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CHAPTER |

INTRODUCTION

Forensic DNA analysts encounter a variety of samples in caseworkayfrreal of
evidence subjected to DNA typing includes samples of differing cetiulantity, as well as
guality. With the increased demands for DNA results involving investggtidicial, and human
identification applications, developing technologies continue to providethigughput
solutions for the numerous steps required in the DNA testing processveéfotine external
demands for faster processing are further complicated by the nataramés often submitted to
DNA laboratories for analysis. Many evidentiary samples cotgairquantity DNA, and are
previously exposed to varying degrees of environmental insults priolle¢ctam and storage.
Once an item, stain, or swab is selected for testing, its celldentity and quality is unknown
prior to the time-consuming and expensive analysis. This issue beamthes éxacerbated
when items or surfaces contain multiple stains of interest, of whechltlity to obtain useful

information from cellular material remains unknown.

Although the DNA Advisory Board (DAB) Quality Assurance Standards re@@BIS-
participating forensic laboratories to quantify the amount of human DNA pridiCigrofiling,
present standardization committees do not require forensic labesdimevaluate the quality of
a biological sample prior to analysis, (FBI DNA Quality Assurance Auddunent, 2009,

Standard 9.4). This lack of qualitative measurement limits prior knowlefithe biological



sample’s cellular integrity, which may contain degraded templat&. [Dl¥ a result, examiners
confronted with a backlog of casework samples must utilize presumptolegeal tests and
their laboratory’s standard operating procedures in an attempt totbelsatmple(s) that will
yield useful typing results (Figure 1). This sampling practice, ledupith turnaround-time
demands, requires forensic laboratories to invest significaataénd money processing samples
that may not produce DNA information eligible for upload into the CODISbdat As a result,
backlogs develop that could be averted if both the quantity and quality of esBiNple are

known prior to HID typing.

(a)

(b)

VSd
VSd

Figure 1: Common types of serological tests avaliée to forensic laboratories. The results of these
presumptive tests direct analysts to stains that nyayield probative DNA information. (a) positive
and negative results obtained from the SeratédPSA Semiquant test for the detection of the prosta
specific antigen (PSA), a component of seminal fidi (b) positive and negative results obtained from
the Phadeba8 Amylase test for the detection of alpha-amylase #eity, a component of saliva. (c)
positive and negative results obtained from the Kake-Meyer test for the detection of hemoglobin
peroxidase activity in blood.



Current quantitative DNA methods validated for use in forensic l&rga include real-
time PCR techniques and end-point PCR (ePCR) techniques. Both quentitathods
simultaneously estimate the quantity of human-genomic, male-genmmiaenale Y-
chromosomal DNA, as well as assess sample inhibition. In addition, theg#ajive methods
are sensitive and capable of detecting small quantities of DNA im@les&xtract within the
range of one-trillionth grams per microliter. However, neither ofetlygegmntitative methods can
detect DNA sample degradation prior to analysis with an HID typindkhough literature
suggests that prior knowledge of both template DNA quantity and quaditpngortant factors in
determining how to process casework samples, no current method exisentsanhultaneously

guantify and measure the integrity of extracted DNA (Whitaker. e1995).

CODIS-participating forensic laboratories may utilize seveyas of commercially
available HID typing kits developed for characterizing sharti¢éan repeat (STR) loci as a triage
for DNA profiling needs. These individual STR kits are manufacturedmgalify and detect one
of three types of STRs: human genomic, shortened-length “mini-” human gereordimale Y-
chromosomal. Prior to the development of mini-STR and Y-STR typing kigementation of
the CODIS database in 1998 restricted analysts to upload qualified peofiiesning STR
information obtained from the FBI's 13 core loci. The recent developmennafShR kits may
be used to obtain information from large core loci sequences, which areusiteptble to
amplification drop-out in traditional genomic STR Kkits. In response tattimblogical
developments of HID testing, the CODIS database now accepts eNighobmosomal profiles,
albeit this information is limited to searches under the missingpéndexes (FBI CODIS and
NDIS fact sheet). DNA profiles generated from these STR typing ldysba suitable for upload
onto the CODIS database for search at the local (LDIS), state (SBiS)ational (NDIS)
indexing systems as long as a minimum threshold of STR information ieezhtand the

evidentiary sample is deemed eligible as regulated by state aodahddigislation.



With the 2011 release of Promega’s PowerPB8D System, genomic STR typing kits
now have the ability to target a maximum of 18 different locations of hurhekiDa single
PCR reaction. Each STR locus amplified in an HID kit is comprisedefies of alleles, and
each allele is comprised of differing lengths that correspond to the nofrdEguence repeats in
the tandem array. The total range of allele lengths from an 18-lodv&iS3pans approximately
100 — 500 base pairs (bp). Although genomic STR kits provide a high power ahéistion,
their success is dependent upon the amount and quality of template DNA, which lina@itede
if the integrity of the DNA molecule is disrupted. In particular, degtion of template DNA
may result in a loss of STR locus information that will hinderstinecess of profiling analysis
(Butler, 2005). Although the 100 — 500 bp STR typing kits target DNA sequsigcafscantly
smaller than previous RFLP methods, STR loci are still susceptilile &ffects of degradation,
and once the average size of template sequences is reducedhane3@t bp, a significant loss
of information occurs (Bender et al., 2004). Currently, there is no way to pddah STR
typing kit will be most successful at generating a complete DNAlprafi comparative purposes

and CODIS entry.



Figure 2: Sample quantity is not equivalent to sale quality. This photograph depicts two

unopened bags of cereal removed from their respeut boxes. Both boxes contain 27 grams of cereal.
However, the physical integrity of the cereal on th right was modified so the pieces are no longer
whole. This representation demonstrates the differece between DNA quantity and DNA quality.
Although the DNA sample extract may contain a largamount of template DNA, if the physical
integrity of the DNA is degraded then successful S¥ amplification may not occur.

The following research utilized a developmentally validatedReB@antitative assay that
amplifies DNA targets of differing size to assess DNA degradatiote wimultaneously
guantifying the amount of total-human and the amount of male-only DNA. A smallspadific
haploid SRY target (110 bp) is used to quantify the amount of male-only Othxa sample,
and a large diploid Amelogenin target [X (210 bp) and Y (216 bp)lad ts quantify the amount
of total-human DNA. The ability to evaluate DNA template degradation byanny targets of

differing size is not a novel concept, and the literature supports thisagppas applied to HID



amplification (Alaeddini et al., 2010). However, few studies sughesthis type of qualitative
comparison has been performed. The purpose of this research was to ekargerer typing
ePCR quantitative assay is capable of detecting DNA degradatioale samples by comparing
the two independent male-only and total-human quantitative estimdties, ave derived from
DNA targets of differing size. Utilization of this assay may bempeactitioners by
simultaneously determining the quantity of human DNA and evaluating teniph
degradation prior to HID analysis so informed decisions can be mgaielireg the best approach
to producing probative STR information from available evidence, which woldsheise yield

problematic or incomplete data.

F6 - 250 pg male 36 Blue

6000
4000
J 2000
SRY ~—
3962 | g3l Ta rget Large Target
(110 bp) (210 and 216 bp)

Figure 3: The ePCR quantitative assay detects humaspecific DNA targets of differing size. The
small haploid male-specific SRY target is used tougntitate the amount of male-only DNA for Y-
STR HID profiling. The large diploid Amelogenin target is used to quantitate the amount of total-
human DNA for autosomal STR HID profiling. Note that detection of the pRL amplicon (Renila
Luciferase plasmid) serves as an internal positiveontrol for the amplification reaction.



CHAPTER Il

REVIEW OF LITERATURE

II.LA. DNA Degradation

The inability to produce a complete STR profile from a degraded DNA sasnple
common issue addressed in the literature. In numerous articles, authoss gisiblems
encountered with profiling highly-degraded DNA samples recoveosd fine scenes of mass
disasters (Butler et al., 2003; Coble and Butler, 2005; Graham, 2006; Leealajr2€04;
Mundorff et al., 2009; Olaisen et al., 1997; Whitaker et al., 1995). Biologicallea recovered
from these scenes are exposed to the extremes of thermal, physical, aiedldheuit, which
creates a challenge for the forensic DNA laboratory to seletietstesample for HID testing
(Whitaker et al., 1995). However, DNA degradation is not solely limagdstances of mass
disasters, but may also be encountered in routine casework. One of theaéidlestdescribing
the presence of degraded DNA in casework samples involved a study of 108tawdusitaining
bloodstained evidence submitted to the Office of the Chief Mediahifer (OCME) of the
City of New York (McNally et al., 1989). Analysts evaluated the quantityguality of each
sample with agarose gel electrophoresis, and categorized the DNAtyndsgrhigh-molecular
weight, high-molecular weight plus degradation, degraded, or not detected oBabkedyield
gels, 12 of the samples were classified as degraded and 11 wereedassifontaining partial

degradation. These results indicate almost one quarter of the bloodstam@esssubmitted to



the New York City OCME as a part of this study exhibited some degregafdigion (McNally
et al., 1989). Given the results of the New York City OCME study, mostdiar&NA
laboratories will encounter evidentiary samples containing degiablé\. Outside of
functioning repair systems, “DNA is a relatively weak molethi degrades rapidly in an
environment- and time-dependent manner” (Jobling et al., 2004). Exposure to cgoaditions
such as “light, humidity, elevated temperatures as well as bacteriflragad contamination
followed by the growth of these microorganisms lead to physical, chemnchbiochemical
degradation of genomic DNA” (Schneider et al. 2004). The variety of conditiahdegrade
unprotected DNA may be classified as either an enzymatic procaswarenzymatic process.
The enzymatic process is the first to affect the physical itysgfrthe DNA molecule as cellular
proteases degrade protein structures that are complexed with and geatwtic DNA. The
absence of protecting structures exposes the phosphodiester backborfetofrhtiom
digestion by endonuclease activity (Alaeddini et al., 2010). The progressieti déath also
releases nutrient-rich fluids that stimulate the growth of enviratethenicroorganisms, which

exacerbate the decomposition of cellular material (Alaeddini et al., 2010).

Without functioning cellular repair systems, non-enzymatic procedésesontribute to
DNA degradation. These non-enzymatic processes include hydrolytixaltadive reactions,
crosslinkage, and radiation, all of which proceed at a slower rate thanzymatic degradation
process. Hydrolytic reactions are pH and temperature dependent, amdtbkeglycosidic sugar-
base bond resulting in the loss of a base (Alaeddini et al., 2010). In additieradieal oxygen
and peroxides released from ionization reactions may modify the sugansrwf which
pyrimidines are particularly vulnerable. Despite the numerous sonfr&88A degradation,
research in ancient studies suggests that certain stable condiigpsatect the integrity of the
DNA molecule, such as “temperature, pH, humidity, and salt concentration” (Jebkihg

2004).



II.B. PCR Amplification

PCR amplification of STR loci is dependent upon the physical integrttyeaemplate
DNA strands. If either the STR template strand or primer-bindingme®f both the forward and
reverse primers are not intact, then priming and elongation cannotasatamplification is
halted. Template samples containing partial degradation may yield siut¢&SR results if the
majority of template strands remain intact. However, the more prolonigietbgical sample is
exposed to degradation events, the more widespread damage will occunggahity of
template DNA. Consequently, the loss of STR strands containing the fuh leeeded for

successful PCR amplification will result in a decrease in PCR pré8mpgF(STR® Identifiler®

User's Manual, 2011).

Polymerase Activity
Uninterrupted

—

Template Strand

%(_J

100bp Template — Suitable for Amplification

PRIMER

Strand Break Halts
Polymerase Activity

PRIMER Template Strand

H_/

350bp Template — Not Suitable for Amplification

Figure 4. Manufactured STR kits amplify target seqiences of differing size. Larger targets are more
susceptible to DNA degradation, which causes brealks the template strand. Although primers may
bind to the complimentary template sequence, polymase extension is interrupted due to strand
fragmentation. The inability to amplify a fragmented template strand may result in a loss of data for

the affected STR locus.
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The correlation between the success of STR typing and the length chtemplA was
recognized as early as 1995 when researchers, utilizing a four-lbBusi@tiplex ranging in
sizes between 130 — 240 bp, observed partial or complete dropout of largeclating before
the loss of smaller loci (Whitaker et al., 1995). This preferkatiglification of smaller DNA
target sequences over larger DNA target sequences produgea ancthe data such that the
signal intensity was inversely proportional to the amplicon size (Alaeedali, 2010).
Practitioners often refer to this effect as a “wedge” or “skial that is apparent in data

generated by capillary electrophoresis (CE) fluorescent datecti

S UL LR L L RN R R

|
100 150 200 250 300 350 400 450
D5S818

Penta D

Figure 5: An example of a degraded STR profile djgdaying the loss of signal intensity with larger
amplicon products. Note the visual slope appearanaeithin the data that occurs between these STR
loci, which encompass the range of 100 — 400 bp ége from Butler, 2005; modified).

The primary advantage of multiplexed STR kits is the ability to aynplifltiple STR
targets in a single reaction. Manufactured primer sequences cdataestent dyes that are
incorporated into either the forward or reverse STR primers. When asihenityy labeled primer
anneals to a complementary template sequence during amplification,utieggsoduct retains
this fluorescent tag. After amplification the STR amplicon products caepaeaged by both

fluorescent color and size using a CE detection platform. Multiplém&doegy eliminates the

11



need to perform separate PCR reactions and enhances the power of mhsionnaif HID kits

with the addition of more STR loci that contain overlapping sequence Ie(wgﬂpB:ESTR®

Profiler Plu€ User's Manual, 2006).

The effects of degradation on the success of STR amplificationnwvadditional
discussion regarding the theoretical limits of PCR. In 1996 Dimitrov andtajova published
an article classifying the different types of DNA products formeihduhe initial cycles of PCR
involving the amplification of an optimal template sequence. Thes&fadasons include long
DNA (IDNA), medium DNA (mDNA), and short DNA (sDNA) molecules (Fig@e The
desired product of PCR is the single-strand form of SDNA, which is rexagymiith a fluorescent
tag and is within the size range necessary for CE detection. In orderitosibitgd molecules
MDNA molecules must be synthesized from the successful arapitificof the template strand.
However, without an intact template the mDNA molecule cannot bergted, resulting in no
production of SDNA molecules. According to Dimitrov and Apostolova, the licyiee of PCR
amplification with a template (IDNA) strand results in the gatien of two IDNA/mDNA
molecules. The IDNA molecule never multiples during PCR becaisthe template strand, of
which there can only be a forward and reverse sequence. The second cydRepob&des two
new mMDNA molecules in conjunction with the template strand. Although the mwohiNA
molecules remains fixed at two during the duration of PCR, mDNA mokewileregenerate at a
linear rate, increasing by two during each subsequent cycle. The sectndlsy@roduces two
mDNA/sDNA molecules from the mDNA generated at the end of cycle one. thitleycle of
PCR the newly generated sDNA molecules will serve as temptatels for amplification of
more sDNA copies in addition to the mDNA sequences that also serve gdatédior SDNA.
From this point forward sSDNA molecules are exponentially produced fremegeneration of
previous sDNA, and the subsequent production of mMDNA molecules. AlthougfitihRlkamount

of sDNA molecules lags behind the sum quantity of IDNA and mDNA moleculdbelfpurth

12



amplification cycle sDNA will reach equivalency, and by th& gyicle SDNA will comprise the

majority of amplification product (achieving 99% of the total produdi@tend of the reaction).

The importance of Dimitrov and Apostolova’s theory regarding the limfR@R cannot
be understated because the ability to amplify and detect multipg¥edoci is dependent upon
production of the three PCR products. Moreover, this theory supports thaaimh of why
preferential amplification may occur in smaller sequences within aphexted STR typing kit
containing targets of differing size. The smaller sequences ofd&TpNA are more likely to
amplify at an optimal rate according to Dimitrov and Apostolova’s theggagslly in samples
compromised by DNA degradation. The larger sequences that contaidatbtgmplate strands
will always lag behind in their production of PCR product. This digsaph PCR efficacy is

observed by the loss of signal intensity within electropherogram ddispayed in Figure 5.

13



Complimentary Template Strands (Long DNA) Long DNA / Medium DNA Complimentary Strands

End of Cycle 1
5 -3 3
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; . 5 N//-), A o

3 3 reverse primer

Medium DNA / Small DNA Complimentary Strands Small DNA Complimentary Strands

End of Cycle 2

End of Cycle 3

_ reverse primer
reverse primer

Figure 6: The different classes of PCR products @ording to Dimitrov and Apostolova’s theory on
the limit of PCR amplification. Note that the fluorescent tag is only incorporated into the forward
primers within the quantitative assay.
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II.C. Assessment of Degradation — Past and Current Methods

Although yield gels are not a human-specific method for quantitation, they cesetbe¢o
assess DNA quantity and evaluate the state of template DNA degna@®@udin and Inman,
2002). Samples are separated by size using gel electrophoresis andedsuiizthidium
bromide staining under UV light. The migration pattern of sample DNA is c@dzyainst the
migration patterns of a DNA ladder containing fragments of known sizeitea¢s sample
guantity. Samples exhibiting effects of degradation will appear deagated smear throughout
the gel track. This smearing is the visual result of numeroysagsfragments that are degraded

in a random assortment of sizes.

Due to the DAB Quality Assurance Standard 9.4, forensic DNA laboratmea®quired
to evaluate the quantity of human-specific DNA (FBI DNA Qualityukasce Audit Document,
2009). Therefore, yield gels are no longer used in common practice in fdedwsiatories, and
their unique qualitative assessment for degradation is of littleigabealue. Nevertheless,
manufacturers of commercial DNA typing kits still acknowledge tleéulisess of yield gel
analysis as a means to assess the molecular weight of samplesesugpdegradation due to

STR locus dropout (AmpﬂSTR® Identifiler® User's Manual, 2011).

Current quantitative DNA methods used in accredited forensic kabiesinclude
commercially available real-time PCR quantitative systektihough these real-time systems can
estimate the quantity of total-hnuman DNA and male-specific Y-chromakDNA, and assess
inhibitors to the PCR reaction, these methods currently cannot detect DNalaegn prior to
HID profiling. End-point PCR (ePCR) is another commercially availgbkntitative DNA
method that meets current national standards. As with real-time systE@R quantitative

assays also estimate the quantity of total-human DNA and maleispéciiromosomal DNA,

15



and assess inhibitors to the PCR reaction. Currently, no published eBGtRatjire method has

the ability to detect DNA degradation.

Although commercial manufacturers of DNA quantitation kits offer multiplesgsble
of examining both male and female DNA, no current method exists that claissetsa
degradation. Nevertheless, these quantitative methods are intendedde poourate estimates
for successful HID profiling within the range of 100-500 bp. Since the mag@irguantitative
kits obtain information from target sequences less than 150bp, the quantitatilts may
misrepresent the true amount of intact template DNA for large 83diRwhich are more
susceptible to degradation. If, however, quantitative kits contain tavgbis the mid-size range
of STR loci, this may help better determine the quantity of templiii& is suitable for

successful HID testing.

Swango et al. (2006) published their validation of a quantitative realRIGR multiplex
containing two amplicon targets of differing size. The small amgtifio target was nuTHO1 (67
bp) from the THO1 STR locus, and the large amplification target was n(lZ8+190 bp) from
the CSF1PO STR locus. An AB 7000 SDS instrument was used as a detection ftattogin
method (Applied Biosystems, Foster City, CA). In their study, Swango et aktdayhigh-
molecular weight HL60 cell line DNA with DNase | over specified amoohtane. DNA
fragments from DNase | activity were separated with gel electrepisoand visualized using
ethidium bromide staining. The authors assessed the degree of degradatiasthycting a
“gPCR degradation ratio” between quantitative estimates obtaioexdtfre nuTHOL1 and nuCSF
targets. These timecourse samples were also amplified usingnihiel BTR Identifilef® STR kit
(Applied Biosystems, Foster City, CA) to confirm the presence of lueimzus preferential
amplification commonly associated with a “ski-slope” effect. Althoughexperimental results
confirm that targets of differing size may be used to assess degradatraital limitation of the

Swango et al. assay for quantitative purposes is that it does not de@pter-gpecific
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characteristics of samples such as male and female contributobgtices encountered in sexual
assault evidence. The detection of gender-specific characteisstiecessary to estimate male Y-

chromosomal DNA in a sample for either autosomal or Y-STR profiling.

II.D. The Gender Typing End-Point PCR Quantitative Assay

Allen and Fuller (2006) published the previously discussed ePCR atiastinethod
(Figure 3), which at the time only contained Amelogenin primers for thefarapbn of the X
and Y sex chromosomes. In their article, the fluorescently labeledofyenin primers produced
amplicons that were detected using the charge-coupled device witAlB 310 Genetic
Analyzer (Applied Biosystems, Foster City, CA). The quantity of human BMNKAn a sample
could be evaluated by comparing the sum relative-fluorescent units (RFtg) X and Y
amplicons to the RFU values generated from a NIST-traceable stanafae produced from
known guantities of human DNA. Unlike current real-time PCR quantitaidthods, this ePCR
assay did not require the purchase of additional equipment other than al therier and CE

genetic analyzer already used for HID testing.

Ensuing graduate research enhanced the capabilities of this ePCiRatjuauatssay. In
2007, Benson added the male-specific SRY primer sequence and a non-hgetaio serve as
an internal positive control (Benson, 2007). Benson’s multiplex enable® @i guantitative
assay to estimate the quantity of male-only DNA for Y-chromosomal $iifecation, and
provided a mechanism to detect inhibitors in the sample extract thahteegre with PCR
amplification. In 2008, Wilson completed a developmental validation oeBER assay for use
in forensic DNA laboratories based on criteria outlined by the Séeitibrking Group on DNA

Analysis Methods (SWGDAM) Revised Validation Guidelines (RVG).
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LLE. In Vitro Degradation Methods

Several in vitro degradation methods were considered for this stuely bashe
literature and practitioner communications. One popular DNA degradag@tihochdiscussed in
the literature involves time-dependent exposure of DNA to the adiiitase | enzyme
(Bender et al., 2004; Benson, 2007; Chung et al., 2004; Swango et al., 2006; Timke20863l
Exposure to DNase | endonuclease activity in the presence®fyMigls a random selection of
DNA fragments generated from both double-stranded and single-stranded DNA¢Rrom
Corporation, 2005). Although the DNase | treatment appears well suited fstuitiys this
method of degradation requires the purchase of additional reagenterimtansive, and

difficult to control.

Sonication is another method of DNA degradation discussed in the lite&dmieation
utilizes high-frequency sound waves to irradiate DNA, which resulissandom assortment of
fragments of differing size. Bender et al. (2004) utilized sominais part of a two-step method
of controlled degradation, which was coupled with DNase | treatment. Angdatheir study,
the rate of DNA fragmentation was monitored empirically usingesgagel electrophoresis in
intervals of 30-second ultrasound exposure. They determined that sonicaanifutes
produced DNA fragments no smaller than 200 bp in length, and extended sonication had no
additional effect on fragment size. Although sonication could produce DNA@atg within the
mid-size locus range of HID amplification kits, this method would reghgeurchasing of
additional equipment, such as a Branson Sofiifitrasonic cell disrupter (Branson Ultrasonic

Corporation, Danbury, CT), and associated training to become familiar vattettinique.

A third method of degradation discussed within the literature involvesserp of DNA
samples to ultraviolet (UV) light. Several previous studies halieadtithis approach by

mimicking environmental scenarios that might affect the integfiforensic samples. In two
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independent studies, Krenke et al. (2002) and Micka et al. (1999)eskplmdstained samples
to summertime light and temperature in Pennsylvania and Florida tiespedn both studies the
samples were collected over intervals of days, weeks, and even monthen&ftenmental
exposure, Micka et al. (1999) amplified the samples using Pow@rﬂ?]ﬂabAmelogenin and
FFFL Multiplex Systems (Promega Corporation, Madison, WI) and reportedr‘®tdays of
environment exposure, decreased yield was observed for the larger atphiffroducts,
suggesting degradation or damage to the DNA derived from these sampigst @tlal., 1999).
However, Krenke et al. (2002) reported no loss of allelic information thain samples, which

were amplified using the PowerPfeg6 HID System (Promega Corporation, Madison, WI).

Even if a reproduction of these environmental studies was performed, mplesavere
exposed to a lab-generated UV light source, the physical changesdinatoco©NA may not
actually mimic the traditional definition of degradation involvingstl breakage. The mutagenic
effects of UV light are caused by the absorption of energy, which covajeintypyrimidine
molecules. This physical change is defined as pyrimidine dimers (alsd taimine dimers)
because UV light distorts the double-helix strand causing bases to maoyetotgther (Hartl
and Jones, 2009). This UV-induced change to the template strand may catisasnsiietions,
or other forms of “DNA damage that prevent subsequent replication of the gé(®mown,
2002). Because UV exposure does not cause strand fragmentation, it cardddxzbthat UV
exposure should be classified only as a mutagen as opposed to a source of RidAtdegr
Therefore, this method was not further considered as a source of in vitaolaksgn for this

research.

It is interesting to note one final study portrayed in the literahatutilized degraded
DNA for the validation of a mini-STR multiplex. In this article, theheus obtained 92 aged
bloodstain samples that were stored at room temperature for up to 15 yaats @xiraction

(Butler et al., 2003). Although no mention of allelic drop-out was reportectingtudy, the
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authors did notice reduced signal intensity from alleles presdm iarger loci of the

PowerPleX 16 HID System (Promega Corporation, Madison, WI). Although the implications of
a replicate study as described by Butler et al. (2003) may promote practilieciessions

regarding the most appropriate method for the long-term evidencessteta as dry, frozen, or
refrigerated environments, a set of samples maintained for tigighlef time could not be

obtained for this research. In addition, the degree of degradation woulddé&eigignificant for

samples stored at room temperature as indicated in Butler 083)(

One method that appeared well suited for a controlled degradation expéennodves
incubating DNA in water at high temperature. Previous experimentattortiis method was
performed using genomic DNA from the K562 cell line, and appeared to degiden very
controlled manner over time (Bruce McCord and Jing Wang, personal commumscaliay,
2010). Degradation induced by heating can be halted by simply placing samjxes
Therefore, the exact volume and concentration of input DNA would remain cofstarghout
the course of this procedure barring evaporation, which can be monitored befofterahidla-
temperature exposure. Furthermore, this procedure requires no addéamyeits or equipment
with the exception of nuclease-free water and a thermal cyclerleagfabaintaining high

temperature for an extended period of time.

20



CHAPTER Il

METHODOLOGY

III.LA.  Experimental DNA Samples

Two independent sets of samples were utilized in this reseérbigh-molecular weight
human male DNA sample generated from an OSU faculty member, and a seasswdrk male
reference samples previously quantitated using the ePCR assay aded pisifig Applied
Biosystems’ Identifile? HID amplification kit (Applied Biosystems, Foster City, CA) la¢t
Tulsa Police Department Forensic Laboratory. These sampleexteseted using two different
techniques. The OSU sample was extracted with a Proteinase Kisohutd concentrated and
de-salted with an ethanol wash to obtain a high-molecular weight sarhpgesample was stored
at -20°C until the high-temperature degradation step was performedaséwork buccal swabs
were extracted using Promega’s Tissue and Hair Extractioandtpurified using Promega’s
manual DNA I1Qv System (Promega Corporation, Madison, WI). After extraction each esampl

was stored at -20°C until quantitative ePCR and HID amplifications pesfermed.
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llI.B. In Vitro Degradation Protocol

A protocol was developed for this research to degrade the high-moleidggnt DNA
sample in water using high temperature as described by McCord argi(8face McCord and
Jing Wang, personal communications, May, 2010). This high-molecular weigplesaias
previously determined to contain a concentration of 198Lnigased on UV spectrophotometry.
For this degradation protocol the high-molecular weight sample wasdliio 52.4 ngil in a
final volume of 38QuL using nuclease-free PCR quality water (Teknova Corporation, Hallister
CA). This concentration was selected because the male NIST SRM 237A2Msa@ncomparable
DNA concentration. Aliquots of 20L were dispensed into individual microAmp tubes for each
degradation timepoint. An AB 9700 thermal cycler was programmed to mairteimparature of

95°C for the high-temperature incubation (Applied Biosystems, FoiyeIG2\).

Three separate degradation experiments were performed usipgotoisol, and the
summaries are described in Table 1. The t=0 timecourse saomténed a 2QL aliquot of the
52.4 nglL dilution, and was stored at -20°C. All other timecourse samples wesslgadhe
thermal cycler set at 95°C for their respective times. At coioplef each time interval, the
sample was removed from the thermal cycler, placed on a chilled talmeaack, and stabilized
at -20°C. The samples were then thawed, and the volume measured to mgriites ®f sample
due to evaporation. No instance of evaporation was ever observed in angahtiles prepared
for this research. At the conclusion of the degradation protocsdmples were either stored in

the freezer, or immediately subjected to agarose gel electroghoresi
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Sample Preparation for the In Vitro Degradation &xpents

Date of Starting Dilution Total Degradation Timepoints
Analysis | _ Sample Target Aliquots
Concentration | (final volume 380pL) (20 L each)
06/28/10 199 ngiiL 52.4 ngiL 11 0,1, 2, 3,4,5, 10, 20, 30, 40, 60
0, 5, 10, 15, 20, 25, 30, 35, 40, 45,
08/05/10 | 199 ngfL 52.4 ngjL 19
50, 55, 60, 65, 70, 75, 80, 85, 90
0, 5, 10, 20, 30, 40, 50, 60, 70, 8D,
05/17/11| 199 ngfiL 52.4 ngiL 11 00

Table 1: Three in vitro degradation experiments wee performed during this study. All three
experiments utilized the same starting tube of thaigh-molecular weight DNA sample. Aliquots of
the original starting material were diluted to 52.4ng/uL prior to high-temperature incubation, and
were exposed to 95°C over the course of several &points extending from t=0 minutes to t=90
minutes.

I11.C. Yield Gel Detection

Yield gel electrophoresis was performed on the timecourse samplescass to
visually assess degradation. A 1% agarose gel was prepared using h$@igpawdered
agarose in 60 mL of 1X TAE solution. Each lane contained a total input volumeubf 12
(containing approximately 500 ng of DNA) consisting of @L.5of each timecourse sample and
2.5uL of 5X loading dye. Samples were electrophoresed at 75 volts for apprelirddtours
for fragment separation. Samples were visually assessed usingretbidimide staining, and
photographed under UV light. An Axygen Biosciences ladder containing a fragengetaf 100
bp — 3,000 bp was co-electrophoresed with the degradation samples (AxygeariiescUnion

City, CA).
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lI.D. Quantitative ePCR Amplification

Casework male reference samples were quantitated using a “horedbr@&nsion of the
ePCR assay. Each amplification included_ lof input DNA into a reaction mix containing 2.65
uL of Teknova PCR-quality water (Teknova Corporation, Hollister, CA), jl26f 1X triple
primer mix, 7.5uL of 1.2X GoTa(? Colorless Mastermix (Promega Corporation, Madison, WI),
and 0.1uL of 5 pgfiL pRL plasmid (Wilson, 2008). The high-molecular weight timecourse
samples were quantitated using the manufactured Mavemv@8antitation kit (Maven

Analytical, LLC, Milton, WV) following the formulation described above

All samples were co-amplified with a serial dilution of NIST SRBV2 Standard A,
which is a single source sample containing 52.4lngf human male DNA. The NIST SRM was
diluted using nuclease-free PCR-quality water (Teknova Corporatalistr, CA) to make a
standard curve series that includes the following concentrations: 1QQQ $60 pgilL, 250
pafulL, 125 pg(L, 62.5 pgilL, and 31.25 pgil. All samples were amplified using an AB 9700
thermal cycler (Applied Biosystems, Foster City, CA). Each ampiificaunderwent a total of 30
PCR cycles using the following pre-programmed parameters: 9840 &@conds, 55°C for 60
seconds, 72°C for 30 seconds, a 60°C 10-minute hold, and an infinite hold of 25%D @Vds,

2010).

lLE. Quantitative ePCR Electrophoretic Detection

Post PCR amplification both the casework male reference sampldsedrigh-
molecular weight timecourse samples were analyzed using either 8h(Agenetic analyzer, or
an AB 3130xL genetic analyzer (Applied Biosystems, Foster City, CA). The fatjosampling
conditions were met when using an AB 310 genetic analyzdr:af DNA product was mixed
into a 25uL solution containing 24.5L of HiDi formamide (Applied Biosystems, Foster City,
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CA) and 0.5uL of GeneScan-500 LIZ internal size standard (Applied Biosystems,rRzigte
CA). The AB 310 genetic analyzer electro-kinetically injected saohple for one second, and
electrophoresed the product for 21 minutes. The following sampling conditioasneemwhen
using an AB 3130xL genetic analyzerull of DNA product was mixed into a 1. solution
containing 9.5.L of HiDi formamide (Applied Biosystems, Foster City, CA) and jiL.5of
Internal Lane Standard 600 (Promega Corporation, Madison, WI). The AB 3130xL genetic
analyzer electro-kinetically injected each sample for one secondlemtwphoresed the product

for 21 minutes.

lII.F. Quantitative ePCR Data Normalization

After electrophoresis, Genemapper ID software (version 3.2, Applied BiasysFoster
City, CA) was used to spectrally resolve fluorescent dye colaescsill amplicon products, and
measure the amplicon peak-height in relative fluorescence unit¥JjhRpeak-height detection
threshold was set at 50 hRFU. The total-human quantitative standaedras\determined by
plotting the averaged hRFU values of the Amelogenin X and Amelogenin Ycamplirom each
NIST sample serial dilution. The’?Ralue of the total-human standard curve was evaluated for
linearity and compared to the averaged X and Y hRFU values of each degradatple to
determine respective total-human DNA estimates. The male-only gtisatgtandard curve was
determined by plotting the hRFU values of the SRY amplicon from each NISJilesaermial
dilution. The R value of the male-only standard curve was evaluated for lipearit compared
to the SRY hRFU values of each degradation sample to determine nespeaai-only DNA

estimates.
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I11.G. Qualitative Assessment of Samples via a Degradation Ratio

A degradation ratio was determined for each sample by dividing the male-only
quantitative estimate (pgl) by the total-human quantitative estimate (fhg/ As previously
described, the male-only quantitative estimate is derived from a smbdlche&5RY target (110
bp), and the total-human quantitative estimate is derived from adgiigéd Amelogenin target
(X, 210 bp; Y, 216 bp). A non-degraded male sample would be expected to achievetedheore
ratio of 1.0 because the sample should render comparable male-only ahdrwdal quantitative

estimates.

lII.H. HID Amplification

Casework male reference samples were subsequently HID achpkfieg Applied
Biosystems’ Identifilesf STR typing kit (Applied Biosystems, Foster City, CA). The quantitative
estimates for each sample were determined using the “homebreweadhdrthe ePCR assay.
Each Identifilef reaction was amplified according to manufacturer recommendatiimg a 25
uL total-volume reaction containingi of 1 ng input DNA and 1fL of Identifiler® reagents.
Samples were detected with an AB 310 genetic analyzer usipdt DSDNA product mixed into
a 25uL solution containing 24.5L of HiDi formamide (Applied Biosystems, Foster City, CA)
and 0.5uL of GeneScan-500 LIZ internal size standard (Applied Biosystems, FosteCBit
The AB 310 genetic analyzer electro-kinetically injected each sdmpliee seconds, and
electrophoresed the product for 28 minutes. GeneScan Analysis datdaoblettware (version
3.1.2; Applied Biosystems, Foster City, CA) was used to resolve fluoreseenbltys and size-
call amplicon product. Genotyper software (version 2.5.2; Applied Biangsteoster City, CA)
was used to measure hRFU values and determine the sample genotgberbesmparison to a

co-electrophoresed allelic ladder.
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The high-molecular weight timecourse samples were HID amplifad)either Applied
Biosystem'’s Profiler PIFSSTR typing kit (Applied Biosystems, Foster City, CA), or Promega’s
PowerPleX 16 Hot Start STR typing kit (Promega Corporation, Madison, WI). In both tegan
the quantitative estimates for each sample were determined usirgrihrercially manufactured
Maven QSTv ePCR quantitation kit (Maven Analytical, LLC, Milton, WV). HID ampiiitions
using the Profiler PIFSSTR typing kit targeted two separate reaction concentrations: 1)
targeting an optimal 300 pg concentration of input DNA, and 2) targeting 1,200iod, i four-
times the optimal concentration of input DNA. The four-times optimal inpotentration was
selected to intentionally over-amplify the DNA product as a means tssabmeeffects of
degradation upon larger STR loci. Both types of Profiler®Pteactions were amplified
according to manufacturer recommendations using,dnt8tal-volume reaction containing 0.5
uL of input DNA and 7.5L of Profiler Plus reagents. Samples were detected with an AB 310
genetic analyzer using Ouh. of DNA product mixed into a 25.28_ solution containing 2nL
of HiDi formamide (Applied Biosystems, Foster City, CA) and QiR®f GeneScan-500 ROX
internal size standard (Applied Biosystems, Foster City, CA). An AB 31Gigamalyzer
electro-kinetically injected each sample for five seconds, autrephoresed the product for 28
minutes. Genemapper ID software (version 3.2; Applied Biosystems, Foste€&jtwas used
to resolve fluorescent dye colors, size-call allelic targetssmre hRFU values, and determine

the sample genotype based on comparison to a co-electrophoresed allelic ladder.

HID amplifications of the high-molecular weight timecourse saspking Promega’s
PowerPleX 16 Hot Start STR typing kit (Promega Corporation, Madison, WI) also &t geb
separate reaction concentrations: 1) targeting an optimal 500 pg tatioarof input DNA, and
2) targeting 2,000 pg, which is four-times the optimal concentration of inpAt Dhe four-
times optimal input concentration was selected to intentionally ovplifgrthe DNA product as
a means to assess the effects of degradation upon larger STR locyfgstbft PowerPI€k16
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Hot Start reactions were amplified according to manufacturer reeodetions using a 28
total-volume reaction containing 17ub of input DNA and 7.5uL of PowerPleX 16 Hot Start
reagents. Samples were detected with an AB 3130xL genetic anatyzgriul of DNA

product mixed into a 1@L solution containing 9.5L of HiDi formamide (Applied Biosystems,
Foster City, CA) and 0.pL of Internal Lane Standard 600 (Promega Corporation, Madison, WI).
The AB 3130xL genetic analyzer electro-kinetically injected eactpkafor five seconds, and
electrophoresed the product for 28 minutes. Genemapper ID software (versibp@iq
Biosystems, Foster City, CA) was used to resolve fluorescent dye,ier<sall allelic targets,
measure hRFU values, and determine the sample genotype based on compadseen to a

electrophoresed allelic ladder.
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CHAPTER IV

RESULTS & DISCUSSION

IV. A. Former Method of Degradation Assessment: Detection via Yie&d Electrophoresis

The first opportunity to observe the effects of the degradation iatache high-
molecular weight samples occurred with yield gel electrophofBsessummaries of all yield gel
experiments are described in Table 2. It is important to note that e&tiygliproduced data
suggesting the successful fragmentation of samples over the durdtentiofiecourse.
Moreover, this degradation appeared to be controlled in that each sgithpde extended
exposure time contained progressive fragmentation of template DiblA&nraller and smaller
sizes (Figure 7). This fragmentation is demonstrated by sampleisgwéhin the yield gel,

which appears to progress at a linear rate over time.
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Yield Gel Results with Degraded DNA

Experiment | Starting Total Timepoints Visual Result
Sample | Concentration | (Time Intervals) of
Per Lane Degradation
Initial n53.4L 498 ng 0-5, (1 min), Success
gl 10— 40 (10min),
60
52.4 0 —90 (5min)
Second ngiiL 498 ng Success
. 524 0,5,10-90
Third ngiil 498 ng (10min) Success

Table 2: Three separate yield gels were performeduring the course of this research. Each yield gel
corresponds to a high-temperature degradation exp@nent performed on the high-molecular weight

samples. See Table 1 for a corresponding summary tfe respective in vitro degradation
experiments.
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Figure 7: Yield gel detection as a means to asselegradation within the high-molecular weight
samples. This yield gel was produced from the thiréxperiment, and contains 11 timecourse samples
exposed in minutes to high-temperature degradatiori.ane 1 contains the t=0 timepoint sample.
Notice the high-quality intactness of this sampleyhich extends well above the upper 3,000 bp
fragment within the ladder (Lane 7).

31



IV. B. Quantitative ePCR Amplification Results

The second opportunity to observe the effects of the degradatioegiron the high-
molecular weight samples occurred with the ePCR quantitative. &3sagtitation of all high-
molecular weight samples from the three high-temperature degmagaperiments was
conducted both to evaluate the quantity of template DNA for HID ampiditaas well as to
assess a ratio between the quantitative estimates produced frelmg&nin or SRY for each
sample. A total of 11 sets of individual amplifications were perforraeddch timecourse
sample using the manufactured Maven @Sjuantitation kit (Maven Analytical, LLC, Milton,
WV). Note that all timecourse samples associated with the thirddiztipn experiment were
amplified in triplicate on three separate occasions. A summary of alliui@e amplifications is

provided in Table 3.

Data analysis of all quantitative amplifications was performed byadnyg the high-
molecular weight samples to a co-amplified NIST standard curve of knowritpsant
Comparison of the hRFU values from the timecourse sample to the NISTrdtandee resulted
in two independent quantitative estimates: 1) a total-human quametiéstimate produced from
the averaged hRFU values of the large diploid Amelogenin target, anah&le-only quantitative
estimate produced from the hRFU value of the small haploid SRY tawngdt.ihstances, the two

guantitative estimates were calculated in apdérmat using a standardized excel worksheet.
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Quantitative Amplifications of Timecourse Samples

from Three Degradation Experiments

Number Amplifications
Experiment | Date of Timepoints per Detection
Samples (Time Intervals) Timepoint | Instrument
0 -5, (1 min),
Initial 07/02/10 11 10— 40 (10min), 1 310
60
0 —90 (5min)
Second 09/26/10 19 1 310
0,5,10-90
Third 05/26/11 11 (10min) 3 3130xL
0,5,10-90
Third 06/03/11 11 (10min) 3 3130xL
0,5,10-90
Third 06/12/11 11 (10min) 3 3130xL

Table 3: Summary of quantitative ePCR amplifications performed with the manufactured Maven
QST™ quantitation kit (Maven Analytical, LLC, Milton , WV). Note that quantitative amplification
was performed in triplicate on the timecourse samm@s from the third experiment on three separate

occasions.
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Figure 8: Quantitative electropherograms producedrom the Maven QST™ quantitation kit

(Maven Analytical, LLC, Milton, WV). Electropherogra ms displayed include: t=0, t=5, t=20, t=60,
and t=90 —minute samples arranged from top to bottm. Recall that the associated peak heights of
each sample are used to calculate both quantitativestimates. Notice the increase in hRFU between
the t=0 and t=5 samples. HRFU values then decreadaring the duration of the timecourse.
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All timecourse estimates were normalized to abgalue to evaluate the ePCR
guantitative performance in comparison to the initial 199IngAlue obtained from UV
spectrophotometry. Because different timepoints were targeted wétthinesperiment, a
consensus of timepoint samples was selected to further evaleategtadation ratios from as
many datapoints as possible. The following 11 timepoints from each degreelgpieriment
were selected for this analysis: t=0, t=5, t=10, t=20, t=30, t=40, t=50, t=@N),t+=80, and t=90.
Note that the total-human and male-only quantitative estimates wearedd#om 11 separate
guantitative amplifications with the exception of the t=50, t=70, t=80, and im@@aints, which
contained 10 separate quantitative amplifications due to the limitedange of the initial

experiment.

The mean total-human and male-only quantitative estimated jngére graphed
individually to observe the effects of the high-temperature dagjtm protocol. Figure 9
represents the mean total-human quantitative estimates, and Figurees@mepthe mean male-
only quantitative estimates. Both figures also include associatadoans that represent the
variability observed in amplification and detection of the high-molecutaghw DNA with the
guantitative assay. The literature indicates an expected varitecsf £30% in the assay’s
performance (Wilson et al., 2010). Interestingly, the variability of bothtatve estimates
gradually decreases over the timecourse as the high-mole@itgat \DNA sample degrades. It is
also noteworthy to mention that the mean total-human quantitative estintaieed from the
non-degraded t=0 sample is 206pdg/which is a difference of only 7 ngd/ from the original
guantitative estimate derived from UV spectrophotometry. However, the male-only
guantitative estimate from the same sample is 128.ng# addition, both quantitative estimates
increase in quantity between the t=0 and t=5 timepoints, then graduallgskeduging

subsequent exposure times, and finally approach @ rg/or around the t=90 timepoint.
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Large-Target Estimates (ng/pL) Over 11 Amplifications

-3
h
=)

2
[=-)
[=]

ng/uL Estimate '

o]
Lh
=

t=0 t=5 t=10 t=20 t=30 t=40 t=50 t=60 t=70 t=80 t=90

Figure 9: Average total-human quantitative estimags (ngfiL) of each timecourse sample derived
from the hRFU values of the large diploid Amelogemi target. Each averaged estimate was based on
all quantitative amplifications produced from the timepoint samples generated in this research.
Associated error bars depict the variability resuling from the in vitro degradation method, PCR
amplification, and the day-to-day performance of geetic analyzer instruments.
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Small-Target Estimates (ng/uL) Over 11 Amplifications

ng/ul Estimate

100 T

50

t=0 =5 t=10 t=20 t=30 =40 =50 =60 =70 =80 =90

Figure 10: Average male-only quantitative estimate (ngflL) of each timecourse sample derived
from the hRFU values of the small haploid SRY targe Each averaged estimate was based on all
guantitative amplifications produced from the timepoint samples generated in this research.
Associated error bars depict the variability resultng from the in vitro degradation method, PCR
amplification, and the day-to-day performance of geetic analyzer instruments.

The total-human and male-only quantitative estimates are glicestipared in Figure 11
to display trends and overlap that occurred throughout the degradation timecoursxi@d\ssjyr
discussed, a disparity exists between the two quantitative esidezieed from the t=0 sample.
The total-human quantitative estimate is 20@h@nd the male-only quantitative estimate is 123
ng/iuL. A possible explanation for this disparity can be attributedgdimitrov and Apostolova
theory regarding the limit of PCR amplification as it relates imgr-binding opportunity

(Dimitrov and Apostolova, 1996).
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Amplification Performance of the Large Versus Small
Targets Throughout the Timecourse
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Figure 11: Comparison of the two quantitative esthates (ngfiL) derived from the high-molecular
weight sample over the course of the degradation periment. Each datapoint represents the mean
values obtained from 11 independent amplificationsvith the exception of the t=50, t=70, t=80, and
t=90 datapoints, which contain mean values from 1ldependent amplifications. A significant
difference was observed between the slopes of eaalget using linear regression | < 0.001)
indicating that the small target outperforms the lage target over the duration of the experiment.
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Another interesting trend displayed in Figure 11 is the increase in laath quantitative
estimates between the t=0 and t=5 timepoints. The t=5 timepoint regrédsefirst exposure of
the high-molecular weight sample to heat. This initial exposstdtsein an increase for both the
total-human and male-only quantitative estimates, which were 2086 agl 123 ngiL
respectively at the t=0 timepoint. After the initial fiveaute exposure the mean total-human
estimate becomes 316 pf/and the mean male-only estimate becomes 21{.ngy possible
explanation for this increase in both quantitative estimates couwltiriimited to the physical
intactness of the high-molecular weight sample, which begins to opensadtafdigh-
temperature exposure. Recall that the yield gel displayed in Figure Tsceepightly bound DNA
molecule at the t=0 timepoint, which may be thought of as a large ball of pdiadlyl, this intact
ball of yarn contains a reduced number of primer-binding sites accdssiplimer annealing
due to the limited surface area exposed. However, the high-tempenatuvation causes the
tightly bound DNA macromolecule to uncoil so more primer-binding sites beceaiialde to
participate in PCR (Figure 12). This uncoiling effect of the higiecular weight DNA sample
is a component of the high-temperature degradation process. BottatHeitnan and male-only
guantitative estimates increase in quantity because more template-bifiding sites participate

in PCR.

Although high-molecular weight DNA is well suited for RFLP analysisictv employs
yield gel electrophoresis as a quantitative technique, it appeatsghanolecular weight
samples may not be well suited for PCR-based methods. Whereas RFLFsartgilzess a
variety of restriction enzymes that are capable of physicallypubating the structure of highly-
coiled DNA, PCR-based primers cannot manipulate the physical intactrtegsizfiA
macromolecule. Rather, PCR primers are limited to the amount of targetrsces readily
exposed for primer binding during each PCR cycle. The less intact a dfomolecule is at

the beginning of each cycle, the greater the chance that primerscaitt land bind to their
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respective target sequences so amplification may occur. Thesrektliis research indicate that
the external exposure to heat uncoils the DNA macromolecule, whicmgdsier binding

efficacy of high-molecular weight samples.

T =0 has limited surface T=5 More surface area is exposed
area exposure for primer binding

Figure 12: Surface area exposure increases primdainding efficacy. As high temperature uncoils the
high-molecular weight DNA molecule, more targets bepbme available for primer binding.

Following the trends observed in Figure 11 through the duration of the timecaurse
negative slope is observed with both quantitative estimateseAtethinning of the experiment
through the t=40 timepoint the large-target estimate containes/tiat are greater than the
small-target estimate. However, the successive fragmentatiempfate DNA eventually results
in small target outperforming the large target. A significant diffiee was observed between the
two slopes over the duration of the timecourse using linear regrepsidh@01). The statistical
difference between the two slopes supports the ability to compare thieiradiperformance of
each target as a means to assess degradation. Once the male-oitbtigaastimate attains a
value larger than the total-human quantitative estimate the twoatssimay be compared as a

predictor for STR degradation.
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IV. C. Degradation Ratio Results

A degradation ratio was constructed to evaluate the amplificatima@ffof the SRY
and Amelogenin primers by comparing the total-human and male-only quaetéatimnates
(Figure 13). The small target estimate represents the quarditicted from the small haploid
SRY target, and the large target estimate represents thetgpaedicted from the large diploid
Amelogenin target. The ratio compares the guantitative estimavgpased to signal hRFU
values because each target is normalized against a standard cualiehBEdn theory, the ratio
for a non-degraded male sample is expected to be about 1.0 because ldHtige@stimates

should render comparable quantities.

small-target estimate (SRY)

RATIO =
large-target estimate (AMEL)

Figure 13: The degradation ratio derived from thecomparison of both quantitative estimates from
the high-molecular weight male sample amplified wh the ePCR quantitative assay. Note that the
guantitative estimates were calculated using a staardized excel worksheet.

The degradation ratios obtained from each timepoint of the high-mategeight
sample are presented in Figure 14. Notice that the degradatiorotatiosed from the t=0
through t=30 timepoint samples are below 1.0. The first observation of aldegnaratio greater
than 1.0 occurs at the t=40 timepoint. The largest degradation ratio obtaméd/&at the t=90
timepoint. This gradual increase in the degradation ratios throughdirndmurse appears to
follow a linear function. The degradation ratio becomes very gignifly different p < 0.01)

from t=0 at the t=60 timepoint and extremely significantly differprt 0.001) from t=0 with
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successive timepoints based on one-way ANOVA with Tukey’s multiple aisopaest. The
t=60 timepoint corresponds to a ratio just above 1.5, and samples thaixpavenced
degradation according to this research model would be expected to digpléigasice between
the amplification of the large and small targets in the high-mdadeegwight sample if a value of

1.5 were obtained in the ePCR assay.

Degradation Ratios of Small versus Large
Targets over 11 Amplifications

2.5- * kK Kk
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Figure 14: Degradation ratios obtained from eachitepoint of the high-molecular weight sample
throughout the degradation experiment. Significanceests were performed on the data using one-way
ANOVA with Tukey’s multiple comparison test. Noticethat at the t=60 timepoint the ratios become
very significant (p < 0.01), and successive timepoints indicate extremsignificance p < 0.001) in the
degradation ratios.
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IV. D. HID Amplification Results

A selection of timecourse samples from each degradation experimenanplified
with either of two HID typing kits using the total-human quantitativereges obtained from the
ePCR quantitative assay. Two sets of HID amplifications were pegtbwith each kit targeting
different input concentrations. The first amplification targeted aimaptoncentration of input
DNA within the amplification reaction based on manufacturer recomrtiendaThe second
amplification targeted four-times the optimal concentration of inpuA Bvithin the
amplification reaction. The intentional excess of input DNA wasopaed to include a
maximum quantity of high-molecular weight template sequences thapantgipate in the PCR
reaction, and thus gauge the effects of degradation on large STR |laeothidtotherwise fail to
amplify. The resulting genotype peaks were labeled with their assdallele-call and hRFU
value using Genemapper ID software (version 3.2, Applied Biosystems, EdgteaCA). Two
heterozygous loci encompassing the small and large bp size range wetegideben the same
fluorescent dye group in order to evaluate the performance of eackitHi€ing the high-
molecular weight DNA exposed to the degradation protocol. Table dlaEsgeneral
manufacturer information regarding each HID typing kit, as wethaseterozygous loci in the

high-molecular weight sample that were selected to evaluate iH{2rkormance.
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(a) HID Typing Kits Amplified with Degraded DNA

Hot Start

Kit Name Manufacturer Date of Locus Count | Size Range
Release (bp)
Profiler Plus® Applied 20006 10 107 - 341
Biosystems
PowerPlex® 16 Promega 2009 16 106 —-474
Hot Start
(b) Heterozygous Loci Selected for Comparison
Kit Name Small Locus | Size Range | Large Locus |Size Rage (bp)
(bp)

Profiler Plus® D8S1179 128 — 168 D18S51 273 -341
PowerPlex® 16 D5S818 119 - 155 D16S539 264 - 304

Table 4: (a) Manufacturer information from the two HID typing kits amplified with the degraded
high-molecular weight sample. Note the amount of b multiplexed in each kit, and that both HID
typing kits detect DNA targets significantly largerin bp size than the targets associated with the
ePCR quantitative assay.

(b) The small and large heterozygous loci selectéam each HID typing kit that are detected in the

same fluorescent color group. These loci were stigdl to observe the effects of the high-temperature
degradation experiment on the success of HID ampidation.

The Profiler PIu8 HID typing kit contains primer sequences that multiplex a total of 10

loci. The Amelogenin locus and nine of the FBI's 13 core STR loci are incindked Profiler

Plus® HID typing kit. Figure 15 displays the arrangement of each loalsptexed in the

Profiler Plu€ HID typing kit by fluorescent color and bp size. These loci rangeéfeom 107

— 341 bp, and are separated with three dye colors as a part of a four-dpéerkilti

(AmpFESTR® Profiler Plu§ PCR Amplification Kit User's Manual, 2006).
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AmpF/STR® Profiler Plus™

1 | | I | 1 | | | | | | 1 1
100 bp 200 bp 300 bp 400 bp

D5S818 D13S317 D75820

GS500-internal lane standard

Figure 15: Base pair size range of loci amplifiedithin the 10-locus AmthSTR® Profiler Plus™
PCR Amplification Kit manufactured by Applied Biosy stems. The outlined heterozygous loci in the
high-molecular weight sample were selected to evalte the amplification performance of this kit
with degraded DNA (image from Butler and Reeder; mdified).

The D8S1179 locus and the D18S51 locus were selected from the ProfifeHmus
typing kit to compare the STR amplification performance of the higlecutdr weight
timecourse samples. These particular loci were selected bduathsare a part of the FBI's
CODIS core loci, each locus represents a small and large tarbit thié Profiler PILEHID
typing kit, and both loci amplify a heterozygous genotype in the high-maleseight sample.
Results of the 300 pg timecouaplification displayed numerous instances where either partial
information or complete drop-out was observed in the D8S1179 and D18S51 locislte re

from the 300 pg amplification of the degraded high-molecular weight samre not further
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assessed due to the limited amount of detectable information obtainedtdfigte results of the
1,200 pg timecourse amplification did produce information that could be fethtiated for
each timecourse sample. Figure 16 compares the sum hRFU valuesddatdwesmall versus

large loci. Figure 17 depicts the “ski-slope” effect present in datdserved in the

electropherograms of the 1,200 pg Profiler @Iamplification.

Difference in Profiler Plus® hRFU
between Small and Large Loci

3.00
2.00
Sl
0.00

t=0 =10 t=20 =30 =0 =50 =60 =70 (=80

Figure 16: Ratios obtained from the single ampllbatlon of select timepoint samples targeting

1,200 pg of input DNA with the Profiler Plus” HID typing kit. The ratios represent the comparism of
the hRFU values obtained from a small locus (D8S12Y versus the hRFU values obtained for a large
locus (D18S51). Note that the t=0 sample was onlynglified at the 300 pg concentration in this
research. The progressive increase in the ratios e small versus large loci over the duration oftte
timecourse mimic the trend also observed in the qumitative assay.
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Figure 17: Loci detected in the green (JOE) dye &or from the 1,200 pg Profiler Plud amplification.
Displayed electropherograms include the t=10 (top}=60 (middle), and t=90 (bottom) timepoint
samples. The t=0 sample was not included in this psentation because it was only amplified at the
300 pg concentration for this research. Each pealsilabeled with its associated allele-call and hRFU
value. Note the appearance of the “ski-slope” effeassociated with the hRFU intensity across the
four loci in each electropherogram.

47



The PowerPleX 16 HID typing kit was the second of two HID kits used to amplify the
high-molecular weight timecourse samples. The PowetP16xHID typing kit contains primer
sequences that multiplex a total of 16 loci. All 13 of the FBI's &FR loci are included in this
kit, as well as Amelogenin and two penta-repeat STR loci. Figure gylsthe arrangement of
each locus multiplexed in the PowerPlep6 HID typing kit by fluorescent color and bp size.
These loci range in size from 106 — 474 bp, and are separated with three dyasalpest of a

four-dye multiplex kit (Powerpléx16 HS System Technickfanual, 2011).

PowerPlex® 16

| — T | — T | — T 1
100 bp 200 bp 300 bp 400 bp

A VWA D851179 TPOX FGA
Tl trrinrrirerlilli
ILS-600

Figure 18: Base pair size range of loci amplifiedithin the 16-locus PowerPleX 16 Hot Start STR
typing kit manufactured by Promega. The outlined h#erozygous loci in the high-molecular weight
sample were selected to evaluate the amplificatiqgrerformance of this kit with degraded DNA
(image from Butler and Reeder; modified).

The D5S818 locus and the D16S539 locus were selected from the Polei®lemt

Start HID typing kit to compare the STR amplification performarfideehigh-molecular weight

timecourse samples. These particular loci were selected becansedatpart of the FBI's
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CODIS core loci, each locus represents a small and large target thig PowerPl€X 16 HID
typing kit, and both loci amplify a heterozygous genotype in the high-moleculgintveample.
Results of the 500 pg PowerFf?eXGamplification displayed numerous instances where either
partial information or complete drop-out were observed in the D5S818 and D16853%éo
results from the 500 pg amplification of the degraded high-molecular weigiyiles were not
further assessed due to the limited amount of detectable informatanezbtHowever, the
results of the 2,000 pg amplification did produce information that could berferthriated for
each timecourse sample. Figure 19 compares the sum hRFU values detdwtesall versus
large loci. Figure 20 depicts the “ski-slope” effect present in@matbserved in the

electropherograms from the 2,000 Powergléﬁamplification.

Difference in PowerPlex® 16 Hot Start
hRFU between Small and Large Loci

16.00
14.00
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Figure 19: Ratios obtained from the single ampliftation of select timepoint samples targeting
2,000 pg of input DNA with the PowerPleX 16 Hot Start HID typing kit. The ratios representthe
comparison of the hRFU values obtained from a smalbcus (D5S818) versus the hRFU values
obtained from a large locus (D16S539). The increage ratios throughout the duration of the
timecourse mimics the trend also observed in the gutitative assay.
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Figure 20: Loci detected in the green (JOE) dye ¢ar from the 2,000 pg PowerPleX 16 Hot Start
amplification. Displayed electropherograms includehe t=0 (top), t=60 (middle), and t=90 (bottom)
timepoints. Each peak within the locus range is ladded with its associated allele-call and hRFU value
Note the appearance of the “ski-slope” effect assiated with a decrease in hRFU intensity across the
six loci in the t=60 and t=90 sample electropherogms. Complete drop-out of STR information is
observed in both the CSF1PO and Penta D loci in the90 timepoint.

50



The ability to obtain complete STR information from the high-molecuéaglw
timecourse samples was examined over the duration of the degradatiomerpby comparing
STR alleles from the D5S818 locus, and STR alleles from the five lagestoci containing
heterozygous genotypes in the high-molecular weight sample. Reatathe initial amplification
of the high-molecular weight DNA using both the Profiler Blasd the PowerPI&x16 Hot Start
HID typing kits resulted in minimal amplification STR loci. The imtienal input of excess
template DNA in both HID typing kits ensured the successful amplditaif core loci targets,
but artificially decreased the actual instances of locus dropout imteéedurse samples.
Complete profiles were obtained for both the t=0 and t=5 timepoints. Howegus dropout
was first observed in the t=10 sample at the CSF1PO and FGA loci (TableSkemaining
timepoint samples examined in the study resulted in sporadic dropout \wigHind largest core
loci in the PowerPI€X 16 Hot Start HID typing kit. Interestingly, the overall performanctnef
CSF1PO locus (green dye) was worse than the performance of the lafgkrde& (yellow dye).
This disparity in performance indicates that some STR loci are mscegtible to dropout than

others regardless of size.
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=200 RFU -

<199 RFU

119-155bp | 262-290 bp | 264304 bp | 290-366 bp | 321-357 bp | 322—444 bp
Percent of
Alleles in
95°C Instances | CoreLoci | DSS818 TPOX D16S539 | D18S51 | CSF1PO FGA
Treatment | Quantitative | of Locus | =200 RFU
(t=min) Ratio Dropout (n=23)
t=0 0.59 0 100
=5 0.66 0 83
t=10 0.79 5) 52
=20 092 2 30
t=30 0.85 3 22
t=40 1.10 | 70
t=50 1.18 4 30
t=60 1.51 2 48
t=70 1.9] 1 a7
t=80 1.76 | 61
t=90 1.78 4 48

Not Detected (<50 RFU) -

Table 5: Summary of the PowerPlek 16 Hot Start amplifications targeting 2,000 pg ofnput DNA. Alleles were categorized according to & 200 hRFU
threshold, a< 199 hRFU threshold, and a < 50 hRFU threshold (liihof detection). The performance of a small heteroygous locus (D5S818) is
compared to the five largest CODIS core loci thatlao exhibit a heterozygous genotype in the high-metular weight sample. Notice the sporadic
dropout of locus information observed throughout the timecourse. In addition, the larger FGA locus ahays outperforms the smaller CSF1PO locus in

this study with the high-molecular weight DNA sampé.
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IV. E. Degradation Ratio Results Observed in Casework Samples

In 2008 the Tulsa Police Department Forensic Laboratory developmeratigdigted this
ePCR quantitative assay for use in casework. This developmental validgadiocuimented in
Wilson’s thesis, which follows the SWGDAM Revised Validation Glisks (Wilson, 2008;
SWGDAM, 2004). It is important to note that the decision to complete eafguental
validation was made in response to Applied Biosystems’ 2007 announcenténétha
manufactured Quantib%tquantitative hybridization assay would be discontinued. Applied
Biosystems’ decision, coupled with a lack of other commercially dlailguantitative
hybridization methods forced CODIS-participating forensic laborattwisslect a new type of
human-specific quantitation method to satisfy the DAB standards. The amgapoption
available to forensic labs was to “upgrade” to a real-time qPCPoptatiThis “upgrade”
included the purchase of new equipment, expendables, and additional quality asswwasres

to operate a real-time gPCR method.

Within the inaugural year of using the ePCR quantitative assay iwaksehe total-
human and male-only quantitative estimates of 91 male reference savepteassessed in the
form of the degradation ratio (Figure 13). These ratio results thherecompared to the
corresponding HID profiles amplified using the Arrﬁ@TR® Identifiler® HID typing kit
(Applied Biosystems, Foster City, CA). It was observed that the degradatios appeared to
predict the loss of peak signal intensity among the larger STR ldsigasociated with the “ski-
slope” effect. This empirical study indicated a need for further relséato the ability of the
ePCR assay to detect degradation, and these results were preserggtbatbpractitioner
conference (Smith, 2008). Figure 21 depicts the spread of degradéitisrotdained from the 91
male reference samples that were HID amplified based on the queatitaél-human results of

this ePCR assay using the IdentifiiédID typing kit.
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Figure 21: (a) Spread of degradation ratios obtaied from the empirical male reference sample
study. (b) Distribution of the 91 male reference saples.

Similar to the degradation ratios observed in the high-moleculghtténecourse
samples, several ratios were also less than 1.0 in the casewaekecefeamples. However,
unlike the high-molecular weight samples, degradation ratios thatless than 1.0 in the
casework samples could be attributed to peak truncation of the SRY amgdiobserved in
Figure 22. This peak truncation caused the male-only quantitative tstomander predict the
actual amount of SRY amplicons, which produced a ratio where the total-humaitedjuant

estimate was a larger value than the male-only quantitative estimat

54



...110..120. 130 ‘149 130, 160,170,180 190, 200 210,220 230 240, 280 260
| 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
I C11-q14 21 Blue BB 8881 - Item #37
== . - AL . e 6000
[ g— |Peak'Truncat1;on‘ Ratio =0.50 4000
) 2000
SRY
4805

Figure 22: Quant electropherogram of a high-quanty reference sample where SRY fluorescence
has exceeded the CCD camera’s limit of linearity. fiis excess of fluorescence results in peak
truncation so not all of the information is recordel.

The samples containing ratio values between 0.5 and 1.67 produced optimaifig@ampl
HID data in which all the loci contained peaks of near equal sigmeaisity throughout the locus-
to-locus size range. However, as the samples approached quantitgtagatien ratios above
1.70, a noticeable decrease in signal intensity of the larger loci bepmaeat in the HID data.
Figure 23 depicts an Identifi%electropherogram from a casework male reference sample that

contained a degradation ratio of 2.67.

One possibility for the difference in degradation ratios obtained in gfherholecular
weight sample versus the casework reference samples may beetttibthie difference in
extraction techniques. The OSU sample utilized an extraction methad shdted for RFLP
analysis, which was necessary in order to obtain yield gel results. Eowie extraction
technique used in PCR-based casework samples does not require highlanaleght DNA.
Rather, high-molecular weight DNA in a PCR-based system may actuadlgrtthe ability to
obtain successful HID results, as was observed in the initial PrBfilé’ and PowerPl€k16

Hot Start HID results, which targeted optimal amounts of sample inplikelthe high-
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molecular weight extraction methods, PCR-based extraction methods utilipgdrisic
laboratories contain incubation periods and numerous vortexing steps, whictrthay disrupt
the structure of the DNA macromolecule. As was observed in the higletature degradation
model developed for this research, degradation uncoils high-moleaifrtidNA. Thus, the
extraction process may physically disrupt well preserved DNA moleaule manner that is well
suited for the PCR-based quantitation and HID amplification methods. Howsess, damples
that exhibit endogenous degradation, such as environmental or enzymatic procagsdseady
contain unprotected and exposed template strands, that may be further didoepte the
incubation and vortexing steps associated with common extraction methods. fudymnsthe
effects of sample degradation might include concordance studies on tkedegtaded DNA
profiles that are obtained with a common extraction method, and the réshltssame sample
that are obtained by skipping the extraction step, and instead immediatglinguhe sample

for ePCR quantitation.
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degradation ratio (2.67) with the assay in the 91asnple study.
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IV. F. Predicting HID Amplification Success

A goal of this research was to determine if the quantitative aasgyredict the
amplification success or failure of large-target STR loci in Bjing kits. To this end the
performance of the small and large targets in the high-moleweight timecourse samples
serves as a model that can be applied to actual casework. The quarditgtiification
performance from the timecourse samples produced ratios of signditfanénce throughout the
degradation study. As degradation increased there were fewer amtgetdrget sequences
available to amplify, which resulted in a larger ratio. To ti@isttrend between the assay
degradation ratios and HID ratios obtained in casework, a selection of r@aallable male
reference samples from the original 91-sample study were furtaleraged to determine if the
assay degradation ratios did predict a “ski-slope” trend in theddtB. As in the previous HID
studies, two loci were selected from the IdentifilenD typing kit that are a part of the CODIS
core loci and represent a small and large target in the HIDHétDBS1358 locus and the
D16S539 locus from the green dye color were selected for this evaluatigrca®ework male
reference samples that contained heterozygous genotypes at thesedaslaced for
evaluation, which reduced the sample size to 37 profiles. The sttetsessment of the 37
samples indicated a strong correlation (r = 0.74#80.001) between the assay degradation
ratios and the HID ratios (Figure 24). This confirms the predicbility of the quantitative assay
to assess large-target amplification performance via a ratio, widatates the “ski-slope” trend

of sample degradation in HID typing.
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Figure 24: Statistical correlation between the Idatifiler ® HID ratios of the D3S1358 (small) versus
the D16S539 (large) loci and the ratios obtained dim the quantitative assay in 37 casework male
reference samples. Correlation was performed usingne-way ANOVA with Tukey's multiple
comparison test. This analysis suggests a strongradation (r 0.7478, p < 0.001) in the ability of he
quantitative assay to predict the amplification peformance of large targets in the Identifilef’ HID
typing kit. A decrease in large target performancas visually displayed as a “ski-slope” trend in

electropherogram data.

Although the D16S539 locus within JOE (green) dye of the IdenfiftsD typing kit
behaved in a predictable manner, the same could not be said aboutdluetarkpci targets
labeled with 6-FAM (blue) dye. The two large targets with 6-FAM,dy7S820 and CSF1PO,
appeared to have an initial peak-height imbalance compared to ther soe loci targets in the

blue dye regardless of the sample’s degradation ratio. Howeveeuhsty of peak-height
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imbalance of the large 6-FAM labeled targets did follow the saemal in signal reduction as

observed in the JOE labeled targets, albeit with a more intense oedoicsignal.

The “ski-slope” trend observed in the STR loci results fromeHdeaction of signal in
large targets compared to small targets. The amount and availabilitaciftarget sequences
within the large STR loci will determine the success of HID &rogtion. As large target
sequences degrade, fewer template strands are suitable to pgarticip&R. The decrease of
intact target sequences may result in locus dropout if successfifieatiph does not occur
within the initial cycles of PCR. Although no instance of locus dropout was\aisin the
casework reference samples, the signal reduction in large loci vehstedeby the sample’s
degradation ratio. The lack of observed locus dropout is not surprisingeng the 65 samples
readily available from the empirical study originated from high-qtiargference samples. If this
assay were applied to low-quantity casework samples it is prolbaliné assay’s degradation
ratio would predict locus dropout based on the observed trends in this ne8=esed on this
research the ePCR quantitative assay can distinguish theieatiglif performance of targets of
differing size. This unique ability can be used as a diagnostica@oétlict sample degradation

in HID typing kits.
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CHAPTER V

CONCLUSIONS

V.A Increase Efficiency with Degradation Assessment

Many forensic DNA laboratories are confronted with backlogs, linm#éedurces, and
external demands that hamper expeditious sample processing. In additiphysical integrity
of DNA evidence often remains unknown until laboratories invest a signifamount of time
and money examining the evidence. To overcome these constraints labsmatoy consider the
use of sampling plans to triage the analysis of evidence expectedit®MAl information
suitable for entry into the CODIS database. The results of this sigdest that the ePCR
guantitative assay is a method that can simultaneously quantify the amoumplet¢éeDNA for
HID testing, and predict the amplification performance of large STRolpdetecting template-
strand degradation. Currently, no other gender typing assay is reporteditt thee performance
of PCR-based profiling methods prior to the utilization of an HID kit. Trgnostic ability
could direct sample processing so laboratories select typing methdus,ssmmni-STR kits,

which are suited for samples suspected of yielding locus dropout withamadlitll D methods.

In this study the degradation assessment of the quantitative assayaluated using a
high-molecular weight DNA sample that was artificially degradeddardrolled manner. This
research model was applied to actual male reference samples fravorgasad correlates with

the performance of associated HID profiling results. In the instamitee the assay detected a
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significant difference between the large and small targetsgdatjon ratio > 1.5) a visual “ski-
slope” trend could be observed in the HID data. This effect of templateddégrais the result

of signal loss in the large target sequences, which may drop belbarattay’s set signal
threshold, or result in sample dropout. Although few instances of samplautimegre observed
in the empirical study, the further assessment of low-quality Beeles certain to detect large-
target dropout following the “ski-slope” trend. This trend is thseilteof degradation, which is the
inability to amplify and detect core STR loci. The effects of degtion are exacerbated with the
loss of multiple core loci in which a sample does not satisfy this EBgibility requirements for

CODIS entry.

V.B Areas of Future Research

This assay is well suited for the multiplex of additional markers.&lhmeskers should
incorporate a haploid female-specific target to observe thasfiedegradation within single-
source female samples and sample mixtures, which are an inherent peghsicf DNA testing.
Ultimately, this assay may be used as a roadmap to determine wheunlgatargets of an HID
typing kit experience reduced amplification performance and are siedptdropout. In
addition, future studies should incorporate a revised degradatiorwhere the estimates of the
large Amelogenin target are compared to the estimates of the stiYath&)et to avoid the

inability of calculating an undefined number should the large tarij¢d f@mplify.

Predicting DNA degradation prior to HID profiling is just anothet tfdhis assay.
However, the assay’s ability to evaluate amplification performanweeka targets of differing
size could be applied to fields outside of forensic DNA analysis. Fugbearch may include

additional diagnostic applications of this assay beyond the scope of foiesigig.
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V.C  Immediate Application of Degradation Assessment

The predictive ability to detect DNA degradation can be applied to thegwiog of
biological evidence recovered from the scenes of mass disasters;linsammples are often
exposed to physical, chemical, and biological stressors that may damageeaddidh. In many
instances the ability to yield useful profiling results from suspectddduglity evidence is
compromised due to sample degradation. This quantitative assay could prquidk screening
method to eliminate the further processing of tissue samples that are noeéxpgdeld
complete profiling results, thereby directing HID testing for remaestification. In addition,
high-volume database laboratories that process reference sanaylaitilize this assay as a

reliable method to assess the amplification performance of niatemee samples.
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