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Apolipoprotein E (ApoE) is a plasma protein that plays a prominent role in lipid 

metabolism and cholesterol transport. The gene is polymorphic: three alleles, ε2, ε3, and 

ε4 code for three different protein isoforms, E2, E3, and E4 respectively, each of which 

has different genetic implications.  Carriers of ε2 and ε4 alleles have shown greater 

susceptibility to diseases such as lipid metabolism problems, cardiovascular disease, and 

Alzheimer’s disease.  Although ε4 is the ancestral form of the gene, the most common 

allele in the human population currently is the ε3 allele.  The three isoforms of ApoE 

generally occur in all populations at different frequencies. However, the frequencies of 

the various alleles have not been examined in the Midwest.  The purpose of this project 

was to determine if a correlation existed between frequencies of ApoE mutation and
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heritage in Midwest individuals by using real-time PCR.  It was hypothesized that this 

method could be an alternative and cost effective method to sequence an individual’s 

genome for personalized healthcare purposes.  In 2000, Dr. Vann and her research 

assistants collected saliva samples from approximately 300 anonymous volunteers 

participating in the UniverCity fair hosted by Ball State University. The samples were 

catalogued in an Excel database with their corresponding information (gender, self- 

reported lineage). From this database, 50 samples were randomly selected for this study 

and the DNA was screened by real-time PCR for isoforms of ApoE.  A handful of 

individuals with altered alleles were identified.  The specific number of each isoform and 

the genotype of each individual were determined.  Only one of the 50 individuals resulted 

in a non-wild type haplotype.  A confirmatory melt curve analysis of this major heritage 

group A individual resulted in a homozygous E4 genotype.  Unfortunately, a correlation 

between frequencies of ApoE mutation and heritage in Midwest individuals could not be 

inferred based on one differing individual.  Thus, we did not have sufficient non-wild 

type haplotypes to permit us to amplify the variable regions of maternally inherited 

mitochondrial DNA for sequencing.  Those sequences could have been aligned with the 

Cambridge Reference Sequence (Mitomap 2006) to determine maternal lineage or 

haplotype, which could then be correlated with self-reported lineage, and the presence of 

specific isoforms of ApoE.  



 

ACKNOWLEDGEMENTS 

Many people have been a part of my graduate education, as friends, teachers, and 

colleagues.  Dr. Carolyn Vann, first and foremost, has been all of these.  I would like to 

thank her for all she has taught me, and for ‘adopting’ me to be a part of her research 

family.  She once said to me, “Tam, I think you’re going to do great things.  You’re going 

to become famous for curing cancer or something equally groundbreaking.” Her faith in 

my abilities has touched me greatly.  Thank you for your patience and for pushing me. 

            I would also like to thank the rest of my thesis committee for their time and 

patience.  Before I met Dr. Susan McDowell, I never knew it was possible to learn so 

much from one person.  Without her guidance and infectious laughter, life in the lab 

would have been extremely complicated and stressful.  Thank you for always teaching 

me what I needed to learn- not just what I wanted to learn.  I am extremely thankful for 

Dr. Clare Chatot.  Without her kindness and generosity, I would not have been able to 

complete my thesis. 

            I would like to thank Dr. John McKillip for his PCR advice and PCR humor, Dr. 

David LeBlanc for his statistics expertise, Mary Brinkoetter for helping me as a part of 

her Honors Thesis project, and the volunteers and the UniverCity research team from 

2000.  Without them, this project would not have been possible. 

            I would like to thank my family and friends for their tremendous support 

throughout my graduate studies.  Special thanks to Brandon Rapier and Allison Haaning 

for helping me develop my lab skills, Brandy Snider and Ian McIver for unfailingly and 

continuously motivating me, and Sarah Roberts for her constant words of encouragement. 



 

 

 

 

 

 

TABLE OF CONTENTS 

 

 

 
   I.      TITLE PAGE……………………………………………………………….i 

 

  II.     SIGNATURE PAGE……………………………………………………….ii 

 

 III.    ABSTRACT…………………….………………………………………......iii 

 

 IV.    ACKNOWLEDGEMENTS…………………………………………..…….v 

 

   V.    TABLE OF CONTENTS…………………………………………………..vi 

 

 VI.    LIST OF FIGURES…………………………………………………….....viii 

 

VII.    LIST OF TABLES……………………………………………….………....x 

 

VIII.  ABBREVIATIONS…………………………………………………..….….xi 

 

IX.     INTRODUCTION………………………………………………………..….1 

 

X.      LITERATURE REVIEW……………………………………………..…….6 

             Apolipoprotein E………………………………………………….…...6 

                            Structure and function………………………………………...6 

                            Genetic variations at the ApoE gene locus…………………..11 

                            Mutations and their effects on receptor binding/function…...14 

                            Genetic implications of the E3 protein isoform…………..….15 

                            Genetic implications of the E2 protein isoform……………...15 

                            Genetic implications of the E4 protein isoform……………...16 

                            ApoE and non-insulin-dependent diabetes mellitus………….16 

                            Role of ApoE in Alzheimer’s disease………………………..17 

                            Role of ApoE in cardiovascular disease……………………...19 

            Genetic Variation in the Human Population………………………….20 

                            Single Nucleotide Polymorphisms……………………………20 

                             Haplogroups and the pathogenesis of disease…………………21 

              DNA Extraction from Isocode Stix……………………………………22 

                            Buccal Swab Collections for DNA testing……………………22 

                            Schleicher & Schuell IsoCode Stix DNA Isolation Device…...22



vii 

 

             Traditional Polymerase Chain Reaction…………………………23 

             Real-Time Polymerase Chain Reaction……………………….….26 

                           Qualitative Analysis…………………………………….…27 

                           Melting Curve Analysis with SYBR Green…………….....27 

 

XI.    MATERIALS AND METHODS……………………………………..…29 

           Sample collection…………………………………………………....29 

                 Randomizing sample selection…………………………………..…31 

           Precautions for avoiding contamination……………………….…..33 

           Primer Design…………………………………………………….…34 

           DNA Extraction……………………………………………………..35 

           Traditional Polymerase Chain Reaction……………………….….36 

                           PCR Optimization………………………………………….37 

                           Agarose Gel Electrophoresis…………………………….…38 

           Real-Time Polymerase Chain Reaction……………………………38 

                           Real-Time PCR Optimization…………………………..….39 

                           Melting Curve Analysis…………………………………….41 

                           Analyzing Real-Time PCR data……………………….…...41 

 

XII.   RESULTS AND DISCUSSION…………………………………….….....42 

           Randomizing Sample Selection………………………………….…..42 

           Primer Design and Analysis……………………………………….…43 

           DNA Extraction from IsoCode Stix…………………………………45 

           Traditional Polymerase Chain Reaction………………………...….46 

                         Agarose Gel Analysis of Sequence-Specific Amplification…46 

                         PCR Optimization……………………………………………49 

           Real-Time Polymerase Chain Reaction………………………..……52 

                         Real-Time PCR Optimization……………………………......55 

           UniverCity Sample Screening……………………………………..…58 

 

XIII. CONCLUSIONS……………………………………………………………62 

 

XIV. APPENDICES………………………………………………………......…..66 

 

XV.  GLOSSARY OF TERMS…………………………………………...……..77 

 

XVI. REFERENCES…………………………………………………...………...80 

 

 

 

 

 

 

 



 

 

 

 

 

 

LIST OF FIGURES 

 

 

 

FIGURE                                                                                                PAGE 

 
Figure 1.  Structure of lipoprotein………………………………………………………..7 

 

Figure 2.  Chylomicron size compared to various lipoproteins…………………………..7 

 

Figure 3.  Human Apolipoprotein E………………………………………………………9 

 

Figure 4.  Receptor binding region of ApoE……………………………………………...9 

 

Figure 5.  Location of ApoE on Chromosome 19……………………………………….10 

 

Figure 6.  The complete nucleotide sequence of ApoE that codes for the E3 isoform….12 

 

Figure 7.  ApoE isoforms………………………………………………………………..13 

 

Figure 8.  The IsoCode Stix DNA Isolation Device…………………………………….30 

 

Figure 9.  The SmartCycler System used for Real-Time PCR………………………….40 

 

Figure 10.  Gel analysis of the initial amplification of DNA on UniverCity IsoCode Stix 

sample……………………………………………………………………….47 

 
Figure 11.  Gel analysis of the initial amplification of DNA on modern (Dr. Vann’s) 

IsoCode Stix 

sample……………………………………………………………………….48 

 

Figure 12.  Gel analysis of modern (Dr. Vann’s) IsoCode Stix sample………………...51 

 

Figure 13.  Real-time PCR with SYBR Green performed on 8 µL of a randomly selected 

UniverCity sample not included in this study………………………………54 

 

Figure 14.  Real-time PCR with SYBR Green performed on 8 µL of modern (Dr. 

Vann’s)(modern) DNA……………………………………………………...54



ix 

 

FIGURE                                                                                                PAGE 
 

Figure 15.  Real-time PCR with SYBR Green and a less stringent thermal cycling regime 

performed on 10.5 µL of a randomly selected UniverCity sample not included in this 

study…………………………………………………………………………..……..….56 

 

Figure 16.  Real-time PCR with iTaq SYBR Green was performed on 10.5 µL of a 

randomly selected UniverCity sample not included in this study…………56 

 

Figure 17.  Real-time PCR with SYBR GreenER qPCR SuperMix performed on 10.5 µL 

of the same randomly selected UniverCity sample not included in this 

study……………………………………………………………………….57 

 

Figure 18.  Real-time PCR with iTaq SYBR Green was performed on 10.5 µL of 

UniverCity sample #576…………………………………………………...59 

 

Figure 19.  The melting peaks resulting from a melting curve protocol on UniverCity 

sample #576………………………………………………………………..59 

 



 

 

 

 

 

 

 

LIST OF TABLES 

 

 

TABLE                                                                                                  PAGE 
 

Table 1.  Estimated human genotype frequencies of ApoE alleles ε2, ε3, and ε4………14 

 

Table 2.  Letter designated to major heritage groups……………………………………31 

 

Table 3.  50 randomly selected samples from a database of 264 individuals with 

corresponding information (gender, self-reported lineage)…………………...32 

 

Table 4.  ApoE haplotype-specific sequence-specific primers (SSP) used to determine the 

three main ApoE isoforms by PCR analysis………………………………….35 

 

Table 5.  Thermal cycling conditions adapted from the Pantelidis et al. (2003) study….37 

 

Table 6.  Thermal cycling conditions used for real-time PCR………………………….39 

 

Table 7.  Primer analysis information generated by The OligoAnalyzer 3.1…………...44 

 

Table 8.  UniverCity sample numbers, reported heritage, and ApoE haplotype based on 

real-time PCR screening with iTaq SYBR Green performed on 10.5 µL of 

Sample DNA………………………………………………………………….61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

ABBREVIATIONS 

 

 
ApoE       Apolipoprotein E 

Arg       Arginine 

BRAF       B1 homologue of v-Raf 

° C       Degrees Celsius 

Cys       Cysteine 

bp       Base pairs 

DNA       Deoxyribonucleic Acid 

dL       Deciliter 

FRET Fluorescence Resonance Energy 

Transfer 

EtBr       Ethidium Bromide 

HDL       High-Density Lipoprotein 

HLA       Human Leukocyte Antigen 

IDL       Intermediate Density Lipoprotein 

Kb       Kilo bases 

KDa       Kilo Daltons  

LDL       Low-Density Lipoprotein 

MAPK      Mitogen-Activated Protein Kinase 

μL       Microliters 

mg       Milligrams 

mM       Millimolar 

min       Minute 

PCR       Polymerase Chain Reaction 

s       Second 

SNP       Single Nucleotide Polymorphism 

TBE       Tris-Borate EDTA 

UV       Ultra-violet 

V       Volts 

VLDL       Very Low-Density Lipoprotein



 

 

 

 

 

 

 

INTRODUCTION 

 

 

 

In 1990, scientists began working on an international science research project 

with the primary goal of determining the sequence of chemical base pairs which make up 

DNA and to identify and map the estimated 20,000 – 25,000 genes of the human genome 

from both a physical and functional standpoint.  Under budget and more than two years 

ahead of schedule, the U.S. Department of Energy and the National Institutes of Health 

completed the Human Genome Project in 2003. 

The main goals of the Human Genome Project were to provide researchers with 

the means to pinpoint specific genes that cause certain diseases and to understand the 

genetic factors in human disease and pave the way for new strategies for their diagnosis, 

treatment, and prevention.  Although many diseases are the result of multiple genes 

interacting, the Human Genome Project has already fueled the discovery of more than 

1,800 disease genes.  Researchers can now find a gene suspected of causing an inherited 

disease in a matter of days, as opposed to the years it took before the genome sequence 

was completed.  Many believe that genome-based medicine, frequently called 

personalized medicine, is the future of healthcare.  There are many scientific and social 

promises stemming from advances in the understanding of the human genome, including 

the prospect of examining a person’s entire genome in order to make individualized risk 

predictions and treatment decisions.
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Although more than 99% of human DNA sequences are identical, variations in 

DNA sequence can have a major impact on how humans respond to disease, 

environmental factors, chemicals, drugs, and other therapies.  These DNA sequence 

variations, called single nucleotide polymorphisms or SNPs, occur when a single 

nucleotide (A, T, C, or G) in the genome sequence is altered.  For example, a SNP might 

change the DNA sequence AAGGCTAA to ATGGCTAA.  SNPs, which make up about 

80% of all human genetic variation, occur every 100 to 300 bases along the 3-billion-base 

human genome (Carlson 2008).  SNPs can occur in coding (gene) and non-coding regions 

of the genome.  Many SNPs have no effect on cell function, but scientists believe others 

could predispose people to disease or influence their response to a drug. 

This makes SNPs valuable for biomedical research and for developing 

pharmaceutical products or medical diagnostics.  Furthermore, SNPs do not change much 

from generation to generation, making them easier to follow in population studies. 

In 2005, the HapMap, a catalog of common genetic variations, or haplotypes, in 

the human genome was developed.  HapMap data have accelerated the search for genes 

involved in common human diseases and have already yielded results in finding genetic 

factors involved in conditions ranging from age-related blindness to obesity (IHMC 

2005). 

SNPs do not usually cause disease, but they can help determine the likelihood that 

someone will develop a particular illness.  One of the genes associated with Alzheimer's 

disease, apolipoprotein E or ApoE, is a good example of how SNPs affect disease 

development.  ApoE contains two SNPs that result in three possible alleles for this gene:  
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, , and .  Each allele differs by one DNA base and the protein product of each gene 

differs by one amino acid. 

Each individual inherits one maternal copy of ApoE and one paternal copy 

of ApoE.  A person who inherits two  alleles is believed to have “normal” lipid 

metabolism, therefore having no abnormal genotype impact. An individual who inherits 

at least one  allele may have a greater chance of developing Alzheimer's disease.  The 

change of one amino acid in the 4 protein alters its structure and function enough to 

make disease development more likely.  On the other hand, inheriting an 2 allele 

indicates that a person is less likely to develop Alzheimer's. 

SNPs are not absolute indicators of disease development.  Someone who has 

inherited two 4 alleles may never develop Alzheimer's disease, while another who has 

inherited two 2 alleles may.  Like most common chronic disorders such as heart disease, 

diabetes, or cancer, Alzheimer's is a disease that can be caused by variations in several 

genes.  The environmental and polygenic nature of these disorders is what makes genetic 

testing for them so complicated. 

There are now more than 1,000 genetic tests for human conditions.  These tests 

enable patients to learn their genetic risks for disease and also help healthcare 

professionals diagnose disease.  ApoE genotyping assists in the detection of genetic 

components leading to lipid abnormalities.  Determining an individual’s ApoE genotype 

can be useful for predicting therapeutic responses to drugs and for creating personalized 

recommendations (e.g., dietary). 
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A 2008 study by the national Centers for Disease Control showed that obesity 

among adults continues to rise, with the South and the Midwest having the highest levels 

of obesity in the country.  The survey found that more than 26 percent of adults in the 

Midwest are obese.  Obesity is associated with increased risk for diseases such as type II 

diabetes, coronary artery disease, and cognitive decline and dementia, including 

Alzheimer’s disease (Raji 2010). 

In the past 15 years, the cost of DNA sequencing has dropped by three orders of 

magnitude.  However, sequencing an individual’s genome for medical purposes is still 

prohibitively expensive, and scientists are undergoing innovative research to lower the 

cost. 

The objective of this study was to determine if a correlation exists between 

frequencies of ApoE mutation and heritage in Midwest individuals by performing real 

time polymerase chain reaction (PCR) on DNA extracted from DNA IsoCode Stix 

collected by Dr. Carolyn Vann and her students at the 2000 Ball State University 

UniverCity fair.  The hope was that this method would be an alternative and cost 

effective method to sequence an individual’s genome for medical purposes. 

Fifty of the 264 UniverCity samples were randomly selected to be screened for 

isoforms of ApoE by real-time PCR.  ApoE haplotype-specific sequence-specific primers 

adapted from the Pantelidis et al. (2003) study were created to screen the samples for the 

three major isoforms of the Apo E.  The two forward primers were designed with 

variations in their 3’ nucleotides to be specific for one of the two variants in the 2059 bp 

locus and two reverse primers were designed whose 3’-end nucleotide variants were 

located at the 2197 bp locus.  The sequence-specific forward and reverse primers were 



5 

 

combined in three separate haplotype-detecting reaction mixtures to detect isoforms E2, 

E3, and E4.  For any individuals identified with 2 and 4, PCR will be used to amplify 

the variable regions of maternally inherited mitochondrial DNA for sequencing.  The 

sequences will be aligned with the Cambridge Reference Sequence (MitoMap 2006) to 

determine maternal lineage or haplotype.  Maternal lineage will then be correlated with 

self-reported lineage, and the presence of specific isoforms of ApoE.  



 

 

 

 

 

 

 

LITERATURE REVIEW 

 

 

 

APOLIPOPROTEIN E 

Structure and function  

 Lipoproteins are non-covalent complexes that contain both proteins and lipids 

(Mahley et al. 1984).  Their lipid core is composed of triacylglycerols and cholesterol.  

The lipid core is surrounded water-soluble phospholipids and apolipoproteins (Figure 1).  

Lipoproteins transport lipids through the blood stream, providing raw materials for 

steroid synthesis, cell membrane assembly, and metabolic energy.  Human plasma 

lipoproteins are commonly divided into five major classes; chylomicrons, very low 

density lipoproteins (VLDL), intermediate density lipoproteins (IDL), low density 

lipoproteins (LDL), and high density lipoproteins (HDL) (Figure 2).  The higher the lipid 

to protein ratio in the particle, the lower the density will be.   

In humans, apolipoproteins are designated types A, B, C, D, and E and have a size 

range of 56 to 4500 residues (Laker and Evans 1996). Their overall structure is highly 

conserved, consisting of tandem repeats of amphipathic α-helices which are separated by 

short stretches of random coil.  In most apolipoproteins, the helix, which features an area 

of charged residues which function in cell surface receptor binding and endocytosis, is 

designated ‘the receptor-binding helix.’ Mutations in the receptor-binding helix can alter 

the apolipoprotein’s physiological effects (Krieger 1998).
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Figure 1.  Structure of lipoprotein  
Lipoproteins are non-covalent complexes that consist of a lipid core composed of 

triacylglycerols and cholesterol surrounded by phospholipids and apolipoproteins. 

(http://www.uwsp.edu/chemistry/tzamis/chem260bioch2005.html) 

 

 

 

 

 
 

Figure 2.  Chylomicron size compared to various lipoproteins 

Chylomicrons are the largest (1000 nm) and least dense (<0.95) of the lipoproteins. Very 

low density lipoproteins (VLDL) are approximately 25-90 nm in size, with a density of 

~0.98. Intermediate density lipoproteins (IDL) are smaller than VLDL (40 nm) and more 

dense (~1.0). Low density lipoproteins are smaller than IDL (26 nm) and more dense 

(~1.04).   High density lipoproteins are the smallest of the lipoproteins (6-12.5 nm) and 

most dense (~1.12). 

(http://www.sigmaaldrich.com/Area_of_Interest/Biochemicals/Enzyme_Explorer/Key_R

esources/Plasma__Blood_Protein/Lipoprotein_Function.html) 

http://www.uwsp.edu/chemistry/tzamis/chem260bioch2005.html
http://www.sigmaaldrich.com/Area_of_Interest/Biochemicals/Enzyme_Explorer/Key_Resources/Plasma__Blood_Protein/Lipoprotein_Function.html
http://www.sigmaaldrich.com/Area_of_Interest/Biochemicals/Enzyme_Explorer/Key_Resources/Plasma__Blood_Protein/Lipoprotein_Function.html
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Human apolipoprotein E (ApoE) is a monomeric protein comprised of 299 

residues which results in a length of 269 amino acids and a molecular weight of 34.2 kDa 

(Mahley 1988).  Its general structure consists of four amphipathic α-helices (Figure 3).  

Lipids bind on the hydrophobic face of the helices, located on the inside of the 

apolipoprotein, whereas receptors bind on the hydrophilic face located on the outside of 

the apolipoprotein.  ApoE is synthesized in several areas of the body, including the liver, 

brain, spleen, lungs, adrenals, ovaries, kidneys, muscle cells, and macrophages (St. Clair 

et al. 1995). 

 Because mutants of ApoE that display defective binding have single amino acid 

substitutions at residues 145, 146, or 158, it is believed that residues 139-146 are 

necessary for receptor binding (Innerarity et al. 1983) (Figure 4).  ApoE, the gene which 

codes for apolipoprotein E, is located on chromosome 19 at position 13.2 on the long arm 

(q) and is 3.7 kb in length, or from base pair 50,100,878 to base pair 50,104,489 (Mahley 

1988; Myklebost and Rogne 1988) (Figure 5). 

 ApoE is normally present in plasma at 5 mg/dL and has many functions in the 

body (Mahley 1988).  Its primary function is believed to be the removal and transport of 

excess cholesterol from the blood to the liver for processing through both the LDL 

receptor and LDL receptor related pathways (Matsunaga 1999).  When synthesized by 

the liver as a part of VLDL, its function is to transport triglycerides to the liver tissue.  As 

a part of HDL, its function is to distribute cholesterol among cells.  When incorporated 

into intestinally synthesized chylomicrons, it transports dietary triglycerides and 

cholesterol.  Most lipoproteins are interconvertable, depending on the type and amount of 

lipid in the core and the type of proteins that form the coat (Mahley 1988).   
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Figure 3.  Human Apolipoprotein E 

The general structure of human apolipoprotein E consists of four amphipathic α-helices.    

http://www.bmsf.unsw.edu.au/research/projects/apoE.html  

 

 

 
 

Figure 4.  Receptor binding region of ApoE 

Because mutants of ApoE that display defective binding have single amino acid 

substitutions at residues 145, 146, or 158, it is believed that residues 139-146 are 

necessary for receptor binding (Innerarity, et al. 1983). 

http://www.ruppweb.org/ApoE/apoe.html  

http://www.bmsf.unsw.edu.au/research/projects/apoE.html
http://www.ruppweb.org/ApoE/apoe.html
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Figure 5.  Location of ApoE on Chromosome 19 

ApoE, the gene which codes for apolipoprotein E, is located on chromosome 19 at 

position 13.2 on the long arm (q) (Mahley 1988). 

http://www.ncbi.nlm.nih.gov/SCIENCE96/gene.cgi?APOE  

Chromosome 19 

 

ApoE 

http://www.ncbi.nlm.nih.gov/SCIENCE96/gene.cgi?APOE
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Genetic variations at the ApoE gene locus 

 To date, no human population studied has lacked polymorphism in ApoE 

(Fullerton et al. 2000).  ApoE is a polymorphic protein arising from three alleles at a 

single gene locus (Mahley and Rall 2000).  The alleles differ from each other by amino 

acid substitutions at positions 112 and 158 of the protein, caused by two non-synonymous 

nucleotide polymorphisms (Rall et al. 1982).  The presence of a T nucleotide at position 

2059 (2059-T) of the gene results in a cysteine at position 112 (Cys112), whereas the 

presence of 2059-C would result in an arginine (Arg112) (Pantelidis et al. 2003).  

Similarly, 2197-C defines Arg158, while 2197-T defines Cys158 (Figure 6).   Combinations 

of the three codominant alleles: ε2, ε3, and ε4 code for three different protein isoforms, 

respectively designated E2 (Cys112/Cys 158), E3 (Cys112/Arg158), and E4 (Arg112/Arg158), 

each having different genetic implications (Sing and Davignon 1985) (Figure 7).  Amino 

acid sequences for E2, E3, and E4 can be viewed in Appendix 1 and 2. 

 Each isoform is metabolically distinct, differing in its affinity for lipoprotein 

particles and the extent to which it binds to ApoE and LDL receptors (Fullerton et al. 

2000).  The ε3 allele is believed to be the ‘normal’ and most common allele in the 

majority of human populations studied thus far, while the ε2 allele is the least common 

(de Knijff et al. 1994).  The human genotype frequency of allele ε3 is estimated to be 

~70%, whereas the frequency of the ε2 allele is estimated to be ~1-2% (Hill et al. 2007).  

These frequencies are summarized below in Table 1. 
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Figure 6.  The complete nucleotide sequence of ApoE that codes for the E3 
(Cys112/Arg158) isoform of human apolipoprotein E (adapted from Paik et al. 1985). 
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Figure 7.  ApoE isoforms 

ApoE alleles ε2, ε3, and ε4 code for three different ApoE isoforms, respectively 

designated E2 (Cys112/Cys 158), E3 (Cys112/Arg158), and E4 (Arg112/Arg158), each having 

different genetic implications (Sing and Davignon 1985). 

www.med.osaka-cu.ac.jp  

http://www.med.osaka-cu.ac.jp/
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Table 1.  Estimated human genotype frequencies of Apo E alleles ε2, ε3, and ε4 (Hill 

et al. 2007).  There are six known phenotypes of ApoE expression:  Three homozygotes 

(E2/E2, E3/E3, and E4/E4), and three heterozygotes (E2/E3, E2/E4, and E3/E4) (Imari et 

al. 1988). 

 

 

Mutations and their effects on receptor binding/function 

 Secreted by macrophages and hepatocytes, ApoE is involved in the binding, 

internalization, and catabolism of lipoprotein particles, and serves as a ligand for the LDL 

receptor (Pantelidis et al. 2003). It is a generally accepted theory that the structure of a 

protein is related to its function (Wright and Dyson 1999).  Thus, each isoform of ApoE 

displays distinct functional and biological properties (Ruiz et al. 2005).  The human 

ApoE structure is highly conserved, consisting of four amphipathic α-helices (Figure 3).  

The helices feature an area of charged residues which function in cell surface receptor 

binding and endocytosis, which is designated ‘the receptor-binding helix’ (Krieger 1988). 

Lipids bind on the hydrophobic face of the helices, which is located on the inside of the 

apolipoprotein, whereas receptors bind on the hydrophilic face located on the outside of 

the apolipoprotein (Mahley 1988).  Mutations in the receptor-binding helix can alter the 

apolipoprotein’s physiological effects (Krieger 1998). 
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Genetic implications of the E3 protein isoform 

To date, ApoE3 (Cys112/Arg158) is the most common of the main three isoforms in 

all populations investigated and is often referred to as the ‘normal’ or ‘wild-type’ isoform 

of ApoE (Pantelidis et al. 2003; Fullerton et al. 2000).  It is believed to result in “normal” 

lipid metabolism, therefore having no abnormal genotype impact.  In normal individuals, 

chylomicrons and VLDL remnants are rapidly removed from the circulation by receptor-

mediated endocytosis in the liver (Breslow et al. 1982). 

Genetic implications of the E2 protein isoform 

The ε2 allele is the least common of the main three isoforms in most populations 

investigated (Fullerton et al. 2000).  ApoE2 has a cysteine substituted for arginine at 

residue 158 (Cys112/Cys158), resulting in a lower affinity for ApoE receptors (Pantelidis et 

al. 2003).  ApoE2 binds poorly to the LDL receptor, showing approximately 1% of the 

binding ability of E3 or E4 and is therefore believed to be a significantly defective 

isoform (Matsunaga 1999; Ruiz et al. 2005).  Individuals who possess at least one ε2 

allele are more prone to having higher levels of circulating Apo E, lower levels of plasma 

total cholesterol, and higher triglyceride levels (Fullerton et al. 2000). 

ApoE is associated with Type III hyperproteinemia (HLP III), which is also 

known as familial dysbetalipoproteinemia (Mahley 1988; Rall et al. 1989; Pantelidis et al. 

2003).  In HLP III, increased plasma cholesterol and triglycerides are the consequence of 

impaired clearance of chylomicrons and VLDL remnants due to a defect in 

apolipoprotein E (Breslow et al. 1982).  Familial dysbetalipoproteinemia develops in 

approximately 1-2% of individuals who are homozygous for Apo ε2, and more than 90% 

of patients with this disorder are homozygous for Apo ε2 (Matsunaga et al. 1999).  Only 
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rarely does the disorder occur with the heterozygous phenotypes ε3/ ε2 or ε4/ ε2, which 

suggests that homozygosity for Apo ε2 is a major genetic prerequisite for familial 

dysbetalipoproteinemia (Matsunaga et al. 1999).   

Genetic implications of the E4 protein isoform 

The relative frequency of the ε4 allele varies between populations and is 

negatively correlated with ε3 frequencies in African, Asian, and European populations 

(Fullerton et al. 2000).  ApoE4 has an arginine substituted for cysteine at residue 112 

(Arg112/Arg158).  Because residue 112 is outside of the strongest lipid binding area, the 

substitution does not affect the lipid binding ability of the apolipoprotein; therefore, 

apoE3 and E4 are believed to bind equally well to lipoprotein receptors (Mahley 1988; 

Matsunaga et al. 1999).  Individuals who possess at least one ε4 allele are more prone to 

having lower levels of circulating Apo E, higher levels of plasma total cholesterol, and 

ultimately, a higher risk of developing coronary artery disease (Fullerton et al. 2000).  

ApoE4 is associated with increased hepatic synthesis of VLDL and is a risk factor 

for late-onset familial and sporadic forms of Alzheimer’s disease as well as other 

neurological diseases (Strittmatter et al. 1993; Corder et al. 1993; Pantelidis et al. 2003).  

Subjects that carry the mutant ε4 allele have predominantly high cholesterol and LDL 

levels (Dong et al.1996).  It is suggested that ApoE4 is associated with type V 

hyperlipoproteinemia (HLP V) in a manner comparable to that of ApoE2 to HLP III 

(Gregg et al. 1983). 

ApoE and non-insulin-dependent diabetes mellitus 

 Hypertriglyceridemia is a condition marked by high blood levels of triglycerides.  

Triglycerides are associated with atherosclerosis.  Hypertriglyceridemia is considered to 
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be a risk factor for cardiovascular disease and is commonly found in patients with non-

insulin-dependent diabetes mellitus (NIDDM) (Eto et al. 1991).  NIDDM, more 

commonly referred to as diabetes mellitus type 2 or type 2 diabetes, is generally an adult-

onset disorder characterized by high blood glucose and insulin resistance.  Studies 

suggest that NIDDM patients with the ApoE2/E3 phenotype have higher levels of plasma 

triglycerides and a higher frequency of hypertriglyceridemia than NIDDM patients with 

the homozygous ApoE3 phenotype (Eto et al. 1991).  The ε2 allele has been found to be 

more frequent in NIDDM patients with hypertriglyceridemia, which suggests a close 

association of ApoE2 with hypertriglyceridemia in NIDDM (Imari et al. 1988). 

 Dementia is a cognitive disorder in which affected areas of cognition may be 

memory, attention, language, and problem solving.  Population-based studies suggest that 

NIDDM is associated with dementia as well as Alzheimer’s disease (Ott et al. 1999).  

NIDDM is associated with atherosclerosis of the cerebral arteries, causing vascular 

changes that ultimately decrease cerebral blood flow (McCall 1992).  Diabetic 

individuals are thought to be genetically susceptible to developing dementia (Peila et al. 

2002).  The ApoE gene, namely the ε4 allele, is associated with an increased risk for 

cognitive impairment and Alzheimer’s disease (Schmechel et al. 1993). 

Role of ApoE in Alzheimer’s disease 

 Alzheimer’s disease (AD), the most common form of dementia, is a progressive 

and fatal neurodegenerative disorder that currently has no cure.  As AD destroys brain 

cells, it causes memory loss and negatively impacts thinking and behavior (Yip et al. 

2002).  AD is characterized by the presence of beta-amyloid deposits in abnormal 

structures known as senile plaques and neurofibrillary tangles; prime suspects in 
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damaging and killing nerve cells.  Unlike other lipoproteins that are mainly synthesized 

by the liver, ApoE is also synthesized in astrocytes and oligo-dendrocytes in the central 

nervous system (Strittmatter et al. 1993; St. Clair et al. 1995).  The APOE4 isoform 

shows high avidity binding to ß-amyloid peptide, suggesting accelerated ß-amyloid 

peptide deposits, and ultimately, the development of AD (Strittmatter et al. 1993; St. 

Clair et al. 1995). 

Although the inheritance of an Apo ε4 allele will not necessarily result in the 

development of dementia or AD, numerous studies have suggested that it is a strong 

genetic susceptibility factor for late-onset familial or sporadic AD (Hyman et al. 1996).  

The more frequent ε3 and the rare ε2 alleles provide relative protection against this 

neurological disorder (Raber et al 1998).  In a study of 42 families with the late-onset 

form of AD, the gene had been mapped to the region of chromosome 19 where the ApoE 

gene is found (Corder et al. 1994).  The possession of an ε4 allele is recognized as an 

increased risk of developing AD, whereas the possession of an ε2 allele is thought to 

protect carriers against the disease (Fullerton et al. 2000).  Studies suggest that the ε4 

allele is associated with late-onset AD and that disease duration was longer in ε4 carriers 

than in non- ε4 carriers (Bickeböller et al. 1997).  As the number of Apo ε4 alleles 

increases, the risk for AD increases from 20 to 90%, and the mean age of onset decreases 

from 84 to 68 years (Corder et al. 1993).  A study involving six relatives with late-onset 

AD suggested a dosage effect of the ε4 allele. The four individuals who possessed the 

homozygous ε4/ε4 genotype were shown to have onset in their 60s, whereas two 

heterozygous ε3/ε4 individuals had onset at ages 77 and 78 (Borgaonkar et al. 1993).  No 
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large-scale investigation to date has examined the relationship between heritage and the 

presence of an alternate ApoE allele.  

Role of ApoE in cardiovascular disease 

Cardiovascular disease (CVD) is a general term that describes conditions 

involving narrowed or blocked blood vessels that can lead to a heart attack, angina (chest 

pains), or stroke.  CVD is the world’s leading cause of death.  The normal function of 

ApoE is to bind to a specific receptor on liver and peripheral cells.  In normal individuals, 

receptor-mediated endocytosis in the liver rapidly removes chylomicron remnants and 

VLDL remnants from circulation.  The ApoE2 isoform shows defective binding of 

remnants to hepatic lipoprotein receptors and delayed clearance from plasma (Rall et al. 

1982).  Individuals homozygous for E2 are predisposed to developing type III 

hyperlipoproteinemia due to the delayed metabolic clearance of lipoproteins (Stephens et 

al. 2004). Accumulation of chylomicron and VLDL remnants can result in vascular 

disease (Song 2004). 

 Type III hyperlipoproteinemia is a genetic disease associated with defective 

plasma lipoprotein clearance.  Patients with HLP III possess the E2 isoform (Weisgraber 

et al. 1982; Havekes et al. 1986). Most patients with familial dysbetalipoproteinemia are 

homozygous for the ApoE2 isoform.  The disorder rarely occurs with heterozygous 

phenotypes E3/E2 and E4/E2 (Breslow et al.1982).  The cysteine to arginine substitution 

in the lipid binding region of the Apo E2 isoform is believed to be responsible for a 

defective binding of remnants to hepatic lipoprotein receptors, which leads to their 

delayed clearance of proteins from plasma (Weisgraber et al. 1982).  The ApoE2 isoform 

shows less than 2% of the normal receptor binding activity (Mahley 1988). 
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Because apolipoprotein E is directly involved in the uptake and transportation of 

plasma lipids, it is widely studied for its implications in cardiovascular disease (CVD) 

(Mahley 1988).  ApoE genotyping can be used as an aid in the diagnosis of a genetic 

component to a lipid abnormality if an individual is found to have high levels of 

cholesterols and triglycerides.  HMG-CoA reductase inhibitors, also known as statins, are 

a class of drugs that lower cholesterol levels in people with or at risk of CVD.   

Studies have suggested that individuals with ApoE2 achieve a better low-density 

lipoprotein cholesterol lowering response to statins, as opposed to individuals with 

ApoE4, who are less likely to respond to statins (Donnelly, et al. 2008). 

 

Genetic Variation in the Human Population 

Single Nucelotide Polymorphisms 

 

Due to its young age and small size, the human population has a relatively limited 

genetic diversity (Ayala et al. 1994).  DNA sequence variations occur when a single 

nucleotide in the genome differs between members of a species or between paired 

chromosomes in an individual.  Single nucleotide polymorphisms (SNPs) are the most 

common form of genetic variation, totaling over three million in the human genome 

(Cooper et al. 1985; Brookes 1999).  SNPs are responsible for over 80% of the variation 

between two individuals, occurring once every 100-300 bases (Carlson 2008; 

(Sachidanandam et al. 2001).  The presence of particular SNPs in an individual can be 

determined by genotyping a genomic DNA sample. 

In the human population, genetic variants are rare.  These infrequent variants are 

generally attributed to recently originated and highly penetrant alleles.  By association, 

they are thought to be related to rare, Mendelian genetic diseases.  Most of the 
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heterozygosity in the human population is due to common alleles that are present at a 

frequency of >1%. Common variants are thought to predispose individuals to genetic risk 

factors for common diseases; for example, ApoE has been well established as the 

susceptible gene for late-onset Alzheimer disease (Cargill et al. 1999; Martin et al. 2000).  

According to such hypotheses, the conceptually straightforward approach to identifying 

disease-causing mutations would be to build a comprehensive catalogue of known gene 

mutations in the human population and test them for association to clinical phenotypes. 

SNPs have a low mutation rate and occur, on average, once every 1000 bp, both 

characteristics which are ideal for association analyses (Martin et al. 2000).  As some 

SNPs are known to predispose individuals to certain diseases or to react to a drug in a 

certain manner, the study of SNPs is useful in diagnostics and drug development. It is 

believed that genotyping these bi-allelic markers offer great potential for the 

identification of disease-causing genes through association studies, assessing an 

individual’s susceptibility to disease, defining drug targets, and establishing markers for 

individualized medicine (Chen et al. 2000; Martin et al. 2000;Wang and Moult 2001; Rao 

et al. 2003).  For example, Martin et al. 2000, linked the 4 allele of ApoE to enhanced 

propensity for patients to develop Alzheimer’s disease.   

Haplotypes and the pathogenesis of disease 

Genetically speaking, a haplotype is a combination of alleles at multiple loci that 

are transmitted together on the same chromosome.  A haplotype can also be a set of SNPs 

on a single chromatid that are statistically associated.   

SNPs account for over 80% of the genetic variation in the human population 

(Reich et al. 2003; Carlson 2008).  The remaining percentage of the genetic variation is 
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caused by rare variants.  Due to a low mutation rate, nearly every variable site is a result 

of a single historical mutational event.  New alleles are associated with the alleles that are 

present on the chromosomal background on which they arose.  A haplotype is a specific 

set of alleles that is observed on a single chromosome or part of a chromosome.  New 

haplotypes are formed by additional mutations or by recombination when a mosaic of 

two parental haplotypes results due to the exchange of corresponding segments of DNA 

by maternal and paternal chromosomes (Paabo 2003). 

Family history is known to be a strong risk factor for nearly all diseases.  This 

suggests that inherited genetic variation plays an important role in the pathogenesis of 

disease.  Over a thousand genes for rare Mendelian diseases in which single genes are 

both necessary and sufficient to cause disease have been identified.  Common disorders 

have proven to be more complex and are thought to be due to a combination of different 

susceptibility DNA variants and environmental factors (IHMC 2005).  Identifying 

responsible genes and variants would lead to a better understanding of the prevention, 

diagnosis, and the treatment of disease.  In our case, the presence of E2 may increase a 

person’s risk for diabetes and the presence of E4 for Alzheimer’s disease.  Knowing this 

mutation in advance could be beneficial to healthcare professionals for prescribing 

dietary, lifestyle  recommendations, and treatments.   

DNA Extraction from IsoCode Stix 

Buccal swab collections for DNA testing 

 

Buccal swabs are commonly used as a means of DNA collection when working 

with large-scale community studies.  Buccal swabs provide an easily accessible source of 

DNA due to its self-collection potential, good quality, and sufficient quantity (Mulot et 
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al. 2005).  Methods used to collect buccal swabs are generally easy to administer, 

painless, non-evasive, cost-efficient, and safe for study personnel (Harty et al. 2000). 

Schleicher & Schuell IsoCode Stix DNA Isolation Device 

The Schleicher & Schuell IsoCode BioScience buccal cell collection kit contains 

a standard IsoCode ID collection card, a foil barrier envelope for storage and transport of 

the sample on the paper, a dessicant pack, and an IsoSwab sterile foam-tipped oral swab.  

IsoCode and IsoCode ID Stix contain four sample collection areas, perforated for easy 

removal from the device using the cap of the microcentrifuge tube in which the sample is 

washed.  Each collection area has a capacity of approximately 10 to 12 µL of sample.  

For samples collected on the IsoCode Stix, the entire collection area is used for template 

isolation.  According to the manufacturer, sample application can be done using a pipette, 

a capillary tube, directly from a fresh finger stick, or transfer from the IsoSwab oral 

sample collection device.  In addition, the sample can be wicked onto the triangular 

collection area by placing the tip of the triangle into the sample until the entire collection 

area is saturated.   

The IsoCode Stix are made with 903® paper specialized with chemistries that 

lyse cells on contact with the paper and denatures all proteins in the sample in order to 

protect the integrity of the DNA sample.  The IsoCode matrix binds proteins and PCR 

inhibitors, including hemoglobin and DNAses.  When subjected through a 30-minute 

water and heat elution process, IsoCode paper releases DNA into solution, providing as 

much as 100 µL of DNA template from a single triangular collection area.  Alternately, 

for faster amplification, after a washing step, a single triangular collection area can be 

placed into the amplification mix and the DNA can be amplified directly off the paper.  
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DNA stored on IsoCode paper is compatible with procedures such as DNA amplification, 

automated sequencing, SNP analysis, cloning and STR (short tandem repeat) analysis. 

Traditional Polymerase Chain Reaction 

The polymerase chain reaction (PCR) was conceived by Dr. Kary Mullis in 1983 

and has been hailed as one of the most powerful tools of molecular biology, with 

applications in fields such as forensics, paternity testing, and biological research.  PCR is 

an in vitro technique that imitates nature’s ability to replicate DNA, using a reaction mix 

including the target DNA, a DNA polymerase, primers, dNTPs, salts and buffers.  The 

PCR takes place in a thermal cycler which alternates the cycles of heating and cooling for 

programmed periods of time for the appropriate number of PCR cycles in order to 

denature double stranded DNA, to anneal the primers, and to extend the targeted 

sequence (Mullis et al 1986).  

Due to its delicate nature, DNA is particularly challenging to isolate in complete 

strands.  When isolating DNA, even mild shearing forces can break the long and thin 

strands at random points along its length, which complicated the study of genes. With 

PCR, the goal is not to replicate the entire strand of DNA, but to replicate a specific 

target sequence (Mullis 1990). 

The first step of PCR is denaturation by heat (95°C).  The hydrogen bonds that 

link the bases to one another are weak and break at high temperatures (95°C), resulting in 

single stranded DNA.  The stronger covalent bonds in the sugar-phosphate backbone 

remain intact.   

The second step of PCR is annealing, in which primers flank the target sequence.  

Primers are 20-30 bp oligonucleotides, created to hybridize to each end of the target of 
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interest.  Two primers that flank the segment of DNA to be amplified are included in the 

PCR; one for each of the complementary single DNA strands that was produced during 

denaturation.  Depending on the length and base composition of the primers, annealing 

generally occurs between 40°C and 65°C.  This allows the primers to anneal to the target 

sequence with high specificity because primers will not remain associated with incorrect 

target sequences at those temperatures (Saiki et al. 1988).  Most importantly, primers 

possess a free 3’-OH at their terminal nucleotide.   

The third step of PCR is extension, which requires a DNA polymerase to read and 

use the intact DNA strand as a template to synthesize a complementary strand.  To be 

utilized in such a large range of temperatures, PCR requires the use of a thermostable 

DNA polymerase, such as Taq.  Taq is purified from Thermus aquaticus, a thermophilic 

bacterium that can be found in hot springs.  The thermostable nature of Taq allows it to 

survive extended periods of incubation at 95°C (Saiki et al. 1988).  During extension, the 

temperature is raised to approximately 72°C.  The DNA polymerase recognizes the free 

3’-OH end of a primer that has hybridized to template DNA and uses it as a starting point 

to catalyze the synthesis of the complementary strand with dNTPs from the reaction mix. 

At the end of the first PCR cycle, there are now two new strands of DNA identical 

to the original target.  These new strands, or PCR product, are called amplicons.  As PCR 

continues, a theoretical doubling effect of each target sequence is created, resulting in an 

exponential increase of the sequence of interest.  This process is called amplification 

because the newly synthesized DNA can serve as a template for the enzymatic synthesis 

of new DNA strands in the following cycle. 
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In order to determine whether the target DNA sequence was present and has 

amplified, traditional or endpoint PCR assays generally require additional back-end 

processing once thermal cycling has completed.  The downstream methods of processing 

can include DNA hybridization, agarose gel electrophoresis and staining, HPLC, or 

capillary electrophoresis.  Handling amplicons for downstream processing can be labor-

intensive and increase the chances of carry-over contamination (Higuchi 1992).  Endpoint 

analyses do not provide accurate measures of the starting number of DNA targets, and 

quantification may be incorrect (Higuchi et al. 1993; Sellner et al. 1998).  The 

densitometry performed to quantify DNA in bands of gels is limited in its dynamic range 

(two orders of magnitude) and lacks sensitivity (Zhao et al. 1996).  Additionally, when 

quantifying amplicons at the end of the PCR after a high number of cycles, small 

differences in reaction efficiencies are magnified.   

Real-Time Polymerase Chain Reaction 

Real-time PCR technology is based on the detection and quantification of PCR 

products in “real time” during each PCR cycle, which decreases post-processing steps 

and minimizes experimental error.  The measurement of a fluorescent reporter signal 

during PCR amplification is made possible by combining thermal cycling, fluorescence 

detection, and software analysis on one instrument.   

The amount of fluorescence is proportional to the amount of PCR product and 

enables monitoring of amplification.  The cycle threshold value (CT value) is defined as 

the fractional cycle number in which the fluorescent signal crosses the threshold 

(background level of fluorescence) and signals the beginning of the exponential growth 

phase of the signal.  CT levels are inversely proportional to the amount of target nucleic 
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acid in the sample.  With real-time PCR, it is possible to detect as little as a two-fold 

change in amplicon concentration.  When compared with endpoint PCR, real-time PCR 

requires less starting material, possesses a wider dynamic range (five orders of 

magnitude), and is less prone to non-specific amplification (VanGuilder et al. 2008).   

Real-time chemistries allow for the detection of PCR amplification during the 

early phases of the reaction and include:  probes that fluoresce upon hydrolysis, 

hybridization, fluorescent hairpins, or intercalating dyes (VanGuilder et al. 2008).  Real-

time PCR is used in many applications, including gene expression analysis, pathogen 

detection, bacterial and viral load determination, and allelic discrimination. 

Qualitative Analysis 

Qualitative gene detection is a basic form of genetic analysis in which only a 

“yes/no” answer to the question of whether a target is present in a sample.  Such 

qualitative approaches detect the presence of a particular target in unknown samples, 

based on whether the target is amplified or not.  The analysis does not quantify the 

amount of target DNA, thus standards are not required.   

SYBR Green chemistry is often used in qualitative assays.  SYBR green is an 

intercalating dye (530 nm) that binds to the minor groove of double stranded (ds) DNA. 

SYBR Green fluoresces when not bound to DNA, but as more double stranded amplicons 

are produced, more SYBR Green will bind, greatly enhancing its fluorescent emissions.  

Similar to the use of ethidium bromide to detect nucleic acids in an agarose gel, SYBR 

Green does not discriminate between dsDNA species, hence any primer artifacts and non-

specific reaction products can contribute to the intensity of fluorescence, resulting in an 

overestimation of PCR target sequence concentration (Monis et al. 2005). 
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Melting Curve Analysis with SYBR Green 

Melting curve analysis is a method for studying known variations.  Upon 

completion of the amplification protocol, the temperature is decreased to allow for DNA 

to anneal.  At this low temperature, the maximum fluorescence of the reaction is reached.  

The temperature of the reaction is then increased in slight increments.  The fluorescence 

signal of the intercalating dye decreases as the primers melt away from the template 

DNA.  The melting temperatures will be different for amplicons with sequence 

differences.  In a qualitative analysis, a melting temperature represents an amplicon 

(Monis et al. 2005).



 

 

 

 

 

MATERIALS AND METHODS 

 

 

 
Sample Collection 

 

In 2000, Ball State University hosted the UniverCity fair, inviting outstanding 

speakers and performers, and involving students and the community to interact with 

various disciplines on campus.  Dr. Vann and her research assistants collected DNA 

samples and background information (sex and known lineage as far back as grandparents) 

from over 500 anonymous volunteers.  Each individual provided a swab of saliva on four 

DNA IsoCode Stix (Schleicher & Schuell, Keene, NH).  An image of a DNA IsoCode 

Stix DNA Isolation device is shown in Figure 8.  This study was approved by the IRB at 

Ball State University. 

Wearing powder-free latex gloves, buccal swabs were used to collect cheek cells 

by briskly rubbing the inside of one cheek at least twenty times and repeating on the other 

cheek with the other side of the swab.  The tip of the buccal swab was held to the 

IsoCode Stix for no more than 2 s to wet the paper via capillary action.  The IsoCode 

devices were folded into a tent-like configuration and dried for 15 min under a heat lamp.  

When thoroughly dry, the IsoCode device was closed, placed in a storage bag with 

desiccant, and stored at room temperature protected from light.  Each sample was 

assigned a number and stored separately to prevent sample cross-contamination.
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Figure 8.  The IsoCode Stix DNA Isolation Device  
These devices were used to collect buccal swab samples from volunteer participants in 

the 2000 UniverCity fair.  Saliva was placed on the triangular tips of the match-like Stix. 
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 Using one Stix, DNA fingerprinting was performed.  Participating individuals 

later received an image of a gel with their DNA fingerprint.  In providing their DNA, 

each individual agreed to permit future anonymous DNA studies by signing a release.  

These DNA samples constitute a sample population of various ages of Midwestern 

citizens, both male and female, from different heritages. 

Randomizing Sample Selection 

 The samples were catalogued in a Microsoft Excel database with their 

corresponding information, including gender and self- reported lineage (Appendix 3).  A 

letter was designated to major heritage groups and can be viewed in Table 2.   

 

Table 2.  Letter designated to major heritage groups 
 

A White, not of Hispanic origin.  Origins in any of the original people of 

Europe, North Africa, or the Middle East. 

B Black, not of Hispanic origin.  Origins in any black racial group. 

C Hispanic.  Origins of Mexican, Puerto Rican, Cuban, Central or South 

American or other Spanish culture, regardless of race. 

D Asian or Pacific Islander.  Origins of any of the original peoples of the 

Far East, South East Asia, the Indian Subcontinent, or Pacific Islands. 

E American Indian or Alaskan native.  Origin in any of the original people 

of North America 

 

Given the time and resources available to do this study, screening all 264 valid 

samples (IsoCode Stix remaining and provided self-reported lineage) would have been 

impossible.  Therefore, 50 samples were randomly selected from the database to be 

screened for isoforms of ApoE.  Those selected are shown in numerical order in Table 3 

along with the individual sex and background information provided.  In order to obtain 

random individuals, sample identification numbers were entered in a column in Excel, 

beginning in cell A2.  The formula “ROUND(10000*RAND(),0)” was entered in cell B2 
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and copied down column B so that every sample ID acquired a random number.  Both 

columns were sorted based on the random number column.  The RAND function creates 

new random numbers every time the worksheet is updated.  The column of random 

numbers was highlighted, copied into another column, and pasted using the ‘Paste 

Special/Values’ function.  This created another column of random numbers that have 

fixed values.   

Table 3.  50 randomly selected samples from a database of 264 individuals with 

corresponding information (gender, self- reported lineage)   
 

Sample Gender Heritage Specifics 

100 M A English, Scottish, German 

107 M A  

108 M A English, Irish, Sioux, German 

112 F A  

114 M A, B Native American 

115 F A Scottish, German, English 

135 F A English 

136 M A German, Irish, English 

138 F A, D  

142 F A Scottish, Irish, German, Welsh 

143 F A Cherokee Native American 

147 F A German, French, Irish 

148 F A  

153 F A Near East, Middle East 

162 M A Italian, Czech 

165  A German 

166  D  

169 M A Russian, Jewish, Irish, French 

171 M A Irish, French 

178 F A Irish, Belgian, English 

186 F A Irish, Swedish, Norwegian, French, Scottish 

194 M A 
Irish, English, Scottish, German, American 
Indian 

198 F A German 

305 F A Scottish, English, German 

315 M C Mexican 

316 M A, E  

323 F A Part Indian 

327 F A Polish, Jewish, Irish 

328 F A  

330 F A  

333  A  
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349 F A  

350 M A, E Irish, Italian, German, Indian (1/8) 

357 M A German, Irish, Scandinavian 

367 M A French 

374 F A German, Prussian, Dutch 

381 M A  

388 M A  

396 M A, E German, English, Scottish, Irish, Cherokee 

399 F A Italian, German, Irish 

500 M A  

501 M B  

508 F A German, Scottish 

520 F A  

529 F A German 

536 F A Irish, German 

541 M A Native American 

561 F A German 

572 F A Part American Indian 

576 M A English, Scottish, Irish, German 

 

Precautions for avoiding contamination 

Contamination by extraneous human DNA is a major problem in human DNA 

studies.  However, with due consideration, care, and appreciation of the potential sources 

of contamination, it is possible to minimize the occurrence of contamination in the lab 

(Machugh et al. 2000).  A regularly UV irradiated hood was used for all pre-PCR 

experiments.  Lab coats, face masks, goggles, and gloves were worn during all pre-PCR 

reactions.  All samples intended for DNA work underwent a minimal amount of 

handling.  The hood, pipettes, pipette tips, and forceps were wiped down with 70% 

ethanol and UV irradiated for a minimum of 15 min before and in-between every set of 

reactions.  Separate pipettes with aerosol-barrier tips were used for PCR reagents and 

DNA.  A separate pipette was used for each DNA sample. 
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Primer Design 

 The primers used in this project to screen samples for the three major isoforms of 

the Apolipoprotein E were adapted from the Pantelidis et al. (2003) study (Table 4).  

Pantelidis et al. designed ApoE haplotype-specific sequence-specific primers (SSP) to 

determine the three main ApoE isoforms.  Two forward primers were designed with 

variations in their 3’ nucleotides to be specific for one of the two variants in the 2059 

locus and two reverse primers whose 3’-end nucleotide variants were located at the 2197 

locus.  The sequence-specific forward and reverse primers were combined in three 

haplotype-detecting reaction mixtures.  The reaction mix to detect isoform E2 contained 

primers 1 and 3 (amplicon size: 173 bp).  To detect isoform E3 (amplicon size: 173 bp), 

primers 1 and 2 were used.  To detect isoform E4 (amplicon size: 173 bp), primers 2 and 

4 were used.  To verify amplification in each PCR reaction in the absence of haplotype-

specific amplification, control primers that amplify regions of chromosome 6 in the 

HLA-DR locus were also used.  Due to the large amplicon sizes of the HLA-DR region 

primers (785 bp and 1598 bp), primers which amplified a region of human β-actin 

(amplicon size: 190 bp) were adapted from the Steuerwald et al. (1999) study and used as 

control primers.  All primers were reconstituted and diluted in molecular grade water to a 

concentration of 10 μM, which were then used as 25X stocks.  A working mix of primers 

was made fresh for every experiment.  Primers were initially used in concentrations of 

0.4 μM per reaction, then diluted to concentrations of 0.265 μM and 0.128 μM. 
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Table 4.  ApoE haplotype-specific sequence-specific primers (SSP) used to 

determine the three main ApoE isoforms by PCR analysis   
Primers were adapted from Pantelidis et al. (2003) and Steuerwald et al. (1999). 

 

Primer      Primer sequence, 5’-3’  Primer Identifies Orientation 

MDL Primer-8      TGC CAA GTG GAG CAC CCA A        (Control) HLA-DRB1  Forward 

MDL Primer-9      GCA TCT TGC TCT GTG CAG AT (Control) HLA-DRB1 Reverse 

MDL Primer-1          CGG ACA TGG AGG ACG TGT APOE-112cys  Forward 

MDL Primer-2      CTG GTA CAC TGC CAG GCG APOE-158arg  Reverse 

MDL Primer-3      CTG GTA CAC TGC CAG GCA APOE-158cys  Reverse 

MDL Primer-4      CGG ACA TGG AGG ACG TGC APOE-112arg  Forward 

AR       GGC CAC GGC TGC TTC  Human β-actin  Reverse 

AF       GTT GGC GTA CAG GTC TTT GC Human β-actin  Forward 

 

DNA Extraction 

 DNA was extracted from the IsoCode Stix as recommended by the manufacturer 

with a few alterations.   Sterile forceps were used to remove tips from the IsoCode 

Device.  Each tip was placed into its own sterile microcentrifuge tube.  To remove 

cellular debris that would potentially inhibit PCR, five hundred μL of molecular grade 

water was added to each microcentrifuge tube and the tip was washed by pulse vortexing 

three times, for a total of 5 s.   Using sterile forceps, the tips were removed from the wash 

and gently squeezed against the side of the tube to remove excess water.  After the initial 

wash of the IsoCode Stix to remove the DNA-protecting IsoCode chemicals, one has the 

option of using the tips for paper-in PCR reactions (placing the matrix directly into the 

PCR reaction) or as eluted DNA.  The method used was determined by the type of PCR 

being employed.  For the paper-in method, the washed tip was placed directly into its 

corresponding PCR reaction tube.  For the eluted DNA method, the washed tips were 
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then transferred to 80 μL of molecular grade water, heated at 95-100° C for 30 min, and 

then pulse-vortexed 60 times.  The matrix was removed from the eluate and discarded 

and the remaining eluate contained DNA template for amplification. The eluate was 

stored at -20° C until needed. 

Traditional Polymerase Chain Reaction (PCR) 

 Originally, identification of the three main isoforms of ApoE was to be performed 

using sequence-specific primers and traditional PCR.  Results of the PCR product 

analysis were intended to indicate the specific haplotype of the sample with the presence 

or absence of bands of specific sizes corresponding to the appropriate genotypes 

(Pantelidis et al. 2003).  Two positive control primers were used to verify PCR 

amplification in the absence of haplotype-specific amplification, or mutation, in each 

PCR reaction.  Negative controls (no template DNA) were also used to ensure that false 

positives did not occur.  The thermal cycling conditions adapted from the Pantelidis et al. 

(2003) study are listed in Table 5.  The higher annealing temperature of Step 2 in the 

cycling protocol provides a more stringent cycling regime to ensure only desired products 

are amplified, whereas the lower annealing temperature in step 4 creates a less stringent 

amplification cycling regime to enhance the amount of DNA available for amplification.  

The PCR products were held at 4° C until analysis was performed by agarose gel 

electrophoresis.     
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Table 5.  Thermal cycling conditions adapted from the Pantelidis et al. (2003) study   
 

 
 

PCR Optimization 

Before analyzing the samples collected at the UniverCity fair, it was important to 

test the methods to ensure the primers were working properly, to determine if the amount 

of DNA available on the IsoCode Stix was sufficient, and to make certain that 

contamination was avoided.  More recent samples of DNA (my own and Dr. Carolyn 

Vann’s) were collected on IsoCode devices and used to test the methods.  Later, a 

purchased positive control of human DNA (Epicentre Biotechnologies, Madison, WI) 

also was used as template to test the methods. 

 Each PCR reaction required optimization in order to initially obtain PCR 

products and then to increase specificity.  The type of Taq polymerase [Fermentas Taq 

DNA Polymerase (Fermentas, Glen Burnie, MD) vs. JumpStart RedTaq ReadyMix, 

Sigma-Aldrich, St. Louis, MO) and the amount of template DNA (one half of the Stix tip 

vs. a whole tip per primer pair) were varied in order to optimize the thermal cycling 

conditions.  The final, optimized 25 μL PCR reaction for haplotype-specific amplification 

was 12.5 μL JumpStart RedTaq ReadyMix, 2 μL of a specific primer mix, 1 μL of control 
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primer 8, and 1 μL of control primer 9. An entire tip (washed) of an individual’s IsoCode 

device was placed into the reaction mix.     

Agarose Gel Electrophoresis 

 

The PCR products were analyzed by electrophoresis on a 2% agarose gel (Sigma-

Aldrich) in 1X Tris Borate- EDTA (TBE) buffer (Amresco, Solon, OH).  Three 

microliters of ethidium bromide (Fisher Scientific, Pittsburgh, PA) was added to the gel 

to later be able to visualize the nucleic bands.  Fifteen microliters of each PCR product 

was mixed with 3 μL 6X sample buffer (Invitrogen, Carlsbad CA) for visual aid when 

loading the samples into the gel wells.  Five microliters HyperLadder V (Bioline, 

Taunton, MA) was utilized as a molecular weight and concentration reference.  To 

prevent melting of the high concentration gel, the gel was run at a low voltage of 55 V for 

45 min.  A transilluminating UV gel imager (Bio-Rad, Hercules, CA) was used to 

visualize the bands. 

Real-Time Polymerase Chain Reaction (Real-Time PCR) 

 When it was determined that the low concentration of template DNA from the 

IsoCode Stix samples prevented detection of bands by traditional gel electrophoresis, a 

real-time PCR protocol was implemented for its 100-fold sensitivity in comparison to 

regular PCR.  Real-time PCR allowed the use of very little template DNA (one Stix tip as 

opposed to the three being used for the three reactions as in the previous method).  SYBR 

Green, a dye that intercalates into the minor groove of double-stranded DNA and 

produces a fluorescent signal, was used primarily for its cost-effectiveness.  Because 

fluorescent signals from different amplicons cannot be distinguished, SYBR Green 

cannot be used for multiplex reactions.  However, smaller amounts of eluted DNA could 
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be amplified simultaneously in different tubes.  Amplification included a negative (no 

template DNA) control and a positive (human β-actin) control adapted from the 

Steuerwald et al. (1999) study.  Real-time PCR was performed simultaneously on three or 

four individuals by using the Smart Cycler System, (Cepheid, Sunnyvale, CA).  This 

system and some of the associated graphs generated during PCR amplifications are 

shown in Figure 9.  The thermal cycling conditions used can be found in Table 6.  The 

software provided by the Cepheid Smart Cycler system was used to visualize and analyze 

the Real-time PCR results upon completion of the reaction. 

Table 6.  Thermal cycling conditions used for real-time PCR   
Step 2 portrays a less stringent cycling regime, whereas step 3 portrays a more stringent, 

specific amplification cycling regime. 

 

Step Cycles Length Temperature Purpose 

1 1 5 min 95° C Initial Denaturation 

2 5 15 s 94° C Denaturation 

30 s 60° C Annealing/Extension 

3 35 15 s 94° C Denaturation 

30 s 50° C Annealing/Extension 

 

Real-Time PCR Optimization 

Each real-time PCR reaction required optimization in order to obtain PCR 

products and then to increase specificity.  The brand of intercalating dye [iTaq SYBR 

Green (Bio-Rad) vs. SYBR GreenER qPCR SuperMix (Invitrogen)] and the amount of 

eluted template DNA (8.5 μL vs. 10.5 μL) was varied in order to optimize the 

thermocycling conditions.  The final, optimized 25 μL real-time PCR reaction mix for 

haplotype-specific amplification was 12.5 μL SYBR Green I (Bio-Rad), 2 μL of a  
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Figure 9.  The SmartCycler System (Cepheid, Sunnyvale, CA) used for Real-Time 

PCR 
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specific primer mix or control primers, and 10.5 μL of the template DNA eluted from the 

IsoCode matrix.  Once each component was added to each tube, they were subjected to a 

2-3 min centrifuge at 1000 rpm to eliminate air bubbles. 

Melting Curve Analysis 

In some cases, the results of the real-time PCR products were very ambiguous, 

possibly due to the low concentrations of template DNA extracted from the IsoCode Stix.  

A melting curve step was added onto the aforementioned real-time PCR protocol within 

the Cepheid Smart Cycler software.  Samples with ambiguous results were subject to 

melt curve analysis to allow differentiation between haplotypes.   

Analyzing Real-Time PCR data 

For individuals with ε2, and ε4, PCR will be used to amplify the variable regions 

of maternally inherited mitochondrial DNA for sequencing.  The sequences will be 

aligned with the Cambridge Reference Sequence (Mitomap 2006) to determine maternal 

lineage or haplotype.  Maternal lineage will then be correlated with self-reported lineage, 

and the presence of specific isoforms of ApoE.



 

 

 

 

 

RESULTS AND DISCUSSION 

 

 

 

Randomizing Sample Selection 

 In 2000 Dr. Vann and her research assistants collected DNA samples and 

background information (sex and known lineage as far back as grandparents) from over 

500 anonymous community and university volunteers at the Ball State UniverCity fair.  

An inventory of the samples gathered revealed that only 264 of the samples were 

accompanied with background information and had enough IsoCode stix remaining for 

screening. 

The samples were catalogued in a Microsoft Excel database with their 

corresponding information, including gender and self- reported lineage (Appendix 3).  

Given the time and resources available to do this study, screening all 264 valid samples 

would have been impossible.  Therefore, the RAND function in Excel was utilized to 

randomly select 50 samples from the database to be screened for isoforms of ApoE.   

 Of the 50 randomly selected samples, there were 21 males, 26 females, and three 

of unknown sex. When asked to self-report major heritage, 47 or 94% reported to be 

White (not of Hispanic origin), two or 4% Black (not of Hispanic origin), one or 2% 

Hispanic, two or 4% Asian or Pacific Islander, and two or 4% American Indian or 

Alaskan natives.  Percentages do not add up to 100% because some individuals claimed 

more than one major heritage group.  Given the opportunity to describe their heritage, 20
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 individuals reported a German background, nine reported an English background, and 16 

reported an Irish background.  Ten individuals reported having Native American roots. 

The Midwestern region is comprised of 12 states that include North Dakota, 

South Dakota, Nebraska, Kansas, Minnesota, Iowa, Missouri, Wisconsin, Illinois, 

Michigan, Indiana, and Ohio.  According to data pulled from the 2010 U.S. Census, 

approximately 80% of the Midwestern population identifies as White (not of Hispanic 

origin), 10% Black (not of Hispanic Origin), 6.6% Hispanic, 2.5% Asian or Pacific 

Islander, and 0.6% American Indian or Alaskan natives (2010 U.S. Census Bureau). 

Reported lineage of the 50 randomly selected volunteers from the UniverCity fair 

is slightly different than the reported lineage of the Midwestern region.  Our sample 

population came from university individuals and surrounding community members and 

may not reflect a cross-section of ethnicities. 

Primer Design and Analysis 

 The primers used in this project to screen samples for the three major isoforms of 

the Apolipoprotein E were adapted from the Pantelidis et al. (2003) study and the 

Steuerwald et al. (1999) study (shown earlier in Table 4).  The OligoAnalyzer 3.1 

(Integrated DNA Technologies, Inc., Coralville, IA) was utilized to look for cross-

hybridization between the primer pairs and to analyze the primer lengths, potential oligo 

secondary structures, GC content, and Tm in order to ensure an optimal reaction and 

appropriate annealing temperature (Table 7).   

Pantelidis et al. (2003) designed ApoE haplotype-specific and sequence-specific primers 

(SSP) to determine the three main ApoE isoforms.  The sequence-specific forward and 

reverse primers were combined in three haplotype-detecting reaction mixtures.  A 
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reaction mix containing primers 1 and 3 was used to detect isoform E2, primers 1 and 2 

for isoform E3, and primers 2 and 4 for isoform E4. 

Table 7. Primer analysis information generated by The OligoAnalyzer 3.1 

(Integrated DNA Technologies, Inc., Coralville, IA)  
The OligoAnalyzer 3.1 was used to analyze the properties of the primers adapted from 

the Pantelidis et al. (2003) study and the Steuerwald et al. (1999) study. 

 
MDL Primer-1 (F)        5’-CGG ACA TGG AGG ACG TGT-3’ Identifies: APOE-112cys 

Length: 15 bp GC Content: 66.7% Tm:  52.2°C Oligo secondary structures: 1 Hairpin 

            4 self-dimers 

            9 hetero-dimers 

MDL Primer-2 (R)       5’-CTG GTA CAC TGC CAG GCG-3’ Identifies: APOE-158arg   

Length: 18 bp GC Content: 66.7% Tm:  58.7°C Oligo secondary structures:  1 Hairpin 

            10 self-dimers 

           11 hetero-dimers 

MDL Primer-3 (R       5’-CTG GTA CAC TGC CAG GCA-3’              Identifies: APOE-158cys   

Length: 18 bp GC Content: 61.1% Tm: 57.6°C Oligo secondary structures: 1 Hairpin 

               10 self-dimers 

          15 hetero-dimers 

MDL Primer-4 (F)      5’-CGG ACA TGG AGG ACG TGC-3’              Identifies: APOE-112arg   

Length: 18 bp GC Content:  66.7% Tm:  58.7°C Oligo secondary structures: 1 Hairpin 

               7 self-dimers 

             9 hetero-dimers 

AR (R)        5’-GGC CAC GGC TGC TTC-3’             Identifies: Human β-actin   

Length: 15 bp GC Content: 73.3%  Tm: 57.5°C  Oligo secondary structures: 1 Hairpin 

               8 self-dimers 

             7 hetero-dimers 

AF (F)       5’-GTT GGC GTA CAG GTC TTT GC-3’          Identifies: Human β-actin   

Length: 20 bp GC Content 55% Tm: 56.7°C  Oligo secondary structures: 4 Hairpin 

               9 self-dimers 

           13 hetero-dimers 

 

 

 



45 

 

DNA Extraction from IsoCode Stix 

 Unlike DNA isolation products that require that the paper on which the sample is 

dried be placed in the amplification mix, the DNA isolated from IsoCode is eluted from 

the paper in solution.  The cellular component in saliva, oral epithelial cells, is the source 

of amplifiable DNA from buccal swabs.  Depending on the individual, cell numbers may 

decrease in a sample collected after rinsing the mouth as compared to samples collected 

without a pre-rinse.  For this reason, participants at the UniverCity fair were not directed 

to rinse prior to buccal swab collection.  The presence of food or bacteria in the mouth 

was not of concern due to the specificity of the primers.  In addition, cell concentration 

variations might have been related to the amount of mechanical stimulation the cheeks 

receive during the rinsing, which was donor dependent.   

In general, 60% of the DNA present in a sample is eluted during the isolation 

procedure.  For example, if the 12 µL of buccal swab/saliva mixture applied to an 

IsoCode Stix triangle contains 160 to 300 ng of DNA, the DNA yield from that triangle 

should be in the 95 to 180 ng range in 100 µL of eluting solution.  Not including the 

volume required for PCR optimization, screening individuals required 42 µL of eluted 

DNA. Due to the low volume of eluted nucleic acids, the concentration and purity of the 

DNA isolated from the individual IsoCode Stix used in this study were not determined by 

spectroscopy. 
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Traditional Polymerase Chain Reaction 

Agarose Gel Analysis of Sequence-Specific Amplification 

 

Before screening the 50 randomly selected samples collected at the Ball State 

UniverCity fair, the methods were tested to determine which brand of Taq Polymerase 

was best for amplification and that an optimal concentration of primers was being used.  

Amplification was also performed on DNA extracted from half an IsoCode triangle to 

determine if there would be sufficient DNA.  Mary Brinkoetter (an honor’s 

undergraduate student) and I used modern samples of DNA (Dr. Carolyn Vann’s and 

Tam Dang’s) to test these methods.  To test if the amount of DNA available on the 

IsoCode stix collected from the UniverCity fair was sufficient in quantity and quality 

after having been stored a few years, DNA from a randomly selected UniverCity sample 

not included in this study was amplified and the results were compared with those of a 

modern sample of Dr. Vann’s DNA.   

The DNA in the IsoCode Stix was isolated and amplified using the 

aforementioned primer sets, and the PCR products were electrophoresed on a 2% agarose 

gel in 1 X TBE with 3 µL of 1 mg/mL ethidium bromide, along with a molecular weight 

marker (HyperLadder V, Bioline, Taunton, MA) in order to determine if the DNA had 

amplified and to aid in the characterization of amplified products. Figure 10 shows the 

results of the amplification of the random UniverCity sample and Figure 11 shows the 

results of modern DNA amplification.  
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Figure 10.  Gel analysis of the initial amplification of DNA on UniverCity IsoCode 

Stix sample  Lane 1 contains 5 µL of HyperLadder V (Bioline, Taunton, MA).  Lanes 2-

7 contain 15 µL of a 100 µL reaction.  Lane 2 contains the 2 primer set and DNA.  Lane 

3 contains the 2 primer set and PCR grade H20.  Lane 4 contains the 3 primer set and 

DNA.  Lane 5 contains the 3 primer set and PCR grade H2O.  Lane 6 contains the 4 

primer set and DNA.  Lane 7 contains the 4 primer set and PCR grade H2O.  The arrow 

to the left indicates the area of primer-dimer amplification. 
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Figure 11.  Gel analysis of the initial amplification of DNA on modern (Dr. Vann’s) 

IsoCode Stix sample  Lane 1 contains 5 µL of HyperLadder V (Bioline, Taunton, MA).  

Lanes 2-7 contain 15 µL of a 100 µL reaction.  Lane 2 contains the 2 primer set and 

DNA.  Lane 3 contains the 2 primer set and PCR grade H2O.  Lane 4 contains the 3 

primer set and DNA.  Lane 5 contains the 3 primer set and PCR grade H2O.  Lane 6 

contains the 4 primer set and DNA.  Lane 7 contains the 4 primer set and PCR grade 

H2O.  The arrow to the left indicates the area of primer-dimer amplification. 
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 We expected to see a 173 bp band in some lanes containing sample material, which 

would indicate the presence of a specific ApoE haplotype.  However, no bands were 

observed at 173 bp and only smears near the bottom of the gel were seen which were 

believed to be the result of primer-dimers.  The lack of amplicon could be due to an 

amplification issue associated with primer concentration, quality of Taq Polymerase, or 

the input concentration of DNA.  Due to the fact that there were no positive controls run 

on these gels, it is also possible that an insufficient amount of DNA was loaded onto the 

gel.  

PCR Optimization 

 Many failed attempts were made to perform sequence-specific amplification of the 

DNA isolated from IsoCode Stix.  Using agarose gels for analysis, only bands near the 

bottom of the gel were seen.  When compared against the molecular weight marker, no 

significant bands could be seen in the agarose gel images.   

 Our failures could have been attributed to a number of factors including excessive 

formation of primer-dimers, the efficiency of specific Taq enzyme used, and the low 

concentration of DNA present in the reaction or the use of agarose gel electrophoresis for 

analysis.  

 Primer-dimers are the product of nonspecific annealing of primers to one another 

and primer elongation events. These events take place as soon as PCR reagents are 

combined, especially if reagents are mixed at room temperature, which is more favorable 

for nucleotide mismatches. Even if one primer is elongated by one false nucleotide, this 

primer may significantly enhance nonspecific amplification. 
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 During PCR, the formation of primer-dimers can compete with the formation of 

specific PCR product, leading to reduced amplification efficiency.  The result is a less 

successful PCR.  After PCR is performed in block cyclers, primer dimers can appear as a 

smear of smaller amplicons (30 – 80 bp) that can be seen in agarose gel electrophoresis.  

 High primer concentrations can promote mis-priming and accumulation of non-

specific products.  On the other hand, low primer concentrations may lead to lower 

product yields.  Ultimately, an inaccurate concentration of primers may have caused 

insufficient amplification with the result being we could not detect significant amplified 

material in initial end-point PCR and agarose gel electrophoresis experiments. 

 The type of Taq Polymerase, the concentration of primers, and the amount of 

template DNA were varied in an attempt to optimize the PCR.  Reactions were performed 

using Fermentas Taq DNA Polymerase (Fermentas, Glen Burnie, MD) vs. JumpStart 

RedTaq ReadyMix (Sigma-Aldrich, St. Louis, MO).  To analyze the concentration of 

DNA used, the quality of the amplicons in reactions using one half of the IsoCode Stix 

vs. a whole tip per primer pair was assessed.  To vary primer concentrations the 25X 

primer stocks were diluted into 16X and 8X stocks, which, respectively, created working 

primer concentrations of 0.256 µM and 0.128 µM.  The optimized combination of 

JumpStart RedTaq ReadyMix, a primer concentration of 0.128 µM, and a whole tip of an 

individual’s IsoCode device produced unknown bands around 50 bp and a faint 173 bp 

band can be seen in lane 2 (Figure 12). 
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Figure 12.  Gel analysis of modern (Dr. Vann’s) IsoCode Stix sample  Lane 3 

contains 5 µL of HyperLadder V (Bioline, Taunton, MA).  Lanes 2 and 4 contain 15 µL 

of a 100 µL reaction. Lane 2 contains a 0.128 µM concentration of the 3 primer set and 

DNA. Lane 4 contains a 0.256 µM concentration of the 3 primer set and DNA.  Bands 

appear around 50 bp. 
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 The optimized reaction conditions were established with modern DNA but when 

the same conditions were implemented on UniverCity samples, the samples did not 

produce sufficiently strong bands as was observed previously in Figure 12 (data not 

shown).  In addition to working with potentially fragmented DNA, we suspected that 

there was not enough DNA eluted from the IsoCode stix for good amplification and 

subsequent analysis on an agarose gel. 

Because we had so many difficulties determining optimal primer concentration 

with the insufficient amount of DNA present in the IsoCode stix, we determined that 

conclusive results could not be obtained from traditional end-point PCR with analysis by 

agarose gel electrophoresis.  Instead, Real-time PCR and product detection by a 

fluorescent reporter signal was chosen to replace the earlier method due to its 

comparatively high precision and higher analytical sensitivity (detection down to five or 

fewer copies of DNA per µL, a 100-fold enhancement). 

Real-Time Polymerase Chain Reaction 

  Before screening the 50 randomly selected UniverCity samples we used Real-

Time PCR and compared amplification varying the brand of SYBR Green, the amount of 

template DNA used, and the thermal cycling parameters.  The DNA in the IsoCode Stix 

was isolated and amplified using a SYBR Green method of amplification and the 

aforementioned primer sets.  Upon completion of the reaction, the real-time PCR results 

were visualized using the software provided by the Cepheid Smart Cycler system. 

 To ensure the amount of DNA available on the IsoCode Stix collected from the 

UniverCity fair was sufficient in quantity and quality, DNA from a randomly selected 

UniverCity sample not included in this study was amplified (Figure 13) and the results 
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were compared with those of a modern sample of Dr. Vann’s DNA (Figure 14).  We 

expected to see a growth curve of product formation with time in each reaction tube 

containing DNA, with the lowest cycle threshold values (CT values) representing the 

positive control and the ApoE genotype for that particular sample.   

CT values are inversely related to input target concentration.   CT values less than 

29 are considered strong positive reactions indicative of abundant target nucleic acid in 

the sample.  CT values between 30-37 are indicative of moderate amounts of target 

nucleic acid.  CT  values between 38-40 are indicative of minimal amounts of target 

nucleic acid (Heid et al. 1996).  Background noise is a normal property of real-time PCR.  

In reactions with SYBR Green, background noise can be caused by factors, which 

include unbound SYBR Green molecules and the non-specific binding of SYBR Green 

molecules to primers and DNA.  In figures 13 and 14, the log-linear phase represents 

background noise combined with the fluorescence from amplified DNA.  Growth curves 

in all wells including the negative and positive controls were observed. 

The CT  values in figure 13 suggest that the haplotype of the individual 

represented is homozygous E3 based on the observation that the sample containing 3 

primers and DNA is more positive than the sample containing -actin primers and DNA.  

Confirmatory melt curve analysis was not performed on this sample.  In figure 14, the CT 

of the sample containing -actin primers and DNA is smaller than that of the sample 

containing 3 primers and DNA.  Separation between the sample containing 3 primers 

and DNA and the samples containing 2 and 4 primers with DNA and the -actin 

primers with water suggest that the individual is homozygous E3.  Confirmatory melt 

curve analysis was not performed on this individual. 
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Figure 13.  Real-time PCR with SYBR Green performed on 8 µL of a randomly 

selected UniverCity sample not included in this study  Site ID A1 contains -actin 

primers and H2O, A2 contains -actin primers and 8 µL DNA, A3 contains 2 primers 

and 8 µL DNA, A4 contains 3 primers and 8 µL DNA, and A5 contains 4 primers and 

8 µL DNA. 

 

 

 

 

 
 

Figure 14.  Real-time PCR with SYBR Green performed on 8 µl of modern (Dr. 

Vann’s) (modern) DNA Site ID A1 contains -actin primers and H2O, A2 contains -

actin primers and 8 µL DNA, A3 contains 2 primers and 8 µL DNA, A4 contains 3 

primers and 8 µL DNA, and A5 contains 4 primers and 8 µL DNA. 
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Real-Time PCR Optimization 

Reactions were performed to optimize the fluorescent signal without sacrificing 

specificity.  The combination of more template DNA with a higher annealing temperature 

(from 60° C  to 70 ° C) was tested in an attempt to reduce the fluorescent noise occurring 

between cycles 0-23 (Figure 15).  The sample containing 3 primers and DNA has a 

lower CT than the sample containing -actin primers and DNA, which suggests the 

haplotype of this individual as homozygous E3.  While this method created a graph with 

less fluorescent noise in the log-linear phase, it caused the CT values for the other primer 

mixtures to occur earlier in the run.  Confirmatory melt curve analysis was not performed 

on this individual.  This thermal cycling parameter was not utilized for the final protocol 

used to screen of the samples due to its loss of specificity. 

The brand of SYBR Green was varied in order to optimize the thermal cycling 

conditions. Real-time PCR with iTaq SYBR Green (Bio-Rad) was performed on 10.5 µL 

of a randomly selected UniverCity sample not included in this study and results are 

shown in Figure 16.  Real-time PCR with SYBR GreenER qPCR SuperMix (Invitrogen) 

was performed on 10.5 µL of the same randomly selected UniverCity sample not 

included in this study (these results shown in Figure 17).  Based on the results from this 

comparison, the Invitrogen SYBR GreenER was less sensitive than the Bio-Rad iTaq 

SYBR Green.  In Figure 16, the -actin serving as the positive control had an 

approximate CT value of 24 when real-time PCR was performed with the Bio-Rad iTaq 

SYBR Green.  Figure 17 shows the -actin having an approximate CT value of 30 when 

real-time PCR was performed with the Invitrogen SYBR GreenER.  The lower CT value 

indicates better amplification.  Additionally, E4 is closer to E3 when using Bio-Rad  
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Figure 15.  Real-time PCR with SYBR Green and a less stringent thermal cycling 

regime performed on 10.5 µL of a randomly selected UniverCity sample not 

included in this study. Site ID A1 contains -actin primers and H2O, A2 contains -

actin primers and 10.5 µL DNA, A3 contains 2 primers and 10.5 µL DNA, A4 contains 

3 primers and 10.5 µL DNA, and A5 contains 4 primers and 10.5 µL DNA. 

 

 

 

Figure 16. Real-time PCR with iTaq SYBR Green (Bio-Rad) was performed on 10.5 

µL of a randomly selected UniverCity sample not included in this study  Site ID A1 

contains -actin primers and H2O, A2 contains -actin primers and 10.5 µL DNA, A3 

contains 2 primers and 10.5 µL DNA, A4 contains 3 primers and 10.5 µL DNA, and 

A5 contains 4 primers and 10.5 µL DNA. 
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Figure 17. Real-time PCR with SYBR GreenER qPCR SuperMix (Invitrogen) 

showed less sensitivity when performed on 10.5 µL of the same randomly selected 

UniverCity sample not included in this study  Site ID A1 contains -actin primers and 

H2O, A2 contains -actin primers and 10.5 µL DNA, A3 contains 2 primers and 10.5 µL 

DNA, A4 contains 3 primers and 10.5 µL DNA, and A5 contains 4 primers and 10.5 

µL DNA. 
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(Figure 16) and the sample could be considered heterozygous E3/E4.  With Invitrogen 

(Figure 17), E4 is farther away and could be considered a primer dimer. 

UniverCity Sample Screening 

 Thus, using the BioRad enzyme Real-time PCR was performed to screen the 50 

randomly selected UniverCity samples for isoforms of ApoE.  After the initial screening, 

15 samples yielded ambiguous homozygous E3/heterozygous E3/E4 haplotyping 

(Appendix 4).  For example, figure 18 shows a CT value of approximately 24 for the -

actin positive control.  The CT value for the sample containing 3 primers and 10.5 µL 

DNA is very close to the CT value for the sample containing 4 primers and 10.5 µL 

DNA, therefore the individual could be considered heterozygous E3/E4.  In an attempt to 

address this issue, melting curve analysis was utilized to differentiate between the 

haplotypes.  In a qualitative analysis, a melting temperature represents an amplicon 

(Monis et al. 2005). Figure 19 shows the melting peaks of the individual represented in 

figure 18.  In figure 18, result interpretation relied solely on CT values, ultimately 

resulting in an ambiguous call.  Melt curve analysis clearly shows two peaks (i.e., two 

products). The blue peak represents the melting temperature for the -actin positive 

control.  The yellow peak represents the melting temperature for the 4 isoform (Figure 

19). With this method, 14 of the ambiguous calls were resolved to be homozygous E3 

and one to be homozygous E4.  Final results of haplotype screening on all 50 randomly 

selected UniverCity samples can be found in Table 8. 
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Figure 18. Real-time PCR with iTaq SYBR Green (Bio-Rad) was performed on 10.5 

µL of UniverCity sample #576  Site ID A1 contains -actin primers and DNA, A2 

contains -actin primers and 10.5 µL H2O, A3 contains 2 primers and 10.5 µL DNA, A4 

contains 3 primers and 10.5 µL DNA, and A5 contains 4 primers and 10.5 µL DNA.   

 

 

 

Figure 19. The melting peaks resulting from a melt curve genotyping protocol on 

UniverCity sample #576  Site ID A1 contains -actin primers and DNA, A2 contains -

actin primers and 10.5 µL H2O, A3 contains 2 primers and 10.5 µL DNA, A4 contains 

3 primers and 10.5 µL DNA, and A5 contains 4 primers and 10.5 µL DNA. The blue 

peak represents the melting temperature for the -actin positive control.  The yellow peak 

represents the melting temperature for the E4 isoform. 
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Table 8.  UniverCity sample numbers, reported heritage, and ApoE haplotype based 

on real-time PCR screening with iTaq SYBR Green (Bio-Rad) performed on 10.5 

µL of sample DNA.  Group A designates White, not of Hispanic Origin, B for Black, 

not of Hispanic Origin, C for Hispanic, D for Asian or Pacific Islander, and E for 

American Indian or Alaskan Native  

 

Sample Number Heritage Group Assumed ApoE Haplotype 

100 A E3 

107 A E3 

108 A E3 

112 A E3 

114 A, B E3 

115 A E3 

135 A E3 

136 A E3 

138 A, D E3 

142 A E3 

143 A E3 

147 A E3 

148 A E3 

153 A E3 

162 A E3 

165 A E3 

166 D E3 

169 A E3 

171 A E3 

178 A E3 

186 A E3 

194 A E3 

198 A E3 

305 A E3 

315 C E3 

316 A, E E3 

323 A E3 

327 A E3 

328 A E3 

330 A E3 

333 A E3 

349 A E3 

350 A, E E3 

357 A E3 

367 A E3 

374 A E3 

381 A E3 



61 

 

388 A E3 

396 A, E E3 

399 A E3 

500 A E3 

501 B E3 

508 A E3 

520 A E3 

529 A E3 

536 A E3 

541 A E3 

561 A E3 

572 A E3 

576 A E4 

 

 

As seen in Table 8, all but one individual tested resulted in an 3 isoform.  PCR 

could have been used to amplify the variable regions of the maternally inherited 

mitochondrial DNA from these individuals with and sequenced to better examine 

heritage.  However, sufficient DNA was not available and further correlation studies 

could not be continued with one differing individual.



 

 

 

 

 

 

CONCLUSIONS 

 

 

 

 The purpose of this project was to determine if a correlation existed between 

frequencies of ApoE mutation and heritage in Midwest individuals by performing real-

time PCR on DNA extracted from DNA IsoCode Stix.  It was hypothesized that this 

method could be an alternative and cost effective method to sequencing an individual’s 

genome for personalized healthcare purposes.  Perhaps this research can provide insight 

to future studies involving the use of real-time PCR to create faster, more cost effective 

methods to determine genotype mutations for personalized healthcare and companion 

diagnostics. 

 In this study, DNA collected by buccal swabs on an IsoCode device was extracted 

and real-time PCR was utilized to determine the ApoE haplotype of 50 community and 

University-affiliated volunteers from the 2000 UniverCity fair hosted by Ball State 

University.  Given the methods used in this study, only one of the 50 individuals resulted 

in a non-wild type haplotype.  A confirmatory melt curve analysis of this major heritage 

group A individual resulted in a homozygous 4 genotype.  The human genotype 

frequency of an 3 allele is estimated to be ~70%, whereas the frequency of a 

homozygous E4 individual is estimated to be ~1-2%.  These frequencies are generally 

accepted for most populations, especially in regard to the USA (Hill et al. 2007).  Our 

study resulted in 2% homozygous E4, which supports the Hill et al. (2007) estimation.  
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Our result of a 98% frequency of the homozygous E3 genotype was higher than expected.  

Unfortunately, a correlation between frequencies of ApoE mutation and heritage in 

Midwest individuals could not be inferred based on one differing individual.  The largest 

setbacks in this study were the limited number of subjects available with heritage 

information, the yield of DNA from IsoCode Stix, and not having control templates 

available. 

Dr. Vann and her research team collected DNA and background information (sex 

and known lineage as far back as grandparents) from over 500 anonymous volunteers.   

Each individual provided a swab of saliva on four DNA IsoCode Stix.  Of all the samples 

collected, only 264 samples were accompanied by self-reported lineage and had IsoCode 

Stix remaining to be screened.  Our screening of 50 individuals only resulted in one non-

wildtype genotype.  Had we found a higher number of 2 or 4 alleles, we planned to 

sequence mitochondrial DNA and consult the MitoMap to confirm heritage of those 

individuals.  Given additional time and resources, more samples could have been 

screened, which may have resulted in adequate data for a correlation study. 

Many variables affected PCR efficiency, including low DNA yield and assay 

chemistry.  High levels of background noise were experienced in the log-linear phase of 

our real-time PCR.  This was believed to be due to the combination of the non-specific 

binding of SYBR Green molecules to primers and the fluorescence from amplified DNA.  

ApoE haplotypes were assigned based on the comparison of CT values.  A CT of 30 was 

considered the cutoff for assigning haplotype.  Some individuals resulted in CT values 

that were very close.  Those individuals had to be re-tested with a confirmatory melt 

curve analysis.  With higher yields of DNA from the DNA IsoCode Stix, the fluorescence 
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data from the real-time PCR would have produced less background noise and the results 

would have been less ambiguous.  With more extracted DNA to work with, samples also 

could have been tested in triplicate.  Testing in triplicate would have demonstrated 

reproducibility, therefore increasing the validity of the assumptions made on the 

genotyping calls. 

When this study was being performed, SYBR Green was a popular real-time PCR 

chemistry due to its relatively low cost and efficiency.  Today, there are other chemistries 

(e.g., hybridization probes, hydrolysis probes, scorpion probes) that are more widely 

accepted for use with sequence specific amplification and detection (Koch et al. 2002). 

One possibility for a future study experimenting with real-time PCR to create cheaper 

alternatives to genome sequencing could involve sequence-specific probes labeled with 

fluorescence resonance energy transfer (FRET) fluorophores, such as hybridization and 

hydrolysis probes can be used to detect mutations.  When using probes labeled with 

FRET fluorophores, fluorescent signals are only produced when the specific target is 

present in the reaction (Heid et al. 1996). 

 Acquiring a control template would have provided representation of how a 

positive result of any haplotype would appear.  The authors of the Pantelidis et al. (2003) 

study were contacted requesting information on how to obtain control for each of the 

different ApoE haplotypes.  The authors were gracious enough to send 100-200 l of 

heterozygous 2/3 and 3/4 DNA extracted from the buffy coat (white blood cells) of 

blood preserved in EDTA.  Unfortunately, these samples were not received until after this 

project’s completion. 
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 The technology of molecular biology and biomedical research is rapidly evolving.  

Since this research was conducted, new technologies have been created and used.  Real-

time PCR protocols utilizing hybridization probes and melt curve analysis are currently in 

use by world leading molecular diagnostics companies in cutting-edge companion 

diagnostics tests. One example of such a test is an oncogenic mutation detection test for 

the B1 homologue of the v-RAF murine sarcoma viral oncogene (BRAF).  BRAF 

mutations are found in many cancers, including melanoma.  The V600E mutation of 

BRAF causes the substitution of valine by glutamic acid, which consequently causes 

constitutive BRAF kinase activity.  This constant kinase activity leads to proliferative and 

metastatic tumor potential through downstream activation of the mitogen-activated 

protein kinase (MAPK) signal transduction pathway (Capper et al. 2012).  

The cobas 4800 BRAF Mutation Detection Kit (Roche Diagnostics, Basel, 

Switzerland) detects a mutation in the BRAF gene.  The presence of a mutation affects 

the MAPK signal transduction pathway, which in turn affects normal cell proliferation 

and survival.  The BRAF mutation detection assay is performed on individuals with 

inoperable stage IV melanoma.  Should the assay detect a mutation, the individual would 

be prescribed Zelboraf (Genentech, San Francisco, CA), a drug designed to treat 

patients with the BRAF mutation.  Although this research was performed at a time when 

real-time PCR was relatively new and methods were still undergoing development, it 

showed that specific regions of human DNA can be amplified and assigned a genotype- 

something that is proving to be extremely useful in companion diagnostics and 

personalized healthcare today.
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Appendix 1. The complete nucleotide sequence of ApoE that codes for the E2 

(Cys112/Cys158) isoform of human apolipoprotein E (adapted from Paik et al. 1985). 
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Appendix 2. The complete nucleotide sequence of ApoE that codes for the E4 

(Arg112/Arg158) isoform of human apolipoprotein E (adapted from Paik et al. 1985). 
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Appendix 3.  Database containing self-reported information including gender, and 

known lineage back to two generations.  Individuals highlighted in yellow indicate the 50 

randomly selected samples for this study. 

 

A- White, not of Hispanic origin.  Origins in any of the original people of Europe, North 

Africa, or the Middle East. 

 

B- Black, not of Hispanic origin.  Origins in any black racial group. 

 

C- Hispanic.  Origins of Mexican, Puerto Rican, Cuban, Central or South American or 

other Spanish culture, regardless of race. 

 

D- Asian or Pacific Islander.  Origins of any of the original peoples of the Far East, South 

East Asia, the Indian Subcontinent, or Pacific Islands. 

 

E- American Indian or Alaskan native.  Origin in any of the original people of North 

America. 

 

 
Sample 
number Present? Gender Heritage Specifics 

100 Y M A English, Scottish, German 

101 Y M A German, Irish 

102 Y M A, D  

103 Y F A, E  

104 Y F A  

105 Y F A  

106 Y F A English, German, Norwegian 

107 Y M A  

108 Y M A English, Irish, Sioux, German 

109 Y M A English, French, Scottish, Irish 

110 Y F A  

111 Y F A  

112 Y F A  

113 Y M A Distant Native American 

114 Y M A, B, E Native American 

115 Y F A Scottish, German, English 

118 Y M A Italian, German, Irish 

121 Y F A German 

123 Y F A Irish 

124 Y F A  

125 Y M A  

126 Y M A  

127 Y F A  

128 Y M A  

129 Y M A  

130 Y F A German, Irish 

131 Y F A Irish, German, English 
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132 Y F A German, Welsh, Scottish, Polish, Irish, English 

133 Y M A German, Irish, Polish 

134 Y M A United Kingdom 

135 Y F A English 

136 Y M A German, Irish, English 

137 Y F A Irish, German, English, Scottish 

138 Y F A, D  

139 Y F A Irish, German, English, Scottish 

140 Y F A German 

141 Y F A English, French, Irish, Russian, German, Swiss 

142 Y F A Scottish, Irish, German, Welsh 

143 Y F A Cherokee Native American 

144 Y F A European 

145 Y M C  

146 Y F A Native American 

147 Y F A German, French, Irish 

148 Y F A  

149 Y F A Italian, German, Luxembourgian, English, Cherokee 

150 Y F A German, British, Scottish 

151 Y F A German, Irish, Scottish 

152 Y F A  

153 Y F A Near East, Middle East 

154 Y M A Turkish 

156 Y M A Austrian, Hungarian, Irish, Scottish, Jewish, French 

157 Y F A  

158 Y M A Scottish, Irish, German 

159 Y F A  

160 Y M A  

161 Y F A  

162 Y M A Italian, Czech 

163 Y M A German, Polish, Lithuanian 

164 Y F A Native American, British 

165 Y  A German 

166 Y  D  

167 Y M A  

168 Y F A British, German 

169 Y M A Russian, Jewish, Irish, French 

170 Y F A Russian, Jewish 

171 Y M A Irish, French 

172 Y F A German, Dutch, Irish, Scottish, English 

173 Y  A  

174 Y F A Scottish 

175 Y M A German, Scottish, European 

176 Y F A Irish, Welsh, Scottish 

177 Y F A Austrian, Hungarian, Scottish 

178 Y F A Irish, Belgian, English 

179 Y M A Little N. American, French, English 

180 Y F A Austrian, Hungarian, Scottish, Cherokee 

181 Y F A  
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182 Y F A  

183 Y M A Scottish, Irish 

184 Y F A Italian 

185 Y M A Welsh 

186 Y F A Irish, Swedish, Norwegian, French, Scottish 

187 Y M A  

188 Y  A Dutch, Irish, German 

189 Y F A Irish, German, N. American 

190 Y F D  

191 Y M A Scottish, English, German 

192 Y M A Irish, Scottish 

193 Y M A  

194 Y M A Irish, English, Scottish, German, American Indian 

195 Y M A German 

196 Y F A German, French 

197 Y  A French, German 

198 Y F A German 

199 Y  A  

300 Y M A  

301 Y M A  

302 Y M A German, English 

303 Y M A Portuguese 

304 Y M A German, Irish, Dutch 

305 Y F A Scottish, English, German 

306 Y M A  

307 Y F A  

308 Y F A  

309 Y M A  

310 Y F A  

311 Y F A  

312 Y  A  

313 Y M A  

314 Y M A, B, E  

315 Y M C Mexican 

316 Y M A, E  

317 Y F A Native American 

318 Y F A  

319 Y M A  

320 Y F A  

321 Y F A  

322 Y M A  

323 Y F A Part Indian 

324 Y M A Irish, German 

325 Y F A  

326 Y F A  

327 Y F A Polish, Jewish, Irish 

328 Y F A  

329 Y F A  

330 Y F A  
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331 Y M A  

332 Y M A, C  

333 Y  A  

334 Y M A Irish, French, English, German 

335 Y M D  

336 Y F A British, German, Mediterranean, Irish, Scottish 

338 Y F A Czech, French, German 

339 Y M A  

340 Y F A  

341 Y F A German, Irish 

342 Y F A Polish, German 

343 Y M A  

344 Y M A German, Scottish 

345 Y F A  

346 Y F A  

347 Y M A  

348 Y F A  

349 Y F A  

350 Y M A, E Irish, Italian, German, Indian (1/8) 

351 Y M A  

352 Y F A  

353 Y F A German, Irish 

354 Y F A German, Irish, Native American 

355 Y M A European, French, Scottish, German 

356 Y F A Irish 

357 Y M A German, Irish, Scandinavian 

358 Y F A  

359 Y F A  

360 Y F A French 

361 Y M A Italian 

362 Y M A  

363 Y F A Irish, Scottish, French, German 

364 Y F A, C British, German, Irish, Scottish, Spanish, Mexican 

365 Y F A  

366 Y F A Puerto Rican, Scottish 

367 Y M A French 

368 Y F A Irish 

369 Y M A 
Miami Indian, Blackfoot Indian, Irish, English, Scottish, 
German 

370 Y M A Native American, German, Polish 

371 Y F A Italian, German 

372 Y F A English, Irish (4 generations ago) 

373 Y F A  

374 Y F A German, Prussian, Dutch 

375 Y F A French, Irish, German, very little Native American 

377 Y  A, E Scottish, Irish, Native American 

378 Y F A Polish, Indian 

379 Y M A  

380 Y F A  
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381 Y M A  

382 Y F C  

383 Y F A  

384 Y F A  

385 Y M D  

386 Y F A  

387 Y F A  

388 Y M A  

389 Y M A  

390 Y M A Italian, Portuguese 

391 Y F A 
Cherokee Indian, French, English, German, Dutch, African 
American, Irish 

392 Y M A  

393 Y F A  

394 Y F A  

395 Y F A  

396 Y M A, E German, English, Scottish, Irish, Cherokee 

397 Y M A Irish, English, German 

398 Y F A Some Native American, German 

399 Y F A Italian, German, Irish 

500 Y M A  

501 Y M B  

502 Y F B  

503 Y M A German 

504 Y F A  

505 Y F A  

506 Y F A French, German 

507 Y F A Indian 

508 Y F A German, Scottish 

509 Y F A  

510 Y M A  

511 Y M A Italian 

512 Y M A  

513 Y M A Scottish, Welsh, English, Irish, French, Native American 

514 Y F A Irish 

515 Y F A German 

516 Y F A  

517 Y F C  

518 Y F A, E German, Native American, Italian 

519 Y M B European 

520 Y F A  

521 Y F A German, Scottish, Irish 

522 Y F A 
German, Dutch, English, Irish, French, Scottish, Distant 
African 

523 Y F A  

524 Y F A, E  

525 Y M A  

526 Y F A  

527 Y  A  
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528 Y F A  

529 Y F A German 

531 Y F A Irish 

532 Y F A Jewish 

533 Y M A  

534 Y F A  

536 Y F A Irish, German 

538 Y F A European 

540 Y M A  

541 Y M A Native American 

542 Y F A  

543 Y F A German 

544 Y F A Native American 

545 Y M A  

548 Y F A Dutch 

549 Y F A  

550 Y M A German, Irish, Native American 

551 Y F A Cherokee Indian (1/10) 

552 Y F A Dutch, Polish, German 

553 Y F A German, Czech, Dutch, Polish, Cherokee Indian 

554 Y M A  

555 Y M A Irish, German 

556 Y F A German, Indian 

557 Y F A  

558 Y F A German, French, English, Scottish, Irish 

559 Y F A English, German 

560 Y M A, C Italian, Mexican 

561 Y F A German 

562 Y F A German, British Isles 

563 Y F A German, Yugoslavian, Italian 

564 Y F A German, British, European 

565 Y F A  

566 Y F A  

567 Y M A English, German 

568 Y F A German, British, European 

569 Y F A  

570 Y F A  

571 Y M A English, German 

572 Y F A, E Part American Indian 

574 Y F A English, Irish, German 

576 Y M A English, Scottish, Irish, German 

577 Y F A Welsh, Native American 
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Appendix 4. Preliminary results of ApoE genotyping.  Ambiguous results were retested 

using melting curve analysis. 

 
Specimen  
Number 

Sample  
number Heritage ApoE Phenotype 

1 166 D E3/E3 

2 536 A E3/E3 

3 520 A E3/E3, Possibly E3/E4 

4 148 A E4/E4 

5 357 A E3/E3 

6 399 A E3/E3 

7 396 A,E E3/E3 

8 194 A E3/E3 

9 108 A E3/E3 

10 381 A E3/E3 

11 136 A E3/E3, Possibly E3/E4 

12 508 A E3/E3, Possibly E3/E4 

13 178 A E3/E3, Possibly E3/E4 

14 171 A E3/E3 

15 529 A E3/E3 

16 142 A E3/E3 

17 143 A E3/E3, Possibly E3/E4 

18 572 A,E E3/E3 

19 114 A,B,E E3/E3 

20 500 A E3/E3, Possibly E3/E4 

21 323 A E3/E3 

22 305 A E3/E3 

23 349 A E3/E3 

24 561 A E3/E3 

25 112 A E3/E3, Possibly E3/E4 

26 198 A E3/E3 

27 350 A E3/E3 

28 328 A E3/E3 

29 186 A E3/E3 

30 100 A E3/E3 

31 327 A E3/E3 

32 316 A,E E3/E3 

33 115 A E3/E3 

34 169 A E3/E3 

35 576 A E3/E4, Possibly E4/E4 

36 374 A E3/E3 

37 135 A E3/E3 

38 330 A E3/E3 

39 333 A E3/E3, Possibly E3/E4 

40 138 A,D E3/E3 

41 367 A E3/E3 

42 153 A E3/E3, Possibly E3/E4 

43 162 A E3/E3 
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44 501 B E3/E3 

45 388 A E3/E3 

46 165 A E3/E3 

47 541 A,E E3/E3 

48 147 A E3/E3 

49 315 C E3/E3, Possibly E3/E4 

50 107 A E3/E3, Possibly E3/E4 



 

 

 

 

 

GLOSSARY OF TERMS 

 

 

 
Alzheimer’s disease (AD) – a neurodegenerative disease characterized by progressive 

deterioration of cognition 

 

Amphipathic – having hydrophobic and hydrophilic properties 

 

Amplicon - the DNA product of a PCR reaction, usually an amplified segment of a gene 

or DNA 

 

Apolipoprotein - Major protein component of lipoproteins 

 

Autism - a neurodevelopmental disorder characterized by difficulties with social 

interaction, problems with verbal and nonverbal communication, and repetitive behaviors 

or narrow, obsessive interests 

 

Cardiovascular Disease (CVD) – the class of diseases that involve the heart and/or 

blood vessels 

 

Cholesterol – a substance manufactured by the liver and other organs and consumed via 

animal fat. High-fat diets increase the amount made. It is believed that high levels lead to 

collection of cholesterol in the arteries, possibly leading to serious health risks. 

 

Dysbetalipoproteinemia – a lipid disorder characterized by high levels of blood 

cholesterol and triglycerides in adults.  Affected individuals are at increased risk for 

atherosclerotic cardiovascular disease and peripheral vascular disease. 

 

Electrophoresis – a method using an electrical field which leads to the separation of 

molecules (such as proteins, DNA, or RNA fragments) based on their size.  Smaller 

molecules move faster; larger ones slower.  Samples are normally placed in the electrical 

field loaded in a firm, gel-like substance, called agarose. 

 

Fluorescence – the light that is emitted by a molecule soon after absorption of a higher 

energy photon. 

 

Hairpin – a primer-dimer in which the primer loops around and binds to itself
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Haplotype  - a set of statistically associated single nucleotide polymorphisms on a single 

chromatid. 

 

Hetero-dimer – a primer dimer in which a primer attaches to another of the same primer 

 

Heterozygous - genotype consisting of two different alleles of a gene for a particular trait 

 

High-Density Lipoprotein (HDL) - Lipoproteins that contain a small amount of 

cholesterol and carry cholesterol away from body cells and tissues to the liver for 

excretion from the body. 

 

Homozygous - genotype consisting of two identical alleles of a gene for a particular trait 

 

Hybridization – attachment 

 

Hydrophilic - “water loving,” or having an affinity for water 

 

Hydrophobic – “water fearing,” or having an aversion for water 

 

Hyperlipoproteinemia – a metabolic disorder characterized by increased levels of 

cholesterol, triglycerides, and β-VLDLs 

 

Intercalating – a reversible inclusion of a molecule between two other molecules 

 

Lipoprotein - A molecule that consists of a protein membrane surrounding a core of 

lipids. Lipoproteins are responsible for packaging cholesterol and other lipids and 

transporting them through the bloodstream to provide raw material for steroid synthesis, 

cell membrane assembly, and metabolic energy   

 

Low-Density Lipoprotein (LDL) - A lipoprotein particle in the blood responsible for 

transporting cholesterol from the liver to body, depositing cholesterol into the lining of 

the arteries. 

 

Non-synonymous - A type of mutation that changes a codon and alters the amino acid 

encoded. 

 

Nucleotide – One of the structural components, or building blocks, of DNA.  A 

nucleotide consists of a base (adenine, thymine, guanine, or cytosine) plus a molecule of 

sugar and one of phosphoric acid. 

 

Oligonucleotide – A small, single-stranded segment of DNA typically 20-30 nucleotide 

bases in size that is synthesized in vitro; used as a DNA synthesis primer 
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Polymerase Chain Reaction (PCR) – biochemical technology to amplify a single or a 

few copies of a target of interest across several orders of magnitude, generating thousands 

to millions of copies of a particular DNA sequence 

 

Polymorphism - A naturally occurring variation in the sequence of genetic information 

on a segment of DNA among individuals 

 

Primer – a strand of nucleic acid that serves as a starting point for DNA replication.  

Primers are required because the enzymes that catalyze replication, DNA polymerases, 

can only add new nucleotides to an existing strand of DNA. 

 

Primer-dimer- A potential by-product of PCR consisting of primer molecules that have 

attached to each other.  As a result, DNA polymerase amplifies the primer-dimer, leading 

to competition for PCR reagents and potentially inhibiting target amplification. 

 

Self-dimer – A primer dimer in which a primer hybridizes to itself. 

 

Single Nucleotide Polymorphism (SNP) - A DNA sequence variation that involves a 

change in a single nucleotide.  Useful in assessing the patterns of inheritance in genetic 

linkage studies 

 

Thermal cycler – a laboratory apparatus used to amplify segments of DNA via the PCR 

process.  The device has a thermal block with holes where tubes holding the PCR 

reaction mixtures can be inserted 

 

Thermophilic – heat loving, applied especially to certain bacteria requiring high 

temperatures for normal development 

 

Thermostable – the quality of a substance to resist irreversible change in its chemical or 

physical structure 

 

Triglyceride - The chemical combination product of glycerol and three fatty acids that 

circulate in the blood.  The major storage form of fatty acids and the primary constituent 

of adipose tissue 

 

Very Low-Density Lipoprotein (VLDL) – molecules that carry a large amount of 

triglycerides and circulate through the blood giving up their triglycerides to fat and 

muscle tissue until the VLDL remnants are modified and converted into LDL
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