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Welcome Message

Welcome to the 20th Asia Pacific Bioinformatics Conference! On behalf of
members of the APBC2022 program committee and the “Malaysian Society of
Bioinformatics and Computational Biology”, we would like to welcome all of
you to join the conference. Take this opportunity, we want to express our
sincerely appreciations to session chairs and keynote speakers for their support
and participation. Special thanks to all invited speakers across the world, thank
you for sharing your wonderful works with us. Your contributions definitely will
highlight this event and uphold APBC2022 to the front line in bioinformaticsrelated conferences.
Year 2021 is a very special year, the global COVID-19 pandemic has brought so
many changes and challenges to our working lives. APBC2021 was operated in
online format last year in Tainan, Taiwan. Learning from their experiences and
judging by the real world situations, we have decided to run a virtual conference
and try our best to maintain the highest standard as it was before. We thank all
the staff and other partners, none of this would be possible without their
commitment and dedication in these unprecedented times.
High-throughput technologies such as next generation sequencing (NGS) and
high performance liquid chromatography tandem mass spectrometer
(LC/MS/MS) have promoted biomedical researches to a new extraordinary level.
Due to the nature of data flows and complexities, all different scientific areas are
focusing on the application of bioinformatics and artificial intelligence to
integrate information from multiomics studies. We believe the aim of APBC
series, to bring together academia and industry to share knowledge and
experiences, and to showcase innovations and achievements, is right at the central
needs of the current scientific developments. We are grateful and proud to present
you the APBC2022, hope all participants enjoy the 3-day program and find it a
memorable event.
Whatever the future brings, we wish all of you a healthy and productive year
2022. Look forward to meeting you in the future conferences.
With warm wishes,
Conference Co-chairs
Phoebe Chen, Yam Wai Keat and Lam Su Datt
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MaSBIC

The Malaysian Society of Bioinformatics and Computational Biology (MaSBIC)
is an organization that mainly focuses on Bioinformatics and Computational
Biology. MaSBIC consist of expert members and linkages to bioinformaticians
specializing in many of the different fields such as omics data, algorithm
development, sequence analysis, biological databases, structural bioinformatics
and machine learning and modelling. MaSBiC has an Executive Committee
(EXCO) comprising of the President, two Vice Presidents, Secretary, Treasurer
and ten other EXCO members from different local universities. Each member is
well-equipped with bioinformatics knowledge as well as the computational
studies in biological system starting from the processing data from genomics,
transcriptomics, proteomics and metabolomic platforms until the application of
machine learning and modelling onto biological data. MaSBIC is an excellent
platform for all researchers globally to dive into bioinformatics field with an
additional of computational simulations to initiate an advanced research and
development in the future.

Contact us
Email: masbic.pbpbm@gmail.com
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1pm - 1.10pm
(UTC +8)

Opening remarks (Professor Phoebe Chen, La Trobe University)

1.10pm - 1.50 pm

Plenary 1 (Professor Mohd Firdaus Mohd Raih, National University of Malaysia)
“Annotating functions using 3D substructural similarities in the age of highly accurate protein structure
prediction”
Session Chair: AP Ch.M. Dr. Roswanira Abdul Wahab

1.50pm - 2.30pm

Plenary 2 (Professor Gyaneshwer Chaubey, Banaras Hindu University)
“The coronavirus SARS-CoV-2 and South Asian populations”
Session Chair: AP Ch.M Dr. Roswanira Abdul Wahab
BREAK 10 minutes
Room 1
Session Chair: AP Dr. Yee Siew
Choong, Universiti Sains Malaysia

Room 2
Session Chair: Dr. Su Datt Lam,
National University of Malaysia

Organosulfur compounds from
Allium sativum as Antihypertensive
agents: Network Pharmacology
Analysis, Drug-likeness and
ALPACA: A Visual Data Mining System
Molecular Docking Studies
for Subcellular Location-specific
Knowledge Mining from Multi-Omics
In-silico Analysis: Repurposing Feline
Data in Cancer
Infectious Peritonitis Coronavirus
(FIPV) Anti-viral Drugs as Potential
10 minute joint QnA session
Inhibitors Targeting Severe Acute
Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) Proteins
Identifying driver genes in cancer by
integrating omics data

2.40pm -3.30pm

Room 3
Session Chair: Dr. Nor Azlan Nor
Muhammad, National University of
Malaysia
Semi-Supervised COVID-19 CT
Image Segmentation Using Deep
Generative Models
A Multi-task Deep Feature Selection
Method for Brain Imaging Genetics
10 minute joint QnA session

10 minute joint QnA session
BREAK 10 minutes

3.40 - 4pm

4 - 5pm

Poster
Session Chair: Dr. Su Datt Lam, Natinal University of Malaysia
Genome-Wide Comparative Analysis of Cyanogenic Glycosides Biosynthetic Genes in selected Tropical Plants
Coarse-grained Molecular Dynamics Simulations of Protein-Ligand Interaction: Studying the Potential
Bioactive Compounds
Keynote 1 (Professor Christine Orengo, University College London)
“Protein Structure and Evolutionary Data Informs Functional Mechanisms and The Risk of Diseases”
Session Chair: Professor Mohd Firdaus Mohd Raih, National University of Malaysia

27 April 2022
9am - 10am
(UTC +8)

Keynote 2 (Dr. Laxmi Parida, IBM Research)
“Enable Accelerated Discovery via Bioinformatics”
Session Chair: Dr. Nor Azlan Nor Muhammad, National University of Malaysia
BREAK 10 minutes
Room 1
Session Chair: Dr. Hazrina Yusof
Hamdani, Universiti Sains Malaysia

10.10am - 12 pm

Room 2
Session Chair: AP. DR. Azzmer
Azzar Bin Abdul Hamid,
International Islamic University
Malaysia
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Room 3
Session Chair: AP. Dr. Khairul
Bariyyah Binti Abdul Halim,
International Islamic University
Malaysia
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An individualized Bayesian method
for estimating genomic variants of
hypertension

A Method for Inferring Polymers
Based on Linear Regression and
Integer Programming

TMELand: An end-to-end pipeline for MKGE: Knowledge Graph
quantification and visualization of
Embedding with Molecular Structure
Waddington’s epigenetic landscape
Information
based on gene regulatory network
IMSE:Interaction Information
Analysis of the origin and mutation of Attention and Molecular Structure
SARS-CoV-2
based Drug Drug Interaction
Extraction
On the challenges of predicting
treatment response in Hodgkin’s
Robust and accurate prediction of
Lymphoma using transcriptomic data self-interacting proteins from
protein sequence information by
MinimapR: A parallel alignment tool exploiting weighted sparse
for the analysis of large-scale thirdrepresentation based classifier
generation sequencing data
BAT-Net: An Enhanced RNA
10 minute joint QnA session
Secondary Structure Prediction via
Bidirectional GRU-Based Network
with Attention Mechanism

Classification With Self-Supervised
Learning
Segmentation-based Information
Extraction and Amalgamation in
Fundus Images for Glaucoma
Detection
Research on Adaptive Dynamic
Brain Network of ADHD Children
Based on fMRI
Automatic Segmentation of Lungs
in the Presence of High Attenuation
Patterns
Automatic ICD Combined Coding
via Reinforcement Learning
10 minute joint QnA session

10 minute joint QnA session
BREAK 10 minutes
Poster Room 1
Session Chair: Dr. Hazrina Yusof Hamdani, Universiti
Sains Malaysia
Explainability-guided automatic lung segmentation
approach in Chest X-ray images using Principle
Curve and Neural Network
Increasing the training dataset for improving 6mA
fraction estimation
AURKC - epigenomic biomarker of AML
12.10 - 12.40 pm

White blood cells subpopulations recognition
based on the single-cell RNA sequencing data
Analysis of protein-protein interaction
network based on transcriptome profiling of
human induced pluripotent stem cells identifies
candidate genes in cardiomyocytes differentiation
Prediction of Cisplatin Resistance in Lung
Adenocarcinoma Based on Cell Line and RNA
Sequencing Data
Protein-Protein Interaction of Recombinant
Antibodies scFv-35B-6His and scFv-10F8-6His
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Poster Room 2
Session Chair: Dr. Su Datt Lam, National University
of Malaysia
Immunoinformatics Prediction of Cancer Antigen
to Develop Multi-epitopes Cancer Vaccines
A multiple-species RNA secondary structure
functional analysis platform
Analysis of hallmarks of cancer initiated after
exposure to non-genotoxic hepatocarcinogens
using toxicogenomics data
In Silico Prediction Of Glaciozyma antarctica
Adaptation Strategies Towards Extreme Cold
Temperature
Unraveling potential genes in secondary
metabolite pathways in plants
The high rate of duplication and losses of NIP1
effector in Rhynchosporium species complex
Lung Cancer Prognosis Prediction Models based
on Real World Clinical Data in Taiwan
Role of Myc in Prognostic Outcomes of Renal
Cancers
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against CXCL8 using Coarse-Grained Molecular
Dynamic Simulation
Comparative Molecular Dynamics Simulation
Analysis on Wild Type and Mutant Type I1585M of
USP9X Catalytic Domain

28 April 2022
1pm - 1.40pm
(UTC +8)

Plenary 3 (Professor Louxin Zhang, National University of Singapore)
“Phylogenetic networks vs phylogenetic trees”
Session Chair: Dr. Wai Keat Yam

1.40pm – 2.20pm

Plenary 4 (Dr Bruno Andre Gaeta, University of New South Wales Sydney)
“The ISCB Compentency Framework: What should I teach? What should I know?”
Session Chair: Dr. Wai Keat Yam, International Medical University
BREAK 10 minutes

2.30pm - 4pm

Room 1
Room 2
Session Chair:Professor Tengku
Session Chair: Dr. Rabiatul Adawiah
Haziyamin Bin Tengku Abdul Hamid,
Binti Zainal Abidin, Malaysian
International Islamic University
Agricultural Research and
Malaysia
Development Institute
GCDM: Genetic-interaction based
Inverse Weighting Method with
dimensionality reduction using
Jackknife Variance Estimator for
optimal transport
Differential Expression Analysis of
Single-Cell RNA Sequencing Data
iPromoter-Seqvec: Identifying
Promoters using Bidirectional Long
FaStaNMF: a Fast and Stable NonShort-Term Memory and Sequencenegative Matrix Factorization for
embedded Features
Gene Expression
BERT-Promoter: an improved
A Cross-Validated Feature Selection sequence-based predictor of DNA
(CVFS) Approach for Selecting
promoter using BERT pre-trained
Potential Biomarker Genes related to model and SHAP feature selection
Antimicrobial Resistances from
Salmonella enterica pan-genome
10 minute joint QnA session
10 minute joint QnA session

Room 3
Session Chair: Dr. Hazrina Yusof
Hamdani, Universiti Sains Malaysia

Joint feature learning for Cell
Segmentation Based on Multi-scale
Convolutional U-Net
ChromosomeNet: A massive
dataset enabling benchmarking and
building basedlines of clinical
chromosome classification
CH-Bin: A Convex Hull Based
Approach for Binning Metagenomic
Contigs
Machine Learning Aided Prediction
of Glucose, GLP-1, and Insulin in
OGTT Tests Conducted for
Gestational Diabetes Mellitus
10 minute joint QnA session

4pm – 5pm

Keynote 3 (Professor John Mattick, University of New South Wales Sydney)
“The New Frontier in Bioinformatics: Big Data and Machine Learning”
Session Chair: Professor Phoebe Chen, La Trobe University

5pm – 5.15pm

Introduction to APBC2023 (Professor Phoebe Chen)

5.15pm – 5.30pm

Closing remarks (Dr. Su Datt Lam, Wai Keat Yam)
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Keynote Speaker 1
Professor Christine Orengo
Biography

Christine Orengo is a computational biologist, whose
core research has been the development of robust
algorithms to capture relationships between protein
structures, sequences and functions. She has built one of
the most comprehensive protein classifications, CATH,
used worldwide by tens of thousands of biologists, and
central to many pioneering structural and evolutionary
studies. CATH structural and functional data for
hundreds of millions of proteins has enabled studies that
revealed essential universal proteins and their biological
roles, and extended characterisation of biological systems
implicated in disease e.g. in cell division, cancer and
ageing. CATH functional sites have revealed protein residues implicated in enzyme efficiency and
bacterial antibiotic resistance. This data also identified genetic variations likely to be driving human
diseases and the drugs that can be repurposed to offset the pathogenic effects. Christine is a Vice
President of the International Society of Computational Biology (ISCB). She is a Fellow of the Royal
Society of Biology and Elected member of EMBO since 2014, and a Fellow of ISCB since 2016.
She is a founder of ELIXIR 3DBioInfo.

Abstract
“Protein structure and evolutionary data informs functional mechanisms and the risk of
disease”
Classifying proteins into evolutionary families is important for identifying conserved sequence and
structure features that are key to the functional mechanisms of these proteins. Our in-house CATH
classification currently classifies ~450,000 protein structures and nearly 150 million protein domain
sequences into ~5500 evolutionary families. The recent success in protein structure prediction by
DeepMind’s AlphaFold2 (AF2) method and the release of hundreds of thousands of AF2 models,
have changed the scientific landscape by significantly extending the structural data available for these
protein evolutionary families. We have developed computational strategies to bring this extensive
new 3D data into CATH families and are examining how it will expand our understanding of
structure – function relationships and our ability to detect functional sites. Functional site predictions
can be enhanced by combining structural features and evolutionary conservation patterns and some
examples will be given of the application of CATH functional site data to understand protein splice
events and the risk of Covid infection.

13

APBC2022

THE 20TH ASIA PACIFIC BIOINFORMATICS CONFERENCE
Keynote Speaker 2
Professor John Mattick

Biography
John Mattick is Professor of RNA Biology at UNSW
Sydney He was previously Chief Executive of Genomics
England, where he developed the 2019-2023 UK
National Vision and Plan for Genomic Healthcare. Prior
to that he was Director of the Garvan Institute of Medical
Research in Sydney, where he established one of the first
HiSeqX10 genome sequencing facilities and clinically
accredited centre for genome analysis in healthcare. He
was also the Foundation Director of the Institute for
Molecular Bioscience at the University of Queensland,
and Foundation Director of the Australian Genome
Research Facility. Professor Mattick has published over
300 scientific articles, which have been cited 83,000
times (h-index 127). His honours and awards include
Associate Membership of EMBO, the inaugural Gutenberg Professorship at the University of
Strasbourg, the Australian Society for Biochemistry and Molecular Biology Lemberg Medal, the
International Union of Biochemistry and Molecular Biology Medal, the University of Texas MD
Anderson Cancer Center Bertner Award for Distinguished Contributions to Cancer Research, and
the Human Genome Organization Chen Medal for Distinguished Achievement in Human Genetics
and Genomic Research.
Abstract
“The new frontier in bioinformatics: big data and machine learning”
Molecular bioinformatics began with comparative analysis of protein sequences, and gathered pace
with the DNA sequencing revolution, which generated large genomic, epigenomic and
transcriptomics datasets. Those who developed the skills to interrogate these datasets prospered,
especially when computational and biological expertise were combined. Now we have new
opportunities. It is now beyond debate that most of the genome in plants and animals is functional,
and mainly devoted to the production of regulatory RNAs that control differentiation and
development. To understand the genetic programming of development and brain function will require
characterization of the expression, isoforms, stoichiometry and localization of all RNAs in cells at
different stages of differentiation, as well as in various physiological and disease states, and during
learning. Access to high throughput sequencing, imaging and phenotyping technologies and data will
be essential. It will also be important to determine the interactions between regulatory RNAs and
effector proteins, using machine learning to cluster RNA structures and interrogate RNA-protein
datasets. At larger scale, the interrogation by machine learning of large human genomic datasets,
with matched clinical, pharmacological, smart sensor and other data from the internet of things will
transform medical research and healthcare, with similar potential in agriculture and beyond. The
challenge is to assemble the information in the first place, and any jurisdiction that does so will steal
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a march on others. Awareness and capacity also needs to be built in research institutions to take
advantage of the coming tsunami of data and the discoveries that lie therein.
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Keynote Speaker 3
Dr Laxmi Parida

Biography
Dr. Laxmi Parida is an IBM Fellow, Master Inventor and
heads the Computational Genomics at the IBM Thomas J.
Watson Research Center, USA. She is a visiting professor
at the Courant Institute of Mathematical Sciences, New
York. Over the last 10 years, she has led the IBM Science
team in the Cacao Consortium (with MARS, USDA), the
Genographic Project with National Geographic, the
Bioinformatics team in the “Sequence the Food Supply
Chain Consortium” across multiple IBM labs in different
geographies, and the science team in the personalized
cancer medicine system “Watson for Genomics.” Her
research areas include population genomics, cancer
genomics, plant genomics, bioinformatics, algorithms
(including AI) and topological data analysis. She has published over 200 peer-reviewed research
papers; edited 10 volumes and authored a monograph on pattern discovery in bioinformatics.She
holds over 40 US patents. She is on the advisory board of NYU Engineering School and editorial
board of BMC Bioinformatics, Journal of Computational Biology and an Associate Editor,
IEEE/ACM Transactions on Computational Biology and Bioinformatics and SIAM Journal of
Discrete Mathematics.

Abstract
“Enable Accelerated Discovery via Bioinformatics”
Science is continuing to build on big-data and compute to enter an exciting era of accelerated
discovery, with new levels of speed, and scale in scientific discovery. But many areas in life sciences
grapple with sparse, or, small incomplete data. I will discuss how focussed and innovative
abstractions and representations not only help tackle these challenges but also pave the way for
responsible resource-efficient scientific discoveries.
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Plenary Speaker 1
Professor Mohd Firdaus Mohd Raih

Biography
Mohd Firdaus Raih is the Deputy Dean (Research and Innovation), Faculty of Science and Technology,
Universiti Kebangsaan Malaysia. He has a BSc (Molecular and
Cellular Biology - Biochemistry) from Universiti Kebangsaan
Malaysia and a PhD (Molecular Biophysics) from the University of
Sheffield. His research is in the field of bioinformatics and
molecular biophysics. His research group focuses on the
computational analysis of macromolecular structures and the
discovery and characterization of genome encoded non-protein
coding elements and regulatory systems. The results of Firdaus’
research has been published in various peer-reviewed journals
including Nucleic Acids Research, Science and other highly
regarded journals. The results of the work have been deployed
and made publicly accessible as web applications and databases.
In addition to peer-reviewed scientific writing, Firdaus has also written numerous articles targeted for
the general reader. The majority of his non-peer reviewed works have been published via a column in
the New Straits Times, as well as op-eds and feature articles in various other news media and magazines.
Firdaus has also co-authored two medically themed books aimed at public education and for a general
audience. The first book, The Doctor is Sick, was published by MPH Publishing and won the Anugerah
Buku Negara in 2017. The second book, A Consequence of Sequence, is published by Penguin Random
House.
Abstract
“Annotating functions using 3D substructural similarities in the age of highly accurate protein
structure prediction”
Although the functions of proteins and nucleic acids are determined by the 3D structures that they fold into,
only a subset of residues are directly involved in a particular function mechanism. Such crucial residues are
usually conserved as 3D substructures or motifs that partake in molecular interactions such as binding sites,
catalytic mechanisms as well as the maintenance of specific folds or domains. Recently, protein structure
prediction algorithms such as AlphaFold have been proven to be highly accurate in generating the 3D
structures of proteins from sequences. Experimental methods have also been able to solve structures faster
thus resulting in a faster rate of structure depositions into the structural coordinate repositories. In our
research group, we have developed tools and resources that allow for the searching and comparisons of such
3D substructures in protein and RNA molecules. These capabilities allow for the functional annotation of
new structures that were either experimentally determined or computationally generated (such as the
coordinates generated by AlphaFold2) and can provide further insights into the diversity or conservation of
functional mechanisms of structures in the PDB. This can in turn lead to the availability of a wider repertoire
of functions that use known molecular mechanisms and usher in a new era of structure similarity driven
function annotation beyond the sequence similarity based function annotation that has been in use for
decades.
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Plenary Speaker 2
Professor Gyaneshwer Chaubey

Biography
Gyaneshwer Chaubey has spent most of his research career in Estonian Biocentre and University of
Tartu, Estonia, as a Ph.D. student and thereafter in
scientist and senior scientist positions. He was also a
visiting scientist to the Sanger Centre, United
Kingdom. In October 2017, he returned to India and
joined the Department of Zoology, Banaras Hindu
University, Varanasi, as a full professor. Chaubey’s
research is focused on the peopling of South and
Southeast Asia. He is known for his in-depth work on
several ethnic groups of South Asia, including
Andaman, Austroasiatic, Indian Jews, Siddi, Roma,
and Parsis. Currently, by using various kinds of
uniparental and biparental genetic markers, he is
tracing the role of migration, drift, and selection in the peopling of South Asia by using available
computational tools and developing new ones.

Abstract
“The coronavirus SARS-CoV-2 and South Asian populationss”
Infection born by Coronavirus SARS-CoV-2 has swept the world within a few months. It has created
a devastating effect on humanity with social and economic depression. Europe and America were
the hardest hit continents. India has also lost lives, making the country the fourth most deadly
worldwide. However, India's infection and death rate per million and the case fatality ratio were
substantially lower than in many developed nations. Several factors have been proposed, including
genetics. We have reported several novel findings in a series of analyses involving human and viral
genomics and surveillance. We found a protective haplotype in the ACE2 gene among Indian
populations. We did not see any significant role of Neanderthal introgressed haplotype in modulating
the South Asian susceptibility. We have also reported that a large chunk of the Indian population was
asymptomatic of the SARS-CoV-2 infection. Thus, the actual infection in India was severalfold
higher than the reported number of cases.
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Plenary Speaker 3
Professor Louxin Zhang

Biography
ZHANG Louxin is a professor of applied
mathematics at the National University of Singapore.
He was educated as an undergraduate in Lanzhou
University, China from 1979-1983 and received his
PhD in Computer Science from the University of
Waterloo, Canada in 1996. Professor Zhang has been
with the Department of Mathematics at the National
University of Singapore since 2001. His current
research interests include bioinformatics in
comparative genomics, big cancer genomics and
phylogenetic analysis. He is also interested in
discrete algorithms and theory of computing.

Abstract
“Phylogenetic networks vs phylogenetic trees”
Phylogenetic trees have been used to model evolutionary history for over two hundred years. Recent
genomic and genetic studies suggest that reticulate processes play more important roles than we
expected in genome evolution a decade ago. As such, phylogenetic networks are believed to be more
suitable for modelling reticulate processes than phylogenetic trees for genome
evolution. However, phylogenetic networks are much more complex than phylogenetic trees, as the
class of phylogenetic networks is much larger than tree class. In this talk, the speaker will discuss
how phylogenetic network is different from phylogenetic trees and how hard to infer phylogenetic
network model.

20

APBC2022

THE 20TH ASIA PACIFIC BIOINFORMATICS CONFERENCE
Plenary Speaker 4
Dr Bruno Andre Gaeta,

Biography
Dr. Bruno Gaëta has had a varied career spanning
service provision in a bioinformatics core facility, and
senior scientist in the bioinformatics software
industry, as well as more traditional academic
positions. He is currently Director of Studies in
Bioinformatics Engineering at UNSW Sydney where
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undergraduate bioinformatics program. His research
interests include the application of bioinformatics to
immunology and immunogenetics, and the
development of curricula in bioinformatics education.
Dr Gaeta has served on the executive committees of
both APBioNet and the International Society for
Computational Biology (ISCB) for many years, and remains a Director of the ISCB. He is part of an
international effort to develop core competencies in computational biology and bioinformatics in
order to establish and consolidate curricula in what is still a new and growing discipline.

Abstract
“The ISCB Competency Framework: What should I teach? What should I know?”

Compared to more established disciplines, education in bioinformatics faces several challenges: the
discipline is relatively new and is moving forward very fast, resulting in a lack of well-established
core curricula; and the heterogeneity in student backgrounds and desired learning outcomes
complicates the development and sharing of course materials. The International Society for
Computational Biology (ISCB) has been addressing these issues through the development of a series
of core competencies describing essential and desirable characteristics of bioinformatics graduates
and professionals. Now in its third iteration, the ISCB competency framework encompasses technical
and “soft” skills, knowledge and attributes, and can be adapted to different cohorts of students and
professionals. The framework is especially useful for guiding the development and evaluation of
courses and teaching programs.
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Identifying driver genes in cancer by integrating omics data
Jingli Wu, Zheng Deng, Gaoshi Li, Xiaorong Chen
College of Computer Science and Engineering, Guangxi Normal University

Abstract
Background:
Cancer as a public health problem is driven by genomic variations. As a large amount of
genomic data is available, many studies have been carried out to identify the genomic
alterations contributing to the development and progression of cancers in recent years. The
integration of multiple omics data to answer biological questions, avoiding the limitation of
using just gene mutation data, is a challenging problem.
Results:
In this study, a novel method GScore is put forward to quantify the importance of a gene in
the biological process. It begins with evaluating a gene from three layers such as the mutation
frequency, the differential expression of mRNA and miRNA, and the number of direct
neighbors in the PPI network. Then it ranks genes in terms of the harmonic mean of the three
scores, i.e., the gene that scores higher on all of the three layers is given higher priority.
Three kinds of real cancer data were applied in the experimental comparisons among method
GScore and the other five state-of-the-art methods.
Conclusions:
The GScore method can obtain better performance in identification accuracy, functional
consistency and the partial area under the \emph{ROC} curve than the other five methods,
which has been verified through a large number of experiments.
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ALPACA: A Visual Data Mining System for Subcellular
Location-specific Knowledge Mining from Multi-Omics Data in
Cancer
Minwoo Pak1, Dabin Jeong2, Sungjoon Park1, Jeonghyeon Gu3, Sangseon Lee5 and Sun Kim1,2,3,4*
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4AIGENDRUG Co., Ltd., 08826, Seoul, South Korea.
5
Institute of Computer Technology, Seoul National University, 08826, Seoul, South Korea
Abstract
Background:
Compartments such as subcellular organelles provide adequate environments and interacting partners
to the constituent proteins so that their dedicated functions can be carried out properly. While mRNA
or protein abundance data is commonly used in computational analysis, data mining from a single
abundance data often do not provide sufficient information towards diseases like cancer that
introduce various perturbations to biological functions. In addition, transcriptomic and proteomic
data do not agree to a large degree. Such challenges make it imperative to comparatively analyze
data of multiple omics in terms of subcellular locations to better understand the functional dynamics
of cancer.
Methods:
In this paper, A Location-wise Proteome/transcriptome Abundance Comparative Analyzer
(ALPACA) is introduced, a web-based visual data mining system for subcellular location-specific
knowledge mining from multi-omics data. ALPACA first calculates location enrichment
distributions from abundance data of cancers. The calculated location distributions are then visually
presented in pathway(s)-specific manner so that researchers can easily perceive the discrepancies
between the abundance enrichments in a biological context of interest.
Results:
The effectiveness of ALPACA was demonstrated, in case studies under various scenarios of
analyzing different combinations of cancer types, by re-producing cancer-phenotype genes and
pathways that are reported in the literature. As examples, ALPACA was able to effectively compare
cancer types in subcellular location-specific ways, identifying relevant pathways to narrow down to
the potential key proteins that can help explain phenotypic difference between two cancers.
Additionally, ALPACA was able to discover known biomarkers such as overexpression of TP53 and
underexpression of DIABLO/Smac in basal-like breast cancer. ALPACA was also able to detect high
discrepancy of Fc gamma R-mediated phagocytosis pathway among gynaecological cancers and also
to discover an implicated gene called GSN.
Conclusions:
ALPACA compartmentalizes the whole transcriptome and proteome abundance data subcellular
location-wise and visually presents the differences of selected cancers using subcellular locations
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and biological pathways. The filtering and sorting functions of ALPACA add biological pathway
context to the data analysis to help identify potential biomarkers. ALPACA is available at
http://biohealth.snu.ac.kr/software/ALPACA/.
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Organosulfur compounds from Allium sativum as
Antihypertensive agents: Network Pharmacology Analysis,
Drug-likeness and Molecular Docking Studies
*Jasper L. Perez1,2, Armando Jerome H. De Jesus Jr.1 & Giselle Grace Lim Co Yu Kang1
1

Department of Chemistry, School of Science and Engineering, Ateneo De Manila
University
2
Natural Science Department, College of Arts and Sciences, Our Lady of Fatima University
*Corresponding Author: jasper.perez@obf.ateneo.edu

Abstract
Background:
Organosulfur compounds (OSCs) from Allium sativum have been noted for their structural
diversity and extensive bioactivities. Past studies explored its effects on hypertension.
However, studies with a systemic perspective on the mechanism of action of OSCs need to
be defined and researches noting the understanding on compound-target interactions are
inadequate.
Methods:
The present study recognizes the potential bioactives and protein targets of OSCs from
Allium sativum against hypertension using a network pharmacology in-silico approach. The
functional molecular mechanism was investigated by constructing an OSC- protein target
network, protein-protein interaction network, topological and enrichment analyses, and
molecular docking.
Results:
The results revealed that the anti-hypertensive effect of OSCs may be closely associated with
targets such as Janus Kinase 2 (JAK2), Vascular Endothelial Growth Factor A (VEFGA),
Epidermal Growth Factor Receptor (EGFR), AKT Serine/Threonine Kinase 1 (AKT1),
Caspase 3 (CASP3), Signal Transducer and Activator of Transcription 3 (STAT3) and
Sirtuin-1 (SIRT1).
Conclusion:
The mechanism of OSCs against hypertension indicated action on biological processes such
as endothelial dysfunction, immune mechanisms, redox signaling and inflammatory
response. With the use of network pharmacology and molecular docking approaches, this
study elucidated the molecular mechanisms by which OSCs from A. sativum can act as antihypertensive agents.
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In-silico Analysis: Repurposing Feline Infectious Peritonitis
Coronavirus (FIPV) Anti-viral Drugs as Potential Inhibitors
Targeting Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) Proteins
Mohammad Syamsul Reza Harun, Muhammad Amir Yunus, Ahmad Nazrun Shuid, Ahmad Naqib Shuid,
Ph.D
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Abstract

Background:
SARS-CoV-2 is the beta-coronavirus responsible for the COVID-19 pandemic. It has
infected more than 240 million individuals and has negatively affected the global economy.
The World Health Organization listed it as a potential global health threat due to high
mortality (four million deaths and still counting) and lack of clinically approved drugs to treat
viral infections.
Methods:
A total of five drug compounds approved for clinical used to treat Feline Infectious Peritonitis
Virus (FIPV) were obtained from the Drugbank, PubChem and ChemSpider database. The
structure of SARS-CoV-2 papain-like protease, 3CL main protease and RdRp protein
determined from X-ray diffraction data was used as the target. Input for molecular docking
was prepared by using Open babel. Molecular docking calculations were carried out using
Vina, and the docked conformations were analyzed and visualized with Pymol. ADMET
analysis was conducted to study the molecular characteristics of the potential drugs.
Results:
It was predicted that GC376 and 50990955 possessed the highest binding affinity for the
papain-like protease of SARS-CoV-2. Both K36 and 50990955 drugs were predicted to have
the highest binding affinity against the 3CL main-protease of SARS- CoV-2. GC376,
GS441524 and NP164 were predicted to have the highest binding affinity for the RdRp
protein of SARS-CoV-2.
Conclusion:
GC376 and 50990955 drugs showed potential to be used against SARS-CoV-2.
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Semi-Supervised COVID-19 CT Image Segmentation Using
Deep Generative Models
Judah Zammit1, Daryl L.X Fung1, Qian Liu1,2, Carson Kai-Sang Leung1 and Pingzhao Hu1,2,3*
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Department of Computer Science, University of Manitoba.
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3
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*Correspondence: pingzhao.hu@umanitoba.ca

Abstract
Background:
A recurring problem in image segmentation is a lack of labelled data. This problem is
especially acute in the segmentation of lung computed tomography (CT) of patients with
Coronavirus Disease 2019 (COVID-19). The reason for this is simple: the disease has not
been prevalent long enough to generate a great number of labels. Semi-supervised learning
promises a way to learn from data that is unlabelled and has seen tremendous advancements
in recent years. However, due to the complexity of its label space, those advancements
cannot be applied to image segmentation. That being said, it is this same complexity that
makes it extremely expensive to obtain pixel-level labels, making semi-supervised learning
all the more appealing. This study seeks to bridge this gap by proposing a novel model that
utilizes the image segmentation abilities of deep convolution networks and the semisupervised learning abilities of generative models for chest CT images of patients with the
COVID-19.
Results:
We propose a novel generative model called the shared variational autoencoder (SVAE).
The SVAE utilizes a five-layer deep hierarchy of latent variables and deep convolutional
mappings between them, resulting in a generative model that is well suited for lung CT
images. Then, we add a novel component to the final layer of the SVAE which forces the
model to reconstruct the input image using a segmentation that must match the ground truth
segmentation whenever it is present. We name this final model StitchNet.
Conclusion:
We compare StitchNet to other image segmentation models on a high-quality dataset of CT
images from COVID-19 patients. We show that our model has comparable performance to
the other segmentation models. We also explore the potential limitations and advantages in
our proposed algorithm and propose some potential future research directions for this
challenging issue.
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A Multi-task Deep Feature Selection Method for Brain Imaging
Genetics
Chenglin Yu, Shu Zhang, Muheng Shang, Lei Guo, Junwei Han, Fellow, IEEE,
Lei Du, Member, IEEE, and for the Alzheimer’s Disease Neuroimaging Initiative
C. Yu, M. Shang, L. Guo, J, Han and L. Du are with the School of Automation,
Northwestern Polytechnical University, Xi’an 710072, China.
S. Zhang is with the School of Computer Science, Northwestern Polytechnical
University, Xi’an 710072, China.
Abstract
Using brain imaging quantitative traits (QTs) to identify genetic risk factors for brain
disorders is an important research topic in imaging genetics. So far, many efforts have been
made via building linear models, e.g. the linear regression (LR), to extract the association
between imaging QTs and genetic factors such as single nucleotide polymorphisms (SNPs).
To the best of our knowledge, the linear models could not fully uncover the complicated
relationship due to the loci’s elusive and diverse influences on imaging QTs. Although deep
learning models for imaging genetics can extract the nonlinear relationship, they could not
select relevant genetic factors. In this paper, we proposed a novel multi-task deep feature
selection (MTDFS) method for brain imaging genetics. MTDFS first builds a multi-task deep
neural network to model the complicated associations between imaging QTs and SNPs. To
select SNPs that make significant contributions to abnormal imaging QTs, MTDFS designs
a multi-task one-to-one layer and imposes a combined sparsity-inducing penalty. MTDFS
can not only extract the nonlinear relationship but also arms the deep neural network with
the feature selection capability. We compared MTDFS to both multi-task linear regression
(MTLR) and single-task DFS (DFS) methods on the real neuroimaging genetic data. The
experimental results showed that MTDFS performed better than both MTLR and DFS in
terms of the QT-SNP relationship identification and feature selection. In a word, MTDFS is
powerful for identifying risk loci and could be a great supplement to the method library for
brain imaging genetics.
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Genome-Wide Comparative Analysis of Cyanogenic Glycosides
Biosynthetic Genes in selected Tropical Plants
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Abstract

Cyanogenic glycosides (CG) are one of the defence compounds in plants that release
hydrogen cyanide when consumed yet possess beneficial properties such as anticancer.
Although CG genes have been characterised in many plant species (e.g cassava), genomewide identification of the CG genes has not yet been reported in tropical plants (e.g papaya,
banana). Using genome-wide analysis, we identified 60 potential protein sequences encoded
CG specifically in the amygdalin biosynthetic pathway from 10 plant species (e.g., rubber
tree, papaya, and banana) and Neighbor-joining method with bootstraps value of 70% are
used for the phylogenetic tree analysis of these protein sequences. The analysis has provided
information on the enzyme that is involved in the biosynthesis of CG; which is the glycosyl
hydrolase. Motif analysis using the MEME suite identified six conserved motif patterns (e.g
TLFHWDLPQALED[EK]YGGFLS[PS]QI[VI][ND]DFRD[YF]A[ED][LTI]CFKEFGDR
VKHW[IV]T[LF]NE) across 10 plant species involved in the biosynthesis of CG.
Regulation of enzymes such as glycosyl hydrolase facilitates in hydrolyzing CG to produce
hydrogen cyanide. In summary, the results of this study may provide a preliminary data for
future functional analysis of CG genes in selected tropical plants and contribute to the greater
understanding of the CG genes that vary from different species towards crop improvement.
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Coarse-grained Molecular Dynamics Simulations of ProteinLigand Interaction: Studying the Potential Bioactive
Compounds
Mohammad Tasyriq bin Che Omar1*, Mohamad Nurul Azmi Mohamad Taib2
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Penang, Malaysia
2
School of Chemical Sciences, Universiti Sains Malaysia, 11800 Minden, Penang,
Malaysia

Abstract
To date, numerous studies have demonstrated the potential action of novel compounds
against proteins involved in pathogenesis. These compounds have shown the inhibitory
potential comparable with standard drugs, making them potential new lead candidates in the
drug discovery pipeline. However, the interaction mechanism must be elucidated and
molecular docking is a method for identifying protein-ligand binding interaction. Still, the
technique suffers significant limitations such as static or semi-flexible treatment of ligands
and no solvation and entropic effect during the analysis, limiting its predictive power. Our
preliminary study on the dynamics simulations of protein-ligands had suggested promising
results of the feasibility of coarse-grained molecular dynamics simulations in drug-target
recognition and binding mechanism. By using a proposed flow, we achieve a lower
computational cost and faster computing architecture for protein-ligand interaction analysis.
The findings potentially extends our knowledge of the dynamics interaction of our new lead
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An individualized Bayesian method for estimating genomic
variants of hypertension
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Abstract
Background:
Genomic variants of disease are often discovered nowadays through population-based genome-wide
association studies (GWAS). Identifying genomic variations potentially underlying a phenotype,
such as hypertension, in an individual is important for designing personalized treatment; however,
population-level models, such as GWAS, may not capture all of the important, individualized factors
well. In addition, GWAS typically requires a large sample size to detect association of low-frequency
genomic variants with sufficient power. Here, we report an individualized Bayesian inference (IBI)
algorithm for estimating the genomic variants that influence complex traits such as hypertension at
the level of an individual (e.g., a patient). By modeling at the level of the individual, IBI seeks to
find genomic variants observed in the individual’s genome that provide a strong explanation of the
phenotype observed in this individual.
Results:
We applied the IBI algorithm to the data from the Framingham Heart Study to explore genomic
influences of hypertension. Among the top-ranking variants identified by IBI and GWAS, there is a
significant number of shared variants (intersection); the unique variants identified only by IBI tend
to have relatively lower minor allele frequency than those identified by GWAS. In addition, we
observed that IBI discovered more individualized and diverse variants that explain the hypertension
patients better than did GWAS. Furthermore, IBI found several well-known low-frequency variants
as well as genes related to blood pressure that were missed by GWAS in the same cohort. Finally,
IBI identified top-ranked variants that predicted hypertension better than did GWAS, according to
the area under the ROC curve.
Conclusions:
The results provide support for IBI as a promising approach for complementing GWAS especially
in detecting low-frequency genomic variants as well as learning personalized genomic variants of
clinical traits and disease, such as the complex trait of hypertension, to help advance precision
medicine.
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TMELand: An end-to-end pipeline for quantification and
visualization of Waddington’s epigenetic landscape based on
gene regulatory network
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Abstract
Waddington’s epigenetic landscape is a framework depicting the processes of cell
differentiation and reprogramming under the control of the gene regulatory network (GRN).
Traditional model-driven methods for landscape quantification focus on the Boolean
network or differential equation-based models of GRN, which need sophisticated prior
knowledge and hence hamper their practical applications. To resolve this problem, we
combine data-driven methods by inferring the GRN from gene expression data and modeldriven approach. Specifically, we build an end-to-end pipeline to link data-driven and
model-driven methods and develop a software tool named TMELand for GRN inference,
visualizing Waddington’s epigenetic landscape, and calculating state transition paths
between attractors to uncover the intrinsic mechanism of cellular transition dynamics. By
linking gene regulatory network inference from real transcriptomic data with landscape
modeling, TMELand can facilitate studies of computational systems biology, such as
predicting cellular states and visualizing the dynamical trends of cell fate determination and
transition dynamics from single-cell transcriptomic data. The source code of TMELand, a
user manual, and model files of case studies can be downloaded freely from
https://github.com/JieZheng-ShanghaiTech/TMELand.
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Analysis of the origin and mutation of SARS-CoV-2
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Abstract
Background:
SARS-CoV-2 has caused a global outbreak of pneumonia, but the origin of SARS-CoV-2 is
still unknown. In the face of the pandemic sweeping the world, it is imperative to analyze
the origin and mutation of SARS-CoV-2.
Results:
In this study, we constructed a phylogenetic tree for SARS-CoV-2 genomes from different
countries, and computed the mutation accumulation as well as the similarity degree of
sequences. The results show that the gene of Nucleocapsid protein has fastest mutation rate
than other genes and the whole genome sequence. The whole genomes from Denmark and
the United Kingdom have largest mutation accumulation. The SARS-CoV-2 sequences from
Denmark and the United Kingdom may be from the same ancestor. The mutation rate of
sequences from October 1, 2020 to February 4, 2021 is fastest of all sequences. By
computing similarity values, we find that pangolins and bats may be the ancestral host of
SARS-CoV-2.
Conclusions:
The mutation of SARS-CoV-2 varies in time and region, and the distribution of mutations
in the genome is uneven. Bats and pangolins are considered primitive ancestors. This will
help monitor SARS-CoV-2 mutations and point the way for virus evolution and vaccine
development.
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Abstract
Background:
Despite the advancements in multiagent chemotherapy in the past years, up to 10% of Hodgkin’s
Lymphoma (HL) cases are refractory to treatment and, after remission, patients experience an
elevated risk of death from all causes. These complications are dependent on the treatment and
therefore an increase in the prognostic accuracy of HL can help improve these outcomes and control
treatment-related toxicity. Due to the low incidence of this cancer, there is a lack of works
comprehensively assessing the predictability of treatment response, especially by resorting to
machine learning (ML) advances and high-throughput technologies.
Results:
We present a methodology for predicting treatment response after two courses of Adriamycin,
Bleomycin, Vinblastine and Dacarbazine (ABVD) chemotherapy, through the analysis of gene
expression profiles using state-of-the-art ML algorithms. The presented approach combines
dimensionality reduction procedures and hyperparameter optimization of various elected classifiers
to retrieve reference predictability levels of refractory response to ABVD treatment using the
regulatory profile of diagnostic tumor samples. In addition, and foremost, we propose a data
transformation procedure to map the original data space into a more discriminative one using
biclustering, where features correspond to discriminative putative regulatory modules. This
methodology presents increased performance against reference levels, with the proposed space
transformation yielding improvements in the majority of the tested predictive models (e.g. Decision
Trees show an improvement of 20pp in both precision and recall).
Conclusion:
Taken together, the results reveal improvements for predicting treatment response in HL disease by
resorting to sophisticated statistical and ML principles. This work further consolidates the current
hypothesis on the structural difficulty of this prognostic task, showing that there is still a considerable
gap to be bridged for these technologies to reach the necessary maturity for clinical practice.
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Abstract

The development of third-generation sequencing technology has brought significant changes
and influences on genomics. Compared to the second-generation sequencing methods, the
third-generation technologies produce around 100 times longer reads to reveal new genomic
variations that complete long-term gaps in the human reference genome. However, these
reads' excessive length and high error rate severely increase the amount of data and the cost
of alignment. This has sparked significant interest in using modern Big Data technologies to
process this large amount of information in distributed memory clusters of commodity
hardware. This paper presented minimapR, a multi-level parallel long read alignment tool
based on minimap2, a popular third-generation read aligner. MinimapR is developed based
on the new high-performance distributed framework Ray. Ray fully integrates with the
Python environment and can be easily installed with pip. MinimapR can utilize the power of
multiple computing nodes, significantly accelerating alignment speeds without sacrificing
sensitivity. The minimapR tool was tested on 64 nodes and demonstrated a 50 fold increase
in speed with 78% parallel efficiency. The source code and user manual of minimapR are
freely available at https://github.com/Geehome/minimapR.
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A Method for Inferring Polymers Based on Linear Regression
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Ryota Ido1, Shengjuan Cao1, Jianshen Zhu1, Naveed Ahmed Azam1, Kazuya Haraguchi1,
Liang Zhao2, Hiroshi Nagamochi1, Tatsuya Akutsu3
1

Dept. Applied Mathematics and Physics, Kyoto University, Kyoto 606-8501, Japan
2
Graduate School of Advanced Integrated Studies in Human Survavibility, Kyoto
University, Kyoto 606-8306, Japan
3
Bioinformatics Center Institute for Chemical Research, Kyoto University, Uji 611-0011,
Japan
Abstract
Abstract—A novel framework has recently been proposed for designing the molecular
structure of chemical compounds with a desired chemical property using both artificial
neural networks and mixed integer linear programming. In this paper, we design a new
method for inferring a polymer based on the framework. For this, we introduce a new way
of representing a polymer as a form of monomer and define new descriptors that feature the
structure of polymers. We also use linear regression as a building block of constructing a
prediction function in the framework. The results of our computational experiments reveal a
set of chemical properties on polymers to which a prediction function constructed with linear
regression performs well. We also observe that the proposed method can infer polymers with
up to 50 non-hydrogen atoms in a monomer form.
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Abstract
To easier manipulate Knowledge Graphs (KGs), knowledge graph embedding (KGE) is
proposed and wildly used. However, the relations between entities are usually incomplete
due to the performance problems of knowledge extraction methods, which also leads to the
sparsity of KGs and make it difficult for KGE methods to obtain reliable representations.
Related research has not paid much attention to this challenge in the biomedicine field and
has not sufficiently integrated the domain knowledge into KGE methods. To alleviate this
problem, we try to incorporate the molecular structure information of the entity into KGE.
Specifically, we adopt two strategies to obtain the vector representations of the entities: textstructure-based and graph-structure-based. Then, we spliced the two together as the input of
the KGE models. To validate our model, we construct a KCCR knowledge graph and
validate the model’s superiority on entity prediction, relation prediction, and drug-drug
interaction prediction tasks. To the best of our knowledge, this is the first time that molecular
structure information has been integrated into KGE methods. It is worth noting that
researchers can try to improve the work based on KGE through fusing other feature
annotations such as Gene Ontology, protein structure, etc.
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Structure based Drug Drug Interaction Extraction
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Abstract
Extraction of drug drug interactions from biomedical literature and other textual data is an
important component to monitor drug-safety and this has attracted attention of many
researchers in healthcare. Existing works are more pivoted around relation extraction using
bidirectional long short term memory networks (BiLSTM) and BERT model which does not
attain the best feature representations. We propose a novel neural network for DDI
interactions that integrates multiple features to express comprehensive drug characteristics.
Our proposed DDI prediction model provides multiple advantages: (1) The newly proposed
attention vector is added to better deal with the problem of overlapping relations, (2) The
molecular structure information of drugs is integrated into the model to better express the
functional group structure of drugs, (3) We also added text features that combined the Tdistribution and chi-square distribution to make the model more focused on drug entities and
(4) it achieves similar or better prediction performance (F-scores up to 85.16%) compared
to state-of-the-art DDI models when tested on benchmark datasets. Our model that leverages
state of the art transformer architecture in conjunction with multiple features can bolster the
performances of drug drug interaction tasks in the biomedical domain.
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Abstract
Self-interacting proteins (SIPs), two or more copies of the protein that can interact with each
other expressed by one gene, play a central role in the regulation of most living cells and
cellular functions. Although numerous SIPs data can be provided by using high-throughput
experimental techniques, there are still several shortcomings such as in time-consuming,
costly, inefficient, and inherently high in false-positive rates, for the experimental
identification of SIPs even nowadays. Therefore, it is more and more significant how to
develop efficient and accurate automatic approaches as a supplement of experimental
methods for assisting and accelerating the study of predicting SIPs from protein sequence
information. In this paper, we present a novel framework, termed GLCM-WSRC (gray level
co-occurrence matrix-weighted sparse representation based classification), for predicting
SIPs automatically based on protein evolutionary information from protein primary
sequences. More specifically, we firstly convert the protein sequence into Position Specific
Scoring Matrix (PSSM) containing protein sequence evolutionary information, exploiting
the Position Specific Iterated BLAST (PSI-BLAST) tool. Secondly, using an efficient
feature extraction approach, i.e., GLCM, we extract abstract salient and invariant feature
vectors from the PSSM, and then perform a pre-processing operation, the adaptive synthetic
(ADASYN) technique, to balance the SIPs dataset to generate new feature vectors for
classification. Finally, we employ an efficient and reliable WSRC model to identify SIPs
according to the known information of self-interacting and non-interacting proteins.
Extensive experimental results show that the proposed approach exhibits high prediction
performance with 98.10% accuracy on the yeast dataset, and 91.51% accuracy on the human
dataset, which further reveals that the proposed model could be a useful tool for large-scale
self-interacting protein prediction and other bioinformatics tasks detection in the future.
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Abstract

Background:
RNA Secondary Structure (RSS) has drawn growing concern, both for their pivotal roles in
RNA tertiary structures prediction and critical effect in penetrating the mechanism of
functional non-coding RNA. Computational techniques that can reduce the in vitro and in
vivo experimental costs have become popular in RSS prediction. However, as an NP-hard
problem, there is room for improvement that the validity of the prediction
RSS with pseudoknots in traditional machine learning predictors.
Results:
In this essay, by integrating the bidirectional GRU (Gated Recurrent Unit) with the attention,
we propose a multilayered neural network called BAT-Net to predict RSS. Different from
the state-of-the-art works, BAT-Net can not only make full use of the information about the
direct predecessor and direct successor of the predicted base in the RNA sequence but also
dynamically adjust the corresponding loss function. The experimental results on five
representative datasets extracted from the RNA STRAND database show that the sensitivity,
precision, accuracy, and MCC (Matthews Correlation Coefficient) of the BAT-Net have
improved by 8.52%, 8.28%, 5.66% and 9.82%,respectively, compared with the benchmark
approaches on the best averages.
Conclusions:
BAT-Net can provide users with more credible RSS results since it has further utilized the
source information of the dataset. Comparative results show that the proposed BAT-Net is
superior to the other existing methods on the relevant indicators.
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Abstract

Since the revolution of deep learning, histopathological images analysis field has witnessed
dramatic progress and its applications seem to be evident for the subsequent clinical
treatment of patients. Despite remarkable advances, they are severely restrained from either
the essentially limited computing resources for the Whole Slide Histopathological Images
(WSIs), weak feature extractor which adopting ImageNet-based pretrained networks, or
limited annotated dataset which are difficult to obtain in the practical settings. Selfsupervised learning (SSL) has shown great potential to extract powerful features without
heavily labeled dataset, while extracting discriminative features from the histopathology
image is still far from being solved. To exploit discriminative patterns from WSIs and reduce
the requirement for labeled dataset, in this paper, we propose to extract the features using
SSL. Specifically, we explored three contrastive self-supervised learning approaches.
Combined with two efficient WSI classification frameworks, these learned features are
powerful and can be conducive to classification tasks. To empirically investigate the
effectiveness and robustness of the SSL, we perform extensive experiments on both patch
and WSI classification tasks, using three benchmark databases: CAMELYON16, PCam and
TissueNet. The obtained results demonstrate that the SSL can extract powerful features,
while the framework can significantly improve the WSI classification performance
compared with the existing methods. Moreover, it is worth noting that the SSL can provide
better performance with only 10% of labeled dataset, compared with the fully supervised
learning.
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in Fundus Images for Glaucoma Detection
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Abstract
Background:
Glaucoma is a severe blinding disease, for which automatic detection methods are urgently
needed to alleviate the scarcity of ophthalmologists. Many works have proposed to employ
deep learning methods that involve the segmentation of optic disc and cup for glaucoma
detection, in which the segmentation process is often considered merely as an upstream subtask. The relationship between fundus images and segmentation masks in terms of joint
decision-making in glaucoma assessment is rarely explored.
Results:
We propose a novel segmentation-based information extraction and amalgamation method
for the task of glaucoma detection, which leverages the robustness of segmentation masks
without disregarding the rich information in the original fundus images.
Conclusions:
Experimental results on both private and public datasets demonstrate that our proposed
method outperforms all models that utilize solely either fundus images or masks.
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Abstract
Attention deficit/Hyperactivity disorder (ADHD) has a great impact on children's
development. This paper using a novel adaptive brain state extraction algorithm to construct
a dynamic time-window brain network, and capture the brain function pattern characteristics
of ADHD children with higher temporal resolution. The test data is the functional magnetic
resonance imaging (fMRI) data obtained by 23 children with ADHD during the visualcapture-task [age: (8.27 ± 2.77)]. First, perform data preprocessing; then, the spatial standard
deviation method is used to extract the brain activity pattern state; Finally, an improved
clustering algorithm is used to verify the correctness of the dynamic time-window brain
network model changes. The results show that improved new framework can effectively
obtain the characteristics of dynamic brain functional connection strength changes under the
task, after test (t < 0.05), obvious differences between each state are observed. In addition,
the new algorithm can capture the dynamic changes of the brain network, the average
modularity value Q of state 3 and state 4 reaches 0.3753, which is improved by about 80%
compared to traditional methods. The research can find out the pattern changes between
dynamic brain function connections, which is of great significance for the adjuvant treatment
of children with ADHD.
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Abstract
Accurate segmentation of lungs with interstitial lung disease (ILD) is a challenging task due
to the presence of high attenuation patterns. In this paper, we develop an automatic and
accurate segmentation framework for lungs, especially for those in the presence of high
attenuation patterns. Firstly, to segment the lungs, a novel automatic initialization method is
proposed to extract an initial 3D lung, based on spatial morphological variation. Then, an
asymmetrical morphological operation is employed to remove the fine-grain noise around
the lung surface. Finally, the irregular lung boundary is refined by use of convex hull and
morphological techniques to generate the final lung segmentation result. To demonstrate the
effectiveness of the proposed framework, extensive experiments are conducted on two largescale databases, including 52 normal lung scans and 265 ILD scans, of which 30 severe cases
are used for training and remaining 287 cases are used for testing. Quantitative experiments
are based on three metrics, Jaccard similarity coefficient (Jaccard), Hausdorff distance (HD)
and average Hausdorff distance (AvgHD). Our segmentation method achieves larger Jaccard
and smaller distance errors than the compared methods. In HUX database, the proposed
method achieves a mean Jaccard of 97.41%, a mean HD of 11.97 mm and a mean AvgHD
of 0.16 mm for overall ILD scans; in HUG database, the proposed method achieves a mean
Jaccard of 95.59%, a mean HD of 17.84 mm and a mean AvgHD of 0.26 mm for overall
ILD scans. Our proposed approach provides efficient and accurate segmentation of lungs in
the presence of high attenuation patterns and will be useful for developing computer-aided
diagnosis systems for ILD.
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Abstract
Background: The International Classification of Diseases (ICD) is widely used to encode
the diagnosis descriptions of patients. Accurate automatic ICD coding is important for
medical billing and health care. Recent work has focused on generating ICD codes with the
sequence-to-sequence (seq2seq) model from diagnosis descriptions. However, the current
seq2seq model considers the mapping from diagnosis descriptions to ICD codes is one-toone, while in many cases, a code can be assigned only when a combination of diagnosis
descriptions appeared. Therefore, there is a needing for ICD coding models which are robust
to the combined coding problem.
Methods: In this paper, we propose an automatic ICD combined coding model based on
reinforcement learning (AICC-RL). The AICC-RL model consists of two parts: the
combined diagnoses extraction (CDE) module and the ICD code assignment (ICA) module.
The CDE module utilizes the BERT model to automatically decide and extract the combined
diagnoses without introducing any prior knowledge about the disease correlation. The ICA
module generates ICD codes with the sequence-to-sequence model based on the combined
diagnoses produced by the CDE module. The policy gradient method guides the policy of
extracting combined diagnoses by a delayed reward, which is computed from the prediction
of the ICA module.
Results: Experimental results show that the proposed AICC-RL model gets desirable
performance under different proportions of combination codes. Compared with the existing
methods, the AICC-RL model strengthens the ability of combined coding and improves the
overall performance of automatic ICD coding.
Conclusions: Our method constructs a more accurate automatic ICD coding model by
automatically mining relationships between diagnoses. It reduces coding errors and labor
costs in medical practice.
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Abstract
Lung segmentation on chest X-ray images (CXRs) remains challenging due to the lowintensity contrast around lung boundary and significant intra-subject variance. To handle
this problem, we design an automatic and hybrid lung segmentation network containing
three cascaded steps in CXRs: (1) to extract coarse lung contours automatically using an
image coarse segmentation step based on a deep learning network; (2) to generate a
contour composed of line segments based on a principal curve-based method; and (3) to
express the explainability-guided map function (realized by a machine learning method)
to generate the smooth lung contour that can match ground truth contours. The model is
evaluated on three public datasets, and experiments demonstrate that the performance of
the proposed method outperforms state-of-the-art methods.
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Abstract
DNA methylation is an important epigenetic regulation mechanism. 6mA as the main
methylation type in prokaryotes was found to be related to many important functions like
DNA replication and expression. SMRT-seq (also known as PacBio) is the standard method
for identifying 6mA, which detects methylation based on inter pulse duration (IPD) value
affected by methylation status and sequence context. In smrttools, an official data analysis
package provided by PacBio, a machine learning (ML) model is used to predict IPD values
of a locus for methylated and unmethylated status, and these predicted values are used for
various downstream tasks such as methylation detection and methylation fraction estimation.
However, the ML model is trained on a limited size of dataset consisting of 50 motifs in 11
bacteria, possibly causing the motif bias (e.g. less prediction accuracy on motifs lacked in
training dataset). In this study, we increase the training dataset by utilizing 631 motifs across
751 organisms collected from NCTC3000 consortium and REBASE database. We believe
that our ML model with the increased training dataset may improve the various downstream
tasks including 6mA fraction estimation as well as differential methylation analysis for
which currently no established method is available for 6mA.
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Abstract
DNA methylation is an epigenetic, transcription controlling process. Methylation level of
CpG-rich gene promoters strongly impact the level of gene expression. Changes in DNA
methylation are crucial for AML initiation and development. Changes in AURKC gene
expression occur in many cancer cell lines and are confirmed in childhood acute leukemias.
The study aimed to detect, quantify and validate epigenomic biomarkers of AML. Data were
generated using samples from 5 healthy donors and 11 AML patients. It was obtained with
Illumina Infinium Methylation EPIC array which allows the quantification of 841,323 CpG
sites across the whole genome. The data for the validation experiment were generated using
5 healthy donors and 16 AML patients. It was obtained with pyrosequencing for several
chosen CpG sites. We focused on CpG sites lying on CpG-rich gene promoters. Methylation
level for AMLs was compared with healthy control with a t-test for each CpG site. Then, pvalues of sites from the same gene promoter region were integrated with Stouffer's method.
Integrated p-value was compared with significance level adjusted to the number of sites in
the region. The procedure was conducted for array data as well as for pyrosequencing data.
In the primary experiment, the p-value for AURKC gene promoter region is lower than
adjusted significance level as well as in the validation experiment. These methylation array
experiment data were confirmed by pyrosequencing experiments and indicates that AURKC
gene promoter region is an epigenomic biomarker of AML.
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Abstract

Single-cell RNA sequencing enables to study the transcriptome at the level of individual
cells and also permits a better understanding of inter-individual transcriptomic responses.
Human WBCs are composed of many different cell subtypes. In order to separate them based
on the between-cell heterogeneity, specific expression patterns should be characterised. In
this study, we presented a new approach to identify white blood cells subpopulations based
on the scRNA-seq count matrices, including both control and 1 Gy X-rays irradiated cells.
To draw specific expression patterns, in the dataset cell subpopulations, we utilized the
HDBSCAN tool extended by utilizing the soft clustering method. The marker genes specific
for each WBCs subpopulation were used to merge HDBSCAN generated clusters into
structures revealing true WBCs subpopulations. The results were achieved utilizing an
automated approach combined with manual control of individual steps. The method for cell
subpopulation identification was satisfactory, considering marker genes for specific cell
subtypes. Finally, it is important to the methods used in this study are not time or resource
consuming even in the case of large datasets.
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Analysis of protein-protein interaction network based on
transcriptome profiling of human induced pluripotent stem cells
identifies candidate genes in cardiomyocytes differentiation
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Abstract
Human induced pluripotent stem cells (hiPSCs) offer an exceptional opportunity for
generating disease-specific models to study and explore the underlying mechanisms. The
present study aims to perform bioinformatics analysis to explore the potential hub genes,
cluster and functional pathways upon the differentiation of induced pluripotent stem cells.
Differentially expressed genes (DEGs) between induced pluripotent stem cells (hiPSCs) and
their differentiated cells (cardiomyocytes, CMs) were identified by TAC software.
Subsequently, the protein-protein interaction (PPI) network was built using the differentially
expressed genes (DEGs) and NetworkAnalyst tool, which then analyzed by Cytoscape
software. The results disclosed that 3654 DEGs (1699 [46.49%] upregulated and 1955
[53.50%] downregulated) are primarily implicated in the CMs differentiated from hiPSCs.
The component of the main constructed PPI network comprised of 975 nodes with 2472
edges. Six hub genes were recognized (MCM3, MCM5, CDC6, EP300, RPS27A,
CDKN1A) by overlap of the top fifty genes as stated by five calculation methods in
CytoHubba. In addition, five significant modules were generated using MCODE application
in Cytoscape. The result of GO analysis for the five modules A-E, respectively, disclosed
that DNA replication origin binding, structural constituent of ribosome, RNA binding, actin
binding, exodeoxyribonuclease activity, producing 5'-phosphomonoesters are the most
significantly enriched in molecular function term; DNA replication initiation, translational
elongation, ribosome biogenesis, muscle filament sliding, ERBB2 signaling pathway are the
most significantly enriched in biological process term; chromosome, telomeric region, large
ribosomal subunit, nucleolus, striated muscle thin filament, basal plasma membrane are the
most enriched in cellular component term. The KEGG pathway analysis disclosed that the
genes of five modules A-E, respectively, were enriched in Cell cycle, Ribosome, Ribosome
biogenesis in eukaryotes, Cardiac muscle contraction, ErbB signaling pathway. In
conclusion, the analysis of DEGs and hub genes analysis play significant role in hiPSCs
differentiation into CMs and could improve our understanding their differentiation.
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Abstract
Introduction:
Relative to the other countries, lung adenocarcinoma in Taiwan is the most common cancer type of
patients with lung cancer. Due to its heterogeneous characteristics, lung adenocarcinoma can be divided
into several subtypes with different clinical outcomes. Thus, identification of subtypes of lung cancer in
the early stage is important and helpful for patients to have suitable treatment strategies.
Specific aims:
We attempt to identify gene signatures of drug resistance based on cancer cell-line transcriptome data
and build a machine learning-based model which can be utilized to evaluate different risks of drug
resistance in patients with lung adenocarcinoma. After that, it is helpful in patient selection with specific
treatment strategy, as well as drug developing.
Materials and Methods:
The gene expression data of cancer cell lines which are treated cisplatin with different dosage can be
downloaded from Cancer Cell Line Encyclopedia (CCLE) and Genomics of Drug Sensitivity in Cancer
(GDSC) databases. The drug dosage is evaluated by half maximal inhibitory concentration (IC50). In
this study, "Support vector classification (SVC) algorithm" was used for machine learning and
implementation with Python. The important genes used as model features using R packages including
the function "coxph" of the survival package and the sigFeature package. Then, the model was built
using those candidate genes and its performance was evaluated with ten cross-validation from cell-line
based expression data. Consequently, samples of patients with lung adenocarcinoma from The Cancer
Genome Atlas (TCGA) database were predicted regarding their risks to cisplatin resistance and using
Kaplan-Meier survival analysis to evaluate the effectiveness of the model.
Result and Discussion
In this study, the distribution of gene expression between cancer cell lines and tumors is similar. The 19
key genes were identified and used to build a prediction model for drug responses including resistance
and sensitivity. The performance of model which accuracy reached 0.76. Consequently, patients with
LUAD, who were treated with cisplatin, were classified into two different risk groups with the model.
The prognosis of both two groups was potentially different and was shown in survival curves, which
suggested that patients classified in drug resistance have poor prognosis and ones classified in drug
sensitivity have favorable prognosis. The predictive model could be helpful for evaluating drug response
patients and useful in the application of clinical diagnosis and prognosis in lung adenocarcinoma.
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Abstract
Colorectal cancer (CRC) is the third most deadly and fourth most commonly diagnosed cancer
in the world. Studies suggest that chemokines and their receptors serve as important regulators
of various metastatic and advanced cancers. Among them, interleukin-8 (IL-8) and its receptor
CXCR2 are two of the most significantly upregulated chemokines in colon cancer and have
roles in tumour development and progression. Blocking the IL-8 by full-length IGG and Fab
antibody format of 35B and 10F8 in the tumour microenvironment can prevent IL-8 from bind
with its receptor CXCR2 indirectly can reduced colon cancer cell growth. However, the
molecular dynamics of the action are not well documented. In this study, we designed scFv35B-6His and scFv-10F8-6his then simulated the dynamic of these formats toward IL-8 by using
GROMACS software to understand the interaction at structural level. Modeller, Coarse-grained
MD simulations, trajectory clustering, all atomic conversion, binding energy, and interaction
analysis were carried out to reveal the protein-protein interactions. From this study, we found
that the binding affinity between scFv-10F8-6His and IL-8 is –28.54. Residue GLN3, SER25,
GLY26, PHE27, THR28, TYR106, LYS172, GLN175, ARG178, THR189, ILE191, PRO192,
ASP193, ARG194 and GLU214 were contribute to negative value of binding energy. While
residue GLN1 and GLN170 are unfavorable due to contribution of positive value along 50ns.
On the other hand, the binding affinity between scFv-35B and IL-8 is –15.27. Only SER1
unfavorable residue contributes to positive value and only LYS3 contributes to negative value
for binding energy along 50ns. Based on these findings we will choose the more relevant
antibody format which is 10F8 antibody for molecular simulation.
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Comparative Molecular Dynamics Simulation Analysis on Wild
Type and Mutant Type I1585M of USP9X Catalytic Domain
Ain Syafiza Mohd Amin 1, Wai Keat Yam 1, 2
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Abstract

Low Grade Serous Ovarian Carcinoma (LGSOC) is a rare type of ovarian cancer with
indolent progression. It is resistant to chemotherapy with less than 5% response rate.
Genomic analysis of LGSOC sample conducted by various research groups consistently
reported high somatic mutations in the catalytic domain of USP9X. These somatic mutations
lead to loss of function which potentially contribute to disease severity. Experimental and
computational study has indicated that mutation on residue 1585 from isoleucine to
methionine within USP9X catalytic domain may be pathogenic to LGSOC patient. It has
also been found that disease causing mutation may lead to drastic changes in the physicalchemical properties and interaction network of the amino acid involved. In this study, we
performed 20 nanoseconds molecular dynamics simulation to investigate on the
conformational and dynamical changes of wild type and mutant type USP9X catalytic
domain. Our findings suggested that mutant type USP9X catalytic domain has more
structural changes throughout the simulation. The mutant type USP9X catalytic domain also
has lesser radius of gyration indicating its better compactness and stability. Besides, the
mutant type USP9X catalytic domain has lesser surface area exposed to solvent suggesting
greater protein folding. However, the results for residue fluctuations for both structures were
inconclusive as no obvious pattern was observed. Our study provides a preliminary insight
to the understanding of mutational effects on the catalytic domain of USP9X from in silico
structural and molecular point of view.
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Immunoinformatic Prediction of Cancer Antigen to Develop
Multi-epitopes Cancer Vaccines
Putri Ashiila, Marsia Gustiananda*
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Abstract
Introduction:
Nasopharyngeal carcinoma (NPC) is a rare malignancy. It is, however, endemic in Southeast
Asia, and has a poor prognosis. In Indonesia, NPC is the fourth most common cancer of both
sexes, yet little is recorded about it. Immunotherapy using cancer vaccines is promising
treatment. Cancer vaccine works by activating cytotoxic T-cells that are responsible for cancer
cells elimination and helper T-cells that are important for cytokines production. T-cells
recognize peptide epitopes derived from the cancer antigen which is presented by HLA
molecules on the surface of the cancer cells.
Methods:
We combined immunoinformatics with in-silico vaccine design to construct a PIN1-ABCC5based cancer vaccine for the Indonesian population. Both of the protein sequences were
obtained from NCBI databases and evaluated for CTL epitopes using netCTLpan and HTL
epitopes using netMHCIIpan. The epitopes were predicted to bind to HLA alleles of Indonesian
population. B cell epitopes were predicted by the Bepipred server in IEDB.
Results:
A total of fourteen T-cell epitopes were chosen for vaccine construct based on the highest
immunogenicity scores (0.06438 - 0.40754), IFN gamma epitope score (0.30455579- 3), and
population coverage score (99.97%). Four immunogenic B cell epitopes were also included.
Two vaccine constructs were made by incorporating maltose-binding protein from Bacillus sp.
and E. coli as an adjuvant. The epitopes were linked together using appropriate linkers.
Conclusion:
Vaccine constructs evaluation by Vaxijen, AntigenPro, AllerTop, and Protparam showed that
both constructs are antigenic, non-allergenic, and have good stability.
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A multiple-species RNA secondary structure functional analysis
platform
Yu-Huai yu, Yu-Cian Lin, Tzu-Hsien Yang

Department of Information Management, National University of Kaohsiung, Taiwan

Abstract
RNA molecules can act as translational templates or carry out specific cellular functions
through their secondary or tertiary structures. Experimental methods to measure RNA
structures require laborious efforts and are usually performed in vitro. Therefore,
computational algorithms to pre-screen the potential functional structure forms for RNA
sequences are usually resorted to in the early stage of RNA molecular research. Various RNA
secondary structure prediction tools have been developed over the past decades. Nevertheless,
these tools provide diverse prediction results under different thermodynamic assumptions.
Extracting the most native-like structure from these predictions is required to fully utilize
existing tools. In this research, we constructed an integrated platform to facilitate confidence
estimation for the structure predictions of a given RNA based on the concept of functional
interpretability. In this platform, the interpretability significance scores in four functional
aspects (cellular fitness, RNA-protein interaction, translational regulation, and posttranscriptional regulation) of RNA structures under six species (Homo sapiens, Mus musculus,
Arabidopsis thaliana, Rattus norvegicus, Saccharomyces cerevisiae, and Danio rerio) can be
computed for the given list of predicted structures to help select the most native-like prediction
for the sequence. The developed platform also implements an automated prediction pipeline
for running 19 RNA secondary structure prediction tools to obtain the list of structure
predictions. We demonstrated the biological applicability of this platform via the human U11
snRNA sequence. This case study showed that the implemented platform could help extract
the most native-like secondary structure and provide functional insights for a given RNA
sequence. We believe that this multiple-species RNA secondary structure functional analysis
platform can help facilitate the analysis pipeline in RNA secondary structure research.
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Analysis of hallmarks of cancer initiated after exposure to nongenotoxic hepatocarcinogens using toxicogenomics data
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Abstract
The mechanistic actions of chemicals provide insight for understanding their adverse effect on
the human body. This knowledge can be used to predict chemical toxicity and affect regulatory
decision-making. The hallmark of cancer (HOC) is a logical framework introduced by Hanahan
and Weinberg to understand the ten biological behaviours of neoplasm, including angiogenesis,
cell replicative immortality, change of cellular energetics, escaping immune response to cancer,
escaping programmed cell death, genome instability, invasion and metastasis, proliferative
signalling, suppression of growth, and tumor-promoting inflammation. We previously built a
HOC database from curated information in the review articles of the Halifax Project, which
consists of two HOC-associated gene sets and a molecular pathways collection. We want to
prove that after being exposed to the organ-specific carcinogen, the organ will express HOC,
indicating the mechanistic action of the carcinogen initiated. We performed differential
expression analysis on the toxicogenomic data of the Open TG-GATEs and DrugMatrix
datasets. We confirmed that the number of HOC is significantly higher in the rodent's liver of
non-genotoxic hepatocarcinogen (NGHC) group after being exposed to NGHC and nonhepatocarcinogen (NHC). Tumors promote inflammation, microenvironment, and genome
instability are HOC features less frequently seen after exposure to NHC. The results support
that HOC is a relevant mechanistic factor and a predictive tool built on this framework is
helpful for chemical risk assessment.
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In Silico Prediction of Glaciozyma antarctica Adaptation
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Abstract

Glaciozyma antarctica is an obligate psychrophilic yeast, and in a related study, its genome
with the size of 20 033 549 bp was sequenced and assembled. The objectives of this study are
to predict the function of G. antarctica genes and to characterise its adaptation strategies
towards the extreme cold environment based on the genome sequences via in silico. To
elucidate the strategy used by G. antarctica to increase its membrane fluidity at low
temperatures, pathway of fatty acids desaturation has been identified and characterized. A total
of four groups of desaturases, namely delta 6, delta 9, delta 12 and delta 15-fatty acid
desaturases and two fatty acid elongase were predicted to be involved in the desaturation and
elongation of fatty acids in G. antarctica. Comparison with several mesophilic yeast and fungi
showed that the number of genes encoding for each desaturase and elongases were higher in
G. antarctica. To determine the differences between the structure of G. antarctica intracellular
and extracellular enzymes as well as the differences between the structure of G. antarctica
enzymes to their homologs from the mesophilic and thermophilic microorganisms, analysis on
the amino acids composition and protein structure were carried out. Protein localisation
analyses predicted a total of 279 G. antarctica proteins as extracellular proteins while the rest
are intracellular proteins. Out of these numbers, 52 extracellular and 1163 intracellular proteins
were predicted as enzymes. Amino acids analysis showed the extracellular enzymes have a
higher composition of nonpolar amino acids and a lower number of charged and aromatic
amino acids compared to the intracellular enzymes. Besides that, a total of 43 heat shock
proteins and 17 heat shock transcription factors from G. antarctica have been identified.
Comparative analysis showed that the number of genes encoding for heat shock transcription
factors were higher in G. antarctica compared to several mesophilic yeasts. Analyses were also
performed on the proteins required to produce cryoprotectant molecules. A total of nine genes
encoding for antifreeze proteins and several enzymes involved in exopolysaccharides which
are hyaluronic acid, gellan, alginate and succinoglycan, biosynthesis pathways were identified.
In conclusion, this study has successfully annotated the genome G. antarctica and based on the
generated genome data, several adaptation strategies employed by this basidiomycete yeast to
survive in the extreme cold environments has been predicted.
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Unravelling potential genes in secondary metabolite pathways
in plants
Sarahani Harun
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Abstract
Secondary plant metabolites are a variety of chemical compounds produced by plant cells via
metabolic pathways derived from primary metabolic processes. Glucosinolates (GSLs) are one
of the plants secondary metabolites in the Brassicaceae family, including the model plant
Arabidopsis thaliana and vegetables (broccoli, cauliflower, cabbage, wasabi, horseradish, and
mustard). GSLs are necessary for plant defense and have been shown to protect humans against
cancer. GSL transport, regulation, and mechanisms in GSL biosynthesis have all been studied
in detail using the model plant A. thaliana. However, complete knowledge of the GSL process
is still in progress. Therefore, we used a guilt-by-association; (GBA) technique to predict the
genes that encode proteins that could be implicated in the GSL biosynthesis in this study.
Firstly, we queried 113 known GSL genes derived from our in-house database, SuCComBase
(https://plant-scc.org/), against the co-expression databases that include ATTED,
GeneMANIA, STRING, and AraNet. There are 752 genes and 9,121 edges in the constructed
gene co-expression network. The GSL co-expression network clusters were then identified
using the DPClusO technique. Fisher exact test and pathway enrichment analysis assessed each
cluster generated. Graph clustering methodology was found to locate possible genes that were
missed by sequence-based searches. Finally, we confirmed the function of the ARIAinteracting double AP2 domain (ADAP) as a negative regulator in GSL biosynthesis using a
similar approach. As a result, this bioinformatics workflow can be utilized to develop
agricultural enhancement genetic resources.
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The high rate of duplication and losses of NIP1 effector in
Rhynchosporium species complex
Norfarhan Mohd Assa'Ad
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Abstract
Plant pathogens secrete effector proteins to manipulate the host and facilitate infection.
Cognate hosts trigger strong defence responses upon detection of these effectors.
Consequently, pathogens and hosts undergo rapid co‐evolutionary arms races driven by
adaptive evolution of effectors and receptors. Because of their high rate of turnover, most
effectors are thought to be species‐specific and the evolutionary trajectories are poorly
understood. Here, we investigate the necrosis‐inducing protein 1 (NIP1) effector in the
multihost pathogen genus Rhynchosporium. We retraced the evolutionary history of the NIP1
locus using whole‐genome assemblies of 146 strains covering four closely related species.
NIP1 orthologs were present in all species but the locus consistently segregated presence‐
absence polymorphisms suggesting long‐term balancing selection. We also identified
previously unknown paralogs of NIP1 that were shared among multiple species and showed
substantial copy‐number variation within R. commune. The NIP1A paralog was under
significant positive selection suggesting that NIP1A is the dominant effector variant co‐
evolving with host immune receptors. Consistent with this prediction we found that copy
number variation at NIP1A had a stronger effect on virulence than NIP1B. Our analyses
unravelled the origins and diversification mechanisms of a pathogen effector family shedding
light on how pathogens gain adaptive genetic variation.
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Lung Cancer Prognosis Prediction Models based on Real World
Clinical Data in Taiwan
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Abstract
Introduction:
In Taiwan, lung cancer is a leading cause of death in male and female populations every year. Like
other cancers, the heterogeneity of lung cancer makes clinical presentation, histopathology, and
treatment response of differences among patients. Moreover, studies have demonstrated that lung cancer
can be further divided into many different types based on its cell outlook and molecular features. The
key factors identification related to patients’ prognosis can be useful to further classify patients with
lung cancer. In addition, according to data statistics from Taiwan Cancer Registry, lung adenocarcinoma
was ranked first in the population of different types of lung cancer from 1995 to 2017. In this study we
use the data from clinical database which is collected from three different hospitals to develop the three
years survival probability prediction model for lung adenocarcinoma patients. In the course of model
construction, prognosis relevant key factors to lung adenocarcinoma can then be identified. It is
expected that to find the key factors affecting lung adenocarcinoma survival and will be used for clinical
treatment through factor analysis.
Materials and Methods:
The clinical data of patients with lung adenocarcinoma can be recruited from Taipei Medical University
Clinical Research Database (TMUCRD), which data are collected from three hospitals including Taipei
Medical University Hospital (TMUH), Taipei Municipal Wanfang Hospital (WFH) and Taipei Medical
University Shuang-Ho Hospital (SHH), and start from 2004 to 2018. However, in order to have at least
three years observation time for each patient, the recruited patients must be diagnosed with
adenocarcinoma before 2015 in this study. The clinical data can be briefly divided into five categories,
demographics (six attributes; Sex, Diagnosed age, Blood type, BMI, Smoking habit, and Diagnosed
year), medical history (seven attributes; Cardiovascular diseases, Diabetes, Hypertension,
Hyperlipidemia, Chronic Obstructive Pulmonary Disease, Liver dysfunction, and Kidney dysfunction),
cancer condition (two attributes; Stage and Metastasis), results of genetic test (5 attributes; EGFR,
ALK, KRAS, ROS1, and PDL1), and comorbidities (1 attribute; Charlson Comorbidity Index).
Different machine learning methods are utilized to construct prediction models, including Logistic
Regression, SVM, Gradient Boosting, Decision Tree, Random Forest and Neural Network. The clinical
data from TMUH and WFH were utilized to construct models, which 70% of data as training set and
30% of data as testing set. Moreover, the clinical data from SHH were utilized as external testing. The
performance of models was evaluated with ROC-AUC, and the effectiveness of factors for each model
was evaluated with model accuracy.
Result:
The ROC-AUC of different models ranged from 0.8708 to 0.9661; for Logistic regression, SVM,
Gradient boosting, Decision tree, Random forest, and Neural network, the ROC-AUC were 0.8177,
0.8709, 0.9139, 0.8261, 0.9661, and 0.8708, respectively. The Random Forest is relative the best model
in the analysis. Moreover, the top five ranks of importance of variables for model performance were
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cancer Stage, Diagnosed age, EGFR gene mutation status, Smoking habit, and Charlson Comorbidity
Index (CCI), and could be potentially related to patients’ prognosis.
Conclusion:
We constructed the three years survival probability prediction model for patients with lung
adenocarcinoma. And the factor analysis shows that the cancer Stage, Diagnosed age, EGFR gene
mutation status, Smoking habit, and Charlson Comorbidity Index (CCI) were the key factors affecting
lung adenocarcinoma survival. It could be helpful for patients’ diagnosis and prognosis. In addition, the
identified key factors could be useful to select patients for suitable treatment strategies to prolong their
survival duration.
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Role of Myc in Prognostic Outcomes of Renal Cancers
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Abstract
Renal cell carcinoma (RCC) refers kidney chromophobe, kidney renal clear cell carcinoma and
kidney renal papillary cell carcinoma mainly. Mutations, deletions, and epigenetic
modifications all have a role in signalling network modification, tumour pathophysiology, and
prognosis of RCC. Most types of kidney cancer do not respond well to traditional
chemotherapy that’s why use of newer and different treatments, such as immunotherapy and
targeted therapy is important. Myc is an early serum response gene and overexpressed in up to
75% of all malignancies. It is a family of regulatory genes and protooncogenes which codes
for transcription factors. Many genes involved in cell cycle progression, cell death,
proliferation, and metabolism are controlled by Myc. Although previous reports reflect the
importance of Myc in both initiation and maintenance of tumorigenesis, a detailed study is
required for its cancer specific expression status in different types of renal cancers and
prognostic value to establish it as a potential clinical biomarker. Present study is mainly
focussed on study of Myc in different types of renal cancers and aimed to obtain the cancer
specific role by analysing and comparing computational methods. Myc expression was related
to poor patient survival in survival in. Similarly, expression analysis and co-expression analysis
of Myc also reflects correlation between Myc expression in different types of RCC. Further,
higher Myc expression was associated with mutant form of prominent tumour suppressor genes
of kidney cancer like SETD2 and VHL and poor survival eventually. However, protein-protein
interaction analysis results in clusters of highly interconnected genes and functional enrichment
analysis validates that these genes are related with signaling pathways and cancer related
pathways in kidney renal clear cell carcinoma only. Our results reveal that expression of Myc
is different in different types of cancer which is subsequently related with disease pathology
and it is a significant biomarker for renal cancers diagnosis as well as a potential target for anticancer drug development.
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Inverse Weighting Method with Jackknife Variance Estimator
for Differential Expression Analysis of Single-Cell RNA
Sequencing Data

Lingjie Zhou∗, Qing Pan

Department of Statistics, The George Washington University, Washington, DC 20052, USA

Abstract
Single-cell RNA sequencing (scRNA-seq) data exhibit an unusual abundance of zero counts
with a considerable fraction due to the dropout events, which introduces challenges to
differential expression analysis. To correct biases in differential expression due to the
informative dropouts, an inverse non-dropout- probability weighting method is proposed given
that the dropout rate is neg-atively dependent on the underlying gene expression magnitude in
scRNA-seq data. The weights are estimated using the maximum likelihood method where
dropout values are integrated out using the Gauss-Hermite quadrature. Linear, generalized
linear and mixed regressions with the estimated weights are fitted on original or transformed
scRNA-seq data. Variances of coefficient estimators from the weighted regressions are
estimated using the jackknife method. Extensive simulation studies are carried out to compare
the proposed method to five cutting-edge methods (Limma, edgeR, MAST, ZIAQ and
scImpute), where the proposed method performs among the best under all scenarios in terms
of AUC, sensitivity, specificity and FDR. Rate of detecting true positives is examined for the
proposed method and five comparison methods using mouse embryonic stem cells and
fibroblasts where differentially expressed (DE) genes detected in bulk RNA-seq data on the
same set of genes under the same conditions from independent source serve as true positives.
Specificity is compared for these methods on true negative data by random splitting of a real
dataset. Furthermore, the proposed method is illustrated on a lineage study where cells in the
same embryo are correlated and genes differentially expressed between cell division lineages
are identified.
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Abstract
Gene expression analysis of samples with mixed cell types only provides limited insight to the
characteristics of specific tissues. In silico deconvolution can be applied to extract cell type
specific expression, thus avoiding prohibitively expensive techniques such as cell sorting or
single-cell sequencing. Non-negative matrix factorization (NMF) is a deconvolution method
shown to be useful for gene expression data, in part due to its constraint of non-negativity.
Unlike other methods, NMF provides the capability to deconvolve without prior knowledge of
the components of the model. However, NMF is not guaranteed to provide a globally unique
solution. In this work, we present FaStaNMF, a method that balances achieving global stability
of the NMF results, which is essential for inter-experiment and inter-lab reproducibility, with
accuracy and speed. Results: FaStaNMF was applied to three datasets with known ground truth,
created based on publicly available data or by using our simulation infrastructure, RNAGinesis.
We assessed FaStaNMF on three criteria – speed, accuracy, and stability, and it favorably
compared to the standard approach of achieving reproduceable results with NMF. We expect
that FaStaNMF can be applied successfully to a wide array of biological data, such as different
tumor/immune and other disease microenvironments.
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Selecting Potential Biomarker Genes related to Antimicrobial
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Abstract
Background:
Understanding genes and their underlying mechanisms is critical in deciphering how antimicrobialresistant (AMR) bacteria withstand detrimental effects of antibiotic drugs. At the same time the genes
related to AMR phenotypes may also serve as biomarkers for predicting whether a microbial strain is
resistant to certain antibiotic drugs. The most common approach for extracting AMR genes is through
gene database comparison. The database-based approaches, however, can only check the existence of
candidate AMR genes but may not be able to pinpoint the most critical ones. Even
though machine learning feature selection approaches are very commonly used to identify genes more
relevant to AMR phenotypes, most state-of-the-art feature selection approaches may return too many
genes, prohibiting systematic investigation into how these genes may be relevant to AMR profiles. It is
thus critical to identify and pinpoint genes that may be most crucial for AMR pathogens.
Results:
To computationally identify potential AMR biomarker genes, we developed a Cross- Validated Feature
Selection (CVFS) approach for robustly selecting genes related to AMR activities from bacterial pangenomes. The core idea behind the CVFS approach is interrogating features among non-overlapping
sub-datasets to ensure the representativeness of the features. By randomly splitting the dataset into
disjoint sub-parts, conducting feature selection within each sub-part, intersecting the features shared by
all sub-parts, the CVFS approach is able to achieve the goal of extracting the most representative
features for yielding satisfactory AMR activity prediction accuracy. By testing this idea on a Salmonella
enterica pan-genome dataset, we showed that this approach is able to extract the most representative
features that predict AMR activities very well, indicating the potential of these genes as AMR biomarker
genes. The functional analysis demonstrates that the CVFS approach is able to extract both known AMR
genes and novel ones, highlighting the potential of the selected genes to significantly expand the
antimicrobial resistance databases.
Conclusions:
The CVFS approach was demonstrated to be highly effective in mining potential AMR genes from pangenome. We hope that this approach can help elucidate and pinpoint more promising candidate AMR
biomarkers for rapid AMR strain identification and assisting downstream validation and analysis.
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GCDM: Genetic Co-expression Diffusion Maps Using Optimal
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Abstract:
Dimensionality reduction is one of the workhorses in the single-cell RNA sequencing (scRNAseq) data analysis pipeline. It constitutes the first step of many scRNA-seq data analysis
algorithms, particularly algorithms for clustering and trajectory inference. Although many
methods have been proposed recently, these methods concentrate on the similarities between
individual cells given by Euclidean distances. Due to a large number of drop-out observations,
the similarity may not reflect the actual closeness of cells. Besides, the existing methods do not
incorporate the genetic co-expression information into the process. We present Genetic Coexpression Diffusion Maps (GCDM), a dimensionality reduction method based on Diffusion
Maps, designed to incorporate gene co-expression information from local genetic networks by
employing Gromov-Wasserstein distance for graphs. The similarities are calculated by the
distance between genetic networks in single cells. To examine the performance of GCDM
rigorously, we compare its accuracy with three state-of-art dimensionality reduction methods
using a total of 13 single-cell datasets in clustering and trajectory inference tasks. Numerical
results show that our proposed GCDM algorithm is an effective method for dimensionality
reduction with very good accuracy and robustness properties. Software available at
https://github.com/oscarrt/gcdm.
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Abstract
Background:
Promoters, non-coding DNA sequences located at upstream regions of the transcription start site
of genes/gene clusters, are essential regulatory elements for the initiation and regulation of
transcriptional processes. Furthermore, identifying promoters in DNA sequences and genomes
significantly contributes to discovering entire structures of genes of interest. Therefore, exploration
of promoter regions is one of the most imperative topics in molecular genetics and biology. Besides
experimental techniques, computational methods have been developed to predict promoters. In this
study, we propose iPromoter-Seqvec – an efficient computational model to predict TATA and nonTATA promoters in humans and mice using the bidirectional long short-term memory neural
networks in combination with sequence-embedded features extracted from promoter sequences.
Results:
The promoter and non-promoter sequences were retrieved from the Eukaryotic Promoter database
and then were refined to create four benchmark datasets for humans and mice. The area under the
receiver operating characteristic curve (AUC-ROC) and the area under the precision-recall curve
(AUC-PR) were used as two key metrics to evaluate model performance. Results on independent
test sets show that iPromoter-Seqvec outperformed other state-of-the-art methods with AUC-ROC
values ranging from 0.85 to 0.99 and AUC-PR values ranging from 0.86 to 0.99. Models predicting
TATA promoters in both species have slightly higher predictive power compared to those
predicting non-TATA promoters. With a novel idea of constructing artificial non-promoter
sequences based on promoter sequences, our models were able to learn highly specific
characteristics discriminating promoters from non-promoters to improve predictive efficiency.
Conclusions:
iPromoter-Seqvec is a stable and robust model for predicting promoters, and it showed better
performance in most evaluation metrics when compared with other state-of-the-art methods.
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Abstract
DNA promoters are crucial for precise regulation of gene expression, while their identification
and strength prediction are challenging because of their free distribution and tremendous
number of similar fractions in the genome. Although several bioinformatics tools have been
developed, short-falls in these models remain, and their performances need further
improvement. Also, there has been no detailed investigation of transformer natural language
processing (NLP) model to improve this predictive performance. In the present study, a twolayer predictor was proposed based on BERT pre-trained model for identifying promoters
(promoters or not) and their activities (strong and weak). More specifically, to build an efficient
model, a pre-trained Bidirectional Encoder Representations from Transformers (BERT) model
was employed to extract features from DNA sequences, and these features were assessed by
SHapley Additive exPlanations (SHAP) analysis to look at the top-rank ones. Subsequently,
the top features were inserted into different machine learning models to predict the outcomes.
In the experiment, our final model achieved an accuracy of 85.5% and 76.9% for identifying
promoters and their strength, respectively. The performance results also indicated that the
proposed model outperformed state-of-the-art available toolkits. BERT-Promoter is freely
available at https://github.com/khanhlee/bert-promoter.
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Joint feature learning for Cell Segmentation Based on Multiscale Convolutional U-Net
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Hangzhou, 310023, P.R. China.
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Abstract
Owing to the variable shapes, large size difference, uneven grayscale and dense distribution
among biological cells in a microscopic image, it is still a challenging task for the cell
segmentation problem. In this paper, we proposed a joint feature learning method by integrating
the density and edge branches into the Multi-scale Convolutional U-Net (MC-Unet). The
density and boundary losses are constructed to guide jointly learning multiple features by
strengthening the supervision information of cell density and edge. The density loss branch can
solve the challenge caused by the high density, while the boundary loss branch can deal with
the problems of unclear cell boundary and partial cell occlusion. The main segmentation loss
and the two auxiliary branches are weighted to construct a multi-mask learning instead of the
single task learning in MC-Unet. Finally, a series of comparison and ablation experiments are
conducted on different datasets. The results show the proposed method is effective, and can
achieve better segmentation performance than current some popular methods. The ablation
results show that the two auxiliary branches can also improve the learning efficiency in the
feature space, especially for the density and edge features.
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Abstract
Chromosome karyotyping analysis is a vital cytogenetics technique for diagnosing genetic and
congenital malformations, analyzing gestational and implantation failures, etc. Since the
chromosome classification as an essential stage in chromosome karyotype analysis is a highly
time-consuming, tedious, and error-prone task, which requires a large amount of manual work
of experienced cytogenetics experts. Many deep learning-based methods have been proposed
to address the chromosome classification issues. However, two challenges still remain in
current chromosome classification methods. First, most existing methods were developed by
different private datasets, making these methods difficult to compare with each other on the
same base. Second, due to the absence of reproducing details of most existing methods, these
methods are difficult to be applied in clinical chromosome classification applications widely.
To address the above challenges in the chromosome classification issue, this work builds and
publishes a massive clinical dataset. This dataset enables the benchmarking and building
chromosome classification baselines suitable for different scenarios. The massive clinical
dataset consists of 126,453 privacy preserving G-band chromosome instances from 2,763
karyotypes of 408 individuals. To our best knowledge, it is the first work to collect, annotate,
and release a publicly available clinical chromosome classification dataset whose data size
scale is also over 120,000. Meanwhile, the experimental results show that the proposed dataset
can boost performance of existing chromosome classification models at a varied range of
degrees, with the highest accuracy improvement by 5.39 percentage points. Moreover, the best
baseline with 99.33% accuracy reports state-of-the-art classification performance. The clinical
dataset
and
state-of-the-art
baselines
can
be
found
at
https://github.com/CloudDataLab/BenchmarkForChromosomeClassification.
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Abstract
Metagenomics has enabled culture-independent analysis of micro-organisms present in environmental samples. Metagenomics binning, which involves the grouping of contigs into bins
that represent different taxonomic groups, is an important step of a typical metagenomic
workflow followed after assembly. The majority of the metagenomic binning tools represent
the composition and coverage information of contigs as feature vectors consisting of a large
number of dimensions. However, these tools use traditional Euclidean distance or Manhattan
distance metrics which become unreliable in the high-dimensional space. We propose CH- Bin,
a binning approach that leverages the benefits of using convex hull distance for binning contigs
represented by high dimensional feature vectors. We demonstrate using experimental evidence
on simulated and real datasets that the use of high dimensional feature vectors to represent
contigs can preserve additional information, and result in improved binning results. We further
demonstrate that the convex hull distance-based binning approach can be effectively utilized
in binning such high-dimensional data. To the best of our knowledge, this is the first time that
composition information from oligonucleotides of multiple sizes has been used in representing
the composition information of contigs and a convex-hull distance-based binning algorithm
has been used to bin metagenomic contigs. The source code of CH-Bin is available at
https://github.com/kdsuneraavinash/CH-Bin.
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Abstract
Anywhere between 5% to 30% of pregnancies worldwide – depending on the population and
screening or diagnostic criteria used – are affected by gestational diabetes mellitus (GDM).
The gold standard today to confirm whether a patient is suffering from GDM, is the oral glucose
tolerance test (OGTT) which is conducted during weeks 24-28 of pregnancies. The values of
glucose, insulin, and GLP-1 collected in it at time instants t=0 min and t=120 mins are used to
deduce whether the patient is suffering from GDM but the test has poor acceptability and
reproducibility. It is well understood that the peak values of these 3 variables and the time
interval over which these exceed certain thresholds are critical parameters in understanding the
severity of GDM. We present new results on the synthesis of predictive machine learning
models using the values of glucose, insulin and GLP-1 collected during the first 30 minutes of
the OGTT. Using these values as the predictors, we develop novel machine learning models
for regression and classification purposes. Our models predict (i) the peak values of these
variables, (ii) the excess values over certain thresholds, and (iii) the time intervals over which
these values exceed those thresholds. These results are useful in developing insight into the
combined roles of GLP-1, insulin, and glucose in GDM-affected pregnancies. Our algorithms
are implemented on the GDM dataset collected by us during 2014–2016 in a prospective
detailed study with a nested case-control component among pregnant women in two hospitals
of the West Midlands, U.K. To obtain better predictive models, we first improve upon the
standard random forest regressor by adding an innovative bias correction. We then introduce a
modified k-means clustering algorithm and use it to drive the modified random forest classifier.
We observe that the resulting predictive model gives the best classification performance on
whether a patient is suffering from GDM or not. But to predict the peak values of glucose and
GLP-1 over the 2-hour interval, a much simpler Linear Regression model gives the best
performance.
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