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What are the hooks for this paper?
· Whole community approach
· Native species in native soil
· Drought response microbial communities 
· Monkeyflowers

START DRAFT 
INTRO & SIGNIFICANCE 
· All plants have a community of asymptomatic microbes inhabiting their tissue known as endophytes. 
· Increasing evidence suggests that microbes are an extension of plant host phenotype and can ultimately help them adapt in response to stress, including drought (Compant, Van Der Heijden, & Sessitsch, 2010). 
· Additionally, stressful conditions may select for distinct endophyte taxa with specific functions (Lemanceau, Blouin, Muller, & Moënne-Loccoz, 2017).
· Further understanding of how the structure of endophytes shift in response to drought is a potentially important avenue for identifying significant biotic interactions that may play a role in stress response to climate change and perhaps predicting species distribution shifts. 
· The aim of this project is to examine changes in endophyte communities in plants suffering from drought. 
· As the plant experiences stress these compositions may shift, providing evidence for the effect of stress on the endophyte community structure. By sampling the microbiome of E. laciniata in controlled and drought conditions it may be possible to demonstrate the role of drought in the composition and abundance of endophyte communities.
· WHERE IS ROOT VS SHOOT INTRODUCTION STUFF?
· Goal: To examine changes in endophyte communities in plants suffering from drought.
QUESTIONS 
· Does drought alter endophyte composition and diversity in E. laciniata?
· Are endophytes more diverse in the root tissue more than the shoot tissue of the plant? 
· To investigate if particular endophyte communities are shaped by stress this project aims to examine the endophyte communities within plants with access to their native microbes in 1) drought conditions and 2) controlled watering conditions.
· Is there increased endophyte diversity above-ground or below-ground tissue?    
[bookmark: _GoBack]BACKGROUND
1. ENDOPHYTES
· STRESS RESPONSE: 
· Research on endophytes has been on the rise due to its important role in directly benefiting plant growth and diversity(Afkhami & Strauss, 2016; Hardoim et al., 2015), ameliorating the effect of stress on host plants (Chadha et al., 2015; David, Thapa-Magar, & Afkhami, 2018; Khan et al., 2012), and assisting plants in obtaining nutrients from water deficient environments (Vázquez-de-Aldana, García-Ciudad, García-Criado, Vicente-Tavera, & Zabalgogeazcoa, 2013).
· FUNGI
· These fungi are increasingly recognized for their role in plant tolerance to stress, including heat (Hubbard, Germida, & Vujanovic, 2014; Redman, Sheehan, Stout, Rodriguez, & Henson, 2002; Rodriguez et al., 2008) drought START HERE (Rodriguez et al. 2009, Azad et al. 2016), and plant response to global climate change (Compant et al. 2010, Redman et al. 2011, Kivlin et al. 2013, Slaughter et al. 2018).
· BACTERIA 
· COMMUNITY STRUCTURE AND ORGANIZATION 
· More recent studies suggest endophyte filtering by abiotic conditions (Zimmerman & Vitousek 2012), while others have found biotic interaction to be the main cause of fungal endophyte assemblage (Harrison et al. 2018).
· Furthermore, since fungi vary dramatically in their resource allocation, there are often distinct differences in fungal community structure between plant compartments, above-ground (shoot) and below-ground (root) (Taylor & Bruns 1996).
· In some cases, plant compartments and biogeography are the main drivers in community composition (Coleman-Derr et al. 2016).
2. PLANTS, DROUGHT, AND ENDOPHYTES
· Plants are particularly susceptible to changes in their climate environment (Thomas et al. 2004) or tolerate the stress (Berg et al. 2010, Bita & Gerats 2013).
· Biotic interactions have been known to factor into persistence for some time (Prestidge et al. 1982). Increasing evidence suggests that microbes are an extension of plant host phenotype and can ultimately help them adapt in response to stress from changing environments (Compant et al. 2010, Hirt 2012, Lau et al. 2017, Bang et al. 2018). Additionally, stressful conditions may select for distinct fungal endophyte taxa with specific functions (Lemanceau et al. 2017).  
· Plants depend on seed dispersal and physiological adaptations to mitigate the impacts of drought (Bartels et al. 2005) however; they may not be acting alone (Rodriguez & Redman 2008).
· Plant root systems are able to attract and select microbial communities endowed with plant growth promoting traits to persist through water scarcity events (Marasco et al. 2012). 
· Contrarily, precipitation has been linked to microbial community diversity (Giauque & Hawkes 2013), indicating that drought could affect the structure of endophytes. 
· Drought has been heavily studied in the context of plant-fungal interactions with the vast majority suggesting that these associations help reconcile the effects of drought on the plant host, for example conferring physiological protection to plants when water is scarce (Hahn et al. 2008) and stimulating plant growth (Marulanda & Azcón 2009). 
· Although much of the literature investigates plant-fungal interactions in the context of drought in agricultural systems, this proposal aims at studying these interactions over an entire species range impacted by the effects of rising temperatures in a natural ecosystem.
3. MONKEYFLOWERS AND NATIVE COMMUNITIES
· In order to understand how these interactions occur in nature, it is important to study the structure, assembly, and biodiversity of native fungal endophytes from natural environments.
· The subject for this project is the native annual Cut-leaf Monkeyflower (Erythranthe laciniata, formerly Mimulus laciniatus)
· This plant is an ideal system for its ease of manipulation in the lab, proximity of its range to lab facilities, availability of the plant genome, and its unique ecology and evolutionary patterns. 
· Monkeyflowers are a hyperdiverse group of flowering plants that are a model system for studying ecology and genetics (Angert 2009, Sexton 2016). 
· Erythranthe laciniata are native endemics to the Sierra Nevada and experience a distinct elevation-climate gradient with low elevation warm-edges susceptible to increasing temperatures and high elevation cool-edges (Fig. X MAP). 
· Monkeyflowers are known for their ability to adapt to a variety of environments (Twyford & Friedman 2015). As a seep-adapted plant, E. laciniata grows from mossy patches in cracks and shelves of granite rock outcrops and acquire water seasonally from snowmelt runoff. 
· Their flowering season takes place between March and July and their seeds (several hundred per flower) are easily accessible in the wild from dried capsules. This allows the plant and its endophytes to be sampled several times throughout its season and for the collection and implementation of seeds in future experiments. 
· This system provides a range-wide perspective in a drought-stressed context, giving it the potential to inform the complexity of interactions from drought-affected regions. 
4. NEXT GEN SEQUENCING 
· The use of culture-dependent and next-generation sequencing has been instrumental in identifying the role of endophytes in stress response from drought (Sun et al. 2010, Singh et al. 2011). 
· Sequencing technology has been used to assess fungal diversity and abundance from particular plant compartments (Bills & Polishook 1994, Sun & Guo 2012), transmission routes, the effect of fungal composition on the host, and the effect of treatments or environment type on the fungal communities (Arnold et al. 2007, Dissanayake et al. 2018). 

METHODS
SAMPLING AND GROWTH 
· In 2017, native soil was collected from a central E. laciniata population in the Sierra Nevada. 
· The soil was homogenized through 2 mm sterile sieves and then mixed in sterile bins. 
· The soil was then potted in three 36-cell potting trays and seeds were sown from bred lines.  
· Potted trays were cold stratified at 4 °C for two weeks to induce wintering conditions that trigger seed germination. 
· Trays were then transferred to controlled growth chambers (PGC Flex, Conviron) and grown on 14-hour day cycles ranging from 23 °C to 10 °C for the day and night conditions, respectively. 
· Plants were bottom-watered with sterile MilliQ™ (MilliporeSigma, Burlington, MA, USA) water every 1–2 days for 3–4 weeks. 
· Trays were rotated occasionally to remove chamber position bias. 
· Once plants grew to maturity, they were randomly assigned to either a drought or control treatment group or served as pre-experiment samples. 
· Pre-experiment plants were harvested, and drought and non-drought treatments were arranged in separated trays. 
· For 2–3 weeks drought plants received no water while the control group experienced the prior watering routine. 
· Harvested plants were separated into root and shoot compartments using a sterile razor, surface sterilized by sonication for 5 minutes (Lundberg et al. 2012), and stored in -80° C. 
· To homogenize plant tissue for DNA extractions, samples were flash frozen with liquid nitrogen and ground into a powder using a hand drill and ceramic bits. 
EXTRACTIONS
· Extractions were conducted using PowerSoil® DNA Isolation Kit (MO BIO Laboratories, Inc., Carlsbad, CA, USA). 
· Extracted DNA was amplified using the ITS ribosomal RNA gene to acquire diverse fungal groups (White et al. 1990). 
· Amplified DNA was tested for quality using NanoDrop™ (2000, ThermoFisher). Microbiome sequence data was generated at the Joint Genome Institute (JGI). 
· Sequences were prepared for the Illumina MiSeq sequencing platform (San Diego, CA, USA) for ITS rRNA amplicon analysis with fungal primers ITS9F GAACGCAGCRAAIIGYGA and ITS4R TCCTCCGCTTATTGATATGC (Menkis et al. 2012, White et al. 1990), using 96 well plates as per the JGI protocol (Rivers 2016). 
· All data from the sequencer were demultiplexed and filtered from contaminants. Microbial community composition was analyzed (Fig. X) using Qiime2 bioinformatics platform (release 2018.6, https://qiime2.org). 
· Currently, these data are being analyzed by comparing communities using Unifrac (Lozupone & Knight 2005), a distance metric used for comparing communities, and permutational multivariate analysis of variance (PERMANOVA) to statistically test for similarity (Anderson 2001). 

· We sampled both roots and shoots of E. laciniata plants grown in native soil in laboratory 1) controlled and 2) drought conditions. 
· Plant tissues were sampled at two time points in the plant life cycle to account for any shifts over time. 
· All tissue was analyzed for bacterial and fungal taxa. 
· DNA amplicon sequencing  
· Bacteria: 16S rRNA 
· Fungi: ITS2
· Community bioinformatics 
· Microbial composition analyzed using Qiime2
· Microbial community compared using Unifrac

RESULTS
· Root and shoot communities are distinct from each other. 
· Root communities shifted significantly when exposed to drought as compared to control communities
· Species richness varies by plant compartment.
· The root has more fungal and bacterial species. 
· Preliminary results indicate strong differences in endophyte between plant compartments (e.g. roots and shoots), suggesting that root communities are more impacted by the effects of drought than shoot communities. 
· Diversity of endophytes was also greater in the root communities than in the shoot, suggesting transmission of endophytes from their native soil. 







	Comparing 
Control vs. Drought
	Fungi Roots
	Fungi Shoots
	Bacteria Roots
	Bacteria  Shoots

	P-value
	0.001
	0.401
	0.001
	0.074



CONCLUSIONS
· Drought alters the endophyte root community significantly.
· Both community composition and species richness were increased in the root more than in the shoot.
· The root endophytes in E. laciniata may play an important role in drought stress response.
· Further understanding of how the structure of endophyte communities shift in response to drought and heat is a potentially important avenue for identifying significant biotic interactions that may play a role in stress response to climate change and perhaps predicting species distribution shifts (Van der Putten et al. 2010).
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