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Woronichinia naegeliana and Limnoraphis blooms 
sampled for genome sequencing
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Woronichinia naegeliana from Wiser Lake, 25 September, 2018
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Woronichinia occurrences in Washington lakes, 2007-2019
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Data source: https://www.nwtoxicalgae.org/Data.aspx



Woronichinia is very common in western Washington: 2007-2019

Data source: https://www.nwtoxicalgae.org/Data.aspx



Woronichinia is commonly associated with toxic HABs in WA:
is it a toxin producer? 

Data source, 2007-2019: https://www.nwtoxicalgae.org/Data.aspx



Woronichinia HABs in Wiser Lake during 2018
Sample for genome 

sequencing



Woronichinia naegeliana 1ES42S1 DQ264221.1 (Luxembourg)
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Woronichinia naegeliana GiHE-SWB1 MT135018.1 (Korea)
Woronichinia naegeliana OLE35S01 AJ781043.1 (Czechia)

Woronichinia naegeliana T2 JN172621.1 (Belgium)
Woronichinia naegeliana T5 JN172622.1 (Belgium)

Snowella ULC335 bin1 QBMS01000238
Snowella litoralis 1LT47S05 AJ781041.1

Snowella rosea 1LM40S01 AJ781042.1
Uncultured bacterium clone SING1141 HM129043.1.1414
Uncultured bacterium clone F2025 KX504432.1.1453
Snowella 249/25 MF680055.1.1438
Snowella litoralis OTU37S04 AJ781040.1.1475

Uncultured bacterium clone Emix1.11 JX887886.1.1448
Synechocystis PCC 6714 AB041937.1.1437
Synechocystis PCC 6803 CP003265.2449454.2450942

Synechocystis minuscula SAG 258.80 KM019989.1.1461
Synechocystis PCC-6803 KY379855.1.2514

Uncultured bacterium clone F3014 KX504510.1.1450
Uncultured bacterium clonne SINP783 HM127710.1.1416

Uncultured bacterium clone F2075 KX504476.1.1458
Uncultured bacterium clone F4027 KX504608.1.1453

Uncultured bacterium clone F3072 KX504564.1.1450
Merismopedia glauca 0BB39S01 AJ781044.1.1475

Merismopedia glauca CCAP 1448/3 HF678499.1.1594
Synechocystis aquatilis 1LT32S04 FM177503.1.1461

Synechocystis CCALA 700 GQ375043.1.1442
Leptolyngbya PCC 7376 CP003946.1674527.1676003

Synechococcus PCC 73109 CP013998.1491574.1493063
Cyanothece PCC 8801 CP001287.2484826.2486304

Microcystis aeruginosa PCC 7806SL CP020771.2236412.2237888
Nostoc PCC 7120 BA000019.2

Woronichinia naegeliana WA131 CP073041.7576289.7577781
Woronichinia naegeliana WA131 CP073041.3068519.3067321

Uncultured bacterium clone DP7.1.2 FJ612230.1.1454 (China)
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Woronichinia WA131 genome compared to 
genomes of commonly co-occurring HABs

All these cyanoHAB genomes have genes for efficient photosynthesis, 
nutrient accumulation and buoyancy

W. naegeliana WA131 has no cyanotoxin genes

CDS, protein-coding genes



Limnoraphis from Willow Creek Res., 25 August, 2019

In Pacific NW, this cyanobacterium has often been referred to as Oscillatoria, Lyngbya, Planktothrix
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Limnoraphis in Washington state

Limnoraphis was observed in 35 lakes during 2019, 
Both W and E of the Cascades

Limnoraphis was most abundant in Moses Lake, dominant in Sep 2018 & subdominant in 
July 2019

Limnoraphis was often associated with high levels of microcystin (>10 µg/L)

Data from previous years are uncertain, because of previous alternative identifications as 
Oscillatoria, Lyngbya, Planktothrix

Dreher et al., Harmful Algae 118 (2022): 102309

Data source: https://www.nwtoxicalgae.org/Data.aspx



Limnoraphis in Willow Creek Reservoir, 2019

Dreher et al., 
Harmful Algae 

118 (2022): 
102309

Sample for 
genome 

sequencing

Aphanizomenon flos-aquae

[MC]

Gloeotrichia

Microcystis



16S rRNA gene 
phylogenetic tree

Dreher et al., Harmful Algae 118 (2022): 102309
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Limnoraphis sp. WC205 genome has no cyanotoxin genes 

Dreher et al., 
Harmful Algae 

118 (2022): 
102309
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Metagenome 
sequencing showed 
the only microcystin 
biosynthesis genes 

were from 
Microcystis



1) Woronichinia naegeliana is widespread in the Pacific NW, common in cyanoHABs
together with toxigenic cyanobacteria

2) The Woronichinia naegeliana WA131 genome from Wiser Lake, WA, 2018, has no 
cyanotoxin genes and Woronichinia in general is likely non-toxigenic

3) Snowella is the closest sister clade to Woronichinia

4) Limnoraphis is probably more prevalent/abundant east of the Cascades and is also 
commonly associated with toxigenic cyanobacteria

5) The Limnoraphis sp. WC205 genome from Willow Creek Reservoir, OR, 2019, has no 
cyanotoxin genes and Limnoraphis in general is likely non-toxigenic

Summary & Conclusions
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