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Abstract: Water users consider the safety of water according to its aesthetic properties, 

primarily taste and odour. Geosmin (GEO) and 2-methylisoborneol (MIB) are the most 

common taste and odour compounds in freshwaters which cause an earthy and musty odour in 

water. Since human nose can detect these compounds in concentrations as low as 10 ng/L, it is 

essential to monitor drinking waters before consumer complaints and to produce a timely 

solution. Therefore, it is necessary to identify GEO and MIB producers to manage the problem 

at its source. Cyanobacteria are one of the main producers of these compounds in freshwater 

ecosystems. In this study, we analyzed 13 samples (9 cyanobacteria cultures from Bafa Lake, 

Elmalı Dam Lake, İznik Lake, Küçükçekmece Lake, Manyas Lake and Taşkısığı Lake, and 4 

environmental water samples from Erfelek and Günpınar Waterfalls and Ömerli Dam Lake) for 

GEO and MIB production by HS-SPME (Head space-solid phase microextraction) coupled 

with GC-MS (gas chromatography-mass spectrometry). The presence of Cyanobacteria-

specific GEO and MIB synthase genes were also analyzed by PCR (Polymerase Chain 

Reaction). Taste and odour production was confirmed in 2 samples by GC-MS while 4 samples 

yielded positive results by PCR. All positive samples were environmental samples (3 samples 

from waterfalls from Günpınar and Erfelek Waterfalls, 1 sample from Ömerli Dam Lake -a 

drinking water reservoir) which were dominated by Nostoc Vaucher ex Bornet & Flahault, 

Phormidium Kützing ex Gomont and Pseudanabaena Lauterborn. This is the first report of 

GEO and MIB producing cyanobacteria in Turkish freshwaters by combining microscopy, 

analytical and molecular techniques.  

Özet: Su kullanıcıları, suyun güvenli olup olmadıklarına öncelikle onun tat ve kokusu gibi 

estetik özelliklerine bakarak karar vermektedir. Geosmin (GEO) ve 2-methylisoborneol (MIB), 

tatlısularda en yaygın olarak görülen tat ve koku bileşikleridir ve suyun toprak ve küf 

kokmasına neden olurlar. İnsanlar <10 ng/L gibi düşük konsantrasyonlarda dahi bu kokulara 

hassas olmalarından dolayı bu bileşiklerin içme sularında tüketici şikayetleri oluşmadan önce 

izlenmesi ve sorunun çözülmesi oldukça önemlidir. Bu sebeple, problemin kaynağında 

çözümlenebilmesi için GEO ve MIB üreticilerinin tespit edilmesi gereklidir. Tatlısu 

ekosistemlerinde bu bileşiklerin başlıca üreticilerinden biri siyanobakterilerdir 

(Cyanobacteria). Bu çalışmada 13 örnek (9 siyanobakteri kültürü, Bafa Gölü, Elmalı Baraj 

Gölü, İznik Gölü, Küçükçekmece Gölü, Manyas Gölü, Taşkısığı Gölü’nden ve 4 çevresel su 

örneği, Günpınar, Erfelek şelaleleri ve Ömerli Baraj Gölü’nden) GEO ve MIB üretiminin tespiti 

için HS-SPME (Tepe Boşluğu-Katı Faz Mikro Ekstraksiyon) GC-MS (Gaz Kromatografi-Kütle 

Spektrometresi) yöntemi kullanılarak analiz edilmiştir. Ayrıca siyanobakterilere özgü GEO ve 

MIB sentaz genlerinin varlığının tespiti için PZR (Polimeraz Zincir Reaksiyonu) yöntemi 

kullanılmıştır. İki örnekte GC-MS ile tat ve koku üretimi tespit edilmiş ve 4 örnekte de PZR ile 

pozitif sonuç alınmıştır. Pozitif sonuç elde edilen örnekler Nostoc Vaucher ex Bornet & 

Flahault, Phormidium Kützing ex Gomont ve Pseudanabaena Lauterborn cinslerinin baskın 

olduğu çevresel örneklerdir (3 şelale, 1 içme suyu kaynağı örneği). Bu çalışma Türkiye 

tatlısularındaki tat ve koku üreticisi siyanobakterilerin mikroskobik, analitik ve moleküler 

yöntemler birlikte kullanılarak tespit edildiği ilk kayıttır. 

 

Introduction

Geosmin (GEO) and 2-methylisoborneol (MIB) are 

the most common biogenic taste and odour compounds in 

freshwaters and considered as indicators of water quality 

by consumers (Webber et al. 2015, Pham et al. 2020). 

Therefore, some countries set a guideline value as 10 ng/L 

in their drinking waters (Wakayama 2003, NHMRC 

2011). The distribution of GEO and MIB in freshwaters 

varies from lakes, rivers and drinking water reservoirs 
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with different trophic status (Jüttner &Watson 2007) and 

their production have been reported so far from several 

countries such as Australia, China, Finland, Japan and 

USA (NHMRC 2011, Suurnäkki et al. 2015, Otten et al. 

2016, Zhang et al. 2016). GEO and MIB concentration 

levels in drinking water sources may increase to 100-200 

ng/L which are 10-20 times higher than the threshold 

value (Brown et al. 2020). 

Cyanobacteria are known to be the main producers of 

these earthy and musty secondary metabolites in water 

ecosystems (Watson & Jüttner 2019). GEO and MIB are 

easily detected by a human in low concentrations (<10 

ng/L) (Piriou et al. 2009). Although GEO is more 

common than MIB (Devi et al. 2020), intracellular MIB 

is less bound to cell and consequently can be released into 

water easier than GEO (Watson & Jüttner 2019). In 

addition, as a response to environmental factors such as 

light, temperature etc., MIB production mechanism 

responds faster in hours while GEO production 

mechanism response can take days (Watson et al. 2016, 

Watson & Jüttner 2019). The first challenge for 

monitoring and treatment studies is the estimation of GEO 

and MIB production time and concentration levels 

(Fakıoğlu et al. 2018). The second challenge is the 

presence of different producer groups in the same habitat 

such as Cyanobacteria, Proteobacteria, Actinobacteria 

and Ascomycota (Mattheis & Roberts 1992, Dickschat et 

al. 2005, Cane et al. 2006, Watson et al. 2016). To 

overcome this problem, PCR-based studies have started to 

be used since 2008, in combination with chemical 

analytical methods and microscopic techniques, to detect 

the cyanobacteria-specific GEO and MIB synthase gene 

(Giglio et al. 2008, Wang et al. 2011, Wang et al. 2016). 

As one of the main producers, Cyanobacteria has a 

wide range of distribution in different water sources 

(lakes, reservoirs, rivers and marine environment) in 

Turkey (Akcaalan et al. 2009, Akcaalan et al. 2014a, 

Akcaalan et al. 2014b, Koker et al. 2017). Studies on their 

presence and toxin production have increased in recent 

years, but there is a limited number of studies on 

cyanobacteria-associated taste and odour problems 

(Albay et al. 2009, Demir et al. 2011, Fakıoğlu et al. 

2018). In addition to this, MIB and GEO have been 

reporting in drinking water quality reports of İstanbul, 

especially in summer periods which consequently lead to 

costly water treatment projects based on granular 

activated carbon (İSKİ 2020). However, there is no report 

on producers of GEO and MIB in Turkish freshwaters.  

In this study, Cyanobacteria from the culture 

collection which were isolated from different Turkish 

freshwaters, and environmental samples were screened 

for their potential to produce GEO and MIB. To manage 

the GEO and MIB related taste and odour problems in 

freshwater ecosystems, it is necessary to detect producer 

organisms and this is the first study to focus on the 

detection of taste and odour producing Cyanobacteria 

using both molecular and analytical methods. 

Materials and Methods 

Environmental Sample Collection  

Environmental samples were collected from Ömerli 

Dam Lake and Günpınar Waterfall and Erfelek Waterfall 

in Turkey (Table 1). Ömerli Dam Lake sample was taken 

by a phytoplankton net with 20 µm pore size from 

epilimnion and dominant cyanobacterium was identified 

by microscopy (Komárek & Anagnostidis 2005, Komárek 

2013). Waterfall samples were collected manually to a 

plastic bottle and were transported to the laboratory in 

cold chain. 15 ml environmental samples were 

centrifuged at 10,000 x g for 10 minutes and pellets were 

stored at -20°C until DNA extraction. 5 ml of the samples 

were used in cyanobacterial strain isolation which was 

done under the conditions reported by Rippka et al. 

(1979). Under light microscopy, a serial water dilution 

and trial inoculation process was applied with a sterile 

Pasteur pipette on the center of an agar plate. All strains 

were maintained under photoautotrophic growth 

conditions at 25°C. 1% (w/v) agar including medium BG-

11 and its variant BG-11minus (BG-11 with the omission of 

NaNO3) were used for strain isolation. 

Cyanobacterial Culture Conditions  

Cyanobacteria cultures (different strains from 

Cylindrospermopsis G.Seenayya & N.Subba Raju, 

Dolichospermum (Ralfs ex Bornet & Flahault) P.Wacklin, 

L.Hoffmann & J.Komárek, Microcystis Lemmermann, 

Nodularia Mertens ex Bornet & Flahault, and 

Sphaerospermopsis Mertens ex Bornet & Flahault genera) 

were isolated from different freshwater sources and kept 

in our cyanobacteria culture collection (Table 1). Cultures 

were maintained according to Rippka et al. (1979) in the 

same conditions with environmental samples at 25°C in 

150 ml liquid Medium BG-11. The isolated cyanobacteria 

species were mainly planktonic and a few of them were 

benthic species. Oscillatoria sp. UHCC 0332, which is a 

known GEO and MIB producer (in Suurnäkki et al. 2015 

mentioned as Planktothrix sp. 328), was used as a positive 

control for GEO and MIB PCR reactions. 15 ml culture 

samples were centrifuged at 10,000 x g for 10 minutes and 

pellets were stored at -20°C until DNA extraction. 

DNA Extraction 

DNA extraction was done according to the modified 

Xanthogenate DNA extraction method (Tillett & Neilan 

2000). 1 ml of fresh cell lysis solution was added to the 

pellets which were obtained after centrifugation of 15 ml 

samples. The mixture was incubated in 70°C water bath 

for 2 hours and vortexed every 30 minutes during the 

incubation process. Then, the tubes were centrifuged 

10,000 x g at 4ºC for 10 minutes. Supernatants were 

transferred into new tubes. Phenol: Chloroform: Isoamyl 

alcohol solution (25:24:1) was used for nucleic acid 

extraction. Isopropyl alcohol (≥99%) and 1:10 volume of 

3 M Sodium acetate were used for precipitation. DNA 

quantity and quality were checked on NanoDrop with 

2000/2000c software. 
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Table 1. Collection information for environmental and culture samples. 

No Collection Source 
Dominant 

Cyanobacterium 

Location 

(City-Country) 
Coordinates Collection Date 

Environmental Samples 

1 Erfelek Waterfall 
Nostoc sp. 

Sinop-Turkey 
41° 50′ 10″ N 

34° 46′ 44″ E 
2016, September 

Phormidium sp. 

2 Günpınar Waterfall Nostoc sp. Malatya-Turkey 
 38° 33' 21″ N 

37° 25' 23″ E 
2016, April 

3 Ömerli Dam Lake Pseudanabaena sp. Istanbul-Turkey 
41° 3' 13" N 

29° 22' 50" E 
2015, July 

Culture Samples 

1 Bafa Lake 

Nodularia spumigena 

IFCC-NS09 
Aydın-Turkey 

37° 30' 12" N 

27° 26' 34" E 
2011, June 

Nodularia spumigena 

IFCC-NS18 

2 Elmalı Dam Lake 
Microcystis aeruginosa 

IFCC-MA23 
İstanbul-Turkey 

41° 04' 39" N 

29° 07' 10" E 
2010, October 

3 Küçükçekmece Lake 
Microcystis aeruginosa 

IFCC-MA01 
İstanbul-Turkey 

41° 00' 16" N 

28° 44' 46" E 
2005, January 

4 İznik Lake 

Dolichospermum mendotae 

IFCC-AM02 

Bursa-Turkey 
40° 26' 48" N 

29° 32' 02" E 

2012, May 

Sphaerospermopsis 

aphanizomenoides IFCC-

AA02 

2004, August 

5 Manyas Lake 

Microcystis aeruginosa 

IFCC-MA28 
Balıkesir-Turkey 

40° 12' 08" N 

27° 57' 47" E 

2010, October 

Cylindrospermopsis 

raciborskii IFCC-CR01 
2005, November 

6 Taşkısığı Lake 
Microcystis wesenbergii 

IFCC-MW01 
Sakarya-Turkey 

40° 52' 16" N 

30° 24' 05" E 
2005, February 

Table 2. PCR reaction conditions. 

PCR Type 16S GEO MIB 

Primer Set 
27F/ 

809R 
geo78F/ 

geo982R 

288AF/ 

288AR 
MIB3324F/ 

MIB4050R 

MIB-Rf/ 

MIB Rr 

Pre-denaturation 94°C, 5 min. 94°C, 2 min. 95°C, 5 min. 94°C, 2 min. 94°C, 3 min. 

Denaturation 94°C, 20 sec. 94°C, 30 sec. 95°C, 30 sec. 94°C, 30 sec. 94°C, 30 sec. 

Annealing 55°C, 30 sec. 55°C, 30 sec. 55°C, 30 sec. 59°C, 30 sec. 58°C, 30 sec 

Elongation 72°C, 60 sec. 72°C, 60 sec. 72°C, 120 sec. 72°C, 60 sec. 72°C, 60 sec. 

Cycle 30 30 55 30 35 

Final elongation 72°C, 7 min. 72°C, 5 min. 72°C, 10 min. 72°C, 5 min. - 

 PCR 

PCR experiments were done according to the 

published information of the primer sets (Saker et al. 

2005, Giglio et al. 2008, Suurnäkki et al. 2015, Wang et 

al. 2016) with minor modifications (Table 2) after 

optimization experiments. Cyanobacteria phylum specific 

16S PCR reactions were done for all samples. Different 

cyanobacteria-specific GEO and MIB primer pairs were 

tested and PCR conditions were optimized with the 

positive control (Oscillatoria sp. UHCC 0332) DNA. 

Sterile water with no template DNA was used as the 

negative control. GEO and MIB PCR reactions were done 

under mentioned (Table 3) conditions with 16S positive 

environmental and culture samples. 20 µl PCR mixture 

was prepared which includes 2 µl (1-50 ng final) template 

DNA, 1 U Taq polymerase enzyme (Thermo Fisher) and 

0.2 µM forward and reverse primers, 0.1 mM – 0.2 mM 

dNTP mix, 2.5 mM MgCl2, 1x Taq polymerase buffer 

solution in final concentration with sterile distilled water. 

PCR products were screened with agarose gel 

electrophoresis (1.2%) under 60-90 volt for 30-80 min 

depending on the gel size.  
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Table 3. Primers used. 

Primer Sequences Amplicon size  Gene References 

27F 5′-AGAGTTTGATCCTGGCTCAG-3′ 
782 bp 16S rRNA Saker et al. 2005 

809R 5′-GCTTCGGCACGGCTCGGGTCGATA-3′ 

geo78F 5′-GCATTCCAAAGCCTGGGCTTA-3′ 
905 bp 

GEO 

Synthase 
Suurnäkki et al. 2015 

geo982R 5′-ATCGCATGTGCCACTCGTGAC-3′ 

288AF 5′-AACGACCTGTTCTCCTA-3′ 
288 bp 

GEO 

Synthase 
Giglio et al. 2008 

288AR 5′-GCTCGATCTCATGTGCC-3′ 

MIB3324F 5′-CATTACCGAGCGATTCAACGAGC-3′ 
726 bp 

MIB 

Synthase 
Suurnäkki et al. 2015 

MIB4050R 5′-CCGCAATCTGTAGCACCATGTTGA-3′ 

MIB-Rf 5′-CGACAGCTTCTACAYCYCCATGAC-3′ 
202 bp 

MIB 

Synthase 
Wang et al. 2016 

MIB-Rr 5′-CGCCGCAATCTGTAGCACCAT-3′ 

 

Sequence Analysis 

Sequence analysis was performed for positive GEO 

and MIB PCR products which were sequenced by 2-

direction Sanger sequencing technique of MedSanTek 

(Turkey). Sequences were deposited in GenBank with 

Accession numbers between MK124613 - MK124616. 

BLASTn (Basic Local Alignment Search Tool) was used 

to determine the most similar cyanobacteria-specific GEO 

and MIB synthase nucleotide sequences to our PCR 

products (Altschul et al. 1990). 

HS-SPME Coupled GC-MS  

GEO and MIB quantification methods were applied 

with GEO (Dr. Ehrenstorfer XA14005000ME) and MIB 

commercial standards (Dr. Ehrenstorfer 

XA15088400ME). Analysis was done in GC (Perkin 

Elmer Clarus 680) - MS (Clarus SQ 8T) equipped with a 

column of Elite-5ms using TurboMass software according 

to the method published by Kaloudis et al. (2017). 10 ml 

samples were taken from 3rd week old cultures and stored 

in a freezer (-80°C) until extraction. Günpınar Waterfall 

and Ömerli Dam Lake water samples were also stored at 

-80°C. To perform HS-SPME extraction, 10 ml samples 

were transferred to 20 ml vials which included 3.5 gr NaCl 

(Merck 1.06404.1000 99) and closed with a crimper. 

Extraction was done at 500 rpm, 55°C for 30 minutes with 

SPME fiber (Supelco 57348-U). After the extraction, the 

manual injection was performed at 250°C for 15 minutes. 

GC oven temperature initiation was 60°C and it reached 

260°C (15°C/min). Helium was used as mobile phase (1 

ml/min). Quantification was done in Selected Ion 

Recording (SIR) mode specific for GEO and MIB. 

Results 

To screen presence or potential GEO and MIB-based 

taste and odour problems and also to detect taste and odour 

producer Cyanobacteria species in different type of samples 

(monoalgal culture samples, drinking water reservoir 

sample and waterfall samples) was aimed in the present 

study. MIB-based taste and odour problem was found in 

Ömerli Dam Lake while GEO production was found in 

Günpınar Waterfall together with a potential of Erfelek 

Waterfall. Pseudanabaena sp., Nostoc sp. and Phormidium 

sp. were the dominant Cyanobacteria species in 

environmental samples (Fig. 1). Oscillatoria sp. UHCC 

0332 (Fig. 1a) is a known GEO and MIB producer 

cyanobacterium and it was used as the positive control 

sample in PCR and GC-MS analysis.  

Cyanobacteria specific GEO and MIB synthase genes 

were selected for PCR analysis to detect the potential 

GEO and MIB producer cyanobacteria in the samples. 

Sequence analysis of PCR products was performed to 

find the closest nucleotide homologs of our products. To 

reveal whether taste and odour compounds were 

synthesized or not, GC-MS analysis was performed. The 

summary of the results is given in Table 4. 

PCR Amplification of GEO and MIB Synthase Genes 

Primarily, the presence of cyanobacteria in 

environmental samples were determined. Cyanobacteria 

specific 16S rRNA PCR was conducted and 16S rRNA 

positive DNA samples with 782 bp PCR product were used 

in further GEO and MIB specific PCR analysis (Fig. 2). 

MIB and GEO PCR optimization studies were done 

under different annealing temperatures. Relatively shorter 

target region-specific primers were also tested in the 

samples. Target regions were successfully amplified in 

environmental samples. GEO synthase gene was detected 

in Erfelek and Günpınar Waterfall samples, MIB synthase 

gene was detected in Ömerli Dam Lake sample and 

culture samples were negative for both GEO and MIB 

PCR (Table 4) 

Sequence Analysis Results  

The resulting PCR products were Sanger sequenced and 

aligned by BLAST. The closest homolog of GEO amplicon 

from Günpınar Waterfall sample (Sequence ID: 

MK124615) was Nostoc sp. C057 GEO synthase 

(Sequence ID: CP040281) with a good similarity 

percentage of 91%. Two different GEO amplicons were 

sequenced from Erfelek Waterfall sample (Sequence ID: 

MK124614 and Sequence ID: MK124616). The closest 

homologs of our sequences were Nostoc sp. C057 GEO 

synthase (Sequence ID: CP040281) with similarity 

percentage 85.96% and Oscillatoria sp. 372/2 GEO 
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synthase (Sequence ID: KJ658373) with similarity 

percentage 93.17%. The closest homolog of MIB amplicon 

from Ömerli Dam Lake (Sequence ID: MK124613) was 

Pseudanabaena limnetica str. Castaic Lake MIB synthase 

(Sequence ID: HQ630883.1) with a perfect similarity 

percentage of 99%. 

Quantification of GEO and MIB by HS-SPME Coupled 

GC-MS  

GEO and MIB commercial standards were prepared 

and injected in Total Ion Chromatogram (TIC) mode of the 

mass spectrum to create a specific GC method (Fig. 3). 

Retention times were found 8.58 for MIB and 11.25 for 

GEO, qualifier ions m/z values were 95 and 112, 

respectively. Dilution series of these standards were 

injected after HS-SPME extraction and quantification of 

these compounds in the samples were done according to the 

calibration curves of these standards (R2 ≥ 0.99 for each 

compound). 

GEO was detected in Günpınar Waterfall sample 

while MIB was detected in Ömerli Dam Lake sample 

(Table 4). GEO production could not be analyzed in 

Erfelek Waterfall sample because of the unavailability of 

the strain isolation and limited water sample volume. 

However, earthy/musty odour was easily confirmed by 

sensory analysis. 

 

 

Fig. 1. Microscopy images of potential MIB and GEO producer species detected in the study. a. Oscillatoria sp. UHCC 0332; b. 

Pseudanabaena sp. from Ömerli Dam Lake; c. Nostoc sp. from Günpınar Waterfall. (Scale bar = 20µm) 

Table 4. The species revealed by microscopic observations with their corresponding sources, PCR and GC-MS results and accession 

numbers from sequencing (nd: not detected, na: not analyzed). 

No Source 

Microscopy PCR GC-MS Sequencing 

Cyanobacterium 
GEO 

(+/-) 

MIB 

(+/-) 

GEO 

(ng/L) 

MIB 

(ng/L) 

Accession no 

(GenBank) 

1 Erfelek Waterfall Nostoc sp. + - na na MK124614 

2 Erfelek Waterfall Phormidium sp. + - na na MK124616 

3 Günpınar Waterfall Nostoc sp. + - 323 nd MK124615 

4 Ömerli Dam Lake Pseudanabaena sp. - + nd 21 MK124613 

Culture Samples  

1 Bafa Lake 
Nodularia spumigena  

IFCC-NS09 
- - nd nd - 

2 Bafa Lake 
Nodularia spumigena  

IFCC-NS18 
- - nd nd - 

3 Elmalı Dam Lake 
Microcystis aeruginosa  

IFCC-MA23 
- - nd nd - 

4 
Küçükçekmece 

Lake 

Microcystis aeruginosa  

IFCC-MA01 
- - nd nd - 

5 İznik Lake 
Dolichospermum mendotae IFCC-

AM02 
- - nd nd - 

6 İznik Lake 
Sphaerospermopsis aphanizomenoides  

IFCC-AA02 
- - nd nd - 

7 Manyas Lake 
Microcystis aeruginosa  

IFCC-MA28 
- - nd nd - 

8 Manyas Lake 
Cylindrospermopsis raciborskii IFCC-

CR01 
- - nd nd - 

9 Taşkısığı Lake 
Microcystis wesenbergii  

IFCC-MW01 
- - nd nd - 
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Fig. 2. Cyanobacteria specific 16S rRNA gene amplified from some samples. 1: 100bp size marker (Grisp, Portugal), 2: positive control 

(UHCC 0332), 3: IFCC-MA01, 4: IFCC-NS18, 5: IFCC-AA02, 6: IFCC-AM02, 7: Günpinar Waterfall, 8-9: Erfelek Waterfall 

(Phormidium sp. and Nostoc sp. dominant, respectively), 10: negative control. 

 

Fig. 3. Total ion chromatogram (TIC) of MIB and GEO mixed standard. 

Discussion 

Cyanobacteria are the source of many interesting 

volatile odour compounds (VOCs) in aquatic 

environments. Some of these VOCs smell “good” like 

fruit, violet or magnolia while the rest of them smells 

“bad” like earth, must, septic, garlic, tobacco, fish or 

cabbage (Lee et al. 2017). In addition to their odour 

causing roles in water, these VOCs could serve to enhance 

the tolerance of producer in harsh conditions, create 

allelopathic effects on other algae and aquatic 

macrophytes, and protect the organism against predators 

(Zuo 2019). GEO and MIB are two VOCs with earthy and 

musty odour produced by cyanobacteria. They have no 

known effects on human health, there are limited studies 

on the role of these compounds in the aquatic 

environments and the results are contradictory or the 

effective concentrations (g/L) are far above common 

environmental concentrations (Watson 2003). Although 

their ecological impacts are not yet fully understood, they 

are the most commonly reported taste and odour 

compounds in aquatic environments (Devi et al. 2020). 

The genes which encode the key biosynthetic enzymes 

which are essential for GEO and MIB production in 

cyanobacteria have recently been reported (Giglio et al. 

2008, Giglio et al. 2011). The nucleotide information is a 

powerful tool not just to detect GEO and MIB producer 

Cyanobacteria but also to investigate the effect of 

environmental parameters on VOCs production at the 

gene expression level. 

In this study, diverse cyanobacteria species in 

laboratory cultures and environmental samples were 

screened for the presence of GEO and MIB biosynthetic 

genes to uncover the responsible producers in aquatic 

ecosystems. GEO and MIB concentration levels were also 

quantified to confirm the results of molecular analysis. 

GEO and MIB biosynthetic genes were successfully 

amplified in environmental samples. The results were also 

confirmed with the GC-MS (Table 4). A well-known MIB 

producer Pseudanabaena sp. was found in an important 

drinking water reservoir, Ömerli Dam Lake sample (Fig. 

1b) and sequence analysis of MIB PCR amplicon from 

this sample has high similarity with the same genus MIB 

synthase sequence (99%). Pseudanabaena species are the 
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main reason for MIB episodes in many countries such as 

China, Japan, South Korea and USA (Izaguirre & Taylor 

1998, Niiyama et al. 2016, Zhang et al. 2016, Chong et al. 

2018). However, this is the first MIB producer 

Cyanobacteria report for Turkey where Pseudanabaena 

species have a wide distribution in freshwaters including 

lakes, rivers and thermal waters (Fakıoğlu et al. 2011, 

Taşkın et al. 2019). MIB production level was found 

relatively high (21 ng/L) which is above the human odour 

threshold concentration (<10 ng/L) and also above the 

drinking water standard limit levels (10 ng/L) according 

to Australia and Japan guidelines (Wakayama 2003, 

NHMRC 2011). In the same operational guideline of 

Australia, it was suggested to increase the sampling 

period to every 2 days if >10 ng/L GEO/MIB levels are 

detected at treatment plant inlet and to introduce 

powdered activated carbon dosing if the same levels are 

detected at treatment plant outlet. To detect this threshold 

values is necessary to use appropriate treatment methods 

in water, and using PCR-based detection tools together 

with microscopy-based identification would be beneficial 

to reveal the main sources of the GEO and MIB. MIB 

producer Pseudoanabaena was detected in one sample 

from Ömerli Dam Lake. Some other toxic Cyanobacteria 

species (Aphanizomenon flosaquae Ralfs ex Bornet & 

Flahault, Cuspidothrix issatschenkoi (Usachev) 

P.Rajaniemi, Komárek, R.Willame, P. Hrouzek, 

K.Kastovská, L.Hoffmann & K.Sivonen and Microcystis 

aeruginosa (Kützing) Kützing) were also reported in the 

lake (Koker et al. 2017). Since the lake has a mesotrophic 

character, the possibility to have cyanobacteria blooms is 

possible in the following years with a potential of MIB 

and cyanotoxin production. Although MIB and other 

VOCs could not demonstrate the presence of toxic 

cyanobacteria, nevertheless it could be an early warning 

system about the problems in an aquatic ecosystem. 

Other well-known VOC producers, Nostoc sp. and 

Phormidium sp., were also identified in Günpınar and 

Erfelek Waterfall samples (Fig. 1c). Nostoc spp. and 

Phormidium spp. are common sources of taste and odour 

problems which were reported in many countries such as 

Australia, Canada, Finland, Japan, Serbia and USA 

(Sugiura et al. 1998, Izaguirre & Taylor 2004, Kutovaya 

& Watson 2014, Milovanović et al. 2015, Suurnäkki et al. 

2015). Nostoc and Phormidium species were also detected 

in some important drinking water sources in Turkey 

(Fakıoğlu et al. 2011, Koker et al. 2017). Sequence 

analysis of GEO PCR amplicons from the samples have 

good similarities with Nostoc sp. and Oscillatoria sp. 

GEO synthase genes (between 85-93%). Furthermore, 

GEO level was found much higher than human threshold 

limits (321 ng/L) in Nostoc sp. colonies taken from 

Günpınar Waterfall sample. Unfortunately, due to its 

limited amount, GC-MS analysis could not be performed 

in Erfelek samples. The results from Waterfall samples 

are the first taste and odour reports for these areas and 

further detailed studies are important to understand the 

drivers for the proliferation and odour production of these 

cyanobacteria.  

In waterfall samples, 288AF/288AR primers 

amplified the targeted region while 78F/982R primers 

did not. The lack of universal GEO synthase primers was 

considered the main reason for this result. GEO synthase 

gene sequences were found more diverse to design a 

universal primer in comparison to MIB synthase region 

and challenges for GEO primer design has been reported 

recently (Devi et al. 2020). Therefore, limited sequence 

data to target a more diverse sequence region may have 

caused the primer-template DNA mismatches as in 

previous studies (Kutovaya & Watson 2014, Otten et al. 

2016).  

In contrast with the environmental samples, 

interestingly, isolates of cyanobacteria from Turkish 

freshwaters are neither capable of producing GEO or MIB 

nor have a production potential (Table 4). 

Dolichospermum, Sphaerospermopsis, 

Cylindrospermopsis and Nodularia were investigated 

genera in this study which were already reported as GEO 

or MIB producer in previous studies (Popin et al. 2016, 

Watson et al. 2016, Zhang et al. 2017, Pham et al. 2020). 

Also, Microcystis strains were investigated with the 

knowledge of other coccoid cyanobacteria such as 

Synechococcus C.Nägeli or Coelosphaerium Nägeli as a 

producer (Kutovaya & Watson 2014, Godo et al. 2017). 

On the other hand, the results are limited with the 

investigated strains and VOC production may vary from 

one strain to another (Watson et al. 2016). Further 

studies should be done also to investigate other VOCs 

from these genera such as Dimethyl trisulfide (DMTS), 

β-Cyclocitral, 2,4,7-Decatrienal, 6-Methyl-5-hepten-2-

one which cause septic, tobacco, fish or fruit-like 

odours, respectively, in aquatic environments (Lee 

2017). 

In this study, GEO positive samples were dominated 

by benthic filamentous cyanobacteria while MIB positive 

sample was dominated by planktonic filamentous 

cyanobacteria. This is the first report of GEO and MIB 

producing cyanobacteria in Turkish freshwaters which 

was determined by molecular and analytical methods, 

identified by microscopy and bioinformatics tools. 

However, more study should be done for confirmation of 

gene expression status of these cyanobacteria. 
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