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PREFACE 

 My interest in vaccination issues first began when I read an article on the internet 

by Dr. Mercola. Specifically, he wrote about thimerosal’s potential link to autism. As any 

good scientist does, I began searching through the literature to determine the current state 

of research on the subject. To my surprise, not as much research as I would have 

expected had been completed in the area. Those that were published produced conflicting 

evidence – thus, there was no clear-cut answer to my question. The lack of solid data on 

the benefits and potential risks of vaccination motivated me to find out more. Four years 

later, I still have not found an easy or definitive answer to my “burning question”, but I 

have been able to produce novel data that may form the foundation for future studies.  

 Completing this project has taken a lot of perseverance and problem solving. I 

think Albert Einstein said it best, “It’s not that I’m so smart, it’s just that I stay with 

problems longer.” I feel fortunate to have had this opportunity and to have worked under 

an amazing faculty advisor, Dr. Emily Schmitt. I have grown as a scientist and as an 

individual throughout this process and the skills that I have learned give me an advantage 

in my career. 
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ABSTRACT 

Mercury-based preservatives including thimerosal, typically added to some vaccines, 

may pose health concerns as mercury toxicity has been implicated in many human 

diseases.  In this study, microarray technology and reverse transcriptase-polymerase 

chain reaction (RT-PCR) were used to examine the potential effects of a typical dose of 

thimerosal-containing vaccine (TCV) or thimerosal-free pediatric flu vaccine (TFV) on 

gene expression in Saccharomyces cerevisiae, a model organism that shares roughly 30% 

of its genome with humans.  Yeast were grown in three treatments: normal media 

(YEPD), YEPD plus TCV, and YEPD plus TFV.  Microarray gene expression data were 

examined for variability both within and among microarrays and only the genes which 

gave results with consistently very low variability were included for further analysis.  

Four gene expression patterns were examined with the remaining data:  1) genes strongly 

induced in the TCV only, 2) genes strongly repressed in the TCV only, 3) genes strongly 

induced in the TFV only, and 4) genes strongly repressed in the TFV only.  The greatest 

number of genes was found to be strongly induced in the TFV (221), while 13 genes were 

strongly repressed in the TCV, only one gene was strongly induced in the TCV, and no 

genes were found to be strongly repressed in the TFV. Of the genes strongly repressed in 

the TCV, two of them (THI7, involved in thiamin transport and IDP2, involved in 

glutamate biosynthesis) are especially interesting due to both of these processes being 

potentially linked to autism. 
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The effect of thimerosal-containing and thimerosal-free pediatric flu vaccine on 

gene expression in Saccharomyces cerevisiae 

 

I.  Introduction 

Vaccination is currently a controversial area in the media and in science. Many claims 

about the safety of vaccines have been made, though not many have completely 

convincing evidence. For example, the recombinant anthrax vaccine has been implicated 

in the chronic symptoms associated with Gulf War Syndrome (Nicholson et al., 2000). 

Mercury-based preservatives in these vaccines, most notably thimerosal (about 50% 

ethylmercury by weight) may be a factor in many human diseases, including childhood 

neurodevelopmental disorders. There have also been published studies that have 

documented a link between thimerosal and neurodevelopmental diseases such as  

autism (Geier & Geier, 2003; 2006), studies that did not find such a link (Medsen et al.,  
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2003; Heron & Golding, 2004), and studies that presented conflicting data regarding the 

issue (Ball et al., 2001; Veratraeten et al., 2003). Part of the variability may stem from 

the inherent variability present in how individuals respond to various environmental 

toxins.   

However, it is generally recognized that heavy metals including mercury have 

neurotoxic effects especially in developing brains (Hornig, Chian & Lipkin, 2004).  

Studies have been conducted in yeast where various genes were systematically deleted, 

creating the Yeast Fitness Database. These cells were then exposed to a variety of known 

toxins, including thimerosal and cell survival rates were measured, establishing that most 

genes are essential for survival especially when many toxic situations are encountered 

(Hillenmyer et al., 2008). 

In July of 1999, thimerosal was removed from vaccines (or left only in trace amounts) 

as a public health precaution (FDA, 2007). However, thimerosal is still used in various 

pharmaceutical products such as some brands of ear, eye and nose drops and antitoxins 

(Agrawal et al., 2006). Today, the average human will receive about 0.01% concentration 

of thimerosal per vaccine. This is equivalent to 50μg of thimerosal per 0.5mL dose. 

According to the Food and Drug Administration (FDA), the maximum amount of 

thimerosal that a two-year old, fully-vaccinated child could possibly have received in 

2007 was 106.4μg (FDA, 2007). Since thimerosal is made up of about 50% mercury, it  

can be said that an average two-year old received a maximum amount of 53.2 μg of  

mercury. This amount reflects a decrease of approximately 77% from the average 237μg  
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of mercury that a two-year old would have received in 2001 (O’Shea, 2001). 

The purpose of this study was to examine the effects of thimerosal-containing vaccine 

(TCV) and thimerosal-free vaccine (TFV) on gene expression using Saccharomyces 

cerevisiae (Baker’s yeast) as a model organism, since this species of yeast shares about 

31% of its genome with humans and is easy to manipulate (Campbell & Heyer, 2003). 

Microarray technology for the entire yeast genome as well as reverse transcriptase 

polymerase chain reaction (RT-PCR) for five key genes were used in order to assess 

changes in gene expression of yeast exposed to a typical dose of each type of vaccine. 

Gene expression values were reported as ratios of the degree of expression or repression 

for each gene by treatment. Analysis of the microarray slides and changes in gene 

expression were assessed using the Microarray Genome Imaging and Clustering Tool 

(MAGICTool), a program developed by the Genome Consortium for Active Teaching 

(GCAT) (Campbell, et al., 2006).  

Over the past roughly fifteen years beginning with DeRisi et al., 1997, microarray 

technology has quickly become a prominent research tool for examining changes in gene 

expression in response to various treatments for the entire genome of the organism at 

once.  When using microarray technology, however, there is inherent variability in the 

process and this variability must be addressed and evaluated (Buhler, 2002; Beisvag et 

al., 2011).  Typically this variability is analyzed by (1) the inclusion of control spots 

(blank areas) within the microarray slide, to ensure that dyes are not erroneously sticking  

to the slide, (2) gene replicates to ensure that the same gene on the same slide is  
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producing the same signal, (3) replicates of the entire gene grid on the same slide to 

ensure that gene expression patterns are uniform within the slide, and (4) preparing two 

slides that should be identical except for switching the specifically colored dye (red or 

green) among the samples being tested to ensure there is not a problem with one of the 

dyes creating a different signal strength than the other.  This involves the use of two 

separate slides each testing the same material, the only difference being that the use of the 

different colored fluorescent dyes (green or red) are switched.  Thus, the expression ratios 

should be the same (only reversed in color) between the two microarray slides involved 

in the dye swap (Butte, 2002).  Typically, the results from microarray analysis are 

considered starting points for more focused analysis of gene expression patterns (Schena, 

2003; He et al., 2004).  

Literature Review: 

Walker et al., 2006, evaluated lymphocytes exposed to a 10μM solution of 

thimerosal. It was found that several classes of heat shock proteins (including the 70kDa 

and DnaJ classes) were induced when analyzed using microarray technology. Heat shock 

proteins are a wide class of chaperones which assist in protein folding and  

re-folding. Similarly, Ras-related and cytoskeleton-associated genes were stimulated. 

One gene in the study (MED18) which was significantly inhibited (one of the fifty most 

affected): a mediator of RNA polymerase II transcription (Walker et al., 2006). 

Other studies have shown that thimerosal can affect DNA methylation in human 

neuroblastoma cells. This occurs through the inhibition of an insulin-like growth  
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factor and dopamine-stimulated methylation. Thimerosal also eliminated methionine 

synthase in these cells (Waly, et al., 2004). Methionine is a non-polar, hydrophobic 

amino acid that plays many important roles in metabolism (Lodish et al., 2000). 

Methionine is usually the first amino acid in a chain of a gene being translated because its 

codon is AUG – the “start” codon (Campbell & Reece, 2004). This codon on the strand 

of mRNA is accepted by the tRNA and translation begins. Therefore, the inhibition of 

methionine synthase can severely impact the creation of proteins via  translation.  

Thimerosal may affect dendritic cells which are rare, specialized cells that initiate 

primary immune responses (Goth et al., 2006). Though dendritic cells are not found in 

yeast, these studies may be a tool that can be used to bridge the gap between how 

thimerosal affects yeast and how it affects humans. In this study, thimerosal was also 

shown to interfere with ATP-mediated calcium signaling; mimicking a molecule called 

ryanodine. This molecule, when bound to its receptor, functions as a calcium  channel 

(Goth et al., 2006). The thimerosal and the ryanodine had an additive effect,  leading to 

the uncoupling of certain triphosphate and ryanodine receptor signals (Goth et al., 2006). 

Thimerosal altered the secretion of interleukin-6 cytokines related to immune system 

signaling and suppressed cytokine secretion overall (Goth et al., 2006). 

Patterns of gene expression for the entire yeast genome were examined to determine 

particular genes that would be of greater interest to study for their particular involvement 

in cellular responses to TCVs or TCFs (NCBI, 2008). Additionally, five genes of interest  

 

5 



 

 

 

were selected to be independently studied using reverse transcriptase polymerase chain 

reaction (RT-PCR). These five genes were SSA2, ECM4, RAS1, SUA7 and TDH1 

(Table 1). SSA2 is a heat shock protein which is induced under stressful environments. 

ECM4 is involved in glutathione transferase activity and cell wall organization. RAS1 is 

involved in GTPase activity and is the homologue of the mammalian RAS proto-

oncogene. SUA7 is a transcription factor and TDH1 is a gene that controls glucose 

metabolism and is specialized to yeast.  TDH1 serves as a housekeeping gene, one that 

should always be expressed because it functions in a necessary metabolic process – in 

this case glycolysis (Bradford et al., 2004).  
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Table 1: Genes of interest that were expected to be affected by TCV and/or TFV. The homologues in yeast are given for 

the corresponding human genes that were highly affected in the Walker et al., 2006 study. Five of these genes noted by (*) 

were selected for RT-PCR.  

 

Gene Name Corresponding Gene in Yeast Function Expected Result Reference 

HSP70B’ 
SSA1, SSA2*, SSA3, SSE1, SSE2 

Heat shock protein; responds to 

stress, assists in protein folding; 

ATP binding  
Induced  Genbank  

Walker et al., 2006  

HSP40 HLJ1, CWC23, DJP1, ZUO1, JEM1, MPS3,  
JLP1, SSZ1, CAJ1, SCJ1, JID1, YDJ1, MDJ1, 

JJJ2, JJJ3, JLP2, APJ1, XDJ1, SIS1 

Heat shock protein; responds to 

stress, assists in protein folding  Induced  Genbank  
Walker et al., 2006  

RRAD 
RAS1*, RAS2 

Ras-related protein GTP binding 

and GTPase activity  Induced  Genbank  
Walker et al., 2006  

KLF4 
STP4 

Metal ion binding, transcription 

factor/repressor activity  Induced  Genbank  
Walker et al., 2006  

LOC1 
SFA1, ECM4* 

Assists in glutathione 

dehydrogenase activity  
Unknown 
(Possibly Repressed)  

Genbank  
Goth et al., 2006  

NPAT 
TEL1 

Protein kinase involved in telomere 

length  Induced  Genbank  
Walker et al., 2006  

CITED2 
CBP1, CBP2, CBP3, CBP4, CBP6 

Protein binding, transcription factor 

activity  Induced  Genbank  
Walker et al., 2006  

MED18 
SUA7*, TAF1, TAF12, TAF14, SPT16 Regulation of transcription  Repressed  Genbank  

Walker et al., 2006  
GAPDH 

TDH1* Involved in glycolysis  
Unknown, 

Housekeeping gene 

Genbank 

Farell, 2006 
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II. Materials and Methods 

1.  Overview of Experimental Design: 

For this experiment, influenza vaccine Fluzone™, manufactured by the Sanofi 

Pasteur Corporation for the 2008-2009 influenza season was used. The vaccine is 

commercially available in a variety of forms. The two forms purchased were the 10 dose, 

thimerosal -containing vial and the preservative-free 0.25mL pre-filled syringe. The 

multi-dose thimerosal-containing version includes 25µL of mercury per 0.5mL dose. A 

0.5mL dose of each variety of vaccine was used to treat the yeast. The Fluzone™ vaccine 

is prepared from inactivated influenza viruses and propagated in embryonated chicken 

eggs. The immunogen in this vaccine is the hemaglutinin from different strains of 

influenza virus (Sanofi-Pasteur, Fluzone™ product insert, 2008-2009).  

Yeast were grown in a total of three treatments: (1) a control environment (standard 

YEPD media), (2) YEPD plus a TCV and (3) YEPD plus a TFV (Appendix II; Part I). 

After approximately 24 hours of growth at room temperature and confirmed by 

measuring density using a spectrophotometer at 660nm (OD660), the RNA from the yeast 

in each of the three environments was extracted Appendix II, Part II). Then the RNA was 

either used to perform RT-PCR on five key genes (Appendix II; Part IIIa) or microarray 

analysis on the entire yeast genome (Appendix II; Part IIIb). 
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2.  Growing Yeast: 

The yeast strain S288C, whose sequence information is available at 

www.yeastgenome.org was used in this study (SGD, 2011). The yeast cells were grown 

in YEPD standard media as a control. YEPD media was made with 1% yeast extract, 2% 

peptone and 2% dextrose (Campbell et al., 2006). Several 50 mL conical tubes were 

prepared with yeast in the YEPD environment and allowed to grow for different amounts 

of time (12, 24 and 48 hours). The optical density was assessed for each tube at the 

respective time in order to isolate the yeast during the exponential growth phase and to 

determine the approximate number of cells (Burke et al., 2000). The RNA was extracted 

when the optical density fell between 0.8 and 1.0 at 660nm, which was found to be after 

24 hours of growth. The pH was also assessed in order to ensure that the yeast grew in a 

slightly acidic environment, which is best for their metabolism (Appendix III-A). This 

process was repeated for yeast that were grown in the experimental conditions (Appendix 

III-B). A typical dose (0.5 mL) of each Fluzone™ vaccine (TCV and TFV) was added to 

YEPD media (Appendix II).  

3.  Total RNA Isolation and RNA Quality Check: 

RNA was isolated using the yeast RiboPure™ protocol (Ambion, 2004). In total, 

there were 18 RNA samples extracted for all three treatments. Initially, there were two 

RNA samples for treatment 1, eight RNA samples for treatment 2 and eight RNA 

samples for treatment 3. The resulting total RNA was then checked for quality and 

quantity via gel electrophoresis and small volume UV spectrophotometry (Appendix II).   
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In order to assess the purity of the RNA isolated by this protocol, the sample was exposed 

to UV spectrophotometry and the absorbance at 260 and 280nm was compared. The ratio 

of A260 to A280 should fall in a range between 1.8 and 2.1, indicating relatively little 

impurity in the sample. Additionally, the quality and quantity of the total RNA was 

assessed using gel electrophoresis to visualize the two ribosomal subunits as bands at 

1800 base pairs and 3000 base pairs (Appendix II; Appendix III-C & D). Following 

analysis of RNA, only one, best sample from each treatment was selected for analysis.  

4.  Performing RT-PCR on Five Key Genes: 

RT-PCR was conducted using the Protoscript™ protocol (New England Biolabs, 

2003) to create cDNA using the various total RNA samples that were selected from 

previous steps as described (Appendix II, Part IIIa). This protocol involved using reverse 

transcriptase and an oligo-T primer to isolate the mRNA (approximately 1%) from the 

total RNA (mostly rRNA) sample. After the cDNA was prepared, PCR was used to 

amplifiy the five key genes within the cDNA using specific primers designed for each 

gene (Table 2).   Primers were selected by analyzing sequences using Bioedit software 

(Hall, 2007).  Five genes were assessed: SSA2, ECM4, RAS1, SUA7 and TDH1. 

Aliquots from each of the PCR samples were run through a gel and electrophoresed. 

Estimated amounts of DNA (in ng) were recorded based on a semi-quantitative 2-log 

ladder (Figure 3). These values were then arranged in ratios and log 2 transformed in 

order to be comparable to the microarray data (Appendix III-F). 
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Table 2: Five genes of interest for RT-PCR. The five genes of interest were chosen and primers created using BioEdit software (Hall, 2007). Melting 

temperature (Tm) is provided for each primer (forward and reverse). Chromosome schematics were obtained from SGD. 

Gene 

name 

Systematic 

name 
Function Primers Chromosome 

SSA2 YLL024C 
chaperone (protein folding), 

response to stress 

Forward: CAAGGGTAGATTGTCCAAGGA (Tm: 53) 

Reverse: TTTTCGGCTTCAGCAACCAT (Tm: 57) 

 

ECM4 YKR076W 
glutathione transferase 

activity 

Forward: TGGAGAAAATCCTGAGTGACA (Tm: 52) 

Reverse: TTCACCGTATTTGGCCTTCA (Tm: 55) 

 

RAS1 YOR101W 

cell proliferation, GTPase 

activity, homologue of 

human RAS proto-oncogene 

Forward: CAACGGGTCTTATGTACTCGA (Tm. 51) 

Reverse: TGCCAGCATTGGTCAAAGAA (Tm: 56) 

 

SUA7 YPR086W 
RNA polymerase 

 transcription factor 

Forward: ACCGATAATATGAGTGGTGCA (Tm: 52) 

Reverse: ATGCGAACAAAACCTGGGTA (Tm: 54) 

 

TDH1 YJL052W 

glyceraldehyde-3-phosphate 

dehydrogenase activity, 

gluconeogenesis and 

glycolysis  

Forward: CAATGAAGGGTGTTTTGG (Tm: 41) 

Reverse: TTAAGCCTTGGCAACATATTC (Tm: 48) 
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Figure 3: Image of 2-log ladder.  A semi-quantitative 2-log DNA ladder was used for all gels in 

this study.  This ladder can be used to estimate the quantity of DNA in each well of an agarose 

gel.  Ladder obtained from New England Biolabs, Inc.   

 

 

 

 

 

 

12  



 

 

5. Performing Microarrays 

A.  Control Microarray: 

Using the Genisphere protocol (3DNA Array350), the mRNA in the original 

sample of RNA from treatment 1 only was converted into cDNA by using an oligo-T 

primer and reverse transcriptase (Genisphere, 2007). Specific tags for either red (Cy3) or 

green (Cy5) fluorescent dyes were attached to the primers which later allowed the 

fluorescent dye to anneal to the primer (Appendix III-G & H).  In this case, only green 

dye was used (to label the yeast grown in the YEPD environment) in order to limit 

variability since the red dye had been found to be sensitive to humidity and much more 

difficult to work with (Branham et al., 2007; Farrell, 2006). Before performing 

hybridization of the cDNA to the microarray, the cDNA was checked for quality and 

quantity by PCR using the TDH1 primers (a housekeeping gene specific to yeast which 

should always be expressed) followed by gel electrophoresis. Upon passing this test, the 

cDNA was incubated with the fluorescent dyes, hybridized to the microarray slide and 

sent to Davidson College to be scanned by the Genome Consortium for Active Teaching 

(GCAT) (Appendix I; Part IIIb, array 1). 

B.  Experimental Microarrays: 

An additional six microarrays were attempted to assess the effects of the 

remaining treatments. However, each attempt yielded insufficient signal for analysis. 

Therefore, a collaboration was forged with Dr. Marcus Jones of the Venter Institute in  
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Rockville, Maryland who performed the additional four microarrays at the Venter 

Institute using the RNA samples previously extracted (Appendix I; Part IIIb).  

 

In summary, the four microarray slides were prepared in the following manner: 

Slide 4021 

YEPD = green  

TCV = red 

Slide 4022 

YEPD = green  

TFV = red 

Slide 4020 
TCV = green 

TFV = red 

Slide 3731 (dye swap) 
TCV = red 

TFV = green 
Figure 2a: Schematic representation of microarray slides hybridized by the Venter Institute. Note that 

slides 4020 and 3731 are the same with the exception of the assignment of dye color. These slides are dye 

swaps of each other, conducted in order to adjust for possible preferential binding of dyes. 

 

Each microarray contained a total of 13,104 features (including control spots) 

divided into two metagrids. Each metagrid contained 16 sub-grids. Each sub-grid 

contained 22 columns and 20 rows. The 20
th

 row is known as the “phantom row” and is 

designed to be blank. 

 

  

 

 

 

 
Figure 2b: Diagram of microarray illustrating the two meta-grids. Each meta-grid is a complete replicate 

of the entire genome. Thus, meta-grid 1 and meta-grid 2 should yield similar signals.  
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Meta-grid 1 Meta-grid 2 



 

 

6.  Data Analysis 

A.  Microarray Data 

Creating Expression Files in MAGICTool: 

Subsequent to the microarrays being scanned, images were produced. These 

images were then imported into MAGICTool. In order to match each feature with a 

specific gene, a gridding and assessment step was conducted in MAGICTool with the 

help of a gene info file (Figure 3). Segmentation was performed on the images in order to 

determine the strength of the fluorescent signal compared to the background. The 

algorithm chosen for segmentation was “seeded region growing”. While this is the 

slowest method, it is typically the most accurate as each pixel is processed individually. 

The total signal background subtracted option was selected to create the gene expression 

ratios. The data were then log2 transformed in order to create a more representative scale 

for comparisons between induction and repression. This entire process allows the data to 

be formatted for analysis, but does not change the original data (GCAT, 2007). The 

resulting expression files from each of the microarrays were then merged for exploration 

of gene expression patterns (Appendix II; Part IV).  Expression ratios for each gene were 

then averaged in MAGICTool. These averages were used in exploring gene expression 

patterns.  
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Figure 3: Gridding process. Each sub-grid was gridded in MAGICTool in order to discern exact location 

of feature within the microarray. This process was completed for each microarray. 

 

Performing variability analysis for expression ratio data for each microarray: 

Since there were at least two replicates for each gene on each slide and 

there were replicate microarrays for the treatments, understanding variability in 

the data obtained was an important task. There were three main sources of 

variability: (1) variability within the slide for the same gene (features on the top 

metagrid compared to the bottom metagrid), (2) variability among the slides for 

the same gene (features in the same location on different slides with the same 

treatment) and (3) variability among the slides for the same gene when different 

colored dyes were used to mark the treatments (dye swap).   
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Within the same slide 

Genes that had expression values that were very different among each 

other (SD>0.65) were noted as “suspicious deviants” (Farrell, 2006) and were 

also removed. Only the remaining features were considered for further 

analysis.  

Among slides for the same treatment (YEPD) 

It was also noted that slides 4021 and 4022 should have given similar 

expression values for the YEPD treatment. Features that did not follow this 

trend were removed as suspicious deviants. Only the remaining features were 

considered for further analysis.  

Among slides (dye swap for slides 4020 and 3731) 

The only difference between slides 4020 and 3731 should have been the 

dye color assigned to each treatment. Dye swaps are useful for adjusting for 

any preferential binding of dyes. Because of this, cases where gene expression 

values were the same regardless of which dye was used were the only ones 

considered for analysis. Features were only retained in analysis if they had a 

SD < 2.305 between the same spots on the dye swapped slides. This ensured 

that the colored signals were indeed swapped. Those genes that were able to 

pass all of these variability analysis tests were considered to provide very 

strong signals of expression within the dataset obtained. 
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B.  Comparing microarray and RT-PCR data: 

The estimated amount of DNA in nanograms (obtained from the use of a semi-

quantitative 2-log DNA ladder) was converted into ratios and log 2 transformed in order 

to be more comparable to the microarray data for each treatment. These expression ratios 

were compared to the corresponding averaged expression ratio on the microarray after 

adjusting for variability.  

C.  Exploring gene expression patterns (microarrays): 

Gene expression was divided into four main patterns according to the three 

treatments: 1) induced in the TCV only, 2) repressed in the TCV only, 3) induced in the 

TFV only, and 4) repressed in the TFV only.  These gene expression patterns are 

summarized in Table 3.  Note that if gene expression was strong for TCV treatment, it 

had to be weak for the TFV since these two treatments were compared on the same 

microarray slide. 

Treatment 
Induced in TCV only 

(1) 

Repressed in TCV 

only (2) 

Induced in TFV only 

(3) 

Repressed in TFV 

only (4) 

YEPD 
Weak (very red in 4021 

& 4022) 

Strong (very green in 

4021 & 4022) 

Weak (very red in 4021 

& 4022) 

Strong (very green in 

4021 & 4022) 

TCV 

Strong (very green in 

4020/3731 dye swap) 

 

 

Weak (very red in 

4020/3731 dye swap) 

 

Weak (very red in 

4020/3731 dye swap) 

Strong (very green in 

4020/3731 dye swap) 

 

TFV 

Weak (very green in 

4020/3731 dye swap) 

 

Strong (very red in 

4020/3731 dye swap) 

 

Strong (very red in 

4020/3731 dye swap) 

 

 

Weak (very green in 

4020/3731 dye swap) 

 

Table 3: Four gene expression patterns investigated in the microarray data. The number of genes falling 

into each category was determined with concern to the variability analysis (i.e. genes with a lot of 

variability were deleted).  A large spot in this table indicates a strong signal while a small spot indicates a 

weak signal. The spots are color-coded to reflect what color they should have appeared on the relevant 

slide.  
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7.  Pattern Analysis:  

In order to collect genes belonging to each pattern that exhibited low variability, 

the following pattern analysis procedure was employed (Appendix II; Part VI): 

A. Average all expression ratios for each gene on the slide when creating the 

expression file in MAGICTool. 

B. Identify genes that passed variability analysis on slide 4021 

C. Identify genes that passed variability analysis on slide 4022 

D. Identify genes that passed variability analysis on slide 4020 

E. Identify genes that passed variability analysis on slide 4020/3731 (dye 

swap) 

Genes passing all five levels of pattern analysis were considered the strongest 

candidates. 
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III.  Results 

1.  Growing Yeast: 

 After growing in the three different treatments for 24 hours the OD660 

measurements for the yeast cultures ranged from 0.451-1.11.  This indicated that the 

number of haploid cells in the culture ranged from 1.64-3.002 x 10
7
. The pH for each 

sample was slightly acidic indicating that metabolism was occurring (Table 4). 

 

Sample OD660 pH of media 
Haploid cells 

(x10⁷)* 

(*Haploid cell count estimated according to Burke et al., 2000) 

yeast at 24 hours + YEPD 0.451 5.74 1.64 

yeast at 24 hrs + TCV Trial 1 1.016 5.35 1.89 

yeast at 24 hrs + TCV Trial 2 1.014 5.27 1.89 

yeast at 24 hrs + TFV Trial 1 1.261 5.14 3.002 

yeast at 24 hrs+ TFV Trial 2 1.11 5.18 2.296 

Table 4: Data from growing yeast in all three treatments. Optical density at 660nm, pH and estimated 

number of haploid cells (x10⁷) were used in order to determine when the yeast cells were in the exponential 

growth phase as an indicator of the best time to extract total RNA.  

 
2.  Total RNA isolation/RNA Quality Check: 

RNA samples were found to have A260/A280 ratios ranging from 1.4-3.29.  The 

target ratio was between 1.8-2.1.  RNA concentration was calculated using the UV 

spectrophotometer and ranged between 79.6 - 3876.4 ng/µL.  The TCV and TFV samples 

selected for further analysis had ratios of 2.35 and 2.24 and concentrations of 667.2 and 

1979.9 ng/µL, respectively (Table 5).  The presence of the ribosomal bands (at 3000bp 

and 1800bp) on the gels performed also helped to confirm the presence of RNA for 

further analysis (Figure 4). 

 

20 



 

 

Sample # A260/A280 ratio  RNA conc (ng/µL) 

YEPD1 1.4286 1830.3 

YEPD2 1.92 3876.4 

1 2.55 174.7 

2 2.63 136.4 

3 2.65 169.1 

4 2.43 272.2 

5 2.78 117.0 

6 2.76 137.1 

7* 2.35 667.2 

8 2.60 155.8 

9 2.95 96.4 

10 3.20 79.6 

11* 2.24 1979.9 

12 2.35 882.6 

13 3.29 95.0 

14 3.26 100.9 

15 2.36 401.0 

16 2.39 242.2 
 

 Table 5: UV Spectrophotometry data for RNA in all three treatments. Several samples of RNA 

extracted from each of the three treatments were exposed to a UV spectrophotometer. Absorbance ratio 

(A260/A280) and RNA concentration were calculated by the spectrophotometer. 
 

 

 

 

 

 

 

 

Figure 4: Gel electrophoresis performed on total RNA samples from each of the three treatments. (a) Total 

RNA from control treatment. Multiple wells were loaded with the same sample. (b) Total RNA from TCV 

treatment. Eight samples were loaded. (c) Total RNA from TFV. Eight samples were loaded. 
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3. Performing RT-PCR on five key genes: 

RT-PCR products were most clearly visible for the control environment (Figure 5a).  

However, RT-PCR products were also observed in the TCV and TFV treatments.  The 

strength of the bands was estimated against the 2-log ladder (Figure 1) at the time the gel 

was performed and these estimations were recorded for creation of Figure 7. 

 

   

    
Figure 7: RT-PCR gels on 5 key genes for all three treatments. (a) YEPD only, (b) TCV, (c) TFV, (d) 

using TDH1 primers for TCV & TFV 

 

4.  Performing Microarrays: 

 A.  Control Microarray: 

This control array had clearly defined green features discernable from the 

background.  There was very little non-specific binding on this slide scan and a visible 

variety in strength of binding among all features (Figure 6). 
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Figure 8: Images of control microarray (YEPD only). Produced by C. Rubio 9/28/2008.   

(a) Overall image. Each of the two meta-grids contains 16 sub-grids with 22 columns and 20 rows, (b) 

Detail: one of the meta-grids, (c) Detail: one of the 16 sub-grids. 
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B.  Experimental Microarray: 

   Each of the scanned array files were viewed and visually evaluated. Slides 4021 

and 4022 appeared to have the most diversity of red, green, and yellow features, while 

slides 4020 and 3731 had a predominance of yellow features.  The features were clearly 

distinguishable from the background in each case (Figures 7-10). 

 

a)  Slide 4021-top metagrid       b) Slide 4021-bottom metagrid

              

 

Figure 7:  Bottom image: Variability Analysis for slide 4021 comparing the thimerosal-containing vaccine 

(TCV) to the YEPD control (TCV = red and YEPD control = green ).  Gene replicates with expression 

values of SD>0.65 were deleted.  3653 genes remained in the analysis. Microarray images are given for the 

a) top metagrid and b) bottom metagrid for microarray slide 4021. 
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a) Slide 4022-top metagrid    b) Slide 4022-bottom metagrid 

             

 

 

 

Figure 8: Bottom Image: Variability Analysis for slide 4022 comparing thimerosal-free vaccine (TFV) to 

YEPD control (TFV = red and YEPD control = green).  Gene replicates with expression values of SD>0.65 

were deleted.  3626 genes remain in the analysis.  Microarray images are given for the a) top metagrid and 

b) bottom metagrid for microarray slide 4022. 
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a) Slide 4020-top metagrid    b) Slide 4020-bottom metagrid 

                 

 

 

 

Figure 9:  Bottom Image: Variability Analysis for slide 4020 comparing two types of pediatric flu vaccine 

(Thimerosal-free vaccine (TFV) = red and thimerosal-containing vaccine (TCV) = green).  Gene replicates 

with expression values of SD>0.65 were deleted.  4895 features (genes and control spots) remain in the 

analysis.  Microarray images for the a) top metagrid and b) bottom metagrid are given for slide 4020.  
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a) Slide 3731, top metagrid (left) and bottom metagrid (right) 

 

b) Slide 4020, top metagrid (left) and bottom metagrid (right) 

 

 

Figure 10:  Bottom image:  Variability Analysis for a dye swapped version of all the genes on slide 3731 

compared to all the genes on slide 4020.  In slide 4020 the thimerosal-containing vaccine (TCV) was 

labeled green and the thimerosal-free vaccine (TVF) was labeled red.  For slide 3731, the TCV was labeled 

red and the TFV was labeled green.  Gene replicates with expression values of SD>2.305 or with obviously 

different colors were deleted. 7207 genes remain in the analysis.  The microarray images are given for both 

metagrids on slide 3731(a) and 4020(b).   
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5.  Data Analysis: 

A. Microarray Data: 

Performing variability analysis for expression ratio data for each microarray: 

After removing features with high variability between the top and bottom 

metagrids on the same slide the correlation between the expression values of the 

metagrids was 0.9986 for slide 4021, 0.9981 for slide 4022, and 0.9969 for slide 4020.  

Overall expression values on all slides ranged from -13.2 to 9.9 (Figures 7-9).  After 

removing features with high variability between the dye-swapped slides, the correlation 

between the metagrids was 0.9336 (Figure 10). 

B.  Comparing microarray and RT-PCR data: 

Results from microarray data compared to RT-PCR data were mostly incongruent 

(Figure 11).  However, there was the most agreement for slide 4021 which compared 

TCV to YEPD (Figure 12).  Overall, the results for TDH1 were the most consistent in all 

three conditions for both methods (RT-PCR and microarrays); (Figures 12-14).  For the 

TCV vs. YEPD comparisons, ECM4 seems the most consistent however, because ECM4 

did not pass the microarray variability analysis test, its similarity may be less relevant.  

SSA2 on the other hand was repressed in the TCV compared to the YEPD treatment and 

passed the variability test (Figure 12).  In the TFV vs. YEPD comparison SSA2 gave a 

highly consistent result, being repressed in the TFV treatment (Figure 13).  In the TFV 

vs. TCV comparison, SSA2 also had a similar result according to microarray and RT-

PCR data, although it was not as strong as in the previous case (Figure 14).  
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Figure 9: Estimated amount of DNA (ng) present in agarose gel wells containing samples of each of 

the 5 key genes (for each treatment) after RT-PCR. Samples were turned into ratios and log-2 

transformed to be more comparable to microarray data. 
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Figure 12a: Microarray-based gene expression values for the five key genes that were also examined 

using RT-PCR.  Expression values are given based on slide 4021 where TCV = red/YEPD = green.  If 

the expression value is positive, the gene was more red on the slide and induced in the thimerosal 

vaccine.  If the expression value is negative, the gene was more green on the slide and induced in the 

control YEPD environment. All genes passed the variability analysis for this slide except for ECM4 

(noted by *). 

 

Figure 12b: Gene expression values based on RT-PCR band intensities in the gel. Ratios were 

determined based on estimated band intensity in the TCV/YEPD treatment for the five key 

genes of interest.  Ratios were log2 transformed to be more comparable with microarray data.   

* 
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Figure 13a: Microarray-based gene expression values for the five key genes of interest that were also 

examined using RT-PCR.  Expression values are given based on slide 4022 where TFV= red/YEPD = 

green.  If the expression value is positive, the gene was more red on the slide and induced in the 

thimerosal-free vaccine.  If the expression value is negative, the gene was more green on the slide and 

induced in the control YEPD environment. All genes passed the variability analysis for this slide except 

for ECM4 (noted by *). 

 

Figure 13b: Gene expression values based on RT-PCR band intensities in the gel. Ratios were 

determined based on estimated band intensity in the TFV/YEPD treatment for the five key genes 

of interest.  Ratios were log2 transformed to be more comparable with microarray data.   

* 
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Figure 14a: Microarray-based gene expression values for the five key genes of interest that were also 

examined using RT-PCR.  Expression values are given based on slide 4020 where TFV = red/TCV = 

green.  If the expression value is positive, the gene was more red on the slide and induced in the TFV.  If 

the expression value is negative, the gene was more green on the slide and induced in the TCV 

environment.  ECM4 did not pass the variability analysis on the microarray (4022) and SUA7 did not 

pass the dye-swap variability analysis (noted by *). 

 

Figure 14b: Gene expression values based on RT-PCR band intensities in the gel.  Ratios were 

determined based on estimated band intensity in the TFV/TCV treatment for the five key genes 

of interest.  Ratios were log2 transformed to be more comparable with microarray data.   

 

* 

* 
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6.  Pattern Analysis 

The greatest number of genes (221) were found for pattern 3, induced in TFV 

only, and twenty of these genes passed all five levels of variability analysis.  

Interestingly, no genes fell into pattern 4, repressed in TFV only.  Thirteen genes fell into 

expression pattern 2, repressed in TCV only, but none of these passed all five levels of 

variability analysis.  One gene fell into expression pattern 1, induced in TCV only, but 

this gene only passed one level of variability testing.  This gene was green in slide 4021, 

YEPD (green) vs. TCV (red), but yellow in slide 4022, YEPD green vs. TFV red (Table 

6).  Of the thirteen genes found belonging to pattern 2, five had unknown function.  

AZR1 is known to be involved in transporter activity. Two other genes in this pattern 

(THI7, IDP2) are involved in thiamin transport and glutamate biosynthesis, respectively. 

Of the twenty genes passing all levels of variability testing for pattern 3, induced in TFV, 

there were ten genes of unknown function.  The remaining genes were involved in a 

variety of processes including glucose/hexose transporter activity (HXT8), voltage gated 

chloride channel activity (GEF1), and arginine-tRNA ligase activity (MSR1).  All the 

genes belonging to each pattern, their functions and the level of variability analysis that 

each gene passed are listed (Table 7). 
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Table 6:  Patterns analysis for genes belonging to each expression pattern and how many genes 

remained after each level of variability testing.  Pattern 1 represents genes that were induced in the TCV 

only.  Pattern 2 represents genes that were repressed in the TCV only. Pattern 3 represents genes that were 

induced in the TFV only. Pattern 4 represents genes that were repressed in the TFV only. 

 

 Expression 

Pattern 1 

Expression 

Pattern 2 

Expression 

Pattern 3 

Expression 

Pattern 4 
A= # candidate 

genes based on 

average 

expression for 

all its replicates 

on the slide 

1 13 221 0 

B= # genes 

passed within 

slide variability 

on slide 4021 

0 13 218  

C= # genes 

passed within 

slide variability 

on 

Slide 4022 

0 3 175  

D= # genes 

passed within 

slide variability 

on slide 4020 

0 13 118  

E= # genes 

passed dye swap 

for 4022/3731  

0 5 34  

The remaining 

genes; passed all 

tests above 

0 0 20  

Genes that 

passed most or 

all tests or were 

of note (see 

comment) 

YKR088C-only 

remaining gene 

* Note: this gene 

was green in slide 

4021, but yellow 

in slide 4022. 

Passed A, C: 

YBR136W 

YDR459C 

YGR224W 

YHR019C 

YLR174W 

Passed A,B,C 

YLR237W 

YML077W 

YOL125W 

Passed A,C,D 

YDL235C 

YDR095C 

YDR428C 

YGR140W 

YML043C 

Table 7 lists these 20 

genes. 
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Table 7: List of genes belonging to each gene expression pattern.  The relative strength of the finding is 

noted by how many variability tests and which ones the gene passed; 5 is the maximum and 1 is the 

minimum.  Genes noted in bold are particularly interested for their possible link with autism according to 

published literature. 

 

Gene 

Name 
Alias 

Pattern Number 

(list of variability 

tests passed) 

Biological process Molecular function 
Cellular 

compartment 

YKR088C TVP38 1 (A) Unknown Unknown Unknown 

YDL235C 

 
YPD1 2 (4; A,B,D,E) 

response to osmotic 

stress 

transferase activity, 

transferring 

phosphorus-containing 

groups 

cytoplasm 

YDR095C 

 
 2 (4; A,B,D,E) Unknown Unknown Unknown 

YDR428C 

 
 2 (4; A,B,D,E) Unknown Unknown Unknown 

YGR140W 

 
CBF2 2 (4;A, B,D,E) 

chromosome 

segregation 

DNA bending activity 

 

condensed nuclear 

chromosome 

kinetochore 

YML043C 

 
RRN11 2 (4; A,B,D,E) 

transcription from 

Pol I promoter 

RNA polymerase I 

transcription factor 

activity 

RNA polymerase 

I transcription 

factor complex 

YLR237W 
THI7 

 
2 (4;A, B,C,D) 

thiamin transport 

 

thiamin transporter 

activity 

plasma 

membrane 

YML077W BET5 2 (4; A,B,C,D) ER to Golgi transport Unknown TRAPP 

YOL125W  2 (4; A,B,C,D) Unknown Unknown unknown 

YBR136W MEC1 2 (3; A,B,D) 
meiotic 

recombination 

inositol/phosphatidylin

ositol kinase activity 
nucleus 

YDR459C  2 (3; a,c) Unknown Unknown unknown 

YGR224W AZR1 2 (3; A,B,D) transport transporter activity membrane 

YHR019C 

 
DED81 2 (3; A,B,D) 

asparaginyl-tRNA 

aminoacylation 
ATP binding activity cytoplasm 

YLR174W 

 
IDP2 2 (3; A,B,D) 

glutamate 

biosynthesis 

isocitrate 

dehydrogenase 

(NADP+) activity 

cytosol 

YAL035C  3 (5; A,B,C,D,E) Unknown Unknown unknown 

YDL087C LUC7 3 (5; A,B,C,D,E) 
mRNA splice site 

selection 
mRNA binding activity 

snRNP U1 

 

YDR191W HST4 3 (5; A,B,C,D,E) 
chromatin silencing 

at telomere 
DNA binding activity unknown 

YER135C  3 (5; A,B,C,D,E) Unknown Unknown unknown 
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YFR042W  3 (5; A,B,C,D,E) Unknown Unknown unknown 

YGL071W RCS1 3 (5; A,B,C,D,E) 

positive regulation of 

transcription from 

Pol II promoter 

transcription factor 

activity 

 

nucleus 

THL005C  3 (5; A,B,C,D,E) Unknown unknown unknown 

YHR091C MSR1 3 (5; A,B,C,D,E) protein biosynthesis 

arginine-tRNA ligase 

activity 

 

mitochondrion 

YHR105W YPT35 3 (5; A,B,C,D,E) Unknown Unknown Unknown 

YJL007C  3 (5; A,B,C,D,E) Unknown Unknown Unknown 

YJL214W HXT8 3 (5; A,B,C,D,E) 
hexose transport 

 

glucose transporter 

activity 
Plasma membrane 

YJR040W GEF1 3 (5; A,B,C,D,E) cation homeostasis 
voltage-gated chloride 

channel activity 
Golgi vesicle 

YLR341W SPO77 3 (5; A,B,C,D,E) 
sporulation (sensu 

Saccharomyces) 
Unknown Unknown 

YMR147W  3 (5; A,B,C,D,E) Unknown Unknown unknown 

YNL218W MGS1 3 (5; A,B,C,D,E) DNA replication ATPase activity nucleus 

YNL222W SSU72 3 (5; A,B,C,D,E) 

transcription 

initiation from Pol II 

promoter 

Unknown Nucleus 

YNL324W  3 (5; A,B,C,D,E) Unknown Unknown Unknown 

YOL095C HMI1 3 (5; A,B,C,D,E) 
mitochondrial 

genome maintenance 

ATP dependent DNA 

helicase activity 

Mitochondrial 

matrix 

YOR183W FYV12 3 (5; A,B,C,D,E) Unknown Unknown Unknown 

YPL102C  3 (5; A,B,C,D,E) Unknown Unknown Unknown 
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IV.  Discussion 

Originally this research was planned to involve only the use of thimerosal powder 

(Rubio, 2007).  Due to some safety concerns, the experiment was modified to involve the 

use of actual pediatric flu vaccines both with and without thimerosal added.  The yeast 

were grown in standard media and the environment was then either subjected to TFV or 

TCV at the typical pediatric dose.  Three treatment conditions were created 1) normal 

growth media (YEPD), 2) YEPD plus TCV, and 3) YEPD plus TFV.  

1. RT-PCR and Microarray Expression Comparisons: 

It was found that the yeast cells were able to grow well in all three environments 

and RNA was able to be extracted allowing both RT-PCR and microarray hybridization 

to be conducted.  RT-PCR proved difficult to obtain clear gel results.  However, from the 

results obtained there was mixed levels of agreement between microarray and RT-PCR 

technology.  Both methods gave nearly the same results for slide 4021 where TCV was 

compared to the YEPD environment.  

There was much more disagreement in the results between the two methods for 

the other comparisons TFV vs. YEPD (slide 4022) and TFV vs. TCV (slide 4020).  This 

disagreement may be due to difficulty in performing RT-PCR and the reliance on the 

estimates of band intensities made against the 2-log ladder which may not have been 

visible clearly enough on the gel. Greater emphasis was placed on the microarray data in 

this project. Among all comparisons there was a high level of agreement for the TDH1 

gene, which was nearly equally expressed in all treatments.  This in to be expected since  
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this gene is involved in glucose metabolism and is considered essential for metabolism in 

yeast (Bradford et al., 2004).   

2. Variability Analysis: 

Although microarray data have sometimes been criticized for their inherent 

variability (Butte, 2002), it was found that once data for which there was much variability 

was removed from the dataset, agreement between the same gene in the top and bottom 

grid on the same microarray slide was quite high, with correlation coefficients of nearly 

one.  Slides 4020 and 3731 had the greatest number of visibly yellow features.  This was 

not particularly surprising since gene expression comparisons between the vaccine 

treatments (TCV and TFV) were expected to be more similar than either comparisons 

involving vaccine treatment compared to the control (YEPD). 

3. Gene Expression Pattern Analysis: 

In this study an emphasis was placed on gene expression pattern analysis.  It was 

most interesting to discover which genes were uniquely induced or repressed in only one 

of the three environments being examined.  A stringent system of variability reduction 

was implemented so that confidence regarding the genes remaining (if any) in the various 

patterns was high.  However, some potentially interesting gene expression changes may 

have been lost due to this strict level of variability tolerance.  It was a bit surprising to 

find that the greatest number of genes (221) was found to belong to pattern 3, induced in 

the TFV only, while no genes were found to belong to pattern 4, repressed in the TFV  
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only.  Likewise, only 1 gene belonged to pattern 1, induced in TCV only, and this gene 

only passed one of the five levels of variability elimination.  Thirteen genes were strongly 

repressed in the TCV only, belonging to pattern 2, and most of these genes passed at least 

3 of the five variability elimination tests.  

Two of these genes, IDP2 and THI7 are especially interesting due to their 

potential link to autism.  IDP2 is a gene in yeast that is involved in glutamate 

biosysthesis.  This gene was repressed in the TCV treatment in this study.  Other studies 

such as the one published in 2007 by the Autism Genome Project Consortium have found 

that glutamate-related genes are likely to be important in contributing to autism (The 

Autism Genome Project Consortium, 2007).  Others have also found links between 

autism and glutamate processing genes (Segurado et al., 2005; Jamain et al., 2002).  IDP2 

has also been found to play an important role in oxidative stress resistance in yeast (SGD, 

2011). 

THI7 is a gene involved in thiamin transport in yeast.  This gene was strongly 

repressed in the TCV treatment.  Interestingly, it has been found that children with 

autism, especially those who also have higher than usual levels of heavy metals in their 

urine including lead, nickel, and mercury experienced improved conditions when given a 

treatment including a thiamine supplement (Lonsdale et al., 2002).  THI7 has also been 

shown to be important in toxin resistance (SGD, 2011).   

The gene MEC1, which was repressed in response to the TCV, is involved in cell 

cycle arrest, especially in response to damaged DNA.  In yeast mutant strains where this  
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gene was deleted, yeast cells have been found to be particularly sensitive to DNA 

damaging agents (Kiser and Weinert, 1996; SGD, 2011).  MEC1 also preferentially binds 

to shortened telomeres and may be involved in telomere silencing (SGD, 2011). AZR1 is 

part of the major facilitator superfamily of transporters, which is involved multi-drug 

resistance. Expression of this gene is essential for adaptation to high stress environments 

imposed by presence of organic acids, particularly acetic acid (Tenreiro, et al., 2000).  

The result that these genes and the others belonging to this pattern were strongly 

repressed in the TCV environment while being weakly expressed in both the control 

(YEPD) and TFV treatment indicates that these genes warrant further investigation for 

the potential involvement in a response and possible sensitivity to TCV. 

The gene expression pattern in this study with the greatest number of genes was 

the induction of genes in the TFV while these genes were weakly expressed in the TCV 

and YEPD environments.  It remains unclear why this result would contain such a 

relatively high number of genes.  221 genes fell into this pattern compared to the 

relatively low numbers of genes in the other patterns (13, 1 or none). Twenty of these 

genes passed all five levels of variability analysis. Perhaps there is something in the 

unpreserved flu vaccine, not present in the other environments that is causing more genes 

to be expressed in this environment.  This situation warrants a more detailed 

investigation.   

Three of the genes that were strongly induced in the TFV only were MSR1, 

SSU72 and MGS1.  Interestingly, when the MSR1 gene was deleted from yeast cells and  
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then the yeast were exposed to thimerosal, those yeast strains did not survive 

(Hillenmeyer, et al, 2008). SSU72 plays an important role for inhibiting transcription as a 

phosphotase for RNA polymerase II. It is also a suppressor of SUA7, one of the genes 

chosen for RT-PCR based on previous research (Walker et al., 2006; SGD, 2011). MGS1 

is essential for maintaining the genome. Deletion of MGS1 produces an elevated rate of 

mitotic recombination, which causes genome instability. In humans, hereditary diseases 

caused by defects in DNA helicases are associated with genome instability and 

carcinogenesis (Hishida et al., 2001). These genes should be further investigated for their 

possible link to changes causing increased gene expression in response to the unpreserved 

pediatric flu vaccine. 

While it is apparent that vaccines are an important public health practice that has 

reduced the incidence of many devastating childhood diseases (Heron and Golding, 

2004), it seems prudent to seek vaccines without thimerosal whenever possible (Ball et 

al., 2001).  Although childhood vaccinations are strongly encouraged and compliance is 

enforced through the school system in the United States, it is interesting to note that a 

vaccine injured person has few avenues for compensation.  There is a specialized vaccine 

court established by the companies that manufacture vaccines and funded from the sale of 

their products.  This court has disbursed $1.9 billion to more than 2,500 people who have 

claimed a connection between a vaccine and serious health problems since the court was 

established in 1986.  However, the U.S. Supreme Court has recently ruled (2/22/11) that a  
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federal law, “bars lawsuits against drug makers over serious side effects from childhood 

vaccines” (Sherman, 2011).   

The effect of thimerosal and flu vaccine in general on gene expression remains 

elusive and warrants additional research due to the diversity of genes and pathways 

affected. As a result of this project, some light has been shed on potential gene expression 

patterns and a few select genes that may play an important role in the response of cells to 

thimerosal-containing and thimerosal-free pediatric flu vaccines.  The goals of this study 

were met in that several genes, with consistently low variability were found which follow 

specific gene expression patterns. Future studies should investigate these specific gene-

expression responses and their connected proteins for potential connection to TCV and 

TFV environments. The novel gene expression data obtained from this project will 

elucidate further understanding of how TCV and TFV environments could potentially 

affect human gene expression. For example, if a vaccine is known to affect a gene 

(especially one involved in the manifestation of disease), perhaps a person could be 

screened for any anomalies in that gene before being given a particular vaccine.  
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Appendix I: General Overview of Experimental Design 
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II.  Extract RNA 

III-b. Perform Microarrays:  

1. YEPD only (C.Rubio) 

2. YEPD vs. TCV 

3. YEPD vs. TFV 

4. TCV vs. TFV 

5. TCV vs. TFV (dye swap) 

III-a. Perform RT-PCR on 

five genes of interest: 
1. SSA2 

2. ECM4 

3. RAS1 

4. SUA7 

5. TDH1 

I.  Grow yeast in 

  three environments 

IV.  Create expression files 

V. Perform Variability Analysis 

VI. Explore gene expression patterns 



 

 

Appendix II: Detailed Overview of Experimental Design

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

IIIa.  RT-PCR 

    1)  Make cDNA from selected total RNA 

    2)  Perform PCR with primers of five key genes 

    3)  Gel electrophoresis for each of the key genes 

    4)  Compare RT-PCR with microarray data after 

variability analysis. 

IIIb.  Prepare microarrays: 

In total 5 microarrays were prepared, four were 

used for further analysis 

  1)  YEPD green (control) by C. Rubio 

   2)  YEPD green vs. TCV red ( # 4021) 

   3)  YEPD green vs. TFV red (# 4022) 

   4)  TCV green vs. TFV red (# 4020) 

   5)  TCV red vs. TFV green (# 3731) 

I.  Grow yeast in three environments: 

After approximately 24 hours of growth 

at room temperature measure: 

    1)  pH of culture 

    2)  Optical density at 660nm 

II. Extract RNA 

Check RNA quality and quantity: 

1) Gel electrophoresis 

2) UV spectrophotometry 

(2) Yeast in YEPD + TCV 
(3) Yeast in YEPD + TFV (1) Yeast in standard YEPD 
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IV. Creating expression files in MAGICTool 

   1)  Grid and assess all spots 

   2)  Perform segmentation 

   3)  Prepare merged expression file using average signal 

        for each of the 13, 104 genes on each microarray. 

 

V. Performing variability analysis 

Eliminate genes with high variability 

   1)  Within the same slide 

   2)  Among slides with the same treatment (YEPD) 

   3)  Among slides with the same treatment (TCV vs 

        TFV, dye swap) 

 

VI. Exploring gene expression patterns 

   1)  Induced in TCV only 

   2)  Repressed in TCV only 

   3)  Induced in TFV only 

   4)  Repressed in TFV only 

 


