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CHAPTER 1
INTRODUCTION

Once a genetic profile has been obtained from a sample usRdr&Jment analysis, it
can be compared to other known genetic profiles to see it@ghroan be made in which some or
all of the alleles detected are observed in both profilethennstances of missing persons cases
or convicted felons repeatedly committing crimes, it is helpfuldeelop a database of DNA
profiles accessible by forensics personnel across the UnitddsSio ease communication
between laboratories and make more connections between seeminglgtashrcrimes or
individuals. Such databases include the Combined DNA Indexing SysteI$r@nd the
National DNA Indexing System (NDIS), which are regulated dovernment boards and
committees and provide forensics laboratories the ability to subtoig, and search for DNA

profiles created from the analysis of human samples.

In order for a DNA profile to be entered into one of these databasesist contain a
minimum number of designated NDIS/CODIS loci (the CODIS éc8TR loci”) and the profile
must have been obtained through approved methods. These include thoroughly validated
methods and techniques. Each method or technique, including commerciallykitsigenust
undergo developmental validation performed by the sponsoring companynafactarer, in
addition to internal validation performed by each lab interested mg tise method or technique
prior to its incorporation in the laboratory’s general procedures.elVaglation studies include

specific components such as:

1. Testing the method’s robustness with a variety of procedural tcmmgl(including limit

of detection, mixture analysis, reproducibility and precision studies)



2. Assessing the method’s production or control of artifacts

3. Testing the method for concordance with previously validated methods iémdhe

identical method used in another laboratory or with alternative instruments

4. Evaluation the method’s performance on mock casework sample or nonigobati

samples for its effectiveness in actual forensic testing

Each validation must also meet quality assurance requiremedtfollow standard quality
control measures in place for each participating laboratory.dst wases these are consistent
with the guidelines established by the Scientific Working Group biA Analysis Methods
(SWGDAM) and the American Society of Crime Laboratory Divex Laboratory Accreditation
Board (ASCLD-LAB), governmental bodies that allow for standardmadf techniques and

analysis between forensic laboratories.

Upon completion of all necessary validation studies the method maylbeitted to the
NDIS Approval Board for consideration. The Board will consider sdvaspects of the

validation studies in making their decision, including:

1. Concordance studies

2. Mixed sample analysis

3. Non-probative sample analysis

4. Population studies

5. Precision studies

6. Proficiency and/or Qualifying sample studies
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7. Reproducibility

8. Sensitivity studies (used to determine limits of detection and aptitemplate

concentration)

9. Any relevant literature submitted for publication that pertainhi® internal validation

studies

10. Any other necessary information for the Board to determine #thad’s suitability and

compatibility for use at NDIS

If the NDIS Approval Board deems the method acceptable for foraasiand for inclusion
in the list of approved methods, it will notify each laboratoryhaf ipdate so they can begin
their internal validations or, if they have been completed, sotiedaboratory can begin using

the method in routine forensic work where it is applicable.

The AmpRSTR® MiniFiler™ PCR Amplification Kit was developed by Applied

Biosystem§ as a way to amplify loci that are more prone to degradatiomhibition in
compromised samples. One marked difference that distinguishesilbtiFrom other kits is

that the primers are located as close as possible to thefstiae target region, which results in
shorter PCR amplicons (all less than 260bp). The loci selectedcfasion in MiniFilef™ was
determined by surveying several laboratories who currentfpnperSTR fragment analysis, as

well as analyzing those loci that would produce the smaller aompkzes and loci that are
frequently subject to degradation or inhibition. The MiniFfekit uses the following loci in its
multiplex reaction: D2S1338, D18S51, D21S11, FGA, D16S539, CSF1PO, D7S820, D13S317,

and amelogenin. These loci all produce amplicons greater than 20@oy(tin in currently used



kits and are all informative sites with high allelic varidkiliThese nine loci are labeled using
the 5-dye chemistry system also used in other Applied Biosg&tproducts. In addition, the
primers have non-nucleotide linkers attached to them, which aflewisetter DNA fragment
migration and more loci to be labeled with the same dye witlgkihg allelic overlap between

loci.

Another difference between MiniFilet and other currently available kits is its protocols;
namely, theTaq DNA polymerase is included in the Master Mix and the PCRrpaters have
been adapted for the optimal amplification of the shorter ampliaodsto maximize primer
binding specificity. These changes were also put into placdaw &r the PCR reaction to
overcome any inhibitors present and to ensure that degraded s&anpbethe best opportunity
for accurate amplification. The MiniFilBf kit should be strongly considered as an enhancement
tool for DNA analysis in which currently used kits cannot producendisgjenetic profiles due

potentially to inhibition or degradation of the DNA or the amplification process.

In order to MiniFilef™ to be considered by the NDIS Approval Board as a kit suitahle f
generating profiles that can be uploaded into NDIS, several labesatcross the United States
were recruited to performed independent internal validations using=iinl!. The internal
validations done by each participating laboratory were performedonjunction with the
developmental validation study conducted by Julio Mulero and the RbA2avelopment team
of Applied Biosystem& Once the internal validations were completed, their results and
conclusions were submitted to the National DNA Indexing SysteBi§NApproval Board to
assess the performance of MiniFiférand to approve the uploading of MiniFilérgenerated

STR profiles into NDIS. The NDIS Approval Board requested more nmtion regarding

MiniFiler™ use with mixtures and non-probative samples before making alfiniion on the
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approval of MiniFilef™ for routine forensic laboratory use in casework analysis. Theredd
of the data from each lab’s internal validation that concerngtlra studies and non-probative
sample analysis has been compiled and evaluated, then presentihbseport addendum to

the original report.
This internship practicum has the following goals:
1. To compile data from the internal validations performed at each participatingtiatyor

2. To evaluate data collected for concordance and to identify areyehifes in data that are

not readily explained.

3. To present the data and the conclusions made from the data akragort suitable for

inclusion in the revised report being submitted to the NDIS Approval Board.



CHAPTER Il
MATERIALS AND METHODS

The laboratories that participated in the validation of the Miail kit include 5
laboratories across the country, all of whom are currently atede@fo maintain confidentiality
they are Labs A through E). Each laboratory used a variety gblsanfor their validation
studies. In particular, 2-person mixture samples were preparatios that ranged from 20:1 to
1:1; in some instances, 3-person and 4-person mixture sampleala@@epared with similar
ratios. For non-probative samples, each laboratory used a varidtgoain and unknown
samples for rigorous analysis. These included bone samples, whole $timiod, and tissue
preparations, each extracted with several methods including orig@# extraction, Chelex
extraction, and extraction using robotics platforms such as the egednMaxwell 16°

instrument.

To accurately assess MiniFil¥s abilities and limitations, each sample was run
according to the manufacturer’'s provided protocol (previously approved thomywglopmental
validation performed by Applied Biosystef)sEach laboratory used at least one ABenetic
analyzer for DNA fragment separation and analysis. In somengegafor non-probative
samples, the injection time was increased from the protocobsnmeended 5 seconds to 10 and
20 seconds, depending on the sample type and results from the stajerdn and related

results from testing the sample using the A" Identifile™® Human PCR Amplification

Kit. In several instances samples were run in replicate.

Each laboratory submitted their data from their mixture studiesaaatyses of non-

probative samples to Dr. John Planz, who then saved it to CD fosendlhe data was sent in



various forms including Excel spreadsheets, .PDF files, raw dat&lactopherograms. The
data was then sorted into each category (mixture and non-probatiypte ssiodies) and the
results were compared for each laboratory. Then the dataomgsled into universal formats
with visual aids and evaluated for concordance or lack thereof betitheeresults of each
laboratory. Discussion sections and conclusions were made for eaicipating laboratory’s
data, as well as overall conclusions for the MiniFifekit. The final report was submitted to the
SWGDAM committee for review for eventual submission in additionthte original report

submitted to the NDIS Approval Board regarding MiniFiter



CHAPTER IlI
RESULTS
Mixture Studies

Each participating laboratories conducted mixture studies at various majr:mi
contributor ratios and with varying criteria to define the identification obdure. Each study
reported the detection of multiple alleles using the MiniFlésit for at least one locus for all
mixture ratios (see Figure 1), and each also reported full profiles of both cansibartthe 1:1
mixture samples. Total input DNA for each mixture varied between studiggnganom

0.4ng(iL to 1.0ngfL. A variety of mixtures were tested between all five laboratories)dinod:
- 2-person mixtures of males and females in ratios ranging from 20:1 to 1:20
- 2-person mixtures of 2 males in ratios ranging from 20:1 to 1:20
- 4-person mixtures of males and females in ratios ranging from 17:1:1:1 to 4:3:2:1
- Mixtures using neat samples in several ratios
- Mixtures using degraded samples in several ratios
Criteria for potential mixtures were defined as observing:
-Seeing more than 2 alleles at any locus
-Peaks in stutter positions greater than the expected amount of stutter pasitiah

-Heterozygous peak-height imbalances greater than 30%



One mixture study demonstrated that an estimated 87% of minl@sallere detectable
in 2-person mixtures of 19:1 and 1:19. Of the other ratios for 2-persdnres, some minor
alleles could not be distinguished from the alleles of the majotributor at a 2:1 ratio, but
almost 100% of the minor alleles were distinguishable once tleewats changed to 4:1. All

alleles were detected and accounted for in 4-person mixtures tested foosi{see Figure 1).

Figure 1. Mixture Ratios Analyzed by Participating Validating Laboiesassing MiniFilef".
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Some laboratories conducted additional tests, such as the abilityetgpeak-height
imbalances to predict the major:minor contributor ratio. In most noetg each study was
performed in duplicate or triplicate and on at least one gensdilyzer to ensure concordance

within the laboratory.

Mixtures were detected in samples for nearly all mixture ratios @nel most apparent in
the 1:1 ratios and ratios that were close to 1:1. Once the mirdtice exceeded 4:1 allelic
dropout was observed for the minor contributor, either from decreagddieation or from the

minor allele being filtered out as stutter from a major contoiballele. In studies that also



included degraded DNA as samples, it was observed that thergreater variability in the
detection of minor alleles. Two studies reported more severe pafk-limbalances for the
D7S820, FGA, and D16S539 loci, which in some cases resulted iic dilepout of the minor

alleles.

Overall these results demonstrate the potential use for Mifiiin enhancing DNA
profiles in mixtures where the major and minor contributors’ DNA im near-equal
concentrations, but may be less reliable when the mixture rateedscd:1. As shown, the
detection of minor alleles can be influenced by the genotype ai#jer contributor, as the

minor alleles may fall in a stutter position and thus be filtered by an eygeztrs

Figure 2. Allelic Dropout Observed for Three Mixtures at Varying Mixtuaéids.
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Non-Probative Sample Studies

Each laboratory conducted several studies using MinlFiléor the analysis of non-
probative casework samples that produced full, partial and no prdfiteésy previous analyses.
Samples included a variety of tissue extracts (using orgamiacérn or Chelex extraction),
bone extracts (using organic extraction), and Chelex-extradergmee bloodstains. All samples
were amplified in replicate for testing. Each sample prasiously analyzed using one or more

currently NDIS-approved kit, including:

- Identifiler®
- PowerPlex 18
- Profiler Plu€ and COfilef

Reference samples all had full profiles generated from otteesé kits, while mock case
samples and non-probative samples had either partial profilesgofies. For some samples,
the injection time was varied to determine if any addition&les| could be accurately detected
using both the kits mentioned above and MiniFife(some samples underwent 20-second
injections in addition to the standard injection time for the genetic analyzerussdy Once the
samples were run, the alleles were analyzed using various eysteins software platforms.
Profiles were considered “full” if all alleles were above 1BQRor 200RFU for heterozygous

loci and homozygous loci, respectively.

In all studies the results from MiniFilét were concordant with alleles identified using
one of the aforementioned kits. Samples that had allelic dropout usingf dhese kits had
various successes with MiniFil& ranging from no improvement in the sample’s profile to

complete restoration of undetected alleles, and Mini*llererall increased the resolution of all

11



alleles in the genotypes. Peak-height ratios for heterozygouséoeiwell above the minimum
peak-height ratio specified by Applied Biosyst&nasd several participating laboratories. Some
laboratories also focused their studies on artifacts producedebMliniFiler™ chemistry. For
bloodstain samples it was observed that stutter peaks fell belstatisard detection thresholds

for expert systems software.

In some samples from one study minor alleles were detectecharsghiples could be
identified as potential mixtures; possible sources of contaramawere eliminated as
contributors (analysts, other samples, and controls) so theservptesamay be true mixtures.
With this exclusion of possible sources for minor alleles, therfgalisuggest that additional
DNA was introduced during sample collection or processing pithhé samples arriving at the

DNA laboratory.

One laboratory reported discordance between replicate tesiimg MiniFiler™ at the
D2S1338 locus; because this locus is not included in the kits used tleetesimples previously
(Profiler Plu§ and COfilef) it was not determined at the time if it was a singulaidimt or if
the primers used in the MiniFilét kit cover a region in the DNA with a primer binding

mutation site.

MiniFiler™ was able to enhance the profiles of several samples in tefrafiele
detection, genotype resolution and signal strength, including thosextiaited PCR inhibition
and/or degradation. However, its success was dependent partiallijfeoDNA template
concentration (when the concentration fell below 4@pgmore partial profiles were obtained

from analysis).
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CHAPTER IV
DISCUSSION

It can be concluded that the studies from these five labommtate@monstrate
MiniFiler ™s variability in mixture detection. Because peak-height ratoshéterozygous loci
are inconsistent, the assignment of major and minor componetrisnglg advised against. The
success of MiniFilé!" in distinguishing between mixtures and single-source samples enay b
hindered by the sample’s initial condition and any presence of impitlespite numerous
examples of MiniFile™’s ability to overcome these obstacles. In addition, the increased
occurrence of artifacts would complicate any alterations intlwedsholds and the distinction of

r™'s best use for

true alleles from stutter peaks and stochastic amplificationtevliniFile
mixture interpretation is to enhance profiles from degraded or otteim@mpromised samples,
and the kit should not be relied upon to separate alleles into major aodanmponents for any

sample type.

MiniFiler™ also performs well in enhancing incomplete profiles obtaineah fsamples
that are compromised by degradation or PCR inhibition. Mini®les useful in instances of low
copy number DNA, in which preservation of the sample itself nesnaf utmost importance for
the possibility of future testing. However, the use of MiniFifemust come with a caveat that
analysts using the kit must be well-versed in its senittei the amount of input DNA used, as
well as possible obstacles in data interpretation. These incheleliservances of stutter,
amplified artifacts and variable peak imbalances. Pealklihedgios at heterozygous loci had a
wide range both within each laboratory and between the five labdgating that data

interpretation may be difficult at times during routine casewG#kl thresholds may have to be

altered to account for low signal strength from loci with erggpeak-height ratio imbalances,

13



possible primer binding mutations or that undergo unpredictable amptificesients. Together,
these findings indicate that MiniFilét is best used on single-source samples or mixtures of

equal ratios to enhance incomplete profiles due to degradation, low copy number aomhibit

14



CHAPTER VI
CONCLUSIONS

It was concluded that the MiniFiets limit of detection for mixtures is partially
influenced by the major:minor contributor ratio as well as the gprotombinations at each
locus. These factors imply that the background information provided ¢das@ as well as the
stutter definition and peak-height ratios should be taken into conswtematien interpreting
potential mixtures using MiniFilé¥. Overall these results demonstrate the potential use for
MiniFiler™ in enhancing DNA profiles in mixtures where the major and maumtributors’
DNA is in near-equal concentrations, but may be less reliabéa e mixture reaches a more

extreme major:minor contributor ratio.

MiniFiler™ shows great potential in recovering alleles lost in current §PpRg due to
degradation or PCR inhibition. All studies were able to provide evidéatehe MiniFilef kit
can be used to enhance DNA profiles from a variety of sampéss tthat were extracted using a
wide variety of methods. These findings indicate that integratioinfFiler™ into current
laboratory practices would have minimal interruption of normaliggtibecause no procedures

need to be specifically used for the correct use of the MiniFilei.

Future studies that could be performed to assess Mirifiemgenotyping abilities
should include specific known PCR inhibitors in varying ratios and cdratens, stains and
samples of varying age or stages of degradation/decompositioin,samples allowed to
comingle as would be observed with buried remains from several indsidimaddition, it may
prove useful to determine if any explosive substrates could inhibplifecation using

MiniFiler™ for the use of this kit in mass disaster scenarios in wiiagxplosion occurred. The
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variation observed in peak-height ratios should be rigorously investigater to use of
MiniFiler™ for known mixture samples if an attempt to distinguish between raajbrminor

contributors will be made, or if the mixture ratio is determined to be greatedtha

Along with the developmental validation study performed by AppiEbystem$, these
internal validation studies provide concrete conclusions that the Mififikit can be a useful
tool in forensic DNA analysis and could aide in current investigafodsthe re-opening of cold
cases to examine aged or otherwise degraded biological evidemantancing DNA profiles
that may be subject to inhibition or degradation in single-source atdrensamples, the NDIS
Approval Board should heavily consider MiniFil¥ras an addition to the list of approved

human DNA PCR amplification kits used to generate DNA profiesiploading into national

DNA databases.
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APPENDIX 1

EVALUATION OF THE AMPRSTR® MINIFILER™ TYPING KIT: MIXTURES
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Evaluation of AmpFeSTR® MiniFiler ™ Typing Kit: Mixture Analysis

Elizabeth Feller, B.S.
University of North Texas Health Science Center at Fort Worth

Because mixture analysis and interpretation can play a mamin casework processing, the
MiniFiler™ kit was robustly tested for its mixture resolving power tetuit each locus, the highest and
lowest ratios for which mixtures can be detected, and theyafaififaboratories to correctly interpret and
report mixture results from MiniFil&f.

A total of five accredited laboratories performed mixtetedy components for their internal
validation of MiniFiler™ (to maintain confidentiality they are Labs A-E). Lab A conddiateixture
studies involving 2-person mixtures at various ratios from 1:1®1tb (both male:male and male:female
mixtures) and a 4-person mixture (1 female:3 males) at the foljomixture ratios: 17:1:1:1, 14:3:2:1,
4:3:2:1, and 1:1:1:1. Each mixture had a total input DNA of 1ng fopliication and used DNA
extracted from whole blood samples extracted using Chelex. bijsctiere made for 5 and 10 seconds
on the ABF 3130-A Genetic Analyzer; each run also included single runsabf eantributor's DNA
sample as single-source controls.

Criteria for potential mixtures were defined as:

-Seeing more than 2 alleles at any locus

-Peaks in stutter positions greater than the expected amount of stuthext fposition
-Heterozygous peak-height imbalances greater than 30%

The Lab A mixture study demonstrated that an estimated 87% of allal@s were detectable in
the 2-person mixtures of 19:1 and 1:19. Of the other ratios f@&-fferson mixtures, some minor alleles
could not be distinguished from the alleles of the major contrilaitar2:1 ratio, but almost 100% of the
minor alleles were distinguishable once the ratio was chargedlt All alleles were detected and
accounted for in the 4-person mixtures for all ratios (see Figure 1).

It was concluded that the MiniFiléFs limit of detection for mixtures is partially influenced by
the major:minor contributor ratio and by the genotype combinatibesach locus. These factors imply
that the background information provided for a case as well asutter definition and peak-height ratios
should be taken into consideration when interpreting potential mixtuiresMaiFiler™.

Figure 1. Mixture Ratios Analyzed by Participating Validating Laboratories using MiniFiler ™.
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Lab B conducted 2-person mixture studies for degraded and neatesanmgihg initial DNA
concentrations for each sample of 0.phgat the following ratios: 20:1, 10:1, 5:1, 3:1, 1:1, 1:3, 1.5, 1:10
and 1:20. Initial samples were chosen based on allelic divexsiégach locus. Once the samples were
combined, fiL of each mixture was amplified with MiniFilt and run on the ABI 3100 using 10-
second injections.

The evaluation of each mixture included:

-Ability to detect a mixture

-Noticeable peak-height imbalances in heterozygous loci

-Ability of use the peak-height ratios to predict the mixture ratio ofomméributor to another

Mixtures were apparent at the 20:1 ratio for neat and degraseples; in general it was more
difficult to detect a mixture using degraded DNA samples dubewariability in the detection of minor
alleles. For neat DNA mixtures, peak-height imbalances waserved for heterozygous loci in all ratios
(see Lab B Table 5), with the most significant imbalance ae®vS820 at the 3:1 ratio. Predictions of
mixture ratios were also made for the neat DNA mixtures tp determine how reproducible each
mixture ratio is using MiniFild! (see Lab B Table 6). Overall, the 1:1, 3:1 and 5:1 ratiosided the
most precision and consistency across the entire profile for neat Ditdres.

Lab B Table 5. Assessment of Peak Height Lab B Table 6. Calculatdtkture
Imbalance in Heterozygous Loci. Ratios Based on Peak Height.
Ratio of A:B | Most Imbalanced Peak Height Ratio Proposed Ratio of A:B | Actual Ratio of A:B
(KLH:SY) Locus of Imbalance A =KLH, B =SY (range)
11 D7S820 62% 1:1 1:1
1:3 D21S11 56% 1:3 1:3
1.5 D21S11 60% 1:5 1:3t0 1:6
1:10 D16S539 56% 1:10 1:4 to 1:15
1:20 D251338 77% 1:20 1:20
20:1 D21S11 50% 20:1 1:5.5t0 1:21
10:1 D2S1338 45% 10:1 1:5to0 1:15
5:1 D2S1338 54% 5:1 1:2.5t0 1:6
31 D7S820 33% 31 1:2t01:3

The Lab C validation study included analyzing several 2-person mixturesiadriplicate at the
following ratios: 20:1, 10:1, 5:1, 2:1, 1:1, 1:2, 1:5, 1:10 and 1:20. Each DiNfIre had a total input
DNA of 0.4ng for amplification using MiniFiléY'. The mixtures were analyzed by using peak-height
imbalances at heterozygous loci to exclude “major component” alleles ales ahared by the major and
minor contributors. Along with amelogenin, 8 loci were analyzed fon eaixture (see Lab C Table 1). It
was observed that three separate loci did not have anyatdéeniinor alleles (D7S820 and Amelogenin
for 1:20 mixture and D16S539 for 1:10 mixture). In addition, the 1:10 mixturemadllele undetected
at FGA for one of its injections, but the allele was det @b the two subsequent injections. In the 20:1
mixture, D21S11 and D18S51 detected both minor alleles but for eachdae allele was filtered out as
stutter, as it fell in the stutter position for one of theanajleles at the locus. For all other mixture ratios



and all loci, all minor alleles that did not overlap with matieles were detected and allele calls were
consistent for all injections and ratios.

Lab C Table 1. Minor Component Alleles (Excluding alleles sharedith Major Component).

Description D13S317 | D7S820 Amel D2S1338 | D21S11 | D16S539 | D18S51 | CSF1PO FGA
20:1 Mix 8 13 N/A 18,23 29 N/A 21* 9 22,23
10:1 Mix 8 13 N/A 18,23 29,30 N/A 15,21 9 22,23
5:1 Mix 8 13 N/A 18,23 29,30 N/A 15,21 9 22,23
2:1 Mix 8 13 N/A 18,23 29,30 N/A 15,21 9 22,23
1:2 Mix 11,12 11 16,19 30.2,31 9 16,20 10 20,25
1:5 Mix 11,12 11 16,19 30.2,31 9 16,20 10 20,25
1:10 Mix 11,12 11 16,19 30.2,31 - 16,20 10 20**
1:20 Mix 11,12 - - 16,19 30.2,31 9 16,20 10 20,25

* = Both minor alleles detected at this locus, e fell in the stutter position of a major allated filtered out as stutter.
** = Minor 25 allele was not detected in the finsjection of this sample, but was detected in #@ad and third
injections.

- = No minor alleles detected
N/A = Not applicable, no non-overlapping alleleshas locus.

Lab D conducted three 2-person mixture studies in duplicate on diffeeent instruments at
several ratios (10:90, 20:80, 40:60, 50:50, 60:40, 80:20 and 90:10). For thextrerae mixture ratios
(10:90 and 90:10) there was more noticeable allele dropout, assveeliigher number of loci exhibiting
this dropout. (see Lab D Table 1 and Figure 1). In two mixtwieiest full profiles were obtained with all
alleles present for nearly all of the 40:60, 50:50 and 60:40 misdtics (with the exception of 2 samples
at the 60:40 ratio). The third mixture study experienced atledpout in at least one of the mentioned
ratios on all three instruments. Overall these resultsodstrate the potential use for MiniFilrin
enhancing DNA profiles in mixtures where the major and minor contriuDNA is in near-equal
concentrations, but may be less reliable when the mixture ratio exceeds 60:40.

Lab D Table 1. Summary of Results from Three 2-person Mixture Stues (Mixture 1 has 23 total
alleles present; Mixture 2 has 26 total alleles present; Mixtu 3 has 31 total alleles present).

Mixture 1 Mixture 2 Mixture 3
Instrument | Instrument | Instrument | Instrument | Instrument | Instrument | Instrument | Instrument | Instrument
1 2 3 1 2 3 1 2 3

Ratio Average Allele Dropout/Average Loci Exhibiting Dropout
10:90 6.5/5 55/4 6.5/5 8/6 75/6 9/6.5 715 45/4 155/9
20:80 212 25/25 25/2 55/45 55/4 715 2 1/1 25/25
40:60 - - - 1/1 2/15 2115 - - -
50:50 - - - 05/0.5 0.5/0.5 25/2 - - -
60:40 0.5/0.5 - 0.5/0.5 - - 0.5/0.5 - - -
80:20 0.5/0.5 05/0.5 1/1 - - 15/15 2/2 2/2 3/3
90:10 2/15 2/15 45/35 45/35 4/3 5/35 5R25 2/15 55/35




Lab D Figure 1. Relative Allelic Dropout Observed for Three Mixtures at Varying Mixture Ratios.
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The fifth laboratory, Lab E, conducted two sets of 2-person mixtudkes,; the mixtures were
selected to best cover the allelic range of the locivbeh each pair of individuals. Samples of each
mixture were made in the following dilutions: 20:1, 15:1, 10:1, 5:1, 3:1, B1135, 1:10, 1:15 and 1:20.
The mixtures were all prepared to obtain similar peak heigtiween individuals for the 1:1 dilution. All
samples were then amplified using MiniFllé@and run on an AB13130 Genetic Analyzer.

Mixtures were characterized by the following criteria:
- Two or more alleles present at a locus for several loci
- Severe peak-height imbalances at a heterozygous locus at one or more loci

The results of the capillary electrophoresis indicated tiatiple alleles were detected in all
dilutions to the extent that each sample could be distinguishadvaxture. All alleles were detected in
the 1:1 mixture, but the other mixtures generated incomplete gwoffMllelic dropout was more
pronounced as the mixture ratio became more extreme, though minoibwontalleles were still
detected for at least one loci in both the 1:20 and 20:1 mixtures andusdiad complete allelic dropout
across all dilutions.



Overall, it can be concluded that the studies from these fmratories demonstrate
MiniFiler ™s variability in mixture detection. Because peak-heighibsafor heterozygous loci can be
inconsistent, the assignment of major and minor component®igstradvised against. The success of
MiniFiler™ in distinguishing between mixtures and single-source samp#s be hindered by the
sample’s initial condition and any presence of inhibition, despit@erous examples of MiniFilés
ability to overcome these obstacles. In addition, the increasmdrence of artifacts would complicate
any alterations in call thresholds and the distinction o tlieles from stutter peaks and stochastic
amplification events. MiniFilé"’s best use in terms of mixture analysis and interpretasi®a €nhance
profiles from degraded or otherwise compromised samples, and tisédkitd not be relied upon to
separate alleles into major and minor components. Compared tocatihently NDIS-approved PCR
amplification kits, MiniFilef™ performs at the same level in terms of mixture idemiifom and allele
detection. In some instances MiniFiléwas more sensitive in its detection of minor alleles thart nfos
the currently used kits would be, indicating that MiniFifecould be of great use in mixtures with lower
concentrations of DNA for one or more contributors.
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Evaluation of AmpFeSTR® MiniFiler ™ Typing Kit: Non-Probative Studies

Elizabeth Feller, B.S.
University of North Texas Health Science Center

A critical component of the validation of MiniFilét for routine forensic use is studies that
scrutinize reproducibility and the ability to use MiniFilérto generate reliable DNA profiles from
common casework samples. The use of non-probative casewqulesaand mock case samples allows
for the evaluation of MiniFild!"s success and potential shortcomings in analyzing routingleam
whose condition would warrant the use of MiniFiteto enhance incomplete profiles or obtain profiles
for samples that previously generated no results due to low copy numbationlubdegradation.

Lab A conducted several studies using non-probative casework sahmgi@roduced full, partial
and no profiles during previous analyses. Samples included etyvafi tissue extracts (using organic
extraction or Chelex extraction), bone extracts (using orgamiaatixin), and Chelex-extracted reference
bloodstains. All samples were amplified by four different analysing MiniFilef™ (some samples in
duplicate); in previous work, each sample was genotyped using gaomewerPlex 18 (a currently
validated kit) so the genotypes could be referenced for testingoncordance of MiniFil&f with a kit
already in use in routine casework. Each sample was dioitagproximately 0.5ngL input DNA then
requantified before amplification. If the sample could not reachattget concentration, 10uL of sample
extract was used for amplifying with MiniFilél. The samples were then analyzed on the®ARI30XL
Genetic Analyzer using 5- and 10-second injections (in somesca§-second injections were also
performed).

Once the samples were run, the alleles were analyzed usieMapper I3 with 40RFU as the

minimum intensity for determining the quality of the peak heightsfiles were considered “full” if all
alleles were above 100RFU or 200RFU for heterozygous loci and gmezloci (see Lab A Table 1).
It was observed that in most instances MiniFifewas capable of genotype enhancement, peak balance,
and overcoming PCR inhibition and/or DNA degradation.

Lab A Table 1. Non-Probative Sample Results by Sample Type.

Sample PP16’ Identifiler ® Identifiler ® Identifiler ® MiniFiler ™ MiniFiler ™ MiniFiler ™
Type Results Results (5sec) | Results (10sec) | Results (20sec) | Results (5sec) Results (10sec) | Results (20sec)
Reference ;llﬂbzrzgoellooo Full profile, RFUs Full profile, RFUs | Full profile, RFUs
Bloodstain | D21 artifact ) "| ~2000, possible N/A ~3000, no D21 >6000, no D21 N/A
possible D21 h ) )
(Chelex) . D21 artifact artifact artifact
artifact
Full profile, Full Profile, RFUs
Severe D5 RFUs ~1000- ~2000-4000, slight N/A Full profile, RFUs | Full profile, RFUs N/A
imbalance 2000, no D5 FGA imbalance, no ~200- >4000 ~4000- >8000
imbalance D5 imbalance
Full profile, ) ) .
_ Full profile, RFUs Full profile, RFUs | Full profile, RFUs
severe FGA| RFUS 72000~ | _4000-6000, FGA | N/A 300 -6000, FGA | >7000, FGA N/A
imbalance 3000, FGA . . .
. imbalance imbalance imbalance
imbalance
Bode Partial profile
Full Profile (FGA below Full profile Full profile Full profile Full profile N/A
Swab
threshold)
Partial . ) . ) . . ) )
Profile Partial profilet$ Partial profiled Partial priefit Full profile Full profile N/A
Partial Partial profilet Full profile Full profile Full mrfile Full profile N/A
Profile: P P P P




Sample PP16° Identifiler © Identifiler © Identifiler ® MiniFiler ™ MiniFiler ™ MiniFiler ™

Type Results Results (5sec) | Results (10sec) | Results (20sec) | Results (5sec) Results (10sec) | Results (20sec)

59% full profile, | 87.5% full profile,
RFUs 300-1500, | RFUs 500-3000, Full profile when
Bone Complete minor peak minor peak erfgrmed @ Full profile, RFUs | Full profile, RFUs N/A
(Organic) P imbalance (D13, | imbalance (D13, Smes) 1000-2000 2000-5000
D2); 41% partial | D2, CSF); 12.5%
profile*t £ partial profile*t+
> -
5?0926(1?:'[7;.6 50% partial profile 50% Partial 50% Full profile, 50% full profile,
IF:)ci) + (11/16 loci) ¥, rof?le (16/16 RFUs 1000-3000, | RFUs 2000-4000, Partial profile
Partial THOl/blB THO01/D13 E)ci) £ 50% no D13 imbalance; D13 imbalance; when performed
. . imbalanced; 50% L 0 50% partial profile| 50% partial profile | (up to 3/9 loci)
imbalanced; no profile profile (upto 1/9loci) | (3/9 loci)
50% no profile P P
S -
15% partial profile | 8% partial profile 6?0??'5?3'6110 2/9
No result No profile (up to 7/16 loci); (up to 6/16 loci); No profile No profile P . p
) ) loci); 34% no
85% no profile 92% no profile .
profile
. ) Partial profile
Bone No results No profile No profile No profile (F))ra;I:Illglrcecglle ¢ Partial profile (up to| (up to 7/9 loci)
(DNA 1Q) P P P 2/9 loci) 1, several
present) .
artifacts
25% partial 0 . .| 50% partial 25% full profile; 25% full profile; ) )
Hair profile; 75% no ?goﬁj Egmil,fﬁ;ome’ profile; 50% no 75% partial profile| 75% partial profile Z%“;I g/rgf;:iii)
profile P profile (up to 3/9 loci) (up to 7/9 loci)

) 50% partial profile ) )
Spinal Degraded or . . . (1/9 alleles Partial profile (2/9 | F2rtial profile
Cord s No profile No profile No profile . when performed

inhibited present); 50% no | loci) .
(Chelex) ) (3/9 loci)
profile
67% partial 0 . )
Low partial | profile (up to 67% partial prof_lle | 33% full profile; 33% full profile; 33% full profile; No profile when
) b (up to 16/16 loci) 1; ) ) )
profiles 16/16 loci) ¥; ) 67% no profile 67% no profile 67% no profile performed
) 33% no profile
33% no profile
0, il 0, ile: 0, ile:
' 50/‘.’ partial 50% partial profile | 75% partial profile 50% full proflle, ) 50% full proflle, ) Partial profile
Tissue profile (up to N . | 25% partial profile| 25% partial profile
No results . (up to 16/16 loci); (up to 16/16 loci); N . when performed
(Chelex) 13/16 loci); 50% 50% no profile 25% 1o profile (up to 2/9 loci); (up to 6/9 loci); (up to 6/9 loci)
no profile enop enop 25% no profile 25% no profile P
Full profile, Full profile, RFUs Full profile, RFUs | Full profile, RFUs
. RFUs <5000 )
Amelogenin <7000 then drop <5000, minor >7000, no
. then drop off, . N/A . . N/A
imbalance . off, amelogenin amelogenin amelogenin
amelogenin . . .
. imbalance imbalance imbalance
imbalance
. . 43% full profile,
0, 0, -
Bfofi’lg"’(‘g'alo 86% partial profile | 86% partial profile 32;‘; f”;' nﬁ’;?f"rf;i'le RFUs 600-3000; | Partial profile
Inhibition | P PO | (upto 16/16 loci) ;| (up to 15/16 loci) partial profii€| 4 304 partial profile | when performed
15/16 loci) T; ) . ) (up to 3/9 loci); . .
) 14% no profile T; 14% no profile ) (up to 5/9 loci); (5/9 loci)
14% no profile 14% no profile )
14% no profile
Full profile, Full profile, RFUs Full profile when ) )
Severe ) Full profile, RFUs | Full profile, RFUs
D5/FGA RFUs 1000 2000-4000; no DS | performed (RFUs | _ 06 "o Fga| 56000, some FGA | N/A
. 3000; no D5 imbalance; some ~4000, no D5 . .
imbalance . . . imbalance imbalance
imbalance FGA imbalance imbalance)
Full profile, .
Penta D RFUs 1500- gggg?ég% }:ong N/A D16 dropout, D16 dropout, RFUs N/A
Split Peaks | 3000, some drop ' RFUs 3000-6000 | >6000
drop off
off
0, il 0, i 1
. 80/(.’ partial 80% partial profile 80% partial proflle ) ) Partial profile
Tissue Inhibition profile (up to (up to 13/16 loci) ; (up to 13/16 loci, | Full profilet, Full profilet, RFUs when performed
(Organic) 10/16 loci) t; b "I ILS pull-up) T; RFUs 400-800 >800 P

20% no profile

20% no profile

20% no profile

(up to 9/9 loci)

* Some samples experienced injection problems or failures

t Dropout observed

$Peaks below threshold




Lab B is in the process of analyzing their non-probative sammesy MiniFiler™. Their
experimental design intends to use reference samples andliapititactions of differential extractions
from degraded samples. The goal of their study is to obtain conipieprofiles from those samples
that previously provided complete DNA profiles when analyzed usitemtifiler®, thus providing
examples of concordance between the two kits.

Lab C performed casework studies on 18 known samples (bloodstaih$) a&vidence samples.
The bloodstain samples provided results concordant with previatisigteusing Identifilef, and
heterozygote peak-height ratios were consistent with those edgarthe MiniFilef” Users Guide (see
Lab C Figure 1). Stutter percentages fell below the starttiaedholds for GeneMappesoftware (see
Lab C Figure 2).

Lab C Figure 1. Heterozygote peak-height ratios for known bloodstainaference samples.
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Lab C Figure 2. Locus-specific stutter values for known bloodstaineference samples.
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The 11 non-probative samples were chosen because they provigedadidl profiles using
other validated methods (see Lab C Table 1). Sample typksiedc bone, formalin-fixed paraffin
embedded tissue and expectorated sunflower seeds. Not only wessute obtained using MiniFilEt
in agreement with previous allele calls, but the use of e allowed for better genotype resolution
and additional allele calls in some cases. This was most apjratbe tissue samples which were highly
degraded and had several PCR inhibitors present. In sampled ©0aminor alleles were detected,;
possible sources of contamination were eliminated as contrilfatoayysts, other samples, and controls)
so these two samples may actually be mixtures. A similartisitugs present for samples 3, 4, and 5,
which all came from the same individual. These samples appedae mixtures, and with the same
exclusion of possible sources for minor alleles, findings esigthat additional DNA was introduced
during sample collection or processing prior to the samples arriving atNAddboratory.

Lab C Table 1. Non-probative sample descriptions.

MS":;“;I;;T Sample Type Sample Type Dilution Rer::i_ning
1 Extract from Sunflower Seed Training Sample Nea >20
2 Femur Training Sample Neat 20
3 Paraffin Embedded Tissue Case Sample Neat 14
4 Paraffin Embedded Tissue Case Sample Neat 15
5 Paraffin Embedded Tissue Case Sample Neat 13
6 Hip Bone Case Sample Neat >20
7 Femur Case Sample Neat 15
8 Femur Case Sample Neat 14
9 Femur Case Sample Neat 14
10 Tibia Case Sample Neat 14
11 Femur Case Sample 1:10 14

The following are electropherograms for various non-probative plesmcomparing the
effectiveness of Identifil€rand MiniFiler in generating DNA profiles from “challenging” samples (see
Lab C Figures 3a-7). These demonstrate the usefulness of MiifFih enhancing DNA profiles for
cases of highly degraded samples or those with significant asnoti®CR inhibitors that traditionally
used kits cannot overcome. Not only are the genotypes enhancedsirmrthe MiniFilef" kit, but in
most cases peak heights imbalances were corrected andcetadepce of artifacts and stochastic effects
was decreased. Baseline noise was markedly depressed usiirgieMly indicating improved PCR
amplification and increased specificity of the miniSTR prendihe increased PCR cycle numbers also
contribute to the success of MiniFil¥r allowing for more complete amplification of the longer
amplicons targeted in the kit. In all, the applications of Minifileare vast as seen with the variety of
sample types and variation of inhibition and/or degradation demonstrated here



Lab C Figure 3a. Femur Electropherogram using Identifile® (with additional Tag and BSA).

DES11TY | [DZI51L ] D75820 | [CSFIPO |
100 200 200
1600
800,
20
502
[D3S1358 | [TEoT ] [D135317 | [D155533 ] [D251338
100 200
4nan
2000
» 44
6 10 25
1734 166 09
7
1622
[D195433 ] WA | MPOX | [DIZSEL
00 200
2000§
12
58
2
690
D5S818 [FeA
100 200
2000
1000
Lab C Figure 3b. Femur electropherogram using MiniFiler™.
DI3S31T | [D7T$820 |
. 0 20 a0 100 110 120 120 140 150 160 170 180 190 200 210 220 230 240 2350 260 270 280 230
2000
10
942
DZ51338 |DEISIL |
P Kl an a0 400 10 120 130 140 150 160 70 480 190 200 240 220 230 240 250 260 270 260 240
]| |
o
261811830 1773
30
16id6i
D165539 [DI3551 |
P Kl an a0 400 10 120 130 140 150 160 70 480 190 200 240 220 230 240 250 260 270 260 240
2000
CSFIPO ] FGA ]
. 0 20 a0 100 110 120 120 140 150 160 170 180 130 200 210 el 230 240 250 260 270 280 230
2000
10
2082
23
118




Lab C Figure 4a. Expectorated sunflower seed electropherogmausing Identifiler® and various
amounts of input DNA template (0.25ng DNA shown).
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Lab C Figure 4b. Expectorated sunflower seed electropherogm using MiniFiler ™.
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Lab C Figure 5a. Formalin-fixed paraffin embedded tissue elgropherogram using Identifiler®.
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Lab C Figure 5b. Formalin-fixed paraffin embedded tissue @ctropherogram using MiniFiler™.
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Lab C Figure 6. Electropherogram from amplification of 0.8L of a 1:5 dilution using MiniFiler ™.
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Lab C Figure 7a. Femur electropherogram using Profiler PIu&/COfiler ®.
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Lab C Figure 7b. Femur electropherogram using MiniFiler™.
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Lab D performed several concordance studies on unidentified husmaains (UHR) using
Profiler Plu§ ID, COfiler®, and MiniFiler™, to establish the new kit as reliable and capable of efrfzanc
incomplete profiles previously attained. Fortyeight samples fskeletal remains were chosen to exhibit
a range of degradation based on the profile results obtained fing Risfiler Plu§ ID and COfilef
(varying from no profile to 12 STR loci detected). For the stadyplification parameters were altered to
allow for 30 PCR cycles. In addition, capillary electrophoresas werformed with dL of amplified
product injected for 10 seconds at 3kV. In some cases additiorsc®dd injections andul reload
with 20-second injections were used to improve the signal $tresfgalleles at heterozygous loci to
surpass the detection thresholds and peak-height ratio liraltdhieeshold 100RFU, reporting threshold
400RFU for homozygotic loci and minimum peak-height ratio of 35% for heterozygofjc |

The study performed by Lab D resulted in concordant results betateéoci that overlapped
between the kits used. In one sample, MiniFllatetected only one allele of two at D16S539 (this locus
was determined by COfil8rto be heterozygous). Futher investigation showed that the secdedfallle
below the call threshold, which in turn pulled the peak-heigia keelow the minimum 35%. One other
sample presented problems with interpretation at the D2S1338 Iottied analysis showed one allele
well above the call thresholds and one allele below, but anotherestakph from the same UHR did not
detect the lesser allele. Because D2S1338 is not a locus indfuBedfiler Plu ID and COfilef, it is
not clear if the discordance between the two samples is from a primargoimdtation at the locus or if it
is a solitary incident of allelic dropout.

MiniFiler™ was able to enhance the profiles of twenty three samples, imglsdime which
experienced probable PCR inhibition and/or degradation. Samples greuped according to their



estimated DNA concentration according to Quantitileree Lab D Table 1) (it is noted that Quantifiler
often overestimates the actual amount of DNA template in instances of lovarcdplegradation). Where
Profiler Plu§ ID and COfilef often resulted in only smaller amplicons being successtlghected,

MiniFiler™ was able to recover missing loci and increase the sigreaigth of true alleles not detected

based on set thresholds. However, when DNA template concentratidneltel 40pg, neither Profiler
Plus’ ID/COfiler® nor MiniFiler'™ was very successful in generating profiles.

Lab D Table 1. UHR Concordance Study: Data Recovery per Quantifilét Concentrations.

PROCO Total MiniFiler ™ Total Net MiniFiler ™ CODIS 13 + D2 Total
Concentration Nur:fber STR Loci Percent STR Loci Percent Ad?gginal Agg,qcf :éi STR Loci Percent
(ng/pl) Samples Recovered | Recovery | Recovered| Recovery e | B Recovered | Recovery
0 10 4 3.1% 0 0.0% 0 0.0% 4 2.9%
0.001-0.005 14 43 23.6% 4 3.6% 3 1.5% 46 23.5%
0.005-0.01 6 29 37.2% 22 45.8% 15 17.9% 44 52.4%
0.01-0.1 11 51 35.7% 41 46.6% 30 19.5% 81 52.6%
0.1-1.15 7 56 59.3% 51 91.1% 32 32.7% 88 89.8%
Totals 48 183 29.3% 118 30.7% 80 11.9% 263 39.1%

Lab E also conducted several concordance studies on seven chagllsagiples and mock
casework samples. Based on the results from DNA quaniificasing Quantifile?, five samples were
then processed using Identifffeand MiniFiler™ to test for concordance and the ability of MiniFiteto
enhance partial profiles obtained or overcome inhibition. Twohefd4amples were concluded to be
mixtures from at least two contributors, a case in whichaherhtory would need additional reference
samples to establish attributable sources for the sarfggled.ab E Table 1). In all samples MiniFiter
was able to provide missing loci to incomplete profiles generated atitifiler® (see Lab E Table 2).

Lab E Table 1. Comparison of Bone Sample Profiles vs. Reference Samplrofiles from Relatives.

Locus Combined Data Reference Combined Data Reference Combined Data Reference
from Sample 2-1 Sample (KR) from Sample 2-2 Sample (MB) from Sample 3-1 Sample (DK)
D8S1179 13 13,14 13 14,15 13,15 13,15
D21S11 29,30,31 29,30 29,30,31,32.2 30 31.2,35.2 3128
D75820 11,12 10,11 11,12 11,12 9,10 9,10
CSF1PO 11,12 9,11 11,12 10,12 10 10,11
D3S13358 15,18 15,17 15,16 15,16 15,18 18
THO1 6 6,8 6 6,9.3 6,8 6,9.3
D13S317 9,11,12,13 11,13 9,11,12,13 12 8,12 11,12
D16S539 11,12,13,14 11,12 11,12,13,14 11,13 12,13 2 1
D2S1338 17,20,24 23,24 17,20,24 17,20 21,23 21,23
D19S433 12,13,14 14,15.2 12,13,14 12,12.2 11,13 13
VWA 14 14 18 16,17 18 16,18
TPOX 8 8,11 8 8,11
D18S51 13,15 15,16 13,15 13,16 14,17 13,14
Amel X, Y X XY X X, Y XY
D5S818 9 9,11 9,13 10,12 11,12 11
FGA 19,23,25 19,23 19,23,25 25,26 19,24 20,24
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Electropherogram analysis from the five samples showed ingbrsigmal strength for longer
amplicons using MiniFilé" (such as FGA , CSF1PO and D18S51 alleles) and slightly improwgd pe
height ratios at some heterozygous loci . The reference saafiphesl profiles that were in concordance
between Identifilet and MiniFiler™, serving as a positive internal control that MiniFifecan produce
accurate results comparable to those obtained with a curvalithated and widely used kit. One obstacle
in data interpretation continued to be the range of peak-height ratwvetb$or heterozygous loci.

Overall it is seen that MiniFilé¥ does perform well in enhancing incomplete profiles obtained
from samples that are compromised either by degradation oiirfP@iRion. MiniFiler™ is also useful in
instances of low copy number DNA, in which preservation of thepkantself remains of utmost
importance for the possibility of future testing. However,use of MiniFilef™ must come with a caveat
that analysts using the kit must be well-versed in msiggity to the amount of input DNA used, as well
as possible obstacles in data interpretation. These include theastuserwf -4 and +4 stutter, amplified
artifacts and variable amplification imbalances. Peak-he#lds at heterozygous loci had a wide range
both within each laboratory and between the five labs, indicataigdata interpretation may be difficult
at times during routine casework. Call thresholds may havee altered to account for low signal
strength from loci with extreme peak-height ratio imbalanpessible primer binding mutations or that
undergo unpredictable amplification events. Together, these fmdimticate that MiniFile!” is best
used on single-source samples to enhance incomplete profiles dueadatiegr low copy number or
inhibition.
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