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Algaculture usage

Food

— Spirulina, Chlorella, Irish moss, Sea lettuce etc.

— Algae oil (Omega-3 and Omega-6)

» Fertilizer and agar

e Pollution control
— Waste water treatment, CO, reduction

* Energy production
— biodiesel, biobutanol, biogasoline, methane, ethanol

* Other usage

— Cosmetics animal feed, bioplastic, pharmaceutical
ingredients

 Job Creation
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Flor sustainable reliable production / cultivation of
algae.

— Track the development and progression of microbial
communities for targeted algal strains cultivation
and using culture-based methods and deep
sequencing of small-subunit ribosomal RNA genes.

— Find probiotic communities to favor yield, harvesting
and also finding deleterious species causing pond
crashes

— Develop methods to detect deleterious species
causing pond crashes
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* Current methods: Microscopy and
gPCR sampling
— Disadvantages

* Prior expertise needed to identify
organisms (Micro)

+ Sampling bias in identifications

(some predators are easy to spot ©)

« Exploiting the diversity in ssu rRNA
gene we sequence DNA targeting
rRNA to classify the species present in
algae ponds.

— Advantages:
* No prior knowledge needed to classify.
* No sample based bias

e time saver

Able to classify a larger variety of
organisms




Small subunit ribosomal RNA (SSU rRNA) gene is
used for phylogenetic analysis

SSU rRNA

Ribosome structure PR S

Large Subunit, Small Subunit

Phylogenetic “Tree of Life” =2 T~
based on SSU rRNA

sequences 3\ ‘
2y O\ -
hﬂ!’\  \ “~
A N\N
)\ \



A:.[Eld SSU rRNA gene sequencing

strategy

600nt kit (current)
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V Iverson/U of Washington

Sequencer

Microbiome

From “Pond Crash Forensics” and
ATP3, we have developed methods
for all the steps in the process

Sample acquisition
 Stabilization for shipment

* Nucleic acid extraction
 Extraction bias

* Sequencing library prep
+ Plastid exclusion
* Amplification bias

» Data analysis

* gPCR primer design



INI R ATPS sites

Public-Private Partnership

Sandia National Labs
TRL Ohio

Georgia Tech
Cal Poly AzCATI

Cell
aii

Florida Algae

Sample acquisition

* Harvesting by centrifugation: 50 mL samples
* Resuspension in RNALater

« Storage at 4° overnight followed by -20°

* Shipment on wet ice.




/\TP? 16S/18S Amplicon sequencing and

Algae Testbed o
analysis workflow
cormmity | —>{E3, | el regonpacic. | > o Mo
sample ONA 16S or 18S) - indexing & Sequencmg’/
final library preparation
MAGPie Analysis Pipeline MAGPie
(Metagenomics and Amplicon 100% - Genus
Sequencing Pipeline) 70% - Species
lllumina
ST dluseificas 65% - Genus
Quality oTU classification ' 350, > Species

using
GreenGenes /
Silva databases

De replication

Filtering clustering

Machine learning tools & visualization;
Krona, clustering/heatmaps, PCA
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Bacterial species
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CalPoly JIFionidaCellana _ TRL
[N] mm —
==l

Healthy Crashed

Pond samples Early Mid Wl Late

40.9

40.8

Meta Summary
for spring data
from all sites

Heatmap was
made from
clustering the
classified OTU
abundances for
both species
and samples.

The Ponds from
the same site
cluster together




A:['?Zed 16S Analysis of spring samples
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Ohio AzCATlI [a Cal Poly Florida Cellana Ohio

Bacterial communities can identify samples from
the same site
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[
Healthy Crashed

Crashed ponds had a different community
structure than healthy ponds
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And within same sites the community structure
gradually changed with time .
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€ o .é‘. B . * « PCA was carried out
®e e U . using the taxonomy
PC2 (11%) * %o % ® e
(1%) o & L;} % ¢ e e structure of each pond.
%efe = ¢
[ & o e .
:c A « B-diversity index was
*el 2 Il carroy used as a distance
between ponds.
o ¢ . Cellena

- Florida Algae  « Here we show 3-D

) [ scatter plot of first 3
PC3 (9% & © I sPw principal components
TRL

PC1 (17%)

Each site has its own signature bacterial communities and this
concurs with our initial clustering analysis
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« PCA was carried out

g% . o... ¢ ° using the taxonomy
o ol h® . structure of each pond.
o? o% .
'::‘ s i% " « B-diversity index was
PC2 (11% Lo & used as a distance
¥ between ponds.
* Here we show 3-D
PC3 (9%) [l caPoy scatter plot of first 3
Il cetena principal components
. Florida_Algae

B sew

PC1 (17%)

Each site has its own signature bacterial communities and this
concurs with our initial clustering analysis
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®e
e O <
0’.:. ’.. . . ¢ e
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PC3 (9%)

g e I Healthy
B Crashed

PC1 (17%)

Crashed ponds have its own signature of microbiome

Principal Component Analysis (PCA)

PCA was carried out
using the taxonomy
structure of each pond.

B-diversity index was
used as a distance
between ponds.

Here we show 3-D
scatter plot of first 3
principal components




TRL Spring data

Ash-free Dry Weight

Dl

Public-Private Partnership

Algae Testbed

[
B

/N\TP°

0.45

Label
e Pl

e P2
® P3

pa
® PS
e P

04

0.35

03

0.25

Maiv

02

0.15%

01

0.0

YLOZ/ L%
QU
YLOL/6L/50
Yu/L/so
YLOL/ST/S0
YLOL/EL/S0
YLLALS0
YLOL/61/50
YL/ Ln/50
YLOL/S1/S0
YLOL/ET/S0
YLOLTL/S0
YLOL/60/50
YL/ LVso
FLOL/S0/50
FLOL/EN/SO
QUa
YLOL/6L/%0
QU |
QU
YU/ELNM
Qulay
YLOL/6T/%0
QUG
YLOL/ST/MO0
YLOLET/v0
YL
YLOL/60/%0
YLOL/LOVYO
YLOL/S0Vv0
IO/
YT
U

DATETIME

CRASHED

CRASHFD ™

CRASHED

CRASHFD

e CRASHED _
CRASHED

PRE

IIE

i

= 0N M= N0
TTOVTVTVTVO
cCECcCCECCC
OO0 0000
[ Wy« Wy o WAy « WY« WY < W



/NTP?

Algae Testbed

Public-Private Partnership

Fourth Principal Component

Clustering analysis on the ponds
could differentiate the healthy and
crashed ponds.

Principle component analysis also
confirmed that crashed ponds have
a different microbiome signature

Principal Component Scatter Plot with Colored Clusters
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all

Alteromonas
Actinobacteria C111
Rhodobacteriace
Marvita
Rhylobacteriaceae
Devosia
Methylophaga
Stramenopiles
Rhizobiales
Alphaprotobacterias

absent in crash

Bejerinckeaceae
Cryomorphaceae
Flammeovirgaceae
HTCC
Rhodobacteraceae
Pseodomonadaceae
Balneolaceae
Halomonas
Loktanella
Alcanivorax
Pseodomonas

present in crash

OM60
Psedoalteromonas
Hyphomicrobacterium
Physisphaerales
Baleola

Maricaulis
Cynomorphaceae
Marinobacter

19
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analysis
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ICeIIana Summer I CalPoly Summer DTRL Spring [Cellana Spring

Brachionus plicatilis
«  Similar to 16S analysis data from sites did cluster together

*  We did find OTUs classifying to Rotifer Brachionus plicatilis , a
usual suspect for pond crashes, in CalPoly sites.
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Aeciolius parvuls
Wicractinkim sp, CCAP 248/14
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« Similar to 16S analysis data from sites did cluster together

« Some of the contaminants were common for sites (green box) and for season
(orange box)

« We did find OTUs classifying to Rotifer Brachionus plicatilis , a usual suspect for
pond crashes, in CalPoly sites.

21



NP ASU Fall

Public-Private Partnership

Vampirovibro
Chlorellavorus

0) 1
Classification tree analysis to determine /\ crash

the signature of the species for crashes  Poterioochromonas

show the most significant variables for Iov‘\/ \ high
machine learning crash
— 12
S T— "
—( == - =N .
{9
1o-caphatus 1
p;zzzw"f:’“::m"w"'i""’
— s et

odonelle urom
orphe 5p cs?

Nano Ponds Chlorella Ponds

contaminants contaminants
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Vampirovibrio chlorellavorus f,_l.&fa\[gmpirovibno chiorellavorus >= 1
Cross-validated tree showing
the species dete rmining the Porphyridium purpureum <97‘5,.‘:";‘:.P§fphyridium purpureum >= 0.5 ?
signhature of crash ponds

Ochromonas cf. gloeopara < 12 h e H géhromor\as sp. CCMP592 >= 9.6
Uronema marinum < 39, + ;ilpeﬁmmonas sp. CCWQQ >=1.5
Mychonastes homosphaera < 25 ,~ ' ' ’ 8
Caecitellus parvulus < 55,,,( O ' G 0
Poteriospumella lacustris < 535J )

These species will serve as a
early warning alarm for crash
if monitored
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Amphora sp. PP-2011 < 8.5 mphora sp. PP-2011 >=8.5

Cross-validated tree showing
the species determining the
signature of crash ponds

chromonas sp. CCMP592 < 132.5 /s&{Ochromonas sp. CCMP592 >= 132.5 Holosticha diademata < 0.5 2\Holosticha diademata >= 0.5

Caecitellus sp. RCC1072 < 33 x\Caecitellus sp. RCC1072 >= 33

Total data points =5
20
31

Cinetochilum ovale < 10.5 ZACinetochilum ovale >= 10.5

Ochromonas cf. gloeopara < 1.5 ZA0chromonas cf. gloeopara >= 1.5

These|species will serve as a
early warning alarm for crash
if monitored

25
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3

Telotrochidium
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Ny Summary

« We have nice workflow for sequencing high
throughput 16S and 18S metagenomic samples

» New bioinformatics software pipeline

— which is fast and efficient to carry out the analysis and
producing user friendly outputs.

— pipelines used and developed:
* MAGPie (Metagenomics and Amplicon Sequencing Pipeline)
* & RapTOR (Rapid Threat Organism Recognition)

* And we are in process of developing and improving
our data-mining tools for in-depth analysis of these
rich datasets.

28
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Todd Lane

Sandia National Labs

« Todd Lane _

 Kunal Poorey / \\§ h\
° ‘\ )l m!

 Deanna Curtis \ \“ \\'\:\. 1 .“. .

- Haifeng Gang
* Pamela Lane
« Kelly Williams

Deanna Curtis
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