20.109 – Fundamentals of Biological Engineering
Runstadler lecture outline



February 20, 2014


Module 1, Lecture 4 – Outline: Assessing the microbiome, part 2
Goals:

1. Discover the Microbiome, basic structure and function revealed by experiments – part 2

Learning outcomes:
1. Be able to describe the basic structure of a host microbial (bacterial) community

2. Use some measures to compare the structure of two or more communities

3. Explain some of the factors that effect community structure

4. Develop hypotheses about the differences that may change or manipulate community structure/function
Cloning in lab today – cloning yesterday and today, how does it fit in?


Importance of understanding behavior and structure (measure) of microbiota in animals/environment in order to manipulate, make, and model using these communities.
A. Microbial Community Analysis (continued)
Early organismal work established the relationship between physiology and microbiota
“microbiota” versus “microbiome”
Altering the diet can change the structure

And it is inducible by diet in the mice with a carbohydrate rich vs fat/sugar rich (Turnbaugh 2006)
AND if you change status by altering diet, there is a community change. 
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Dieting in obese human individuals shows that individual communities are unique (Ley 2006)
Moreover, in mice, this phenotype is transferable and results in weight gain in otherwise healthy mice as shown by metabolic products (fatty acid synthesis) and weight gain in wild type vs obese donor (Turnbaugh, 2006)
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(The structure of the gut (and other) microbial communities is related to their function in the host
Study of Mammalian microbiota shows broad influence of taxonomy and diet
Study design (Ley 2008):

· rRNA sequences from gut microbiome of 106 individual mammals 

· 60 mammal species, 13 taxonomic orders, 17 non-human primates

· Different mammals with different diets

· Included herbivorous primates (colobus)

· Same species from different places (zoos and wild)

· Network-based analysis to study shared/unique community members

· Looked at markers (stable isotope) for trophic levels vs. diversity

The Bottom Line:

· Same host species were more similar to each other than to different host species, with respect to their microbiota composition

· The clustering by diet (herbivore, omnivore, and carnivore) was highly significant in both tree-based and network-based analyses

· Host diet and phylogeny both influence diversity (comparing zoo and wild)
· Diversity increases, from carnivores to omnivores to herbivores.

· Modern human gut microbiota is similar to other primates

Remember graphs for two primary early observations:

1) #seqs (y axis) per bacterial taxa (x axis) or per %diff from closest known (see below)
2) #unique seqs (y axis) per total reads (x axis)
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Leads to two big questions (among many little ones)


Is there a core microbiome (or some variation)?



How might you draw this?

How much does the rare biosphere matter?



E. coli – classic gut bacterium because it is culturable



Its gamma proteobacteria phylum is <1% of most communities

How much do these impact physiology? Susceptibility to disease?
B. UniFrac metric and community comparison (Lozupone and Knight, 2005)
Based on phylogenetic methods (which we’ll consider more deeply the week after next)
Basics are the phylogenetics are the following:

· Create distance matrix (or dissimilarity measure) based on the number mismatched bases in nucleic acid (or aa) alignment
· Build tree based on distances

· Define leaves, branches, taxa

· Different methods have been developed to accurate resolution of the branch positioning and lengths.

This becomes a much, much, much, much, much harder as you add leaves beyond 3-4
Many dissimilarity measures exist for comparing communities, but one in common use is UniFrac
· UniFrac (Unique Fraction metric) builds a distance matrix based on the amount of shared branch length for the phylogeny between any two groups (environments, animals, etc…)
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