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Summary

This study aimed to investigate phylogenetic relationships of cyanobacteria based on the 16S rRNA, ITS genes and palindromic
sequences of HIP, ERIC, and STRR. The use of Internal Transcribed Spacer (ITS) region secondary structures has been proposed for
phylogenetic reconstructions. Sampling was done from five Ghanats of shallow aqueducts located at Gonbad Kavous villages (Golestan
province, NE of Iran), and purified in Z8 culture medium. After DNA extraction, 16S rRNA and ITS genes were amplified and
sequenced. The phylogenetic tree was created using the Likelihood Maximum method and the appropriate model with the help of Iqtree
online web server. The secondary structure of ITS was drawn in different parts of helix D1-D1’, D2, D3, tRNAlle, tRNAAla, BOX B,
BOX A, and V3 using Mfold program. Then, phylogenetic analysis of fingerprints was converted to binary information with the
presence and absence of separate, and reproducible bands in each DNA fingerprint pattern generated by PCR profiles of HIP, ERIC
and STRR, and binary information was used to construct a composite dendrograms. The results showed that, the studied strains
belonged to four families viz. Aphanizomenonaceae, Nostocaceae, Hapalosiphonaceae, and Calotrichaceae of subsections of order
Nostocales. The results of the dendrograms clusters drawn from the proliferation of palindrome sequences confirmed the clustering of
phylogenetic trees. However, the results of the variable sections found in sections D1-D1" and Box-B of the ITS gene revealed unique
secondary structures that did not have a similar pattern to their close counterparts. The overall results showed that, the data obtained
from genomic fingerprints, in silico and phylogenetic analysis are very useful for distinguishing closely related strains of cyanobacteria.
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Fig. 1. Sampling stations in the area under investigation.
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Fig. 2. Grown colonies of cyanobacteria on solid Z8 without nitrogen: A. Calothrix sp. Alborz 7, B. Neowestiellopsis sp.
Alborz 6, C. Neowestiellopsis sp. Alborz 8, D. Neowestiellopsis sp. Alborz 2, E. Desmonostoc sp. Alborz 10,
F. Desmonostoc sp. Alborz 5, G. Nodularia sp. Alborz 9, H. Aliinostoc sp. Alborz 1, I. Anabaena sp. Alborz 4,

J. Anabaena sp. Alborz 3.
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Fig. 3. Different light micrographs of cyanobacteria strains: A. Desmonostoc sp. Alborz 10, B. Desmonostoc sp. Alborz 5,
C. Aliinostoc sp. Alborz 1, D. Anabaena sp. Alborz 4, E. Anabaena sp. Alborz 3, F. Nodularia sp. Alborz 9, G. Calothrix

sp. Alborz 7, H. Neowestiellopsis sp. Alborz 6, 1. Neowestiellopsis sp. Alborz 8, J. Neowestiellopsis sp. Alborz 2
(Bars =5 and 10 pum).
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Table 1. Representing indigenous heterocystous cyanobacteria strains identified in Shol-e Koochak, Tabatabaii, Abbas
Abad, Eidi Esfandiary, and Firoozeh villages

Name of . Aliinostoc Nodularia Calothrix ~ Desmonostoc  Anabaena  Neowestiellopsis
Ghanat/strain
Shol-e Koochak - - - ] - ]
Tabatabaii ] - _ - ] _
Abbas Abad - - - - - -
Eidi Esfandiary - - - - - [

Firoozeh - | [ | [ | [ | [ |
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OBy bt g V09 5l iggeme 0SB0 Sl
ovgy booad aisle 0 a5 oolazw! Nostocales
ladyg 4S5 a2 oo lai Maximum Likelihood

Nostocaceae .Aphanizomenonaceae o, ,l=> o
& ,mdIS Calotrichaceae 5 Hapalosiphonaceae
atuine S S 50 055 0,u3 (39,0 diges HB g 3D
U1 51 ol bl el a18,5 18 o5y S5,
S5k
Calothrix sp. Alborz 7 a5 osls Lz Calotrichaceae

0yd 40 odds gk S slads g
Calothrix desertica PCC 7102 a9 L cul,d 6lyls
L) (d..o)o QA/VY) u).o..m‘ g Lng MJLO.’ L) 9 Cann|
)_JL»T )‘ J..oL?- G:!.L:.J. .o)¢fGA )1).3 J)l..i).n 0){5
W) G )';.M;)U Lgl.m As g

oypd 40 wSiseld

Ggw 4w a5 ols 4lis Hapalosiphonaceae
Neowestiellopsis sp. (Neowestiellopsis sp. Alborz 6

Lo L Neowestiellopsis sp. Alborz 2 4 Alborz 8
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sl 5 aslllas 850 (Slasssms ot (oo Ly, —F SO
Gloeobacter «16S rDNA sla Jlgs wloly bag 2xShgilow
Synechococcus sp. (AB015062) 4 violaceus VP3-01
doyd 0,5 o LS olael s Gl co o ddg, Gleie @
Iy @l g1 Colos do,0/(%) o lasbin] o il &gy Coles

s oo lis gl S5 iSlas 3 IUT 6l
Fig. 4. Phylogenetic relationships between studied strains
and related cyanobacteria based on 16S rDNA sequences
with Gloeobacter violaceus VP3-01 and Synechococcus
sp. (AB015062) as out group. Numbers near nodes

indicate standard bootstrap support (%)/ultrafast bootstrap
support (%) for ML analyses.
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Desmonostoc sp. Alborz 4y gu lpss a5 ol lis aulis (glody gu
olaws ;o Sglas wogdle 4 .Cwwl tRNA adhaie 40 ;0 glyls 10
dslio (F Jgoz) o csalin b oy plo 10 50 oSy
Aot 45 0l lis alice sloas g 3L L Nodularia sp. Alborz 9
Nodularia assw > 4 waisla tRNA ¢ V3 ax>l lod g
349 JSeilSes VY (Ala tRNA a5 harveyana CCAP 1452/1
ple L Aliinostoc sp. Alborz 1 awglie (& Jsuz) cils
s V3 i 09 tRNA g0 glyls a5 ols )lis ailie sloas gu
3¢9 JuigzlSes TV L MH497065.1 Aliinostoc soli g o
alox 5l baygu 3l can 10 Lo aselSes V) L BOX A cuils
Saigw amlic (F Jo2) 39 S97ge aslllas 9,50 49w
»lo L Anabaena sp. Alborz 4 5 Anabaena sp. Alborz 3
50595565 VY LBOX A (5l,ls 90,2 aS sy )lid 505 beasgus
Anabaena sp. waw ;0 Ll oy aigxlSes VY LtRNAAla
Ggw 5o L V3 oo 5 el 0429 tRNA-Ile (Alborz 4

(Y Jg92) 59 99250 3552lSe3 47 L Anabaena sp. Alborz 3

16S-23S rRNA ITS a5l ,lsLo 50T -
ITS adlaio calizre slo yizw 054alS o5 oload aunlie -

e (Iteman et al. 2000.) o)\ Ken 5 oloiy) Gub
V2 7l dRNATle (5 D3 D2 g lo DI-D1’ gy Lo diilaie
sl Jguz) w5 jasin ITS 5 g5, Box B g tRNAAla 3
slassw plo L Calothrix sp. Alborz 7 4y g dwslie 5 (Y B'Y
L DI-D1" dalaie ;o lasgalSes ol a5 ol ol lis aliee
s BOX A 3blic dslllas 5,50 dygu ;0 g 393 Siglaie s gus bl
VY Ll slodsgw plo ;o Ll sl ooy 33> tRNA 4 12
HQB847571.1 aygus yo Leid 55 V3 ide bl 092 auigalS s
ao,5 cal Calothrix sp. HQ847580.1 4 Calothrix sp
Neowestiellopsis sp. Alborz 6-2 slads g duslie (¥ Jgoz)
slass BOXB g BOX A D3 D2 sy o a5 ol ol
,o Neowestiellopsis sp. Alborz 8 assuw Lol ol lausealSes
(F Jgo) cusls Sglie slbagetlSs V3 5 DI-DIY e
Ggw 90 ITS dalaie alize gloyidn disidlSeh slows aslio

L, Desmonostoc sp. Alborz 10 4 Desmonostoc sp. Alborz 5

wliv sboaygw nle g Calothrix sp. Alborz 7 ITS sblis slaasgdS s slass aunslas Y Joo
Table 2. Comparison of the nucleotides length of the ITS regions of Calothrix sp. Alborz 7 and the other similar strains

= €35 £x 8 z m= M By <
Studied strain and reference strain E % = § = § é § = § g é § é E é § é 2
=% g% g& 2% g% =2% 8 =~g% g
Calothrix sp. Alborz 7 72 - - - - - 32 - -
KT336448.1: Calothrix sp. SEV5-4-C5 66 21 10 74 73 64 34 18 11 -
HQ847571.1: Calothrix sp. HA4395-MV3 68 20 11 74 73 65 34 17 11 50
KF761555.1: Calothrix sp. RSUAII 16S23S 63 19 9 74 73 - - -
AF236642.1: C. parietina clone 102-2A 71 21 10 74 73 64 34 18 11 -
HQ847580.1: Calothrix sp. HA4186-MV5 65 24 5 - - 35 33 17 11 51
FJ661009.1: Calothrix sp. Asko 16 66 43 5 - - 13 26 19 11
FJ661007.1: Calothrix sp. Asko 3 60 - - 74 76 31 27 17 11

wlie glods g Lo o Neowestiellopsis sp. Alborz 6-2-8 ITS bl slaassilSss sluss awslio -V Jous
Table 3. Comparison of the nucleotides length of the ITS regions of Neowestiellopsis sp. Alborz 6-2-8 and the other similar strains

b & @ 2
£ 2 g = s = v
B )
. . . = & & :n = é § s é § = en
Studied strain and reference strain — = = = = g s R s = >
) = k= < P P - T - = 9
o = z Z z s 2 2g° 8
[=] S 8 & & A~ A
Neowestiellopsis sp. Alborz 2 72 19 12 74 65 6 32 17 11 96
Neowestiellopsis sp. Alborz 8 71 19 12 74 73 28 30 17 11 61
Neowestiellopsis sp. Alborz 6 72 19 12 74 73 28 30 17 11 96
MNG656995.1: Neowestiellopsis sp. KHW5 71 19 12 73 81 24 22 -
MF066912.1: N. persica 55 - - - - - - - - -
MN656995.1: Neowestiellopsis sp. KHW35 71 19 12 73 73 31 29 16 11 124
MF066911.1: N. bilateralis 93 - - - - -
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alie slaasgw ple g Desmonostoc sp. Alborz 5-10 ITS bl slaassalSss sl duslio —F Jeus
Table 4. Comparison of the nucleotides length of the ITS regions of Desmonostoc sp. Alborz 5-10 and the other similar strains

R o = Y A=
Sz £33 £5 % Le 98 2 28 =
Studied strain and reference strain R =5 ] = g z 5 g o & é ol g =
- = a o n 2 I~ é =) 2@ > @
=] =3 a « = = Sm ==} S 2]
Desmonostoc sp. Alborz 5 66 18 5 - - 29 27 17 11 -
Desmonostoc sp. Alborz 10 67 18 5 75 75 - - - - -
KF761564.1: Desmonostoc sp. 66 18 5 - - 29 27 17 11 -
KU161661.1: D. geniculatum 65 17 5 - - 39 24 18 11 -

alie sloasgw ulo g Nodularia sp. Alborz 9 ITS bl slaassilSs sl awslio -8 Jeus
Table 5. Comparison of the nucleotides length of the ITS regions of Nodularia sp. Alborz 9 and the other similar strains

= = =

2 < = < = 2 2 X o= m A o=

= =) e 3 o < o o3 )

Studied strain and reference strain = =2 =3 2% 5 &g 5 2% % S
a - - é CIR > S - a2 O
‘_.‘ a @ a e rar) = = @ =] 8 » =]
D

a A A
Nodularia sp. Alborz 9 66 18 5 - - 45 32 17 11 -
AY768379.1: N. harveyana - - 5 - 73 122 36 17 11 -
AF367159.1: N. harveyana 66 18 5 - - 28 31 17 11 -
MT488088.1: Nodularia sp. 65 19 5 - - 44 31 17 11 -
MH979221.1: N. spumigena 65 18 5 - - 41 31 17 11 -
AF367166.1: N. sphaerocarpa 65 18 5 - - 41 31 17 11 -

alie sladsgw plo g Aliinostoc sp. Alborz 1 ITS bl slaausazlS sl slaes auglio —F Jgu
Table 6. Comparison of the nucleotides length of the ITS regions of Aliinostoc sp. Alborz 1 and the other similar strains

S, £ £35 4. 3. 5% = 3 <
Studied strain and reference strain RS 53 = 3 > g <Z: g ﬁ = é E g é 2

2% 3% g% €% g% X R 17 B

A A

Aliinostoc sp. Alborz 1 69 20 10 74 73 39 30 17 11 -
KY403996.1: A. morphoplasticum 93 24 5 - - 16 25 15 11 -
MK503791.1: Aliinostoc sp. SA18 60 - - - - - 33 - - -
MK503792.1: Aliinostoc sp. SA24 93 14 - - - 45 26 - - -
MK503793.1: Aliinostoc sp. SA30 62 - - - - - 34 18 - 47
MH497065.1: A. soli ZH1 66 20 5 - - 16 27 - - -
MH497064.1: A. tiwarii LIPS 65 - - - - - 28 44 11 -

wlie sloasgw Lo g Anabaena sp. Alborz 3-4 ITS sble slaasgilSe slows awlis -V Jaus
Table 7. Comparison of the nucleotides length of the ITS regions of Anabaena sp. Alborz 3-4 and the other similar strains

. £35 £3 4. 3. 8% = B35 <
Studied strain and reference strain RS =3 5 3 z 5 5 g f g é f g é 2
a8~ as g2& g~ g% 5 R 2Z4 A
=} & [=-] -
Anabaena sp. Alborz 4 72 - - - 73 40 32 17 11 -
Anabaena sp. Alborz 3 67 19 11 74 73 14 36 17 11 96
KT290325.1: A. cylindrica 65 - - - - - - - - -
KT290324.1: A. inaequalis 65 - - - - - - - - -
KT290328.1: Anabaena sp. SAG 28.79 65 - - - - - - - - -
KT290322.1: Anabaena sp. SAG 12.82 65 18 5 - - 44 32 19 11 -
MT577724.1: Anabaena sp. It 4 65 21 5 - - 44 28 - - -
HQ846552.1: Anabaena sp. A7 63 19 11 73 72 - 26 17 11 -
HQB846551.1: A. iyengarii 70 19 10 74 73 16 36 17 11 -
HQ846550.1: A. oscillarioides - - - 64 73 43 27 13 11 -

HQ846527.1: A. oscillarioides 65 23 11 74 73 25 52 12 11 -
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3590 Agw oleiil ad,bss ol jo s gilS e slaws aS ols Las
53 Lo anlie (0 JS2) Cul Sglitte adygus plo b (o)
leay g sl L Calothrix sp. Alborz 7 Box B calizee sla iz
)by ol 5 lei ) (SlanslS i slass o ols oS 5

A Jgazr 9 7 JS8) Conl Sglite ey g ol b Sloo

Box B 4 D1-D1" gla yisu o slawslie Julo g 4500 -
Oy 4 Box B g DI-DIY g be (59, alie 3blie
6,55, ol (B) oo b ogs ol (A) 48,bss el oy
3 o awlie cwl sad axin (D) oyl cucls 4 (C)
loay g Lo L Calothrix sp. Alborz 7 D1-D1" calises slo jiso

Calothrix sp. Alborz 7, KT336448.1, HQ847571.1, KF761555.1, AF236642.1, HQ847580.1, FI661009.1, FJ661007.1
M-fold g, <5 3D alice slodsgmw plo b awslis ;o Calothrix sp. Alborz 7 4w D1-D1" g jle 439l [Lisle o i -0 S5

Sloasls Lol D b oSy gl C o s 48,bogs g Bt bss ol sl A i grdis 42,3 TV Las FIY e

Fig. 5. Predicted secondary structures for the D1-D1" helices of Calothrix sp. Alborz 7 and the other similar strains. Secondary
structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix. Terminal
bilateral bulge (A), Bilateral bulge (B), Unilateral bulge (C), Basal clamp (D).

Calothrix sp. Alborz 7, KT336448.1, HQ847571.1, AF236642.1, HQ847580.1, FJ661009.1, FJ661007.1
FIY asens M-fold gy g 5l) lice sloas g Lo b Calothrix sp. Alborz 7 4y 9w Box B geu jlo 4556 jlis b oo i —F S5

Fig. 6. Predicted secondary structures for the Box B helices of Calothrix sp. Alborz 7 and the other similar strains. Secondary
structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix. Terminal

bilateral bulge (A), Bilateral bulge (B).
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alie slayguw ulo g Calothrix sp. Alborz 7 .y (Box-B  DI-D1' g o) 16S-23S IRNA 4,66 Lisle avslie —A Jgue
Table 8. Comparison of secondary structure of 16S-23S rRNA (D1-D1’ helix and Box-B helix) between the Calothrix sp. Alborz 7

and the other similar strains

D1-D1’ helix BOXB

Studied strain and reference strain rf)?;::g:;l Bilateral  Unilateral Basal 11;?11;1 T‘::;l Bilateral  Unilateral

bulge (A) bulge (B)  bulge (C) clamp (F) bulge (A) bulge (B) bulge (C)

No. of No. of No. of No. of No. of No. of No. of

nucleotide loop loop nucleotide nucleotide nucleotide nucleotide
Calothrix sp. Alborz 7 8 3 1 10 12 10 -
KT336448.1: Calothrix sp. SEV5-4 6 2 1 8 6 14 -
HQ847571.1 Calothrix sp. HA4395 6 2 1 10 6 14 -
KF761555.1: Calothrix sp. RSUAII 7 3 1 10 - - -
AF236642.1: C. parietina 6 2 - 8 6 7 5
HQ847580.1: Calothrix sp. HA4186 6 1 3 8 5 7 5
FJ661009.1: Calothrix sp. Asko 16 6 3 1 6 7 7 -
FJ661007.1: Calothrix sp. Asko 3 18 - 3 8 5 6 -

agilSes cusa (glylo Neowestiellopsis sp. Alborz 2 4y guw o
ol Box B el slo sy jo lacg) anslie (VY JS3) oy
slasi 5 planl a8 bes ol Gl basw asn a5 ol

fgw g ke lagl laagglSe
5 JeslSes i Neowestiellopsis sp. Alborz 4 Alborz 6

Neowestiellopsis sp.

able agsalSel iy Neowestiellopsis sp. Alborz 6 49
Neowestiellopsis sp. 5 Neowestiellopsis sp. Alborz 6 4w ;o
o aS Jb s wasglSy can lls ad by g Alborz 2
b odslie wigilSy 4 Neowestiellopsis sp. Alborz 8

A gz 51 S

as ols Lii DI-D1 calizes glo yidy ,o loosg) aslas

Neowestiellopsis sp. 5 Neowestiellopsis sp. Alborz 6 4 g 50
WiglSe cue glyls ad,bys sl ol Cand yo Alborz 8
g duieilS'ss iy sl yls Neowestiellopsis sp. Alborz 2 4; g Ll
olawd Lol ecls 0929 wlaml 48 bbgs ol 50 ailie sloaygus 4o
a2 5 4 )bgd lacs) slus og glite LT slaaistlS s
S92 oty gu don )3 40, boSy gl 0 gl 4w BY (g Dglicia
(ol Al Cond )0 090 pxo gd YUY (4 ol slass g casls
Neowestiellopsis sp. slaagw ;0 Lol cglate laausoslS o5 slaws
5 0592lSes Vsl s Neowestiellopsis sp. Alborz 8 4 Alborz 6

Neowestiellopsis sp. Alborz 6, Neowestiellopsis sp. Alborz 2, Neowestiellopsis sp. Alborz 8, KF417427.1, KT715746.1, KT715745.1, DQ786172.1,
DQ786170.1, DQ786173.1, DQ786171.1, MN656995.1, MF066912.1, KY883375.1, MF066911.1

alive sbagw plo b awslie o Neowestiellopsis sp. Alborz 2, 6, 8 sloasgw DI-D1" zu b 45l Lol oot -V S0

Sloasld Cgd D ad b Sy o C o Sls 48,bgs gl B ad bogs Sloil ol A i(ugad a2 )0 YV Los Y/ aseus M-fold g 5 9 31
Fig. 7. Predicted secondary structures for the D1-D1’ helices of Neowestiellopsis sp. Alborz 2, 6, 8 and the other similar
strains. Secondary structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled
loop fix. Terminal bilateral bulge (A), Bilateral bulge (B), Unilateral bulge (C), Basal clamp (D).
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Neowestiellopsis sp. Alborz 6, Neowestiellopsis sp. Alborz 2, Neowestiellopsis sp. Alborz 8, KF417427.1, MN656995.1, DQ786172.1, DQ786170.1,
DQ786173.1, DQ786171.1, KT715745.1, KT715746.1

alie slaysw plo L Neowestiellopsis sp. Alborz 2, 6, 8 sleagw Box B gl 4gl tsle oiiw -A S5

Fig. 8. Predicted secondary structures for the Box B helices of Neowestiellopsis sp. Alborz 2, 6, 8 and the other similar strains.
Secondary structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix.
Terminal bilateral bulge (A), Bilateral bulge (B).

alie sbaygw ple s Neowestiellopsis sp. Alborz 2,6, 8 v (Box-B ¢ D1-D1” g ,l) 16S-23S rRNA 4,5l Lol anslas -1 Jeu

Table 9. Comparison of secondary structure of 16S-23S rRNA (D1-D1’ helix and Box-B helix) between the Neowestiellopsis sp.
Alborz 2, 6, 8 and the other similar strain

D1-D1’ helix BOXB
Studied strain and reference strain {?ll;‘ I:::_l;l Bilateral Unilateral Basal {(;ll; I:Iel:;l Bilateral Unilateral
udx 1 1 bulge (A) bulge (B) bulge (C)  clamp (F) bulge (A) bulge (B) bulge (C)
No. of No. of No. of No. of No. of No. of No. of

nucleotide loop loop nucleotide nucleotide  nucleotide  nucleotide
Neowestiellopsis sp. Alborz 6 8 1 3 10 13 7 -
Neowestiellopsis sp. Alborz 2 5 3 1 8 13 7 -
Neowestiellopsis sp. Alborz 8 8 2 2 10 13 9 -
KF417427.1: 1104-1661 8 2 2 10 12 7 -
KT715746.1 9 1 1 6 6 16 -
KT715745.1 9 1 1 6 8 15 -
DQ786172.1 5 2 1 22 6 15 -
DQ786170.1 5 2 1 22 6 15 -
DQ786173.1 5 3 2 6 6 - 5
DQ786171.1 5 3 2 6 6 - 5
MN656995.1 8 2 2 10 11 10 -
MF066912.1 8 2 1 4 - - -
MF066911.1 10 3 1 10 - - -
KY883375.1 10 2 2 8 - - -

Box B calizee sla jisu (o lasg) dunlin (1 JS0) 090 0uigilS ol aS ols Las DI-D1" calizes (sl iz jo lag) dunlin
Glasgw g aslllas 5,50 sloas g BOX B sy o aS ols olis <o sl wline slaay g 9 Desmonostoc sp. Alborz 5 4 g
g 90 X0y silS el Can b planl a8 bbgs gl sl ls 4l Desmonostoc sp. asgw Lol wiselSed iy L ad s ol
Desmonostoc sp. 3 Desmonostoc sp. Alborz 5 asllac o,40 o dw b bbdygw den Cuils 0 548lSss cuia Alborz 10
alie Gloaigw 5 359256 V) (glls abybogs gl 0 Aborz 10 sy slaaeisilSss olaad wisg a8,bSy g S5 ad)bgs
O Jgoz g Ve JSK8) Wogy aieelSes Ve lls cuia gl yls g glate laay g S0 L Desmonostoc sp. Alborz 5
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Desmonostoc sp. Alborz 5, Desmonostoc sp. Alborz 10, KF761565, KX787933.1, KF761564.1, KU161661.1
S 29 5D alie baygw plo b awslas > Desmonostoc sp. Alborz 5-10 (slady g D1-D1 geg jle 490 Jlisles o i -1 S50
(Sloacld gl D wad by g C o Gl a8,bgs gl B ad,bgs Sleil ol A (ogandis 42,0 TV Los (YT ases M-fold
Fig. 9. Predicted secondary structures for the D1-D1’ helices of Desmonostoc sp. Alborz 5-10 and the other similar strains.

Secondary structures generated from M-fold web server (ver. 2.3), temperature: 37 °C default; structure: untangled loop fix.
Terminal bilateral bulge (A), Bilateral bulge (B), Unilateral bulge (C), Basal clamp (D).

Desmonostoc sp. Alborz 5, Desmonostoc sp. Alborz 10, KF761565.1, KX787933.1, KF761564.1, KU161661.1
sy 29 5D alie laysw Lo L Desmonostoc sp. Alborz 5-10 sledasgw Box B o )le 4,9l Lol oo g -V S0

s 43,10 sl B bogs sl g A egades 4,5 TV Lo WYY asens M-fold

Fig. 10. Predicted secondary structures for the Box B helices of Desmonostoc sp. Alborz 5-10 and the other similar strains.
Secondary structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix.

Terminal bilateral bulge (A), Bilateral bulge (B).

alie sbdaygw ulo g Desmonostoc sp. Alborz 5-10 . (Box-B g D1-D1’ g ,l) 16S-23S IRNA 4,5l jLsle auslio —Ve Jguo
Table 10. Comparison of secondary structure of 16S-23S rRNA (D1-D1’ helix and Box-B helix) between the Desmonostoc sp.
Alborz 5-10 and the other similar strains

D1-D1’ helix BOXB
Studied d ref r{)(.:lr;?;:;l B::i:g:‘l Unilateral Basal rg:;al:::;l Bilateral  Unilateral
tudied strain and reference strain
bulge (A) (B) bulge (C) clamp (F) bulge (A) bulge (B) bulge (C)
No. of No. of No. of No. of No. of No. of No. of

nucleotide loop loop nucleotide nucleotide nucleotide nucleotide
Desmonostoc sp. Alborz 5 5 3 1 8 7 11 -
Desmonostoc sp. Alborz 10 8 3 1 10 7 11 -
KF761565.1: 808-1478 5 3 1 10 7 10 -
KX787933.1: 1106-1777 5 3 1 10 7 10 -
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axdllan 0,50 4y g a5 oy HLis Box B calizes (glo yidy ;o ol as ols L DI-D1’ Galizes glo yidu jo laosg) aslas
Sragw plo b aS absalSel i b planl a8 bbgs ol (slyls 5o blaselSs mn b plaml ad,bss o lils baaygu don
Can bad bes ol SOl basgu den g Dglie ali Ogr aigilS e Can sl plalad s gl AF367159.1 4y a0
VY Glls MHO979221.1 aygw o ol (ol Lol caog auigelSss g 5o Ll s bgs ol 90 Glilo sy 0550 SBA g don
Y Jgaz 9 VY JSKS) 0 auigelS'ss dslie (V) USD) Cutls 092 g 48 bbgs L) aw AF367159.1

Nodularia sp. Alborz 9, MT488088.1:1457-1888, AF367166.1:1-351, MH979221.1:97-519, AF367159.1
M-fold ;g g 3 alive Goasgu plo b avslio o Nodularia sp. Alborz 9 aygm D1-D1" ey jle ay9il [ble ot — V) S0

(Sloacld Cgl D cad b Sy gl C ¢ Gls 48,bgs gl B ad)bogs Slel Col A i(ugaudes 4,0 TV Los YT aseus
Fig. 11. Predicted secondary structures for the D1-D1’ helices of Nodularia sp. Alborz 9 and the other similar strains.
Secondary structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix.
Terminal bilateral bulge (A), Bilateral bulge (B), Unilateral bulge (C), Basal clamp (D).

Nodularia sp. Alborz 9, MT488088.1, AF367166.1, MH979221.1:97-519, AF367159.1, AY768379.1
Wend M-fold g g 5l) alie sloasgw ulo L Nodularia sp. Alborz 9 454 Box B g )le 445l Lol oo i -1V S5

Fig. 12. Predicted secondary structures for the Box B helices of Nodularia sp. Alborz 9 and the other similar strains. Secondary
structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix. Terminal
bilateral bulge (A), Bilateral bulge (B).
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alie glodygw pwlo g Nodularia sp. Alborz 9 o (Box-B § D1-D1’ g L) 16S-23S IRNA 4,5l Lzl anslie =) Jgo
Table 11. Comparison of secondary structure of 16S-23S rRNA (D1-D1’ helix and Box-B helix) between the Nodularia sp. Alborz

9 and the other similar strains

D1-D1’ helix BOX B
Studied st d ref . {:{;:::;l Bgz:;al Unilateral Basal 11;?11;1 T‘::;l Bilateral  Unilateral
tudied strain and reference strain
bulge (A) B) Bulge (C) clamp (F) bulge (A) bulge (B)  bulge (C)
No. of No. of No. of No. of No. of No. of No. of
nucleotide loop loop nucleotide nucleotide nucleotide nucleotide
Nodularia sp. Alborz 9 5 2 3 6 5 7 -
MT488088.1: 1457-1888 5 2 3 6 6 7
AF367166.1: 1-351 5 2 3 6 8 7
MH979221.1: 97-519 5 2 3 6 8 11
AF367159.1 7 3 1 10 8 7
AY768379.1 - 7

sls las Box B calizes sla izn 1o b anslin (VY JSS)
Wiglfg cua b glalad s ol lyls sy 990 A9 aS
Aliinostoc 5 Aliinostoc sp. MK503792.1 4,9 ,8 a5 Jl> o
s VF US) cusle s9>g wusslSes il morphoplasticum

QOY Jgo

as ols Lii DI-D1" calizes glo yidu ,o leosg) aslas

slagsalSe olaws b plal a8 bgs g slils baygu acn
Oy Oglaie aygw 10 10 a8 b slacigd slaws .aisg wlas
Sladigw 5 (o) Oyge g ;O L LS of S
culs vg>4 Aliinostoc soli ¢ Aliinostoc sp. MK503793.1

Aliinostoc sp. Alborz 1, Aliinostoc morphoplasticum, Aliinostoc sp. SA18, Aliinostoc tiwarii, Aliinostoc sp. SA24, Aliinostoc sp. SA30, Aliinostoc soli

M-fold ;5,0 <35 3 alie Glodygus plo b avslio jo Aliinostoc sp. Alborz 1 4y g DI-D1 gy jle asg6 il son i —VY S0

Sloasls Lol D b oSy gl C o s 48,bogs g B bss ol sl A (grdos 42,3 TV Las T asend

Fig. 13. Predicted secondary structures for the D1-D1’ helices of Aliinostoc sp. Alborz 1 and the other similar strains.
Secondary structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix.

Terminal bilateral bulge (A), Bilateral bulge (B), Unilateral bulge (C), Basal clamp (D).
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Aliinostoc sp. Alborz 1, Aliinostoc morphoplasticum, Aliinostoc sp. SA24

s M-fold g, g 5l) alie glodsgw plo b Aliinostoc sp. Alborz 1 45w Box B oo jle a9l LSl o i —VF JSC&

Fig. 14. Predicted secondary structures for the Box B helices of Aliinostoc sp. Alborz 1 and the other similar strains. Secondary
structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix. Terminal
Bilateral bulge (A), bilateral bulge (B).

alie gaygw plo g Aliinostoc sp. Alborz 1y (Box-B g DI1-D1” gy ;L) 16S-23S tRNA 4,5l Lol anslio =Y Jguo

Table 12. Comparison of secondary structure of 16S-23S rRNA (D1-D1’ helix and Box-B helix) between the Aliinostoc sp. Alborz
1 and the other similar strains

D1-D1’ helix BOX B
Studied d ref . {?ll;‘ 1:2:1;1 Bilateral  Unilateral Basal {?ll; Tel:;l Bilateral gﬁ;lgaet(zgl
tudied strain and reference strain
bulge (A) bulge (B)  bulge (C) clamp (F) bulge (A) bulge (B)
No. of No. of No. No. of No. of No. of No. of

nucleotide loop of loop nucleotide nucleotide nucleotide nucleotide
Aliinostoc sp. Alborz 1 8 3 1 10 8 10 -
KY403996.1: A. morphoplasticum NOS 6 6 - 10 6 7
MK503791.1: Aliinostoc sp. SA18 7 3 - 10 - -
MH497064.1: A. tiwarii LI PS 7 4 - 10 - -
MK503792.1: Aliinostoc sp. SA24 6 6 - 10 6 8
MK503793.1: Aliinostoc sp. SA30 6 3 1 10 - -
MH497065.1: A. soli ZH1 5 3 1 10 - -

dwlie (VO USD) 09 48, bSS gl g0 sl)lo sp. Alborz ols lis DI-D1" Galizes slo iz 10 o) anslds

sl bayguw a5 ols lis Box B calizs sla jizw jo lag) olaws b glaml a8 bes gl s laygw aen aS

Gow 5 JglSes cuie glyls Anabaena sp. Alborz 4 KT290325.1 sloasgw a5 Jb 5o wacils ad,lbgs

5 V7 USE) 09 0sxlSei VY (6l,ls Anabaena sp. Alborz 3 dgw i3 oy g0 lls KT290328.1 4 KT290324.1
(Y Jga=  Anabaena 3 awsw 9 o3l ) sl,ls Anabaena sp. Alborz 4
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Anabaena sp. Alborz 4, Anabaena sp. Alborz 3, EU636199.1, KT290325.1, KT290324., KT290328.1, KT290322.1, MT577724.1, HQ846552.1,
HQ846551.1, HQ846527.1

s9 29 3D alie Gbaygw plo b awslis o Anabaena sp. Alborz 3-4 glady g DI-D1’ g )lo 49l Ll son i —10 S50

(Sloasls gl D s Sy sl € o s 48, bogs g B bogs bzl gl A (sgedes 42,3 YV Los FIY e M-fold

Fig. 15. Predicted secondary structures for the D1-D1’ helices of Anabaena sp. Alborz 3-4 and the other similar strains.
Secondary structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix.
Terminal bilateral bulge (A), Bilateral bulge (B), Unilateral bulge (C), Basal clamp (D).

Anabaena sp. Alborz 4, Anabaena sp. Alborz 3, KT290322.1, MT577724.1, HQ846552.1, HQ846551.1, HQ846550.1
M-fold 5,0 g ) alive sloaysw Lo L Anabaena sp. Alborz 3-4 slaay g Box B g )le 15l Lol oo i -V JSC&

Fig. 16. Predicted secondary structures for the Box B helices of Anabaena sp. Alborz 3-4 and the other similar strains.
Secondary structures generated from M-fold web server (Ver. 2.3), temperature: 37 °C default; structure: untangled loop fix.
Terminal bilateral bulge (A), Bilateral bulge (B).

Neowestiellopsis ¢ Alborz 5 / Desmonostoc sp. Alborz 10 3JUT 51 Jol> slasl 59,058 Jdow g a5l Jol> guls -
& y90 4 plaS 2 sp. Alborz 8 / Neowestiellopsis sp. Alborz 2 29idl sl Jlgs
Lo, Ve cals b obgs S e sbods ;o alflas Anabaena 4,9 g5 ols ;lid STRR S ol gy
290 4o Nodularia sp. Alborz 9 ayew 028,85 (13 oo L o, 4+ calus sp. Alborz 3 / Anabaena sp. Alborz 4
cdls baiges ple L1y culd puesS 5 cd,8 15 o) G, Al L ALIINOSLOC sp. Alborz 1 asgus .asciils Suss
QY Js) Desmonostoc sp. asgu 93 8,5 )13 90 (pl b (S i SNy
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alie sbaygw ulo g Anabaena sp. Alborz 3-4 o Box-B g DI-D1’ g lo) 16S-23S rRNA 4,66 Lisle avslie -1V Jguo
Table 13. Comparison of secondary structure of 16S-23S rRNA (D1-D1’ helix and Box-B helix) between the Anabaena sp. Alborz

3-4 and the other similar strains

D1-D1’ helix BOXB
Studied strain and reference strain rf)?;::‘;:;l Bgz:;al Unilateral Basal 11;?11;1 T‘::;l Bilateral  Unilateral
bulge (A) B) bulge (C) clamp (F) bulge (A) bulge (B) bulge (C)
No. of No. of No. of No. of No. of No. of No. of

nucleotide loop loop nucleotide nucleotide nucleotide nucleotide
Anabaena sp. Alborz 4 9 3 1 8 8 16 -
Anabaena sp. Alborz 3 7 3 2 10 17 7 -
EU636199.1: 1345-1833 A. circinalis ACMBI13 6 3 1 10 - - i,
KT290325.1: A. cylindrica PCC 7122 7 2 2 10 - - -
KT290324.1: A. inaequalis CCAP 1446/1A 7 2 2 10 - - -
KT290328.1: Anabaena sp. SAG 28.79 7 2 2 10 - - -
KT290322.1: Anabaena sp. SAG 12.82 5 3 3 6 7 7 -
MT577724.1: Anabaena sp. It 4 7 3 1 8 9 7 -
HQ846552.1: Anabaena sp. A7 5 3 1 10 7 10 -
HQB846551.1: A. iyengarii RPAN70 6 3 1 10 5 11 -
HQB846527.1: A. oscillarioides RPAN4 7 3 - 8 - - -
HQ846550.1: A. oscillarioides RPAN69 - - - - 6 - 5

Fig. 17. Composite dendrogram based on the STRR1a primer amplification profile.

oz Caa) YA S ubo aisils ladiges plo ds Cand (65505 il |3
Anabaena sp. Alborz 3 / Anabaena «5" sls -,Lis HIP CA o0l 2ol
58S b (gus,0 4+ cals Nodularia sp. Alborz 9 4 sp. Alborz 4
Desmonostoc sp. Alborz [Desmonostoc sp. Alborz 54 gu dw .35,ls
S yiiin SIS S5 40 (50,0 AD Cealis L Aliinostoc sp. Alborz 1 410
Neowestiellopsis sp. Alborz 4 g duw ¢ yizeas 2235 13 S0 b
Neowestiellopsis sp. Alborz 6 4 Neowestiellopsis sp. Alborz 8 2
Calothrix sp. 4 gu 08,5 1,8 S e oW )0 gm0 Ar s b

bl aiges pla 4y Cad (6,505 Sl g 3,90 alols o Alborz 7

(Cwly o) YA S gillas HIP AT S ol gy

Anabagena sp. Alborz 3 / Anabaena sp. Alborz 4 aygu g0 ol )Lid
Aliinostoc sp. Alborz 1 agw )l K0S b gasy 1+ cald
Qg 90 235 13 g0 pl b S iie OIS 0 gaow A call b
Desmonostoc sp. Alborz 5 / Desmonostoc sp. Alborz 10
Neowestiellopsis sp. ¢ saw,0 As cals b S ie M S 0

YO calds b S jxie o)S 4o Alborz 2 / Neowestiellopsis sp. Alborz 8
Calothrix ¢ Nodularia sp. Alborz 9 a;gu i85 18 o2 b (gao,
5 5,5 alold o Neowestiellopsis sp. Alborz 6 4 sp. Alborz 7
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Fig. 18. Composite dendrograms based on the HIP-CA (left) and HIP-AT (right) primers amplification profile.

(Coly o) 1A S bl HIP GC2dlS gl

Anabaena sp. Alborz 3 / Anabaena sp. ajgw g olo olis
Bgw g0 g Sl gaoyd Voo cald KuS L Alborz 4
L Desmonostoc sp. Alborz 5 / Desmonostoc sp. Alborz 10
D)5 18 ol b St oW S 0 gauo,e VO Cals
Neowestiellopsis sp. Alborz 2 / Neowestiellopsis sp. 43 g g0
5 S e IS SO 40 0S5 b gowo 0 Al L Alborz 6
ooy 5l 5,90 alols ;o Neowestiellopsis sp. Alborz 8 g

OO

sl Hlis (G o) VA IS 3. b HIP TG ol gl

Neowestiellopsis sp. Alborz 2 / Neowestiellopsis sp. 4 gus g5 45
Bow g dzib KoK 4 gawo Vo cwell Alborz 8
oo byl b g ,s 4+ el 3 L Neowestiellopsis sp. Alborz 6
Anabaena sp. Alborz 4 / agw aw 8,5 3 S nie OIS
Desmonostoc sp. Alborz 10 4 Anabaena sp. Alborz 3
Desmonostoc sp. Alborz 5 dasgw 5 S yideo SN S 50 55055 L
Nodularia sp. Alborz 9 aygm 28,5 1,8 o] 51 65,90 alols jo

Oy aygus plos I oM 3,50 10 a0 B+ 3l S ol 3 gl

Fig. 19. Composite dendrograms based on the HIP-TG (left) and HIP-GC (right) primers amplification profile.

Cod (G yiaS Zul)8 9 y3,90 alold ;o Nodularia sp. Alborz 9
bl bdiged ple 4
(Cosly Coawo) Voo IS elwl g ERIC A oM™ s
[Desmonostoc  sp. Alborz 5 agu 4w a5 ol lid
L Aliinostoc sp. Alborz 1 4 Desmonostoc sp. Alborz 10
Wsw 39 9 NSy b Skie DTS, 0 geye A el
alold o Anabaena sp. Alborz 3 / Anabaena sp. Alborz 4

Neowestiellopsis sp. aygw g 08,5 15 oyl L 55,90

Ol (e o) Vo S ol w ERIC A oS gl

Desmonostoc sp. Alborz 10 4 Aliinostoc sp. Alborz 1 a5 sls
Anabaena sp. Alborz 3 / 45w 50 5 (Gowo,e 1+ el b
L Syie DS K o plas,» Anabaena sp. Alborz 4
Neowestiellopsis sp. Alborz 8 aguw daw 085 |13 »
Neowestiellopsis sp. Alborz 6 5 Neowestiellopsis sp. Alborz 2

dges W8S 18 W Sy o R0 b sy Al B L
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, Calothrix sp. Alborz 7 ayge .cuils |18 layl 51 5,95 (oS
ol bdiged plo a4y Cos (658 Cal )8 g 15,90 alold

oo, Ae 2ol 8 L Neowestiellopsis sp. Alborz 24 Alborz 6
alols ,o Neowestiellopsis sp. Alborz 8 aygw 5 oM SO o

Fig. 20. Composite dendrograms based on the ERIC1A (left) and ERIC1B (right) primers amplification profile.

Siskd o ol sgzy 4 IMSis 5 s iShgils slodsgu
5 55050 sla iy, 5l canls o o1y clacesils day)] JsSUse
WS ooliiul Sy sl g5 1 58 et 55 sba,Sle elul
Alss 43 05 e 4y LSy, S Ths 3 )l STz
Sl Shy Olye 4 (atie Ojpo ar s Sl 3y st laie
&b (Whitton 1992) oxies fluobl LB SiogisnsS
lySlsils sloasgn 5l ol 0oys @85 & 50 slas s
ailoads ools aseis g olulis olodl 4y Hloz wl o ;0 39250
LI P EVCSCSLAWIT 7 YV SU LA R VIE SORPE LRI
‘) Q\o?y u’_»)jl.d Ll L‘)lfuo‘ DNA LgL&vu_H}? )1 oolauwl
3ol b aslio )0 DNA slo Jlg aly jo a5 awo oo
(Komarek 2016) & 5y b yiaS cbliscsy, sl Sy
arogs 4 (Kabirnataj et al. 2020) ), ¢ ZLG S
Desmonostoc s Desikacharya .Aliinostoc o> sladiss
b oSyl apw g Sy SOk b,
ohaisle oliwl calbizes gblie I NoStoe 4y a4l cwlibcs,
W95 dw a8)5 518 byl 950 S Ghey b g wad o
5 Desmonostoc 4 Ko agw g3 ¢ Aliinostoc oM «
5 Sighd Cumdae 4 ax g5 b Ll .ails 3L Desikacharya
slllas 3,50 4555 gy ,» TS gl lisle 5 168-238 5 5T
5 bz, g oSl 6,5k Adlinn oS b sillas g Wy Syo
Casamatta et al. ) |,Ken 5 GlawlS .ol (5,108580 o llS
oot clible gblie agl sl a5 wols olas (2005

Sl JSie iS Lo 5 s Sl o155, g5
Anand ) cewl 05,5 oloul oyl cogiguSt atw; yo |, Slsl)3
ooliiul b (il glacaiS Lasea , baalgil (55, (om0 2019
s slbolS Gaog ol a5 SedS slolid slaos
sl e a1y sl sla St wenl aiges glsil sloJSCs
Slp &5 2l Shy 5l gan Ol pae 5 Glesl Jsb yo goi
50 Jle Glaie 4wl 00,5 sloul wad co oolainl ololis
olise lawgi Anabaena ciliswe sloasgw olulil absd
b ololis & mte by, @lojbas ololy Gl
Ll s Wl oS 39 cnl o] jear bl iaps 57 Oglite slapl
2l bl w0pd e Solite slaalolid & e Solite cozS
s 5l Salite slaagw a5 ol plis Ks sla il
MWals S Llyss 5 aline glocis Lxe ;o 55 Nostoc
Sad glolis Salite MlS jsb a4y Game 50 gt LS

.(Stein 1973 (Allen et al. 1995)
sy ks S bbbl 516l
plxl gl job a5 (rhaw (LS @lge yiin (SFLBES,
plialosl lagaizs jo ol slalhs 9 coge g 09b s
aS o o plid was slegdes (Komarek 2009) 5o oo
baiges gwbidcc, b iy 5l =5 5 b e (0955
SergiguSUgaS «Sopignd OleMbl Jols (g5laiz sla sy, L

Obe o (Blbcsn, Gewb)ly nlple Sb o585 9
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S5 slyls Anabaena sp. Alborz 4 4 g a5 ol oals Lid ITS
Anabaena sp. Alborz 3 4 gw Lol «3,l0d V3 a=0 5 ¢l tRNA
Neowestiellopsis agw dw .Cuwl V3 4=l o tRNA g5 sl ks

Alborz 2, Neowestiellopsis sp. Alborz 6

3 Sp.
90 9 V3 a=>b sl)ls 4w ,» Neowestiellopsis sp. Alborz 8
dle Sglas 508G b o] slaassilS s slows Ll caisg tRNA
4 (Gonzilez-Resendiz et al. 2018) Ko (IS
3 o i (slas Sl (Setijold 5 S LbES, ooy
Sl Sy oeloly wsloy ell Gl (S Sl
) o3l Sllesil 5 L3l slacas i wiile pwliics,
ey Ll wcwsls slo Brasilonema x> 4 Cosex
Brasilonema b awslis ;o Comwg o ojluil aile [0 slo T5g
ol 45 8ls LS ITS 5 16S IRNA 5 Jlgs (o) 2 S92 gl
Seped £ b o] (FFLBCS, (S 45 (nl 097y b Cene
o A Lo .Sl Rivulariaceae o0 4 slaie wuils Sgles
&9 k= 9 Nunduva fasciculata gen. nov. sl 4 00> i
sl HLas DI-D1" i o ITS a6l LSl puy 00,5 3 yae
sl o b ls ass 5 amils wales ol sl 4o s S
Sglaie loayiaalS s slaws BOX B o a0y aslie (olgasl 48 ,b S
5 Desmonostoc sp. Alborz 5 4y gu §5 ¢jud aslllas ol jo .aisg
DI-D1" jize olail ol jo Ls Desmonostoc sp. Alborz 10
slasgw L Nodularia sp. Alborz 9 aseu Lol cosisls cglas
5 595 Sglie oleml aly wisalSe slaad )0 s d95 alin
aadle Sl 5.5 BOX B awsgtlSes olaws
s s,y 4 «(Rivandi et al. 2021) ol )Ken 5 siss

Sl el ilualls g aige (Siskd 5 GSlbcs,
ITS 5 16S rRNA 55 sla S\l 5l oolawl b cjlulgd axlsjo
0l ety ($iakd <S50 5l o] Cawd 4y b oluly asls
o Ny b owpd Gladgw (165 IRNA (5 » (e
LS (gaddgs OIS S 9,0 Anabaena sp. B3 (CCC B3)
as ols plas Mfold 5l eoliiwl L ITS 5 5JUT 51 Jol> gl
sagw plo L Anabaena sp. B3 ew 49w Oglds cp eies
a8 bgs oleil ol sl ealS e slass Anabaena sp.  ew e
30 ol sl DIDT o )le o Sl a8 bss slacsgd slass 4
bagw 5l plaSze ;9 Box B gujlbe gleisle a5 cwl Jb>
Desmonostoc sp. daygw g9 b axlllas cpl o ol gl
A g2lS o5 slass o Lss Desmonostoc sp. Alborz 10 4 Alborz 5

30 05 ol sl e gamaid gl Wlgs oo 168-23S ITS
s b & Sl (Sigekd sl 5l sl
30 ewlol il Lo a bl opl a5 Ll )l g oo oolaiul
Obey Jsb 5o Sk i)l Joko lacodlad JS 5 (9 i
RNA lag; agl gladle widl (oS b slopess
Gl Seiiekd slonlll sl oo cliblbre sl sog39m)
2uilojle slp slal 16S IRNA o449 4 ¢ JsUge 5,5 Lo
Casamatta ) cowl 009y o s 2Sbglow sloo s 51 5 o)bgs
5 16S IRNA 055 15 )l 90 5l ¢ ol> aslllas ,o (et al. 2005
Iq tree web server (g, b 5 ol bbayguw olulils 6l ITS
L alie glaagn axl )0 a5 Wwo S o) (Sjold oo 0
Sihvonen ) ),Ke2 5 Pogtum lawg (glasdlas o
s SIS sl 16S IRNA 5 Jlgs 51 (et al. 2007
ClS Y vy p ol A iy ol 4 se,S colaill Galise
Rivularia LCalothrix slo x> 4 Glos oL Shglaw
alie Slbcsy, bl 5l a5 Tolypothrix 4 Gloeotrichia
< Tolypothrix 4 Calothrix, Gloeotrichia 45" axzsl o asog
95 K5 £55 g 5 wao e oS5 1, Sibdpie o5,
&y J6STRNA S5 5 L aS sl olis gados ol ol as
Syl ly ey ‘511)[{ S S bgilew o i SSas
5 (Mubhlsteinova et al. 2014) il Kan ¢ lgiiindso
il oy JiSse 5o Glyie & 168238 TTS 5 Jy
Sy & e g 33,5 o3litul (Lo )3 39290 slas Shgilow
. Trichocoleus desertorum sp. nov. el 4 (a4 gu
ot O o e (bl )0 35290 Slas S Lglow ganadb 4
ols flias asllas (b il 00l dz g5 yiaS )10 pivucmwsST j0 a5
dolde 0,08 il 4yl Lol 5 Wlg L ITS ol nl jo oglas a5
o5 90 b Slpl 4 cans ailas IRNA - 5 Mol a5 ol
Wb eplplo assls las 1) Solaie o ol 45l LoLu IRNA
(gl dunlie [0S0 L ajl SLSG RNA slows a5 ol ol
16S TRNA dzlais ;o oS Calid (gl)ls a5 ay g ans ol azils
IS S 9,0 Wings T. desertorum slads g S50 9 55055 L
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4o Alborzica aygw a5 ol jlis 16S-23S ITS a4l ,Lsle
Lol 08 4 pamie Jlsls glyls Dulcicalothrix b awslio
odle 4y a5, a1, Sasield o0 mls bepl Sy 000
Loz sbdiss o bpwar oluld awe; )0 ool olivdes
Olgie 4wl oals plail (60,Slos g (g )lislu sl 5l oolau]
x4 3950 (Nowruzi & Soares 2021) j,lu 9 (539,85 ¢ Jleo
51 ool la> Alborzia kermanshahica gen. nov. was> i
o5 3 eslaal b glulis cpl s olisle,S liwl g)l5e
5,5 alsl MCY 5 168 rRNA-23S ITS (sla 5 ,Le

51eolaiwl a5 cwl asle T g lew Olallas
PSS Jeb yo jisle Bis s 4 JoSdse sla Sl
oy o slas xS lgilaw (S35 8535 5 (Siskd slagew) 2
ol eolawl b pols b o ol pls 3yls ol 0,8
(Js9e sl S5l plsie 4 69 ,Shas 5 SlasSlo by 5l 6
5 258 b aiBls (6 S byl 05 (JsSge (Shekd b 4
3,55y, ol eolatwl L «(Shokraei et al. 2019) ),Ken
SladisS (g 9 (SELEES,; Sl Sy )3 Solis (558
Syge 50 |y Guss s Loyl Laiols )8 R Oyge Al
ERIC HIP 0,0 dly Jls5 g3 a5l oolaiwl b ol pl 0 1) o2
ookl b o yizman ails sl J9Sdg0 15\l lgie 4 STRR
o) 5o ghdz> Sledbl STRR-PCR 5 Kewusl SuSS )
Py el SIS 00 il sla s, Gkl mls ol
5 Azolla L cewjpe slagiShglaw gonailb 5 g4
p550e gy 2l abgrye oblisee 5 oSl o JolSS
Cowl dte s 3o AZONlA sogiguST Gl (pmizen
(Thajuddin et al. 2010)
gty b lbdiges (oulidion; slaShy 5l (o5 5 Canbios
55 5 SengiguSligaS (Seisth Ml Jolis s3lhuir
g 4 o0k oo 4y (cFlicsy ) Gla Sy 5l 6 ke il
S Shy Olpie 4 patie Ojge 4y Cwl pdy s Lo
DNA o Jlg 5l ooliin! ains laebl LB SogiguST
SOl 90 5l eolaiwl aas o 1) Dlogzge Shekd blaswl S

aS el Jb yo ol ascils ©gls DI-DIY iy olail gl
il el %5080 b by Box B g jle oleis L
2,55, L (Nowruzi et al. 2018) ., Kea (539,99
5 b, Gl Sy clbogls wyn 4 Sl
$5y9leS il 3blie | oud laz (6 S bgilow r5m9d (i)
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Scytonema sp. N11 4 Calothrix sp. N42 45 ,» gunail
e 5l a8 sel 0z 4 Slej o il 09 oS 7S g 5l JSie
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