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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 Igtree
online web server. The secondary structure of ITS was drawn in different parts of helix D1-D1’, D2, D3, tRNAlle, tRNAAIla, 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, 1. 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, I. Neowestiellopsis sp. Alborz 8, J. Neowestiellopsis sp. Alborz 2
(Bars =5 and 10 um).
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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

Ghanat/strain Aliinostoc Nodularia Calothrix ~ Desmonostoc ~ Anabaena  Neowestiellopsis
Shol-e Koochak - - - [ ] - [
Tabatabaii [ - - - - .

Abbas Abad - - - - - -
Eidi Esfandiary - - - - - ™

Firoozeh - [ ] [ ] ] ] ]
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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. Alorz 4, g Lys a5 slo ylis aslice slads g
olaws ;o Sglas wogdle 4wl IRNA adlaie 40 ;0 glyls 10
dslio (F Jgoz) o csalin b oy plo 10 50 oSy
Ao a5 ol lis alive sloay g L L Nodularia sp. Alborz 9
Nodularia asw ;> 4 waiisla (RNA ¢ V3 axl lad g
3429 J5eilSes VY Ala tRNA a5 harveyana CCAP 1452/1
ple L Aliinostoc sp. Alborz 1 awlie (& Jsuz) cils
L5 V3 e g RNA 55 slls a5 ols ol aslie sladygu
3¢9 JuigzlSes TV L MH497065.1 Aliinostoc soli 4ygu o
aloz 5l laagu 3| a0 L5 w5eilSe V) LBOX A el
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 l)ls 90,0 aS slo lis 10 laas g
Anabaena sp. wew ;0 Ll oy aigxlSes VY LIRNAAIa
Ggw 5o L V3 isw 5 cllas 0429 tRNA-Ile (Alborz 4

(Y Jg92) 59 09250 Ji52lS'e3 47 L Anabaena sp. Alborz 3

16S-23S IRNA ITS 4, Ll 56T -
ITS adlaie calizro glo iz digilS o olass duslie -

e (Iteman et al. 2000.) o\ Kan 5 oloiy) Gub
V2 z e dRNAIle (,5.D3 D2 g o DI-DI’ e o dilaie
b Jgaz) wo S asia ITS o5 g5, Box B 5 tRNAAla 3
slassw plo L Calothrix sp. AIborz 7 ay g awslie 51 (Y B'Y
L D1-D1" dalaie ;o lasgelSes olaws a5 ol ool lis aliee
sBOX A 3blie adllae 5,50 dygm 15 5 353 Dolice bodygs ol
WL alie glaaign sl ;o bl il onds 33> tRNA 45 50
HQB47571.1 g ,5 L5 5 VB idn .Coils ssg wisilS'ss
ao,5 cal Calothrix sp. HQ847580.1 4 Calothrix sp
Neowestiellopsis sp. AIborz 6-2 slads s duslie (¥ Jgoz)
slas BOXB 5 BOX A D3 D2 iz ,5 a5 ol ol
,o Neowestiellopsis sp. Alborz 8 assuw Ll <ol lausealSes
(¥ Joaz) cusls Sglite sloassilSs V3 3 DI-DIY isu
Qg 99 ITS dilaie alises slo sy oisilSsr slaw anslie

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

alie sladgw plo g Calothrix sp. Alborz 7 ITS bl slaasgalS s ol auslas -V Jeus
Table 2. Comparison of the nucleotides length of the ITS regions of Calothrix sp. Alborz 7 and the other similar strains

= £ < < 2 32 ms o _os
Studied strain and reference strain a é E g 5 g g & S & § é S é § é S é g

o aes s T x° b5 o 2% @
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 ple 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

— S @ [
2 g g S § C ©
o _ 2 g g 2 = o8 2 3% £ o
Studied strain and reference strain = < < = < a8 § @ 5 2
& s = £ P S 8
N (92}
e a af = % & -
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
MN656995.1: Neowestiellopsis sp. KHW5 71 19 12 73 81 24 22 -
MF066912.1: N. persica 55 - - - - - - - - -
MN656995.1: Neowestiellopsis sp. KHW5 71 19 12 73 73 31 29 16 11 124
MF066911.1: N. bilateralis 93 - - - -
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alie sloasgw ple g Desmonostoc sp. Alborz 5-10 ITS bl slaassalSs sl dwslio —F Jeus
Table 4. Comparison of the nucleotides length of the ITS regions of Desmonostoc sp. Alborz 5-10 and the other similar strains

° X X

x £5 £5 % L. Q8 @ g <
Studied strain and reference strain 23 =8 s 5 35 98 é ag X g

=R N = oo o gFgo°o 2o 3o O

) lalkz lalkZ 5 x S m Sm @
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 Lo g Nodularia sp. Alborz 9 ITS sble sleassalSs 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

X m m

© T o o 2 ] X o m X o <

RS E=) E=aT) ) < o o @

Studied strain and reference strain = =8 5% 2g S5 o8 é 28 x g

=) Ng oo Fo Fo o 9 - O

0 n o A » = - » m @ D om

— + 3] o

[a)] o o
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 1ITS bl slaausazlS sl slaes auglio —F Jgus
Table 6. Comparison of the nucleotides length of the ITS regions of Aliinostoc sp. Alborz 1 and the other similar strains

- S £ = 2 58 o 35 <«
Studied strain and reference strain /] % = § = % <z( % <Z': % ng § é 593 § é ‘;’

8 B% B% E° Z° 4 @ 37 o

=] o m o |m

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 - - -
MKB503792.1: 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 -

lie sloasgw plo g Anabaena sp. Alborz 3-4 ITS bl sbeaseilSs slass awglas -V Jgus
Table 7. Comparison of the nucleotides length of the ITS regions of Anabaena sp. Alborz 3-4 and the other similar strains

= S £ = 2 0% o 33 <«
Studied strain and reference strain D % B § E é <z( % <ZE % f é é % § é g

3° 8% 8% ° ° S5 o 35 o

=} a [an] o o

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 -

HQB846527.1: 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
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loay g sl L Calothrix sp. Alborz 7 Box B calizee sla iz
43,b33 ol 5 2l ol sloasisilSy sl o ols ol

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

BOX B 5 D1-DI" (gl iy ;3 (slmliio Jolows 5 a5 -
&yg0 4 BoX B g DI-DI go)le (55, cilize bl
B,bSe oo (B) Sl a3,bgs o) (A) 4bgs el o
3 oyl anlie cul ond Lasine (D) lagg) sacls 4 (C)
loay g Lo L Calothrix sp. Alborz 7 D1-D1" calises slo jiso
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Calothrix sp. Alborz 7, KT336448.1, HQ847571.1, KF761555.1, AF236642.1, HQ847580.1, FJ661009.1, FJ661007.1
M-fold 5,0 <5 3D alice slodsgw plo b aslis o Calothrix sp. Alborz 7 4y D1-D1" g jbe a5l Liole o i -0 5%

sloasls gl D wad oSy gl C o s 48,bogs gl B it bss ol os) A i ogredis 4,3 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).
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Calothrix sp. Alborz 7, KT336448.1, HQ847571.1, AF236642.1, HQ847580.1, FJ661009.1, FJ661007.1
JIY asns M-fold g, g 5l) lis sloas g Lo L Calothrix sp. AIDOrz 7 a4y g BoX B g jlo 459l jlislos 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 sbayguw ulo g Calothrix sp. Alborz 7 . (BoX-B 4 D1-D1' g o) 16S-23S IRNA 4,66 Lzl avslie —A Jgu
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 BOX B
Studied strain and reference strain E?ggp;l lE&ilateral Unilateral Basal E?&TSI Bilateral  Unilateral
bulge (A) ulge (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 gu o
olias Box B dalisee sla idu ;o o) anglie (Y JS5) o
slasi 5 planl a8 bes ol Gl basw asn a5 ol
Neowestiellopsis Sp. aygw .0¢ e oyl (slaosstlSss
5 JiglS'e i Neowestiellopsis sp. Alborz 5 Alborz 6
asle asalSel iy Neowestiellopsis sp. Alborz 6 49w
Neowestiellopsis sp. 5 Neowestiellopsis sp. Alborz 6 4w ;o
o aS Jb o wgsalSe can glhls a8 bgs o8l Alborz 2
b odslie wigilSe 45 Neowestiellopsis sp. Alborz 8

A gz 51 S

a8 ol les DI-DI calisee sla idn 5o ool dnslio
Neowestiellopsis sp. 5 Neowestiellopsis sp. Alborz 6 4 g 50
WiglSe cue glyls ad b sl ol cwed y Alborz 8
S duieilS'ss iy sl yls Neowestiellopsis sp. Alborz 2 4, s 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. slaay g ;0 Lol chglate laauso5lS o5 slaws
5 0592lSes Vo (sl 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

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

(Sloacld Col D ad by gl C o glio a8 bogs o B d bgs olil 0ol A wgamdes az 30 YV Los Y/Y asees M-fOld g 10 g 5D
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 Ll ooiiw -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).

alive sbaygw ple s Neowestiellopsis sp. Alborz 2,6, 8 -y (BoX-B g D1-D1" g ,l) 165-23S IRNA 4,5l Lol avslas -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 BOX B

Studied strain and reference strain -[)?I;Ttalp;l Bilateral  Unilateral Basal -[)?IZI:P:II 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
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 calizes slo yicn j0 o) duglae (1 JS5) 091 wuigelS'ss aS oy las D1-D1" calizes sl iz jo lag) dunlin
Glasgu g aslllae 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 wbsedSes iy L ad s ol
Desmonostoc sp. 3 Desmonostoc sp. Alborz 5 asllas 5,50 o dw b bbdygw den uils 0 54alSss cuia Alborz 10
alie Gloagw 5 359256 V) (s abybgs gl W AIDOIZ10 sy slaaeisilSss slasd aisg adbSy g S5 ad)bgs
O Jgoz g Ve JSK8) Wogy aieelSes Ve lls cuie sl ylo g glate laay g S50 L Desmonostoc sp. Alborz 5
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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).
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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).
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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 BOX B
Studied strai d ref trai -It-)(ielraTeT;II Bgﬁ}ggal Unilateral Basal -It—)?IraTeT:II Bilateral ~ Unilateral
udied 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 1 10 11 -
KF761565.1: 808-1478 5 1 10 10 -
KX787933.1: 1106-1777 5 1 10 10 -
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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).
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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 rRNA 4,5l Lol anslie =) Jgu

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 strai d ref irai E?I;T(;P:lll B'blﬁfg;al Unilateral Basal -L?IZ,EPSI Bilateral  Unilateral
udied 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 7 -
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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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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).
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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 strai d ref rai I)?I;Telp:ll Bilateral  Unilateral Basal -L?I;II:P:II Bilateral %E:Igitigl
udied 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 - -
MKB503792.1: 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 - -
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Y Jga=  Anabaena 3 45w 9 o3l V sl,lo Anabaena sp. Alborz 4



VEV cOHYY ol gz, /o

Moy ia slos xShgilew 5 (Fp (Joge (S59kd 5 (6, CiSTl (contd 5 539595

96/47

J g ¥
e ? A
D = in P
I,

s-c

HQ846551.1, HQ846527.1
59 29 3D alive Gbasgw plo b awslis o Anabaena sp. Alborz 3-4 glaay g D1-D1’ gy )bo a9l Ll son i —10 S50

Anabaena sp. Alborz 4, Anabaena sp. Alborz 3, EU636199.1, KT290325.1, KT290324., KT290328.1, KT290322.1, MT577724.1, HQ846552.1,

(SloaslB gl D ad by gl C o Sl a8 )bgs gl B iad gy oleil 0ol A i wgades 4z )0 YV oo F/Y aseis 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).
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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).
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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 strai d ref trai E?ggp;l Bgﬁfggal Unilateral Basal E?g,l::‘;l Bilateral  Unilateral
udieda strain andad rererence 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
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 ACMB13 6 3 1 10 - - -
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 -
HQ846551.1: A. iyengarii RPAN70 6 3 1 10 5 11 -
HQ846527.1: A. oscillarioides RPAN4 7 3 - 8 - - -
HQ846550.1: A. oscillarioides RPANG9 - - - - 6 - 5
ia sp. Alborz 9
Anabaena sp. Alborz 3
{ Anabaena sp. Alborz 4
Aliinostoc sp. Alborz 1
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Fig. 17. Composite dendrogram based on the STRR1a primer amplification profile.
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Fig. 18. Composite dendrograms based on the HIP-CA (left) and HIP-AT (right) primers amplification profile.
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Fig. 19. Composite dendrograms based on the HIP-TG (left) and HIP-GC (right) primers amplification profile.
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Fig. 20. Composite dendrograms based on the ERIC1A (left) and ERIC1B (right) primers amplification profile.
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