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Study transcription (because we can) 



What is RNA-seq 

http://www.biostat.wisc.edu/bmi776/lectures/rnaseq.pdf 



Read 1 Read 2 
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RNA-seq alignment and quantification 

• Reads are mapped (or aligned) to genome 
• Expression is quantified based on genome annotation: a map of 

where the genes are located in the genome 
 



Gene expression table 
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• rRNA – ribosomal RNA: 80% of the cell RNA 

• tRNA – transfer RNA: 15% of the cell RNA 

• mRNA – messenger RNA for protein coding genes 

• Other RNAs: miRNA, lncRNA, … 

 

• Some of the RNAs are short: tRNA, miRNA, … and are not getting into 
normal RNA-seq 

 

Main types of RNAs 

https://www.ncbi.nlm.nih.gov/books/NBK21729/ 6 



• polyA selection: most standard, relatively  cheap and easy protocol, 
selects mRNAs and some non-coding RNAs 

• riboZero: depletes rRNA, works better for degraded RNA, captures all 
long RNAs 

 

Two main approaches for RNA selection 
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Average size of the gene: 3 000 bp 

AAAAAAA 

500bp 
is enough to get accurate level 

 of expression across  
the whole transcript 

Going after gene expression only 
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Reads, paired Read 1 Read 2 

Expression and 
 annotation 

Fragmentation  
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3´end RNA-Seq pipeline 

Library prep 

PolyA selection of  
mature transcripts  
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RNA specific library prep 

Starting from fragmented RNA 

AAAAAAAAAAAAAAA- 
LINKERSEQUENCE-TTTTTTTTTTTTTTTTTT- 

Second linker ligation Enrichment and extension 

Custom oligo-dT cDNA synthesis 



3’ vs full RNA-seq data 



Starting from fragmented RNA 

AAAAAAAAAAAAAAA- 
LINKERSEQUENCE-BARCODE-TTTTTTTTTTTTTTTTTT- 

Second linker ligation Enrichment and extension 

Custom oligo-dT cDNA synthesis 

Early Barcoding Strategy 



single library prep for N samples 

Second linker ligation Enrichment and extension 

Sensitivity/throughput improved N-fold by early pooling 

…… 

Sample 1 Sample 2 Sample N 

Pooling samples 

cDNA synthesis with 
LINKERSEQUENCE-BARCODE1-T15 

cDNA synthesis with 
LINKERSEQUENCE-BARCODE2-T15 

cDNA synthesis with 
LINKERSEQUENCE-BARCODEN-T15 

…… 



If you use microfluidics, N can be very large and  
pooling can be automatic! 

…… 

Sample 1 Sample 2 Sample N 

cDNA synthesis with 
LINKERSEQUENCE-BARCODE1-T15 

cDNA synthesis with 
LINKERSEQUENCE-BARCODE2-T15 

cDNA synthesis with 
LINKERSEQUENCE-BARCODEN-T15 

…… 



If you use microfluidics, N can be very large and  
pooling can be automatic! 

…… 

Sample 1 Sample 2 Sample N 

cDNA synthesis with 
LINKERSEQUENCE-BARCODE1-T15 

cDNA synthesis with 
LINKERSEQUENCE-BARCODE2-T15 

cDNA synthesis with 
LINKERSEQUENCE-BARCODEN-T15 

…… 

More on this in single-cell module  
from Kostya tomorrow 



Sequencing: HiSeq 2500 ->HiSeq 4000 -> Hiseq X 

• Output is in millions of reads 
• Reads are typically of 50bp and 100bp 
• Single end or paired end 

To run sequencing you have to fill flow cell: 
• Rapid Run Mode: 

• Flow Cell consists of two lanes, 
• ~120 M reads from each lane 

• Productivity Mode: 
• Flow Cell Consists of 8 lanes 
• ~200-250M reads from each lane 
 



Sequencing depth/replication 

Number of differentially expressed  
genes increases as sequencing depth increases 

The more the merrier! 

More than 60M reads is  
almost never needed 

 
15-20M reads per sample is  

good sequencing depth 
 

Even 3-4 million is enough to estimate  
differential expression well 

Usually it’s better to increase the number of 
biological replicates instead of library depth 



Measuring gene expression using microarrays 

• Instead of sequencing, expression is 
measured via hybridization and 
fluorescence 

• Can be 50k to 1M probes per array 
• Probes should be annotated: what genes 

they are assigned to 
 

• Were developed earlier than RNA-seq but 
still used today 

• Can measure only predefined things 
 

 

https://www.oceanridgebio.com/affymetrix_genechip 




