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ABSTRACT

USING STR ANALYSIS TO DETECT

PRIMARY DNA TRANSFER

BY

Tara Ann Reinholz

In this study, the primary transfer of DNA from a

person’s hand to an object was explored. A hammer with an

unfinished wood handle was used as a test object, and

holding times were varied l) to determine if a relationship

existed between holding time and the amount of DNA

recovered and 2) to evaluate the sensitivity of the testing

nethod. An AmpFlSTR®>Profiler Plus Amplification Kit and

the ABI Prism®>310 Genetic Analyzer, equipped with

Genescan®>2.0.2 and Genotyper®>2.0, were used to generate

DNA profiles. In addition, two new procedures were

developed in an attempt to increase the sensitivity of the

testing method. The results Show that primary transfer of

DNA to this type of surface is common. It is possible to

generate complete DNA profiles from holding times as low as

5 seconds, and no apparent connection exists between

holding time and the amount of DNA recovered. The new

Procedures proved useful in increasing allele detection

but, occasionally, heterozygote peak imbalances of true

alleles were observed.
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Electrophoresis is defined as a technique used for the

separation of molecules by means of electric current [1].

Molecules that have similar charges but differ in size can

be separated using this technique. Since DNA is

negatively charged and the STRs vary in length from one

person to another, this makes capillary electrophoresis

a perfect technique to use for STR analysis.

As diagrammed in Figure 3, a sample is pulled up into

the capillary and the applied electric current allows the

negatively charged DNA fragments to travel from the

negatively charged cathode to the positively charged anode

[6]. As the fragments travel through the capillary they

are separated by size. The smaller sized STRs reach the

anode first, followed by the larger fragments. When

referring to the example given earlier, the 30 allele would

reach the anode in front of the 40 allele because it is a

smaller fragment. As they pass through a detector window,

a laser excites the fluorescent tag that was attached to he

STR during PCR, and a CCD camera collects the emitted

fluorescence. Computer programs analyze the data

and a genetic profile is generated for that particular

sample.



 

 

 

 Com uteI

P in»
I

_____j Data in has .wav. -— __

[—
laia .J L filial} L {I

Kata m;t 1..

pin» 1 awry '1'
BigEbLé-n pin9-!8'j-Lit

  
   

    
  

Buffer

   

 

 

 

R
,

Cathode I.“
i-xIlOdE-B

“1}

+

   Time {min}  

Figure 3 — Capillary electrophoresis.



REVIEW OF THE LITERATURE

In 1997, Roland A.H. Oorschot and Maxwell K. Jones

were the first to explore the possibility of using PCR/STR

technology to detect primary and secondary DNA transfers

[24]. Although the holding times were lengthy (up to 20

minutes), it was proven that the possibility to transfer

DNA from ones hand to an object (primary transfer), as well

as from an object to ones hand (secondary transfer) does

exist. The substrates tested included leather, plastic,

and glass. The human hand itself also proved to be a

successful substrate. After a one minute handshake, the

palm of one participant revealed both DNA profiles.

Oorschot and Jones’s study set the stage for all future

research in this area.

Colleagues at the Connecticut State Police Forensic

Laboratory duplicated the Oorschot/Jones study, but

concentrated more on secondary transfers [16]. Skin to

skin to object and skin to object to skin were the two

modes of secondary transfer that were explored. In

contrast to Oorschot and Jones study, the handling times

were greatly decreased, thus resulting in significantly

lower yields of DNA. The results of their study indicate

that primary DNA transfer is possible but not always



detectable, and, unlike Oorschot and Jones study, secondary

transfers were not able to be detected.

In research conducted by R.A. Wickenheiser of the

Royal Canadian Mounted Police (RCMP), PCR/STR technology

detected the transfer of DNA to over 15 different

substrates [28]. Because of these findings, this approach

was implemented into everyday casework, and a recent murder

case was solved. The handle of a knife recovered at a

crime scene revealed the DNA profile of the suspect [27].

P. Wiegand and M. Kleiber of the Martin-Luther—

Universitat in Germany used PCR/STR technology to detect

the transfer of DNA from the hands of the suspect onto the

neck of the victim in cases of strangulation [29]. 16

suspect/victim combinations were used and the success rate

was over 70% for the three STR loci tested.

Colleagues at the University of Gent in Belgium

performed DNA profiling on physical fingerprints left on

glass and wooden plates [23]. Good results were obtained

from both substrates when at least 5 physical fingerprints

were present.

At the 1999 proceedings of the National Commission on

the Future of DNA evidence, Lynne Fereday of the Forensic

Science Service in England offered a summary of the past

research in this area [7]. In this summary, many of the

10



studies conducted by the authors mentioned above were

discussed. In addition, the Forensic Science Service is

currently conducting their own DNA transfer studies. These

studies were briefly described, but have yet to be

published. One experiment involved determining the most

recent driver of a vehicle by detecting DNA transferred to

the steering wheel by the driver’s hands.

11



MATERIALS AND METHODS

Decontamination Testing
 

Before an individual was to touch the handle of the

hammer, it was decontaminated in order to insure that

DNA had not been left over from a previous holder. The

handle was soaked in a bleach/distilled water solution

for 20 minutes, wiped off with a paper towel, rinsed in

distilled water, wiped off with a paper towel, placed in a

heated oven to dry, and allowed to come to room

temperature. Both a 10% and 20% bleach/distilled water

solution were tested and the 20% solution proved to be the

most effective.

This entire procedure was extensively tested in order

to insure that no DNA carry over was taking place. A male,

who consistently transferred DNA, held onto the handle of

the hammer for 2 minutes. The handle was decontaminated,

followed by a 2 minute hold by a female. Procedures, that

will be explained in more detail shortly, were followed in

order to generated DNA profiles from the female samples.

The absence of a male/female mixture in the female samples

will assure that the decontamination process is working

properly.

12



First Round of Sample Collection
 

Initially, samples were collected from 32 Caucasian

males and females, 16 years and older. In order to give a

true representation of primary DNA transfer occurring in

this type of population, the hands of the individuals were

not controlled in any way. Not controlling the hands

refers to not requiring any special procedures, such as

washing the hands or rubbing them together, before coming

into contact with the handle. By encouraging normal,

everyday behavior by the test subject, evaluating the rate

at which primary transfer occurs can be more accurately

determined.

After decontamination, an individual held onto the

handle of the hammer for 2 minutes. Forcefully gripping

onto the handle, swinging the hammer around, and switching

hands were all encouraged, thus mimicking actions that

could occur during the commission of a crime with this type

of weapon. After 2 minutes, a sample was collected from

the handle by using a technique known as the double swab

technique [20]. First, a sterile cotton tipped swab was

dipped into distilled H20 and rubbed over the entire handle

of the hammer. Second, a dry swab was used to do the same.

Both swabs were allowed to air dry before placed in a

storage tube. This storage tube was given a letter

13



designation in order to identify the individual who

contributed the sample. All samples were stored in a -20°C

freezer until time to be extracted.

Organic Extraction
 

For each sample, a scalpel was used to remove the

cotton tip from each swab and both were placed in a single

extraction tube. Six—hundred microliters of stain

extraction buffer (10 mM Tris-HCL, 10 mM EDTA, 50 mM NaCl,

2% SDS, pH 7.5) was added and the tube was placed in a

centrifuge and spun down (5 minutes/15,000 9). Thirty

microliters of Protinase K (10 mg/ml) were then added. The

tube was vortexed to mix, spun down(5 minutes/15,000 g) and

placed in a 56°C oven for an overnight incubation.

The next day, the cotton tips were removed from the

extraction solution and placed in a basket insert. The

basket was inserted into the original extraction tube, and

and this was spun down (5 minutes/15,000 g). The basket

insert was removed from the extraction tube and thrown

away. Five—hundred microliters of a Phenol /Chloroform /

Isoamyl Alcohol solution (25:24zl) were added and the tube

was vortexed to mix for 5 - 10 seconds. After being spun

down (5 minutes /15,000 g), the DNA extract (top layer),

was removed and placed into a new microcentrifge tube.

14



Next, Amicon®>centricon concentrators were used to

purify the DNA extract. Five-hundred microliters of

Tris/EDTA (TE) Buffer (10 mM Tris-HCL, 0.1 mM EDTA, pH 8.0)

were added to the centricon filter and it was spun down

(500 g/10 minutes). The rinse filtrate in the centricon

reservoir was discarded. One milliliter of TE Buffer and

the entire DNA extract were added to the centricon filter

and spun down (500 g/30 minutes). This procedure was

performed three times. After the third wash, the centricon

filter was removed from the reservoir and inverted into a

vial. This was spun down (3 minutes/1000 g) and the

filtrate was removed from the vial and placed into a new

microcentrifuge tube. The purified DNA extract (~ 30 ul)

was stored at ~20°C until further testing.

Yield Gel

A yield gel can be used to determine the quality of

DNA and determine how much DNA is present in an extract. A

submarine gel electrophoresis unit was used to carry out

this procedure. The running buffer, 25 ul of ethidium

bromide (0.5 ug/ml) in 250 ml of Tris/acetate/EDTA (TAE)

buffer (40 mM Tris—acetate, 1 mM EDTA, pH 8.3), was poured

into the apparatus, and a 1% agarose gel (1.3 grams

agarose/130 ml TAE buffer), containing two columns of 14

15



wells, was placed into the buffer.

Wells # l - 7 in the first column were reserved for

standards to which the samples are compared. Three

microliters of Lambda Hind III/Eco R1, a mixture of

standards, were added to well #1 in columns 1 and 2, and 6

ul of the following DNA standards were added to wells #2-7

in column 1: 500 ng, 250 ng, 125 ng, 63 ng, 31 ng, and 15

ng. For each sample, 4 ul of the purified DNA extract were

added to 2 ul of 6x loading buffer (bromophenyl

blue/glycerol) and this 6 ul mixture was added to a well.

Electrophoresis was carried out for 12 minutes at 175

volts.

An ultraviolet (UV) light box was used to obtain a

photograph of the gel. The ethidium bromide that was added

to the running buffer binds to the DNA strand and

fluoresces in the presence of UV light. Therefore, the DNA

in the gel can be visualized when exposed to ultraviolet

light. The picture was then used to evaluate the DNA

sample.

When interpreting a yield gel (Figure 4), the samples

are compared to standards in order to determine the quality

and quantity of the DNA sample [2,17]. A solid band

represents high molecular weight, or good quality, DNA and

a smear represents degraded, or poor quality, DNA. Quantity

16



Solid, bright band = large quantity of high

molecular weight DNA

Solid, light band = small quantity of high

molecular weight DNA

 

Smear = degraded DNA

 

Figure 4 - Yield gel interpretation.
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is determined by picking a standard that most closely

resembles the intensity of the sample band. The brightness

of the band is directly proportional to the quantity of

DNA. If a band is not seen, a more sensitive quantitation

method will need to be performed.

Applied Biosystems QuantiBloUO Human DNA Quantitation Kit

A QuantiBloUO kit was used as a more sensitive way to

quantitate the purified DNA extract (Table 1). Yield gels

detect from 125 ng of DNA/ul to 3.75 ng of DNA/ul, while

the QuantiBlotC>detects from 2 ng of DNA/ul to 0.03125 ng

of DNA/ul. This test is based on the hybridization of a

biotinylated, primate—specific probe (D17Z1 locus) to DNA

samples immobilized on a nylon membrane and

chemiluminescent detection of the bound probe. The

procedures for hybridization, chemiluminescent detection,

and interpretation of results printed in the product insert

were followed [5].

Just as in a yield gel, the samples were compared to

standards (10 ng/5 ul to 0.15 ng/S ul) to in order to

determine the concentration of DNA present in the samples.

When interpreting the quantiblot (Figure 5), the size and

intensity of the bands on the X—Ray film were evaluated

[3].
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Table 1 - Applied Biosystems QuantiBloUO Human DNA

Quantitation Kit contents.

 

 

 

 

 

 

 

 

Reagent VOlume Description

1 vial containing 1pmole/ul

_ biotin lated DNA oli onucleotide

QuantiBlotC> 220 ul y “g
D17Z1 P b probe of the follow1ng sequence:

r0 e 5’—biotin-TAGAAGCATTCTCAGAAACTA

CTTTGTGATGATTGCATTC-B’.

1 bottle containing Horseradish

Enzyme . . .

. Perox1dase—Streptav1din (HRP-SA)

Conjugate: 2 0 ml . . .

conjugate supplied in buffer

HRP-SA . .

with preservative.

Bromothymol 1 vial containing 0.04%

. 200 ul .

Blue Solution Bromothymol Blue in water.

QuantiBlot®>DNA. 250 ul 1 vial containing 2 ng/ul human

Standard A genomic DNA in TE buffer.

QuantiBloU® DNA. 100 ul 1 vial containing 0.7 ng/ul

Calibrator 1 human genomic DNA in TE buffer.

QuantiBloU® DNA 100 ul 1.vial containing0.1 ng/ul human

Calibrator 2   genomic DNA in TE buffer.
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Second Round of Sample Collection
 

The results generated from the quantiblot procedure

allowed the samples to be put into groups according to the

amount of DNA present in the purified DNA extract. Because

of time and resource limitations, approximately half of the

individuals from each group were randomly chosen to take

part in the second round of sample collection. Three

samples, one at 30 seconds, 15 seconds and 5 seconds,

were collected from each person. A buccal sample (cells

from the inside of the mouth) was also collected from each

participating individual so a known DNA profile could be

generated. These samples were exposed to all of the same

procedures mentioned above. The letter designations

previously given to the individuals were used to identify

the buccal samples. The letter designation followed by a

dash and the handling time in seconds, was used to identify

the timed samples.

Applied Biosystems AmpFlSTR® Profiler PlusTM PCR

Amplification Kit

 

 

PCR was carried out using the Profiler Plusm‘Klt

(Table 2) and the Applied Biosystems GeneAmp®>2400 PCR

Instrument System [3]. This kit will co—amplify nine STR

loci and a segment of the amelogenin gene for gender
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Table 2 — Applied Biosystems AmpFlSTRC>Profiler Plusm'PCR

Amplification Kit contents.
 

Kit Component Volume Description

 

AmpFlSTR® PCR

Reaction Mix

1.1 ml/tube

Two tubes each containing MgClL

deosynucleoside triphosphates

(dATP, dCTP, dGTP, dTTP), bovine

serum albumin (BSA), and 0.05%

sodium azide (NaN3) in buffer and

salt

 

One tube of locus—specific 5—FAM—

, JOE-, and NED-labeled and

unlabeled primers in buffer to

 

 

 

 

 

  

AEPFISTRC) amplify the STR loci D3Sl358,

Pr0f¥1er PlusTM 1‘1 ml vWA, FGA, 0881179, 021811,

Primer SEt 018851, 058818, 0138317, and

D78820, and the gender marker

amelogenin

AmpliTaq GoldC> Two tubes of enzyme with an

DNA Polymerase 50 Ul/CUbe activity Of 5 U/Ul

One tube containing 0.10 ng/ul

human cell line DNA in 0.05% NaN3

and buffer. The enot e of this

AmpFlSTRC) female DNA is D3SI358 15,15; vWA

contrOI DNA 0'3 ml 17,18; FGA 23,24; 0881179 13,13;

9947A 021811 30,30; 018851 15,19;

D58818 11,11; D13S317 11,11 and

D78820 10,11

Mineral oil 5 ml One dropper bottle

One tube of AmpFlSTRC>Blue

AmpFlSTRC>B1ue 25 1 Allelic Ladder containing the

Allelic Ladder u follOWing amplified 5-FAM-labeled

alleles: D3S1358 12-19, vWA 11-

21, FGA 18-30 (including 26.2)

One tube of AmpFlSTwO Green II

Allelic Ladder containing the

following amplified JOE-labeled

AmpFlSTw® Green alleles: amelogenin X and Y,

II Allelic 25 U1 D881179 8-19, D2181l 24.2-38

Ladder (including 28.2, 29.2, 30.2,

31.2, 32.2, 33.2, 34.2, 35.2),

D18851 9-26 (including 10.2,

13.2, 14.2)

One tube of AmpFlSTRC>Yellow

AmpFlSTR®> Allelic Ladder containing the

Yellow Allelic 25 ul following amplified NED-labeled

Ladder alleles: D58818 7—16, D138317 8—  15, and D78820 6-15
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identification (Table 3). Prior to amplification, the DNA

samples were diluted to the appropriate concentration.

According to studies done by the Michigan Department of

State Police (MSP), approximately 1.0 ng of DNA is required

for optimum amplification to occur. The purified DNA

extract was diluted in Milli-Q®>water to a final

concentration of 0.1 ng/ul, and 10 ul of this DNA stock

solution would be added to the PCR reaction. If the DNA

extract did not contain a high enough concentration of DNA,

10 ul of straight extract was used.

Each PCR reaction required 10.5 ul of reaction

mixture, 5.5 ul of primers, and 0.5 ul of AmpliTan>Gold

DNA polymerase. After the number of samples to be

amplified was determined, a master mix of these reagents

was prepared in a separate microcentrifuge tube. Fifteen

microliters of this master mix was added to a PCR reaction

tube, followed by 10 ul of the 0.1 ng/ul DNA stock solution

prepared earlier. This gave a final reaction volume of 25

ul. PCR was then carried out using the following

parameters [3]:

1. Initial Denaturationzx3> 95°C/1l minutes

Denature = 94°C/1 minute

2. Step Cycles:>:>:>:>:>:>:> Anneal = 59°C/l minute

(28 cycles) Extend 72°C/1 minute

23



Table 3 — Applied Biosystems AmpFlSTR®>Profiler Plusm‘loci.

 

 

 

 

 

 

 

 

 

 

  

Locus Chromosome Common Sequence 128;: ea Dye

Designation Location Motif (88?“ Label

TCTA (TCTG) 1-3
- - FD381358 3p (TCTA)n 114 142 5 AM

TCTA(TCTG)}4
_ 7 _ _

VWA 12p12 pter (TCTA)n 15 197 5 FAM

(TTTC) 3TTTTTTCT

FGA 4q28 (CTTTWnCTCC(TTC 219—267 S-FAM

C) 2

. X: p22.1-22.3 - 107

Amelogenin Y: p11.2 _ 113 JOE

D881179b 8 (TCTR);C 128—168 JOE

[321811 (TCTA)n(TCTG)n[(

21 TCTA)3TA(TCTA)3T 189-243 JOE

CA(TCTA)2TCCATA

] (TCTA) n

D18SSI 18q21.3 (AGAA)n 273-341 JOE

D58818 5q21—31 (AGAT)n 135—171 NED

D13S317 13q22-31 (GATA)n 206—234 NED

D78820 7q11.2l—22 (GATA)n 258-294 NED    
 

a. The size range is the actual base pair size of sequenced

alleles contained in the AmpFlSTR®>Profiler PlusTM

Allelic Ladders. The sizes in the table include the 3’

A nucleotide addition.

b. In some literature references,

as D6SSO2

c. R can represent either an A or G nucleotide.
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3. Final Extension2>2>::>: 60°C/45 minutes

4 . Final Step:>:>:>:>:>:>:>:> 2 5°C/ forever

ABI PrismC>310 Genetic Analyzer
 

The 310 Genetic Analyzer was used to perform capillary

electrophoresis on the amplified samples. First, a

capillary electrophoresis reaction mixture was prepared.

This was composed of 24 ul of deionized formamide and 1 ul

of GeneScan—SOO [ROX] internal lane size standard for each

sample. Just as in PCR, the number of samples to be run on

the instrument was determined and a master mix was prepared

in a separate microcentrifuge tube. Twenty—five

microliters of master mix were added to a 310 sample tube,

followed by 1 ul of amplified product. The ladder sample

was prepared by adding 3 ul of.AmpFlSTRC>Profiler PlusTM

allelic ladder to 25 ul of the master mix. This ladder

consists of DNA fragments of known sizes to which the

unknown samples will be compared to. Samples were then

incubated at 96°C for three minutes and cooled in a benchtop

cooler for three minutes.

After appropriate electrophoresis parameters were

selected, the samples were loaded onto the instrument and

the run was started (Table 4). Following separation,

GenescanC>2.0.2 and GenotyperC>2.0 software were used to
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Table 4 — 310 run parameters.

 

Injection Time 5 seconds

 

 

 

Injection kV. 15.0

Run kV. 15.0

Run Temperature 60°C

 

Run Time 24 minutes

 

Matrix File Profiler plus

 

Size Standard ROX GS 500

 

Instrument Configuration

Pop-4TM polymer with.1—nd

syringe

  Instrument Module GS STR POP4 (1ml) F 
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analyze the raw data and electropherograms, or genetic

profiles, were generated. Figure 6 illustrates Applied

Biosystems recommended GenescanC>analysis parameters [3].

For this study, the peak amplitude thresholds illustrated

in Figure 6 were changed from 150 to 50 RFU’s (relative

fluorescent units) in an attempt to detect more alleles.

When interpreting the genetic profiles, the following

guidelines were followed:

1. Alleles of a genetic profile with an RFU value of

150 to 4500 are declared true alleles [3].

2. Alleles of a genetic profile with an RFU value of

50 to 149 are declared active.

3. Alleles of a genetic profile that fall below 50

RFU’s are declared undetectable.

4. For alleles from a heterozygous individual at a

particular locus, heterozygote peak ratios are

determined by dividing the peak height of the

allele with the lowest RFU value, by the peak

height of the allele with the largest RFU value

and multiplying this value by 100 to obtain a

percentage. This value must be 3 70% for a

heterozygote to be declared. Any ratios below

70% should be interpreted with caution.

5. A sample can be considered to have originated

from a single source if 1) only one or two

alleles are present at all loci examined, and 2)

the peak height ratios of heterozygous

individuals at a locus are within the expected

range.

6. A sample can be considered to have originated

from multiple (two or more) sources if 1) more

than two alleles are present at two or more loci,
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Figure 6 - Genescan® analysis parameters.

  



and/or 2) the peak height ratios for

heterozygotes fall outside the expected range.

7. Stutter is an expected minor product peak that is

four base pairs, or one repeat unit, shorter than

the main allele [26]. Table 5 was used as a

guideline in determining the maximum % stutter

allowed at a particular locus. Peaks in the

stutter position that exceed the maximum %

stutter value may be designated as a true allele.

8. A complete genetic profile is declared if all 10

loci exhibit alleles with an RFU value of 150 to

4500, and the heterozygote peak ratios are

acceptable.

9. A partial genetic profile is declared if at least

two out of the ten loci exhibit alleles with an

RFU value of 150 to 4500, and the heterozygote

peak ratios are acceptable.

10. An active genetic profile is declared if 1) only

one out of the ten loci exhibits alleles with an

RFU value of 150 to 4500 and the heterozygote

peak ratios are acceptable, and/or 2) loci

exhibit alleles with an RFU value of 50 to 149.

11. An undetectable profile is declared when all

alleles fall below 50 RFU’s.

New Procedures
 

In an attempt to increase the percentage of complete

genetic profiles, new procedures, not previously utilized

by the manufacturer, were developed.

One of the new procedures developed was to add more

PCR product to the capillary electrophoresis reaction

mixture. Instead of adding 1ul of PCR product to the 25 ul

of formamide/ROX solution, 3 ul were added. Another
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Table 5 — Stutter percentages.

 

 

 

 

 

 

 

 

 

  

DYE COLOR LOCUS CHROMOSOME % STUTTER*

5-FAM Blue D3S1358 3 15

5—FAM Blue VWA 12 15

S-FAM Blue FGA 4 15

JOE Green D881179 8 12

JOE Green D21S11 21 15

JOE Green D18851 18 18

NED Yellow D58818 5 12

NED Yellow [m38317 13 12

NED Yellow D78820 7 12    
 

 
*Acceptable values established by Applied Biosystems [3]

and confirmed by Michigan State Police validation studies.
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procedure developed was using Millipore microconC>

centrifugal filter devices to concentrate the PCR

product. First, the filter was washed by adding 100 ul of

TE buffer and spinning down (500 g/15 minutes). All of the

PCR product was then added to the filter and spun down

(500 g/6 minutes). The filter was removed from the tube,

inverted, placed into a new tube, and spun down (1000 g/3

minutes). This tube now contained the concentrated PCR

product. Three microliters of this concentrated product

were then added to the 25 ul of formamide/ROX solution.

Both procedures developed involve direct manipulation

of the PCR product generated from the Profiler PluS”‘kit.

Since I chose to use the reagents supplied in this kit and

the protocols established by the Michigan State Police

laboratory, manipulating the actual PCR reaction in hopes

of generating more PCR product was not an option. If it

were an option, varying reagent concentrations,

manipulating PCR cycles, and developing a nested PCR

reaction [21] would have all been explored.

Quality Control (QC)/Quality Assurance<QA)

In 1988, the Federal Bureau of Investigation (FBI)

formed the technical working group on DNA analysis

(TWGDAM). Currently known as SWGDAM (scientific working
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group on DNA analysis), the function of this group was to

provide a forum to discuss various issues concerning

forensic DNA laboratories. Specifically, QA/QC issues were

addressed and guidelines for a quality assurance program

for DNA testing laboratories was established. In 1994,

Congress passed the DNA Identification Act which created

the DNA Advisory Board (DAB). This group, comprised of

members appointed by the Federal Bureau of Investigation,

was also created to develop standards for DNA testing and

quality assurance. Together, both groups have established

guidelines which, if followed, can assure the reliability

of forensic DNA testing methods in producing accurate and

precise results.

The American Society of Crime Laboratory Directors

(ASCLD) is an agency responsible for assessing a

laboratories compliance with guidelines established by

SWGDAM and the DAB. The Michigan Department of State

Police Crime Laboratory in Northville, Michigan, was found

to be in full compliance with all established guidelines

and has been awarded accreditation by the ASCLD Laboratory

Accreditation Board. In order to assure continuous

compliance with ASCLD guidelines, the laboratory is re-

inspected every four to five years. In regards to this

research, ASCLD standards for procedures, equipment and
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physical plant were all followed in order to assure the

reliability of the results. Specifically, laboratory

design, validation of the testing method, technique of the

scientist, and incorporation of appropriate QC samples will

be discussed in more detail to illustrate their importance

in this particular study.

Laboratory design is critical when performing forensic

DNA analysis. In order to prevent contamination of

unamplified DNA (pre—PCR) with amplified DNA (post-PCR),

Applied Biosystems recommends designating the following

work areas: evidence handling, DNA extraction, PCR setup

and amplified DNA [3]. The first three work areas are pre—

PCR rooms while the fourth is a post-PCR room. It is

required that pre- and post- rooms are physically isolated

from one another and contain designate equipment and

supplies that never leave their assigned work area (ie. lab

coats, pipets, pipet tips, reagents, etc). Figure 7

illustrates this type of laboratory design [3]. The

Michigan State Police forensic biology unit in Northville,

Michigan, has incorporated these recommendations into their

own laboratory design.

Both the Applied Biosystems AmpFlSTRC>Profiler PlusTM

PCR Amplification Kit and the ABI PrismC>310 Genetic
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EVIDENCE HANDLING

 

WORK AREA DNA EXTRACTION WORK AREA

Evidence examination Sample digestion {DNA-quandtatidn-(do-t Bio-t pr-dc-ed-ui'el ]

 Differential lysis

Organic extraction“

microconce ntration

Stains. specimens divided

for DNA extraction

Storage oi extracted DNA samples

and AmpFISTR Profiler Plus Kit

components (except AmpFrSTR'

      

 

 

Chelex extraction AHQHC Ladders)

Evidence ir Midget-op; 1

photography L ------ 4

' PCR SETUP WORK AREA

Microscopy PCR reagent and DNA

sample additions

      
 

 

AMPLIFIED DNAWORK AREA DARK ROOM

r----—-:—f-—‘1 Photography

l DNA quantitation i DNA Thermal Cycler 480. . Developed OuantiBlot-

: (slot blot procedure) : GeneAmp’ PCR System 9600. and membrane

e ........... a GeneAmp PCR System 2400

Film Development

- Chemiluminescent

DNA quantitation Amth’STR Profiler Plus detection QuantiBlot membrane

 

 
 

   
  

- I - lot

(p08! 8 0t b ‘) - ABI Parser 377 and

ABI PRISM 310 instruments

 

 

  
      
 

~ Gel pouring

Storage of amplified DNA Waste disposal of amplified

samples and Allelic Ladder products

Figure 7 — Laboratory design.
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Analyzer have been subjected to rigorous validation

studies. These studies, designed by TWGDAM and the DAB,

are necessary in order to prove the testing method reliable

validation studies on both the kit and the instrumentation.

for forensic DNA casework [12]. This re-inforces the fact

that manipulating the PCR reaction in forensic casework is

not an option. The current cycling parameters and reagent

concentrations have been established by TWGDAM and the DAB

and must be upheld. Changing any of these established

parameters and concentrations is a lengthy and time

consuming process which requires a consensus of the

forensic scientific community employing the particular

method. In addition, the Michigan State Police laboratory

has conducted their own validation studies on both the kit

and the instrumentation. As a result of these studies, the

Michigan State Police has documented specific procedures

that must be followed when using this kit and

instrumentation in forensic DNA casework. All of these

procedures were followed when conducting this research.

The technique of the scientist performing the testing

also plays a critical role in preventing contamination.

The following is a list of precautions that Applied

Biosystems would like all practicing forensic DNA analysts

to consider [3]:
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10.

ll.

Examine and sample from pieces of evidence at a

separate time from the handling and sampling from

known samples.

Use disposable gloves at all times and change

them frequently.

Always use a clean cutting surface and clean

scissors when collecting evidence samples.

Perform DNA extraction from samples containing

high levels of DNA separately from samples

containing low levels of DNA.

Perform the DNA extraction of evidence samples at

a separate time from the DNA extraction of known

samples.

If possible, PCR reactions should be setup in a

dedicated PCR hood equip with a UV light source.

Use sterile, disposable, hydrophobic filter—

plugged pipet tips and microcentrifuge tubes.

Always change pipet tips between handling each

sample.

Store reagents as small aliquots to minimize the

number of times a given tube of reagent is

opened.

Cap all tubes before beginning the addition of

DNA. Only open the tube to which DNA is being

added.

Do not store reagents close to samples containing

high levels of DNA.

All of these recommendations were followed in order to

minimize the possibility of contamination.

Running appropriate quality control samples is also

very important in assuring that contamination is not

occurring and to guarantee the testing methods ability to
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produce accurate and precise results. In this study,

QC samples, positive and negative controls, were introduced

into the testing method at three very distinct points of

analysis.

First, was during the extraction process. An internal

laboratory control (ILC) and a substrate control were both

extracted in parallel with research samples. The ILC has a

known DNA profile and is used by the Michigan State Police

as a positive control. The substrate control was used as a

negative control. This sample was collected randomly after

the handle was disinfected but before the next individual

came into contact with it. A negative result for this

sample assures that the disinfection process is working

properly to prevent DNA carryover from occurring.

Second, was during the PCR setup process. Again,

both a positive and negative control were setup in parallel

with research samples. AmpFlSTR®>Control DNA 9947A,

provided in the Profiler Plusm‘kit, was used as a positive

control. This control DNA has a known DNA profile, as

established by Applied Biosystems. The negative control

was PCR master mix without the addition of DNA.

Third, was during the capillary electrophoresis setup

process. An additional negative control was run in
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parallel with research samples. This sample consisted of

310 master mix without the addition of PCR product.

A total of two positive controls and three negative

controls were run with every batch of samples that went

through analysis. If unexplainable discrepancies exist

with any one of the control samples, results generated from

that particular batch of research samples are deemed

invalid and need to be re-tested.
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RESULTS AND DISCUSSION

Decontamination Testing
 

QuantiBlotC>results confirmed that the male

consistently transferred DNA to the handle of the hammer.

Since male/female mixtures were not seen in any of the DNA

profiles generated from the female samples, the

decontamination process was working effectively.

First Round of Sample Collection
 

Yield Gel Results

No visible bands were observed in any of the 32

sample lanes, which represents a concentration of DNA

less than 3.75 ng/ul (15 ng/4ul). All results

obtained from QC samples were acceptable.

QuantiBlot® Results

DNA concentrations ranged from 0.125 ng/ul to

0.03125 ng/ul, and the results generated from QC

samples were acceptable (Table 6). Most important,

the substrate control sample did not show a visible

band in its slot. For quality control purposes, this

sample was randomly collected after the handle had

been decontaminated but before the next individual
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Table 6 - First round quantiblot results.

 

Quantiblot Results Sample

(ng of DNA/ul)

 

0.125 HH

DD*

ILC (2)

 

0.0625 G

 

0.03125

 

 

< 0.03125 A

BB*

II

Substrate Control 
 

*The individuals who supplied these samples were chosen to

take part in the second round of sample collection.

40

 



held onto it. This was used to assure that the

decontamination process was working properly to

prevent DNA carryover from occurring.

Second Round of Sample Collection
 

Yield Gel Results

No visible bands were observed in any of the 5,

15, or 30 second sample lanes, and all results

generated from QC samples were acceptable. The known

buccal samples showed solid, bright bands in their

respective lanes.

QuantiBlot®>Results

For all 5, 15, and 30 second samples, the highest

amount of DNA recovered was 0.0625 ng/ul (Table 7),

and the known buccal samples yielded between 0.25 and

0.125 ng of DNA/ul. Results obtained from QC samples

were all acceptable. It should be noted that in both

rounds of sample collection, a relationship did not

appear to exist between the amount of DNA quantatied

and the gender of the individual who supplied the

sample.

Not only does this data show the possibility to

quantitate DNA from holds as low as 5 seconds, it also
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Table 7 — Second round quantiblot results.

 

Quantiblot Results

(ng/ul of DNA)

Sample Amount of DNA to

be amplified

 

0.25 FF—KNOWN

M-KNOWN

U-KNOWN

DD—KNOWN

1.0 ng*

 

0.125 AA-KNOWN

J-KNOWN

O-KNOWN

Q-KNOWN

BB—KNOWN

ILC

N-KNOWN

X-KNOWN

1.0 ng

 

0.0625 Q-30 0.625 ng

 

0.03125 FF-5,15

L—30

J—15,30

F-15,30

H-15

0.3125 ng

 

<0.03125

 

AA-5,15,30

FF-3O

L-S,15

J—5

F-5

M-5,15,30

0-5,15,30

U—5,15,30

Q—5,15

BB-S,15,30

H—5,30

DD—5,15,30

N—5,15,30

X-5,lS,30

W-5,15,30

Substrate Control  

<0.3125 ng

 
 
* Amount required for optimum amplification to occur, as

determined by Michigan State Police validation studies.
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shows that there is no apparent relationship between

handling time and the concentration of DNA recovered

from the handle. For a true proportional relationship

to exist, there should be an increase in the amount of

DNA recovered from the 5 second hold up to the 30

second hold. The data generated in this study does

not show this to exist, as one might expect.

For example, samples FF—5 and FF-15 each gave

0.03125 ng of DNA/ul but FF—30 gave < 0.03125 ng of

DNA/ul. Also, sample H—5 gave < 0.03125 ng of DNA/ul,

H-15 went up to 0.03125 ng of DNA/ul, and H-30 dropped

back down to < 0.03125 ng of DNA/ul. Data from the

initial 2 minute holds also plays a part in evaluating

this relationship. After 2 minutes, individual Q

transferred < 0.03125 ng of DNA/ul to the handle.

At a later date, a sample was collected from

individual Q after only 30 seconds. From this sample,

0.0625 ng of DNA/ul were recovered.

Since time does not seem to be related to the

amount of DNA recovered, the condition of the test

subjects hands appears to be an important factor. DNA

from skin cells shed directly from the hands

(epithelial cells), can contribute to the DNA

recovered from the surface of the handle. One
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previous study suggested that DNA transfer is highly

dependent on the individual handling the object [14].

Those that shed skin cells more readily than others

were categorized as “sloughers”. Natural human

variation can account for one being categorized as a

“slougher” or a “non-slougher. For example, those who

naturally have dryer hands might shed skin cells at

different rates than those who do not.

Cells shed directly from the surface of the hands

can contribute to the amount of DNA transferred to the

handle, but it does not necessarily represent the

entire amount. DNA transferred to the hands from

other parts of the body can also contribute. Before

coming in to contact with the hammer, the subject

could have coughed or sneezed into their hands,

scratched their head, rubbed their eyes, or touched

any other part of their body that contained large

amounts of nucleated cells. Each of these instances

can transfer many nucleated cells to the hands which

in turn could be transferred to the handle. In this

particular study, this was a possibility because the

hands of the individuals were not controlled in any

way prior to coming into contact with the handle.

To get a true representation of primary DNA
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transfer occurring in the sample population, it is

essential that the hands not be controlled. In many

instances, violent criminal activity is an extremely

random event. Controlling the hands would not produce

“true—to—life” results, thus compromising the

significance of the results. This lack of control

over the individuals hands, along with natural human

variation, is what accounts for the reason why some

samples were able to be quantitated while others were

not.

STR Results

All known DNA profiles generated from the buccal

samples were complete and consistent with originating

from a single source (Table 8).

Table 9 shows the genetic profiles generated from

each 5, 15 and 30 second sample. Out of the 45 total

samples, alleles were detected in 44. This shows that

primary DNA transfer to this type of surface is very

common in this particular population.

After each profile was subjected to the

interpretation guidelines listed previously, its DNA

profile type was determined (Table 10). The majority

of the samples, 20 out of the 45, produced partial DNA

45
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Table 10 — 5,15,and 30 second profile types.
  

 

 

 

   

 

Type of DNA profile 5 seconds 15 seconds 30 seconds

Complete DD-S FF—15 W-30

FF-S H-15 J-3O

DD—15

J-15

Partial X-S X—15 DD—3O

J—5 W-15 X-30

Q—5 M—15 AA—3O

BB—5 Q—15 FF—30

F-5 BB-lS O-30

H—5 F-15 Q-30

L—15 BB-30

Active W—5 N—15 U-3O

AA-5 AA-15

M—5 O-15

0—5 U—15

Uhdetectable U—5

Mixture N-S

L-5
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profiles. Of the remaining 25 samples, nine gave

active profiles, eight gave complete profiles, one

profile was undetectable and seven profiles showed

evidence of a mixture. In mixtures, alleles belonging

to the primary handler are present, but additional

alleles, not belonging to the handler, are also

detected. Again, it should be noted that

a relationship did not appear to exist between the

type of DNA profile generated and the gender of the

individual who supplied the sample.

These results are extremely significant when

evaluating the sensitivity of the testing method.

With one exception, all of the extracts contained DNA

concentrations 5 0.03125 ng/ul. Therefore, the DNA

amounts introduced into the amplification reactions

were 5 0.3125 ng (312.5 pg). This is much lower than

the 1.0-1.25 ng recommended by the manufacturer [3].

Generating complete and partial DNA profiles from

samples containing such low copy numbers (LCN) of

target DNA, as this study did, illustrates the extreme

sensitivity of PCR/STR technology.

As the DNA profiles were being interpreted, two

issues surfaced which need to be addressed. The

first issue is the occurrence of heterozygote peak
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imbalances. The STR interpretation guidelines, based

on results generated from Michigan State Police

validation studies, state that the heterozygote peak

ratios must be 3 70% for a heterozygote to be declared

at a particular locus. When looking at the 38

samples that did not show evidence of a mixture,

imbalances (ratios <70%) were seen in 45% of them. Of

this 45%, 27 separate instances occurred with the

majority seen at the VWA and D18S51 loci.

Of the 27 instances, only one instance involved

heterozygote alleles 3 150 RFU’s. The Michigan State

Police interpretation guidelines states that true

alleles are declared if they fall between 150 and 4500

RFU’s [3]. In this study, a new guideline declared

active alleles if they fell between 50 and 150 RFU’s.

Without this guideline in place, imbalances would have

occurred in only 3% of the samples.

Explanations as to why these imbalances occurred

include primer binding site mutations and low copy

number DNA [25]. Given that this study directly

involved the analysis of low copy number DNA, this

appears to be the reason why imbalances occurred.

With low levels of input DNA, it is possible that two

alleles of a heterozygote will amplify unequally.

51



This phenomena is known as stochastic fluctuation

[13].

It should be noted that not all laboratories

use the same heterozygote peak ratio guideline. In

studies conducted by the Federal Bureau of

Investigation, ratios 3 60% were deemed acceptable

[18]. If this guideline were used to interpret the

DNA profiles generated in this study, only 16% of the

samples would have shown imbalances.

The second issue involves the seven samples (16%)

that showed evidence of a mixture. No more than three

loci in any one sample showed additional alleles, and

no more than one additional allele was seen per loci.

Again, it should be recognized that if the active

allele guideline was not incorporated into this study,

only one sample would have showed evidence of a

mixture.

Previous studies have suggested that when dealing

with low copy number DNA, mixtures are commonly

encountered [8]. There are two explanations as to

why the mixtures could have occurred. One is DNA

contamination and the other is artifacts produced by

the electrophoretic and/or PCR system itself. In

regards to DNA contamination, heterozygote peak
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imbalances at the Amelogenin loci (XzY) are typical of

a male/female mixtures [9]. Since this imbalance was

seen in three of the mixed samples, DNA carryover,

laboratory contamination and secondary transfer all

need to considered as possible sources of DNA

contamination.

If the procedure explained earlier to

decontaminate the handle of the hammer was not working

efficiently, this would cause DNA carryover to occur.

This would result in a mixture of alleles belonging to

the primary handler and the individual who handled the

hammer just before. Since the decontamination process

was extensively tested prior to beginning the study,

DNA carryover does not seem to be the likely reason as

to why mixtures were seen.

Research conducted by Peter Gill of the Forensic

Science Service in the United Kingdom has shown that

low copy number DNA amplification is prone to sporadic

contamination [8]. Just as in this study, strict

QA/QC guidelines were followed in order to prevent

contamination from occurring, but additional alleles

were still detected [8,11]. Possible sources of

contamination include extraneous DNA, cross
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contamination from other samples processed in the

laboratory and plastic-ware contamination by the

manufacturer [8]. In Gills research, contaminants

were typically associated with low molecular weight

loci which included Amelogenin, D38158 and D8S1179

[11]. In this study, 67% of the additional alleles

were seen at these loci.

The occurrence of a secondary transfer is another

possible source of DNA contamination [16,24]. As

explained earlier, the hands of the individuals were

not controlled in any way prior to coming into contact

with the handle of the hammer. Therefore, the

mixtures seen in this study offer proof that it could

be possible for one individual to transfer another

individuals’ DNA to an object and have it be detected.

When explained in terms of criminal activity, it could

be possible for a criminal to transfer an innocent

person’s DNA onto a weapon of this type, thus

connecting him/her to the crime. More extensive

research needs to be conducted in this area in order

to prove this possibility to be true.

Artifacts produced by the electrophoretic and/or

PCR system itself is the second explanation as to

why the mixtures could have occurred. One type of
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artifact is stutter. Stutter peaks are one repeat

unit shorter than the main allele and are caused by

slippage of the DNA polymerase enzyme during PCR [26].

Studies conducted by Applied Biosystems and confirmed

by the Michigan State Police showed that stutter peak

heights are typically 12% to 18% of the main allele.

This range exists because different loci show

different intensities of stutter. When low copy

numbers of DNA are introduced into the PCR reaction,

stutter peaks can actually be equivalent to the size

of the main allele [9]. In this study, four samples

contained additional alleles that were in the stutter

position.

Non-specific artifacts can also be produced by

the electrophoretic and/or PCR system. This type of

artifact occurs as a result of non—specific priming

from fragments of bacterial or degraded human DNA

[9,10] .

The results of Peter Gill’s studies show that

appropriate guidelines need to be established for

interpreting DNA profiles generated from low copy

number DNA [8,11]. As recommended by Gill, an allele

should only be reported if a duplicate result can be

obtained from two or more replicate samples [11].
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Only 4 out of 1225 comparisons showed the same

spurious allele when replicates were compared. This

“duplication guideline” was applied to a statistical

theory which proved this to be a reasonable approach

to interpreting low copy number DNA profiles.

Unfortunately, the results of Gill’s studies were not

acquired until after the research had been completed

in this study. Otherwise, an honest attempt to

replicate all samples showing evidence of a mixture

would have been made.

Tables 11 and 12 show genetic profiles generated

from 15 samples after exposure to the two newly

developed procedures. Profile types were determined

and compared to each other, and to those generated

from the samples exposed to the original procedure

(Table 13).

When using 3 ul of PCR product in the 310

reaction, two active profiles became partial, while

the remaining four showed increased activity but

remained active. One partial profile became

complete, while eight showed increased activity but

remained partial. Two out of the nine partial

profiles would have been declared complete if

heterozygote peak ratios would have fallen within the
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Table 13 — New procedure profile types.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

Sample ID Quantiblot Original 3ul of 3ul of

results Protocol amplified concentrated

(ng of (lul of product amplified

DNA/ul) amplified product

product)

N-lS < 0.03125 Active Partial Partial

AA-S < 0.03125 Active Partial Partial

M-S < 0.03125 Active Active Partial

O-5 < 0.03125 Active Active Mixture

0-15 < 0.03125 Active Active Mixture

U-30 < 0.03125 Active Active Mixture

Q-15 < 0.03125 Partial Complete Complete

X-S < 0.03125 Partial Partial* Partia1*

W-IS < 0.03125 Partial Partial* Partial*

X-15 < 0.03125 Partial Partial Partia1*

AA—30 < 0.03125 Partial Partial Complete

BB-S < 0.03125 Partial Partial Partial*

L-IS < 0.03125 Partial Partial Complete

FF-30 < 0.03125 Partial Partial Complete

J_5 < 0.03125 Partial Partial Complete

  *All 10 loc1

70%.
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L exhibited alleles with an RFU value of 150 to

4500, but the heterozygote peak ratios at some loci were below

 



acceptable range.

Heterozygote peak imbalances were seen in 60% of

the samples. Of this 60%, 20 separate instances

occurred with the majority seen at the VWA, D21811 and

D18S51 loci. In comparison to the same samples from

the original procedure (1 ul of PCR product), the same

nine samples showed imbalances but six more instances

were seen. Originally, no more than two loci in any

one sample showed imbalances. Adding 3 ul of PCR

product generated DNA profiles with up to five loci

exhibiting imbalances.

When comparing DNA profiles generated from the

original procedure to those generated in this

procedure, two major differences were seen. One

is the peak heights of the alleles showing

imbalances. Of the original 15 samples, only active

alleles (50-149 RFU’s) were involved. When more PCR

product was introduced into the 310 reaction, 25% of

the instances involved alleles with peak heights in

the acceptable range (150-4500 RFU’s). Another

difference is the severity of the imbalances.

Originally, the majority of the imbalances involved

alleles with peak height ratios that fell between 60%

and 70%. With this procedure, the majority of the
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ratios fell between 40% and 60%.

When using 3ul of concentrated PCR product in the

310 reaction, three out of the six active profiles

became partial, but the remaining three showed

evidence of a mixture. Five partial profiles became

complete, while the remaining four would have been

declared complete if the heterozygote peak ratios had

fallen within the acceptable range.

Heterozygote peak imbalances were seen in 58% of

the samples that did not show evidence of a mixture.

Of this 58%, 16 separate instances occurred with the

majority seen at the VWA and D18851 loci. Up to six

loci in one sample showed imbalances and one sample

that did not exhibit imbalances with the original

procedure showed imbalances at two loci. The majority

of the peak height ratios fell between 50% and 70%,

and 75% of the instances involved alleles with peak

heights in the acceptable range. When compared to the

3 ul of PCR product that was not concentrated, the

ratio imbalances were less severe but the percentage

of instances involving peak heights in the acceptable

range increased by 50%.

Adding 3 ul of concentrated PCR product to the

310 reaction generated three DNA profiles that showed
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evidence of a mixture. A total of 32 additional

alleles were seen. Up to eight loci in one sample

exhibited additional alleles and up to four additional

alleles were seen at a single locus. Of the alleles

belonging to the primary handler, 84% exhibited peak

heights within the acceptable range. In contrast,

alleles not belonging to the primary handler were in

the acceptable range only 16% of the time.

Both procedures were successful in increasing the

ability to detect alleles, but adding 3ul of

concentrated PCR product to the 310 reaction generated

more complete profiles. Unfortunately, results from

both procedures need to be interpreted with extreme

caution. In regards to the original 15 samples, all

heterozygote peak ratio imbalances involved active

alleles and mixtures were not seen. The new

procedures produced true alleles (150—4500 RFU’s) with

imbalances and three samples showed evidence of a

mixture. Explanations as to why imbalances and mixed

samples occurred are the same as those explained

earlier.

In addition to the two procedures developed to

increase allele detection, interpretation guidelines

established for low copy number DNA analysis could
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have been implemented into this study and evaluated as

a more reliable method [8, 9, 10, 11]. Unfortunately,

since the results of these studies were acquired after

the research was completed, the guidelines could not

be used to interpret DNA profiles. This is due to the

fact that duplicates were not run on samples

exhibiting imbalances and/or evidence of a mixture.

QA/AC Results

Acceptable results were obtained from all quality

control samples. This assures that all results

generated from test samples are accurate.
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CONCLUS IONS

In a population of Caucasian males and females over

the age of 15, the following conclusions can be made

regarding primary DNA transfer to an unfinished wood

surface:

1. Primary transfer is extremely common.

2. No apparent relationship exists between handling time

and the amount of DNA recovered from the substrate.

3. Complete DNA profiles can be generated from holds as

low as 5 seconds where < 0.3125ng of DNA is amplified.

4. Adding 3ul of PCR product to the 310 reaction slightly

increases the ability to detect alleles, but

imbalances in heterozygote peak ratios of true alleles

can occur.

5. Adding 3ul of concentrated PCR product to the 310

reaction significantly increases the ability to detect

alleles, but imbalances in heterozygote peak ratios of

true alleles can occur.
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SUGGESTIONS FOR FURTHER RESEARCH

Since DNA transfer has only recently become a topic of

interest, conducting further research is going to be

critical in fully understanding its forensic significance.

It is crucial that this significance be determined in order

to assess just how much of an impact it will have on the

criminal justice system. In parallel with this study, the

following is a list of variables that could be changed in

order to gain additional knowledge in the area of DNA

transfer:

1. Use a test object made of a different substrate

(plastic, glass, finished wood, etc.).

2. After the object is handled for the allotted time,

expose it to a variety of storage conditions before

collecting the sample in order to determine if the

transferred DNA will be able to withstand its

environment.

3. Allow the test subjects hands to come into contact

with another individual before handling the object.

By doing this, the ability to detect secondary

transfers can be further studied.

4. Attempt to recover the amount of DNA required for

optimum amplification by using Millipore microconC>

centrifugal filter devices to concentrate the DNA

extract. This could eliminate the need to concentrate

the PCR product and allow for less heterozygote peak

imbalances.
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APPENDIX A

Electropherograms generated from decontamination testing.
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APPENDIX B

Electropherograms generated from known DNA samples.
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%_ Thesis data - Group 1

PR Licensed to Michigan State Police. DNA Unit Genotypeio 2,1
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ABi.A. Thesis date - Group 1 (re-run)
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ABIA
PRISM

Thesis dell - Group 1 (re-run)
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ASIA Thesis date - Group 1 (re-run)

PRISM Licensed to Lynne Helton, Michigan State Police GenotyperO 2_1
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ABIA,
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Thesis data - Group 2
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ABIA_ Thesis data ~ Group 2

PRISNI Licensed to Michigan State Police, DNA Unit Genotypem 2,,

Y’T’Y‘VrllirllIYTTIYYTTrT'I'TIIVTr I'— I‘lrerIlIITrth

0 100 120 140 160 130 200 220 240 260 230 300 320 340

IIII'III'III'III'IIIIIII'IIIIIII'IIIIIII'III'IIIlIIl‘II

0 100 120 140 150 100 200 220 240 250 200 300 320 340

D4-J-KNOWN 21 Blue J-KNOWN

1000

500

El

1457

WKNOWN 21 Green J-KNOWN

2000

I | I 1000

E: IIEEEIIIEEI Ifiiilm m m m

WKNOWN 21 Yellow .Hotown

L800

L400

L200

[I]!!! m

777

El!

D+J+0KMNN 21Ru1 .+KNOMRI

900

00

300

 
 

 
 

83



20.3% Thesis date - Group 3
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ASIA.
PRlSM

Thesis data - Group 2

Licensed to Michigan State Police. DNA Unit Genotypem 2. t
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ABIA Thesis data - group 3

PRISM Licensed to Michigan State Police. DNA Unit GenotyperO 2.1
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ABlA. Thesis data 1 group 3
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AB'A Thesis data - group 3
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ABIA Plots - ciaos results
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APPENDIX C

Electropherograms generated from 5, 15,

and 30 second samples.
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Thesis data - Group 1
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ASIA Thesis data - Group 1

PRISM Liconsod to Michigan State Polico, DNA Unit Gonotyporo 2.1
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ASIA Thesis data - Group 1

PRISM Licensed to Michigan State Police, DNA Unit Gonotypero 2.1
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AB'A. Thesis data - group 1

PRBM Licensed to Michigan State Police, DNA Unit GenotyperO 2.1
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Licensed to Michigan State Police, DNA Unit Genotypofg 2.1
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ABIA Thesis date - group 1

PR18M Licensed to Michigan State Police. DNA Unit Genotypew 2.1

 

T

TIT—lIjrrijfi‘f‘rrTT—T'ITT'r—VTfTIITjr‘rT—‘TFfiIY—IIri’f'lTfi’l’mYYUI—ITTII—I

80 100 120 140 160 160 200 220 240 260 280 300 320 340 360 380

lllll.||'\l||l||‘Ill‘lil!lll‘llfllIll'lIl'llIllIl‘lll‘l'C'I.||IIC‘I|

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

B10—N-30 13 Blue N30

80

60

20

 

B10—N-30

90

60

30

   
810411-30 13 Yellow N-SO

20

Ill

B10—N-30 13 Rod N-SO

M L i 2333
 

  
 

96



AB'A Thesis data ~ Group 1

PRW Licensed to Michigan State Police. DNA Unit Genotypem 2,1
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gagsfi Thesis date - Group 1
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AB'A. Thesis data - group 1

PRISM Licensed to Michigan State Police, DNA Unit Genotypem 2.1
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PRISM Licensed to Michigan State Police. DNA Unit Gonotypons 2.1
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ABIA_ Thesis data - Group 1
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AB'A Thesis data - Group 1

PRW Licensed to Michigan State Police. DNA Unit GenotyperO 2.1
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ABIA Thesis data - Group 1

PRISNT Licensedvto Michigan State Police, DNA Unit Genotypoie 2.1
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ASIA
PRISM

Thesis data - Group 1
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ABIA Thesis data - Group 1

PRISM Licensed to Michigan State Police. DNA Unit Genotypem 2.1
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ésgsfi Thesis data - Group 2
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Thesis data - Group 2

Licensed to Michigan State Police, DNA Unit
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ABIA- Thesis data - Group 2

PRISM Licensed to Michigan State Police. DNA Unit Genotypero 2.1
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AB'A. Thesis data - Group 2

PRISM Licensed to Michigan State Police, DNA Unit Genotypeno 2.1
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ABIA_ Thesis data - Group 2

PRISM Licensed to Michigan State Police. DNA Unit acnotypcro 2.1
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ABIA Thesis data - Group 2

PRISM Licensed to Michigan State P0lico.-DNA Unit Genotyporo 2.1
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ABIA, m.m . em 2
PRISM Licensed to Michigan State Poison. DNA Unit Gonotyporo 2.1
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AB'A Thesis data ~ group 2

PRISM Licensed to Michigan State Police. DNA Unit GanotyparO 2.1
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Ucensed to Michigan State Police. DNA Unit GonotyperO 2.1
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ABIA Thesis w. . Group 2
PRW Licensed to Michigan State Police. DNA Unit Genotypeio 2.1
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ABIA_ Thesis data - Group 2

PRISM Licensed to Michigan State Police. DNA Unit Genotypem 2.1
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Thesis data - group 2

Licensed to Michigan State Police. DNA Unit GenotyperO 2.1
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ABIA Thesis data ~ Group a

PRW Licensed to Michigan State Police, DNA Unit Genotypero 2.1
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ABIA,
PRISM

Thesis data - Group 3

 

0241-15

D2-U-15

  

Licensed to Michigan State Police, DNA Unit Genotypeto 2.1

I'IITII‘VIIY'T'IUI'UT'I'Tr'l'tlTII'IUrTII—UIIiI'IIr

100 120 140 160 180 200 220 240 260 280 300 320

III'III'III'III'III'III’III'III'III'III'III'III'III

100 120 140 160 180 200 220 240 260 280 300 320

D2-U-15 21 Blue U-15

BO

60

0

20

m E! E m

'02-U-15 21 Gwen U-15

 

21 Yellow U-15

40

20

m

21 Red U-15

_U L A y SEE
 

 

  
 

119



ASIA. Thesis date - Group 3

PRISM Licensed to Michigan State Police. DNA Unit Genotypero 2.1
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APEIA Thesis data - Group 3

ISM Licensed to Michigan State Police. DNA Unit GenotyperO 2.1

 
fi'rvtrTIfTTrfi‘erTrl’ITI—YwI—TI—‘IIIfi’IYrTIITT—rtjfjiriIr

100 120 140 160 180 200 220 240 260 280 300 320

III'III'III'III'III'IIIIIIIIIII'III'III'IIIIIIIIIII

100 120 140 160 180 200 220 240 260 280 300 320

88-0-5 118iue 0-5

mm m

32

M   

 

 

88—0-5 11 Green 0-5

IE [E] [D

me an a;

88—0-5 11 Yellow 0-5

m a m (I:

m

IE m

ma w

“Red 05

“i 1111 J

 

200

100

 

100

50

 

 

 

121

 



ABIA_ Thesis data-Group 3

PRISM Licensed to Michigan State Police. DNA Unit Genotypes-O 2.1
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ABIA Thesis data . group 3
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ASIA Thesis data - group 3

PRISM Licensed to Michigan State Police, DNA Unit Genotypene 2.1
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ArggsAM Thesis data - group 3

. Licensed to Michigan State Police. DNA Unit Genotypem 2.1
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ABIA Thesis data - Group 3

PRISM Licensed to Michigan State Ponce, DNA Unit Genotypcie 2,1
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ABIA
PRISM

Thesis data - Group 2

 

 
 

 

 
 

  

 

 

 

Licensed to Michigan State Police. DNA Unit GenotyperO 2.1
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AB'A Thesis data - Group 2

PRW Licensed to Michigan State Police, DNA Unit GenotypeiO 2.1

IVIUTITYVYIIiinII’T‘I—TIIIIIII'ITTTYITI—‘Vr—II'T'IIY'IIT'III

100 120 140 160 180 200 220 240 260 280 800 320 840

 

pll'Ill'lll'llIlIll'lll'llI'Oll'lllllll'III'IIIIIIIIIOI

'00 120 ‘40 150 180 200 220 2‘0 250 280 300 320 340

03-F'15 24 Blue F-15

MOO

L

l I ~200

   

 

    

 

   

Eli

EM

034-15 24 Gwen F15

19000

igeoo

I I 9300

E in EE

an em

03-315 24 Yellow F-ts

' zoo

200

I 100

m
[EB ma EB!

IE

rm

oe-Hs 24 Red F-15

 

.Esoo

r800

.400

5200
 

   
128



Thesis data - Group 2

Licensed to Michigan State Police, DNA Unit

ABIA
PRISM Genotyper® 2.1
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AB'A Thesis data - Group 2

PRISM Licensed to Michigan State Police. DNA Unit Genotype“ 2.1
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ASIA- Thesis date . Group 2

PRISM Licensed to Michigan State Police, DNA Unit GenotypeiQ 2.1
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ABIA Thesis data - Group 2

PRISM Licensed to Michigan State Police, DNA Unit GenotyperO 2.1
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ABIA
PRISM

Thesis date - Group 3

 

  

 

 

Licensed to Michigan State Police. DNA Unit Genotype“ 2.1
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ASIA Thesis data - Group 3

PRISNT Licensed to Michigan State Police, DNA Unit Genotypero 2.1
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ASIA
PRISM

Thesis data - Group 3

Licensed to Michigan State Police. DNA Unit Genotypero 2.1
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APPENDIX D

Electropherograms generated from samples

containing 3ul of PCR product.
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ABIA Thesis data - Group 1

PRISM Licensed to Michigan State Police, DNA Unit Genotyperfl 2.1
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ABIA Thesis data - changed amp. volume

PRISM. Licensed to Michigan State Police. DNA Unit Genotypero 2.1
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ABIA. Thesis date - changed amp. volume

PRISM Licensed to Michigan State Police, DNA Unit GenotyperO 2.1
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80 100 120 140 160 180 200 220 240 260 280 300 320 3‘0

 

I I I I I I I I I I ' I I I I I I I I I l I I I I I I I I I I I I I | I I I ' I I I '~I I I I I I I I I I I I

so 100 120 140 160 180 200 220 240 260 260 300 320 34c

A7—X-15(3UL) 5 Blue x-zswuu

00

300

200

100

 

 

 

A7-X-15(3UL) 5 Queen X—15(3UL)

‘9400

IrSOO

200

E100

  

 

 

A7-x-15(3UL) 5 Yellow X—15(3UL)

 

#‘ ‘ LAL ___ AA A

  
A7-X-15(3UL) 5 Rod X-15(SUL)

E400

~3oo

L200

P100

L- “‘ ‘A‘.‘
A L ‘- A
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9R§ISIAW Thesis data - changed amp. volume

 

Licensed to Michigan State Police. DNA Unit Genotypeto 2.1

‘I I l I I I I I T rT T’j’l I—r f I l I I l I 1" I Y T '1 fr I I I I I I I I T I T T r I

100 120 140 160 180 200 220 240 260 280 300

I I I I I | I I I . I I I ' I I I | I I I ' I I I ' I I I I I I I | I I I I I I I | I I I

100 120 140 160 180 200 220 240 260 280 300

BSoW-15(3UL) 12 Blue W-15(3UL)

900

l 00

“I 00

W 788

IE

an

A;
   

 m
18

ea-w-wwuu 12 Green w-vswuu

Egon

on

400

L {-200

IE

 

 

Ba-W-15(3UL) 12 Yellow W-15(3UL)

A no

‘ zoo

“2an 451 EB £33

In

sew-mam.) 12 Red W-15(3UL)

   

 

{-400
r300

200

L“00
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ABIA Thesis data - Group 1 (re-run)

PRISM Licensed to Lynne Helton, Michigan State Police Genotypero 2.1

rIIY—‘rTjrlIrTTT'IIIjr‘FTII’TIjjIII—IITI‘ITT'IIIII

100 120 140 160 180 200 220 240 260 280 300 320

 

IIIIIIlIIIIIII'III'III'III|IIIIIIIIIIIIIII'IIIII

100 120 140 160 180 200 220 240 260 280 300 320

DG—AA-S 16 Blue AA—S

 

  

  
 
 
 

.200

100

A AA- - L LT;

DB-AA-S 16 Gwen AA-S

200

150

I00

50

E IQ m

E *3 IE

I] IE E

[E E1! [IE

DO—AA-S 16 Yellow M-S

200

150

100

n - - g; A» LJL- 5°

III E III IE

237 me E!

DB-AA-S 16 Rod AA-S

on

200
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7 ABIA Thesis dale - changed amp. volume

PRISM Licensed lo Michigan State Police, DNA Unit GenotypetO 2.1
U V f T I 1' I r I I I ‘ T t I I I I 1 r r—' I l I I 'j I I 1 I 1 r I I j IV r [T ‘ Ir—i

100 120 140 160 180 200 220 240 260 280 300

 

o | o I o | v I I | n I I I I 1 I ' 1 I I I I 1 I I I I 1 1 o I n I I I 1 I o 1 a ' 1 1 1

100 120 140 150 180 200 220 2‘0 260 280 300

BB-M-30(3UL) 11 ENG AA-30(3UL)

200

150

100

50

g
a
g
l
a

 

Bis-“mum 11 Gwen AA-30(3UL)

150

100

50

  
150

100

 

BB-AA—30(30L) 11 Red M-30(3UL)

00

300

200

100
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ASIA Thesis data - changed amp. volume.

PRW Licensed to Michigan State Police. DNA Unit Genotypeco 2.1

I I I r I l I I 1 T T I I I I I I I—I' f I I I I I I I T 1 I I I I l' I I T I I I—j' r I I I

100 120 140 180 180 200 220 240 260 280 300

 

  

 

 

100 120 140 160 180 200 220 240 260 280 300

B12-FF-30(3UL) 14 Blue FF-30(3UL)

00

00

200

RE 513 5E1 EB

B12-FF-30(3UL) 14 Green FF-30(3UL)

00

00

00

200

um

B12-FF~30(3UL) 14 Yellow FF-30(3UL)

200

150

100

50

Elm

B12-FF-30(3UL) 14 Red FF-30(3UL)

7400

7300

7200

r100
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ASIA.
PRISM

Thesis data - changed amp. volume

 

  

ANSBUL)

ANSQUL)

wHE 3E

 

 

a Yellow J-5(3UL)

mm

Im-

a Red J-5(SUL)

@
B
Q
B

 

 

Licensed to Michigan State Police, DNA Unit Genotypeifi 2.1

TIfiIIIII‘T'TT‘I’IIII’jfiI’I—l—I—IIITITIIffir'fi'jIIII T—‘II'

100 120 140 160 180 200 220 240 260 280 300

I'IIIIIII'III'III'III'III'IIIIIII'IIIIIIIIIII

100 120 140 160 180 200 220 240 260 280 300

A9-J-5(3UL) 6 Blue J-5(3UL)

300

200

100 ‘

ll! El

257 E12

IE IE

Eil 3E

A9-J-5(3UL) 6 Green J-5(3UL)

00

400

200

150

100

?‘°°

>300

fizoo

E100
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ABIA thesis data . changed amp. voiume

PRISM Licensed to Michigan State Police. DNA Unit Genotypem 2.1

IIIIrffilTTTIrIIIIIIITTIIITYIU'I—TIIIl—TITT‘IIII'T"'rlI—rIT

100 120 140 160 180 200 220 240 260 280 300 320 340 360

 

I I I I I I I I I I ' I I I I I I I ' I I I l I I I I I I I ' I I I I I I I ' I I I I I I I I I I I I I I I I l I

100 120 140 150 130 zoo 220 240 260 280 300 320 340 360

Ci-M-5(3UL) 15 Biue M-5(3UL)

 

60

4O

20

C1-M-S(3UL) 15 Green M.5(3UL)

1 00

50

E El 30

C1-M—5(3UL) 15 Yeliow M-5(3UL)

' 0

20

CI-M-5(3UL) 15 Rad M-5(3UL)

400

200
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ABIA- Thesis data - changed amp. volume ,

PRISM Licensed to Michigan State Police. DNA Unit Genotypam 2.1

r I I ' t I l7 I I I I f I T I T I '1 I T- I I I I I l ' I T I T t I I 1 I ' T r I I l I I t I I I U r I T I ‘ I r

100 120 140 160 180 200 220 240 260 280 300 320 340 360

 

I I ' I I I ' I I I | I I I ' I I I ' I I I l I I I ' I I I I I I I I I I I | I I I | I I I ' I I I i I I I I I I

100 120 140 160 180 200 220 240 260 280 300 320 340 360

CS-O-S(3UL) 16 Blue 05mm.)

40

30

. , 20

. l 1 0
' , I i. A . ‘ v

03-05(3UL) 16 Green O-5(3UL)

60

- 0

20

03-05(3UL) 16 Yeflow O-5(3UL)

20

1 0

' l _ I I i I '1

ca-o-suauu 18 Red O-5(SUL)

00

200

A ‘ A- M _ _- A -
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Thesis data - changed amp. volume

Licensed to Michigan State Police. DNA Unit

ABIA
PRISM Gonotyperfl 2.1

 

r I I Y

160

I' I j

180

[YTTIITIIIYI'I—V‘I'I

200 220 240 260 280

V I I T I I I

100 120

I I' I I I

140

an'

280

I

260220 240140 160 180

13 BIUO U15(3UL)

200

' I ' I

100 120

B10-U-15(3UL)

HEM [EB

[E

13 Green U-15(3UL)B10-U-15(3UL)

 

B10—U-15(3UL) 13 Yellow U-15(3UL)

5
3

U
I

 

B10-U-15(3UL) 1 3 Rod U-15(3UL)

 

I' ‘ I’ I' I

300

300

200

150

100

50

00

300

200

100

30

00

300

200

100

 

147

 



ABIA_
PRISM

thesis data - changed amp. volume

Licensed to Michigan State Police, DNA Unit Gonotypom 2.1

 

  

   

 

100 120 140 160 180 200 220 240 260 280 300

II'OII'lII.IUU'IDI'O|I'Illtllt'lII|lll'

100 120 140 160 180 200 220 240 260 280 300

CS-U-30(3UL) 17 Blue U-30(3UL)

m

m m [:5 ER (in

CS-U-30(3UL) 17 Gwen U-30(3UL)

X E

161 m

63

cs-U.30(3UL) 17 Youow U-30(3UL)

m

cs-u-aomuu 17 Rod U—30(3UL)

320

320

340

340

II'VW'UrIfi'IF‘IIjTW'IIIIIT‘IIWIYrYYYI'UIIU'I'I'UT‘I'T'UIII

330

360

80

40

20

150

100

50

60

00

200

 

148

 



APBIA Thesis data - changed amp. volume

 

  

 

 
 

  

Licensed to Michigan State Police. DNA Unit GenotypetO 2.1

I I I V I I ‘l T I l I T r I Tfi‘ T_' fil 1 l l i I I T I I I r I I I T 1' Ti Y I I T—I' I I

100 120 1 40 160 1 80 200 220 240 260 280 300

I I I I I I I I I I I I I I I I I I I I I I I l I l I I I ' I I I I I .I I I I I I | I I l

100 120 140 160 180 200 220 240 260 280 300

Att-L—15(3UL) 7 Biue L-15(3UL)

900

600

L 300

@-IIIIE Ilia

II]

E113

Att-L-15(3UL) 7 Green L-15(3UL)

~1500

~1000

1-500

A A _ LA

32

EIIE

E33

317

Att-L-15(3UL) 7 Yeliow L-15(3UL)

L300

  

.I E200

‘ I 7100

- m.

Ei33

I13

E113

 

A11-L-15(3UL) 7 Red L-15(3UL)

L400

L300

5200

rtoo
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ABIL

PRISM

Thesis data - changed amp. volume

 

 
 

 

 

 

 

 

 

 

 

Licensed to Michigan State Police, DNA Unit GenotyperO 2.1

V I ‘l l’ l I I l I 1' I I I I I 1' I I I I T I I V ‘I I I I I I I I T I I T‘I lfi' T I I 1 I’ r

100 120 140 160 t80 200 220 240 260 280 300

I'III'III'III'III
IIIlIII'IIIIIIIIIII'IIIIIII

100 120 140 160 180 200 220 240 260 280 300

82-88-5(3UL) 9 Blue BB-SlSUL)

r800

L400

L200

*4 M ‘ - ML
- ‘ ‘A ’

EB IE!

82-88-5(3UL) 9 Green BB-S(SUL)

300

200

100

“.11 EB IE

an E1]

IE EE IE

[E III] a:

Bz-BB-S(3UL) 9 Yellow BB-S(3UL)

200

150

100

50

2in E13

82—88-5(3UL) 9 Red BB-S(3UL)

-r400

7300

7200

100

 
 

 

150

 



Thesis data - changed amp. volume

Licensed to Michigan State Police, DNA Unit

ABIA,
PRiSM Genotypero 2. t

 

1 ‘l I I I I I I I I I I I I I I I I r I r I fIIIrfiIIrIIIIII'IfiI—Iert

 

 

 

 
 

 

100 120 140 150 180 200 220 240 250 230 300

I'lII'III'III’III'III lll‘lll'lIlllll'lllllll

100 120 140 160 180 200 220 240 260 280 300

mmmu to Blue 015(301.)

400

200

52BE EB GE :25

E?

m

54415900 10 Green 015(301.)

1500

1000

500

L - in - 44L
[2 IE E13 IE [E

E!!! am 470

E]!

m:

34-0-15(30L) 10 Yellow 0.15901.)

00

200

am man an an:

an

elm-1590:.) to Red 0-15(3UL)

400

300,

200

100
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APPENDIX E

Electropherograms generated from samples

containing 3ul of concentrated PCR product.
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ASIA. Thesis data - concentrated amp. product

PRISM Licensed to Michigan State Police, DNA Unit GenotypeiQ 2.1

Ill‘IIIIIIIII'TI'IIII'TTIT‘IIIIIIIIYY'ITIIIII‘II'IIIIYVIIIIIII’IIIIII'III'I

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

 

ll'lll'llDIIII'IOIIIII'III'Ill'lID'lll'lll'llI'tlllIIO'IIIIIIOIIII'OIIIO

80 100 120 140 150 180 200 220 240 260 280 300 320 340 360 380 400 420

A9—N—15(3UL) 4 Blue N-15(3UL)

600

00

200

 

A9—N-15(3UL) 4 Green N-15(3UL)

00

200

   
A9-N-15(3UL) 4 Yoiiow N-15(3UL)

200

100

 

A9—N-15(3UL) 4 Red . N«15(3UL)

111 111 111L133
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ABIA Thesis data - concentrated amp. product

PRISM Licensed to Michigan State Police. DNA Unit Genotyparo 2.1
TYIYTI’TIII[YYfIlI—‘FFITIIttfifrIifiIiiilfttI'IITTTVVI'IIY'FII

80 100 120 140 160 180 200 220 240 260 280 300 320 340' 360

 

l'o ll. Iii 'III 'II III ii'i II' III 'lIl Iii O'Il I'I il| llll iii '0! l'l ii

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

C1 ~X-5(3UL) 15 BIUO X-5(3UL)

1500

1000

500

  

  

 

C1-X-5(3UL) 15 Green X-5(3UL)

-2000

~1500

-1 000

I l -500

 
 

 

 

cr-x-slaul.) 15 Yellow x-slam.)

been

r800

r400

7200

9.

 
    
C1~X-5(3UL) 1 5 Rod X-5(3UL)

11 - 1 111SEE
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AB“; Thesis data - concentrated amp. product

PR1SM Licensed to Michigan State Police, DNA Unit Genotyperw 2.1

IIITr'rrIIIITTIIIIrT—rTII—rrTIIIIIIIIIITIIIIII'll'lll'l'jI'IrI

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

 
 

'III...IIIIO'Ili'IIIlIII'|IO|III!I."IIIIIIC'III"IIIIIO|OII

80 100 120 140 150 180 200 220 240 260 280 300 320 340 360

C5-X-15(3UL) 17 Blue X-15(3UL)

 
 

  

 

2000

1500

1000

l 500

I I - J A ,

m 1 6

2127' 1255]

13 1a

21 5 3

cs-x-15(3UL) 17 Green x-15(3UL)

2000

1500

. 1000

l ‘ .1 500

ii! IEJF IE! 1!!

1595: 1953 I!!! 704

ll!!!

 

 

 

 

 

  

v

EEEII

cs-x-15(3UL) 17 Yellow Xo15(3UL)

900

500

300

“.1

IE

(I!)

cs-x-15(3UL) 17 Red x-15(3UL)

aoo

  

00

00

200
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ABIA_ thesis data - concentrated amp. product _

Licensed to Michigan State Police. DNA Unit Genotypero 2.1

T—rIIIYfiIT‘II'IIIIIIIIIIIrIrTITW’TrrTI'IT

200 220 240 260 280 300 320 340 360
 

TTTYT'IIIITIIIT

100 120 140 160 100

 

 

   

 

 

 

 

  

 

100 120 140 160 180 200 220 240 260 280 300 320 340 360

E5-W-15(3UL) 30 Blue W-15(3UL)

3000

2000

1000

3209 2201

18 23

1232

E5-W-15(3UL) 30 Green W-15(3UL)

2000

n 1000

[15

1209|

766

E5—W-15(3UL) 30 Yeflow W~15(3UL)

1500

1000

‘ j 600

11]

1322

 

ES-W-15(aUL) 30 Red w-15(3UL)

600

00

200
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ABIA Thesis data - concentrated amp. product

Licensed to Michigan State Police, DNA Unit Genotypero 2.1

IIII'IIIjiffII’IIlrf"II—T'IIITWTIj—I‘IIIIjTrTWTIIrT'ITIIYTI'III

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

 

ll.ll'lll'lllllll'Illllll'lil'lll'Illllllllll'ltllIUIIIII'III

80 100 120 140 160 180 200 220 240 250 280 300 320 340 360

A5-AA-5(3UL) 4 Blue M-5(3UL)

 

 

 

 
 

 

   
 

 

  

600

600

400

zoo

A5.M»5(3UL) 4 Green AA-slauL)

-soo

L400

L ~2oo

RE]

so

A5oAA~5(3UL) 4 Yellow AA-5(3UL)

oo

. 00

L 200

[I] :3 IE

EB BEE mm

111! IE

[IE

A5-AA-5(3UL) 4 Red AA-5(3UL)

 11111 111 
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AB'A Thesis data - concentrated amp. product

PRISM Licensed to Michigan State Police, DNA Unit Genotyper® 2.1

TTIIIfi'I‘I—rTIII1YI—TIIII—[TTI]II‘V'ITTIYITlfiTrIIIIIIYrIII—rfT

100 120 140 160 180 200 220 240 260 280 300 320 340 380 

1 III III III III III ill '1! 1'. II. III Ill 1'. III iii '1! ll. ll. lit III

100 120 140 160 180 200 220 240 260 280 300 320 340 360

E1oM-30(3UL) 28 Blue AA-30(3UL)

2000

1 500

1 000

500

 
 

 

1500

1000

500

E1-AA-30(3UL)

 

    
E1~AAo30(3UL) 28 Yellow AA-30(3UL)

1000

500

l l- 11 _ ,

E1-AA-30(3UL) 28 Rod AA~30(3UL)

 

 

600

00

200
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AB'A Thesis data-concentrated amp. product

PRISM Licensed to Michigan State Police, DNA Unit Genotypem 2.1

TlrIlI'rTIll ll—rWIIIIII[lrf’UYTlIII'rfT—IIIIITII‘IIIIIIIIT‘I

100 120 140 160 180 200 220 240 260 280 300 320 340 360

 

IIIIlllllil‘lllilll'lll‘lllllII'IDIIIII'IIIIIII'III'IOI'II.

100 120 140 160 180 200 220 240 260 280 300 320 340 360

F2-FF-30(3UL) 34 Blue FF-30(3UL)

3000

2000

. l 1000

1 _ e - ---A _

IE IE I18

m 3176

F2-FF-30l3UL) 34 Green FF-30(3UL)

 

 

r4000

-3000

LA! 92000

A] rlooo

x 27|

4261‘ - 1779'

Y] 1 28

3597 1566

F2-FF-30(3UL) 34 Yellow FF-30(3UL)

l l J @233
%300

 
 

  

 
  

 
 

  

 
 

Ilfl iii 11

1087 1049'

m 12

700

 

F2-FF-30(3UL) emed FF-30(3UL)

Eeoo

-400

~200

F 
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AB'A Thesis data - concentrated amp. product

PRISM Licensed to Michigan State Police, DNA Unit Genotypenv 2.1

IvIrTIITrerI—FTTI'ITIII'TTIIIIf‘rrTI‘TTTiYTIIT—rlrleITTTIIVIVI

100 120 140 160 180 200 220 240 260 280 300 320 340 360

 

OIIIIII'IIIIIII'III'III'IIIIIII'IIIIIIO'IIIIIIIIIII'III'II

100 120 140 160 180 200 220 240 260 280 300 320 340 360

CQ-J-5(3UL) 19 Blue J-5(3UL)

 

 

  

 

  

 

500

600

400

200

m a!

719

Gee-slam) 19 Green J-5(3UL)

1500

1000

500

{394]

m

339

ce-ooslauu 19 Yellow J.5(3UL)

eoo

zoo

m
519 IE 551

E IE

EH

CNSGSUL) 19 Red J-S(3UL)

300

00

400

200
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ABIA_ Thesis data- concentrated amp. product .

Licensed to Michigan State Pollce, DNA Unit Genotypero 2.1

1V,IIV'l"I‘ITTTTYYrVTTIVTTI'YUI'VTI'IIIIfiIjrrrI"IIYII[III‘IIIIYI

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

 

so 100 120 140 160 130 zoo 220 240 zoo zoo 300 320 340 360 380

82-M-5(3UL) 6 Blue M-5(3UL)

 

  

 

 

321469111.) 5 Green M-5(3UL)

on

300

200

100

E‘ m in E]?! [E

HE m [E BE

EB IE

[it

B2-M-5(3UL) 3 Yellow M-5(3UL)

zoo

150

100

so

82-M-5(3UL) a Red M-5(3UL)

500

00

zoo
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thesis data - concentrated amp. productABIA
PRISM Licensed to Michigan State Police. DNA Unit Genotypenb 2.1

 

lTjIr‘iI‘ijTIIT'IIIIIIIITII'IIIl‘TrlII'IIIIIYU

 

 

 

IIIIIIVIIr

 

 

 

 

 
 

100 120 140 160 180 200 220 240 260 200 300 320 340 360 380

IIIOI|III'IIII IIIIIII'II'I1|..1II'UIIIIIIIIII'II I'III'IIII

100 120 140 160 100 200 220 240 260 280 300 320 340 360 380

BS-O-S(3UL) a Blue O-SlSUL)

400

zoo

zoo

100
.AA A !— ‘L.

Be-o-slauL)

400

200

a I

Bs-o-slauu a Yellow O~5(3UL)

zoo

150

100

so

BS—O-5(3UL) a Red o-slauu

600

400

zoo
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AB'A Thesis data - concentrated amp. product

Licensed to Michigan State Police. DNA Unit Genotypero 2.1

IIIIIfirIIYTTrIII'TTI’I‘I’IrI—I—II]III'IITIITrlI—VIrfiTIIIrI

O 100 120 140 160 180 200 220 240 260 280 300 320 340 360

 

1|II'III'IIIIIIIlIIIIIII'Ill'lll'llI'llllIllllII'IIlIIII'

O 100 120 140 160 180 200 220 240 260 280 300 320 340 360

E9-U-15(3UL) 13 Blue U-15(3UL)

 

  

  
 

 

   

 

600

400

zoo

‘d '_A_ __ ‘ . LL- 3W _ ‘ ‘ A- L-.- “A . '

mil-I leg - a: m
739 E] gm [E HE a3

[Hi IE m m

IE 17 m

167 238 an

444 m

Ee-U-lsleuL) 13 Green U-15(3UL)

1500

1000

500

14 m E

230

[E 247

m

E9-U-15(3UL) 13 Yellow U-15(3UL)

300

200

100

 

 

 

Eo—u-lslauu 13 Flea U-15(3Ul.)

#—  
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ABIA Thesis data - concentrated amp. product

PRISM Licensed to Michigan State Police, DNA Unit Genotypr 2.1

GIVIWIIIII'ITT'IIYIIr‘I'ITIT‘ITII—I—IIIII‘IIIITIIII‘III'VIIYI’IIII‘

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

 

Illll'lllllll'III'III'IIIIIIllilI'lll'Ill‘tltlIIIIOIIIOII‘

100 120 1‘0 160 180 200 220 240 250 280 300 320 340 360 380

B 1 0°U-30(3UL) 1 1 Blue U‘30(3UL)

 

 

600

400

; ‘ 200

LA. ‘ ._ - A__ 4...“ u u.

m an

[$25 [D Em rm

IE 54 IE

rm EB ma

161

200 676

BtO-U-30(3UL) 11 Green U—30(3UL)

900

600

300

  

 

 

B10-U-30(3UL) 11 Yellow U-30(3UL)

400

300

200

100

  
B10-U~30(3UL) 11 Red . U-30(3UL)

600

400

200
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AB'A. Thesis data - concentrated amp. product

PR‘SM Licensed to Michigan State Police. DNA Unit Genotypero 2.1

Y1‘rIITIII—III'II'Ir‘Ij—IUII'TTTI—TllllIIIIIjIIII'iTV—TVIfrIII'II

100 120 140 160 180 200 220 240 260 280 300 320 340 360

 

IllllllIIIIIIII‘Illlltl'lltllI‘lltt'IIlllllllll’Ill'llt'lI

100 120 140 150 180 200 220 240 260 280 300 320 340 360

D10-Q-15l3UL) 26 Blue Q15(3UL)

   

 

 

1500

1000

J 500

[E m an E141

1079 IE3]

at: - E

. EB

DtO-Q-tS(3UL) 26 Green o-lslauu

000

000

2000

1000

: [E

m

D10—Q-15(3UL) 26 Yellow 0-15(3UL)

 

 

1000

500

  

 El
1389

13

1116
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ABIA Thesis data - concentrated amp. product

PRISM Licensed to Michigan State Police, DNA Unit GenotyperQ 2.1
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AB'A_ Thesis data — concentrated amp. product

PRISM Licensed to Michigan State Police, DNA Unit Genotyper® 2.1
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APPENDIX F

Electropherograms generated from ladders

and quality control samples.
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ABIA Thesis data

PRISM Licensed to Michigan State Police. DNA Unit Genotypem 2.1
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PRISM Licensed to Michigan State Police. DNA Unit GenotyperQ 2.1
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ASIA Thesis data

PRISM Licensed to Michigan State Police, DNA Unit Genotypero 2.1
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ABIA Thesis data

PRISM

 

 

Licensed to Michigan State Police. DNA Unit Genotypero 2.1
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APR§IS%A Thesis data

Licensed to Michigan State Police, DNA Unit Genotyperfi 2.1
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ASIA Thesls data

PRISM Licensed to Michigan State Police, DNA Unit Genotypem 2.1
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ASIA Thesis data

PRISM Licensed to Michigan State Police, DNA Unit GenotyperO 2.1
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. Licensed to Lynne Helton, Michigan State Police Genotyper® 2_1

ABIA Thesis data~contamination check
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ASIA Thesis data - Group 1

PRISM Licensed to Michigan State Police, DNA Unit Genotypem 2.1
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ABIA Thesis data - Group 2

PRISM Licensed to Michigan State Police, DNA Unit Genotypem 2.1
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éBISfi thesis data - Group 3

' Licensed to Michigan State Police. DNA Unit GenotyperQ 2,1
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AB'A Thesis data - Group 1 .

PR'SM Licensed to Michigan State Police, DNA Uni! Gonotyporo 2.1
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1%:ng

Thesis date - Group 1

Licensed to Michigan State Police. DNA Unit GenotyperO 2.1
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ABIA
PRISM

Thesis data - contamination study

Licensed to Michigan State Police, DNA Unit Genotypem 2.1
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ABIA Thesis data - contamination check

PRISM
 

  

       

 

  
 

Licensed to Michigan State Police, DNA Unit Genotypero 2,1
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ABIA_ Thesis data - Group 1

PRISM Licensed to Michigan State Police. DNA Unit Genotypem 2.1
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QBIA Thesis data - Group 2

 

Licensed to Michigan State Police, DNA Unit Genotypens 2.1
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ABIA Thesis data - gmup 3
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Licensed to Michigan State Police. DNA Unit Genotypero 2.1
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Thesis data

Licensed to Michigan State Police. DNA Unit

ABIA
PRISM
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ABIA Thesis data

PRISM Licensed to Michigan Siale Police, DNA Unit
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ABIA. Thesis data

PRISM Licensed to Michigan State Police. DNA Unit Genotypem 2.1
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ABI;- Thesis data

PRISM Licensed to Michigan State Police. DNA Unit GonotyporO 2.1
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QEISIAM' Thesis date

Licensed to Michigan State Police, DNA Unit Genotypeto 2.1
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ABIA Thesis date

PRISM Licensed to Michigan State Police, DNA Unit Genotypero 2.1
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$394” Thesis date

Licensed to Michigan State Police. DNA Unit Genotypem 2.1
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ABIA Thesis data

PRiSM Licensed to Michigan State Police, DNA Unit Genotypem 2.1
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ABIA_ Thesis data

PRISM Licensed to Michigan State Police. DNA Unit Genotypene 2.1
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ABIA Thesis data

PRISM. Licensed to Lynne Helton, Michigan State Police
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ABIA Thesis data

' PRISM Licensed to Lynne Hench, Michigan State Poiice Genotypeio 2.1
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ABIA Thesis data

 

  

 

  

   

 

 

 

PRISM' Licensed to Michigan State Police. DNA Unit
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ABIA. Thesis data

PRISM Licensed to Michigan Stats Police. DNA Unit Genotypow 2.1
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ABI; Thesis data

PRISM Licensed to Michigan State Police. DNA Unit GenotyperO 2.1
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