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What is phylogenomics?

• using whole-genome sequences or large portion of 
the genome to build a phylogeny
• Whole organellar (chloroplast/mitochondrial) sequences
• hundreds or thousands of genes

• gene tree – individual evolutionary history
• species tree – ‘true’ species evolution



Potential to greatly increase the amount of 
phylogenetically informative signal in molecular 
datasets

Opens the era of real incongruence

Even massive amounts of sequence data do 
not always result in strongly resolved 
phylogenies

Phylogenomics – what is its potential?



How to generate phylogenomic datasets?

Lemmon E.M. & Lemmon A.R. (2013): 
High-throughput genomic data in 
systematics and phylogenetics.
Annu. Rev. Ecol. Evol. Syst, 44, 99–121.

Currently still largely 

done using Illumina 

sequencing (short read 

sequencing), but there 

is a trend towards 

PacBio and Oxford 

Nanopore sequencing 

(long read sequencing) 



Different phylogenomic approaches

Lemmon E.M. & Lemmon A.R. (2013): 
High-throughput genomic data in 
systematics and phylogenetics.
Annu. Rev. Ecol. Evol. Syst, 44, 99–121.



Target(ed) enrichment, target 
capture, hybrid capture, Hyb-Seq



Plastid genomes

High-copy fractions of 
genomes (genome 
skimming)

Combination of 
genome skimming with 
target enrichment

?

Plant phylogenomics: a historical perspective



Genome-skimming

• genome sequencing with low total coverage

• we get enough coverage for assembly
• whole plastome

• large portions of mtDNA

• rDNA cistrone

• many candidate 
single-copy genes

• microsatellite regions

Straub et al. (2012): Navigating the tip of the genomic iceberg: next-generation sequencing for plant 
systematics. American Journal of Botany 99: 349–364.
Steel et al. (2012): Quality and quantity of data recovered from massively parallel sequencing: 
Examples in Asparagales and Poaceae. American Journal of Botany 99: 330-348.



Straub et al. (2012): Navigating the tip of the genomic iceberg: next-generation 
sequencing for plant systematics. American Journal of Botany 99: 349–364.

Genome-skimming



Straub et al. (2012): Navigating the tip of the genomic iceberg: next-generation sequencing 
for plant systematics. American Journal of Botany 99: 349–364.

rDNA cistron

nearly complete cpDNA genom - reference-guided assembly
• distantly related reference (~ 10%) – more than 90%
• conspecific reference – more than 99%

Genome-skimming



• reduction of the complexity of sequenced parts

• enzyme restriction of the genome
• sequencing only the part of the genome associated with 

restriction sites
• searching for SNPs -> binary data
• RAD-sequencing
• GBS (genotyping-by-sequencing)

• Hyb-Seq 
• hybridization based enrichment
• selection of specific sequences (thousands of exons)

Cronn et al. (2012): Targeted enrichment strategies for next-generation plant biology. American 
Journal of Botany 99: 291-31.

Genome subselection methods



probe design

bait design and synthesis 
(MYcroarray MYbaits)

DNA extraction

sonication

library preparation

sequencing data analysis

solution hybridization

Gnirke et al. 2009

Illumina MiSeq
e.g.,2x150 PE

Hyb-Seq overview



Probe design:

- Exons, low-copy nuclear genes

- Intronic regions less common

Bait synthesis:

- RNA baits

- DNA baits less common

Alternatives (without bait synthesis):

- PCR products (amplicon sequencing)

Commonly used in animal phylogenomics:

http://www.ultraconserved.org/

Target enrichment starts with the choice of the 
probe set



• targets
• single/low-copy genes, orthologous genes

• <15% sequence pairwise divergence across the genomes/transcriptomes
(otherwise putative paralogues captured)

• >10% divergence when compared genome vs. transcriptome
(otherwise loci with low variabilty captured)

• longer genes (i.e.,  longer than ca. 600 bp)
(otherwise poor gene trees)

• comparison of
• transcriptome (from, e.g., oneKP project)

• genome or genome skimming data (e.g., half of Illumina MiSeq capacity, 2x250 bp)

• ability to define exon/intron boundaries

• result
• several hundreds of targeted genes

• several thousands of targeted exons

Probe design for target enrichment



e.g., automatic pipeline – Sondovač (https://github.com/V-Z/sondovac/)

paired-end genome 
skim reads

cp and mt reads removal

combination of pair-end 
reads

transcriptome contigs

removal transcripts with 
>90% similar

combined reads 
without cp/mtDNA

unique transcripts

sequences of matches

matching transcripts to reads 
(>85% similarity)

quality filtering

de novo assembly

length filtering

filtered probe 
sequences

removal of sequences 
sharing >90% similarity

final length filtering

final probe sequences

Schmickl et al. (2016): Phylogenetic marker development for target enrichment from transcriptome and genome skim data: 
the pipeline and its application in southern African Oxalis (Oxalidaceae). Molecular Ecology Resources 16, 1124–1135.

Probe design for target enrichment

https://github.com/V-Z/sondovac/
https://github.com/V-Z/sondovac/

