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Introduction -Carapa (Meliaceae) is a genus of economically important trees that occurs in 

both Africa and the Neotropics. Species of this genus, collectively known as andiroba in Brazil, 

have a high commercial interest because of their valuable timber (Loureiro et al. 1979) and, 

most importantly, because of a seed oil that is used traditionally as an insect repellent, a herbal 

medicine and, more recently, for cosmetic products (Miot el al. 2004).  

 The number of Carapa species in the Neotropics is uncertain. Styles et al (1981) 

recognized only two species and Kenfack (2011a) recognized 11, three of which are found in 

the lowlands of the Amazon: C. guianensis Aubl., C. surinamensis DC. and C. vasquezii 

Kenfack (Kenfack 2011b). These cited studies are based on morphological data of herbarium 

specimens, and the Amazon is undersampled (Hopkins 2007). The phylogeographic analysis of 

the genus by Scotti-Saintagne et al. (2013) did not provide a clear genetic delimitation of the 

species proposed by Styles (1981) and pointed to hybridization between C. surinamensis and 

C. guianensis in the Guiana Shield. Scotti-Saintagne et al. (2013) sampled extensively in the 

Guianas and Andean regions, but sampling was limited in the lowlands of the Amazon region 

and the analysis did not consider the more recent species circumscriptions of Kenfack (2011a). 

The species postulated by Kenfack (2011a) were included in the phylogeny of the pantropical 

Meliaceae (Koenen et al. 2015) and revealed that all Neotropical Carapa species except C. 

guianensis form a clade and that the lowland Amazonian species C. surinamensis, C. vasquezii 

and C. akuri Poncy, Forget & Kenfack form a subclade. However these phylogenetic 

relationships have low statistical support and were based on a single sample per species 

(Koenen et al. 2015). Another relevant factor is the polyembryony observed in C. surinamensis 

seeds (de Souza Ferreira et al. 2017) that may be associated with hybridization between C. 

surinamensis and C. guianensis (Scotti-Saintagne et al. 2013), because polyembryony can be a 

result of allopolyploidy and apomixis (Asker and Jerling, 1992). Therefore, species limits 

among Amazonian Carapa lineages and their diversification and dispersal histories remain 

unclear, making it difficult to understand the distribution of phenotypic traits relevant to the 

production chain associated with Carapa oil extraction. 

 The recent diversification of Carapa species – dated to the Pleistocene (Koenen et al. 

2015) - implies difficulty of genetic delimitation. Therefore, we opted for the use polymorphic 

markers produced by RADseq, as this technique has been successfully used in population 

genetic analysis, specifically to detect population structure and hybridization and to infer 

phylogeographic history (Eaton and Ree 2013; Prata et al. 2018). Our main objectives are to 

use genomic markers for delimitation of Carapa species in the Amazonian plains and to 

investigate whether hybridization occurs and if so, whether it can explain the presence of 

polyembryony in some populations. 

 

Material and methods - Currently, we have collected 133 georeferenced Carapa specimens 

of 16 Amazonian lowland sites, and we have access to samples from the Guiana Shield 

previously used in phylogeographic analysis through Caroline-Scotti-Saintagne (Scotti-

Saintagne et al. 2013) and the identification of C. guianensis through Niklas Tysklind (Tysklind 

et al 2019). Additional sampling of some not yet visited sites and additional material already 

requested from Brazilian herbaria will sum up about 250 samples, from widely distributed sites. 



We follow Kenfack (2011b) species hypothesis. DNA preserved in silica will be extracted using 

standard CTAB 2% protocol (Doyle and Doyle, 1990), which has already proved effective for 

these species (Colpaert et al. 2005). For specimens deposited in herbaria, DNeasy Plant Mini 

Kit (Qiagen) will be used for DNA extraction, followed by purification of DNA extracts using 

the QIAquick PCR Purification Kit (Qiagen). In this study, we will use a restriction site DNA 

sequencing approach (ddRAD-seq).  

The libraries will be prepared for sequencing following Peterson (2012), marking the 

samples with unique adapters (barcodes) for multiplex sequencing (Illumina HiSeq platform) 

and genetic markers will be bioinformatically detected and genotyped using iPYRAD software 

(Eaton and Overcast 2016). We will use SNP matrices to delimit species and estimate the 

number of genetic groups in each lineage using the Bayesian algorithm STRUCTURE 

(Pritchard, Stephens and Donnelly, 2000). The gene flow between populations and 

differentiation measures, structure and genetic distance estimated using the R hierfstat package 

(Goudet 2005). Alternative models of historical divergence between or within the taxa 

(isolation, migration, bottlenecks, population growth) will be assessed based on the SNP site 

frequency spectra using fastsimcoal2 software (Excoffier et al. 2013). Phylogenetic hypotheses 

of the relationships between the sampled individuals and lineages will be assessed using 

maximum likelihood (using RAxML-NG, Kozlov et al. 2018) and Bayesian methods (ExaBays 

Abere et al, 2014; Beast, Bouckaert 2019). The comparison of genetic and taxonomic species 

identification will contribute to our understanding of species boundaries in this genus. 

Samples of Scotti-Saintagne et al. (2013) and Tysklind et al. (2019) as well as 

unpublished data will be available for inclusion in our study on a continental scale.  Dr. Scotti-

Saintagne was previously contacted; Dr. Jérôme Duminil (Institute de Recherche pour le 

Développement - IRD) and Dr. Myriam Heuertz (Biogeco, INRA, Univ. Bordeaux) are 

available to assist in this broader study. In parallel, we are carrying out a cytogenetic study out 

on the number of chromosomes per population, not detailed in this proposal. 

  

Objective of the proposal - Request support for laboratory investigations (DNA extraction and 

PCR kit), crucial for the development of the work, we obtained support for the other activities, 

where the financial volume was higher, now we are looking for funds for the extraction of DNA 

from preserved samples in herbarium. 

 

Broader impacts - The construction of a species tree will contribute to understanding the 

diversification of the Carapa, and the genomic data will contribute to the delimitation of 

species. Research in the areas of bioprospecting and management will benefit in the medium 

and long term, due to the phylogeographic definition of species. 

 

Financial support - Full-time scholarship program: National Council for Scientific and 

Technological Development (CNPq), number 142201/2017-0. For the sequencing and 

construction of libraries, we have the project Edital nº 006/2019- Universal Amazonas/Research 

Support Foundation of the State of Amazonas - FAPEAM and the possibility of carrying out 

part of the research at the Bordeaux University. 

 

Prospective Itemized Budget 
 ITEM WHAT AMOUNT (US$) 

DNeasy Plant Mini Kit (250) For extraction DNA from plant 

cells 

$ 1,270 

QIAquick PCR Purification Kit 

(250) 

For purification of 250 PCR 

reactions 

$ 561 

  TOTAL $ 1,831 
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