
Phylogeography and population genomics of Racomitrium lanuginosum (Hedw.) Brid. in 

the Arctic 

Introduction 

Bryophytes are conspicuous elements of Arctic vegetation forming extensive carpets in northern 

landscapes (Chapin III et al., 2012; Daniëls et al., 2013). Bryophytes play crucial ecological roles 

as they contribute to nitrogen budget due to their association with epiphytic N2-fixing bacteria 

(Longton, 1997; Turetsky et al., 2012; Skrzypek et al., 2015). The evolutionary history of arctic 

bryophytes has been influenced, as in vascular plants, by glacial and interglacial periods (Abbott 

and Brochmann, 2003; Lewis, Ickert-Bond, et al., 2017). With the advance of glaciers, many plant 

species migrated to ice-free areas or survived within refugia (Abbott et al., 2000). After the Last 

Glacial Maximum (19,000 years ago), ice-free areas were colonized by migrants coming from 

refugia. In the case of some European bryophyte species arrived from in situ microrefugia and 

southern mountains (Ledent et al., 2019). In addition, phylogeographic studies of Amphi-Atlantic 

bryophytes suggest that North America also experienced postglacial colonization events from 

Beringia and from refugia located southern the ice sheet (Kyrkjeeide et al., 2016; Lewis, Ickert-

Bond, et al., 2017). 

The moss Racomitrium lanuginosum (Hedw.) Brid. is a remarkable component of the arctic 

flora. The species is locally abundant in northern environments with a widespread distribution 

from North America and Greenland to Europe and Asia (Ochyra and Bednarek-Ochyra, 2007). 

Racomitrium lanuginosum mainly reproduces by clonal growth and sexual reproduction seems 

rare in Nordic regions. The species displays little morphological variation throughout its 

geographic range (Vitt and Marsh, 1988). In contrast, genetic variation seems high even for a 

clonal species. For example, Japanese populations of R. lanuginosum exhibited high genetic 

diversities (Nei’s 0.143 to 0.410), based on 15 microsatellite markers. Genetic structure using three 

genetic markers (nuclear ITS and the plastid loci trnG and rpl16) found three different lineages 

occurring intermixed in high elevation areas, mountains and lowlands in Scandinavia (Hedenäs, 

2019). Thus, it is possible that infra-specific diversity has been underestimated in R. lanuginosum. 

Indeed, the taxon may consist of a number of cryptic lineages (or “species”) across its distribution 

range (e.g. Stenøien et al., 2011; Kyrkjeeide et al., 2016; Lewis, Biersma, et al., 2017). 

Despite that Canada, Russia and Alaska share most of the Artic circle, bryophyte phylodiversity 

has been less explored compared to Europe (Kyrkjeeide et al., 2014; Désamoré et al., 2016; Ledent 

et al., 2019). One of the reasons of this paucity of studies is that fieldwork in the Canadian Arctic 

is logistically complex and prohibitively expensive. Accordingly, phylogeographic studies in the 

Arctic region could identify rare lineages in plant species as a baseline for conservation strategies. 

Similarly, the inference of the demographic history of Arctic plants may provide clues about the 

response of plants to future climatic scenarios. (He et al., 2016). With the advantages of 

genotyping-by-sequencing (GBS) it is possible to obtain a large number of loci (single nucleotide 

polymorphisms) to uncover the post-glacial evolutionary history of R. lanuginosum. This 

information will elucidate the systematic and phylogeographical trajectory of the species. 

Materials and methods 

Recent herbarium specimens (less than 10 years old) have been loaned from North American and 

European herbaria to cover the global distribution range of Racomitrium lanuginosum. The 

specimen set will be complemented with samples from Kuujjuarapik and Umiujaq in Eastern 



Canada (Hudson’s Bay). The expected number of samples to obtain it will be a minimum of 150 

specimens. DNA will be extracted with a cetyltrimethyl ammonium bromide (CTAB) method 

(Murray and Thompson, 1980). 

Genotyping by Sequencing will be used to identify single nucleotide polymorphisms (SNP’s). 

The protocol with the enzymes PstI and Mspl will be used because these enzymes are known to 

improve the number of restriction sites and fragment size (Sonah et al., 2013). The Stacks 2.41 

(Catchen et al., 2011) pipeline will be used to demultiplexing, building loci and genotyping 

individuals. Output files for phylogenetic analyses and spatial genetic structure will be generated 

in Stacks. 

Phylogenetic relationships among samples will be inferred with Maximum Likelihood analysis 

in RAxML using SNP data (Stamatakis, 2014).  

Genetic structure will be assessed using two approaches. First, Principal Component Analysis 

will be used with adegenet R package (Jombart, 2008) to cluster individuals according to genetic 

similarity. The second approach involves individual assignment using a coancestry matrix of 

haplotypes in fineRADstructure (Malinsky et al., 2018). 

Genetic groups or lineages will be determined according to results of genetic structure analyses. 

Genetic diversity will be estimated for each group using nucleotide diversity (π), number of private 

alleles and haplotypic diversity. Genetic differentiation between pairs of lineages will be evaluated 

with Fst. The above-mentioned indexes will be calculated in Stacks. 

Using results of the phylogeography of R. lanuginosum two scenarios of the origin of North 

American populations will be tested. First one scenario being that North American populations are 

in situ refugia of the LGM; and the second that they are composed of migrants from near refugia. 

The most likely scenarios will be evaluated by an approximate Bayesian computation (ABC) 

approach. We will use the genetic diversity results of each group as summary population 

parameters to compare with simulated data in ABCtoolbox (Wegmann et al., 2010) and validate 

the results with estimate posterior probabilities. 

Objectives 

The main aim of this project is to determine the phylogeographic structure of R. lanuginosum in 

the Arctic using genotyping by sequencing due to the ability to recover hundreds of variable sites 

compare to single sequences. The specific aims are i) reconstruct the relationships between 

lineages; ii) estimate the genetic diversity within groups; iii) investigate how Quaternary 

glaciations might have affected the evolutionary history of R. lanuginosum. 
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