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Unit 2 Review

• Inferring larger sequences from short 
read data

• Read mapping to reference sequences

• How to assemble de novo contigs from 
reads

• How to map contigs/reads to references

• Shotgun Library Prep I 

• Shotgun Library Prep II
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Molecular Lab

Bioinformatics Lab



Unit 3 Overview

• Targeted Sequence Capture

• Ultraconserved elements and 
vertebrate phylogenetics

• How to download and process UCE 
data

• Targeted sequence capture of UCEs 
from shotgun libraries made in Unit 2

Lecture

Molecular Lab

Bioinformatics Lab



Reduced-representation NGS sequencing

• Genomes can be large!

• We might want to compare multiple 
individuals/species

• Targeted Sequence Capture (TSC)

• Restriction site associated DNA 
sequencing (RADseq) [Unit 4]



Targeted sequence capture

• Hybridization-based capture

• Targeted enrichment

• NGS target enrichment

• Hybrid capture-based sequencing

• DNA bait capture

• Target capture



• Target enrichment is a cost-effective 
and efficient method for researchers 
to capture specific regions of interest 
after library preparation for NGS and 
has many advantages over whole 
genome sequencing (WGS). Target 
enrichment enables focused 
sequencing resources, which leads to 
reduced cost and simplified analysis.

Targeted sequence capture

Text from Roche.com



Sounds great… how does it work? 





• Microarrays contain single-stranded 
oligonucleotides with sequences to 
tile the region of interest fixed to the 
surface.

Array-based sequence capture
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• ‘Free floating’ oligonucleotides 
hybridise to regions of interest and 
then are captured by magnetic 
beads.

• UCEs are primarily enriched with 
this method

In-solution sequence capture
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• Biotin aka Vitamin B7

• It covalently attaches to biological 
macromolecules (e.g. DNA/RNA and proteins)

• Biotinylation is rapid, specific and is 
unlikely to disturb the natural 
function of the molecule due to the 
small size of biotin (MW = 244.31 
g/mol).

Biotinylation

Text mostly from Wikipedia ☺
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• Streptomyces avidinii

• The strong streptavidin-biotin 
interaction can be used to attach 
various biomolecules to one another 
or onto a solid support.

• The magnetic beads for separation of 
biotinylated biomolecules have a 
Streptavidin ligand.

Streptavidin

Streptomyces avidinii Type strain MA-833
Image by BacDive-DSMZ



Streptavidin-coated magnetic beads

• Streptavidin Magnetic Beads are 1 µm 
superparamagnetic particles covalently 
coupled to a highly pure form of 
streptavidin. The beads can be used to 
capture biotin labeled substrates including 
antigens, antibodies and nucleic acids.

• Solid Phase Reversible Immobilization 
(SPRI) technology

Image by VWR



An aside about SPRI beads…



Solid Phase Reversible Immobilization (SPRI) 
technology
• Sera-Mag Magnetic 

Speedbeads

• Not streptavidin-coated

• SPRI beads are paramagnetic 
(magnetic only in a magnetic 
field) and this prevents them 
from clumping and falling 
out of solution. 

• Each bead is made of 
polystyrene surrounded by a 
layer of magnetite, which is 
coated with carboxyl 
molecules.

Image by Merck



Streptavidin-coated magnetic beads

• Streptavidin Magnetic Beads are 1 µm 
superparamagnetic particles covalently 
coupled to a highly pure form of 
streptavidin. The beads can be used to 
capture biotin labeled substrates including 
antigens, antibodies and nucleic acids.

• Solid Phase Reversible Immobilization 
(SPRI) technology

Image by VWR
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Where did the idea for sequence capture 
come from?



Western Blots

To allow detection of the target protein, the 
secondary antibody is commonly linked to biotin

Image by Tim Vickers CC BY-SA 3.0



Western Blots

Image by Sigma Aldrich



Sequence Capture
Bead

Biotinylated RNA Probe 

Target DNA Sequence

Image by Sigma Aldrich



Bead

Biotinylated RNA Probe 

Target DNA Sequence

Magnet

Sequence Capture

Image by Sigma Aldrich



• First described in the human genome

• They are used to study…

• Genomics

• Phylogenetics

Ultraconserved Elements (UCEs)

Text from Roche.com



What are UCEs?

These ultraconserved elements of the human 
genome are most often located either overlapping 
exons in genes involved in RNA processing or in 
introns or nearby genes involved in the regulation of 
transcription and development



What are UCEs?

Also identified more broadly in alignments of vertebrate genomes in 2007…



Why are there UCEs?
Genome organization and stability



Why are there UCEs?
Conserve gene function as enhancers 

Elnitski & Ovcharenko, 2018 
Genome Biology



Controversy?



• UCEs as phylogenetic markers

• In vertebrate systems this largely 
started with Faircloth et al. (2012)

Ultraconserved Elements (UCEs)



Phylogenetics



From Faircloth et al. 2012, Syst. Biol.
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Phylogenetics
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Image from Van Dam et al. 2017, PLoS ONE





EMPIRICAL STUDIES: 

QUALITIES OF UCES

• IGUANIAN LIZARDS

• > 3,000 UCES

• 44 TAXA



Streicher and Wiens 2017 (4178 UCEs)

Reeder et al. 2015 (46 protein-coding loci)
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Portik et al. In Prep.
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• Useful for comparing/aligning 
genomes of different species

• Useful for phylogenetic analysis 
across divergent species

• Not as useful for population genetic 
analysis… but stay tuned for Unit 4 -
ddRADseq

Ultraconserved Elements (UCEs)
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Getting ready…

• cd NGS_course

• Mkdir Unit_3

• cd Unit_1

• cd sratoolkit.2.11.1-ubuntu64

• cd bin 


