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One of three leading causes of deaths



Articles in PMC - NCBI
Medication error: Over 200,000

Delayed treatment: Over 600,000

URL: https://www.ncbi.nlm.nih.gov/pmc/



Trending … … …

Precision Medicine           



Precision Medicine Initiative

“Doctors have always recognized that every patient is 
unique, 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
https://obamawhitehouse.archives.gov/precision-medicine

Institute for Health, Health Care Policy and Aging Research
Rutgers University-New Brunswick

Robert Wood Johnson Medical School
Rutgers Biomedical and Health Sciences
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Clinics

Lab tests Diagnoses

Medications Procedures
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Genomics

Genes Mutations

SNPs Transcripts

DNA

RNA

Protein

Integrating Sequence Data and Precision Medicine

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

A portion of DNA 
molecule that serves as 
the basic unit of heredity.

Permanent alteration of 
the nucleotide sequence 

of the genome.

Protein sequence 
transcribed from DNA 

that forms different 
types of RNA and 

protein.

Personalized 
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Predictive 
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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?
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Healthcare 
systems

Healthcare 
data

Diagnostics 

Research, 
Analytics data

Treatment 

Surgical treatment  

Prescription medication

Mental health intervention 

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

Clinical data   

Genomics data 

Metabolomics data

Transcriptomics data   

Lifestyle & other data

Machine 
learning Algorithms  Classifers 

Unsupervised Supervised 

Deep 

Biomarkers 

Economical

Personalized

Advanced 
Diagnostics

Ahmed, et al. Artificial 
intelligence with multi-

functional machine learning 
platform development for 

better healthcare and 
precision medicine. 

Database. Oxford Jr. 2020.



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.

Feature 
extraction 

Labeled 
input  Algorithm  

Predict continuous 
variable on 

unlabeled input 

3. Data Regression.

1. Data Classification.

Feature 
extraction 

Labeled 
input  

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.

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. 

Unlabeled 
input Algorithm  

Determines

Features

Groups 

Meaning 

2. Data Cluster.

Positive result  Negative result  Common relationship between dataset Rules determined by algorithms 

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

Results

Learning

Modelling

Labels Raw

Training

Algorithm(s) 

Evaluation & Analysis



Positive result  Negative result  Common relationship between dataset Rules determined by algorithms 

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 
previously unrelated inputs

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

Results

Learning

Modelling

Labels Raw

Training

Algorithm(s) 

Evaluation & Analysis



Which AI/ML approach/algorithm is appropriate?



Which AI/ML approach/algorithm is appropriate?



Precision Medicine Project @ Ahmed Lab

1. Technology Development

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

III. 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 (AI) 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.

2. Multi/Disease Research

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



Multi/Disease Research @ Ahmed Lab



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)

• AF is an arrhythmic disorder in the atrium of the heart, 
which can cause irregular heart rhythms. (Staerk et al., 2017)

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

• 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 (AI), 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.



Bioinformatics & CVD



1. EHR extraction from EPIC

2. CVD cohort building

3. Consenting patients

4. Sample collection & management

5. Sequence data generation

6. Gene expression analysis (RNA-seq)

7. Gene-disease annotation

8. Variant analysis & validation (WGS)

9. AI/ML ready data generation (CIGT)

10. Predict disease with high accuracy

CVD Study Design



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 PI 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. 



Sequence Data Generation

Illumina NovaSeq 6000-S4

RNA-seq WGS

Expression 
Analysis

Variant 
Analysis

QC Report using PROMS-MED



RNA-seq Driven Gene Expression and Gene-Disease Annotation

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

q Gene expression analysis is a widely adopted method to 
identify abnormalities in normal function and physiologic 
regulation.

GVViZ

Ø Findable, accessible, interactive, and reusable (FAIR) 
bioinformatics platform  for RNA-seq-driven variable and 
complex gene-disease data annotation and expression 
analysis with a dynamic heat map visualization.

Ø It supports transcriptomic profiling and expression 
analyses to identify measure and compare genes and 
transcripts in multiple conditions, and in different tissues 
and individuals. 



GVViZ – RNA-seq Data Analysis

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

URL: https://www.youtube.com/watch?v=x0RroYpk8Nw 

URL: https://github.com/drzeeshanahmed/GVViZ-Public 

https://www.youtube.com/watch?v=x0RroYpk8Nw
https://github.com/drzeeshanahmed/GVViZ-Public


GVViZ & Gene-disease annotation

A.

B.

C.



Gender-based gene expression analysis

A. HF

B. AF

C. other CVDs

MALE FEMALE



Race-based gene expression analysis

A. White

B. Black

C. All others

HF AF Other CVDs



JWES: Variant Analysis

Download URL: https://github.com/drzeeshanahmed/JWES-DB 

https://github.com/drzeeshanahmed/JWES-DB


Variant, Prevalence, and Splice Mutation Analysis

Mutation-percentage of HF (63%) and other CVD (37%) genes. 

A) Variant analysis and prevalence of HF genes. B) Variant analysis and prevalence of other CVD 

genes. C) Variant analysis and prevalence of FLNA, CST3, LGALS3, and HBA1. D) Variant analysis 

and prevalence of CST3, LGALS3, MME, NR3C2, PIK3C2A, TNF, and VCL. E) Variant analysis and 

prevalence of ATP2A2, FADD, FLNA, HBA1, LEMD3, SLC2A1, SMUG1, and ZBTB8OS.  



Publications at CVD Gene Expression, Annotation, 
and Variant Analysis



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

1. Generate AI/ML ready 
data with the integration of 
existing bioinformatics tools and 
development of new pipelines for 
the multi-omics and clinical data 
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 
fitting AI/ML algorithms for deep 
phenotyping and predictive 
analytics. 
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Hygieia Design



AI/ML Analysis

(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.



AI/ML Analysis

§ We used our open-source AI/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.



AI/ML Analysis

Identify new 
predictive biomarkers 
using data-driven approach 
with a novel nexus of AI/ML 
algorithms to reveal biological 
patterns explaining the causal 
relationship based on 
genomic, transcriptomic, and 
phenotypic data of patients 
with CVD.
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Traditional Bioinformatics and AI/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. 

• In 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 AI/ML techniques holds the 
promise of fostering an augmented comprehension of CVD at the systemic level, 
unveiling the intricacies of genomic regulatory networks.



Global impact of precision medicine 

The appropriate utilization of artificial intelligence (AI) 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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