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Bacterial ecology and evolution across salinity barriers and gradients

Background:
• Well-studied separation of freshwater (F) and marine (M) bacterial communities.
• Distinct brackish (B) bacterial lineages (Hugerth et al. 2015) with unclear

relationship to other aquatic bacteria
• Bacterial and protist community composition shifts along the brackish salinity

gradient. (Herlemann et al. 2011, Hu et al. 2015).

Conclusions:
• Bacterial species are separated between the three aquatic biomes.

Cross-biome transitions are accompanied by gain/loss of specific
gene functions and followed by proteome optimization.

• Protists are ecologically less sensitive to salinity than bacteria,likely
thanks to the benefits of compartmentalization.

Study 1: Large-scale phylogenomics of aquatic bacteria reveal
molecular mechanisms for adaptation to salinity
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1. Species-level separation of
aquatic biomes

a. Numbers of species (95% ANI identity) found only in one biome or brackish
basin and shared between them. The areas are not proportional.

b. Population structure of a brackish genome cluster. PCoA based on pairwise
FST values. Analysis has been performed using POGENOM (Sjöqvist et al.
2021).

2. Cross-biome transitions: rare,
ancient, usually into the brackish biome

• Frequency
• Direction

• Timing

Presence/absence of

a. Observed numbers of transitions between the biomes.
b. The distributions of estimated minimal times since divergence.
c. Mean likelihoods of ancestral biome states for transition between the

biomes. P values for the difference in likelihood (2 biomes defining
transitions type) are given by the sides of the triangle.

Bacterial adaptation to a new salinity regime (biome) entails…

2.

3. …wide-scale changes in inferred proteome
properties and composition…
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Study 2: Distinct bacterial and protist plankton diversity dynamics
uncovered through DNA-based monitoring of the Baltic Sea

Publicly available metagenome-assembled genomes (MAGs)
Phylogeny

reconstruction

1. ANI analysis

Population genomics

Transitions as pairs of
monobiomic sister groups (MSGs)

Evolutionary dynamics

Inferred proteomes

Gene content

Workflow

Results
5. Higher impact of salinity

on bacterial than protist
community composition

16S and 18S metabarcoding combined with
Swedish marine monitoring program

2019-2020
with spike-in, available at:

2016-2017
new, no spike-in

Gene functions:
• directly connected
with adaptation to
ion concentrations
and osmotic pressure

• connected with other genomic
and physiological changes
accompanying transitions;
• connected with altered exposure
to mobile genetic elements.
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Sequencing data processing

• Remove primers;
• Denoise, infer amplicon

sequence variants (ASVs),
and taxonomically
annotate using:

16S16S for chloroplast and
mitochondria removal

18S

• Additional chimera
removal.

• Cluster ASVs by
sequence and distribution
similarity into dbOTUs.

Remove from
further analyses

16S 18S

Archeae, chloroplasts,
and mitochondria

Multicellular
organisms

5. Multivariate analyses
Principal Coordinate Analysis (PCoA)
distance-based Redundancy Analysis
(dbRDA), and variance partitioning,

Proportion barrier-crossing
dbOTUs and Bayesian modelling
• Bacterial and protist reads rarefied to

the same number per sample
• The same number of stations and

observations on the two sides of the
salinity barrier

• Account for overall mean abundance
and occupancy on preferred side of the
salinity barrier

• Bayesian modeling using JAGS
(Just Another Gibbs Sampler)

Diversity metrics estimation
based on rarefaction

7.

alpha diversitybeta diversity
Bray-Curtis distances dbOTU richness

6.

6. Bacterial alpha diversity correlates with Inorganic nitrogen,
-marine salinities

4. …and gains/losses of specific gene functions

Difference in:
a. proportion of barrier-crossing dbOTUs;
b. Probability a dbOTU is found in both low and

high brackish salinites.

Proposed explanation

(<9 PSU) and high (>15
PSU) brackish salinities
more often than bacteria

Both are given as a function of mean abundance across the samples the dbOTU was found in
and maximum abundance at one of the sides of the salinity barrier.

Varinace partitioning of changes in
a. bacterial dbOTU richness;
b. protist dbOTU richness.

dbRDA based varianace partitioning of:
a. bacterial community composition;
b. protist community composition.

Differences in frequency of:
a. isoelectric point (pI)

values (Inspired by
Cabello-Yeves and
Rodriguez-Valera (2019);

b. amino acid categories.
The values are based on
genome-inferred proteomes.
*P < 0.05, **P < 0.01, and
***P < 0.00
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7. Protists inhabit both low

protists are more diverse in near
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ProtistsATP-synthesis on
the cell membrane

(exposed to external 
salinity and pH) ATP-synthesis on

mitochondrial membrane
(intracellular environment)Sodium- or proton-

motive force
Only proton-motive force

Potentially other 
osmoregulating organella,
e.g., contractile vacuole

Impact of salinity on community composition
Bacteria > Protists

Multiple electron acceptors
and donors used across phylogeny,
including inorganic nitrogen species

Higher alpha-diversity 
in high DIN

Proportion dbOTUs found in both low (<9 PSU)
and high (>15 PSU) brackish salinities

Bacteria < Protists

Also many marine protists living
 in high brackish salinities

Higher alpha-diversity
in high brackish salinities


