June 4, 2018 SSB Standalone Meeting, OSU

Workshop Schedule:
Morning session 9:00-9:30am La_ce\{ Knowles, University of
Michigan
(Talks) 9:30-9:50am Paul Hime, University of Kansas
AN Stacey Smith, University of
9:50-10:10am Colorado, Boulder
10:10-10:30am Break
10:30-10:50am Stgvgn Smith, University of
Michigan
_ . Cecile Ane, University of
10:50-11:10am Wisconsin-Madison
11:10-11:30am MeI!ssa DeBiasse, University of
Florida
11:30-12:00pm Lau_ra Kgbatko, The Ohio State
University
Lunch 12:00-1:30pm On your own
Afternoon session 1:30-2:00pm ASTRAL." Tandy Warnow,
University of lllinois
. PhyloNet -- Luay Nakhleh, Ri
(Software tutorials) 2:00-2:45pm yio ?t uay Raxhlen, Rice
University
2:45-3:15pm Break
) ) SVDQuartets -- Dave Swofford
3:15-4:00pm and Laura Kubatko
4:00-5:00pm Open lab m bl
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Species tree inference:
- theoretical challenges of
today and tomorrow

Laura Kubatko

4 s e
l e—iG—1)t/2 (25 —1)(-1) h (v+y)(w—y)
vl —v)lw+j—1) = uty

S o T /(:p(GIG)p(DlG)dG




Species tree

Actual history of species’ diversification



Species tree versus gene trees

 divergence history of a locus
and species may differ
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Description

Recent computational and modeling advances
have produced methods for estimating species
trees directly, avoiding the problems and
limitations of the traditional phylogenetic
paradigm where an estimated gene tree is
equated with the history of species divergence.
The overarching goal of the volume is to
increase the visibility and use of these new
methods by the entire phylogenetic
community by specifically addressing several
challenges: (i) firm understanding of the
theoretical underpinnings of the methodology,
(ii) empirical examples demonstrating the utility
of the methodology as well as its limitations,
and (iii) attention to technical aspects involved
in the actual software implementation of the
methodology. As such, this volume will not only
be poised to become the quintessential guide
to training the next generation of researchers,
but it will also be instrumental in ushering in a
new phylogenetic paradigm for the 215t
century.

Estimating Species Trees: /
Practical and Theoretical Aspects, / ,

L. L. Knowles and L. S. Kubatko, eds.
2010




Chapter 1 Estimating Species Trees: An Introduction to Concepts and Models
(L. Lacey Knowles and Laura S. Kubatko).

Chapter 2 Bayesian Estimation of Species Trees: A Practical Guide to Optimal
Sampling and Analysis (Santiago Castillo-Ramirez, Liang Liu, Dennis Pearl
and Scott V. Edwards).

Chapter 3 Reconstructing Concordance Trees and Testing the Coalescent
Model from Genome-Wide Data Sets (Cécile Ané).

Chapter 4 Probabilities of Gene Tree Topoligies with Intraspecific Sampling
Given a Species Tree (James H. Degnan).

Chapter 5 Inference of Parsimonious Species Tree from Multilocus Data by
Minimizing Deep Coalescences (Cuong Than and Luay Nakhleh).

Chapter 6 Accommodating Hybridization in a Multilocus Phylogenetic
Framework (Laura S. Kubatko and Chen Meng).

Chapter 7 The Influence of Hybrid Zones on Species Tree Inference in
Manakins (Robb T. Brumfi eld and Matthew D. Carling).

Chapter 8 Summarizing Gene Tree Incongruence at Multiple Phylogenetic
Depths (Karen A. Cranston).

Chapter 9 Species Tree Estimation for Complex Divergence Histories: A Case
Study in Neodiprion Sawflies (Catherine R. Linnen).

Chapter 10 Sampling Strategies for Species Tree Estimation (L. Lacey Knowles).

Chapter 11 Developing Nuclear Sequences for Species Tree Estimation in
Nonmodel Organisms: Insights from a Case Study of Bottae's Pocket
Gopher, Thomomys Bottae (Natalia M. Belfiore).

Chapter 12 Estimating Species Relationships and Taxon Distinctiveness in
Sistrurus Rattlesnakes Using Multilocus Data (Laura S. Kubatko and H. Lisle
Gibbs).

Estimating Species Trees:
Practical and Theoretical Aspects

A

L. L. Knowles and L. S. Kubatko, eds.

2010




Methodological advances

SVDquartets
Phylonet

ASTRAL

Than, Ruths, Nakhleh (2008) Mirarab et al. (2014) Chifman & Kubatko (2014)



Tons of data

* WGS (whole genome shotgun): 2,784,740,996,536 bases in GenBank

* SRA (short read archive) :16,267,243,120,778,112 bases (4-5 orders of

magnitude more than WGS)

GenBank and WGS Statistics
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SRA database growth
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* thousands of transcriptomes (2-5K in plants alone)
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“ Anulocaulis leiosolenus

Multiple processes contribute to gene tree discord ?:*m«m

* highly elevated levels of strongly supported conflict

! ‘Concordant with species tree

. Topologies without strong support

‘Support main alternative topology

‘Remaining discordant topologies
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Smith et al. 2015 BMC Evolutionary Biology
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Multiple processes contribute to gene tree discord aReE
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Systematic errors in phylogenetic inference caused by model misspecification

ANA-grade angiosperms
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Sister to land plants

Zygn-sister Char-sister Col-sister Amborella + Nuphar ~ Amb-sister

(Timme etal2012)  (Karol etal 2001)  (Finet et al 2010) (Qiuetal2010)  (Soltis etal 2011)
Bryophytes
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Lv-basal Hw-sister Moss + Lv Bryo monophy. Hw-basal

(Qiu et al 1998) (Chang & Graham 2011) (Renzaglia et al 2000) (Nishiyama et al 2004) (Nickrent et al 2000)

Gymnosperms

O ) O O
& & & L
* N * @ & x & $
dFES o & 0 & S F S
Gnepine Conifers monophy. Gnetifer Gnetales-sister
(Boweetal2000)  (Leeetal2011)  (Chawetal1997)  (Leeetal2011)
Angiosperms
Q>
& S &
S TSt § Tol® § S b TS s
&
S & TIEFTE SIS SINE § 8 @
\ \
N
\
Eudi + Mag Eudi + Mag/Chl Mono + Eudi  Mag + Chl, Mono Mag + Chl
(Burleigh et al 2000) (Soltis etal 2011)  (Soltis etal 2000)  (Soltis et al 2011)

(Lee etal 2011)

hypothesized relationships
among major clades of plantg

Wickett et al. 2014 PNAS

Matrix type
Alignment
Codon positions

Bister to land plants
Zygnematophyceae-sister
Charales-sister
Coleochaetales-sister

Bryophytes

Mosses + liverworts
Bryophytes monophyletic
Hormnworts-sister
Liverworts-basal
Hornworts-basal

Gymnosperms
Gnepine

onifers monophyletic
Gnetifer
Gnetales-sister

Angiosperms

Eudicots + magnoliids
Eudicots + mag/Chlor
Magnoliids + Chloranthales
Mag + Chlor, monocots
Monocots + eudicots

ANA-grade angiosperms

Amborella + Nuphar
Amborella-sister

69 analyses of 92 taxa
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Different phylogenetic estimates with inclusion/exclusion of loci
' O BPP = 1.0;BSS = 100
. l unfiltered: 305 loci, 56084 bp

QIHP: 252 loci, 45901 bp O 09<BPP< 1.0
QIHP + BaCoCa: 223 loci, 39176 bp 90 < BSS < 100
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Gene tree discord?
More data?

Data versus model problem?

Filter data?

Alignment?

Subsets of data?



Solutions to the data problem / model problem?



Basis for empirical data decisions

*characterized discord patterns from 90 published empirical
studies that range is dataset size, taxa, and marker type

e Distribution of discord

- Correlated with properties of species trees
- Restricted to “bad” nodes (concentrated in taxonomic groups)

- Evidence of “bad” loci (differences among marker types)
Phyparts (Smith et al. 2015) node-specific

concordance/discord across loci .Concordant with species tree

node 1 node2 node3 noded node S . Topologies without strong support
gene ? ‘Support main alternative topology
gene 2
gene 3 Remaining discordant topologi
gene 4 ‘ emaining discordant topologies
gene 5
gene 6
Zi:i; “bad” nodes or loci: those associated with a
gene 9 disproportionate amount of discord
gene 10




Concordance related to species tree shape
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Data type
Amphibians/Reptiles

« Birds

+ Fish

* Invertebrates
« Mammals

*  Plants

O+

Practical relevance

4
Internode Length

: account for ILS in phylogenetic models



1 9 “pad” nodes: those associated with a
Bad nOdeS disproportionate amount of discord

nodel node2 node3 node4 node5
gene 1l
gene 2
gene 3
gene 4
gene 5
gene 6
gene 7
gene 8
gene 9
30 . gene 10

(o]
[e]

Number of bad nodes

Z] N\
L & &
NS Q

Practical relevance: no obvious evidence for concentration
of discord in specific taxonomic groups



“Bad” nodes “Bad” nodes standardized by
total # of nodes

o

Number of bad nodes standardized by number of nodes
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Practical relevance: no obvious evidence for concentration
of discord in specific taxonomic groups



Number of bad genes w
Number of bad genes
Standardized by # of genes
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Practical relevance: include or exclude loci?
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“Bad” genes by marker type
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Practical relevance: quality checks of data could be improved



What is the empiricists to do?

Gene tree discord?
More data?

Data problem versus model problem?
Filter data?

Heterogeneity of
Alignment? processes?

Subsets of data?

Goal: practices to improve phylogenetic accuracy



Questionaire:

Dear Workshop Participants,

We would like to thank you for participating in our Species Tree Workshop and we invite you to participate
in this short questionnaire. Your answers will not only be used to gain feedback to improve the quality of
future workshops, but we would invite your participation as we develop our next book on species tree
inference. It has been 10 years since our last book was published now and a lot has changed during this
time. The goals of our new book “Species tree inference: a guide to the theoretical and empirical challenges
of today and tomorrow” are two-fold. First, we’d like to provide a much-needed update to the collection of
methods and ideas included in our first book. Second, we’d like this book to be “forward-looking”, in the
sense of including consideration of the challenges and issues on the horizon for the fast-moving field of
species tree inference.

As an active participant in completing the question, your comments and suggestions will be used as we
develop the book. Specifically, your input will be incorporated and acknowledged in our opening chapter of
the book to provide a general update on the status of the field, including the breadth of applications and
outstanding challenges. Your comments and suggestions will also be used to highlight the motivation and
rationale for the topics covered in the book. That is, your input will assure that the book reflects your
experiences and will span the interests and concerns of the diverse community that is engaged in species
tree inference.

Again, we thank you and look forward to what should be a stimulating and fun workshop!

Best wishes,
Lacey Knowles and Laura Kubatko
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' processes underlying discord
- diversification history of taxa
- genome evolution

EMBRACE THE HETEROGENEITY !
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