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Why are we interested In
dinoflaggelates

* many species produce
toxins; pose threats to
public health

* Pyrodinium bahamense
var compressum

* species and genetic
diversity in Philippne
waters; implications on
population structure /
connectivity

* genomic peculiarities




Challenges

* not all species
produce toxins

* levels of toxicity can
vary

* bacterial
endosymbionts




Tools

* genomics
* metagenomics
* proteomics

* good old molecular
tools




Next-generation sequencing
(NGS)
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search algorithms (BLAST, conserved-domain search, repeat-finding, etc.)

sequence / functional annotation, etc. (data-integration packages, e.g., MEGAN)



Dinoflagellate genomics:
caveats

*very large genomes
* no reference genomes
* complex organization

* endosymbiotic bacteria:
metagenome



Partial genome sequencing of
P. bahamense var compressum

DNA mRNA
Pbc state Cystic Vegetative
Platform [llumina HiSeq 2000 Roche 454 GS Junior
No. of reads 239,161,531 x 2 161,854
Ave. read length (bp) 08 392
Total no. of bases (bp) 47,014,412,329 63,466,833




GC content histograms for DNA
sequences and mMRNA sequences
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Saxitoxin Biosynthesis Pathway in
Cylindrospermopsis raciborskii T3
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Putative homolog of Alexandrium
Reads aligned: 3 SXtA

ADY62525 sxtA long isoform precursor (A. fundyense)
E-value: 0.0

Identity: 91-92%

Query coverage: ~80%

Hit region: residues 1165-1281
Aspartate aminotransferase superfamily fold type | [AAT ]
(CDD199925)

EGDLORKRLLEATLGFCEGLKALECPHTYHGFPIINIYWTPVOVCAEVYRELMSARQGA &8
EGDLORKRLL ATL FCEGLEAL CPHTYHGFPI+MNIYWTPV+VCAEVYRELMSARQGA
1165 EGDLORKRLLAATLEFCEGLEALGCPHTYHGFPIVNIYWTPVEVCAEVYRELMSARQGA 1223

Pud

61 FORGVITTPMWYPIAPKGHEMLRFOQFTSLHDEAAVRHILVILGDLIKRYPPSAEPPRI 118
FO+GV+TTPMW+PIAPKGHEMLRFQFTSLHDEAAVRHILVIL DLIKRYPPSA PPRI
1224 FOOGVVTTPMWHPIAPKGHEMLRFQFTSLHDEAAVRHILVILEDLIKRYPPSAVPPRI 1281



Conserved domain search for

some of the
Domain  #readhits  #contighits

GDSL-lipase - -

PKS/Acyl transferase 43 3
Alcohol dehydrogenase 148 10
Aminidinootransferase 5 -

Benzyl alcohol dehydrogenase 94 8
Cephalosporin hydroxylase 4 -

Cytidine deaminase = -

Ferredoxin 18 3
MATE 56 3
Methvltransferase - -

O-carbamoyltransferase 1 -

Phenylproionate dioxygenase 101 11
RTX toxin hinding 3 1

Succinate dehydrogenase 60 5
Transposase 6

E-value _cutoff: 0.01
*STX-production-specific



Homologs in P. bahamense
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Variable sites in known sxtA4
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Variable sites in known sxtG
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Other significant matches to Alveolata

sequences
ABY 78836 Luciferase-binding protein  Alexandrium cantenella 3
ACS13434 adenosylhomocysteinase  Amphidinium carterae 6
AAWS80677 chloroplast PEP synthase Heterocapsa triquetra 6
ABI14377 ubiquitin- Pfiesteria piscicida

conjugating enzyme
E2 (catalytic

domain)

ABI14376  small ubiquitin-like  Pfiesteria piscicida 1
protein

ACU44795 senescence- Pfiesteria piscicida 3

associated like
protein



Metabolic map based on KEGG for all
reads
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Diversity of bacterial sequences in the metagenome
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Protechacteria (487 taxa)
Firmicutes (187 taxa)
Corynebacterineae (34 taxal
Micrococcineae (17 taxal
Frankineae (5 taxald
Pseudonocardineae (3 taxal
_ Streptosporangineaes (3 taxal
Streptomyces (3 taxal
Propichibacterineas (2 taxal
! Salinispora (2 taxa)
= Catenulispora acidiphila
— kineococcus radictolerans
|- (] Bifidobacterium (5§ taxad
#H Coriohacteriaceae (4 taxal
Rubrobacter xylanophilus
Acidimicrobium ferrooxidans
__ Cyanokacteria (37 taxal
BacteroidetesChlorobi group (36 taxal
Mollicutes (25 taxa)
spirochastales (18 taxa)
Chlamydiaeverrucomicrobia group (18 taxal
Chloroflexi ¢12 taxad
Thermotogaceas (11 taxar
Aguificales €3 taxal
Deinococci 5 taxal
Fibrobacteresfcidobacteria group (4 taxa)d
1 Fusohacteriaceas (4 taxa)
Dictuyoglomus (2 taxal
Eluzimicrobia (2 taxa)
Thermanaerovibrio acidaminowvorans

Thermobaculum terrenum
Thermodesul fovibrio yellowstonii
Fhodopirellula baltica
Gemmatimonas aurantiaca
Eukaruota (121 taxal

firchasa (63 taxa)
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Others

* Bacterial proteins
are expressed
alongside
dinoflagellate
proteins

* May be used to
identify bacterial
endosymbionts
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HAB Proteomics:
Insights into toxicity

* Toxicity studies on
Pyrodinium with
different light
intensity and growth
stage

* High toxin levels
during exponential
growth phase and
moderate light
Intensity



MW (kDa)

HAB Proteomics: insights into toxicity

V * |dentification of
proteins uprequlated
during high toxicity of
Pyrodinium

* Identification of
peptide transporter,
transcription regulator,
and metabolic enzyme

* role in toxin
production



On-field detection of Pbc using DNA
amplification techniques

. MAQY __NAQS (4 —

abc a b c

1+ Wi+ Wi+ Wi+
200P 2KP 10KP 20KP

Developed two techniques for
DNA-based detection of Pbc:

Testing of the PCR technique on
actual field samples yielded
positive results |



Summary

partial genome sequence yields multiple types of data -
bacterial symbionts, genes involved in various metabolic
pathways, genes involved in saxitoxin biosynthesis

hypothesis that the saxitoxin biosynthetic pathway in
dinoflagellates is similar to that in cyanobacteria is
partially supported

similarity of putative sxt genes to bacterial homologs
highlights the need to identify source of each gene (host
vS. symbiont) and to evaluate role of endosymbionts in
saxitoxin production

genomic, proteomic, and molecular genetic approaches
can provide us with tools to monitor harmful algae and
their toxicity in the environment
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