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Laboratory Exercise # 10 — Evolution 
 
Learning Goals: 
To understand the significance of the Lucy fossil in human evolution 
To compare chromosomes from humans, chimpanzees, orangutans and gorillas, and to 
construct a phylogenetic tree showing their relationships 
To use bioinformatics tools to compare myoglobin or insulin amino acid sequences from 
different species, and to create a phylogenetic tree showing their relationships 
 
A.  Human Evolution video 
 View the video presentation “Becoming Human,” at http://becominghuman.org. 
While you are watching the video, try to find the answers to the following questions.  If 
you miss one, don’t worry—the video is available online for your viewing at any time; 
you can go back on your own time to collect your missing answer.  However, if you pay 
careful attention to the video during the lab, you won’t have to re-view it later! 
 
A1. How old is the Lucy fossil?  Where was it found? 
 
 
A2. What species was Lucy? 
 
 
A3. Why is Lucy a significant anthropological “find”? 
 
 
A4. How many of our (human) genes are the same in chimpanzees? 
 
 
A5. What is bipedalism?  What are its advantages? 
 
 
 
A6. Was the expansion of the human race into Europe and Asia a migration or a 
dispersal?  What is the difference between migration and dispersal? 
 
 
 
A7. Summarize the two arguments presented as to why Homo neanderthalensis 
vanished from Europe after a 200,000 year run of success as a species. 
 
 
 
A8. Compare and contrast cave art in Australia and Europe. 
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Since the video:  The latest scoop on hominid ancestry! 
 
Our oldest bipedal ancestor: 

A new hominid ancestor, Australopithecus anamensis, was discovered in Kenya by 
Maeve Leakey and Alan Walker in 1991.  Radioisotope dating of the volcanic sediments in 
which these fossils were found indicates the fossils to be 4 million years old.  Fossils of 
Australopithecus anamensis show clear signs of bipedalism:  the knee and ankle structures 
are those of a creature that walked upright, and the scientific community is in broad agreement 
about these features. 

An even older possible hominid ancestor , Sahelanthropus tchadensis, was discovered 
in Chad by Michel Brunet and Alain Beayvilain in 2001.  This fossil is dated to between 7 and 6 
million years old.  Scientists are still debating whether Sahelanthropus tchadensis could walk 
upright.  Some scientists think that the foramen magnum, or “big hole” in the skull, is far 
enough forward for the creature to have walked upright, while others disagree.  Unfortunately 
the remains of Sahelanthropus tchadensis do not include any bones other than a partial 
cranium, so scientists cannot yet examine the knee or ankle or foot structure to further test the 
hypothesis that Sahelanthropus tchadensis could have been bipedal. 

 
Have a look at Sahelanthropus tchadensis yourself, and see what you think! 

 
Photographs taken by Dr. Mary Morrison at the American Museum of Natural History 

 
The great Neanderthal debate: 

In the video, you heard about two hypotheses for the disappearance of Homo 
neanderthalensis:  one, that Homo sapiens outcompeted them and they became extinct, and 
another, that they interbred with Homo sapiens.  Since the video was produced, new samples 
of Neanderthal DNA have been isolated and sequenced.  In the 7 May 2010 issue of the 
journal Science, the first data from these analyses were reported by Svante Paabo’s large 
international research group.   And the great surprise was that there is substantial evidence 
supporting the idea that some Neanderthals interbred with some Homo sapiens!  

Although the modern human genome and the Neanderthal genome are 99.84% 
identical, Europeans and Asians share 1 to 4% of their nuclear DNA with Neanderthals, and 
Africans do not.  This means that Neanderthals probably interbred with Homo sapiens 
after Homo sapiens migrated out of Africa but before they spread out into Asia and 
Europe.
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B. Chromosomes and evolution - Read through the attached background for the 
Chromosome Connection exercise.  Obtain an envelope with Chromosome Connection 
images, and go through the exercise, answering the Check Questions along the way. 
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C. Phylogenetic relationships via Comparative protein sequence analysis 
 
Myoglobin is an oxygen-carrying molecule found in the muscles of essentially all 
animals, even those as distantly related as humans and fish. When two populations 
become reproductively isolated and form separate species, most of their genes are 
probably nearly identical. However, over time, different mutations will occur in these two 
species, and because they are reproductively isolated, the genes will become more and 
more different from each other over time.  
 

 ______________ mutations do not change the amino acid sequence and are 
usually not deleterious and accumulate relatively rapidly. 
 

 ______________ mutations change one amino acid in a protein and may or may 
not be deleterious. A change top an amino acid with similar chemical properties 
(e.g. substituting one hydrophobic residue for another hydrophobic residue) often 
will not significantly affect the protein’s folded structure or its function. 
 
When the substitution is deleterious, it is usually lost due to natural selection. 
(What might be the phenotype associated with a poorly functioning myoglobin? 
 
 

 ______________ and _____________ mutations are almost always deleterious 
and often lost by natural selection. 
 

 Which do you think changes fastest over evolutionary time, the DNA sequence, 
the amino acid sequence, or the protein’s folding pattern? 

 
The structures of human myoglobin and yellow fin tuna myoglobin are shown below. 
You can see that they look very much alike, their function is the same, yet they have 
different amino acid sequences. In this activity, we will compare the myoglobin 
sequences from a variety of different animals to identify mutations that have occurred in 
the common ancestor of different groups and how these patterns of mutations can be 
used to construct a phylogenetic tree to illustrate the relationships among the 
organisms.  
 
 

    
Yellow-fin Tuna     Human  
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C1. Retrieve Myoglobin amino acid sequences from database. 
 

1. Use a web browser to go to uniprot.org. Search for “myoglobin” 
 

2. If you only get the default 25 sequences, change the number of results to show 
to 100 (upper right). 
 

3. Place checkmarks to select 12-15 sequences – including many pairs and triples 
(3 birds, 2 reptiles, 2 rodents, 2 aquatic mammals, 3 primates…). Be sure to click 
the human (Homo sapiens) sequence. Click the download button at the top of the 
page. 
 

4. Select the “FASTA (canonical)” option, then click “Go”. When the lis of 
sequences appears, select and copy the text. 
 

5. Open the Notepad program, and paste the sequences into the document. Save 
the file to your network space. First change the file typee from text to “all files”, 
then save with the filename myoglobin.fasta. 
 

6. To facilitate identification of the owner of printouts later and interpretation of the 
trees, we will change the headers for each sequence. Choose 
Format/Wordwrap. 
 

7. Add a hard return (press enter) before each header (starts with a “>”), and 
change the header information to just the common name by referring back to the 
uniprot page. (insert space for the common name as selected).  Use YOUR 
name for the Homo sapiens sequences, and use underscores “_” instead of 
blanks. Do not delete the “>” sign at the start of the header lines. The file 
should appear as below. Re-Save the file when finished editing. 
 

  



2015 Biology 110 Laboratory Manual – page 180 

>cow 
MGLSDGEWQLVLNAWGKVEADVAGHGQEVLIRLFTGHPETLEKFDKFKH
LKTEAEMKASEDLKKHGNTVLTALGGILKKKGHHEAEVKHLAESHANKHKI
PVKYLEFISDAIIHVLHAKHPSDFGADAQAAMSKALELFRNDMAAQYKVLG
FHG 

>Charles_Darwin 
MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKH
LKSEDEMKASEDLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKI
PVKYLEFISECIIQVLQSKHPGDFGADAQGAMNKALELFRKDMASNYKEL
GFQG 
 
>horse 
MGLSDGEWQQVLNVWGKVEADIAGHGQEVLIRLFTGHPETLEKFDKFKH
LKTEAEMKASEDLKKHGTVVLTALGGILKKKGHHEAELKPLAQSHATKHKI
PIKYLEFISDAIIHVLHSKHPGDFGADAQGAMTKALELFRNDIAAKYKELGF
QG 
 
>Loggerhead_sea_turtle 
MGLSDDEWNHVLGIWAKVEPDLSAHGQEVIIRLFQLHPETQERFAKFKNL
TTIDALKSSEEVKKHGTTVLTALGRILKQKNNHEQELKPLAESHATKHKIPV
KYLEFICEIIVKVIAEKHPSDFGADSQAAMKKALELFRNDMASKYKEFGFQ
G 
 
>mouse 
MGLSDGEWQLVLNVWGKVEADLAGHGQEVLIGLFKTHPETLDKFDKFKN
LKSEEDMKGSEDLKKHGCTVLTALGTILKKKGQHAAEIQPLAQSHATKHKI
PVKYLEFISEIIIEVLKKRHSGDFGADAQGAMSKALELFRNDIAAKYKELGF
QG 

 
 

C2. Align Myoglobin Sequences with MEGA5, construct Phylogenetic tree. 
 

1. Open the program MEGA6 (under course files, Biology). Click the align button, 
then edit/build alignment, then retrieve sequences from a file, and open the 
Myoglobin.fasta file. 
 

2. On the alignment menu, choose align by clustalW, 
in the dialog box, choose click OK to select all,  
in the ClustalW Parameters dialog box, keep all of the default options and click 
OK. 
 

3. On the data menu, choose export alignment into MEGA format,  
Save the file with the default filename, then  
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click OK on the next dialog box—leave the Input filename of data field blank. 
DO NOT close the alignment explorer window. 
 

4. On the main MEGA window, click the phylogeny button, choose construct 
neighbor joining tree, choose the myoglobin.meg file. 
 

5. When the tree appears, on the file menu, choose print in a sheet, then OK. 
 

6. Return to the alignment explorer window.    
Click and drag the sequences from their labels to arrange them in the same order 
as they are on the tree.  Set it up so that the whole sequence is visible on the 
screen at one time. 
 

7. Click anywhere on the screen to ensure that you don’t have one row 
selected/highlighted blue. 
 

8. Press the print screen key on the keyboard to capture the screen image into the 
clipboard. 
 

9. Open Microsoft PowerPoint, and paste the clipboard image onto slide.  
 

10. On the Picture tools tab, click crop, and crop away most of the screen grab, 
except for the sequence alignment. Adjust the size to fill the slide, using 
View/Zoom to see the sizing  grab bars, and crop grab bars.  
Print the slide (in color preferred) 
 

11. Identify specific mutations that occurred during the evolution of specific lineages 
and is present only in descendants of that lineage. Circle the mutation on the 
sequence alignment and assign a number (1-5).  
 

12. Place the same number on the phylogenetic tree where the mutation would have 
occurred. 
 

13. Identify 5 mutations that occurred at 5 different places on the tree and turn in 
these pages in as your quiz #12. 

 
 


