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Abstract 
 

 
Animal models have contributed greatly to the knowledge of cystic fibrosis.  A mutation 

at position 508 of the protein in the CFTR gene on chromosome 7 is a well-known contributor to 

cystic fibrosis.  In this project, a mutation at position 510 will be studied to determine whether it 

is also a statistically significant contributor to cystic fibrosis.  In addition, the phenotypic and 

structural similarities between animal models and humans will be compared.  The homology 

between humans and the animal models will validate which animal models are the most useful 

in the study of cystic fibrosis.  Finally, an ANOVA test will be run in order to prove SNP V510I 

statistically significant. 
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Introduction 
 
 
Bioinformatics was chosen because in is an exciting, emerging field that unifies biology 

with statistics and data.  This project involves learning more about diseases and single 

nucleotide polymorphisms (SNPs).  While conducting this experiment, many SNPs were studied 

that are correlated with cystic fibrosis.  Many animal SNPs were evaluated that are also 

correlated with cystic fibrosis to test the project’s hypothesis.  The question being evaluated was 

why is the DNA blueprint so important to health and disease?  While trying to answer this 

question, the research verified that cystic fibrosis in animals and humans produces the same 

disease phenotype and that it is highly conserved. 
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Principal Scientific Research 

Many headlines have appeared in science magazines about genetic engineering and 

how it is becoming more of a reality.  As technology is improving, new gene editing techniques 

like CRISPR have emerged.  The data from these techniques has gotten so complex that one 

person cannot understand it by himself.  Therefore, bioinformaticians are in higher demand to 

sort through data to analyze the important information.  While computers are a relatively new 

invention, bioinformatics is not.  It was discovered well over one hundred and fifty years ago and 

has been steadily pursued since that time.  

History of Genetics and Bioinformatics 

In 1865, Gregor Mendel, known as the Father of Genetics, was the first person to make 

substantial breakthroughs in genetics. Gregor Mendel experimented with pea plants to test his 

laws of heredity.  Because of his pea plants, Mendel made many discoveries about recessive 

and dominant traits and the math behind inheritance of traits.  He also discovered what is now 

called a gene.  As he was experimenting, he kept careful records of the colors of the flowers on 

his pea plants and the colors of the flowers on their offspring.  Thus began the start of 

bioinformatics.  

Just over forty years later in 1909, the word “gene” was coined by Wilhelm Johannsen. 

He used this term to describe the unit of heredity that Mendel discovered.  Also, he used the 

words “genotype” and “phenotype” to differentiate between the outer appearance of an 

individual and the individual’s genetic makeup.  In 1952, Alfred Hershey and Martha Chase 

proved that genes are made of DNA by showing that only the virus’s DNA needs to enter a 

bacterium to infect it.  One year later, Watson and Crick were the first ones to discover the 

double helix structure of DNA.  These two scientists were also involved in the field of 

bioinformatics. 
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In 1990, the Human Genome Project was started.  By the following year, 1,879 human 

genes had been mapped.  Two years after that, a genetics research center in France called the 

Genethon created a physical map of the human genome.  Since then, more and more research 

institutes around the world have been creating databases for their own research and hiring 

bioinformaticians to handle all of the data generated.  “Representing a marriage of IT and 

biotechnology, bioinformatics is poised to be one of the most prodigious growth areas in the 

next two decades.  Currently valued at around one billion dollars, the industry is expected to 

grow exponentially over the next ten years stretching the very boundaries of biotechnology - 

transforming an essentially lab-based science into an information science yielding rare 

biological insights and hastening the discovery of new drugs.  Globally, the biotech computing 

sector is estimated to touch a whopping thirty billion dollars by 2003 and sixty billion in 2005. 

This in turn will create a corresponding boom in job opportunities” says Sabu M. Thampi, an 

assistant professor at the LBS College of Engineering in India.  Especially after the Human 

Genome Project, the need for databases to store all of the data being produced fueled 

bioinformatics. 

Key Terms 
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DNA, or Deoxyribonucleic Acid, is the hereditary material in humans and almost all other 

organisms.  It is a chemical that forms a basic molecular code for how a living thing should 

operate.  The information in DNA is stored as a code made up of four chemical bases: adenine 

(A), guanine (G), cytosine (C), and thymine (T).  In DNA, adenine pairs with thymine and 

cytosine pairs with guanine.  DNA is located in the nucleus of a cell and is coiled into forty-six 

structures called chromosomes.  More than 99% of human DNA is the same for all people.  

Because of all of the foundational discoveries about DNA, modern scientists have 

recently discovered technology to edit DNA.  Editing DNA requires scientists to remove the base 

that is not correct and put in the correct base so that the pair is matched up correctly.  In genetic 

engineering, scientists target strands of DNA that they want to replace with a new sequence that 

will either enhance the organism or remove a mutation.  Specifically, the scientists have focused 

on single nucleotide polymorphisms.  A nucleotide is a building block of nucleic acids.  They are 

made of a nitrogenous base (A, T, G, or C), a five-carbon sugar (ribose for RNA and 

deoxyribose for DNA), and at least one phosphate group.  Single nucleotide polymorphisms 

(SNPs) are small base changes in DNA that can be either bad for the organism or neutral.  
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In the past, scientists have researched diseases to prove that they are functionally 

important to the organism.  If the mutation, a change in the DNA sequence that can be passed 

on to future generations, is functionally important, then it should have similar phenotypic 

significance in all species.  In order to do their research, scientists primarily data mine several 

databases to learn more about the functionality of diseases.  Data mining is a way of taking 

different perspectives and analyzing the data to make conclusions and summarize it into helpful 

information.  If a mutation is more frequent across multiple-species and the mutation can be 

matched with its phenotype across species, then the single nucleotide polymorphism has a 

statistical significance of being functionally important. 

Single Nucleotide Polymorphisms, called SNPs, are the most common type of genetic 

variation among people.  Each SNP represents a difference in a single DNA building block, 

called a nucleotide.  SNPs are the most important and basic form of variation in DNA.  

SNPs occur normally throughout a person’s DNA and most do not cause issues. 

However, when SNPs occur within certain parts of a gene, they may affect the gene’s function 

and possibly increase an individual’s risk of developing a particular disease.  These differences 

can be used to study inheritance in families and are evolutionarily stable; they do not change 

from generation to generation.  

But in order to be called a SNP, there must be at least two or more of the same SNP in 

at least one percent of the population.  However, SNPs are fairly common for being able to 

cause mutations.  They occur throughout the human genome, the complete set of genetic 

material in the organism - about one SNP to every three hundred nucleotide base pairs.  That is 

approximately ten million SNPs in the three billion nucleotide human genome.  

Since SNPs are known as a difference in the genetic sequence, many people assume 

that they are point mutations.  Point mutations are mutations that alter only one base pair of 
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DNA.  However, single nucleotide polymorphisms are not point mutations.  SNPs are actually 

the one percent variation between the genetics of the human race.  They do not necessarily 

cause disease.  If all SNPs caused a disease, then they would automatically be functionally 

important to the organism.  

But, the people who hold the view that single nucleotide polymorphisms are point 

mutations are partially right.  SNPs are similar to point mutations.  But they are also quite 

different.  First, SNPs are too common to be disease-causing mutations because they show up 

in about one percent of the human race.  Second, the majority of disease-causing mutations 

happen in a gene’s coding or parts of the gene that affect the job of the protein encoded by the 

gene.  SNPs do not have to be located in the gene, and they do not always change the way a 

protein works.  

These SNPs can be divided into two main groups: linked SNPs and causative SNPs. 

Linked SNPs are the ones that do not reside in the gene and do not affect the function. 

However, they do correspond to a response to a drug or the probability of getting a certain 

disease.  Causative SNPs do affect the way a protein functions, and they influence a patient’s 

response to medication.  These causative SNPs can be further broken down into two groups: 

coding SNPs and non-coding SNPs.  Coding SNPs are located in the coding region of the gene 

and alter the amino acid sequence of the protein the gene makes.  Non-coding SNPs are 

located in the gene’s regulatory sequences and change the timing, location, or level of gene 

expression, how genes affect the outward appearance of the organism. 

Even after learning more about SNPs, some people still wonder why they are important. 

SNPs are important because they provide genetic diversity, affect a gene’s function (what it 

does in the organism), and play a direct role in a disease.  They tell how humans respond to 

disease, tell if a person will contract a disease, tell how humans respond to environmental 
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factors and medicines, and tell scientists how well the patient works with a drug and the drug’s 

side effects.  

Before scientists can begin engineering the genes, they have to find the SNP that they 

will be engineering.  Finding one genetic change among a large amount of data can be quite 

formidable.  Thus the Human Genome Project was started about a decade ago.  In this project, 

scientists sequenced the entire human genome which consists of three billion nucleotides.  In 

order to find the SNP, scientists ran programs on the DNA and compared it to hundreds of other 

genomes.  When the program picked up a change, it would record the change.  Since no one 

and nothing is perfect, obviously DNA replication, or making copies of DNA, makes mistakes, 

making more and more SNPs.  Soon, scientists began to collect a lot of data from their genome 

sequencing.  

Big Data 

However, geneticists are not alone in their amount of data.  Big data, the problem they 

are experiencing, is eminent in many different fields with lots of data.  “Scientists are really 

shocked at how far genomics has come.  Big data scientists in astronomy and particle physics 

thought genomics had a trivial amount of data.  But we’re catching up and probably going to 

surpass them,” says Michael Schatz, a professor at Cold Spring Harbor Laboratory in New York. 

However, human genomes are not the only ones causing problems for big data scientists. 

Before human genomes were even sequenced, scientists had sequenced the genomes of many 

other species.  Now, most of the identifiable species on the earth have had their genomes 

sequenced by scientists.  

Many non-scientists wonder why scientists would use so much data to store all of those 

genomes.  But, they fail to realize the bigger picture.  Having sequenced genomes could help 

millions of people with diseases like cancer.  Sequenced genomes could identify SNPs that 
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correspond with a certain function.  They could create a personalized health plan to help treat 

diseases based on the patient’s own genome.  They could help scientists develop 

chemotherapy and understand misregulated genes that correspond to cancer.  The 

chemotherapy would be tailored to the patient’s own DNA instead of “one size fits all.”  Having 

sequenced genomes could help find unknown genes that contribute to a certain disease. 

Finally, they could help people change their lifestyle by using their own genome.  Not only can 

sequenced genomes help cure cancer, but it can also help cure other single nucleotide 

polymorphic diseases. 

Cystic Fibrosis 

Cystic Fibrosis is a very well-known single nucleotide polymorphism-caused disease.  It 

was first discovered in 1938 by Dr. Dorothy Anderson, an American Pathologist.  She was the 

first one to give a description of the disease, calling it “cystic fibrosis of the pancreas” because 

of her autopsy that found that children died from malnutrition.  Although the discovery of cystic 

fibrosis was relatively recent, people have been struggling with this disease long before it was 

discovered.  And even after the discovery, people have struggled with this horrible disease. 

However, there are less than two hundred thousand United States cases per year, making it a 

rare disease.  Some of the symptoms of cystic fibrosis are coughing up blood or phlegm, lung 

infections, shortness of breath, wheezing, tiredness, and not being able to gain weight.  Some 

people with cystic fibrosis have abdominal pain.  In order to help prevent complications from 

cystic fibrosis, doctors provide newborn screening to look for the disease.  
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All of these symptoms are caused by a malfunction in the Cystic Fibrosis 

Transmembrane Conductance Regulator protein.  The protein is supposed to serve as a 

channel through the membrane of cells that produce saliva, sweat, mucus, tears, and digestive 

enzymes.  The channel sends negatively charged chloride ions in and out of cells.  This 

transport is supposed to control the movement of water in tissues which allows for thin, freely 

flowing mucus.  This protein also serves as a regulator of other channels that transport 

positively charged sodium ions across cell membranes.  These channels regulate the function of 

the lungs and pancreas.  However, a mutation in the CFTR gene does not allow the chloride 

channels to regulate the flow of chloride ions.  Therefore, the mucus produced by the cells that 

line the passageways of the lungs, pancreas, and other organs is very sticky and thick.  Mucus, 

however, is supposed to be a slippery lubricant that protects the linings of the digestive system, 

reproductive system, the airways, and other organs and tissues.  While it seems to be 
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unimportant, not having thin mucus can cause a number of problems, making cystic fibrosis a 

very deadly disease.  

 

Treatments that doctors offer help to reduce problems and ease symptoms.  Some of 

these treatments include sodium chloride, pneumococcal vaccine, medications, self-care 

medications, and medical procedures.  These treatments are designed to help release mucus 

from the lungs.  According to the Cystic Fibrosis Foundation Patient Registry, in the US: “more 

than thirty thousand people are living with cystic fibrosis (more than seventy thousand 

worldwide).  Approximately one thousand new cases of cystic fibrosis are diagnosed each year. 

More than seventy-five percent of people with cystic fibrosis are diagnosed by age two.”  Of 

those thirty thousand people, most live to be forty.  This is much higher than past decades when 

cystic fibrosis patients did not live past high school.  The people who die from cystic fibrosis 

have lung complications, which is why it is so important to target them with therapies.  

Cystic fibrosis is caused by a mutation in the Cystic Fibrosis Transmembrane 

Conductance Regulator (CFTR) gene on chromosome seven.  The most common mutation is a 

deletion of three out of the 250,000 nucleotides contained in that gene.  That deletion is what 
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causes cystic fibrosis to be called a SNP.  That mutation results in a loss of the amino acid, the 

building block of proteins, at the five hundred and eighth position of the protein (ΔF508). 

Because of this mutation, the channel that transports chloride ions breaks down soon after it is 

made, so it never transports chloride ions.  This variation of the mutation accounts for two-thirds 

of cases of cystic fibrosis around the world, ninety percent of cases in the United States, and 

seventy percent of the cases in Europe. 

But, there are over one thousand five hundred other mutations that can cause cystic 

fibrosis.  Mutations in the CFTR gene that cause disease change the production, structure, or 

stability of the chloride channel.  These changes do not allow the channel from working 

properly, so the transport of the ions is impaired.  This project focuses on the change at position 

510 of the protein sequence and tries to determine whether this change is one of the other 

mutations that causes cystic fibrosis. 

While most people have two working alleles, copies of genes, of the CFTR gene, just 

one is needed to cause cystic fibrosis.  If neither allele can produce a working CFTR gene, then 

the individual gets cystic fibrosis.  Because of this, cystic fibrosis is called an autosomal 

recessive disease which is a disease that has been passed down through the generations and 

requires two copies of the mutated gene in order for the disease to show.  

If a mutation is more frequent across multiple-species and the mutation can be matched 

with its phenotype across species, then the single nucleotide polymorphism has a statistical 

significance of being functionally important.  When the SNP is functionally important, then it is 

most likely a disease.  Using genome sequencing, scientists have discovered many different 

diseases that they might not have if not for their knowledge of single nucleotide polymorphisms.  

SNPs have proven to be quite useful for being a small percentage of the genome. 

Hopefully, scientists will now put their knowledge of diseases and single nucleotide 
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polymorphisms to good use by providing cures for these SNP-caused diseases.  Using gene 

editing, scientists have more hope for the future of curing diseases.  But how will they know if 

their cure works without risking human lives?  

Animal Models 

According to this project, if the mutation is common among species and it expresses the 

same symptoms, then it is functionally important.  So if scientists can find animals with the 

disease that they are trying to cure, then they can experiment with their medications on the 

animals, much like lab rats.  This method of curing diseases will save many humans who 

participated in clinical trials from dying because the medication used in the clinical trial did not 

work.  Instead, experimenting on animals is a safer and more efficient way to test medication.  If 

scientists have success with experimenting with SNPs on animals, then they can test cures for 

larger diseases like cancer on animals.  

One of the many ways to determine whether a certain animal could be used for disease 

research is by using homology.  Homology proves the percent similarity of DNA between 

humans and an animal.  Homology is important when studying human diseases in animal 

models.  Animal models have contributed considerably to our understanding of the cystic 

fibrosis disease.  Lung cells in the laboratory allow scientists to perform many important studies, 

but these models lack the complexity of intact organs.  Therefore, animal models are essential 

in the study of cystic fibrosis symptoms and gene mutations.  Mouse models have been used for 

many years, but other animals are now being studied including sheep and pigs.  One important 

advantage of these larger animal models is that the lung function and size of these animals 

more closely resembles humans.  
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In this project, animal homology will be considered for mice, rats, and pigs.  The 

homology percentage allows scientists to determine whether these animals will be able to assist 

with future cystic fibrosis research and the development of possible gene therapy alternatives. 

Statistical Analysis 

Once homology has proved the similarity of animal and human protein structure and the 

usefulness of animal models in cystic fibrosis research, this project will attempt to prove SNP 

V510I statistically significant.  Statistics is the branch of mathematics that is concerned with the 

collection, classification, analysis, interpretation, and presentation of numerical data.  In 

statistics, general conclusions can be drawn about an entire set of data by using a sample set 

from that data.  This project will use statistical analysis to prove V510I significant by using a 

series of statistical tools, such as the One-Way ANOVA test (Analysis of Variance) and a Tukey 

test.  The reason for doing an ANOVA test is to see if there is any difference between groups on 

some variable.  There are a wide variety of programs available to assist students in performing 

these statistical tests.  After running the ANOVA test, the program will produce a p value.  The p 

value is the probability of coincidence.  If the p value is greater than 0.05, then there is less than 

a ninety-five percent chance that the data sets are not random.  However, if the p value is less 

than 0.05, then there is more than a ninety-five percent chance that the data sets are not 

random.  If the p value is less than 0.05, then the program will run a Tukey test.  The Tukey test 

compares a two data sets at a time to test for significance.  The groups that the Tukey test says 

are significant will be tested by ANOVA again.  

This project will be interesting because it combines two very dynamic areas, computer 

science and medicine.  Both of these fields are changing almost daily.  New breakthroughs 

make the scientific news every few months.  It will also be interesting to learn how the union of 

bioinformatics and genetics is accelerating research and generating solutions to solve illnesses 
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that people suffer from every day.  And as more and more data is being added to databases, 

the need for bioinformatics will grow.  The future of genetics and bioinformatics holds great 

promise.  It is exciting to be involved in the early stages of such groundbreaking research. 
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Hypothesis 
 

If a mutation is more frequent across multiple-species and the mutation can be matched 

with its phenotype across species, then the single nucleotide polymorphism has an increased 

statistical probability of being functionally important.  
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Materials 
 

Computer with Internet access 

Printer 

Lab notebook 
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Procedure 
 

1. Search for the disease of your choice in the OMIM database. 

2. Listed will be clinical results associated with your disease.  These results will include 

genes as well as descriptions of related medical conditions.  Click on the different results 

to see what they are.  Find a result that is a gene. 

3. The gene webpage will have lots of information on the disease-related gene.  In your lab 

notebook, write down the “HGNC Approved Gene Symbol” for your gene. 

4. On the right side of the gene webpage, under “External Links for Entry,” click on the 

“Gene Info” heading.  Then click on “NCBI Gene” from the dropdown menu.  This will 

take you to the NCBI Gene database, which has additional information on the gene. 

5. On the right side of the gene webpage, under “Related Information,” scroll down until 

you find “SNP: GeneView” and click on it.  This will bring you to a webpage that lists all 

of the SNPs associated with the gene you chose above. 

6. To navigate the large table of SNPs on this webpage, use the guide located in Science 

Buddies. 

7. Find a SNP that has its “Function” listed as “missense.”  Click on the “dbSNP rs# cluster 

id” given for that SNP. 

8. This will take you to a webpage with information on the SNP, such as the sequence it 

occurs in, the location of the mutation, and other resources.  Scroll down to view and 

investigate all of the available information. 

9. In your lab notebook, write down the SNP rsID.  This should be at the top of the 

webpage, after “Reference SNP (refSNP) Cluster Report.” 

10. Also write down the name that appears under “HGVS Names” that starts with 

“NP_000483.” 
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11. To see if your SNP has an impact on the protein structure and function, go to the 

SNPs3D website and search for the gene associated with your disease of interest. 

12. You should see a gene webpage similar to Figure 12 in Science Buddies. 

13. On the gene webpage, scroll down until you see a list of SNPs.  Find your SNP of 

interest. 

14.  After finding your SNP of interest, see whether it affects the structure and function of the 

gene. 

15. For some SNPs, there are models available that show where the SNP is in the 3D 

structure of the protein.  If under the “model frequency role” column your SNP of interest 

has a triangular-shaped symbol, you can click on it to see the 3D structure.  THis will 

take you to a webpage like Figure 14 in Science Buddies. 

16. Now try to establish a sequence-structure-function relationship for your SNP.  First, 

search for the GENE in OMIM by repeating steps 1-3. 

17. On the OMIM gene page for your gene of interest, under “External Links,” click on 

“Protein.”  Then click on “UniProt” from the dropdown menu.  This will take you to the 

UniProtKB database, which has additional information on the protein your gene of 

interest encodes for.  

18. Click on the “Sequences” link on the left side of the UniProtKB webpage.  This will take 

you to the amino acid sequence for your protein of interest. 

19. Click on “FASTA” at the top of the “Sequences” selection.  Select the FASTA protein 

sequence using your mouse and copy it. 

20. Go to the SMART site.  Once there, paste the protein sequence into the “Protein 

sequence” box and click on “Sequence SMART.” 
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21. You should see a webpage that shows the domains of your protein of interest.  Rolling 

your mouse over a domain will show you more information about the protein domain. 

FInd the domain where your mutation is located. 

22. Read the description of the domain and the InterPro abstract. 

23. You can search PubMed for articles on the effects of the mutation. 

24. Repeat the entire process with the animals’ genes for the disease. 

25. Compare the results from the animals and the humans using the NCBI database’s 

HomoloGene.  

26. Search ‘cystic fibrosis’ and click on the link that says “cystic fibrosis transmembrane 

conductance regulator (ATP-binding cassette sub-family C, member 7).  Half-way down 

the page on the left is a gray box under “Protein Alignments.”  

27. Under “Regenerate Alignments,” select the two species that you want to compare. 

Instead of pushing the “Blast” button under the species, select the “Show Pairwise 

Alignment Scores” above the gray box.  In this link, the homology of ten species is listed 

in comparison to the other nine species. 

28. Now that the structure and DNA similarity has been established, the SNP can be proved 

to be statistically significant.  Research 15-20 SNPs that all begin with the same amino 

acid using the databases from earlier in the project.  Limit the data to three amino acid 

groups.  Enter those SNPs in www.snps3d.org and record their SVM values.  Go to 

http://vassarstats.net/ and click on “ANOVA” on the left side.  Now click on “One-Way 

ANOVA.”  

29. Enter the number of data sets (amino acid groups) in the box that says “number of 

samples in analysis.”   Click “Independent Samples” and “Weighted” to set up the test. 

Now enter the SVM values in the Data Entry calculator.  Click “Calculate.” 
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30. Record the p value and the F statistic.  Below the table that says “ANOVA Summary,” 

there is a table that says “Tukey HSD Test.”  If the p value is less than 0.05, then 

http://vassarstats.net/ will automatically run a Tukey test.  Use the groups that the Tukey 

test says are significant and run another ANOVA test.  Record your findings. 

31. Determine whether the hypothesis is correct or not. 
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Data 
 
Homology comparisons 
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Symptom comparison 
 

 
Structure comparison 
 

 Human Mouse Rat Pig 

Length of 
Protein 

1,480 amino 
acids 

1,476 amino 
acids 

1,476 amino 
acids 

1,482 amino 
acids 

Location of AAA 
Domains on 
Protein 

450-639 
1,236-1,418 

450-623 
1,232-1,414 

450-614 
1,232-1,413 

450-623 
1,238-1,420 
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Statistical analysis ANOVA test #1 

 
Test #2 
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Histograms from ANOVA tests 
 
Valine Group 

 
Aspartic Acid Group 
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Glutamic Acid Group 
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Results 
 

The results of this project clearly indicate that V510I, the SNP researched in this project, 

is significant.  This data came from snp3d.org.  Now that V510I was proved to be significant, 

highly conserved regions in animal species could now be proved.  Having highly conserved 

regions means that the disease has not evolved or changed much over time.  It expresses itself 

in one species like it does in another.  The data from some peer reviewed articles said that 

some species of animals and humans have similar symptoms caused by cystic fibrosis.  Next, 

the OMIM database and uniprot.org proved that the disease is common and structurally similar 

across multiple-species.  Those two pieces of information proved highly conserved regions.  For 

the final piece of data, NCBI’s HomoloGene confirmed homology between humans and various 

animal species.  Homology means that the DNA of two different species is structurally similar 

and the nucleotides have similar locations on the DNA strand.  Since V510I was proved to be 

significant to cystic fibrosis, then the probability of the pig having a similar SNP is 92% and the 

probability for the mouse and the rat is 80%.  The project proved that V510I was significant, but 

not statistically significant.  Thus far, this project has demonstrated that changes in certain 

amino acids have the potential to affect cystic fibrosis outcomes.  Based on these findings, 

would certain amino acids affect cystic fibrosis more than others?  In other words, was it 

possible that changing a specific kind of amino acid would have a greater effect on cystic 

fibrosis than changing other kinds?  If this were true, then scientists would not have to analyze 

SNPs whose amino acid changes weren’t detrimental to the protein.  Instead, they could be 

analyzing SNPs whose amino acid changes were known to be detrimental.  With the help of a 

math teacher at another Christian school in Michigan, an analysis was set up to examine 

whether making changes within certain groups of amino acids would likely produce more 

"damaging" outcomes than making changes to other groups.  The comparison is called an 
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analysis of variance or ANOVA.  The ANOVA test on http://vassarstats.net/ was used in this 

project.  This statistic looks at whether the difference in the means of two or more groups is 

different enough to be considered “not by chance.”  ANOVA is basically a formula that looks at 

all the variety in the scores within the groups (the variance) and gives a probability of how 

similar the variety is.  If the groups show a strong amount of variety, then we say that the 

difference in group scores is “statistically significant.”  The usual statistical significance standard 

for ANOVA is a probability value of less than 5%, meaning that there is less than a 5% chance 

that the difference in the means of the groups occurred simply by chance.  If that is the case, 

then we can be certain that the difference between the groups is due to the change in the 

variable from one group to the other.  In this case, the change was in the amino acid.  Amino 

acids studied include valine (the V group), glutamic acid (the G group), and aspartic acid (the A 

group).  The null hypothesis for this ANOVA analysis was: “There is no significant difference in 

the severity of cystic fibrosis based on the type of amino acid that is altered.”  In order to assess 

this null hypothesis, a one-way ANOVA (one variable) was conducted which showed that 

changes to the amino acids do have a significant effect on the functionality of the protein [F(2, 

51) = 3.28]. The probability of this finding being coincidental is about 4.6% (p = .045705). This 

first test revealed that there was a significant difference between the three amino acid groups, 

and furthermore that the significant difference was between the V group and the G group.  A 

second ANOVA test was conducted between just the V group and the G group to see what the 

significance level was between just these two groups. The second ANOVA showed a 

statistically significant difference between the V group and the G group [F(1, 34) = 5.85]. The 

probability of this finding being coincidental is 2% (p = 0.021080). The null hypothesis was 

rejected and the project concluded that a change to Amino Acid V is more likely to affect cystic 

fibrosis outcomes than a change to Amino Acid G. This statistical analysis supports the overall 
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project hypothesis that a change in the amino acid at position V510I (V group) will have a 

statistically significant impact on cystic fibrosis.  One limitation of this statistical analysis should 

be noted.  The data for the G group was not normally distributed.  The histogram showed higher 

values towards the left side and lower values towards the right side.  
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Real World Application 
 

This science project will utilize methods that bioinformatics and biotech scientists 

perform on a daily basis to decipher the human genome in their efforts to diagnose and 

treat genetic diseases.  
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Conclusion 
 

Once I finished my experiment, I discovered that the single nucleotide polymorphism that 

I had been studying had an increased probability of being statistically significant, proving my 

hypothesis correct.  During my research, I encountered only a few unexpected results.  Having 

always been interested in genetics, I knew that scientists experimented on mice.  I also thought 

that scientists experimented on mice because they were genetically similar to humans.  In my 

experiment, I learned that mice were not ideal research candidates for cystic fibrosis because of 

several differences between them and humans.  Because of many of the differences between 

the two species, the homology between the two was significantly lower than I had expected.  On 

the other hand, I did not expect pigs to be genetically similar to humans.  Through my research, 

I learned that pigs were better suited to cystic fibrosis research because symptoms present 

similarly between pigs and humans.  In addition to these unexpected results, I also struggled 

with a consequences of a particular error that bogged down my research for several weeks. 

When I was proving the significance of my SNP, V510I, to the protein, I used a data element 

called HGVS name. I then tried to follow the same process for the animal SNPs.  However, I did 

not realize that the ‘h’ in HGVS stood for human until later in my project.  Aside from the delay 

due to my confusion over the definition of HGVS, my project progressed well.  My hypothesis 

states that if a mutation is more frequent across multiple-species and if the mutation can be 

matched with its phenotype across species, then the single nucleotide polymorphism has an 

increased statistical probability of being functionally important.  

➔ In my experiment, I found that cystic fibrosis was frequent across multiple-species by 

consulting an online database called OMIM (Online Mendelian Inheritance in Man).  
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➔ By using a peer reviewed article called "Animal Models of Cystic Fibrosis Pathology: 

Phenotypic Parallels and Divergences,” I found that cystic fibrosis has many common 

symptoms that can be found in several animal species.  

The combination of these two pieces of my hypothesis prove that CFTR has a highly conserved 

region across species.  Having a highly conserved region across species means that the 

disease does not fluctuate much between species.  

➔ In order to prove the highly conserved region, I found the percentage of homology 

between the human gene and the animal genes.  Because mice do not express all of the 

symptoms that humans do, it is only possible that they are not nearly as genetically 

similar.  But because pigs and humans share many symptoms of cystic fibrosis, they are 

very genetically similar to one another.  

However, based on the results of this homology analysis, all three of these animals are 

sufficiently homologous to be useful for cystic fibrosis research and gene therapy development.  

If I were to repeat this experiment, I would have added more animal species to compare 

with humans.  When I was evaluating homology, I noticed that several species of monkeys were 

quite homologous to humans.  Dogs could also be an interesting species to add to the 

comparison.  

To prove my SNP statistically significant, I used an ANOVA test on 

http://vassarstats.net/.  As a result, my p value for the first test was 0.045 and the F statistic was 

3.28.  The p value for the second ANOVA test was 0.021 and the F statistic was 5.85. This data 

proves my SNP statistically significant.  Overall, my project went well, and I am pleased by the 

outcome.  Genetics is an exciting field, and I learned a tremendous amount during this 

experiment. 
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