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Dr. Nedwidek Mitochondrial DNA Sequence Analysis: SBS11QGR Lab Guide Pt. 2 Dist. Dec. 9, 2013 am

Your lab analysis is due Monday Dec. 16, 2013. Value of Lab Part 2 is 100 points. It’s “mad” hard. Hang on…

Workshop date: Your class will meet in room 411 (pd 4) and 1009 (pd 6) Dec 9,10,12 to discuss how to do this lab.

Here is your mtDNA PCR product: Print the gel that has your lane on it for the dec 16 lab report (2)

http://old.dnalc.org/field_lab/view/october2013/5464

http://old.dnalc.org/field_lab/view/november2013/5476
All of your gels should have data.  

An old student of mine (the awesome Amit Saha, now a senior at UPenn) made this fab YouTube tutorial (described below).  You need to go through this tonight (Monday) to have success with my verbose instructions below, which I have edited several times since the time of video production; this may cause some confusion, but the methods are presented very well. We’ll try to launch this protocol in the computer room (see below for site).

ASAP, hopefully tonight, please visit http://www.youtube.com/watch?v=XIWpXk1pKo4 from home after/while you read this information guide.  I robbed you of one weekend (apologies), and need you to please start working on these runs each night this week to work out any problems before the document is due.
Today (12/9/13) Go to the following place for your sequences and follow these directions to paste text to a file: GO TO http://www.bioservers.org/ and sign in to sequence server with the username-password combo you made. Click on MANAGE GROUPS and go to classes.  The first class was tracking # 10-245203927. Found under "manage group" link (sequence source "classes").  Tracking # with Jermel Watkins' name and 11/06/2013 date. The second class was tracking # 10-246063419. Found under "manage group" link (sequence source "classes").  Tracking # with Jermel Watkins' name and 11/15/2013 date.

Melissa said repeat sequences are not uploaded automatically on the server, but have to be manually added by the student to his/her workspace. Have him/her click on the "create sequence" tab above the "manage groups" tab. The the student can copy and paste the sequence (found below) to the sequence box that appears. Then have the student click the "ok" button. The sequence will then appear on his/her workspace.  As Melissa said to me, Click on the box next to the tracking number and date.  Click on the "OK" button on the bottom.  Once you do this, all the sequences you selected are going to be on your workspace. Here you can then compare your sequences.
Check the left toggle, click on VIEW, and a window will pop up.  The number after Stuy is your sample number.  If you are number 9 from October or #3 and #26 from November your sequences were re-run or unposted for various reasons.  See below:

#9 sequence:

LC_H18_110413-09-lcmtf_R_E03.ab1

NNNNNNNNCNNNTTNACTATTCTCTGTTCTTTCNTGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGCTTACAGGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCTCTCACCCACTAGGATACCAACAAACCTACTCACCCTTAACAGCACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGANNNCATCCTNCNNNNGTGNNNNNGGGNNCGGGNGGNGGAGNNANATCTAANNGGANAAGATAGAAATTATNNTGCTNGGTGGTGGTGGTTGCCTCCANCNNATCTNATNNNATGATNACCANNATCTACACGTCCNTCTCCTCTTCNNGNTGTNGTGTATNAGTAGNNTCTGGCNGNNNTTTTANN

#3 sequence: 

LC_H20_111313-03-lcmtf_C07.ab1

NNNNNNNTTNANTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATCTCGTACATTACTGCCAGCCACCATGAATATTGTACAGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCACACATCAACTGCAACTCCAAAGCAACCTCTCACCCACTAGGATACCAACAAACCTACCCACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGACANCCCATCCTCA

#26 sequence:

LC_H20_111313-26-lcmtf_R_H01.ab1

NNNNNNNNCNNNNNNNTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGCAATCAACCTTCAACTATCATACATCAACTGCAACTCCAAAGCCACTCCTCACCCACTAGGATACCAACAAACCTACCTACCCTTAACAGTACATAGCACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGANNNNCATCCTCAN

Older versions of Internet explorer (before 4.0 on pc or anything on mac) will potentially crash for both the CSH and NIH sites.  Use Mozilla Firefox or Safari instead, if that gives you proper printing and formatting. If you did not get an interpretable result, use my sequence for all analyses, For the October class, I was sample

# 31.  For the November class, I was sample # 33.  Please allow time for this during the week.

Format I expect, and deadline adherence: due Monday, Dec. 16, 2012.  (Please allow 15 hours to complete this: it is more involved than the last lab, as it relies on unpredictable resources like internet.):

-headed sections and all questions answered, typewritten with markings as indicated.

-write questions and answers out in the order they are in the instructions below

-reference any resources you use.  Reference the lab manual by page.

-this is a lab report and as such worth 100%, as one test would be.  –10% for every calendar day late.  As before, if you hand this in late, your only loophole is a bona fide doctors note specifying your dire condition.  If an illness prevents you from handing it on time, you must contact me by on or before the deadline.

-Ideally double sided, back to back, but I can’t hold you to this because some of the printouts are just too much effort to deal with doing that.  So single side it, double space it, normal margins, binder clip it. No folders, No title page.  Just a heading.  Include opening and closing declarations.

Internet (DSL or better) and a working printer are critical for this project.  Please plan your time at home accordingly, and make sure you have adequate supplies like paper and print cartridges.

Step 1: Data Organization 1

Download the images of the PCR gels I will send you later this week.  Save the PCR gel and incorporate your lane into your paper.  The expected size is in the original CSH handouts I gave you.  Please indicate the bp size (look it up!) with an arrow next to the gel *(you already know how to mark a gel)*.  You must include your identified lane and the markers from your gel for this report  Because Melissa did not run markers in every lane, you can use the BstN1 digest below (first lane, left) to calibrate your gel as the samples were run for about the same length of time.  If you use my data, you must specify the reason you are doing this, and show both your lane and my lane if you substitute mine.  Save all image files on a flash or disk in addition to hard drive and printout! Go back to http://www.geneticorigins.org to remind yourself the context of what we did for the mitochondrial DNA isolation and analysis.  Here are the two images that will help you interpret your gel and the context under which your mito PCR fragment was generated:
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and…
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Step 2: Data Organization 2

Sequence processing and analysis:

-Use the toggle function to find yourself, depending on your student number (there were over thirty sequences run each day). You need special software that you can only manipulate on PC to view the chromatograms, so it is not necessary to do this part.  It is, however, necessary to get the sequence text in a file (word or rtf or just email the text to yourself) and hard copy.  You will be pasting and manipulating that text in your report and on the computer.

-The data in atcg format, called FASTA, will come up.

-Use the copy function to copy the DNA into a word file AS IS so you can manipulate it.  This data must be included in your lab regardless of whether or not it is interpretable.  If you are using my sequence, you then must access it (October number 31 or November number 33) and paste it beneath your own in the body of your report, indicating clearly which is which and that you carried forward with mine.  It seems though, that those of you who had trouble with Alu were ok for mito sequencing, and we anticipate the few re-runs to be up soon.
Step 3: Data 3: Comparisons: Self-Guided: PRINT/Print-to-file & MARK OUTPUTS AS YOU GO; Yellow is not visible from most printouts. Here’s where I conk for now. I think I revised it all but don’t care right now. Look at the questions on page 6 before you start so you know what goes in the report.
3A: Start by going to the following CSH link to make your comparisons:

http://www.bioserver.org/sequences/

-Click on the link that says “COMPARE”. This will allow you to do a number of comparisons of your sequence to others that the DNALC has in their database, but once you time out you will lose the work.  To do this step, you will need to set up a session.  To do this, you will need to manage a group.

-Click on “MANAGE GROUPS” and a new window will pop up that says BioForms.  Leave everything alone, including the toggle that specifies “Sequence sources” as classes.  Just check off either of the relevant toggles for Jermel Watkins (nov 4 or 13) and click “OK” so you can manipulate it in the DNA sequence server window that pops up.

-Go to the BioForms window (new window) to access some of the databases for comparison.  Select Modern Human mtDNA under Sequence sources. To make things easy, everyone should check all 6 databases in boxes at left and hit OK.  You’ll see an update in your sequence server window asking you to incorporate your class data in the mix.  Do it and hit Ok at the prompts.  Select all 3 Neanderthal databases, same way.

-To get your feet wet, the first thing you should do is compare yourself to yourself using Clustal.  You can open and view your sequence and copy the text into your clipboard or you can go back to your word file above to get the text.  Click on “CREATE SEQUENCE” and a window that says “Add sequence” will pop up.  

Toggle each window to do comparison: toggle the classmate’s DNA in the first window and again a different classmate’s DNA in the second window below it.   This is a better way and the way I used to compare my 31 and 33.  Click COMPARE.  In the DNA sequence server window, I would check only my two sequences that are identical base arrangement but different file names, and click “COMPARE”.  A window will pop up that says “ClustalW sequence alignment”.  It should provide a perfect match between yourself and yourself.  You need not print this; just inspect it.  Click “Done” to exit.

-Now, attempt to compare to the CSH national database so you can get some context.  Check off only your sequence and select it on the far right.  Leave the setting that says Search: BLASTN.  Click on “ANALYZE”.  A “Blast Search” window should pop up.  It may very well be sluggish depending on your connection; there is a chance it may hang indefinitely (3 min or more): if this happens, abandon this window.  BLAST is an acronym for Basic Local Alignment Search Tool.  It will give you a list of sequences that are similar to yours using a mathematical compare function.  If it works, print the first page (but not more than two pages), 30 hits or so, to include in your report; if not, the NIH comparison is sufficient—see below.  A “hit” is a return that is similar.  I will ask you to go directly to the NIH national database at the end of this exercise; if the BLAST from CSH’s database doesn’t work (It has BAILED ON ME plenty of times over the years.) or doesn’t work fast enough, abandon the CSH site for BLAST--the NIH blast will suffice.  Be careful, some of the computers at school don’t let you do this.  You should be fine from home though.

-Here is where the instructions will be a bit up to you depending on your background and what you’d like to compare.  Ignore any initial alerts about mismatches—it is normal for your untrimmed data to have mismatches, but this year I am going to recommend trimming because it will help you see the matches better.  If you cannot find the appropriate cultural lineage for your parental relations (for example, India is not represented), please pick one near your country of origin and specify your reason for this.  You may need an atlas to make this decision. If you are 2nd or 3rd generation American, you may need to ask your parents what the country of origin was for the first immigrant in your family that came to America.  Remember, the only true continental “American” lineage is Native American, so the rest of us are settlers descendant from other races.

-Run a ClustalW alignment between your sequence and a modern mtDNA sequence that reflects your maternal cultural heritage by selecting your sequence and one of the sample sequences.  After the run, select trimmed and click redraw.  I ran mine against Greece, because my mom is Greek in origin, and I found 3 true mismatches.  Ignore the mismatches in the first and last several bases.  The grey coloration is if there are “N”s in your sequence, and the yellow boxes are true mismatches; they may not come out on a black and white printer though, so have your highlighter handy.  This is a really watered down version of the real algorithm, which allows much more flexibility and gives numerical scoring data. Print out the run, specify MATERNAL, and circle and count the yellow mismatches that occur BETWEEN the N’s at the 5’ and 3’ ends of your sequence—in other words, ignore the N’s. Write the number of true yellow mismatches on the printout and box them by hand on the sequence to submit it with your lab BEFORE YOU CLOSE THE WINDOW by clicking “Done”.

-Repeat this for a modern mtDNA sequence that reflects your paternal cultural heritage.  I ran mine against Germany#1 because my dad is an Anglo-Saxon/Bohemian lineage, and found 3 mismatches, but I tried a bunch of runs. If both your parents are the same ethnicity, and there are a few individuals available to compare to, compare to another one of that same ethnicity. For example, the Asian modern mt lineages have 3 Chinese, 3 Korean, and 2 Japanese plus some more to choose from. Print this second comparison out, indicate that it is PATERNAL, and circle and count the yellow mismatches as above.  This doesn’t always yield a sensible return.  We will discuss this in class.
-Repeat this for one modern mtDNA sequence that you think has no connection to your ethnicity at all.  Print out and circle yellow mismatches as above.  I tried Native American and Aborigine for this.

-Now repeat it again, comparing all three sequences (maternal, paternal, no race relation) with yourself by ClustalW “pile up” (you can do several) and indicating the yellow mismatches.  If you want for instance to compare more than one European at once in the pileup, you could create a separate file for it, or you could simply toggle it in through the secondary window under the main one, as described previously.

-Are you more or less similar to the mitochondrial genome of either parent?  Are the differences, if any, between your comparisons significant?  This question is repeated below in the inventory.

-Finally, repeat this with your mitochondrial DNA and the Okladnikov (Siberian) Neanderthal.  Print mismatches.  Is there a significant similarity or dissimilarity…why or why not?

-Try the comparison between your mito DNA and  two separate friends’ mito DNA, keeping track of the mismatches and the ethnic relationships.  Do the mismatches number more or less than for Neanderthal?  If a relative chaperoned with you on the trip, repeat the comparison for yours versus theirs.  Do the mismatches number more or less than for the database?.
-Exit the bioserver pileup software; you can keep your sequence window open.

3B: Now go to the national (NIH) database at:

http://www.ncbi.nlm.nih.gov/

Note that either this database or the DNALC link to it will suffice as long as you do all the tasks.  They also periodically reformat this site, which is why I am not attempting to describe this with visual images.  Pay attention to the directions, please.

-Click on “BLAST” in the top right toggles, popular resources.

-Click on “Nucleotide blast” under “Basic BLAST”.

-Paste your FASTA sequence (the letters of your sequence you put in the file) as is in the Search box and scroll down.  Under program selection, select blastn, which optimizes for multiple sequences.  The default is MEGABLAST.  This is wrong; don’t megablast under any circumstances; I want you to see the hit list.

-Now click “BLAST” at the bottom.

-A new window with a “Job Title” will pop up, should be pretty quick.  You will see what looks like a horizontal graph, and a heading that says “Sequences producing significant alignments”.  I want you to print out the first six to seven pages of this output for your report, enough to show 4 alignments.
-Click on “Distance tree of results” under or over the distribution map with the red lines and the list of hits, and after it finishes loading, print it out, landscape—it should give you a cladogram-Circle yourself (you should be flagged in yellow with a red arrow).  It is important that this looks like a branch diagram or phylo tree; otherwise, it has been done incorrectly.
-Your best hit (sequence) should be on top of the hit list.  There may be only one hit, but if there is, you have inadvertently run a megablast, and you should go back and reduce stringency to blastn as said above.

-Go back to the “Job Title” window, and scroll down to the hit list (matches) between distance tree links.  

-Click on the highest or Max “Score” link at right to bring up that best hit.  This data should already be in your printout, so go to the printout as you see it on your screen.  Circle the identity ratio (Identities=) on your printout.

-Including N’s (if any), count the number of mismatches that you see in the sequence and write it down on the printout in the space to the right of your sequence alignment.  How does this number of mismatches relate to the identity ratio’s numerator and denominator? (Use a formula to express this simple mathematical relationship under the number of mismatches you record.)
Step 4: Inventory Checklist of Required Data and Analysis Questions For You To Include


You need the following (instructions underlined above) 8 data items, 5 points each: total 40.
1) Labeled gel with sizes/markers/your band ID, 2) your sequence data in atcg (or mine with explanation), 3) “maternal” mtDNA comparison pileup with you (2 sequences total), 4) “paternal” mtDNA comparison pileup with you (2 sequences total), 5) three “other” plus “parent” mtDNA ethnicity pile up comparison with yourself (4 sequences total), 6) Pileup of your DNA with the Oladnikov Neanderthal (2 sequences total), 7) BLASTn hits from comparing your mtDNA with the NIH server, with mismatches and identity ratio and mathematical relationship indicated clearly on printout, 8) Distance tree cladogram printout with yourself circled.


Answer the following questions, pasting question text in the body of your report: total 60.
1. You are examining DNA from a hypervariable region of your mitochondrial genome.  What does this mean?  5 points.

2. Is mitochondrial DNA maternal or paternal and why? 5 points.

3. Specify the number of differences you found after trimming for the maternal mtDNA comparison versus the paternal mtDNA comparison. 5 points.

4. Did you expect the presumed maternal versus presumed paternal mitochondrial DNA ClustalW comparisons to your sequence that you did on the DNAlc site to be different from one another? Why? Are the differences significant? 5 points.

5. Did you expect your DNA to be more or less similar to modern human sequences or to Neanderthals? Are you more sequence similar to human or to Neanderthal? Why do you think so? Are you more or less similar to your friend of same ethnicity? Of different ethnicity?  Why do you think so? 6 pts, 1 each.

6. What is a phylogenetic tree and how can we use mitochondrial sequences to build one? 5 points.

7. Based on the 4-sequence pileup you did of yourself with 2 parental and one non-parental race, does this provide enough mismatch data to say anything concrete about how similar human races are genetically and is this information sufficient to build a phylogenetic tree?  6 points.

8. Place the one different race you compared with yourself and your two parental races on a linear timeline (from oldest to most recently emerged) based on the race emergence timeline I will give you in class hopefully this week, surrounding the work of Spencer Wells and the Y chromosome lineage. 8 points.

9. Can you identify any significant correlation between this timeline and your data?  In other words, does your mitochondrial data comparison suggest a precise timeline for race emergence? 5 points.

10. What is the purpose of the BLAST algorithm as you used it? 5 points.

11. For the your national BLAST search, what does the identity ratio you circled measure? 5 points.

Please try this set of links out ASAP!! If there are any problems, email me at doctorned@d-ned.com


Your next exam is December 17, 2013.  This lab is due Monday 12/16/13, no exceptions. Hw 13, TBD, is due December 18, 2013).  Final exam (last in this class) is January 21, 2014

We’re still having huge holiday parties (with music and food that we won’t tell anyone we are eating, please) in each class on Friday December 20, 2013.  I need someone to take up a collection the week before this to supply us with the money and human power needed to provide massive amounts of peace, comfort and joy for the party day.  Have enormously Happy Holidays.  Good luck, and get going!! (  –Dr. Ned.

