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Abstract 

To understand the diversity and patterns who shaped the current distribution of the neotropical Cyanocephalus, 

we propose this project, which aims to conduct an updated taxonomic review and reconstruct a comprehensive 

phylogenetic tree based on nrDNA and cpDNA sequences and explore historical biogeography and clade 

diversification in the genus. 

Project title: Systematics and phylogeny of Cyanocephalus (Lamiaceae, Hyptidinae) 

Hyptidinae Endl. (Lamiaceae, Ocimeae) is the second most diverse clade of new world mints and 

includes ca. 400 species and 19 genera, largely recognized on inflorescence and floral traits (Harley 2004, 

Harley & Pastore 2012). Their species are distributed in a wide range of habitats, extending from United States 

to Argentina. Recently, the subtribe undergone major changes of their constituent genera, as a result of 

morphological and molecular phylogenetic studies (Pastore & al. 2011, Harley & Pastore, 2102).  

Cyanocephalus (Pohl ex Benth.) Harley & J.F.B. Pastore, a monophyletic lineage within Hyptidinae, 

was recently stablished as a genus and currently comprises 26 taxa, distributed along of the Central and South 

America SDTF regions, mainly diversified in Central Brazil (Harley & Pastore, 2012). Their species are 

recognized by their capituliform inflorescences, flowers with linear or clavate calyx lobes, an oblique throat 

and tube usually downcurved to deflexed, which represents putative synapomorphies of the genus (Harley & 

Pastore 2012). However, despite the straightforward circumscription of these group, the delimitation of some 

of their morphologically diverse taxa has long been considered problematic, mostly due ambiguities caused 

by the overlapping character states, as pointed by Harley (2006). 

 Currently, the identification of species in Cyanocephalus is based mainly on Epling's monograph 

(1949) in association with the diagnoses, identification keys and images of the species described and published 

later (Harley 1974, 1985, 2006; Antar & al. 2019). Therefore, an updated taxonomic revision of 

Cyanocephalus is necessary as an initial step for the systematic study of this genus.  

On the other hand, the age of molecular phylogenetics has bring considerable light into the 

understanding of relationships between Cyanocephalus and related genera (e.g. Pastore & al. 2011, Harley & 

Pastore 2012). Nonetheless, broad phylogenetic studies involving Cyanocephalus did not provide satisfactory 

resolution for infrageneric relationships within the group and allies, mainly to the limited taxon sampling 

concerning this lineage. Therefore, detailed aspects regarding its evolutionary history still await further 

investigations.  

Although the advances achieved in terms of our knowledge about this genus, we observe the 

importance of the continuous in-depth taxonomic studies, those of which represent the fundamental way to 

uncover hidden diversity. Besides, integrative approaches with multiple and complementary perspectives are 

promising towards a consistent species delineation, particularly in groups with rapid radiation, as 

Cyanocephalus and Hyptidinae.  

Objectives 

Therefore, the main objectives of this project is obtain new data concerning the genus and related 

groups to (1) provide a comprehensive and modern taxonomic treatment of Cyanocephalus, (2) reevaluate and 

refine the generic and infrageneric boundaries of the genus and its allies inferred from morphologic 

characterization and phylogenetic analyses and (3) to pursuit for undescribed taxa. 

Methodology 

To address some elementary points towards a systematic study regarding this genus, integrative 

approaches with multiple and complementary perspectives will be applied. Tree major points will be explored, 

which will provide a robust framework for further analysis. The methods are briefly explained below. 

• Fieldwork and herbaria revision 

The herbaria revision intends to access the most important collections of Cyanocephalus to obtain data 

regarding characters, measurements, photographs, and distribution information. In addition, field trips to 

provide new georeferenced samplings will be carried out along the main areas of occurrence for the genus, 

based on a preliminary survey of data from herbaria collections and the literature. All the new samples 

obtained in fieldwork will be housed at Herbarium ICN, as a testimony material.  

• DNA extraction, DNA sequencing and tests of molecular markers for phylogenetic reconstruction  
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The phylogenetic reconstruction will be based on Sanger sequencing data and using Maximum Likelihood 

and Bayesian approaches. For the analysis of molecular characters, we select the chloroplastid markers matK, 

trnL-F, trnD-T, trnS-G, nuclear ITS and intergenic spacer ETS, whereas these genomic regions are promising 

due to the ease of amplification and rapid evolution to analyze interspecific polymorphisms in Lamiaceae and 

Hyptidinae (Bendiksby & al., 2011; Drew & Systma, 2012; Yu & al., 2014; Yao & al., 2016; Pastore & al., 

2011). Total genomic DNA will be isolated from silica-dried or herbarium material using CTAB extraction 

protocol (Doyle & Doyle, 1987). The aforementioned markers and nuclear regions will be amplified by 

Polymerase Chain Reaction (PCR) using published primers and then sent for sequencing at the specialized 

company Macrogen Inc. Sequence alignments will be edited in MEGA6 (Tamura & al., 2011). All the new 

sequences resulting from this study will be incorporated on GenBank, following their requirements. 

• Taxonomic treatment, Systematics and Conservation:  

The taxonomic treatment for the genus will be carried out based on the analysis of nomenclatural types, 

extensive literature survey, review of herbarium collections, field expeditions and descriptive analysis of 

botanical material from own collections or from herborized material. For inferences regarding the 

conservation status of taxa, the IUCN (2019) criteria will be applied, based on estimates of extension of 

occurrence (EOO) and area of occupation (AOO) using the GeoCat program (Bachman & al. 2011). 

Itemized budget 

The amount required is US$ 2000 and the award will be applied to defray the expenses of the three 

main activities, as follows: (1) Consultation with the main herbaria of Minas Gerais and Goiás to study 

collections at BHCB, CESJ, HDJF, HUFU, OUPR, UFG, HUEG and UEGQ; (2) Perform two major fieldwork 

expeditions to obtain new samples of Cyanocephalus specimens from Central Brazil to increase their 

representativity at herbarium collections as well the number of accessions in the phylogenetic analysis and (3) 

Purchase the reagents for DNA extractions and PCR. These activities will be performed between October 

2020 and March 2021. The proposed budget is described in the table below.  

 

Relevant information 

The activities proposed are subject of the ongoing Ph.D. project in Botany conducted by the applicant 

from April 2019 to March 2023 at UFRGS. The advisor is Silvia T. S. Miotto (UFRGS) and José Floriano B. 

Pastore (UFSC) as co-advisor. 

Based on data obtained by this proposal, we expect the preparations of manuscripts based on the tree 

major points of the thesis, for submitting to peer-reviewed journal, as follows: (1) Taxonomic review of the 

neotropical genus Cyanocephalus ─ Phytotaxa or Systematic Botany; (2) Phylogeny and Evolution of 

Cyanocephalus ─ Systematic Botany, Botanical Journal of the Linnean Society; (3) Origins and biogeography 

patterns of Cyanocephalus ─ Systematic Botany, Botanical Journal of the Linnean Society or Plant 

Systematics and Evolution. 

Nonetheless, additional articles addressing taxonomic news and other scientific publications through 

collaborations with other expert researchers in the Hyptidinae are also expected.  

Until the present moment, this project does not count with any external funding source, except the 

scholarship provided by CAPES to the applicant, for student maintenance. 
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