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Module 1, Lecture 2 – Outline

Goals:

1. Introduce the overall module 

2. Define what we mean by Disease Ecology 
3. Explain considerations in primer design 
4. Introduce microsporidia

Learning outcomes:
1. Be able to describe to a layperson, but using common biological terms, what will be accomplished in the lab module (1).

2. Be able to explain what the object of this type of science is. Why do we want to compare microbial communities and identify microsporidia? (2).

3. Be able to use knowledge about primers to compare and refine pcr primers (3).
4. Be able to explain the basic characteristics of the microsporidia and why we are interested in this organism (4).

A. Introduction to Module - Gull system 
Where is influenza?
· Birds – primarily in waterfowl – until 2004, most work in dabbling ducks:
· Fecal-Oral spread via aquatic interface

· Epizootiology – importance of naïve birds (breeding/northern latitudes)

· Must consider ecology and immune memory in the equation. Outbreaks are different.

· Environmental component seems critical – unlike in human disease and consistent with a primarily fecal-oral route.
How do we collect?

· Bird poop! Advantage to having bird in hand ( Can learn about the “Ecology” 

· Gull life history and why are they different?

· Consider migration – most birds that carry influenza migrate
· How might susceptibility be affected by:
· Physiology

· Movement to different habitat?

· Other?

· Remember, We want to know about the ecology (and more): e.g. where do they transmit and why – in what environment, time, space?

Flu in birds is GI infection ( microenvironment may be important.

· Microbial community work demonstrates it an important component of the “environment” and of the host-pathogen relationship

B. What is “disease ecology”
What is the difference between epidemiology and disease ecology?
· Epidemiology: the study of the determinants of diseases and injuries
· What causes disease?

· Mechanistic and the mechanistics of how do you identify the causes?
· Disease ecology: the study of the underlying principles that influence the spatio-temporal patterns of diseases ( much broader and includes Immunology, microbiology, genetics, medicine of disease, including epidemiology
· Why do the patterns of disease occur as they do?
· Conceptual: which variables are important and why?

Why do we want to understand disease ecology: 
· host-pathogen-environment model
· In a sense, the disease ecology is the study of the overlap of different populations in time and space describing the dynamics of the infectious disease.

· It is an emergent property of the system.

· Consider where reservoir is added (encompassing pathogen) as zoonotic dz. (influenza, rabies, some parasites, etc…)
· Reservoir could be pig, bird, etc…

· Hantavirus, trichinella spiralis, capillaria hepatica are all rodent borne.

· Add in Vector for vector borne disease (Lyme, WNV, bubonic plague, bartonellosis)

· Yersinia is a rodent borne one
C. Primer design considerations
Pathogen/Microbe identification – Nucleic acid chemistry

What are different ways you might identify?
· morphology

· antibodies (protein identification)

· nucleic acid

· phenotypic (enzymatic activity – proteins)

· NMR – biothreat

· Think about other – maybe you could improve

· Module 1 focuses on PCR and sequencing
· Review PCR – denature, anneal, extend, repeat – exponential reaction in right conditions
· Primer design considerations are one of the most important and is what we can control:
· In fact, there is a whole field of DNA origami that has originated out of this knowledge.

1. Primer Length:

· Optimal – 18-22 bp

· Consider frequency with which these occur in a genome of x size

· Long enough for specificity

· Short enough to keep appropriate Tm and efficiency

· Long or inefficient primers can bring down product

· Aim for >50 C annealing (55 Tm)

2. Tm & Ta
· Need both primers to be relatively similar to avoid mispriming and inefficient binding

· nearest neighbor thermodynamic calculations with the formula: 

Tmprimer = ∆H [∆S+ R ln (c/4)] –273.15°C + 16.6 log 10 [K+] 

where H is the enthalpy and S is the entropy for helix formation, R is the molar gas constant and c is the concentration of primer. 

· Within the length of most primers, a good approximation can be had by:

Tm = 2(A+T) + 4(G+C)
· The product must also be melted at ~92-94 C. Most under 600 bp and standard conditions are.

· If there is doubt, the product Tm can be calculated using the formula: 

Tm = 81.5 + 16.6 (log10[K+] + 0.41 (%G+C)–675/length. 

Under standard PCR conditions of 50 mM KCL, this reduces to(3): 

Tm = 59.9 + 0.41 (%G+C) – 675/length 

· Ta = 0.3 x Tm(primer) + 0.7 Tm (product) – 14.9

where,

Tm(primer) = Melting Temperature of the primers

Tm(product) = Melting temperature of the product

3. Base content and Specificity
· Partly dependent on primer length (longer is more likely to be more specific)

· Want to avoid repeats, runs, and particularly mispriming at the 3’ end – can be extended at lower temperatures by active polymerase

· Can be dependent on what your template is – repeat is smear in genomic DNA, but may give clear band on a plasmid

· Poly GC can result in mispriming

· Poly AT can “breath” too much and is more flexible to form 2ary structure
· Poly polypurine (AG) or polypirimidine (CT) can misprime

· G/C clamp at 3’ end – avoid breathing, help specificity; but not too many G/Cs
4. Complementary primer sequence
· Need to avoid hairpin products (no more than 3 bp match)

· Worse at 3’ end
· Represented by Gibbs Free Energy required to break the secondary structure: ΔG = ΔH – TΔS
· Larger negative number is more stable

· Need to avoid primer dimer (inefficiency): self-dimer and cross-dimer
· Need to especially avoid 3’ match (competitive product)

· Affect primer availability and annealing

5. Template secondary structure

· Avoid regions of stable secondary structure, with respect to Ta
6. Optimal?
· Random nucleotide, 50% GC, 20 bp?

· Keep in mind that synthesis is not perfect.

· Misincorporation of a nucleotide occurs ~1-2%

· Therefore, (0.98)oligolength = fraction of synthesized primer that will have the correct sequence unless purified by some means (PAGE, HPLC)

· For a 20mer, that is 2/3

Degenerate primers may also be useful where there is variation or where only an amino acid is known.

***Remember, assay design (knowledge of the biology to engineer) can have enormous impact despite the sensitivity/specificity of the overall assay concept (eg PCR).

D. Microsporidia biology (review)
Why might they be of interest as a co-infection?

· Chronic diarrhea and wasting are the most common symptoms of microsporidiosis, but different species invade different sites including the cornea, urinary track, brain, lungs, and muscles. Thus, the symptoms of microsporidiosis varies greatly depending on the site of infection.

1200 species in 143 genera, 14 species of 8 genera documented to infect humans.

· Classification is difficult – originally as protist, now at least sister to fungi.

How might you diagnose? 
· Microscopy (morphology)

· Immunoflourescent (Ab)

· PCR (genetic)


