
UC Davis
UC Davis Previously Published Works

Title
Back to the Sea: Seagrass As a Model System for Plant Microbiome Studies

Permalink
https://escholarship.org/uc/item/8wv851r7

Author
Eisen, JA

Publication Date
2018-01-22
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8wv851r7
https://escholarship.org
http://www.cdlib.org/


Back to the Sea:  
Seagrass As a Model System for Plant 

Microbiome Studies 

Jonathan A. Eisen 
UC Davis 

January 22, 2018 

Bilateral Joint Symposium  
Academia Sinica & UC Davis



Back to the Sea:  
Seagrass As a Model System for Plant 

Microbiome Studies 

Jonathan A. Eisen 
UC Davis 

January 22, 2018 

Bilateral Joint Symposium  
Academia Sinica & UC Davis



Lessons Learned When You Work on 
Something You Know Nothing About 

Jonathan A. Eisen 
UC Davis 

January 22, 2018 

Bilateral Joint Symposium  
Academia Sinica & UC Davis



Seagrass Microbiome Project 
Lesson 1: 

Good Colleagues Are A Good Thing



Sept. 2010: Moore Foundation MMI RFI



Sept. 2010: Moore Foundation MMI RFI

2 Page Idea Summary 
 Due November 8, 2010
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Contacted Colleagues

• Jessica Green 
• Katie Pollard 
• Jenna Lang (in my lab) 

• Multiple calls, not sure what to propose 

• Also - extremely busy teaching BIS2C w/ 
4 lectures per week and 700 students



Oct. 2010 Jim Doyle: Aquatic Monocots
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Oct. 2010 Jim Doyle: Aquatic Monocots



Seagrass w/in Monocots
Dicots

Monocots

Alismatales



Seagrasses w/in Alismatales

Tree inferred by Jenna Lang based from rbcL sequences using RaxML



Seagrasses Polyphyletic

Tree inferred by Jenna Lang based from rbcL sequences using RaxML



Seagrasses: 3 Invasions of Marine

Tree inferred by Jenna Lang based from rbcL sequences using RaxML



Seagrass Diversity

Image from Reynolds PL. Seagrass and Seagrass Beds 
 http://ocean.si.edu/seagrass-and-seagrass-beds



Seagrasses: Significant Convergence

Tree inferred by Jenna Lang based from rbcL sequences using RaxML



Seagrass Microbiomes?

• Many reasons for interest 
• Convergence of microbiomes? 
• Comparison to other monocots  
• Adaptations to salt / marine environment 

• But … 
• No experience in our mega-group working 

with seagrass … 
• Little literature on seagrass microbiomes 

• So? ….



Seagrass Microbiome Project 
Lesson 1: 

Good Colleagues Are A Good Thing



Jay Stachowicz - Seagrass EcoEvo



Letter to Jay Stachowicz
Jay - apologies in advance for a long email ... 

I am writing to see if you would have any time in the next week to discuss a somewhat last 
minute idea I am working on for a two page white paper I want to send to the Moore Foundation. 

They have out a call for short idea papers (http://www.moore.org/mmi-rfi.aspx)  for new research 
areas in marine microbiology and if they like your white paper might ask for a full proposal.  The 
idea I and a collaborator (actually someone I think you may know - Jessica Green) have is to 
propose studies of the diversity and function of microbes living in and on marine plants/algae.  I 
think this could be of scientific value and interest both from a comparative point of view as well 
as in terms of the marine organisms in question.  There is some literature on this, as you may be 
aware, but not an enormous amount.  What I have found though suggests that there may be 
some important and interesting functions yet to be characterized associated with the microbiota 
living in association with these organisms. 

Alas, I know little about the host organisms here - though I have done work on microbes living in 
and on lots of other species.  I know that you have done some work on eelgrass and possibly 
other marine plants/algae and may even have done some work on microbes with  which they are 
associated (I think a student mentioned this at some point,  but not sure anymore what they 
said). 

Anyway - I was wondering if you had any time to talk briefly about this idea in the next week and 
whether you would be interested in participating in the white paper.

http://www.moore.org/mmi-rfi.aspx
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Jay Stachowicz - Seagrass Guru

Image from Reynolds PL. Seagrass and Seagrass Beds 
 http://ocean.si.edu/seagrass-and-seagrass-beds

• Seagrass Importance 

• Ecosystem Structure 
• Living Habitat 
• Foundation of Food 

Webs



Zostera marina (eelgrass) is the most abundant seagrass 
throughout the northern hemisphere

Slide from Jay Stachowicz



Eelgrass provides shelter (and food) for many animals

Slide from Jay Stachowicz



Seagrass Microbiome

  ●  Aim 1: How have the microbial communities associated with 
seagrasses co- evolved with their hosts and what roles in the 
past and currently do microbes play in adaptations of plants to 
fresh and marine water life? 

  ●  Aim 2: What drives the community assembly of the 
seagrass microbiome, and specifically within the Zostera 
marina model system? 

  ●  Aim 3: What role does the microbial community play in the 
functional ecology of the Zostera marina (with a specific focus 
on sulfur and nitrogen metabolism and primary production)? 

Jenna LangJessica GreenJay StachowiczJonathan Eisen
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Seagrass Microbiome Project 
Lesson 2: 

Location Matters 
Except When it Doesn’t



Where To Start When You Know Nothing?



Intraplant Microbiome Biogeography

Hannah 
Holland-Moritz

Ruth Lee

Jenna Lang

rRNA gene PCR, sequencing, informatics



Rhizome Roots vs. Shoot Roots vs. Leaf

Variation in microbial community composition in Z. marina. PCoA plot of weighted Unifrac distances between 
samples. Communities cluster by tissue type (PERMANOVA, p <0.001). Within root samples, rhizome roots 
differ from shoot roots (PERMANOVA, p < 0.001).



Location Matters Except When it Doesn’t

● There is more distinct micro-variation 
below-ground than above 

● Proximity to the shoot is an important 
indicator of community composition 
(and possibly community function)  

● Predicted sulfur cycling microbes 
dominate all communities regardless of 
location



Seagrass Microbiome

  ●  Aim 1: How have the microbial communities associated with 
seagrasses co- evolved with their hosts and what roles in the 
past and currently do microbes play in adaptations of plants to 
fresh and marine water life? 

  ●  Aim 2: What drives the community assembly of the 
seagrass microbiome, and specifically within the Zostera 
marina model system? 

  ●  Aim 3: What role does the microbial community play in the 
functional ecology of the Zostera marina (with a specific focus 
on sulfur and nitrogen metabolism and primary production)? 

Ecology



Zostera Experimental Network (ZEN)

• 40 Sites in 24 countries 
• Eelgrass genetic composition  
• Eelgrass above and below 
ground biomass 

• Associated epifauna and 
infauna

Original experimental sites
Zostera marina

Emmett Duffy

Pamela Reynolds Kevin Hovel

Jay Stachowicz

http://zenscience.org



Seagrass Microbiome ZEN Kit

Jenna 
Lang

$25 
custom filters 

3D-printed stand

Russell 
Neches



ZEN Microbiome Sampling

Emmett Duffy

Pamela Reynolds Kevin Hovel

Jay Stachowicz

http://zenscience.org

• Sent kits 
• Asked to sample leaves, 
roots, sediment and water



Seagrass Microbiome Project 
Lesson 3: 

Good Communities are a Good Thing



ZEN Microbiome Sampling

Fahimipour AK, Kardish MR, Lang JM, Green JL, 
Eisen JA, Stachowicz JJ. 2017. Global-scale 
structure of the eelgrass microbiome. Appl Environ 
Microbiol 83:e03391-16. https://doi.org/10.1128/
AEM.03391-16. Jenna 

Lang
Ashkaan 

Fahimipour
Melissa 
Kardish

DNA 
Extraction

rRNA Gene 
PCR and 

sequencing
Informatics

https://doi.org/10.1128/AEM.03391-16
https://doi.org/10.1128/AEM.03391-16


Global Structure of Eelgrass Microbiome

Results

PcoA Environmental  
Similarity• Leaf, roots and 

sediment different 
• Leaves resemble 
water 

• Leaves more similar 
to local water 

Fahimipour AK, Kardish MR, Lang JM, Green JL, Eisen JA, 
Stachowicz JJ. 2017. Global-scale structure of the eelgrass 
microbiome. Appl Environ Microbiol 83:e03391-16. https://
doi.org/10.1128/AEM.03391-16.

https://doi.org/10.1128/AEM.03391-16
https://doi.org/10.1128/AEM.03391-16


Sulfur Metabolism Enriched on Roots

Results

Fahimipour AK, Kardish MR, Lang JM, Green JL, Eisen JA, 
Stachowicz JJ. 2017. Global-scale structure of the eelgrass 
microbiome. Appl Environ Microbiol 83:e03391-16. https://
doi.org/10.1128/AEM.03391-16.

https://doi.org/10.1128/AEM.03391-16
https://doi.org/10.1128/AEM.03391-16


Edge Effects: Does in Matter Where Plants Are?

Ettinger CL, Voerman SE, Lang JM, Stachowicz JJ, 
Eisen JA. (2017) Microbial communities in sediment 
from Zostera marina patches, but not the Z. marina leaf 
or root microbiomes, vary in relation to distance from 
patch edge. PeerJ 5:e3246 https://doi.org/10.7717/
peerj.3246

Jenna 
Lang

Cassie 

Ettinger

Sofie

Voerman

https://doi.org/10.7717/peerj.3246
https://doi.org/10.7717/peerj.3246


Edge Effect in Sediment but Not Plant Microbiomes

• Plant parts (root, leaf) and near-by sediment different from each other.  
• Edge effects not seen for plant microbiomes 
• Edge effect seen for sediment



Seagrass Microbiome Project 
Lesson 4: 

Disturbance Can Be Good and Bad



Succession During Ammonification

Ettinger CL, Williams SL, Abbott JM, Stachowicz JJ, 
Eisen JA. (2017) Microbiome succession during 
ammonification in eelgrass bed sediments. PeerJ 
5:e3674 https://doi.org/10.7717/peerj.3674

Susan

Williams

Cassie 

Ettinger

Jessica

Abbott

Changes appear driven 
by sulfur cycling w/ 
decreases in sulfur 
reducers 
(Desulfobacterales) and 
corresponding 
increases in sulfide 
oxidizers 
(Alteromonadales and 
Thiotrichales). 

https://doi.org/10.7717/peerj.3674


Moderate 4.5° C increase

Alana

Firl

Laura

Reynolds

Jessica

Abbott

Susan

Williams

Katie

DuBois



Leaf microbiomes exhibit T°-related shifts
Acclimation (T1) Treatment (T2) Recovery (T3)

Le
av
es

R
oo
ts



Seagrass Microbiome Project 
Lesson 5: 

Don’t Forget Your Roots



Intraplant Sampling Metagenomics

Laura 
Vann

Shotgun Metagenomics Sequencing and Informatics

Guillaume 
Jospin

Melissa 
Kardish



Kaiju Classification of Reads 



Zoomed In



Large #s of “Chemosymbionts” of Clams



Clams in Seagrass Beds



Chemosymbionts of Bivalves



Chemosymbionts of Bivalves



Chemosymbionts



Future Plans



JGI Seagrass Pop Geno/Microbiomics  

216 Zostera marina

Thalassia testudinum

Cymodocea nodosa

Posidonia oceanica

Potamogeton crispus

Spirodela 

Jeanine 
Olsen

Jay 
Stachowicz

Slide by Laura Vann from Tree from Les et al., Syst. Bot. 1997

Yves van 
De Peer



http://zenscience.org

• Sent kits 
• Sampled microbiomes of 
leaves, roots, sediment 

• Sampled leaves for genomes Jeanine 
Olsen

Laura 
Vann

Jay 
Stachowicz

JGI Seagrass Population Sampling  



Microbial Manipulation of Seagrass?

Raquel  
Peixoto



Microbial Manipulation of Mangroves

Before… no plants even after 
revegetation

3 years after PGPR oil degrading + 
biostimulation treatment

Taketani et al., 2009 (Journal of Microbiology), 2010 (Antonie); Santos et al., 2010 (PLOS One),  Santos et al., 2011 (PLOS One); Santos et 
al 2010 WASP; Peixoto et al., 2011 (Antonie) Carmo et al., 2011 TJOM; Peixoto et al., in preparation;  
Carmo, Santos, Peixoto, Rosado, patent 2016 

Raquel  
Peixoto



Probiotic consortium from Pocillopora damicornis

BMC screening 
7 strains

Microbial Manipulation of Coral



Microbial Manipulation of Seagrass?

Raquel PeixotoMelissa KardishJay Stachowicz



Massively Parallel Undergraduates

Pic of Karley Lujuan

David Coil

• Karley Lujuan  
• Marcus Cohen 
• Katie Somers  
• Taylor Tucker 
• Hoon San Ong 
• Neil Brambhatt  
• Hena Hundal  
• Daniel Oberbauer 
• Briana Pompa-Hogan 
• Alex Alexiev 
• Ruth Lee



Seagrass Microbiome Project 
Key Lesson: 

Good People Are A Good Thing



David Coil

Jeanine

Olsen

Laura

Vann

Yves van

De Peer

Guillaume

Jospin

Melissa

Kardish

Alana

Firl

Laura

Reynolds

Jessica

Abbott

Susan

Williams

Katie

DuBois

Cassie 

Ettinger

Sofie

Voerman

Ashkaan 
Fahimipour

Russell

Neches

James 

Doyle

Jenna LangJessica GreenJay Stachowicz

Hannah 
Holland-Moritz

Ruth 

Lee Pamela 


Reynolds

• Karley Lujuan  
• Marcus Cohen 
• Katie Somers  
• Taylor Tucker 
• Hoon San Ong 
• Neil Brambhatt  
• Hena Hundal  
• Daniel Oberbauer 
• Briana Pompa-Hogan 
• Alex Alexiev 
• Ruth Lee




