Exploring Topological Incongruence for Detecting
Contaminations in Phylogenomic Data Sets

Frédéric Delsuc, Khalid Belkhir & Celine Scornavacca

es de I'E ution-Montpellier

Institut des Sciences de I’Evolution - UMR 5554 - CNRS - IRD U| I led

UNIVERSITE MONTPELLIER 2
SCIENCES ET TECHNIQUES
=
L g

Université Montpellier 2 - France



Phylogenetic Reconstruction
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NGS

Data Sources in Phylogenomics
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Sequence Capture Methods for Phylogenomics

CENTER FOR
ANCHORED PHYLOGENOMICS

"~ ; ACCELERATING THE RESOLUTION OF LIFE™

http://anchoredphylogeny.com/
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The Future of Phylogenomics

CENTER FOR
ANCHORED PHYLOGENOMICS

ACCELERATING THE RESOLUTION OF LIFE™

HOME WORKFLOW PUBLICATIONS TRAINING COLLABORATE OUR TEAM CONTACT US

Ready to Speed up Data Collection? -

Accelerate your research by plugging into our growing resources
for data collection in non-model systems. Generate data sets of
100s or 1000s of loci for 100s or 1000s of species in weeks, not
years.

High Quality, High Throughput, High Impact

Obtain sequence data from hundreds of genes for deep and shallow scale phylogenetic
studies with a fraction of the time and cost of other approaches.
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Towards a Full Resolution of the Tree of Life?

OPEN @ ACCESS Freely available online PLOS sioLoay

Resolving Difficult Phylogenetic Questions: Why More
Sequences Are Not Enough

Hervé Philippe'*, Henner Brinkmann', Dennis V. Lavrov?, D. Timothy J. Littlewood>, Michael Manuel?,
Gert Worheide®®, Denis Baurain’

Sources of topological incongruence in phylogenomics:

Biological reasons:
- Incomplete lineage sorting
- Horizontal gene transfer
- Hidden paralogy

Artificial reasons:
- Phylogenetic reconstruction artefacts (LBA, Compositional biases, ...)

- Sequence misidentifications / contaminations

=> Need for quality control methods and data exploration tools.



Phylogenomics and the Origin of Land Plants

Current Biology 20, 2217-2222, December 21, 2010 ©2010 Elsevier Ltd All rights reserved DOI 10.1016/j.cub.2010.11.035

Multigene Phylogeny of the Green
Lineage Reveals the Origin
and Diversification of Land Plants

Coleochaete is the sister-group

of land plants

77 nuclear genes

12,149 amino acid sites

77 plant taxa

Aristolochia
Ilicium

Sapindales

Malvales
Myrtales
Malpighiales
Rosales
Lotus
Fagales
Cuggmis

Solanales

Lamiales
Asterales
iales
Ericales

Vitis

Saxifragales

Ranunculales

Poales

Zingiberales

Elaeis

Alismatales

Asparagales
Acorus
Persea
Liriodendron
Saruma

0.95/49 | |: Nuphar

Picea
Pinus

0.63/- -
1/94

Zamia
Ginkgo

diantum

191 Ceratodon
Physcomitrella

Marchantia

Welwitschi
Gnetum
Taiwania
Cryptomernia
Chamaecyparis

— Ceratopteris é g
A

Selaginella

-

Amborella
Pseudotsuga

Brassicales

Caryophyllales

Gentianales

“w

Phalaenopsis

o
4

b

Eudicots

susadsoBuy

Monocots

Magnoliids

ANA grade

Gymnosperms

Monilophytes
Lycophytes

Bryophytes

07779z Coleochaete

Nitella
Kiebsormidium
Chlorokybus \

[

0.1

Mesostigma

Spirogyra

\

e/

l_r"'_ o * Closteriuﬂ

Chaetosphaeridium

Charophytes

VOIVOX =
Chlamydomonas
Polytomella
Haematococcus
Dunaliella

Scenedesmus

Acetabularia

Scherfellia

Prototheca ™
L Chiorella ~

Ostreococcus

Micromonas

0.54 (——————— Gracilaria
I '——on—— Fucheuma

Porphyra

Cyanophora

Chlorophytes

Rhodophytes
Glaucophytes

Finet et al. (2010) Current Biol.



Phylogenomics and the Origin of Land Plants
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Cross-contaminations among New Transcriptomes
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Massive Contaminations in Finet et al. Data Set

We found a total of 101 contaminated sequences, including a rotifer instead of the charalean Nitella (rpl27), or a diatom instead of the
chlorophyte Volvox (rpl11lb); contaminations by parasites, symbionts or commensals are not rare in transcriptomic datasets ([5] and
unpublished results) and should be systematically verified and discarded. More problematically, most (55 out of 101) correspond to
cross-contaminations among the seven newly sequenced charophytes [4], i.e. sequences from distantly related charophytes are
virtually identical at the nucleotide level. In particular, 29 sequences from the coleochaetalean Chaetosphaeridium are from the

zygnematalean Penium.

Contaminated Contaminants
Studied organisms | Penium Spirogy Chaetos Coeloch Nitella Klebsor Chlorok Non charophytes
Penium 1(1) 1(2)
Spirogyra 2(1)
Chaetosphaeridium - 3(3) 5(2)
Coleochaete 1(0) 1(1)
Nitella 7(7) 5(2) 5(3)
Klebsormidium 6(5) 3(3) 1(1)

Chlorokybus

Non Charophytes 31(15)

Laurin-Lemay, Brinkmann & Philippe (2012) Current Biol.



Contaminations and the Origin of Land Plants

The congruence test revealed 74 contaminant sequences in the 77 ribosomal protein alignments
of Finet et al., and yielded to the removal of 99 sequences
(because in 25 cases it was not possible to determine which is the correct sequence).
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Contamination-free Phylogenomics
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Methods for Detecting Outliers in Phylogenomic Data Sets

Phylo-MCOA: A Fast and Efficient Method to Detect Outlier
Genes and Species in Phylogenomics Using Multiple
Co-inertia Analysis

Damien M. de Vienne,*"? Sébastien Ollier,”> and Gabriela Aguileta

=> Multiple co-inertia analysis (MCOA) extracting the similarities and discrepancies among genes
in terms of pairwise distances.

KDETREES: non-parametric estimation of phylogenetic tree

distributions

Grady Weyenberg', Peter M. Huggins?, Christopher L. Schardl®, Daniel K. Howe* and
Ruriko Yoshida'*
=> Non-parametric method based on topological distances with the goal of identifying trees that

are significantly different from the rest of distribution.

TreSpEx—Detection of Misleading Signal in Phylogenetic Reconstructions
Based on Tree Information

Torsten H. Struck
=> Combines different approaches utilizing tree-based information (nodal support or patristic

distances) to identify misleading signals.

de Vienne et al. (2012) Mol. Biol. Evol.; Weyenberg et al. (2014) Bioinformatics; Struck (2014) Evol. Bioinf.



A Biological Case Study: The Sister-group of Primates

JOINT RECONSTRUCTION OF DIVERGENCE
TIMES AND LIFE-HISTORY EVOLUTION IN
PLACENTAL MAMMALS USING A
PHYLOGENETIC COVARIANCE MODEL

Nicolas Lartillot! and Frédéric Delsuc?
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An Unexpected (yet Exciting) Result!
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A Simple Pipeline for Exploring Topological Incongruence
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Montpellier Bioinformatics Biodiversity Platform (MBB)

http://mbb.univ-montp2.fr/MBB/
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Exploratory Plots for Detecting Incongruent Bipartitions
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Exploratory Plots for Detecting Incongruent Bipartitions
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NGS Phylogenomics Population Genetics Population Dynamics Ecological Modelling

All Online Tools All Downloads All Data All Docs & Events Search
Online Tools

Result of SM vs Leave one out comparisons

Bipartition with Minimum support > = and <=

Bipartitions with min support <= 90%
Source: SUNDAJOY

without_APOB_cont.fasta
Bip27: 0% : Cynocephalus,Galeopterus Piilocercus, Tupala,Urogale,

Bip superMatrix.txt without_ ADORA3_def.fasta without_ ADRA2B_deffasta without_ADRB2_cont.fasta without_APOB_cont.fasta without ATP7A_deffasta without_BDNF_def.fasta

o 24 100 100 100 100 100 100 100
o 25 100 100 100 100 100 100 100
o 27 100 100 100 100 0 100 100
o 42 100 100 100 100 0 100 100
o 43 100 100 100 100 100 100 100

Showing 1 1o 5 of 5 entries (filtered from 74 total entries)

Filter Bipartions w/ Taxons: wepaia



Contaminations / Misindentifications in GenBank
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Contaminations / Misindentifications in GenBank

Sorex (Eulipotyphla) / Sus (Cetartiodactyla)
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Contaminations / Misindentifications in GenBank

APOB (Apolipoprotein B)
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Effects of Contaminations on Phylogenomic Inference
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Effects of Contaminations on Phylogenomic Inference
...
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Conclusions

=> Contaminations / misidentifications are frequent in phylogenomic
data sets and public databases

=> Simple data exploration tools based on bipartition support allow
detecting incongruent signals due to misidentified / cotanminated
sequences

=> Even a few number of contaminations / misidentifications can
strongly impact phylogenetic inference when phylogenetic signal is
scarce



Thanks for your attention!







Applications of Sequence Capture Methods
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Nonparametric Bootstrap Support

A Jackknife Approach Based on the Supermatrix
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Methods of Phylogenomic Inference
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Bootstrap (%)

Phylogenomics Increases the Resolving Power
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