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Methods of molecular biology employing genetic
markers as 16S rRNA and functional genes [1, 2]
allowed for discovery of an incomparably wider micro�
bial diversity in comparison to traditional culturing
methods. The sensitivity of molecular techniques
makes it possible to work with samples containing as
little as 1 cells/ml, for example, with the snow from the
Vostok Antarctic station area [3]. Work with samples of
such low biomass (as snow [3]) generates problems
considerably different from those arising while work�
ing with samples of high biomass, such as soil. The
major problem in the analysis of soil microbial diver�
sity in samples containing up to 109 cell/g [4] is to
underestimate it, while in snow, sample contamina�
tions create a serious problem for singling out the true
members of the microbial community.

Until recently, algae, e.g., members of the genera
Chlamydomonas and Chloromonas, were the most stud�
ied components of the snow microbial communities
[5], while bacterial diversity lacked attention. The

total bacterial population in highland snow cover is
presently known to vary between 3 × 103 [6] to 8.4 ×
104 cells/ml [7] and proliferation in snow apparently
affects only the numbers of certain phylotypes. High
cell concentrations (up to 2.3 × 105 cells/ml [7]) may
be due to sedimentation of abiogenic (mineral) parti�
cles (dust) onto the snow or their condensation during
the snow melting period. For example, studies of snow
in the vicinity of the Tateyama mountain chain in
Japan revealed a single psychrophilic and two psy�
chrotrophic bacterial species. Seasonal variations in
bacterial numbers were confirmed by real�time PCR
measurements of bacterial biomass [7]. This research
demonstrated the correlation between the concentra�
tion of mineral particles from the atmosphere and bac�
terial biomass in the surface snow layer [7]. Later, Chi�
nese researchers discovered a similar correlation dur�
ing the study of the core of the eastern Rongbuk glacier
on Mt. Everest in the Himalayas at 6518 m above sea
level [8]. The concentration of culturable bacteria pre�
cipitated on the glacier during the premonsoon sea�
son, which coincided with the episodes of continental
dust transport from northwestern China, was consid�
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erably higher than that before and after the monsoon.
Therefore, it was concluded that microbiological
record of the glacier core might be used to interpret the
changes in atmospheric circulation, thus providing
important information for the analysis of climatic
changes on Earth [8]. Subsequent works determined
that microbial diversity, rather than microbial num�
bers, correlated with the concentrations of atmo�
spheric dust [9, 10]. Different bacterial species were
isolated and cultured from glacier cores at varying
depths, reflecting different ecological and climatic
changes. The structure of bacterial communities dur�
ing the similar climate events was different which is
ascribed to the effects of different climate cycles and
sources of bacterial origin [9, 10].

The Sahara Desert is known to be the largest source
of soil dust aerosols in the atmosphere [11]. African
soil dust was shown to contain viable microorganisms,
including plant, animal, and human pathogens, even
after long�term transport in the atmosphere [12, 13].
The biogeochemical effect of soil dust transport has
been studied mainly for the cases of increased primary
production in aquatic ecosystems [14, 15]. Besides
inorganic nitrogen, phosphorus, and iron, dust con�
tains organic carbon [16], which may serve as a sub�
strate and energy source for growth of heterotrophic
microorganisms.

Analysis of cores of the Mont Blanc glacier
(French Alps) during the last 30 years has demon�
strated that increased calcium content in ice was most
probably associated with regular soil dust transport
from northern Africa [17]. Being deposited on a gla�
cier surface, the dust may act as both a transporting
vehicle and a source of nutrients and energy for micro�
organisms. Therefore, the snow cover microbiota of
mountain glaciers is assumed to be formed mostly by
allochthonous microflora carried by dust transport.

The goal of the present work was a comparative
study of the diversity of microbial communities having
been formed in the snow cover of the Mont Blanc gla�
cier as a result of three Saharan soil dust deposition
events (dust storms) by means of bacterial 16S rRNA
gene sequencing. The events differed by date of depo�
sition as well as the duration of the dust’s stay inside
the snow. The aims of the study also included descrip�
tion of the species composition of microbial commu�
nities in each of the events and evaluation of the mem�
bers contribution to the formation of the snow micro�
biome under conditions of low temperature of the
Mont Blanc glacier at a height of 4250 m.

MATERIALS AND METHODS

The subjects of the study were microbial communi�
ties formed in the snow cover of the Mont Blanc gla�
cier as result of three events of Saharan soil dust depo�
sition (dust storms or dust events, DE).

Collection of surface snow containing discrete dust
layers was carried out in September 2006 and May to

June 2008 in the area of Col du Dome at the height of
4250 m above sea level. Usually, the spring–summer
period in northern Africa is characterized by a high
frequency of dust storms with subsequent effects
detectable at considerable distances from the source.
Samples of snow containing soil dust layers deposited
on the glacier surface as a result of dust storms in
Sahara desert in June 2006 (SDm06/2006), May 2008
(SDm05/2008), and June 2008 (SDm06/2008) were
collected. The time periods of dust deposition in snow
were three months, one month, and one week, respec�
tively. SDm stands for the atmospheric transport of
Saharan desert dust onto the Mont Blanc glacier
(Saharan Dust on Mont Blanc) as a result of a dust
storm.

Physicochemical conditions in the surface layer of
snow on the Mont Blanc glacier are characterized by
negative temperature (–11°C [18]), which is, however,
considered sufficient for life (today, the temperature of
–20°C is suggested to be the lowest threshold where
microbial proliferation is still possible [19]). Average
seasonal accumulation of the glacier at collection sites
varied from 0.5 to 2.4 m water equivalent/year [20].
This probably decreases significantly the time the
microorganisms are exposed to ultraviolet radiation
when deposited on the open surface. Initially, the
environment (snow cover) is oligotrophic; however,
episodic transport of soil dust from the Sahara Desert
characteristic of the place regularly enriches the snow
with inorganic minerals and organic components [16,
17].

Snow samples were melted under clean conditions
(purity class 10000, laminar class 100) of the Labora�
tory of Environmental Glaciology and Geophysics
(CNRS�UJF, Grenoble, France). The material was
then concentrated 111 (MB�SD2), 121 (MB5), and
176 times (MB�SD) using Centricon YM�3 filtrating
columns (3 kDa, Millipore).

Total DNA was isolated from the samples using a
PowerSoil DNA Isolation Kit (MoBio, United States)
and was subsequently used in amplification reactions
with a pair of universal primers (338Fb and com2)
against the variable region v3�v5 of bacterial 16s rRNA
genes as previously described in [21, 22]. To control
the contamination with allochthonous DNA, blank
DNA extraction and negative PCR samples (without
sample addition) were introduced. The amplicons
(~590 bp) were cloned into TOP10 cells using a TOPO
TA Cloning Kit for Sequencing (Invitrogen, United
States). The clones were analyzed by restriction with
three endonucleases AluI, HpaII, and HaeIII (Fermen�
tas, Lithuania). Clones with similar restriction prod�
uct profiles in agarose gel were combined into a single
ribotype (ribo�phylotype), and one to three represen�
tatives of each ribotype were sequenced in LGC
Genomics (formerly AGOWA) GmbH (Berlin, Ger�
many). Nucleotide sequence alignment, comparison, and
identification were performed using the CLUSTALW2
(http://www.ebi.ac.uk/Tools/clustalw2/index.html)
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software package and the BLAST algorithm of the
GenBank database (http://blast.ncbi.nlm.nih.gov/
Blast.cgi). The nucleotide sequences demonstrating
over 97.5% similarity and the same list of closely
related sequences in the database were joined into a
single phylotype. The phylotypes were compared with
the home library of contaminants (the sequences
revealed in different control reactions [21]), and only
those lacking in the library considering the sequencing
error (1%) were conserved for further study [21]. The
phylotypes matching (over 97.5% similarity) those of
human origin (e.g., the members of the human skin
microbiome in GenBank) were marked as human�
associated (HA). Phylogenetic reconstruction was
performed by the maximum parsimony method using
the MEGA4 software package. Thirty�two nucleotide
sequences of the revealed phylotypes were deposited in
the GenBank database under accession numbers
HM104591–HM104622.

To verify the relation between dust deposition
events and the atmospheric transport from Sahara,
reverse trajectories of air mass movement were recon�
structed using the HYSPLIT model (NOAA ARL
Website, www.arl.noaa.gov/ready.php, GDAS meteo�
rological data) for time periods corresponding to the
dust storms in 2006 and 2008.

RESULTS AND DISCUSSION

Reversed trajectories of atmospheric masses
(Fig. 1) pointing out the potential regions of dust
events show that the layers of soil dust discovered in
snow are connected to atmospheric transport from the
Sahara. The sites where air current trajectories
approach the relief line suggest that soil dust from the
Sahara Desert during dust storms or along the air mass
movement was possibly captured.

To create clone libraries of samples SDm06/2006,
SDm05/2008, and SDm06/2008, 40, 38, and
38 clones were studied, respectively, providing over
74% coverage (according to Good’s formula (1 – n/N) ×
100, where n represents the number of singlet phylo�
types in the library and N, the number of clones ana�
lyzed). These clones were grouped by ribotyping.
Nucleotide sequences were determined for the groups'
representatives. Clones for the libraries of
SDm06/2006, SDm05/2008, and SDm06/2008 were
grouped into 12, 19, and 15 phylotypes, respectively,
according to the similarity of their nucleotide
sequences. Contaminant status tests in most cases
revealed individual phylotypes�clones SDm06/2006
(one phylotype corresponding to one clone) and
SDm05/2008 (one phylotype corresponding to one
clone). Only SDm06/2008 made an exception, with
three phylotypes corresponding to 11 (28.9%) clones
in total, indicating the importance of use of contami�
nant libraries. Eventually, the number of phylotypes
having passed the laboratory contamination control
for the libraries of sample SDm05/2006,

SDm05/2008, and SDm06/2008 was 11, 18, and 12
respectively.

In the course of identification, two to four HA phy�
lotypes were also revealed in each library, which is of
interest to clinical microbiologists studying opportu�
nistic pathogens and pathogenic microorganisms. For
example, in a number of north African regions, dust
storms are known to cause local meningococcal infec�
tion outbreaks [23]. However, since the aim of the
present study was to find potential colonizers of the
snow cover, HA phylotypes were excluded from fur�
ther investigation.

Thus, the final number of phylotypes having passed
contamination control and unrelated to the human
microbiome was 8, 14, and 10 for the libraries of
SDm05/2006, SDm05/2008, and SDm06/2008
respectively. One phylotype was common for
SDm05/2008 and SDm06/2008 (two clones in each
case) and was identified as Sphingomonas kaistensis with
96.4% similarity of nucleotide sequences.

The selected 32 (or 31 taking into account the sin�
gle common phylotype) phylotypes belonged to six
taxonomic groups, namely, the Actinobacteria (13 phy�
lotypes), α�Proteobacteria (9), Deinococcus–Thermus
(2), Firmicutes (4), Cyanobacteria (1), and Bacteroidetes
(3). Four phylotypes of the Actinobacteria, two phylo�
types of Deinococcus�Thermus, and one phylotype of
each of Cyanobacteria, Bacteroidetes, and Firmicutes
were dominant (comprising three or more clones),
while the Actinobacteria and Deinococcus�Thermus
turned out to be leaders by phylotype number. All four
dominant phylotypes of Actinobacteria were revealed
in the two DEs of 2008 separated by only a summer
month, while both dominant Deinococcus�Thermus
phylotypes and all three dominant phylotypes of
Cyanobacteria, Bacteroidetes, and Firmicutes were
present only in the DE of 2006, which also occurred in
the summer period, two years earlier. A dendrogram of
all phylotypes demonstrates these results (Fig. 2). This
tendency also turned out to be true for minor (by clone
number) phylotypes. Thus, libraries of DE of 2006 and
2008 did not overlap in their bacterial community
composition with the exception of the Firmicutes
group where both Bacillus phylotypes originating from
DE SDm05/2006 and SDm05/2008 turned out to be
closely related.

Although the vast majority of phylotypes exhibited
high sequence similarity (including environmental
clones, that is uncultured clones of unknown taxon�
omy known only by DNA) to GenBank sequences,
they may be divided into three groups according to
their similarity to known taxa: over 95% similarity
(genus level), 19 phylotypes; 90–95% similarity,
10 phylotypes; and less than 90% similarity (phy�
lum/class, unknown phylotypes), 3 phylotypes. Phy�
lotype distribution among the groups was significantly
different in the three DE. While in both DE of 2008,
most of the phylotypes were identified at the level of
genus and species, in the DE of 2006 this was true for



128

MICROBIOLOGY  Vol. 80  No. 1  2011

CHUVOCHINA et al.

only one out of eight phylotypes. Importantly, in the
latter library two interesting [24] dominant phylotypes
of Deinococcus of the second group were obtained,
demonstrating 94% similarity (by sequences) with the
closest taxa known (Deinococcus xinjiangensis and
Deinococcus claudionis). However, all attempts to iso�
late them in pure cultures to study their morphological
and physiological responses to extreme environmental
factors of the Mont Blanc habitat failed (Ph. Nor�
mand, data not shown). Two dominant phylotypes of
the third group of unidentified taxonomic position
were found in the 2006 DE and one in June 2008 (indi�
cated in Fig. 2). This is an additional indication of the

differences between the three DE in the structure of
microbial communities.

Although a cluster of phylotypes, including three
dominant ones, related to the genus Geodermatophilus
of Actinobacteria (Fig. 2), which includes UV�resistant
organisms of arid soils [25], prevailed in the two librar�
ies of 2008 DE, subsequent study excluded them from
the group of potential snow colonizers. Conversely, it
was possible to describe as a colonizer one of the minor
phylotypes from the same cluster (96.6% similarity to
Crossiella cryophilis) of the DE of May 2008 (Fig. 2),
which exhibited high similarity to bacteria detected
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earlier in cold habitats [26]. Within the α�Proteobacte�
ria phylum, another minor phylotype (98.7% similar�
ity to Devosia limi) of the DE of May 2008 was recog�
nized as a snow colonizer candidate [27].

As for the 2006 DE, three phylotypes were selected
as snow colonization candidates, two major ones (94%
similarity to Deinococcus claudionis and 93.3% simi�
larity to Anabaena sp.) [24, 28] and a minor one
(91.4% similarity to Hymenobacter soli) [29] of the
phyla Deinococcus�Thermus, Cyanobacteria, and
Bacteroidetes, respectively. All the related taxa were
isolated from soil samples in the Antarctic and Arctic,
Arctic snow and ice, and from soils of the alpine belt
and glacier bed sediments. However, to confirm that
the phylotypes belong to the “snowy” biome, studies

of the time�dependent and seasonal biomass varia�
tions are required.

Thus, a preliminary study has demonstrated that
the structure and species composition of microbial
communities associated with episodic dust transport
from the Sahara Desert to the Mont Blanc glacier var�
ied significantly depending on time periods of trans�
port. Even for dust transport events occurring within
one month from each other, the dominant phylotypes
and candidates for colonization were different. It may
be expected that, in the case of other events of the
kind, the structure and species composition will be dif�
ferent. The duration of deposition of dust (and conse�
quently microorganisms) in the snow (three months,
one month, and one week) is hardly related to this
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phenomenon, although it could be the subject of an
independent study. Even a three�month interval does
not seem to be enough to collect the “snowy” phylo�
types, since it might be too short for accumulation of
sufficient biomass. Assuming bacteria proliferating in
the parietal water layers of soil capillaries in perpetu�
ally frozen soil even at –10°C, the minimum cell dou�
bling time may be 20 days [30]. The Mont Blanc
“snowy” biome candidates revealed were different for
all three DE and belonged to both dominant and
minor phylotypes. The reason for the difference may
be both the conditions in the dust storm epicenter in
northern Africa and the history of a specific dust trans�
port event in the atmosphere. Studies on amplification
of full�size bacterial 16S rRNA genes as indirect indi�
cators of live intact “snowy” biota may contribute to a
more complete vision of microbial diversity and ways
of snow microbiota formation in high�altitude gla�
ciers.
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