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Executive Summary 

 The BYU Department of Nutrition enlists students as research assistants from a variety of 

majors. Research assistants are generally looking for lab experience necessary for graduate programs. 

This project was created as a solution to a question in Dr. Jason Kenealey’s lab. Dr. Kenealey’s lab 

focuses on understanding the biochemical mechanisms and effects of naturally occurring molecules on 

different cancers. Dr. Kenealey’s research assistants use many different machines to assist their research 

that eventually export an Excel file with results after the experiment is completed.  

After finishing an experiment, students will take the readout exported by the machine, format a 

new workbook, copy and paste data from the readout to the new workbook, write in formulas to 

analyze the data, and finally create graphics that clearly convey the data. The process is cumbersome 

and repetitive, all while leaving plenty of room for errors that skew data.  

I recently started running experiments using the Polymerase Chain-Reaction (PCR) 

ThermoCycler.  The objective of the experiment is to determine the quantity of transcriptions or copies 

of genes that are being expressed. Cells treated with different pharmacological agents are lysed open to 

examine mRNA content, which is an indication of genes being expressed. After a few steps the mRNA is 

converted to more stable cDNA and quantitative PCR (qPCR) is run against each of the different treated-

cellular samples. qPCR uses different primers to target specific genes of interest and amplify the number 

of gene transcripts to readable levels. In order to control for differing levels of overall cDNA content 

between different treatments, scientists use an internal standard gene as a reference. The gene 

expression of this internal standard is consistent regardless of treatment options. The change in 

expression of the target genes is important to understand because expression of different genes 

indicates a change in biological function. For example, cancer cells often decrease the amount of 

important tumor-suppressing proteins (like p53) and the targets of those tumor-suppressing proteins 

(like TP53INP, PUMA, NOXA, etc.). The ability of pharmacological agents to upregulate (or in some cases 

downregulate) the target genes of interest can be an important mechanism of their efficacy in treating 

disease.  

My system is designed to first prompt the user to choose the file path of the readouts to be 

analyzed (with the option to select an internal standard from a previous experiment on a separate 

workbook). Then, the procedure accepts input from the user regarding the control samples, the internal 

target gene, and the target gene of interest. After, it analyzes the different readouts from the PCR 

machine to determine the values of ΔCt(control), ΔCt(treated), fold change, and standard deviations for 

each sample, important values in determining the number of transcripts in each gene. Ultimately, this 

data is converted into an easy to read bar chart. The system is designed to expand or contract to fit 

different amounts of sample, target, and replicate numbers, and should accommodate any other 

students running qPCR from the same machine. The output of my system is a workbook with a copy of 

the original readout from the ThermoCycler along with a new summary sheet that contains a formatted 

table summarizing the above stated values and chart. 

 

  



Project Details and Procedure Description 

Ct Values and Readouts from ThermoCycler 

qPCR is run in a 96-well plate, with each well experiencing its own reaction conditions. Generally, 

samples and targets are run in triplicate to account for variability. In the figure below on the left is an 

example of the plate setup on the qPCR software. Research assistants will tag each well with the sample 

being tested and the primer being used to target a specific gene. This information is crucial because it is 

put directly into the readout provided at the conclusion of the experiment.  

 

The figure below and to the right shows an example of the amplification plot of a qPCR reaction. Outside 

of the beautiful rainbow it creates, this graph is used to determine Ct values, which are the main 

measurement of the qPCR. Because the reaction is exponential in its growth, each sample experiences a 

steep increase at a designated cycle as indicated by the x axis. The time that the steep increase occurs is 

referred to as the Ct value, and is an indirect measurement of the number of transcripts found in 

particular cellular sample. 

 

 
 

After the experiment is completed, the results can be output into a convoluted excel readout. Below is a 

section of one of the readouts to give an idea of the data that will be analyzed for this project. Although 

values like Ct mean and Ct standard deviation are calculated, they are not normalized to an internal 

reference, or to a non-treated control, and therefore do not provide the information necessary to really 

interpret the data. 

 

 

 

 

 

 

 

 

 

 

 



Connect Entire Procedure to Ribbon Button 

In an effort to make the navigation of the procedure as painless as possible, I attached a “Run Analysis” 

button onto the home tab of the Excel ribbon in my workbook. 

 

 
 

Form1: Select Readout File(s) to Analyze 

  

Overview of Form 

When the user click the RibbonButton, 

frmFileSelect is initialized. This form is 

designed with the command button 

“Browse…” that opens the 

msoFileDialogFilePicker when clicked 

showing only Excel spreadsheet options. If 

the user pick a file, the file is input into the 

box below that currently says “No File 

Selected.” 

 

If the user wishes to use an internal 

standard from a previous experiment 

stored in a different workbook, the user 

can check the box stating that the standard 

is located in a different Excel file. This 

extends the form and gives a similar option 

as that above to select the file that 

contains the internal standard. 

 

These workbooks are assigned to variables that 

are used throughout the rest of the code to 

distinguish between the two. If no second file is selected, the second variable is set equal to the first 

variable, and one workbook is used for the entire procedure. 

 

Form 2: Analysis Setup 

 

Create Setup Sheet to Populate Analysis Form 

Because each experiment has a different design with different objectives, this procedure requires a few 

important inputs from the user. Before initializing the second form, a new sheet is created in the 



workbook containing the results from the most recent experiment and is named “Setup.” This sheet is 

designed to run a loop through both workbooks’ results sheets in order to determine the names of 

different samples used and the different gene options to be used for the target gene and internal 

standard. In order to ensure each option appears in a column only once to correctly populate the form, I 

used the application function countif. The end result of this procedure returns three columns: sample 

names (from current experiment), internal standard gene options (from either the current experiment 

or a previous experiment if selected in the file select form), and target gene options (from current 

experiment).  

 

 
 

Overview of Form 

This form is crucial for the analysis in the 

next step.  

 

Select Untreated Samples. On the left, a 

listbox with multiselect capabilities prompts 

the user to select all untreated (or control) 

samples. This is important because those 

control samples will be used to normalize 

data from all of the other samples.  

 

Internal Control and Target Gene to Analyze. These combo boxes populate from the setup sheet and 

allow the user select the internal control gene and target gene from the drop down menu. 

 

Save File As and Save File To. The end results of this experiment will save a new workbook to the 

specified location with the specified file name.  

 

Data Validation 

Each input in this form is essential for the 

analysis. If the user leaves any of the fields 

empty or untouched, and pushes run, a 

message box informs the user to fill out the 

proper information before continuing forward.  



 

Inputs in the Save File As section are subject to 

validation of proper characters for file names. If the 

user uses any of the characters listed in the figure to 

the right, the file name would not be valid. This 

message box informs the user they must use proper 

characters for the file name. 

 

Analysis and Calculations 

Overview 

The real bulk of this procedure comes during the analysis phase. After data is imported properly and the 

user click “Run Analysis,” the procedure begins to analyze the data. The first sub procedure formats the 

table that the data will be input into. The table design is dynamic and will adjust to fit the number of 

samples depending on the data being analyzed. The sub procedure “figureFoldchange” does the hard 

number crunching. After all the needed values are calculated, they are placed into the data table on the 

sheet named “summary” in the original readout workbook to eventually be saved as a new file for 

interpretation. 

 

Formulas 

The value of interest is known as fold change. Fold change is a normalized value that expresses if a gene 

is overexpressed (>1) or under-expressed (<1). In the past, these calculations involved a lot of head 

scratching and excel work to figure out what data to include.  

 

The important formulas for this analysis are:  

ΔCt (control) = Ct(Target Gene: control) – Ct (Internal Gene: control) 

ΔCt (treated) = Ct(Target Gene: treated) – Ct (Internal Gene: treated) 

ΔΔCt = ΔCt (treated) - ΔCt (control) 

Fold Change = 2^(-ΔΔCt) 

 

Calculations and Methodology 

ΔCt (control). This value is the same for each treatment, and is ultimately stored on the summary sheet 

in “C4.” In order to calculate this, the data from the listbox of the analysis form is first imported into an 

array of string variables and eventually converted into one string separated by commas. This string 

argument contains the names of the samples that were selected as controls from the analysis form, and 

will be used in determining what Ct values to average. The procedure then runs through a loop with a 

running sum and count that is added to whenever the sample of the line matches at least one of the 

controls selected in the form and the target gene of the line matches the internal standard provided in 

the form. The screen grab below shows the example of values placed into the last column when the 

sample “DMSO” is selected as a control and “PIDD” is selected as the internal standard. Note that 

because the target of the other lines differs from “PIDD,” no calculation takes place in the last column. 

The average of all of the control samples for the internal is set to a variable InternalControlAverageCT. 

The same procedure is completed for the target gene and then ΔCt (control) is calculated as the second 

average minus internalControlAverageCT. 



 
 

ΔCt (treated). This value changes for each of the different treatment options and is stored into column 

“C” on the summary page. First a similar loop is run on the sheet containing the internal target sheet, 

but instead of averaging the Ct values of control treatments, the loop moves down the treatment 

options one at a time. I used a nested for loop to run the overall calculation for each sample on the 

summary page. The average ct for the internal gene of interest for each treatment was calculated and 

then subtracted from the gene of interest. The main variation from the previous loops was that this loop 

had to run for each sample and took in different inputs, but the methodology was similar. 

 

ΔΔCt, Fold Change, and Standard Deviation. ΔΔCt is calculated with ΔCt (treated) - ΔCt (control). 

However, in order to calculate the standard deviation of the fold change, ΔΔCt had to be first calculated 

for each individual line of the results sheet, and then averaged into the summary sheet. Fold change was 

calculated in a similar fashion on each line by using the formula stated above, and standard deviation 

was calculated manually with general arithmetic in a loop. This version of the code is fairly 

representative of many of the loops run in my procedure. In the results sheet, columns are appended 

onto the end of the data for ΔΔCt and Fold Change. Below is a section of code that gives a peek into its 

methodology. 

 



 
 

 

Create Chart and Save As 

The final section of the procedure creates a chart using the sample names and fold change values on the 

summary sheet. The file name specified in the analysis form is used to save the results into a new 

workbook in the specified location. All of the workbook used for analysis are closed without any of the 

changes made during the procedure being saved so as not to corrupt further data.  

 

In the end, the user is left with two open workbooks, one bearing the original code to run the analysis 

and the other with a save version of the output of the machine. The results are easy to interpret, and 

the entire process takes less than a minute! 

 

Below is an example of the finished summary sheet. 

 

 
 

Assistance  

Outside of a few points and tips from Dr. Allen, I received no additional help on this procedure.  

 



Discussion of learning and conceptual difficulties encountered 

 This project was really eye opening. Originally, I thought the calculations would be simple. I 

found that the most difficult, yet rewarding, part of the project was actually figuring out the best way to 

approach writing the code. At first, I began by just typing everything that I thought should go in. By the 

end of my first draft, I had an experiment that calculated values, but it calculated the wrong values. I 

realized that in my haste to write the code, I went about the logic of the experiment entirely wrong. I 

remembered that in my IS 201 class our professor suggest writing a flow chart of the experiment design 

before jumping into the problem. After sketching the procedure onto a scratch sheet of paper, the work 

became a lot easier. I was able to methodically move through each step of the overall system. 

 I also feel that I learned a lot more about how actual vba code works. It is an obvious realization, 

but I learned to a much deeper extent the meaning of variables and how to work with them in different 

scopes. I feel much more comfortable in my ability to work with functions in order to accomplish all sort 

of different tasks. 

 One of the difficulties I ran into was working with the worksheet functions. I ended up bypassing 

a few of the worksheet functions I planned on using with the use of loops, if statements, and running 

sums/counts. Another limitation that I was able to overcome by actually hard coding the formulas in was 

standard deviation. I could not locate a “standard deviation if” formula, so I wrote the code myself. 

 Overall, this was a painstaking, but enjoyable experience. I feel much more confident at tackling 

other problems and challenges in the lab. I have a feeling that if I were to start this code from scratch, it 

would be much cleaner and a little less convoluted. I feel that that is part of the learning process.  

 

 


