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# | Oxford Journals - JSBi Prize2E%Rs »

Prediction of regulatory mechanisms of gene expression at the epigenetic, transcriptional and post-transcriptional level

VANDENBON Alexis (Institute for Frontier Life and Medical Sciences, Kyoto University)

First, I would like to express my gratitude to all research together. I would like to use this opportunity to
members involved in the organization of the JSBI. I feel briefly introduce the background of my work, and finish
truly honored to receive the Oxford Journals - JSBi Prize with two important lessons that I learned.

for my research of regulatory mechanisms of gene
expression. I also want to thank Prof. Kenta Nakai, and my I was already fascinated by the regulation of

current and former colleagues and collaborators for doing transcription when I was an undergraduate in Belgium.
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Ultimately, all the information needed for regulating gene
expression is encoded within the genomic sequence, so

- once we crack the sequence’s code - we should be able to
predict epigenetic, transcriptional, and post-transcriptional
regulation simply from sequence. The quest to crack that
code always seemed like an attractive challenge to me.
This was my research topic as a Ph.D. student in the lab of
Prof. Nakai in Tokyo University, as well as when I was

working in Osaka University, and now in Kyoto University.

Naturally, some of my attempts were more successful
than others. It took me years to realize that the data which
we bioinformaticians use to apply our methods on is often
strongly flawed by technical biases, so-called batch effects.
With the advent of single-cell data analysis, batch effects
are getting more attention now, but just a few years ago
many bioinformaticians were not familiar with this
phenomenon, or were ignoring it (see for example'?). Now
I know that several of my attempts to predict gene
expression from sequence failed because of these technical

biases in the data. Our lack of attention for batch effects is

probably also one cause of the “replication crisis” in science.

One field where the problem of batch effects continues
to be ignored is the field of regulatory network prediction.
Over the years, an enormous collection of gene expression
data has accumulated. This data holds a great promise for
the prediction of regulatory networks: more data should
result in more accurate gene-to-gene co-expression
estimates, which are often a starting point for network
inference. However, this data also presents a great
challenge: it is very hard to merge large numbers of
datasets that were produced by different labs under
different conditions, because batch effects are
overwhelmingly strong. In one collaboration we showed
that batch effects cause extreme correlations to appear in
data, resulting in generally low quality of co-expression
estimates®. Bioinformaticians should pay more attention to
batch effects if they want to leverage the large amounts of

data in their future analyses.

Histone modifications are another mystery to me. Since
around 2005, ChIP-seq technology has allowed researchers
to estimate histone modifications on a genome-wide level.
Soon it became widely accepted that genes can only be
transcribed when certain activating histone markers are

first established in their enhancers, promoters and gene

No.37 (March, 2020)

bodies. But is this view correct*? In a recent study, we
focused on the rapid changes in transcription and histone
modifications in response to a stimulus’. We found that
stimulus-induced genes can be transcribed even before
“activating” histone modifications are established at their
regulatory regions. Different histone modifications appeared
at different specific times after stimulation. There is
certainly a correlation between gene expression and
histone modifications, but the timing of events suggests

that causality is more complicated.

While conducting these and other projects, I certainly
learned many things in the fields of bioinformatics, machine
learning, statistics, and immunology. But some of the most
important lessons were not directly related to science. One
is the importance of saying “no” to some collaboration
requests. From a bioinformatics viewpoint some projects
are more interesting, more stimulating, and more fun than
others, and time is limited. If you accept an uninteresting
collaboration, it will take away time from other projects. It

is better to politely say “no” in the first place.

Secondly, because many of my projects are collaborations
with immunologists, I realized the importance of finding
good collaborators. Some wet-lab biologists treat
bioinformatics as nothing more than a small appendix to
add at the end of their paper. Others realize that
bioinformatics can play a more crucial and central part in
their research. They will contact you early in their project,
and want to hear your opinion about experimental design,
how to avoid batch effects, what sample size to use, etc. I
strongly recommend you work with this latter kind of

biologists.

I would like to thank again JSBi and everyone who has

contributed to my work.
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Metabolic Pathway Analysis 2019 (MPA2019)
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Fo HILDOMPA L COBRATIZHARDN S DBIMHFIEIFADAT
L72®T, JSBiBdEOT; THIBIRA & AEIEIES I L CIHIF
FE vz,

No.37 (March, 2020)

13



14

JSBi News Letter

IJZAA—TavTIRYEFRKOMTZY T
Y—%RFE, HAYRAI EEE L EMEE

Ny N TORTF

BESEREANBFBEFSFS

Ak ER (BFERKZE BERERMBAMREM SEBRETEH)

BENAFA T4 T 17 AZESFREDOEEN,
A LUBI ORI ) 955 FEF2019FE10H 15025190 %
TOLAM. KEE 2 — A b ¥ ThfE S 7z 8681R K E A HH

#E {5 % 4 (The American Society of Human Genetics;

ASHG) FRIZBMLTEE L72OTIOHEMHY THRisw
7ZLET,

KREAF#EEYR I PORBLEEENRE L¥S
T, EATIIBEEEERBOr — AL R — bR, H—H{EMs
BOMPANT, NGSE H VRN 7 2ETR A I v 7 R
AT, ZIRTIREZ R E L4y 7 LA (Genome-
wide association study; GWAS). #4E 7V AW O fEHT.
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Quest for Orthologs
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A new door to explore the secret of life

Data science is changing the world quietly with its veil
of mystery. It can be applied to different industries and
when it comes to biology, it changed the traditional way to
explore the secret of life. Computational Systems/Synthetic
Biology is considered as the most important field to exploit
data science. With the advent of the High Throughput
Screening (HTS) technology and the advanced computing
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technology, we are able to simulate the complicated
biological activities supported by a large amount of data
using advanced technologies such as machine learning and
neural network. Our Lab, the Computational Systems
Biology Laboratory, which is located at 34° 43'54.3'N135°
44'02.3'E on the earth, has been one of the laboratories
working in this exciting field since 2004.

Don’t worry if can’'t find us by typing in the above
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coordinates - I am here to give you an introduction to our
laboratory. Computational Systems Biology Laboratory is
in the faculty of information science of Nara Institute of
Science and Technology, which is led by Professor Kanaya
and supported by Affiliate Professor Iida, Associate
Professor Amin, Associate Professor Ono, Affiliate
Associate Professor Sato, Assistant Professor Huang, our
research fellow Mrs. Morita and secretary Mrs. Ohashi. We
now have 10 master’s students and 14 doctoral students,
including 5 international students from China, Philippines
and Bangladesh. Students in our laboratory are working on
a wide range of research topics related to biology-related
analysis, medicine, healthcare or ecology. We also invite
postdoctoral fellows and short-term visiting researchers
from Japan and other different countries such as Malaysia,
Indonesia, France and Brazil frequently to our laboratory
for exchanging new ideas and technologies. We respect
and value all diversity. Here, you can find someone who
worked as a teacher, doctor, banker, or engineer. It would
not be surprising if you can hear more than 3 languages in
our laboratory and the cross-cultural communication gives
us opportunities to share ideas, experiences, and different
perspectives and perceptions by interacting with local
people from different countries.

We are continuing to contribute to the field of biology,
medical science, and health-care with the state of the art
information technologies. Our goal is not only to pursue
achievements in fundamental research, but also to make
significant contributions to the well-being of society. Our
research mainly focuses on microscope image processing;
medical image processing by collaborating with local
hospitals to develop computer-aided diagnosis assistance
system and educational system for radiologist trainings;
sensors and signal data processing for the blood pressure,
heartbeat or deep body thermometer monitoring systems
contributing to the healthcare innovations and revolution;
biological system network architect, omics data analysis
for better interpreting gene functions and disease
mechanisms. The graph clustering software, DPClus, was
developed by Associate Professor Amin, assisting us to
detect the complexity in protein and protein interaction
networks. It is also open source to the public and easy to
implement.

Every new idea here is respected and supported. An
open environment was developed for academic
brainstorming to generate ideas and flourish. Our

professors’ doors are always open for any questions and

discussions that enable us to receive timely feedback and
advice. In addition to the regular laboratory seminars for
paper review and research progress reports held twice a
week, we can also attend ad hoc study meetings on various
interesting and trendy topics such as the latest analytical
model programming practice, data science, and
chemoinformatics. There are more than 1100 books readily
available in our seminar room and the laboratory on such
subjects as programming, mathematics, biology, chemistry,
pharmacology theory, etc. Various programming languages
are being implemented in our laboratory, with Python a
popular choice among students, followed by R, Java,
MATLAB, and Julia. TensorFlow, Keras, PyTorch, and
scikit-learn have been the most frequently used words in
our laboratory recently, as we are now focusing on
machine learning and neural network architectures as
applied to various research topics. To increase research
efficiency, we have a high-performance computer server
environment which supports big data processing and large-
scale simulations.

Where is my data?

“Hey! I have tons of problems to solve, but where is my
data?” Have you ever heard something similar? The need
for data has risen tremendously in the last decade, whether
in companies or in laboratories. People even say that data
is the “new electricity” of the Fourth Industrial Revolution
and the data quality can make the difference between
success and failure to certain researches. To ensure a
promising prognosis for metabolomics research, we built an
open database — KNApSAcK Family Database in 2004,
which is consistent, correct, complete and credible. The
KNApSAcK Family Database is an integrated plant
species-metabolite database covering almost all reported
metabolite information and revealing the relationships
between species and their metabolites. Up until October 16,
2019, a total of 51,179 metabolites and 116,314 species-
metabolite relationships have been accumulated after
careful curation, and updates are still ongoing.

We ensure that every bit of data published in this
database has come from creditable sources that can be
referenced. The database stores information about
important features in each metabolite record, including its
academic name, molecular formula, accurate mass, mass
spectra in several ionization modes, and the chemical
descriptors (InChIKey, SMILES), as well as information
about its metabolic pathways. On the same page, you can

also access corresponding information about structurally
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similar metabolites (labeled as twins) and worldwide
information about where the plants are used, their
biological activities, and the formulae of Japanese and
Indonesian traditional medicines (Kampo and Jamu,
respectively). A search engine was developed and
integrated in this database for metabolomics research with
a single input of any of the important features mentioned
above. The huge amount of species-metabolite data
included in this database provides us with a foundation
from which we can apply bioinformatics or
chemoinformatics technologies to predict unknown
metabolic pathways of new species and identify important
metabolites.
Joys and Challenges

Before I began my master’s course, I could not have
imagined how my life in research would turn out. The first
thing that appealed to me about this laboratory was its
relaxing, comfortable atmosphere, which would relieve
some of my anxiety before venturing into an unknown
area. In our laboratory, we have the freedom to select the
research topic that we are passionate about, and every
professor and student is very approachable and
considerate. We usually work flexible hours, and everyone
is responsible for their own research and managing their
own schedule. Although our schedule is quite full, we are
still able to maintain a work-life balance: on weekends, we
would go for parties or travel around the Kansai area of
Japan. We can obtain certain financial supports here by

receiving a scholarship, working as a research or teaching
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assistant, or participating in the experiments of other
laboratories. There are many opportunities to exchange
research experiences with other professionals or
organizations outside the laboratory, such as collaborating
on projects with companies, attending local or international
conferences, or participating in short-term exchange
programs abroad.

The biggest challenge here is that we are working in an
interdisciplinary field involving both information technology
and bio-medical science. Half of us come from biological,
medical, or pharmaceutical backgrounds, the other half
from computer science or engineering. All of us need to
take in a new academic discipline that is not related to our
previous majors. I come from a pharmaceutical background
and, like half the students in my laboratory, started
programming from scratch when I joined the laboratory. It
is tough to learn a brand-new discipline in a short period,
and it can be frustrating sometimes if the outcome is not
as expected, but there is nothing that has ever brought me
such fulfillment as when I finally understand a complicated
model or be able to solve problems by myself. I believe
that the ability to overcome difficulties and turn them into
positivity can also benefit us in other walks of life.

We welcome anyone who is ready to take on the
challenges I have described, and want to harvest happiness
and fulfillment by discovering the secret of life and
unveiling the mystery of data science with us. Let’s have

fun together!
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Unsupervised Feature Extraction Applied to Bioinformatics; A PCA Based and TD Based Approach (Y-h. Taguchi)
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Application of Omics, Al and Blockchain in Bioinformatics Research (A @Eth - AOHFIASE)
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