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Introduction

Cyanobacteria ah microalgae are of significan
importance in lentic ecosystems. They act as prim
producers and contribute to the nutrient cycling. Due
their critical roles in lake ecosystems, the number

studies on the investigation of the cyanobacterial al

Abstract

Morphological features are not sufficient for species characterization in microal
There are many possibilities for existing characters. Recently, molecular techn
have been used in many areas andstikeéchnique increasing the reliability of th
work done. The general purpose of the study is to compare Cyanobacteria
Chlorophyta species under the culture conditions using classical classificatior
molecular identification. In order to achieve thasm, isolation of different clonal
cultures of @anobacteria and Chlorophyta species from Apa Dam Lake
Beykavagil pond (Konya, Tur key) and
Morphological diversity of Cyanobacteria and Chlorophyta species was obst
under culture conditions and visualized Iopth light microscopy and scannin
electron microscopy (SEM). In addition, phylogenetic relationships of these st
to 16S rRNA and 18S rRNA gene sequences were determined. According t
sequence analysis, 3 isolates were found to be similar Ct@datodesmus
mucronulatus (Chodat) Bock & Krienit®7%),Desmodesmus sp. (Chodat) T.Friedl &
Hegewald (98%) aneediastrum duplex Meyen (97%). Other 4 isolates wem@ihd
to be similar toFischerella ambigua ( Kt zi ng ex Bor n g39%)&
Leptolyngbya s p . Anagnost i di BhorBidiutk autvérale ®omon®
(99%) andRivularia sp. C. Agardh ex Bornet & Flahault (99%).

algd composition of lakes has been increasing. T
classification of microalgae and cyanobacteria is mai
based on morphological investigations by microsco
However, alterations in the environmental conditior
might lead to phenotypic plasticity especialin the

cyanobacteria. For this reason, only morphology bas
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identification studies could be misleading and cot
result in misidentification. It was argued that significa
amount of cyanobacterial strains in the cultur
collections have been misidergl Ko mar e
1989 Accordingly, in

studies,

Anagnostidis, addition tc

morphological molecular and biochemic
markers are also being used for the taxonon
& WMar ¢

range of

definitions of the specie(o méar e k

Cyanobacteria inhabit a wide natur
environments like soil, water, hot springs and salt lak
Moreover, due to their high biomass accumulatic
capacity, they have the potential to be used in ma
biotechnological like biofuel

applications (bioga

bioethanol, butanol and biodiesel) produshs
(Sarsekeyeva et al., 20L4urthermore, they have the
potential to produce many bioactive compound:
proteins, pigments and polysaccharid€saihano et al.,
2011). Cyanobacteria as being a global primary produ
requires water, carbon dioxide, inorgnic substances
and light for the maintenance of their life cycle
Photosynthesis is their principal mode of enern
metabolism and they possess chlorophwtnd perform
oxygenic photosynthesis using photosystems | anc
(Castenholz, 19899 Although plant thylakoids are
constructing in stacked grana and unstacked stroi
membranes, and algal thylakoids can be separa
depending on the strain, cyanobacterial thylakoil
typically do not bulk or appress and are more uniforrr
sheetlike. In addition to light harvesting in
cyanobacteria is carried out primarily by phycobilisom
large, soluble molecular assemblies that occ
phycobiliproteins and linker, mostly negrigmented,
polypeptides Gantt & Conti, 1966; Larkum & Ves
2003. Cwnobacteria or blue green Igae were
previously classified under the kingdom Plantae due
its resemblance to algae but later they were put und
the bacteriological code upon investigating the
physiological and genetic structures. Several years ¢

it had a proposal about theirstatus under the

bacteriological code and rexamined their phylogenetic

position (Oren, 2004). Regarding the systema
classification of Cyanobacteria, there are still ambiguc
situations or conflicts. This is especially due to the fi
that classificdion based on molecular anc
morphological features are not in agreemefRajaniemi
et al., 2005).Previous classifications were mainly dot
according to the morphological characteristics b
currently, molecular and biochemical markers are bei
used to spport morphological data. However,
significant amount of strains are lack of any genetic
biochemical investigations. Even, it is asserted tl
laboratory culture conditions or several passages dur
culturing could lead to the loss of certain morpbgical

features like gas vesicleRgjaniemi et al., 2005.aking

into account these variations, careful studies should

carried out using genetic and biochemical markers
revise existing classifications and to classify new isola
Hence, the taxonmic system needs to be upgrade
according to the recent improvements.

Chlorophyta is another important group @
photosynthetic organisms in the aquatic ecosyste
They have membranbound plastids containing
chlorophyll a and b. In the aquatic ecosystethg, algae

are accepted as the primer producers of the orgat
materials and they constitute the base of the food cha
Similar to the case for cyanobacteria, the o
classification system for green algae is being suppor
by additional molecular and bibemical methods.
These emerging technologies led to significant revisic
in many taxonomic lineages such as divisions, clas
and orders Krienitz & Bock, 2032 Especially, the
molecular phylogenetic methods come to the help whe
the species definitioris not possible for those which dt
not propagate sexually. For example, molecu
methods were asserted to be very useful for tf
considerable revision of the orders that contain coccc
green algae which do not propagate sexuallyignitz &

Bock, 2012
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Nucleic acid based technologies, especially
polymerase chain reaction (PCR), have advanced
studies on establishing evolutionary relationshij
among diverse organisms. In PCR based molec
phylogenetic studies, certain conserved regions in D
sud as ribosomal RNA gene (16S rRNA and 18S rl
and internal transcribed spacer sequences (ITS)
amplified by PCR using specific primers and sequen:
Then, these sequences are compared with the ott
known sequences using various softwares a
databa®s and the result is expressed in a phylogene
tree. In this way, it becomes feasible to study bo
species identity and intraspecies variation. Besic
morphological characterizations, with the help «

conserved DNA seguences
put in an appropriate place in the phylogenetic tree.
many types of evolutionary and diversity studies, sm:
subunit ribosomal RNA genes (16S rRNA in prokary:
and 18S rRNA in eukaryotes) were commonly u
(Fawley, Fawley, & Buchheim, 2004%Another

commonly employed gene sequence in systeme
studies are nuclear ribosomal DNA internal transcrib
spacer sequences (ITS) which are the-noding DNA
sequences located between the smsllbunit

ribosomal RNA and largaubunit rRNA genes. IT
regions vere often used for evaluating gerusnd

speciedevel relationshipsGoat et al., 1998

The systematics of cyanobacteria and green alg
generally based on morphological studies. Therefo
there is a significant need for studies on diversificati
of cyanobacteria and green microalgae using molecu
tools in addition to morphological characterizations
aquatic ecosystems. In this study, molecular a
morphological characterizations of sever.
cyanobacteria and green algal species from Apa C
Lake, Bg k av a g I pond and Ebe
Light microscopy and scanning electron microscc
analyses were done for morphologici

characterizations. After isolation and identification «

organisms, the partial 16S rRNA (ZZP2R) sequences
of cyanobactea were PCR amplified and sequenc
respectively for the molecular phylogenetic analyses.
addition to the partial 18S rRNA (ITS1/ITS4) sequen
green algae were PCR amplified and sequen:
respectively for the molecular phylogenetic analyses.
our study, since there are limited numbers of study ¢
the identification of cyanobacteria andreen algae
with the help of molecular techniques in Turkey th
study will contribute to and enhance the research ¢
cyanobacteria and green algae in aquatic ecosyste
MATERIALS AND METHODS

Sampling, isolation of monocultures and culture
conditions

Environmental water samples were taken from tf

following localities in May and June 2014: Apa Di

Lake (37°22"10"" N 32°29
08" 25" " N " 3E)y, 1Eber37Le¢
31°10°08" " E). The | ocal

plants were collected from their natural habitat
carried to the laboratory in glass bottles filled with lak
water. In order to obtain monocultures, the dilutior
method was aplied Rippka, 1988 In this method, the
mixed cultures taken from natural habitats were place
into petri dish and diluted with sterile water. Thi
dilution procedure was repeated several times un
single cells were freely available in the suspensi
Then every single cell was separately isolated with
help of Pasteur pipette working under invel
microscope. Pasteur pipettes were thinned as much
possible with tweezers under fire before starting |
work. Even so coccoid algae, which were very lbn
after being so thinned, were easily isolated from la
waters. After obtaining single cells (Filaments

Cyanobacteria cells or cell colonies of Chlorophy!
they were transferred to BG1 medium (NaNQ, 15;

KHPQ, 0.4; MgS® 7@ 0.75; Cagl 2® 0.36; citric
acid, 0.06; iron (I1l) ammonium citrate, 0.06;2NEDTA,
0.01; NaCQ, 0.2 g/L, 1 mL; trace elements solutio
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(HsBG, 61; MnS®@ D, 169; ZnSO 72Gi 287,
CuS@ 50] 2.5; (NBsM0o702s 4® 12.5 mg/L)in
accordance with the procedure statéd Rippka (1988)
Katitrcroglu, Aslim, Tuar/|
1988. Thismedium which has been frequently used fc
the growth of Cyanobacteria and Chlorophyta. T
cultures were grown in sterile shake flasks containi
100 mL of B&1 underthe cool white fluorescent light
intensity of 30 0-2 hllighkdarla
cycle was applied for 220 days in an incubator for at
efficient photosynthesis.

Light microscopy and identification

The morphological identification was done by tig
microscopy analysis. The cells were grown irR1RGor
15 - 20 days and then the number of cells pi
coenobium, cell shape, and cell arrangement we
documented. Morphological characterization ar
assignment were performed according to the methor
of Prescott (1973) andohn, Whitton & Brook2002).
Scanningelectron microscopy analyses

For scanning electron microscopy (SEM), the cells w
washed with phosphate buffered saline (PBS)
remove culture medium and then they were collecte
by centrifugationat 1000xg for 5 min. After that, cell:
were fixed with formaldehyde or glutaraldehyde
dehydrated in 20, 40, 60, 80 and 100% ethar
sequentially, criticalpoint dried and sputtered with
goldpalladium. SEM images were taken with a JE
JSM 5600 LV.

DNA solation and PCR amplification of 16S rRN
genes and ITS regions

After an intensive culturing of Cyanobacteria and gre
algae, the DNA isolations were performed by using
DNA isolation Kit (Qiagerhenomic DNA was stored ¢
=20 °C prior stewmplateeénipalygnerase
chain reaction (PCR). While smmlbunit ribosomal
RNA gene (16S rRNA) was used for molec
phylogenetic analyses of cyanobacteria, the interr

transcribed spacer sequence (ITS) was used

molecular phylogenetic analyses ofegn algae. To
amplify the partial 16S rRNA gene, two sets

cyanobacteriaspecific primers (27F, 5'
AGAGTTTGATCMTGGCTEBAG 1492R, 5'

TACGGYTACCTTGTTACGELCTTwere used as
described by HayDees, & Sayler (200I)he expected
product size is almost 8bp. For the amplification ol
ITS gene, the wuniversal primer seiT%1, 5

TCCGTAGGTGAACCTGEGG ITS4, 5

TCCTCCGCTTATTGATAIGS used as described b
Van Hannen, Fi n k & (2002) Thée mxpected
product size is almost 860 bp.

For all amplificai on s, 25 ML PC
prepared as foll ows: t el
polymerase (Promega, Gkaq Flexi DNA polymerase
1 pL dNTP mix (Amresco),
Buffer), 1

1 8. 20. ine PGRdcbhdition

GoTaq Green
concentration, a d
which were given in Table 1 were applied using
thermal cycler (Biotech). The PCR products wi
electrophoresed on 1 % agarose gel prepared in
TrisacetateEDTA  (TAE)  buffer.  Then, tt
electrophoresis gels were stwd with ethidium
bromide and visualized with the Gene Geni
Bioimaging system (Syngene, Synoptics Gra
Cambridge, UK). The expected bands were obtail
and used for sequence analyses. The purified prodt
were prepared for the sequencing of 7 speciafier a
successful PCR, t he pro
REFGEN and the products were sequenced.

Sequence analyses of 16S rRNA genes and ITS regi
The chromatograms were carefully examined if the
were any mistakes due to the software and the fin
seqence reads were generated. The final gel
sequences were used to find any similarity betwe:
our sequences and sequences from the databases u:
the Basic Local Alignment Search Tool (BL#
(http://www.ncbi.nim.nih.gov/BLAST). For the

construction of the molecular phylogenetic tree, th
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Phylogeny.fr platform was used as described
Dereeper et al. (2008).

Results

Isolation was carried out in the laboratory of 3 speci
of algae collected from Apa Dam Laképdatodesmus
mucranulatus, Fischerella ambigua and Leptolyngbya
sp., 2 species from Eber Lak&esmodesmus sp.,
Phormidium autumnale, 2 species fr
pond; Pediastrum duplex, Rivularia sp.

Samples were examined by light microscopy and le
by SEMmages. The samples were basically divided il
two main groups. These, 3 species are Chloroph
phylum and 4 species are Cyanobacteria. Two spe
from Chlorophyta are especially in the form of singl
celled, 2cell, 4cell colonial cells. Cells shapese
elongate, fusiform or cylindrical. The dimensions of t
cellsare 8 x811 py -4b6mkdG5® pm.
walls are flat, thickening is visible. Chloroplasts ¢
parietal and bowkhaped. Based on thes
characteristics, it was thought that theseespes were
in the order of Chlorococcales (Figure 1 A, B, C, D).
other sample was observed to be morphologically qu
different from the others and it is in colonial formr
There are 8 to 32 cells in the colony. The colony is
and there are pronouced horn shaped protrusions a
the tip (Figure 1 E, F). Based on these features, |
thought to be in the order of Sphaeropleales as in t
other two examplesThe morphological characteristic
of these species were given in Table 2.

Divisio : Chlorophw

Classis : Chlorophyceae

Ordo : Chlorococcales

Family : Scenedesmaced&r¢scott, 1973)

Divisio : Chlorophyta

Classis : Chlorophyceae

Ordo :Sphaeropleales

Family HydrodictyaceaéPrescott, 1973)

4 species determined to be in the Cyanobacte
phylum, 2 species were considered to be very similar
even the same species according to their morphologi
characteristts. These two types have a commc
characteristic of filamentous, very thin sheath (Figure
A, B) or without sheath, no real branching, fal:
branching, filaments with trichome organizatior
hormogonium present, which is characteristic featur
at the end part (Figure 2 E, F). The morphologic

characteristics of these species were given in Table ?

Divisio : Cyanophyta

Classis : Cyanophyceae

Ordo : Oscillatoriales

Family : Oscillatoriacea@iescott, 1973)

The most important feature that distinguisheset

other two species from the others is the presence
heterocyst. Heterocysts are only in one species at !
end (Figure 2 C, D). In the other species, it was foun:
be in different parts of the filament (Figure 2 G, H). A
result of these investigains, these two species wert
thought to be in the order of Nostocales. Th
morphological characteristics of these species we
given in Table 3.

Divisio : Cyanophyta

Classis : Cyanophyceae

Ordo : Nostocales

Family : Nostocacea®(escott, 1973)

Three diffeent DNA isolated with using Chlorophyt
phylumspecific primers (ITS1 / ITS4) and four D
isolated with using universal primer pair bacterium ai
cyanobacterial primers (27F492R) and they were
amplified by PCR.

Subsequently, the PCR products obtaimeete sent to

REFGEN Gene Research and Biotechnology Labor
for sequence analysis. According to the sequer
results, the phylogenetic map made been formed

NCBIBLAST analysis and the species identificat
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process was completed.

A phylogeny.fr pldbrm was used to create the
phylogenetic tree (Dereeper et al., 2008)For this
program, the results from NCBI were recorded
FASTA. Then phylogenetic trees were created
loading on the online database. The phylogenetic tre
were constructed by applyg the "A la Carte" mode.
According to http://www.ncbi.nim.nih.gov/ the results
of the partial 18S rRNA sample of green algae isola
from the Apa Dam Lake are 1168/1328 base pairs in
adjacent sequence of the species determined unc
the order of Spharopleales that 97%hodatodesmus
mucranulatus,gr een al gae i sol aft
pond are 1062/1392 base pairs in an adjace
sequence of the species determined under the order
Chlorococcales that 98%esmodesmus sp., green algae
isolated from tke Eber Lake are 1127/1363 base pa
in an adjacent sequence of the species determin
under the order of Sphaeropleales that 97
Pediastrum duplex, were determined (Figure 3).
According to http://www.ncbi.nim.nih.gov/ the results
of the partial 16S rRNAsample of Cyanobacteri:
isolated from the Apa Dam Lake are 1546/1546 b:
pairs in an adjacent sequence of the speci
determined under the order of Nostocales that 99
Fischerella ambigua, 1415/1445 base pairs in ai
adjacent sequence of the species detémed under
the order of Oscillatoriales that 97%ptolyngbya sp.,
Cyanobacteria isolated
1509/1513 base pairs in an adjacent sequence of -
species determined under the order of Oscillatorial
that 99% Phormidium autumnale and Cyanobacteria
isolated from the Eber Lake are 1535/1535 base p:
in an adjacent sequence of the species determin
under the order of Nostocales that 998vularia sp.,

were determined (Figure 4).

Discussions

Among the first users of molecular techoes in
Turkey,TUney & (2608)kapptied DNA isolatiot
methods on Cystoseira mediterranea, a macroscopic
brown marine algaeln microscopic freshwater algae
one of the first studies:s
in 2012 and observed the morphologicdiversity of
green algae and determined the phylogenet
relationships of these strains according to the 18S rR
gene sequences. According to DNA sequence anal
two isolates were found to be similar renedesmus

subspicatus (98%), Desmodesmus sp98%) and
Desmodesmus sp. (100%). Similar to this studyaytut,

Oz k o ¢ shéwedGlian thd

diversity of singlecelled Chlorophytes isolated fron

Giur kanl i,

various freshwater habitats in the Central Black S
Region is associated with three tilist lineages that
related with the Chlamydomonadaceae (isolates 103I2
and C301), Chlorellaceae (isolate B4Riv) anc
Scenedesmaceae (isolates SIMCON and N603) by
phylogenetic analyses. In this study, some of t
isolates were similar to Scenedesmus and

Desmodesmus genus. According toK o mar e k ,

HuberPestalozzi (1983)Yhe Scenedesmus genus form
colony between 2 and 32 cells, with a straight 1 or
rowed, cell shapes are always elongated, a
unicellular and two or three colony forms of this geni
shown in Desmodesmus sp. cultures. However, studie:
have shown that thescenedesmus genus is separatec
from Desmodesmus genus An, Friedl & Hegewald
1999. WhileScenedesmus genus has a cell wall that i
very smooth,Desmodesmus genus cell wall has man
chamacteristic structures. These are mainly teet
rosettes, warts and spinesieégewald, 2000 It may be
difficult to identify these characters under ligh
microscopy. Thus, researchers change the old, artifi
classification system with a new, more natyre
phylogenetic system. Especially this situation valid

coccoid green algaéKrienitz & Bock, 2012)These

initial molecular phylogenetic studies have genera
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supported higHevel classification of green algae ar
18S phylogenies have made way for tirgene and
genome scale analyseke(iaert et al., 2012; McCourt
1995. In our study, morphologically identified specit
isolated were identified by molecular techniques ar
so isolated three species are green algae (KR261
Chodatodesmus mucranulatus, KR261936Pediastrum

duplex, KR26193Desmodesmus sp.).

Because of isolation and replication of the blue gre
algae are more difficult than green algathere are
very few studies on this subject. As an example, bl
green algae (cyanobacteria) obtainedorh thermal

facilities in lzmir pro
isolated in laboratory environment and specie
determination was made with molecular methodby

Yiksel e Accorling to tBeGs@gBence analysi
three of the species included in tlggenusGeitlerinema

and the other one is the uncultered speciésY U k
Demirel, Kog¢gyigit, & Suk
In this study, filamentous, nehbranched filamentous
and false branching cyanobacteria species were fou
Usually singlesstranded, branched or noehranched
filamentous forms are -# Hm  wi d-sw,

cylindrical cells, constructed in opposite walls, ai
form in contracting towards at the end. Cells a
cylindrical, elongated, more or less isodiametric, la
cells length more than cells width. @hend cells are
rounded or narrowed and contracted, sometime
hooked shaped, point shaped, narrexund,

sometimes ends with a round shaped calyptra. Cs
may be matt bluegreen, yellowish green, olive gree
and bright green colour. Heterocyst and hormoganm

are present, no akinete. 16S rRNA sequence data
been used for many years to investigate tt
phylogenetic relationships of cyanobacteria in
taxonomic levelsTurner, 1997; Wilmotte & Herdman
2001). The 16S rRNA gene is particularly valuabte
phylogenetic studies because it has high consen

regions (for the evaluation of distant relationships) ar

some variable regions (for evaluation of clos
relationships) Rehakov a, Johan:
Xuesong & Vincent, 20D7There is still considable

debate about what criteria should be used to identi
species in cyanobacteriaJghansen & Casamatte
2005). Sometimes, it is inadequate to safely identi
morphological species. This is true for populations
the natural environment that share sirai, but not

identical, morphological characteristics found in simil
biotopes. So should these similar populations

diagnosed morphologically or molecularly? We thii
that the answer to this question is to use it in bot
ways. In our study, morphologilty identified species
isolated were identified by molecular technique
(KR26193Fischerella ambigua, KR261932hormidium

autumnale, KR261933Leptolyngbya sp., KR261934
Rivularia sp.). As a result of our study, 7 different alga
from 3 different lakes wre isolated and reproduced ir
BG11 medium in the laboratory environment. I
addition to the morphological characterization of gree
algae (Chodatodesmus mucranulatus, Pediastrum

duplex, Desmodesmus sp.) and cyanobacteria specie
(Fischerella  ambigua,  Phormidium  autumnale,

Leptolyngbya sp., Rivularia sp.) it has been supported
by molecular studies for accurate identification. Tht
this investigation can provide a contribution to the fiel

of molecular biological research in the area

phycology in Turke
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Table 1.PCR primers and protocols used in this study for Chlorophyta and Cyanobacteria

ITS1/ITS4 Hanen et al. (2002) -1492R7Hay et al. (2001)
18S rRNA 16S rRNA
Cycle Time Temperature Cycle Time Temperature
Initial denaturation 2 min 95 °C 1 min 94 °C
Denaturation 30s 95 °C 45s 94 °C
Annealing 35 30s 55 ° " 30 45s 55 °

C C
Extension 1 min 72 °C 45s 72 °C
C C

Final extension 10 min 72 ° 10 min 72 °
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Table 2 Morphological characteristics of the green algae isolated from various habitats of lakeséy Turk

Chodatodesmus Pediastrum duplex Desmodesmus sp.
mucronulatus

Vegetative cells Single celled, cellwa The cell bodies are cels are ovoid to
smooth; cells polygonal, are ellipsoid, with
elliptical granulated and have rounded apices, anc

horn-like projections bearing long spines

cells wall smooth, or teeth: the cell wall

without granulations is granular, spiny o
toothed, with wart
like projections
and/or ribs present

zoospor nearly spherical biflagellate zoospore subspherical
for each cell in the

parent colory

Cell size

Vegetative cells 48x811 marginal cells 24- 545 %830 pm
28x624-28 pum,
cells 46-21-26x45-
2130 pum

zoospor 510 pum 258 pum

Chloroplast shape parietal and striated parietal parietal

Pyrenoids single pyenoid 2-4 pyrenoids single pyrenoid

Nucleus position central central central
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Table 3.Morphological characteristics of the cyanobacteria isolated from various habitats of lakes in Turkey

Vegetative cells

heterocyst

hormogonium

Fibrous
unbranched
Fibrous

pseudobranched

sheath

color
Cell size
Vegetative cells

heterocyst

Hormogonium

and

and

Fischerella ambigua

subspherical

ovoid and mostly in the

main axis

Pseudebranched

very thin

distinct brown

Phormidium
autumnale
conical and end cel

capitate

straight or slightly

unbranched

sheath firm or
mucilaginous
dark bluegreen or

olive-green

vegetative cells 4-9
pm wi-s7%e ,un

46 pm

Leptolyngbyasp.

coiled or spiral

formed as an ordered

release of lengths of

colourless and thin

yellow-brown or other

Rivulariasp.

hemispherical or

subspherical

basal heterocyst

unbranched

sometimes false
branching
often frayed at the

apical end

yellow-brown

cells57 pum wh
pm | ong
46 pum
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Figure 1Light and electron microscope (SEM) images of green alga®ésmddesmus sp.C, DChodatodesmus mucranulatus E, FPediastrum

duplex
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Figure 2 Light and electron microscope (SEM) images of cyanobacteridedtdyngbya sp. C, Rivularia sp. E, Phormidium

autumnale G, HFischerella ambigua
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oy 21_323370682_gb_HMO021311.1_Pseudopediastrum_alternans_strain_M;2
f‘a’

)

8.

gi_371782091_emb_HE610123.1_Hydrodictyon_reticulatum_18S_rRNA_ge

i_KR261936_Pediastrum_duplex_BB6

gi_323370675_gb_HMO021304.1_Lacunastrum_gracillimum_strain_M;j2009

gi_323370683_gb_HMO021312.1_Sorastrum_pediastriforme_strain_M;j200

gi_ 323370684 _gb_ HMO021313.1_Stauridium_tetras_strain_M;j2009/269_1

— oi_480327716_gb_JX513882.1 _Coelastrella_terrestris_strain_CCALA

ﬂl_?9771 21 19_gb_JQ()8° 335.1_Pectinodesmus_holtmannii_strain_Krien

gi_KR261935_Chodatodesmus_mucronulatusBBS

()117987"I _gb_ KJ676128.1_Scenedesmus_dimorphus_strain_UTEX417

gi_556912151_gb_KF689582.1_Acutodesmus _obliquus_strain_XL-4-2_in
gi_KR261937_Desmodesmus_sp._BB7

1 Eﬁ gi_8951 5376_gh_DQ4] 7558.1_Desmodesmus_bicellularis_isolate_ NDem

g (04

1_359385310_emb_FR865727.1_Scenedesmus_armatus_var._subalternan
2i_601093303_gb_KJ144189.1_Scenedesmus_armatus_internal _transcri
gi_563518663_gb_KF470793.1_Desmodesmus_communis_isolate_4nolusce

0.1

Figure 3Tree formation of green algae according to 18 SARBuences
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0.89 gi_225348772_gb_FJ788926.1_Oscillatoriales_cyanobacterium_JSC-1
0.855) gi_KR261933_Leptolyngbya_sp._BB3
0.999 gi_45643516_gb_AY493575.1_Leptolyngbya_frigida_ ANT.L52.2_16S_rib
L 2i_95070991_gb_DQA471445.1_Filamentous_thermophilic_cyanobacteriu

o7bvgi_149364148_gb_EF654063.1_Microcoleus_vaginatus_CJI-U2-KK2_16S
gi_KR261932_Phormidium_autumnale_BB2

o @gi_485099()72_a‘ f_NR_102469.1_Oscillatoria_nigro-viridis_strain_P

| gi_161723071_gb_EU282430.1_Oscillatoria_sp._195-A20_16S_ribosoma
2i_498424989_emb_HF678512.1_Oscillatoria_amoena_CCAP_1459/39_par
gi_KR261934_Rivularia_sp._BB4
gi_664803844_gb_KMO019957.1_Calothrix_scopulorum_SAG_36.79_16S_ri
gi_86558939_gb_DQ364237.1_Anabaena_sp._SSM-00_16S_ribosomal_RNA
gi_498424963_emb_HF678488.1_Nostoc_ellipsosporum_CCAP_1453/2_par
gi_338163821_gb_HQ847564.1_Camptylonemopsis_sp._HA4241-MV5_clone
gi_197091828_gb_DQ914866.2_Chroococcidiopsis_sp._CC4_16S_ribosom
gi_KR261931_Fischerella_ambigua_BBI1
gi_42557829_emb_AJ544087.1_Westiellopsis_prolifica_SAG_23.96_par
gi_357967750_gb_JN385294.1_Nostochopsis_sp._HA4207-MV 1 _clone_2tc
gi_523578501_gb_KC695868.1_Microchaete_sp._CENA176_16S_ribosomal

0.1

Figure 4Tree formation of cyanobacteria according to 16 S rRNA sequences
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