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● ~38% of participants did not have matching 
genotypes

●  ~28% did have matching genotypes 
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The Circadian Gene
The Circadian Rhythm is the natural 

cycle of physical, mental, and behavior 
changes that bodys go through within a 

24 hour period.
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Other circadian research includes: 

● The discovery of the period gene

● Connections between “clock genes” 

and bipolar disorder

● Circadian gene expression and risks 

of Epithelial Ovarian Cancer

Research on the relationship between 

Circadian Rhythm and gene expression 

have revolved primarily around the 

discovery of clock genes and health risks 

determined by the genome.

https://prescriptionhope.com/blog-what-is-circadian-rhythm-disorders-symptoms-health-effects/
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About Our Project 
For this study an experiment was conducted to 

identify and observe the relationship between 

productivity times and gene expression. This was 

seen through: 

● The results of a questionnaire completed by 

participants 

● The trait expressed by their DNA through 

the period 3 gene
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Research Question 

How do peak productivity times and sleep patterns relate to the 

expression of a gene involved in the circadian rhythm (Per3)?

Hypothesis:
The large majority of participants will 

have genetic results that do not 
correlate with their productivity times

Prediction:
If data was collected on various high 
school students’ sleep patterns and 

productivity times, their collected DNA 
will not match due to age and 

environmental factors.

https://www.callcentrehelper.com/increase-work-from-home-productivity-168920.htm
https://www.sleepcycle.com/how-sleep-cycle-works/


Lab Procedures

Sample Collection

PCR

Data Analysis

Gel Electrophoresis

DNA extraction
Participants fill 
out sleep habits 
questionnaire

Independent Variable:
Peak Productivity 
(Determined by 
Questionnaire) 

Dependent:
Gene Expression 

(Determined through gel 
electrophoresis)



Data Results and Visualization

1st 
Gel

Table
Data 

2nd 
Gel

Key: 
● Score & Circadian Preference =  

Productivity time
● Allele A & B = Two copies of the 

period3 gene
● 4 & 5 = Number of repeats in each 

Allele
● Genotype = Gel Electrophoresis Results 

1st Gel 2nd Gel



Data Analysis and Interpretation

Based on collected data the results show:
● 11/29 participants did not have 

matching questionnaire scores and 
gene expression. (~38%)

● 8/29 had matching scores and gene 
expression. (~28%) 

● 10/29 had inconclusive results in 
the gel. (~34%)

Inconclusive Results

For unknown causes 10 out of 29 

participants did not show results in the 

gel. Possible reasons may include: 

● Sample collection

● Time limitations

● Equipment

Out of participants whose results have 

shown (19), 58% did not show connections 

between productivity times and gene 

expression. This experiment has proven 

that unknown relying factors exist due to 

the varied results.



Connection and Conclusions
By gel observation:
● ~350 base pairs were correlated 

with having 4/4 homozygous alleles 
which provides probability of night 
productivity 

● ~400 base pairs correlated with 
having 5/5 homozygous alleles 
which provides probability of 
morning productivity.

● Two Bands for ~350 and ~400 
represent 4/5 heterozygous alleles 
for Intermediate and Evening 
productivity.

A similar study from a Norwegian 
university observed that 44% of 
participants expressed 4/4 alleles, 44% 
expressed 4/5 alleles, and 11% expressed 
5/5.

This research projects results includes 
60% for 4/4 alleles, 20% for 4/5 alleles, 
and 20% for 5/5 alleles. 

While both studies proved that 
expression of 4/4 alleles is more present, 
the difference between percentages of 
4/4, 4/5, and 5/5 alleles were drastically 
different. 

 



Connection and Conclusions
Through our research, we were able to conclude:

- Phenotypes will not always match with genotypes

- Several outside factors may have a varied impacts on the expression of traits

- Not enough data was collected to confirm or deny our hypothesis of a larger 

majority showing no relationship between productivity time and gene expression.

While the results of the study were not as successful as expected, the data provides a 

base for future exploration. 

Compared with previous research we identified the need to consider environmental 

factors when observing the relationship with gene expression and circadian rhythm. 

Most research have only discovered existing impact, not the extent of the impact. 

Therefore future experiments can those factors.



Implications and Ideas For Future Research 
Our data as well as similar research projects 
with oriented goals can be used to:

● Help determine possible health risks that 
a person may experience due to their 
circadian rhythm

● Provide better understanding as to when 
people are more likely to be productive

● Identify and understand the level of 
impact gene expression has on 
phenotypes compared to environmental 
factors. 

● Provide evidence that gene expression 
and physical capabilities do and do not 
match based on other factors.

Adjustments to protocol
To better understand the relationship between 
productivity times and sleep patterns, increased 
data may be needed.

This can be done through:
● Larger pool of participants
● Greater time to conduct experiment
● Inclusion of  more variables: 

- Different ages
- Controlled environmental factors 
(through relatives)
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