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Abstract 

PCR products from intrastrain variants of HSV -1 vary in size. The length of the gene 

product determines the length of protein, and hence the number of Proline-Alanine­

Threonine (PAT) repeats that are present. Some strains ofHSV-2 have a 13-nucleotide 

(13-mer) repeat, which are unlike the 9-mer repeats found in HSV-1. The repeat 

sequence of the 13-mer would cause the end of the ICP34.5 gene in HSV-2 to be out of 

frame such that the encoded protein will be different. One possibility is that the repeat is 

deleted in the messenger RNA (mRNA). Another possibility is that there is a three-fold 

repeat in the number of 13-mer copies, which would then result in a gene that continues 

in frame. In this project, the reasons why the 13-mer in HSV-2 does not affect the 

ICP34.5 gene and cell infection are investigated. The size and sequence of genetic DNA 

and the eDNA obtained from PCR will be compared. Amino acid sequences deduced 

from genes with the 13-mer repeats are also determined for the following HSV -2 strains-

333,414, 427,443,471, 519, 564, HSV-2, 392,472 and MS. 
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Chapter 1: INTRODUCTION TO HERPES SIMPLEX VIRUSES, INTRASTRAIN 

AND INTERTYPIC VARIATIONS OF HSV-2 

1 
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Section 1.1 Introduction 

Herpes Simplex Virus (HSV) is ubiquitous, contagious and causes lifelong 

infections in humans. HSV is usually transmitted by contact with infected material. 

HSV, type 1 (HSV-1) is mostly transmitted by oral means (kissing, sharing toothbrushes, 

sharing drinking glasses, etc), while HSV -2 is generally transmitted by sexual contact. 

The risks for severe disease are higher with immunosuppressed people such as neonates 

and geriatrics. Current methods of controlling HSV infection involve inhibition of DNA 

synthesis (replication). HSV infects by attaching its glycoproteins to the cell surface and 

eventually emptying its contents (nucleic acids) into the host cell. The infection is lytic 

in most cells, and latent in neuronal cells. While lytic infections kill the host cell and 

release the virus into the matrix, some strains of HSV have developed methods of 

escaping this route. Giant multinucleated cells (synctycia) are formed by some such 

strains as a method of escaping antibody recognition and immune response. They do this 

by fusing two or more cell membranes such that virus particles are transferred from cell 

to cell without being exposed to the blood matrix, which contains antibodies. Latent 

infections are reactivated by high stress conditions or compromised immunity. 

HSV is characterized by double stranded DNA in an electron-opaque core, 

surrounded by an icosadeltahedral capsid and an envelope with a space between the 

capsid and outer envelope called the tegument. HSV is easily disinfected by detergents, 

weak acids and other relatively harsh conditions. The HSV genome is comprised of a 

long sequence and a short contiguous sequence of DNA. This encodes at least 80 genes, 

only half of which are needed in viral replication. The remaining genes enhance 
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interactions between the virus and the host cells. HSV also encodes structural, fusion and 

immune response proteins (Ward and Roizman, 1994). 

The first step of HSV replication occurs when viral glycoproteins recognize and 

attach to a cell surface receptor. The virus envelope then fuses with the plasma 

membrane of the host cell, causing release of the nucleocapsid into the cell matrix. The 

nucleocapsid attaches to the nuclear membrane and the viral genome is transferred into 

the host's nucleus. Early gene products such as DNA-dependent polymerases are 

produced and function as catalysts in replication. Circular contiguous DNA is formed, 

and as replication continues, the circular piece continues to wind over a "reel." The DNA 

is drawn into a procapsid, resulting in individual genomes. Late genes are transcribed 

after genome replication, and serve to encode several structural proteins. Capsid proteins 

are taken into the nucleus, where they form procapsids filled with DNA. In the 

endoplasmic reticulum, glycoproteins receive a glycan precursor and are released in the 

nuclear membrane. The capsids (containing DNA) assemble and bud from the nuclear 

membrane, specifically from areas that are modified by viral glycoproteins. The virus 

buds and is transferred into the endoplasmic reticulum, processed in the Golgi apparatus, 

and released either by exocytosis or host cell lysis (lytic infection), or the virus can be 

transferred through synctytia formation, avoiding antibodies (Murray, et al. 1998). 

Section 1.2 Intrastrain variants of HSV -2 

HSV has been shown to cause localized infections as well as disseminated disease 

in infants (Bower, et al. 1999). Neonates generally contract disease from infected 

mothers during pregnancy. Infected neonates sometimes go blind, but more often, 

neonate infection results in death. Virulence or disease severity is a function of host 
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immunity, entry site, and type of viral strain. HSV -1 causes "cold sores" and primary 

encephalitis at peripheral sites. HSV-2 symptoms are characterized by genital warts and 

sores, which reflect the viral entry site. The virus has also been shown to cause disease in 

the central nervous system (neuronal tissue) of a mouse model. This is known as 

neurovirulence, and is associated with viral genes that encode thymidine kinase, ICP 34.5 

and other activities necessary for viral replication. This is yet another mechanism of 

immune escape. Antibodies are restricted from attacking neuronal tissues, even when 

these tissues are harboring HSV. The virus finds a safe haven in cells which are 

generally not susceptible to an attack by the immune system. Neurovirulence allows the 

virus to initiate tissue damage before immune detection. 

HSV characterization comprises a description of plaque morphology, protein 

structure as well as genetic classification. Two intrastrain variants of HSV -1 have been 

thoroughly characterized by Bower and coworkers. The variants were obtained post­

mortem from an infant who suffered fatal disseminated disease-a small plaque strain 

and a large plaque strain (Bower et. al, 1999). Plaque assays were used to measure the 

amount of infectious particles per unit volume, and also show different infection 

characteristics based on the source of the viral strain. The small plaque strain (SP7) was 

predominantly found in tissues of the central nervous system (CNS), while the large 

plaque strain (LP5) was primarily in the lungs and gastrointestinal tract. Plaque 

phenotype appears to be relevant to virulence-the SP7 harvested from the brain and 

spinal cord are lethal, while the LP5 strain has lower mortality in mice. The isolates from 

different tissues have been characterized, and differences in both strains have also been 

studied. 
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The virus was assayed on Vero (transformed African Green Monkey Kidney) 

cells. Cell extracts from infected cells were electrophoresed, and restriction enzyme 

digests were used to observe genetic relationships between both strains. Recombination 

analyses were also conducted to study transfer of marker for large plaque characteristics 

(i.e glycoprotein processing.) Polymerase Chain Reaction (PCR) was used to amplify 

viral DNA for further sequence analysis. 

Mice were inoculated in brain and periphery (foot pad). Three groups of mice 

inoculated in periphery were sacrificed 0, 1, 3, 5, 7 or 9 days post infection. Their feet, 

dorsal root ganglia (DRG), spinal cord, brain and sciatic nerve were removed and virus 

titers were determined from tissues. Plaques from the SP7 strain were approximately 

0.5mm in diameter, and showed preferential migration to neuronal tissue. The LP5 strain 

however was about twice as large as the SP7, and was found primarily in the 

gastrointestinal tract and lungs. 

II~\ ·I ICI'.'-1.5 AND NHJROINV/\: 

LPS 

Fig 1.1: Bower, et al. J.Virol1999:73 (May) 

The clear regions shown in the figure above are plaques, and represent areas of viral 

control and host cell lysis. As shown, the LP5 strain produced 10-fold more viral 
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particles than the SP7 strain. The ratio of extracellular:cell-associated virus was 0.9 for 

LP5 and 0.06 for SP7. The small amount of viral release from SP7 shows that the strain 

is capable of replication, yet highly cell associated. 

Glycoprotein maturation was also investigated in SP7 and LP5 using sodium 

dodecyl sulfate-polyacrylamide Gel Electrophoresis (SDS-PAGE) and Western blot. The 

small plaque strain showed only precursor forms of both glycoprotein C (gC) and 

glycoprotein D (gD). 
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Fig 1.2: Bower et. al. J.Virol1999:73 (May) 

At 34 hours post infection, no mature glycoproteins were observed on the gel. These 

results indicate that glycoprotein processing in SP7 is blocked, not slowed at precursor 

level. Decreased virion release and glycoprotein processing correlates to decreased viral 

progression through cell. 
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Restriction fragment length polymorphism was used to determine if SP7 and LP5 

are from the same origin. Cell extracts containing viral DNA were digested with BamHI 

and EcoRI, and electrophoresed in 0.8% agarose gel. The cleavage patterns were similar 

for both strains, indicating that the small plaque and large plaque isolates are derived 

from the same parental strain. 

23 Kb .. 

J 

123 4 56 7 8 

Fig 1.3: Bower et al. J. Virol1999:73 (May) 

Lanes 1, 3, 5 and 7 are large plaque strains, while 2, 4, 6 and 8 and small plaque stains. 

Both strains appear to be genetically distinct yet related viruses as shown by their similar 

cleavage patterns. 

Marker transfer experiments (recombination) were also used to determine the 

genes responsible for phenotypic changes observed in small plaque to large plaque 

transformations. Small plaque virus was co-transfected with EcoRI digests of the KOS 
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strain, which exhibits large plaque characteristics such as efficient glycoprotein 

processing, plaque phenotype, etc. Analysis of the sample by PCR illustrated the 

occurrence of recombination as the only bands present corresponded with that of the 

KOS strain. 

A 

B 
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Fig 1.4: Bower et al. J. Virol. 1999:73 (May) 

Lanes 1 through 8 represent SP7 samples which were co-transfected with KOS. Lanes 8 

and 9 are SP7 bands only. These results show that characteristics of intrastrain variants 

can be manipulated via recombination. 

PCR amplification of the ICP34.5 gene was accomplished using commercially 

available kits which are able to unzip GC-rich sequences, and minimize formation of 

secondary loops. PCR products of SP7 and LP5 varied significantly in size. SP7 product 

contained about 900 base pairs, while the LP5 contained about 950 base pairs. The 

sequence of the amplified Unique Long 34.5 (UL34.5) gene showed homology within 
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ICP 34.5 of SP7 and LP5. The major difference between these strains is in the number of 

CCGGCGACC sequence repeats, which encode Proline-Alanine-Threonine (PAT). The 

LP5 strain contained 22 PAT repeats while the SP7 strain had only 18. A few deletions 

were observed as well at different locations for both strains. Results suggest that 

differences in ICP34.5 of both strains must be in their ability to extend from site of 

primary infection to brain. The number of PAT repeats may have an impact in the 

severity of disease. 

Results from intracerebral and peripheral inoculation showed that both SP7 and 

LP5 strains are lethal with intracerebral inoculation. SP7 was more neurovirulent with 

peripheral inoculation, reaching the brain 2 days earlier than the LP5 variant. Although 

immune response plays an important role in limiting neuroinvasive disease, the SP7 

strain appears to travel to the brain faster than immune response development. Also, 

since the SP7 strain is highly cell associated, there are not enough virus particles released 

for quick immune recognition. Intrastrain variants of HSV-2 have not been properly 

characterized. The project at hand is centered around genetic characterization of several 

variants ofHSV-2 through DNA sequence analysis. 
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Section 2.1 Abstract 

PCR products from intrastrain variants of HSV -1 vary in size. The length of the gene 

product determines the length of protein, and hence the number of Proline-Alanine­

Threonine (PAT) repeats that are present. Some strains ofHSV-2 have a 13-nucleotide 

(13-mer) repeat, which are unlike the 9-mer repeats found in HSV-1. The repeat 

sequence of the 13-mer would cause the end of the ICP34.5 gene in HSV-2 to be out of 

frame such that the encoded protein will be different. One possibility is that the repeat is 

deleted in the messenger RNA (mRNA). Another possibility is that there is a three-fold 

repeat in the number of 13-mer copies, which would then result in a gene that continues 

in frame. In this project, the reasons why the 13-mer in HSV-2 does not affect the 

ICP34.5 gene and cell infection are investigated. The size and sequence of genetic DNA 

and the eDNA obtained from PCR will be compared. Amino acid sequences deduced 

from genes with the 13-mer repeats are also determined for the following HSV -2 strains-

333, 414, 427, 443, 471, 519, 564, HSV-2, 392, 472 and MS. 

Section 2.2 Background and Significance 

In the past 20 years, nuclear magnetic resonance has made significant 

contributions in the structural determination of molecules. More recently, the dynamics 

of protein folding and tertiary structure ofbiological molecules can be derived from 

multidimensional NMR spectroscopy. This technique is unparalleled in its ability to 

characterize the 3-dimensional structures of soluble proteins (Wright, P.E., 1989). 

Samples are placed in a magnetic field where individual nuclei absorb electromagnetic 

radiation. Individual molecule assignments are summed to give a series of peaks, which 
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represent the molecule in one dimension. Cross peaks and couplings are derived from the 

single dimension structural data to produce a series of dots which can easily be 

interpreted in 2D. These "dots" give detailed information about the surroundings of 

individual atoms since the amount of radiation absorbed by each nuclei is a function of its 

environment. The data provides useful information for determination of thermodynamic 

and kinetic parameters such as proton exchange rates, pKa values, etc. of proteins. 

NMR technology is preferred over the widely used x-ray crystallography method 

of characterization for multiple reasons: As stated previously, NMR allows for structural 

determination of proteins in solution, where crystals are needed for x-ray. In some cases, 

only a fraction of desired material is recovered from crystallization, and the sample 

treatment could get burdensome. Although advancements in computer technology have 

greatly improved collection of x-ray data, the production of single crystals remains very 

tedious. Also unlike x-ray data, NMR produces high resolution peaks representing 

mobile regions of a given molecule. Proteins generally assume thousands of 

conformations due to bond rotations, but the most stable conformations can be studied 

using NMR. Molecular modeling and methods in computational chemistry use this 

property to calculate stability constants and other order parameters for different 

(especially the most stable) conformations of a protein. 

The significance of multidimensional NMR at an atomic level is manifested in 

detailed assignments of _H, 13C, 15N, 31 P, etc at high resolution. When applied, nuclear 

Overhauser effect also points out relationships between neighboring protons (coupling). 

Coupling constants derived from NMR data also give information about the existence of 

chemical bonds between neighboring atoms (Wright, P.E., 1989). On a molecular level, 
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structural roles can be assigned to different proteins as a result of their interactions in the 

orgamsm. 

Structural determination of biological molecules is relevant to the understanding 

of cellular and molecular basis of diseases. Knowledge of the molecular interactions that 

cause disease serves as an important tool in synthesis of drugs. The efficiency ofNMR 

does not hold up for very large biomolecules. For example, it would be too cumbersome 

to structurally determine the order of bases in a sample of deoxyribonucleic acid (DNA), 

containing thousands of bases. To this end, DNA sequencing technology plays an 

important role. This technique is based on a combination of PCR amplification and the 

Sanger-dideoxy method. 

PCR is a method of amplifying small amounts of DNA. It can be used to increase 

the number ofDNA copies in a mixture of DNA molecules, where the desired material is 

in low concentration. This method is useful in that large amounts of tissue samples are 

not needed to extract sufficient DNA for experiments. Small amounts of DNA can be 

transcribed exponentially using PCR. The technique is not trivial as the sequence of 

some oligonucelotide fragment of the template DNA is required to construct template 

primers. Oligonucleotide primers which are complimentary to opposite strands of the 

DNA are needed to initiate the formation of new strands. 

PCR technique is based on an understanding of the biochemistry ofDNA 

replication. DNA is extracted from its source (e.g. a virus-infected cell culture) using 

commercially available kits. The DNA molecule is buffered, and mixed with excess 

oligonucleotides, primers, and dideoxynucleotides (ddNTPs). The template DNA is 

"unzipped" by heating at a temperature above its melting temperature. The temperature 



is reduced to a lower annealing temperature, where primers selectively bind to 

complimentary sites of single strand from the denatured DNA. In the presence of DNA 

polymerase and excess oligonucleotides, the primers extend to form a new DNA 

molecule. 

Recombinant DNA Technology 
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The primers are simple oligonucleotides that selectively bind and base pair with 

single stranded DNA, and stretch to form double stranded DNA in the presence of DNA 

building blocks (dNTPs), and a DNA polymerase (catalyst). The primers have a free 

hydroxyl group at the 3' end from where nucleotides add on, elongating the chain as 

polymerization begins. Subsequent nucleotides are added in the 5' - 3' direction. 

2,3-dideoxynucleotides ( ddNTP) are used to terminate chain elongation. Since 

they lack a 3 '-OH, they are unable to serve as acceptor atoms in 5 '-chain elongation. The 

termination occurs in a base-specific manner, when a ddNTP is incorporated in the place 

of its corresponding dNTP. Each new DNA strand has a ddNTP at its 3' end. Hence, the 

ddNTPs prevent chain extension after double stranded DNA has been synthesized 

(Garrett and Grisham, 1998). 

The cycle is repeated 20-40 times in most cases until a large amount of DNA with 

defined strands has been synthesized. For each molecule of DNA duplicated after the 

first cycle, the new strands contain exactly the DNA fragment between the 5' ends of the 

primers (Garrett and Grisham, 1998). The ends of the primers define the length of newly 

synthesized DNA from each cycle geometrically until thousands of desired fragment are 

produced. The fragment may then be sequenced. Sequencing data is important in 

determining genetic relationships between species, or to resolve other structural 

parameters of biomolecules. 

In the post-genomics era, it has become important to elucidate structure-function 

relationships for multiple reasons. Gene therapy will thrive from such knowledge as the 

cures to many gene-related illnesses will be much closer. This is clear in the growing 
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interest in structural and computational biology/bioinformatics. Scientists are developing 

methods that utilize information from DNA sequence analysis to figure out functions of 

encoded amino acids and larger proteins. It is also important to know the sequence of 

bases in viral or bacterial nucleic acids that encode infectious proteins. Methods in 

recombinant DNA technology or other avenues of studying gene regulation can be 

applied to control virulence. Also, classification ofherpesviridae will be augmented 

based on the knowledge of these sequences. Gene conservation can be studied as viruses 

evolve from one species to the other. This would be important in determining the 

proteins that are important in sustaining infections in the presence of mutations. 

Section 2.3 Hypothesis 

At the primary level, proteins are simply linear arrangements of amino acids. These 

primary structures serve as blueprints in protein synthesis, and represent a small aspect of 

the whole molecule. The sequence and conformation of proteins at this level provide 

information about their stability and genetic peculiarities. Spatial arrangements of amino 

acids are a function of their pKa's and pH of their surroundings. At physiological pH 

levels for example, some amino acids are anionic, others are cationic while others may 

carry no charge. Under the same circumstances, amino acids with similarly charged side 

chains will repel each other, causing bond rotations which result in distortion of spatial 

arrangements. Base configuration in nucleic acids affect the order of proteins, which in 

tum influences genetic and phenotypic characteristics of organisms. In the same manner, 

the arrangement of bases in viral DNA will affect the coding sequence of proteins in 

HSV. A single amino acid residue is encoded by three nucleic acid base pairs. In HSV-2 

however, there appears to be a sequence of 13 bases expected to encode PAT. The 13-
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mer (clearly not a multiple of 3) does not affect ICP34.5 possibly because of deleted 

introns. Another possibility is a 3 x 13-mer sequence where the gene becomes in frame, 

and each protein can be accounted for. This is a possible explanation for intrastrain and 

intertypic variation in HSV characteristics. 

Section 2.4 Rationale 

As infectious organisms evolve, they are likely to conserve the genes which aid 

more efficient interactions with host cells without being destroyed themselves. The 

genetic composition of different herpes viruses can be analyzed using modern DNA 

sequencing methodology. Intrastrain and intertypic differences can be observed to study 

the conservation of genes. Protein conformation can be studied using computational 

modeling techniques as well as NMR. Most importantly, sequence analysis will be 

useful in determining the arrangement of bases, and the proteins they encode for 

intrastrain variants of HSV -2. Results from these will help in analyzing gene 

interactions, and the functions of different proteins in viral infectivity and host immune 

detection. 
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Chapter 3: SEQUENCE ANALYSIS OF HSV-2 STRAINS: 333, 392, 414, 427, 443, 

471,472, 519, 564, HSV-2 AND MS. 
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Section 3.1 Specific Aims 

We report the determination of DNA sequences of the following HSV-2 strains: 333, 

414, 427, 443, 471, 519, 564, HSV2, 392, 472 and MS. The sequence and genetic 

content of each strain will be analyzed and compared with each other. Genes encoding 

PAT will be investigated, as well as the number of PAT repeats in each genome. The 

structure of a PAT trimer will also be analyzed using two dimensional correlational 

spectroscopy (COSY). 

Section 3.2 Materials and Methods 

NMR Sample Preparation. 

The PAT trimer was synthesized and HPLC purified by Quality Controlled 

Biochemicals, a division of BioSource International. The solid was reconstituted in 

200~-tL phosphate buffer, pH 5.2, and retrieved from solution by freeze-drying in a 

lyophalizer. The sample was then dissolved in 1 mL deionized water. Dissolved (P A T)3 

is placed in an NMR tube, ready for data collection. 

Proton sensitive NMR reagents and 40% dioxane (carbon-sensitive) were used to 

calibrate the system. The "Glide" command was used for data acquisition, selecting the 

proper solvent system (D20) and running a 1H and COSY. 

DNA purification and Sequencing. 

The following viral strains were purified using the QIAGEN kit-333, 392, 414, 

427,443,471,472, 519, 564, HSV-2 AND MS. 

The QIAquick PCR purification protocol was followed: 5 volumes of PB buffer 

was added per volume of genomic DNA (PCR sample). The samples were placed in 
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QIAquick spin columns and centrifuged for 1 minute. The buffer was collected in a tube 

and discarded. The tube was reused for second wash with PE buffer. 0.75 mL of PE 

buffer was used to wash the sample, which was then centrifuged for one minute. The 

QIAquick column was then placed in a 1.5 ml microcentrifuge tube and 50 ~-tl of buffer 

EB (10 mM Tris.Cl, PH 8.5) was then added to elute the purified DNA. 

2.0 ~-tL lOX sequencing buffer, 1.0 ~-tL dNTP mix, and 2.0 ~-tL each of the dye 

terminators (ddNTP's) were mixed into a 0.2 mL thin-walled tube. DNA polymerase in 

glycerol was centrifuged to consolidate pellet. 1.0 ~-tL of the polymerase was added along 

with 0.5!J.L of the PCR-purified template DNA. The primer was added at an approximate 

ratio of 4:1 (primer: template). For GC-rich sequences the CEQ-DTCS quick start kit 

was later used. In a 0.2 mL thin-walled tube, 0.5 ~-tL of template DNA was mixed with 

2.0 ~-tL of the appropriate HS2 primer (forward, reverse or middle), 8.0 ~-tL of premix 

buffer and 9.5 ~-tL of sterilized deionized water The contents of the tube were mixed 

thoroughly, centrifuged, and placed in thermal cycler. A polymerase chain reaction 

occured in the cycler, with a denaturing temperature of 96°C. The annealing temperature 

was set at 55°C, and the extension temperature was set at 60°C. The samples were 

denatured and annealed for 20 seconds each, and the extension temperature was held for 

4 minutes. Each cycle was followed by holding the sample at 4 oc for a total of 40 

cycles. 

A sterile 0.5 mL microfuge was labeled for each sample. For each row (8 

samples), 10 ~-tL of glycogen, 20 ~-tL of 3M N aOAc pH 5 .2, 16 ~-tL of sterilized deionized 

water and 4 ~-tL 0.5M EDTA, pH 7.0 were mixed in a centrifuge tube to make a stop 

solution. The stop solution was always prepared from the stock immediately before use. 
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For each trial, 5 !-1-L of the stop solution was added to a clean 0.5 mL thick wall tube. 

Template DNA from produced from PCR was mixed with stop solution to end the 

polymerization reaction. 60 !-1-L of 95% (v/v) cold ethanol was added to the mixture. The 

samples were mixed thoroughly using a vortexer, and centrifuged immediately at 13,000 

rpm at 4 oc for 15 minutes. Supernatant was removed using a micropipette, and the pellet 

was rinsed twice with 200 !-1-L 70% ethanol (v/v) to remove residual salts. Immediately 

after each rinse, sample was centrifuged at 13,000 rpm at 4°C for 4 minutes, and 

supernatant was discarded. Pellets were vacuum-dried for 45 minutes, and resuspended 

(vortex) in 40 !-1-L sample loading solution. The resuspended samples are transferred into 

CEQ tubes, and overlaid with a drop each of mineral oil. Samples were then loaded into 

the CEQ2000 sequencer. 

50 fmol of template is needed for polymerase chain reaction (PCR). The 

templates are doubly purified PCR products and are approximately 66.7 ng/!-1-L. The 

following was used to determine the volume of template to add for optimum signal 

strength: 

V(!-1-L) = (649)(10-6)(1000)(fmol)/conc. 

Where 649 is the approximate amount of base pairs in double stranded 
DNA 
1000 is the approximate amount of base pairs in the template DNA 
fmol = 50, and 
concentration= 66.7 ng/!-1-L 

So V(!-1-L) = (649)(10-6)(1000)(50)/66.7 

=0.49!-i-L. 

Template DNA was heated in water at 96°C for one minute in thermal cycler, and cooled 

to room temperature. All other components of the sequencing reaction were added and 
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mixed thoroughly using a pipet. Tubes are sealed and placed in thermal cycler at 60°C 

for 4 minutes for 40 cycles. 

The sample was spun down by centrifuging at 13,000 rpm for 2 minutes. 5 ~-tL of 

freshly prepared stop solution was added along with 60 ~-tL of 95% ethanol. The tubes 

were sealed, and inverted several times to mix contents, and then stored at -20°C for 10 

minutes. The samples were centrifuged at 4°C and 13,000 rpm for 10 minutes. The 

supernatant is discarded, and the pellet rinsed twice with 200 _L of cold 70% ethanol. 

The pellet is vacuum dried for 3 5 minutes, and resuspended in 40 _ L of sample loading 

solution. A drop of mineral oil was used to overlay samples before samples were loaded 

into CEQ2000 sequencer. 

Sequence Alignment 

The HS2F primer reads the sequence in the coding direction, whereas the HS2R 

and HS2M primers read in the template direction. The sequences obtained from all 

primers are aligned using the F ASTA format from the European Bioinformatics 

Institute's website. The sequences with the reverse and middle primers were reversed 

using the appropriate command from the Baylor College of Medicine search launcher. 

Using the same program, reverse and middle sequences were reverse-complemented in 

order to get their corresponding 5' - 3' format. These sequences were then aligned with 

the forward sequences and multiple sequence alignments were observed. 
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Section 3.3 Results and Interpretation 

CEQ data are chromatograms with color codes corresponding to each of the 4 

nucleotides - A, C, T and G (See Appendix). The intensity and distinction of each peak 

illustrates resolution. The following comprise data, which are relatively well resolved 

and have aligned to some degree with primers from different regions of the template. 

The following alignment data have shaded regions, which emphasize aligned bases. 
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Sample chromatograms showing base sequences for (a) 427F, (b) 427R and (c) 427M 

were obtained using default sequence analysis parameters. 

Total length of capillary= 33.0cm 

Length of capillary to detector= 30.0cm 

Internal diameter of capillary= 75.0mm 

Number of runs = 11 

Figure 3.1 Analyzed chromatogram for 427F 
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427F 
427R 
consensus 

1 ------------------------------------------------------------
1 

1 ctgggttatacgggctgccgggcccgggcgccgccgcctcctgggcgcgcggcggcggcg 

1 
61 

427F 
427R 
consensus 61 gcggcggaggaggaggaggcgcccaGGCGGCaGAagC C C GGCTC GG CC A CCG 

427F 33 
427R 121 
consensus 121 aGC CgAGCCcggaGCCCGaggtCCaTG C GC actgG GG CC GC GC G G C 

427F 80 
427R 181 
consensus 181 C CGGC GGCCaGCGCCagcC GGCG C GC G CC G CgGC CG TCCgc 

427F 134 
427R 241 ll!c&G 
consensus 241 gCa C GCAGA C aaTGGTC aC GCGTacGAC G G aCCGC TtCG G G g 

427F 191 
427R 300 
consensus 301 CGCC GCC CtctGT C CgGCgCT C GC GgT CCCCAG C C a 

427F 246 
427R 358 
consensus 361 CAG cccccaG C C CG A T C CCgGC C C CGCAgagTGggcGAA aGC C 

427F 300 
427R 412 
consensus 421 CCG GCgaG GC G GCGCC cgGCGGCCGCGtCCG C GtcCGC G CC 

427F 357 c~IG-
427R 470 A~C~ 
consensus 481 GgGaC G aCCACGC CctG C C CGG C CCGCCttCCCC aCGA aCC G 

427F 414 
427R 528 
consensus 541 GCGCG CG CCCCC CGT CCGCC tCCGCG aCgCGCCCC 

427F 473 
427R 586 GGAiilc~ 
consensus 601 GgC G GGAAG G aCG CG C CCCGgACg C G TGga C C GC c 
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64 7 
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781 

704 
823 

CCT T Ag T agcGCCC CC T GGGG C G C G GG 

CG TC 

T AA 

GA GGG CC 

841 CCC CCC CCC GG CCCC aaggCCGG GG C aGGGGCCCccttgtaccccgcc 
-------------------------------------------

883 
901 ccccgaacgatatcgggcttggcctgggcaccccgcccttatt 
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Figure 3.4 

Multiple sequence alignments for strains 333F and 333M. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 45%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 
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333F 1 
333R 1 GGGTTATTGACGGGCTGCCGGGCCCGGGCGCCGCCGCCTCCTGGGCGCGCGGCGGCGG 
consensus 1 agggttattgacgggctgccgggcccgggcgccgccgcctcctgggcgcgcggcggcggc 

333F 1 
333R 61 
consensus 61 

333F 38 
333R 121 
consensus 121 aG C C GCC G CC 

333F 95 
333R 180 
consensus 181 GCC CGGC 

333F 
333R 
consensus 

333F 
333R 
consensus 

333F 
333R 

151 
235 -
241 atGGTCC GCG G 

21 0 ciJ-ilclfJ-Ii!TG~~T 
292 Tii&iT~cc&&c 
301 CgTG GGa CGC GC CT 

266 
347 

G ccagGCGaCA AGC 

GGtcCGT CC G C C GGcG CCGGCG CGG cGC 

GCCG GC GCGCG gTCC aa 

GGG C G GGTC A GCG G aCG CGCGtCC C CT 

CggaC CAGC C CGCgGacT C 

consensus 361 CCgGC c CG GtccccCAG T CG AgtccccCAGCC CCC ccGCG GGg 

--- - ------
333F 313 
333R 407 
consensus 421 GGG G a GCGC GG G CCGC ccTaCG C CG CGGCG CCGcG C G GTCcGC 

333F 369 
333R 467 
consensus 481 CGG CCatgaGGC GC C aCGC GG A CCCgcgGG CCAC CCa CCCGC 

333F 424 
333R 524 
consensus 541 GCCG GCaC CG CGC C C a CaCGC G G G gC G 

333F 481 
333R 581 
consensus 601 CGC CC GGAa C tGCGGg GGGa tGCGGGG CG G C CG C aGCG GG 

333F 540 
333R 639 
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consensus 661 gG gCGCCA CgGGCggCGaGGC GCCg aaGGCGC g GCg C G GCA GgCG 

333F 597 
333R 697 
consensus 721 GG C CCG G ttCGG C GG CagCCG C G CC CGa tee TGcgcccGG CC 

333F 64 7 
333R 757 
consensus 781 GCCG cGGAGgGCcc TGG CGatcaC C GGaG CC gG AgT cg 

333F 706 • Gm GT 
333R 809 - T n •cc 
consensus 841 cGGG Ag A CCtcCAaAAcgccccaacccc 
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Figure 3.5 

Multiple sequence alignments for strains 414F and 414R. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 37%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 



414F 1 GiiGG 
1 cOTe 
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414R 
consensus 1 T GA T T TGgctCgGGC tacGCCGaGCCCaG CGCCcGCCa TCC GccGGCG 

414F 
414R 
consensus 

61 , c&Jc 
52 -- G&JG 
61 tee CG G CGG G C 

414F 116 
414R 110 

TC=----· G· T- - &] 
cA!Billc GE£i 

GG G GG GCGCCC GGCG gaagCA CCG GCCcG 

consensus 121 GCCC GGC CG C CaA C CaGA CC AaatGGTCC TGC agC ACT GcGGAa 

414F 174 
414R 167 
consensus 181 CCG G CGaG GCGC CGGCC G CC cGC CC GC G GC gGC cGC GGTgccC 

414F 233 
414R 222 
consensus 241 C GG GG G C GcG CgaCGCGgactaCGCCGGCAa Ga CGcagaGTGG C Aac 

414F 293 
414R 268 
consensus 301 

- - -- - -- -- - ---
414F 351 
414R 315 
consensus 361 T C CC gGC tC C GCC CC CCg GC AGCgC 

414F 410 
414R 371 
consensus 421 aC CC C GCCgcggCCCgGC CCCgC CA C C CAG 

414F 468 GGAA~i~T 
425 cccc& G 

CC CAGC 

C C G C CcaGCCT 

414R 
consensus 481 CCA C CCgG C c C C CCCCgG C CA GC accc 

414F 527 
414R 
consensus 541 gCCC C AGGC gCgGT GC C CgGGCCCgGC GC gGCa c G GC CgG 

414F 587 
414R 537 
consensus 601 ggaacGCCGggCgG ac AGG c A ac c Gaagta CCCG A C 



• 

414F 
414R 
consensus 

64 7 ! GGi1C! GiiGT 
586 ! cc!jG! ciicc 
661 C Ga C CC AG g CC GGGaaaattCCA Aa 

35 
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Figure 3.6 

Multiple sequence alignments for strains 427F and 427R. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 63%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 
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427F 1 ------------ - - -- - - -------- - ---- - ------------ - ---------------
1 CTGGGTTATACGGGCTGCCGGGCCCGGGCGCCGCCGCCTCCTGGGCGCGCGGCGGCGGC 427R 

consensus 1 ctgggttatacgggctgccgggcccgggcgccgccgcctcctgggcgcgcggcggcggcg 

427F 1 ------ - ---------- - - -----
61 427R 

consensus 61 gcggcggaggaggaggaggcgcccaGGCGGCaGAagC C C GGCTC GG CC A CCG 

427F 33 
427R 121 
consensus 121 aGC CgAGCCcggaGCCCGaggtCCaTG C GC actgG GG CC GC GC G G C 

427F 80 
427R 181 
consensus 181 C CGGC GGCCaGCGCCaacC GGCG c GC G cc G CgGC CG TCCgc 

134 Blc.cTcc~-cltT .. Tc~G-GG&&tlcl 427F 
427R 241 C G • •GGGT C~ T ' C~GT C C• TC T T G• 
consensus 241 gCa C GCAGA C aaTGGTC aC GCGTacGAC G G aCCGC TtCG G G g 

427F 191 
427R 300 
consensus 301 CGCC GCC Ct c t GT C CgGCgCT C GC GgT CCCCAG C C a 

427F 24 6 
427R 358 
consensus 361 CAG cccccaG C C CG A T C CCgGC C C CGCAgagTGggcGAA aGC C 

427F 300 
427R 412 ~~~rtl~l~l 
consensus 421 CCG GCgaG GC G GCGCC cgGCGGCCGCGtCCG C Gt cCGC G CC 

427F 357 c 
427R 470 
consensus 481 GgGaC G aCCACGC CctG C C CGG C CCGCCttCCCC aCGA aCC G 

427F 414 
427R 528 
consensus 541 GCGCG GAACc t GCGCCG CG CCCCC CGT CCGCC t CCGCG aCgCGCCCC 

427F 473 
427R 586 
consensus 601 GgC G GGAAG G aCG CG c CCCGgACg C G TGga C C GC c 
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427F 53 2 
427R 644 
consensus 661 cG AACG CCC g A gGC C CA AC C gC GaACCCC CG TC 

427F 
427R 
consensus 

591 IGicGit~-iAi&GiiTITicciiTicicfici&-i!TiAT~cTTT6TTcllcccTc 
703 ci TCi&iiiT!iC CiCiGG!iGiGiG~C~CC~~GGGC6CAG~~TGGGT 
721 CGG a CtcgC CC TG a C CC C C gG GCtGG G gA T AA 

427F 
427R 

647 
763 

consensus 781 CCT T Ag 

427F 704 
427R 823 

T agcGCCC CC T GGGG C G C G GG GA GGG CC 

consensus 841 CCC CCC CCC GG CCCC aaggCCGG GG C aGGGGCCCcct t g t accccgcc 
427F --------------------- ----------------------
427 R 883 CCCCGAACGATATCGGGCTTGGCCTGGGCACCCCGCCCTTATT 
consensus 901 ccccgaacgat atcgggcttggcctgggcaccccgccctta t t 
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Figure 3.7 

Multiple sequence alignments for strains 443F and 443R. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 45%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 



) 
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443F 1 - - - - -- --------------------------- - - - ------------------------
1 CCGTGGAGATACTGGCGGGCTGCCGGGCCCGGGCGCCGCCGCCTCCTGGGCGCGCGGCG 443R 

consensus 1 ccgtggagatactggcgggctgccgggcccgggcgccgccgcctcctgggcgcgcggcgg 

1 443F 
443R 61 @Mid 
consensus 61 cggcggcggcggaggagGAaG G C CCC GCggcagaagcaccCGGGCgTCGggCC a 

443F 30 
443R 120 
consensus 121 AGCCC G C C GCC G CCgcCGgGGTCC GCCgggctaC GG G CCGGCG 

443F 85 
443R 178 
consensus 181 CCAGCCG Ggcagcc 

443F 125 
443R 238 
consensus 241 CG TCCgcgCa C GCAGA C aaTGGTC aC GCGTacGAC G G aCCGC Tt 

443F 180 
443R 297 
consensus 301 CG G G gCGCC GCC Ctc t GT C CgGCgCT C GC GgT CCCCAG 

4 4 3F 2 3 5 h l•t.;t,At•h r.l: 

443R 355 
consensus 361 C C aCAG cccccaG C C CG A T C CCgGC C C CGCA aG aGGGC 

443F 
443R 
consensus 

443F 

288 EAf:IAI!cScc~~AI!GAiGG!GGiGiGAAGGic!iiAGiiii&TGicGGiGITITc 
415 icl!ci!G!AG~)c~ScciccScTiciccccc GSiicciiiF&cciATTic ci GT 
421 G aC GC C cG GC G C G G CG CGG GCGgT G C GCG G 

348 
443R 473 
consensus 481 CCgCCTT C GcgACGCcGG 

443F 
443R 
consensus 

443F 
443R 
consensus 

400 
533 
541 

455 
593 
601 

TGic&GI TiciSI--iiTi TGI!cAISiTic!m 
cccS G&c cSG~cicc~&AciiScSG!m 

CGCGagG CGcGCC CCGC G C T CG C CCGtcCG G aC GCC C GA 

IGEAUG~~~~~~t•t-;wrt:Wjj:wj:tfi!f@ 
GCCGC G gG a CG G GCGgGccccccgacaagcgggtgagacgcagaagcaacg 
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443F 
443R 653 GCCGCATAAGGCGCAGCAGGGACAGAAGGCGGACCCCGTGTCGTTCGGTGGCGGAGTCCT 
consensus 661 gccgcataaggcgcagcagggacagaaggcggaccccgtgtcgttcggtggcggagtcct 

443F 
443R 7 13 TGGTCCTGGGCCGGCCCGCGCGAGAGTTGGCCCCAAGGGTTAAAAAGGGGGCCCTGGT 
consensus 721 tggtcctgggccggcccgcgcgagagttggccccaagggttaaaaagggggccctggtaa 

443F 
443R 773 CCCCTAAACCCCCAACCCTGGGGGCCCGGCC 
consensus 781 cccctaaacccccaaccctgggggcccggcc 



42 

Figure 3.8 

Multiple sequence alignments for strains 471F and 471R. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 49%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 



471F 1 
471R 1 
consensus 1 

471F 61 
471R 1 
consensus 61 

471F 121 
471R 1 
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GCCCTCTGGCTCGGGCCTACGCCGAGCCCAGCCGCCCGCCATGTCCCGCCGCCGGGGTC 

gccctctggctcgggcctacgccgagcccagccgcccgccatgtcccgccgccggggtcc 

CCGCCGCCGGGGTCCCCGGCGCCGGCCGCGCCCCGGCGCTCCAGCCGTGCCGCGCCCCG 

ccgccgccggggtccccggcgccggccgcgccccggcgctccagccgtgccgcgccccgg 

ATGGTCCCTGCGTACGACTCGGGA • CCGCGGT 
ATGGTCCCTGCGTACGACTCGGG CCGCGGT 

consensus 121 CG C CCCAACCcGCAGA ctTCC AAATGGTCCCTGCGTACGACTCGGGA CCGCGGT 

471F 178 
4 71R 61 
consensus 181 

471F 231 
471R 121 

CGAGAGCGCGCCGGCCAC GTCCTCGCTCC TGCGG 
CGAGAGCGCGCCGGCCACCGTCCTCGCTCCCTGCGG 

consensus 241 ccaggGGCGGgaaACGA AcaggGCGAaccagaacCG CG GgAaCT t aaACGCCccgG 

471F 264 
471R 181 
consensus 301 

4 71F 304 
471R 241 

GGG CGGGGGG AGGGCGCCGGA 
GGGGCGGGGGGGAAGGGCGCCGG 

consensus 361 GGGgCGGGGGGgaAGGGCGCCGGA GCC C CaC C CGCCTGC CC CCtGC CC 

471F 359 
471R 301 _ 
consensus 421 CCGCCGCCGCCgCGC GGAGCGC G CC C CGCCCCcT C CCCCgCC GC C 

471F 
471R 
consensus 

471F 
471R 

417 GI GcB clicA!T--&Ic 
361 C TG~ciAI£iiG 

T CCTGGCGCGC • TG CCT 
T CCTGGCGCGC TG CCT 

481 GC CGC CC G cgGA TgCCTGGCGCGC TGAaCCT GC GaC GCGG CCCc 

474 
421 ~&1~1 

consensus 541 GCGtcC CGCCCG G GCaCCGCGcGaG A GTgCGC T CCcT CGAC cc t GA a 

471F 527 
471R 481 
consensus 601 C C CGg C GgCC C G CGC ccTCCGgC C ACG C 



471F 
471R 
consensus 

471F 
471R 
consensus 

471F 
471R 
consensus 

471F 
471R 
consensus 

471F 
471R 
consensus 

471F 
471R 
consensus 

471F 

585 
541 
661 

644 
601 
721 

661 
781 

721 
841 

781 
901 

841 
961 

TCCGACCCCCGT 
TCCGACCCCCGT 
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CCTGA G CC T CaA CCCC GAC CCC TCCGACCCCCGT T T CCCG 

CGTGCAGGTGCGCCATCTGGTGGCCTGGGAGACGGC 
TGCTT TCa a cgtgcaggtgcgccatctggtggcctgggagacggc 

CGCGCGCCTGGCCCGACGGGGGTCCTGGGCGCGCGAGCGGGCCGACCGCGACCGGTTCCG 
cgcgcgcctggcccgacgggggtcctgggcgcgcgagcgggccgaccgcgaccggttccg 

GCGCCGCGTGGCGGCGGCCGAGGCGGTCATCGGACCGTGCCTGGAGCCCGAGGCCCGAGC 
gcgccgcgtggcggcggccgaggcggtcatcggaccgtgcctggagcccgaggcccgagc 

TCGGGCCCGAGCCCGAGCCCGGGCCCACGAAGACGGCGGACCCGCGGAGGAGGAGGAGG 
tcgggcccgagcccgagcccgggcccacgaagacggcggacccgcggaggaggaggaggc 

GGCGGCGGCGGCGCGCGGGTCCTCCGCCGCCGCGGGCCCGGGCCGTCGGGCGTACTAGG 
ggcggcggcggcgcgcgggtcctccgccgccgcgggcccgggccgtcgggcgtactaggg 

4 71R 901 ~~ 
consensus 1021 t 
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Figure 3.9 

Multiple sequence alignments for strains 519F and 519M. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 50%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions . 
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519F 
519M 
consensus 

~ taimriwM:tirijijir:;,;,;,;,;;,;,;,;,;,;;,;,;,;,;;,;,;;,;,;,:wl~~~~~ 
1 accagtgatgctgccagcccccagcccagcccccagcccagcccccagcccgG C CA 

519F 
519M 
consensus 

519F 
519M 

10 
61 
61 

65 
120 

CcaG C CC gGCC AgtC CC AGCCCAG C GTCCCgCCgGC TCCC 

consensus 121 C CCGC GGgA CGcgccGCGC GGCgC CGCCCC GCGC CC cgGC G GgCCGC 

-- - --- ----

519F 117 
519M 180 
consensus 181 G CCgagtC GCGCG TCCatgaggCAaC 

519F 161 
519M 240 
consensus 241 T C CtCG GA gCCG G 

519F 
519M 

2 o 9 ti:il'i!G6 TGI T 
299 i~iiic&Ac c 

- - - - - -

CA ac C a ATcccGGTCCaccC GC 

consensus 301 CtGCG CGC GC C Gg GCC CggaAGG GGaCGa AGCGA C C GACtA GC 

519F 266 
519M 357 
consensus 361 GG aAcGACG GCAGcAg GG CG AtCAG C C AGCGA gGCgGG GGA CG 

519F 324 
519M 416 ~;,;,:.;J~ 
consensus 421 GtcG ctcgcTC TG GCCGGC G ccaaggG 

519F 364 
519M 4 7 6 
consensus 481 TCgGCgTgCGT C GG aaaccctcaGgCGCCaaccctcG GCGGC C GC CgTGcc 

-- --- ----- ---
519F 404 
519M 536 
consensus 541 GA C G GaC C GCG CG CGCGgC CgGGGG a G CC TGcG CGCC G 

519F 462 
519M 596 
consensus 601 ACCa G g CGGG CG CC G G GC CGC 
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Figure 3.10 

Multiple sequence alignments for strains 564F and 564M. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 25%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College ofMedicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 
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564F 
564M 
consensus 

1 c 
G 

CATGTCCCGCC GC 
C GTCCC CC GC ~~ 

1 gCC Cg T GgG T CggGCC A CCgagCCCAGCC CCC CAtGTCCCgCCgGC T 

564F 61 liiiilciL- ---~~:~GG~~~~~~GciL--- -~~~~~~G~G~~c~cGITIIIIIIGTG~ 
564M 53 A +c~cc cA MK~ T c G ~ TC c • Tee 
consensus 61 CCCCGC GtcccCCgG TCCCCG GtcccCCgGCC C CC CgG C CCAGCC c 

----- --
564F 11 3 
564M 11 3 
consensus 121 CGCaG CCC GCgCTCCcaaCCGCAG C CCCAa tg TCCC GCaGT C c 

564F 171 
564M 167 
consensus 181 CCGCgGTCgagagcgC CCgGCCgcgTCC CGcTCC GtCG CGC gg GCTG GC 

5 64F 230 
564M 216 
consensus 2 41 CC agGCGG GaCaGCGACgACGCGG CGCCGGcaacgacGa GCAg GCG 

564F 290 
564M 
consensus 301 acaGC ecce GCGAGG C G tGG GCGG CG AGG GgCG AGgCg g CGag 

564F 347 . TIGtT 
564M 324 C C G 
consensus 361 GCG CG C GG aaCGTC C CGggcTCC CAg GgC C GGC CCaaG C GC 

564F 403 
564M 381 
consensus 421 GCTTg C C C C CGGcG GC CCcgacagcaGT AA gactggtCACGCCtgg 

564F 4 63 
564M 422 _ _ -- _ 
consensus 481 aCCattCGCCGGgA GC CGTC CGCAtC CGC Gg GC GG A GGC C GCaG 

564F 522 
564M 4 7 6 - -- ---consensus 541 CGGGGC C tGGCC GC gCAC GG A GC C GgagacCCC GCG Ca G 

----
564F 581 
564M 531 
consensus 601 G CCG A CCGGgC TAgaaCCGGGaccGG CC CCtaggcgagaataaa 
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Figure 3.11 

Multiple sequence alignments for strains HSV-2F and HSV-2R. The sequence obtained 

from the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 

18%. The following algorithm parameters were applied using the Boxshade server from 

Baylor College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 



• 

• 

• 

1 
1 
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HSV2F 
HSV2R 
consensus 1 GGG T CA ctGGCTgCCGGGCCtacgcCGaGC C GCCGCC gCC G C CGCcG 

HSV2F 60 
HSV2R 52 
consensus 61 GCG C CG CG GGgG GG G CG CCg GcccCGGCaG CA CCG GCCcG 

HSV2F 118 
HSV2R 109 
consensus 121 GCCC gGC CG C CaA C CaGA CC AaatGGTCC TGC agC ACT GcGGAa 

HSV2F 176 
HSV2R 166 
consensus 181 CCG G CGaG GCGC CGGCC G CC gCGC agcC GCGagcGCGC GGtcCTG 

HSV2F 227 
HSV2R 225 
consensus 241 GG g CCCaGtccGCGcG CGaCAG Ga CG tGG CTAC CG aACG gcgCG 

HSV2F 279 
HSV2R 285 
consensus 301 CGC cttcG GTGGgCG Ca CCC C G GC cccAG C 

GAFftlCGtiiGGiiG 
cccfi~Tclicclic 

gG gG CC AG 

332 
345 

TC&iGii--!JTi=&iGti 
cA&ic&liJcl!liicti 

HSV2F 
HSV2R 
consensus 361 CCggtccC AG CcaGTC CC aGCccaGT C C GC GTC CCcaG CcaGTC C 

HSV2F 378 
HSV2R 405 
consensus 421 C CgG CAG C CCcaGCC gG C CgaC Cg 

HSV2F 
HSV2R 

423 !JctiGGtiGc!JGtiGc!J--tiGAimiGtiGI Giii!IITGACT 
465 !JTticcticA!JcticA!Jiiicc!IEctic· c • CCTAcc 

consensus 481 G C C G C Gt cC CAG C AGT ccccAG T CG A GGAC a cGCG 

HSV2F 476 
HSV2R 525 
consensus 541 CG aC G G CCG gG G C C C GCGG G CaGGC CCGagGGCGCG GGCG 

HSV2F 534 
HSV2R 585 
consensus 601 Cg gGG GCg CacgCGT GCA Gg GGaC ACC G tcG .C G GACGCCGa 

HSV2F 589 r:ILW,f,tn. TG!JG!JAG!JGiiJGT 
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HSV2R 6 4 s r;zmr·p cGcijciJcciJc!flccccciJ-IUcc&iciJ-! GI!]cii+@jg-IB--! 
consensus 661 CGGgGAA G G G CG GgCCa GCGT GgC CGg aCCCGgGaaCCCGttC 

~~; ~-~~-~~r=·=·=·: HSV2F 
HSV2R 
consensus 721 GGGGCCGg aAa C aaaa 

• 



• 
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Figure 3.12 

Multiple sequence alignments for strains 392F and 392R. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 27%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions . 



• 

• 
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392F 1 
392R 1 CTCTGATCGAATGCCGGGCCCGGGCGCCGCCGCCTCCTGGGCGCTGCGGTGGCGGCGGC 
consensus 1 ctctgatcgaatgccgggcccgggcgccgccgcctcctgggcgctgcggtggcggcggcg 

392F 1 
392R 61 GAGGAGGAGGAGGCGCCCAGGCGGCAGAAGCACC 
consensus 61 gaggaggaggaggcgcccaggcggcagaagcacc GGGC cttCGG CCGGGCC a GC 

392F 27 
392R 118 
consensus 121 tCGAGCCCaG CCCGaggtCCaTG C GC actGGCG CCG CG CGG G CCg 

392F 78 
392R 178 
consensus 181 CGGC 

392F 128 
392R 238 

GI T 
C G 

CaGgtCC G GCg CCCGG CGC 

consensus 241 C CaaC GCAGA C aaTGGTC taC GCGTacGAC G G aCCGC TtCG G G 

392F 185 
392R 295 
consensus 301 gCGCC GCC CgTC GC CC g C C gGCtgC gGT CCCCAG CcaG C C 

392F 243 
392R 352 

GIGII!AGI 
c ciYJcT 

consensus 361 AGC G CccccaGC A T C CCgGC G C CcaGC AGT C AaC CCC 

392F 
392R 

296 
412 lcGicttcc~~~~~~~~~ 

consensus 421 CtCCG G G AGGCGC CG cctG C C G CG CG C GC 

392F 348 
392R 472 _ 
consensus 481 G~ CgagTCCGCG GTCca t gagGCagcaccacgCGTCG C CC GG CACC G C 

392F 
392R 

390 
532 

consensus 541 

392F 44 7 
392R 590 
consensus 601 

392F 504 

AGiiA-Bc&A-!iAI 
TTitici&ABciiJilc 

CGAGGACGCGGCCG 
CGAGGACGCGGC G 

CC cGCG CGC eGG GCGAGGACGCGGCcG CGCcGC CCCG C GC aG aT a 

G ACGC GGA CC CcGGgAG GC GGgG G CGaCg CGGtaGgCGcA 

-iiJilC-~~G-CGGi---~G~T~G 
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3 92R 64 8 ~ MMMij;)T~-!JaciJ ,@!MerrE Ti&TCTtilii]ciJc&iiTtBiAiT 
consensus 661 gCACgCGg GCGAgCACG GgGCGacCGG gCG CGC GtctG a aGgG GGC G 

392F 
392R 
consensus 

392F 
392R 
consensus 

557 
707 
721 g A C GggC gG A TGGG GgCG A GGC 

~~~ ~~~~G_ G_AAA ____ T_TA_A_A_A_ 

781 GGC ggaaattaaaa 

GFfi GGm C TCI 
Ti!CT • C CAIJ 

GgCG TGCC aC A CC G G 
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Figure 3.13 

Multiple sequence alignments for strains 472F and 472R. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 14%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College ofMedicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 



• 

472F 
472R 
consensus 

472F 
472R 
consensus 

472F 
472R 
consensus 

472F 
472R 
consensus 

472F 
472R 
consensus 

472F 
472R 
consensus 

472F 
472R 
consensus 

472F 
472R 
consensus 

472F 
472R 
consensus 

472F 
472R 
consensus 

1 
1 
1 C Ggg CTaCG 

57 

Ti!cG! clic! Tc! cllcllci G 
Gi!TC!T[IG!CG~G~~G~~G C 

a C a CCG CGCCa CC C gG G C CG CG CGG 

61 ITICC~C~C~ICICIGG~T 61 G GG G G G G CC G 
61 G C GG G GG G G C C GC CAG G gCC G CCCGg c CC a 

121 CCGC~CT~~C~TGGTCC~G~G-CTIGIG~CIICiiTIIJGiiiiCGCIIG 
121 GGCTC •GC G ' CCCAAG C e C•GG T'CT G G• C C GTG C 
121 GA CC aAa T CGTaC A c g a CG gG CGa aGCG CG 

181 !cGciT!c&ci!TccTi!GicG!TIT~CTiGTGCCCCAGG 
181 ! GcG! c! Ti GI!cAGcl!ciGc! G GIGc! cGCGGGTCCT 
181 C G C T GC GC g C GGC g G GGa A 

241 ~~~GACTAc!cciicAAciAc~A!Gc 
241 iiiccGGCAiAGiiTccGITG~T~TA 
241 gCG G GG G G C acGTGGgCG aCa CC C 

299 i GGGIAGG! G! c i GIGG! CGCi&AGT! GTCG! CGG! GT 
301 !ccclccc!T!TiTiccSGcA~&cccScAGC!TccScG 
301 G a C C G a C GT C C C gGTCC C 

CGa 

CG G G g 

T 

CC Cg 

359 
361 

cA!GAiGCIGi!AG!ic!GCAGGG~GCiAGGA!Gc~G~CGG~GCGC~CG~ 
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Figure 3.14 

Multiple sequence alignments for strains MSF and MSR. The sequence obtained from 

the HS2F (forward) and HS2R (reverse) primers align with an alignment score of 18%. 

The following algorithm parameters were applied using the Boxshade server from Baylor 

College of Medicine's Searchlauncher: 

Rich Text format (RTF _new) was applied for the output format, while "Other" was used 

for input format. Consensus lines with letters were also applied. The following tables 

illustrate aligned sequences. Shaded areas emphasize aligned regions. 
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Project : Default 

Sample: 392R.C07_02061314QN 
Result : 392R.C07_0206141109 

770 

System : 310935 

Analyzed Data 
780 790 800 810 

Operator : bruce 
Instrument : 310935 
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Project: Default 

Sample: 414F.D04_02061117PY 

Result : 414F.D04_02061210SP 

System : 310935 

Analyzed Data 

Operator : bruce 

Instrument : 310935 

c 81 10 
o T GIJ CQ/IC T A 
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- Project : Default 
Sample: 414F.D04_02061117PY 

Result : 414F.D04_02061210SP 

System : 310935 

Analyzed Data 

Operator : bruce 

Instrument : 310935 
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Project : Default 

Sample: 414R.F04_02061117PY 

Result : 414R.F04_02061210SP 

System : 310935 

Analyzed Data 

Operator : bruce 

Instrument : 310935 

30 
GG C 
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G C C OO COGCO Goi< O UACCCO C G C G C CACCG CCG CCG CCTCC T CC T CC T CCO C GGG T CC 
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Analyzed Data 
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Project : Default 

Sample: 414R.F04_02061117PY 
: 414R.F04_02061210SP 

System : 310935 

Analyzed Data 

Operator : bruce 
Instrument : 31 0935 

370 380 390 400 410 420 430 440 

G AGGGGGG T CGGGGG T CGG A GGGGGG T CGGGGG T CGG AG GGGGG T CGGGGG T CGG AGGGGGG T (G GGGG T CGG AG GGGGG T 

7750 8000 8250 8500 
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G G T C G /C GOG OG 1C G G 'TTC G /C GGGGG T C 
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5.0 C G~QG TC 
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Data Points 

Analyzed Data 
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Project : Default System : 310935 
Sample: 427F.E05_0206112088 

: 427F.E05_02061210SP 

Analyzed Data 
10 20 30 40 50 60 

ace llCn G~~GCCG AGC~OCC CCG C c.trr G T CCCG CCGOGG T CCC• 

250 500 750 1000 
Data Points 

Analyzed Data 

1250 

Operator : bruce 
Instrument : 310935 

70 80 90 
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G C G C T C CA G CCG T G CCG C O CCC CTCCCAA CCG CA O A CTCCCAAAT GGT CCCTG CO T A C O A C T CG GG AA C CO C OG T COA O A O 

~ . ,, . 11 ll I ·\ 
~ I f, ~ ' M n• ' .I II ~ ~~b - r1tJ .JJtdl ~ '11LJ_fu,d~ 
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Data Points 
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Project : Default 

Sample: 427F.E05_0206112088 

Result : 427F.E05_02061210SP 

370 380 

System : 310935 

Analyzed Data 
390 400 410 

A C G O::CCCT G C C CO:: CC GG C C G C GG CC c cc A C G A T A CCT GG C G 

8000 8250 

450 460 470 480 

8500 8750 
Data Points 

Analyzed Data 
490 500 510 

9000 

520 

Operator : bruce 

Instrument : 31 0935 
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c C T GAA CC 113 CO CCGG C 
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530 540 550 
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Data Points 
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Project : Default 
Sample: 427R.G05_0206112088 
Result : 427R.G05_02061210SP 

System : 310935 Operator : bruce 

Instrument: 310935 
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Project : Default System : 310935 
Sample: 427R.G05_0206112088 

: 427R.G05_02061210SP 

Analyzed Data 
390 400 410 
G A GGGG /JD G CG T A CC TT CCCG CO C OG 

l i 1' 

Operator : bruce 
Instrument: 310935 
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Project : Default System: 310935 Operator : bruce 

Instrument : 310935 Sample: 427R.G05_0206112088 
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Project : Default 

Sample: 471F.C06_020611221K 

Result : 471F.C06_02061210SP 

System: 310935 

Analyzed Data 
10 20 30 40 50 60 70 

Operator : bruce 

Instrument : 310935 

GCC C'ICGCC T CG O GCCTJICG CCG A G C OCA G CC C.C: CCO CCA T G T CCCO CCG CCGGGO T CCCCQ CC O CCGGOO T CCC 

250 500 750 1000 1250 1500 1750 
Data Points 

Analyzed Data 

100 110 120 130 140 150 160 170 li 
G C G C T CCA O CCG T G CCO C G CCCCQ O C G C G C T CCCAA CCO C A O A C T CCCAAA T GOT CCCT G C G T A C O A C T CQ GO AA CCG C G 0 '-

2000 2250 

190 200 

2500 2750 
Data Points 

Analyzed Data 

3000 3250 

210 220 230 240 250 260 

3500 

8 tCO A O A O C O C O C CG G CCA CQ T C C T C T CCT G C GG C O C T GO C T G C T GG T G CCCCIG O C GG A C O A C A G C G A C G A C O C GG A C T A 

5 

• 0 

' 4 • 0 
I 

! 3 
0 , 
i: 2 

1 

0 

-1 

8 

5 

8 
i 4 
0 
I 

! 3 
0 , 
i: 2 

~- ~- ~ .. 
3750 4000 

0 -Fk-' LC '--"' .. 1 -<. ' C · L..c"" \..T.I' 

~ 

5500 5750 

Wed 11/13/02 13:57:39 

4250 4500 
Data Points 

Analyzed Data 

4750 

300 310 320 330 

A G C G A OOOCO GGIGOG A OCIO C G CCOO A C G C 

J~\ 

- --. 
6000 8250 

Data Points 
8500 

5000 5250 

340 350 
T CC T C O T C G CCT G C G TCC T CC G T CI.i 

8750 7000 

Page:3 



s 
' 8 
I 

! 
0 
~ 

i 

• 0 

' • 0 
I 

! 
0 , 
i 

• 0 

' • 0 
I 

! 
0 , 
i 

3 c 
3 • ! 
0 , 
i: 

6 

5 

4 

3 

2 

Project : Default 

Sample: 471F.C06_020611221K 

Result : 471F.C06_02061210SP 
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Project : Default 

Sample: 471R.E06_020611221K 

Result : 471R.E06_02061210SP 
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Project : Default 

Sample: 471R.E06_020611221K 

Result : 471R.E06_02061210SP 
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Project : Default System : 310935 Operator : bruce 

Instrument : 310935 Sample: 471R.E06_020611221K 

Result : 471R.E06_02061210SP 
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Project : Default 

Sample: 472F.D07_02061314QN 

Result :472F.D07_0206141109 
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Project : Default 

Sample: 472R.F07_02061314QN 

Result :472R.F07_0206141109 
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Project : Default 

Sample: 472R.F07_02061314QN 

ResuH :472R.F07_0206141109 

System: 310935 

Analyzed Data 

Operator : bruce 

Instrument : 310935 

360 370 380 390 400 410 420 430 
T C A OOO OG T CO G A OGGG T CA OGGGO T C GG A OGGO CO T C A GGQQO T C OG A GOOG CO T C A GGOOO T CO O A GGO 
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Project : Default 

Sample: 519F.G07_02061314QN 

Result :519F.G07_0206141109 

10 20 30 

System : 310935 

Analyzed Data 
40 50 60 

Operator : bruce 

Instrument: 310935 

70 80 
rrroa::-n:x:G G CTK!O CCO A G C CXAO C C CCG C CAT O T CCCG CCOG C O T CCC• CCG CCOOOO A CCC 

90 
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Project : Default System: 310935 Operator : bruce 

Sample : 519F.G07 _02061314QN Instrument : 310935 

Result : 519F.G07_0206141109 

Analyzed Data 
~ 
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Project : Default 

Sample: 564F.B08_020613178X 

Result : 564F.B08_02061411D9 

30 

System : 310935 

Analyzed Data 
40 50 60 70 

Operator : bruce 

Instrument : 310935 
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Project : Default 

Sample: 564F.B08_020613178X 
Result : 564F.B08_0206141109 

System : 310935 

Analyzed Data 

Operator : bruce 

Instrument : 310935 
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Project : Default 

Sample: MS-F.A04_02062514Rl 

Result : MS-F.A04_02062517H7 

System: 310935 Operator : Manual analysis 

Instrument : 310935 

Analyzed Data 
10 20 30 40 50 80 70 
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Project : Default System: 310935 Operator : Manual analysis 
Sample: MS-F.A04_02062514RL Instrument : 310935 
Result : MS-F.A04_02062517H7 

Analyzed Data 
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Project : Default 
Sample: MS-R.G08_020613178X 
Result : MS-R.G08_0206141109 

System : 31 0935 

Analyzed Data 

Operator : bruce 
Instrument: 310935 

30 40 50 60 70 80 90 
GGCa:GCGGC G GCA O IIA G a:CCo C O C G CCGC C G CCG CCG CCT CC T CC T CC T CC T CCG C OOO T CCG C 

250 500 

110 120 
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Data Points 
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Project : Default System: 310935 Operator : bruce 
Instrument : 310935 Sample: MS-R.G08_020613178X 

Result : MS-R.G08_0206141109 

370 380 390 

Analyzed Data 
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Project : Default 
Sample: MS-R.G08_020613178X 
Result : MS-R.G08_02061411D9 

System : 310935 

Analyzed Data 

Operator : bruce 
Instrument: 310935 
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Project : Default 

Sample: HSV2F.G04_02061117PY 

Result : HSV2F.G04_02061210SP 

System: 310935 Operator : bruce 

Instrument : 310935 

Analyzed Data 
10 20 30 40 50 60 70 80 
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Project : Default System: 310935 
Sample: HSV2F.G04_02061117PY 
Result : HSV2F.G04_02061210SP 

Analyzed Data 
380 390 400 410 
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Instrument: 310935 
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Project : Default System : 310935 
Sample: HSV2R.A05_0206112088 

Result : HSV2R.A05_02061210SP 

Operator : bruce 

Instrument : 310935 
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Project: Default 

Sample: HSV2R.A05_0206112088 

Result : HSV2R.A05_02061210SP 

System: 310935 
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