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Gene expression

●Multiple control levels
● Transcription initiation

●Post-transcriptional regulation

●Post-translational regulation

RNA-seq

Proteomics

Ribo-seq



Gene expression

Kapeli; Frontiers in Neuroscience (2012)



Walsh & Mohr; Nature Reviews Microbiology (2011)

Translation 
regulation

Protein Translation



Regulatory elements

Anderson & Kedersha, 2009 Nature
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Study of polysomal RNA

Kapeli; Frontiers in Neuroscience (2012)



Ribosome profiling 



Ribosome profiling
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• Harringtonine, lactimidomycin 
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Ribosome profiling: Method

• Cell culture and ribosome stalling
• Cicloheximide

• Harringtonine, lactimidomycin 

• Rapid freeze

• Lysis

• Ribosome Footprinting
• RNAse treatment

• Sucrose gradient utracentrifugation

• RNA extraction

• Size selection (PAGE 15% + urea) 28-34nt



Ribosome profiling: Method

• mRNA-Seq
• Total RNA extraction

• poly(A) mRNA purification

• Fragmentation

• Size selection (PAGE) 50-80nt



Ribosome profiling: Method

• mRNA-Seq
• Total RNA extraction

• poly(A) mRNA purification

• Fragmentation

• Size selection (PAGE) 50-80nt

• Library generation

• T4 dephosphorilation

• Adapter linking and purification

• (for RFPs: rRNA depletion)

• Reverse transcription

• PCR amplification

• Sequencing and analysis



Ribosome profiling: Results

Translation 
efficiency

= Translation levels
Steady state mRNA levels

Ingolia, 2014 Nature Reviews

• Allows
– Precise quantification of the proportion of mRNA actually bound to polysomes 

– The study of ribosome dynamics during translation 



A. Bartholomäus, et al. 2015

• Similar to RNA-seq, so many standard tools can be used

• Additional information and issues

• %rRNA removal

• Footprint periodicity

• Mapping coordinates

• Size range

Ribosome profiling: analysis pipelineAnalysis pipeline



G. Eastman, et al. 2018

Analysis pipelineSpecific software



Footprint periodicity

Yeast HeLa Mice



Footprint periodicity

Frameshift detection

Michel, et al. 2012 Genome Research



Alternative Reading frames

Ingolia, 2014 Nature Reviews Genetics



Initiation site determination and uORFs detection

Ingolia, Cell 2011



Initiation site determination and uORFs detection

Ingolia, Cell 2011



Correlations with proteome



Correlations with proteome

Eastman, et al. 2018



Translation regulation

Ingolia, Science 2009



Translation regulation

Tebaldi BMC Genomics 2012

●Translation regulation is a major contributor of gene expression levels
●Most important for rapid response to environmental signals



A. Bartholomäus, et al. 2015

They take into account the dependence of translatome leveles on transcriptome levels

Y. Zhong, et al. 2017

https://public.bmi.inf.ethz.ch/user/zhongy/RiboDiff/

• edgeR
• DESeq2
• Voom 

W. Li, et al. 2017

https://github.com/smithlabcode/riborex/blob/master/DESCRIPTION

Translation regulation: RiboDiff and Riborex 



Translation regulation: uORFs

McGeachy, EMBO J 2016



Translation regulation: uORFs

Sendoel, Nature 2017



Non-coding RNA tranlslation

Ingolia Cell 2011
Guttman Cell 2013

Ingolia Cell 2014

●lincRNAs have ribosome 
occupancies similar to CDS

●Other specific characteristics of 
translation are not present
● Some exceptions



Non-coding RNA tranlslation

Heesch, Cell 2019



Translation of small ORFs (micropeptides)

●Less than 100AA

●Translated in the cytoplasm (non 
membrane bound ribosomes)

●Evolutionary conserved

Crappe, BMC Genomics 2013



Translation of small ORFs (micropeptides)



Translation of small ORFs (micropeptides)

Ribosome profiling has revealed pervasive but largely uncharacterized translation outside of canonical 
coding sequences (CDSs). Here, we exploit a systematic CRISPR-based screening strategy to identify 
hundreds of non-canonical CDSs that are essential for cellular growth and whose disruption elicit specific, 
robust transcriptomic and phenotypic changes in human cells. Functional characterization of the encoded 
microproteins reveals distinct cellular localizations, specific protein binding partners, and hundreds that are 
presented by the HLA system. Interestingly, we find multiple microproteins encoded in upstream open 
reading frames, which form stable complexes with the main, canonical protein encoded on the same 
mRNA, thus revealing the diverse use of functional bicistronic operons in mammals. Together, our results 
point to a family of functional human microproteins that play critical and diverse cellular roles.

Chen, Science 2020



Stop codon read-through

Dunn eLife 2013

●Several hundred Drosophila genes express C terminal extensions



Stop codon read-through

Li Plos Genetics 2019



Translation dynamics 

Ingolia Cell 2011



Ribo-seq variations  

Eastman, et al. Comput Struct Biotechnol J.  2018



Ribo-seq variations 

Ingolia, Nature Reviews Genetics 2014
Ingolia, Cell 2016



Proximity-specific ribosome profiling

Detects translation occurring close to the 
mitochondrial membrane

Williams, Science 2014



Translatomics goes single cell…



Translatomics goes single cell…



Translatomics goes single cell…



Translatomics goes single cell…

10x 

Genomicsstandard single-cell RNA-seq



Translatomics goes single cell…
Detection of RBFOX2-RNA targets at single-cell resolution

Ribo–STAMP reveals translational landscapes at single-cell

resolution

We performed stable 72-h high-induction control–STAMP and RPS2–STAMP 

and conducted scRNA-seq
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