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Animal-microbe nutritional symbiosis are the foundation of
marine ecosystems
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Animal-microbe nutritional symbiosis are the foundation of
marine ecosystems




EXAMPLES OF

POSSIBLE ROLES AND
RELATIONSHIPS BETWEEN
CORALS AND THEIR
SYMBIONTS

Photosynthate transference
Nitrogen cycling.

Main carbon source supplier and
production of DMSP that might play a
role as antioxidant and on bacterial
Ol

population control. Protection against . =
A -

uv, 6 <1
- ’%?(
Provides shelier and protection and . 6 Ve Endoliths
role in the nutrient cycles. . _ Bacteria . | L =
(including Cyanobacleria)

Gene transfer. Natural phage therapy 4 4
by removing bacterial pathogens and
controlling algal blcoms.

Nutrient cycling, such as S, C and N.
Biological control of pathogens.
DMSP degradation. Influence
settlement and metamorphosis of
coral larvae. Modulate coral
microbiome?

\ w9,
She‘ller‘ protection, source of . - @@
nutrients. ' y s

Archaea
Antimicrobial activity, may play a role
related lo biomineralization,
protection of skeletogenic cells and
protection against UV. May be
involved in C and N cycle

Symbiodinium
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Peixoto et al. 2017 Front. Microb.



Animal-microbe nutritional symbiosis are the foundation of
marine ecosystems
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Microbial symbionts influence biogeochemical cycling within
ecosystems

in marine phosphorous and
nitrogen cycles

e.g., Zhang et al. 2015 PNAS



@' PLOS ’ BIOLOGY

PERSPECTIVE
Host-associated microbiomes drive structure
and function of marine ecosystems
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How have interactions between
hosts and microbes/microbiomes evolved?

“The problem of the diverse microbiome”

Foster et al. 2017 Nature



How have interactions between
hosts and microbes/microbiomes evolved?

“The problem of the diverse microbiome”

HOST /| < > \\\\
\ \

“Evolutionary theory predicts that host-to-microbe effects—rather than the
much-studied impacts of microbe on host—ARE CRITICAL FOR MICROBIOME
FORM AND FUNCTION”

Foster et al. 2017 Nature




Models of host—microbiome interaction

Symbiont control Host control  Microbiome on leash Open ecosystem

Host €= @é@

Wolbachia

= Each model is consistent with evolutionary theory

= Each model is consistent with real-world examples

Foster et al. 2017 Nature
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Models of host—microbiome interaction
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Models of host—microbiome interaction

Symbiont conig Host control  Microbiome on leash Open ecosystg

¢ Host monitors one or few strains

¢ Fine-scale host control
mechanisms

¢ Possible vertical transmission to
increase fitness



Models of host—microbiome interaction

Symbiont conig Host control  Microbiome on leash Open ecosystg

¢ Host monitors one or few strains ¢ Many microbial strains co-exists

¢ Fine-scale host control = the “microbiome”
NESIERINGE ¢ Host under selection to foster a
¢ Possible vertical transmission to beneficial microbiome

increase fitness ¢ Primarily horizontal transmission



Models of host—microbiome interaction

Host control

Research is highly biased towards a small number of hosts
and microbes




Hawallan bobtall squid Gutless worm
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Todd Bretl Underwater Photography Bactena - Modified from Stahl almmson (2006)

Lucinid clam

Photo by O’Connor et al. 2014

Research is highly biased towards a small number of hosts

and microbes



Models of host—microbiome interaction

Host control

Limited focus on how hosts influence microbiomes




Models of host—microbiome interaction

Host phylogeny

Microbiome on leash

Host species

SRR

Microbial dendrogram

C
D

Studies lack evolutionary & ecological contexts




The closure of the isthmus provides the context
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Physical & Biological monitoring: the environmental context

eDNA & ambient microbes

PANAMA'S “FOUR OCEANS” .
CARIBBEAN SEA NUTRIENT POOR

FRESHWATER
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RIVERS FRESHWATER
INFUT

QOFEN OC
CORAL R

Low variation in tides

BAY OF PANAMA

Highvariation in tides

PACIFIC OCEAN
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Focal groups:

Eastern Pacific

Microbiome on leash
Fish

+ microbiome

Shrimp

+ microbiome

Clam

+ chemosymbiotic
microbe

Photos credit = Fish: Ross Robertson & Ettore Balocchi; Shrimps: Arthur Anker; Clams: Laetitia Wilkins, Benedict Yuen



Research axes

1) Identifying ecological and
evolutionary drivers of the
microbiome

nvironment

7\

Host =2 Microbiome

Microbiome on leash

What are the relative
contributions of:

- Environment

- Host

- Phylogeny

on community assembly?



Research axes

Microbiome on leash

1) Identifying ecological and
evolutionary drivers of the
microbiome

Host species

Host phylogeny —_ A —— Microbial dendrogram . ]
Are microbiomes structured
B — through phylogenetically
c related host traits?
D

O.Brien et al. 2019 mBio

Phylosymbiosis: The ecological relatedness (or similarity) of
the microbiome mirrors host phylogeny




Research axes

Microbiome on leash

2) Co-divergence between hosts
and microbes

A = .
Host phylogeny e Microbial phylogeny
— B I
— Bacteria spp.
C PP
D]

O.Brien et al. 2019 mBio

Which microbes have had long-term interactions with
hosts? — mutualists? Parasites?



Research axes

2) Co-divergence between hosts
and microbes

A = .
Host phylogeny e Microbial phylogeny
— B I
— Bacteria spp.
C PP
D]

O.Brien et al. 2019 mBio

Which microbes have had long-term interactions with

hosts? — mutualists? Parasites?

How has the gene composition of the microbial genomes

changed over time?

Microbiome on leash




Research axes

Host control

3) Adaptation and metabolic

cooperation
1)

Homocysteine + Serine
(host diet & metabolism)

Cystathionine B-synthase
: S-H
(symbiont enzyme) |
CH2

H2N —(Ii—COOH ey e T
H

L -
Cystathionine Cysteine

|

Bacteria spp. 1

Cystathionine y-lyase

(host enzyme)
O.Brien et al. 2019 mBio

Do we see evidence of adaptations in microbial genomes?
And to what selective pressures?

Is the metabolic function of the microbe evolving and how?

TIM VERNON/SCIENCE SOURCE => ILLUSTRATION OF HORIZONTAL GENE TRANSFER



Tropical
Eastern Pacific

Caribbean

Microbiome on leash




Sampling

NO. SPECIMENS

FAMILY SPECIES Ocean collected to date TROPHIC GROUP
. |Blenniidae Ophioblennius macclurei Caribbean 11 Herbivore
- Ophioblennius steindachneri Eastern Pacific 26
Chaetodon capistratus Caribbean 21
Chaetodon ocellatus Caribbean 21
(*s |Chaetodontidae |Chaetodon humeralis Eastern Pacific 32 Omnivore benthic
Chaetodon striatus Caribbean 20
Johnrandallia nigrirostris Eastern Pacific 31
Gerres cinereus Caribbean 20
" |Gerreidae Gerres similimus Eastern Pacific 17 Carnivore
Eucinostomus melanopterus Eastern Pacific 18
Anisotremus caesius Eastern Pacific
2 |Haemulidae Anisotremus taeniatus Eastern Pacific 9 Carnivore
Anisotremus virginicus Caribbean 19
Holacanthus bermudensis Caribbean
* |Pomacanthidae Holacanthus dliaris Carlbbear? - 4 Omnivore benthic
Holacanthus passer Eastern Pacific 26
Pomacanthus paru Caribbean 2
Abudefduf concolor Eastern Pacific 29 Herbivore
Abudefduf taurus Caribbean 8
3 Abudefduf saxatilis Caribbean 19
®.|Pomacentridae | Abudefduf troschelii Eastern Pacific 33
Chromis atrilobata Eastern Pacific 28 Planktivore
Chromis multilineata Caribbean 4
Chromis cyanea Caribbean
Cephalopholis colonus Eastern Pacific 30 Planktivore
> |Serranidae Cephalopholis furcifer Caribbean
Cephalopholis fulva Caribbean Carnivore

Sampling locations

Bocas del Toro

. &

Coiba & Secas

Sample types

16S rRNA
Earth Microbiome Project
protocols




Sampling

NO. SPECIMENS

FAMILY SPECIES Ocean collected to date TROPHIC GROUP
+ |Blenniidae Ophioblennius macclurei Caribbean 11 Herbivore
Ophioblennius steindachneri Eastern Pacific 26
Chaetodon capistratus Caribbean 21
Chaetodon ocellatus Caribbean 21
Chaetodontidae  |Chaetodon humeralis Eastern Pacific 32 Omnivore benthic
Chaetodon striatus Caribbean 20
Johnrandallia nigrirostris Eastern Pacific 31
Gerres cinereus Caribbean 20
" |Gerreidae Gerres similimus Eastern Pacific 17 Carnivore
Eucinostomus melanopterus Eastern Pacific 18
Anisotremus caesius Eastern Pacific
: |[Haemulidae Anisotremus taeniatus Eastern Pacific 9 Carnivore
Anisotremus virginicus Caribbean 19
Holacanthus bermudensis Caribbean
* |Pomacanthidae Holacanthus dliaris Carlbbear? - 4 Omnivore benthic
Holacanthus passer Eastern Pacific 26
Pomacanthus paru Caribbean 2
Abudefduf concolor Eastern Pacific 29 Herbivore
Abudefduf taurus Caribbean 8
Abudefduf saxatilis Caribbean 19
s |Pomacentridae Abudefduf troschelii Eastern Pacific 33
Chromis atrilobata Eastern Pacific 28 Planktivore
Chromis multilineata Caribbean 4
Chromis cyanea Caribbean
Cephalopholis colonus Eastern Pacific 30 Planktivore
> |Serranidae Cephalopholis furcifer Caribbean
Cephalopholis fulva Caribbean Carnivore

Sampling locations

Bocas del Toro

. &

Coiba & Secas

Sample types

16S rRNA
Earth Microbiome Project
protocols




WA = Western Atlantic
ETP = Eastern Tropical Pacific

Chaetodon striatus (WA)

50

Chaetodon capistratus (WA)

Chaetodon ocellatus (WA)

23

Paleogene

Neogene

Eocene

Oligocene

Miocene

|P|iocer“7 Pleistocene]

Hedges et al. 2015 MBE

Time (MYA)



GUT MICROBIOME

C. capistratus Ocean
@ Caribbean

A Paciiic

C. humeralis

C. striatus

C. ocellatus

Ay =
Bray-Curtis = 0.7 J. nigrirostris




GUT MICROBIOME

Ocean
@ Caribbean

A Paciiic

¢ humerals PERMANOVA

Y
Df  SumsSgs R2 M Pr(>F)

e Ocean 1 | 4207 @ 11% y  ***
A\ Specie ko
s 4 = 8624  23% ke

Resid. 90 24.781 66%

Total 94 37.612 100%

C. ocellatus

X g g
Bray-Curtis = 0.7 J. nigrirostris




Phylosym biosis? (=congruence between host phylogeny and microbiome similarity?)

Host tree Gut microbiome

(based on molecular markers) (UPGMA tree based on Bray Curtis distances of 16S rRNA ASVs)



: : ? WA = Western Atlantic
P hyl Osym b |OSIS ETP = Eastern Tropical Pacific

Host tree Gut microbiome
(based on molecular markers) (UPGMA tree based on Bray Curtis distances of 16S rRNA ASVs)

5 3 2% 0 0.4
Paleogene Neogene Oy
Eocene ~ Oligocene Miooene PlocengPescee [ 1 I 1 | [

Time (MYA)



. . WA = Western Atlantic
P hyl Osym b 10SI S—P ETP = Eastern Tropical Pacific
Host tree Gut microbiome

(based on molecular markers) (UPGMA tree based on Bray Curtis distances of 16S rRNA ASVs)

] B % 0 04
Paleogene Neogene Oy

Eocene ~ Oligocene Miooene PlocengPescee [ 1 I 1 | [
Time (MYA)




WA = Western Atlantic
ETP = Eastern Tropical Pacific

Host tree Gut microbiome
(based on molecular markers) (UPGMA tree based on Bray Curtis distances of 16S rRNA ASVs)
~

WA
WA
ETP
— 1 y —
ETP
\
il 3 % 0 04
Paleogene Neagene (nay
Eocene | Oligocene Mioceng Plocengpescee | ] | ] | |
Time (MYA)

=) Community similarity of gut microbiome does not mirror host phylogeny



Cophylogeny?

Host tree Bacterial trees

e.g., genus Coxiella

Is at least some part of the bacteria phylogeny
constrained by the one of the host?



Cophylogeny?

Host tree

Bacterial trees

Blastopirellula

Brevinema
Clostridium
Treponema
Coxiella
—
}
- } i Desulfovibrio
. B o
Endozoicomonas
Synechococcus e
1
] |




Global-fit method

quantify the degree of
agreement between
the topologies of
phylogeneric trees
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H-P link matrix

a b ¢ d e
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X1 Xp X - Xn-1 B|0O 1 0 0 0
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Principal coordinates
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p—> m?Z,, global goodness of fit. Statistical
significance by random permutations

— Residuals: contribution of H-P individual



Cophylogeny?

Host tree Blastopirellula 16S tree

4
&

— L

Chaetodon
striatus (WA)

/

Chaetodon
capistratus (WA)

&
Chaetodon
ocellatus (WA)

humeralis (ETP)

ASV_09

ASV_07

|

WA = Western Atlantic
ETP = Eastern Tropical Pacific



WA = Western Atlantic
CO p hyl Oge ny? ETP = Eastern Tropical Pacific

Host tree Blastopirellula 16S tree
N ((gi@, ASV_09
Chaetodon

striatus (WA)

ASV_07 }

Procrustes analysis

Param | Endozoicomonas
Chastodon Sp 0.027*
capistratus (WA) SSS 5765733
Sn 1000
.
Chaetodon

ocellatus (WA)

Significant co-divergence
between hosts and a
single genus of bacteria

humeralis (ETP)



Endozoicomonas -> a prevalent symbiotic marine bacteria

Suggested functions of Endozoicomonas bacteria:

Host organism

Fish

Sponge

Tunicate

Hydrothermal
vent shail

Hydrothermal
polychaete

Scleractinian
corals

Octocoral
(gorgonians)

Suggested function

Fish disease

Sponge health

Bromopyrrole production for feeding
deterence

Carbohydrate fermentation/nitrate reduction

Antibiotic production

Sulphur cycling/nutrient metabolism

Host nutrition/sulphur cycling or breakdown

of arganic compounds

Methane cycling/food degradation

Quorum-sensing molecules
Microbiome structuring

Antimicrobial activity/N-acyl homoserine
lactones

Coral health

Coral health and/or disease
Protection from bleaching

Dimethylsulfoniopropionate (DMSP)
metabolism/sulphur cycling

Carbohydrate metabolism/nutrient acquisition

Host health

Neave et al. 2016 Applied Microb. & Biotech.

Reference

(Mendoza et al. 2013; Katharios et al.
2015)
(Garderes et al. 2015

(Haber and Illan 2014)

(Nishijima et al. 2013)
(Rua et al. 2014)
(Dishaw et al. 2014)
(Beinart et al. 2014)

(Forget and Juniper 2013)

(Bayer et al. 2013b)
(Jessen et al. 2013)
(Morrow et al. 2015)

(Meyer et al. 2014; Roder et al. 2015;
Webster et al. 2016)

(Ziegler et al. 2016)
(Pantos et al. 2015)

(Raina et al. 2009; Bourne et al. 2013;
Correa et al. 2013)

(Correa et al. 2013; Morrow et al. 2015)

(Vezzulli et al. 2013; Ransome et al.
2014)




Endozoicomonas -> a prevalent symbiotic marine bacteria

ARTICLE

Coral-associated bacteria demonstrate 13/446 (3%) of genera in coral tissue
phylosymbiosis and cophylogeny were associated with host phylogeny

F. Joseph Pollock!, Ryan McMinds 2 Styles Smith!, David G. Bourne3#, Bette L. Willis3>, Ménica Medina® 16,
Rebecca Vega Thurber? & Jesse R. Zaneveld’

Host phylogeny by
bacterial phylogeny

(cophylogeny)




Microbiome on leash

. deuterapus
. crockeri

. inca

. cedrici

A. polystictus
. (OQUSNSIS
. immaculatys
. armaius
. lottini
lUs COMpressys
. splendidus

A. thomasi
. webstan
. blactier

Backbone phylogenomic host tree

>500 Loci
using Anchored Hybrid Enrichment

frantalis
. bucephaius
. naos
. barbatus
tacertosus
. amarillo
. Auitingi
s
. bakamsnsis
. umbo

Kristin Hultgren

Hurt et al. in prep




Backbone phylogenomic tree

Synalphieus herick
Synslphisus occidsnialis
Metalpheus rostratpes

ene trees to resolve the tips
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“Staggered evolution” knowlton et al 1993

.20 25 i 30 35
Divergence time (MYA)

Species that occur in shallow mangroves diverged last




Collections 2018/2019 Caribbean
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2 new genera and 8 new species of shrimps

Pachelpheus pachyacanthus
Anker 2020 Zootaxa

Microprosthema looensis
Azevedo Ferreira et al. 2020 Zootaxa

.4 /.
Unesconiag co:bens:s
Anker 2020 Zootaxa



27 species across 6 major clades

. websteri

Eastern Pacific Caribbean

PR

o
i

_.;_;

> > )

. arenensis

. formosus

panamensis

1
. paracrinitus no spot

. fasciatus

. paracrinitus spot

. rostratus

cristulifrons

—i A, [ N e e \
—E A. utriensis i 'gﬁ‘ 3 - u‘ QQ??' !-"'.‘?‘k | *.‘3,5;_“'

A. galapagensis //
. nuttingi

- T 10 transisthmian pairs

. verrilli

\

. hyeyoungae

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

. hephaestus

. platycheirus

. floridanus

>



Internal anatomy of Alpheus javieri

lateral view lateral view dorsal view

Gills

Eggs Stomach

Hepatopancreas

Midgut

dorsal view

dorsal view

1cm



dorsal view
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WA = Western Atlantic
ETP = Eastern Tropical Pacific

Phylosymbiosis?

Host tree Midgut microbiome

(based on molecular markers) (UPGMA tree based on Bray Curtis distances of 16S rRNA ASVs)
. ETR—\Ipheus utriensis
2. Z;n)::;so\:l/jsAETP ETPuipheus saxidomus . j—
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) o WA = Western Atlantic
. ETP = Eastern Tropical Pacific

Host tree Midgut microbiome

(based on molecular markers) (UPGMA tree based on Bray Curtis distances of 16S rRNA ASVs)
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SERMANGVA Species explains most of the
variation
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the variation
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SERMANGVA Significant phylogenetic
signal
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WA = Western Atlantic
CO p hyl Oge ny? ETP = Eastern Tropical Pacific

Host tree e.q., Blastopirellula 16S tree
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WA = Western Atlantic
ETP = Eastern Tropical Pacific

Cophylogeny?

Midgut microbiome
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Lucinid clams




THE SYSTEM

- ONE sulfur oxidizing symbiont per clam (symbiont in gill)
- Found in (sulfide rich) sediments under seagrass
- Symbiont acquired by settling larvae from sediment? Seagrass?
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A nutritional symbiosis that is believed to be the foundation of
seagrass ecosystems

Lucinid clams and their gill sulfur
oxidizing symbionts remove toxic
sulfide from the sediment
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Taylor et al. 2016 ZJLS
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100 Codakia orbicularis GD
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5 Ctena imbricatula GD2
Ctena imbricatula BOC

Ctena decussata CR
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= Epicodakia tatei
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Godania paytenonm 11 CODAKIINAE
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LUCININAE

We also included
Clathrolucina costata as an
outgroup

A common species co-
occurring with Ctena and
Codakia in the Caribbean




Sampling

("Eﬁ
Gustav Paulay,

Florida Museum of Natural History

Codakia sister pair © Sister species sampled

. Ctena sister pair £ Other lucinids sampled
- (Clathrolucina spp.)

. Other lucinids sampled
(Ctena spp.)



Symbiont
Genome
Sequencing

Shotgun metagenomics

Photos from Wilkins 2019, Mol Ecol

Codakia sister pair © Sister species locations

. Ctena sister pair £ Other lucinids sampled
- | (Clathrolucina spp.)
£ B 4 Blue: Pacific 2% Other lucinids sampled
i L
LR (Ctena spp.)
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233 high quality genomes clustered into 8 clades WA = Western Atlantic

ETP = Eastern Tropical Pacific
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233 high quality genomes clustered into 8 clades

Symbiont clades
shared between hosts
on both sides of
isthmus
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WA = Western Atlantic
ETP = Eastern Tropical Pacific

Clathrolucina costata

Ctena mexicana
Codakia distinguenda

Ctena imbricatula
Codakia orbicularis

Ctena imbricatula
Codakia orbicularis
Clathrolucina costata



233 high quality genomes clustered into 8 clades

Distinct symbionts in
Codakiinae occurring at
other locations in the
Pacific
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WA = Western Atlantic
ETP = Eastern Tropical Pacific

Clathrolucina costata

Ctena bella

Ctena mexicana
Codakia distinguenda

Codakia distinguenda
Ctena “chiquita”

Ctena imbricatula
Codakia orbicularis

Ctena imbricatula
Codakia orbicularis
Clathrolucina costata



233 high quality genomes clustered into 8 clades

Distinct symbionts in
Lucininae

Hawai’i

TEP

Galapagos

TEP

WA

WA

WA

WA

WA = Western Atlantic
ETP = Eastern Tropical Pacific

Clathrolucina costata

Ctena bella

Ctena mexicana
Codakia distinguenda

Codakia distinguenda
Ctena “chiquita”

Ctena imbricatula
Codakia orbicularis

Lucinoma sp.
Ctena imbricatula

Codakia orbicularis
Clathrolucina costata

Phacoides sp.



Pangenome analysis

- Tropical Eastern Pacific

Pacific others

Western Atlantic
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Gene families
only found in the
Caribbean (Atlantic)

- Tropical Eastern Pacific

- Pacific others

Western Atlantic




Comparison with
existing database of
microbial genomes

(Osvatic, Wilkins et al. unpublished)
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Phacoides sp.



WA = Western Atlantic
ETP = Eastern Tropical Pacific

Comparison with
existing database of
microbial genomes

Clathrolucina costata

(Osvatic, Wilkins et al. unpublished)
‘ Hawai’i ‘ Ctena bella
Ctena mexicana

“ { TEP Q . Codakia distinguenda
s Galapagos . Codakia distinguenda

( TEP ‘ Ctena “chiquita”

Ctena imbricatula

: { WA g . Codakia orbicularis
WA Lucinoma sp.

Ctena imbricaree

WA ‘ & . Codakia orbicu/ais
Clathrolucina costgts

{ WA . Phacoides sp.



One clade of symbiont is widespread (but absent in TEP)

Host_Location
Callucina winkwortni, Palmar, Mauritius

Chs

ani striata, Ckinawa, Japan
Clatarelucina costata. Bastmentos, Panama

an Clathrelucina coslata, Gahuita, Costa Rica

Clatarelucina costata. Carenerc. Panama

Clatarolucina costata. Isia Solante. Panama

Clatarelucina costata. Punta Pusbia, Panama

throlucina costata. STRI station, Panama

Clathrelucina costata,Bocas cdel Drago, Panama

Clatarelucina costata.Bocas del Tero, Panama

Latitude

Clatarelucina costata,Cristobal, Panama

Clatarelucina costata.5t. Martin, Fanama

Ctena orbiculata. Horse Shae Kay, FL, USA

) Ctena sp., Czhu Costa Rica

- Lorpes clausus. Ibo Island. M

Zamoique

Loripes orbiculalus, hwik, Mauritania

Pliucinz pacifica. Lizard Island. Australia

Rugalucina mundz, Tin Bay, Aus

Stewartia floridiana. Pine lsland, FL, USA
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What have we learned so far?

Microbiome on leash

1) Identifying ecological and
evolutionary drivers of the
microbiome

nvironment

‘//1 \ » Species and tissue specific
microbiomes

Host =2 Microbiome

= microbiome on leash

e Limited effect of the
“Ocean” on community
structure




What have we learned so far?

1) Identifying ecological and
evolutionary drivers of the
microbiome

Host species
Host phylogeny —_ A —— Microbial dendrogram

— B

o
D

O.Brien et al. 2019 mBio

Microbiome on leash

e Species and tissue specific
microbiomes
= microbiome on leash

e Limited effect of the

“Ocean” on community
structure

 Phylogenetic signal



What have we learned so far?

Microbiome on leash

2) Co-divergence between hosts
and microbes

Host phylogeny A —: Microbial phylogeny
- B 3_
S — c Bacteria spp.
7
O.Brien et al. 2019 mBio D J

 Evidence of co-divergence between hosts and very few
microbes




What have we learned so far?

Microbiome on leash

2) Co-divergence between hosts
and microbes

Host phylogeny A —: Microbial phylogeny
- B 3_
S — c Bacteria spp.
7
O.Brien et al. 2019 mBio D J

 Evidence of co-divergence between hosts and very few
microbes

e Beneficial microbes are promiscuous (not host specific)

 Beneficial microbe with wide geographical distribution



What have we learned so far?

3) Adaptation and metabolic

cooperation
1)

Cystathionine B-synthase

Homocysteine + Serine (symbiont enzyme)

(host diet & metabolism)

:
Cystathionine

S-IH
CH2

H2N —(IJ—COOH AT

H

Cysteine

|

Bacteria spp. 1

(host enzyme)
O.Brien et al. 2019 mBio

« Set of genes present only in genome of the Caribbean

symbionts

TIM VERNON/SCIENCE SOURCE => ILLUSTRATION OF HORIZONTAL GENE TRANSFER

Cystathionine y-lyase

Host control




Breakdown of interactions between
hosts and microbes/microbiomes




Healthy microbiome Dysbiotic microbiome

Zaneveld et al. 2017 Nature Microb.



Healthy microbiome Dysbiotic microbiome

Zaneveld et al. 2017 Nature Microb.

Microbiome on leash Open ecosystem

The host can no longer keep its microbiome on a leash

Foster et al. 2017 Nature
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QUESTION:

Under which conditions do
reef associated species show
evidence of a dysbiotic
microbiome?

HOST:
Foureye butterflyfish
Preferentially feeds on corals

Clever et al. in prep



QUESTION:

Under which conditions do
reef associated species show
evidence of a dysbiotic
microbiome?

HOST:
Foureye butterflyfish
Preferentially feeds on corals

MICROBIOME:

Gut microbiome

linked to host health, diet &
habitat

Clever et al. in prep



COLLECTION OF FISH

m - Reef zone
@ outer bay
@ inner bay
@ inner bay - disturbed

Panama

Caribbean Sea

20 specimens per reef
Foureye butterflyfish

Latitude

COLLECTION IN THE
SURROUNDING ENVIR.

Bocas del Toro
Seawater
Algae
| | Sponges Food
-82.3 -8222 Hard corals |items
Soft corals

6 kms

Longitude

Clever et al. in prep



Seawater Host

Core microbiome
Food



Caribbean Sea

Caribbean Sea

Caribbean Sea

Variance %

Variance %

254

Whole gut microbiome
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Clever et al. in prep




Whole gut microbiome
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Clever et al. in prep



Bray Curtis

A
®
®
-

SCR
PPR
CCR
ALR
SIS
ROL
RNW
PST
PBL

Distance to centroid

=)
=
=
=
=
=
=)
=

Significance

Outer bay Inner bay Inner bay disturbed

Clever et al. in prep



Bray Curtis

ROL
Bl RNW

B PST
B4 PBL

Significance

Outer bay Inner bay Inner bay disturbed

Dysbiotic gut microbiome on reefs with near
absence of corals (no food)
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