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Evolution 1
INVESTIGATION 3

COMPARING DNA SEQUENCES TO  
UNDERSTAND EVOLUTIONARY  
RELATIONSHIPS WITH BLAST
How can bioinformatics be used as a tool to determine 
evolutionary relationships and to better understand  
genetic diseases?

 ■ BACKGROUND
Between 1990–2003, scientists working on an international research project known as 
the Human Genome Project were able to identify and map the 20,000–25,000 genes 
that de!ne a human being. "e project also successfully mapped the genomes of other 
species, including the fruit #y, mouse, and Escherichia coli. "e location and complete 
sequence of the genes in each of these species are available for anyone in the world to 
access via the Internet.

Why is this information important? Being able to identify the precise location and 
sequence of human genes will allow us to better understand genetic diseases. In addition, 
learning about the sequence of genes in other species helps us understand evolutionary 
relationships among organisms. Many of our genes are identical or similar to those 
found in other species.

Suppose you identify a single gene that is responsible for a particular disease in fruit 
#ies. Is that same gene found in humans? Does it cause a similar disease? It would take 
nearly 10 years to read through the entire human genome to try to locate the same 
sequence of bases as that in fruit #ies. "is de!nitely isn’t practical, so a sophisticated 
technological method is required.

Bioinformatics is a !eld that combines statistics, mathematical modeling, and 
computer science to analyze biological data. Using bioinformatics methods, entire 
genomes can be quickly compared in order to detect genetic similarities and di$erences. 
An extremely powerful bioinformatics tool is BLAST, which stands for Basic Local 
Alignment Search Tool. Using BLAST, you can input a gene sequence of interest and 
search entire genomic libraries for identical or similar sequences in a matter of seconds.

In this laboratory investigation, students will use BLAST to compare several genes, 
and then use the information to construct a cladogram. A cladogram (also called a 
phylogenetic tree) is a visualization of the evolutionary relatedness of species. Figure 1 is 
a simple cladogram.
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Lycopodium Selaginella Isoetes

Figure 1. Simple Cladogram Representing Different Plant Species

Note that the cladogram is treelike, with the endpoints of each branch representing a 
speci!c species. "e closer two species are located to each other, the more recently they 
share a common ancestor. For example, Selaginella (spikemoss) and Isoetes (quillwort) 
share a more recent common ancestor than the common ancestor that is shared by all 
three species of moss.

Figure 2 includes additional details, such as the evolution of particular physical 
structures called shared derived characters. Note that the placement of the derived 
characters corresponds to when that character evolved; every species above the character 
label possesses that structure. For example, tigers and gorillas have hair, but lampreys, 
sharks, salamanders, and lizards do not have hair.
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Figure 2. Cladogram of Several Animal Species

"e cladogram above can be used to answer several questions. Which organisms have 
lungs? What three structures do all lizards possess? According to the cladogram, which 
structure — dry skin or hair — evolved !rst?

Historically, physical structures were used to create cladograms; however, modern-
day cladistics relies more heavily on genetic evidence. Chimpanzees and humans 
share 95%+ of their DNA, which would place them closely together on a cladogram. 
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Humans and fruit #ies share approximately 60% of their DNA, which would place them 
farther apart on a cladogram. Can you draw a cladogram that depicts the evolutionary 
relationship among humans, chimpanzees, fruit #ies, and mosses?

 ■ PREPARATION

Materials and Equipment
One computer with Internet access per student or per group is needed to complete 
this investigation.

 ■ Timing and Length of Lab
It is recommended that teachers use a minimum of one hour of preparation time before 
the lab to download the gene !les, review the screenshots, and practice uploading 
the gene !les and analyzing the data. "e prelab assessment can be completed in one 
45-minute class period or assigned as homework the day before the lab. "e summative 
assessment can be completed in one 45-minute class period.

 ■ Safety and Housekeeping
"ere are no safety precautions associated with this investigation.

 ■ ALIGNMENT TO THE AP BIOLOGY CURRICULUM FRAMEWORK
"is investigation can be conducted while covering concepts pertaining to evolution (big 
idea 1) and/or genetics and information transfer (big idea 3). As always, it is important 
to make connections between big ideas and enduring understandings, regardless 
of where in the curriculum the lab is taught. "e concepts align with the enduring 
understandings and learning objectives from the AP Biology Curriculum Framework, as 
indicated below. 

 ■ Enduring Understandings
• 1A2: Natural selection acts on phenotypic variations in populations.
• 1A4: Biological evolution is supported by scienti!c evidence from many disciplines, 

including mathematics.
• 1B2: Phylogenetic trees and cladograms are graphical representations (models) of 

evolutionary history that can be tested.
• 3A1: DNA, and in some cases RNA, is the primary source of heritable information.



T72  Investigation 3

 ■ Learning Objectives
• "e student is able to evaluate data-based evidence that describes evolutionary 

changes in the genetic makeup of a population over time (1A2 & SP 5.3).
• "e student is able to evaluate evidence provided by data from many scienti!c 

disciplines that support biological evolution (1A4 & SP 5.3).
• "e student is able to construct and/or justify mathematical models, diagrams, or 

simulations that represent processes of biological evolution (1A4 & SP 1.1, SP 1.2).
• "e student is able to create a phylogenetic tree or simple cladogram that correctly 

represents evolutionary history and speciation from a provided data set (1B2 &  
SP 1.1).

• "e student is able to construct scienti!c explanations that use the structures and 
mechanisms of DNA and RNA to support the claim that DNA, and in some cases 
RNA, is the primary source of heritable information (3A1 & SP 5.6).

 ■  ARE STUDENTS READY TO COMPLETE A SUCCESSFUL INQUIRY-
BASED, STUDENT-DIRECTED INVESTIGATION?
"is investigation can be conducted while covering concepts pertaining to evolution. It 
is recommended that the students already have a solid of understanding of the structure 
and function of DNA and gene expression, speci!cally how the order of nucleotides in 
DNA codes for the production of proteins.

 ■ Skills Development
Students will develop the following skills:
• Formulating, testing, and revising a hypothesis based on logic and evidence
• Using a sophisticated online bioinformatics program to analyze biological data
• Analyzing evolutionary patterns using morphological data and DNA analysis
• Analyzing preconstructed cladograms to demonstrate an understanding of 

evolutionary patterns
• Designing cladograms to depict evolutionary patterns
• Discussing and debating alternative interpretations of data based on evidence

 ■ Potential Challenges
"is lab is designed to be #exible and can be modi!ed as desired. "e amount of 
information on the BLAST website is a bit overwhelming — even for the scientists who 
use it on a frequent basis! Reassure students that a big part of this investigation is inquiry 
and exploration of the data provided and that they are not expected to know every detail 
of the BLAST program. 
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It is recommended that you use a computer projector to demonstrate the steps of the 
procedure and work through the !rst gene sequence with the entire class a%er you work 
through the steps yourself. A%er modeling the analysis of the !rst gene, the students 
should then continue the lab in groups.

Screenshots of each step in the procedure are provided in the Student Manual version 
of this lab. In addition to the screenshots, the following video tutorials may be helpful. 
However, please note that these tutorials do not match the exact procedures of this lab.
• 

• 

Additional videos can be found by searching “NCBI BLAST” on YouTube.
To help you and your students use BLAST, you might review the tutorials developed 

by NCBI at  

 1. Navigate to NCBI and the BLAST page as usual. 

 2. At the top, click “Help” to go to the BLAST Documentation Page. 

 3. Under the heading “About BLAST,” there is a handbook that has both novice-
friendly sections as well as information for experienced users. 

BLAST documentation can be viewed online as well as downloaded and distributed for 
educational purposes. "ere are practice data sets that teachers can use to demonstrate 
how to read the results, and all users are free to email or call the BLAST Help Line.

"ose who want to dig deeper can visit the NCBI Educational Resources Web 
page ( ) for videos, tutorials, project 
descriptions, and other tools designed for teaching. 

!is inquiry-based investigation has no de"nite right answer. "is will frustrate 
some students. Reassure them that their performance in this investigation is based on 
the use of the data they collect to construct and test a reasonable hypothesis.

Students are unlikely to understand what BLAST is doing when it searches for 
sequence similarities. A simple analogy is the sticky note and the library. Tell students 
that they have a three-word phrase written on a sticky note. "eir job is to go to the 
school library, look for every book that has that three-word phrase, and write down the 
exact page number and name of every book they !nd. Next, they must search for every 
book that has their three-word phrase, even if the spelling is not perfect. "ey must keep 
doing this until they !nd every last book that has a part of their three-word phrase. "eir 
last chore is to put all the names and page numbers of the books they found in order, 
from most to least similar to their original phrase. If students are not impressed with 
the library analogy, tell them to use Google to search for a three-word phrase (with near 
matches) and categorize the hits for the entire Web. "at is essentially what BLAST is 
doing in a few seconds.

http://www.youtube.com/watch?v=HXEpBnUbAMo
http://www.howcast.com/videos/359904-How-To-Use-NCBI-Blast
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs
http://www.ncbi.nlm.nih.gov/education/
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To clarify this idea, ask students to align the !rst !ve bases or amino acids in  
three to !ve sequences (such as the sequences they download from  

). 
Which ones are more similar/less similar to one another? Once students understand the 
principle behind matching alignments, they can even calculate the percentage similarity 
by dividing the number of matching sequence bases by the total number compared. "e 
following is a simpli!ed example of the concept: 

Organism A Sequence: ATGATCCAGT
Organism B Sequence: ACGACTCAGT
Organism C Sequence: TTGATCCAGT
In addition, you can have students align gene sequences on paper to simulate what the 

BLAST program is doing for them. When uploaded into the BLAST website, each gene 
sequence will appear in the query sequence. Students can copy the gene sequence on 
paper and compare it to the results once the gene is submitted on the BLAST website.

 ■ THE INVESTIGATIONS

 ■ Getting Started: Prelab Assessment
You may assign the following questions for homework; as a think, pair/group, share 
activity, in which pairs or small groups of students brainstorm ideas and then share them 
with other groups; or as a whole-class discussion to assess students’ understanding of key 
concepts pertaining to cladograms:

 1. Use the following data to construct a cladogram of the major plant groups:

Table 1. Characteristics of Major Plant Groups

Organisms Vascular Tissue Flowers Seeds
Mosses 0 0 0
Pine trees 1 0 1
Flowering plants 1 1 1
Ferns 1 0 0
Total 3 1 2

 2. GAPDH (glyceraldehyde 3-phosphate dehydrogenase) is an enzyme that catalyzes 
the sixth step in glycolysis, an important reaction in the process of cellular 
respiration. "e following data table shows the percentage similarity of this gene and 
the protein it expresses in humans versus other species. For example, according to 
the table, the GAPDH gene in chimpanzees is 99.6% identical to the gene found in 
humans.

http://blogging4biology.edublogs.org/2010/08/28/college-board-lab-files/
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Table 2.  Percentage Similarity Between the GAPDH Gene and Protein in Humans and  
Other Species

Species Gene Percentage 
Similarity

Protein Percentage 
Similarity

Chimpanzee (Pan troglodytes) 99.6% 100%
Dog (Canis lupus familiaris) 91.3% 95.2%
Fruit fly (Drosophila melanogaster) 72.4% 76.7%
Roundworm (Caenorhabditis elegans) 68.2% 74.3%

a. Why is the percentage similarity in the gene always lower than the percentage 
similarity in the protein for each of the species? (Hint: Recall how a gene is 
expressed to produce a protein.)

b. Draw a cladogram depicting the evolutionary relationships among all !ve species 
(including humans) according to their percentage similarity in the GAPDH gene.

Online Activities
You may also assign the following online activities:
• “"e Evolution of Flight in Birds”  

"is activity provides a real-world example of how cladograms are used to understand 
evolutionary relationships.
• “What did T. rex taste like?”  

• “Journey into Phylogenetic Systematics” 

 ■ Designing and Conducting Independent Investigations
Now that students have completed this investigation, they should feel more comfortable 
using BLAST. "e next step is to have students !nd and BLAST their own genes of 
interest. "ey might investigate something they have heard the name of, or you could 
ask them to think about and explore an enzyme or protein they studied before (e.g., 
DNA polymerase). "ey could look online for additional information to inform their 
questions (e.g., Are there diseases where DNA polymerase does not function normally? 
Do viruses make DNA polymerase?) Another option is to ask students to identify a 
disease that they know is related to proteins, such as spinocerebellar ataxia or various 
storage diseases. Search for the normal versus mutant versions of the protein or DNA. 
What is di$erent about their sequences?

http://www.ucmp.berkeley.edu/education/explorations/reslab/flight/main.htm
http://www.ucmp.berkeley.edu/education/explorations/tours/Trex/index.html
http://www.ucmp.berkeley.edu/clad/clad4.html
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To locate a gene, go to the Entrez Gene* section of the NCBI website  
( ) and search for the gene. Once you have found 
the gene on the website, copy the gene sequence and input it into a BLAST query. Ask 
students to determine the function of proteins in humans and then to predict if they will 
!nd the same protein (and related gene) in other organisms. Do students understand 
that BLAST analyses provide only one piece of evidence about speciation and the 
phylogenetic relationships of organisms? Is DNA evidence more or less important to 
evolutionary studies as compared to morphological evidence?  

Example Procedure

 1. On the Entrez Gene website, search “human actin.”

 2. Click on the !rst link that appears and scroll down to the section “NCBI Reference 
Sequences.”

 3. Under “mRNA and Proteins,” click on the !rst !le name “NM 001100.3.”

 4. Just below the gene title, click on “FASTA.”

 5. "e nucleotide sequence displayed is that of the actin gene in humans.

 6. Copy the gene sequence and go to the BLAST homepage 
( ).

 7. Click on “nucleotide blast” under the Basic BLAST menu.

 8. Paste the sequence into the box where it says “Enter Query Sequence.”

 9. Give the query a title in the box provided if you plan on saving it for later.

 10. Under “Choose Search Set,” select whether you want to search the human genome 
only, mouse genome only, or all genomes available.

 11. Under “Program Selection,” choose whether you want highly similar sequences or 
somewhat similar sequences. Choosing somewhat similar sequences will provide 
you with more results.

 12. Click BLAST.

*Entrez Gene is a global database of genetic information. When you use it, you search a number of 
databases for speci!c gene information. Entrez Gene is separate from BLAST in that it searches for 
a speci!c gene’s sequence. BLAST then compares the sequence of the single, speci!c gene with other 
sequences in the database. An example procedure of how Entrez Gene and BLAST work together is 
described in the following example.

http://www.ncbi.nlm.nih.gov/gene
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Suggested Genes to Explore

Actin GAPDH Pax1

ATP synthase Keratin Ubiquitin

Catalase Myosin Zinc finger

 ■ Examining Gene Sequences Without BLAST
One of the bene!ts of learning to use BLAST is that students get to experience a 
scienti!c investigation in the same manner as the scientists who use this tool. However, 
it is not necessary to BLAST common genes of interest. Many researchers have saved 
common BLAST searches into a database. "e following video demonstrates how to 
access these saved BLAST queries: 

.

 ■ Summative Assessment
Have students consider the following when analyzing the gene sequences:
• "e higher the score, the closer the alignment.
• "e lower the e value, the closer the alignment.
• Sequences with e values less than 1e-04 (1 x 10-4) can be considered related with an 

error rate of less than 0.01%.

Students should analyze and discuss the data and try to form logical hypotheses based 
on evidence. While the evidence is leading toward a close relatedness with birds and/or 
reptiles, you should assess students on their understanding of cladogram construction, 
in general, and the evidence they use to defend their hypothesis.

"e following questions are suggested as guidelines to assess students’ understanding 
of the concepts presented in the investigation, but you are encouraged to develop your 
own methods of postlab assessment:
• Are students able to make predictions about where the fossil species could be placed 

on the cladogram based on information they collected from the BLAST queries?
• How did the students handle any disagreements about the cladogram? Was their 

reasoning evidence based?
• Did students have an adequate background in genetics to understand the data they 

had to analyze in this investigation?
• Are students able to construct their own cladograms using provided data?

http://www.wonderhowto.com/how-to-use-blast-link-244610/view/
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Determine if students truly understand the evolutionary patterns seen in cladograms 
by asking them to include concepts such as speciation, extinction, and natural selection 
when describing a particular cladogram.

 ■ SUPPLEMENTAL RESOURCES

 ■ Other Labs
Another inquiry-based cladogram investigation that uses simple household items can be 
found at the following website:  

"is cladogram investigation also uses simple household items:  

"is fun activity involves students creating cladograms to show the evolution of di$erent 
types of music:  

 ■ Online Activities
"e following online activities are included in the Student Manual:
“"e Evolution of Flight in Birds”: "is activity provides a real-world example of how 
cladograms are used to understand evolutionary relationships:  

“What did T. rex taste like?”:  

 ■ References
"e plant group cladogram table (and answer key) is available at  
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http://blogging4biology.edublogs.org/2010/08/26/cladogram-lab-activity/
http://www.pbs.org/wgbh/nova/teachers/activities/2905_link.html
http://www.cse.emory.edu/sciencenet/evolution/teacher%20projects/walton.pdf
http://www.ucmp.berkeley.edu/education/explorations/reslab/flight/main.htm
http://www.ucmp.berkeley.edu/education/explorations/tours/Trex/index.html
http://petrifiedwoodmuseum.org/Taxonomy.htm

