
Transcriptome analysis is a daunting task due to the amount and fragmentation of the data. 
We will show you how to cope with this complexity in this short bulletin.
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Introduction

To study a transcriptome can be a 
daunting task and especially so for 
eukaryotic organisms. The most recent 
human reference assembly GRCh38 
has for instance 244550 unique exons 
with a length of up to 91671 bases, a 

mean of 330 bases and a total length 
of 80 million bases scattered across 
the 3 billion bases of the human 
genome. There are 52000 transcripts 
from 26475 genes, 22302 associated 
GO terms and 318 KEGG pathways. 

Studying the effect of a stressor on the 
transcriptomic level, finding your gene 
or pathway of interest and be confi-
dent in your findings needs prepara-
tion.

Transcriptome analysis 
- a daunting task?

Example Study

In the following we will discuss an 
example and the decisions behind it, 
to guide you through an RNA sequenc-
ing project. We will demonstrate how 
to cope with the complexity described 
in the introduction and how to invest 
your finite time and resources to get 
reliable results.

Consider the following experimen-
tal setup. A stressor and its effect on 
the human transcriptome need to be 
studied in vitro. There are cells under-
going the treatment and cells kept as 
control. To be able to cope with vari-
ations and not be misled by outli-
ers, biological replicates are recom-
mended for the treated cells as well as 
for the control cells.

In the following we will describe a stan-
dard procedure at Microsynth given 
the experimental setup above.

1) After total RNA isolation, poly(A) 
enrichment is undergone in the con-
struction of the sequencing libraries to 

remove non-coding RNA from the total 
RNA.

2) The main goal in this example is to 
count molecules sequenced from the 
libraries to quantify gene expression 
levels. Therefore, there is no need to 
sequence long stretches of the mol-
ecules but just enough as to be sure 
that a present molecule fits uniquely 
to a certain gene. A good compromise 
is to sequence single-end reads of 75 
bases in length.

3) The levels of expression between 
genes vary in orders of magnitude. 
House-keeping genes will make up 
the bulk of the sequenced reads. To 
counter this uneven distribution and 
still be able to detect molecules fitting 
to genes of interest, which might have 
small or moderate expression levels, 
30 million reads per sample are a good 
start. Roughly a fourth of the genes will 
have no detectable molecules and the 
range for the other genes will be from 
one counted molecule up to tens of 

thousands or even hundreds of thou-
sands of molecules. So if we consider 
a treatment batch with three replicates 
and a control batch also with three rep-
licates, 180 million single-end reads 
each with 75 bases in length will be 
sequenced. 
 
4) To help you analyze all this data, 
Microsynth will carry out bioinformat-
ics analysis. In this analysis the reads 
are mapped to the transcriptome in 
a splice-aware fashion, the mapped 
reads are counted for each gene and 
then normalized across your exper-
iment. These normalized values are 
then statistically analyzed comparing 
the replicates from the two different 
conditions (treatment and control) to 
each other. In this way statistical sig-
nificance of the fold changes and up- 
or down-regulation of any gene is cal-
culated (see Figure 1). Optionally a 
pathway analysis may be added, indi-
cating which pathways are up- or 
down-regulated as well (see Figure 2).
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Conclusion

We hope to have shown that the 
daunting task of transcriptome analy-
sis can be feasible, instructive and even 
fun if done scientifically correct. Please 

contact us with questions or requests. 
Our next generation team will gladly 
help you.

Need more information?
Send us your project requests via our contact form
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Figure 1. Summary tables resulting from the dif-

ferential gene expression analysis. 1A. Excerpt of 

a table summarizing the results of the analysis for 

two conditions with three replicates each. ID: gene 

ID; baseMean: average number of read counts; 

log2FC: log2 transformed fold change between 

conditions; lfcSE: standard error of log fold change; 

p-value: Wald test p-value; padj: p-value adjusted 

for multiple testing. 1B. The statistical results are 

also available as an interactive html-table allow-

ing sorting and searching for specific features.

Figure 2. Graphical output of the pathway analysis module. 2A. Excerpt from a network graph for upregulated pathways where colored nodes represent significantly 

upregulated gene ontology terms. 2B. Detail of a KEGG pathway analysis result.
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