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Who is there?

What are they doing?

How do they change?

INTRODUCTION 
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Metagenomics
Metagenomics = Meta (collective) + Genomics (Study of Genomes)

Metagenomics is the culture-independent analysis of a mixture of microbial genomes
(metagenome) using an approach based either on expression or on sequencing 

(Riesenfeld et al., 2004; Schloss et al., 2003; Susannah et al., 2005; Patrick et al., 2005)

 Source: Zeyaullah et al., Metagenomics 

BAC vector

Isolation of DNA from 
environmental sample

Metagenomic DNA fragment

Manipulation of DNA
Ligation of fragments 

with vectors

construct library
analysis

Steps involved in a metagenomics experiment



Which Data Driven Methods?
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INTRODUCTION (cont.)

Uncover patterns or make decisions directly from the data.
Do not require predefined biological assumptions or predefined rules.

Data Driven methods

Graph Based ClusteringDimensionality Reduction



Item 1
62.5%

Item 2
25%

Item 3
12.5%

Page 04

INTRODUCTION  TO PROBLEM
The Metagenomic Data Challenge

High Dimensional Compositional Sparse Bio-structural

Thousands of distinct
taxa (genes, OTUs, or

ASVs) creating a
massive feature space

Requires specialized
statistical methods,
unless creating false

correlations.

Most taxa are not
present in most

samples

Ecological and
phylogenetic
relationships

among taxa must
be preserved.

Armstrong et al. (2022)



RESEARCH PROBLEM
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Which dimensionality reduction
method best preserves topological

structure?

How graphs and GNNs improve
clustering quality?

E/20/158

In Metagenomics
data



Analyze dimensionality reduction for high-dimensional metagenomic

data

Build a preprocessing pipeline for sparse biological datasets

Benchmark DR methods using multiple evaluation metrics

Evaluate graph-based and GNN approaches for clustering

improvement

RESEARCH OBJECTIVE
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Evaluating Topology Preservation in Dimensionality
Reduction Methods for Metagenomic Data
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PHASE 1

Developed compositional preprocessing pipeline (nzCLR +
matrix completion)
Benchmarked 8 dimensionality reduction techniques
Multi-metric evaluation framework (topological + biological
metrics)
Validated across human, soil, and marine metagenomic
datasets

E/20/158
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METHODOLOGY

Fig. 1. End-to-end workflow for benchmarking dimensionality reduction methods on compositional metagenomic data, including
preprocessing, imputation, and multi-metric evaluation

Implementation pipeline for Data Preprocessing

E/20/158



2.Soil Metagenomics 
Dataset 

IMPLEMENTATION 
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We experimented across 3 different metagenomics datasets

3.Marine  Metagenomics 
Dataset (Tara Oceans)

Samples: 423 Taxa :  1630

 Samples: 55 Taxa: 1,441

1.Human Metagenomics 
Dataset 

Samples: 3610 Taxa :  3513

DATASETS

E/20/158



IMPLEMENTATION-VISUALIZATION
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2D Visualization of Human Metagenomics Data

Fig. 2. Visualization of the human metagenomics dataset using eight dimensionality reduction (DR) methods.

E/20/244



IMPLEMENTATION-EVALUATION
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Evaluation Metrics for Human Metagenomics Data

Fig. 3. Comparative visualization of the human metagenomics dataset using multimetric evaluation metrics.
E/20/244



IMPLEMENTATION-VISUALIZATION
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2D Visualization of Soil Metagenomics Data

Fig. 4. Visualization of the soil metagenomics dataset using eight dimensionality reduction (DR) methods.

E/20/244



IMPLEMENTATION-EVALUATION
Evaluation Metrics for Soil Metagenomics Data

Page 13Fig 5. Comparative visualization of the soil metagenomics dataset using multimetric evaluation metrics.
E/20/244



IMPLEMENTATION-VISUALIZATION
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2D Visualization of Marine Metagenomics Data

Fig. 6. Visualization of the marine metagenomics dataset using eight dimensionality reduction (DR) methods.

E/20/244



IMPLEMENTATION-EVALUATION
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Evaluation Metrics for Marine Metagenomics Data

Fig. 7. Comparative visualization of the Marine metagenomics dataset using multimetric evaluation metrics.
E/20/244



KEY FINDINGS
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Quantitative evaluation across datasets confirms clear
performance trade-offs among dimensionality reduction
methods.
Linear methods (PCA, Jaccard PCoA) preserve high-
dimensional proximity but fail to resolve subtle non-linear
structures.
Manifold methods (t-SNE, UMAP) produce clear cluster
separation but often at the cost of global metric fidelity.



KEY FINDINGS (CONTD...)
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PHATE and PaCMAP effectively capture continuous
environmental gradients, while SONG preserves mixed
discrete and continuous structures.

Threshold-based evaluation shows that no single method
satisfies all local, global, and biological distance criteria.

E/20/244

 Overall, The best technique depends on whether the analysis
prioritizes cluster separation, global structure preservation, or
ecological distance relationships.



Graph Neural Network Based End-to-End Clustering for
Metagenomic Data
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PHASE 2

Construct Graph representations

Implement end-to-end GNN clustering models

Compare against traditional clustering pipeline

Clustering evaluation framework

E/20/300



 

Dimesionality Reduction

K-Means Clustering
Clustering 

Phase 2 - GNN Based Clustering

Graph Construction
KNN graph with cosine similarity
Bipartite Graph

Quantitative Evaluation

NMI
ARI
Silhoutte Score

DMoN
MinCutPool

Metagenomics Data

GNN Clustering

PROPOSED METHODOLOGY

Page 19
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KNN WITH COSINE SIMILARITY GRAPH FOR
HUMAN METAGENOMICS DATASET
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Fig. 8. KNN with Cosine Similarty graph for the human metagenomics dataset



KNN WITH COSINE SIMILARITY GRAPH FOR
SOIL METAGENOMICS DATASET
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Fig. 8. KNN with Cosine Similarty graph for the soil metagenomics dataset



KNN WITH COSINE SIMILARITY GRAPH FOR
MARINE METAGENOMICS DATASET
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Fig. 8. KNN with Cosine Similarty graph for the marine metagenomics dataset
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Cluster Visualization of Human Metagenomics Data

IMPLEMENTATION-VISUALIZATION



Evaluation Metrics for Human Metagenomics Data
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IMPLEMENTATION-EVALUATION



Page 25

Cluster Visualization of Soil Metagenomics Data
IMPLEMENTATION-VISUALIZATION
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Evaluation Metrics for Soil Metagenomics Data
IMPLEMENTATION-EVALUATION
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Cluster Visualization of Marine Metagenomics Data
IMPLEMENTATION-VISUALIZATION
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Evaluation Metrics for Marine Metagenomics Data
IMPLEMENTATION-EVALUATION



KEY FINDINGS
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Human Data
        GNN (MinCutPool) clearly outperforms all methods (NMI, ARI, Silhouette).
Soil Data
       Mixed results — GNN strong in Silhouette, while UMAP/PHATE competitive in NMI & ARI.
Marine Data
       Traditional methods (Jaccard PCoA) perform better in NMI & ARI.
GNN Performance
       MinCutPool > DMoN; produces more compact clusters.
Overall Insight
      GNNs are robust and effective, especially for metagenomics datasets, but not always   
      the best.



LIMITATIONS
Phylogenetic Graph could not be effectively constructed for

the given sample data

Bipartite Graph produced inaccurate or misleading

relationships

Results highly depend on target selection.
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RESEARCH PUBLICATION – IEEE XPLORE

Paper Accepted at the ICIPRoB 2026
To be Published in IEEE Xplore
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RESEARCH POSTER
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EXTENSIVE WORK
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🏆 BioFusion Hackathon 2026
A Medical AI/ML Competition – BioFusion Science Convention

Second Runner-Up (Top 3 / 65 Teams)

Adapted our Final Year Research into creating a ML model for 
Non-Invasive AI-Based Early Liver Cirrhosis Detection
using preprocessing pipeline and a dataset we used

E/20/300



FUTURE OF THE RESEARCH AREA

Develop a Novel Clustering Framework for Metagenomics
to address context-specific challenges and improve

clustering accuracy.

Page 34



TIMELINE

Report & Publication
Phase IIPhase 1 Report &

Publication

Preprocessing +
Implement all 8 DR

methods

Compute metrics,
stability

analysis,Visualizations

Month
01

Month
02

Month
03

Month
04

Month
05

Month
06

Graph construction 

Clustering with DR

Clustering with GNN +
Evaluation

Literature Search

Semester CS2 Semester 07
 18 Aug - 13 Nov 2025 2025 Nov - 2026 Mar 
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Q & A



THANK YOU
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