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Microbial symbionts

Ephemeral ecosystems

Vernal pools

Amphibious plants

Endophytes

Community ecology
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Microbial communities have an 
important role across ecosystems.

Decomposers

Terry W. Virts

Primary producers

Drivers for evolution
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As symbionts, they form strong relationships with 
larger organisms

A epiphytes
B endophytes
C ectomycorrhizas
D endomycorrhizas

ENDOPHYTES

•Live inside the plant tissues
•No harm to the plant host
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Redman et al. 2011

Stress tolerance transplanting symbionts in grasses
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High temperature tolerance 

204°F / 95.6°C

High salinity tolerance

Redman et al. 2011
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The study of extreme ecosystems holds important lessons for human applications.
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Prolonged droughts

Soil salinity

Flash floods

Extreme scenarios caused by global change
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Ephemeral wetlands: Vernal Pools
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1937

The habitat of endemic plants

Vernal Pools
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Isoetes howelli

Psilocaphus brevissimus

Plants inhabiting 
vernal pools are 
subject of strong 
environmental 
swings

amphibious
plants
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Eryngium castrense Eryngium castrense
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How the endophytes–composed by Fungi and 
prokaryotes, react to the aquatic and terrestrial 
contrasting phases in amphibious plants?
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Specific objective:
Assess the community dynamics of microbial 
endophytes inhabiting roots and shoots of the 
amphibious plant species Eryngium castrense 
(carrot family), across aquatic and terrestrial
stages.
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Vernal pools and Grasslands Reserve

5 specimens
per site

E. castrense is distributed in California Central Valley
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Prokaryotes, V4-V5

Wet season Dry season
DNA Sequencing

Fungi, ITS 2

Surface sterilized plants

Shoots

Roots

Liquid 
nitrogen

Tissue 
Powder

PowerSoilDNA®

IlluminaMiseq®
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Sequences reads

500
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This is the first research study about 
amphibious plants microbiome Fungi/Bacteria 
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Preliminary Results 
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Prokaryotes

Samples

Phylum
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Aquatic
roots

Aquatic
shoots

Terrestrial
roots

Terrestrial
shoots

Prokaryotes
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Prokaryotes
Proteobacteria
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Prokaryotes
Bacteroidetes
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Aquatic stage - root

Aquatic stage - shoot

Terrestrial stage - root

Terrestrial stage - shoot

Weighted-UNIFRAC
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Aquatic stage - root

Aquatic stage - shoot

Terrestrial stage - root

Terrestrial stage - shoot
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Aquatic stage - root

Aquatic stage - shoot

Terrestrial stage - root

Terrestrial stage - shoot
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Fungi

Samples
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Principal Components Analysis (PCA)
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Fungi
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Eryngium castrense
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- Aquatic roots and terrestrial roots 
microbiomes are differentiated 

- Plant compartment is an important driver 
for community composition

- An experiment and microscopy required to 
address the role of microbial endophytes 
living within amphibious plants

Summary
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Future directions

Manipulative experiment

Plants with symbionts vs Plants without symbionts
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General hypothesis:

Plants’ ability to live in vernal pools 
environment is linked to fungal endophytes.
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