
Systematic, phylogenetic, and biogeographic studies of Polygala (Polygalaceae) 

with emphasis on Andean-Patagonian species (Polygala sect. Clinclinia DC. and 

sect. Monninopsis A.Gray) 

 

INTRODUCTION 

Polygalaceae is a cosmopolitan family belonging to the order Fabales, which 

also includes Fabaceae and two minor families, Quillajaceae and Surianaceae (APG IV, 

2016). Polygalaceae is currently divided into four monophyletic tribes and comprises 

about 29 genera and 1200 species. Within the family Polygalaceae, Polygala L. is the 

most diverse genus. The boundaries of Polygala have changed greatly during the last 

decades and currently it includes ca. 560 species with a worldwide distribution, except 

for the Arctic, Antarctica and New Zealand (Pastore et al., 2019).  

The genus is clearly non-monophyletic (Pastore et al., 2017; Mota et al., 2019) 

and consists of two well-supported clades that in phylogenetic analyses are not always 

recovered as sister groups. These clades were referred to as the New World clade 

(NWC) and the Old World clade (OWC) (Abbott, 2009). The Polygala NWC includes 

213 species that may be divided into three sections: Clinclinia DC., Monninopis 

A.Gray, and Timutua DC., while the Polygala OWC includes the type of the genus and 

ca. 349 species divided into 11 sections (Pastore et al, 2019). 

In the Southern Andes and Patagonia, the NWC is mainly represented by section 

Clinclinia and a few species recently associated with section Monninopsis. These two 

sections form a basal grade within the NWC with Monninopsis being sister to the 

sections Clinclinia and Timutua (Martinez, in prep.; Pastore et al., 2019). 

The section Clinclinia includes ca. 25 species. It is distributed in an almost 

continuous strip along the Andes, reaching elevations of 4,000 m. from south-western 

Bolivia and northern Chile to Tierra del Fuego in Argentina. A few species grow in 

maritime dunes and meadows of central-eastern Argentina, Uruguay and Eastern Brazil. 

The section Monninopsis was traditionally treated as an endemic North 

American clade comprising nine species occurring in semiarid regions of southwestern 

North America. By recent phylogenetic studies it has been seen that the section has a 

disjunct distribution represented by at least four North American species and two 

species found in the Argentinean Andes and Patagonian steppe (Martinez, in prep.; 

Pastore et al., 2019).  

The northern and southern bordering distributions of these sections in South 

America are poorly known. As it happens with Polygala cisandina Chodat (sect. 

Monninopsis) from the northern of Bolivia, which was not yet included in any 

molecular or morphological study (Pastore et al., 2019). Also, some species attributed 

to section Clinclinia from the Patagonian steppe in Argentina could not be assessed 

phylogenetically to the moment due to lack of material (Martinez, in prep). These 

species have not been collected in field recently possibly because they are very small 

plants most of times living almost buried in the ground and often presenting mimicry 

with the rocks where they grow. These are the cases of P. desiderata Speg. (endemic 

from eastern Chubut and eastern Santa Cruz provinces); P. oreophila Speg. (from 

southern Mendoza, Neuquén and Rio Negro provinces); P. persistens A.W. Benn. (from 

southern Mendoza province); P. santacruzensis Grondona (from Santa Cruz province); 

and P. spinescens Gillies ex Hook. & Arn. (from San Juan, Mendoza and Neuquén 

provinces), the later, a distinctive perennial spiny shrub. 

The species of sections Clinclinia and Monninopsis are little known, some only 

by their type material. They are morphologically very similar, their diagnostic 

characters are imprecise and appear insufficient to identify and differentiate them. It is 



necessary to undertake an exhaustive investigation of these still unknown plants through 

an integrative approach in systematics, morphology, organismal biology, taxonomy, 

phylogenetics, ecology, distribution and evolution to understand all aspects of these taxa 

and inventory what is urgent to preserve before they become extinct. 

 

Materials and methods 

The purpose of the present grant proposal is to obtain financing for field work at 

the Argentinean Patagonian steppe and Bolivia and to visit the Bolivian herbaria (LPB). 

There, I will be able to analyse all the specimens of Polygala, of these two sections with 

the aim of understanding the complete distribution of these plants and to delimit the 

species, to elaborate identification keys and to find morphological characters to be used 

in phylogenetic studies. 

Field work— The species will be examined, photographed and collected in the 

field to perform morphological and molecular studies. Part of the material will be dried 

in silica gel and stored for molecular studies and herbarium material will be deposited at 

SI. The collection area will cover the largest possible environmental and geographical 

distribution range of the group within the Andean-Patagonian region.  

Analyses of morphological character— Most of the approaches will be based 

on the detailed observation of the plants. Vegetative and reproductive characters will be 

studied on herbarium specimens, including the nomenclatural type materials. The 

specimens will be observed in detail, measured and photographed under stereoscopic 

magnifying glass. The photos will be edited to create photographic plates comparing the 

structures among the species. Some of these data will be analysed following statistical 

methods. A morphological matrix will be built for phylogenetic studies and the 

taxonomic limits based on morphological characters will also be contrasted against the 

hypothesis produced by the molecular analyses. 

Resolution of nomenclatural problems and delimitation of species— The 

correct name will be assigned to each recognized taxon, the synonymic will be updated, 

and the necessary nomenclatural changes will be made. The recognized taxa will be 

described, illustrated, distribution maps will be made and identification keys will be 

provided. 

Taxon sampling and molecular studies — Molecular studies will be performed 

in the Laboratory of Molecular Systematics of the Instituto de Botánica Darwinion 

(IBODA) where all necessary equipment for DNA extraction and amplification is 

available. Samples will be obtained from herbarium specimens or from tissue dried in 

silica gel. DNA extraction will follow the CTAB method (Doyle & Doyle 1987) for 

fresh material, and the Kit “DNeasy Plant Mini Kit” (Qiagen, Hilden, Germany) for 

herbarium specimens. DNA will be amplified by means of the polymerase chain 

reaction (PCR) from nrITS, matK-trnK, trnL intron, and trnL-trnF intergenic spacer 

sequence data, as these loci have been successfully used for addressing phylogenetic 

relationships within the Polygalaceae (Martinez, in prep, Pastore et al., 2019, Abbott, 

2009). The sequencing will be performed at Macrogen Inc. (Korea). 

Phylogeny and character evolution — The phylogenetic analyses will be done 

through several approaches: Maximum Parsimony with TNT (Goloboff et al. 2008), 

Maximum Likelihood with PHYML (Guindon et al., 2010), and Bayesian inference 

with MR. BAYES (Ronquist & Huelsenbeck, 2003). 

 

Objectives 

Considering the above framework, the main objectives of the present project are 

(1) to visit LPB herbarium collection in La Paz, Bolivia; (2) to examine and collect the 



species in the field in the far north and south distributions of these sections in South 

America which are poorly known; and (3) to perform, back in the laboratory, 

morphological and molecular studies to understand the composition, circumscription, 

and evolutionary relationships among its species.  

 

Other Relevant Information— Being a PhD student in Argentina does not 

represent the most promising scenario. My country has sunk into a currency deep crisis 

and it is worth mentioning that research does not develop independently from its social, 

and economic context. Despite this, my responsibility as a botanist is to learn about the 

still unknown plants before they become extinct and inventory what is urgent to 

preserve. In this way, I have been working within this group of plants during three 

years. The proposed workplace, the Instituto de Botánica Darwinion (SI Herbarium), 

provides all basic research support such as computer services, DNA molecular lab 

facilities, library, herbarium, and a botanical database. The extraction material, primers, 

DNTP´S and other chemicals are afforded by my Ph.D. advisor, Dr. Fernando O. 

Zuloaga. This present application encompasses the principal aims of my Ph.D. thesis, so 

I am compelled to obtain personal sources of financial support to cover travel to 

institutions and field work. 
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