Integrative Characterization of the
Anatoxin-A-Producing Benthic
Cyanobacterial Genus Microcoleus in
the Shenandoah River

A. Bruce Cahoon
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The Over-arching Question(s)

*What are the mat-forming
cyanobacteria in the Shenandoah
River?
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The Christova Lab (GMU) Has ldentified Three
Mat-Forming Cyanobacterial Morphotypes
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Images from:
FIELD GUIDE TO COMMON MACROALGAE IN THE SHENANDOAH RIVER by

Rosalina Christova, Sydney Brown, Jacob Mormando, Katia Holguin, Gordon M. Selckmann —
for details see the poster session



The Christova Lab (GMU) Has ldentified Three
Mat-Forming Cyanobacterial Morphotypes
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Olive-green filaments attenuating at the tip,
with short, not-constricted cell walls, apical
cell with calyptra, single trichome in a sheath
(cryptic - many possible species)
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Images from:
FIELD GUIDE TO COMMON MACROALGAE IN THE SHENANDOAH RIVER by

Rosalina Christova, Sydney Brown, Jacob Mormando, Katia Holguin, Gordon M. Selckmann —
for details see the poster session



The Christova Lab (GMU) Has ldentified Three
Mat-Forming Cyanobacterial Morphotypes

Sp. 2 ;‘- e i
Brownish filaments, -
slightly attenuating or
not at the tip, with short,
+ constricted cell walls,
apical cell with calyptra,
single trichome in a
sheath (possibly M.
anatoxicus)
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Images from:
FIELD GUIDE TO COMMON MACROALGAE IN THE SHENANDOAH RIVER by

Rosalina Christova, Sydney Brown, Jacob Mormando, Katia Holguin, Gordon M. Selckmann —
for details see the poster session



The Christova Lab (GMU) Has ldentified Three
Mat-Forming Cyanobacterial Morphotypes

Emarald-green filaments with
long, constricted cells, apical cell
without calyptra, multiple
trichomes in a common sheath
(cryptic, Microcoleus?)

Images from:

FIELD GUIDE TO COMMON MACROALGAE IN THE SHENANDOAH RIVER by

Rosalina Christova, Sydney Brown, Jacob Mormando, Katia Holguin, Gordon M. Selckmann —
for details see the poster session



The Purpose of the Collaboration

* ltisimpossible to definitively identify most cyanobacteria with
morphological analysis alone as there are many cryptic
morphotypes.

* Molecular genetic analyses was needed to identify the mat
E).rming cyanobacterial samples collected from the Shenandoah
Iver.




Technical Challenges

* [sit possible to extract enough high-quality
DNA from an environmental sample to
identify a specific cyanobacterium of
interest?

* Environmental Samples are often a mixture of
morphotypes.

* These cyanobacteria have thick cell walls and M{mmlm

mucopolysaccharide sheaths which creates
an extra challenge for DNA extraction.

Images from: FIELD GUIDE TO COMMON MACROALGAE
IN THE SHENANDOAH RIVER



Attempt 1

Non-toxic strains (B3.4)
LCMS/MS: ATX not detected

Shenandoah South Fork

SF1, Alma, (38.588729, -
78.566347)
collected on 09.20.2023
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Samples for DNA extraction sent to Dr. Gillevet Lab on 8/28/2024
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Only 0.24% of the
total DNA was
identifiable as

cyanobacteria
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11% of the total DNA

was identifiable as
cyanobacteria
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Toxic strain (B1.2)
LCMS/MS: ATX and dhATX
detected

Shenandoah North Fork

(NF10, Red Banks,
(38.7823259, -
78.60042925)

collected on 08.08.2023




Bruce Cahoon visited the Christova lab and attempted to extract
Attempt 2

pNnafrom frOZEen samples

High enough yield from
initial extraction for
genomic sequencing but
genomic sequencing
failed

Low yield
Genomic DNA amplified
using REPLI-G (Qiagen)
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Low yield

Genomic DNA amplified
using REPLI-G (Qiagen)



Atte m pt 3 Fresh, field collected samples were overnighted to the Cahoon Lab

Coordinates for the
location of the mats are
South Fork Shenandoah
River, near Front Royal,
38.86766394471952, -
78.28067848600591
38.86683813351128, -
78.26833895163502
Collected by Jake
Mormando on 08/13/2025

High Yield, Good Purity, 98% smgle
Cyanobacterium '




Duicicakothric_desertica_POC_7102_-_KMO19960

H9.5/94 = Nodularsa_spumigena_strain_PCC73104_- NR_1145.,

Nostoc PCCT3102 - AFO27655

55.5/95 Arabasena_clindrica_PCC_7122-HF678516

Trichoemmus_variabils_MINDAK_2001 - AJ630456

Cephalothrix_komareklana SAC_75.79_- EFE54083...

056/94

Phormidium_ambiguum_IAM_M-71 - AS003167

9921100

Fhormud ium_irriguum_f._minor_ETS-02_partial_~...
99.4/100

i s 'I”I— Oscifaroralos_cyanobactesium UVFP3 - AJG306..
Phormidium_cf_irmguum_CCALA_Y59 _partial -_F..,

57.8/35,

Cokeofascikulus_c [ _strain_SAC_220...
9.4/100

r— lmeofascculus_balcalenss - MNOT0098

WS

#7609] '

$7.8590] I

— Limnofasciculus_baicalensis_-_MN970098
100/100

87.6 @’

! _murfayw_22PC_- KY288987
Microcoleus_paludosus_SAG_1449-1a_- _EF054090
l— Pycnacrommma_brasilensis 45PC_- MF551661

svaro0] Potamotnea_serugreo-caerulea_stram_19#C - N,
1

| 993599 945/93

INS5/73

Poamolinea_magna_strain_47PC_- NR_151862

w Osollatoria_prieceps CCALA_ 1115 _clone K4 _- M.,

QOsciatoria_acuminata_PCC_6304_- NR_112111
5056, 4e/28

0} Plarkaothrix_agarchii_ HAR209 - F)184408

34.4;51

94/04
989787

Arthrospira_platensis_strain_#CC_7345 - NR_12...

Lyngbya_aesnarli PCC_7419 - NR_114680

Trichodesmium_enythrasum - AF013030

53413

L

§

Microcoleus_vaginatus_SEV1-KK3_-_EF654076

9;9;100',

Microcoinus_ vagiatus POC 9802 - AF284803

Oscifatocia_nigro-vindis_-_L4141379
Phormidium_sp. KU003 - ARD94351

148.9(6
— 1 § ] A
0164 £7.3/86] Pharmidium_autumeade_Am-Ph6S_- DO49357

16S Single Gene o o i
MaXimum _yp_gjgrulsﬁ:— Species 2 - frozen sample

%0, ’,‘ Microcoleus_amatoxicus_PTRSZ - MTO13208
(56

Likelihood
Phylogeny - IQTree . PR

71.7/63
7738 Tychonema_bourrelhyi_partial - LT546462

Microcolews_amatoxkus_PTRSS - MTO13209

Oscilarora_lmosa_- KMO19961

“— Tychonema_tenue SAC 4.82 - CQ324973
0,03

PRELIMINARY ID

Species 2 - frozen sample

/b9 Microcoleus_anatoxicus_PTRS2_- MT013208

Microcoleus_anatoxicus_PTRS3_-_MT013209
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Multi-gene
phylogenetic
Analysis is | =
required for the
greatest certainty

r— Oscillatoria sp. PCC 10802 (GCF_000332335.1)

,,.ﬂ_J—OQtI latoria acuminata PCC 6304 (GCF_000317105.1)
e Planktothricoides sp. SR001 (GCF_001276715.1)

r— Kamptonema formosum PCC 6407 (GCF_000332155.1)

Osciliatoria nigro-viridis PCC 7112 (GCF 000317475.1)

Species 2 - frozen sample

Trichodesmium erythracum IMS101 (GCF 000014265.1)

Planktothrix agardhii NIVA-CYA 126/8 (GCF_000710505.1)

11 — Arthrospira platensis NIES-39 (GCF_000210375.1)
S Lyngbya aestuarii BL | (GCF 000478195.2)

CMOO'OJ producens JHB (GCF_001854205.1)
Microcoleus sp. PCC 7113 (GCF_000317515.1)

filamentous cyanobacterium ESFC-1 (GCF 000380225.1)
A Rubidibacter lacunae KORDI 51-2 (GCF_000473895.1)
Dactylococcopsis salina PCC 8305 (GCF_000317615.1)
Halothece sp. PCC 7418 (GCF_000317635.1)

This analysis is limited by the
Kbase genomes available in this
InsertGenome = database. There is no Microcoleus

: : : or Limnofasciculus spp. for
application comparison

49 gene R
phylogeny

..............




With Phylogenetic Analyses +

GTDB-tk Taxonomic Classification

Limnofasciculus sp.
No known anatoxin

biosynthetic gene clusters

Potential anatoxin biosynthetic
gene cluster
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Sp. 2
Microcoleaceae family
Most likely Microcoleus sp.

Limnofasciculus sp. NOV - a recently described genus
from Lake Baikal (sorokovikova et al. 2023y and detected in Nova

Scotia (Valadez-Cano et al.)



Conclusions

* When extracting DNA from environmental
cyanobacterial mats, fresher is better.

* We have preliminary IDs from one, possibly
two morphotypes.

* Both may be undescribed species.

* Sp. 1is still unknown

Needs more attention
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