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Undergraduate biology majors must memorize basic aspects of gene 
structure and function. However, students often have a shallow 
understanding of basic gene and protein features. I developed 
activities in which students analyze DNA and protein sequences to 
look for patterns. Students use NCBI1 and The Arabidopsis 
Information Resource2 (TAIR) to search for sequences. Students 
summarize intron/exon boundaries in an Arabidopsis gene to look for 
patterns. In their own words, students write an apparent rule for 
intron/exon boundary sequences based on data from one large gene. 
Then, they examine other genes from Arabidopsis and other 
creatures to determine whether their rule seems generally correct. 
Next, students read about snRNP complexes to learn how the 
splicing process relates to the sequence rule they devised. In a 
related protein module, students align protein sequences and make 
hypotheses about active-site and mutant amino acids. Finally, they 
observe the three-dimensional shape of the protein using UCSF 
Chimera3 software, and they evaluate the accuracy of their 
hypotheses. Through data collection, hypothesis development, and 
model refinement, these in silico activities offer students a deeper 
experience of gene structure and function than is often possible in the 
classroom.

In the first phase of the activity, students analyze the alpha-amylase 
gene that encodes an enzyme we have already discussed during 
lecture. Students collect data to identify a pattern in the intron/exon 
boundaries:

After writing nucleotides into the boxes, students make a hypothesis 
about the important nucleotides. Then, they look up another plant 
gene and a human gene to test whether their hypothesis holds with 
these other genes. Many students’ hypotheses are simple and clear 
enough to apply. Other students write detailed hypotheses that do not 
apply outside the context of the Arabidopsis alpha-amylase gene.

Thus, phase one of the project is to construct a hand-made 
nucleotide sequence alignment and analyze the results. Next, 
students use a computer program to align amino acids.

In the second activity, students analyze protein sequences. 
Specifically, they construct a multiple-sequence alignment using the 
freely-available MEGA74 program.

The instructions continue guiding students through the construction of 
a multiple-sequence alignment. Then, students hypothesize where 
the active site of this enzyme might be (it is within the most 
conserved block of the sequences). Finally, they notice that an amino 
acid that is defective in the pex4-1 mutant5 of Arabidopsis appears to 
be distant from the active site based on the alignment.

Finally, in part three of the activity, students analyze the three-
dimensional structure of the PEX4 protein using freely-available 
UCSF Chimera3 software. In the process, they discover that the 
mutant amino acid is physically near the active site of the enzyme 
when viewed three dimensionally. This contrasts with its apparent 
distance from the multiple-sequence alignment in lesson two, in 
which the mutant amino acid and the active site appeared to be 
distant. Thus, the third phase of the activity highlights that higher 
order structure is a critical consideration when analyzing proteins.
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Notes: 
I regret not including more screen shots of websites and student work, but I thought it 
inappropriate to post such items on a public site. I have attempted to format this poster for 
viewing on small screens.


