Protocol for DNA sequence analysis using freeware.
Files you will need:

· 2 ".ab” Files for each individual (seq 3 and seq 4)
· 1 human_consensus.fas (FASTA file – see supplementary material ESM 6)

· 1 human_data_class.meg file (see supplementary material ESM 5)
The abi file (chromatogram information) is read with MEGA.  If you have a Mac, make sure to get the latest version.  Earlier versions tend to crash.
Sequence editing:

· Start MEGA.  Go to “Align> edit/view sequencer files (Traces) Choose your .ab file (one at a time) and make sure that it is all good data, you might need to remove the first few nucleotides (just hit the “delete” key) until sequence TCTTTCATGGGG (should be included) for the first sequence, sometimes there is a need to add a nucleotide (when program fails to register a peak).   If you did not delete/edit the beginning, there will be another change of doing so later.  If your sequence runs bad at some point, this is usually due to indels, that is, two kinds of mtDNA exist (heteroplasmy), one has an extra nucleotide (sequence will thus be double after reaching that point).  EXPORT the file as a FASTA file (Ctrl E) or add it directly to alignment explorer (Ctrl A).
· Open the file with notepad or a text editor and make sure the format is correct.   It should look like this (no NNN at start or end):

>P3_seq3
tATTATTTATCGCACCTACGTTCAATATTACAGGCGAACATACTTACTAA

AGTGTGTTAATTAATTAATGCTTGTAGGACATAATAATAACAATTGAATG…

· Open MEGA to align the two sequences (seq1 and seq2) from each individual in a single file (they are now FASTA files) – or if you exported your sequences directly to alignment explorer they will be in the alignment window.  Click the “Align” button and select “edit/build alignment” then “create new alignment” then “DNA” – a blank file will appear.   Go to “Edit>Insert sequence from file” and select your recently saved FASTA files.  It is often helpful to add a human DNA consensus to help on the alignment (ESM 6 “Suppl_inf_data3_human_consensus” fasta file). 
· Once the two sequences are in go to “alignment>align by ClustalW”.  You need to change the setting to “Gap Opening Penalty=50” and “Gap Extension penalty=0” to allow a very long gap at the beginning of the sequence.   You should then get a perfect alignment with a small overlap in the middle, if you do not get that you might need to change alignment parameters, I have found that “MUSCLE” alignment with a higher penalty for gap opening works well (-500 or more).  The end of your alignment should be GGGACAAGC (there might be variation, and again there will be another chance of changing this later).
· If you used the human consensus to align, eliminate it now (delete).  Export your alignment (two sequences for the same individual) in “DATA>EXPORT ALIGNMENT>FASTA format” you should get a file that you can open in any text editor with a FASTA format, copy the entire file.
The next two steps will get a consensus file. That is it will make your two aligned files into a single individual file.  To do that we will use an online program called “Consensus”, but before using this you must convert the FASTA alignment to a CLUSTAL alignment in READSEQ.  
· Go to “Readseq” at http://www.ebi.ac.uk/cgi-bin/readseq.cgi and paste the copied file into the box.  In “OPTIONS” select “output sequence format>clustal” and click “View in Browser” – click submit above.  Copy the entire clustal alignment and go to: “Consensus” http://coot.embl.de/Alignment/consensus.html, paste your copied CLUSTAL alignment into the box and click “submit” button.  Copy the 50% alignment line (make sure to copy the entire DNA line excluding the name).
Alignment with Human data (world’s dataset):

· Go back to MEGA click on align and “edit/build alignment>retrieve sequences from a file”, choose “Suppl_inf_data2_meg_humans_data_class”, select nucleotide and press ok.  A big alignment dataset will be open.  Go to “edit>insert >blank sequence” and paste your copied data from the CONSENSUS program (step above).  If you have not done so earlier, get rid of “NNN” at start and make sure you sequence is starting and ending where the others are.  You will need to add gaps to make your sequence align with the rest of the world’s sequences.  It is easier to do this manually, otherwise you will have to fiddle with the alignment (alignment programs always have a problem with gaps in repeated regions).
· Questions and curiosities on alignment 

· Can you find a microsatellite? How different is your sequence? 

· Sequence CRS (Cambridge Reference Sequence, an H2 haplogroup) was the first human mtDNA to be sequenced.  
· Haplotypes of the same letter (e.g. H1, H2 etc) are more closely related to each other than those with different letters.
· Which is the most divergent sequence?

· What kind of DNA regions are more likely to have indels (that is, insertions or deletions)?  Would you expect this to be any different if this was a coding region?
· (BEFORE YOU PROCEED – COPY YOUR SEQUENCES AND SAVE IT IN A TEXT FILE (Just highlight your sequence by clicking on the name, copy and paste to a text file).  Export your alignment as MEGA file in Data>export alignment>MEGA
Simple phylogenetic data analysis:
Keep in mind that this sequence is hypervariable, thus there will be lots of convergent evolution (homoplasic changes)!  Not all equal positions will signify common ancestry and thus trees might be different depending on the method you use.  Usually if your sequences remain robust despite the tree method, your haplotypes assignment is robust.
· Go back to the main window of Mega (you should see your data as a button with lines).  
· Click on “phylogeny > construct/test Neighbor-Joining  tree…”.  You will have to open the dataset that you just exported.  Neighbor-joining is a simple distance matrix tree building method that does not assume a clock and usually performs quite well.
· A window will open where you can modify some parameters.  Make the model a bit more complex (e.g. Method/model: Kimura 2 parameters).  Click “compute”
· Look at your tree (make sure the outgroup is “Chimp”!).  Where do your sequences fall?  Do they have a clear sister group?  That might be their haplotype group.   Play with the possible views (e.g. flip subtrees, topology, circle view, colors, mark branches, etc).
· Repeat the analysis with other methods (maximum parsimony, UPGMA – another distance matrix method that does assume a clock), change the method of analysis (e.g. add gamma rates, tamura 3 parameters etc).  Did that change the assignment of individual you are analyzing?  See if there is some coherence in the assignment (e.g. always between two closely related haplotypes?).  If you had too much missing data in your data (usually due to heteroplasmy – indels- in position 856) it might not be possible to get to a final placement.

· While you are editing/building trees think of these questions.  

· Why are most of the “L” groups basal?  What is the most diverse continent in terms of differences between sequences (look at branch length of different sequences in same continent)?  What can you infer about human evolution?

· Why does tree topology changes depending on phylogenetic method?  Can you assume a clock?  How could this affect some phylogenetic methods? 

· Look for “American”/”Hispanic”/”Navajo” data.  To which groups are they most closely related to?  What can you infer about human evolution/phylogeography?

