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- One of three leading causes of deaths

Death in the United States
Johns Hopkins University researchers estimate that medical error is now the third
leading cause of death. Here's a ranking by yearly deaths.
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Heart disease 614,348
Cancer 591,699
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. Medical error _ 251,454 .
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Respiratory disease 147,101
Accidents 136,053
Stroke 133,103
Alzheimer's 93,541
Diabetes 76,488
Flu/pneumonia 55,227
Kidney disease 48,146
Suicide 42,773
Source: National Center for Health Statistics, BMJ THE WASHINGTON POST
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Articles in PMC - NCBI

Medication error: Over 200,000
Delayed treatment: Over 600,000
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Rutgers Researchers Use Artificial
Intelligence to Predict Cardiovascular
Disease
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Precision medicine applications in prostate cancer

Aided by developments in diagnostics and therapeutics,
‘ healthcare is increasingly moving toward precision
medicine, in which treatment is customized to each ind...

Understanding Health Better Will Take "All of Us"
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Genomic study brings us closer o precision medicine for type 2 diabetes

Genomic study brings us closer to precision medicine for type 2 dlab...

Most patients diagnosed with type 2 diabotes are treated with & “ono-size-
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FDA approves ‘precision medicine’ drug for dferent cancers with same mutation

isted as one of the 10 health IT happenings that
is thankful for in 2018. Check out all the other great innovations,

X
)

v

tech, and trends featured:

The Future of Precision

Medicine

[rr—

No One-Size-Fits-All Artificial
Intelligence Approach Works for

£

v

Prevention, Diagnosis or Treatment Using
Precision Medicine

10 health IT happenings we're thankful for in 2018
From innovations and emerging technology to the promise of regulatory relief
for hospitals, healthcare has plenty 10 be grateful for this week and yoar



“Doctors have always recognized that every patient is
unigue, and doctors have always tried to tailor their
treatments as best they can to individuals. You can match a
blood transfusion to a blood type — that was an important
discovery. What if matching a cancer cure to our genetic
code was just as easy, just as standard? What if figuring out
the right dose of medicine was as simple as taking our
temperature?”

President Obama, January 30, 2015

Precision Medicine Initiative

Institute for Health, Health Care Policy and Aging Research
Rutgers University-New Brunswick Rutgers Biomedical and Health Sciences
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Healthcare Data and Precision Medicine
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Integrating Sequence Data and Precision Medicine
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Personalized Predictive
Treatment A portion of DNA Permanent alteration of DiagnOStiC

molecule that serves as the nucleotide sequence
the basic unit of heredity. of the genome.
Genes Mutations
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SNPs

DNA sequence variation
occurring in a single
nucleotide — A (Adenine),
C (Cytosine), G (Guanine),
T (Thymine).

Transcripts

Protein sequence
transcribed from DNA
that forms different
types of RNA and
protein.
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Briefings in Bioinformatics, 21(3), 2020, 885-905

doi: 10.1093/bib/bbz038
Advance Access Publication Date: 11 April 2019
Review article

100 Years of evolving gene—disease complexities and

scientific debutants

Saman Zeeshan*, Ruoyun Xiong*, Bruce T. Liang and Zeeshan Ahmed

Corresponding author. Zeeshan Ahmed, Department of Genetics and Genome Sciences, School of Medicine, University of Connecticut Health Center, 263
Farmington Ave, Farmington, CT 06032, USA. Tel.: +1-860-679-2643; Fax: +1-860-679-8345; E-mail: (zahmed@uchc.edu)

*These authors are equally contributing first authors.

Abstract

It's been over 100 years since the word ‘gene’ is around and progressively evolving in several scientific directions.
Time-to-time technological advancements have heavily revolutionized the field of genomics, especially when it’s about, e.g.
triple code development, gene number proposition, genetic mapping, data banks, gene-disease maps, catalogs of human
genes and genetic disorders, CRISPR/Cas9, big data and next generation sequencing, etc. In this manuscript, we present the
progress of genomics from pea plant genetics to the human genome project and highlight the molecular, technical and
computational developments. Studying genome and epigenome led to the fundamentals of development and progression of
human diseases, which includes chromosomal, monogenic, multifactorial and mitochondrial diseases. World Health
Organization has classified, standardized and maintained all human diseases, when many academic and commercial online
systems are sharing information about genes and linking to associated diseases. To efficiently fathom the wealth of this
biological data, there is a crucial need to generate appropriate gene annotation repositories and resources. Our focus has
been how many gene-disease databases are available worldwide and which sources are authentic, timely updated and
recommended for research and clinical purposes. In this manuscript, we have discussed and compared 43 such databases
and bioinformatics applications, which enable users to connect, explore and, if possible, download gene-disease data.

Key words: gene; disease; databases; bioinformatics; precision medicine

Introduction

Despite all of the scientific knowledge, much of medicine is
still based on the treatment of symptoms and performing
learned trials based on treatments, which works for most
patients. Genetic research is assisting in producing tailored
solutions to each individual, rather than what works for the
average population, and understanding who is at risk for
critical diseases like diabetes, high blood pressure or cancer.
The variability in human genome sequence is a result of
the biological code responsible for the development and
functioning of a human being [1-6]. The complexity of human
deoxyribonucleic acid (DNA) is a measure of the information
contained within the DNA, and the maximal information
possible in a solution of genomic DNA purified from a tissue
or cell is equivalent to the total number of base pairs (bps)

present in the haploid genome [7-12]. The majority (~62%) of
the human genome comprises of intergenic regions, the non-
protein coding parts of the genome that lie between genes,
used to be called ‘junk DNA’, but now genome research over
the past few years has revealed functions associated with these
regions, suggesting that every part of the genome may have
some importance [13-23]. Intergenic DNA may also include
gene regulatory sequences [24-31], such as promoters [32-37],
enhancers [38-43] and silencers [44-46] that have yet to be
characterized. Ribonucleic acid (RNA) [47-54] is the transcribed
form of DNA and messenger RNA (mRNA) is the protein-coding
form of RNA [55,56]. Non-coding RNAs, such as transfer RNA
(tRNA) [S7-59], micro RNA (miRNA) [60-62], ribosomal RNA
(rRNA) [63-67] and long non-coding RNA (IncRNA) [68-71],
play various roles in the cell, from protein translation to gene
regulation.
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Today ‘

IN THE AGE oF ‘BIG SCIENCE’

THE GAP BETWEEN DATA AND THEORY

HAS GROWN EVEN WIDER. ENORMOUS AMOUNTS

OF TIME AND RESOURCES ARE INVESTED IN
MAPPING ANY SORT OF —OMES: GENOMES,

PROTEOMES, MICROBIOMES, CONNECTOMES.,.

OFTEN DRIVEN BY
STRONG COMMERCIAL
INTERESTS.
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Precision Medicine ?

How such heterogenous data can be
integrated, analyzed, and interpreted to
support precision medicine and translational
research in clinical settings and variable
research environments?



TRADITIONAL HEALTHCARE DATA ANALYTICS

ARTIFICIAL INTELLIGENCE IN PRECISION MEDICINE

Diagnostics

Healthcare
data

Treatment

Prescription medication

Research,

Analytics data Surgical treatment

Mental health intervention

Issues within healthcare: Misdiagnoses,
overtreatment, one size fits all approaches,
repetitive, decreased productivity, under-
utilized data, significant cost & spending.

Healthcare
systems

Clinical data \
Genomics data

Biomarkers
F Personalized
Transcriptomics data @
i Economical
Metabolomics data Dat EOEIOT R, N head
_ Integration Diagnostics
Lifestyle & other data
Machine o
Algorithms . Classifers Ahmed, et al. Artificial
8 .\Iear:V. intelligence with multi-
NGRS functional machine learning
.- 4 . L O platform development for
Supervised @ I ~'® Unsupervised better healthcare and
e precision medicine.
Deep

Database. Oxford Jr. 2020.



Artificial Intelligence (Al) & Machine Learning (ML) Application

1. Data Classification.

Labeled
input

Feature
extraction

Bl

o Of

Classification

Algorithm

A training a model utilizing a set of labeled data to distinguish between
positive and negative results e.g., determining if a biopsy sample is
cancerous or not.

2. Data Cluster.

Unlabeled
input

|

Algorithm

Features

o O
R

Determines

Groups

Meaning

A model utilized to determine if any distinctive patterns are present
without any determined outcome e.g., what is the prevalence of disease
recurrence in a certain population due to pollution or chemical spill.

3. Data Regression.

Labeled
input

Feature
extraction

B

o Ob

Algorithm

Predict continuous
variable on
unlabeled input

A predictive model used to examine and apply similar features obtained
from a labeled data set to another data to make an accurate prediction

e.g., how long before a patient is readmitted to the hospital following
his/her discharge.
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Artificial Intelligence (Al) & Machine Learning (ML) Application

Labels Raw
o ©®
o o ° o® L
- [ J ..
° L * o o . Training
° ° o
L °
o ® L)
e ° Learning
L L ° L4 e
o o e ® °
° L L) °
) ) . Algorithm(s)
Raw inputs reflecting non associated
illness and symptoms expressed by
one individual or distinct
population.
Following the application of machine learning
algorithms to multiple layers of data, we are able
to generate meaningful connection between q
& g . Modelling
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Evaluation & Analysis

Results
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- Which Al/ML approach/algorithm is appropriate?

RNA-seq E> Gene Expression Data I:> Exp. & Var. <:l Gene Variant Data <:J WGS/WES
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Artificial intelligence and machine learning
approaches using gene expression and
variant data for personalized medicine

Supervised MLMs

Introduction
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- Which Al/ML approach/algorithm is appropriate?

OXFORD

Artificial intelligence and machine learning
approaches using gene expression and
variant data for personalized medicine

Steys Vadsgull!, sbiba Abdethalim', Saman Zeeshan snd Zoeskan Absned

fled 2 ditle
dictive dlagnostics acsoss

Keywords: articial intelligence, machine Jearming, gene expoession, gene variant, poeditive analysis
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- Precision Medicine Project @ Ahmed Lab

1. Technology Development 2. Multi/Disease Research

I. High Performance & Secure Computing Frameworks
for secure clinical and multi-omics/genomics data acquisition, processing, modelling, integration,
sharing, and management.

Il. Biomedical Informatics Applications
for electronic healthcare records (EHR) extraction, transfer, loading (ETL), and analysis. Patient
recruitment, consenting, sample collection and management.

lll. Bioinformatics Tool, Scripts, and Pipelines
for standard multi-omics/genomics (e.g., expression, variant, enrichment, pathway, metabolic flux
etc.) data analysis and deep phenotyping.

IV. Artificial Intelligence (Al) and Machine Learning (ML) Approaches
for the identification of patterns revealing predictive and modifiable risk factors to support earlier
diagnosis of targeted disorders and sequela.
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- Multi/Disease Research @ Ahmed Lab

Death in the United States
Johns Hopkins University researchers estimate that medical error is now the third
leading cause of death. Here's a ranking by yearly deaths.

V] 100,000 200,000 300,000 400,000 500,000 600,000

Heart disease 614,348
Cancer 591,699
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. Medical error m 251,454 .
.IIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
Respiratory disease 147,101
Accidents 136,053
Stroke 133,103
Alzheimer's 93,541
Diabetes 76,488
Flu/pneumonia 55,227
Kidney disease 48,146
Suicide 42,773
Source: National Center for Health Statistics, BMJ THE WASHINGTON POST
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Atria
$ystole Diastole  Systole
; Ventricles
: Systole Diastole | Systole |

- Cardiovascular disease (CVD)

* Heart Failure (HF) and Atrial Fibrillation (AF) are among the most
common manifestations of CVD and contribute to about 45% of all
CVD deaths. (Dickinson et al., 2014)

* AFis an arrhythmic disorder in the atrium of the heart,
which can cause irregular heart rhythms. (Steerketal, 2017)

* HFis a chronic disorder, which weakens heart muscle and
affects the regular function of the heart impairing its ability
to pump enough oxygen-rich blood. (kalegirou et al., 2020)

Atrial Systole

* Due to the complex nature, progression, inherent genetic makeup, and heterogeneity in CVDs,
personalized treatments are critical for CVD patients.

* To improve the deciphering of CVD mechanisms, it will be necessary to systematically investigate known
and identify novel genes that are responsible for the CVD development.

* Studying genetic insight with the application of Artificial Intelligence (Al), Machine Learning (ML), and
state-of-the-art bioinformatics approaches can accelerate the processes of discovering disease causing
variants and decode genetics of complex phenotypes to predict, prevent, and treat CVD.
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. Cohort Building & MAV-clic

The CVD cohort include 40 male and 21 female individuals (n=61),
aged between 45 to 92, with self-described race (42 Whites, 7 Blacks or African
Americans, 1 Asian, and 11 of unknown race). In addition, the Pl has built a control
set, which included healthy individuals (n=10); 5 males and 5 females; out of which 9
were White race and 1 unknown race; aged between 28 to 78.

100

JAMEA Open, 201), 2019, 23-28
4o 10 10K amiaspanivays
Abvarce Access Pubhcation Date: 29 December MM s o oo

Database Notes
MAV-clic: g lysis, and visualization of
clinical data

Zeeshan Ahmed," Minjung Kim® and Bruce T. Liang”
'Deparament of Genenes and Geneme Sciences, insttute for Systems Genomcs, School of Medicne, Unwersty of Commecteut

. Neag
Medicine, Dinector Pat and Jim Cotosn Carsiology Ceme, Daan UCsnn Schonl of Medicise, Unversty of Conmactiont Hesth
Cartes farmgion. Cornacticet, USA

Correspanding Author: Zeeshan Amed, PhD, Assstant Professor & Assistast Orector Biondormatics Precision
Medicina Program, Department of Genetics ané Genome Sciences, School of Medicine, Universty of Consactcut Heath
Center, 400 Farmingtos Ave, Farmington, CT 06032, USA (ratmad@uchc oful

Faceiend 30 Jonuary 2O Revised 14 Dy 2011 Ecourial Docinon ) Nevanber 01K Accogond 22 Novenber 2018

ABSTRACT
mm 2 multitunctional analytics platiorm for efficient management and analysis of healthcare

mn—lm Analysis, and of Clinical Data
ance Portabifity and Accountabilty Act nmurwmmmwwmwlmw
MAV-clic exiracts, cleanses, A

graghical user intortace  anatysis,
Results: MAV-clic manages healthcare data foe over 800 000 subjects at UConn Health. Theee analytic capabil
tos of MAV-<lic inchude: craating codorts based on specific criteria; mmm-wuoi

Discussion: MAV-<lic supports dinicians and healthcare analysts by mmuum»mmm

Conclusion: MAV-Cic i foundad on the scientific premise that to imgrove the quality and transition of hesih
care, intogrative platforms are necessary to analyze elinical,
proteamics, and genomics data for precision medicine.

Koy weoeds: analyuis, database, dots mining, heathcars, HIPAA, mansgenert
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Sequence Data Generation

150,000,000

QC Report using PROMS-MED

125,000,000
100,000,000
75,000,000
$0,000,000

25,000,000

lllumina NovaSeq 6000-S4

W Reads M HQ Reads W HQ Reads% M SubSampled Reads%

3,000,000

- 2,500,000 |
2,500,000
. 2,000,000 {
2,000,000
30,000 1 4
1,500,000 500,000
G 1,000,000 1,000,000 1
b 500,000 500,000 |
o o R . sl

M Duplicates Aligned Genome M Aligned Transcriptome

1.50
1.26
1.00
0.75

0.50

175 100
751
75
50 |
50
\ 25 254
0.25
WGS ; o
&

I M Duplicates% Aligned Genome% W Aligned Transcriptome%

- )

I Insert Size Median I Insert Size Mean Il Std. Dev. I




RNA-seq Driven Gene Expression and Gene-Disease Annotation

 RNA-seq has become the most used method for gene
expression analysis

(J Gene expression analysis is a widely adopted method to
identify abnormalities in normal function and physiologic

regulation.

» Findable, accessible, interactive, and reusable (FAIR) - (AGp| Breast Cancer | 1008
bioinformatics platform for RNA-seq-driven variable and ¢ e eiiiic
complex gene-disease data annotation and expression EO VI
analysis with a dynamic heat map visualization. ICD10 | Alzheimer .cng

IcD10 | | D o,
> It supports transcriptomic profiling and expression A B
analyses to identify measure and compare genes and

transcripts in multiple conditions, and in different tissues

and individuals.

GVViZ



. GVViZ - RNA-seq Data Analysis

> > >

Sequence Data: Genome: Transcriptome:

' FASTQC
' Trimmomatic
' HISAT

. PICARD

' SAMTOOLS
. RSEM
. DB Loader

Ahmed, Z., et al. (2021). Advancing clinical genomics and precision medicine with GVViZ: FAIR bioinformatics platform for
variable gene-disease annotation, visualization, and expression analysis. Human Genomics. 15(1), 37. PMID: 34174938.



GVViZ - Demo and Download Information
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PRIMARY RESEARCH Open Access

Advancing clinical genomics and precision QQ,
medicine with GVViZ: FAIR bioinformatics -
platform for variable gene-disease

annotation, visualization, and expression

analysis

Zeeshan Ahmed'

®, Eduard Gibert Renart’, Saman Zeeshan® and XinQi Dong'?

Abstract
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- GVVil & Gene-disease annotation

Heart Failure

systolic_heart_failure
congestive_heart_failure
congestive_heart_failure]
congestive_heart_failure
congestive_heart_failure
diastolic_heart_failure
systolic_heart_failure
systolic_heart_failure;
congestive_heart_failure
systolic_heart_failure
diastolic_heart_failuref
congestive_heart_failure
systolic_heart_failure
systolic_heart_failure
congestive_heart_failure

>
L ]
Disease

atrial_fibrillatior

atrial_fibrillation_familial_6|

atrial_fibrillation_familial_

atrial_fibrillatiol

atrial_fibrillatior

familial_atrial_fibrillatios

atrial_fibrillatio

atrial_fibrillatior

atrial_fibrillation_and_stroke

B . atrial_fibrillatior

familial_atrial_fibrillatiol

atrial_fibrillation_familial_1

atrial_fibrillatior

atrial_fibrillation_familial_12]

familial_atrial_fibrillatiol

familial_atrial_fibrillatios

atrial_fibrillation_familial_9

atrial_fibri

familial_atrial_|

atrial_|

atrial_fibrillatiol
atrial_fibrillation_familial_18

Disease

cardiovascular_organ_benign_neoplasm
cardiovascular_organ_benign_neoplasm|
cardiovascular_organ_benign_neoplasm
cardiovascular_organ_benign_neoplasm

c cardiovascular_organ_benign_neoplasm|
. cardiovascular_organ_benign_neoplasm
infections_recurrent_with_encephalopathy_...
cardiovascular_organ_benign_neoplasm

Disease

cardiovascular_organ_benign_neoplasm|

NPPA-AS1
KeNQ1
KCNE1
KORC1
ATF7
KCNH2
ELP
PDE4D
ACE
PRKAR1B
INUP155
YP4F2
ABCC9
KCNJ2-AS1
FAP20
KCNJ2
MYBPC3
KCNE3
PFa
PPBP

MY L4

3
@

3
@



Gender-based gene expression analysis
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- Race-based gene expression analysis
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data processing. management, and gene-variant discovery,
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RNA-seq driven expression and enrichment o
analysis to investigate CVD genes

with associated phenotypes among high-risk
heart failure patients

Zeeshan Ahmed ®, Saman Zeeshan® and Bruce T.

Abstract

Background: Heart
among the leading causes n' death in m: L,) Many 1(’19
the genetic epiderniology and susceptibil [-, 1o J/D< isa :emval 'GLLS o
al studies have explored expression of
nosis are still missing tos
and women may be
252 restit, or conversaly, an oven agrosrs in men
ment of genes with associated phenotypes and dis
Methods: We performed RNA sequenci
HF. Peripheral blood

the expression and enrich
fisk CVD populations.

focusing on key CVD genes with a great number of genetic associations
ed from a broad age range of adult male and female CVD p:
Ds and CM /HC CH: as well as induding cardiomyopathy, hypertension,
int pain, dizziness and giddiness, osteoper

ase-causing variants among

es, chest pain, osteoarthritis, al
: We report RNA-seq driven case-control study to analyze patterns of expression in genes and differentiating
rays, which differ between healthy and diseased patients. Our in-depth e expression and enrichment

analysis of RNA-seq data from patients with mostly HF and other C
ed genes revealed ‘ESE differentially expressed genes (DEGs) and regul 41 genes known f
5 DEGs 35 significantly expressed indluding four genes already known (

unique
clinical tools to

LETTER TO THE EDITOR

T ey

RNA-seq-driven expression analysis to investigate
cardiovascular disease genes with associated phenotypes
among atrial fibrillation patients

To the Editor

Atrial fibrillation (AF) is defined as the high-frequency
0 of the atrium, resulting fn both dyssynchronous
atrial contraction and the irregularity of ventricular
ton.' According to Its condition, AF discase is
ded into two sub-types: paroxysmal and persistent, In

exc

e
contrast W persistent AT, paraxysmal AF is dixgnosed in
the first phase of the disease, which later progresses (o per-
sistent A¥.! Farthermore, A¥ includes risk factors such as
obesdty, diabetes. smoking and a sedentary lifestyle and is

prevalent in the older males of By

pean ancestry. Provi-
) and
cardicvascular discases (CVD) contribute to an ncreased
risk of AF. In this stody, we {mvestigated gencs responsi-
ble for A¥ with sub-discase groups through transcriptomic
analysis (Additional file 1: High-resolution figures), It was
conducted as a coatinuation of our thocough CVD research
focusing an HF performed on 61 CVD patients (Sam-
ple IDs: 10S8-1115) and 10 patients without CVI (Control
105 648-65%) (Ad 0 details). When
grouped by gender and race, there were 40 males and 21
females, 42 Whites. 7 Blacks (Blacks or African Amer
icans), 1 Asian, 1 Dedline to Answer, 2 others, and 8
NA (Table 1 and Figure Teripheral blood samples
were used for RNA extraction, and sequencing was per-
formed using Hiumina NovaSeq 6000-54 10 sssess the RNA
quality.” An efficient data management system (PROMIS-
LCR) with data extraction, transfer and laader system
(ETL). created by the authors,” was used for patient recruit-
ment and consent tracking as well as dealing with the
multi-omics data, respectively.* We also creased a publicly
e pene-discase database, PAS-Gen, which indudes
000 protein-coding and noa-coding genes, and
over 0000 classified genc-disease assoclations, 10 case
the gene-discase visualization for fescarchers, medical
practitoners and pharmacists.

itional

First, the transcriptomic data analysis imvolved the
development of an RNA-seq processing pipeline that
contained four operating parts: (1) data pre-processing,
) data quality checking. (I1I) data storage and man-
agement and (IV) data visualization (Additional file
h-resolution figures)’ The analysis of transcripts per
million (TPM) was performed to normalize the RNA-seq
data by using the visualizing genes with discase-causing
variants envirment with the findable, accessible,
intelligent and reproducible approach (Additional file &
AF analysis - gene expression data). It reveals all genes
annotated with their associated clinfcal AF phenotype
using gene-disease association.
was expanded to visualize the dassification of protein-
and non-coding genes n detall as gender- and race-based.
First, we looked across the AF-annotated genes 1o identify
otein- and non-coding genes together and found 71
es related 1o AF and relative discases (Additional file
Complete Gene Listh Next. we observed expression in
protein-cding genes and found 22 genes associated with
direct and relative AF diseases, which are denominated
as AF phenatypes (SCNIR. NPPA-ASL KCNQL, KCNER,
VKORCI, ATF7, KCNH2, SELF, PDEAD, ACE, PRKARIE,

NUPISS, CYP4I2, ABCCY, KCNIZASI, CFAP20, KCH
MYBPC3, 3 PF4, PPEE. MYL4) (Figure 15 and
Table 2). After the initial analysis, differential gene expres
sion analysés was implemented 1o further investigate AF
genes. OF the protein-coding gencs, seven AF-assoclated
P8, KCNER, VKORCL, KCNQI and
showed  differentially regulated  expression
(Figure 1C). A previous study has reported some of
these genes (GIAS, KCNAS, KCNE2, KCNJ2. KONQL
KCNH2, NPPA and SCNSA) as novel genes foe famélial
AF (0 the absence of mutations, whereas mutations in
MYL4 have been stron associated with AV discase in
humans.

This expression analysis

>

Investigating genes associated with cardiovascular disease
among heart failure patients for translational research and
precision medicine

Zeeshan Ahmed™**© | Saman Zeeshan' | Nicholas Persaud’ | William Degroat' |
Habiba Abdelhalim’ | Bruce T. Liang™*

Ittt for Health, Fealth Care obicy

Abstract

Background: Cardiovascular discase (CVD) is a leading cause of premature
mortality {n the United States and the woeld. CVD comprises several complex
and mostly heritable conditsons, which range from myocardial infarction 10 con-
genital heart disease. The risk factoes contributing to the development of CVD
and response to therapy in an individual patient are highly varfable. Here, we
repart our findings from an integrative analysis of gene expression, disease-

causing gene variants and associated p pes among CVD popalations, with
a focus on high-risk heart faflure (HF) patients.
Methods: We bailt 2 cohort health recands of

with avalable simples and then perfarmed high-throughput whole genome and
RNA sequencing of key genes responsible for HF and other CVD pathologies.
Our In-depth gene expression analysis revealed differentially expressed genes
associated with HF and other CVDs. We performed a variant analysis of whale
enome sequence data of CVID patients and identified genes with altered gene
expression with functional and non-functional mutations in these genes.
Results: Our results highlight the importance of imvestigating the mechanisms
of CVD progression throogh multi-amics datascts. Next, we performed splice
mutation and vartant distribution analysis of genes assoctated with HF and other
CVD. We {mplemented Jensen-Shannoa divergence (JSD)-bused method and
identified HEAL FADD, ADRB2. ADRBI, ADB and NPPC genes with the
reatest varance based on their JSD scores. Our study provided evidence that
applying integrative data analysis approach involving genomics and transcrip-
tomics data will not only help understand the pathophysiclogy of CVD diseases
but alsy reduce heterogencity in discase sublypes.

Funding information
Schonl of Medicine, UConn Health, CF

KEYWORDS
candkvascular discase. expeession. gone. pemome, beart Gilure. KNA seq, variant

T

CDC

OAK RIDGE
INSTITUTE
SCIENCE
:DUCATION




Implementing Artificial Intelligence (Al) &
Machine Learning (ML)

1. Generate Al/ML ready A
data with the integration of Mm.,,,sommpm ,=
existing bioinformatics toolsand e Bk et gt it 8
development of new pipelines for e e e e iy
the multi-omics and clinical data e o e
management, integration, ,
annotation, and sharing. :

2. Predict CVD with high —
accuracy with knowledge-
driven approach based on known
genetic evidence establishing
association by implementing best rtactn
fitting Al/ML algorithms for deep T
phenotyping and predictive — e e
analytics.
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Implementing Artificial Intelligence (Al) &
Machine Learning (ML)

1. Generate Al/ML ready

Gene Expression Data Clinical Data
. . . [ |
data with the integration of I
. : Al/ML Ready Dat
existing bioinformatics tools and | AL Bnay Buta |
development of new pipelines for H Ll
the multi-omics and clinical data Classical Statistical Al/ML
management, integration, bl Analysis
annotation, and Sharing. | ; I ' Select K Best ) ’ Random Forest i
Data Analysis 1 . : i
Swarm Plot Confusion Matrix }
] v ] [
- - - Correlation Map : :
2. Predict CVD with high s RS - R JRacanss |
accurac Wlth knOWIedge- @E Biomarkers Biomarkers
driven approach based on known (statistics) /My
genetic evidence establishing — :
o . . List of Biomarkers to Predict CVD
association by implementing best T
fitting Al/ML algorithms for deep | Train AI/ML model |
phenotyping and predictive i

analytics. [vatidation | | Test Model |
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- Al/ML Analysis

i A. Heart Failure:

| Correlation matrix of significant
' genes associated with heart

’ failure.

B. Atrial Fibrillation:
Correlation matrix of
significant genes associated
with atrial fibrillation.

i C. Other Cardiovascular diseases:
Correlation matrix of significant
genes associated with other

‘ cardiovascular diseases.

1. Heart Failure 2. Atrial Fibrillation 3. Other CVDs

(A) Population distribution based on clinical features; (B) Correlation
matrix; (C) Gene ranking; (D) Feature Swarm Plot; (E) Correlation matrix of
genes; (F) Confusion matrix of genes.



- Al/ML Analysis

C

We used our open-source Al/ML ready pipeline i.e., Hygieia, which is based on the Random Forest
(RF) for regression analysis and predicting disease without requiring hyperparameter tuning.

We trained our model on different cross-sections of the three different matrices based on HF, AF,
and other CVDs.

We uncovered an interesting correlation between age, gender, race, and diagnosis. During our analysis,
it was observed that age and gender appeared to have a high correlation in HF and other CVDs
while age, and race were highly correlated in AF.

We observed the most significant genes associated with HF, AF, and other CVDs based on the RF
feature importance global variable. A score was assigned to each gene, which represents the
feature importance for the model in stratifying CVD patients.

Visible data clusters were observed for the genes highly correlated, downregulated and with altered
expression in CVD patients compared to healthy individuals. Our model was able to correctly classify
individuals as CVD patients and predict CVD with 95% accuracy.

We observed and reported overlapping in significant results produced in gene expression, variant,
phenotypic, and predictive analyses, which include genes associated with HF, AF, and other CVDs.
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- Al/ML Analysis * e

ELSEVIER journal homepage: www eleevier.com/locatelygeno -

L))
4

Investigating genes associated with heart failure, atrial fibrillation, and ‘
other cardiovascular diseases, and predicting disease using machine
learning techniques for translational research and precision medicine

°
I d e nt Ify n ew Vignesh Venkat "[, Habiba Abdelhalim ™', William DeGroat *, Saman Zeeshan ",

Zeeshan Ahmed "
. . .
* Rutgers Inatitese for Heolth, Health Care Policy and Aging Research, Rutgers Unbwrsity, 112 Poterson St, New Brnswick, NJ, USA
re I ‘ Ive I o m a r e rs * Rutgers Concer Instisute of New Jersey, Rutgers University, 195 Little Albany St, New Brunswick, A
* Department of Medicine, Robert Wood Johuson Medical School, Rutgers Biomedical and Mealth Sciences, 125 Paterson St, New Brnunswick, NJ, USA
. .
using data-driven approach

Keywords: Cardiovascular disease (CVD) is the leading cause of mortality and loss of disability adjusted life years (DALYs)
. Antificial intelligrnce globally. CVDs like Heart Failure (HF) and Atrial Fibrillation (AF) are associated with physical effects on the
W I t h a n Ove I n eXu S Of AI / IVI L Aurial fibeillation heart muscles. As 4 result of the complex nature, progression, inberent genetic makenp, and heterogeneity of
:::"“:’!““‘:' diseases CVDs, personalized treatments are believed to be eriticnl. Rightful application of artificial intelligence (A1) and

e machine learning (ML) approaches can lead 1o new insights into CVDs for providing better personalized treat-
I . . . Machine learakciy ments with predictive analysis and deep phenotyping. In this study we focused on implementing AL/ML tech.
a O r I t m S to re Ve a I O 0 I C a Predictive analysis niques on RNA-seq driven gene-expression data to investigate genes assoclated with HF, AF, and other CVDs, and
g < predict disease with high accuracy. The study involved generating RNA-seq data derived from the serum of
consented CVD patients. Next, we processed the sequenced data using our RNA-seq pipeline and applied GVVIZ
o e for gene-disease data jon and expression analysis. To achieve our research objectives, we developed a

patterns exp lainin gt he causal ol s eapekasg ity Ayt e e
evaluation, primarily based on the Random Forest (RF) algorithm. During our Al/ML analysis, we have fitted,

trained, and implemented our moddl to classify and distinguish high-risk CVD patients based on their age,
gender, and race. With the successful execution of our model, we predicted the association of highly significant

relationship based on
genomic, transcriptomic, and a— S S T

occurs due to weak heart muscles that impact the efficiency of pumping
. . Cardiovascular disease (CVD) is the leading causes of mortality and blood to the body’s cells [ 1]. While AF occurs due to the high-frequency

p h e n Oty p | C d at a Of p at | e nts Joss of disability adjusted life years (DALYs) globally [1-3). The World  excitation of the atrium, resulting in both dyssynchronous atrial
Health Organization (WHO) states that over 75% of premature CVDs are ton and the i larity of v itation [2,4]. Geno-

preventable with a better understanding of risk factors and gene-disease mics studies done using genome-wide association studies (GWAS) have

Wit h CV D assoclations [2]. CVDs like Heart Failure (HF) and Atrial Fibrillation aided in disease prediction [5,6], discovery of genetic loci and alleles

A

b Antificial intelligence, (Al); Atrial fibeillation, (AF); Cardiovascular discascs, (CVDs); Computerized h expressed
genes, (DEGS); Electronic health records, (EHR); Extract, transfer, and load, (EIL); Fragments per kilobase million, (FPKM); Genome-wide association studics,
AS); Heart failure, (HF); Institutional review board, (IRB); Machine leaming, (ML); Mean expressed transcript lengths, (METL), Next generation sequencing,

); Normalized ensichment score, (NES); Random forest, (RF); Reads per kilobase of transeript per million mapped reads, (RPKM); RNA-sequencing, (RNA-seq);
R emainin g Sci-kit learn, (Skicam); Sapport vector machine, (SVM); Transcripts per million, (TPM); Visualizing genes with discasc-causing variants, (GVViZ); World Health

Organization, (WHO); Whole genome sequencing, (WGS), Whole exome sequencing, (WES).
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Al/ML Analysis —
2 Discovering biomarkers associated and predicting cardiovascular disease with high

3 accuracy using a novel nexus of machine learning techniques for precision medicine
4  Running Head
5  Discovering biomarkers and predicting CVD using Al/ML
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- Traditional Bioinformatics and Al/ML

* Gene Expression Analysis (GEA) and Genome-wide association studies (GWAS) have
been useful in providing deeper understanding of the genetic basis of human
diseases by uncovering millions of loci associated with various complex phenotypes.

 These are unable to predict disease and detect all the heritability explained by
SNPs, as they can only target specific variants of disease.

* These limitations are not exclusive to GEA and GWAS, as no method to date can
identify all the genetic components of complex diseases.

* |n addition, a persistent challenge in multi-genomic data analysis lies in the handling,
integration, and standardization of large volumes of sequencing data.

* The proficient and synergistic implementation of Al/ML techniques holds the
promise of fostering an augmented comprehension of CVD at the systemic level,
unveiling the intricacies of genomic regulatory networks.
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Global impact of precision medicine

The appropriate utilization of artificial intelligence (Al) and machine learning (ML)
methodologies can yield novel understandings of complex traits, enabling improved
personalized treatments through predictive analysis and deep phenotyping.
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