
  

NGS library construction using 
fragmented/size selected DNA

There are several important considerations when 
preparing libraries from DNA samples.

the amount of starting material
whether the application is for resequencing
or de novo sequencing



  

 Library preparations can be susceptible to bias 
resulting from genomes that contain unusually 
high or low GC content

 approaches have been developed to address 
these situations through careful selection of 
polymerases for PCR amplification, 
thermocycling, conditions and buffers



  

  Library preparation from DNA samples for 
sequencing

 whole genomes,
 targeted regions within genomes (for example exome 

sequencing),
 ChIP-seq experiments,
 or PCR amplicons follows the same general workflow.

  Ultimately, for any application, the goal is to 
make the libraries as complex as possible



  



  

 Numerous kits for making sequencing libraries 
from DNA are available commercially from a 
variety of vendors. 

 Kits are available for making libraries from 
microgram down to picogram quantities of 
starting material. 

 However, one should keep in mind the general 
principle that more starting material means less 
amplification and thus better library complexity. 



  

TruSeq DNA Sample Preparation 



  



  

TruSeq® DNA PCR-Free Sample 
Preparation Kit



  



  

TruSeq® Nano DNA Sample

 The TruSeq Nano DNA protocol supports shearing by 
Covaris ultrasonication, requiring 100 ng of input DNA 
for an average insert size of 350 bp or 200 ng DNA for 
an average insert size of 550 bp. 



  

Nextera®
 DNA Sample Preparation Kits 

 Easiest to Use
 Prepare sequencing-ready samples in 1.5 hours 

with 15 minutes hands-on time

 Lowest DNA Input
 Use just 50 ng DNA per sample, enabling use with 

samples in limited supply



  



  

Nextera XT



  



  



  

Rapid Capture Exomes



  



  

Focused investigation of key genes

With targeted resequencing, a subset of genes or 
regions of the genome are isolated and sequenced. 

Targeted approaches using next-generation 
sequencing (NGS) allow researchers to focus time, 
expenses, and data analysis on specific areas of 
interest. 

Such targeted analysis can include the exome (the 
protein-coding portion of the genome), specific 
genes of interest (custom content), targets within 
genes, or mitochondrial DNA.



  

Target enrichment: 

Regions of interest are captured by hybridization 
to biotinylated probes and then isolated by 
magnetic pulldown. Target enrichment captures 
20 kb–62 Mb regions, depending on the 
experimental design.



  

Ampliseq

Since dideoxy (Sanger) sequencing was 
developed over 30 years ago, amplicon 
sequencing has been a mainstay of genome 
analysis. 

Now, with AmpliSeq™, it is possible to 
simultaneously amplify, sequence and genotype 
hundreds of genomic regions in a single project.



  

Ampliseq

By focusing next-generation DNA sequencing 
(NGS) technologies on specific targets, tens to 
hundreds of genetic markers can be quickly and 
cost effectively identified or genotyped in large 
populations.

video 



  



  



  



  



  



  



  



  



  

Benefits of Target Enrichment vs. 
Amplicon Sequencing



  



  

LOW level DNA detection

Single-cell genomics can be used to identify and study circulating tumor 
cells, cell-free DNA, microbes, uncultured microbes, for preimplantation 
diagnosis, and to help us better understand tissue-specific cellular 
differentiation. 

DNA replication during cell division is not perfect; as a result, progressive 
generations of cells accumulate unique somatic mutations.

 Consequently, each cell in our body has a unique genomic signature, which 
allows the reconstruction of cell lineage trees with very high precision.

 These cell lineage trees can predict the existence of small populations of 
stem cells. This information is important for fields as diverse as cancer 
development preimplantation, and genetic diagnosis.



  

Reviews

Blainey P. C. (2013) The future is now: single-cell 
genomics of bacteria and archaea. FEMS 
Microbiol Rev 37: 407-427

Lovett M. (2013) The applications of single-cell 
genomics. Hum Mol Genet 22: R22-26

Shapiro E., Biezuner T. and Linnarsson S. (2013) 
Single-cell sequencing-based technologies will 
revolutionize whole-organism science. Nat Rev 
Genet 14: 618-630



  

Low-Level DNA Detection

 MULTIPLE DISPLACEMENT AMPLIFICATION (MDA)

Multiple displacement amplification (MDA) is a method 
commonly used for sequencing microbial genomes due to 
its ability to amplify templates larger than 0.5 Mbp, but it 
can also be used to study genomes of other sizes.

  In this method, 3’-blocked random hexamer primers are 
hybridized to the template, followed by synthesis with Phi 
29 polymerase. 

 Phi 29 performs strand-displacement DNA synthesis, 
allowing for efficient and rapid DNA amplification. 



  



  

DNA-PROTEIN INTERACTIONS

Chromatin remodeling is a dynamic process driven by factors 
that change DNA-protein interactions. These epigenetic factors 
can involve protein modifications, such as histone methylation, 
acetylation, phosphorylation, and ubiquitination. 

Histone modifications determine gene activation by recruiting 
regulatory factors and maintaining an open or closed chromatin 
state. Epigenetic factors play roles in tissue development, 
embryogenesis, cell fate, immune response, and diseases 
such as cancer. Bacterial pathogens can elicit transcriptional 
repression of immune genes by chromatin remodeling. 



  



  

DNASE I HYPERSENSITIVE SITES 
SEQUENCING (DNASE-SEQ)

Sequences bound by regulatory proteins are 
protected from DNase l digestion. Deep 
sequencing provides accurate representation of 
the location of regulatory proteins in genome. 



  

Chip-seq
In eukaryotic cells, the genome is highly organized 

within the nucleus in a complex compact structure 
known as chromatin. The basic unit of chromatin is 
the nucleosome, which consists of 146 bp of DNA 
wrapped around the four histone proteins arranged 
as an octamer composed by two histone H2A-H2B 
dimers and a histone H3-H4 tetramer



  

Each histone protein contain the so called histone 
fold structural motif, anked by unstructured N- 
and C-terminal tails, ranging from 15 (H2A) to 
35 (H3) amino acids, that protrude from the 
nucleosomal core



  

Histone modifications

Acetylation and 
methylation of specic 
lysine or arginine 
residues in histones 
H3 and H4 are 
reversible and have 
been associated to 
gene transcription 
regulation



  

H3K4, H3K36, and H3K79 methylations are generally 
linked to active gene expression, whereas H3K9, 
H3K27, and H4K20 di- and tri-methylations have 
been associated with gene silencing. 

H3K4me2 and H3K4me3 have been both found 
predominantly on active loci, although H3K4me3 is 
associated with active genes, H3K4me2 can be 
present also in inactive genes



  

TruSeq® ChIP Sample Preparation



  



  



  

https://en.wikipedia.org/wiki/MAFK



  



  

CHROMATIN CONFORMATION 
CAPTURE (HI-C/3C-SEQ)



  

Overview of 3C-derived methods. 

Elzo de Wit, and Wouter de Laat Genes Dev. 2012;26:11-24

Copyright © 2012 by Cold Spring Harbor Laboratory Press



  



  



  

DNA Methylation

 DNA methylation and hydroxymethylation are 
involved in development, X-chromosome 
inactivation, cell differentiation, tissue-specific 
gene expression, plant epigenetic variation, 
imprinting, cancers, and diseases.

  Methylation usually occurs at the 5’ position of 
cytosines and plays a crucial role in gene 
regulation and chromatin remodeling.



  

 The active agouti gene in mice 
codes for yellow coat color. 
When pregnant mice with the 
active agouti gene are fed a 
diet rich in methyl donors, the 
offspring are born with the 
agouti gene turned off. This 
effect has been used as an 
epigenetic biosensor for 
nutritional and environmental 
alterations on the fetal 
epigenome.

Environmental epigenomics and disease susceptibility

Randy L. Jirtle and Michael K. Skinner

Nature Reviews Genetics 8, 253-262 (April 2007)

doi:10.1038/nrg2045

http://www.nature.com/nrg/journal/v8/n4/full/nrg2045.html


  

 Most cytosine methylation occurs on cytosines located near guanines, called CpG 
sites. These CpG sites are often located upstream of promoters, or within the gene 
body. CpG islands are defined as regions that are greater than 500 bp in length 
with greater than 55% GC and an expected/observed CpG ratio of > 0.65. 

 While cytosine methylation (5mC) is known as a silencing mark that represses 
genes, cytosine hydroxymethylation (5hmC) is shown to be an activating mark that 
promotes gene expression and is a proposed intermediate in the DNA 
demethylation pathway. Similar to 5mC, 5hmC is involved during development, 
cancers, cell differentiation, and diseases.

 5mC and/or 5hmC can be a diagnostic tool to help identify the effects of nutrition, 
carcinogens, and environmental factors in relation to diseases. 

 The impact of these modifications on gene regulation depends on their locations 
within the genome. It is therefore important to determine the exact position of the 
modified bases.



  

BISULFITE SEQUENCING (BS-SEQ)

 Bisulfite sequencing (BS-Seq) or whole-genome bisulfite 
sequencing (WGBS) is a well-established protocol to detect 
methylated cytosines in genomic DNA. 

 In this method, genomic DNA is treated with sodium bisulfite and 
then sequenced, providing single-base resolution of methylated 
cytosines in the genome. Upon bisulfite treatment, unmethylated 
cytosines are deaminated to uracils which, upon sequencing, are 
converted to thymidines. 

 Simultaneously, methylated cytosines resist deamination and are 
read as cytosines. The location of the methylated cytosines can 
then be determined by comparing treated and untreated 
sequences. 



  

• Bisulfite converts unmethylated cytosines to thymidines, reducing 
sequence complexity, which can make it difficult to create alignments

• SNPs where a cytosine is converted to thymidine will be missed 
upon bisulfite conversion

• Bisulfite conversion does not distinguish between 5mC and 5hmC



  

METHYLATED DNA 
IMMUNOPRECIPITATION SEQUENCING 

(MEDIP-SEQ)
 Methylated DNA immunoprecipitation sequencing 

(MeDIP-Seq) is commonly used to study 5mC or 
5hmC modification. 

 Specific antibodies can be used to study cytosine 
modifications. If using 5mC-specific antibodies, 
methylated DNA is isolated from genomic DNA via 
immunoprecipitation. 

 Anti-5mC antibodies are incubated with fragmented 
genomic DNA and precipitated, followed by DNA 
purification and sequencing. 



  

Sequence Rearrangements

A growing body of evidence suggests that somatic 
genomic rearrangements, such as retrotransposition 
and copy number variants (CNVs), are relatively 
common in healthy individuals.

 Cancer genomes are also known to contain numerous 
complex rearrangements. While many of these 
rearrangements can be detected during routine next-
generation sequencing, specific techniques are 
available to study rearrangements such as 
transposable elements.



  

Transposable genetic elements (TEs) comprise a vast array of 
DNA sequences with the ability to move to new sites in genomes 
either directly by a cut-and-paste mechanism (transposons) or 
indirectly through an RNA intermediate (retrotransposons). 

TEs make up about 66-69% of the human genome and play roles 
in ageing, cancers, brain, development, embryogenesis, and 
phenotypic variation in populations and evolution. TEs played a 
major role in dynamic arrangement of the sex determining region 
over evolution, giving us distinct X and Y chromosomes.



  

JK Baillie et al. Nature 000, 1-4 (2011) doi:10.1038/nature10531

Overall RC-seq methodology.
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