Modelos generativos

Ejemplo: Total evidence dating



Hay un area de la filogenética que no hemos
abordado durante todo el semestre...




Hay un area de la filogenética que no hemos
abordado durante todo el semestre...

Inferencia de relaciones filogenéticas

» Estimacion de arboles filogenéticos a partir de datos morfologicos y/o moleculares

» Estimacion de tiempos de divergencia.
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Nuestro paradigma hasta ahorita ha sido:

Paso1 Paso 2

Obtengo una filogenia Uso esta filogenia para

calibrada en tiempo entender una pregunta
absoluto evolutiva

En ocasiones integramos algo de la incertidumbre en el paso 1 en nuestros analisis
del paso 2.

;Se te ocurren algunas limitantes de este enfoque?



|.os linajes y todos sus atributos
evolucionan de manera conjunta.



;Qué son los modelos generativos?

Son modelos evolutivos bayesianos en los que se considera que las
fillogenias y sus caracteres asociados son el resultado de un mismo
proceso. El modelo genera tanto la filogenia como los parametros
de interés.

El uso de estos modelos comunmente involucra inferencia conjunta
de relaciones filogenéticas y otros procesos evolutivos.



1) Total evidence dating
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Estimating divergence times
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The temporal data comes from fossils:
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Two different approaches to divergence time
estimation:
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Node dating (Bayesian total evidence dating)



Node dating

We have a phylogeny with branch
lengths in units of expected
number of substitutions per site.
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Node dating

We have a group of terminals with
branch lengths in units of

expected number of substitutions
per site.
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Node dating

We have a group of terminals with
branch lengths in units of
expected number of substitutions
per site

We have one fossil available.
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Node dating

We have a group of terminals with
branch lengths in units of
expected number of substitutions
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Node dating
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Node dating

We have a group of terminals with
branch lengths in units of
expected number of substitutions
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Node dating

We have a group of terminals with
branch lengths in units of
expected number of substitutions
per site
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Node dating

This node-dating approach has a series of
drawbacks:

1. Each fossil has to be unequivocally assigned
to a particular node in the tree.

2. Only the oldest fossil is relevant.

The relationship between the fossil and the
node (the type of calibration distribution to
use) is determined by the investigator, often
based on implicit assumptions of
morphological evolution and of the
fossilization process
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Total Evidence Dating (One type of tip dating)

Total-evidence dating conveniently resolves these problems.
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Total Evidence Dating

Total-evidence dating conveniently resolves these problems.

Where does the fossil go? What if there are multiple fossils?

Position inferred from the data! No problem!—More information
for the model

How old is the node?

(]

Branch lengths inferred T
from the data!
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Total Evidence Dating

Additionally, fossil ages contain topological information. Ignoring this can be
misleading.
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The Bayesian TED approach

CHARACTER
EVOLUTION
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(FBD)
(speciation,
extinction,
fossilization)
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The trait evolution model: Molecular evolution

Describes how nucleotides evolve GTR -+ G
Rate cr)natrix —  JAC YAG YAT
Q __ UCA — UcGc YcCtT
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qrA q41C YT1G —

Gamma

Describes the transition
rates among nucleotides



The trait evolution model: Molecular evolution

Describes how nucleotides evolve GTR -+ G

Rate matrix
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Describes the variation in the rates among sites
of the same alignment
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The trait evolution model: Morphological evolution
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The trait evolution model: Morphological evolution

F81 mixture

Describes how
morphological
traits evolve
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The trait evolution model: Morphological evolution

F81 mixture + I

Describes how
morphological
traits evolve
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The relaxed clock model:
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The relaxed clock model:

L/\



The relaxed clock model:

morphological rates

molecular rates 4
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The tree model: Fossilized Birth Death (FBD)

The fossilized birth—death process for coherent
calibration of divergence-time estimates

Tracy A. Heath®®, John P. Huelsenbeck®<, and Tanja Stadler®"

3Department of Integrative Biology, University of California, Berkeley, CA 94720; PDepartment of Ecology and Evolutionary Biology, University of Kansas,
Lawrence, KS 66045; “Department of Biological Sciences, Faculty of Science, King Abdulaziz University, Jeddah 21589, Saudi Arabia; “Department of
Environmental Systems Science, Eidgendssische Technische Hochschule Zirich, 8092 Zurich, Switzerland; and *Department of Biosystems Science and
Engineering, Eidgendssische Technische Hochschule Zurich, 4058 Basel, Switzerland

Edited by Joseph Felsenstein, University of Washington, Seattle, WA, and approved May 30, 2014 (received for review October 10, 2013)

Used to model the evolution of a tree with extinct and extant taxa.

Sirth-death models are attractive because they have biologically interpretable parameters.

- A (speciation rate): the rate at which a lineage produces new lineages

- U (extinction rate): the rate at which a lineage goes extinct

- |/ (fossilization rate): the rate at which a lineage produces fossils (recovered, described, etc...)
- p (sampling fraction): the fraction of extant diversity that is included in the phylogeny




The tree model: Fossilized Birth Death (FBD)

Parameters of the model:
- A (speciation rate)

- 1 (extinction rate)

-/ (fossilization rate)

- p (sampling fraction)

t time (before present)
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The tree model: Fossilized Birth Death (FBD)

Parameters of the model: 7

- A (speciation rate)

- 1 (extinction rate)

-/ (fossilization rate) t v,
- p (sampling fraction)

t time (before present) 0



The tree model: Fossilized Birth Death (FBD)

t time (before present) 0

t time (before present) 0
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Implementing the analysis

The cost of implementing a TED analysis

* Requires multiple types of data

* \ery time consuming
> Computationally intensive
> |terative process

 Making a lot of informed decisions
> Technical skills

> |terative process



The data Morphological data

148 taxa

17 categorical and 8 continuous traits

1 compression

14 fossils 2 hilum_position
3 embryo 1 seed_length,
1 34 eXtant 4 cavity 2 seed_ratio,
5 testal walls 3 fruiting_calyx_LT,

4 fruiting_calyx_ratio,

Molecular data o wings

(EEIEEECE 6 calyx_LT_lobe_ratio,

8 base_invaginated 7 fruiting_pedicel,

9 angled 8 fruit_ratio

10 markers

10 lobe_sinus

Nuclear: ITS, LFY, waxy. 11 widest_veins

12 secondary_veins

P I aSt I d m at K’ n d h Fy N d hf' 13 secondary_veins_fork
rp|32, prA, rbCL, trn LF, 14 fruitftype
trnSG 15 calyx_inflated

16 venation_pattern

17 calyx_teeth

Solanaceae | TED analysis  Timing of evolution  Fossils placement



2) Ejemplo con Solanaceae
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Late Cretaceous origins for major nightshade lineages from total-evidence
timetree analysis
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Solanaceae

e 2850 spp
 Cosmopolitan

e Some backbone
relationships are
contentious

« As well as
relationships
within the berry
clade

(Deanna et al., under review)

/Dodecachro

91 Nectouxia formosa
95 4‘7_‘: Salpichroa origanifolia
100 Salpichroa glandulosa*
/Solaneae Jaltomata procumbens*
997 W: Jaltomata auriculata
99 L——— Solanum nigrum* —p /SOlaNUM
grugmansm aurea
71 \«59_s_|: atura stramonium*
100 Trompettia cardenasiana / Datureae
Mandragora officinarum
Hawkesiophyton panamense
_‘7_2_C Juanulloa parasitica*
49 I[l),ferinthgpodiurrg %Q#Oranthum
88 ssocnroma vinamorum
76 - larkea coccinea
86 77 100 Ectozoma pavonii /S olandreae
Solandra grandiflora*
62 Rahowardiana globifera
100 Schultesianthus leucanthus*
97 100 Trianaea nobilis
63 Doselia lopezii*
50 Exodeconus prostratus
. Nicandra physalodes
/Solanoideae Scopolia carniolica
(57 Physochlaina physaloides

m

35

100

99

83

88

Alkekengi officinarum
_‘1: Calliphysalis carpenteri
88 Capsicophysalis potosina

22 Physalis angulata*
_EE Chamaesaracha coronopus
90

20 Quincula lobata
Oryctes nevadensis
—44{: Leucophysalis grandiflora
77 — Witheringia stramonifolia
98 TMﬂ;terIipgia sc')rlgzrr;aﬁea /Ph lid
zeltalia amphitricha
% 26— Schraderanthus viscosus ysalideae
Physaliastrum echinatum
59 Archiphysalis chamaesarachoides
a3 Tubocapsicum anomalum
45 Nothocestrum latifolium
43 Withania somnifera
= 62 Discopodium penninervium
Vassobia dichotoma
89 Eriolarynx lorentzii
= 64 ;S‘a;’ac a punctata
'ochroma cyaneum
80 F1) S Brozelia t;lm{)ellata
arcyanthus spruceanus
700 IFI: Deprga on'nocgnsis
60 L——— Athenaea picta

Cuatresia plowmanii

- gaps[cum rhomboideum
100 apsicum annuum* .
ﬁ@ Lycianthes biflora* /Capsiceae

Lycianthes lycioides*

Przewalskia tangutica 1
Hyoscyamus nigor /Hyoscyaminae
Atropanthe sinensis

Anisodus luridus
Atropa bella-donna*
Jaborosa integrifolia*
Lycium afrum
JAt . 95 40 Lycium boerhaviifolium
ropina| 99 Lycium bridgesii /Lycijna

97 99 Sclerophylax spinescens*®
86 Nolana humifusa*
Latua pubifiora*

Cyphanthera albicans
_‘l: Duboisia myoporoides
99 Crenidium spinescens

100 — — Grammosolen dixonii /A nthocercideae

Anthotroche pannosa

icotiana tabacum™
99 “— Nicotiana glutinosa

Melananthus guatemalensis*
@ Heteranthia decipiens* /Schwenckieae
100

.. . 99 e[ S
/Nicotianoideae ﬁgg —————— Anthocercis littorea

flvmonanthus bancroftii
98 —

Schwenckia americana®
Hunzikeria texana
100 Plowmania nyctaginoides
93 Bouchetia anomala

93 Nierembergia repens
T{: Nierembergia linariifolia
Leptoglossis schwenckioides
. 74 Brunfelsia americana*
/Petunieae | "~ joo— Brunfelsia uniflora

93

93 Calibrachoa parvifiora*
97 Calibrachoa sellowiana .
98 Fabiana imbricata* /Pe tuniina
98 Petunia reitzii
100 Petunia axillaris*
Cestrum tomentosum

99 Cestrum aurantiacum*
81 Cestrum auriculatum /Cestreae
100 Sessea stipulata
100 Vestia foetida
28 Protoschwenkia mandonii*

/ C es troideae I 99 — Streptosolen jamesonii
93

100 “— Browallia americana*

Salpiglossis sinuata*

5 Reyesia chilensis
93

93 Pantacantha ameghinoi* .
J\)T.o_‘: Benthamiella patagonica* /Bentham:elleae
100 Combera paradoxa*
—— Schizanthus pinnatus

100 —— Schizanthus lacteus
Duckeodendron cestroides

Goetzea elegans*

66 Espadaea amoena* :
=098 Igen?onia myr;ifolia . /Goetzeinae
i oeloneurum ferrugineum*
/Goetzeo:deae 0 Metternichia princeps*
150 Tsoala tubifiora*




Fossil seeds

e 110 fossl|
seeds

* (Geographically
widespread

1mm

1mm

1mm

1mm 1mmm

Dorofeev 1951, 1955, 1957, 1966



Eocene berries

Fruits with inflated five-
angled calyces.

Eocene lantern fruits from Gondwanan Patagonia Physalis infinemundi

and the early origins of Solanaceae (Wilf et al. 2017)

52.2 MYA

PETER WILF, MONICA R. CARVALHO, [...], AND N. RUBEN CUNEO +1 authors Authors Info & Affiliations
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Eocene berries

-

- . -\\.\.
Lycianthoides ca
49.5-51.5Ma

Fossil berries reveal global radiation of the nightshade family
by the early Cenozoic

Rocio Deanna ¥ Camila Martinez, Steven Manchester, Peter Wilf, Abel Campos,
Sandra Knapp, Franco E. Chiarini, Gloria E. Barboza ... See all authors >

T —————m—— EE———————————=—==————_;w»w;w;,——

Eophysaloides inflata

(Deanna et al. 2023)



Goal

Infer divergence time estimates for Solanaceae using a
Bayesian total evidence dating approach

1. Timing of Solanaceae evolution

2. Placement of the fossils



Morphological data

Data
148 taxa

17 categorical and 8 continuous traits

1 compression

14 fossils 2 hilum_position
3 embryo 1 seed_length,
1 34 eXtant 4 cavity 2 seed_ratio,
5 testal walls 3 fruiting_calyx_LT,

4 fruiting_calyx_ratio,

Molecular data o wings

(EEIEEECE 6 calyx_LT_lobe_ratio,

8 base_invaginated 7 fruiting_pedicel,

10 markers

9 angled 8 fruit_ratio

10 lobe_sinus

Nuclear: ITS, LFY, waxy. 11 widest_veins

12 secondary_veins

P I aSt I d m at K’ n d h Fy N d hf' 13 secondary_veins_fork
rp|32, prA, rbCL, trn LF, 14 fruitftype
trnSG 15 calyx_inflated

16 venation_pattern

17 calyx_teeth




The Bayesian TED approach

e Simultaneously infers
CHARACTER

tqpology anq EVOLUTION
divergence times.

CLOCK

e Averages over 1) DNA sequences UCLN
topolc?gi cal 2) Discrete morph traits Global linked
3) Continuous morph traits Global

uncertainty.

e Allows the use of

multiple fossils.

. TREE
Understanding the Tripartite FBD

Approach to Bayesian (speciation, extinction,
Divergence Time Estimation fossilization)

Rachel C. M. Warnock
Friedrich-Alexander Universitat Erlangen-Nurnberg
April M. Wright
Southeastern Louisiana University
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Conclusions

 Morphological traits allow to confidently
place some fossils, even when plugged into
a complex model.

o Carefully examining the posterior helps to
better understand fossil placement
uncertainty.

* Fossils can inform age even when they have
uncertain placement in a TED approach.

(Knapp, 2024)




