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The goal of phylogenomicsThe goal of phylogenomics
Characterize evolu�onary rela�onships from a subset of sampled genomes.

few genes across many taxa many genes across few taxa

2



WGS vs. RAD-seq genomic samplingWGS vs. RAD-seq genomic sampling
Characterize whole genomes from a subset of sequenced markers.

Full genome

Shotgun reads

Assembly

Full genome

RADseq reads

Assembly

3



Coalescent varia�onCoalescent varia�on
Different genomic regions have different genealocial histories.
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Can sparse SNP sampling reconstruct Can sparse SNP sampling reconstruct 
genome-wide pa�erns?genome-wide pa�erns?

Filtering and forma�ng to deal with missing data...
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ViburnumViburnum Phylogeny Phylogeny

Species-level phylogenetic sampling
Published: 65 species; Eaton et al. (2015)
Current: 127 species; In Prep.

Assembled in ipyrad (Eaton 2014; Eaton & Overcast)
290K RAD loci (75% missing)
3.1M SNPs across 127 species 

Species tree inferred with tetrad (Eaton et al. 2015)
Uses all SNP information for each quartet
(average ~30K SNPs per quartet)
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ViburnViburn'ers'ers
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ViburnumViburnum global RAD sampling global RAD sampling
From global to popula�on-level varia�on.
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global sub-clade populations
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ViburnumViburnum Orieno�nus rapid radia�on Orieno�nus rapid radia�on
~35 species from Mexico to Bolivia over ~10Ma
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ViburnumViburnum Orieno�nus rapid radia�on Orieno�nus rapid radia�on
~35 species from Mexico to Bolivia over ~10Ma
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ViburnumViburnum Orieno�nus rapid radia�on Orieno�nus rapid radia�on
~35 species from Mexico to Bolivia over ~10Ma
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Outline: RAD-seq phylogenomics in Outline: RAD-seq phylogenomics in ipyradipyrad

1. ipyrad-analysis toolkit.

2. Gene tree extrac�on: concatena�on.

3. Gene tree distribu�ons: sliding window consensus.

4. S�cking with SNPs: genome-wide inference.
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ipyrad-analysis toolkit (and toytree) and jupyteripyrad-analysis toolkit (and toytree) and jupyter

13



ipyrad-analysis toolkitipyrad-analysis toolkit
Filter or impute missing data; easily distribute massively parallel jobs.

  

  import ipyrad.analysis as ipa 

 

  # initiate an analysis tool with arguments 

  tool = ipa.pca(data=data, ...) 

 

  # run job (distribute in parallel) 

  tool.run() 

 

  # examine results 

  ... 
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PCA: very sensi�ve to missing dataPCA: very sensi�ve to missing data
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PCA: missing data imputedPCA: missing data imputed
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PCA: missing data imputedPCA: missing data imputed
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PCA + T-SNE: missing data imputedPCA + T-SNE: missing data imputed
TSNE manifold projec�on method (sckit-learn)
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PCA + T-SNE: missing data imputedPCA + T-SNE: missing data imputed
TSNE manifold projec�on method (sckit-learn)
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Outline: RAD-seq phylogenomics in Outline: RAD-seq phylogenomics in ipyradipyrad

1. ipyrad-analysis toolkit.

2. Gene tree extrac�on: concatena�on.

3. Gene tree distribu�ons: sliding window consensus.

4. S�cking with SNPs: genome-wide inference.
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Missing data in phylogene�csMissing data in phylogene�cs
Locus 1 Locus 2 Locus 3 Locus 4 Locus 5

complete 
species-level
sampling

...............

1. concatenation 2. two-step inference 3. quartets joining (SNPs+SVD)

21



Missing data in phylogene�csMissing data in phylogene�cs
Locus 1 Locus 2 Locus 3 Locus 4 Locus 5

complete 
species-level
sampling

...............

1. concatenation 2. two-step inference 3. quartets joining (SNPs+SVD)
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Missing data in phylogene�csMissing data in phylogene�cs
Locus 1 Locus 2 Locus 3 Locus 4 Locus 5

complete 
species-level
sampling

...............

1. concatenation 2. two-step inference 3. quartets joining (SNPs+SVD)
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Window_extracter: extract, filter, format.Window_extracter: extract, filter, format.
Reference mapped RAD loci can be "spatially binned" to form larger loci.

  

  import ipyrad.analysis as ipa 

 

  # initiate an analysis tool with arguments 

  tool = ipa.window_extacter( 

      data=data, 

      scaffold_idx=0,  

      start=0,  

      end=1000000, 

  ) 

 

  # writes a phylip file 

  tool.run() 
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Window_extracter: extract, filter, format.Window_extracter: extract, filter, format.
Reference mapped RAD loci can be "spatially binned" to form larger loci.

100-300 15500-15700 30500-30700 42500-42700 51000-51200 62000-62200 74500-74700 89000-89300 95000-95300Position

...............

concatenation (mincov=4)

......... ...... ...... ...... ......

25



Window_extracter: extract, filter, format.Window_extracter: extract, filter, format.
Reference mapped RAD loci can be "spatially binned" to form larger loci.

100-300 15500-15700 30500-30700 42500-42700 51000-51200 62000-62200 74500-74700 89000-89300 95000-95300Position

...............

concatenation (mincov=8)

......... ...... ...... ...... ......
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Herbicide resistance among Herbicide resistance among AmaranthusAmaranthus species. species.
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1Mb window at known
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Chromosome 1
concatenation tree

Introgression among 
the two most notorious weeds:
A. palmeri (pigweed)
A. tuberculatus (waterhemp)

Sandra Hoffberg
Eaton Lab Postdoc
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Missing data in phylogene�csMissing data in phylogene�cs
Locus 1 Locus 2 Locus 3 Locus 4 Locus 5

complete 
species-level
sampling

...............

1. concatenation 2. two-step inference 3. quartets joining (SNPs+SVD)
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Missing data in phylogene�csMissing data in phylogene�cs
Goal: A distribu�on of gene trees represen�ng every species.

few genes across many taxa many genes across few taxa
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Missing data: Consensus samplingMissing data: Consensus sampling
Represent species by the consensus genotype across sampled individuals

Locus 1 Locus 2 Locus 3 Locus 4 Locus 5

Missing data 
in individual-
level sampling

complete 
species-level
sampling

consensus sampling

...

...............

............
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treeslider: extract windows across chromosomes.treeslider: extract windows across chromosomes.
Runs raxml on windows and parses results into a "tree_table"

  

  # define population groups 

  imap = { 

      "sp1": ["a0", "a1", "a2", "a3"], 

      "sp2": ["b0", "b1", "b2", "b3"], 

      "sp3": ["c0", "c1", "c2", "c3"], 

      "sp4": ["d0", "d1", "d2", "d3"], 

  } 

 

  # initiate an analysis tool with arguments 

  tool = ipa.treeslider( 

      data=data, 

      window_size=1e6,  

      slide_size=1e6, 

      imap=imap, 

  ) 

 

  # distributes raxml jobs across all 1M windows in data set 

  tool.run() 
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treeslider: extract windows across chromosomes.treeslider: extract windows across chromosomes.
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Consensus samplingConsensus sampling
Recovers 5,500 informa�ve gene trees (>50 SNPs) with no missing data across 25 taxa.

ASTRAL species tree and cloud tree of RAxML gene trees
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Another data set: Another data set: QuercusQuercus sec�on Virentes sec�on Virentes
Consensus sampling yields 3X as many fully sampled loci (>30K)
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Sliding windowsSliding windows
How well do concatenated RAD windows represent gene tree varia�on?

711 trees
1Mb windows
mean 10K sites 
mean 96 SNPs

139 trees
5Mb windows
mean 50K sites 
mean 480 SNPs

352 trees
2Mb windows
mean 20K sites
mean 193 SNPs
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1 tree
chromosome 2
~1.1M sites 
10,139 SNPs

RAxML gene trees.
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Sliding windowsSliding windows
How well do concatenated RAD windows represent gene tree varia�on?
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Clade weights (Clade weights (sensusensu Mar�n et al. 2017) Mar�n et al. 2017)
Chrom 1 weighted support for a (Cuba, Florida) vs (Cuba, Mexico)
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Missing data in phylogene�csMissing data in phylogene�cs
Locus 1 Locus 2 Locus 3 Locus 4 Locus 5

complete 
species-level
sampling

...............

1. concatenation 2. two-step inference 3. quartets joining (SNPs+SVD)
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SNP-based species treesSNP-based species trees

SNAPP: joint inference of gene trees and species trees.

(Bryant et al. 2012)

SVDquartets: infers quartet trees from SNPs and joins these into a species tree.

(Chifman and Kubatko 2014)

39



Advantages to SVDquartets-based methodsAdvantages to SVDquartets-based methods
Each quartet is inferred independently: missing data has almost no effect.

Huge sptrees: 204 Viburnum taxa; 2.4M SNPs; 176K SNPs/quartet; >70M quartets.

It is fast! tetrad: 40 cores, one bootstrap ~24 hours.
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ConclusionsConclusions

1. With ipyrad-analysis it is easy to run dozens of analyses op�mized for RAD
missing-ness with a few lines of code.

2. Concatena�ng RAD loci in scaffold windows, and consensus or
imputa�on sampling, drama�cally improve the u�lity of RAD.

3. SNP based methods are in their infancy, but work well with RAD data.
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AnnouncementAnnouncement

RADcamp wetlab AND bioinforma�cs workshop in New York City Oct. 2019

Bring your DNA samples. Library prepara�on and sequencing will be free. 
(sponsored by SSB, SSE, Columbia, CCNY).

h�ps://radcamp.github.io/NYC2019/
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https://radcamp.github.io/NYC2019/
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