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Background
I. Warm up on the board, rows of students each take a “week”, rotate through weeks every minute (15 minutes)
	
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5

	Topic
	Dilution streak
	DNA Extraction
	PCR and Quantification
	BLAST
	Treebuilding

	Picture representation
	
	
	
	
	

	Why?
	Isolated colonies
	Material for sequencing
	Prep for sanger
	Rough estimate of our bugs
	Better estimate of our bugs

	Question for the group
	
	
	
	
	

	Consumable materials you used
	Plates, loops, gloves
	Qiagen DNAeasy kit
	Clean-up kit, EGel, Qubit
	$10/sanger reaction
	



Library Prep
II. Each group gets a copy of the protocol and will be assigned to a segment of the protocol. Each step will be written on the board with the questions below: 
Print protocols
Students: You are going to answer a set of questions that will require that you dig through the protocol and think critically. Not all the answers are obvious. Some of the questions are ones we were unable to answer clearly. While you may find these questions tricky and/or frustrating, they are meant to generate discussions and engage you. We want you to feel like you are doing the library prep yourselves. (20 Minutes) Put this note on the board. Use this lesson plan as a handout for the student to make notes on while David that is going over everything so that they can add info on the Google Doc for the class reflection. 
Theme Question: Why is the product of this process called a library?
All of our genome(s) are in the library, the amplicons are like the “books”. These books are a collection similar sized DNA pieces with known adaptor sequences added to both ends. 
0. Input DNA Prep – We will do these as a group so everyone understand the process before moving on to the Protocol (5-10 minutes)
Where is this material coming from? What part of the workflow? 
Extracted DNA
How much input material do you need? 
Table 1 (WGS)
Do we have enough DNA from ____ to continue with the library prep process?
Look up in Lab Notebook
What machine did we use to test that we had enough DNA? 
Qubit Values
What do we do about having really varied Qubit values?
Dilutions
Did we elute our samples in something that has EDTA? 
Yes 

1. Enzymatic Fragmentation
Why are we doing this part?
The paradox of sequencing. In order to starting DNA into smaller pieces, isolated DNA maybe fragmented using physical or enzymatic fragments 
How does the enzyme work?
Wikipedia restriction enzymes. 
Is this different from the Illunina/Nextera video?
Tagmentation takes care of fragmentation, end repair and A-tailing all at once?
How long did we run the thermocycler at 37 degrees? In other words, how long do we want our fragmented sequences to be?
3-10 minutes
Explain how 300 BP read lengths can cover 600 BP fragments 

2. End Repair and A-tailing
Why do we need end-repair?
Because DNA fragmentation does not result in homogeneous, blunt-ended fragments, end repair is needed to ensure that each molecule is free of overhangs, and contains 5’ phosphate and 3’ hydroxyl groups.
Why do we need to add (single) A-tails? 
Adaptors allow DNA to be sequenced, bit that attaches to the flow cell with barcode. 
For Illumina® libraries and some libraries intended for the 454™ platform, incorporation of a non-templated deoxyadenosine 5’-monophosphate (dAMP) onto the 3’ end of blunted DNA fragments, a process known as dA-tailing, is necessary. dA-tails prevent concatamer formation during downstream ligation steps, and enable DNA fragments to be ligated to adaptors with complementary dT-overhangs. - https://www.neb.com/applications/library-preparation-for-next-generation-sequencing/dna-library-preparation


3. Adaptor Ligation
What is the purpose of adding adaptors?
Primer annealing site, allows attachment to the flow-cell, barcodes 
What adaptor stock concentration did we use? 
3 ul, Table 3, page 5
How/when did we get the correct input DNA quantity for this stage?
10 ng, look at lab notebook, 3uM/long DNA don’t want to add too much adapter. 


4. Post-Ligation Clean-Up
Why do we need to clean up the Adaptor PCR product?
Un-ligated adapter and/or adapter-dimer molecules. Also remove buffer, enzymes, salts from sample that could affect down stream products
Clean DNA with adaptors on both ends and we only want to be dealing with stuff that’s on
How do DNA binding beads work? 
It uses magnetic beads that are positively charged, and will therefore bind to DNA, at low pH but at high pH they are negatively charged and release the DNA.
Bring in magnetic block???
Bring in multi-channels???

5. Library Amplification
Why do we need to do this? 
To get a sequence-able amount of DNA
How many cycles should we set the thermocycler for? 
10, split the difference
What is a problem associated with PCR?
Not all sequences amplify the same… some amplify quickly, others less so. This will give you weird ratios of amplicons, which may not be representative of the samples. 

6. Post Amplification clean-up
What are we removing from the final product?
See step 4

7. Quality Control
We will do this together at the end
How do we do quantity control?
How much do we have, what does it look like. 
What is normalization? Why is it important?
How many tubes of product did we submit to the sequencing facility? 
Bioanalyzer, Blue Pippin, qPCR
How much does it cost to have the sequencing facility do all this to a single sample? 
$241.00

After students have gotten as many answers as possible, we will walk through each step together. Filling in the blanks and discussing the issues with each step
(30 minutes)

Sequencing

See Diagram
Students will create their own diagram of Cluster Generation  Sequencing
Groups 1 & 2 will be responsible for cluster generation
Groups 1 & 2 will be responsible for sequencing 
Use the video and the class notes in the Google Drive
If students are looking confused, I might show them my diagram for just a couple seconds to get them on track. 
(20 minutes)

Walk through the process, identify and attempt to explain the confusing parts, if we don’t’ have answers, we may ask students to Google topics
(10 minutes)

Last 15 minutes for wiggle room and for people who didn’t finish trees. Also if we can’t use RAST all at once, we need to have the students make accounts, we might choose to make this a homework assignment if we run out of time. 

