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“...a field of study concerned with the principles and processes
governing the geographical distributions of genealogical lineages,
especially those within and among closely related species...” (avise 2000)

Phylogenetics
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Guidelines for conducting a phylogeographic study

Brief introduction to RevBayes software
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Brief tutorials for particular analyses
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Delineating the scope of a phylogeographic study

Taxonomic complexity

Geography

1 species Two or a few closely related  Several to many species within
(e.g. Lobaria pulmonaria, .
. species da genus
Widmer et al. 2012) . .
(e.g. Mastodia tessellata s.1., (e.g. Sticta, Simon et al. 2018)

Garrido-Benavent et al. 2018)



Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BED, BPp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEasT, *BEAST, BIOGEOBEARS, MIGRATE-N)
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Obtentiort of molecular data
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Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BED, BPp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography
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Biogeographic hypotheses construction

(BEAST, *BEAST, BIoGEOBEARS, MIGRATE-N)

Sampling design

The first topic we must care about is
sampling. Its design should be consciously
prepared according to the hypotheses we
want to test and taking advantage of our
experience in previous phylogeographic
works.



The robustness of biogeographic inferences depends on the original sampling design

The higher number of localities, the better.

The higher number of specimens, the better.
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62 localities of Parmelina tiliacea 39 localities from seven regions in Cetraria
representing different altitudes and aculeata (Adapted from Ferndndez-Mendoza & Printzen 2013)
habitats (Adapted from Nufiez-zapata et al. 2015)

364 specimens (1-14 spec. /locality) 356 specimens (to 12 spec./locality)

4323 specimens in 142 |ocalities from Europe in Lobaria pulmonaria (widmer et al. 2012)
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The reproductive mode of the study species must be taken into account when sampling




Take samples at different places within a sampling locality

Important!!! Just collect the necessary number of samples. Among
10-15 per locality. Lichens or whichever our study species are are
living organisms and therefore they provide services to ecosystems.
Keep always in mind that field collecting for scientific research is one
threat for the survival of local populations.

; e e N
Garrido-Benavent
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Phylogeographic approach

N

Obtention of molecular data _ Molecular data

Alignment, substitution models and recombination
(GeNErous, BroEprr, iMopELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses

}

Species delimitation

Species discovery
(ArGD, Gmyc, MuLTiLocUs NETWORKS)

Model comparison and Validation of species hypotheses
(BFD, BPP, STACEY, MIGRATE-N)

'

Population structure, genetic diversity and demography

(StrUCTURE, Baps, Darc, DNA PoryMORPHISM,
HaprroryPE NETWORKS, CLONALITY, Dxy, Fs1, IBD)

}

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoGEOBEARS, MIGRATE-N)

A) DNA sequences from one to X genomic regions

B) Simple sequence repeat (SSR) markers (e.g.
microsatellites)

C) Restriction associated DNA sequencing
(RADseq) or other type of data obtained
through high-throughput seguencing
methods
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Genus Xanthoparmelia (Parmeliaceae) 8 S

DNA sequences are appropriate for assessing historical biogeography in lichens

@ Almbornia

Sanger sequencing

9 markers _——
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Holarctic

‘Kenya 1"

‘Kenya/
South Africa 1"

‘Australia 1’

‘South Africa 1’

‘South Africa 2’

‘Australia 2’

‘South Africa 3’

‘Kenya/
South Africa 2

‘South Africa 4’

‘pulla group’

‘tegeta clade’
‘saxeti group’

‘Kenya 2’
‘Kenya 3’

Southern
Hemisphere
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Phylogeographic approach

Obtention of molecular data

~

Alignment, substitution models and recombination _ Alignment with
(GeNErous, BroEprr, iMopeLTEST, PARTITIONFINDER, RDP) Katoh & Standley (201 3)

}

Preliminary analyses

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BFD, BPp, STACEY, MIGRATE-N)

'

Population structure, genetic diversity and demography

(STRUCTURE, BaPs, Dapc, DNA PoryMoRPHISM,
HaproryPE NETWORKS, CLONALITY, DxY, F'st, IBD)

'

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoOGEOBEARS, MIGRATE-N)

Once we assemble a DNA sequence dataset, the next step
is to produce an alignment. This is one of the most crucial
steps in the phylogeographic approach because all our next
analyses will depend upon the accuracy of the alignment.
There is a number of available tools to align DNA
sequences, and a very rich literature discussing the pros
and cons of each method. It has been found that MAFFT is
both computationally efficient and has relatively high
performance on both simulated and empirical data sets.
The different options available in MAFFT work well for
fungal and algal DNA sequences. It can be installed on your
personal computers, run online or is available within other
software such as Geneious.

https://mafft.cbrc.jp/alignment/software/



GUIDANCE2 - to identify unreliable alignment regions

The GUIDANCEZ Server

Server for alignment confidence score
HOME OVERVIEW GALLERY SOURCE CODE CITING & CREDITS CONTACT US

ﬂ' Select Algorithm @

Type your sequences (FASTA format only) * large strings should be uploaded as files

It accounts for:

- Uncertainty in:

(i) the process of indel
formation

R (ii) the assumed guide tree

Upload your sequences file (FASTA format only) | Examinar... | No se ha seleccionado n - CO-Optimal solutions in the

pairwise alignments

Sequences Type: O Amino Acds O Nucleotides O Codons

Select the MSA algorithm | MAFFT (default) ~

Warning: PRANK is significantly more time consuming. MAFFT is the fastest.

Please enter your email address (Optional) | | Selaetal. (2015)

GBlocks — to automatically deal with gappy regions in complicated alignments (e.g. ITS)

Institut de
Castresana Lab Biologia Evolutiva

Animal Biodiversity and Evolution Program (CSIC-UPF)
Home | People | Research | Publications Castresana et al. (2000)

Gblocks Server

Selection of conserved blocks from multiple alignments for their use in phylogenetic analysis
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination _ For a particular dataset, inference of
(GeNErous, BroEprr, iMopeLTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BFD, BPp, STACEY, MIGRATE-N)

'

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, DxY, F'st, IBD)

'

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoOGEOBEARS, MIGRATE-N)

substitution models should be carried
out using the same framework (ML or
Bayesian) under which phylogenetic
trees will be estimated

Next, it is important to estimate a substitution

model

for each DNA alignment. This

information will feed further analyses in
phylogeography.
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E G A Molecular Evolutionary
Genetics Analysis

E G A Maolecular Evolutionary
Cenetics Analysis

Preliminary phylogenies in MEGA (kumar et al. 2018)

- DNA sequences alignment
- Estimation of the best substitution model <1
- Inference of phylogenies under a ML framework |
. - . mportant for
- Calculating Transition/Transversion rates . ¢smm species

delimitation,
- Molecular clock tests  ¢mmm dit'{;‘g'in'é’”

migration
dbacl  analyses

(4]
1]
']

home features publications manua

AR VA R B NEE b N Bl W A-E S K A S S

Sophisticated and user-friendly software suite for analyzing DNA
and protein sequence data from species and populations.

Sequence Analyses

Statistical Methods Powerful Visual Tools
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Estimation of best substitution models and phylogenies under a ML framework

PhyML now includes Smart Model Selection. SMS can also be used on its own.

If vou use SMS, please cite:
"SMS: Smart Model Selection in PhyML.”
Vincent Lefort, Jean-Emmanuel Longueville, Olivier Gascuel.

Molecular Biology and Ewolution, 34(9):2422-2424, 2017.
FICCOPrime
RECOMMENDED

PhyML online execution

Input Data
Sequences : ' — : o @ JE le (DNA file)
Examinar... = Mo se ha seleccionado ningdn archivo. (@ ‘-~ Example e
(PHYLIP format) g File (from Phylogenetic Handbook)
Data Type pNA ® O Amino-Acids
Substitution Model
(O]

Automatic model selection by SMS

Selection criterion ® AIC (Akaike Information Criterion)

O BIC (Bayesian Information Criterion)

Set by user
Substitution model HIKY85
Equilibrium frequencies optimized empirical
Transition / transversion ratio - -
(DNA models) fixed estimated
Proportion of invariable sites fixed estimated
Number of substitution rate categories
Gamma shape parameter fixed estimated

Tree Searching

RAXML
JMODELTEST

Cur standard tool for Maximum-likelihood based

phylogenetic inference.
Darriba et al. (2012)

Stamatakis (2006); Stamatakis et al. (2008)
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Estimation of best substitution models and phylogenies under a Bayesian framework

JMODELTEST NG

- Mr Bayes
@ Cayesian Inference
i of Phylogeny

Ronquist et al. (2012)

The best option is to:

RAxML

Our standard tool for Maximum-likelinood based
phylogenetic inference.

PartitionFinder, |

Lanfear et al. (2012)

Estimate alternative phylogenies
using  different partitioning
schemes and substitution ST

|
Ao |

models and compare marginal
likelihoods (Model Comparison)

Drummond et al. (2012)
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Command buttons

Sequence display

Matrix display

Tree display

E_ Recombination

information display

Schematic sequence]

display

Plot display

Adapted from Martin et al. (2015)

RDP4 software (Martin et al. 2010)

- RDP (Martin & Rybicki 2000)

- GENECONV (Padidam et al. 1999)
- MaxChi (Maynard-Smith 1992)

Fungal ITS—>high polymorphism->Spurious recombination signal

Assessing topological conflicts among loci

Detection of recombination
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Adapted from Boluda et al. (2018)

Congruence among distance matrices (CADM) test (Legendre & Lapointe 2004, Campbell et al. 2011)
CADM.global function implemented in the library “ape” (paradis et al. 2004) in @
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GeNErous, BroEprr, iMopeLTEST, PARTITIONFINDER, RDP)

}
'

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BFD, BPp, STACEY, MIGRATE-N)

'

Population structure, genetic diversity and demography

(STRUCTURE, BaPs, Dapc, DNA PoryMoRPHISM,
HaproryPE NETWORKS, CLONALITY, DxY, F'st, IBD)

'

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoOGEOBEARS, MIGRATE-N)

Preliminary analyses _ To assess species boundaries in our study spp.

The next step in any phylogeographic study in
which we include a huge number of
specimens from widely distant localities is to
detect whether there are evidences of cryptic
speciation. This is, whether we have more
than one species in our dataset. It is especially
important to treat each putative species
separately because equivocal concepts of
species limits could confound an extrinsic
barrier to dispersal with intrinsic reproductive
barriers (Pante et al., 2015).
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Phylogeographic studies may contribute to unravel new species

S. terrestrial Russia, Siberia 13
2 . terrestrial Tierra del Fuego 24 F 5
£§
S. terrestrial Tierra del Fuego 25 ;‘f g
&S
ﬂ' S. terrestrial Canada, NW.T. 3 §
98 S. terrestrial Iceland 6
— S. coralloid Austria 22
S. coralloid UK. 26
88 S. coralloid Sweden 39 ©
&
S. coralloid Canada, B.C. 1 s S
FQI ’ 55
S. coralloid USA, Alaska 37 S E:':
|88 [~ S. coralloid Canada, B.C. 16
98
S. coralloid USA, Alaska 36
S. coralloid Canada, B.C. 38
S. non-coralloid Canada, B.C. 2 g .
TR
86 | i sy . Fo
S. non-coralloid Canada, B.C. 15 s
5 &
S. non-coralloid Canada, B.C. 34 = JE?
S. fragilis 4 f?
- =0
S. fragilis 5 5 changes S

Phylogeny of the Sphaerophorus globosus species
complex using 5 genes and inferred under a parsimony
framework in PAUP* (Hégnabba & Wedin 2003)

In fact, phylogeographic studies have been pivotal for the discovery of
many new taxa for science. In this study by Hognabba and Wedin (2003) on
the Sphaerophorus globosus species complex, they revealed two
phylogenetic species, one restricted to hyperoceanic areas along the North
American Pacific Northwest, subsequently described as S. venerabilis
(Wedin et al., 2009 ), and the second displaying a wide distribution in both
hemispheres.

Holotype of S. venerabilis. Scale = 1 cm (Wedin et al. 2009)
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses _

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BED, BPp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEasT, *BEAST, BIOGEOBEARS, MIGRATE-N)

-

Integrative taxonomy

Literature
search

Macroscopic and
microscopic data

Phylogenetic

relationships
(RAxMI.,, MRBAYES,
MEGA, PHYML)

Chemical

compounds
\_ P J

A series of preliminary analyses are needed to ascertain how many
species we are working with. Once we find out evidence of the
existence of cryptic species in our dataset, for example constructing
preliminary phylogenies, we can take a look at the literature or also
conduct some analyses of traditional taxonomy to test whether there
are further evidences of more than one species. Integrating
traditional and molecular-based methods is an approach that has
been named “Integrative taxonomy”, which is widely used now in
lichenology.
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses _

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BED, BPp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEasT, *BEAST, BIOGEOBEARS, MIGRATE-N)

-

-
Integrative taxonomy
DNA polymorphism
(DNASP)
Ecology

(MAXENT, WALLACE,
hypervolume, ecospat,

K & ENMTools in R)

Age estimates
(BEAST, *BEAST)

J

Furthermore, this integrative taxonomy can also
benefit from other sources of information. For

example, we can calculate indices

of DNA

polymorphism and, after comparing with previous,
similar works, determine whether they fit better

scenarios of more than one species.
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Calculation of DNA polymorphism indices with DnaSP

Dnasp DNA Sequence Polymorphism

Julio Rozas, Albert Ferrer-Mata, Juan Carlos Sanchez-DelBarrio, Sara Guirao-Rico, Pablo Librado,
Sebastian Ramos-0Onsins and Alejandro Sanchez-Gracdia
Universitat de Barcelona
Current Beta Version: 6.12.01 (July 25, 2018)

DnasSP, DMNA Sequence Polymorphism, is a software package for the analysis of DNA polymorphisms using data from a single locus (a multiple
seguence aligned -MSA data), or from several locl (a Multiple-MSA data, such as formats generated by some assembler RAD-seq software). DnasSP
can estimate several measures of DNA sequence variation within and between populations in noncoding, synonymous or nonsynonymous sites, or in
various sorts of codon positions), as well as linkage disequilibrium, recombination, gene flow and gene conversion parameters. Moreover, DnasSP can
conduct a number of neutrality tests, such as (among other), the Hudson, Kreitman and Aguade (1987), Tajima (1989), McDonald and Kreitman
(1991), Fu and Li {1993), and Fu (1997), Ramos-0Onsins and Rozas (2002), Achaz (2009) tests, and compute their confidence intervals by the
coalescent. The results of the analyses are displayed on tabular and graphic form.

Input Data Files:

® A single MSA (one genomic region) in a number of file formats such as FASTA, NEXUS, MEGA, NBRF, PHYLIP, etc. [from version 1]
® A single MSA storing DNA sequence information (haplotype) along with their frequency, in ARP format (Excoffier and Lischer 2010) [version & and
newer]

® A multi-MSA File in *.alleles, *.loc and *.fa file formats (generated by PyRAD and STACKS softwares; -Eaton et al. 2014, Catchen et al. 2013), as
well as VCF formats (Danecek et al. 2011) [version & and newer]

New features in DnaSP in v6 | DnaSP User-Interface | Running DnaSP under Windows, Linux and MacIntesh | Known Bugs in v6 | Source Code |

Go To DnaSP version 5 (version 5.10.1 -March 2009)
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses _

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

DNA polymorphism
- (DNASP) —
Model comparison and Validation of species hypotheses

(BED, BPp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEasT, *BEAST, BIOGEOBEARS, MIGRATE-N)

Integrative taxonomy

Ecology

(MAXENT, WALLACE,
hypervolume, ecospat,

K & ENMTools in R)

Age estimates
(BEAST, *BEAST)

J

Recently, a number of tools have been developed to model the ecological
niche of species and their spatial distribution. As speciation may have been
triggered by different populations of the same species adapting to different
ecological conditions without apparent morphological changes, it may be
useful to check whether the genetic structure observed in our species
correlates well with divergent ecological preferences. In case they
correlate, this would further support the distinction of more than one

species.

The most popular tool is Maxent, but there are other programs and R

functions which should be explored carefully.
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Comparison of Hutchinsonian niche hypervolumes

FC Loadings
[ Warmer in warm periods

B Warmer in cold & dry periods
B More rain in cold & wet periods
B More rain in warm & dry periods

OTUfungus 3 OTUfungus 4 OTUfungus o-7

Niche hypervolumes for L. pustulata mycobionts (adapted from Rolshausen et al. 2018)

hypervolume @ package




Niche overlap between species

To discuss which

environmental variables

_4 J may have  promoted
Contribution 57.74% .

s Q : divergence between two

(or more) species

scaled
s =

axis2

E
-
=
e
8
£
5
F=]
b=
=
<]
s}

2 0 3 P!

axis1 scaled

@package ecospat
Adapted from http://allthiswasfield.blogspot.com/2017/

NiceOverPlot @fu nction




Phylogenetic PCAs: visualize the distribution of candidate species or lineages in multidimensional niche space
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Adapted from Leavitt et al. (2018)

phytools@package
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses _

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BED, BPp, STACEY, MIGRATE-N)

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEasT, *BEAST, BIOGEOBEARS, MIGRATE-N)

Age estimates are also used to inform species
delimitation. This approach has been applied
to different groups of fungi.

4 R

Integrative taxonomy

DNA polymorphism §&
- (DNASP) =

Ecology

(MAXENT, WALLACE,
hypervolume, ecospat,

. Age estimates
Population structure, genetic diversity and demography \ & FNMIvolsin B) (BEAST, *BEAST) )

An approach used in groups of

lichenized and non-lichenized fungi
) (e.g. Divakar et al. 2017; Hyde et al. 2017)
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses _
Species delimitation .
P o DNA polymorphism
Species discovery (DNASP) -
(ABGp, Gmyc, Murrirocus NETWORKS)
Model comparison and Validation of species hypotheses
(BED, BPp, STACEY, MIGRATE-N)
Ecology
(MAXENT, WALILACE,
hypervolume, ecospat,
Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEasT, *BEAST, BIOGEOBEARS, MIGRATE-N)

K & ENMTools in R)

Age estimate:
(BEAST, *BEAST)

Integrative taxonomy

Bl e
aalAssociate algae

(QUME-OTUs; dada2-ASVs
S

A further line of evidence that may help to
propose hypotheses on species boundaries in

lichenized fungi
associated algae.

is

the

composition of
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Enteromorpha prolifera
Ulva californica
Chloropelta caespitosa
Ulva fenestrata

119% Ulva lactuca
Enteromorpha intestinalis
Ulva flexuosa subsp. flexuosa

1/94]

- Ulva flexuosa subsp. pilifera
Ulvaria obscura var. blyttii
Percursaria percursa

Umbraulva kuaweuweu

Umbraulva olivascens 1

11891 Umbraulva olivascens 2

Kor ia leptoderma
P.

/83 seudendoclonium ficicola
!—— Tellamia contoria

Blidingia marginata

Blidingia minima var. minima
Blidingia minima var. vexata
52730 associated with
nooss ! §2729  Turgisdosculum ulvae

" Pseudoneochloris marina

¥ /%9 Gloeotilopsis plancionica

"éi‘g - o L Y

Ulothrix zonata

Phylogram based on rbcL data and |nferred with RAXML (adapted from Pérez-Ortega et al. 2017)

Associated algae inform species delimitation in the fungal partner and viceversa

Turgidusculum ulvae
&
Blidingia minima

There are few clear examples
where the associated algae
clearly point to a specific
fungal host because these
associations are in principle
very strict. This is the case of
the Ulva-like Blidingia minima
which associates with the
verrucarioid  Turgidusculum
ulvae.
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Associated algae inform species delimitation in the fungal partner and viceversa?

However, the usefulness of the taxonomic identity of associated algae for informing species delimitation in fungi becomes more complicated when the associated
algae are microscopic and there are thousands of microalgae in the same thallus. In fact, it has been shown that more than one lineage is found in each thallus and
that some microalgae are shared between phylogenetically related and unrelated mycobionts.

Ramalina farinacea Adapted from Casano et al. (2011)
57 o “ . ‘. \ 7
fo -t N {-' * 20 microns » o

=P
DAD<
SNEDTD

=
Q:.o

Clade |

bl
2==

Clade Il

L1

o
©

olorans UTEX B7810
" .
VY a2

Adapted from

>

>
0
&,
©

Catala et al. (2016)



36

The composition of the photobiont community may also characterize certain fungal spp.

In these cases, it is interesting to look at the overall composition of the photobiont community taking advantage of current techniques of DNA
metabarcoding. In the following example, although some algal OTUs are shared across species, and that the composition within species varies
according to environmental variables, there are still some OTUs that tend to be specific to certain species and also the overall community differs in
general between both species.

L. pustulata X m asl

L. hispanica VI
VIl e} 2000

VI - 1800
V__~ = - 1600

IV/ 1400

n_~ —~1200
||/‘ 1000

\

— 800
I I I I |
5 6 km
<
g
o
3o Algal OTUs
%z OoTuU 1
8 3 - oTU 2
- oTU 3
Ch oTU 4
~ oTU 5
L=
Vil Vil 1X

Adapted from Dal Grande et al. (2018)

Algal OTUs inferred from Illlumina DNA metabarcoding data



Analysis of lllumina metabarcoding data for lichenized fungi and algae

Microbiome Helper is a framework which | found useful when working with DNA metabarcoding data of bacteria, fungi and algae. To install
it, you have to download and install first a linux virtual machine, and then install Microbiome Helper on it. The github webpage has tutorials
and lots of information. Some time ago Microbiome Helper was devoted to the inference of OTUs with QIIME version 1, but now it offers a
more sophisticated way to infer Amplicon Sequence Variants in QIIME2 and dada2 which allow studying metabarcoding data at a finer scale.

O Features Business Explore Marketplace Pricing

LangilleLab / microbiome_helper © Watch

Code Issues 0 Pull requests 0 Projects 0 E3 Wiki Insights

Ej Join GitHub today

GitHub is home to over 28 million developers working together to host and

review code, manage projects, and build software together.

£

Amplicon SOP v2 (giime2 2018.6)

amcomeau edited this page 20 hours ago - 5 revisions

This workflow is based on the QIIME2 tutorials and is meant for users who want to quickly run their
amplicon data through the Microbiome Helper virtual box and for internal use. There are more
detailed descriptions and tutorials on the QIIME2 website, which we recommend you check out!

If you use this workflow make sure to keep track of the commands you use locally as this page will
be updated over time (see "revisions™ above for earlier versions)

This workflow assumes that 4 CPUs are available. Also, it's assumed that the input is raw paired-end
MiSeq data in demultiplexed FASTQ format located within a folder called rau_data . The filenames
are expected to look like this: 185CHEGWT_S325_Lee1 R1_ee1l.fastq.gz , where each field separated
by an _ character corresponds to: (1) the sample name, (2) the sample# on the run, (3) the lane
number, (4) the read number (R1 = forward, R2 = reverse), and (5) the set number. You may need to
re-name your files to match this format; however, QIIME2 accepts many different input formats so
the format and naming scheme you're using may also be supported

1. First steps

Sign in o' Sign up

*Star 170 Yok 86

Dismiss

» Pages (3

& Wiki hame
& Requirements
® Brief description of scripts

* Virtual Box image

Microbiome Amplicon
Sequencing Prep Workflow

Amplicon SOP v2 (virtual box
workflow)

Amplicon SOP v2 (for latest
QIIME2 version)

Metagenomics SOP v2

Comeau AM, Douglas GM, Langille MGI. 2017. Microbiome
Helper: a Custom and Streamlined Workflow for Microbiome

Research. mSystems 2(1): e00127-16.

Microbiome Helper

(https://github.com/LangilleLab/microbiome_helper/wiki)

Inference of ASVs Inference of OTUs

Q”MEZ (https://qiime2.org)
dada2 (Callahan et al. 2016)

QIIME1

Oracle Virtual Machine Linux
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses _

}

Species delimitation

DNA polymorphism
Species discovery P (D?\;ASP) P -
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BED, BPp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEasT, *BEAST, BIOGEOBEARS, MIGRATE-N)

Integrative taxonomy

Ecology s )
(MAXENT, WALLACE, Associate algae
hypervolume, ecospat, Age estimated  (QUME-O1Us; dada2-ASVs

K & ENMTools in R)

(BEAST, *BEAST) + microbiota?

Finally, we could even consider the associated microbiota, specially
the bacterial communities, as another variable that may inform
species delimitation in lichenized fungi. Furthermore, the associated
microbiota may also be studied together with the lichenized fungus
in phylogeographic studies to explore whether it changes in different
geographic regions or under dissimilar ecological conditions.




39

Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GeNErous, BroEprr, iMopeLTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BFD, BPp, STACEY, MIGRATE-N)

}

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, DxY, F'st, IBD)

'

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoGEOBEARS, MIGRATE-N)

Species discovery

BG

Puillandre et al. (2012)

But we can make an additional use of molecular data using specific
software or approaches that infer putative species in our datasets.
One of such methods is ABGD, or Automatic Barcode Gap Discovery,
which has been widely used to delimit lineages of lichenized fungi

and algae.
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BED, BPp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoGEOBEARS, MIGRATE-N)

Other approaches to illustrate the existence of
divergent lineages are the construction of multi-
locus networks using the software POFAD and
SplitsTree.

Species discovery: multi-locus networks

POFAD

Phylogeny of Organisms From Allelic Data

© Simon Joly, 2006-2014
Montreal Botanical Garden

Joly & Bruneau (2006)

Y(SplitsTree4

Huson & Bryant (2006)



Using multi-locus networks to illustrate species boundaries

POFAD

(non)-standardized distance matrices

Adapted from Garrido-Benavent et al. (2018)
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YSplitsTree4

graphical representation

J

Mastodia sp. 1 (C)

(NA,

& ANT) Prasiola delicata (NA)

Y

Prasiola borealis
(NA, & ANT)




42

Phylogeographic approach
Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEprt, IMODELTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses

}

Species delimitation
Species discovery

All of the previous analyses (ABGD, Multi-locus networks)
and also the information from the integrative taxonomy
steps are used to generate hypotheses that should be
tested using multi-locus data and more sophisticated
biological and statistical frameworks. For example, using
software that operate under the coalescence theory and
that may account for incomplete lineage sorting and
migration. One of such approaches is the Bayes Factor
Delimitation which is implemented in the software
StarBEAST.

(ABGp, Gmyc, Murrirocus NETWORKS) S p ecles va I | d d t on.:
Model comparison and Validation of species hypotheses

(BED, BPp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, Dxy, Fst, IBD)

'

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoGEOBEARS, MIGRATE-N)

Bayes Factor Delimitation (BFD)
Grummer et al. (2014)

SEAS [

StarBEAST: Heled & Drummond (2010)




BFD allows for comparing two or more species delimitation models using BF

TABLE 1 Marginal likelihood and Bayes factor values for two alternative species delimitation hypotheses in the fungal partner of Mastodia

tessellata and their motivation.

Best model highlighted in bold

Model Distinct species Motivation

Model 1 (1 spp.) n/a

Fungus with a wide distribution

Model 2 (2 spp.) spl: N. America®, T. Fuegob, StrucTure multi-locus clustering,
Antarctica® AgcD of nrTS, multi-locus network
sp2: Antarctica®

#Individuals with nriTS haplotypes
BIndividuals with nriTS haplotypes
“Individuals with nriTS haplotypes
YIndividuals with nriTS haplotypes
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: hap1, hap2, hap3, hap4, hap5.

: hapé, hap?, hap8, hap?, hap10 and hap11.
:hapll and hapl2.

:hap13, hap14, hap15 and haplé.

Path Sampling Stepping-Stone

In (Marginal 2In (Bayes  In (Marginal 2in (Bayes
likelihood) Factor) likelihood) Factor)
—4455.7 23.6 ~4455.7 234
—4443.9 n/a —4444 n/a

Adapted from Garrido-Benavent et al. (2018)



Other methods for species validation using the coalescent theory framework

BP&P: Bayesian analysis of genomic STACEY

sequence data under the multispecies

coalescent model] Yane & Rannala (2010, 2014; Rannala
& Yang (2013)

- estimation of population size (theta's)
- estimation of species divergence times (tau's) Lo osendemieen
- species tree estimation e

Journal of Mathematical Biology

January 2017, Volume 74, Issue 1-2, pp 447-467 | Cite as

Algorithmic improvements to species delimitation and
phylogeny estimation under the multispecies coalescent

Jones (2017)
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Mark et al. 2016 (Usnea) o substails
Singh et al. 2016 (Protoparmeliopsis)




Migrate-n is useful to test models of species divergence as well

MIGRATE

“ The older website is regchable here

Version 4.x allows for
specifying  models  with
divergence

Beerli (2006); Beerli & Palczewski (2010)



How many analyses do we carry out???
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Estimating phylogenies or species networks under ILS and gene flow

Several methods have been recently developed to estimate phylogenies and
species networks under Incomplete Lineage Sorting and gene flow. The analyses

are applicable to multiple species and/or multiple populations per species. —~~

Coestimating Reticulate Phylogenies and Gene

Trees from Multilocus Sequence Data @
Dinggiao Wen, Luay Nakhleh 2

Inferring Phylogenetic Networks Using PhyloNet

Dinggiao Wen, Yun Yu, Jiafan Zhu, Luay Nakhleh &=

Divergence Estimation in the Presence of
Incomplete Lineage Sorting and Migration

Graham R Jones &

Phylogeny Estimation by Integration over Isolation
with Migration Models

Jody Hey &, Yujin Chung, Arun Sethuraman, Joseph Lachance, Sarah Tishkoff,
Vitor C Sousa, Yong Wang
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Volume 67, Issue 3
May 2018
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Volume 67, Issue 4
July 2018
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GeNErous, BroEprr, iMopeLTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses

}

Species delimitation
Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BFD, BPp, STACEY, MIGRATE-N)

'

After having carefully assessed species
boundaries in our phylogeographic dataset,
the next step is more related with population
genetics. Here, we conduct a series of
analyses devoted to characterize population
structure, genetic diversity in general and for
each geographic region, and to detect
demographic changes through time.

Population structure, genetic diversity and demograr_ Population assignment and structure

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, DxY, F'st, IBD)

'

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoOGEOBEARS, MIGRATE-N)
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Alternative methods for population assignment and structure

Based on pre-defined population genetic models Based on distance (model-free)
(generally assume unlinked markers and panmictic populations) (without these assumptions)

A
! \

Structure Software BAPS Software DAPC
Pritchard Lab Bayesian Statistics Group Jombart et al. (2010, 2015)
(Stanford University) (University of Helsinki)
(ad-)mixture model based on (ad-)mixture models based Identification of clusters
a multi-locus matrix of on single or multi-locus using multi-locus matrices of
haplotype numbers matrices of SNP data haplotype numbers
Bayesian & computationally-intensive Computationally much less intensive

Huelsenbeck, John P., Peter Andolfatto, and Edna T. Huelsenbeck. "Structurama: Bayesian inference of
population structure." Evolutionary Bioinformatics 7 (2011): EBO-S6761.
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snapclust: a new approach combining model- and distance-based methods

—
)
~

AIC

24,000 24,500 25,000 25,500 26,000 26,500

(b)

Membership probability

1

1

1

1

1

1.0

0.8

0.6

0.4

0.2

0.0

T T T T

5 10 15 20
Number of clusters (K)

Salers BC2_Salers BC1_Salers

(c)

Density
04 0.6 0.8

0.2

0.0

Salers
BC2_Salers
BC1_Salers

F1
BC1_Lagunaire
BC2_Lagunaire
Lagunaire

CfpEEmEnm

Discriminant function 1

F1 BC1_Lagunaire  BC2_Lagunaire Lagunaire

Adapted from Beugin et al. (2018)

-SNP
-Microsatellites
-AA sequences

| @ package adegenet
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DNA polymorphism

Dnas P DNA QCUCTI .'/’('l’\l/llll'l’/'lllh/ll

Single-locus
haplotype dataset

Genetic diversity indices:

# of segregating sites (s)

# of haplotypes (h)

Haplotype diversity (Hd)
Average number of nucleotide
differences (k)

Nucleotide diversity (m)

# of parsimony informative sites

Haplotype networks

4
TCS (Clement et al. 2002)

POpART v.1.7
(Leigh & Bryant 2015)
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Estimating clonal reproduction

IA method (Avise & Wollenberg 1997)

rBarD (unbiased index of association,
Agapow & Burt 2001)

@ ® o R
agP e ¢ & B
] o - ®e o
°? i @ 0% =5 e ¢
@ .
g mycobiont
<> Uneage A
<> Uneage B
@ Lineage C
Q":’l:n
]
a
Sequence data Adapted from Onut-Brannstrom et al. (2017)
- L5 S
ﬁf;ma-l;(;?m ety o 1 L : \‘:-—7
Covilha: 1 »Gredos Herbés - “r it
S5 A e €
5o f Sicily

Mirvio: Cadiz
R - ’ l
1

Morocco

Tenerife
Gran Canaria 1
L y

Gran Canaria 2

N
Q km 500

Microsatellites data

Adapted from Alors et al. (2017)

Ii»') package poppr




Quantifying genetic divergence and differentiation

(Excoffier &Lischer 2010)

Genetic divergence

DXy (Nei 1987): average number of nucleotide substitutions per site between sampling
localities

Genetic differentiation

Fst (weir & Cockerham 1984): estimator H for Wright’s fixation index based on allele
frequencies

R-lequin

Alnskn
Gilacier Bay

Populsion average number of pakwise differences I Haplotype distance matrix b it popud Hiwke size range o et hact

Aloska
Petcsbusp
\ l—l [ ;
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Chair [sland

R-lequin: collection of R functions to parse Arlequin

output files and produce high quality graphics .
(http://heidi.chnebu.ch/doku.php?id=r-lequin) e s e C e

T. del Fuepe
Mevarme
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Testing for Isolation by Distance (IBD)

Parmelina carporrhizans and P. tiliacea in the Mediterranean and Macaronesian regions

Genetic distance
0.65 0.70 0.75 0.80

0.60

0.55

Geographic distance

- Clear IBD pattern (r = 0.472, P=0.005)
- Single cloud of points indicates a continuous

cline of genetic differentiation
(Adapted from Alors et al. 2017)
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Geographic distances (km)
- Weak IBD pattern (r=0.111, p = 0.003)
- Incipient patchy pattern of points indicates the
existence of distant and differentiated
populations (Adapted from Nufiez-Zapata et al. 2015)

i
IPhot

o
T

mantel.randtest (Mantel test, package adegenet in@)

Measuring local densities of distances (function kde2d)

and plotting in function image in the@ package MASS)

Take also a look at the@ package MEMGENE (Galpern et al. 2014)
to describe the geographic distribution of genetic variability at
landscape scale (see Rolshausen et al. 2018 for a example in
lichenized algae)
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To partial out the relative contribution of climate and geography on the variation of genetic structure

Full and partial redundancy analyses
(RDA, Legendre & Fortin 2010)

Lobaria pulmonaria in the
Iberian Peninsula

{3&:~ ':?
? S

T

Variance Probability

Total explainable (RDA1T) 43.6 <0.01
Pure environment (RDA2) 264 <0.05
Pure geography (RDA3) 7.6 <0.1

Joint climate/geography (RDA1-RDA2-RDA3) 9.6

Adapted from Otdlora et al. (2015)

(a)

Genetic distance SNP

Climate

Residuals = 0.29/0.0

Residuals = 0.14,/0.05 Residuals = 0.21/0.01

Adapted from Fernandez-Mendoza et al. (2011)

varpart, rda, anova.CCA functions in the@ package vegan




Demography and deviations from neutrality

Bayesian Skyline Plots %BEAST IS, IGS & GAPDH
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E ]04_" ] 1 @ All populations g
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Adapted from Fernandez-Mendoza & Printzen (2013) Adapted from Boluda et aI (2018
DNA Sequence Polymorphism
DnaSP

[ X ’ ’ . .
Tajima’s D and Fu’s Fs statistics. ﬁD and Fs values: diversifying selection or a recent bottleneck

- number of segregating sites

_ significance based on 10* coalescent simulations lD and Fs values: purifying selection or a recent expansion
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GeNErous, BroEprr, iMopeLTEST, PARTITIONFINDER, RDP)

}

Preliminary analyses

}

Species delimitation

Species discovery
(ABGp, Gmyc, Murrirocus NETWORKS)

Model comparison and Validation of species hypotheses
(BFD, BPp, STACEY, MIGRATE-N)

'

Population structure, genetic diversity and demography

(STRUCTURE, BaPS, Dapc, DNA POrLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, DxY, F'st, IBD)

'

Biogeographic hypotheses construction

(BEAST, *BEAST, BIoOGEOBEARS, MIGRATE-N)

And finally, there is a set of analyses to build
and test biogeographic hypotheses per se.
These are dating, the reconstruction of

ancestral ranges, and the inference of
migration.

Dating, ancestral range reconstruction and
migration



A |

Bayesian Evolutionary Analysis Sampling Trees

BEAST v. 1.8: Drummond et al. (2012)
StarBEAST: Heled & Drummond (2010)

BioGEOBEARS e o

Beerli (2006);
Beerli & Palczewski (2010)
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Markers

Type of calibration

Primary calibration
(fossil data)

VS

Secondary calibration
(age estimate
or substitution rate)

POCAST

BEAST v. 1.8: Drummond et al. (2012)
StarBEAST: Heled & Drummond (2010)
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Test for a strict
molecular clock
for EACH locus

Prior settings

Run settings

BEAST v. 1.8: Drummond et al. (2012)
StarBEAST: Heled & Drummond (2010)

PO ST

Ly
0.35
0.33

D
032
0.30

+D
0.64
0.64

+)
0.63
0.64

Table 2 Test for a strict molecular clock for each locus in Dataset A and B conducted in MEGA 5.0 \
ML estimate MmBayes consensus M E& A 5

nrITS GTRAT+ (Dataset A) InL Param (+ (+1) InL Paraun Vi

With clock —7095.856 79 1.115 0.36 —7099.121 79 1.191

Without clock —6960.321 147 1.15 0.32 —6960.203 147 1.2

P (Ho: = rates) 5.2¢ ! 8.96e7'2*

nrITS TN93+'+I (Dataset B) InL Param (+I) (+1) Inl Param (+T)

With Clock —5444.788 40 0977 0.28 —5452.139 40 0.913

Without clock —5388.285 75 0.96 0.32 —5363.874 75 0.89

P (Ho: = rates) 8.65¢ % 3.63¢7 =

nulSU GTR+I+I (Dataset B) InL Param (+I) (+I) InL Param (+I)

With clock —2753.380 42 0.778 0.63 —2746.279 42 0.793

Without clock —2722.074 73 0.76 0.64 —2718.789 73 0.78

P (Ho: = rates) 0.45 0.72

mtSSU HKY+I'+ (Dataset B) InL Param +I) (+I) InL Param (+I"

With clock —3006.041 42 0.706 0.59 —3025.628 42 0.789

Without clock —2948.207 77 081 0.64 —2946.274 77 0.82

P (Ho: = rates) 4.9¢ 7.73e*

Tested under two different topologies (ML and Bayesian). *denotes rejection of the null hypothesis (i.e., equal rates)

Strict vs uncorrelated relaxed lognormal molecular clock

There is no general rule. Literature review.

Adapted from Garrido-Benavent et al. (2016)

N

Depending on the amount and complexity of data, run at least one
analysis with chains 1-5x107generations long
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Run the
analysis/-es

Check for
convergence of
chains

_ PEBCAST
BEAST v. 1.8: Drummond et al. (2012)

StarBEAST: Heled & Drummond (2010)

\ . . Q¥ BEAST
[I BEAUtI - XM L fl Ie - | W7 ’ .f. Bayesian Evolutionary Analysis Sampling Trees
© @) Version v1.8.1, 2002-2014

BEAST XML File:  not selected Choose File...

The effective sample sizes (ESS) of each parameter must be at least 200

~ Tracer software
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Fossil data

Taphrnomycoting

Y

Tycotna

Pezizomycetes

Orbiliomycetes

Dothideomycates

Sordariomyoetes

G
Lichinomycetes

Coniocybomycetes

Eurotiomycetes

Proc P
Poteasse Car| Ord |8¢
™ an ) an wm s 1 ous

Pezizomycotina

Trebouxiophyceae Prasiolaceae A

Prasiola novaezelandiae
Prasiola borealis

Prasiola sp. strain Hallett
Prasiola sp. strain Garwood
Prasiola stipitata

P M

Rosenvingiellopsis constricta

e

416.35 My |

I )psis ramosa
2500 Myr— I:ra.flolap.ns SAG 84.81

bacillaris

126.23 Myr,

482,56 Myr
64.1 Myr,

158.71 My,

374.46 Myr
S71.58 Myr

13048 Myr,

Stichococcus jenerensis
Diplosphaera mucosa
Raphidonema nivale
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Trebouxia

317.83 Myr,
398.75 Myr. ,——; = —
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Drawing an
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Adapted from Gaya et al. (2015)
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Using that

This calibration was
set as a prior using a
normal distribution
(mean = 62.61, stdev
= 5.5)

o
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The dataset comprised three
markers (ITS, nuLSU, mtSSU)

Adapted from Garrido-Benavent et al. (2016)



From the primary calibration we draw

for secondary calibrations

Trebouxiophyceae
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7 fossil evidences and 5 markers (7867 bp)

(Adapted from Garrido-Benavent et al. 2018)
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From the primary calibration we draw for secondary calibrations
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Adapted from Garrido-Benavent et al. (2018)



Comparing results of dating analyses

This calibration was
set as a prior using a
normal distribution
(mean = 62.61, stdev

=5.5)
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The dataset comprised three
markers (ITS, nuLSU, mtSSU)

Substitution rates for ITS:
- 3.41 x 107° s/s/y (Melanohalea,

Leavitt et al. 2012)

- 2.43 x 107? s/s/y (Montanelia,

Leavitt et al. 2015)

Age estimates are known to be quite
biased or inexact because of many
reasons. In my opinion, the best
approach is to apply two or three
different calibrations to the same
dataset, and report and discuss all
the results at the same time. For
example, | used here an age estimate
for this clade as well as two different
substitution rates for the ITS.

Adapted from Garrido-Benavent et al. (2016)



Comparing results of dating analyses

Table 4 Divergence time estimates (Ma) of selected nodes obtained using different secondary calibration approaches with BEAST

Calibrated node  Melanohalea nrlTS  Montanelia ntITS  Gaya et al. Geological period

approach substitution rate® substitution rate” (2015)
Shaclkletonia and remaining T0.5 (54.8-86.2) 64 (51.4-77.9) 893 (709-107.T7)y - Late Cretaceous-Paleogene

Xanthorioideae lineages split
Shackletonia crown group 42.8 (30.3-56.7) 387 (28.1-50.1) 54.2(394-71) - Late Paleocene-Early
Oligocene

Shackletonia cryodesertorum origin 204 (11.5-302) 185 (10.7-27.4) 259 (14.7-37.6) - Late Oligocene-Early Miocene
Xanthocarpia crown group 14.79 (9-21.1) 13.5 (8.7-18.9) 18.8 (12.1-25.9) c. 14 (5.5-25.5) Early/Middle Miocene
Xanthomendoza crown group 40.12 (28.9-52.5) 364 (26.946.9) 50.9 (37-64.8) c. 43 (31-56) Eocene-Eardy Oligocene
Caloplaca-Xanthoria and 60.15 (48.8-T1) 542 (43-65.8) 76 (60-91.8) 62.61 (74.03-51.85) Late Cretaceous-Paleogene

Xanthomendoza split

Proposed geological periods take into account estimated ages within 95 % HPD obtained from the first two analyses. Results of Gaya et al. (2015) are

provided for comparison

2 341x 107 sisly (Leavitt etal. 2012); ® 243 x 107 s/s/y (Leavitt et al. 2015)
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Trans-tropical dispersal

Mastodia sp. 1

Prasiola borealis

Mycobiont dispersal

Rl TS + EF-la+ Mem7* [
nrlTS + EF-Ta -+ Mem7t [0
nrils* E
. . nrlTST
Photobiont dispersal

tufA + rbcL |

i

4 NN ¢

ool N |

Epochsg Miocene |Pliocene| Pleistoc: |
15 10 5 OMyr

Adapted from Garrido-Benavent et al. (2018)

Adapted from Garrido-Benavent et al. (2016)

Substitution rates for the fungal ITS:

- 2.52 x 107° s/s/y (Erysiphales,
Leavitt et al. 2012)

- 3.41 x 107° s/s/y (Melanohalea,
Leavitt et al. 2015)

Substitution rates for the algal tufA:
-1.28 x 1072 s/s/y (Prasiolaceae,

Garrido-Benavent et al. 2018)



Ancestral range reconstruction

Parameter of
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Reconstructing the ancestral range of species has become popular in many studies of lichens in the last years. There are several
methods and programs that account for different anagenetic and cladogenetic processes that can alter the geographic range of a
species such as dispersal, extinction or range switching, vicariance, founder event, and so on. Programs such as DIVA, Lagrange,
BayArea, Biogeobears account for some of these processes.
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Ancestral range reconstruction
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Adapted from Otalora et al. (2017)

SI M MAP stochastic character mapping of discrete traits on phylogenies

(Huelsenbeck et al. 2003; Bollback 2006)
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Adapted from Fernandez-Mendoza & Printzen (2013)

@ package phytools,
function make.simmap
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Ancestral range reconstruction

BioGeoBEARS (Matzke 2013)
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I@ package BioGeoBEARS




Ancestral range reconstruction

[ Parmeliopsis ambigua

P Historical biogeography of Hypotrachyna (Parmeliaceae)
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Adapted from Cubas et al. (2018)
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Ancestral range reconstruction

Historical biogeography of
Xanthoparmelia (Parmeliaceae)

Parameter estimates

Model Lnl. Number of parameters d e j AIC
DEC —301-1326 2 0-009079 3-313e-03 0-0 786-2652
DECH] —386-7T134 3 0-007892 1-0e-12 0-011631 779-4268

Parameters: the rate of range expansion (“dispersal™), parameter d; range contraction (“extinction™), parameter e;
weight of each jump dispersal event in the cladogenesis matrix, parameter j. Akaike Information Criterion, AIC.

@ Australia

© East Africa
© South Africa
@© other Africa
© Asia

@ Europe

@ North America
@ South America

‘,? e e

‘Holarctic clade’

‘Kenya 1’
‘Kenya/South Africa 1’
‘Australia 1°

‘South Africa 1’

‘South Africa 2°

Africa

‘Australia 2°

‘South Africa 3°
© Australia & Africa

O Australia, Africa & Americas
© East Africa & South Africa
O Americas, Asia & Europe
@ Americas & Africa

‘Kenya/South Africa 2’
‘South Africa 4

‘pulla group’

‘tegeta clade’

‘saxeti group’
‘Kenya 2’
‘Southern

Hemisphere’
‘Kenya 3’

L
=
]
(=]

10 0

Millions of years ago

Adapted from Leavitt et al. (2018)
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Ancestral range reconstruction

Model LnL AlCe P-value (LRT) Most likely ancestral range
Three geographic regions (Madagascar, Mauritius, Réunion) DEC —66.46 137.1 2.5107" Madagascar +Réunion
DEC+J —48.69 103.7 Madagascar + Réunion
DIVA —66.04 136.3 2.6 1077 Madagascar +Réunion
DIVA+J -48.31 103 Madagascar + Réunion
BAYAREALIKE -114.2 2327 7.8107% Madagascar + Réunion
BAYAREALIKE +J —419.88 106.1 Réunion

10001

10071

s7m,9n
e

10071

£ dicholoma LOS4SE

L)

— & 1p. TLGADTE
- 55 7 LGA0GK

.
5 5p. 3 |GA0Z {f@
5.5p. 3 LE411L
535, 4 L5e0E)
5.3p. 5 LS4110
5559 LCONKACTD
R, 5 5P B LEADE

™ 5506 CONNALD
S35, 7 UEONNA11S

[~ 5 5p 6 UCONNALSL
4. vp. 8 UCOMRADS
Ly s i
5. 5. 5 UCONNALTT -
5.5, BLGHLIE m
5. i, BLGAIOY

£ wp T LOALLT
4 sp T LOONKA1ES

5 sp. 10 LG34AT %

% wp. 19 163453
5.3, 13 16416 S

5.5 13 UCONNALIS RERE

5 sp. 14 LG80GE
EXTROTEER

5. variatills LGAOGD
5, susiokills 158256 m
5 variabits LG3631

5. 5p. 15 LICONNLZE m

5. sp. 16 ULONKATE

| Sp ir1s
| & % 16 La4100
T 552 25 Lotnss

3. sp. 1B LEONKSOIE

550, 17 UCORNA 2 %
.I_L 5. sp. 18 LCONKADSE %

92095
i
-
T2

S.ap '.suo:mmush
& ap 19 L6ecHs 3
5. 5p. B UCONNEOEE %
. up, 20 LGADTS
£ ip 10 LGA08d
W sp. 24158277
sp. 211G

5. coperata LGA0ES a

Geography

Madagascar

Reunion

Mauritius
o

Morphology

T Trallus with elorgated and
A dichatamaus brarching labas

Ll fcbules or phlidia lacking

3 Thellus with reusded labes,
+ iobules or phlidia present

o Fumguss + Groen dga
@ rooes  Crmobacterium

Green alga
o FUMBUE* . yanchacterium

Thilus lacking
apotheda

%, Thallus with

apethedia

", Thallus with rourded lobes,

% 5p, 26 LG4RS
5. 9. 24 UCONNSILE

Historical biogeography of Sticta (Lobariaceae)
Madagascar and the Mascarenes

Adapted from Simon et al. (2018)




77

Ancestral range reconstruction
DOI: 10.1111/jbi. 13173
Journal of
WILEY

Conceptual and statistical problems with the DEC+J model of

founder-event speciation and its comparison with DEC via
model selection Ree & Sanmartin (2018)

Model LnL AlCe P-value (LRT) Most likely ancestral range

Three geographic regions (Madagascar, Mauritius, Réunion) DEC 66.46 137.1 2.5107° Madagascar -+ Réunion
DEC +J . 103.7 Madagascar +Réunion
DIVA 4 136.3 2.6 1077 Madagascar -+ Réunion
DIVA+J \ 103 Madagascar +Réunion
BAYARFALIKE 14, 2327 7.8 107 Madagascar +Réunion
BAYAREALIKE +J 49.88 106.1 Réunion

Likelihoods from DEC and DEC+J are not statistically comparable

“...For simple inference of ancestral ranges on a fixed phylogeny, a DEC-based model may be
defensible if statistical model selection is not used to justify the choice...”

“..If different models confidently yield conflicting reconstructions that are meaningful to the studyj, it
seems entirely reasonable to favour one over another by making arguments based on empirical

(biological, geographic) considerations—in other words, to allow non-statistical judgements guide
model choice...”

SOLUTION: select any model [DEC(+J), DIVALIKE(+J), BAYAREALIKE(+J)] or more than one model, and
discuss results under the prism of our study group (discuss which is more biologically realistic). BUT
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f.we are dealing with

1 species

BioGeoBEARS: treat

species

SIMMAP

analysis (Lemey et al.)

\_

distinct lineage as a separate population substructure within

BEAST: discrete phylogeography putative species

only\ K.we are dealing with only\

> 2 species

each BioGeoBEARS: if there is strong
nominal species, or there are

non-monophyletic species, treat
each lineage as a separate

SIMMAP

AN /

For more details see BioGeoBEARS, SIMMAP and BEAST discrete phylogeography tutorials
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A

To obtain mutation-scaled immigration rate (M)
and effective population size (@) estimates

Beerli (2006)
Beerli & Palczewski (2010)

The last interesting biogeographic analysis is migration, which can be conducted with
a coalescent-based method in MIGRATE. First, this software can be used to estimate
mutation-scaled immigration rates and effective population sizes.
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To assess the direction and intensity of gene flow

L RRY
P / . 2 N
P . <
¢ Famalicgo g T ey R
b - R 2 J
Herbés 5

| L ) ‘f*

Covilha{

lenerife
lGran Canaria 1

0 ki i A
Gran Canaria 2

Parameter 2.5% 25.0% 75.0% 97.5%

Mean

Ol 0.17 0.73 1.53 2.1 1.16
02 9.13 11.7 159 21.33 16.59
M2->1 3.2 3.97 5.07 5.7 8.39
M1-=2 0.03 0.53 13 1.83 0.94

Adapted from Alors et al. (2017)

For example, in a phylogeographic study of Alors et al. about Parmelina carporrhizans, they inferred higher effective population sizes

in the Mediterranean populations than in the Macaronesian. The intensity of gene flow was also higher from the Mediterranean
towards the Canary Islands than viceversa.
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To obtain mutation-scaled immigration rate (M)

and effective population size (@) estimates

1

MIGRATE

Beerli (2006)
Beerli & Palczewski (2010)

To simulate and compare different
models of population structure and
gene flow
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Migration

I MAC
25
| mm
m=100 | [l .
o| MV | =" "TSx — o | EEIvm
Structure and number Model 2In BF
Model name of parameters (8 + M) Description Bezier Lml probabiliby Bezier
NULL models
NULL No connections 1+0 Single admixed population 5784.19 189 x 107 431248
FULL All connections 13 + 156 Full 13 populations model 421473 7.67 x 10754 1173.56
Burst dispersal from the Arctic
1.1 Arc—[Med,Can NAm, 7+6 Full N-5 directionality 368591 354 x 107 11552
Bol,Pat]—Ant
1.2 Arc—[Med,Can NAm, 7+6 Radiation from the arctic 30391 119 x 10~ 131482
Bol Pat]; Pat—Ant
13 Arceshed, NAm-—Arc; T+7 Temperate refuge, Burst from 36RR2T 3Mx107F 120.64
Arc—+[Can,Bol Fat]; Pat—Ant the Arctic, Exchange with the
Mediterranean
A4 ((Med«—+Can) «—Arc); [Med, 7+ 13 Radiation from the Arctic, 3627495 0.525 0.00

Can]—= NAm:Ar —Pat— Ant:
Arc —Bol; Arc—NAm

High MNorthern Hemisphere connectivity.

Adapted from Fernandez-Mendoza & Printzen (2013)




versa (4 + 3)

Description and number of estimated parameters Bezier Model 2In BF

Biont Directionality Model (& + M) Lml Probability Bezier
Mycobionts (Mastodia n/a MNull Mo connections (single population) (1 + 0) —507457 -0 2541.08
sp. 1 & sp. 2) Mull All possible connections among the 4 populations —44656.34 -0 1700.62

4 +12)
Bipolar mycobiont S5—N 5 TF migration into NA. ANT migration into TF. (4 + 2) —382929 7.897 x 1071 46.52
(Daady S 6 TF migration into NA and ANT. (4 + 2) 380603 0998 0
. TF migration into NA and ANT. ANT migration into —3817.84 7416 x 10°°¢ 23.62
TF. (4 + 3)
N—S 8 MA migration into TF. TF migration into ANT. (4 + 2) —3821.82 1.386 x 107’ 31.58
o MNA migration into TF. ANT migration into TF. (4 + 2) —3960.56 7.72 = 10°¢% 309.06
10 MA migration into TF. TF migration into ANT and vice —383212 4.6 x 10712 52.18
= versa (4 + 3)
Photobionts (Prasiola n/a Mull Mo connections (single population) (1 + 0) —442457 845.62
borealis & Prasiola sp.) Mull All possible connections among the 4 populations —4287.1 570.68
4 +12)

Bipolar photobiont 5—N 5 TF migration into NA. ANT migration into TF. (4 + 2) —4021.24 3467 x 107 38.96

(Prasiola borealis) TF migration into NA and ANT. (4 + 2) —401401 4785 x 10°% 24.5

> 7 TF migration into NA and ANT. ANT migration into —4001.76 9.999 x 10! 0
TF. (4 + 3)

MN—5 8 MNA migration into TF. TF migration into ANT. (4 + 2) —4012.32 2593 x 1077 21.12
o MNA migration into TF. ANT migration into TF. (4 + 2) —4103.53 6.336 x 10°% 203.54
10 NA migration into TF. TF migration into ANT and vice — —401745 1534 x 1077 31.38
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Adapted from Garrido-Benavent et al. (2018)




MULL MODEL (all connections/populations=regions)

Full 4 populations model

NULL_full Namerica Chile AntChil Antart
NAmerica Onam * * *
Chile * Oc * *
AntChil * * @anch *
Antartida * * * Qan

1.1. Chile together with AntChil gives to Namer. Antarctica isolated.

MOD1.1 Namerica Chile-AntChil Antart
Namerica Gnam * 0
Chile-AntChil 0 Ochant C
Antartida 0 C Qan

1.2. Chile together with AntChil gives to Namer. Antarctica gives to Chile.

MOD1.2 Namerica Chile-AntChil Antart
Namerica Onam * 0
Chile-AntChil 0 Ochant
Antartida 0 0 Ban

ng calculated parameters
0= 4
M= 12

n2 calculated parameters
0= 3
M= 1

n? calculated parameters
0= 3
M= 2

(****************)

(**00*cOc*)

*: parameter that varies freely
c: a parameter with a fixed value
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To obtain mutation-scaled immigration rate (M)
and effective population size (@) estimates

MIGRATE

Beerli (2006)

To simulate and compare different
hypotheses of population structure
and gene flow

Beerli & Palczewski (2010)

To corroborate hypotheses of admixture
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- 1,000

- 750

- 500

- 250

6 9 12 Elevation
(ma.s.l)

Adapted from Dal Grande et al. (2017)

Pop. 5

admixed




FaBox is useful for building input files

Welcome to FaBox (1.41) - an online fasta sequence toolbox [FAQ] I\ [4~\,
S

e S R A S
.08.2006 Fasta header editor added

.08.2006 Added file upload to all services

.08.2006 Added file upload to some services, rest will follow.

.2006 fastaZmigrate added, only produces an infile.

.0B.200& Reinstalled local phpserver, we're back.

.08.2006 FaBox is online again, but all log data disappeared
.0B.2006 FaBox is down due to upgrade problems.

08.2006 Alignment cropper fixed.

Bt

S W ;o
=}
@

= Pf\\/
JTTRilwwbllc.au,dkkoﬁwarelhbb

Sequence 2 fasta converters (external tools) |

HCV Sequence Conversion Interface - ReadSeq at EBI

~| Working with fasta headers I

Fasta header extractor (and header splitter) Simple and fast way of extraction the headers from fasta files - and optionally split each header into fields based on a chosen character/word.
Fasta header editor Simple and fast way of extracting headers, edit them and reapplying them without worrying about the sequence itself.
Fasta header replacer Some programs do not like the fancy headers in fasta files and you have to live with short, unigue names - that are really non-descriptive. Here you can replace headers back and forth by submitting old and new headers - which you'll

typically keep in a excel spreadsheet.

~| Working with fasta datasets/alignments }

Fasta sequence extractor Simple and fast way of extracting some sequences from a large sequence sef, based on a list of headers or fuzzy matching.

Fasta sequence subtractor Simple and fast way of removing some sequences from a large sequence set, based on a list of headers or fuzzy matching.

Fasla sequence joiner Simple and fast way of joining a set of fasia sequences into one sequence

Fasta dataset splitter/divider Simple and fast way of dividing your dataset into two sets by a header keyword. It will split into sets WITH and WITHOUT the given header keyword (like 'females/males’, 'populationi/population2')
Fasta alignment joiner Simple and fast way of joining two alignments, sequence by sequence. It will join alignment 1,sequence 1 with alignment 2, sequence 1 and so on____ (see example)

Alignment timmer Trims an alignment io the shortest sequence. It simply removes the boundary areas that are full of gaps.

Show variable sites only Extracts all the variable sites from an alignment

DNA to haplotype collapser and converier Wil collapse a set of sequences into haplotypes and output som simple statistics and formatted input files for Arlequin

<| Data conversion l

Sirip branch lengths and booistrap values from  Will take a newick tree and create three versions: the original, branch lengths only and topology only (for ASR in paml).
newick trees (newick parser)

Create formatted sequence file for PAML Will format your fasta sequences and create a correct input file for PAML (it's a phylip format with some modifications).

analysis (fasta2paml)

Fasla2excel converter Wil explode a sequence set info tabular format. It's possible to explode seguences base-by-base and fo transpose (flip) the resulting table.

Create TCS input file from fasta (fasta2tcs) Will format your fasta sequences and create a correct input file for the TCS software (TCS: Phylogenetic network estimation using statistical parsimony, Clement et al. 2000).
Create Migrate input file from fasta Will format your DNA sequences and create a migrate file called 'infile’. The produced file will be correctly formatted to be analysed by migrate.

(fastaZmigrate)

http://users-birc.au.dk/biopv/php/fabox/

87 Villesen (2007)
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Cyberinfrastructure for xs EDE
Ph'-,.'lugr:nulic ch Exfroma Scence ond Engingaring
Discovery Emvinonmint

All submissions are
working normally.

Codes
Requirements
Limitations
Architecture
Known Issues
Usage Statistics
User Locations
Survey Results

Publications

Many analyses can be run online in CIPRES

About Help Links

BAII-Phy on XSEDE (3 2) ) - BAII-Phy estimates multiple sequence alignments and evolutionary trees.

BEASTZ2 on XSEDE (2.1 - 2.5.0) §) - Bayesian Evolutionary Analysis by Sampling Trees - run on XSEDE

BEAST on XSEDE (1.8.0 - 1.10) g - Bayesian Evolutionary Analysis by Sampling Trees - run on XSEDE

ElastN (2.2.1) {gp - Search DBs for Nucleotide Sequence similarity

Clearcut (1.0.9) g - Fast Implementation of Relaxed Neighbor Joining

ClustalWw (2.1) ¢p - Create Multiple Alignments from Sequences

Consense (Phylip 3 66) ¢ - Find A Consensus Tree

DFFDIV on XSEDE (1.0) ¢ - Estimating species divergence times and lineage-specific substitution rates on a fixed topology run on XSEDE
ExaBayes on XSEDE (1.5) ¢ - Bayesian Evolutionary Analysis by Sampling Trees - run on XSEDE

FastiL on XSEDE (3.1) (g - Fast (Approximate) Maximum Likelinood tree construction - run on XSEDE
FastTreeMP on XSEDE (2.1.10) g - Fast (Approximate} Maximum Likelihood tree construction - run on XSEDE
GARLI 2.01 on XSEDE (2.01) & - Genetic Algorithm for Rapid Likelihood Inference - run on XSEDE.

GARLIl.conf Creator (2.0) ¢p - Creates a Garli.conf file for up to five partitions

G-PhoCS on XSEDE (1.3) { - A Generalized Phylogenetic Coalescent Sampler

IQ-Tree on XSEDE (1.6 6) i - Efficient phylogenomic software by maximum likelihood, run on XSEDE
IModelTest2 on XSEDE (2.1.6) ) - Statistical selection of best-fit models of nucleotide substitution, run on XSEDE
LogCombiner on XSEDE (1.8.4) g - Bayesian Evolutionary Analysis by Sampling Trees - run on XSEDE

MAFFT on XSEDE (7.402) g - Multiple alignment program for amino acid or nucleotide sequences; parallel version
Migrate-N on XSEDE (2.6.11, 4.2 14) p - Estimation of Population Sizes and Gene Flow using the Coalescent
ModelTest-NG on XSEDE (0.1.5) & - Statistical selection of best-fit models of nucleotide and protein substitution, run on XSEDE
MrBayes Restart on XSEDE (3 2 x) @ - Tree Inference Using Bayesian Analysis - run on XSEDE

MrBayes on XSEDE (3 .2.6) g - Tree Inference Using Bayesian Analysis - run on XSEDE

Muscle (3.7) ¢ - Create Multiple Alignments from Sequences or Profiles

NCLconverter (2.1) ¢ - A file format transformation tool

ParallelStructure on XSEDE (2.3.4) g - A program to investigate population structure using multi-locus genotype data
PartitionFinder2 on XSEDE (2.1.1) { - Seleciing besi-fit pariitioning schemes and models of evolution

PAUPRat (Not specified) ¢ - Parsimony ratchet searches using PAUP*

PAUP on XSEDE (4.a164) @ - Phylogenetic Analyses Using Parsimony*

in place.

W

duction
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RevBayes

Hohna, Sebastian, et al. "RevBayes: Bayesian phylogenetic inference using
graphical models and an interactive model-specification language." Systematic
Biology 65.4 (2016): 726-736.
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RevBayes

Bayesian phylogenetic inference using probabilistic graphical models and an interpreted
O language

About

RevBayes provides an interactive environment for statistical computation in phylogenetics. It is primarily intended for modeling, simulation, and Bayesian
inference in evolutionary biology, particularly phylogenetics. However, the environment is quite general and can be useful for many complex modeling tasks.

RevBayes uses its own language, Rev_which is a probabilistic programming language like JAGS, STAN, Edward, PyMC3, and related software. However,
phylogenetic models require inference machinery and distributions that are unavailable in these other tools.

The Rev language is similar to the language used in R. Like the R language, Rev is designed to support interactive analysis. It supports both functional and
procedural programming models, and makes a clear distinction between the two. Rev is also more strongly typed than R.

Core Development Team
RevBayes was designed and developed by Sebastian Hohna, Fredrik Ronguist and John P. Huelsenbeck. The core development team additionally includes
Michael J. Landis, Bastien Boussau, Tracy A. Heath, Nicolas Lartillot, Walker Pett, and William A. Freyman.

GitHub | License | Citation | Users Forum

https://revbayes.github.io/
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Download and Install RevBayes

Mac OS X Windows

Source code

To quit

| libpngl1e-16.dll Extension de la apl...
| libstdc++-6.dll Extension dela apl...
| libwinpthread-1.dll Extension dela apl...

5=| rh Aplicacién

@] RevBayes_remarks Archivo TXT

i=| RevStudio Aplicacion

W | zlib1.dll Extension de la apl...
entos seleccionados 89,8 MB

- 0 RevBayes - m] ®

File Edit Run

® RevBayes version (1.0.9)
Build from development (f78150) on Sun, Aug 05, 2018 2:24:35 AM

Visit the website www.RevBayes.com for more information about RevBayes.

To quit RevBayes type 'quit()’ or 'q()'-

Command

RevBayes is free software released under the GPL license, version 3. Type 'license()' for details.




B ChUsers\phyloramalina_post\Desktop'\RevBayes_Win_v1.0.%\RevStudio.exe - [m| X

4

4

4

a4

4

4

4

® 4
4

F /
gy j
5q M
# ) Recently Used 4
4

# 2
j Places | HName 4
Ou 12 Search [ RevBayes_win_v1.0.9 j
@ ‘fj 48

[ RevBayes_win_vl....
[ phyloramalina_post
[ Desktop

£ Disco local (C:)

Vv <= Unidad de DVD R...

wsilize]

data Carpeta de archiy

: documents peta de archivos
R : LAB Carpeta de archivos
Lectures 14/1 8 Carpeta de archivos
T output 23/11 3 Carpeta de archivos
2_2_mafft_gh_IT5_585_nex.nex 09/08 2 Archivo NEX 14 KB
@ cortinarius_script_ HKY - 1 813:10 Velumen RAR der... 4KB
@ errores comunes RevBayes 0 8 0 Archive TXT
@ history 06, Archivo TXT
> Z3 Dropbox libatk-1.0-0.dIl 01 1 Extension de la apl...
. libbz2-1.dll 0
‘& Onebrive libcairo-2.dIl
[ Este equipo libexpat-1.dll
4 Descargas libffi-6.dll 01 4:54 Extension de la
%QEHCE‘ = Documentos o libfontconfig-1.dll 01/08 8 14:54 Extensign de la apl..

43 elementos 1 elemento seleccionado 44,9 MB

The data (alignment in nexus format) and the RevBayes script should be in the same
directory together with the application “RevStudio”. Then, just click “source script”!!
An output folder will be automatically created containing the analysis results.
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RevBayes Tutorials

This list shows all of the RevBayes tutorials for learning various aspects of RevBayes and Bayesian phylogenetic analysis. Each one explicitly walks you throug
model specification and analysis set-up for different phylogenetic methods. These tutorials have been written for new users to learn RevBayes at home, at
workshops, and in courses taught at the undergraduate and graduate levels. You may find that the styles are somewhat different between tutorials and that son|
have overlapping content.

Please see the Tutorial Format guide for details about how to read the tutorials.

Please see Recommended Software for links to various software programs you may need to download in order to follow the tutorials.

Each tutorial includes a theoretical explanation,
Introduction to RevBayes and MCMC | data files and scripts, results and bibliography

Getting Started with Rev Language Syntax  Introduction to Introduction to MCMC Introduction to MCMC

RevBayes A very short introduction to Graphical Models using RevBayes using RevBayes

A very basic overview on the Rev language A gentle introduction to Introduction to MCMC A simple Archery example

how to use RevBayes graphical models, Simulation using a simple for building a hierarchical
probabilistic programming, Binomial Model model and sampling under
and MCMC using a simple Markov Chain Monte Carlo

linear regression example.

Basic introduction to Understanding Diagnosing MCMC
Rev & MCMC Continuous-Time performance

Markov Models

General Rev language How to assess the

features and simple Simulating DNA sequence performance of MCMC

Poisson regression evolution with a die simulations

example
Introduction to RevBayes and MCMC Diversification Rate Estimation
Model Selection and Testing Comparative methods
Standard tree inference Biogeography

Complex hierarchical model for phylogenetic inference
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Phylogeographic approach

Obtention of molecular data

Alignment, substitution models and recombination
(GENEIOUS, BroEDpIt, IMoDELTEST, PARTITIONFINDER, RoP REVBAYES)

}

Preliminary analyses
(REVBAYES)

|

Species delimitation

Species discovery
(ABGp, Gmyc, Murtitocus NETWORKS)

Model comparison and Validation of species hypotheses
(BED, Brp, STACEY, MIGRATE-N)

Population structure, genetic diversity and demography

(STRUCTURE, BaPs, Dapc, DNA POLYMORPHISM,
HaproryPE NETWORKS, CLONALITY, DxY, Fst, IBD)

}

Biogeographic hypotheses construction

(BEAST, *BEAsT, BloGEOBEARS, MiGrATE-N, REVBAYES)

RevBayes offers an unique analytical
framework into which many popular
analyses in phylogeography can be
conducted
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RevBayes Workshops

Throughout the year, the members of the RevBayes development team and our collaborators teach workshops on molecular evolution, phylogenetics, and
Bayesian inference using RevBayes. Additionally, we have occasional hackathons which bring together developers to work on the software and methods for

phylogenetic analysis.
Future Workshops
Date Course Title

May 25, 2019

December 11, 2018

Past Workshops
Date Course Title
October 5, 2018

August 2, 2018
Phylogenetics

Bodega Applied Phylogenetics Workshop

Analysing Macroevolutionary Processes
using RevBayes

Bayesian Phylogenetics in RevBayes

MadPhylo: Madrid Workshop on

Location

Bodega Bay, California, USA

Université de Montpellier, Montpellier,
France

Location
The Field Museum, Chicago, IL USA

Royal Botanical Garden, Madrid, Spain

Instructors

Brian Moore, Cécile Ané, John
Huelsenbeck, Sebastian Hohna, Michael
Landis, Mike May, Bruce Rannala, Bob
Thomson, Peter Wainwright

Sebastian Hohna, Rachel Warnock,
Fabien Condamine, Thomas Couvreur

Instructors
Tracy Heath
Sebastian Hohna, John Huelsenbeck,

Brian Moore, Fredrik Ronquist, Isabel

—~
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http://treethinkers.org/tutorials/

Google Scholar: 67 citations in 2 years

Major advantage: RevBayes constitutes a unique Bayesian framework
that integrates analyses ranging from estimation of the best
substitution model to biogeography and trait evolution.

In my opinion, two major drawbacks:

- “Proficiency” in statistical phylogenetics and modelling (if you are
already proficient, the Rev language offers you the possibility to
tune many parameters of any analysis)

- Analyses are quite time-consuming because the program is still not
available in online platforms such as CIPRES
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And remember: not all analyses are necessary, just use the ones
that help answering the main questions posed in your study

| “Theres nothing more romantic than biogeography”

——

| Ed. Wilson

-

Photo: Davos. Switzerland, IGE



