
Analyzing Amino Acid Sequences                                                                                           Wk #: _____

You are a zoologist who specializes in the classification of vertebrates according to their evolutionary 
relationships.  In your research, you examine the amino-acid sequences of a particular protein molecule 
found in vertebrates to determine similarities between vertebrate species.  Your goals are to determine 
the number of differences in the amino-acid sequences of the molecules and to deduce the evolutionary 
relationship among the species. 

Background Information

A cladogram is a picture depicting patterns of shared characteristics among species.  The cladogram 
labeled Figure 1 shows the relationship of selected animals and their shared physical features. 

1. (IOD 301) How many organisms are 
identified on the cladogram?

a.  4                        c. 9
b.  8                        d. 15

2. (IOD 301) How many characteristics are 
identified on the cladogram?

a.  4                         c.  9
b.  8                         d.  15

3. (IOD 301) Which characteristics are found in 
tuna?

a. warm blooded and mammary glands
b. dorsal nerve cord and paired legs
c. dorsal nerve cord and paired appendages & spinal cord
d. paired appendages & spinal cord and paired legs

4. (IOD 301) Which characteristics are found in both rabbits and turtles?
a. warm blooded and mammary glands
b. warm blooded, mammary glands, opposable thumb, and foramen Magnum forward
c. opposable thumbs, paired legs, and amnion
d. dorsal nerve cord, paired appendages & spinal cord, paired legs, and amnion

5. (IOD 301) Which organism possesses the most number of characteristics?
a.  lamprey                         c. monkey
b.  chicken                         d. human

Now that you have the necessary background information and skills, you will analyze two proteins to 
deduce evolutionary relationships. One is cytochrome c, and the other is hemoglobin. Cytochrome c is a 
protein used in cellular respiration and found in the mitochondria of many organisms. Hemoglobin is the 
oxygen carrying molecule found in red blood cells. Examine Figure 2a and 2b on the resource page. 

For each vertebrate’s sequence, count the number of amino acids that differ from the human sequence 
and record this number in Table 1. 
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Change in TimeChange in Time

Evolutionary Family Tree Based on Shared Anatomical Structures 
A cladogram is a picture depicting patterns of shared characteristics among species.   
The cladagram below shows the relationship of selected animals on their shared anatomical features 

Has amnion (can have offspring away from water)

Has paired appendages & spinal coard

Has a paired legs

Has a Dorsal nerve cord

warm blooded

Has mammary glands

Has opposable thumb

Has foramen
Magnum forward*

*the opening between 
which the brain and the 
spinal cord make 
connections
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Modern Molecular Evidence of Evolution 
Nucleotide changes to a gene (such as DNA nucleotide substitutions) cause 
changes in the amino acid sequence of a protein. Scientists can directly estimate 
the number of nucleotide changes that have taken place in a gene since two species 
diverged from a common ancestor by comparing the exact nucleotide sequence of 
genes. Using the data obtained from proteins and nucleotides, scientists produce 
diagrams like the one in Figure 13-11. These diagrams, or phylogenetic (fy loh 
juh NEHT ihk) trees, show how organisms are related through evolution. 
Phylogenetic trees provide very strong evidence supporting evolution because they 
show the same relationships indicated by the fossil record.  
 
The biochemical comparison of proteins is a technique used to determine 
evolutionary relationships among organisms.  Proteins consist of chains of amino 
acids.  The sequence, or order, of the amino acids in a protein determines the type 
and nature of the protein.  In turn, the sequence of amino acids in a protein is 
determined by the sequence of nucleotides in a gene.  A change in the DNA 
nucleotide sequence of a gene that codes for a protein may result in a change in the 
amino-acid sequence of the protein. 
 

Biochemical evidence of evolution compares favorably 
with structural evidence of evolution.  Even organisms that appear to have few physical similarities may 
have similar sequences of amino acids in their proteins can be closely related through evolution.  
Researchers have reasoned out that the greater the similarity in the amino-acid sequences of two 
organisms, the more closely related they are in an evolutionary sense.  Conversely, the greater the time 
that organisms have been diverging from a common ancestor, the greater the differences that can be 
expected in the amino-acid sequences of their proteins. 

 
Two proteins are commonly studied in attempting to deduced evolutionary relationships from differences in amino-acid 
sequences.  One is cytochrome c, and the other is hemoglobin.  Cytochrome c is a protein used in cellular respiration and found in 
the mitochondria of many organisms.  Hemoglobin is the oxygen carrying molecule found in red blood cells. 
Pre-lab Questions: Activity purpose and background information 
1. What will you be doing in this activity? 
2. What are the goals of this activity? 
3. Explain how the fossil record provides evidence that life on earth has changed over time (evolution). 
4. Describe how comparing the anatomy of living species provides evidence of evolution. 
5. Look at the anatomical cladogram: What is the key anatomical difference between a turtle and a chicken? 
6. How does biochemical evidence compare favorably with structural evidence? 
7. What do scientists think it means if the amino acid sequence of two organisms are very similar? 
8. What do scientists think it means if the amino acid sequence of two organisms are very different? 
9. What two proteins are commonly used to deduce evolutionary relationships and what are their functions in the organisms? 

Figure 1

Common 
Ancestor



Table 1. Cytochrome c Amino-Acid Sequence Differences Between Humans and Other Vertebrates

Chicken Frog Horse Monkey Rabbit Shark Tuna Turtle

# of Differences 
from Human 
Cytochrome c

Table 2. Hemoglobin Amino-Acid Sequence Differences Between Humans and Other Vertebrates

Chicken Frog Horse Monkey Rabbit Shark Tuna Turtle

# of Differences 
from Human 
Hemoglobin

Complete the cladogram based on the Cytochrome c amino acid sequence. Then create a cladogram 
based on the hemoglobin amino acid sequence. 

6. (EMI 401) According to this line of evidence, which organism is most closely related to humans? 
Which is least closely related to humans?

7. (EMI 401) In the study of hemoglobin, which vertebrate is most closely related to humans? Which is 
least closely related to humans?

8. (EMI 401) Which two organisms have the most recent common ancestor with each other?
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Lab activity: Analyzing Amino Acid Sequences to Determine Evolutionary Relationships 
 

Cytochrome c Amino-Acid Sequence Differences Between Humans and Other Vertebrate Species 
Species Number of differences 

from human 
cytochrome C 

Complete the Cladogram  
based on the Cytochrome C amino acid (a.a.) sequence 
 

Chicken 
 

Frog 
 

Horse 
 

Monkey 
 

Rabbit 
 

Shark 
 

Tuna 
 

Turtle 
 

 
1. Cytochrome c Analysis Questions 

a. According to this line of evidence, which organism is most closely related to humans?  Which is least closely related to 
humans? 
Most closely related: _____________________  Least closely related: _____________________ 

 
b. Does the data from the amino acid sequence generally agree with the anatomical data? Explain. (Refer to both cladograms!) 

 
 
 

c. Frog and turtle cytochrome c molecules have the same number of differences from human cytochrome c.  Which vertebrate, 
frog or turtle, would you infer is more closely related to humans?  Explain. (refer to background information!!!) 

 
 
 

 
Hemoglobin Amino-Acid sequence Similarities Between Humans and Other Vertebrate Species 

Species Number of differences 
from human hemoglobin  

Draw a cladogram based on the hemoglobin amino acid (a.a.) sequence 

Chimpanzee 
 

Gorilla 
 

Horse 
 

Monkey 
 

 
2. Hemoglobin Analysis Question: In the study of hemoglobin, which vertebrate is most closely related to humans?  Least 

closely related? 
Most closely related: _____________________  Least closely related: _____________________ 
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