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Populärvetenskaplig 
sammanfattning 
 

Tack vare människans behov av att sortera in djur och växter i olika grupper föddes det 
vetenskapliga forskningsområdet systematik. Med Darwins evolutionsteori i tankarna är det en 
systematikers uppgift att hitta grupper som innehåller de mest närbesläktade arterna, det vill säga 
alla ättlingar till en gemensam, men ofta utdöd, förfader. Sådana grupper kallas monofyletiska, där 
mono betyder en eller ett, och syftar på en enda anfader. På 1700-talet införde botanikern Carl von 
Linné ett nytt namngivningssystem där varje art dels har ett släktnamn, t.ex. Briza, dels ett artepitet, 
t.ex. media (darrgräs). Numera anses det önskvärt att arter som delar släktnamn också utgör en 
monofyletisk grupp. Tidigare baserades släktskapsanalyser på utseende, men idag föredrar de flesta 
forskare att använda molekylära data i form av DNA eftersom det finns mycket mer information i 
arvsmassan att basera ett släktträd på. Dessutom finns det flera exempel där liknande utseenden 
uppstått i flera olika grupper, och därför är arter som liknar varandra utseendemässigt inte alltid 
närbesläktade. Briza är en liten grupp gräsarter vars utseende är väl studerat, men nyutkomna 
studier baserade på DNA antydde att gruppen kanske inte är monofyletisk. Därför hade denna 
studie som mål att fastställa om alla Briza-gräs är varandras närmaste släktingar eller inte, och mina 
resultat visade att arterna är utspridda på minst tre olika ställen i släktträd som omfattade flera andra 
grässläkten. Eftersom Briza nu visat sig inte vara en monofyletisk grupp, bör vissa av arterna byta 
namn. Denna upptäckt visar vikten av att använda flera olika källor när man ska bedöma släktskap 
mellan arter, t.ex. olika typer av molekylära data och/eller både utseende och molekylära data. I 
Brizas fall visade DNA-sekvenserna att gruppen var baserad på ett utseende som uppkommit flera 
gånger under evolutionen, och att arterna i släktet Briza inte härstammar från en gemensam anfader, 
utan från flera. 

  



   

Societal and ethical aspects 
 

Together with the results from many other molecular phylogenetic studies, the present study has 
proven that the old taxonomic classifications based only on morphology are not always consistent 
with the evolutionary history of the species as assessed using molecular data. The utilization of 
molecular data has therefore contributed to a revolution of systematic and phylogenetic research, 
and has enabled reconsideration of old hypotheses of organism evolution. This study of basic 
research was driven by pure curiosity, and was not aimed at having any particular or immediate 
societal applications. Basic research does however constitute a firm ground for applied sciences, 
and can become an indirect provider of beneficial information or products to the society. An 
important aspect is, however, that one can seldom pinpoint when or for what its findings may 
become useful. For example, most people would agree to the government funding research on 
medicine, which is applied science. Let’s say a certain plant is since long known to synthesize a 
molecule needed for the cure of a disease. Based on the notion that closely related species often 
share attributes, studying genealogical trees including this plant may help finding a close relative 
that turns out to be producing a different version of this molecule, making the cure more effective. 
Thanks to the basic researchers, who first found the often applicable correlation between kinship 
and similar attributes, and then the closest relatives to this particular plant, the applied scientists 
saved a lot of time not having to search through the whole flora of the world for a better cure. This 
shows that applied science can benefit greatly from basic research, although not instantly obvious.  
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Abstract 

In the search for species’ evolutionary history it is an important systematic goal to find 
monophyletic groups, meaning that all descendants of a certain ancestor must be included. The 
‘Briza complex’ is a small group of grasses (Poaceae), distributed in South America and Eurasia, 
and it has previously been well studied morphologically. Because indications of polyphyly of the 
complex have been seen in several molecular studies, the present study aimed to assess the 
monophyly of the complex using both nuclear (ITS and GBSSI) and chloroplast (matK) DNA 
regions and Bayesian inference of phylogeny. Extensive sampling from both the Briza complex and 
putatively closely related species in the subfamily Pooideae was performed in the field and from 
herbarium specimens. Results from the nuclear and plastid data showed high congruence and the 
species of the Briza complex were found in three different clades separating the South American 
species, the Eurasian species and Briza humilis, and thereby making the complex polyphyletic. It is 
suggested that the South American species are assigned to the genus Chascolytrum, while the 
Eurasian species retain the name Briza. Briza humilis, however, needs further investigation before a 
new name is given. Floral morphology can be dramatically altered by one-step mutations, causing 
evolutionarily distantly related species to have similar appearance. It is therefore important to use a 
combination of data from different sources to assess relationships, e.g. molecular data form 
different genomes, and/or both molecular data and morphology. Regarding Briza, it seems clear 
that a “brizoid” spikelet morphology has evolved in parallel several times in the subfamily 
Pooideae. 

Introduction 
One important goal of systematics is to determine the phylogeny, i.e. the evolutionary tree of life. 
In order to obtain a correct description of organisms’ relationship to each other, finding 
monophyletic groups is one of the key aspects of this task (Kellogg, 2001). Furthermore, all species 
sharing a generic name should ideally have one common ancestor. Ever since the birth of modern 
systematics, taxonomic groups have been founded on specific similarities in morphology, although 
in recent decades there has been a remarkable progress in molecular methods and the use of DNA 
sequences to determine relationships. Today, molecular methods are considered a necessary 
complement to morphological studies (Simpson, 2010). An example of a group where morphology 
and molecular studies both confirm its monophyly, is the grasses (Poaceae) (Barker et al., 2001). Its 
nearly 10,000 members (Simpson, 2010) are spread all over the globe and occupy more than a third 
of the land surface of the earth (Gibson, 2009). The genus Briza of the subfamily Pooideae is 
characterized by rounded to triangular, laterally compressed, spikelets with closely overlapping 
lemmas (Bayón, 1998; Dixon, 2002). It has a natural distribution in South America and western 
Eurasia, although recent anthropogenic activity has brought a few species to other parts of the 
world, e.g. North America (USDA, 2015). Carl Linnaeus described four species of Briza in Species 
Plantarum in 1753 and today there are about 25 recognised species in the ‘Briza complex’ 
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(Matthei, 1975; Essi et al., 2008). Several authors have tried to classify them; most commonly into 
a Eurasian and a South American clade based both on morphology, karyotype and molecular data 
(Murray, 1975; King, 1986; Essi et al., 2008; Pelegrin et al., 2009). There is, however, a general 
disagreement whether the South American species should be called Briza (Clayton & Renvoize, 
1986) or if they should be assigned to one or several other genera. Based on morphological data, 
Matthei (1975) acknowledged four groups within the Briza complex, Briza, Calotheca, 
Chascolytrum and Poidium, but Bayón (1998) found five monophyletic groups; Briza, Calotheca, 
Microbriza, Poidium and Rhombolytrum. In contrast, Essi et al. (2008) argued based on molecular 
data that the Eurasian species should retain the name Briza and that all the South American species 
should be assigned to the genus Chascolytrum. In their subsequent articles (Essi et al., 2010; Essi et 
al., 2011), the South American species were transferred from the many small genera described by 
Matthei (1975) and Bayón (1998) to Chascolytrum, and this is now an accepted classification 
(WCSP, 2014). Today, Chascolytrum also includes species never assigned to Briza, e.g. C. 
koelerioides. In contrast, Desmazeria and Eragrostis are examples of genera that include species 
that were previously assigned to Briza (WCSP, 2014).  

Morphologically it is reasonable that the species of the Briza complex have been grouped together. 
Therefore it is also understandable that previous studies of the complex have focused exclusively 
on the phylogeny within the group itself, i.e. a taxonomically narrow but extensive sampling within 
the complex (King, 1986; Bayón, 1998; Pelegrin et al., 2009). Other studies have addressed 
relationships within the subfamily Pooideae, using a taxonomically wide sampling but with only 
one or two species representing each genus (Döring et al., 2007; Quintanar et al., 2007; Schneider 
et al., 2009). Thus, due to these sampling strategies, no molecular study has so far been able to 
confirm monophyly of the Briza complex. For example, although Essi et al. (2008) include a 
generous sampling of Briza, they only include three outgroup terminals (Amphibromus, Bromus and 
Poa). Further, in contrast with morphological studies of the Briza complex, which have generated 
well-resolved trees, the molecular study by Essi et al. (2008) was poorly resolved and resulted in 
several polytomies. A few studies on Pooideae have in fact indicated a possible polyphyly of the 
Briza complex, but the sampling from the complex is meagre and the polyphyly is typically not 
explicitly discussed. A maximum parsimony analysis based on chloroplast restriction sites found a 
group including Briza minor and Chascolytrum erectum where B. minor was sister to a clade 
comprising both C. erectum, Deschampsia cespitosa and Torreyochloa erecta (Soreng et al., 1990). 
With the same method of analysis, but including four different chloroplast regions, Davis & Soreng 
(2007) found a clade including Briza minor, Chascolytrum subaristatum and Calotheca brizoides, 
where C. subaristatum and C. brizoides were closest relatives and separated from B. minor by 
Echinopogon caespitosus. Using Bayesian inference and the chloroplast matK gene, Döring et al. 
(2007) found a well-supported clade including Chascolytrum erectum and C. subaristatum, and a 
few other genera such as Agrostis and Polypogon, but Briza media was placed outside of this clade. 
The extensive study based on nrITS data by Quintanar et al. (2007) on the tribe Aveneae included 
Briza media and B. minor, as well as Gymnachne koelerioides (which is now assigned to 
Chascolytrum). Based on Bayesian inference they found that B. media and B. minor were placed as 
closest relatives with good support and separated from G. koelerioides by Agrostis spp., Gastridium 
ventricosum and Polypogon maritimus. The Soreng studies are however the only ones commenting 
on this indicative polyphyly, and no study has so far specifically addressed this issue using relevant 
sampling. 
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Therefore, the aim of the present study was to test for monophyly of the Briza complex. I used an 
extensive sampling of taxa from the Briza complex and included a comprehensive set of potentially 
related genera from the subfamily Pooideae. 

Material and Methods 

Taxon sampling  
Species from the Briza complex were selected based on Essi et al. (2008), and I included species 
that today are accepted as either Briza or Chascolytrum (WCSP, 2014). In the present study, all 
species now assigned to Chascolytrum have regained their Briza name because the phylogenetic 
positions of the species of the complex were yet to be determined. In addition, I included two 
species of Chascolytrum that have never been assigned to Briza. 

Taxa outside of the Briza complex were selected based on molecular studies on the sister tribe 
complexes Aveneae/Poeae and Triticeae/Bromeae of the subfamily Pooideae (Quintanar et al., 
2007; Döring et al., 2007; Schneider et al., 2009). Pooideae have been shown to be monophyletic in 
studies using several different nuclear and plastid regions (Hsiao et al., 1999; Barker et al., 2001). 
Species were selected from similar natural distribution areas as occupied by Briza, i.e. South 
America, western Eurasia and the Mediterranean region including northern Africa, with the 
exception of Echinopogon, which has a distribution limited to Oceania (Appendix A). Species from 
Glyceria and Melica of the tribe Meliceae were chosen as outgroups based on the same studies.  

Due to time constraints, it was not possible to travel to the natural distribution areas of all included 
species to collect material, but instead the majority of the sampling was done from herbarium 
specimens. Herbaria are valuable collections of bryophytes, lichens or vascular plants from all over 
the world that for many scientists constitute the foundation for their research, especially for 
studying morphology, physiological changes in the environment over longer time periods (Wynne, 
2012), or extracting DNA for phylogenetic purposes, as in the present study. I was first granted a 
visit to the national herbarium in Stockholm (S) where there is a separate South American section, 
making it easy to find Eurasian Briza species collected on this continent. Later I was also granted a 
visit to the herbarium in Uppsala (UPS), where I sampled most of the species outside of the Briza 
complex included in the present study.  

Fresh plant material was collected and pressed in Messinia, Greece in May 2014 and around 
Stockholm University in September and October 2014. Leaves from the specimens collected in the 
Stockholm area were dried in silica gel for a couple of days before extraction. Silica gel consists of 
granular silicon dioxide with a large surface area, adsorbing water through surface diffusion 
(Pesaran & Mills, 1987) and is thereby a good material for rapidly drying and preserving plant 
material. The voucher specimens were kept in order to be able to go back and resample if anything 
should go wrong in the following procedures. Vouchers are important for the repeatability of any 
study, and all published DNA sequences should include a reference to a voucher specimen in a 
national herbarium. 
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To increase the data set even further, sequences from relevant species that could not be sampled 
from the herbaria or failed the PCR and sequencing were downloaded from GenBank (Appendix 
B).  

DNA extraction 
Ca 0.02 grams of leaf material were carefully removed from each specimen and ground by two 
stainless steel beads (5 mm and 7 mm in diameter) in 2 ml-eppendorf tubes in a tissue lyser at 5000 
rpm for 2 minutes (or until all the material was completely ground). Total DNA content was 
extracted using a modified version of the CTAB method (Doyle, 1991); 20 µl β-mercaptoethanol 
per 10 ml antiseptic preheated CTAB (60°C) were mixed and 750 µl of the mix were added to each 
sample in order to denature the proteins. The tubes were then incubated for 30-60 minutes and 
turned every 10 minutes. After incubation, 750 µl SEVAG (chloroform:isoamyl alcohol, 24:1) were 
added to each sample and the tubes were placed on a shaker for 30 minutes. The SEVAG separates 
the mixture into an aqueous and an organic phase, visible after 15 minutes of centrifugation at 10 
000 rpm. The upper aqueous phase containing the DNA was transferred to new tubes while the 
lower organic phase, containing the chloroform, proteins and other unwanted cell material, was 
discarded. To remove previously used reagents from the DNA, 100 µl of the DNA solution was 
purified using a QIAquick® PCR-kit (Hilden, Germany), following the manufacturer’s instructions 
except for the last step where 40 µl (instead of 50 µl) of EB buffer were added to elute the DNA. If 
it had not been possible to remove more than 0.01 grams of leaf material from a specimen, 200 µl 
of the DNA solution of this sample was purified. 

The remaining DNA solution was spun down together with isopropanol (3 parts DNA solution, 2 
parts isopropanol) for 15 minutes at 10 000 rpm. The liquid was removed and 750 µl of wash buffer 
(76% ethanol, 10 µM ammonium acetate) were added to the pellet and incubated for 20 minutes in 
room temperature. The tubes were then centrifuged again for 15 minutes at 10 000 rpm and the 
liquid was removed, leaving the tubes to dry completely in room temperature. Finally, the pellet of 
DNA was dissolved in 150 µl EB buffer (10 mM Tris-Cl, pH 8.5). 

PCR, purification and sequencing 

Molecular markers 

Three DNA regions were included; the nuclear internal transcribed spacer of the ribosomal DNA 
(ITS1-5.8S gene-ITS2; nrITS) and the granule bound starch synthase I gene (GBSSI) and the 
chloroplast matK gene-3’trnK exon. Comparing the results of both nuclear and plastid data gives an 
opportunity to track the evolutionary history to a higher certainty, since the nuclear and plastid 
genomes are inherited differently; biparentally and maternally, respectively (Simpson, 2010).  

Both nrITS and matK have relatively high evolutionary rates, making them suitable for studies 
concerning closely related species. The nrITS region is found in thousands of tandem repeats in 
association with the ribosomal DNA and due to concerted evolution the repeats are extremely alike 
in their sequences. Despite being non-coding, ITS1 and ITS2 do appear to play a role in bringing 
the large and small ribosomal subunits together, placing them under at least some evolutionary 
constraint. The 5.8S gene is in contrast highly conserved, which also makes the region useful in 
studies concerning deeper divergences. matK is unusual in that it has a high evolutionary rate for 
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being a protein-coding chloroplast gene. It is a single-copy gene, but since there are numerous 
chloroplasts in each cell, it has the same advantage as nrITS in being easily amplified (Soltis & 
Soltis, 1998). GBSSI is a single-copy nuclear gene and is not so commonly used in phylogenetic 
studies as are nrITS or matK. Because of its many exons and introns it is suitable for studies on 
both closely and more distantly related species (Mason-Gamer et al., 1998).  

PCR 

Potentially suitable primers for the three regions were taken from literature and digitally tested 
against existing Briza sequences from GenBank using the software Amplify3x version 3.1.4 
(Engels, 2005). The matK region was amplified in two parts, using two primer pairs, due to the fact 
that its length may cause problems in obtaining PCR products, in particular for herbarium material 
of old age and partly degraded (fragmented) DNA. The utilised primer sequences and their 
placements in the DNA are given in Table 1 and Figures 1a, 1b and 1c, respectively. The 
polymerase chain reaction (PCR) was for nrITS and matK performed on a GeneAmp® PCR System 
9000 (Applied Biosystems, California, USA) and for GBSSI on a UnoCycler (VWR®, Leuven, 
Belgium), using a reaction mix containing 1µl DNA template, 5 µl 10x Paq buffer, 5 µl TMACL, 4 
µl dNTPs, 0.5 µl Paq5000™ DNA polymerase (5U/µl) (Aligent Technologies, California, USA), 
0.5 µl BSA 1%, 0.5 (GBSSI) or 0.7 µl (matK, nrITS) each of forward and reverse primer (20 µM) 
and purified water to a final volume of 50 µl. One sample was prepared without a DNA template in 
order to detect any DNA contamination. The PCR program for the nrITS region and matK was as 
follows: 1 min at 97°C, 40 cycles of 97°C for 10 seconds, 55°C for 30 seconds, 72°C for 20 
seconds (+0.04 seconds for each subsequent cycle) and a final extension at 72°C for 7 minutes. The 
PCR program for GBSSI was carried out following the protocol outlined in Essi et al. (2008); 5 
cycles of 94°C for 45 seconds, 65°C for 2 minutes and 72°C for 1 minute, followed by 30 cycles of 
94°C for 30 seconds, 65 °C for 40 seconds, 72°C for 40 seconds and a final extension at 72°C for 7 
minutes.  

After the PCR, the samples (3.5 µl sample + 1.5 µl dye) and a DNA ladder (fragments of known 
sizes) were run on a 1% agarose gel for 30 minutes at 150 V and examined under UV-light to 
confirm product. If none, 2 µl of purified DNA were added to the PCR mix and run again. 

Purification and sequencing 

The PCR products were purified on Multiscreen® filter plates; the samples were transferred to the 
wells and mixed with 100 µl of water. The plate was then put on a Millipore vacuum pump to 
remove the water. Next, another 100 µl of water were added to each sample and the plate was 
placed on a shaker for 5 minutes. The plate was then vacuumed a second time and 35 µl of water 
were added to each well. Finally, the plate was put on the shaker again for 5 minutes. The samples 
were then transferred to new tubes.  

To prepare for sequencing, 5 µl of the purified PCR product and 5 µl of forward or reverse primer 
(5 µM) were mixed in each well on a Multiply®-PCR plate. The same primers used for PCR were 
used for sequencing. Sequencing was performed by Macrogen sequencing service in the 
Netherlands.  
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Table 1. Primers used for PCR and sequencing 

DNA region Primer name Sequence 5’è3’ Reference 

GBSSI gene F-for TGC GAG CTC GAC AAC ATC ATG CG Mason-Gamer et al. (1998) 

 K-bac GCA GGG CTC GAA GCG GCT GG Mason-Gamer et al. (1998) 

 M-bac GGC GAG CGG CGC GAT CCC TCG CC Mason-Gamer et al. (1998) 

ITS1-5.8S gene-ITS2 LEU1 GTC CAC TGA ACC TTA TCA TTT Vargas et al. (1998) 

 ITS4 TCC TCC GCT TAT TGA TAT GC White et al. (1990) 

matK gene-3’trnK exon W TAC CCT ATC CTA TCC AT Hilu et al. (1999) 

 PO-matK 860F CAT TAT GTT CGA TAT CAA GG Schneider et al. (2009) 

 9R TAC GAG CTA AAG TTC TAG C Hilu et al. (1999) 

 trnK-2R AAC TAG TCG GAT GGA GTA G Johnson & Soltis (1995) 

 
A 

 
 
B 

 
 
C 

 
Figure 1. Primer positions. A) Placements of the nrITS primers used. Adapted from Baldwin et al. (1995). B) 

Placements of the GBSSI primers used. Adapted from Mason-Gamer et al. (1998) Placements of the matK 

primers used. Adapted from Johnson & Soltis (1995). 

 

Sequence assembly and alignment 
The forward and reverse sequences obtained from Macrogen were assembled using PreGap and 
Gap4 of the Staden Package (Staden, 1996) and edited by eye. Uncertain nucleotide positions were 
treated as missing data. Alignment of each region was first performed automatically using 
MUSCLE (Edgar, 2004) as implemented in AliView version 1.14 (Larsson, 2014) with subsequent 
manual adjustments. The exons of GBSSI and matK were aligned according to their amino acid 
codons, using GenBank sequences for Bromus tectorum (GenBank accession number AY362757, 
Mason-Gamer et al., 2004) and Agrostis castellana (GenBank accession number DQ146799, 
Reichman et al., 2006), respectively, as templates. The 5.8S gene in the nrITS region was not codon 
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aligned, since it is not translated (Hamby & Zimmer, 1992). Gaps in the alignment were also treated 
as missing data. 

Parsimony analyses using the heuristic search option with 100 replicates were performed in PAUP* 
version 4.0 Beta (Swofford, 2002) in order to evaluate the informativeness of the regions and to 
detect putative contaminations, misidentified herbarium specimens or faulty GenBank sequences.  

Phylogenetic analyses 

Datasets 

The aligned sequences were analysed in three different ways: a) each region separately, b) nuclear 
and plastid data separately, and c) all three regions in a combined analysis. Further, to assess the 
contribution of GBSSI in the combined analysis, an analysis using only nrITS and matK was 
performed. The introns and exons of GBSSI were also analysed separately. For Briza, sampled 
material was analysed at the specimen level, i.e. sequences produced in the present study were not 
combined with GenBank sequences. For other genera, sequences produced in the present study 
were in some cases combined with GenBank data, thus analysing these taxa at the species level 
(Appendix B).  

Model selection 

In order to find the optimal evolutionary models and partitioning schemes, each dataset was further 
divided into subsets separating regions, codon positions and introns, and run through 
PartitionFinder version 1.1.1 (Lanfear et al., 2012) under both the Bayesian Information Criterion 
(BIC; Schwarz, 1978) and the corrected Akaike Information Criterion (AICc; Akaike, 1973) for 
models included in the MrBayes program (Ronquist et al., 2012). The difference between the two 
criteria is that BIC penalises more complex models (i.e. containing more parameters), while AICc is 
less strict (Lanfear, 2013). BIC and AICc values were compared running the program twice, set to 
‘linked’ and ‘unlinked’ branch lengths, respectively. While the former, which is the default setting 
in MrBayes, assumes that the relative evolutionary rates are constant across partitions, the latter 
allows each partition to have its own evolutionary rate (Lanfear et al., 2012). The models and 
partitioning schemes with the lowest BIC and AICc values were selected for subsequent Bayesian 
analyses since a lower number implies a model with a better fit to the data (Lemey et al., 2009).  

Bayesian analyses 

Bayesian analyses were carried out in MrBayes version 3.2.3 (Ronquist et al., 2012) at the CIPRES 
Science Gateway (Miller et al., 2010). For each dataset, a mixed model option, as well as the 
models and partitioning schemes suggested by the BIC and AICc criteria, were tested. For the 
mixed model option, the data was also partitioned based on regions, codon positions and introns. 
The dataset testing for the contribution of GBSSI (nrITS and matK) was only analysed using the 
mixed model, as were the introns and exons of GBSSI. 

In all Bayesian analyses the Metropolis Coupled Markov Chain Monte Carlo algorithm (MC3) 
(Geyer, 1991) was used, including one cold chain and three heated chains for each of four runs. A 
flat Dirichlet prior probability of nucleotide frequencies (statefreqpr) was specified (all values set to 
1.0, GTR and HKY models) or fixed to equal frequencies (SYM model). If relevant, a prior 
probability of the proportion of invariable sites (pinvarpr) was specified to a uniform distribution on 
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the interval (0.0, 1.0). For the HKY model, a flat Beta prior probability (beta 1.0,1.0) was specified 
for the transition-transversion parameter (tratiopr). Lastly, the parameters were unlinked across data 
partitions (unlink shape). Analyses under the mixed model utilize a Reversible Jump Markov Chain 
Monte Carlo algorithm which allows the MCMC chain to sample from all time-reversible models 
while taking the model uncertainty into account (Huelsenbeck et al., 2004). For the mixed model, 
the number of substitution types was set to mixed, all values of the prior probability of nuclear 
frequencies were set to 1.0 and the prior probability of the proportion of invariable sites was 
uniformly distributed on the interval (0.0, 1.0). 

Sampling from the chain occurred every 1000th generation and burn-in was set to 20% of the total 
number of samples from the chain. In order to reach convergence, the analyses had to be run for 5 
million generations for nrITS, 7.5 million generations for GBSSI and for matK and 50 million 
generations for the nuclear dataset and the combined dataset. Four criteria had to be met in order to 
accept the resulting tree of an analysis: the standard deviation of split frequencies was below 0.01, 
the chain swap was between 20 and 80% (McGuire et al., 2007), no trend was seen in the overlay 
plot and the Potential Scale Reduction Factor (PSRF) (Gelman & Rubin, 1992) values had reached 
1.0 for all parameters, as suggested in the MrBayes manual (Ronquist et al., 2011). All these values 
could be seen in the output file at CIPRES. Posterior probabilities of 0.95 to 1.00 were considered 
statistically significant. The resulting trees were inspected using FigTree version 1.4.2 (Rambaut, 
2014) and the layouts of the final trees were edited using GIMP version 2.8.14 (Kimball et al., 
2014).  

Results 

PCR and sequencing 
DNA extraction was performed on a total of 86 specimens, but the different primers were not 
equally successful in producing PCR products. GBSSI was obtained only for 34% of the specimens 
(in some cases only the first half of the region) while the entire nrITS region was successfully 
amplified for 95% of the specimens. Not all of the specimens were sequenced for matK due to time 
constraint, but amplification was successful for the entire, or half of, the region for 98% of the 
included specimens. Four extractions were totally unsuccessful and did not result in any PCR 
product. In contrast, the sequences for all three regions were obtained for 10 specimens. 

Sequence assembly and alignment 
Studies of the parsimony results and initial Bayesian results revealed a few potential problems with 
the data. For my own data, thorough investigations were undertaken to reveal the cause and nature 
of these problems. A few contaminations were detected by using the basic local alignment search 
tool (BLAST) (Altschul et al., 1990) and removed, and putatively misidentified specimens were 
morphologically studied. Similar problems were also detected for some GenBank data, and these 
sequences were removed from the dataset without further attempts to reveal the nature of the 
problem. Subsequent this work, 131 new sequences representing 74 specimens remained to be 
complemented with sequences from GenBank. 
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Alignment of 98 sequences of the nrITS region revealed a number of short indels, ranging from 1 to 
11 base pairs, resulting in a total length of 737 alignment positions. Of these, 385 were variable 
whereof 312 were phylogenetically informative (81%). The 5.8S gene was easily aligned, while 
ITS1 and ITS2 needed manual adjustments. Codon alignment of 40 sequences of the GBSSI gene 
revealed several indels ranging from 1 to 121 base pairs, resulting in a total length of 1437 
alignment positions. Of these, 722 were variable whereof 284 were phylogenetically informative 
(39%). The region was difficult to align, especially the introns, as noted by Mason-Gamer et al. 
(1998). As reported by Davis & Soreng (2007), intron 10 in GBSSI was missing for the Aveneae 
and Poeae species, with the exception of Avenula pubescens. Codon alignment of 66 sequences of 
the matK region revealed a number of indels ranging from 1 to 9 base pairs, resulting in a total 
length of 1851 alignment positions. Of these, 524 were variable whereof 283 were phylogenetically 
informative (54%). The whole region was easily aligned and needed only minor manual 
adjustments. The specimens corresponding to “Clade 1” in Döring et al. (2007) and in Schneider et 
al. (2009) had an insertion of four base pairs in the 3’trnK exon, as reported by the later authors. 
Otherwise, the vast majority of the indels in all three regions appeared to be species specific or did 
not correspond to any particular clade.  

Phylogenetic analyses 

Model selection 

For all datasets, the lowest BIC/AICc values in PartitionFinder were obtained under the AICc 
criterion and linked branch lengths. Also under linked branch lengths, BIC sometimes gave 
congruent suggestions. A summary of the evolutionary models suggested for each subset can be 
seen in Appendix C. Except for GBSSI, the mixed model gave the most resolved trees and highest 
posterior probabilities as compared with analyses using the models suggested by the BIC or AICc 
criteria.  

Bayesian analyses 

Nuclear dataset 

The nrITS region and GBSSI gene gave congruent results but were less informative separately than 
when they were combined in the nuclear dataset. Therefore their individual trees are not accounted 
for here.  

The Bayesian analysis of the two nuclear regions in combination generated a tree with five different 
clades containing species of Briza (Figure 2). Even though internally not well-resolved, the South 
American species formed a well-supported group (clade A, posterior probability [pp] of 0.99), 
which also comprised representatives of the genera Agrostis, Gastridium and Polypogon. This 
result could also be seen in the single gene analyses, but the posterior probabilities were higher in 
the combined nuclear analysis.  

Three Eurasian species, Briza media, B. minor and B. marcowiczii, formed a well-supported clade 
(B, pp 1). This clade was sister (pp 0.87) to a group comprising Anthoxanthum spp. and Hierochloë 
spp. as sisters (pp 1). The fourth Eurasian species, Briza maxima, was found in a clade together 
with Avena spp. and Arrhenatherum spp (pp 0.79). Koeleria spp,, Trisetum spp., Rostraria cristata, 
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Lagurus ovatus and Helictotrichon convolutum constituted their sister group (pp 0.72) in a 
moderately supported clade (C, pp 0.89).  

The fifth Eurasian species of Briza, B. humilis was placed as sister (pp 0.86) to Phleum pratense in 
a well-supported clade (D, pp 1) also comprising Poa spp., Rostraria trachyantha and Milium spp.  
Finally, one Briza media collected in Moscow was found nested in a supported clade (E, pp 1) 
together with Festuca spp., Dactylis glomerata, Lolium perenne, Desmazeria sicula and 
Echinopogon ovatus. The relationship between clades D and E was unresolved, as was their 
relationship to a small clade (pp 0.70) comprising Holcus spp. and Deschampsia flexuosa. 
BLASTing the Moscovian B. media nrITS sequence revealed it to be most similar to Festuca rubra. 

Plastid dataset 

The Bayesian analysis of the chloroplast region (matK) generated a tree with four different clades 
containing species of Briza (Figure 3). Clade A (pp 1), containing the South American Briza 
species and representatives of the genera Agrostis, Polypogon and Gastridium, was well supported 
although its topology was partly different from that of the nuclear dataset; Briza lamarckiana and a 
specimen of B. minor collected in South America formed a low-supported clade together with 
Calamagrostis spp. (pp 0.62). Ammophila arenaria was also placed in clade A although its 
relationshipsto other taxa of the clade was unresolved. 

Clade B with the Eurasian species was well-supported (pp 1) and B. maxima was here included in 
this group instead of in clade C. Clade C was well supported (pp 1) with Avena spp., and allied 
taxa. 

Clades D, E (together with Holcus spp.) and Deschampsia flexuosa were in a tricotomy (pp 1). 
Briza humilis was with low support placed as sister to Phleum pratense (pp 0.64) in clade D (pp 
0.69) and the specimen of B. media from Moscow was with high support placed as sister to Festuca 
ovina (pp 1) in the low-supported clade E (pp 0.69). BLASTing the Moscovian B. media matK 
sequence revealed it to be most similar to Festuca ovina. 

Combined dataset 

Results found in the nuclear and plastid datasets were overall similar, although the topologies 
differed slightly. Topological incongruences were however not supported (pp <0.95), apart from the 
placement of the South American Briza minor specimen included in clade A based on plastid data 
(pp 1) and in clade B based on nuclear data (pp 1), and the placement of Avenula pubescens in 
clade D/E (plastid data, pp 1) versus sister to Bromus spp. (nuclear data, pp 1). Two other 
noteworthy differences (although not supported) were the exclusions of Calamagrostis spp. and 
Ammophila arenaria from clade A and Briza maxima from clade B in the nuclear analysis.  

The Bayesian analysis combining the nuclear (ITS and GBSSI) and plastid (matK) data generated a 
tree with four clades containing species of Briza (Figures 4 and 5). The South American Briza 
species in clade A formed a well-supported group (pp 0.98), but their internal relationships were not 
resolved. Agrostis spp, Gastridium spp, and Polypogon spp. constituted their sister group (pp 0.98), 
while Calamagrostis spp. and Ammophila arenaria formed the sister group (pp 0.98) to the rest of 
the species in clade A. 

Clade B was well-supported (pp 1) and comprised the Eurasian species B. maxima, B. marcowiczii, 
B. media and B. minor. They were in a polytomy with clade A + Echinopogon caespitosus (pp 
0.80), clade C and a small clade comprising Anthoxanthum spp. and Hierochloë spp as sisters (pp 
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1). Clade C was well-supported (pp 1) and showed, as in the nuclear analysis, two main sister 
groups; Avena spp., Arrhenatherum spp. and Helictrotrichon convolutum in one (pp 1) and 
Koeleria spp., Trisetum spp., Rostraria cristata and Lagurus ovatus in the other (pp 0.98). In 
contrast with the nuclear analysis, however, Briza maxima was not included in clade C (but in clade 
B as mentioned above). 

Briza humilis was with strong support placed as sister (pp 0.96) to Phleum pratense in clade D (pp 
1). Clade D was sister to Bromus spp. and Avenula pubescens (pp 1). Together with Deschampsia 
flexuosa they formed a poorly supported clade (pp 0.56), sister (pp 1) to the well-supported clade E 
(pp 1). The B. media specimen collected in Moscow was included in clade E as sister to Festuca 
ovina (pp 1).  

Bromus spp. (of the tribe complex Bromeae/Triticeae) were together with Avenula pubescens 
resolved as sister to clade D (pp 1). This result was not found in either the nuclear or plastid 
analyses. In the nuclear analysis Bromus spp. and A. pubescens were placed as sister to all the 
included Aveneae/Poeae species, while in the plastid analysis Bromus alone was sister to the 
remaining Aveneae/Poeae species. 

Contributions of GBSSI 

Comparing the Bayesian analysis of nrITS and matK (data not shown) with the combined analysis 
described above showed that GBSSI contributed to resolve Bromus spp. (together with Avenula 
pubescens) as sisters (pp 1) to clade D and, with low support, Phalaris spp. as sisters (pp 0.98) to 
the large group (pp 0.53) comprising clades A, B, C and allied groups. Briza lamarckiana was with 
low support placed as sister (pp 0.98) to all the other South American species (pp 0.74) when only 
analysing nrITS and matK, and when including GBSSI B. brizoides was within this group resolved 
with low support as sister (pp 0.65) to the rest of the South American Briza species (pp 0.55). 

Separate Bayesian analyses of the exons and introns of GBSSI resulted in trees with very low 
resolution and support for the clades discussed above (data not shown). The exception was the 
clade of the South American Briza species, which was well-supported (pp 0.99) when analysing 
only the exons.  

Discussion 
The Briza complex is a small group of grasses, which has previously been well studied 
morphologically. The present study is, however, the first study that assesses the monophyly of the 
complex using molecular data and sufficient outgroup sampling. Bayesian analyses of nuclear and 
plastid data showed that species from the Briza complex are included in at least three well-
supported and separate clades, making the group polyphyletic.  
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Figure 2. Phylogenetic results based on Bayesian analysis (mixed model option, 50 million generations) of 
the nrITS region and the GBSSI gene. Numbers above branches indicate posterior probabilities of clades. 
Letters indicate clades of importance, discussed in the text. gb = GenBank sequence, SAm = specimen of 
Eurasian species collected in South America. 
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Figure 3. Phylogenetic results based on Bayesian analysis (mixed model option, 7.5 million generations) of 
the plastid matK gene. Numbers above branches indicate posterior probabilities of clades. Letters indicate 
clades of importance, discussed in the text. gb = GenBank sequence, SAm = specimen of Eurasian species 
collected in South America. 
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Figure 4. Phylogenetic results based on Bayesian analysis (mixed model option, 50 million generations) of 
the nuclear ITS1-5.8S gene-ITS2 region, the GBSSI gene and the plastid matK gene. Numbers above 
branches indicate posterior probabilities of clades. Letters indicate clades of importance, discussed in the 
text. gb = GenBank sequence, SAm = specimen of Eurasian species collected in South America. 
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The South American 
group (clade A) 
The Bayesian analysis combining the 
nuclear data (the nrITS region and the 
GBSSI gene) and the plastid data (the matK 
gene) (Figure 4) resolved the South 
American species of the Briza complex  

as monophyletic (pp 0.98), with Agrostis 
spp., Gastridium spp. and Polypogon spp. 
as their sister genera (pp 0.98). This group 
of tetraploids (Murray, 1975) is largely 
unresolved, indicating a rapid divers-
ification. This contrasts with the findings of 
Estep et al. (2014) on the grass subfamily 
Andropogoneae, where polyploidization 
decreased the rate of net diversification in 
most cases. The small, low-supported 
group found in the plastid analysis 
comprising one specimen of B. minor 
collected in South America, B. lamarckiana 
and two Calamagrostis species, is not 
present in the combined analysis. Instead, 
Calamagrostis and Ammophila arenaria 
were placed as sisters to Agrostis spp. and 
allied taxa in clade A with strong support. 
The signal from the nuclear data overrides 

that of the plastid data in the combined analysis, however, and places this B. minor specimen with 
the other Eurasian species in clade B (pp 1). The different placements of the South American 
representative of B. minor was one of two supported topological incongruences between the nuclear 
and plastid datasets. The other, the placement of Avenula pubescens, is not directly relevant for the 
results in the Briza complex and will not be further discussed. 

Hybridization in Briza minor 

An evolutionary event that may lead to incongruence between different gene trees is hybridization 
(Doyle, 1992). It can be speculated that the incongruence seen for the South American B. minor 
specimen in the present study is due to a single hybridization event, because the displacement in the 
plastid tree is true for only one of the specimens of B. minor included in the present study. No 
double bands were seen when running the gel after the PCR and no double peaks were seen in the 
sequence chromatograms, making it highly improbable that the sequences analysed came from 
pseudogenes. Due to insufficient sampling and the method of analysis utilised here, it is not 
possible to tell when this hybridization happened or whether it was a Briza or Calamagrostis 
relative that contributed with the maternal genome. Calamagrostis is however a plausible 
candidate, since the genus comprises species with a South American distribution (WCSP, 2014). In 
the herbaria of S and UPS there are a number of specimens of the Eurasian Briza species that are 
collected in South America, and it would be interesting to see if they all show the same pattern. 
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Figure 5. Phylogram with branch lengths proportional to 
the number of substitutions per site, resulting from the 
Bayesian analysis of the combined data set. 
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The Eurasian group (clade B) 
The Eurasian species B. marcowiczii, B. maxima, B. minor and B. media were monophyletic (clade 
B, pp 1). They were fully resolved, showing B. maxima as sister to the other species and B. 
marcowiczii and B. media as closest relatives. This is in accordance with Kim et al. (2009), who 
suggested that B. marcowiczii and B. elatior (now B. media) are closest relatives, based on 
neighbour-joining (bootstrap support [bs] of 0.92), and B. minor their sister (bs 0.94). 

Briza maxima was with low support placed with Arrhenatherum ssp. and Avena ssp. in clade C in 
the nuclear analysis of the present study. However, clade C receives much higher support in the 
plastid and combined analyses, where B. maxima is placed in clade B together with the other 
Eurasian species. Due to the poor support for the conflicting result; an exclusion of B. maxima from 
the Eurasian species of Briza in clade B in the nuclear analysis, the result from the combined 
analysis can be considered reliable. 

The relative placement of the Eurasian species (clade B) to the South American species (in clade A) 
is uncertain. Based on plastid data, the Eurasian clade is sister to clade A + Echinopogon 
caespitosus, which is in accordance with a previous study on Aveneae/Poeae by Döring et al. 
(2007). My nuclear data do however not support this relationship and a previous Bayesian analysis 
of nrITS by Quintanar et al. (2007) placed B. media and B. minor in an unresolved clade together 
with e.g. Ammophila, Calamagrostis and Phalaris (pp 0.82).  

Polyploidy in Briza media 

The B. media specimen collected in Moscow is with high support surprisingly placed as sister to 
Festuca ovina in both the nuclear and plastid analyses. After some investigation I concluded that it 
is not a contamination from the extraction or the PCR and BLASTing the sequences revealed 
highest similarity to F. ovina and F. rubra. Murray (1976) found two races of B. media in Europe, 
one diploid with a western distribution and one tetraploid with a mainly eastern distribution. 
Assuming that the B. media specimen from Moscow is tetraploid, it would be tempting to believe 
that the displacement from the other B. media is due to allopolyploidization (Estep et al., 2014). 
However, this must be ruled out because Murray (1976) argued that the polyploidy seen in B. media 
is autopolyploidy, since they have approximately twice the nuclear DNA content of the diploids. In 
addition, F. ovina and F. rubra are hexaploids (Seal, 1983). With that in mind, hybridization, as in 
the case of the South American B. minor, becomes a plausible explanation. Another alternative is 
simply that leaves of Festuca were mixed with those of Briza in the herbarium sample and that I 
accidentally removed a leaf of a Festuca instead of B. media from the tussock on the herbarium 
sheet. The dried leaves of B. media were very thin and the species is frequently found growing 
together with members of Festuca (Dixon, 2002).  

Briza humilis 
Briza humilis is distributed over south eastern Europe to western Asia (WCSP, 2014) and was, 
based on morphological data, placed together with the other Eurasian species by Pelegrin et al. 
(2009). In the present study, however, B. humilis and Phleum pratense are with strong support 
sisters, and part of a clade that also comprises Milium spp., Rostraria trachyantha and Poa spp. 
(clade D). Even though Essi et al. (2008) used two species of Poa in the outgroup for their study on 
the Briza complex, they failed to discover the polyphyly of the complex because they did not 
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include B. humilis. In a recent study by Hoffman et al. (2013), B. humilis was sister to a larger clade 
comprising members of Pleum, Milium and Poa, and also genera not included in the present study, 
for example Phippsia and Puccinellia. Briza humilis is thus only distantly related to the other 
species in the Briza complex. It would be interesting to assess the position of B. humilis further by 
conducting additional analyses with an extended sampling in clade D (including e.g. Phippsia and 
Puccinellia) and the Bromeae/Triticeae complex.  

Overall topological comparisons with other 
studies 
The ingroup (clade F) corresponds to the Aveneae/Poeae tribe complex, found also by Döring et al. 
(2007) and Schneider et al. (2009), the exception being Bromus which in those studies was placed 
outside of this clade. In my study Bromus was sister to the remaining clade F in the nuclear and 
plastid analyses (together with Avenula pubescens in the nuclear result); however, in the combined 
analysis Bromus (and A. pubescens) was well-supported as sister to clade D, which thus deviates 
from results in previous studies.  

The two well-supported sister clades of clade F in my combined analysis are also seen in previous 
studies (Döring et al., 2007; Schneider et al., 2009), and I show that members of the Briza complex 
are found in both these sister clades. The clades in the polytomy (pp 0.53) comprising clades A, B, 
C and allied groups are, although poorly supported, here also defined by an insertion of four base 
pairs in the 3’trnK exon (part of the matK sequence) (Schneider et al., 2009; the present study). 

Based on nuclear (pp 0.59) and plastid data (pp 1), Quintanar et al. (2007) found a group 
corresponding to clade C, comprising e.g. Koeleria, Rostraria and Trisetum, and, as in the present 
study, none of these three genera were monophyletic. In addition, even with a quite narrow 
sampling, Chiapella (2007) found Deschampsia to be polyphyletic, as also seen in the present 
study. The last genus showed to be polyphyletic in the present study, Echinopogon, has never been 
confirmed to be monophyletic. Previous studies on Pooideae include only a single, undetermined, 
specimen of Echinopogon, placed closely to e.g. Briza media and Calamagrostis (Döring et al., 
2007; Schneider et al., 2009).  

Macromorphology in comparison with molecular 
data 
Concluding that the Briza complex is polyphyletic means that the morphological similarities have 
been convergently evolved (Baum & Smith, 2013). I do not have access to images of all species 
represented by GenBank sequences in the present study, e.g. B. ambigua, B. parodiana and the two 
Chascolytrum species, but it is nevertheless clear that some of the species in the monophyletic 
South American Briza group differ noticeably from each other. For example, five of the species 
have awned spikelets, but this was not a synapomorphy in the morphological study by Bayón 
(1998). 

The morphology of the Eurasian species in clade B is in contrast more uniform; the spikelets are 
very similar in all species, differing only in size where B. maxima has the largest spikelets and B. 
minor the smallest. Briza marcowiczii and B. media differ mainly in the height of the culm, 
although the spikelets of B. marcowiczii tend to be more purplish (WCSP, 2014; pers. obs.). The 
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spikelets of B. humilis are most similar to the South American species B. calotheca and B. uniolae, 
although the panicle of B. humilis is smaller and contain fewer spikelets. 

Having closely overlapping lemmas and laterally compressed spikelets (Bayón, 1998; Dixon, 2002) 
is not unique to the Briza complex. The lovegrasses, Eragrostis, have members that are similar in 
spikelet morphology to the Eurasian group, B. humilis, and B. calotheca and B. uniolae of the South 
American group. Several Eragrostis species were in fact previously assigned to Briza, i.e. E. obtusa 
and E. cilianensis (WCSP, 2014). Briza humilis and B. calotheca also bear some resemblance to 
Desmazeria sicula, which has an old synonym of Briza disticha (WCSP, 2014) and is in the present 
study sister to Echinopogon ovatus in clade E. The present study thus provides new phylogenetic 
information on several poorly studied groups, also outside of the Briza complex (e.g. 
Echinopogon), but due to the repeated convergent evolution of similar morphological structures and 
the low resolution in the South American Briza group in the present study, additional sampling is 
needed to provide morphological definitions of groups and to make suggestions for an improved 
classification. 

Dispersal 
Despite having a worldwide distribution today, the fossil record of grasses is limited (Kellogg, 
2001). By using phytoliths, small silica bodies assumed to deter herbivores (Gibson, 2009), it was 
estimated that they diverged about 80 million years ago from the other families in the Poales 
(Christin et al., 2014), while fossil pollen sets a time window of 55 to 70 million years ago for this 
split (Kellogg, 2001). The basal lineages of Poaceae (e.g. the subfamily Anomochlooideae) are 
native to South America and it is believed that the original radiation occurred in deep shade or 
forest margins over the Gondwanan continents (Bremer, 2002; Gibson, 2009; Prasad et al., 2011). 
Seeds of species without any specialized dispersal features, as for example Briza media and 
Agrostis spp., are presumably carried passively by wind, water or animals (Davidse, 1987). Long-
distance dispersal is considered a rare event but may be important for evolutionary change and 
allopatric speciation (Niklas, 1997). Nonetheless, since the distribution areas of Eurasia and South 
America are intermingled in the present study it appears to have happened multiple times. Most of 
the genera that comprise both Eurasian and South American species (Appendix A) are 
monophyletic, the exceptions being Briza, Rostraria and Trisetum. During the time of the 
divergence from the other Poales in the late Cretaceous and Paleogene (Walker et al., 2012), South 
America was since long separated from Eurasia by deep sea (Ziegler et al., 1982). I will not 
speculate regarding any particular dispersal pattern leading up to the topology obtained in the 
present study, but considering the relatively young age of Aveneae/Poeae (early Miocene, about 20 
Ma), and the origin of the subtribe Loliinae (e.g Lolium and Festuca) in the Mediterranean area 
about 13 million years ago (Inda et al., 2008), the ancestor to the South American Briza group was 
unlikely ancestrally present in South America, but must have dispersed back to South America from 
Europe. Future studies of divergence times of clades and biogeography should include North 
American and African members of the Aveneae/Poeae. They were omitted from the present study 
because the Briza complex have no naturally occurring representatives in those areas (WCSP, 
2014), but have been brought there by anthropogenic activity.  



   19 

Molecular markers 
Both nrITS and matK were easily amplified and aligned and gave overall well-supported and 
resolved trees, but GBSSI did not contribute with significant information on the Briza complex in 
the combined analysis. The sister relationship between Avenula pubescens and Bromus spp. in the 
nuclear analysis is probably an artefact, explained by the fact that they both have retained the 
GBSSI intron 10, while all the other ingroup species have lost it (Davis & Soreng, 2007).  

Even if the many copies of nrITS are subject to concerted evolution, there are reasons for caution. 
Concerted evolution is a process; homogenization is not instantaneous and the result can indeed be 
incomplete. Furthermore, due to the difficulty in distinguishing orthologs from paralogs among 
ribosomal DNA, letting rDNA be the sole representative of nuclear data in any phylogenetic study 
may give misleading results (Alvarez & Wendel, 2003). Mason-Gamer et al. (1998) predicted that 
the introns of GBSSI could provide a better alternative to nrITS at species level, but still the South 
American Brizas are unresolved in the present study. The region has previously proven useful for 
resolving relationships in some studies (Mathews et al., 2002; Spooner et al., 2008) and not useful 
in other studies, as in the present study and in Peralta & Spooner (2001). The low contribution from 
GBSSI in the present study may be due to the low number of sequences obtained. Even though the 
primer sequences were placed in exons, the region was successfully amplified only for a third of the 
specimens, suggesting a high level of variation also in the exons. It is therefore surprising that there 
were relatively few phylogenetically informative characters in the region. In addition, single-copy 
genes naturally exist in a much lower number in the cells compared to e.g. nrITS and chloroplast 
markers, and amplifying such genes from putatively degraded material (e.g. herbarium specimens) 
may be difficult. Nevertheless, using single-copy genes reduces the risk of amplifying paralogous 
regions (Doyle, 1992) and they are an attractive complement to rapidly evolving chloroplast 
regions. Dillon et al. (2007) had for example some success in resolving the phylogeny of the grass 
genus Sorghum (subfamily Panicoideae) by using the nuclear low-copy alcohol dehydrogenase I 
gene (Adh1). Another option to solve the polytomy of the South American Briza group would be to 
perform whole-genome sequencing of the chloroplast to find the regions with high amount of 
variation in this group. 

New taxonomic suggestions 
Due to the low resolution and rapid diversification within the South American Briza group, it is 
neither possible to confirm nor reject the names given to the species in the Briza complex by 
Matthei (1975) or by Bayón (1998), and therefore I tentatively agree with the suggestions of Essi et 
al. (2008; 2011) to assign all South American Briza species (clade A) to the genus Chascolytrum. 
The Eurasian species are those that retain the name Briza, based on the description of B. maxima, B. 
media and B. minor in Species Plantarum by Carl Linnaeus in 1753. Briza humilis, however, needs 
further investigation. There is only one synonym for this species, Brizochloa humilis (WCSP, 
2014), and the only other study of this species does not reveal where their specimen is collected 
(Hoffmann et al., 2013). Therefore, additional sampling is needed of potentially related species 
corresponding to what in the present study is defined as clade D, e.g. Alopecurus, Phippsia and 
Colpodium (Quintanar et al., 2007; Schneider et al., 2009; Hoffmann et al., 2013). It would also be 
interesting to assess Asian specimens of Briza media further, in particular in relation to previous 
suggestions on eastern, tetraploid populations of this species (Murray, 1976) (although the 
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deviating placement of the representative included here also could be an artefact caused by the 
presence of leaves from several grass species on the herbarium sheet). 

Concluding remarks 
The beauty of grasses is their almost endless variation of a very fundamental design. The variation 
in their bracteate inflorescence is perhaps not so surprising since floral morphology can be 
drastically changed by one-step mutations, compelling taxonomists to assign species to rather 
distantly related genera while molecular data would reveal a closer relationship (Niklas, 1997). In 
the present study however, it appears to have been the other way around. Parallel mutations in 
several groups have led to similar morphology, grouping the Briza complex on convergently 
evolved morphological characters. Taken together, it is easy to see why there is a need for 
molecular studies in addition to morphology studies. Furthermore, phenetics do not reveal the 
evolutionary history of species (Judd et al., 1999), nor do plesiomorphic features, and only by 
searching for monophyletic groups through phylogenetic analyses can we trace the evolutionary 
history of organisms. 
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Appendix A. Natural distribution areas of species included according to WSCP (2014). 

Continent Species 

Eurasia Briza complex: B. humilis, B. marcowiczii, B. maxima*, B. media, B. minor*; Agrostis: A. 

capillaris, A. castellana; Ammophila: A. arenaria; Anthoxanthum: A. aristatum, A. odoratum; 

Arrhenatherum: A. album, A. elatius; Avena: A. barbata, A. fatua, A. sterilis; Avenula; A. 

pubescens; Bromus: B. lepidus, B. tectorum; Calamagrostis: C. epigeios, C. varia; Dactylis: D. 

glomerata; Deschampsia: D. flexuosa, D. foliosa; Desmazeria; D. sicula; Festuca: F. ovina; 

Gastridium: G. phleoides, G. ventricosum; Glyceria: G. fluitans, G. maxima; Helictotrichon: H. 

convolutum; Hierochloë: H. alpina; Holcus: H. lanatus, H. mollis; Koeleria: K. glauca, K. 

pyramidata; Lagurus: L. ovatus; Melica: M. uniflora; Milium: M. effusum, M. vernale; 

Phalaris: P. aquatica, P. arundinacea, P. minor; Phleum: P. pratense; Poa: P. annua, P. 

bulbosa; Polypogon: P. monspeliensis; Rostraria: R. cristata*; Trisetum: T. flavescens 

South America Briza complex: B. ambigua, B. bidentata, B. brachychaete, B. brasiliensis, B. brizoides, B. 

calotheca, B. erecta, B. itatiaiae, B. juergensii, B. lamarckiana, B. monandra, B. paleapilifera, 

B. parodiana, B. poaemorpha, B. rufa, B. subaristata, B. uniolae, C. bulbosum, C. koelerioides; 

Agrostis: A. tolucensis; Bromus: B. lanatus; Festuca: F. humilior, F. ulochaeta; Hierochloë: H. 

redolens; Poa: P. scaberula; Polypogon: P. interruptus; Rostraria: R. trachyantha; Trisetum: 

T. irazuense 

Oceania Echinopogon: E. caespitosus, E. ovatus 

*A specimen collected in South America included. 

!



Appendix B. Voucher specimens included in this study. Circled individuals are analysed together in the combined analysis. gb = Genbank; SAm = South America 

Taxon Voucher Collection site nrITS GBSSI matK Article Suffix 

Agrostis capillaris L. N. Persson 1 (S) Sweden, 2014 New New New This paper  

Agrostis castellana Boiss. & Reut. 234649 (USU) California   DQ146799 Reichman et al. (2006) gb 

 Erik Julin (UPS, V-674908) Portugal, 1974 New   This paper  

Agrostis tolucensis Kunth John H. Beaman (UPS, V-
674907) 

Mexico, 1990 New  New This paper  

Ammophila arenaria L. Nils Johansson (UPS, V-
674944) 

Sweden, 1944 New  New This paper  

Anthoxanthum aristatum Boiss. Erik Julin (UPS, V-230571) Greece, 1981 New  New This paper  

Anthoxanthum odoratum L. A. Andreasson, I. Nordin (UPS, 
V-142694) 

Sweden, 1993 New  New This paper  

Arrhenatherum album (Vahl) 
Clayton 

Wanntorp & Sjödin 2089 (S) Egypt, 1969 New New  This paper  

Arrhenatherum elatius (L.) 
P.Beauv. ex J.Presl & C.Presl. 

N. Persson 7  (S) Sweden, 2014 New New New This paper  

Avena barbata Pott ex Link   New  EU833841 Peng et al., 2008 
(unpublished) 

gb 

Avena fatua L. Nils Lundqvist (UPS, V-
055591 

Sweden, 1966 New   This paper  

Avena sterilis L. Mats H. G. Gustafsson 162 Spain, 1991 New  New This paper  

Avenula pubescens (Huds.) 
Dumort. 

Röser 10206 England   FM957003 Winterfeld et al. (2009) gb 

 N. Persson 2 (S) Sweden, 2014 New New  This paper  

Briza ambigua Hack. Li190 (ICN) Brazil EU414262 EU395847  Essi et al. (2008) gb 



Briza bidentata Roseng., Arrill. & 
Izag. 

Li55 (ICN) Brazil EU395914 EU395849  Essi et al. (2008) gb 

Briza brachychaete Ekman LI151 (ICN) Brazil EU395915 EU395850  Essi et al. (2008) gb 

Briza brasiliensis (Nees ex Steud.) 
Ekman 

Rm357 (ICN) Brazil EU395916   Essi et al. (2008) gb 

Briza brizoides (Lam.) Kuntze S7014 (US) Chile EU395918   Essi et al. (2008) gb 

 R. J. Soreng 7014 (US)    DQ786897 Soreng et al. (2007) gb 

Briza brizoides (Lam.) Kuntze B. Sparre 138 (S) Argentina, 1946 New   This paper  

Briza calotheca (Trin.) Hack. HlLi8062 (ICN) Brazil EU528612 EU395851  Essi et al. (2008) gb 

Briza calotheca (Trin.) Hack. Renvoize 3154 Argentina New New  This paper  

Briza erecta Lam. Hl5056 (ICN) Uruguay EU532606 EU532606  Essi et al. (2008) gb 

 K. Hilu 5576 (VPI) Uruguay   AF164401 Hilu et al. (1999) gb 

Briza erecta Lam. Troels, Myndel & Pedersen 
7089  (S) 

Argentina New   This paper  

Briza humilis M.Bieb. Samuelsson & Zander 466 (S) Greece, 1931 New  New This paper Greece 
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Appendix C. Summary of evolutionary models suggested by PartitionFinder for the five datasets. The linked branch lengths setting applies to all datasets. 

 nrITS GBSSI Nuclear  

(nrITS+GBSSI) 
Plastid 
(matK) 

Combined  
(nrITS+GBSSI+matK) 

Subsets Criterion Model Criterion Model Criterion Model Criterion Model Criterion Model 

ITS BIC/AICc SYM+I+G   BIC/AICc SYM+I+G   BIC/AICc SYM+I+G 

GBSSI introns   AICc GTR+G AICc GTR+G   AICc GTR+G 

GBSSI pos. 1   AICc GTR+I+G AICc GTR+I+G   BIC/AICc HKY+I+G 

GBSSI pos. 2   AICc GTR+G AICc GTR+G   AICc GTR+G 

GBSSI pos. 3   BIC/AICc GTR+G BIC/AICc GTR+G   BIC/AICc GTR+G 

matK intron       AICc GTR+I+G AICc GTR+I+G 

matK pos. 1       AICc GTR+I+G AICc GTR+G 

matK pos. 2       BIC/AICc GTR+G AICc GTR+G 

matK pos. 3       BIC/AICc GTR+G BIC/AICc GTR+I+G 

 


