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ABSTRACT 

This work is part of the site investigations for the disposal of spent nuclear fuel in Olkiluoto 
bedrock. The purpose of the research was to study the suitability of PCR-DGGE (polymerase 
chain reaction - denaturing gradient gel electrophoresis) method for monitoring of 
hydrogeomicrobiology of Olkiluoto repository site. 

PCR-DGGE method has been applied for monitoring microbial processes in several 
applications. The benefit of the method is that microorganisms are not cultivated but the 
presence of microbial communities can be monitored by direct DNA extractions from the 
environmental samples. Partial 16SrDNA gene sequence is specifically amplified by PCR 
(polymerase chain reaction) which detect bacteria as a group. The gene sequences are separated 
in DGGE, and the nucleotide bands are then cut out, extracted, sequenced and identified by the 
genelibraries by e.g. Blast program. 

PCR-DGGE method can be used to detect microorganisms which are present abundantly in the 
microbial communities because small quantities of genes cannot be separated reliably. 
However, generally the microorganisms involved in several environmental processes are 
naturally enriched and present as major population. This makes it possible to utilize PCR
DGGE as a monitoring method. 

In this study, we studied the structure of microbial communities in ten ground water samples 
originating from Olkiluoto. Two universal bacterial primer sets were compared which amplified 
two different regions of the 16S rDNA gene. The longer sequence amplified resulted in fewer 
bands in DGGE, in addition there were problems with purification of the sequences after 
DGGE. The shorter sequence gave more bands in DGGE and more clear results without any 
amplification problems. Comparison of the sequences from the gene-libraries resulted in the 
detection of the same species by both primer sets, in addition some different species were 
detected. Several species were anaerobic bacteria, such as acetogenic and sulphate reducing 
bacteria (SRB) indicating low redox potential of the samples. In addition phylogenetic trees 
were constructed for the sequences identified with both long and short primer sets. 
Phylogenetic trees were in good agreement with each other and indicated similar communties 
with both methods. 

In addition we also evaluated the suitability of primers amplifying SRB from the water samples. 
However, even though the microbial community analysis with the 16S rDNA gene indicated 
that SRB were present in the microbial community their amplification with the primers used 
was not successful. 



MIKROBIEN ANAL YSOINTI POHJAVEDESTA PCR-DGGE -MENETELMALLA 

TIIVISTELMA 

Olkiluodon kaytetyn polttoaineen loppusijoitustutkimuksiin liittyen selvitettiin PCR-DGGE 
menetelman soveltuvuutta geomikrobiologisten ilmioiden monitorointimenetelmana. 

PCR-DGGE menetelmaa on hyodynnetty aiemmin erilaisten mikrobiprosessien seurannassa. 
Menetelman etuna on, ettei mikrobeja tarvitse viljella, vaan mikrobilajiston esiintymista voidaan 
tutkia uuttamalla mikrobien DNA suoraan ymparistOnaytteesta. DNAsta monistetaan PCR:lla 
(polymeraasiketjureaktio) spesifisesti 16S rDNA-geenialueita, jotka tunnistavat bakteerit 
ryhmana. Geenisekvenssit erotellaan denaturoivassa gradientti geelielektroforeesissa (DGGE), 
josta nukleotidijuovat sitten leikataan, uutetaan ja niiden geenirakenne tunnistetaan 
geenikirjastosta ns. Blast ohjelmalla. 

PCR-DGGE-menetelmalla voidaan havaita mikrobit, jotka esiintyvat riittavan runsaasti 
populaatiossa. Menetelmalla voidaan saada selville vain paalajisto, koska pienet maarat DNAta 
eivat erotu DGGE:ssa riittavan voimakkaasti. Ympariston erilaisissa prosesseissa kuitenkin ne 
mikrobilajit- ja ryhmat joiden toimintaa olosuhteet suosivat rikastuvat ja esiintyvat paalajistona. 
Tama mahdollistaa menetelman hyodyntamisen monitorointimenetelmana. 

Tassa tutkimuksessa selvitettiin kymmenen Olkiluodon kallioperan pintosasta ja 
pohjavesiputkesta otetun vesinaytteen mikrobiyhteison paalajistoa. Tutkimuksessa verrattiin 
kahdenlaisia yleisalukkeita, jotka monistavat bakteereista eri alueita ja myos eri pituisia alueita. 
Yleisalukkeet, jotka monistavat pitempaa geenialuetta olivat ongelmallisia ja DGGE juovien 
puhdistaminen onnistui huonosti. Niilla saatiin myos vahemman selvia sekvensseja kuin 
alukkeilla, jotka monistivat lyhyempaa 16S rDNA-geenin aluetta. Sekvenssien vertailu 
geenikirjastoista osoitti, etta alukkeilla saatiin osa samoja lajeja ja lyhyilla alukkeilla useampia 
alukkeita. Tunnistetut mikrobilajit kuuluivat mm. Asetogeenisiin ja sulfaatin pelkistajaryhmiin 
(SRB). Tama kertoo, etta olosuhteet olivat redox olosuhteiltaan matalat, koska hapettomissa 
olosuhteissa toimivat mikrobiryhmat olivat valtalajistona. Lisaksi rakennettiin sukulaisuuspuut 
seka pitkilla etta lyhyilla alukkeilla monistetuille sekvensseille. Sukulaisuuspuut olivat 
keskenaan hyvin yhtenevat ja osoittivat lajiston olevan saman tyyppiset molemmilla alukkeilla. 

Lisaksi tavoitteena oli selvittaa sulfaatin pelkistajille spesifisten alukkeiden kayttoa. Tama osio 
vaatii lisatutkimuksia ja alukkeiden optimointia, eika PCR onnistunut taman tutkimuksen 
puitteissa. Tama voi johtua myos siita, etta kyseiset alukkeet oli kehitetty muissa ymparistoissa 
esiintyvien sulfaatinpelkistajien tunnistamiseen. 
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identification of microorganisms based on biochemical reactions, 
mikrobien lajintuntemus biokemiallisiin reaktioihin perustuen 

a fluorescence stain for DNA quantification, DNA:n tarttuva 
fluorisoiva variaine 

denaturating gradient gel electrophoresis 

denaturoiva gradientti geeli elektroforeesi 

primers that amplify bacteria genes 

Yleisalukkeet monistavat kaikkien bakteerien geeneja 

Taxonomy of microorganisms, mikrobien lajintuntemus 

lajien sukulaissuhteet, genetic relationship of different 
microorganisms 

polymerase chain reaction, 
polymeraasi ketjureaktio 

the oxidation reduction potential of the environment, redox is 
decreasing towards anaerobic conditions and is the lowest in 
anaerobic conditions 

ympariston hapetus-pelkistyspotentiaali, laskee anaerobisiin 
olosuhteisiin mentaessa ja on alhaisimmillaan metanogeenisissa 
olosuhteissa 

primers designed to amplify genes specific for species or groups of 
microorganisms 

alukkeet, jotka monistavat tiettya mikrobilajia tai -ryhmaa 

part of DNA, consists of several nucleotides 

DNA patka, joka koostuu useista nukleiinihapoista 
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1 INTRODUCTION 

The potential risk of microbial processes for the long- term safety of disposal of high level 
nuclear waste (HL W) in the deep repository conditions has been extensively studied (Pedersen 
et al., 2000). The encapsulation of HL W in copper canisters surrounded by compacted bentonite 
clay of a high density is considered to form conditions at the depth of 500 meters that prevent 
corrosive microbial processes (Pedersen, 2002). The anaerobic reduction of sulphate with the 
oxidation of organic carbon seems to be the most important process governing the redox 
conditions in dilute and brackish HC03-rich and S04-rich groundwaters. Methanogenesis may 
show increasing importance in saline groundwater and occasionally in brackish groundwater, 
below the S04-rich layer. Haveman et al. (1998, 2000) have shown that microbes are 
responsible for these redox processes to occur in the groundwater at Olkiluoto. 

Research and identification of microorganisms has been based on cultivation of micro
organisms and their identification by physiological, chemotaxonomical and molecular biological 
methods. However, cultivation based methods will only enrich specific groups of 
microorganisms able to grow on these media. Therefore, it is not possible to get reliable 
information about the composition and interaction of microbial species or communities by 
cultivation based methods. In addition it is generally claimed that only 1% of all bacteria can be 
cultivated and therefore most of the species in the environment has never been identified. 

Molecular biological techniques offer new opportunities for the analysis of the structure and 
species composition of microbial communities. In particular, sequence variation in rDNA has 
been exploited for inferring phylogenetic relationships among microorganisms and for 
designing specific probes for the detection of individual microbial taxa in natural habitats. 

The denaturing gradient gel electrophoresis (DGGE) approach for directly determining the 
genetic diversity of complex microbial populations is based on separation in electrophoresis of 
PCR-amplified 16S rDNA fragments in polyacrylamide gels containing a linearly increased 
gradient of denaturants. In DGGE, DNA fragments of the same length but with different base
pair sequences can be separated. Separation in DGGE is based on the differences in the 
electrophoretic mobility of a partially melted DNA molecule in polyacrylamide gels. The 
melting of fragments proceeds in so-called melting domains. Sequence variation within such 
domains causes their melting temperatures to differ. Sequence variants of particular fragments 
will therefore stop migrating at different positions in the denaturing gradient and hence can be 
separated by DGGE (Muyzer et al., 1993). In the present study PCR-DGGE was used as a 
method to study microbial community structure of ground water samples from Olkiluoto. 

The procedure for identification of microorganisms in this work is presented in the Figure 1. 
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Analysis of the microbial communities in the samples by PCR-DGGE 
The procedure of microbial community analysis by PCR-DGGE is described in detail below. 

Total DNA is first extracted from the environmental samples. However, because the DNA 
amount is small and contains also DNA from other organisms PCR (polymerase chain reaction) 
is used to amplify only bacteria DNA by specific primers targeting only bacteria (16SrDNA). 
Denaturing gradient gel electrophoresis (DGGE) is applied to separate the DNA fragments 
(sequences) after PCR amplification. 
The separated bands are representing sequences of genomes of different species of 
microorganisms. By studying the nucleotide structure of these sequences (after cutting the bands 
and analysing the nucleotide structure in sequences) it is possible to find out what groups or 
species of microorganisms were present in the samples. The sequence information is then 
compared to the sequence information in the databanks by Blast program. 

The sequence match as % compared to the databank information means the similarity 
percentage to the known species in the genebank. If the match is over 95% this means that the 
species identified is by 95% certanty the same as in the databank. 
Because only partial sequences of the whole bacteria 16SrDNA genome are applied in DGGE 
there are uncertanties especially in case the sequence match to the genelibrary is less than 95%. 
However, because in microbial evolution the species which are included in the same genus can 
be generally clustered this raises the reliability to estimate what type of microbes are present in 
the samples studied. 
In order to be able to identify microorganisms with 100% certanty to the species level the whole 
16SrDNA should be sequenced and compared to the databank information. 
The limitation of the method can be accepted if the information of the type of microorganism is 
sufficient and there is no need for precise identification to the species level. 
DGGE is especially used to study the dynamics of microbial communities in the environment 
and in the bioprocesses and generate information of the major populations of the microbial 
communities present in the samples studied. 

DNA 1 extraction 
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PCR \ 
am pi ification 

DGG 
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by PCR and DGGE 
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~:~~~~~~ion 
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Figure 1. Analysis of the microbial communities in the samples by PCR-DGGE. 
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2 AIMS OF THE WORK 

The present work was performed to evaluate the suitability of a non-cultivation based analysis 
for monitoring subsurface microbial communities and their changes during time and space. 

The water samples analysed in this study originated from shallow groundwater observation 
tubes or shallow boreholes at Olkiluoto. The samples were taken by Prof. Karsten Pedersen's 
research group. The site characterization data, the environmental ground water properties and 
cultivation based microbial analysis are not included in this report. The results will be 
compared to the environmental parameters and cultivation based methods in a joint meeting to 
estimate the feasibility of non-cultivation based methods in monitoring ground water microbial 
content. 
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3 MATERIALS AND METHODS 

An overview of methods is presented in the Figure 2. 

The number of microorganisms in the samples was first estimated after filtering, staining and 
counting by epifluorescence microcopy. DNA extractions were made directly from 0.5 ml of 
water without filtration and after filtering with two volumes of subsurface water. The short 
primer sets were used only for unfiltered water samples and all the concentrations were studied 
with the long primer sets. 

Methods applied for the subsurface water samples 

00000 00000 

1 1 
- DAPI staining 
- filtration 50 ml 

Counting the number 
of microbial cells by 
Epifluorescence 
microscopy 

DNA extractions of the 
groundwater samples 
(without filtration, 5 ml, 50 
ml filtered) 

PCR with universal primer 
sets amplifying bacteria 

l 
DGGE 

Figure 2. An overview of the methods applied in this work. 

Information of the 
microbial groups in 
the shallow ground 
water 

sequencing 
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3.1 Samples 

Ten ground water samples were taken from groundwater observation tubes and shallow 
boreholes at Olkiluoto by Prof. Karsten Pedersen. The information of the samples is presented 
in the Tablel. 

Table 1. Ground water sampling points (PP, PR=shallow borehole, PVP=groundwater 
observation tube) 

VTT code Pedersen code 
645 05.05.2004 PP 2 0,51 +2 50 ml diameter 46 Sampler Solinst 26 depth 6,2 m 
646 05.05.2004 PP 3 (4.5.2004) 0,51 +2 50 mldiameter 46 Sampler 26 depth 5,8 m 
647 05.05.2004 PVP 1 (4.5.2004) 0,51 +2 50 ml diameter 64,5/56 Sampler Solinst 51depth 3,8 m 
648 05.05.2004 PVP 3A 0,51 +2 50 ml diameter 64,5/56 Sampler Solinst 51 depth 1,3 m 
649 05.05.2004 PVP 3B 0,51 +2 50 ml diameter 64,5/56 Sampler Solinst 51 depth 1,2 m 
650 05.05.2004 PVP 4A ( 4.5.2004) 0,51 +2 50 ml diameter 64,5/56 Sampler Solinst 51 depth 4,9 m 
651 05.05.2004 PVP 4B (4.5.2004) 0,51 +2 50 ml diameter 64,5/56 Sampler Solinst 51depth 4,8 
m 
652 05.05.2004 PR 1 (4.5.2004) 0,51 +2 50 ml diameter 56 Sampler Solinst 51 depth 9,9 m 
653 07.05.2004 PP 7 (6.5.2004) 0,51 +2 50 ml diameter 46 Sampler Solinst 26 depth 3,4 m 
654 07.05.2004 PP 8 (6.5.2004) 0,51 +2 50 ml diameter 46 Sampler Solinst 26 depth 3,0 m 

3.2 The number of microorganisms in the water samples by DAPI staining 

The samples (45 ml vol.) were fixed by adding 5 ml10% (w/v) phosphate buffer glutaraldehyde 
solution. 1 ml of 0.1 M sodiumpyrophosphate was added into solution and incubated for 10 min. 
3 ml of sample and 30 ul DAPI solution were incubated for 20 min in the glass tube. The 
number of microorganisms was determined after filtering 3 ml of water through a 0,2 urn/filter 
(Millipore ). The filter paper was transferred on the object glass and the total number of 
microbes was determined by counting with epifluorescence microcopy. 

3.3 Preliminary experiments; choosing the amount of the sample for DNA 
extraction of the water samples 

In order to optimize the amount of the sample required for PCR-DGGE three methods for 
sample treatment were compared. 

The DNA-extractions were made 
a) directly from 0.5 ml of the water sample 
b) from concentrated cells: 5 ml of the water sample was centrifuged at 15.000 x g = 12000 

rpm for 60 min to pellet the microbes on the bottom of the sample 
c) from filtrated water sample: 50 ml of the water samples was filtered through CORNING 

0,22 urn CA filter. The filter was cut into species for DNA extractions 

3.4 DNA extraction of the ground water samples 

DNA was extracted with a bead beating method according to Stephen et al. (1999), except that 
chloroform-phenol purification was omitted. The DNA extracts were maintained at -80°C. 

3.5 PCR amplification 

Two universal primer sets for bacteria were compared for all the ground water samples. 
Additionally the suitability of one primer set amplifying sulphate reducing bacteria was 
evaluated 
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Primers P2 and P3 (Muyzer et al., 1993) amplify 193 bp sequence between the base numbers 
358 and 534 according to E. coli numbering. Primers U968fGC and U1401r amplify 473 bp 
sequence between the base numbers 968 and 1401 according to E. coli numbering. 

Sulphate reducing bacteria were attempted to amplify with primers DSV230 and DSV838 
according to Daly et al. (2000). 

Amplified gene fragments were inspected by agarose gel electrophoresis ( 1.2 % agarose, 
0.5xTBE (0.04 M Tris base plus 0.02% M acetic acid plus 1.0 M EDTA, pH 7.5, Sui ethidium 
bromide) prior to DGGE analysis. 

3.6 DGGE and sequencing 

The 193 bp and 4 73 bp PCR products were separated by denaturing gradient gel electrophoresis 
(DGGE) on 8% acryl amide with an increasing denaturant gradient from 20% to 65% and from 
3 8% to 60%, respectively. The 100% denaturant was composed of 7M urea and 40% 
formamide. Electrophoresis was run on the Decode universal mutation detection system 
(Biorad, USA) in 0.5xTAE buffer (20 mM Tris acetate, 0.5 mM EDTA, pH 8) at 60°C at 65V 
for 18 h to separate 193 bp fragments and at 85V for 16 h to separate 4 73 bp fragments. After 
staining the gels with SybrGreen I (BMA, Denmark) they were analyzed on a Gel Doe 2000 UV 
transluminator (Biorad, USA). The dominant bands were cut from the gel. The DNA was 
diluted in water, reamplified and purified with the Qiaquick PCR purification kit (Qiagen, 
Germany). Amplicon was prepared for sequencing with the ABI Prism BigDye Terminator v3.0 
sequencing standard kit (PE Applied Biosystems, UK), and sequenced with the ABI Prism 310 
genetic analyzer (Applied Biosystems, USA). Sequences were compared to the GenBank 
sequences using the BLAST search (Altschul et al., 1997). 
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4 RESULTS 

4.1 The number of microorganisms 

In order to estimate the need for concentrating the water samples for DNA extraction, the 
number of microorganisms was first determined by non-cultivation based method based on 
filtering the microbial cells and staining them with DAPI and then counting by epifluorescence 
microscopy. DAPI penetrates the microbial cells and stains DNA making them fluorescent and 
possible to be counted by the epifluorescent microscopy. There was not big variation in 
numbers of microorganisms in different waters samples according to DAPI analysis. The 
number of the microorganisms in the samples determined by DAPI staining was as follows: 

Table 2. The number of microorganisms in the samples. 

PP2 
PP3 
PVP1 
PVP3A 
PVP3B 
PVP4A 
PVP4B 
PR 1 
PP7 
PPS 

6.9 X 104 

2.6 X 105 

4.4x105 

1.6 X 105 

5.9x 105 

5.1 X 105 

1.4 X 105 

1.4 X 105 

1.0 X 105 

7.1 X 105 

4.2 PCR-DGGE 

When comparing the different samples and pictures of DGGE (Appendix 2 and 4) there can be 
observed a big variation in microbial communities between the samples. However, in some of 
the samples such as PVP3B and PVP3A there can be found similarities in DGGE profiles 
indicating dominance of the same or related microbial species. The samples PP3 and PP2 which 
were sampled from the depth of around 6 meters were also having some major bands which 
were similar to each other. 

The number of microorganisms around 104-105 was sufficient for successful direct DNA 
extraction and PCR-DGGE analysis. However, PCR amplification and DGGE was more 
successful with the short primer set. The short primers have been applied to study several 
difficult environmental samples earlier in our laboratory. DGGE gel pictures show that by these 
primers clearly dominant bands can be observed, on the contrary there were problems associated 
with the long primer set (see the DGGE pictures in Appendix 1 and 4 to find out the differences. 
There were also no difficulties in obtaining clear and strong PCR products with the short 
primers. The bands on the DGGE were sharp, and reamplification and purification was not 
tedious (Appendix 4). 

DGGE electrophoresis of PCR products from DNA extracted from 0.5 ml water sample with 
longer Eubacterial primers was not successful. Even if in the agarose gel electrophoresis showed 
that the PCR amplification had been successful, the amount of the PCR product was very low in 
most of the samples explaining the faint bands seen on the DGGE-gel (Appendix 1 ). 

PCR on DNA extracted from concentrated cells from 5 ml water sample was successful with 
some of the samples, but still the amount of PCR product was low from the ground water 
samples PP3, PP7 and PVP4B. Accordingly, DGGE showed no significant bands with these 
samples. The bands marked on the picture 3a and 3b were cut and re-amplified for sequencing. 
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PCR on DNA extracted from the filters (50 ml of the water sample) was successful. In DGGE 
all the samples had now visually present band, in lane PP7, however, very faint. Because the run 
was also a repetition for 5 ml extraction, it was clearly shown that the results are repetitive with 
the same primer set (Appendix 1, 2, and 3). 

Longer bacterial primers might need optimization in PCR conditions or in the denaturing 
gradient gel electrophoresis (DGGE). Even, if in the agarose gel electrophoresis there was 
shown that PCR was successfully performed, the amount of the PCR product was low in most 
of the samples explaining the faint bands seen on the DGGE-gels. Several filtrations were done 
to concentrate the microbes in the water in order to get better gels with the longer primer set. 
However, the best gel was gained with 50 ml of the water sample, but no sequences were 
recovered (Appendix 3). 

Only few bands were detected on the DGGE by the primers amplifying the longer sequence of 
16S rDNA (see Appendix 1, 2 and 3 with Figures 3, 4, 5, 6). There was also a problem with re
amplification of the longer sequence. Generally if re-purification of the excised band was 
required, the quality of the re-amplified PCR product was low. The band was no more sharp on 
the DGGE and with the sequence analyser no clear sequence was detected. Identification of 
some sequences were performed from 5 ml concentrated samples. 50 ml filtered water sample 
gave more distictive bands but it was not possible to cut out them and analyse because the bands 
were too close to each other. 

4.2.1 Sequencing results of DGGE bands (long sequence) 

A total of 15 bands were cut out (Appendix 2, Pictures land 2, bands 1-15) and 14 were 
sequenced with the primer set amplifying the long sequence. A total of 12 readable sequences 
were generated (Table 3). The number of nucleotides (lenght of sequences) compared varied 
from 205 to 337. Most often the first choice was an uncultured clone or an unidentified 
bacterium. The closest known genera or species are presented in bold ( = identification of the 
microorganism of that band), but also other genera or species with almost the same similarity o/o 
are presented as well as the source of isolation of those samples. 

4.2.2 Sequencing results of DGGE bands (short sequence) 

A total of 20 bands were cut (Appendix 4, Pictures 6 and 7, bands 1-20) and sequenced with the 
short primer set. A total of 15 readable sequences were generated (Table 3). The number of 
nucleotides compared varied from 94 to 157. Most often the first choice was an uncultured 
clone or an unidentified bacterium. The closest known genera or species are presented in bold 
( = identification of the microorganism of that band), but also other genera or species with 
almost the same similarity % are presented as well as the source of isolation of those samples. 

4.3 Comparison of identification results with different primers 

The major microorganisms identified were e.g Syntrophus sp., Methylobacterium sp., 
Dechlorosoma sp., Sulfurospirillum sp., Desulfocapsa sp., Acetobacterium sp., etc. (see Table 
3.) 
Also the sample PVPl which represents the depth of 3,8 meters had one major band which was 
grouped to Methylophilus sp. Many of the species identified in the ground water samples were 
typical microorganisms participating the degradation of organic matter to hydrogen and 
methane, or either as acting on reducing sulphate or iron. 
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A total of 14 bands were sequenced with the long primer and 12 readable sequences were 
generated representing 10 different taxa (Table 3). A total of20 bands were sequenced with the 
short primer and 15 readable sequences were generated representing 13 different taxa (Table 3). 
Only two same taxa were detected with both primers indicating that these primer sets mainly 
detect different microorganisms. The bands sequenced with the long primers were closest 
related to the species isolated from various contaminated environments (soils, sediments) and 
waters (springs, lakes, ground waters). The clones sequenced with the short primers were 
typically related to species derived from anaerobic environments. From the deepest site (9.9 m) 
only one clone was sequenced and it was closest to Gallionella ferruginea, the bacterium which 
is known to oxidize iron. 

Table 3 . The closest related taxa of the clones and comparison of results with different primers. 

Sample Long primer Short primer 

No Depth Band Closest species Band Closest species 

PP2 6.2m Hydrogenophaga sp. Rhodoferax sp. 

PP3 5.5 m 9 no real band 3 Desulfocapsa sp. 
2 not readable 

PVPl 3.8 m 2, 7 not readable 4 Methylophilus sp. 

PVP3A 1.3 m 8 Azoarcus sp./Axonexus sp. 5 not readable 
3,6 Syntrophus sp. 

PVP3B 1.2 m 5 Dechlorosoma sp. 6 Sulfurospirillum sp. 
4 Methylobacterium sp. 8 Thiomicrospira sp. 

7 not readable 

PVP4A4.9m 10 Acetobacterium sp. 9 Acetobacterium sp. 
14 Desulfobacterium sp. 
15 Gelidibacter sp. 

PVP4B 4.8 m no real band 18 Desulfosporosinus sp. 
19 Flavobacterium sp. 
20 not readable 

PR1 9.9m no real band 16 Gallionella ferruginea 

PP7 3.4 m no real band 17 not readable 
PPS 3.0m 13 Dechloromonas sp.!Thiobacillus sp. 13 Dechloromonas sp.!Ferribacterium sp. 

12 Desulfomicrobium sp. 12 Desulfomicrobium sp. 
15 Eggerthella sp. 11 Rhodoferax sp. 
14 Hydrogenophaga sp. 10 Sulfurospirillum sp. 
11 "Sulfuricurvum" sp. 
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4.4 PCR with primers targeting sulphate reducing bacteria (SRB) 

No amplification from any of the DNA extracts was observed with the primers targeting the 
SRB. The reason may be due to the heterogeneity of SRB as a phylogenetic group and that the 
primers were not able to match the species present in the subsurface ground water conditions. 

4.5 Phylogenetic trees olkiluoto sequences 

The basic trees were constructed using partial and full-length 16S rDNA sequences of the 
reference strains and Neighbor Joining analysis in the ARB programme. Unambiguous bases 
and gaps were excluded form the analyses. The significance of the branching order was tested 
using bootstrap analysis with 1000 resamplings. The sample sequences were added to the basic 
trees using quick add parsimony tool in the software package. In general, maximum likelihood 
analysis and maximum parsimony analysis gave congruent tree topologies. 
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A) Muyzer primers ("short" sequences) 

Dechloromonas sp., A ¥032610 
Ftrribacterium limntlicum, Y1706ll 

13aP2, ARB_SD7DADDF 

Dechloromonas agitata, AFI/47462 
Azonexus fungiphilus, AF011350 

AzoarCIIs tolulyticus, l.33692 
16aP2, ARB_6A24D31D 

Z~loea resiniphila, A/011506 
JaPl, ARB_796A64:ZS 

JtaP2, ARB_FlAA5824 

unidentified bacterium, AJ518318 

Rhodofrrax frrrireducens, AF43S948 
Rhodoftmx antarcticus, AF084947 

Gallionel/a ferruginea, W7897 
Methylophilus /eisingeri. AF2S0333 

Mtlhylophilus methylotrophus. L15475 
Methylophilus sp, A Y361J349 

L---------11-Kl_'if--1 uncultured bacterium, AB174869 
4aP2, ARB_68A8Bl59 

~-proteobacteria 

...-------- cf. Chryseobacterium, A ¥468453 
uncunured Flexibacter sp., AF375830 

uncu~ured Bacteroldetes bacterium, A Y562278 

Gelidibacttr algens, U62914 
Gelidibacter sp, AF170737 

...------ Cytophagafmnentans, D12661 
~,__ ______ uncunured Bacteroldetes bacterium, AY711444 

Cytophaga sp, AB015525 
tSaPl, ARB_54RAOBC8 

TJriomicrospim denitrijiams, L41J808 
uncultured bacterium, A Y592931 

Suifuricurvum kujiense;, ABU53951 
Sulfurospirillum bamesii, AF038843 

SulfurospiriUum deleyianum, Y13671 
Sulfurospirillum sp .• A Y189928 

lOaPl, ARB_5l742AD8 

r--------.ii/J n·~.._;," -------------------~Desuljorhopalus singaporensis. AFI 18453 
unidentified bacterium, AJ518490 

·w.lr--------- 3aP2, ARB_52739A3 

Desulfotalea ps_ychrophila, AF099062 
Desuljocapsa sp., A/511275 

uncultured delta proteobacterium, AY723306 

14aP2, ARB_5758510 

uncultured Desullobacteraceae bacterium, AJ582692 
Desulfobacterium indolicum, AJ2376lJ7 
uncultured Desulfosarcina. AY177791 

77"!. Desuljobacterium macestii, AJ23761J4 
93"!. Desul.fomicrobium norvegicum, AJ277897 

Desuljomicrobium baculatum, A/277894 
Desulfomicrobium hypogeium, AF132738 

tlaPl, ARB_83E93868 

99'% Acetobacterium carbinolicum, X96956 
99"!. Acetobacterium submarinus, AY485791 

Acetobacterium jimrlarium, X96959 
Acetobacterium paludosum, X96958 
9aPl, ARB_3F3DDFOO 

Dcsuljosporosinus idnhoense, AJ582756 
Desulfosporosinus limneticum, A/582757 

'-------''""!M"-'t'il:.:..· -l D.,.;ulfosporosinus oritntis, ¥11571 
18aP2, ARB_CC6C6A7A 

19aP2, ARB_CF31E1E3 

CFB group 

E-proteobacteria 

&-proteobacteria 

} Firmicutes 

'------------ Sulfolobus acidocaldarius, 014876 

0.10 
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B) Niibel primers ("long" sequences) 

99"/c 

HMI% 

D.chlorosoma sp., A.F323490 
D.chlorosoma sp., A ¥126453 
Dechlorosoma suillum, AF170348 

13a.0413, ARB_C8AS09EO 

7 • Azonexus fungiphilus, AF011350 
Azonexus sp. Slu-05, AB166882 

Dechloromonas agitata, AF047462 
uncu~ured bacterium, AY662038 
Sa.0413, ARB_F3D4457Z 

Antarctic bacterium, AJ441011 

UXl • Hydrogenophaga atypica, A/585992 
Hydrogenophaga defluvii, A/585993 

Hydrogenophaga intermedia, AF019037 
1/ydrogenophaga palleronii, AF019073 

Mfthylobacter htletts, X72772 
Methylobacter luteus, AF304195 

Methylumicrobium alcaliphilum, AF096091 

~__ ____________ 3a.0413, ARB_307488SD 

Dcsulfobacterium macestii, Af237604 
95'% Desulfomicrobium norvegicum, Af277897 

L---------l Desulfomicrobium baculatum, A/277894 
99 Dr.mlfomicrobium hYP"Krium, AF132738 

1Za.0413, ARB_7Cii97EE3 

Acetobacterium fimttarium, X96959 
Acelobaclerium malicum, X96957 
Acctobactcrium wieringae, X96955 

L-----""""""1 Acetobactenum woodii, X96954 
10a.0413, ARB_A07BD3DO 

£ggerthe/UIIenla, AF292375 
£ggcrtheiiA hongkongensi$, A¥321958 

Denitrobacterium dftoxificans, AF079507 
99" unidentHied bacterium, AY345508 

15a.0413, ARB_7CC8B4ZE 

uncultured actinobacterium, AB074931 
~__ ______ Sulfolobus acidocaldarius, 014876 

0.10 

~-proteobacteria 

y-proteobacteria 

E-proteobacteria 

b-proteobacteria 

Firmicutes 

Actinobacteria 
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4.6 Summary of the results 

• All the water samples contained microbial cells. The number varied from 6.9 x 104 to 
7.1 x 105 cells/ml, which was considered to be enough for direct extraction of DNA 
from the samples for DGGE analysis. 

• DGGE analysis was carried out using two universal bacterial primer sets: a long primer 
set (U968fGC and U1401r) and a short primer set (P2 and P3). 

• Onto the DGGE gels more DNA bands were amplified with the short primer set than 
with the long primer set. In addition, the gels of the short primers were much more 
easier to handle than those of the long primers. 

• A total of 14 bands from the long primer gels and 20 from the short primer gels were 
prepared for partial sequencing. The long band clones resulted in 12 readable 
sequences representing three different taxa (genera or species). The short band clones 
resulted in 14 readable sequences representing 15 different taxa. 

• The phylogenetic trees constructed and compared for the both series of sequences gave 
very similar results containing the same groups of microorganisms. Phylogenetic trees 
are contructed to compare the taxonomic relationship of different species or groups of 
microorganisms. In this work construction of phylogenetic trees was helpful when 
comparing the results gained with two different primers sets. 

• The major microorganisms in the ground water of Olkiluoto were characterized. Most 
of the microorganisms were either heterotrophic microorganisms involved in the 
consumption of organic matter resulting in the decrease in redox conditions. In addiiton 
some anaerobic species were present. 
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5 DISCUSSION 

All microbial taxa identified represented typical environmental microorganisms. After the 
phylogenetic analysis and grouping of the microorganisms based on there genetic relationships 
the results generated with the both primer sets were very similar containing the same major 
groups of microorganisms in the groundwater samples. 

One of the interesting taxa detected with both primers was closest related to the relatively new 
genus Dechloromonas, which has been described in 2001. The closest similarity match was 95.9 
with the short primer set and 94.8% with the long primers set. The similarity matches also 
identify some other phylogenetically related groups as shown in the Tables 1. and 2. 
Decholoromonas sp. was identified to be a dominant species in the sample nr. PP8 with both 
primer sets. The sample originated from three meters which is in agreement with the finding that 
heterotrophic anaerobic microorganisms degrading organic compounds dominate near the 
surface due to the biodegradation of organic compounds. 

The strains of this genus are reported to have several novel metabolic pathways involved in 
bioremediation of aromatic organic pollutants (Coates et al., 2001, Lack et al., 2002). The only 
validly described species Dechloromonas agitata as well as Azospira oryzae (ex. Dechlorosoma 
suillum) are environmentally dominant (per)chlorate-reducing bacteria (Achenbach et al., 2001). 
As an example Dechloromonas aromatica has been detected to be able to oxidize benzene in 
anaerobic conditions (Coates et al., 2001 ). Another species of Dechloromonas suillum has been 
found to anaerobically oxidize Fe(II) to Fe(III) without nitrate ( Lack et al., 2002). This group 
of microorganisms are anaerobic hydrogen oxidizing and carbon dioxide reducing 
microorganisms (Balch et al., 1977). 

The other genus detected by both primers was Acetobacterium. The similarities were very high 
(99 .4 - 1 00%) to many type strains of this genus. These microbes are reported to oxidixe 
hydrogen and to reduce carbon dioxide in anaerobic conditions (Balch et al. 1977). 

The third common taxon was closest to different type strains of the genus Desulfomicrobium. 
The similarities were high (99 .2 - 100% ). These bacteria are known as sulfate-reducing bacteria. 
Several taxa of this type of microbes were detected in this work. 

From the deepest site (9.9 m) only one band was sequenced and it was closest to Gallionella 
ferruginea, the bacterium which is known to oxidize iron. These bacteria also have practical 
significance since they clog drains, water pipes and wells with deposits of iron oxide 
compounds. 

In addition several groups were identified such as Desulfomicrobium sp., Rhodoferax s., 
Ferribacterium limneticum which are involved in sulphate and iron reduction. 
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6 CONCLUSIONS 

Despite the advantages of ribosomal RNA sequence analysis for studies of bacterial isolates, 
limitations exit when using rRNA or DNA genes to analyze mixed microbial communities. 
Crosby et al., (2003) identified as one of the major problems that microorganisms have variable 
number of copies of the rrn operon in addition to sequence heterogeneity between operons. 

The reliability of the generated information and detected groups or species of microorganisms 
should be verified by using some other methods e.g. cloning, quantitative PCR. In addition the 
dendrograms can be constructed in order to identify the relationship of different species and 
their connection to the environmental conditions as was done in this work. 

For the detection of specific redox indicator microorganisms from the subsurface conditions 
more research is needed. It would be important to construct a genelibrary of the major 
microorganisms present at different redox levels in soil and ground water. On the other hand the 
detection of functional genes involved in several subsurface processes and corrosion could be 
applied. 
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Table 4. Sequencing results with the long primers of the DGGE bands. 

Sample Band Closest similarity of sequences 

Nucleotides sim.% Closest species Isolation source 

PP2 1 1-337 98.5 Antartic bacterium R-9284 Lake microbial mat/ Antarctic lake 
1-337 96.7 Hydrogenophaga taeniospira ATCC 49743T Soil 
1-337 95.3 Aquamonas font ana AQ 11 Well water 
1-337 95.3 Variovorax sp. N-39-25-2 Compost/cold climate 
1-337 95.0 Aquaspirillum delicatum LMG 4328T Distilled water, USA 

PVP1 2 not readable 

PVP3A 3 1-276 94.2 Uncultured FW99 Forest wetland 
1-276 93.8 Uncultured Syntrophus sp. PD-UASB-57 Reactor granular sludge 
1-276 93.5 Syntrophus acidotrophicus A TCC 700169 T -
1-276 93.5 Syntrophus gentianae HQgo 1, DSM 8423 T Anoxic sewage digestor, Germany 
1-276 93.1 Syntrophus buswellii DSM 2612T Muncipal primary anaerobic digester, USA 
1-276 91.7 Pelobacter carbinolicus 

PVP3B 4 3-327 99.4 Methylobacterium sp. SV96 Arctic wetland, Norway 
3-327 99.4 Methylobacterium ''psychrophilus" Z-0021 T -
3-327 96.3 Methylomicrobium byryatense 5B T Soda lakes of the Southeastern Transbaikal 
3-327 96.3 Methylobacter luteus NCIMB 11914 
3-327 96.3 Methylomicrobium byryatense 7G Soda lakes of Buryatia 
3-327 96.3 Methylomicrobium alcaliphilus 5z Tuva Soda Lakes 
4-327 96.3 Methylomonas methanica pAMC265 Lake sediment 

PVP4A 5 3-325 98.8 Uncultured 015C-C11 Grounwater contaminated with uranium waste 
3-325 96.6 Dechlorosoma sp. PCC Activated sludge 
3-325 96.6 Azospira oryzae (Dechlorosoma suillum) PS T Kallar grass, surface-sterilized roots 
3-325 95.7 Nitrosomonas oligotropha Nm45 T 

PVP3A 6 3-272 98.1 Uncultured FW117 F orested wetland 
3-264 97.7 Uncultured Verrucomicrobia bact. 12-30 Coal-tar-waste-contaminated groundwater 
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3-267 97.7 Uncultured Syntrophus sp. PD-UASB-57 Reactor granular sludge 
3-267 96.2 Syntrophus acidotrophicus ATCC 700169T 

PVPl 7 not readable 

PVP3A s 10-240 93.5 Uncultured SBR147 Full-scale EBPR sludge 
10-240 93.5 Azoarcus sp. 22Lin 
10-240 93.5 Axonexus sp. Slu-05 Aerobic sludge 
10-240 93.1 Dechloromonas sp. LT -1 Perchlorate-contaminated site 
10-240 92.6 Zoogloea resiniphila DhA-35T Batch reactor 
10-240 92.6 Dechloromonas agitata MA-l 

PVP4A 10 3-317 100 Acetobacterium fimetarium DSM S23 S T Cattle manure, Russia 
3-317 99.7 Acetobacterium wieringae DSM 1911 T Anaerobic sewage digester, Germany 
3-317 99.7 Acetobacterium malicum DSM 4132T Ditch sediment, Germany 
3-317 99.4 Acetobacterium woodii DSM 1030 T Mud; USA Woods Hole, Oyster Pond Inlet 

PPS 11 1-304 95.7 Uncultured proteobacteria SRA3 Sulfur river filaments 
1-304 92.6 "Sulfuricurvum kujiense" YK4 etc. Underground oil storage cavity 

PPS 12 6-315 100 Desulfomicrobium "hypogeium" CN-A 
6-315 100 Desulfomicrobium baculatum DSM 1742 Forest pond, Germany 
6-315 99.7 Desulfomicrobium norvegicum DSM 1741T Oslo Harbour water, Norway 
6-315 99.4 Desulfomicrobium macestii DSM 4194T Sulfide spring, Russia 

PPS 13 6-313 9S.4 Uncultured betabacterium 272-3-1 Tetrachlorocarbon-contaminated groundwater 
6-313 94.S Dechloromonas sp. LT -1 Perchlorate-contaminated site 
6-313 94.S Zoogloea resiniphila DhA-35T Batch reactor/dehydroabietic acid 
6-313 94.S Thiobacillus Q, LMD Sl.ll Freshwater lake sediment 
6-313 94.2 Azospira oryzae (Decloromonas suillum) PST Kallar grass, surface-sterilized roots 

PPS 14 1-325 99.1 Antartic bacterium R-92S4 Lake microbial mat/ Antarctic lake 
1-325 97.2 Hydrogenophaga taeniospira ATCC 49743T Soil 
1-325 95.4 Aquamonas font ana AQ 11 Well water 
1-325 95.4 Variovorax sp. N-39-25-2 Compost/cold climate 
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1-325 92.2 Aquaspirillum delicatum LMG 4328 

PPS 15 30-304 98.5 Uncultured W4A-A56 
30-307 97.8 Uncultured actinobacterium KB20 
38-250 96.7 Eggerthella "honkongensis" HKU 1011 T 
38-250 96.2 Eggerthella "sinensis" HKU14 
29-268 93.0 Frankia sp. M pi 1 
38-250 94.8 Eggerthella lenta ATCC 25559T 
46-250 95.1 Denitrobacterium detoxificans MAJl 

T = type species; "name " = not yet validly described species 

Distilled water, USA 

Lake Waiau sediment 
Underground oil-storage cavity 

Rectal tumor 
Rumen isolate 
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Table 5. Sequencing results with the short primers of the DGGE bands. 

Sample Band Closest similarity of sequences, % 

Nucleotides Sim.% Closest species Isolation source 

PP2 1 1-153 99.4 Unidentified bacterium Neu2Pl-39 Sediment 
1-153 94.8 Rhodoferaxferrireducens T118T Coastal aquifer sediment, USA 
1-153 94J Rhodoferax antarcticus Fryx1 Microbial mat of lake, Antarctica 
1-153 94.1 Hylemonella sp. WQH1 Lake freshwater, Austria 

PP3 2 not readable 

PP3 3 37-161 96.0 Unidentified bacterium Qui2PI-74 Sediment 
35-161 95.3 Uncultured Desulfobulbaceae bact. SIM0-2113 Sediment, USA 
40-161 95.1 Desulfocapsa sp. Cad626 Chemocline of lake, Switzerland 
37-161 94.4 Desulfotalea psychrophila LSv54 Cold Arctic sediment 
37-161 94.4 Desulforhopalus singapore Sulfide-rich black marine mud 
54-161 97.2 Desulfobacterium corrodensT Marine enrichment culture 

PVP1 4 3-158 96.8 Uncultured bacterium DGGE band 5 Organic matter/drinking water, Japan 
54-158 100 Methylophilus sp. 
54-158 100 Methylophilus leisingeri DM11 T Ground water 
54-158 99.0 Methylophilus methylotrophicus ATCC 53528T 
54-158 99.0 Azoarcus communis KGP1 

PVP3A 5 not readable 

PVP3B 6 2-133 100 Uncultured bacterium FTL9 Trichloroethene-contaminated site 
2-133 97.7 Sulfurospirillum sp. JPD-1 
2-133 97.7 Sulfurospirillum sp. DSM 806 Anaerobic sludge 
2-133 97.0 Sulfurospirillum deleyianum 5175T Mud, forest pond 
2-133 07.0 Sulfuricurvum kujiense YK4, YK2 Underground crude oil storage cavity 

PVP3B 7 not readable 
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PVP3B s 2-135 95.5 Uncultured bacterium WF2B-46 Deep sea microbial mat/Milano mud volcano 
2-135 95.5 Uncultured Helicobacteriaceae G 13 Seps 1 Water, chemocline, Baltic Sea, Gotland Deep 
2-135 94.S Thiomicrospira denitri.ficans DSM 1251 1 Deep-sea hydrothermal vent sample 
2-135 93.3 Uncultured Sulfurospirillum sp. 1B6 Microbial mat, Spain 
2-135 92.5 Sulfurimonas autotrophica OK5 1 Hydrothermal sediment 

PVP4A 9 1-134 100 Acetobacterium halotolerans SyrArT Brackish water sediment 
1-134 100 Acetobacterium submarinus LT 1ST Deep sub-seafloor sediment 
1-134 100 Acetobacterium fimetarius DSM S23 S T Cattle manure 
1-134 100 Acetobacterium paludosum DSM S237T Bog sediment 
1-134 100 Acetobacterium carbinolicum DSM 29251 Freshwater mud 
1-134 100 ''Acetobacterium psammolithium 11 CN-E 

PPS 10 2-133 100 Uncultured bacterium FTL9 Trichloroethene-contaminated site 
2-133 97.7 Sulfurospirillum sp. JPD-1 
2-133 97.7 Sulfurospirillum sp. DSM S06 Anaerobic sludge 
2-133 97.0 Sulfurospirillum deleyianum 51751 Mud, forest pond 
2-133 97.0 Sulfuricurvum kujiense YK4, YK2 Underground crude oil storage cavity 
2-133 96.2 Sulfurospirillum (Geospirillium) barnesii SES-3 1 Freshwater marsh 

PPS 11 1-157 99.4 Unidentified bacterium Neu2P1-39 Sediment 
1-157 95.5 Uncultured Comamonadaceae SIM0-746 Surface water 
1-157 94.9 Rhodoferaxferrireducens T11S1 Coastal aquifer sediment, USA 
1-157 94.3 Rhodoferax antarcticus Fryx1 Microbial mat of lake, Antarctica 
1-157 94.3 Hylemonella sp. WQ 1 Lake freshwater, Austria 

PPS 12 30-156 99.2 Desulfomicrobium sp. 63 and delta+ Black Sea sediment 
30-156 99.2 Desulfomicrobium norvegicum DSM 17 41 T Oslo Harbour water, Norway 
30-156 99.2 Desulfomicrobium baculatum DSM 402S1 Manganese ore, USSR 
30-156 99.2 Desulfomicrobium macestii DSM 41941 Sulfide spring, USSR, Macesta 
30-156 99.2 Desulfomicrobium 11hypogeium 11 CN-A 
30-156 99.2 Desulfomicrobium escambiense DSM 10701 Freshwater sediment, USA, Florida, Escambium River 
30-156 99.2 Desulfomicrobium apsheronum DSM 591S1 Water, oil-bearing deposits, USSR 

PPS 13 1-147 95.9 Dechloromonas 11aromatica 11 RCB 
1-147 95.9 Ferribacterium limneticum cda1 1 Mining-impacted freshwater lake sediments 
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1-147 91.8 Dechloromonas agitata MA-l 
1-147 91.8 Azonexus fungiphilus MFC-EB3, -EB24 Electricity-generating microbial fuel cell 

PVP4A 14 20-157 100 Uncultured delta proteobacterium P4B-45 Sediment 
20-132 100 Uncultured Desulfobacteriaceae cLaKi-JM42 Lake Kinneret 
54-157 100 Uncultured Desulfobacterates SIM0-2387 Salt marsh, sediment 
54-157 100 Uncultured Desulfosarcina sp. SIM0-1842 Salt marsh, sediment 
54-157 100 Desulfobacterium indolicum DSM 3383T Marine mud, Italy 

PVP4A 15 2-156 96.1 Unidentified bacterium Sai2P2-19 Sediment, reservoirs of different trophic state 
63-156 96.8 Uncultured Bacteroidetes bact. SIM0-2078 Salt marsh, sediment 
51-156 93.4 Gelidibacter sp. QSSC 1-21 Antarctic quartz stone sublithic communities 
63-156 95.7 Cytophaga sp. BD 1-16 Deep-sea sediment 
51-156 92.5 Gelidibacter "gilvus" IC158T Antarctic maritime habitats 

PRl 16 33-157 98.4 Uncultured bacterium FW134 F orested wetland 
53-157 98.1 Gallionella ferruginea 
52-157 97.2 Uncultured Nitrosomonas sp. NS3-F Brackish water, Seine River 
52-157 97.2 Uncultured Nitrosococcus sp.NJ2-F Brackish water, Seine River 
53-157 97.1 Zooloea resiniphila PIV -3C2y Activated sewage sludge 
53-157 97.1 Azoarcus anaerobius DSM 12081T Digested anaerobic sewage sludge, Germany 
50-157 96.3 Azoarcus (denitri.ficans) tolulyticus Td-3 

PP7 17 not readable 

PVP4B 18 20-157 98.6 Desulfosporosinus "limneticum" STP12 Sediment, Lake Stechkin, Germany 
20-157 98.6 Desulfosporosinus "idahoense" AlO Sediment, Lake Coeur d 'Alene, Idaho, USA 
28-158 98.5 Uncultured Desulfosporosinus sp. kH4 ground water 
30-158 95.3 Desulfosporosinus orientis DSM 8344 Permafrost soil; Russia, Siberia 

PVP4B 19 35-156 94.3 Uncultured Flexibacter sp. C4 Environmental sample (wheat?) 
63-156 97.9 Uncultured Bacteroidetes bact. B36c Delaware River 
47-156 95.5 Chryseobacterium sp.UOF CM895 Atlantic salmon 
60-156 96.9 Arctic sea ice bacterium (several) ARK10287 Arctic sea ice-melt pond 
60-156 96.9 A lot of different Flavobacterium species e.g. glacier, Antarctic lake, fresh water, 

freshwater sediment, baltic Sea 
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PVP4B 20 not readable 

r =type species; "name"= not yet validly described species 
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APPENDIX 1. Long sequence, DNA extraction directly from the sample, no concentration. 

Figures 3 and 4. PCR-DGGE profile of microbial communities in the ground water samples amplified with the primers amplifying the longer sequence 
area (Primers U968-GCf ja Ul401-r ). Each sample was studied as replicates, there are two lanes representing each sample. The DNA extraction of the 
water samples was performed without concentration by direct DNA extraction from the water samples. 
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APPENDIX 2. Long sequence, DNA extraction from 5 ml sample. 

Figures 5 and 6. PCR-DGGE profile of microbial communities in the ground water samples amplified with the primers amplifying the longer sequence 
area (Primers U968-GCf ja U1401-r ). Each sample was studied as replicates, there are two lanes representing each sample. The DNA extraction of the 
water samples was performed after filtering 5 ml of water. Some smples were nor properly amplified and run in DGGE. The bands numbered in the gels 
were cut out purified and sequenced for identification. The results are presented in the table 3. 
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APPENDIX 3. Long sequence, DNA extraction from 50 ml sample. 

Figure 7. PCR-DGGE profile of microbial communities in the ground water samples amplified with the primers amplifying the longer sequence area 
(Primers U968-GCf ja U1401-r ). Each sample was studied as replicates, there are two lanes representing each sample. The DNA extraction was 
performed from 50 ml filtered water. 
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APPENDIX 4. Sort sequence, DNA extraction directly from the sample, no concentration. 
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