
PHYLOGEOGRAPHY AND CHEMICAL DIFFERENTIATION OF NEW WORLD BAYS
(Litsea spp., LAURACEAE)

INTRODUCTION
Litsea Lam. (Lauraceae) is one of the largest genus within Lauraceae. This genus comprises 
approximately 400 species with a dramatically uneven distribution between tropical and subtropical 
Asia (>350 species) and the Americas (eight species). The American species of Litsea are distributed in
coastal habitats of eastern United States (L. aestivalis) and in montane regions of Mexico and Central 
America (L. glaucescens, L. guatemalensis, L. muelleri, L. neesiana, L. parvifolia, L. pringlei and L. 
schaffneri)1. These species, except for L. aestivalis, inhabit oak, pine-oak or cloud forests between 1000
and 3000 m of altitude. In Mexico and Central America, Litsea leaves', collectively known as “laurel”, 
are frequently used in folk medicine and as condiment due to their similitude in aroma with the Greek 
bay leaf (Laurus nobilis)2,3. Laurel leaves are frequently found in local markets and are considered one 
of the most important non-timber products of Mexico4. For this reason, some of these species have 
undergone intensive extraction, leading to a significant demise of their populations and putting them 
into risk of extinction according to Mexican federal laws5.

In contrast with the vast traditional knowledge of laurel in Mexico and Central America, the 
systematics of the American Litsea species has been seldom explored. Also, strong disagreement 
regarding its taxonomic treatment exists due to the high morphological variability within the group. For
instance, three to 11 species of Litsea have been historically recognized. However, Jiménez-Pérez et al.1

recently delimited the genus in America, recognizing eight species on the basis of a strict 
morphological approach. The authors concluded that the species can be distinguished mainly by  the 
shape and pubescence of the leaves. Species with glabrous leaves include L. pringlei, L. glaucescens 
and L. schaffneri, while pubsecent leaves can be found in L. parvifolia, L. muelleri, L. guatemalensis 
and L. nessiana. Also, Jiménez-Perez et al.6 found that each species shows a characteristic chemical 
profile of its essential oil, thus providing additional characters that support their distinction. However, 
the chemical characterization of the essential oils was conducted in one or only a few individuals per 
species, so the ability of secondary metabolites to discriminate among Litsea species could not be 
evaluated.

The American species of Litsea have been studied solely on the basis of phenotypic characters 
and species delimitation has been carried out through morphological approaches alone. However, it is 
well known that phenotypic characters, such as leaf pubescence and shape and the secondary 
metabolite content, are affected by environmental conditions7. In this project, we employ molecular 
markers (chloroplast and nuclear loci) to provide support or refuse the current taxonomic treatment of 
Litsea and also, to unveil its phylogenetic relationships. For this purpose, we employ a 
phylogeographical approach to explore the distribution of the genetic variation and the evolutionary 
relationships of the inferred lineages. Then, we evaluate if the current taxonomic treatment of the 
American species of Litsea matches the main genetic lineages inferred. In a similar fashion, we explore
the spatial variation of the leaf volatile compounds of Litsea and explore whether its expression is 
driven by the genetics of a certain lineage or by local environmental conditions. Besides describing the 
phylogenetic relationships among Litsea species as well as the distribution of their chemical profiles, 
this study will be useful to identify areas suitable for conservation of these culturally and economically 
important plant species.

AIM AND OBJECTIVES
Aim

 To explore the phylogenetic relationships among the main genetic lineages of the American 
species of Litsea as well as their secondary metabolite variation.



Objectives
 Identify the main genetic lineages of the American Litsea species through a phylogeographic 

analysis of cpDNA and nDNA markers. 
 Determine the phylogenetic relationships of the genetic lineages inferred through Bayesian 

Inference and maximum parsimony.
 Determine the chemical variation of the leaf volatile compounds of the American Litsea species 

through gas cromatography coupled to mass-spectrometry.
 Evaluate the ability of the morphological criteria of Jiménez-Pérez et al. and the leaf volatile 

compounds variation to discriminate among the main genetic lineages inferred.

MATERIALS AND METHODS
Plant collection
Prior to plant collection, potential collection sites will be chosen on the basis of herbaria specimens 
data. For this purpose, Litsea specimens of the main herbaria in Mexico (MEXU, FCME, ENCB) and 
the University of Florida Herbarium (FLAS) will be revised (IAPT research grant funds will be used to 
visit FLAS). Young and undamaged leaves from ten individuals per locality will be silica gel-dried for 
genetic analysis. Also, 8 mature and undamaged leaves per individual will be frozen until chemical 
analysis. 

DNA extraction and genetic analyses
Genomic DNA of each individual will be extracted with a modified CTAB protocol8. The chloroplast 
DNA (cpDNA) loci ycf1b, psbA-trnH and trnL as well as the nuclear locus (nDNA) ITS2 will be 
amplified through PCR using universal primers following the conditions published elsewhere. Sanger 
sequencing will be performed in both directions with the same primers used for PCR in an ABI 3730X. 
Consensus sequences will be obtained with SeqTrace9 and both cpDNA and nDNA will be aligned with
Muscle software10. The haplotype (h) and nucleotide diversity (π) per population will be calculated  and
a statistical parsimony haplotype network of cpDNA calculated with TCS11. Next, a spatial analysis of 
molecular variance (SAMOVA) will be used to identify regional groups that are geographically 
homogeneous and maximally differentiated from each other. To further explore the phylogenetic 
relationships of the American Litsea species, we will perform maximum parsimony (MP) and Bayesian
Inference (BI) phylogenetic analyses using the concatenated cpDNA and nDNA data. Then, we will 
evaluate if the Litsea specimens identified according to the morphological criteria of Jiménez-Pérez et 
al.1 are found in different clades of the resulting phylogenetic trees inferred. Lastly, divergence time 
estimates will be estimated under a Bayesian approach as implemented in BEAST and mismatch 
distribution analyses will be performed for each genetic group inferred. 

Analysis of volatile compounds
The volatile compounds of each collected individual will be determined through headspace solid-phase 
microextraction (HS-SPME) coupled to gas chromatography-mass spectrometry (GC-MS). Briefly, 50 
mg of frozen leaf tissue will be cut into small pieces and added into a silicone capped vial containing 
15ml of a 0.3% NaCl solution. Then, the SPME device (a poly(dimethylsiloxane)-divinylbenzene fiber)
will be inserted into the sealed vial containing the plant material and the fiber exposed to the HS. After 
sampling, the SPME device will be immediately inserted into the GC injector and thermally desorbed 
for three minutes at 240 °C. Compound identification will be determined by the comparison of 
retention times and mass spectra of authentic samples and through comparisons of mass spectra from 
the National Institute of Standards and Technology (NIST) database. The relative abundance (%) for 
each compound will be calculated. All individuals will be analyzed in duplicate.

In order to evaluate if the volatile compounds are able to discriminate among taxa, principal 



component analysis with the arcsine of the percentage data will be performed and also, by mapping the 
chemical profile of each individual in the phylogenetic trees obtained with the cpDNA and nDNA data. 
Lastly, in order to evaluate the influence of environmental conditions in the chemical profile of the 
Litsea samples, simple correlations will be performed between the arcsine of percentage data of each 
compound and each of the 19 bioclimatic variable downloadable from the WorldClim website11.

CURRENT PROJECT PROGRESS
A total of 241 individuals belonging to 27 localities in eastern Mexico have been collected. These 
collections include individuals from L. glaucescens, L. schaffneri, L. neesiana, L. guatemalensis and L.
muelleri. PCR conditions of both cpDNA (ycf1b, psbA-trnH and trnL) and nDNA (ITS2) loci have been
optimized and polymorphism has been detected by analyzing 10 randomly chosen individuals per 
species. The analysis of volatile compounds in leaves has been also optimized, and data from 41 
individuals has been gathered. 
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