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Abstract. Cultural and molecular approaches were used to examine the cyanobacterial composition of
Eynal (Simav) hot spring in Kiitahya. Water and mat samples were collected for isolation in culture,
microscopic morphological examination, and molecular diversity analysis based on 165-23S ITS region
sequences. Obtained different cyanobacterial morphotypes were identified, the most abundant of which
were the members of Leptolyngbya and Oscillatoria genera. Different from classical identification,
molecular analyses were allowed the detection of additional genus corresponded to Synechococcus,
Geitlerinema, Phormidium, and filamentous thermophilic cyanobacterium. Overall diversity and
morphological/genetic variation of thermophilic cyanobacteria are not as high as described from other hot
springs. The results showed a low cyanobacterial diversity of Eynal hot spring, with only 10 operational
taxonomic units (OTUs) per sample obtained by a combination of strain isolations, clone libraries and
DGGE (Denaturing Gradient Gel Electrophoresis) based on 16S rRNA genes.

Keywords: thermophilic cyanobacteria, ARDRA (Amplified Ribosomal DNA Analysis), 16S rRNA,
cloning, DGGE, diversity

Introduction

Cyanobacteria are capable of living in a wide range of ecosystems such as oceans,
freshwater systems, and also in many extreme environments like hypersaline settings,
hyperarid desert areas, UV and ionizing radiation-exposed settings and even rock
interiors (Garcia-Pichel et al., 1998; Wierzchos et al., 2006; Warren-Rhodes et al., 2006;
Gorbushina and Broughton, 2009; Ragon et al., 2011), and also in thermal springs and
their associated microbial mats (Castenholz, 2001). Thermophilic cyanobacteria are
known to be interesting organisms in studies for basic and applied researches. It is
believed that the ancestors of these living microorganisms were the oldest primary
producers common in the distant past, and they perhaps used thermal springs as refugia
(Gold, 1999; Plescia et al., 2001; Adhikary, 2006; lzagiurre et al., 2006; Hindak, 2008).
Thermophilic cyanobacteria from the Yellowstone National Park were the first, and
possibly the most extensively studied type of these group (Dyer and Gafford, 1961;
Castenholz 1969; Brock 1967; Ward et al., 1998). On the other hand, although
cyanobacteria from other thermal areas have also been explored to some extent, many
remain have still been unstudied.

Hot springs are the exact model of habitats for taxa with ‘subcosmopolitan’
geographical distribution (Padisak, 2009). The geographical isolation of hot spring
cyanobacteria resulted in evolutionary divergences on both global and local scales
(Castenholz, 1996; Papke et al., 2003; Klatt et al., 2011). Phylogenetic relationships
among cyanobacteria are not well understood yet. Molecular markers have potentially in
the identification of field samples without culturing. So far, 16S rDNA has been widely
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used to infer phylogenetic relationships between species and strains as a single marker
or combined with traditional techniques (Ishida et al., 2001; Li et al., 2001; Premanandh
et al., 2006).

Turkey is one of the seven richest countries in the world with thermal sources. There
are almost 1300 thermal springs throughout Anatolia. Kiitahya is the richest area in
Turkey with respect to geothermal waters in which eleven geothermal fields are above
30°C. Simav is a region inside this area with geothermals characterized for their
richness in chemical salts or minerals. This study presents the results of the
cyanobacterial communities in Eynal (Simav) hot spring in Kiitahya by using cultural
and molecular diversity studies based on the amplification, cloning and sequencing of
16S rRNA genes from enrichment cultures and natural samples.

Materials and Methods
Sampling sites and physico-chemical analysis

Eynal (Simav) hot spring (39°07°32.46"N: 28°59°43.99"E; 805 m above sea level) in
Kiitahya was investigated (Figure 1). Sampling was carried out in May 2012. Thermal
waters and mats for cyanobacterial cultures and molecular analysis were collected from
two sampling sites in sterile glass vials and tubes and transported to the laboratory as
soon as possible. Some physicochemical parameters such as water temperature, pH,
total dissolved solids (TDS) and dissolved oxygen were measured in the field using a
WTW multiparameter probe and WTW OxiTop 1S6. Potassium (K*), Calcium (Ca**),
Sodium (Na®), Iron (Fe**), Manganese (Mn), Magnesium (Mg?*), Ammonium (NH."),
Fluorur (F), Nitrate (NOs), Sulfate (SO,%), Nitrogen dioxide (NO,), Bicarbonate
(HCO3), Total Cl,, and Free Cl,, were measured with Spectrocuant®test kits (Merc).
Values are provided in Table 1.

Figure 1. Eynal (Simav) hot spring
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Morphological classification of cyanobacteria and enrichment cultures

Morphological analysis of natural and cultivated cyanobacteria were performed
based on observable characteristics under a light Olympos microscope BX51 equipped
with digital microphoto-camera DP70. Morphotypes were identified to the genus level
according to the identification systems proposed by Koma rek and Anagnostidis, 1998,
2005, and Castenholz, 2001. Cultivation and isolation processes were conducted in BG-
11 medium including cycloheximide (50 mg L™) to avoid eukaryotic contaminants
using incubation temperatures at 55°C for several weeks until a green active biomass
became visible and purification process was then performed. Subsequent cultures were
incubated in the BG11 solid medium at 55°C (Boutte et al., 2005; Taton et al., 2006b).

DNA purification, PCR amplification, cloning

DNA was purified from cell pellets of homogenized microbial mats and enrichment
cultures using the DNeasy® Plant Mini Kit (Qiagen) following manufacturer’s
instructions. Additionally, to obtain the total bacterial genomic DNA, firstly 500 ml
water samples were filtered on 0.2 um-pore-size filters (Millipore). Filters placed in 15
ml sterile tubes containing 2 ml lysis buffer (40 mM EDTA, 400 mM NaCl, 0.75 M
sucrose, 50 mM Tris HCI pH 8.3) (Giovannoni et al., 1990; Wilmotte et al., 2002).
Enzymatic lysis and subsequent steps were carried out as described in Yilmaz and Arik,
2016. 16 rRNA gene libraries were constructed for all positive amplifications using the
TopoTA cloning kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. Plasmids were extracted and used to amplify the inserts with the
cyanobacteria specific primers CYA359F and 23S30R as described above and subjected
to ARDRA to screen the clone libraries.

ARDRA (Amplified ribosomal DNA analysis)

The 16S rRNA gene plus ITS amplicons obtained from the genomic DNA of the
isolates and clones were used for ARDRA with two different restriction endonucleases,
Mspl and Mbol (MBI Fermentas). All steps were performed as described previously
(Scheldeman et al., 1999; Taton et al.,, 2003). The number of clones analyzed by
ARDRA was 40, and 45 for two samples, respectively. The isolates and clones with a
different restriction patterns were chosen for sequencing with the specific
cyanobacterial reverse primers 23S30R (5'-CTTCGCCTCTGTGTGCCTAGGT-3),
1492R (5-GTA CGG CTA CCT TGT TAC GAC-3’), and 1092R (GCG CTC GTT
GCG GGA CTT) by Macrogen (Seoul, Korea) and then these sequences were
assembled.

DGGE (Denaturing gradient gel electrophoresis) analysis

Two successive PCR reactions were run to produce 422-bp long fragments, as
described in Taton et al., 2003, except that electrophoresis was performed for 22 h at 80
V and 60°C. Two DGGEs (a and b) were performed for each sample. The PCR primers
were used according to Niibel et al., (1997) to carry out DGGE (a) and (b) targeted
filamentous and unicellular cyanobacteria, respectively. The excised DGGE bands were
incubated in TE™ buffer for 12 h at 4°C. Each solution was used as a template for PCR
amplification as described above. The PCR products were then electrophoresed to
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confirm the bands and sequenced with primer 16S784R (5'-GGA CTA CWG GGG
TAT CTA ATC CC-3").

Sequence analysis

16S rRNA gene sequences retrieved from samples were compared with sequences in
the GenBank database (http://www.ncbi.nlm.nih.gov/) by BLAST search program at the
National Center for Biotechnology Information website (http://www.ncbi.nIm.nih.gov).
Obtained sequences were considered to belong to the same operational taxonomic unit
(OTU) when they shared more than 97 % identity. We retrieved the closest sequences
found in databases and included them in an alignment containing also sequences from
the closest cultivated members and some representative sequences of major
cyanobacterial taxa. Sequences were aligned using BioEdit v7.2.5 software. All
sequences were checked for chimera formation using the DECIPHER (Wright et al.,
2012). CHECK-CHIMERA software developed by the Ribosomal Database Project and
the phylogenetic affiliations of their 5" and 3" ends were compared. Phylogenetic trees
were constructed using the maximum likelihood treeing algorithm and Nearest-
Neighbor-Interchange (NNI) method in the MEGA 6 (Tamura et al., 2007). The
Distance Matrix was calculated using the Jukes-Cantor correction. Validity of the tree
topology was checked using the bootstrap method (1000 replicates). Newly identified
sequences were deposited in GenBank with accession numbers KU937325-KU937339,
KU950335, KU950336.

Results
Physico-chemical parameters and mineral composition of hot spring waters

The temperatures of Eynal spring thermal water was 97°C. The pH of the analyzed
water sample was 8.66, slightly alkaline and its total dissolved solids was 2.15 g/l. The
results for concentration of major and minor components were listed in Table 1.

Table 1. Some properties of the water sample.

Water sample Eynal (Simav)

Temperature 97
pH 8.68
Dissolved oxygen (mg/l) 0.8
TDS (g/l) 1.6
Mg®* (mg/l) 30.3

K" (mg/l) 86.94

Ca®* (mg/l) 80.99

Na* (mg/l) 242.87
Fe?* (mgll) 0.21
Mn (mg/l) 0.07
NH," <0.5
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F (mg/l) 0.45
NO;™ (mg/l) <0.5
NO, (mg/l) 0.027
S0,* (mgll) 155.90

HCO3; (mg/l) 466.35
Total Cl, (mg/l) 0.16
Free Cl, (mg/l) 0.12

Identification and enrichment of cyanobacterial morphospecies

Morphological variability was studied in natural samples as well as in isolated strains.
The filament variability was not extensive in natural samples. All strains produced single—
trichome filaments with sheath and there was no false branching (Figure 2).

Cyanobacterial isolates were obtained from the two samples using BG11 media
belonging to the order Oscillatoriales. No heterocystous or unicellular cyanobacterial
isolates were detected by culturing in this study, although they have been observed in
microscopy, Synechococcus and coccoid colonial Gleocapsa sp., due to because of their
possible rareness in the environmental samples. All the cultivation studies were
conducted in the same culture medium (BG11) including cycloheximide. The most
abundant morphotypes were observed as the filamentous cyanobacteria that the
Leptolyngbya genus.

Figure 2. Light microscopy images of trichome morphology of some filamentous colonies
(a, b, c, d) in BG-11 medium (40X objective).
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Diversity of cyanobacteria based on 16S rRNA gene sequences

Cyanobacterial diversity was studied also by amplification, cloning, DGGE and
sequencing 16S rRNA genes from the enrichment cultures as well as from filters
obtained from hot spring waters.

28 pure isolates with 3 different ARDRA profiles (Table 2) were obtained from the
hot spring. In our ARDRA results, S3 cluster was found as dominant with 57.14% of
the isolates. The regarding percentage of S1, and S2 are 25% and 17.85%, respectively.
The similarities among the isolates with the closest relative sequences in GenBank can
be seen in Table 2. The sequence of the isolate K5 shows similarity with the
Oscillatoriales cyanobacterium (OTU 16SEY1) isolated from LaDuke Hot Spring,
Great Yellowstone area (Unpublished, Acc. Number FJ788926) and K9 is similar to the
genus Leptolyngbya sp. (OTU 16SEY?2) isolated from geothermal springs of Costa Rica
(Unpublished, Acc. Number EF545616). K11 and K16 isolates show similarity with the
genus Oscillatoria sp. (OTU 16SEY3) isolated from Tuwa hot-water spring,
Panchmahal, Gujarat (Unpublished, Acc. Number JN661705.1). This molecular analysis
should serve a comparison to previous researches that identified morphospecies with
16S rRNA gene-based operational taxonomic units (OTUs) and morphological studies.

In addition, cloning and DGGE techniques were also applied to determine
cyanobacterial diversity of Eynal hot spring as culture-independent methods. A total of
113 clones containing inserts of the right size were obtained and 85 out of this were
studied by ARDRA (16S plus ITS) and they differed in two restriction patterns that
were C1, and C2 clusters. C2 cluster formed 57.64% of all the clones and was similar to
Geitlerinema sp. (OTU 16SEY4) isolated from Afyonkarahisar hot spring (Yilmaz and
Arik, 2016, Acc. Number KT715750.1). Similarly, C1 cluster was affiliated to same
OTU as the C2 cluster although they had different ARDRA patterns.

In the DGGE study, a total of 16 positive DGGE bands (Figure 3) were obtained
however only 10 of them could be sequenced. The most sequences obtained from the
bands (44.4%) yielded similarities to Geitlerinema sp. that was isolated from thermal
waters in Izmir (Unpublished, Acc. Number HQ197683.1) with high percentages of
similarity (99%-100%) and two bands, DGGECY2 and DGGECY 3, were related to the
Oscillatoria princeps isolated from Chao Phya, Thailand (Suda et al., 2002, Acc.
Number AB045961), and Oscillatoria sp. isolated from hot spring of Thailand
(Unpublished, Acc. Number EF452003.1). DGGECY10 and DGGECY11 bands were
related to Phormidium sp. isolated from Euganean thermal springs, Padua, Italy (Berrini
et al., 2004, Acc. Number AJ548503) and Baikal Rift Zone thermal spring, Russia
(Unpublished, Acc. Number DQ408370), respectively. DGGECY4 and DGGECY®6
bands were affiliated with Synechococcus sp. isolated from high altitude lakes in the
Atacama Desert, Bolivia (Unpublished, Acc. Number EU729047.1) and Leptolyngbya
orientalis isolated from hot water springs of north-western Himalayas, India
(Unpublished, Acc. Number KM376987.1), respectively (Table 2).
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Table 2. Analysis of the 16S rRNA gene sequences obtained from Eynal hot spring

Selected sequence Closest BLAST strain hit Closest BLAST OTUs Origin of related
(Accession no)/ARDRA uncultured hit sequences outside
Cluster Kiitahya
K5 (KU937325) Oscillatoriales cyanobacterium JSC-  Uncultured bacterium 16SEY1 Laduke Hot Spring, Great
(S1 Cluster) 1 (FJ788926.1) (99%) clone YB-91 Yellowstone
(JQ769717.1) (98%)
% K9 (KU937326) Leptolyngbya sp. CR_30M Uncultured bacterium 16SEY?2 Geothermal Springs of
= (S2 Cluster) (EF545616.1) (99%) clone YB-91 Costa Rica
g (JQ769717.1) (98%)
K11 (KU937327) Oscillatoria sp. N9DM Uncultured bacterium 16SEY3 Tuwa Hot-Water Spring,
K16 (KU937328) (JN661705.1) (99%) clone B31 4 Panchmabhal, Gujarat
(S3 Cluster) (KC831425.1) (99%)
Cl26 (KU937331) Geitlerinema sp. CY20 Uncultured 16SEY4 Afyonkarahisar Hot
(C1 Cluster) (KT715750.1) (99%) cyanobacterium clone 15 Spring
@ (KT793921.1) (99%)
c
2 CI3 (KU937329) Geitlerinema sp. CY20 Uncultured 16SEY4 Afyonkarahisar Hot
CI5 (KU937330) (KT715750.1) (99%) cyanobacterium clone 15 Spring
(C2 Cluster) (KT793921.1) (99%)
DGGECY1 (KU950335) Geitlerinema sp. Bal-2 Uncultured 16SEYS Thermal Waters In Izmir
2 (HQ197683.1) (99%) cyanobacterium clone
c 13908 (GQ480593.1)
o (99%)
EDJ DGGECY5 (KU937334) Geitlerinema sp. Bal-2 Uncultured 16SEYS Thermal Waters in {zmir
O (HQ197683.1) (99%) cyanobacterium clone
o 13908 (GQ480593.1)
(99%)
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DGGECY8 (KU937336) Geitlerinema sp. Bal-2 Uncultured 16SEY5 Thermal Waters in Izmir
(HQ197683.1) (99%) cyanobacterium clone
13908 (GQ480593.1)
(99%)
DGGECY9 (KU937337) Geitlerinema sp. Bal-2 Uncultured 16SEY5 Thermal Waters in Izmir
(HQ197683.1) (100%) cyanobacterium clone
13908 (GQ480593.1)
(100%)
DGGECY?2 (KU950336) Oscillatoria princeps NIVA-CYA Uncultured bacterium 16SEY6 Chao Phya, Thailand
(AB045961.1) (98%) clone CU50
(KF247920.1) (98%)
DGGECY3 (KU937332) Oscillatoria sp. PL51-2 Uncultured Leptolyngbya 16SEY7 Hot Spring of Thailand
(EF452003.1) (92%) sp. clone Tsenher12otu4-
1
(KT258783.1) (92%)
DGGECY10 (KU937338) Phormidium sp. 0417 Uncultured 16SEY8 Euganean Thermal
(AJ548503) (95%) cyanobacterium clone Springs, Padua, Italy
SE56
(EU7289381.1) (%97)
DGGECY11 (KU937339) Phormidium sp. 0417 Uncultured 16SEY8 Baikal Rift Zone Thermal
(DQ408370.1) (90%) cyanobacterium clone Spring, Russia
Hiw-77
(EF633001.1) (%90)
DGGECY4 (KU937333) Synechococcus sp. AECC1338 Uncultured 16SEY9 High Altitude Lakes in
(EU729047.1) (97%) cyanobacterium clone 21 The Atacama Desert,
(KT793924.1) (98%) Bolivia
DGGECY6 (KU937335) Leptolyngbya orientalis PUPCCC Uncultured Leptolyngbya 16SEY10 Hot Water Springs of

112.18
(KM376987.1) (98%)

sp. clone Tsenher12otu4-
1 (KT258783.1)
(98%)

North-Western
Himalayas, India
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DGGE (a2) DGGE (b2)

Figure 3. DGGE gels (a2) and (b2) of the hot springs and some positive major bands. (1), (2),
(5), (6) Eynal water sample, (3), (4), (7), (8) Eynal mat sample

Phylogenetic analysis

16S rRNA gene in gene libraries (Table 2), the phylogenetic position of isolates,
clones and DGGE bands were demonstrated by the reconstruction of a phylogenetic tree
(Figure 4, 5, 6). Aligned partial 16S rRNA gene sequences corresponding to E. coli
sequence positions 498 to 1391 for the isolates, 465 to 1525 for the clones and 415 to
717 for the DGGE bands were used but the indels were not taken into account. Scale bar
represents expected number of substitutions per site. Bootstrap support values below
50% were not included in the figures.
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@ K16 (KU937328)
(JN661705) Oscillatoria sp. N9DM
@ K11 (KU937327)

(KC831425) Uncultured bacterium B31
(AB486559) Uncultured bacterium
(KC463201) Oscillatoriales cyanobacterium EcFYyy 200
74 (JQ769621) Uncultured bacterium clone TG-111
(EU196616) Leptolyngbya foveolarum P-BJ1 clone 1
(EU196617) Leptolyngbya foveolarum P-BJ1 clone 2
(JQ323142) Uncultured Leptolyngbya sp. DY-8
(KP835534) Leptolyngbya sp. CENA131
(HM224444) Uncultured Leptolyngbya sp. DOL111
83— (JQ769597) Uncultured bacterium TG-87
(FJ788926) Oscillatoriales cyanobacterium JSC-1
(EF545599) Leptolyngbya sp. CR_7TM
Or @ K5 (KU937325)

@ K9 (KU937326)

(EF545616) Leptolyngbya sp. CR_30M

(KR137571) Leptolyngbya sp. CENA350

99k (JQ769717) Uncultured bacterium clone YB-91
(KM438178) Leptolyngbya sp. PItLPT2

—:JQ404418) Uncultured cyanobacterium GG53

(JQ769818) Uncultured bacterium YJ-89

(JQ769682) Uncultured bacterium YB-56

(JQ769647) Uncultured bacterium YB-21

(JQ770046) Uncultured bacterium clone YM-104

(CP009072) Escherichia coli; ATCC 25922

79

54

| gpegrn |
0.01

Figure 4. Phylogenetic inferences based on 16S rRNA gene sequences from isolates (indicated
by green diamond).

@ cl5 (KU937330)

08| (KT793921) Uncultured cyanobacterium

(KT715750) Geitlerinema sp. CY20

@ cl26 (KU937331)

(FM210758) Geitlerinema sp. PCC 8501

(FM210757) Leptolyngbya laminosa ETS-08
(KC854791) Leptolyngbya sp. ATA_3_4Q; CV6D
(KT793927) Uncultured cyanobacterium
(HF678512) Oscillatoria amoena CCAP 1459/39
(CP008957) Escherichia coli O157:H7 str. EDL933

73

=
0.01

Figure 5. Phylogenetic inferences based on 16S rRNA gene sequences from clones (indicated
by violet circle) belonging to the cyanobacteria.
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(GQ480563) Uncultured cyanobacterium clone 13d04
(KT793919) Uncultured cyanobacterium

(GQ480602) Uncultured cyanobacterium clone 13h08
(KT715748) Geitlerinema sp.

(HQ197683) Geitlerinema sp. Bal-2

(FM210758) Geitlerinema sp. PCC 8501

f (FJ206793) Uncultured bacterium clone Drod-B54
(DQ471445) Filamentous thermophilic cyanobacterium tBTRCCn
Hl DGGECY9 (KU937337)

B DGEECY8 (KU937336)

Bl DGGECY1 (KU950335)

I (KJ461836) Uncultured cyanobacterium

L M DGGECY5 (KU937334)

_83 (KP676722) Uncultured Leptolyngbya sp.
52{(KT258783) Uncultured Leptolyngbya sp.
(EF452003) Oscillatoria sp. PL51-2
(KM376989) Leptolyngbya thermarum
L (KM376987) Leptolyngbya orientalis
_|(KJ611277) Uncultured Chroococcales cyanobacterium clone 40-2
70|' (KJ611412) Uncultured Chroococcales cyanobacterium clone 40-2
12 L— M DGGECY6 (KU937335)
B DGGECY3 (KU937332)
—— [l DGGECY4 (KU937333)
66 %‘% AB757744) Uncultured bacterium

(KC575020) Uncultured bacterium clone BS5B_09FB_L04
76— (KF975568) Uncultured bacterium clone FMSB25
(JX133345) Uncultured bacterium
W DGGECY2 (KU950336)
(AB045961) Oscillatoria princeps NIVA-CYA
(KF247920) Uncultured bacterium clone CU50
(KC854781) Oscillatoria sp.
(AM159409) Uncultured bacterium
(AM398647) Oscillatoria duplisecta ETS-06
85— (KP793976) Uncultured cyanobacterium
W DGGECY11 (KU937339)
B DGGECY10 (KU937338)
89~\~ (DQ408370) Phormidium sp. 0417
(EF633001) Uncultured cyanobacterium clone H1w-77
(CP009072) Escherichia coli; ATCC 25922

[&;T793924) Uncultured cyanobacterium
(

—
0.01

Figure 6. Phylogenetic inferences based on 16S rRNA gene sequences from some DGGE bands
(indicated by blue square) belonging to the cyanobacteria.

Conclusions

In this study, cyanobacterial composition in Eynal (Simav) hot spring was
determined by using cultivation and molecular methods such as cloning and DGGE.
16S rRNA sequences from hot springs on every side of the world have been intensively
examined and studied using the mentioned methods above (Papke et al., 2003; Lau et
al., 2005; Ward et al., 2006; McGregor and Rasmussen, 2008; Sompong et al., 2008;
Oren et al., 2009; lonescu et al., 2010). Hence it is possible to reveal the cyanobacterial
diversity of the Eynal hot spring based on the 16S rRNA gene from molecular analysis.
All the cultivation process were performed in the same culture medium (BG11)
suggesting that, despite considerable differences in water and substrate chemistry, these
cyanobacteria could fit to different environmental conditions (Yala et al., 2014). The
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filamentous cyanobacterial isolates obtained from Eynal hot spring waters and mat
samples corresponded to Oscillatoriales members. In addition, cyanobacterial diversity
was studied by amplification, cloning and sequencing 16S rRNA genes from the
cultures as well as from environmental DNA of hot spring’s water samples. These
culture-independent methods were enabled to compare previously identified
morphospecies with 16S rRNA gene-based operational taxonomic units (OTUs). 10
OTUs were identified with a combination of cultural and molecular methods. These
OTUs affiliated to two order-level cyanobacterial clades, namely the Oscillatoriales that
was dominant and Chroococcales. One of the dominant Eynal 16S rRNA gene
sequences corresponded to the genus of filamentous cyanobacteria Leptolyngbya (e.g.,
lonescu et al., 2010; Coman et al., 2013; Dadheech et al., 2013; Mackenzie et al., 2013;
Yala et al., 2014) and Oscillatoria (e.g., Castenholz, 1967; Richardson and Castenholz,
1987; Castenholz 2015) that has been detected in hot springs worldwide. These
sequences were obtained from isolates that were largely dominant in this mat sample
but not from clones.

Geitlerinema, Phormidium, and Synechococcus sequences were determined with
only molecular methods from water samples. This event has been previously reported
(Taton et al., 2006a) and it is rightly due to the high sensitivity level of the molecular
methods that could amplify DNA from rare morphotypes. Despite the fact that the
DGGE was a less sensitive technique than clone libraries, several OTUs were retrieved
by DGGE but not by clone library in this study. Indeed, only predominant populations
can be detected by DGGE (Nikolausz et al., 2005), when their populations represent at
least 1% of the total communities (Muyzer et al., 1993; Murray et al., 1996).
Additionally, the ARDRA analyses used to screen the clone libraries could
underestimate the diversity (Cho and Tiedje, 2000). In this study, there was not a clear
correspondence between the isolates identified and the sequences retrieved. Casamatta
et al., 2003 found various cyanobacteria like Pleurocapsa, Phormidium, Anabaena,
Synechocystis, Oscillatoria, Microcoleus and Pseudanabaena with 16S rRNA gene
sequences along with DGGE inhabiting Octopus hot spring. Similarly, Geitlerinema,
Phormidium, Oscillatoria genus were also detected with DGGE in this study. One of
the best-documented genera of thermophilic cyanobacteria was the genus
Synechococcus (Dyer and Gafford, 1961; Castenholz, 1969; Ward et al., 1998; Miller
and Castenholz, 2000; Ramsing et al., 2000; Papke et al., 2003; lonescu et al., 2010).
This sequence was not in the isolates, however it was detected only by DGGE.
Consistent with cloning and DGGE, the 16S rRNA gene sequences from Eynal hot
spring showed that Geitlerinema sequences were recovered and dominated from both
methods. In contrast to our molecular results, Geitlerinema sp. was not obtained from
culturing. Several authors have hypothesized that geographical isolation of hot springs
leads to occurrence of indigenous thermophilic cyanobacteria (Castenholz, 1996; Papke
et al., 2003; Miller et al., 2007; Finsinger et al., 2008). Our sequence analysis showed
that Geitlerinema sp. sequences in Eynal (Simav) hot spring were phylogenetically
distinct from those of the thermal/hot springs of other countries. Geitlerinema sp.
sequences obtained in this study refer to the other sequences in GenBank that were
obtained from Afyonkarahisar and izmir hot springs in Turkey (Acc. Number
KT715750.1 and HQ197683.1). Therefore, the observations confirm a speciation of
Geitlerinema species inhabiting the hot springs in Turkey however it needs to be
supported by further studies. Collectively, the diversity for hot spring water samples
seems not to be compatible with findings of cultural and molecular analysis.
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Thermal springs represent pools of new strains possessing attractive biochemical
pathways and unusual metabolic products for biotechnological applications like anti-
microbial material, cancer drugs, ferredioxins, poly-b-hydroxybutyrate, and hydrogen
production. (Fish and Codd, 1994; Javor, 1999; Mohamed, 2008; Miyake et al., 1996;
Mitsui 1987).

There are no other studies analyzing the cyanobacterial composition in Eynal
(Simav) hot spring. Therefore, isolation and identification of some of these thermopbhilic
cyanobacteria isolates shall lead to the studies of their biology for future studies.
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