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North Carolina School of Science and Mathematics (NCSSM) Endophyte Diversity Workshop
An outreach activity organized by the Lutzoni lab, Duke University, for the NSF funded Dimensions of Biodiversity project entitled “An interdisciplinary study of hyperdiverse endophytic fungi and their function in boreal forests”
http://www.endobiodiversity.org

NCSSM contributors:

Myra Halpin, Dean of Science, Coordinator and Supervisor

Linda Schmalbeck, teacher, Supervisor

Duke University contributors:

Ryoko Oono, Postdoctoral Researcher, Main Instructor

François Lutzoni, Associate Professor, Supervisor and Instructor

Emilie Lefèvre, postdoctoral Researcher, Instructor

Martín Ramirez Mejia, Research Assistant, teaching assistant

Terry Corliss, Senior Lab Administrator, Coordinator

University of Arizona contributors:

Susan Furr, Research Technician, Workshop Developer and Consultant

A. Elisabeth Arnold, Associate Professor, Consultant

Schedule:
½ day lab at Duke University (November 7, 2011; 1-5 PM) – Workshop part I

½ day lab at NCSSM (Dec. 3, 2011; 1-5 PM) – Workshop part II

Objectives:

1. Students will be able to describe endophytes and how they are different from other fungal microorganisms, like pathogens and saprophytes.

2. Students will know where endophytes can be found, how to isolate endophytes from plant tissue in a lab setting and how the DNA of these fungal cultures is sequenced. 

3. Students will be able to explain why it is important to study endophytic fungi and fungi in general.

4. Students will characterize endophytes morphologically and molecularly. 

5. Students will use basic online software tools at the National Center for Biotechnology Information to identify unknown endophyte cultures. 

6. One selected student will experience conducting research in a lab at Duke University for a period of up to two years. 

Key Vocabulary:
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Axenic culture
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Endolichenic fungus

Endophyte

Endophytic fungus

Horizontal transmission

Hypha

Leotiomyceta

Lichen

Mutualism

Mycelium

Parsimony

Pathogen

Pezizomycotina

Polymerase Chain Reaction (PCR)

Saprophyte

Secondary metabolite

Species

Species richness

Stomata

Spore

Symbiosis

Vertical transmission

Workshop Part I (Duke University, West Campus, French Family Science Building, room 1247): 

Introduction to Fungi and Fungal Endophytes


Instructors will introduce students to the world of fungi and fungal endophytes in a classroom setting. We will briefly cover background biology of fungi and of plants to place the endophytes within a familiar context for the students. Topics to be covered:

A. What is an endophyte? “Defined functionally as fungi living within plants or lichens without causing detectable symptoms of disease, diverse, horizontally transmitted endophytes have been found in every plant and lichen species examined thus far, and increasingly are recognized as an accessible but under-exploited trove of ecological, genetic, and functional diversity.”
B. What are fungi? What are plants? What are the different groups of fungi? Which subgroup of fungi are endophytes most commonly found in? 

C. Are endophytes all found inside plants? Are they found on plants? What parts of a plant do they infect? Are they found on mosses? Ferns? Algae? Lichens?


D. What are endophytes doing in the plant? Are they parasites? Are they saprobes? What are some current hypotheses?


E. What are endophyte communities like in old and young pine needles?


F. What are endophyte communities like in long-lived and short-lived leaves, like pine and maple?

Field Trip to Duke campus to collect plants and lichens (30 minutes)
 
We will go collect plants outside and bring them back to the lab. Describe the plant, approximate age of leaves, etc. Set up a hypothesis (e.g. endophyte communities will be different between young vs. old leaves). We will collect from host plants from which we already have available endophyte DNA sequences, e.g. loblolly pine, maple, pine seedlings.  

Lab stations at Duke to culture and learn about lab protocols (2 ½-3 hours)
Students will be divided into three small groups and rotate between different stations that are lead by instructors. Stations include:


1. Cutting/Sterilizing/Plating 20 pieces per student (Ryoko) 


2. Looking at endophytes that have already grown on petri dishes and describe morphology under microscope and touring of Lutzoni lab (François)


3. Learning about DNA, PCR, gel electrophoresis image analysis, and sequencing (Martín)

Students will take back to NCSSM 20 petri dishes, which will be used for morphological observations in Workshop Part II. 

Workshop Part II (NCSSM):

Introduction to research on endophytes (1 hour)

Instructors will present why and how researchers study endophytes in a classroom setting using Powerpoint presentation slides and props. Topics to be covered:

A. Why study endophytes? “Endophytes produce metabolites of use in agriculture, medicine, and industry, and provide an array of previously understudied benefits to their hosts, including defense against pests and pathogens, and – of special relevance in the era of climate change – tolerance to heat and drought.”

B. How are endophytes applied? Briefly discuss endophyte applications, e.g. taxol in chemotherapy, endophytes that allow heat tolerance in host plants, endophyte enzymes for study of biofuels, metabolic regulatory roles like indole.
C. How do you study endophytes? Briefly discuss endophyte classification and identification methods, such as morphological types, functional types (e.g. substrate use, enzyme activity, tissue degradation activity, secondary metabolite production), and operating taxonomic units (OTUs). There will be a brief overview of fungal classification and phylogenetic methods. 

Microscope Activity: Describe the morphology of endophytes from Workshop Part I’s cultured samples (1 – 1 ½ hours)

A. Describe/draw in detail under microscope and categorize the endophytes into morphological species.

B. Calculate infection frequency. 

Computer Activity: Learn bioinformatics tools that help researchers classify  endophytes with DNA (1 ½ - 2 hours) 
A. Students will be given DNA sequences of endophytes collected from the same Workshop Part I plant hosts (e.g. loblolly pines, maples, loblolly pine seedlings.). Sequences will be provided by Lutzoni lab researchers. 

B. Students will use BLAST, an online bioinformatics tool, to identify what endopyte they were given. 


C. We will have a discussion of why we use OTUs and genotypes to study endophytes.
Wrap-up Assessment: (1 hr)

A. Group presentations on infection frequency, morphological species, and sequence species for the different hosts (maple, pine, pine seedling)

B. Comparison of group results and discussion. Test our original hypotheses. 
C. Evaluation of workshop by participants
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