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Microbiome Sciences
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Progress in Microbiome Research

(my personal view)
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Progress in Microbiome Research
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How?
..are they doing it?
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Open Questions in Microbiome Research

Terrestrial Aquatic Host-Associated

...how do communities response to perturbations?
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Open Questions in Microbiome Research

Terrestrial Aquatic Host-Associated
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Open Questions in Microbiome Research

Terrestrial Aquatic Host-Associated

...how do communities response to perturbations?

% ..Can we predict outcomes?
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Processes in the Rhizosphere
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How do we study microbial communities?
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Microbiome Science Tools
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Microbiome science is mostly
descriptive & correlation-based
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Microbiome science is mostly
descriptive & correlation-based

...often NOT predictive
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Microbiome science is mostly
descriptive & correlation-based

...establish causation and make it predictive!
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What defines the phenotype?

16S rRNA
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What defines the phenotype?

C ™y 16S rRNA
Genomics

Transcriptomics
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Proteomics
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Al-Bassam et al. Nature Communication 2018 UC San DlegO



What defines the phenotype?

Al-Bassam et al. Nature Communication 2018
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What defines the phenotype?
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Translatomics — Ribo-Seq
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Translational Efficiency (TE)

TE: how many mRNAs are being translated
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The cell controls its phenotype through
translational efficiency (resource allocation)

Al-Bassam et al. Nature Communication 2018 UC San Dlego



Resource Allocation
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Resource Allocation
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Resource Allocation

Resource allocation defines
a person’s preferences
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Resource Allocation
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Resource Allocation

Resource allocation defines
a cell’s preferences
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TE in Communities

Translational Efficiency

s S L MetaRibo-Se
TE A

) WM MetaRNA-Seq

Microbes Preferences
Functional microbiome classification (Guilds)

Control — Change — Rational Design
UCSan Diego



Method Validation
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Synthetic Community (SynCom)

Coker et al. mSystems 2022

Taxon
Lysobacter
Burkholderia
Variovorax
Chitinophaga
Chitinophagaceae
Mucilaginibacter
Rhizobium
Bradyrhizobium

16 strains
Isolated from switchgrass rhizosphere

Strain
OAE881
OAS925
OAS795
OAE865
OAS944
OAE612
OAE497
OAES829

Taxon
Bosea
Methylobacterium
Arthrobacter
Mycobacterium
Rhodococcus
Marmoricola
Brevibacillus
Paenibacillus

Strain
OAE506
OAE515
OAP107
OAE908
OAS809
OAE513
OAP136
OAE614
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Experimental Design

Multi-omics

Metagenomics
‘ s EEE Metatranscriptomics
: -.‘ u‘ u‘ —
‘7‘ - ' EE K °

\ Metatranslatomics

16 strains 0.1X R2A medium
SynCom 7 days, 30 °C
4 biological replicates
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Comparison of -omics
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Guilds and Microbial Niche Determination (MiND)
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Dim2 (22%)

cluster 1

cluster 2
cluster 3

cluster 4

cluster 6
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Dim2 (22%)
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Guilds vs Phylogeny
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Phylogenetic tree
based on 16S rRNA
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Guilds vs Phylogeny
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Can guilds predict intervention outcomes?

Sz
B
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odifying community composition
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Response to the Removal of Microbes

@ Arthrobacter

Bosea
@ Bradyrhizobium
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Response to the Removal of Microbes
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Calculating Competition Score
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Response to the Removal of Microbes
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Response to the Removal of Microbes
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Response to the Removal of Microbes
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Response to the Removal of Microbes
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Hypothesis

Bacteria in the Same Guild are Competitors
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Antimicrobials
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Antimicrobials

d spread plate spot-on-lawn b

= T pr—
— 18! ——
. o
\J)
— = ~
Z — e — R
7 == N
e ~_ N
/ \
(il \
( |
Y
A /

Rhizobium

Burkholderia
Mucilaginibacter

O el

~
\
N

W P
N e tie
T

x16 (all SynCom strains)

UCSan Diego



Antimicrobials

Arthrobacter
Brevibacillus
Lysobacter
Burkholderia
Chitinophagaceae
Rhodococcus
Variovorax

Bradyrhizobium

4 Rhizobium

Methylobacterium
Bosea
Chitinophaga
Mucilaginibacter

Paenibacillus
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J Modifying community composition
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PROBIOTIC INTERVENTION
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Response to the Addition of Microbes
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Response to the Addition of Microbes
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Response to the Addition of Microbes
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Response to the Addition of Microbes
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v' Modifying community composition
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v' Modifying community composition

Adding metabolites



PREBIOTIC INTERVENTION

Adding metabolites
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Adding metabolites




Importer Proteins

DNA-Seq RNA-Seq Ribo-Seq
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Microbial Niche Determination (MiND)

1. Microbial niches - Predict substrate preferences log(TE) 3. Experimental validation: Prebiotic interventions
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1. Microbial niches - Predict substrate preferences
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3. Experimental validation: Prebiotic interventions
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Microbial Niche Determination (MiND)
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3. Experimental validation: Prebiotic interventions
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1. Microbial niches - Predict substrate preferences
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Microbial Niche Determination (MiND)

1. Microbial niches - Predict substrate preferences  log(TE) . Experimental validation: Prebiotic interventions
. ICETE hs —
a TE for ribose import proteins 0246 5 T %310(
b —l ‘—il < 10"~ 32.10"‘
RbsA - i . 5. < 1.10°-
: X 10 < —_—— —
RbsB | ¢ 10%- & a 0 005 05 &
| i £
RbsC = 103- g oy
. 2 * = 1.10%- f
b TE for glutathione import protein 107~ + 8
|¢ :gs'lo-—_
« @ W W N - § ok s
o Ribose (g/L)
C TE for putrescine import proteins f
— S 6.10°- —r—
Raup . . fL_, E % 4.10%-
PotA . J : § 2.10°- - — ———"
ne : 1 ) 1
c @ 0 01 1 10
0000000000 OONOGOOOG
) o
= _§’2‘10"-
2. Microbial guilds - Predict competition © &
' ) ) 1 .: llo-
d 10° 10* 10° 10° £ o 01 1 10
Control w Glutathione (mM)
g 10'- : .3 5
1 J T ] ~= 1 % 106' j g 1.10%-
- 5 2 = =
00000000007 00000 _ . S 510" e
c 1 ' ' L]
sy yeeEsEEsyspess g} € o oes d
TES 83885588837 8F §a-t q
S 988353 S 8 8 £@®s8 88 s g gl 3 3.10°- ==
T & v 2 £ § S & £ 8 E £ & E S 5 2. @ ©® S 2.10°-
$§ES §$S55%8 Seszsg =° l g 210
@ q @ o .g \>\ E 8 ‘g E g‘ ' ] ] ] ,§l~10 # e SS— i
< 5 s S 10° 10 10° 10° £ 0 01 1 10
g S

Control Putrescine (mM) UC San Dieg()



Predicting Response to 11 Metabolites™

Sensitivity Specificity Accuracy
Primary Target: 54% 83% 79%
! (increase)

Secondary Target 93% 65% 70%
| (decrease)

*Fructose, Galactose, Ribose, Trehalose, Xylose, Maltodextrin, Glutamate,
Glutathione, Putrescine, Spermidine, Sulfate+Thiosulfate uc SanDiego
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very hard to predict!

12 isolates metabolize ribose axenically

5 try to grow with ribose in the community

UCSan Diego

2 isolates succeed



v' Modifying composition (Probiotics)

v' Adding metabolites (Prebiotics)
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Complex Complicated
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Complicated
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Experimental Setup

4 Soil sampling N 33 conditions tested N
Probiotic consortium

Probiotic Combinations

Prebiotic @
N [/ 740
NYYYVY

_ Growth
Soil sample —> 7days
in 0.1x R2A | 1t 30°C
\. J /
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Soil + SynCom
+ Fructose 5 g/L (RPKM)
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Soil (only SynCom Members Shown)

n
n

Soil + Burkholderia o

Glutathione Glutathione

@ Arthrobacter @ Burkholderia @ Methylobacterium @ Paenibacillus

SynCom Bosea _ Chitinophaga @ Mucilaginibacter @ Rhizobium
strains @ Bradyrhizobium @ Lysobacter @® Mycobacterium @ Rhodococcus .
@ Brevibacillus @® Marmoricola @ Niastella @ Variovorax UC San DlegO



Targeted Interventions in Soil

Intervention

Total number Number of Number of

in soil of tested conditions in which conditions in which
ks conditions primary targets  secondary targets
% increased § decreased
Probiotic 7 4/7 (57%) 4/4 (100%)
Single Strain
Prebiotic 7 6/7 (86%) 6/6 (100%)
Prebiotsi_c + SIzrobiotic 10 8/10 (80%) 6/8 (75%)
ingle Strain
Prebiotic + Probiotic 7 7/7 (100%) 7/7 (100%)

Consortium

UCSan Diego



synCom in Soill
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Soil — Substrate Addition

’II.":;.
W

+ Ribose
@ Clostridium

=~ Bosea

Azospirillum

+ Ribose 5 g/L (CPM)

Streptomyces

0 ®

10° 100 10" 10°
Soil Control (CPM)
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Soil — Substrate Addition
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v

; ; . ' | Streptomyces
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Log-Fold Change Under Many Conditions
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d

Azospirillum

Log-Fold Change Under

Non-Sugars

(Glutathione, putrescine, sulfate/thiosulfate)

[Sugars)

(Fructose, ribose, maltose, trehalose)
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Competition versus Collaboration

>19% of all interactions are
based on collaboration

81% of all interactions were
explained by competition

UCSan Diego



Open Questions in Microbiome Research

Terrestrial Aquatic Host-Associated

...how do communities response to perturbations? \/

% ..can we predict outcomes? ‘/
UCSan Diego



Broadly Applicable Method
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Predicting Community Function

@8
v' Translational Efficiency Q
v Predicting Metabolic Niches and Guilds @@ ad 7

v Identifing Interactions (Competition)
v Designing Interventions

Changing/Engineering Microbiomes
v' Organism-Level, i.e. Probiotics
v’ Metabolite-Level, i.e. Prebiotics
v Scalable Technology, i.e. Soil, Stool

v' Patent filed
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Microbial Niche Determination (MiND)
can predict outcomes in complex communities
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Microbial Niche Determination (MiND)
can predict outcomes in complex communities

MIND and guild association identifies intervention
strategies to selectively alter the microbiome
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