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INTRODUCTION—Lamiaceae, a diverse family with worldwide distribution, is an important 

component of the Brazilian Cerrado biome, a biodiversity hotspot (1,2). This is mostly due to 

the particular species-richness of subtribe Hyptidinae in this biome, which comprises about 400 

species and was at first divided in four genera: Eriope, Marsypianthes, Peltodon and Hyptis (3). 

The latter was highly diverse in morphology and comprised approximately 300 species 

separated in 23 sections (4). A recently published phylogenetic analysis (5) based on DNA 

sequence data from six loci obtained with the Sanger method and including 69 terminals, 

recognized Hyptidinae as monophyletic but Hyptis as polyphyletic. Based on this result, a new 

circumscription of Hyptis was proposed with the recognition of 19 genera within the subtribe 

(3). Although this phylogenetic study and resulting taxonomic adjustments greatly improved 

the systematics of Hyptidinae, some relationships between these newly described genera and 

species lacked support and could not be resolved. In particular, the backbone of the 

phylogenetic tree and generic relationships among Mesosphaerum, Physominthe and 

Hyptidendron within Hyptidinae are still poorly understood. 

 Hyptidendron, a genus currently comprising 19 species, was circumscribed 

encompassing species from two former sections of Hyptis: Hyptis sect. Buddleioides and Hyptis 

sect. Umbellaria (6). When the genus was described (7), it comprised two sections: 

Hyptidendron sect. Hyptidendron and Hyptidendron sect. Umbellaria. The genus distribution 

is centred in the Brazilian Cerrado encompassing also Bolivia. Some of its species also occur 

in the Amazon, reaching up to Guyana, Colombia, Ecuador and Venezuela (8). Only four 

species of Hyptidendron were sampled in the published Hyptidinae phylogenetic tree 

mentioned above. Although it has a morphological consistency, Hyptidendron still requires 

further study to confirm its monophyly. Moreover, neither the relationships among its species, 

nor its position inside subtribe Hyptidinae are clearly defined. The infrageneric classification 

also lacks phylogenetic support. 

 Therefore, a new phylogeny of Hyptidinae, using more loci and including more 

terminals and all known species of Hyptidendron, is required, together with an up-to-date 

taxonomic revision of Hyptidendron. Those will allow the recognition of a more stable 

classification of Hyptidinae, elucidating the position of Hyptidendron, Physominthe and 

Mesosphaerum within Hyptidinae, and clarify Hyptidendron circumscription and species 

relationships. With a robust phylogeny and species clearly circumscribed it will also be possible 

to examine questions on the conservation, evolution and biogeography of the subtribe and the 

genus. 

 

OBJECTIVES—A robust phylogeny of Hyptidinae alongside with a taxonomic revision of 

Hyptidendron will be used to answer the following questions: 1) Which genera compose 



Hyptidinae and what are they evolutionary relationships?  2) What is the circumscription of 

Hyptidendron and the taxa that compose this genus? 

 

MATERIAL AND METHODS 

Phylogeny reconstruction— In order to reconstruct phylogenetic affinities among species of 

Hyptidinae and Hyptidendron, extensive fieldwork has been conducted in Cerrado and 

Amazonia biomes aiming to collect samples in silica of species of the subtribe.  

Preliminary lab work using Sanger DNA sequencing data for the present project showed 

that our questions cannot be answered using just this approach. Although we sampled all 

Hyptidendron species in the phylogeny for 6 markers, the results cannot confirm the position 

of Hyptidendron inside Hyptidinae neither if it is monophyletic. In this sense, a new phylogeny 

of Hyptidinae, using more loci and including more terminals is needed.  

A highly supported genera phylogeny of Hyptidinae will be inferred based on 96 taxa, 

focused on Hyptidendron and representing all 19 genera of the subtribe using Hyb-Seq (9). This 

proposal is aligned to the PAFTOL (Plant and Fungal Trees of Life) project which aim to 

sequence every genus of all Angiosperms using 353 low-copy nuclear genes through designed 

probes (10). The outgroup Isodon will be extracted from PAFTOL parallel projects. The 

supercontigs (contig + intergenic spacers) will be recovered using HybPiper pipeline (10) and 

the phylogenetic reconstruction of the genomic data will be performed using Maximum 

Likelihood analyses in the rapid bootstrapping mode. The molecular laboratory is being carried 

in Jodrell laboratory at Royal Botanical Gardens, Kew supervised by Dr. Félix Forest. The 

sequences obtained will be checked visually and aligned. The phylogenetic analyzes will be 

done through: Maximum Likelihood with RAxML v. 8.0 (11), and Bayesian inference with 

MR. BAYES (12). We believe that expanding the sampling of Hyptidinae and Hyptidendron in 

the phylogeny, using mostly fresh material and using Hyb-Seq will be sufficient to answer our 

questions. The results of this component of the project will be submitted to Taxon.  

Taxonomic revision - To prepare a taxonomic revision of the genus, some of the most 

representative herbaria from Brazil, USA and Europe were examined. This allowed the study 

of all types relate to Hyptidendron, as well as a large number of specimens. Simultaneously, 

data have been gathered for the field work done in order to obtain samples for the phylogenetic 

inference. Field work also improved the knowledge on the geographical distribution and 

morphological diversity of the genus. A database with geo-referenced locality information is 

being built based on new materials collected in the field and the specimens examined in the 

visited herbaria. Morphological descriptions will be prepared for each species of Hyptidendron. 

The species descriptions will be followed by a list of examined materials, taxonomic and 

nomenclatural comments, identification keys, distribution maps, illustrations and conservation 

status. IUCN criteria (13), together with the GeoCAT tool (14), will be used to infer 

conservation status. The taxonomic treatment is being conducted in parallel with the phylogeny 

reconstruction for Hyptidinae and Hyptidendron. The taxonomic revision will be submitted to 

be published as a monograph in Phytotaxa. 

   

BUDGET AND JUSTIFICATION—Twelve field expeditions were carried in which 1430 

specimens of vascular plants of which 235 Hyptidinae and 36 Hyptidendron were collected. All 

of this material is being incorporated at the SPF herbarium collection with duplicates to be send 

to important herbaria as K and US. Fifty herbaria have already been studied, including ones 

from United States (F, MO, NY, UC, US) made possible by the Cuatrecasas Fellowship award 

of Smithsonian National Museum of Natural History and ones from Europe (BM, G, K, M, P, 

W, WU) made possible by the CAPES PhD exchange scholarship, detailed below. The 

morphological study of the group is currently underway. Five new species of the genus have 



been identified and two of these, Hytidendron albidum, and Hyptidendron roseum have already 

been published (Harley & Antar 2017; Antar et al. 2018).  

 Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - CAPES awarded a 

PhD exchange scholarship to G.M. Antar to stay for six months based at Royal Botanical 

Gardens, Kew. The scholarship paid for flight tickets, rent and basic expenses from August 

2019 to February 2020. Bentham Moxon Trust grant awarded US$ 1625,00 to cover part of the 

laboratory work, that is currently underway. This proposal seeks funds cover the rest of the cost 

involved in robustly recover evolutionary relationships for a carefully selected, balanced 

sample of 60 Hyptidinae taxa and 36 Hyptidendron terminals, using the targeted enrichment 

approach developed by Kew’s Plants and Fungal Tree of Life (PAFTOL) project. 

 

ITEMIZED BUDGET—According to Jodrell Laboratory which already uses Hyb-Seq 

protocol since 2016, the cost per sample for DNA extraction, library preparation and sequencing 

is US$ 45.00. Bentham Moxon Trust grant already paid for 36 samples, PAFTOL project paid 

for 16 samples. We seek fund to pay for the 44 samples left. The overall budget for this IAPT 

Proposal is presented below: 

 

The overall budget for this IAPT Proposal is presented below: 

SAMPLES UNIT VALUE TOTAL 

44 reactions US$ 45.00/per sample US$ 1980.00 
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