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The algae and microbiota form
consortia that drive system
level functions

Stable algal communities are complex
systems whose stability emerges from
the behaviors of 1interacting
species

Understand that maintain
stable algal cultures in pond systems
and apply this knowledge to <create
stable microbial consortia




System-level analysis of algae-
bacteria 1nteractions
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l' Next generation sequencing

Microbial sequences
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ATCTCTTGGCTCCAGCATCGATGAAGAACGCA
TCATTTAGAGGAAGTAARRGTCGTAACARAGET
GRACTGTCAARARCTTTTAACAACGGATCTCTT
TETTECTTCGELCGECEGCCCEGCAAGGGTGCCCG
GGCCTGCCETEECAGATCCCCAACGCCGGGELC
TCTCTTGECTCCAGCATCGATGAAGARCGCAG
CAGCATCGATGAAGAACGCAGCGARACGCGAT
CGATACTTCTGAGTGTTCTTAGCGAACTGTCA
CEGEATCTICTTEGECTCCAGCATCGATGAAGAAC
ACARCGGATCTCTTGGCTCCAGCATCGATGAA
CGEATCTCTTEECTCCAGCATCGATGARGRAC
GATGARGRACGCAGCGARACGCGATATGTART



Microbial community modeling of

biological

and

Markov chain
Random process
“memorylessness™”



LES amplicon bioinformatics
framework

cluster similar sequences: v&

AESOILE %d-hit, blast, Mothur, uclusté————
Representative
sequence/OTU B BLAST; RDP; RTAX
Assign taxonomy de nove: MUSCLE:

reference based: PyNAST
Align sequence
Filter alignment
OTU table: 47 X 130

SC3day2 D2day4  SC3day4d ..
f_Alcanivoracaceae
f_Flavobacteriaceae _E

15S Operational Taxonomic Units (0TUs)

QIIME, Nature Methods 7, 335-336 (2010)



Metadata 1nformatics 1ntegration
from biology to data science

lines_length=1len(reading_lines)

#print lines_length

DNAlength=[]

sequences=[]

quality=[]

#print ("Hello world2")

for i in range (1,lines_length,d4):
DNAlength.append(len(reading_lines[i]))}
sequences.append(reading_lines[1i])
quality.append(reading_lines[i+2])

def reading_sequences(self, r;ading_'l.:i.nes} : ’
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Metadata sets 1n microalgae
microbtiota

Informative Integrative Interpretative




Three major phylotypes 1in N. salina
microbiota

Unclassified

-Bacteroidete,other
}Bacteroidete,Flavobacteriia
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] }Gammaproteobacteria
= unassigned
mmm Bacteria, other
mm Bacteroidetes, other class
- othgr family . } class Flavobacteriia yphylum Bacteroidetes >10 % m<1 % m>1 %
mm family Flavobacteriaceae
family Cyclobacteriaceae, class Sphingobacteriia
mm family Rhodobacteraceae, class Alphaproteobacteria
w family Bacteriovoracaceae, class Deltaproteobacteria hylum Profeobacteria
mm other order phy
= other family, order Alferomonadales class Gammaproteobacteria

mmm family Alteromonadaceae, order Alteromonadales

Geng et al. Microb Ecol. 2016 Jul;72(1):14-24
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l1n microbilota diversity
corresponds to environmental

éjggugiy////’ Perturbed!
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Profiles of total and free ammonia
PCA ordination of the unweighted UniFrac matrix
A disturbance in community occurs in samples-

spikeds following disturbances
cluster

where total and free ammonia
the community rebound back to sample

Geng et al. Microb Ecol. 2016 Jul;72(1):14-24
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l1n microbilota diversity
corresponds to environmental
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l1n microbilota diversity
corresponds to environmental

Total NH4 Perturbed!
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Profiles of total and free ammonia
PCA ordination of the unweighted UniFrac matrix
A disturbance in community occurs in samples-

spikeds following disturbances
cluster

where total and free ammonia
the community rebound back to sample

Geng et al. Microb Ecol. 2016 Jul;72(1):14-24
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Microbial community
determines microbiota
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Heat map showing pair-wise comparison based on unweighted Unifrac distance

Jackknifing of tree

The outgroup samples in the tree are the ammonia-perturbed samples
Clustering of microbial diversity
between samples from different founder cohorts
Demonstrated microbiota

(B-diversity)

Geng et al. Microb Ecol. 2016 Jul;72(1):14-24

showing distinction



N1Ccropliota Stablllty property stems
from formation of
microbilial community network

®

[] Rhodobacteraceae
/\ Alteromonadaceae

QO Other

 Proposed ‘'“keystone™ species for well-beings of algal
cultures are from family Rhodobacteraceae and
Alteromonadaceae !

Geng et al. Front Microbiol. accepted



Whole-Genome Sequencing (WGS)
guantitative

characterization of microbiota

—e— MNon-bacterialized
—a—P.gallaeciensis BS107
Alteromonas sp.I10
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Species and genes finding with whole genome

shotgun
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11,575,178 Reads
7,190,603 Contigs
27482 Scaffolds
228,133 ORFs
0 Motifs
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Bacteroidetes/Chiorobi group  0.7% .

Actinobacteria 0.5% [

Firmicutes 0.1% .

Deinococci 0.05% .

Mycoplasma 0.
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Acidobacteria 0.
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Microbial profiling cross
samples

000 025 5 20 40 00 06 0.05 0.15
Ll Ll L L1 |_oo ° EE Samples X aq
Bacil 0.90 0.95 0.83 0.90 087 [o classes
|8
. o
E‘z Flavobacteriia - 0z o1 [} c u t 0 f f f 0 r\ e i g h t
Tt . .
! bacterial classes:
o\é\@ C o
/ j\\/ & || 097 090 || 097 || 096 [~
* R
4 * e & C N
- : ° * Minimal abundance 1
?///)ﬁk// ot 0.87 097 || 0.94 Z at least 50 % of
¥ " samples
: . : & £ — Bacillis
. " . @\Q‘ -2 -0.51 0.45 : Te)
ﬁpﬂﬂa RN < :; — Flavobacteriians
- : : — Betaproteobacteria
-h//// J\v// Cytophagia 0.84 0.88 — Alphaproteobacteria
i .
B = — Gammaproteobacteria
¥ <
&° F S _ .
.. J\\/ & 096 [ Cytophagia
# b ¥ B — Actinobacteria
:X: 3
Qz.

/ : / // © — Deltaproteobacteria

0g§ 3

3 [
L UL L

0.02 0.08 02 10 0 15 30 0.1 04



Correlation between major bacterial classes
in N. salina microbiota
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Microbial community
transitions between early and
sessile phases
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Microbial community
transitions between early and
sessile phases

early




Biphasic lifestyle classified by
1n machine
learning
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Summary

to quantitative
analysis of metagenomics metadata

sets

Microalgae

e —
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e Developed and and implemented algae

Synthetic ecosystems )L
mMmﬁmﬁg Metagenomics * Microbial complexity network prone
\ Biomass | )Lranscriptomics -
\ Novel valuable che?"n\icals / Data science Jg to : sparse matrix

//
/

error tolerance

* Machine Learning
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