
Experimental 
Design

Impact of main sources of variance



The datasets might be larger, but basic science principles still apply…

• Controls

• Replication

• Good experimental design



The Importance of Controls in NGS ExperimentsWhy water?

Why water?



Reagents as a Source of Contamination 

Reagents can be a source of nucleic acid



Reagents as a Source of Contamination 

Salter et al (2014) BMC Biology

Microbiome studies also impacted
Contamination also prevalent in 16S microbiome studies 

Salter et al. 2014 BMC Biology



Sources of Variance in NGS Experiments

1. Poisson sampling variance

2. Technical variation introduced 
during library construction 
and sequence

3. Biological variation between 
samples

RNA-Seq and similar methods are “counting” methods

Variation in Read Counts among Replicates



Sources of Variance in NGS Experiments
Impact of main sources of variance

• Aim for a minimum of three 
biological replicates in 
“counting” experiments like 
differential-expression studies.

• Technical replicates do not 
address biological variance.

• Doing more replicates is often 
better than sequencing a small 
number of replicates more 
deeply.



Batch Effects and Sources of Bias

Beware batch effects

Batch effects are attributable to differences in laboratory conditions.  E.g.:
•  reagent lots
•  which instrument you use.  
•  who is running the instrument / prepping the libraries

Leek et al (2010) Nat Rev Genetics

Leek et al. 2010 Nat Rev Genet

• Reagent lots

• Technicians

• Library prep batches

• Sequencer runs/lanes



Illumina’s Recommendations for Reducing Index Hopping

Is this good scientific practice?



Experimental Design Practice

Study 1: Pathogen Discovery

You have observed a die-off of a species of 
frogs in a local lake and suspect that they may 
be experiencing an epidemic caused by a 
novel viral pathogen. You would like to use 
next generation sequencing to identify 
candidate viruses that may be responsible for 
this disease outbreak.

Study 2: Differential Gene Expression

You are interested in how a bacterial infection 
alters gene expression in a species of shrimp 
that you study, and you have the ability to
experimentally inoculate the shrimp and grow 
them in culture either with or without the 
bacterium.

Describe the following features of your experimental design

• Sampling scheme, including plans for replication and/or controls

• Type(s) of nucleic acid to sample and any enrichment/depletion methods

• Sequencing platform and type of sequencing library

• Best practices to be used that will avoid batch effects, pseudoreplication, and artefacts 


