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Teaching notes to accompany talk by H. John Newbury

University of Worcester

Teaching evolution: A discussion of the use of classical characters and sequence data in the teaching of evolution 

Given at the Society for Experimental Biology meeting in Glasgow on June 29th 2009.

The Phylip package of free software can be downloaded from Joe Felsenstein’s website (http://evolution.genetics.washington.edu/phylip.html). This includes information about how to use the software, but some notes are given below.

1. Place all the Phylip folders and datafiles (see later) in the same folder. 

2. Prepare your data as a notepad file (examples below). The phylip software is very sensitive to the formatting of data, which is why examples have been prepared. 
3. If using presence/absence data, open the ‘pars.exe’ file (or if using protein sequence data open the ‘protpars’ file).

4. Enter the name of your notepad file – be sure to include the ‘.txt’ identifier.
5. Press Return and then ‘Y’ to accept the default settings, followed by Return to run the programme. 

6. Note that the programme makes a series of files that it puts in the Phylip root folder when you run it the first time. If the files already exist it will ask if you want to overwrite them. On subsequent runs just select the ‘Replace file’ option, R, when requested.

7. You will now have made two new files ‘outtree’ and ‘outfile’ in the Phylip directory. 

8. You must now run a second programme, ‘drawgram.exe’, to visualise the data.

9. Run ‘drawgram.exe’ by clicking the icon.
10. Enter the file name ‘outtree’ followed by Return

11. Type ‘Y’ followed by return to accept the settings (you may also be asked to overwrite: if so click ‘R’).

12. Your predicted phylogenetic tree should now appear in a new window. To save a copy of your tree make the tree preview full screen.

13. Press ‘PrtSc’ to copy the image into the computer memory.

14. Open a blank word document 

15. Paste the tree image into the new word document (‘control V’ or ‘Edit’ then ‘Paste’).
Use of classical characters.

An example of a notepad file containing presence/absence data for morphological characters is given separately in this folder as Phylip data 1. A copy of the tree produced is given below.
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Use of protein sequence data

An image of the folding pattern of trypsin.
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The single letter amino acid codes:
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Data used for manual line up:

Human:       PYQVSLNSGYHFCGG

Mosquito:    PYQVSLQYNKRHNCG
Monkey:      PYQVSLNSGYHFCGG
Fruitfly:    PYQVSLQRSYHFCGG

Note that Courier font has been used for the sequences as in this format each letter occupies the same amount of space. Trying this with Times or Arial is hopeless.

Computer line up of protein sequence

Use ClustalW2 at the following website:

http://www.ebi.ac.uk/Tools/clustalw2/index.html
The sequences have to be in the correct format and a notepad file containing amino acid sequence data for the central region of trypsin from a range of species is given separately in this folder as Line up data.
To use this line up package, simply paste the data set from this notepad into the box in ClustalW2, do not alter any of the many settings that one can adjust, and press Run. The program takes a minute or so to run (not surprisingly, when you think what you are asking it to do) but will produce an output as shown below. You can copy and paste this into a ‘Word’ document. You can regain the formatting by changing it into 10 point Courier font and extending the page width (using the ruler) to 17cm. \Note that the asterisks indicate positions of identical amino acid residues. 
Human           PYQVSLNS-GYHFCGGSLINEQWVVSAGHCYKSRIQVRLGEHNIEVLEGNEQ-FINAAKI 93

monkey          PYQVSLNS-GYHFCGGSLINNQWVVSAGHCYKTRIQVRLGEHNIEVLEGTEQ-FINAAKI 93

mouse           PYQVSLNS-GYHFCGGSLINDQWVVSAAHCYKSRIQVRLGEHNINVLEGNEQ-FIDAANI 93

cow             PYQVSLNA-GYHFCGGSLINDQWVVSAAHCYQYHIQVRLGEYNIDVLEGGEQ-FIDASKI 93

guineapig       PYQVSLNS-GYHFCGGSLINNQWVVSAAHCYKSQIQVRLGEHNIKVSEGSEQ-FITASKI 93

pitviper        SLVVLFNS-SGFLCGGTLINQDWVVTAAHCDSNNFQMIFGVHSKNVPNEDEQRRVPKEKF 96

mosquito        PYQVSLQYNKRHNCGGSVLSSKWVLTAAHCTAGASTSSLTVRLGTSRHASGGTVVRVARV 119

fruitfly        PYQVSLQR-SYHFCGGSLIAQGWVLTAAHCTEGSAILLSKVRIGSSRTSVGGQLVGIKRV 112

                .  * ::    . ***::: . **::*.**                        :   ..


Human           IRHPQYDRKTLNNDIMLIKLSSRAVINARVSTISLP--TAPPATGTKCLISGWGNTASSG 151

monkey          IRHPNYNRNTLNNDILLIKLSSPAVINARVSTISLP--TAPPAAGAKCLISGWGNTLSSG 151

mouse           IKHPKFKKKTLDNDIMLIKLSSPVTLNARVATVALP--SSCAAAGTQCLISGWGNTLSSG 151

cow             IRHPKYSSWTLDNDILLIKLSTPAVINARVSTLALP--SACASGSTECLISGWGNTLSSG 151

guineapig       IRHPSYSSSTLNNDIMLIKLASAANLNSKVAAVSLP--SSCVSAGTTCLISGWGNTLSSG 151

pitviper        FCDSNKNYTQWNKDIMLIRLNSPVNNSTHIAPLSLP--SSPPIVGSVCRIMGWGTITFPN 154

mosquito        VQHPKYDSSSIDFDYSLLELEDELTFSDAVQPVGLPKQDETVKDGTMTTVSGWGNTQSAA 179

fruitfly        HRHPKFDAYTIDFDFSLLELEEYSAKNVTQAFVGLPEQDADIADGTPVLVSGWGNTQSAQ 172

                  ... .    : *  *:.*      .     :.**        .:   : ***.   . 

Human           ADYPDELQCLDAPVLSQAKCEASYPG--KITSNMFCVGFLEGGKDSCQGDSGGPVVCNGQ 209

monkey          ADYPDELQCLEAPVLTQAKCEASYPG--RITSNMFCAGFLEGGKDSCQGDSGGPVVSNGQ 209

mouse           VNNPDLLQCLDAPLLPQADCEASYPG--KITKNMICVGFLEGGKDSCQGDSGGPVVCNGQ 209

cow             VNYPDLLQCLEAPLLSHADCEASYPG--EITNNMICAGFLEGGKDSCQGDSGGPVACNGQ 209

guineapig       VKNPDLLQCLNAPVLSQSSCQSAYPG--QITSNMICVGYLEGGKDSCQGDSGGPVVCNGQ 209

pitviper        ETYPDVPHCANINLFNYTVCHGAHAGL-PATSRTLCAGVLEGGKDTCKGDSGGPLICNGQ 213

mosquito        ESN-AVLRAANVPTVNQKECNKAYSDFGGVTDRMLCAGYQQGGKDACQGDSGGPLVADGK 238

fruitfly        ETS-AVLRSVTVPKVSQTQCTEAYGNFGSITDRMLCAGLPEGGKDACQGDSGGPLAADGV 231

                       :.     .    *  :: .    *.. :*.*  :****:*:******: .:* 

Data used for manual line up:

Human      GYHFCGGSLINEQWVV  

guineapig  GYHFCGGSLINNQWVV

pitviper   SGFLCGGTLINQDWVV
Data used for computer-based tree development (using Protpars)
Again, the sequences have to be in the correct format and a notepad file containing appropriate amino acid sequence input data for the central region of trypsin from a range of species is given separately in this folder as Phylip data 2.

The output tree is shown below.
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A diagram showing the diversification of trypsin-like proteins in the human genome is shown below.
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Searching for modern species that have a collagen sequence similar to that of T. rex
Use the balst software to search the protein sequence databases:

http://blast.ncbi.nlm.nih.gov/Blast.cgi
Click on ‘protein blast’ and copy the partial T. rex collagen sequence below into the box.

grpgapgpagargndgatgaagppgptgpagppgfpgavgakxxxxxxxxxgsegpqgvrgepgppgpagaagpagnpgadgqpgakgangapgiagapgfpgargapgpqgpggapgpkxxxxxxxxxxxxgdgakgepgpvgiqgppgpageegkrxxxgepgptglpgppgerxxxxxxgfpgadgvagpkgapgergsvgpagpkgspgeagrpgeaglpgakgltgspgspg 

There is no need to adjust any off the default settings. Just scroll down and press ‘BLAST’. The software takes a little time but comes up with a list of sequences that match the T. rex sequence that you entered, as below.
[image: image7.emf]


The ‘E values’ for each ‘hit’ in the database is probability that there is a match simply by chance. The ‘hits’ are organised with the best matches at the top. To discover more about each ‘hit’, click on the unique code on the left (in blue). This will give you a great deal of information, most of which will probably be confusing, but the key feature in the current context is the name and classification of the species in which the matched protein has been reported. For example, for the first match above, the species information is:
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P - Proline (Pro)

A - Alanine (Alz)

V - Valine (Val)

L - Leucine (Lev)

1 - Isoleucine (lle)

M - Methionine (Met)
C - Cysteine (Cys)

F - Phenylalanine (Phe)
Y - Tyrosine (Tyr)

W - Tryptophan (Trp)
H - Histidine (His)

K - Lysine (Lys)

R - Arginine (Arg)

Q - Glutamine (Gln)
Asparagine (Asn)
E - Ghutamic Acid (Gh)
D - Aspartic Acid (Asp)
S - Serine (Ser)

T - Threonine (Thr)
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