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Unveiling the Mystery: 

An Introduction to Metatranscriptome 
Analysis



• Opportunities and challenges of 
metatranscriptomics
• Understanding the capabilities of 

metatranscriptome
• Learning important steps in data processing

• Overview
• What is metatranscriptomics – how it is related to 

RNA-Seq
• Experimental design
• Processing of reads
◦ Filtering
◦ Assembly
◦ Functional/taxonomical annotation
◦ Statistical analysis
◦ Visualisation

Introduction - objectives

KRZYSZTOF KOTLARZ



• 16S rRNA („Who is there”)
• Widely applied
• Limited insight: cause or consequence

• Metagenomics („What can they do”)
• Differences in community composition but with

conserved microbiome function

• Metatranscriptomics („Who is doing what”)
• Microbiome activity

Introduction – Meta-genomics/transcriptomics
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• Focus on community activity
• Explore RNA-Seq to determine which genes 

and pathways are being actively expressed 
within the community

• Reveal active functions
• Reveal which taxa are responsible for the 

active functions

Metatranscriptomics
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• RNA-Seq is unbiased sequencing of RNA sample 
• Relative expression of transcripts within the 

sample
• Typically applied to organisms with reference 

(sequenced) genome

Microbiome face a number of challenges

Metatranscriptomics through RNA-Seq
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mRNA isolation

Fragmntation and 

sequencing

Mapping to the 

reference genome

Relative abundance 

of the transcript

RNA-Seq



• For microbiome samples:
• Lack of polyA signals make it difficult to isolate 

bacterial mRNA
◦ Resulting in (massive) rRNA contamination

• Environemntal microbiome samples 
◦ Lack of reference genomes make it difficult to 

map reads to their source

Metatranscriptomics through RNA-Seq
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Lack of polyA

Massive rRNA 

contimination

Lack of 

reference 

genome



Metatranscriptomic pipeline – from scratch
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Pipeline – step by step (General)
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Sample 

collection

• Cost ~300$ -400$ (2016)

• Number of replicates

• Power of analisis challenge

Preparing 

sample for 

sequencing

• Bacterial mRNA – remove abundant rRNA

• Host mRNA removal (informative)

Generating 

reads



Pipeline – step by step (General)
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Preprocessing 

•Adaptor / Low quality trimming

•rRNA identification and removal

•Dereplication

•Host mRNA identification / removal

Assembly and 

annotation

•BWA & BLAT Searches

•BLASTX Searches

•De-novo assembly

Analysis

•Taxonomy annotation

•Functional annotation

•Differential expression

•Enzyme prediction

•Protein interaction data

• Robust software standards and 
methods still need to be developed

• Metatranscriptomics is a relatively new 
field

• Diffrent alighment approaches:
• Function annotation rely on the 

identification of sequence similarities
• E.g BWA rely on perfect matches to 

the reference genomes – sequence 
diversity is huge!

• Sequence diversity >> protein 
diversity -> solution BLASTX 
(DIAMOND/USEARCH) to work on 
peptide workspace
◦ Issues over the quality and costs



As many papers…



Pipeline – step by step (Suggested)

KRZYSZTOF KOTLARZ

Preprocessing 

• Trimmomatic: Adaptor / Low quality trimming

Merging 

overlapped 

reads

• Pear: Long reads are more likely to be processed in downastream analisis to increase the specificity among data 

with high variablity

• Long Illumina reads -> overalpped reads

rRNA 

identification 

and removal

• SortMeRNA: Host mRNA identification / removal



Pipeline – step by step (Suggested)
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Assembly

• RNASpades: De-novo assembly

• Assembling reads into larger contigs significantly increases the ability to annotate them to known 

genes through sequence similarity searches

Call genes

• Prokka: under Ensembl

Gene 

quantification

• Salmon

Statistical 

analisis

• DESeq

• R



Current and (expected) results
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Thanks!


