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There is a transition nationwide on the analysis of forensic evidentiary 

stains containing biological material from traditional serology to Polymerase 

Chain Reaction (PCR) methodologies. The increased sensitivity of PCR, the 

limited number of alleles at each locus, and the necessity of producing 

unambiguous data for entry into the FBI's Combined DNA Index System make 

this study of extraction procedures of utmost importance. A "single tube" 

extraction procedure for blood stains collected onto FTA™ paper and a 

modified differential nonorganic extraction method from spermatozoa-

containing mixed stains were analyzed and compared. The extraction success 

was evaluated by amplification and typing of the amplified fragment length 

polymorphism, D1S80. These modifications of the nonorganic method utilized 

gave an improved separation of the spermatozoa-containing mixed stains. 
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CHAPTER 1 

FORENSIC DNA EXTRACTION STRATEGIES 

FOR PCR ANALYSIS 

Introduction 

The analysis of evidentiary stains containing biological material from 

crime scenes has been completely revolutionized within the last ten years with 

the advent of the forensic use of Deoxyribonucleic Acid (DNA) technology. 

DNA profiling has been deemed one of the greatest technical achievements for 

criminal investigation since the discovery of fingerprints (National Research 

Council, 1996). When biological evidence is left at a crime scene, DNA 

analysis can provide an excellent chance of exonerating a falsely accused 

individual or incriminating a perpetrator. Approximately seventy-five to eighty 

percent of forensic DNA casework involves sexual assault evidence having 

spermatozoa present. Because of the less than pristine nature of forensic 

evidence, some of the problems encountered with forensic samples include the 

processing of stains deposited onto varying matrices, degradation of the 

evidentiary material, limited quantity of evidentiary material and, as is 

commonly seen with sexual assault evidence, evidentiary stains having DNA 

from two or more sources. For the above reasons, the methodology used to 

extract DNA from forensic evidence can make the difference between obtaining 



an interpretable DNA typing result or no usable results at all (Laber et al. 1992, 

Comey etal. 1991). 

Restriction Fragment Length Polymorphisms 

Although the Restriction Fragment Length Polymorphisms (RFLP) 

technology (fig. 1) has been the mainstay in DNA typing applications for the 

last decade and it is still the most discriminating testing available (Budowle 

1988), this study will focus on Polymerase Chain Reaction (PCR) 

methodologies. PCR methods provide a rapid result, even with small and 

degraded samples. It can also be anticipated that in the future, with the 

characterization of more polymorphic PCR loci, this approach to DNA typing 

will become at least as discriminating as RFLP. PCR-based techniques also 

more readily lend themselves to automation, which will provide higher sample 

throughput and a reduction in the possibility of human error. 

DNA molecules within chromosomes are comprised of two single strands 

of DNA wound together in a helical fashion. Each DNA strand is composed of 

the four different nucleotides: deoxyadenosine monophosphate (A), 

deoxythymidine monophosphate (T), deoxycytidine monophosphate (C), and 

deoxyguanosine monophosphate (G) (fig.2). The two strands of a DNA double 

helix associate with each other in a predictable manner, governed by the 

chemical properties of their nucleotides, so that the adenine hydrogen bonds 

with the thymine and the cystosine hydrogen bonds with the guanine (fig. 3). 

The order of the nucleotide bases determines functional sequences which are 



Figure 1 Restriction Fragment Length Polymorphism (RFLP). First the DNA 

from known reference samples and evidence is isolated by lysing cellular 

components in buffer and digested by deproteinating with Proteinase-K. For 

mixtures containing spermatozoa, following removal of the epithelial cell 

fraction a differential extraction is performed using DTT in adition to 

Proteinase-K. To determine the quantity and quality of DNA present, a yield 

gel is performed using electrophoresis. Second, the purified DNA is digested 

with Haelll and the success of that digestion measured by a test gel. Third, the 

DNA is subjected to electrophoresis. Fourth, the DNA from the gel is 

transferred onto a nylon membrane. Fifth, a probe (sequence of DNA 

complementary to a human locus labeled either radioactively or 

chemiluminescently) is added to the membrane. Sixth, X-ray film is placed on 

the probed membrane. Where the probe has annealed, energy emitted is seen 

as bands on the developed film. Seventh, the known reference samples and 

evidence samples are computer imaged using the molecular size markers for 

base pair size determination. 
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Figure 2 Single Strand of Deoxyribonucleic Acid (figure adapted from 

Baechtel, S, DNA Typing in the Forensic Laboratory). 
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Figure 3 Base pairing arrangements of DNA with hydrogen bonding 

represented by dashed lines showing C-G base pairing stabilized by three 

hydrogen bonds and the A-T base pairing by two hydrogen bonds (figure 

adapted from Budowle, 1988). 
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called genes. In addition to these coding regions of genomic DNA, there are 

regions of non-coding multiple repeats of short nucleotide sequences. The 

number of repeats of many of these non-coding sequences are highly variable 

at many loci within the human genome. Because the number of repeats at a 

locus is inherited in a Mendelian fashion, they are considered codominate 

alleles and each allele can be identified based upon its base pair size. A class 

of repeat sequences which are each confined to a single locus on homologous 

chromosomes (fig. 4), and which have proven to be very useful for human 

identification analyses are called Variable Number Tandem Repeat (VNTR) 

sequences (Wyman et al. 1980). These were the loci, analyzed by Restriction 

Fragment Length Polymorphism (RFLP), that were first used in the United 

States for forensic DNA analysis. In order to separate the VNTR sequences 

from adjacent chromosomal DNA, restriction endonucleases (or enzymes) are 

used. These enzymes are derived from bacteria and catalyze the cleavage of 

double-stranded DNA at specific recognition sites along its length. The 

enzyme chosen for forensic samples in the U.S. is Haelll (Budowle et al. 1990) 

which has several advantages over other restriction enzymes. It recognizes 

and cuts the DNA in this four nucleotide sequence GGCC. The digestion with 

Haelll generates smaller DNA fragments because there is less flanking non-

polymorphic DNA than with the five or six nucleotide recognition enzymes, 

such as Pstt, which was originally used in the United States on forensic 

casework. With the smaller generated fragments, the more likely subtle 
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Figure 4 Length Polymorphisms. These are used in Restriction Fragment 

Length Polymorphism (RFLP) analysis of Variable Number Tandem Repeats 

(VNTRs) where each VNTR region is usually thousands of base pairs in length, 

Amplified Fragment Length Polymorphism (AMP-FLPS) analysis where the 

amplified sequence is hundreds of base pairs in length i.e. D1S80, and Short 

Tandem Repeat analysis where the analyzed region is usually less than one 

hundred base pairs (figure adapted from Inman et al., An Introduction to 

Forensic DNA Analysis, 1997, CRC Press). 
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genetic differences (observed as fragment size variants) can be resolved. 

Haeill is also an extremely robust enzyme (Blakeslay et al. 1977), not readily 

inhibited by foreign compounds which might be extracted with DNA from 

evidentiary material (Budowle 1988). Finally, the ability of Haelll to recognize 

and cleave its restriction site, regardless of the methylation status, assures that 

DNA derived from different tissues of an individual will not produce different 

fragment patterns due to inter-tissue differences in the methylation level. The 

VNTR fragments encoding tfaelll restriction are usually less than fifteen 

thousand base pairs in length for the forensic loci used. However, to ensure 

random cleavage within the VNTR region, the average fragment size 

necessary to obtain a RFLP banding pattern is 20,000 to 25,000 base pairs in 

length including the VNTR and flanking DNA. The VNTR loci used have a 

heterozygosity rate of more than ninety-five percent; therefore, usually two 

alleles, seen as bands, are observed for each individual. Several different 

VNTR loci are routinely analyzed from each body fluid stain extract (Giusti et 

al.1986, Kanter et al. 1986). Combining the results from four or more VNTR 

loci, the power of discrimination of these Restriction Fragment Length 

Polymorphism analyses approaches 100 percent. That is, the profile 

developed can be considered virtually unique to that individual (or a very close 

genetic relative.) 

When analyzing the highly polymorphic Variable Number Tandem Repeat 

(VNTR) loci commonly used for Restriction Fragment Length Polymorphism 
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(RFLP) testing, separation of DNAs from different donors in a mixed stain 

containing victim DNA (usually from epithelial cells such vaginal, buccal, or 

skin) and DNA from a spermatozoa donor or donors is not crucial. This is true 

because VNTR loci may have in excess of one hundred different alleles in each 

of the major U.S. racial populations, and it is usually readily apparent which 

bands represent alleles of the victim, even if a complete separation between 

epithelial cell and spermatozoa components is not accomplished (fig. 5). 

Combined DNA Index System 

RFLP results are now routinely accepted in courts across the United 

States and have proven reliable, highly discriminating and amenable to the 

Federal Bureau of Investigation's (FBI) Combined DNA Index System (CODIS) 

program. CODIS is an information repository of DNA profiles. It contains 

national, statewide, and local databanks of DNA data on convicted felons as 

well as evidence from past and ongoing investigations. As of summer 1997, 

forty nine states have statutes that legislate the collection of a biological 

sample usually in the form of a blood sample from convicted felons. 

Approximately one hundred forty two thousand convicted offenders have been 

typed to date (FBI, 1997). Also crime laboratories across the country generate 

DNA profiles from evidentiary stains at crime scenes and enter these DNA 

profiles into CODIS. By searching these databases for similar profiles, it is 

possible to successfully link convicted offenders to offenses (one hundred 

seventeen matches reported to date) and cases to other cases (one hundred 
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Figure 5 RFLP aiutoradiograph from sexual assault casework with results of 

the analysis of the D4S139 locus. Lanes 1, 5, and 8 are molecular size 

markers. Lane 2 is the control standard K562. Lane 3 is the victim's reference 

blood. Lane 4 is the vaginal swab epithelial cell fraction (matches victim). 

Lane 6 is the spermatozoa cell fraction (matches victim and suspect). Lane 7 

is the suspect's reference blood. 
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thirty eight matches reported to date) even when no other associations exist 

(FBI,1997). 

The RFLP technology employed, however, is costly, labor intensive and 

may require two to six weeks to complete a full DNA profile. Also, a relatively 

large stain yielding at least fifty to one hundred nanograms (ng) of human DNA 

is required, and the DNA isolated must also be of high molecular weight. The 

RFLP alleles detected are considered to be continuous alleles because the 

exact number of repeat units are not resolved by the methods used. Although, 

numerous alleles are possible at one locus. These different alleles may be 

indistinguishable from each other. Computer imaging is used to produce an 

estimated base pair size of each allele by comparing the alleles to a known 

molecular size standard (fig. 5). Even though visually, the alleles from two 

different samples appear to be the same, specific criteria must be used to 

determine if the sizing data obtained confirm this visual match, rather than the 

clear differentiation of the DNA types obtained when the alleles are discrete. 

Polymerase Chain Reaction 

The application of Polymerase Chain Reaction (PCR) technology to DNA 

typing overcomes many of the limitations associated with RFLP testing (Comey 

1988). It is rapid, less costly, less labor intensive, provides discrete allele 

resolution, has minimal measurement error, and can be performed on very 

small stains yielding as little as one ng of DNA or less. Also, the markers are 

generally detected as discrete alleles, in that the methods used clearly 
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differentiate the types. PCR is also much less affected by degradation of the 

DNA in the sample. Whereas the analysis of RFLP loci relies on the presence 

of intact genomic DNA in the twenty thousand base pair range, the alleles of 

the loci used for PCR-based testing are usually only between one hundred and 

six hundred base pairs in length excluding the flanking and primer DNA 

regions. 

PCR (Saiki et al. 1985) uses a thermostable DNA polymerase such as 

Taq Polymerase (Saiki et al. 1988) to amplify targeted DNA segments by a 

series of heat denaturations, primer annealings and primer extensions. Heat 

denaturation converts the double-stranded DNA molecule to its single-stranded 

form (fig. 6). The temperature is then lowered, allowing primers to anneal to 

complementary regions of the single-stranded DNA template. When the 

temperature is then raised to 72° C, the optimum for the Taq Polymerase, 

complementary strands are synthesized using the annealed primers as the 

initiation sites. This process of denaturation, annealing and extension is 

repeated for twenty-nine or more cycles, producing many copies of the original 

sequence of interest (fig. 7). The number of copies of an amplified product is 

equal to (x)(2n) where x is the original number of copies prior to amplification 

and n is the number of cycles. If x equals 50, the number of copies of each 

allele in 50 cells, (350 pg of genomic DNA assuming 7 pg DNA per cell) and 

the number of cycles is 30 then at the end of the PCR cycling, there will be 

1.07x 1011 copies of each allele at the amplified locus. 
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Figure 6 PGR amplification of isolated target DNA. First, DNA is heat-

denatured at approximately 95* C. Second, the temperature is lowered and the 

primer (known sequences of DNA flanking the region to be amplified) anneals 

to its complement. Third, nucleotides are added by the Taq polymerase to form 

two new strands of DNA at the end of round 1. See figure 7 for round 2. 
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Figure 7 Round two of PCR amplification of target DNA. The process is 

repeated up to thirty-two times to produce millions of copies of the 

polymorphism of interest (figures adapted from Inman et al., An Introduction to 

Forensic DNA Analysis, 1997, CRC Press). 
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The sequences targeted to be amplified commonly have polymorphisms 

of either of two different types. First, the number of tandemly repeated 

sequences at a locus can be variable, similar to that observed for the VNTR 

loci. However, the repeated sequences at these loci are much shorter in length 

than those of VNTR loci, making these more amenable to PCR. Such 

polymorphisms detected by PCR are called Amplified Fragment Length 

Polymorphisms (AMP-FLP) or Short Tandem Repeat (STR) polymorphisms. 

For example, for the D1S80 AMP-FLP locus (Kasai et al. 1990), the core 

repeat is sixteen base pairs in length except for the fourteen base pair first 

repeat. The individual D1S80 alleles vary by the number of repeat units 

between the PCR primer binding regions. The largest alleles, though rare, can 

have more than forty repeats, giving an amplified product which is greater than 

six hundred nucleotides in length. The individual alleles detected are 

considered discrete alleles rather than the continuous range of alleles 

observed with the VNTRs. The D1S80 AMP-FLP combines the advantages 

inherent in PCR methods, such as the ability to analyze limited quality and 

quantity of DNA, with the greater genetic variation generally seen at VNTR loci 

(Budowle et al. 1991, Hochmeister et al. 1991). The power of discrimination 

obtained from D1S80 analysis is not as great as that achieved with RFLP 

testing, however, particularly because the two alleles designated 18 and 24 are 

common among many people in some racial groups. If these alleles are 

present in the samples being analyzed, discrimination is significantly reduced. 
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PCR can also amplify a region containing a single base pair or multiple 

base pair polymorphism of the substitution variety, making these loci also very 

suitable for analysis. The HLA DQA1 locus was used for the first widely applied 

forensic test based upon PCR analysis of a DNA polymorphism and this locus 

has up to seven alleles detectable. These alleles are also discrete alleles. 

Another group of loci with sequence specific alleles are the basis for the 

AmpliType® PM analysis. Each of the PM polymorphisms has two or three 

possible alleles. As with the analysis of the DQA1 locus, detection is by the 

reverse dot blot protocol (Saiki et al. 1989). With this method, sequence-

specific oligonucleotide probes are crosslinked to "spots" on nylon strips and 

the hybridization of the PCR product to the strips produces a pattern of dots 

which is used to determine the DQA1 and PM alleles present. During 

hybridization, the PCR product binds to the specific probes on the strip in a 

sequence-specific fashion. Horseradish peroxidase streptavidin enzyme 

conjugate binds to the probe and the alleles present are read on the strips as 

blue dots (fig. 8). PCR-based testing does have some limitations. For 

example, because of the limited number of alleles at each of these loci, results 

obtained from mixed sources of human DNA may be difficult to interpret. 

For any of these loci, the power of discrimination depends upon the 

number of loci tested and the level of polymorphism which is observed at each 

locus. As more PCR loci are developed for forensic purposes, the overall 

power of PCR testing discrimination will increase. Particularly promising are 
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Figure 8 Reverse dot blot. The amplified PCR product containing a biotin 

label in the primers is added to a nylon membrane onto which sequence-

specific probes are immobilized. The two hybridize if they have complementary 

sequences. The bound PCR product is detected using an avidin-horseradish 

peroxidase (HRP-conjugate). The genetic variants are represented as different 

patterns of blue dots (figure adapted from Cetus Corporation). 
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the Short Tandem Repeat (STR) polymorphisms (Edwards et al. 1991; 

Edwards et al. 1992). STR polymorphisms are similar to the D1S80 locus 

described, except that the tandem repeat unit is usually three or four base pairs 

and is repeated from a few to dozens of times (fig. 4). Multiplexing or PCR 

amplification of several different STR polymorphisms can be performed 

simultaneously in the same tube (Bever et al. 1994, Kimpton et al. 1993). 

Multiplexing, therefore, reduces time, materials, labor, and most importantly 

evidentiary sample by requiring much less DNA to obtain a highly 

discriminating STR profile. Depending upon the STR, there are usually five to 

twenty alleles present at each locus in the populations studied. As more of 

these are characterized and developed for forensic applications, the 

discriminating power of these PCR-based STR multiplex polymorphisms should 

meet or surpass that of current RFLP data. Still, since the number of alleles for 

the individual STR polymorphism is generally far less than that at VNTR loci, 

the separation in mixed samples of spermatozoa DNA and epithelial cell DNA 

(e.g. rapist from victim) will be more crucial to the interpretation of PCR-based 

test results. 

Also, now that CODIS has recently been updated to include PCR STR 

databases, it is imperative that clearly interpretable data, especially from the 

mixed evidentiary stains, is produced for entry into the relevant databases. An 

unambiguous STR genotype must be determined to readily allow subsequent 

useful searches of these large databases. The individual STR polymorphisms 
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that are presently characterized for this purpose have a four base pair core 

repeat. STR loci are commonly hundreds of base pairs in length versus the 

multiple kilobase in length size range of RFLP loci. Thus far, each STR locus 

characterized has been found to have twenty or fewer alleles with many of the 

loci having very common alleles. Because oftentimes the victim and suspect 

may be expected to share common alleles, this makes the assignment of 

spermatozoa and epithelial cell alleles potentially ambiguous, unless a 

complete separation of DNA in mixed samples is achieved prior to typing. 

Without a clear interpretation of assailant STR genotypes, the power of CODIS 

and its ability to match PCR-based STR typings, thereby linking cases to a 

single assailant and/or other evidentiary samples, will be diminished. 

Objectives and Goals 

This study focused on the development of a successful DNA processing 

methodology for use on forensic samples comprised of mixtures of human 

epithelial cells and spermatozoa from two different contributors. Polymerase 

Chain Reaction (PCR) amplification of the D1S80 locus, detected by 

polyacrylamide gel electrophoresis (PAGE) and silver staining (Budowle et al. 

1991), was used to assess the effectiveness of the spermatozoa and epithelial 

cell separation. The D1S80 locus was chosen for several reasons. First, of 

the loci most commonly used for forensic PCR-based DNA typing (which 

include DQA1, five Polymarker® and several STR polymorphisms), the D1S80 

locus is by far the most polymorphic (Budowle et al. 1995). D1S80 has more 
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than twenty-nine identified alleles, and a power of discrimination ranging from 

0.95 to 0.98 for the three major U.S. racial population groups (Caucasians, 

African Americans, and Hispanics). Based on a sampling from Texas 

populations (Budowle1997), the observed heterozygosities for the D1S80 

locus are 87.6% for African Americans, 80.2% for Caucasians, and 83.3% for 

Southwestern Hispanics. 

Second, as little as 400 pg of DNA is required to reliably obtain a D1S80 

type. Below this threshold, stochastic effects may occur. Analyzing a small 

quantity of target DNA (less than 400 pg), can allow one allele to be amplified 

preferentially (Baechtel et al. 1995). If this occurs, a sample from a true 

heterozygote, which should demonstrate a two banded pattern, may appear to 

be a homozygote because only one allele was amplified and only that band is 

observed following gel electrophoresis and staining. Another way that allele 

dropout can manifest itself is observed when the two alleles are very disparate 

in size. The longer allele may drop out (not be detected) due to previous 

degradation of the target DNA sample to an average size below that of the 

allele in question, but still longer than the shorter allele. Another difficulty 

encountered with forensic samples is inhibition of the Taq polymerase. 

Because Taq polymerase has a processivity limitation,this can result in shorter 

sequences of DNA being amplified more efficiently than longer sequences, 

When this occurs one allele may be preferentially amplified, particularly in 

systems such as D1S80 which have a wide range of allele sizes. This 
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inhibition of the Taq polymerase is usually caused by compounds co-purified 

when the DNA is isolated. For forensic samples, the automatic addition of the 

inert protein bovin serum albumin (BSA), or reducing the quantity of input DNA 

and diluting the inhibitor, often prevents inhibition of the Taq polymerase. Other 

potential causes of preferential amplification, such as the increase in the 

required template denaturation temperature due to G-C-rich regions, would not 

be expected to occur in an optimized PCR system. 

Based upon the sensitivity, ease of amplification and high degree of 

polymorphism as demonstrated by the observed heterozogote percentage, the 

D1S80 locus has a great likelihood of detecting the presence of DNA mixtures. 

Thus it can be an excellent gauge of successful separation. Additionally, it has 

a larger base pair length difference between its smaller and larger alleles than 

the STR loci. Therefore, any problems of preferential amplification or allele 

dropout due to degradation or the presence of polymerase inhibitors should be 

apparent. 

Biological materials consisting of mixtures containing spermatozoa were 

evaluated. DNA was extracted by a nonorganic method (Grimberg et al. 1989), 

which was first analyzed using the RFLP methodology, then was precipitated 

and amplified using the D1S80 protocol. This nonorganic extraction technique 

was originally chosen over the FBI's organic extraction method (Giusti et al. 

1986) when parallel testing using RFLP analysis was performed on 

nonprobative casework samples. On highly compromised, spermatozoa-
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containing swabs stored up to ten years at room temperature, the nonorganic 

extraction method produced some usable RFLP typing results, whereas, the 

FBI's organic extraction method produced either no results or a significantly 

decreased quantity and quality of high molecular weight DNA (Reznicek et al 

1993) (figure 9). When DNAs from nonorganic extracts were precipitated, and 

these samples were amplified at the D1S80 locus, the results were then 

compared to the previously obtained RFLP results. D1S80 alleles were 

detected using ultrathin high resolution vertical polyacrylamide gel 

electrophoresis (PAGE) followed by silver staining. As expected, given the 

increased sensitivity of PCR-based systems, some RFLP data demonstrating a 

separation between the epithelial cell and spermatazoa DNA donors was 

observed as mixtures with the D1S80 typing results. 

For this study, several sets of swabs containing mixtures of DNA from 

epithelial cells and varying quantities of spermatozoa were extracted using a 

modified nonorganic extraction protocol. Results were assessed by 

determining the quantity of spermatozoa and DNA yield, success of 

amplification at the D1S80 locus, ability to separate the epithelial cell and the 

spermatozoa fractions, and the quality of the final D1S80 typing results. 

Two methods for DNA purification from the known comparison blood 

samples were used. A nonorganic extraction method was used and a rapid 

extraction method using FTA™ cards was also evaluated for use with known 

blood stains. The FTA™ system using FTA™- treated paper has several 
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Figure 9 Comparison of nonorganic and organic extraction procedures on 

aged vaginal swabs containing spermatozoa. The total DNA yield from thirty-

seven paired swabs stored at room temperature for up to ten years is 

represented. 



O) o> 
c - c . 
O 0 
2 CC 
< Q 
0 2 
£ ° 
o z 

32 

H I § 
- J > 
O 5 

s o 
cc 

tA j u g 

« K 
3 III 
N flQ 
Si s 



33 

advantages (Belgrader et al., 1996). These include the ability to archive blood 

stains at room temperature for long term storage, the facilitation of automation 

of the testing process and overall cost reduction. The DNA is immobilized 

within the paper, blood-borne pathogens are killed, and future colonization by 

bacteria or fungi is prevented. A simple one tube DNA extraction technique of 

the immobilized sample DNA also reduces the potential for sample mix-up or 

cross-contamination between samples. 

The primary goal is to establish an extraction protocol for use on mixed 

forensic evidence stains containing spermatozoa which will more efficiently 

separate the DNA from the spermatozoa and the DNA from the epithelial cell 

fraction, while still obtaining the greatest quantity of high quality DNA suitable 

for PCR amplification of the D1S80 locus. With this goal achieved, subsequent 

analysis of STR loci following validation (TWGDAM 1991,1995) should 

produce interpretable data for entry into the FBI's CODIS system. 



CHAPTER 2 

MATERIALS AND METHODS 

Reference Bloods and Swabs 

For the reference blood samples tested, each blood sample was drawn 

by venipuncture into an ACD or EDTA vacutainer tube. A portion of the blood 

sample was spotted onto sterile cotton cloth and/or 2 pi of blood was pipetted 

onto a 2 mm FTA™ punch (Fitzco Inc., Maple Plain, MN). The blood stain was 

allowed to air dry for a minumum of 1 h to overnight in a chemical fume hood. 

The cloth blood stains were stored at -20'C and the FTA™ card stains were 

stored at room temperature. 

The mixed semen-stained vaginal swabs to be tested were air dried, 

then maintained at -20'C until analysis was begun. For additional mixed 

samples, semen collected was aliquoted onto saliva swabs or vaginal swabs, 

air dried, then maintained at -20* C until analysis. A listing of the biological 

samples and their corresponding D1S80 types are compiled in table 1. 

Materials 

All the buffers used in the following nonorganic extraction methods were 

made in the laboratory unless indicated otherwise. The Cell Lysis Buffer and 

the Protein Lysis Buffer for the nonorganic extraction protocol can also be 
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Table 1 A listing of the biological samples analyzed and their respective code 

designations. The blood samples analyzed are donor #s 1-14. Swab samples 

analyzed contain mixtures of epithelial cell and spermatozoa. 
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Biological Samples 

Blood sample Mixed samples: epithelial cells 
Set# donor# and spermatozoa 

Set I 1 (Female) la lb Ic Id Ie If 

2 (Male) 

Set II 3 (Female) Ha lib lie lid lie Ilf 

4 (Male) 

Set III 5 (Female) nia nib IIIc Hid Hie 

6 (Male) 

Set IV 3 (Female) IVa IVb IVc IVd IVe 

7 (Male) 

Set V 1 (Female) Va Vb Vc Vd 

4 (Male) 

Set VI 8 (Female) Via VIb VIc VId 

9 (Male) 

Additional Blood Samples 

10 
11 
12 
13 
14 
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purchased from Lifecodes Corporation of Stamford, CT. The TAE and TBE 

buffers and the buffers used for both hybridization and chemiluminescent 

detection were purchased from GIBCO BRL of Gaithersburg, MD. 

Nonorganic Isolation of Blood Stains on Cloth 

Each 25 pi dried blood stain on cotton cloth was cut into small pieces 

and placed into a 1.5 ml microcentrifuge tube. To the tubes, 1.5 ml of ice-cold 

Cell Lysis Buffer (CLB: 0.32 M sucrose, 10 mM Tris pH 7.6, 5 mM MgCh, 1% 

Triton X100) was added and incubated on ice for 5 to 10 min, vortexed 

occasionally, then centrifuged for 30 s at 14,000 rpm. The supernatants were 

decanted. Additional CLB was added and the procedure repeated two 

additional times. This was followed by one wash step with ice-cold Protein 

Lysis Buffer (PLB: 10 mM Tris pH 7.4,10 mM NaCI, 10 mM EDTA). Following 

PLB decantation, 225 pi PLB and 25 pi Proteinase K solution (10 mg/ml) 

(Promega, Madison, Wl) were added to each sample and incubated with 

occasional vortexing for 2 to 3 h in a 65* C waterbath. The tubes were 

centrifuged at 14,000 rpm for 2 min and the supernatant was removed to 

another 1.5 ml microcentrifuge tube. These tubes were centrifuged to remove 

particulate matter and the supernatants transferred to new microfuge tubes. 

Ethanol Precipitation of Extracted DNA 

To the DNA in the microcentrifuge tube, 150 pi 7 M lithium chloride was 

added to each, vortexed, and placed on wet ice for 10 min. The tubes were 

then centrifuged for 10 min at 14,000 rpm to pellet proteins. For each sample, 
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the supernatant was pipetted into a new 1.5 ml microcentrifuge tube and the 

protein pellet was discarded. The DNA for PCR analysis was ethanol-

precipated by incubation of the DNA supernatant with 1 ml 95% ethanol at 

room temperature for 20 min, then centrifuged for 20 min at 14,000 rpm. The 

supernatant was decanted and the DNA pellet rinsed with 70% ethanol at room 

temperature and then centrifuged for 5 min at 14,000 rpm. The supernatant 

was decanted and the remaining ethanol removed with a micropipette tip. The 

pellet was dried in a Speed Vac® vacuum concentrator for approximately 10 

min until the DNA pellet was dry. The DNA pellet was resuspended in 200 pi 

of TE"4 buffer (10 mM Tris base, 0.1 mM Na2EDTA). 

DNA Quantification - Yield Gel 

For yield gel quantitation, an 8 pi aliquot was mixed with 2 pi 5X bromophenol 

blue loading buffer containing 10% glycerol and 0.02% bromophenol blue and 

loaded into a 1% agarose minigel to which 5 pi of 0.5 mg/ml ethidium bromide 

was added. Yield gel quantitation standards of 200 ng, 100 ng, 50 ng, 20 ng, 

12.5 ng, and 6 ng of human DNA (AGTC, Inc., Denver, CO) were loaded into 

wells of the gel and used to estimate the quantity of high molecular DNA in 

each test sample. Electrophoresis was carried out at 200 V for 8 min in a 

minigel tank (GIBCO BRL, Gaithersburg, MD) using 120 pi IXTAE buffer (0.04 

M Tris base, 0.019 M glacial acetic acid, 0.025 M EDTA). Photographs of the 

gel were produced with a Kodak Quick Shooter® on a transilluminator for use 

as visual quantitation estimates. 
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FTA™ Gene Guard System for Blood Stains 

Using the FTA™ Gene Guard System (Fitzco Inc., Maple Plain, MN), a 2 

|j| EDTA-collected whole blood sample was spotted onto an FTA™ punch (a 

circular piece of FTA™ paper 0.2 mm in diameter), pre-loaded into PCR tubes, 

and allowed to dry for at least 1 h before processing. To the tube, 200 pi of 

FTA™ Purification Reagent was added and the tube was then vortexed at low 

speed 1-2 seconds. The tubes were allowed to sit for 5 min at room 

temperature with a brief vortexing midway through the incubation, followed by 

vortexing and careful removal of as much as possible of the Purification 

Reagent by decanting or pipetting. Additions of FTA™ Purification Reagent, 

vortexing and incubation were repeated for two additional times for a total of 

three washes. After removal of the FTA™ Purification Reagent, 200 pi of TE"4 

buffer were added followed by vortexing 1-2 s at low speed. The tubes were 

allowed to sit for 5 min at room temperature with a brief vortexing midway 

through the incubation. The TE"4 buffer was decanted and the TE"4 wash, 

vortexing, and incubation repeated. Following the second removal of TE"4, the 

FTA™ paper punch was allowed to completely air dry for approximately 1 h at 

room temperature or 30 min at 60° C. The purified immobilized DNA was then 

ready for the addition of the D1S80 amplification mix. No quantification was 

performed on these extracted samples. 

The DNA in the FTA™ punch was then re-amplified following the first 

amplification by removing the amplified product. The paper punch was washed 
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with TE"4 followed by a wash with 100% ethanol. The punch was allowed to 

dry at 80° C for 30 min arid was ready for a second amplification at the D1S80 

locus. 

Nonorganic Differential Extraction of Spermatozoa-Containing Stains 

A 1 cm2 dried stain or one half to one swab was cut into small pieces 

and placed into a 1.5 ml microcentrifuge tube. To the tubes, 1.5 ml of ice-cold 

Cell Lysis Buffer (CLB: 0.32 M sucrose, 10 mM Tris, pH 7.6, 5 mM MgCI2,1% 

Triton-X 100) was added and the tubes were incubated on ice for 5 to 10 min, 

vortexedoccasionally, thencentrifugedfor30sat 14,000rpm. The 

supernatants were decanted. Additional CLB was added and the procedure 

was repeated for one additional time followed by one wash with 1.5 ml ice-cold 

Protein Lysis Buffer (PLB: 10 mM Tris, pH 7.4,10 mM NaCI, 10 mM EDTA). 

Following PLB decantation, 225 pi PLB and 25 pi Proteinase K (10 mg/ml) 

were added to each sample and incubated with occasional vortexing for 2 h in 

a 65 C waterbath. Tubes were centrifuged at 14,000 rpm for 2 min, then the 

supernatant and liquid soaked into the swab or fabric was removed with a 

sterile pipette tip to another 1.5 ml microcentrifuge tube. 

This tube was centrifuged at 14,000 rpm for 2 min and all of the 

supernatant except for 50 pi was transferred to a new 1.5 ml microcentrifuge 

tube. This fraction contains primarily the epithelial cell DNA fraction. From the 

50 pi collected particulate fraction, a 3 pi aliquot was smeared onto a glass 

slide, stained and assessed for the presence and number of spermatozoa 
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present. If no spermatozoa were observed, no further analysis was conducted 

on this fraction. To the tube containing the fabric or swab, pre-warmed PLB 

was added. This was then vortexed, centrifuged for 2 min at 14,000 rpm and 

the supernatant discarded. This PLB washing process was repeated for a 

minumum of two additional times. Following decantation, a solution of 223.0 fjl 

PLB, 2.5 pi DTT (0.5 M), and 25.0 pi Proteinase K (10 mg/ml) were added to 

the fabric or swab and this was incubated for 2 h at 65* C with frequent 

vortexing of the tube. Following incubation, the supernatant, which contained 

primarily DNA originating from the spermatozoa, was transferred to a new 1.5 

ml microcentrifuge tube. 

Ethanol DNA precipitation 

To the DNA solutions in the microcentrifuge tubes, 150 pi 7 M lithium 

chloride was added to each, and these were vortexed and placed on wet ice for 

10 min. The tubes were then centrifuged for 10 min at 14,000. rpm to pellet 

precipitated proteins. The supernatant from each sample was pipetted into a 

new 1.5 ml microcentrifuge tube and the protein pellet was discarded. The 

DNA for PCR anlysis was ethanol precipitated by incubation of the DNA 

supernatants with 1 ml 95% ethanol at room temperature for 20 min. The 

mixtures were then centrifuged for 20 min at 14,000 rpm. The supernatant was 

decanted, the DNA pellet rinsed with 70% ethanol at room temperature, and 

then centrifuged for 5 min at 14,000 rpm. The supernatant was decanted and 

the remaining ethanol removed with a micropipette. The pellet was dried in a 
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Speed Vac® vacuum concentrator for approximately 10 min until the DNA pellet 

was completely dry. The final DNA pellet was resuspended in 40 |jl to 60 |jl of 

TE"4 buffer. 

Modified Nonorganic Differential Extraction of Swabs 

The following modifications to the nonorganic differential extraction 

technique described above were used. After decanting the Cell Lysis Buffer 

(CLB) following the first wash, 500 pi CLB was added to the swab. Following 

the second CLB wash, the swab was transferred into the basket of a SPIN 

EASE™ extraction unit (GIBCO BRL, Gaithersburg, MD) using a sterile pipette 

tip and centrifuged at 14,000 rpm for 2 min. The basket was removed and the 

supernatant discarded. The basket was replaced and 500 pi PLB was added 

to the basket and swab, then vortexed and incubated for 10 min on wet ice. 

The tube was centrifuged at 14,000 rpm for 5 min. The basket was discarded 

and the swab retained for possible future analysis. The supernatant was 

removed . A solution of 360 pi PLB, 40 pi Proteinase K solution (10 mg/ml) 

was added to the pellet. The tube was incubated for 2 h and vortexed 

frequently. The tube was centrifuged at 14,000 rpm. The supernatant was 

removed, leaving approximately 50 pi on the pellet, and transferred into a new 

tube. This supernatant contained primarily the epithelial cell fraction of DNA. 

From the pelleted material, 3 pi was smeared onto a clean glass slide, stained, 

and analyzed microscopically for the presence and quantity of spermatozoa. 

The number of spermatozoa present in the pellet was estimated from the 
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quantity observed in the 3 pi aliquot. To the remaining pellet portion, 1 ml of 65 

C pre-warmed PLB was added to the tube, followed by vortexing, centrifuging 

for 5 min at 14,000 rpm, and decanting the supernatant. This was repeated for 

3 additional times. A solution of 223.0 JJI PLB, 2.5 (Jl DTT (0.5 M), 25 jjl 

Proteinase K (10 mg/ml) was added to the pellet and incubated at 65° C for 2 h 

with frequent vortexing. Following incubation, the tube was centrifuged for 5 

min and the supernatant transferred into a new microcentrifuge tube. This 

fraction contained DNAfrom the spermatozoa component of the mixed sample. 

Second modification of the Differential Extraction method of Swabs 

Following epithelial cell lysis with Proteinase K and the retreival of a 

pellet aliquot, 225 ml PLB and 25 pi Proteinase K were added to the pellet and 

incubated at 65' C for an additional 1 h. Following this incubation, a second 

epithelial cell fraction was retreived. The pellet was washed as described with 

PLB and the remainder of the procedure completed. 

Microcon 100® DNA purification 

The DNA fraction and 100 pi TE"4 buffer were added to the top of a 

Microcon 100® concentrator unit (Amicon, Beverly, MA) (fig. 10). The 

concentrator was capped and centrifuged at 500 X g for 10 min. The 

concentrator unit was removed and the filtrate fluid was discarded. The 

concentrator unit was then replaced into the filtrate cup. To the concentrator, 

200 \s\ TE"4 buffer was added. The tube was capped and centrifuged at 500 X 
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Figure 10 Use of the Microcon 100® DNA purification system. First, the 

concentrator unit is inserted into the filtrate vial. Second, after centrifugation, 

the filtrate vial fluid is discarded. Third, the concentrator unit is inverted into a 

new retentate vial for recovery of the concentrated DNA. Fourth, the DNA 

sample is stored in the retentate vial (figure adapted from the AMICON 

operating manual). 
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g for 10 min. To the concentrator, 40 pi TE"4 buffer was added. The 

concentrator was removed from the filtrate cup and inverted into a labeled 

retentate cup. The filtrate cup was discarded. The concentrator assembly was 

centrifuged at 500 X g for 5 min. The concentrator was discarded and recovery 

volumes ranged from 40 pi to more than 60 JJI. 

DNA Quantification 

DNAfrom each of the swab extracts was quantified by hybridization to 

the human alphoid probe D17Z1 using the ACES™ 2.0 Human Quantitation 

System (GIBCO BRL, Gaithersburg, MD). From each of the DNA standards 

(40 ng, 20 ng, 10 ng, 4 ng, 2 ng, 1 ng, 0.4 ng, 0.2 ng, 0.1 ng, 0.04 ng, and 0 

ng) 10 pi were added to 1.5 ml microcentrifuge tubes. From each sample 

extract, 10 pi was also pipetted into a 1.5 ml microcentrifuge tube. Into each 

tube, 100 pi of 0.5 M NaOH, 0.5 M NaCI was aliquoted and incubated at room 

temperature for 5 to 10 min. All samples were loaded into their appropriate 

wells in the slot blot apparatus (BioRad, Richmond, CA) and immobilized onto 

BioDyne® A nylon membrane (GIBGO BRL, Gaithersburg , MD). Vacuum was 

applied until all sample wells were empty. Into each well of the slot blot 

apparatus, 400 pi of 0.5 M NaOH, 0.5 M NaCI was added and a vacuum 

applied until all wells were empty. The membrane was removed from the 

apparatus and neutralized in 100 ml of 0.2 M Tris , 2X SSC for 5 min. The 

membranes were partially dried , until only damp, at 65 C (usually for 2 to 3 

min) and UV crosslinked at the optimal setting. 
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For hybridization and chemiluminescent detection, 15 ml hybridization 

solution (0.5 M sodium phosphate pH 7.2 , 0.5 % Tween 20,1% hammersten 

casein, 0,02% sodium azide) and 200 ml 2 X Wash Buffer (0.1 M sodium 

phosphate pH 7.2 , 5% Tween 20) were pre-warmed to 50° C. Final Wash 

Buffer (1 M Tris-HCI, pH 7.5,1.5 M NaCI) and Lumi-Phos® Plus (4-methoxy-4-

(3-phosphate-phenyl) spiro (1,2-dioxetane-3,2'-adamantane) and enhancers in 

2-amino-2-methyl -1-propanol hydrochloride buffer were brought to room 

temperature. The membrane was prehybridized at 50" C in 10 ml of pre-

warmed hybridization solution for 20 min. To the remaining 5 ml hybridization 

solution, 2.5 \*\ alkaline phosphatase-labeled human DNA probe was added. 

The pre-hybridization solution was discarded and hybridization solution 

containing the probe was added and allowed to hybridize for 20 min at 50° C. 

The hybridization solution was discarded and the membrane was washed 2 

times for 10 min each with 100 ml pre-warmed 2 X Wash Buffer I at 50"C. The 

membranes were then washed 2 times for 5 min each in 100 ml 1 X Final Wash 

Buffer at room temperature. The membrane was then blotted on Whatman™ 

paper and placed DNA-side up on a piece of clear acetate (C-Line Product 

Inc., Waco, TX). An acetate sheet was added and three sides of the sandwich 

were sealed with a heat sealer. Into the acetate sandwich, 1 ml of Lumi-Phos® 

Plus was pipetted, the air bubbles were removed and the fourth side was 

sealed. The sandwich was placed into an X-ray film cassette and allowed to 

ramp for 1 h to overnight. A piece of XAR-5 film was placed on the sandwich 
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inside the film cassette and allowed to incubate for 15 min to 3 h. The film was 

developed using an automated film processor. DNA concentrations in the 

extracted samples were estimated by comparison to the known standards. 

D1S80 Amplification 

The D1S80 locus was typed using the Perkin-Elmer® AmpliFLP™ D1S80 

PCR Amplification kit containing D1S80 reaction mix and 5 mM MgCI2. The 

GeneAmp PCR System 9600 (Perkin-Elmer, Norwalk,CT) thermal cycler was 

programed for 29 cycles: 15 s at 96° C for denaturation, 15 s at 66" C for 

annealing, and 40 s at 72' C for extension. A final extension time of 10 min at 

72° C was followed by a 4° C hold. As part of the PCR set-up procedure, the 

pre-aliquoted labeled amplification tubes containing 20 pi reaction mix 

(AmpliTaq® DNA polymerase, dATP, dGTP, dCTP, dTTP, buffer, and two 

D1S80 primers) were transferred to a rack inside a special set-up hood 

designated for PCR reaction set-up. Into each reaction tube, 2 pi bovine serum 

albumin (BSA fraction V) obtained from Sigma Chemical Co., St. Louis, MO 

catalog number A3550 and 10 pi 5 mM MgCl2 were pipetted. The tubes were 

removed from the hood and 5 ng or less of DNA extract diluted with autoclaved 

Millipore® water to a volume of 18 pi was added. Five ng of control DNA in 18 

pi was added for a positive amplification control and 18 pi of autoclaved 

Millipore® water was added for a negative amplification control. The carrier 

tray was placed into the heat block of the thermal cycler, the lid closed, and the 
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programmed amplification begun. The amplification was completed in 

approximately 1.25 h. Amplified D1S80 product was stored at -20 C. 

D1S80 Analytical Gel 

The two plates of the BRL- SA32 gel apparatus (GIBCO BRL, 

Gaithersburg, MD) were cleaned, rinsed with water, 100% ethanol, and dried 

with a Kimwipe® wiper. The long plate was placed on 4 to 6 rubber stoppers on 

a level surface. A 1 cm wide strip of Glue Stick was applied to one end of the 

long plate. The surface of the long plate was wetted with water and GelBond® 

PAG film (FMC Corp., Rockland, ME), hydrophobic side down, was rolled flat 

until all air bubbles were removed. Side spacers 0.4 mm thick were placed 

along each side of the long plate. The shorter plate was placed on top of the 

larger plate. The plates were clamped along each side and a rubber stopper 

placed at one end to create a slope for gel pouring. To pour the 0.4 mm gel, 

22.5 Millipore® water, 1.5 ml 10 X TBE (1.0 M Tris base, 0.9 M boric acid, 0.01 

M EDTA), and 6.0 ml Perkin Elmer GeneAmp Detection Gel® concentrate were 

added to a squeeze bottle. Then 300 JJI 10% (w/v) ammonium persulfate (APS) 

and 15 pi tetramethylethylenediamine (TEMED) were added to initiate 

polymerization. The gel mixture was immediately poured between the glass 

plates directly from the bottle, tapping on the glass to dislodge air bubbles. The 

stopper was removed from the end and the plates leveled. The comb was 

clamped into place and the gel allowed to polymerize for 1 h before using. The 

drain on the BRL-SA32 (GIBCO BRL, Gaithersburg, MD) was closed and the 
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clamps and comb removed from the gel. The gel was placed into the BRL-

SA32 apparatus and the clamps tightened. Both the upper and the lower 

chambers were filled with 0.5 X TBE buffer. Each well was rinsed to remove 

unpolymerized acrylamide. The gel was electrophoresed for 20 min at 1000 v 

while preparing the samples. 

From the D1S80 amplified product, 5 pi was added to 1 pi GeneAmp 

Detection Gel loading buffer and 5 |j[ D1S80 ladder (Baechtel et al. 1993) was 

added to 1 pi GeneAmp Detection Gel loading buffer. After electrophoresis, the 

samples were loaded onto the gel using a flat 0.4 mm pipet tip. After loading, 

the voltage was set at 1000 v and electrophoresed for 2 h 15 min. Once 

electrophoresis was complete, the upper tank was drained, the gel cassette 

removed, then the lower tank was drained. 

For silver staining of the gel, the plates of the cassette were first pried 

apart and the GelBond®film with gel side up placed into a rinsing tray and 

covered with 1% (v/v) HNO3. The tray was allowed to shake on an orbital 

shaker for 5 min. The gel was rinsed with Millipore® water for 15-20 s, then 

added to 500 ml 12 mM silver nitrate (AgN03) and placed onto the orbital 

shaker for 20 min. The AgNC>3 was decanted into the waste silver container 

and the gel rinsed copiously with Millipore® water. The gel was covered with 

several changes of 280 mM sodium carbonate, 0.0185% (v/v) formaldehyde 

(Na2C03:formaldehyde) until the bands became visible. When the bands were 

of the desired darkness, the development solution was discarded and replaced 
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with 10% (v/v) acetic acid. The gel was left on the orbital shaker for 5 min, 

then rinsed twice for 5 min in 300 ml Millipore® water followed by a 5 min 3% 

(v/v) glycerol soak. The gel was dried overnight and then covered with 

acetate. 

Interpretation 

The AmpliFLP™ D1S80 allelic ladder consists of 27 alleles and 

includes alleles 14 plus 16-41. The alleles 18, 24, 31, and 34 appear darker 

and facilitate interpretation. Allele 15 was not in the ladder due to its rarity. 

Both the positive and negative controls were run to ensure the proper 

performance of amplification and typing procedures. The negative control 

contained all reagents used during sample set-up and was run concurrently 

with the questioned samples. After amplification, the negative control should 

have no bands present; however, if bands are present, set-up procedures 

where amplification mixtures were prepared and/or reagent purity are suspect. 

The amplified positive control used should contain only alleles 18 and 31. If 

the amplified controls were not as expected, the sample typing was not 

considered valid. 



CHAPTER 3 

RESULTS 

Recovery of DNA from Blood Stains 

In order to evaluate the data obtained from the differential extraction 

techniques applied to the mixed biological samples from volunteers (table 2), 

each volunteer supplied a reference blood sample obtained by venipuncture 

drawn into an ACD and/or EDTA vacutainer tube. Aliquots of their blood were 

spotted onto sterile cloth, air dried, and then extracted using the nonorganic 

extraction protocol followed by ethanol purification. The electrophoresis of 

extracted DNA and human DNA standards provided an estimate of the DNA 

yields. DNA yields obtained from six of these donors are shown in figure 11. 

Approximately five nanograms of DNA from each donor's blood extraction were 

amplified at the D1S80 locus. Results obtained from each blood reference 

sample are shown on the corresponding gels (fig. 12, fig. 13, fig. 16, fig. 18, fig. 

19, fig. 20) 

Using the FTA™ Gene Guard System, several of these same volunteers' 

blood stains were evaluated again, in addition to several other blood samples 

whose D1S80 types were previously determined in the course of normal 

casework analysis. Should the FTA™ Gene Guard System prove reliable, the 

long-term storage and preservation of blood samples stored at room 
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Table 2 A listing of the biological samples analyzed and their D1S80 typing. 

The blood samples analyzed are donor #s 1-14. Swab samples analyzed 

contain mixtures of epithelial cells and spermatozoa. 
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Biological Samples With D1S80 Type 

Blood sample Mixed samples: epithelial cells 
Set# donor# D1S80type and spermatozoa 

Set I 1 (Female) 18,24 la lb Ic Id Ie If 

2 (Male) 24, 29 

Setn 3 (Female) 18,29 Ha lib lie Hd He Iif 

4 (Male) 18,29 

Set III 5 (Female) 18 Ilia Illb Hie Hid nie 

6 (Male) 17,20 

Set IV 3 (Female) 18,29 IVa IVb IVc IVd IVe 

7 (Male) 24, 34 

SetV 1 (Female) 18,24 Va Vb Vc Vd 

4 (Male) 18, 29 

Set VI 8 (Female) 18,22 Via VIb Vic VId 

9 (Male) 18 

Additional Blood Samples 

10 18,25 
11 30 
12 24 
13 26,28 
14 24,34 
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Figure 11 Yield gel on nonorganic blood extracts. Lane 1 is the ladder. Lane 

2 is the 250 ng standard. Lane 3 is the 100 ng standard. Lane 4 is the 50 ng 

standard. Lane 5 is the 25 ng standard. Lane 6 is the 12.5 ng standard. Lane 

7 is the 6.0 ng standard. Lane 8 is blank. Lanes 9-14 are six reference blood 

sample extracts whose band intensities are compared to the standards to 

determine the quantity of DNA present. Lane 9 is donor #3. Lane 10 is donor 

#5. Lane 11 is donor #2. Lane 12 is donor #4. Lane 13 is donor #6. Lane 14 

is donor#! Refer to table 2 for biological samples coding. 
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temperature has many advantages over the frozen storage of bloodstains now 

currently used. For instance, many times the reference blood standards 

obtained for forensic casework are from homicide victims whose bodies are in 

varying stages of decomposition. Given the ability of FTA paper to kill blood-

borne pathogens and its room temperature storage and archiving capability, 

these cards would be preferred for autopsy samples if amplification proves 

reliable. For this study, ten blood samples drawn into ACD or EDTA tubes 

were evaluated. These blood samples were drawn up to eight months 

previously and the tubes had been stored at 4° C prior to aliquotting onto the 

FTA™ paper (table 3). Because the DNA is immobilized within the FTA™ 

paper, an additional time-saving advantage is that a quantitation is not 

performed. Although the paper punch (a small circle of FTA™ paper) itself was 

lost during the washing of one sample, only four of the remaining nine 

amplifications successfully produced D1S80 amplification products (fig. 12). 

An additional amplification was performed on the nine blood stained 

samples on the FTA™ paper. The second amplification on these samples was 

analyzed by PAGE (fig. 13). Results of the D1S80 typing on these same blood 

stained FTA™ paper punches are shown in table 2. Upon re-amplification of 

these nine samples, the four that had amplified in the first round still amplified 

and an additional sample also successfully amplified. Each of these 

amplifications produced the correct D1S80 type as determined by previous 

testing. 
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Table 3 Results on ten blood samples using the FTA™ Gene Guard System 

followed by amplification at the D1S80 locus. The samples were drawn on the 

dates listed, then were stored at 4° C until each was aliquotted onto the FTA1 

paper in November, 1997. 

TM 
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FT A™ RESULTS 

D1S80 

Blood Sample # Preservative Date drawn amplification pn 

1a ACD 3/10/97 -

10 ACD 3/10/97 18,25 

5 ACD 3/10/97 18 

11 ACD 11/3/97 30 

12 ACD 3/10/97 24 

6 EDTA 10/26/97 none 

13 EDTA 8/28/97 26,28° 

2 EDTA 11/3/97 none 

14 EDTA 7/18/97 none 

3 EDTA 5/23/97 none 

a Punch lost during purification wash 

b D1S80 product detected with second amplification only 

Faint banding pattern 
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Figure 12 Results of the first D1S80 typing on bloodstains on FTA paper. 

Lane 1 is the negative control. Lane 2 is the positive control with a D1S80 type 

18,31. Lanes 3,6,12, and 18 are the reference ladder lanes. Lanes 4 and 5 

are the nonorganic control blood stain extracts of known D1S80 type 24,34 

which were amplified concurrently with the FTA™ samples. Lanes 7-11 and 

13-19 are FTA™ extracts. Lane 8 is donor #10, D1S80 type 18,25. Lane 10 is 

donor #11, D1S80 type 30. Lane 11 is donor #12, D1S80 type 24. Lane 14 is 

donor #13, D1S80 type 26,28. No D1S80 amplification product was detected in 

lanes 7,9,13,15,16,or 17. Lane 7 is donor #1. Lane 9 is donor # 5. Lane 13 is 

donor#6. Lane 15 is donor #2. Lane 16 is donor # 14. Lane 17 is donor# 3. 

Refer to table 2 for biological samples coding. 
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Figure 13 Results of the second amplification of the D1S80 locus on 

bloodstains on FTA™ paper. Lane 1 is the negative control. Lane 2 is the 

positive control, D1S80 type 18,31. Lanes 3,6,11,and 17 are the reference 

ladder lanes. Lane 4 is a blood stain extract of known D1S80 type 28,32, 

which was amplified concurrently with the FTA™ samples. Lane 5 is blank. 

L a n e s 7 - 1 0 and 12-16 are the FTA™ extracts. Lane 7 is donor# 10, D1S80 

type 18,25. Lane 8 is donor# 5, D1S80 type 18. Lane 9 is donor# 11, D1S80 

type 30. Lane 10 is donor# 12, D1S80 type 18. L a n e 1 3 is donor# 13, DiS80 

type 26,28. No amplification product was detected in lanes 12,14,15, or 16. 

Lane 12 is donor #6. Lane 16 is donor #3. Lane 14 is donor# 2. Lane15is 

donor # 14. Refer to table 2 for biological samples coding. 
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Differential Recovery of DNA from Swabs 

For the first set of samples analyzed, three different female volunteers 

supplied vaginal swabs, each containing semen from one donor. These were 

collected in triplicate at intervals of six hours to seventy-two hours post-coital in 

order to simulate forensic evidence. Upon analysis of the swabs from one of 

the donor sets, no spermatozoa were detected from any of the extracts, 

therefore, the analysis was terminated on that set. Results were obtained 

from the remaining fifteen sets of three concurrently-collected swabs. 

One of each of the three like swabs was extracted using the standard 

nonorganic extraction protocol used for years for RFLP techniques. The only 

change implemented was that the extracted DNA was ethanol-purified so that 

the DNA was suitable for PCR analysis. Normally, this ethanol purification was 

performed after the Haelll digestion step during RFLP testing. For the other 

two swabs, a modified extraction protocol was performed. The only difference 

between these two extraction protocols was the final DNA purification step, in 

that, one extract was ethanol purified and the other was Microcon® 100 purified. 

In order to preserve as much evidentiary material and extract as 

possible, and still obtain a useful typing, it is important to assess the DNA yield. 

The two commonly-used final purification methods were compared. The 

quantity of extracted DNA obtained using the modified nonorganic extraction 

methodology with the two final purification methods was determined using the 

slot blot results obtained by hybridization to the human alphoid probe (D17Z1) 
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(Waye et al. 1989). The amounts of DNA were determined by comparing the 

sample extract intensity to the intensity of the DNA standards of 40 ng to as low 

as 0.01 ng (fig. 14, fig. 15). The comparison of the DNA yield in nanograms 

between the ethanol purification and the Microcon 100® purification are 

compiled in table 3. 

In forensic casework, when large quantities of spermatozoa are present 

in a mixed stain, oftentimes an effective separation of the epithelial cell fraction 

and the spermatozoa cell fraction is easily achieved by using any differential 

extraction method (Giusti et al. 1986). The objective for this study, however, 

was to devise a method for use on those mixed stains which contain minimal 

quantities of spermatozoa. Evidentiary material such as this, with only as few 

as one hundred or less spermatozoa, are commonly seen in forensic casework. 

In addition to the small quantity of spermatozoa, these evidentiary stains will 

often have large quantities of epithelial cell DNA originating from the victim. 

For this test of the modified extraction methodology, mock casework samples 

collected from volunteers were preferable to fresh semen dilutions from which 

the quantity of spermatozoa present was not assessed (Baecthtel et al. 1995, 

Comey et al. 1994). Following lysis of the epithelial cell fraction, each of the 

extracted swabs was analyzed for the presence and quantity of the 

spermatozoa (table 4). It was also observed that even after the lysis step with 

PLB and Proteinase K, many of the smears that were analyzed for 
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Figure 14 Slot blot results from the epithelial cell fraction. Row A-1 through 

A-6 are the human quantitation standards. A-1 is 40 ng, A-2 is 20 ng, A-3 is 10 

ng, A-4 is 4.0 ng, A-5 is 2.0 ng, A-6 is 1.0 ng. Rows B, D, and F are the 

ethanol purified extracts. Rows C, E, and G are the Microcon 100 purified 

extracts. B-1 and C-1 are swab Ha. D-1 and E-1 are swab II b. F-1 and G-1 

are swab II c. B-2 and C-2 are swab II d. D-2 and E-2 are swab n e. F-2 and 

G-2 are swab I I f. B-3 and C-3 are swab II g. D-3 and E-3 are swab I I h. F-3 

and G-3 are swab Hi. B-4 and C-4 are II j. D-4 and e-4 are swab m a. F-4 

and G-4 are swab m b. B-5 and C-5 are swab ffl c. D-5and E-5 are swab III 

d. F-5 and G-5 are swab HI e. Refer to table 2 for biological samples coding. 
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Figure 15 Slot blot results from the spermatozoa cell fraction. Rows A-1 

through A-6 and rows H-1 through H-3 are the human quantitation standards. 

A-1 is 40 ng. A-2 is 20 ng. A-3 is 20 ng. A-4 is 4.0 ng. A-5 is 2.0 ng. A-6 is 

1.0 ng. H-1 is 0.4 ng. H-2 is 0.2 ng. H-3 is 0.1 ng. Rows B, D, and F are the 

ethanol-purified extracts and Rows C, E, and G are the Microcon 100® purified 

extracts. B-1 and C-1 are swab II a. D-1 and E-1 are swab l ib . F-1 and G-1 

are swab n c. B-2 and C-2 are swab II d. D-2 and E-2 are swab II e. F-2 and 

G-2 are swab II f. B-3 and C-3 are swab I I g. D-3 and E-3 are swab I I h. F-3 

and G-3 are swab Hi. B-4 and C-4 are n j. D-4 and e-4 are swab HI a. F-4 

and G-4 are swab III b. B-5 and C-5 are swab III c. D-5 and E-5 are swab III 

d. F-5 and G-5 are swab HI e. Refer to table 2 for biological samples coding. 
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Table 4 Estimates of DNA yield. A comparison of Microcon® 100 to ethanol 

purification of DNA from 30 swabs each containing mixtures of epithelial cell 

DNA and spermatazoa DNA. 



DNA Yields 
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Swab# 

Set I I 
a 
b 
c 
d 
e 
f g 
h 
i 
i 

Set in 
a 
b 
c 
d 
e 

Time 
Interval 
(h) 

6 
6 

12 
16 
18 
24 
24 
32 
45 
72 

10 
16 
24 
48 
72 

Quantity 
E-cell/Sperm 

Few/Many 
Few/Many 
Many/Mod 
Few/Mod 
Many/Mod 
Few/Mod 
Few/Rare 
Mod/Rare 
Mod/Rare 
Many/None 

Few/Few 
FewFew 
Few/Rare 
Few/Rare 
Few/Rare 

E-cell purification 
Microcon EtOH 

(ng/10|jl) 

Sperm purification 
Microcon EtOH 

(ng/10|jl) 

30 10 4.0 10 

20 50 40 1.0 

40 2.0 4.0 <1 

20 4.0 1.0 0 

60 4.0 60 10 

10 2.0 20 10 

30 20 4.0 40 

60 2.0 60 1.0 

30 60 <1 <1 

50 50 40 10 

0 2.0 1.0 1.0 

2.0 1.0 0 0 

1.0 4.0 0 1.0 

1.0 1.0 0 0 

1.0 1.0 0 0 

Many - greater than 10 per field 
Moderate - approximately 3 to 4 per field 
Few - greater than 10 but less than 100 per smear 
Rare - less than 10 per smear 

SUMMARY 
Average yield per jjl: 
Microcon 100® purification ~ 2 ng/pl 
Ethanol purification ~ 1 ng/pl 



72 

spermatozoa from the swab extracts contained at least some epithelial cellular 

material. 

Analysis of Swab Sets II and III 

Prior to amplification of the swab extracts, the known corresponding 

blood samples were amplified at the D1S80 locus, analyzed by PAGE , and 

detected using silver staining procedures (Cosso et al. 1995). For set n of the 

two remaining sets of volunteers of the mixed swabs, the female D1S80 was 

type 18,29. This type would be expected to occur in approximately in 2.5% of 

the Caucasian population. However, the spermatozoa donor also had the 

same D1S80 type 18,29. This would render any D1S80 results uninformative 

in demonstrating whether a successful separation of the two fractions occurred. 

Further analysis on set n was therefore also terminated. 

For set HI, the fifteen swabs that were differentially extracted were 

amplified at the D1S80 locus, analyzed by PAGE, and detected using silver 

staining procedures. The results obtained from this analysis are shown in 

figure 16. For all spermatozoa fractions from the swabs extracted using the 

original nonorganic extraction protocol, the D1S80 PCR amplification products 

contained the epithelial cell fraction. For the sample number Ilia, that did not 

initially amplify, less DNA was added to the amplification mixture. The product 

thus obtained, was electrophoresed and shown to also be a mixed sample. In 

some cases the epithelial cell DNA was in greater concentration than the DNA 

from the spermatozoa fraction. As observed in sample number mc (Lane 13), 
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Figure 16 D1S80 results on set III swabs. C o m p a r i s o n o f the nonorganic 

extraction method to the modified nonorganic extraction method using both 

ethanol and Microcon 100® purification on spermatozoa fractions. Lanes 1, 4, 

8,12, and 16 are the allelic ladders. Lane 2 is the female donor's blood 

sample, #5, which is a D1S80 type 18. Lane 3 is the male donor's blood 

sample, #6, which is a D1S80 type 17,20. Lanes 5, 6, and 7 were swabffl a. 

Lanes 9,10, and 11 were swab III b. Lanes 13,14, and 15 were swab III c. 

Lanes 17 and 18 were swab IV d. Lanes 5, 9, and 13 are the original 

nonorganic extract. Lanes 6,10,14, and 17 are the modified nonorganic 

ethanol purification. Lanes 7,11,15, and 18 are the modified nonorganic 

Microcon 100® purified. Refer to table 2 for biological samples coding. 
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the presence of a large quantity of DNAfrom the epithelial cell fraction could 

prevent detection of the spermatozoa cell fraction alleles, even though 

spermatozoa were present. 

Using the modified nonorganic extraction method (with both ethanol and 

Microcon 100® purification), the D1S80 types of set HI samples detected were 

only that of the spermatozoa donor in three of the seven D1S80 types 

obtained, and in three of the remaining four, the spermatozoa type was mixed 

with the epithelial cell type. One DNA extract from swab number ffld did not 

amplify, likely due to the small input quantity of DNA from less than one 

hundred spermatozoa. (See table 4 for spermatozoa amount and slot blot 

results in figure 14, D-5 and E-5). Mixtures which included the epithelial cell 

type were detected, to some extent, because the epithelial cell type was a 

homozygous 18 (with 2 copies of this allele/cell) at the D1S80 locus. Also 

contributing was the fact that swab numbers fflc and ffld contained less than 

one hundred spermatozoa after the epithelial cell lysis. One hundred 

spermatozoa, (the equivalent of 350 pg DNA assuming total DNA recovery) are 

considered to be less than the minimum to reliably avoid the occurrence of 

stochastic effects. The Microcon 100® purification should yield greater than 

90% of the starting DNA giving less than the 400 pg minimum required to avoid 

the occurrence of stochastic effects which could be manifest as allele drop-out. 

No such stochastic effects were detected, however. 
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Analysis of Sample Sets IV, V and VI 

For the analysis of swab sets IV, V, and VI aliquots of semen from three 

different semen donors were applied to swabs from three different vaginal or 

oral swabbings. Semen aliquots were diluted 1:10 with phosphate buffered 

saline and equivalent semen quantities from 1 pi to 6 pi were added to the 

epithelial swabs. These sets were made in duplicate. One duplicate set was 

extracted using the modified nonorganic extraction method and the other set 

was extracted using an additional modification. This modification was 

implemented based upon the observation that often epithelial cells remain 

following lysis of the epithelial cell fraction by the PLB-Proteinase K mixture, 

Additional washing of the cell pellet would not be expected to eliminate large 

celluar components. However, the epithelial cell DNA in solution should be 

diluted out with additional washings (Comey et al. 1994). An extra PLB-

Proteinase K digestion step was added in an effort to lyse these remaining 

epithelial cell components. 

DNA was differentially extracted and as much as twenty times as much 

epithelial cell DNA as spermatozoa cell DNA was obtained from sample set IV 

(fig. 17). This excess of epithelial cell DNA could potentially contaminate the 

spermatozoa fraction. All spermatozoa fractions from each of the eighteen 

swabs on sets IV and V were amplified, analyzed by PAGE, and silver stained 

(fig. 18, fig. 19). While five of the nine extracts using the first modification 

demonstrated epithelial cell alleles, only one of the nine extracts which 



77 

Figure 17 Sample set for epithelial cell and spermatozoa DNA yield. LaneA-1 

is ladder. Lane A-2 through A-7 are size standards 250 ng to 6.0 ng. Lane 9 is 

control. Lanes B-1, B-3, B-5, B-7, and B-9 are epithelial cell fractions from set 

IV. Lanes B-2, B-4, B-6, B-8, and B-10 are spermatozoa cell DNA fractions. 

Refer to table 2 for biological samples coding. 
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Figure 18 D1S80 results on set IV. Comparison of the nonorganic extraction 

method to the modified nonorganic extraction method with repetitive cell lysis. 

Lane 1 is the negative control. Lanes 3, 6,12, and 18 are the allelic ladder. 

Lane 2 is the positive and control, D1S80 type 18, 31. Lane 3 is female 

donor's blood sample #3, which is D1S80 type 18, 29. Lane 4 is the male 

donor's blood sample #7, which is D1S80 type 24, 34. Lanes 7 through 11 are 

spermatozoa fractions nonorganic extraction. Lanes 13-17 are spermatozoa 

fractions using the modified nonorganic extraction with an additional PLB-ProK 

lysis. Refer to table 2 for biological samples coding. 
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Figure 19 D1S80 results on set V. C o m p a r i s o n of the modified nonorganic 

extraction method to the modified nonorganic extraction with repetitive 

epithelial cell lysis. Lane 1 is the negative control. Lanes 3,6,11, and 16 are 

the allelic ladders. Lane 2 is the positive amplification control, D1S80 type 18, 

31 Lane 4 is the female donor's blood sample #1, D1S80 type 18, 24. Lane 5 

is the male donor's blood sample #4, D1S80 type 18, 29. Lanes 7 through 10 

are the spermatozoa fractions using the modified nonorganic extraction. Lanes 

12 through 15 are the spermatozoa fractions using the modified nonorganic 

extraction with additional PLB-ProK lysis. Refer to table 2 for biological 

samples coding. 
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included the additional PLB and Proteinase K lysis demonstrated alleles 

consistent with the epithelial cell donor. No appreciable loss of spermatozoa 

occured such that amplification was unsuccessful. 

Using this final modification, set VI was analyzed and both the second 

epithelial cell fraction and the spermatozoa fraction were amplified, analyzed 

by PAGE, and silver stained (fig. 20). Both the second epithelial cell fraction 

and the spermatozoa fraction amplified successfully and demonstrated only the 

corresponding donor alleles. No epithelial cell component was detected in the 

spermatozoa fractions. 

Swab Re-analysis 

Finally, two swab components that remained from each of five sets of 

analyzed swabs were re-extracted. On ten swabs from each of the five donor 

sets, a quantity of spermatozoa sufficient for additional PCR testing was 

obtained. The slot blot results (fig. 21) demonstrated a quantity of DNA (more 

than 400 pg) sufficient to obtain a DNA PCR type (table 5). As forensic 

evidentiary material is limited in quantity, and evidentiaty sample should be 

available for re-testing when requested (TWGDAM 1991,1995), this is an 

important consideration. Even on casework having only one swab collected, 

the question of error due to mishandling can be resolved by re-testing (National 

Research Council, 1996). The oportunity for re-testing, therefore, provides the 

ultiminate safeguard against error. 
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Figure 20 D1S80 results on set VI. Lanes 1, 9, and 14 are the allelic ladder. 

Lane 2 is the female donor's blood sample #8, D1S80 type 18, 22. Lane 3 is 

the male donor's blood sample #9, D1S80 type 18. Lane 4 is blank. Lanes 5 

through 8 are the epithelial cell fraction D1S80 types 18, 22. Lanes 10 through 

13 are the corresponding spermatozoa fractions, D1S80 types 18. Lane 15 is 

the negative control. Lane 16 is the positive control. Refer to table 2 for 

biological samples coding. 
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Figure 21 Slot blot results from the re-extracted swabs. Rows A-1 through A-6 

and F-1 through F-3 are the human quantitation standards. A-1 is 40 ng. A-2 

is 20 ng. A-3is10ng. A-4is4.0ng. A-5is2.0ng. A-6 is 1.0 ng. F-1 is 0.4 

ng. F-2 is 0.2 ng. F-3 is 0.1 ng. B-1 is swab I a (female). B-2 is swab I a 

(male). C-1 is swab I b (female). C-2 is swab I b (male). D-1 is swab H a 

(female). D-2 is swab II a (male). E-1 is swab swab II b (female). E-2 is swab 

l i b (male). B-3 is swab III a (female). B-4 is swab HI a (male). C-3isswab 

III b (female). C-4 is swab III b (male). D-3 is IV a (female). D-4 is swab IV a 

(male). B-5 is swab IV b (female). B-6 is swab IV b (male). C-5 isswabVa 

(female). C-6 is swab V a (male). D-5 is swab V b (female). D-6 isswabVb 

(male). Refer to table 2 for biological samples coding. 
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Table 5 Slot blot results showing the DNA yield for the swabs that were re-

extracted. 
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Yield on Re-extracted Swabs 

Swab Sample# Quantity Sperm E-cell <ng/10ul) Sperm (ng/10ul) 

I a mod 

l b few 

n a few 

n b rare 

m a few 

ID b rare 

IV a few 

IV b rare 

Va 

0.5 4.0 

4.0 1-0 

3.0 1-0 

2.0 0.1 

20 0 - 4 

10 0.4 

40 4.0 

30 10 

mod 1 0 4.0 

V b rare 2.0 2.0 



CHAPTER 4 

CONCLUSIONS 

The primary objective was to establish an extraction protocol for forensic 

stains, especially mixed stains containing spermatozoa, where the epithelial 

cell DNA and the spermatozoa DNA are separated, and the DNA is suitable for 

PCR amplification. Because of the sensitivity of Polymerae Chain Reaction 

(PGR) methodologies, the limited number of alleles at each locus analyzed, 

and the necessity of producing unambiguous data amenable for entry into the 

FBI's Combined DNA Index System (CODIS) this study was undertaken. In 

order to achieve this objective, modifications to the proven nonorganic 

extraction methodologies (Grimberg et al. 1989) that have been used 

successfully for years for Restriction Length Polymorphisms (RFLP), were 

utilized. 

Although the D1S80 locus may not be a locus that will be adapted for 

CODIS data entry, the previous validation of this methodology (Baechtel et al. 

1995, Comey et al. 1994) is extensive and proven. The validation was an 

"eclectic blend of experimental studies" including DNA from nonhuman animal 

studies, environmental exposures, testing on various substrates, and the 

addition of chemical, microorganisms, and other contaminants. This validation 

of the D1S80 locus typing as documented, in addition to the validation of the 
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protocol used in this laboratory supports the use of this PCR system for this 

extraction study. 

For the first part of the study, eight reference blood stains were analyzed 

using the nonorganic extraction method with a final ethanol purification of the 

DNA These were then successfully amplified and typed at the D1S80 locus. 

No preferential amplification or allele drop-out was observed. 

Using the FTA™ Gene Guard System, of the nine reference blood stains 

processed, five successfully amplified at the D1S80 locus. One of the five 

amplified only with the second amplification, however. Of the stains that 

amplified, three had been collected eight months previously and each one 

drawn into an Acid Citrate Dextrose (ACD) tube and stored at 4° C. All four 

stains that had been collected into the ACD tubes amplified. The remaining 

five stains had been collected less than one month to six months previously, 

and were each drawn into an EDTA tube and stored at 4° C. Only one of these 

stains amplified and the D1S80 typing result was very weak. ACD tubes are 

used routinely in this laboratory for autopsy blood collection and the use of 

FTA™ paper on these compromised blood stains will be investigated futher. 

The blood samples collected into EDTA did not reliably amplify. An additional 

study on samples drawn into both tubes may provide a better assessment of 

the PCR amplification success on aged blood samples. 

For the mixed stains containing spermatozoa, two final purification 

methods (ethanol and Microcon 100®) were compared. The goal was to 
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achieve the highest quality and quantity of input DNA that would successfully 

amplify. Final purification of the extracted DNA was necessary because of 

inhibition of the PCR amplification by the EDTA in the PLB and/or the 

Proteinase K digestion mixture that may occur. The analysis of thirty paired 

swab extracts and comparisons of DNA yield demonstrated a consistently 

higher yield using Microcon 100® purification. Both purification methods, 

however, produced amplifiable quantified qualities of input DNA. 

Procedures to recover DNA from semen-containing swabs using two 

modifications to the nonorganic differential extraction procedure was designed 

to yield one or two epithelial cell fraction(s),a spermatozoa cell fraction and the 

remainder of the swab or substrate. The D1S80 typing from each of the five 

sets of epithelial cell fractions exhibited alleles characteristic of the swab 

donor. Even when alleles were detected using the second epithelial cell 

fraction, no spermatozoa donor alleles were detected. Actual casework 

samples would be expected to occasionally detect these spermatozoa donor 

alleles, either due to epithelial cells from the spermatazoa donor present on the 

swab or to degradation of the spermatozoa already present in the swab. 

Because data from the swab donor is not entered into the CODIS databases, 

the possible ambiguity caused by the presence of two sets of alleles is not 

problematic. 

When recovering DNA from swabs containing epithelial cells and small 

quantities of spermatozoa, both modifications implemented decreased the 
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epithelial cell DNA contribution to the DNA of the spermatozoa fraction. Even 

instances where the epithelial cell donor alleles were present, the decreased 

quantity (observed as less intense bands) aided in interpretation. When the 

assessement was a small quantity of spermatozoa (from the microscopic 

examination following the epithelial cell lysis), the addition of the extra PLB and 

Proteinase K lysis diminished the possibility of detecting non-spermatozoa 

alleles. 

Several of the fractions contained less than one hundred spermatozoa 

and, for some of these samples, the slot blot results showed no detectable 

DNA. Although the DNA level was less than the 400 pg minimun required to 

avoid possible occurrence of stochastic events, in the samples that produced 

an amplification product, no allele drop-out or preferential amplification was 

detected. This would certainly not be expected to always occur, especially 

when the allele sizes are very disparate or with degradation of the DNA. 

In conclusion, the modification to the nonorganic differential extraction 

procedure implemented produces both sensitive and reliable PCR typing at the 

D1S80 locus- and demonstrates an increased ability to separate the sources of 

spermatozoa-containing evidentiary material from epithelial cells. An added 

advantage is that the retention of the extracted swab material remains a 

probative source of DNA to confirm results obtained from the swab fractions. 

The greater ability to separate alleles from the two contributors 

improves the frequency ratios provided to the courts for weight of the evidence. 
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Separation of donor alleles should lessen the necessity of using the likelihood 

approach (Weir et al., 1997). Issues should not arise that would occur from the 

calculation when mixtures of DNA from more than on human source are made. 

In the future, as Short Tandem Repeat (STR) polymorphisms become 

the loci used statewide and nationally in CODIS, the ability to clearly define a 

spermatozoa donor's profile will be of the utmost importance. The ability to 

search a large national database and link an assailant or additional violent 

crimes will be dependent on the quality of this input data. 
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GLOSSARY 



GLOSSARY 

Adenine - A purine base, one of the four building blocks of DNA, abbreviated A. 

Agarose - Support medium for electrophoresis. 

Allele - One of two or more alternate forms of a gene or genetic marker on the 

same locus of homologous chromosomes. 

AMP-FLP - Amplified Fragment Length Polymorphism (VNTR) analyzed using 

PCR. 

Anneal - Pairing of complementary single strands of DNA to form a double-

stranded helical structure. 

Autoradiograph or Autoradiogram - The X-ray film on which radioactively or 

chemiluminescently labeled probes have left a pattern determining the 

position of DNA fragments (also Autorad or Lumigraph). 

Band - The visual image representing a particular DNA fragment on an 

autorad. 

Base pair - Two complementary nucleotides in double-stranded DNA as 

Adenine-Thymine or Guanine-Cystosine. 

Chromosome - The physical structure in the cell nucleus made of DNA, RNA, 

and proteins that carries genes. 
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CODIS - Combined DNA Information System. A series of local, state, and 

national computer applications and databases. 

Cystosine - A pyrimidine base, one of the four building blocks of DNA, 

Abbreviated C. 

D1S80 - A VNTR locus used in forensic DNA typing by PCR. 

Degradation - The breaking down of DNA onto smaller fragments. 

Denaturation - The separation of double-stranded DNA into single-stranded 

DNA by heat or chemical means. 

Deoxyribonucleic Acid (DNA) - The genetic material of organisms composed of 

two complementary chains of nucleotides in a double helix. 

Differential Extraction - DNA extraction procedure in which spermatozoa cells 

are separated from other cells before the DNA is purified. 

Diploid - Having two sets of chromosomes. 

Discrete Alleles - Alleles in which the detection method clearly distinguishes 

between the variants at the locus tested. 

DNA Polymerase - An enzyme that catalyzes the synthesis of double-stranded 

DNA. 

Double Helix - Native form of DNA where single strands are held together by 

complementary base pairing. 
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Electrophoresis - A technique in which molecules are separated by their rate of 

movement in an electric field. 

Enzyme - A protein capable of speeding up a specific chemical reaction, a 

biological catalyst. 

Epithelial Cells - Cells such as skin, vaginal, or buccal normally found on the 

body surfaces. 

Ethidium Bromide - Molecule that binds to DNA and fluoresces under ultraviolet 

light. 

Gene - The basic unit of heredity; a sequence of DNA nucleotides on a 

chromosome. 

Genotype - The total genetic makeup of an organism as distinguished from its 

physical appearance (phenotype). 

Guanine - A purine base, one of the four building blocks of DNA, abbreviated 

G. 

Hae\\\ - A restriction enzyme used in RFLP analysis in the U.S. 

Haploid - Having one set of chromosomes. 

Heterozygous - Having different alleles at a particular locus. 

HLA-DQA1 - The DNA locus of one particular major histocompatibility antigen 

class, important for acceptance or rejection of tissue grafts of organ 

transplants, used for forensic analysis with PCR. 
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Homozygous - Having two of the same allele at a particular locus. 

Hybridization - The pairing of complementary single strands 

of DNA. 

Locus - The physical location of a gene on a chromosome. 

Hypervariable - A DNA locus that shows extreme variation between people. 

K562 - Name of standard used in forensic DNA analysis in the U.S. 

Membrane - The matrix, usually nylon, to which DNA is transferred from a gel 

during Southern blotting. 

Nucleotide - Unit of nucleic acid composed of phosphate, sugar, and either a 

purine or pyrimidine base. 

Phenotype - The manifestation of a genotype or physical appearance. 

Polymarker - Group of five different bi- and tri- allelic loci exhibiting sequence 

variation, available as a commercial kit called AmpliType® PM for 

forensic DNA analysis. 

Polymerase Chain Reaction - An in vitro process of making many copies 

mediated by a DNA polymerase. 

Polymorphism - The presence of multiple alleles of a gene in a population. 

Power of Discrimination - The potential power of a genetic marker system to 

differentiate between any two people chosen at random. 
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Probe - A short sequence of synthetic, tagged DNA used to detect a particular 

DNA fragment or sequence. 

Restriction Endonuclease - An enzyme that cuts DNA at specific locations 

determined by the DNA sequence. 

Restriction Fragment Length Polymorphism - Variation in the length of 

restricted DNA fragments caused by sequence polymorphism, 

abbreviated RFLP. 

Short Tandem Repeat - A tandem repeat in which the repeat units are three, 

four or five base pairs in length, abbreviated STR. 

Slot Blot - A process to determine how much human DNA has been extracted 

from a sample. 

Southern Blot - The technique for transferring DNA fragments separated by 

electrophoresis from the gel onto a nylon membrane. 

Taq Polymerase - The enzyme used to copy DNA in PCR. 

Thymine - A pyrimidine, one of the building blocks of DNA, abbreviated T. 

Variable Number Tandem Repeat - Repeating units of an identical J&NA 

sequence, arranged in direct succession in a region of a 

chromosome, of which the number of units varies between individuals, 

abbreviated VNTR. 
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I agree to participate in a study by the 

Southwestern Institute of Forensic Sciences to evaluate the effectiveness of 

DNA protocols. The study will be used to modify protocols for use on forensic 

casework samples. 

I agree to provide blood and/or body fluid samples which will be coded and 

though results of the study may be published, my identity will not be recorded 

or released. 

I understand that there is minimal risk and that I may choose not to participate. 

DATE LENGTH OF SUBJECT PARTICIPATION TIME NAME OF PARTICIPANT 

D A T E NAME/PHONE # OF INVESTIGATOR AND POSITION AT UNT 

D A T E WITNESS 

CONFIDENTIALITY MEASURES - All coded data, consent forms, and samples 

will be kept locked in a secure office at the Southwestern Institute of Forensic 

Sciences. This project has been reviewed by the U.N.T. Committee for the 

protection of human subjects. 
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