DNA Sequencing and Bioinformatics

DNA sequencing has been possible for many years. Fred Sanger first figured out how to put dideoxynucleotides into the mix during DNA replication reactions. The Sanger sequencing method involved four reaction tubes, one for each nucleotide. Dideoxy nucleotides are abbreviated dd before the NTP.  The four reactions were:

· dATP, dCTP, dGTP, dTTP with ddATP

· dATP, dCTP, dGTP, dTTP with ddCTP

· dATP, dCTP, dGTP, dTTP with ddGTP

· dATP, dCTP, dGTP, dTTP with ddTTP

The dNTP version has to be a part of the mixture so that sequences can go beyond the first nucleotide of a specific type.  These mixtures were loaded on a gel, one right next to the other, so that they started at the same height. The gels were sensitive enough to separate the bands by one nucleotide.  One of the nucleotides was radioactively labeled so that after the gels were run, they could be dried, placed in a developing cassette with autoradiograph film, and put in the freezer for the radioactive label to expose the film overnight. The spots were then read from the bottom up- The lanes corresponded to one nucleotide so every dot in a specific lane ended with the same nucleotide. Since the dots were one base longer from the bottom toward the top, they could just go from the bottom reading off the dots in order. 

As this technique improved, they developed scanners that could read all four lanes simultaneously and therefore transmit the information directly into the computer. Human error from reading dots incorrectly or having to guess if a dot was really a dot decreased with the computer assistance. 

Then PCR came along. It was not long after the invention of PCR that cycle sequencing developed. Cycle sequencing lets there be one reaction tube because each ddNTP is labeled with an indicator that gives off a specific wavelength when hit by a laser. Now all four ddNTPs and dNTPs can go in one reaction tube, the process runs in a thermal cycler for a few hours, and the product is run through a capillary tube that has a laser at the end.  The laser hits each DNA segment, the last nucleotide (the ddNTP) gets hit and gives off a specific wavelength that is recorded by a computer. This method is very expensive which is why we can not do it in our classroom. The machine that runs the gels and reads the sequence runs at least $150,000. These machines were used for sequencing the human genome and are now used to sequence any genome project that is happening. Your mtDNA sequence was run on this type of machine which is why we had to outsource your cycle sequencing to Cold Spring Harbor Laboratories in New York. They are the only lab currently set up to specifically sequence student DNA. 

Our DNA sequencing lesson will have three main parts:

1. Lecture on history and process of DNA sequencing

2. Playing with contig sequences to determine the real sequence of a particular organism. Putting this sequence into a BLAST search to determine what the organism is.

3. Putting your own DNA sequence into a BLAST search to see which organism you do or do not match.  You will also be looking at the statistical information generated in your BLAST searches.

Lecture on DNA sequencing:

Answer in your lab notebook:
1. How are ddNTP different than dNTP?

2. What are two benefits to doing cycle sequencing instead of DNA sequencing that required using radioactive labeling?

3. What is a contig? How are they generated?

Aligning the contigs

Directions: 

Day 1:

1. Each student will be put in one of two groups. 

2. Work together to figure out what the sequence is from beginning to end. 

3. One person in the group will have access to a laptop. This person has to know how to do email because s/he will be emailing the entire group the sequence. This will make it much easier to do the BLAST search next class period.  

4. The laptop person should open up his/her email program.  Enter the email address of every student in your group and Ms Getz’s email address, mgetz@gatewayhigh.org.

5. As you read off the letters, the laptop person types them into an email document in CAPITAL letters.  Work as a group- all group members should be doing something whether it is aligning the sequence or helping read letters to the laptop person.

6. When you are finished finding your sequence, send the email to everybody so they have a copy of the sequence to use on day 2.

7. Write in your lab notebook: 

a. Sequence group members.

b. Laptop person’s name.

c. Answers to questions that go with this exercise

Day 2: 

1. Each student should have his/her own laptop.

2. Find the email that has your sequence. If you were absent for day 1, have a someone who was here for day 1 email you a sequence file.

3. Go to the website: http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
4. Click on nucleotide blast

5. Copy and paste your sequence in the top box where it says Enter Query Sequence. 

6. Choose the Database: NCBI  Genome (Chromosome)

7. The dot for Others should be selected

8. Do not use human sequences because this sequence does not belong to a human

9. After you find the species name, find a way to figure out the common name of the organism

10. Optimize for Highly similar sequences

11. Click on the BLAST button in the lower left after you set the parameters (Search database chromosome using Megablast (Optimize for highly similar sequences) )  If you want, click on having the results open in a new window.  Be patient while the database does its work. Keep in mind, what you are doing will take 5 minutes or less. We used to have to set up our searches to run at non-peak times (like 2 am) and they took several hours.  That was only 15 – 20 years ago which is your lifetime, but really is not that long ago. So please be patient while your alignment runs.

12. You are going to answer a bunch of questions about the results page, what info you can get from clicking on an Accession number, and from the Distance Tree of Results.

13. For the Distance Tree of Results:

- Do a rectangle version

- Print two copies of the distance tree of results. One is for your lab notebook. The other is to hand in with your yellow pages on day 3.

- If you have extra time, click on the other versions to see how they differ. Take time to explore through BLAST to see what kinds of information you can get from it.

Questions to answer in your lab notebook:  
(If you don’t write the question, make sure it is very clear what your answer is answering.   Arbitrary numbers or words will not earn credit.)
1. What does BLAST stand for? 

2. What was your request ID?

3. What is the molecule type?

4. What was your query length number?
5. How many sequences came back aligned with your sequence? (You may have to literally count the sequences on your screen.)
6. How many different organisms at the Genus level matched your sequence? (Organism names are in the format of Genus species. The capital letter is the Genus. You may have to literally look at the names on the screen and count them- there may not be a number for you to find and write down.)
7. How close were the matches- 

a. What was the best % for query coverage?

b. What was the best % for max ident (maximum identity)
8. Be patient while you look for the accession numbers- they may not be obvious at first. Write down the first accession number.  Click on it to get to another page that lists more info. 
9. Answer these questions based on the page you see when you click on an accession number:

a. What is the Genus species name of your organism?

b. What is the common name of your organism? (you may have to do a Google search to get this info if it is not in parentheses after the scientific name.)

c. There is a list of the organism’s location in the naming system.  Although it may seem tedious, take the time to write down the hierarchy. It starts with Eukaryota.
d. How many different chromosomes of the organism(s) matched your sequence?

e. Who did the sequencing? (Who uploaded this information to the database to begin with?)

f. When was this data uploaded? 
10. Pick an accession number that connects to a different species.  If there is not another species, then just pick a different accession number.  Write down this accession number.  You may have to back up to get to the page that has the accession numbers. 
11. Answer the questions again.

a. What is the Genus species name of your organism?

b. What is the common name of your organism? (you may have to do a Google search to get this info if it is not in parentheses after the scientific name.)

c. There is a list of the organism’s location in the naming system.  Although it may seem tedious, take the time to write down the hierarchy. It starts with Eukaryota.
d. How many different chromosomes of the organism(s) matched your sequence?

e. Who did the sequencing? (Who uploaded this information to the database to begin with?)

f. When was this data uploaded? 

12. Now go to the Distance Tree.  Scroll through the alignments.  What information do you get on this part of the webpage?
13. Tape a copy of the Distance Tree of Results in your lab notebook. Since you are turning in your yellow pages, print out an extra copy of the distance tree that you can hand in when you turn in your yellow pages.
14. What does the Distance Tree show you? What do the different connections mean? What is the significance of the lengths of the lines?  (you may have to think about this- the answer may not be obvious unless you’ve read your textbook)
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