Chapter 18 )
Analyzing Multi-Omic Data Shethie
with Integrative Platforms

Yan Zou

Abstract The exponential growth of molecular data put up a new challenge to
the biologists. The difficulty in data storage, processing, transmission, connection,
and the demand for multi-omic data analysis motivates scientists to set up inte-
grative platforms and workflows. Here we introduce some prominent integrated
bioinformatics platforms. Among them, Galaxy will be carefully discussed for its
development, core values, flexible workflows, and relevant framework applications.

Keywords Multi-omic - Integrative platform - Galaxy

18.1 Integrating Diverse Tools into Bioinformatics Platforms

The availability of high-throughput sequencing technologies and high-resolution
mass spectrometry in genomics, transcriptomics, proteomics, metabolomics, and
phenomics promotes a large-scale multi-omic data complex. The information
content is higher in integrated analysis, which requires connecting and comparing
data in different omics, than in any of the molecular levels studied separately.
The exponential growths of molecular data, however, put up a new challenge
for biologists. The storage, processing, transmission, connection, and analysis of
these data complex demand the use of disparate software programs and require
computational resources beyond the capacity of many biological laboratories (Chen
and Hofestiddt 2014; Boekel et al. 2015). Furthermore, disparate software requires
extra training time when a new analysis is conducted and standardizing diverse data
formats into the identical one that program requests bring further inconvenience. For
these reasons, multi-omic platforms are emerged to embrace the complexity that is
associated with the exponentially increasing amounts of data.
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Some prominent software platforms have already shown their merits in coping
with these problems. Some are compatible with all data regions, and some are
specially designed for specific regions, such as cancer, plant cells, and viruses.

18.1.1 General Integrative Platforms and Workflows

Most bioinformatics tools used in genomics, transcriptomics, and proteomics are set
in programming and command-line environments, which can be time-consuming
and complex for researchers to get started. Ideal platforms and workflows such
as Galaxy, Taverna, and Snakemake are created to meet the urgent need for the
interactive analyses of big biological data.

18.1.1.1 Galaxy

Galaxy is a scientific workflow, data integration, and data and analysis publishing
web-based platform established in 2005 (Blankenberg et al. 2011). Its graphical
query interface combined with customized data storage can simplify the process
Schatz (2010). Its development, core values, and flexible workflows will be carefully
discussed in Sect. 18.2.

18.1.1.2 Snakemake

Snakemake (available in https://snakemake.readthedocs.io/en/stable/) is a Python-
based scalable bioinformatics workflow engine published in 2012. It can scale from
single-core workstations to compute clusters without modifying the workflow. It
is the first system to support the use of automatically inferred multiple named
wildcards (or variables) in input and output filenames (Koster and Rahmann 2018).
Interaction between Snakemake and those installed in local or web-based tools
is also available when both support the input and output data formats. In recent
years, some Snakemake extensions, such as RASflow (Zhang and Jonassen 2020)
and Sequanix (Desvillechabrol et al. 2018), build modular analysis workflow and
establish graphical interfaces to help Snakemake be more flexible and user-friendly.

18.1.1.3 Taverna

Taverna (available in https://incubator.apache.org/projects/taverna.html) is a tool for
the composition and enactment of bioinformatics workflows. Taverna includes a
workbench application that provides a graphical user interface for the composition
of workflows (Oinn et al. 2004). Scientists can organize their workflows in a new
language called the simple conceptual unified flow language (Scufl). It can integrate
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with the bioinformatics resource shared as Web services among the community.
Taverna and Galaxy, two workflow systems widely accepted and applied by the
bioinformatics community, can also be integrated into a single environment, Tavaxy
(available in https://www.tavaxy.org/) (Abouelhoda et al. 2012).

18.1.2 Integrative Platforms for Specialized Data

Some integrative platforms are specially established for analyzing data from
specific regions, such as cancer, virus, plants, and fungi. Combined with gene and
protein expression with signaling pathways and cell characteristics, these platforms
contribute professional and accessible means for biologists to process data.

18.1.2.1 Combine Integrative Platforms with Clinical Data for Cancer
Research

Distinct signaling pathways and altered molecular functions in cancer cells and clus-
ters are displayed in the integrated analyses of molecular data. The platforms built
specifically for cancer cell data analysis allow cancer researchers to interactively
explore altered gene sets and signaling pathways (Gao et al. 2013). What makes the
platforms driven by cancer cell studies distinguished is their strong connection with
clinical outcomes and potential. Genomic, metabonomics, and clinical data might be
used to identify novel patient subgroups. Clinical therapy can be tailored for each
patient when statistical models are produced and treatment strategies are evaluated
based on stratified patient groups (Kristensen et al. 2014).

The cBioPortal for Cancer Genomics (cBioPortal, http://cbioportal.org) is one
of the widely used integrative platforms specialized for analyzing cancer-related
data. The cBioPortal is established for integrative analysis of cancer genomics
and clinical patient profiles. With 15 provisional TCGA (The Cancer Genome
Atlas) datasets and other open datasets contained, the web-based cBioPortal is
uniquely designed to store every single data in the gene level and combine these
data with available de-identified clinical data. The fundamental abstraction of this
platform is the concept of altered genes (Cerami et al. 2012), which is used
to help users simplify the mixed and complicated current datasets and develop
genomic hypotheses proceeding from genetic alterations across samples, genes, and
pathways.

Among other platforms targeted in cancer cell research, Web-TCGA can
uniquely provide methylation analyses (Deng et al. 2016); Firebrowse (http://
firebrowse.org/) can also characterize and identify genomic patterns in human
cancer models through visual and programmatical tools.
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18.1.2.2 Specialized Integrative Platforms in Other Fields

Integrative platforms that focus on particular fields integrate with the other database
resources in their domains for further research convenience. Integrating bioin-
formatics resource for fungi and oomycetes, FungiDB (fungidb.org) is a free
online platform for data mining and functional genomics analysis which combines
Eukaryotic Pathogen Genomics Database Resource (Basenko et al. 2018).

Scientists also use bioinformatics platforms as a tool for international coop-
eration in urgent issues. For the pharmaceutical development and antiviral drug
prediction for the COVID-19 virus, Virus-CKB (https://www.cbligand.org/g/virus-
ckb) is developed as a viral-associated disease-specific chemogenomics knowledge-
base (Virus-CKB), which describes the chemical molecules, genes, and proteins
involved in viral-associated diseases regulation (Feng et al. 2021).

18.2 Galaxy: A Widely Accepted General Bioinformatics
System

18.2.1 Introduction

As has been mentioned in Sect. 18.1.1.1, Galaxy is a bioinformatics scientific
workflow and data analysis platform, which is created in 2005. It is developed by the
Galaxy team at Penn State, Johns Hopkins University, Oregon Health and Science
University, and the Galaxy Community using Python language.

Galaxy was initially set up for genomics and transcriptomics data analysis
from the very beginning. Nevertheless, with the maturation of proteomic and
metabolomic technologies, multi-omic applications started to emerge after a few
years since the Galaxy was created. Now it has assembled tools in multiple domains,
such as gene expression, proteomics, epigenomics, and transcriptomics. It also
contains cross-domain tools, including ecology, climate science, and computational
chemistry. More than 7500 tools (Jalili et al. 2020) have been contributed to the
Galaxy ToolShed till January 2020.

Galaxy now has a prosperous scientific community. The community keeps
organizing conferences and meetings with Galaxy-related content and sharing tool
tutorials in The Galaxy Training Network. With more than 9000 total publications,
including over 7500 journal articles, 500 books, and 400 conference papers by 2020
(Jalili et al. 2020), this free and open-source platform has created a community for
biology researchers.
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18.2.2 How to Use Galaxy

Researchers can directly use the workspace of the Galaxy platform to conduct data
analysis. Galaxy can be operated both on the web and locally. Between them, the
webpage is more welcomed for its convenience.

As shown in Fig. 18.1, the webpage workspace of Galaxy is separated into four
parts. Right on the top of the website is the navigation bar, which provides users
with easy access to data processing, including analyzing, workflows, visualization,
and user function for sharing data and tutorials. On the left is the analysis tool panel
in which users can apply tools to their data. The component in the middle is the
detail interface, where users set up and adjust different datasets, features, and filters
for analysis. The history panel on the right of the workspace shows the status of
the generation of the datasets. Users can also search the analysis history and extract
workflows from the histories.

Users can create workflows based on their data analysis process. A workflow is a
series of tools and dataset actions that run in sequence as a batch operation (Goecks
et al. 2010). In Galaxy, workflows can be created from scratch using the workflow
editor or generated from the analysis already completed in history Blankenberg et
al. (2010). A successfully designed workflow can be continuously reused for the
future analysis, enhancing reproducibility by applying the same methods to all of
the users’ data.
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Fig. 18.1 The web-based workspace of the Galaxy platform. In the left column, users can choose
the genomic tools. The detailed analysis content will be shown in the middle. The analysis history
is in the right column, and users can search datasets using the search bar at the top of the panel
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18.2.3 Key Requirements in Designing Galaxy

For most researchers, the use of disparate software programs and extra software
training demands time and effort. The required computational resources sometimes
will reach out of the capacity of most biological research laboratories. The ideal
platform should meet these scientists’ basic needs and keep the platform vibrant and
easy to use. Five characteristics are crucial for building a thriving platform, includ-
ing the flexibility to accommodate constantly evolving data types and emerging
software across omics domains, reproducibility, open and free access, and long-term
sustainability (Boekel et al. 2015).

Flexibility is the first general need that the developers plan to meet. Specifi-
cally, the platform needs to be open, extendable, and amenable to heterogeneous
computing environments. To resolve this issue, the developer group has combined
Linux-based software with Windows-based software to ensure that the platform
could function well in multiple working environments.

Another distinct requirement for the platform is that it should have the ability
to operate complex and multistep workflows automatically with different software.
The platform can use quality control methods to evaluate the tool quality and
integration efficiency.

The compatibility in high-performance computing and cloud environments
makes the platform scalable to the established sequencing databases. Its large-
memory allocation is integrated with multiple storage infrastructures.

One of the crucial characteristics for a bioinformatics platform to expand
its lifespan is its community sharing. The publication and sharing of complete
workflows not only promotes the dissemination and reproducibility of the workflows
but also enhances the transparency of the data and its processing. The attention to
data provenance also guarantees this.

The last essential requirement for building the desired platform is the wide
adaption and sustainable user-friendly interface. Its web-based graphical user inter-
face lowers the difficulty for the researchers with limited computational expertise
to operate. The platform is sustained by the scientist’s community rather than a
single developer group, and each developer can publish their software and designs
of workflows on their own.

18.2.4 Applications Based on Galaxy Platform

Some data analysis applications derived from Galaxy emerge to resolve typical
questions. Here we introduce three applications of Galaxy: Cistrome, a new
integrative platform based on Galaxy frameworks; RepeatExplorer, a computational
pipeline or component aiming at repetitive DNA; and CloudMan, a cloud resource
management system, as well as BioBlend, an automating pipeline analyses within
Galaxy and CloudMan.
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18.2.4.1 Cistrome: Galaxy-Based Integrative Platforms for
Transcriptional Regulation

Chromatin immunoprecipitation (ChIP) combined with microarrays (ChIP-chip)
and ChIP combined with NGS (ChIP-seq) are used for identifying cistromes, which
refers to the set of cis-acting targets of a trans-acting factor on a genome-wide scale.
However, the analysis of cistrome data requires both the hardware resources from
the lab and the computational skills of the researchers to achieve the analyzing
algorithms.

Under the conditions above, Cistrome (http://cistrome.org/ap/) has been built
to provide a flexible bioinformatics workbench. Cistrome, an integrative platform
for transcriptional regulation studies, is specifically designed for downstream
data analysis accompanied by ChIP-chip or ChIP-seq technologies and includes
fundamental analyses from peak calling to motif detection (Fig. 18.2).

To accomplish this, Galaxy framework provides a user-friendly, reproducible,
and transparent workbench, on which the scientists can share, incorporate, and
publish their data. Furthermore, its infrastructure makes each Cistrome tool to
remember the run-time parameters in the server (Liu et al. 2011).

_ Galaxy [ Cistrome

e = () An introduction vides of Clstroms Analysis Pipsling

& short IFrDOUCEion oUt the Cistrome AP, Piaate fnd the youtube vides Deisw TV Dag. oeytes A Y

Imeoit Dats 2010.5.3 Server Maintenance
Data Praprocessing

Gane Exprassion

Integrative Anabysis

Liftower/ Others

GALAXY TOOLBOX
Gat Data

Text Manipulation

Filter and Sort

Join, Subrtract and Group
Convert Formats

Extract Features ) welcoms to Galawy/ Cistrome!
Fetch Sequences

Operate on Genomic Intervals
Statistics

Graph/ Display Data

Regional Yariation

Multipls regressien
Multivariate Analysis

and tust for our Cistroma AP te, which 1§ Sesed on Galany, & Metatarver for intagrative
. Flesse check Dur Project wte st Bithucket for mare information

D Server Maintenance Palicy

TOOLBOX BETA
NGS: SAM Tools
NGS: RNA Analysis
Send Data
Workflows

<

>

Fig. 18.2 The web-based workspace of the Galaxy/Cistrome platform. In the left column, users
can choose the available tools. The messages, tool options, and detailed analysis content will be
shown in the middle. The analysis history is in the right column
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18.2.4.2 RepeatExplorer: A Computational Pipeline for Characterization
of Repetitive Elements

Repetitive DNA makes up a large part of eukaryotic nuclear genomes. The accurate
quantification and sequence characterization of repetitive DNA is complex for
most researchers due to the restricted computational resources and the lack of
professional analyzing tools.

With the new approach for global repeat analysis developed by Novak et al.
(Novék et al. 2010) and the availability of high-throughput sequencing data, Novak
et al. developed a pipeline named RepeatExplorer (http://repeatexplorer.umbr.cas.
cz/) for genome-wide characterization of eukaryotic repetitive elements from next-
generation sequence reads (Novak et al. 2013).

The main component of RepeatExplorer is the clustering pipeline, which per-
forms all-to-all similarity comparisons of sequence reads followed by their graph-
based clustering to identify groups of reads derived from repetitive elements.

Galaxy platform provides the adaption for the tools of the RepeatExplorer
pipeline. These tools can be recombined to form specialized workflows. The Galaxy
platform also facilitates easy execution, documentation, and sharing of analysis
protocols and results.

18.2.4.3 CloudMan and BioBlend: A Cloud Resource Management
System and an Automating Pipeline Analyses within Galaxy
and CloudMan

With the availability of high-throughput sequencing data and the robust research
future of analyzing sequence data, the computational infrastructure and support
have gradually been a problem for researchers whose laboratory cannot reach the
requirement in computing. Cloud computing, a computational model, is potential in
the analysis of high-throughput sequencing data. However, the established projects
are only targeted at specialized problems and are unsuitable for various computing
circumstances.

CloudMan is an integrated solution that the researchers could create and control
fully functional compute clusters with existing tools and packages provided on cloud
resources. The intricacies of cloud computing resource acquisition, configuration,
and scaling could be conducted on Amazon’s EC2 cloud infrastructure, and a
personal computing cluster will be produced in minutes. (Afgan et al. 2010). The
researchers have embedded Galaxy CloudMan on top of the Bio-Linux workstation
machine image and integrated it with Galaxy.

BioBlend (http://bioblend.readthedocs.org/) is a unified API in a high-level
language that wraps the functionality of Galaxy and CloudMan APIs (Sloggett et al.
2013). It is easier for researchers to automate end-to-end large data analysis using
BioBlend, due to the convenient access for large datasets in the familiar Galaxy
environment and the computing infrastructure provided.
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