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ABSTRACT 

Paronychia Miller is a polyphyletic genus as currently circumscribed. This large genus of some 110 

species has a morphology with few taxonomically useful characters and the species are often 

difficult to identify. The last revision of Paronychia was in 1968 made by Mohammad Chaudhri 

from Utrecht University. 

Comparative DNA sequence analysis is a common tool to investigate taxa where morphology is 

difficult to use. This study investigated phylogenetic relationships between species of Paronychia 

occurring in South America, a diversity center for the genus. During fieldwork in the Andes 

highlands 90 specimens of Paronychia were collected. Here we learned that descriptions of 

Paronychia species were often vague and with overlapping characters, and a new revision is 

needed. For molecular analysis 31 species from South America were sampled. Sequences inferred 

from both chloroplast region rps16 and nuclear region ITS suggest that the species of Paronychia in 

South America form a monophyletic group. These species are in the same part of the genus as its 

type and would belong to Paronychia also in the future. 
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INTRODUCTION 

The genus Paronychia Miller, as currently circumscribed, has a wide distribution and some 110 

species (Bittrich 1993). Despite this, Paronychia is perhaps better known as an inflammation 

around the cuticles (Tosti & Piraccini 2009). The herbs and shrublets found in this genus were 

earlier known for their medicinal properties. Some species were believed to cure or mitigate tissue 

inflammations around fingernails and toenails – whitlow (Bailey 1928, Core 1941). The word 

Paronychia is of Greek origin – par!nukhi" – and translates to para - near and onix/onychos – nail, 

claw (Quattrocchi 2000). Nowadays, however, none of the species has any documented economical 

usage. 

The genus Paronychia was described in 1754 by the botanist Phillip Miller and in 1913 P. argentea 

Lam. was designated as its type. The last revision of the genus was undertaken in 1968 by 

Mohammad Chaudhri from Utrecht University. Chaudhri described South America as a main 

diversity center and home of 23 species. However, the revision was based on only one or a few 

herbarium specimens of each described species. Despite this, Chaudhri described 11 new species 

and eight new subspecies, varieties or forms from the region. South America is also an interesting 

area to study as many species found here are endemic to the region (Chaudhri 1968). Currently 

known species of Paronychia in South America are presented in Table 1. 

Since Chaudhri's revision in 1968 very few investigations have been made on Paronychia in South 

America, hence knowledge of distribution, ecology and species diversification of the genus is 

restricted. No molecular studies of the phylogenetic relationships among the South American 

species have previously been made. 

 

Background. The genus Paronychia has opposite, simple leaves and swollen stem nodes as most 

species of Caryophyllaceae. Characteristic for the genus are the silvery-scarious stipules and 

perigynous flower, which often are concealed by bracts and stipules. The tiny flower often has 

characteristic hooded and awned sepals, small or absent petals, and indehiscent fruit to distinguish it 

from other genera (see Figure 1) (Bittrich, 1993). Paronychia belongs to the family 

Caryophyllaceae and further to what used to be subfamily Paronychioideae (Smissen et al. 2002, 

Fior et al. 2006). The three subfamilies within Caryophyllaceae as commonly circumscribed 

(Bittrich 1993) are not consistent when tested within a molecular framework (Smissen et al. 2002, 

Fior et al. 2006). The subfamily Paronychioideae as currently circumscribed contains some 348 

species and 34 genera (Bittrich 1993), and it is distinguished morphologically by a solanad-type 

embryo sac and presence of stipules (Bittrich 1993, Fior et al. 2006). Paronychioideae is 

traditionally divided into three tribes, and Paronychia is part of Paronychieae. Most genera in this 

tribe consist of only one or two species, with the exception of Herniaria (ca. 45 species) and 

Paronychia (ca. 110 species), Paronychia is also the largest genus in the tribe as well as in the 

subfamily. The genus has occasionally been placed in the family Illecebraceae (plants with stipules 

and one-seeded fruit), which is sometimes recognized for the tribes of Paronychieae and 

Corrigioleae (Oxelman et al. 2002). However, this classification is less often used than the first 

described (Chaudhri 1968, Bittrich 1993, Oxelman et al. 2002, Smissen et al. 2002, Fior et al. 

2006). 
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Problem discussion. It has been argued by Bittrich (1993), Smissen et al. (2002) and Fior et al. 

(2006) that the family Caryophyllaceae is taxonomically difficult due to a high level of convergent 

evolution in key morphological characters. Some of these characters are dehiscent/indehiscent fruits 

(Bittrich 1993, Smissen et al. 2002, Fior et al. 2006), stipules absent/present (Bittrich 1993, Fior et 

al. 2006), perigynous flowers (Smissen et al. 2002) and loss of petals (Bittrich 1993, Smissen et al. 

2002). The genus Paronychia possesses many of these characters and is poorly studied, which 

makes its delimitation based on morphology alone difficult. Recent results from molecular analyses 

of Paronychioideae indicate that the subfamily is paraphyletic (Smissen et al. 2002), and the genera 

Spergula and Spergularia are suggested to be excluded from it (Fior et al. 2006). Investigations also 

suggest that both the tribe Paronychieae and the genus Paronychia are polyphyletic. The 

circumscription of the tribe according to morphological characters, such as indehiscent fruits and 

reduced ovule number, did not correlate with results from DNA sequence data of the ndhF region 

(Smissen et al. 2002). At the genus level Paronychia did not form a monophyletic group in studies 

based on ITS, matK and rps16 (Fior et al. 2006, Oxelman et al. 2002). Data presented by Oxelman 

et al. (2002) grouped species of Paronychia in two different clades, where sister genera were 

Gymnocarpos and Herniaria, and Fior et al. (2006) use the term “Herniaria-Paronychia complex” 

in their study, since they usually are grouped together. Both studies used limited sampling. Eight 

and two species respectively of Paronychia were included in these studies, however, none from 

South America. 

 

Purpose of the study. In this project we want to explore the morphological diversity observed 

by Chaudhri (1968) in his revision. Paronychia is sparsely collected in South America and the 

existence of a greater diversity than currently documented is quite possible. The project also aims to 

study the phylogenetic relationships between South American species of Paronychia through 

comparative DNA sequence analysis. We attempted to examine whether Paronychia species 

occurring in South America are a monophyletic group and how these relate within the genus. The 

three regions used to infer a phylogeny were the chloroplast region rps16, the nuclear internal 

transcribed spacer of the ribosomal DNA (ITS), and the nuclear low copy intron rpb2. 
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MATERIAL AND METHODS 

Sampling, data collection and fieldwork. In total 31 specimens of Paronychia were sampled 

for molecular analysis, compromising 15 species. One, two or three specimens were selected 

according to available material and five more unidentified specimens of Paronychia were also 

included. We wished to include as much variation in morphological characters as possible as 

Paronychia is a difficult genus to determine to the species level. Two specimens of Herniaria 

austroamericana Chaudhri & Rutish. collected in South America were also included in the analysis 

and species of Corrigiola, Telephium, Achyronychia, Stellaria and Spergularia were used as 

outgroups. In Appendix 1 sampled plant material for molecular analysis is listed, and marked by 

analysed and sequenced region. 

Most samples were collected in February-Mars 2009 during fieldwork in Bolivia, Chile and Peru, 

and in June 2009 during fieldwork in Colombia. Additional material was obtained from major 

herbaria visited during the same period: CONC (Chile), LPB (Bolivia) and USM (Peru) (herbarium 

abbreviations according to Holmgren et al. 1990). The samples of fresh plant material were dried in 

silica gel and also stored with FTA
®

 Cards (Flinders Technology Associates). 

In order to find and collect specimen of Paronychia we returned to old localities and we explored 

new potential localities. Therefore, the herbaria were our starting points during the fieldwork, from 

where we gathered necessary information to build a distribution map and to decide upon our field 

sites. The collections of Paronychia were studied carefully to understand habitat and ecology, and 

all data of specimens from visited herbaria were added to a database in BRAHMS (Oxford 

University 2009). From the database records we were allowed to map all localities through Google 

Earth, and as result a route for the fieldwork was easily decided (see Figure2). It was 

morphologically interesting specimens in herbaria and sampling of new species, which mostly 

determined the route. Specimens that lacked coordinates were georeferenced using Google Earth. 

5



  

6



 

DNA extraction. For herbarium samples and samples dried in silica gel DNA extraction was 

done with Qiagen DNeasy Plant Mini Kit. The protocol: Purification of Total DNA from Plant 

Tissue (Mini Protocol) from the kit was followed exactly beside two changes. Plant material was 

disrupted by grinding with liquid nitrogen in small plastic tubes instead of using a mortar and 

pestle, and during the final step the samples were centrifuged without adding Buffer AE. 

DNA was also extracted from FTA
®

 Cards for plant material collected in the field. Instructions from 

the manufacturer were followed but between every sample the Uni-core punch was cleaned with 

ethanol and dried by punching a piece of paper. For application of the fresh plant material on the 

cards the attached protocol - Application of Plant Samples - was followed, with the exception that 

fresh plant material was pressed/mashed against the card in a small zip-lock bag as an alternative to 

parafilm. 

On FTA® Cards paper matrix there are several chemicals. Some of these have a more instant 

function as to lysis cell membrane and immobilize nucleotide acids, others have a long-term 

function as to protect DNA from UV light or stop degradation from enzymes, micro-organisms and 

fungi. The chemicals used are different protein denaturants, chelator buffers and free-radical traps 

(Rogers & Burgoyne 1997, Roy & Nassuth 2005, Rajendran et al. 2006, Whatman 2008). This 

method was first used to detect the disease phenylketonuria and later developed and widely used in 

areas of forensics and health care (Roy & Nassuth 2005). Today extraction of DNA by FTA cards 

can be applied to micro-organism, buccal scrapes and blood samples among others. This extraction 

method makes DNA extraction more simple and time efficient (Rogers & Burgoyne 1997, Roy & 

Nassuth 2005, Rajendran et al. 2006, Whatman 2008). 

 

PCR amplification and sequencing. Three regions were amplified: the chloroplast region 

rps16 using primers F & R2R (Oxelman et al. 1997) and the nuclear regions ITS and rpb2 using 

primers P17 & 26S-82R and primers F7327 & R7586 (Popp & Oxelman 2001). All three regions 

have shown variation for this genus in earlier studies (Kool et al. 2007, Kool in prep.). Rps16 has 

also been used in earlier phylogenetic studies of Caryophyllaceae subfamily Paronychioideae 

(Oxelman et al. 2002, Kool et al. 2007) and is a useful region to investigate the position of a sample 

in a larger Caryophyllaceae tree. 

For PCR amplification GoTaq
®

 Green Master Mix was used and a total of 25 #l reaction volume 

was prepared. The standard reaction mix per sample consisted of 12,5 #l GoTaq, 2.5 #l of Reverse 

and Forward primers with a concentration of 10 #M, 0.3 #l bovine serum albumin (BSA), 2.2 #l of 

water and 5 #l of DNA sample. For ITS mastermix 0.5 #l of DMSO was added and balanced with 

1.7 #l of water to obtain the total volume of 25 #l. The PCR conditions for rps16 were an initial 

denaturation at 95
o
 for 5 minutes, followed by 30 cycles of denaturation at 95

o 
for 30 seconds, 

primer annealing at 60
o
 for 1 minute and extension at 72° for 2 minutes. The cycle finished with an 

extension at 72
o
 for 10 minutes and cooled down to 4

o
. The PCR conditions for amplification of ITS 

were an initial denaturation at 97
o 
for 1 minute and 10 seconds followed by 35 cycles of 

denaturation at 97
o
 for 15 seconds, primer annealing at 55

o
 for 1 minute and extension at 72° for 2 

minutes. The cycle ended with an extension at 72
o 
for 10 minutes and cooled to 4

o
. PCR conditions 

for amplification of rpb2 were an initial denaturation at 95
o 
for 7 minute followed by 35 cycles of 

denaturation at 56
o 
for 1 minute, primer annealing at 72

o
 for 2 minute and extension at 95° for 30 

seconds. The cycle ended with an extension at 72
o 
for 7 minutes and cooled down to 4

o
. 

The presence of PCR product was tested through gel-electrophoresis on a 1% agarose gel. Samples 

where PCR product was obtained for regions rps16 and ITS, were cleaned with Wizard
® 

SV Gel and 

PCR Clean-Up System after cutting the bands out of the agarose gel, before sending the samples for 

sequencing. During the purification process the manufacturer’s protocol was followed. However, an 

extra step was added as the samples were dried for one minute at 37 degrees to assure the 

evaporation of all the ethanol. For sequencing the samples were sent to Macrogen Inc. (Korea), the 
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nuclear region rpb2 was sent as “non purified DNA”. Sequencing primers were sent together with 

the samples to Macrogen Inc. for rps16 internal primers F2 & R3R (Popp et al. 2005), for ITS 

primers 26S-82R & P17 (Popp &Oxelman 2001) and for rpb2 primers F7327& R7586 (Popp & 

Oxelman 2001). 

 

Editing of sequences and alignment. The sequences obtained from Macrogen Inc. were 

assembled, controlled and edited with Geneious (Drummond et al. 2007). This is a program that 

assembles a consensus sequence from both templates, supplies a confidence interval for the 

consensus and allows correction of conting errors in the sequences. Once assembled an initial 

alignment was made through ClustalW2 (Larkin et al. 2007), which was then manually edited in 

Se-Al (Rambaut 2002). Through SeqState (Müller 2005) simple indelcoding (Simmons & 

Ochoterena 2000) was implemented. In the alignment additional sequences were included for the 

genera Paronychia, Gymnocarpos, Herniaria and Philippiella, all obtained from ongoing research 

by Anneleen Kool. Additional specimens are listed in Appendix 2 and marked by analysed and 

sequenced region. 

 

Phylogenetic analyses. All three datasets were analysed using parsimony and Bayesian 

Inference. 

Parsimony analysis were made using PAUP* (Swofford 1991). The most parsimonious tree was 

searched heuristically performing 10000 replicates with random addition of sequences and branch 

swapping by TBR. Multiple trees was set to “no”. Bootstrap analyses were made by addition of 10 

random replicates and TBR branch-swapping, for 1000 replicates. The consistency index (CI) and 

retention index (RI) were calculated for all data sets, to visualize how well a data set fits on the 

inferred phylogeny. 

Bayesian Inference was done with MrBayes (Huelsenbeck & Ronquist 2001) and an evolutionary 

model was chosen with help of MrModeltest (Nylander 2004), GTR+G was the suggested 

evolutionary model for rps16 data set, GTR+I+G the suggested evolutionary model for ITS data set 

and HKY+G the suggested evolutionary model for rpb2 data set. Parameters for prior probability 

and posterior probability were set as follows: All prior probability parameters were set to flat – 

which are the default settings of the program. For calculating the posterior probability distribution 

the Markov Chain Monte Carlo (MCMC) was set to 1000000 generations from which every 100 

generations were sampled and printed. Branch lengths were also saved. The congruence of the two 

independent runs of MCMC was viewed with Tracer (Rambaut & Drummond 2003-2008). To edit 

the retained trees from Parsimony analysis and Bayesian Inference the software Dendroscope 

(Huson et al. 2007) was used. 
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RESULTS 

Fieldwork. In total, 90 specimens of Paronychia mainly distributed in the Andes highland were 

collected during the fieldwork in South America. Morphology, ecology and locality were 

documented for each collection. The specimens were photographed and georeferenced with GPS, 

and all collected data from herbarium collections and field collections were put into a database. 

Collected specimens of Paronychia and Herniaria are listed in Appendix 1. 

Most specimens, 61, were collected in Peru, representing the following species: P. andina Phil., P. 

chilensis DC., P. mandoniana Rohrb., P. ellenbergii Chaudhri, P. fusciflora Chaudhri, P. 

libertadiana Chaudhri, P. macbridei Chaudhri and P. setigera/chilensis. In Bolivia a total of 25 

specimens were collected, most were not determined to the species level and in four cases it was 

doubtful whether they belonged to Paronychia or Cardionema. In Chile Paronychia was difficult to 

find, only one specimen – P. chilensis (Kool 1091) – was collected, and herbarium collections 

remain few in number. In Colombia three specimens were collected. Although Paronychia seems 

fairly common and herbarium collections in COL (23 specimens) were not as few as in Chile 

(CONC). P. bogotensis Tr. et Planch was the only species collected and recorded for Colombia. 

Collected plant material is deposited at the major herbaria visited (CONC, USM, LPB, ANDES) 

and duplicates are/will be deposited at UPS (Sweden). 

 

FTA ®Cards. Unfortunately, almost no PCR-product was retained from FTA
®

 Cards, hence most 

DNA was extracted with Qiagen DNeasy Plant Mini Kit. From ten extractions by FTA
®

 Cards only 

one extraction contained PCR-product when tested on a 1% agarose gel. 

 

PCR and sequencing. From sampled plant material sequences were obtained for both nuclear 

regions ITS and rpb2. In chloroplast region rps16 most sequences were not readable and assembly 

failed. Instead, 52 sequences were included from ongoing investigations on the systematics of 

Paronychioid Caryophyllaceae by Anneleen Kool, of which four sequences were obtained from 

Paronychia species from South America. For ITS, 64 sequences were added and the datamatrix 

consisted of 97 sequences in total. For rpb2 no additional sequences were added, and the data set 

consisted of 22 sequences in total – all specimens from South America. Additional samples included 

are listed in Appendix 2. 

Rps16. The sequence length of rps16 region varied from 920 bp in Paronychia depressa Nutt. ex 

Torr. & Gray to 1165 bp in Paronychia andina. In the matrix there were 296 parsimony informative 

positions out of a total of 1332 positions. The matrix included a total of 194 indels, which were 

coded with simple indelcoding (Simmons & Ochoterena 2000). Parsimony analysis of the data set 

resulted in 7338 most parsimonious trees, which were 839 steps long and had consistency index 

(CI) 0.820 and retention index (RI) 0.943. Presented in Figure 3 is one of the most parsimonious 

trees, with branches that collapsed in the strict consensus tree represented as dotted lines. 

In the analysis of the rps16 data set Paronychia species group into two major clades, one sister to 

species of Gymnocarpos and the other sister to species of Herniaria. European, Central Asian, 

North and South American species represent Paronychia which are closer to Gymnocarpos, and 

four well to moderately supported groups are formed within this clade. Paronychia from Europe 

and Central Asia, except for P. canariensis (L.f.) Juss. are distributed amongst two of these groups 

(with bootstrap resp. posterior probability values of 99/1.00 and 95/1.00). P. argentea, the type of 

the genus is included here. Another group consists of Paronychia from South America, which has 

an identical and well-supported topology in both parsimony analysis and Bayesian inference 

(98/1.00). And the last group is formed by North American species of Paronychia (76/1.00), with 

exception for P. herniariodes (Michaux) Nutt. that instead is weakly nested with Mediterranean 

species and P. depressa that is sister to P. canariensis. A European-Central Asia group diverges 
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early in the phylogeny, while support for how remaining groups relate to each other is weak, often 

below 50/0,50 or unresolved. 

The second clade - closer to Herniaria - include species from Europe and Central Asia. Resolution 

in this clade is poor and branches are often collapsed in the strict consensus tree. 

ITS. The sequence length of the ITS region varied from 447 bp in Paronychia johnstonii Chaudhri 

to 807 bp in Paronychia hieronymi. In the matrix there were 347 parsimony informative positions 

out of a total of 1325 positions. The matrix included a total of 174 indels, which were coded with 

simple indelcoding (Simmons & Ochoterena 2000). Parsimony analysis of the data set resulted in 

1531 most parsimonious trees, which were 1450 steps long and had consistency index (CI) 0.561 

and retention index (RI) 0.864. Presented in Figure 4 is one of the most parsimonious trees, with 

branches that collapse in the strict consensus represented as dotted lines. 

Analysis of the ITS data set resulted in phylogenies with similar topology in the parsimony and 

Bayesian analyses. Species of Paronychia form two major clades, which are sister to Gymnocarpos 

and Herniaria respectively – in agreement with the rps16 tree. Paronychia species from Europe, 

Central Asia, North and South America belong to the clade related to Gymnocarpos. Among them is 

P. argentea, the type of the genus. As in the rps16 tree, four well to moderately supported groups 

are distinguished. Two groups which consist of European and Central Asian species of Paronychia 

(99/100, 90/0.99) – with exception of P. canariensis, one more doubtful group of North American 

species of Paronychia (>50/0.81) with exception of P. pulvinata. Pax & K. Hoffm. and P. mexicana 

Hemsl. and a group consisting of Paronychia from South America, which includes P. mexicana 

(61/0.66). On the other hand, compared to the results obtained from the rps16 data set both the 

European and the Central Asian groups diverge early, and North and South American species 

branch from here. However, the relationships between North and South America are still uncertain. 

Within Paronychia from South America species are distributed amongst a larger complex and some 

smaller groups or their position is unresolved. One well supported smaller group (98/0.99) is 

composed of P. setigera/chilensis(2), P. muschleri(1), P. setigera, P. ellenbergii, P. chilensis(2) and 

P. muschleri(2), which sequences are almost identical. Specimens of P. microphylla (100/1.00) and 

P. macbridei are also smaller groups. Within the complex there are both small well-supported 

groups and unresolved specimens. For example P. bogotensis – three specimens (93/1.00) as well as 

P. communis(1), P. cabrerae, Paronychia sp.(2) (92/1.00) or unresolved specimens P. limaei and P. 

fusciflora(1). It is also worth to mention the small branch lengths among Andean species compared 

to other species in the genus. 

The second clade - sister to Herniaria - includes species from Europe and Central Asia. Among 

species of Herniaria, the South American species H. austroamericana forms a separate group 

(98/1.00). 
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Rpb2. The sequence length of rpb2 region varied from 215 bp in Paronychia libertadiana to 581 

bp in Herniaria austroamericana. The beginning and the end of the sequences were trimmed to 

avoid large amounts of missing data in the analysis. In the matrix there were 111 parsimony 

informative positions out of a total of 659 positions. The matrix included a total of 59 indels, which 

were coded with simple indelcoding (Simmons & Ochoterena 2000). Parsimony analysis of the data 

set resulted in 41 most parsimonious trees, which were 355 steps long and had consistency index 

(CI) 0.634 and retention index (RI) 0.531. Presented in Figure 5 is the strict consensus tree. 

Bootstrap values and posterior probabilities are indicated. 

The analysis of the nuclear region rpb2 resulted in an unresolved phylogeny in both parsimony 

analysis and Bayesian inference. Three moderately supported groups are formed within the 

phylogeny, of these one group – P. setigera/chilensis(2) and P. muschleri(1) are supported in both 

analyses (89/1.00). However, most taxa have a doubtful position in the tree. Much editing was 

usually needed to assemble sequences for this region and polymorphisms were present in the 

chromatography. Cloning would be needed to study this region and perhaps a larger part of the 

region to increase the number of characters. 

 

 

 

 

13



 

DISCUSSION 

An alternative method of DNA extraction. We were not able to retain PCR-product through 

DNA extraction by FTA! Cards. Most probably, remains of alcohol used to clean the Uni-core 

punch disturbed the PCR-reaction, which may have caused the lack of PCR-product. Or perhaps, 

the cards could not dry completely or quick enough during the fieldwork, which may have resulted 

in DNA deterioration. Application of plant material onto the card was difficult as well for some 

Paronychia species. Many specimens were too dry and too tough and the plant material was poorly 

absorbed by the paper matrix. 

 

Morphology in South American Paronychia.  It is common to find many indeterminate and 

wrongly determined Paronychia-specimens in herbarium collections. The genus Paronychia is 

easily recognized by its silvery-scarious stipules and bracts but to determine them to species level 

has proven harder, partly because of their minute floral parts and partly because the lack of good 

species descriptions (Chaudhri 1968). Most descriptions in Chaudhri's revision (1968) put emphasis 

on quantitative morphological characters such as leaf shape, mucro and awn length and often on 

differences in pubescence of leaves, stems or flowers. The variation of these characters might very 

well be partly of environmental origin. Furthermore, morphological characters often vary on a 

single specimen (Herbarium collections CONC, UPS, UMS, Fieldwork 2009). This variability of 

the genus in South America resulted in vague species descriptions with overlapping characters 

(Chaudhri 1968). The key to the genus, which was published together with the descriptions, is also 

difficult to use because of this. Also, it is unclear how to key out P. hieronymi and P. limaei, and 

number 33b is missing in the key. A new morphological revision of the South American species is 

necessary and a molecular study as a basis could help with the choice of new key morphological 

characters. Personal observations from our studies of herbarium collections and of field collections 

are that type of inflorescence (terminal, axillary or pseudo-axillary) and shape and size of flowers 

might be morphological characters to consider. 

Based on our fieldwork and collections in major herbaria of South America the genus appears to 

have a wide habitat range, being found in areas of great diversity as well as occasionally in 

disturbed areas such as along highways. However, most species are reported to occur in the Andes 

mountain range, at higher altitude (approx. 3000-4500) and in not too dry rocky slopes or meadows 

(Chaudhri 1968, Herbarium collections from LPB, USM). Species diversity is concentrated to the 

massive altiplano of Bolivia and Peru and in vegetation types known as Puna (Bittrich 1993, 

Herbarium collections LPB, USM). However, some populations of Paronychia have been found at 

lower altitudes (approx. 2000m) and in warmer climate in similar habitats, between rocks, or in 

gravel, sand or clay (Herbarium collections LPB and CONC). 

 

Phylogeny of South American Paronychia. The results of the molecular analyses confirm 

that the genus Paronychia is not monophyletic, but is divided into two different groups. This is 

coherent with earlier results of Oxelman et al. (2002) and Fior et al. (2006), who argue that 

Paronychia as currently circumscribed is a polyphyletic genus. Both groups are represented by 

European and Central Asian species, but only one includes species from North and South America 

as well. This is clearly illustrated in the phylogeny inferred from chloroplast rps16 sequences and 

nuclear ITS sequences. Paronychia sensu stricto would consist of the group including North and 

South American species, since the type of Paronychia is P. argentea. These Paronychia species are 

sister to the genus Gymnocarpos and the clade covers a great geographical area, including the three 

centres of diversity for Paronychia. 

Within Paronychia sensu stricto, species from South America form a monophyletic group. Most 
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probably there was a single introduction event in South America, but if a colonization of the Andes 

by Paronychia occurred from North America is not clear. However, in the phylogeny inferred from 

rps16 sequences there is some support for an introduction of Paronychia from either North America 

or Europe. The position of Paronychia mexicana in the phylogeny based on ITS data suggests that 

Paronychia might have spread from north to south. This diversification pattern has also been 

observed in other genera such as Lupinus (Hughes & Eastwood 2006) or in the family 

Valerianaceae (Dell & Donoghue 2005). Another curiosity is P. canariensis, an endemic species 

from the Canary Islands, which could be of New World origin. It groups together with American 

species in phylogenies inferred from both rps16 and ITS sequences, a pattern rarely observed. 

Smaller groups of South American specimens forming clades with strong support were often 

collected in the same general locality and P. bogotensis is a good example. All three specimens were 

collected in Colombia and the group is strongly supported (with bootstrap resp. posterior 

probability values 93/1.00). Other groups are P. cabrerae, P. communis(1) and Paronychia sp.(2) 

(92/1.00) which were collected in Tarija, Bolivia and in Peru we find P. communis(2), P. andina(4) 

and P. weberbaueri(4) (62/0.99) which were collected in Ancash around 4000 meters, together with 

Paronychia sp.(3)&(4) (88/1.00) which were collected in La Libertad and P. libertadiana, two 

specimens, (70/0.96) which were collected in the same valley in Ancash. These species are more 

closely related to each other than to other South American Paronychia. Another interesting group is 

P. setigera/chilensis(2), P. muschleri(1)&(2), P. setigera, P. ellenbergii and P. chilensis(2), which 

includes both lowland and altiplano species collected in Bolivia, Chile and Peru. These species also 

have a very similar morphology, and the groups illustrate the difficulties in using current species 

descriptions. Future studies should combine morphological revision with analysis of molecular data. 

The number of species recognized by Chaudhri (1968) might be too high. Our results from nuclear 

rpb2 also suggest that hybridization between different species has taken place. A consistent group is 

perhaps P. microphylla, which is a separate strongly supported group (100/1.00). P. macbridei also 

represents a well supported separate group. The morphology of this species is remarkably different 

from other Paronychia collected.  

Within the genus Herniaria species from South America, H. austroamericana, forms a 

monophyletic group in the ITS based phylogeny. The monotypic genus Philippiella, endemic to 

Patagonia, forms a sister group to Herniaria subgen. Herniaria plus H. austroamericana. Herniaria, 

the second largest genus in Paronychioideae, is probably not monophyletic as circumbscribed today. 

In conclusion, Paronychia is a polyphyletic group in which species from the Andean highlands form 

a monophyletic clade. If these species have migrated from North America cannot be concluded on 

the basis of this study, but it is suggested. In the produced phylogenies two interesting patterns are 

observed. Paronychia canariensis is closely related to New World species of Paronychia and 

Philippiella is nested within the genus Herniaria. From our studies of herbarium collections it is 

also suggested that current species descriptions (Chaudhri 1968) of Andean Paronychia are not 

functional to distinguish between species. 
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