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Understanding Metagenomics 

Genome - The complete set of genetic material 
present in an organism
Ex:- Human genome, Bacterial genome

4 nucleotide bases:

DNA sequencing - Extracting the long strings 
of genetic material into readable lengths

…CCTTACTTATAATGCTCATGCTA…

Adenine, Guanine, Cytosine, Thymine



Binning

Assemble

Third gen 
sequencing

First & Next gen 
sequencing
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Environmental 
sample

Binning

Genome Reconstruction

Short reads
(50-800 bp)

Long reads
(1k - 100k bp)

Contigs

Bins

Background

Binning - Grouping reads with similar species together
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Binning in Metagenomics

Features considered to cluster the reads in to bins;

AATCGGCAATCGAATGCCG

Trinucleotide Composition   =    No. of specific k-mer   
of AAT

=       3/14

Total no. of k-mers

Composition - normalized frequency of short substrings of a particular read1)

Oligonucleotide Frequency
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Binning in Metagenomics

5x cov

Reads

Coverage - number of reads that overlaps with a specific region in a reference genome2)

k-mer

K-mer Coverage Read Overlap Graph

Overlap 
between reads

● K-mer is a substring of length k ● Node degree represents the coverage of 
respective reads

read



Existing Long-reads Binning Tools

Tool
Feature Extraction Methods

Clustering Algorithms

Composition Coverage

MetaBCC-LR
Trinucleotide frequency 
profiles

K-mer coverage histogram DBSCAN (density based ML 
clustering algorithm)

10
Wickramarachchi, A., Mallawaarachchi, V., Rajan, V., & Lin, Y. (2020). Metabcc-lr: meta genomics b inning by c overage and c omposition 

for l ong r eads. Bioinformatics, 36(Supplement_1), i3-i11.



Existing Long-reads Binning Tools

Tool
Feature Extraction Methods

Clustering Algorithms

Composition Coverage

MetaBCC-LR
Trinucleotide frequency 
profiles

K-mer coverage histogram DBSCAN (density based ML 
clustering algorithm)

LRBinner
Trinucleotide composition 
vector

k-mer coverage vector Distance based statistical 
grouping technique

11
Wickramarachchi, A., & Lin, Y. (2021). LRBinner: binning long reads in metagenomics datasets. In 21st International Workshop on 

Algorithms in Bioinformatics (WABI 2021). Schloss Dagstuhl-Leibniz-Zentrum für Informatik.



Existing Long-reads Binning Tools

Tool
Feature Extraction Methods

Clustering Algorithms

Composition Coverage

MetaBCC-LR
Trinucleotide frequency 
profiles

K-mer coverage histogram DBSCAN (density based ML 
clustering algorithm)

LRBinner
Trinucleotide composition 
vector

k-mer coverage vector Distance based statistical 
grouping technique

OBLR
Tetranucleotide frequency 
vector

Node degree of the Read 
overlap graph

HDBSCAN (density based 
hierarchical ML clustering 
algorithm)
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Wickramarachchi, A., & Lin, Y. (2022, May). Metagenomics binning of long reads using read-overlap graphs. In RECOMB International 

Workshop on Comparative Genomics (pp. 260-278). Cham: Springer International Publishing.



Bridging the Gap

13



14

Species of different kingdoms can present 
in the same sample.

Ex: Bacteriophage viral Infection

Bacteria & 
Archaea

Fungi

Protists

Virus

Consideration of Multi-kingdom



A gene or DNA sequence with a known location on a chromosome that can be used to identify 
individuals or species

Single copy marker gene: marker genes that occur only once in almost every genome

Bacteria & Archaea

Fungi

Protists

Viruses: Orthologous gene sequences 
specialized databases:
● VOG (for all viruses)
● PHROG (for proviruses)

15

Single-copy marker genes

Marker genes
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★ Differential abundance: variation in abundance of different species across 
different samples

Consideration of Multiple Samples 

Sample A

Sample B

1x
3x

4x
2x

similar 
coverages

5x
5x

If they had similar 
compositions;

outcome of the tool will be



Considering 
each bin

Long reads dataset

(Prokaryotes)

Viruses 
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Proposed Workflow
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Bin using an existing 
binning tool

(Micro-eukaryotes)

Bin Refinement

Bin A

Bin A1

Bin A2Protists

Fungi

Bacteria 
&

Archaea
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Refined 
bins



Refined, accurate 
metagenomic bins
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Improve the quality of 
the assembly process

Better genome reconstruction
Novel Medicine and disease 
intervention

Precision Agriculture and 
food security

Understanding 
microbial biodiversity

Advanced 
research

Impact



Use of AI tools

Gather information on the 
domain and existing work.

Generating bias and 
inaccurate information.

Knowledge was not up to date.
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To search research articles.

Most of the available features 
were not for free.

To assist in the process of 
writing and to generate 
citations.

Limited understanding on the 
context.



Demonstration
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Structure of the datasets

Fastq format

Line 1: Begins with @ followed by read ID

Line2: Nucleotide sequence

Line3: Begins with + and is often optional.It is the separator between sequence and  the quality score

Line4: Quality scores corresponding to  each base in the sequence

● No quality score dataFasta format

21



Simulating reads data

simlord --read-reference reference.fasta  -n 10000 -fl 5000  -pi 0.12 -pd 0.12 -ps 0.02  testDataset

Reference 
genome

Number 
of 

Reads

Fixed 
length 
of read

Custom subread 
error probabilities

Fungi
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Running long-reads binning tools

1. BusyBee Web - Web based tool

2. MetaBCC-LR  

3. LRBinner
Command line based python tools
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1) BusyBee Web
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2) MetaBCC-LR

Step 1: Count K-mers

Step 2: Count 15-mers
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2) MetaBCC-LR

Step 3: Generate 15-mer profiles

Step 4: Sampling reads 
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2) MetaBCC-LR

Step 5: Clustering using coverage and then composition (Small clusters are discarded)

Step 6: Predict read bins
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3) LRBinner

Step 1: Counting the reads

Step 2: Counting k-mers (k=3) and 15-mers
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3) LRBinner

Step 3: Training the VAE

Step 4: Clustering the reads
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Performance comparison

Tool Result 

bin count

Time 

consumed 

(Hours)

Evaluation criteria

Precision Recall F1-score ARI

MetaBCC-LR 3 1.07 47.52 92.23 62.73 28.29

LRBinner 7 4 67.74 94.17 78.8 63.64
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Cluster Images

MetaBCC-LR                                                                              LRBinner
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Thank You!



Q & A
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