally acquired 
immunity to malaria, correlates of protective immunity are poorly defined. Here, CyTOF and RNA-seq 
was used to identify immunological parameters associated with the development of clinical immunity 
to malaria in a cross-sectional cohort study conducted in a malaria-endemic area of Indonesia. 
PBMCs were analyzed from individuals experiencing clinical or asymptomatic Plasmodium falciparum 
malaria, as well as immune healthy controls. Immunophenotyping of PBMCs by CyTOF revealed 
striking differences in the composition of the memory B cell and T follicular helper cell compartments 
of individuals with clinical malaria and immune healthy controls. Surprisingly, despite having 10-fold 
lower parasite densities and displaying no clinical symptoms, asymptomatic individuals had a similar 
immunophenotype to individuals with clinical malaria. Moreover, further analysis of the T follicular helper 
cell compartment showed that increased frequencies of Th2-like T follicular helper cells were associated 
with protection from clinical malaria. Collectively, these data provide insight into the mechanisms 
necessary to confer clinical immunity to malaria, which in turn may inform the development of effective 
anti-malaria vaccines.
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Abolfazl JalalAbadi (poster 8)
University of Melbourne 
Melbourne Integrative Genomics
ajalalabadi@unimelb.edu.au

Combining independent single cell RNA-seq studies using a component-
based approach
The lack of reproducibility in molecular signatures identified by independent scRNA-seq studies can be 
alleviated by methodological combination of multiple studies, thereby increasing the sample size. The 
major challenge in such integrative approaches is to account for the unwanted systematic variations 
inherent to independent datasets, also known as batch effects. Batch effects may come from various 
sources such as differences in isolation protocols, sequencing runs, or technological platforms which 
limit and/or skew the conclusions we can draw when analysing those studies.  Several component-
based methods have been proposed to correct for batch effects in bulk RNA-seq data, including 
RUV-2, FAbatch, and SVA. Here we specifically focus on a multivariate component-based framework 
that accounts for batch effects while seeking for molecular signature in a supervised approach. We 
analysed the CellBench data (Tian et al, 2018) which use cells from three human lung adenocarcinoma 
cell lines. The cell lines were each cultured separately then barcoded and pooled in equal amounts. 
Libraries were then generated using three different types of isolation protocols: 10X Chromium, Dolomite 
Drop-seq (both droplet-based) and CEL-seq2 (well-based) to generate 3 independent datasets.  We 
applied MINT (Rohart et al, 2017), a method originally proposed to combine bulk RNA-seq datasets 
and implemented in mixOmics. During the integration step, MINT also identifies a molecular signature 
characterising the different cell types. The signature is agnostic of isolation protocol. We benchmarked 
our results with those from univariate and multivariate analyses performed on each individual study. Our 
preliminary results on CellBench suggest that MINT is able to identify a consistent molecular signature 
across scRNA-seq datasets generated from three different isolation protocols. Further developments will 
include case studies where the cell types are unknown.

Sarah Charnaud (poster 10)
Walter and Eliza Hall Institute 
Malaria - Populaton Helath and Immunity
charnaud.s@wehi.edu.au

Long Read sequencing using PacBio for pharmacogenomics
The Asia-Pacific region is aiming for malaria elimination by 2030, but despite falling malaria cases 
Plasmodium vivax persists. The reasons for the greater persistence of P. vivax relate to its unique 
biology, most importantly its ability to relapse from long-lasting, dormant liver stages (hypnozoites).  The 
only currently available drug to clear hypnozoites can cause severe haemolysis in people with glucose 
6-phosphate dehydrogenase (G6PD) deficiency, and may not work in people with low cytochrome
P450 2D6 activity. The G6PD and CYP2D6 genes are large and diverse, with hundreds of variants and
complex structural rearrangements, leading to a wide range of enzymatic activity.  The advent of novel
long-read sequencing now makes it possible to sequence complex genes with multiple mutations. We
have developed long amplicon barcoded sequencing protocols using PacBio Sequel of 10kb lengths
of G6PD and CYP2D6. As well as identifying SNPs, PacBio sequencing can uncover gene duplications
and intron-exon conversions with the highly similar but non-functional CYP2D7.   We are developing
pipelines to easily determine the genotype from the sequencing data. We will link the genotypes with
phenotypes of G6PD deficiency and CYP2D6 activity in populations in PNG and Solomon Islands.
Population level rates of mutations could be used to optimise treatment. This protocol can be easily
expanded to other genes and populations. This will allow rapid assessment of pharmocogenomic
characteristics of malaria endemic populations to tailor antihypnozoite therapy to achieve optimal safety
and efficacy in each community.
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Victoria Garside
Australian Regenerative Medicine Institute (ARMI), Monash University 
Neural Development/ARMI
victoria.garside@monash.edu

Investigating the role of Hox genes in the development of the 
spinocerebellar neurons and their circuitry
Coordinated body movement requires integration of many sensory inputs. This includes proprioception, 
the sense of relative body position and force associated with movement. Proprioceptive information of 
the lower body/hindlimb is relayed directly to the cerebellum via spinocerebellar (SC) neurons, located 
within a number of major neuronal columns or as various scattered cell populations in the spinal cord. 
Despite their importance, a molecular understanding of these relay neurons is only beginning to be 
explored, with limited knowledge of molecular heterogeneity within and between columns. Here, we 
identify expression of Hox cluster genes, including both protein-coding genes and microRNAs, within 
SC neurons. Using neuronal tracing, in situ hybridisation and novel fluorescent reporter knock-in mice, 
we show that all posterior Hox genes of the 9-11 paralogs are expressed in SC neurons, revealing a 
ìHox codeî based on axial level and individual SC column. Furthermore, we show that Hoxc9 function 
is required in most, but not all, cells of the major thoracic SC column, Clarkeís column, revealing 
heterogeneity reliant on Hox signatures. In addition, we are using our unique fluorescent reporter lines in 
combination with clearing protocols and ultramicroscopy to visualize for the first time, how SC neurons 
and their connections are established in the embryo and this data will allow us to generate 3D maps of 
SC topographic connectivity during development.

Christoph Grohmann
Walter and Eliza Hall Institute 
Chemical biology
grohmann.c@wehi.edu.au

PROTACs for induced protein degradation: Targeting your protein of choice
Proteolysis-Targeting Chimeras (PROTACs) are bifunctional small molecules that are harnessing the 
power of the cellular ubiquitin-proteasome system to achieve degradation of specific target proteins. 
PROTACs work by recruiting an E3-ligase to the target protein through formation of a ternary complex, 
leading to its ubiquitylation and subsequent degradation. This technology is emerging as a novel drug 
discovery strategy with the potential to offer therapeutic interventions not accomplishable with existing 
approaches: Whereas small-molecule drug discovery commonly relies on occupancy of a binding site, 
PROTAC induced protein degradation represents an alternative approach that is event-driven, since 
the drug-binding protein gets degraded and removed from the system. This makes lower systemic 
concentrations efficacious and is being highly advantageous for in vivo studies. It offers the potential 
of targeting proteins that are not currently therapeutically tractable, such as transcription factors, 
scaffolding and regulatory proteins. Combined with the CRISPR-Cas9 system, any protein can be 
selected in vitro/in vivo for PROTAC-induced degradation through the knock-in and expression of a 
fusion protein and its cellular disposal through the proteasome upon treatment with a specific PROTAC 
targeting the fusion protein. We present our current efforts to establish this uprising technology at WEHI 
and some of our data from both in vitro and in vivo applications to utilize PROTACs in the development 
of new avenues for cancer therapy.
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Boris Reljic
Bio21 Institute, The University of Melbourne 
Department of Biochemistry and Molecular Biology
boris.reljic@unimelb.edu.au

Investigating cancer cell metabolism using the Seahorse XF bio-analyser
Cancer cells typically present a glycolytic phenotype and exhibit significantly higher rates of proton 
production than healthy cells which rely more on using oxidative phosphorylation. The Seahorse 
XF bio-analyser is a unique tool to assess the rate of glycolysis as well as mitochondrial oxidative 
phosphorylation by measuring the extracellular acidification rate (ECAR) and also the oxygen 
consumption rate (OCR). ECAR is mostly the result of glycolysis whereas OCR is an indicator for 
mitochondrial respiration. Two different studies utilizing the Seahorse XF bio-analyser to measure 
metabolic changes in cancer cells will be presented. The human glucocorticoid receptor (hGR) is a 
member of the large nuclear receptor superfamily of transcription factors which demonstrates anti-
proliferative activities. The receptor is stimulated by glucocorticoids such as synthetic dexamethasone 
(DEX). DEX is routinely included in first line of chemotherapy to treat malignant lymphoid cancers. 
Seahorse analyses revealed that factor dependent myeloid (FDM) cells rely almost exclusively on 
glycolysis for energy production. Arresting FDM cells stably expressing the human glucocorticoid 
receptor with DEX leads to a state of senescence. Seahorse measurements accordingly confirmed 
strongly reduced rates of oxygen consumption and glucose uptake. The most frequently altered gene 
in lung adenocarcinoma (ADC) is the KRAS oncogene. Loss of function in Kelch-like ECH-associated 
protein 1 (Keap1) is occurs in 18% of KRAS-mutant ADC. KEAP1 indirectly regulates cellular antioxidant 
and metabolic pathways by negatively regulating the transcription factor NRF2. Major alterations in 
glycolytic function were identified via Seahorse analyses as unique features of Keap1 inactivation in ADC 
carrying oncogenic activation of Kras. Loss of Keap1 function in Kras-mutant ADC therefore created a 
pro-oncogenic metabolic environment to drive lung tumorigenesis.
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