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Today's topics

1. Phylogenomics introduction

2. The coalescent and why we do phylogenomics

3. Coalescent simulation (exercise)

4. Subsampling methods: anchored hybrid enrichment

5. Subsampling methods: RAD-seq (exercise)



Phylogenomic sampling

Characterize evolutionary history from a subset of sampled genomes (individuals).

few genes across many taxa
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Article

One thousand plant transcriptomes and
the phylogenomics of green plants

https://doi.org/101038/s41586-019-1693-2 One Thousand Plant Transcriptomes Initiative
Received: 17 November 2017

Accepted: 12 September 2019 Green plants (Viridiplantae) include around 450,000-500,000 species'? of great
Published online: 23 October 2019 diversityand have important roles in terrestrial and aquatic ecosystems. Here, as part

of the One Thousand Plant Transcriptomes Initiative, we sequenced the vegetative
Open access

transcriptomesof1,124 species that span the diversityof plants in abroad sense
(Archaeplastida), including greenplants (Viridiplantae), glaucophytes (Glaucophyta)
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Restriction-Site-Associated DNA Sequencing Reveals a Cryptic Viburnum Species on the
North American Coastal Plain

FLIZABETH L. SPrIGGS ! *, DEREN A. R. EATON!:2, PATRICK W. SWEENEY>, CAROLINE SCHLUTIUS', ERIKA J. EDWARDS! 2,
AND MICHAEL J. DoNOGHUE! @
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Phylogenomic sampling

Characterize whole genomes from a subset of sequenced markers.
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Genealogical variation

It is important to examine evolutionary history across the entire genome.
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Historical introgression/admixture

It is important to examine evolutionary history across the entire genome.
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The Coalescent

A model that describes the expected waiting time until two or more samples share a
most recent common ancestor. The distribution of coalescent times within a

population, or between populations, provides information about their history.

There are many genealogical histories that could possibly explain the genetic
relatedness of a set of samples. VWe cannot observe the genalogies directly, only the
sequence data that evolved on those genealogies.

Coalescent simulations provide a means to ask: "can the genetic variation that |

observe in my samples be explained by neutral evolutionary processes?"



Population parameters (Ne)

The effective population size (Ne) of a population describes the probability that two
samples share a common ancestor in the previous generation. This parameter does
not translate directly to the actual population size, though they are likely correlated.

Other factors like non-random mating and population structure also affect Ne.



Single population model

If we assume that a population is randomly mating (panmictic) and neutrally evolving
then the expected waiting time until n samples coalesce can be modeled entirely by
Ne.

Because n samples can share many possible genealogical histories (remember how
big tree space is), and their genealogical relationships are expected to vary across

their genomes (recombination makes different regions independent of others), we
expect to observe a large variation in genealogical histories when examining many

loci for n samples.

The coalescent model treats genealogies as a random varaible. We are interested in
the expected distribution of variation when integrating over many genealogies.



Multiple population (structured) coalescent

When modeling multiple populations a "species tree" topology (e.g., "Species Tree")
defines when different samples or their ancestors are able to share a parent in a

previous generation.

To predict the expected genetic similarity of samples in a structured coalescent
model requires estimating Ne for each lineage as well as T, the divergence time of
the populations.

Modern phylogenetic inference methods are based on the multispecies coalescent
model which calculates the likelihood of observed genetic data given a set of
parameters: Ne, T, and a topology. Searching over many topologies and many
parameters can identify a best species tree model that explains variation among
genealogies.



Coalescent Exercise

Link to notebook 13.1 (MSC)


https://mybinder.org/v2/gh/genomics-course/2020-phylogenomics/master?filepath=nb-13.1-MSC.ipynb

articles

Genome-scale approaches to resolving
incongruence in molecular phylogenies

Antonis Rokas*, Barry L. Williams*, Nicole King & Sean B. Carroll

Howard Hughes Medical Institute, Laboratory of Molecular Biology, B M. Bock Laboratories, University of Wisconsin-Madison, 1525 Linden Drive, Madison,

Wiscansin 53706, USA
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Rokas et al.: Discussion

- What type of sequence data did they use?
- |s this a shallow or deep phylogenetic question?
- Why is there so much variation among gene trees?
- What is their recommended solution (in 2002)?

- Is this still a recommended method?

- Would sampling more data help infer a better tree?
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A Phylogeny of Birds Based on Over 1,500 Loci Collected
by Target Enrichment and High-Throughput Sequencing

John E. McCormack'*, Michael G. Harvey''?, Brant C. Faircloth?, Nicholas G. Crawford®, Travis C. Glenn®,
Robb T. Brumfield'-?

1 Museum of Matural Science, Louisiana State University, Baton Rouge, Louisiana, United States of America, 2 Department of Biological Sciences, Louisiana State
Uniwversity, Baton Rouge, Louisiana, United 5tates of America, 3 Department of Ecology and Evolutionary Biology, University of California Los Angeles, Los Angeles,

California, United States of America, 4 Department of Biclogy, Boston University, Boston, Massachusetts, United States of America, 5 Department of Envircnmental Health
Science, University of Georgia, Athens, Georgia, United States of America
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Figure 3. Species tree estimated from 416 individual UCE gene
trees. We collapsed nodes receiving less than 40% bootstrap support.
doi:10.1371/journal pone.0054848.9003



McCormack et al.: Discussion

- What type of sequence data did they use?
- |s this a shallow or deep phylogenetic question?
- |s there agreement among the gene trees?

- |s their species tree highly supported?

- Would sampling more data help infer a better tree?
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Phylogenomic inference methods
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Preparing Genomic Libraries

Wet lab techniques for taking extracted DNA and ligating synethesized nucleotides
to it to prepare it for a sequencing machine.

Adapter sequences are oligonucleotides with a sequence that binds to some feature
of the sequencing machine.

Barcodes/Indices are unique molecular identifiers that can be ligated (attached) to
DNA fragments so that they can be pooled for sequencing and later assigned to
different samples based on the barcode (demultiplexed).
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Targeted Hybrid Enrichment Methods

Methods for subsampling the genome to select particular regions for sequencing.

Requires a priori knowledge about sequence at the regions of interest.

Design and order synethesized RNA baits that will bind to target DNA region. These
baits are ligated to magnetic beads that allow them to be pulled out of solution with

powerful magnets. This will enrich the DNA sample for the targeted regions.

Shotgun sequence the enriched library and assemble reads into contigs overlapping

the targeted region.

7.



Exome sequencing (WES)

The exome Is composed of all of the exons within the genome. It is different from
the transcriptome, which contains all RNA transcribed in a cell. The transcriptome

will vary among different cell types whereas the exome does not.

Targeted exome sequencing uses hybrid target capture to enrich a DNA extraction

for coding regions before shotgun sequencing. It requires a priori knowledge of the
gene sequences.

Whole Exome Sequencing is mostly used in human biomedical research, and model
organism research, since designing an array or probe set for one species requires a

high quality reference genome and is costly (i.e., needs to be used many times to
recoup costs).

7.



Anchored hybrid enrichment methods

For phylogenomic analyses we typically do not need the whole exome, and instead
design baits for just a subset of exons. In particular, exons that are highly conserved
and occur as a single copy (not duplicated). RNA baits can be designed for many
closely related taxa based on one or more closely related genomes. If the samples
differ too much from the taxon used for bait design you end up with missing data.

7.



Ultraconserved Elements

Some genomic regions have been identified that are very very highly conserved
among even very divergent taxa (e.g., all birds or all mammals). Sometimes these
regions have unknown functions, some are related to important developmental

genes.

Baits have been designed that target these UCE regions and extend away from them
for several hundred base pairs. The center has almost no variation but on the ends of

contigs more variation is detected.

Whereas it is often very hard to align orthologous regions among very distantly
related species, UCEs seem to work well for obtaining many hundreds or thousands

of orthologs.
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rHarnessing the power of RADseq for
ecological and evolutionary genomics

Kimberly R. Andrews’, Jeffrey M. Good?, Michael R. Miller®, Gordon Luikart*
and Paul A. Hohenlohe®

Abstract | High-throughput techniques based onrestriction site-associated DNA sequencing
(RADseq) are enabling the low-cost discovery and genotyping of thousands of genetic markers
for any species, including non-model organisms, which is revolutionizing ecological, evolutionary
and conservation genetics, Technical differences among these methods lead toimportant
considerations for all steps of genomics studies, from the specific scientific questions that can be
addressed, and the costs of library preparation and sequencing, to the types of bias and error
inherent in the resulting data. Inthis Review, we provide a comprehensive discussion of RADseq
methods to aid researchers in choosing among the many different approaches and avoiding
erronecus scientific concusions from RADseq data, a problem that has plagued other genetic
marker types inthe past.
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RAD-seq

Subsample many thousands of regions across the genome without need to design

baits. Fast and efficient subsampling method.

Initially used for association mapping, and genetic maps, where sparsely spaced

markers are sufficient to identify ancestry relative to parents.

But because it is easy to generate thousands of markers it also became popular for

population genetic and phylogenetic analyses.
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Drawbacks of RAD-seq

- Distantly related samples will not share the same restriction recognition sites (e.g.,

they accumulate mutations) and so it is characterized by a lot of missing data

- For organisms with small genomes it is increasingly affordable for many types of

questions to simply shotgun sequence the whole genome.
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In Silico Genomic Library Preparation Exercise

Link to notebook 13.2
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https://mybinder.org/v2/gh/genomics-course/2020-phylogenomics/master?filepath=nb-13.2-RAD-short.ipynb

