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To whom it may concern,

| am writing to apply for the position of ‘Head of Bioinformatics Unit’
posted recently on the ‘nature-jobs’ website. Allow me to briefly expose
my skills and experience relevant to the position, following with a brief
summary of future research directions.

Research Experience

Following my interdisciplinary education in Genetics, Molecular Biology
and Bioinformatics, | acquired my PhD in the field of the bioinformatic
analysis of microRNA biogenesis and function. The work performed
during my PhD introduced me to several subfields of bioinformatics, such
as machine learning for microRNA target prediction (classification), the
development of relational databases and web-servers, motif analyses,
scientific knowledge text mining - as well as the theoretical fields of Small
RNA Biology and RNA Binding Protein Biology which would be the
unifying paths of my research to date.

| continued my research as a Postdoctoral Researcher at the Perelman
School of Medicine at the University of Pennsylvania, joining the
Mourelatos Lab, one of the premier laboratories worldwide in small RNA
biology and RNA binding protein research. During my time at the
University of Pennsylvania, | have collaborated directly with biomedical
researchers working extensively with Next Generation Sequencing
(NGS) data. | have developed techniques and algorithms for the analysis
of NGS datain the fields of piRNA biology (both biogenesis and function),
microRNA biology, and RNA Binding Proteins function in
neurodegeneration. Specifically pertaining to NGS analysis, | have helped
develop both an NGS analysis suite (CLIP-Seq-Tools) and a modern perl
object-oriented framework for NGS analysis (GenOO).

Track record of scientific productivity

During my career | have produced 24 publications, which have
collectively been cited over 3000 times in the literature ( h-index 17, i-10
index 18). The online resources | helped produce during my PhD serve
approximately 500 unique users daily.

My work has lead to a number of discoveries including the function of
Piwi piRNA complexes in germline development, a pre-miRNA
surveillance system of quality control of miRNA synthesis and the effects
of TAF15 and FUS on the neuronal transcriptome. Some of these
publications are in journals of the highest impact in the field such as
Molecular Cell, Nature Structural & Molecular Biology, Genes &
Development and Nature, a paper that was highlighted in a commentary
in Developmental Cell and has been met by overwhelming acceptance by
the piRNA Biology community.

An overview of my publications can be found in the attached Curriculum
Vitae.



Communication skills

| pride myself in concise, direct and accurate communication. My career
to date has always been in radically interdisciplinary environments,
collaborating day to day with Biochemists, Computer Scientists,
Bioinformaticians, Geneticists, Medical Doctors and so on. | often and
happily take the role of inter-discipline translator between colleagues
coming from different backgrounds. | believe my communication (and
teaching) skills to be some of my strongest points as a scientist.

Organizational and leadership capabilities

During the PhD and Postdoctoral phases of my career | have had some
opportunities to use my organizational and leadership capabilities. | had
pivotal roles in setting up and maintaining the hardware of the two labs
of which | was member. Additionally | organized code development and
review with coworkers around the agile/xp development model and the
pair programming approach.

As ateaching assistant and substitute lecturer, | developed and taught an
elective course on Bioinformatics for last year engineering students and
MSc students. Due to financial constraints of the university, | was tasked
with single handedly teaching and overviewing a student lab of 60
students, including 3 students doing their theses in my field. | managed to
lead all 3 of these students to produce code fit for inclusion in
publications from my lab.

Proposed Future Work

My career up to now has been focused on finding ways to efficiently
implement novel technologies that spearhead innovation in every
subfield of research | have been involved with. | am a proponent of open
software and scientific resource development, having produced
web-tools that are being used by thousands of users per month,
open-source tools for the analysis of sequencing data, and even a
programming package that codifies genomic and NGS entities into
programming objects, allowing for rapid and robust prototyping of future
services. My proposed future work involves the development of tools for
the classification and exploration of NGS data. Specifically, | am
proposing the development of a machine-learning trained function
classification system for NGS sequencing data of RNA Binding Proteins.
Please find attached a brief overview of my research plan.

| believe | have the knowledge, expertise, understanding, and will, to
tackle the issues that will face biomedical research in the following years
- and | hope that | will be given this opportunity at your Research
Institute.

Sincerely,

Panagiotis Alexiou, Phd
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Research Focus & Skills
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NGS sequencing data analysis
Programming (perl, golang)
Statistics (R)
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Next Generation Sequencing based classification and exploration of
RNA Binding Protein function.

Background

The completion of the Human Genome Project has ushered in a new era of genetic and medical research
by defining the human genome in its entirety. The contribution of perhaps even greater importance is
the accompanying technological developments in high throughput sequencing that now allow
researchers to sequence human genomes in a few days for as little as 1,000 €. High throughput Next
Generation Sequencing (NGS) technologies are continuously lowering the cost of biological molecules
sequencing through parallelization, making NGS a widely used tool for genomic analysis and creating an
amazing trove of sequencing data openly available to researchers. (NGS reviewed in (van Dijk et al.
2014))

RNA Binding Proteins (RBPs) take part in many physiological cellular functions (splicing, regulation of
translation, mRNA decay, transposon suppression etc) and their misregulation has been implicated with
several diseases (neurodegenerative diseases, cancer etc). A number of NGS techniques are being used
to identify the binding sites of RBPs, HITS-CLIP (high-throughput sequencing of RNA that is isolated
after ultraviolet (UV) irradiation-induced crosslinking and immunoprecipitation) (Chi et al. 2009; Moore
et al. 2014) individual-nucleotide resolution iCLIP (Konig et al. 2010) photoactivatable
ribonucleoside-enhanced crosslinking and immunoprecipitation (PAR-CLIP) (Hafner et al. 2010) and so
on., have been used to identify RBP binding sites on RNA molecules, as well as the small RNA load and
targets of RBPs that utilize small RNA ‘driver’ sequences. Currently, there are hundreds such
experiments performed and publicly deposited per year; this rate bound to accelerated increase in the
foreseeable future due to reducing costs and ubiquitousness of sequencing machines.

Machine learning systems are currently used to recognize patterns in biomedical images, predict protein
structures, classify RNAs as potential targets of RBPs, and many other applications. Recent
developments in Machine Learning, such as Deep Learning (reviewed in (LeCun et al. 2015)), are
creating new opportunities to harness big data and identify patterns from disparate sources.
Conventional machine learning techniques are limited by the need of the development of domain
specific features, a process that can introduce bias, is time consuming, and requires extended knowledge
of the training sets. Deep learning type techniques instead use several layers of automatically created
representation to learn features from raw data in a time efficient manner.

My proposed research focus is the use of Machine Learning techniques to interrogate a large number of
available NGS RBP datasets in order to classify, and eventually predict, RBP function and interplay.
Conceptually this proposal can be broken down in three aims:

1. Standardization of NGS analyses for RBPs
2. Classification of RBPs
3. Prediction and Exploration of RBP function



Aim 1: Standardization of NGS analysis for RBPs.

The first focus of my research will be to build a series of modular standardized tools for NGS analysis of
RBPs. The first steps towards this direction have already been done with the development of
ClipSeqgTools (Maragkakis et al. 2016) - a suite for the analysis of NGS reads. Additional modules
pertaining to secondary structure, target sequence motifs, and relative positioning between samples are
already under way for the next installment of the tool. | am currently working towards a framework that
deals with RBPs that use small RNAs as drivers (such as piRNAs or miRNAs). User friendly and
standardized analyses by themselves are useful for the growing community, but are also the base on
which further aims will be built on.

Previously, | have been heavily involved with the development of coding tools used for NGS data
analysis (GenOO (Maragkakis et al. 2015), ClipSeqTools (Maragkakis et al. 2016)), which were in turn
applied on several different types of RBPs, helping elucidate the biological functions of said RBPs.
Specifically, | was heavily involved in the identification of piRNA biogenesis and function in mouse testis,
based on CLIP-Seq and RNA-Seq analysis of the mouse MIWI and MILI RBPs (Vourekas et al. 2012). The
identification of the role of a mitochondrial RBP (BmPAPI) in the biogenesis and maturation of piRNAs
using NGS (Honda et al. 2013).The identification of a mechanism that performs ‘quality control’ on
microRNA precursors, identified via a novel method for circularization and NGS of small RNA
precursors (Liu et al. 2014). The identification of the roles of the RBP MOV10L1 in the processing of
piRNA precursors in which the use of CLIP-Seq data allowed us to create a model that explained the
determination of initiation of piRNA processing (Liu et al. 2014; Vourekas et al. 2015). My latest large
published project, identified the mechanism by which an RBP (Aubergine) specifies germ cells in fly
embryos using small RNAs (piRNAs) as non-specific drivers (Vourekas et al. 2016). This project by itself
involved various analyses such as small RNA targeting prediction using chimeric reads, coverage of
mRNAs and piRNA precursors by CLIP reads, enrichment of targeting in localization categories and a
total of over 30 NGS samples. | have also worked on two RBPs of the FET family (TAF15 and FUS)
associated with ALS (Amyotrophic Lateral Sclerosis or Lou Gehrig's disease) using NGS techniques
(mainly CLIP-Seq and RNA-Seq). For TAF15 (Ibrahim et al. 2013) we identified conserved binding sites
that affected neuronal transcription. For FUS (Nakaya et al. 2013) we identified conserved intron
regions, bound by FUS in patients, that affect splicing of target genes. Both of these projects involved
analyses including motif finding, conservation analysis, functional analysis, localization on mRNAs,
intron/exon localization.



Aim 2: Classification of RBPs.

Using the hundreds of available datasets we will classify proteins based on their binding profiles. The
aim of this endeavour will be the development of sets of features that will classify experiments in groups
of close similarity based on their binding profiles and the identity of their target genes. Essentially, RBPs
that bind in similar ways, and bind similar genes will be clustered together based on the sets of features
that are deemed most important by the Machine Learning classifier.

Previously, | have been involved in the development of Machine Learning classifiers for the prediction of
miRNA target sites with high precision (Manolis Maragkakis et al. 2009; Reczko et al. 2012; Reczko et
al. 2011). I am currently developing a Machine Learning classifier based on chimeric reads (Vourekas et
al. 2016) for the classification of piRNA binding sites across several species.

Aim 3: Prediction and Exploration of RBP function.

Finally, the products of Aim 1 and 2 will allow the development of a tool that allows researchers to
predict functional characteristics of their RBP based on an NGS experiment. Briefly, a standardized
pipeline (Aim 1) will be used to extract features (defined by Aim 2). Features will then be used to
compare and contrast the RBP of choice against the background of all RBPs used for training (Aim 2).
The new RBP will be classified, and significant differences against the background will be reported to the
user.

Previously, | have been involved in the development of highly used Web servers (~ 2000 unique
users/week currently) that allow users to explore miRNA related data such as experimentally verified
targets (Vergoulis et al. 2011), predicted targets (M. Maragkakis et al. 2009; Maragkakis et al. 2011),
miRNA transcripts and their regulatory regions (Alexiou, Vergoulis, et al. 2010) and so on (Alexiou,
Maragkakis, et al. 2010; Papadopoulos et al. 2009).

Conclusion

The pace of technological innovation is ever accelerating in our field, opening new horizons and
opportunities. The harnessing of big data using machine learning, as applied on the field of RNA biology,
is a promising field that will create novel biological knowledge, as well as infrastructure - accelerating
the research process for future experiments.
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