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DNA amplification fin gerprinting (DAF) o f 17 cyanobacte rial isolates be longing to sy mbio tic and free-li ving fo rms of 
6 d ifferent genera was done. T he dendrogram analysis of 17 cyanobac te rial cultures revealed three major c lusters. All 
Wes /iel/opsis cultures formed the first major c luster and the ir nucleo tide re latedness ranged between 71-93%. In the second 
major c luster, the sy mbioti c cyanobacterium Anabaena sp dominated and a ll Anabaena cultures showed 60 - 75% si milarity 
with each other. Nos/oc Inuscorum is re lated to Allabaella variabilis by 85% and fo rmed the third major c lu ste r. T he 
dend rogram analys is of cyanobacte ri a l isolates clearl y revea led that free- li ving cyanobacteri a l cu ltures were c losely re la ted 
with each other and were di verse from the symbi otic forms. 

Keywords: Cyanobacte ri a , DNA amplification fin ger printing, Free li ving cyanobacte ria. Phy logenetic analys is, Symbiotic 
cyanobacte ria 

Development of modern techniques, especiall y the 
polymerase chain reactio n (PCR), has made it 
possible to compare more carefully , the differences 
between free-li ving and symbiot ic cyanobacte ri a'. 
DNA fingerprinting strategy is based on amplificatio n 
of characteri sti c DNA fragments by a thermostable 
DNA po lymerase directed by a sing le oligonucleotide 
primer of arbitrary sequence in a thermocycling 
reaction2

. DNA amplificatio n fingerprinting (OAF) 
has been useful for distingui shing c losely re lated and 
di verse organi sms. Nishihara et al. 3 have used RAPD 
analys is to discriminate genotypes of Microcystis. 
PCR ampli fication and sequencing of r,D1c l (DNA 
dependent RNA polymerase) gene from 19 isolates of 
Cyl indrospermum raciborskii from Austra lia revealed 
99 to 100% nucleotide sequence identity indicat ing 
that the isolates belong to o ne species, despite being 
morphologica ll y distind. In the present investigation , 
an attempt was made to find the phylogenic re lation 
among 17 iso lates of sy mbiotic and free-li ving 
cyanobacteri a belong ing to 6 genera, viz, Anabaena, 
Aulosira, Fischerella, Nostoc, Tolypothrix and 
Westiellopis by DNA amplificati on fin gerprinting 
with random primers. 

Materials and Methods 
Cyanobacterial cultures and culture conditions­

Cyanobacteria l cultures used in thi s study were 
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collected from di ffere nt biofertili zer production 
centres of Indi a. The cultures of Anabaena azollae­
SK-SL-TNAU 1, A.azollae-MPK-SK-AM-24, A.azollae-
MPK-SK-AM-25 , A. azollae- MPK-SK-AF-38 , 
Anabaena-TR-52-STI , Anabaena sp., Nostoc 
mUSCO rtllll DOH, Westiellopsis-4A2. Westiellopsis­
C, oo-TRs-ST3-PA-SK, Anabaena variabilis-SAo. 
Nostoc sp., Westiellopsis sp. were se lected from the 
germplasm collection at the Azalia Laboratory, Tami I 
Nadu Agricultural University (TNA U) , Coimbatore, 
while Westiellopsis-ARM48. was obtained from 
Department of Microbio logy, PSG College of Arts 
and Science, Coimbatore and Aulosh'a pseudoramosa, 
Tolypothrix tenuis. Westiellopsis prol!fica. and 
Fischerella sp were co ll ected from Natio nal Centre 
for Conservati on and Utili zatio n of SGA 
(NCCUBGA), JARI , New Delhi . The cultures were 
maintained o n SG-II medium as liquid cultu re in 
flasks ( 100 ml ) for OAF analys is. The inoculated 
flasks were incubated under light intensity of 3000 
lux ( 16/8 hr day and night cycle) at 25° ± 1°C for 30 
days. Among the cultures used, Anabaena azollae­
SK-SL-TNAU I, A. azollae-MPK-SK-AM-24, A. 
azollae-M PK-S K-AM-25 and A. azollae-MPK-SK­
AF-38 are symbi ot ic forms and the remaining cu ltu re 
are free-living cultures. 

£rlraclion of total genomic DNA for RAPD analysis­
Total geno mi c DNA from cyanobacterial cultures was 
isolated hy cety l trimethyl ammonium bromide 
(CTAS ; 2%) procedure with some modifications. Blot 
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dried cyanobacterial culture (2 g) was ground in an 
autoclaved and pre-chilled mortar using liquid 
nitrogen. Macerated samples along with 2 ml of 
CT AB buffer were transferred to eppendorf tubes and 
incubated at 65°C for 30 min . Prote in was removed 
by treating with equal volumes of chloroform and 
isoamyl alcohol ( I: I). DNA was precipitated with 
addi tion of ice cold isopropanol. The precipitated 
D A was hooked out with a bent Pas teur pipette and 
dissolved in 500 111 of 10 mM Tris- I mM EDT A 
buffer. DNA was then concentrated by allowing it to 
precipitate with absolute alcohol and sod ium acetate. 
The pellet was dissolved in SO 111 of Tris-EDTA 
buffer and stored at -20°C for further use. 

Oligonucleotide primers alld peR alllplijicatioll ­
Oli gon ucleotide primers used were obtained from 
OPERON - Techniques Inc., USA with known 
sequence (Tab le I). D A ampli fication was perform­
eJ in a PTC - 100 TM Programmab le Thermocycler 
I PTC: MJ Research [nc., Water Town, Mass]. The 
reac tion mi xture consisted of 3 111 of 25 ng Ilri D A; 
I /11 of 10 mM dNTPs; 1.2 111 of primer; 2 111 of lOX 
assay buffer; 0.2 111 of Taq polymerase (Banga lore 
Genei [nc. ); and 12.6 111 of steri Ie di sti li ed water. The 
incubation cycle was followed as- initi al denaturation 
at 95°C fo r 2 min ; denaturation at 94°C for I min; 
annealing at 37°C for I min: ex tension at 72°C for 2 
min: and final ex tension at 72°C for 5 mi n. Thirty five 
incubation cycles were followed for denaturat ion, 
an nealing and extension steps. After the reaction, 
IS 111 of PCR product was separated using 1.5% 
agarose gels, stained with ethidium bromide, viewed 
and photographed using alpha imager TM 1200 
documentation and analys is system. 

Dendrogram analysis- Each lane of RAPD 
profiles was scored for presence (1) and absence (0) 
of specific bands. The cluster analys is was carried out 
using NTSYS pc version 1.7 (ref. 6). 

Tahle I - Primers used for RAPD - PCR analys is o f 
cya nobacteri al cu ltures 

Primer 

OPGO I 
OPA H02 
OPAG03 
OPB09 
OPC09 
OPF I5 
OPG04 
OPF05 
OPAG07 
OPF04 
OPF03 

Sequence 

CTACGGAGGA 
CACTTCCGCT 
TGCGGGAGTG 
TGGGGGACTC 
CTCACCGTCC 
CCAGTACTCC 
AGCGTGTCTG 
CCGAATTCCC 
CACAGACCTG 
GGTGATCAGG 
CCTGATCACC 

Results 
In thi s study, RAPD profi le of sy mbioti c and free­

li ving cyanobacteri al cultures showed DNA 
fingerprinting charateristic of each cu lture. Typical 
RAPD profile fo r different cultures using primer OPB 
09 and OPF OS are depicted in Fig. IA,B. Number of 
products generated in RAPD ana l ys i ~ for different 
primers and the number of DNA fragments generated 
by different primers in different cultures are given in 
Tables 2 and 3 respectively. Simi larity indices for a ll 

hI' 

Fig. 1- RAPD profile of cyanobacterial cultures fo r primer. (A) 
OPB 09 and (B) OPF 05 rWeslie/lopsis - A RM 4S; 2 -
Weslie//opsis sp.: 3 - Wesliellopsis - C I00 TRs ST) PA-SK: 

4 - Weslie/lupsis pro/ijica: 5 - Weslie//opsis - 4A z: 6 - NoslOc 
I/IIISCUrtllll : 7 - NuslUc sp.: S - Allabaella variabilis; 9 - 11. 
azu//ae - S K- SL - TNAU I; 10 - A. a:o//£Ie- MPK ­
SK - AM-24 ; I I - A. azo/lae - MPK - SK - AM-25; 12 -
A. azo/lae-M PK - S K - AF-3S; 13-Anabaena sp.: 14 -
Anabaena- TR52-STI ; 15 - Tolypolhrix lenuis: 16-Au/osira 
pseudoral11osa: 17 - Fischere/la sp.; and M. Marker] 

Table 2 - Num ber of PCR products generated in RAPD analys is 
of eyanobaeierial cultures wi th different primers 

Primers o.of No. of Total % poly-
monomorphic polymorphic No. of morphism 

bands bands bands 

OPGOI 0 II II 100 
OPAH 02 0 13 13 100 
OPAG 03 0 16 16 100 
OPB 09 I 23 24 95.S 
OPC09 0 12 12 100 
OPFI5 0 10 10 100 
OPG04 0 IS IS 100 
OPF05 0 13 13 100 
OPAG 07 0 12 12 100 
OPF04 0 IS IS 100 
OPF03 0 12 12 100 
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pair wise combination among the seventeen cultures 
were computed and presented in Table 4 . 

Cyanobacterial cultures, Westiellopsis sp. and 
Westiellopsis-CHxrTRs-ST3-PA-SK shared the maximum 

simil arity which accounted for 93.1 %, followed by 
Westiellopsis -ARM48 and Westiellopsis sp. (89.3 %). 
Among the WestiellofJsis cultures, W. prol!/ica and 
Westiellopsis sp. had the least similarity index of 

Table 3 - Primer-wise and culture-wise PCR product s generated in RAPD analys is with different primers fo r cyanobacteri al cultures 

Primers 
Cyanobacterial cultures OPGOI OPAH02 OPAG03 OP809 OPC090PFI5 OPG04 OPF05 O PAG070PF040PF03 

Wes/iel/opsis - ARM48 
Wesliel/npsis sp. 
Wes/iel/opsis-C IC MI TR, ST3 
PA-S K 
We.l'1iel/opsis prnliflca 
We.l'1iel/opsis 4Ac 
Nos/oc /III1 SCOrlIIn 
Nos/oc sp. 
Anabaena variabilis 
A. awl/ae - SK-SL TNAU I 
A. al.Ollae - MPK-SK-AM-24 
A. azol/ae - MPK -S K-AM -25 
A. awl/ae - MPK S K-AF - 38 
Anabaena sp. 
Anabaella - TR-52 ST I 
Tolypo /hrix len/lis 
A/llosira pselidoralllosa 
Fischerel/a 
Total 

2 
2 
2 

2 
12 
14 
II 
9 
4 
3 
3 
3 
3 
3 
5 
5 
I 

33 

2 
2 
2 

3 
4 
4 
6 
4 
5 
3 
2 
2 
5 
2 
o 
3 
6 

68 

6 
7 
5 

5 
3 
4 
2 
2 
2 
5 
8 
6 
8 
8 
I 
6 
4 

99 

5 
8 
9 

7 
7 
7 
8 
6 
4 
5 
2 
II 
3 
5 
3 
7 
6 

103 

4 
4 
3 

3 
6 
I 
2 

I 
3 
6 

I 
3 

42 

I 
2 

I 
2 
2 
2 
6 
I 
3 
2 
2 
2 

36 
6 
38 

4 
3 

4 
I 
I 
3 
5 
2 
I 
3 
4 
3 
I 
5 
4 
2 

47 

4 
4 
4 

3 
6 
5 
4 
5 
5 
4 
4 
4 
4 
4 
4 
5 
2 
7 1 

Table 4 - Simi larity indi ces o f cyanobacteria l cultures assessed by RAPD analysi s 

Cyanobacterial 
cu ltures 

I 1.000 

2 

2 0 .893 1.000 

3 

3 0.8740.93 1 1.000 

4 

4 0.76 10.7550.774 1.000 

5 

5 0.7 170.6860.692 0.755 1.000 

6 

6 0.6540.5970.604 0 .604 0.673 1.000 

7 

0 .704 0.855 1.000 

8 

0.654 0.792 0.799 1.000 

9 

0.71 1 0.673 0.730 0.755 1.000 

10 

7 

8 

9 

10 0 .7 1 I 0.623 0 .667 0 .7040.8 1 I 1.000 

II 

II 

0.673 0.6290.623 0.648 

0.7230.692 0.648 0.648 

0 .7 170.6860.667 0 .667 

0 .7 17 0.6980.6790.7 17 

0.6790.6480.642 0.704 0 .698 0 .635 0 .7 17 0.6920.799 0 .874 1.000 

12 

12 0.6540.6480.629 0.704 0.673 0 .597 0 .654 0.654 0.723 0.8 1 I 0 .824 1.000 

13 

13 0.6730.6290.623 0 .648 0.642 0.604 0 .673 0.6480.704 0.755 0.767 0 .717 1.000 

14 

4 
5 
5 

5 
8 
4 
4 
5 
5 
5 
8 
7 
6 
I 
3 
3 
2 

90 

15 

8 
10 
13 

5 
6 
5 
4 
5 
5 
4 
4 
4 
4 
4 
4 
5 
2 
82 

16 

1.000 

2 
2 
2 

3 
J 

2 
2 
2 
2 

1 

4 
5 

37 

17 

14 

15 

16 

17 

0.7300.6860.679 0.730 0 .723 0.623 0.667 0.6790.7 11 0 .799 0.76 1 0.774 0.742 1.000 

0.7 11 0.6920.698 0.660 0.654 0.654 0 .686 0.7230.7 17 0.780 0.730 0.692 0.76 1 0.8 18 

0 .6480.6420.660 0 .673 0 .654 0.604 0 .648 0.6860.704 0 .7 17 0.667 0.667 0.673 0.767 

0.6420.6350.6 160.629 0.6 10 0.572 0.604 0.6420.698 0.76 1 0 .686 0.635 0.6920.71 1 

1.000 

0.786 

0.7 17 0.130 1.000 

1- Wes/iel/opsis - A RM48 
2 - We.l'1iel/opsis sp. 
3 - Wes/iellopsis - C 11XJ TRs ST3 PA -S K 
4 - Wes/iel/opsis proliflca 
5 - Wes/iel/opsis - 4A2 
6 - Nos/oc I11l1Scorum 

7 - Nos/oc sp. 
8 - Anabaena variabilis 
9 -A. awl/ae- SK-SL TNAU I 

10 - A. aw llae- MPK-S K-AM - 24 
II - A. awl/ae - MPK -S K-AM - 25 
12 - A. aw l/ae- MPK SK-AF - 38 

13 - Anabaena sp. 
14 - Anabaena - T R-52-STI 
15 - TolypOlhrix lenuis 
16 - Aulosira pseudorall1osa 
17 - Fischerella sp. 
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68 .6%. Nostoc lIluscorun/ and Nosloc sp. shared a 
s imilarity of 85.5% . Considering Nosloc and 
Wesliellopsis cultures, NOSloc sp. and Westiellopsis-
4Al had hi gher s imilarity of 70.4%. 

Among various Anabaena cultures, A. azollae­
MPK-SK-AM-24 and A. azollae-MP K-SK-AM-25, 
showed 87.4% similarity followed by A. azollae­
MPK-SK-AM-25 and A azollae-MPK-SK-AF-38 
(82.4% ). All Anabaena cultures sho wed 60-75 % 
simil arity with each other. Among Anabaena cultures, 
A I/abael/a variabilis and Anabaena sp. recorded the 
least similarity va lue of 64.8% . Co nside ring 
A I/abaena and WesliellujJsis cultures. the sa line 
tolerant culture Anaboel/a-TR-52-ST I and 
Wesliellopsis prol(fica had 73 % s imilarity. The ac id 
tole rant Wesliellopsis-4 A 2 shared 65.4% simil arity 
with Tolypothrix lel/uis and Alllosira pseudoramosa. 

r--

I 
0.66 

H 

110 
I 

r-

I2G 

I 
0.73 

11C 

l 

J2C 

2D I 

J2F 
l 

J3B 
I 

I 
0.79 

Fischerella was similar to Aulosira pseudormnosa by 
73 and 57.2% w ith Nosloc muscoru/n. Aulosira 
pseudoramosa had highe r s imilarity with Tolypolhrix 
lenuis. 

In genera l the re was a s imil arity of 60-90% w ithi n 
WesliellojJsis cu ltures. Nosloc cultures shared 50-80% 
s imilarity with Wesliellopsis cu ltures. Anabael/a 
cultures were simil ar to Wesliellopsis cultures by 
60-70% . The least s imi larity was exh ibi ted between 
Fischerella and NOSloc mus-corum indicating that they 
were distantly re lated . 

Dendrogram ana lys is of seventeen cyanobacte rial 
cu ltures revea led three major c lusters (Fig. 2) . The 
first major c luste r was di vided into subc lus te rs in 
whi ch the two cultures WesliellofJ sis sp. and 
Wesliellopsis-C lOo-TRs-STr PA-SK were closely 
re lated by 93 .1 % and forms the I SI subcluster (l A), 

12B 
I 

E 

_EA 

I 
0.86 

r2A 

hB 
L J 

'" I 

I 

2 

3 

4 

5 

9 

10 

II 

12 

\3 

14 

15 

16 

17 

6 

7 

8 
I 

0.93 

Coefficient 

I 

2 

3 

4 

5 

6 

7 

8 

Westiel/opsis - ARM48 

Westiel/opsis sp 

Westiel/opsis - C IOO TR j ST3 

Westiel/opsis prolifica 

Wes/iellopsis 4A2 

Nos/oc muscorum 

Nostoc sp 
Anabaena variabilis 

PA-SK 

9 A. azollae -SK-SL TNAU I 

lOA. azollae -MPK-SK-AM 24 

II A. azollae - MPK-SK-AM25 

12 A. azollae - MPK SK-AF -38 

13 Anabaena sp 

14 Anabaena - TR 52 ST I 

15 Tolypothrix tenuis 

16 Aulosira pseudoramosa 

17 Fischerella sp 

Fig. 2 - Phylogenelie relationship between Ihe cya nobacterial cultures by RAPD analysis. r 1- Wes/iel/upsis - ARM 48; 2 -
Wesliellopsis sp.; 3 - Wesliel/opsis - CJ(Xl TR j ST3 PA-SK; 4 - Wes/iellopsis proliJica; 5 - Wesliellopsis 4A2; 6- Nos/oc lIIuscorllln: 
7 - Nos/oc sp.; 8-Anabaena variabilis: 9 - A. azollae- SK-SL TNAU I: 10 -A. azol/ae- MPK -SK-AM 24; II - A. azol/ae­
MPK-SK-AM 25; 12-A. azollae - MPK-SK -AF-38: 13 - Anabaena sp. ; 14 - Anabaella - TR 52 ST I ; 15 - Tolypolhrix lent/ is; 
16 - At/losira pseudoralllosa; and 17 - Fischerella sp.1 
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followed by their relation with Wesliellopsis-ARM-48 
(88%) and formed the 2nd subcluster ( I B). The culture 
of W. prol(fica along with I B formed the 3rd 

subcluster ( I C) showing relation to 77%. The ac id 
tolerant culture Wesliellopsis 4A2 along with I C 
formed the 4th subclutser ( I D) and were related by 
71 %. 

Cyanobacterial cultures A. awllae-MPK-SK- AM-
24 and A. azollae-MPK-SK-AM-25 were related by 
87.4% in the second major cluster and formed the 
subcluster 2A. The subcluster 2A along with A. 
a::nllae-MPK -S K-AF-38 fo rmed the subc luster 28 
and were related by 80%. A. aw llae-SK-SL-T AU I 
was in similarity with 2B by 78% and formed the 
subc luster 2C. The subcluster 20 was formed by 
AI/abael/a sp. in relation with 2C and were similar by 
74%. Anabael/a - TR-52-ST I and Tolypolhrix lenuis 
were similar by 8 1 % fo rming the subc luster 2E. The 
subcluster 2E was similar to Alllosira pseuc/oralllosa 
by 78% and fo rmed the subcluster 2F. The subcluster 
2F and 20 were in similarity by 73% and formed the 
subcluster 2G. Fischerella in relation to subcluster 2G 
formed the subcluster 2H and were related by 70%. 
The two major cl usters, clu ster I and" were related 
by 67 .25%. In the third major cluster, NoSluC 
1I1I1SCO r/.ll/1 and NOSIOC sp. were similar by 85.5 % and 
formed subcluster 3A which in turn was related to 
Anabael/a \'ariabilis by 79% and formed the 
subcluster 38 . The third major cluster was related to 
first and second cluster by onl y 66%. 

Discussion 
Presence of repeated DNA short tandemly repeated 

repetiti ve (STRR ) and long tandemly repeatcd 
repetitive (LTRR ) seq uence in the genome of 
cyanobacteri a was used to generate a fingerprint 
method for sy mbiotic and free- I i vi ng isolates. I. olates 
which have been postul ated to be closely related or 
identical reveal ed simi lar results by PCR techniques 
indicating that the technique i. use fu l fo r clustering of 
even closely related strai ns 7 . In our study , dendrogram 
analys is revea led 3 major clu sters . All the 
Wesliellopsis cu ltures form thc first major cluster 
indicating that they are closely related with each other 
and evo lved gradua ll y. The second major clu ster is 
dominated by the isolates of symbiotic cyanobacteri a 
AI/ abaena aw llae-S K-SL-TNAU I , A. a;::ollae-M PK­
SK-AM-24. A. azollae- MPK-SK -AM-25, and 

A.azollae-MPK-S K-AF-38 . The free-living forms 
Aulosira pseuc/oramosa, TolYPolhrix lenllis and 
Fischerella sp are similar to Anabaena-TR-52- ST I 
by 70%. There was a similarity of 60-90% with in 
Wesliellopsis cultures. NOSIOC cultures shared 50-80% 
similari ty with Wesliellopsis cultures . Anabaena 
cultures were similar to Westiellopsis cu ltures by 
60-70%. The dendrogram ana lysis revealed the 
genetic diversity between the sy mbioti c and free­
li ving cyanobacteri a. Plazi nsk i el al. 8 have identi fi ed 9 
different strains of AI/abaena azollae u ing 
DNA/DNA hybridi sation. The results of the present 
study indicated the potential use of RAPD markers as 
a rap id method to detect geneti c variation/relatedness 
of the cyanobacterial strains. RAPD marKers 
generated may be used as a molecular marker for 
identification of the cyanobacterial cu ltures. 
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