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Sampling sites: 
 
 

- 4  sampling sites:  
- Saana, Salluoaivi, Jehkas  (Kilpisjärvi), 
- Longyearbreen (Svalbard) 

- bulk soil (B),  rhizosphere soil (R),  endosphere (E)  
- 2 plant species: Oxyria digyna,  Saxifraga oppositifolia 
-   6 samples/species + 6 bulk soil samples per site 

Kilpisjärvi is situated in at 68��N (subarctic- low arctic) in Finland at low arctic-subarct. Vegetation is dominated by 
mountain birch forest in the valleys, and fell tundra at higher elevations. Annual mean temperature is about -2.2°C with 
plant growing season around c. 90-100 days.  

Longyearbyen, Svalbard (NO) is located at 79°N (high arctic) with mean annual temperature of -4°C. Vegetation is arctic 
shrub tundra with an average growing season of  90 days. 
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Oxyria digyna (mountain sorrel) (A) and Saxifraga oppositifolia (B) 
are arcto-alpine species with distribution from temperate alpine 
habitats to high arctic. Despite different mycorrhizal association (O. 
digyna �t non-mycorrhizal, S. oppositifolia �t endo-mycorrhizal) both 
species are very successful in colonizing nonvegetated soils in 
glacier forelands, and establish well on soils with very low nutrient 
levels.   

Plant species A 

B 

Sample processing :  
Soil samples 

454 pyrosequencing (plant, soil 16S),  
Data filtering and processing 

Plant  samples 
Surface 

sterilization 
DNA isolation 

Chemical analysis, isolates 

PCR  
- 16S (soil, plant), 799F-1492R /799F-1378R 
- nifH (soil), polF-polR 

Phenotypic diversity (BIOLOG) 

T-RFLP (soil 16S, nifH) 

DNA isolation 3 read sets/sample 
900 reads, 250 bp 

Background and goals 
  

Arctic plant species are well adapted to their harsh environment. However, they are still challenced by several stressors caused directly or indirectly by arctic climate: 
very  low availability of nutrients, low temperature during growth season, long, cold winter,  several forms of water stress high fluctuations in solar rediation, to name a 
few . Yet, very   little is known about microbial communties associates with arctic plants.  We are interested in the structure and  function of  of endophytic bacterial 
communities associated with arctic plant species, especially species abundant in pioneer plant communities. The goal of this study is to dissect the impact of location 
and soil communities on assembly of bacterial communities assciated with Oxyria digyna and Saxifraga oppositiofolia, two pioneer plant species with similar global 
distribution and habitat requirement.  
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Phylum Proteobacteria is replaced by proteobacterial subclasses (alpha, beta,, delta, epsilon, gamma). The pie charts represent the average abundaces from all three sampling sites, shown below each 
pie chart. Three biological replicates per sample and site was used for the analysis. The OTUs from each sample (900 reads/sample) were assigned taxa via RDP classifier at 70% cut-off.  Firmicutes and 
Deltaproteobacteria are relatively more abundant in endosphere than in soil samples. 
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Relative abundance of bacterial phyla  associated with bulk and rhizosphere soils and endosphere of Oxyria digyna and Saxifraga oppositifolia  

Endophytic bacterial communities  of Oxyria digyna and Saxifraga oppositifolia are 
clearly distinct from communities in bulk or rhizosphere soils. Sampling site is the 
major determinant in soil bacterial community composition (A).   In contrast, 
composition of endospere bacterial communities is less dependent on sampling site 
than on plant species (B).  

Nonmetric multidimensional scaling plots of bacterial communities from bulk and rhizosphere soils and/or endophere of O. 
digyna and S. oppositifolia from three sampling sites at low and high Arctic. Plot is based on Bray-Curtis similarity matrix of 
normalized OTU (97%) abundances. Three biological replicates (900 reads) was analyzed per sample type. The communities are 
labelled by sampling site and marked by biological compartment (bulk soil, rhizosphere soil or endosphere)  
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NO3 �t Soluble Nitrate 
mg N/kg soil 
NH4 -  Soluble 
Ammonium mg N/kg 
soil 
Site 
Saana, Jehkas, Salluaoi �t 
Kilpisjarvi, Finland 
Plant Species 
Oxy- Oxyria digyna 
Saxi- Saxifraga 
oppositifolia 

D 

NO3 �t Soluble Nitrate mg 
N/kg soil 
NH4 -  Soluble Ammonium 
mg N/kg soil 
Site 
Saana, Jehkas, Salluaoi �t 
Kilpisjarvi, Finland 
Longyear �t Longyearbyen, 
Svalbard 
Plant Species 
Oxy- Oxyria digyna 
Saxi- Saxifraga oppositifolia 
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Soil 
Bulk �t Bulk soil 
Rhizo �t Rhizosphere 
soil 
Site 
Saana, Jehkas, Salluaoi 
�t Kilpisjarvi, Finland 
Plant Species 
Oxy- Oxyria digyna 
Saxi- Saxifraga 
oppositifolia 
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Principal component analysis (PCA) of rhizosphere and bulk soil sample similarity matrices and vector fitting of sampling sites, plant species and environment variables 
analysed based on square root transformation by Canoco V4.55. Fig.A: T-RFLP (Msp I digestion) profiles of 16SrRNA gene amplicons from Kilpisjarvi, Finland and 
Longyearbyen, Svalbard. Fig.B: T-RFLP (Msp I digestion) profiles of 16SrRNA gene amplicons from Kilpisjarvi, Finland. Fig.C: T-RFLP (Mnl I digestion) nifH gene amplicons 
displaying the diversity of O. digyna and S. oppositifolia rhizosphere samples from Kilpisjarvi, Finland and Longyearbyen, Svalbard. Fig.D: T-RFLP (Mnl I digestion) nifH 
gene amplicons displaying the diversity of O. digyna and S. oppositifolia rhizosphere samples from the sites Jehkas and Salluaoivi in Kilpisjarvi, Finland. 
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Soil 
Bulk �t Bulk soil 
Rhizo �t Rhizosphere soil 
Site 
Saana, Jehkas, Salluaoi �t 
Kilpisjarvi, Finland 
Longyear �t Longyearbyen, 
Svalbard 
Plant Species 
Oxy- Oxyria digyna 
Saxi- Saxifraga oppositifolia 

Community compostion of bulk and rhizosphere bacterial communities from 
Kilpisjarvi and Svalbard are determined by sampling sites (A). In contrast, the 
rhizosphere communities of O. digyna and S. oppositifolia are strongly influenced 
by plant species (B).  Similarly, sampling sites along with soil nitrogen composition is 
the determining factor of rhizosphere nitrogen fixing communities (C), whereas 
influence of the plant species can be also seen while comparing the plant species 
from same sites (D). 

Saxifraga oppositifolia endosphere 
rank OTU  phylum genus  
1 Otu00002 Proteobacteria Haliangiaceae 
2 Otu00008 Proteobacteria Bradyrhizobium 
3 Otu00007 Proteobacteria Nannocystineae 
4 Otu00006 Firmicutes Clostridium sensu stricto 
5 Otu00004 Proteobacteria Rhizobacter 
6 Otu00013 Proteobacteria Cystobacteraceae 
7 Otu00034 Actinobacteria Kineosporiineae 
8 Otu00035 Proteobacteria Steroidobacter 
9 Otu00024 Proteobacteria Bradyrhizobium 
10 Otu00019 Firmicutes Clostridium sensu stricto 
11 Otu00052 Firmicutes Bacillus 
12 Otu00021 Proteobacteria Aquabacterium 
13 Otu00022 Proteobacteria unclassified 
14 Otu00046 Proteobacteria Enterobacteriaceae 
15 Otu00066 Actinobacteria Frankineae 

Oxyria digyna endopshere 
rank OTU phylum genus  
1 Otu00002 Proteobacteria Haliangiaceae 
2 Otu00010 Proteobacteria Burkholderiales_incertae_sedis 
3 Otu00003 Proteobacteria Janthinobacterium 
4 Otu00004 Proteobacteria Rhizobacter 
5 Otu00011 Proteobacteria Pseudomonas 
6 Otu00023 unclassified unclassified 
7 Otu00007 Proteobacteria Nannocystineae 
8 Otu00017 Actinobacteria Micromonosporineae 
9 Otu00020 Proteobacteria Oxalobacteraceae 
10 Otu00021 Proteobacteria Aquabacterium 
11 Otu00009 Proteobacteria Massilia 
12 Otu00046 Proteobacteria Enterobacteriaceae 
13 Otu00043 Proteobacteria Gammaproteobacteria 
14 Otu00042 Proteobacteria Oxalobacteraceae 
15 Otu00067 Proteobacteria Burkholderiales_incertae_sedis 

The major  OTUs in the endopshere samples of  
S. oppositifolia and O. digyna ranked by abundance.    
Only OTUs detected in endosphere samples at all sampling sites are 
included in the analysis of each plant.    


