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Project Proposal 
Title: Phylogenetic relationships of angiosperm fossil flowers, and their relevance to 
investigate floral evolution 
 
Introduction 
The fossil record of angiosperms is crucial for understanding the establishment of 
terrestrial biomes in the past, and inferring the evolutionary history of life on earth. In 
this sense, many fossil remains are widely used to reconstruct paleoclimates, past 
ecological interactions, and morphological evolution and historical biogeography.  
 Particularly, in comparative phylogenetics, the fossils have been used (almost 
exclusively) as indirect temporal information to calibrate trees, and comparatively very 
few studies have included fossils directly into phylogenies (as tips), probably due to the 
lack of a fossil record in some groups, difficulty of taxonomic assignment, or 
inadequate morphological matrices. However, novel methodological approaches in 
systematics make a more integrative use of fossil information to address 
macroevolutionary questions, for example, through the implementation of the Fossilized 
Birth-Death Process model (Heath et al., 2014).  
 Furthermore, the discovery of new localities and new fossils, specially those that 
are extraordinarily well-preserved, join with the rise of revolutionary techniques to 
observe them, (such as synchrotron radiation x-ray), allow to obtain detailed 
morphological information in cellular resolution (Friis et al. 2014). This approach 
provides an opportunity to directly compare morphological attributes of extant and 
fossil species, and assess their phylogenetic relationships. 

In this context, my PhD project seeks to integrate morphological information of 
extant and fossils flowers into a total-evidence framework that includes all angiosperm 
families to investigate diverse aspects of floral evolution. 

The funding that I am requesting will be used for supporting travel and partial 
accommodation expenses, to conduct a two-month internship with my PhD co-advisor 
Dr. Hervé Sauquet, at the Royal Botanical Garden and Domain Trust in Sydney, 
Australia. This internship is crucial to complete and curate the morphological dataset of 
extant and fossil species, and subsequently, carry out multiple phylogenetic analyses.  
 
Objectives 
• Estimate the phylogenetic position of angiosperm well-preserved fossil flowers 
• Determine the time of origin and diversification of major lineages of angiosperms 
• Investigate the evolution of morphological traits that compose the bauplan of 

angiosperms 
 
Material and Methods 
1. Taxonomic sample: Our sample of extant species consists of 1209 spp. which 
includes the crown and stem nodes of all angiosperm families sensu APG IV, 2016. For 
fossil taxa, I will include 156 fossil flowers, most of them preserved as 3D 
charcoalifications that exhibit internal and external structures with exquisite detail, 
comparable with those that we obtained for extant species. 
2. Molecular and Morphological data: The molecular information of extant species is 
based on Ramirez-Barahona et al. (submitted), which includes chloroplast (atpB, matK, 
rbcL and ndhF) and nuclear (16S and 5S) markers. Morphological data comprise 33 
structural traits of perianth, androecium, gynoecium and pollen for extant and fossil 
species (information about characters and states are available in Sauquet et al., 2017). 
The data have been scored in the PROTEUS database from the eFLOWER project 
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(http//:eflower.myspecies.info/), which was designed to track detailed information about 
states scored and specify related literature.  
3. Phylogenetic relationships: The phylogenetic relationships will be estimated with the 
total-evidence information that includes molecular data of extant species and 
morphological data of extant and fossil species. To conduct these analyses, we will 
implement parsimony and model-based approaches. Parsimony phylogeny will be 
estimated with R package “phangorn”; Maximum likelihood and Bayesian inference 
analyses will be performed with RAxML v.8 and MrBayes (Stamatakis et al., 2014; 
Ronquist et al., 2012), respectively. Finally, we will compare phylogenetic relationships 
with only extant taxa to those that incorporate fossil species to test the effect of 
including fossils in the resulting phylogenies. 
4. Divergence time estimation: We will estimate divergence times of all angiosperm 
major lineages using two different approaches; 1) Node-dating: this is the conventional 
method that uses the oldest fossil and a prior statistical distribution to calibrate a 
specific node at the phylogeny, we will inform our calibration points directly from the 
resulted phylogenetic hypothesis. Node-dating will be performed in BEAST v.2.5 
(Bouckaert et al., 2019); 2) Total-evidence using the Fossilized Birth-Death model 
(Gavryushkina et al., 2016): this method uses all the fossil record with their 
morphological data to estimate time divergence and phylogenetic placement 
simultaneously, the fossils appear as a tips or ancestors in a tree. Total-evidence dating 
analyses will be conducted using BEAST and RevBayes (Höhna et al., 2016).  
5. Ancestral state reconstructions: We will conduct ancestral states reconstruction of a 
set of floral traits, (including number and arrangement of floral parts) for all major 
angiosperm lineages using R platform. We will use parsimony and maximum likelihood 
and Bayesian inference implementing different continuous time Markov chains models. 
We will evaluate the uncertainty in the model of morphological evolution with 
reversible-jump MCMC (Pagel et al., 2004), and uncertainty in topology and branch 
lengths (absolute geological time) with stochastic mapping (Huelsenbeck et al., 2003).  
 
Justification 
This project is an important component of a collaborative scientific project called 
eFLOWER, aimed at investigating evolution and diversification of flowers (for more 
information: http://eflower.myspecies.info/; Sauquet et al., 2017). Now, as part of my 
PhD project, I am working towards completing the morphological matrix for 1209 
extant and 156 fossils species. At this moment, more than 85% of this dataset is already 
completed, due to concerted efforts of scoring morphological characters of two groups 
of selected early-career botanists and postdocs, which attended the first summer school 
in Vienna (2013), and the second summer school in Virginia, USA (2018), and also by 
scoring done by myself and other student from my advisor’s laboratory in the last year.  

Because of Dr. Hervé Sauquet’s role as my PhD co-supervisor and coordinator 
of the eFLOWER project, we have considered a two-month internship in his laboratory, 
with the intention of:  
1) Attend and help the organizers run the eFLOWER Summer School Down Under 

(https://www.rbgsyd.nsw.gov.au/eflowerdownunder). This will be indispensable to 
finish the morphological matrix, but also to continue academic collaboration with 
others eFLOWER leaders for future outcomes.  

2) Consult herbarium specimens at the National Herbarium of New South Wales 
(NSW), specially from those species in the PROTEUS database with null or poor 
information in online resources or publish literature. 
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3) Carry on an exhaustive dataset curation and refinement of morphological data, that is 
necessary for further analyses.  

4) Perform multiple analyses with a total-evidence perspective than includes 
phylogenetic relationships of fossil taxa and tip-dating.  

Outcomes 
• Publish a review article about fossils flowers and their relevance to assess different 
macroevolutionary questions. 
• Publish the resulting total-evidence phylogeny, including extant and fossil species in a 
scientific journal. 
• Present the resulting work in international Botany Conferences and Evolution and 
Paleobotanical meetings. 
• The resulting phylogeny will be used as a framework to investigate floral evolution 
using a total-evidence approach derived from extant and fossil taxa. 
• Evaluate the effect of including fossils in macroevolutionary questions. 
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