
Modelos generativos
Ejemplo: Total evidence dating
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• Estimación de árboles filogenéticos a partir de datos morfológicos y/o moleculares 

• Estimación de tiempos de divergencia. 

Inferencia de relaciones filogenéticas
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Obtengo una filogenia 
calibrada en tiempo 

absoluto
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entender una pregunta 

evolutiva

Paso 1 Paso 2

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

¿Se te ocurren algunas limitantes de este enfoque?



Los 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 
filogenias y sus caracteres asociados son el resultado de un mismo 
proceso. El modelo genera tanto la filogenia como los parámetros 

de interés.   

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



1) Total evidence dating
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The temporal data comes from fossils:



Node dating
Tip dating

Two different approaches to divergence time 
estimation:

(Bayesian total evidence dating)
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getting absolute time

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.

3. 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

Slides modified from Carl Rothfels’

Node dating



Total-evidence dating conveniently resolves these problems.

Divergence-time estimation with total-evidence datingTotal Evidence Dating (One type of tip dating)
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Total-evidence dating conveniently resolves these problems.

Divergence-time estimation with total-evidence dating

Where does the fossil go?

Total Evidence Dating

How old is the node?

Position inferred from the data!

Branch lengths inferred 
from the data!

What if there are multiple fossils?

No problem!—More information 
for the model

Slides modified from Carl Rothfels’
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The Bayesian TED approach

TREE 
(speciation, extinction,  

fossilization)

CLOCK

UCLN

Strict clock w/relative rates 
multiplier per trait

Global rate linked

FBD
Time homogeneous vs time 

heterogeneous

1) DNA sequences, GTR+Gamma

2) Discrete morph traits, MkV + 
Gamma

3) Continuous morph traits, 
Brownian motion

CHARACTER 
EVOLUTION







The trait evolution model: Molecular evolution
Describes how nucleotides evolve GTR + G

Rate matrix
Q

Gamma
Describes the transition 
rates among nucleotides



The trait evolution model: Molecular evolution
Describes how nucleotides evolve GTR + G

Rate matrix
Q

Gamma
Describes the variation in the rates among sites 

of the same alignment
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The relaxed clock model:



The relaxed clock model:



linke
d

unlinked

morphological rates

molecular rates

The relaxed clock model:





Tree models: (fossilized) birth-death modelsThe tree model: Fossilized Birth Death (FBD)

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

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

-  (speciation rate): the rate at which a lineage produces new lineages 
-  (extinction rate): the rate at which a lineage goes extinct 
-  (fossilization rate): the rate at which a lineage produces fossils (recovered, described, etc…) 
-  (sampling fraction): the fraction of extant diversity that is included in the phylogeny

λ
μ
ψ
ρ
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Tree models: (fossilized) birth-death models

time (before present)t 0

The tree model: Fossilized Birth Death (FBD)





Implementing the analysis
The cost of implementing a TED analysis

• Requires multiple types of data


• Very time consuming


‣ Computationally intensive


‣ Iterative process


• Making a lot of informed decisions


‣ Technical skills


‣  Iterative process



Solanaceae TED analysis Timing of evolution Fossils placement

The data
 148 taxa  

14 fossils 

134 extant

Molecular data

Morphological data

1 compression 

2 hilum_position 

3 embryo

4 cavity

5 testal_walls

6 wings

7 elaiosomes

8 base_invaginated

9 angled

10 lobe_sinus

11 widest_veins

12 secondary_veins

13 secondary_veins_fork

14 fruit_type

15 calyx_inflated

16 venation_pattern
17 calyx_teeth

17 categorical and 8 continuous traits

1 seed_length,
2 seed_ratio,

3 fruiting_calyx_LT,
4 fruiting_calyx_ratio,

5 calyx_lobe_LT,
6 calyx_LT_lobe_ratio,

7 fruiting_pedicel,
8 fruit_ratio

Nuclear: ITS, LFY, waxy.


Plastid: matK, ndhF, Ndhf-
rpl32, psbA, rbcL, trnLF, 
trnSG


10 markers



2) Ejemplo con Solanaceae



Rocío Deanna
University of Helsinki

Stacey Smith
University of Colorado



Solanaceae
• 2850 spp


• Cosmopolitan


• Some backbone 
relationships are 
contentious


• As well as 
relationships 
within the berry 
clade

(Deanna et al., under review)



Fossil seeds

• 110 fossil 
seeds


• Geographically 
widespread




Eocene berries

(Wilf et al. 2017)Physalis infinemundi

Fruits with inflated five-
angled calyces.

52.2 MYA
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Eocene berries

Introduction

(Deanna et al. 2023)
Eophysaloides inflata

Lycianthoides calycina
49.5–51.5 Ma

(Deanna et al. 2023)



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

1. Timing of Solanaceae evolution 

2. Placement of the fossils

Goal



Data
 148 taxa  

14 fossils 

134 extant

Molecular data

Morphological data

1 compression 

2 hilum_position 

3 embryo

4 cavity

5 testal_walls

6 wings

7 elaiosomes

8 base_invaginated

9 angled

10 lobe_sinus

11 widest_veins

12 secondary_veins

13 secondary_veins_fork

14 fruit_type

15 calyx_inflated

16 venation_pattern
17 calyx_teeth

17 categorical and 8 continuous traits

1 seed_length,
2 seed_ratio,

3 fruiting_calyx_LT,
4 fruiting_calyx_ratio,

5 calyx_lobe_LT,
6 calyx_LT_lobe_ratio,

7 fruiting_pedicel,
8 fruit_ratio

Nuclear: ITS, LFY, waxy.


Plastid: matK, ndhF, Ndhf-
rpl32, psbA, rbcL, trnLF, 
trnSG


10 markers



• Simultaneously infers 
topology and 
divergence times.


• Averages over 
topological 
uncertainty.


• Allows the use of 
multiple fossils.

The Bayesian TED approach

TREE 
FBD 

(speciation, extinction,  
fossilization)

CHARACTER 
EVOLUTION CLOCK

1) DNA sequences
2) Discrete morph traits
3) Continuous morph traits

UCLN

Global
Global linked



Results
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39 Mya

Solanum

Solanoideae

• Implications 
for internal 
nodes?

How old are 
Solanaceae? 



Maximum Clade Credibility Trees

How certain are we 
about phylogenetic 
relationships? 
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MCC 
including 
fossils

Maximum Clade Credibility Trees

MCC only 
extant

How certain are we 
about phylogenetic 
relationships? 

Maximum Clade Credibility Trees
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• Morphological traits allow to confidently 
place some fossils, even when plugged into 
a complex model.


• 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.

Conclusions 

(Knapp, 2024)


