
Systematics and phylogenomics of Brassicales focusing on the family Capparaceae 

1. Introduction 

Brassicales is a monophyletic order with a cosmopolitan distribution, currently 

composed of 17 families and about 405 genera and 5035 species (APG IV). The order 

has species with economic importance, mainly related to human food, being a source of 

oils and spices (see Al-Shehbaz et al., 2006). The order is also known for its high 

morphological diversity, in terms of growth form, habitat type, floral, fruit, as well as 

physiological and chemical characteristics. These differences can be so accentuated that 

the current families of the order were traditionally placed in seven orders and three 

different subclasses in the pre-molecular classification of Cronquist (1981). 

Families within the order Brassicales have undergone constant reorganization over 

the years, mainly due to advances in molecular studies. Currently the order is organized 

in at least eight linneages and a more derived clade composed of Brassicaceae, 

Capparaceae and Cleomaceae can be highlighted (Rodman et al., 1998; Hall et al., 2002, 

2004, 2008; Stevens 2001 onwards). Remarkably, species in families such as 

Capparaceae and Cleomaceae are still being reassigned to different families of the order, 

based on molecular evidence, such as Koeberlinia Zucc. (Koeberliniaceae), 

Pentadiplandra Baill. (Pentadiplandracee) and Setchellanthus Brandegee 

(Setchellanthaceae) (APG III, 2009; APG IV 2016, Stevens 2001, onwards). Because of 

all the changes mentioned above, the systematics of Brassicales are truly in flux. 

Studies using molecular markers have shown that the positioning of the genera 

Borthwickia W.W.Sm., Forchhammeria Liebm., Stixis Lour. and Tirania Pierre in their 

own and monotypic families have no phylogenetic support and were transferred to 

Resedaceae (Su et al., 2012). With the molecular phylogenies, the Borthwickiaceae and 

Stixidaceae families were included in Resedaceae, broadening the family 

circumscription. It is important to note that, according to studies, some of these share 

more morphological characters with Gyrostemonaceae than with the core Resedaceae 

(APG IV, 2016). Even after various studies, some groups still remain as Incertae sedis 

such as Keithia Spreng. and Poilanedora Gagnep., which were described for the family 

Capparaceae, but currently have their position questioned, based on their morphology, 

due to the presence of pentameric flowers (APG IV, 2016). In order to achieve a better 

understanding of the phylogenetic relationships within the order, more refined 

phylogenetic analyses need to be carried out using a more comprehensive sampling based 

on a multi-loci sequencing. 

Within the order Brassicales, Capparaceae stands out as the family that suffered the 

highest number of changes regarding the position of its genera and species. Capparis L., 

the typical and most diverse genus of the family, had included most of the Neotropical 

species of Capparaceae with simple leaves in its circumscription, making it highly 

polymorphic. Some authors, like Hutchinson (1967), suggested that this genus needs to 

be reorganized. Thus, Cornejo & Iltis (2008a) reorganized part of the species of Capparis 

L. based on morphological data. This reorganization has been happening over the years 

(Cornejo & Iltis 2008ab, 2013, Iltis & Cornejo 2007, 2011), but decisions are made based 

only on morphological characters. 

Phylogenetic studies using molecular markers have shown support for taxonomic 

decisions (Hall et al., 2008; Cardinal-McTeague et al., 2016). However, the markers used 

are not achieving good resolutions at deep-branches for groups such as the genus 

Cynophalla (Hall et al., 2008; Cardinal-McTeague et al., 2016). In addition, genera such 

as Neocalyptrocalyx have not been included in any phylogeny yet. Next-generation 

sequencing works have brought good results for the understanding of groups especially 

at deep-branches. This methodology uses a much larger number of characters originating 



from the DNA sequence than the Sanger methodology, providing greater support for 

internal resolutions. 

2. Objectives  

Brassicales is an order with a cosmopolitan distribution and of great importance to 

society, being used as food, oil production, foraging and condiments. A better 

understanding of the phylogenetic relationships of this order directly influences the 

improvement and conservation of these species. The Plant and Fungal Trees of Life 

(PAFTOL) project, that has been developed by the Royal Botanic Gardens, Kew, has 

been developing works with the tree of life, which includes all genera of plants and fungi. 

The PAFTOL project aims to sequence a representative of all 14,000 genera of 

angiosperms, with the aim of building the most comprehensive genomic tree of life for 

the angiosperms ever generated. PAFTOL developed a "fishing" technique for 353 

nuclear genome genes (target sequence capture) and created a new universal toolkit to 

achieve this in any family of angiosperms (Johnson et al., 2019). PAFTOL, built 

numerous collaborations inside and outside Kew, extending the impact and opportunity 

created by PAFTOL. Because of my interest and accomplishments in the study of the 

order Brassicales, I was the person encharged to contribute to this huge project, working 

on this order 

The present project aims to elucidate the phylogenetic relationships between the 

families of the order Brassicales, focusing on the family Capparaeae, which demands 

greater efforts to understand the relationships between its genera, in order to elucidate 

their affinities, and to improve their circumscriptions based on monophyletic groups. In 

this way, I will join the PAFTOL team, under the supervision of Dr. Bill Baker and Dr. 

Felix Forest. The objective is to sequence 50% of the order's genera, including a complete 

sampling of all genera of Capparaceae. This work will result in multiple outputs: 1) 

essential research for the applicant’s PhD dissertation, 2) at least one paper in a high 

impact journal on Brassicales phylogenomics, and 3) training and capacity building in 

target sequence capture, providing new skills that can be shared with colleagues and next 

generation of students in Brazil. 

3. Methodology 

In order to carry out the work, approximately 200 genera will be sequenced, with 

one representative per genera, out of the total of 405 existing in the order. Fresh samples 

dried on silica gel will be used, as well as samples of viable herbarium materials. The 

methodology used for phylogenetic analyses will follow the protocols applied to the 

PAFTOL project. This includes DNA extraction, sonication, library preparation, 

evaluation and quantification, hybridisation to the Angiosperms353 probe set, and final 

pooling (Johnson et al. 2018).   

4. Additional Funds 

I submitted a proposal to National Geographic (which was approved) contemplating 

field expeditions and visits to herbaria in Brazil, French Guiana and United States of 

America. Phylogenetic analyses abroad were not included in the budget, as they are out 

the scope of National Geographic's funding proposals, but this grant helped me to get a 

considerable amount of high quality DNA. The fund requested from IAPT aims to finance 

the period that I will stay at the Royal Botanic Gardens, Kew, performing phylogenetic 

analyses of the order Brassicales. In addition, to provide human resources for the 

PAFTOL project, helping the project achieve its goals, I will be trained by a 

phylogeneticist, learning the most advanced technique in molocular phylogeny. 
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