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Frequently Asked
Questions in NGS 

Library Construction

• Platform. Which Illumina sequencing platform is 
best? Or should I be using long-read technologies?

• Read-Lengths. How many sequencing cycles 
should I run?

• Paired-End. Should I do paired-end or single-read 
sequencing?

• Read Number. How many reads should I 
generate?

• PCR. How many PCR cycles should I do and which 
polymerase should I use?



Short-Read vs Long-Read Next-Generation Sequencing Techniques

Short-Read
Sequencing

Illumina

Long-Read (Single Molecule)
Sequencing

Oxford Nanopore PacBio

Under what circumstances would you want to use short-read vs. long-read sequencing?



Illumina Sequencing Platforms

Clusters 
(millions)

Max Read-
Length

Max 
Output (Gb) Cost Bacterial 

Genomes
Eukaryotic 

Transcriptomes
MiniSeq 25 150 bp 7.5 $1,500 15 1.5
MiSeq 25 300 bp 15 $1,530 30 3
NextSeq 500 (mid) 130 150 bp 40 $1,650 80 8
NextSeq 500 (high) 400 150 bp 120 $4,240 240 24
HiSeq 4000 Lane 300 150 bp 90 $1,925 180 18
NovaSeq S4 Lane 2500 150 bp 750 $9,100 1500 150

MiSeq NextSeq HiSeq NovaSeq

Increasing sequencing output and cost per run

MiniSeq



Principles when Choosing Read Lengths

• Read lengths are defined by the cycle number on an Illumina run (1 bp per cycle).

• Advantages of longer reads

• Cost per bp declines
• MiSeq V2 50 cycles   -- $747 ($996/Gb)
• MiSeq V2 300 cycles -- $958 ($213/Gb)
• MiSeq V2 500 cycles -- $1066 ($142/Gb)

• Better for distinguishing among repetitive sequences in assembly/mapping

• Disadvantages

• Worthless if your inserts are short

• Additional sequence is not “independent” (e.g., for quantifying gene expression)

• Basecall quality diminishes with read length.



Read Quality

Quality declines with increasing cycle number because amplicons within clusters get out of phase.



Single-Read vs. Paired-End

Advantages of paired-end runs
• Cost per bp declines

• NextSeq V2 1x150 cycles -- $2650 ($44/Gb)
• NextSeq V2 2x150 cycles -- $4240 ($35/Gb)

• Better for distinguishing among repetitive sequences in assembly/mapping

Disadvantages
• Worthless/redundant if your inserts are short

• Additional sequence is not “independent” (e.g., for quantifying gene expression)



How Many Reads Do I Need?

de novo genome assembly
• 100x sequence coverage (e.g., 5 Mb genome à

500 Mb total sequence data)
• Longest paired-end reads available
• But consider PacBio/Nanopore

Genome re-sequencing (SNP and indel variant calling)
• 20x and 35x for haploid and diploid genomes, 

respectively
• Longest paired-end reads available
• Low error rate technologies

RNA-seq for measuring gene expression (with ref genome)
• 36 million reads to get reliable quantification for 80% 

of human genes with FPKM > 10. (ENCODE 2011 
PLoS Biol. e1001046)

• Short single-end reads

CAP–seq
(CxxC affinity purification 
sequencing). A method to 
identify genomic regions that 
are enriched for unmethylated 
CpG dinucleotides on the basis 
of binding of the CxxC domain 
to such regions. A recombinant 
CxxC domain from the KDM2B 
protein is biotinylated and  
is bound to DNA. After 
fragmentation, DNA bound to 
the biotinylated CxxC domain 
is recovered and sequenced. 

Peaks
Regions of the genome with an 
enrichment of mapped reads 
compared with a control  
track or a local background. 
Produced by peak callers, 
these are often the output of 
location-based experiments.

Point-source factor
A protein factor that yields 
narrow and localized peaks in 
chromatin immunoprecipita-
tion followed by sequencing 
experiments, such as 
sequence-specific transcription 
factors or some modified 
histones that occur in localized 
regions.

Broad-source factor
A protein factor or modification 
that marks extended genomic 
regions, such as many modified 
histones.

background levels are assumed to be low, but such exper-
iments have included three or four replicates per sample. 
This low background level contributes to a high signal-
to-noise ratio in ChIP–exo and could partly explain its 
extra sensitivity.

Other location-based techniques. In recent years, a 
plethora of techniques for assessing the sites of interac-
tions between a molecule and nucleic acids using high-
throughput sequencing have been described68–72,75,76,88. 
These techniques are superficially similar to ChIP–seq 
in that nucleic acids that interact with the factor of 
interest are enriched and then sequenced. However, the 
sequencing requirements may differ from a traditional 
ChIP–seq experiment that uses a sequence-specific tran-
scription factor. Representative sequencing read counts 
for recently published examples of these techniques are 
shown in TABLE 2.

Of all issues that require consideration when design-
ing such experiments, the most important one is per-
haps the complexity of the library to be sequenced 
(BOX 1), which is mostly influenced by the proportion 
of the genome that is expected to be targeted and by 
the amount of starting material. Experiments that tar-
get a large proportion, or even most, of the genome (for 
example, DNaseI-seq and MeDIP–seq) require a larger 
number of reads than experiments that target a small 
proportion of the genome (for example, iCLIP and 4C). 
Additionally, a library that is produced from a small 
amount of starting material will be of low complexity, 
and its sequencing will be rapidly exhausted. For exam-
ple, CLIP experiments often start from small amounts 
of purified RNA, which cause many of the sequenced 
reads to be identical69,89,90. These identical reads are 

assumed to be PCR duplicates, although new techniques, 
such as random barcoding, are helping to ameliorate this 
problem70. A second issue for consideration is that the 
signal-to-noise ratio determines the number of reads 
that is necessary to distinguish genuine signals from 
background signals, and higher noise levels require a 
greater number of reads. Techniques that use exonucle-
ases, such as ChIP–exo and iCLIP, are expected to show 
low background signals, as nonspecific nucleic acids are 
removed by digestion67,70. This does not only reduce the 
necessary sequencing depth but also removes the need 
to sequence negative-control samples.

In MeDIP–seq, the required coverage is determined 
by the number of CpG dinucleotides in the genome. It 
is suggested that 60 million reads (36-bp paired-end 
reads) are sufficient to interrogate the majority of meth-
ylated CpG in the human genome74. To assess differential  
methylation, window-based read-counting methods 
can be applied, in which the genome is segmented into 
regions of equal size and differential methylation is 
inferred if the number of reads in a region differs signifi-
cantly between conditions. Methods such as DESeq and 
EdgeR take into account different read depth between 
samples, as well as the noise due to the counting process 
and biological variation. However, there are no current 
guidelines for the amount of coverage and the number of 
replicates that are required to accurately call differentially  
methylated regions.

In some experiments, only a proportion of all reads 
that are mapped will prove to be useful. For example, in 
CLIP experiments, mutations at the site of crosslinking 
can be used to identify the precise location of crosslink-
ing, but these mutations only happen in a minority of the 
reads that map to a region91.

Finally, some interactions will be rarer than others,  
and their detection requires greater numbers of reads. 
This is particularly apparent in experiments that involve 
transcripts, such as CLIP and CHART. This is because 
transcripts are expressed at varying levels and most reads 
from any experiment map to highly expressed tran-
scripts. Thus, to confidently identify interactions that 
involve lowly expressed transcripts, considerably more 
reads are required.

3C assays. 3C is a high-throughput sequencing approach 
for capturing interactions between two genomic regions. 
The frequency by which paired reads are mapped to two 
regions is considered to indicate the physical proximity 
of these regions in the nucleus. Concepts and applica-
tions of several methods that are derived from 3C have 
been reviewed elsewhere75. One of these methods — 
4C — assays the interactions from one location in the 
genome and requires relatively few reads (that is, one to  
two million reads92,93). A trans interaction is unlikely  
to be captured because each cell in a population can only 
contribute at most two ligation products to a library — 
one from each copy of the bait — and most of these are 
likely to be local interactions.

A second method — Hi-C — measures interac-
tions between all possible sites with all other pos-
sible sites that cover the whole genome. This results 

Table 2 | Representative read counts for location-based approaches

Techniques Read counts in representative studies Refs

DNaseI-seq and FAIRE–seq 20–50 million 79

CLIP–seq 7.5 million; 36 million 89, 90

iCLIP and PAR–CLIP 8 million; 14 million 105, 106

CHiRP and CHART 26 million 72

4C 1–2 million 92

ChIA–PET 20 million 107

5C 25 million 108

Hi-C >100 million 94

MeDIP–seq 60 million 109

CAP–seq >20 million 110

ChIP–seq >10 million per sample (point source);  
>20 million per sample (broad source)

79

4C, circularized chromosome conformation capture; 5C, chromosome conformation capture 
carbon copy; CAP–seq, CxxC affinity purification sequencing; CHART, capture hybridization 
analysis of RNA targets; ChIA–PET, chromatin interaction analysis by paired-end tag 
sequencing; ChIP–seq, chromatin immunoprecipitation followed by sequencing; CHiRP, 
chromatin isolation by RNA purification; CLIP–seq, crosslinking immunoprecipitation  
followed by sequencing; DNaseI-seq, DNase I hypersensitive site sequencing; FAIRE–seq,  
formaldehyde-assisted isolation of regulatory elements followed by sequencing; iCLIP, 
individual nucleotide-resolution crosslinking and immunoprecipitation; MeDIP–seq, 
methylated DNA immunoprecipitation followed by sequencing; PAR–CLIP, photoactivatable-
ribonucleoside-enhanced crosslinking immunoprecipitation.
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How Many Reads Do I Need?

https://genohub.com/next-generation-sequencing-guide/https://genohub.com/next-generation-sequencing-guide/

https://genohub.com/next-generation-sequencing-guide/


Minimizing Bias

Generally try to use a minimal number 
of PCR cycles during library prep.

Use high-fidelity polymerases that 
exhibit a low amplification bias (KAPA 
HiFi or NEB Q5)

Discussion of additional sources of 
bias: van Dijk et al. 201 
https://www.ncbi.nlm.nih.gov/pubmed/24440557

https://www.ncbi.nlm.nih.gov/pubmed/24440557

