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ABSTRACT

Validation of forensic laboratory procedures and instruments is crucial fatyqual
assurance and control. JANUS™, a novel automated workstation, was validated for
accurate liquid handling at specified volume ranges and to show that PCR anyptdicat
set up by JANUS™ provide results comparable to amplifications set up manualy. PC
amplification of normalized DNA samples was performed by JANUS™ and compared to
manual PCR. The results indicated that JANUS™ accurately dispensed specified

volumes and is competent for PCR.
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BACKGROUND

Violent crimes such as rape and murder are an unfortunate part of our society.
Thankfully though, in many casése perpetrators of these crimes do not go unpunished
for long due to the advent of DNA fingerprinting. DNA fingerprinting or pioglis a
technique used to identify individuals based on their unique genetic makeup. Most often
criminals leave their DNA behind at crime scenes (i.e. blood, saliva, or semeh)sand t
evidence is collected by crime scene personnel where they are takenddadrs for
testing. DNA is extracted from the samples and “typed” for specificthengf repeat
DNA sequences. Finally the generated profile is compared to a refererfite where a

match signifies that the reference sample donor was at the crime scene.

DNA Fingerprinting History

DNA fingerprinting was invented in 1985 by British geneticist Alecragf.
While doing research on human genetics, Dr. Jeffreys discovered that ceri@is 1&g
DNA contained DNA sequences that were repeated next to each other. Thésg “stut
regions repeated multiple specific patterns that were found at the sameriasati
chromosomes for each individual. What differed between individuals were thbedearigt
repeated sections present in the sample, ranging from six to five hundred base pair
(Butler 2005). The repeat regions became known as “minisatellites” or variableenum
tandem repeats (VNTRS) that range from 10-100 bases in length (Butler 2005). Dr.
Jeffreys’ technique of identifying them was called restrictionrfragt length
polymorphism (RFLP). His technique cuts the VNTRs at specific regions usipigesz

called restriction endonucleases to produce DNA fragments of varyigthtenThese



fragments are then separated using gel electrophoresis and comparedssildety

different samples for a potential match (Butler 2005).

STR PCR Genotyping

Recently, new PCR STR methods of DNA typing have been developed that are
faster, more accurate, and overcome some of the downfalls of the RFLP technig@e. RF
requires large amounts of DNA (50-500 nanograms, or ng) and cannot be used to analyze
samples degraded by environmental factors such as dirt or mold ("DNA Fstensi
2008). This is problematic because more than 2 out of 3 forensic cases are eapibatas
involve mixture DNA samples that must be resolved and DNAs are often degraded
(Butler 2009) The new method most commonly used in DNA analysis in forensic
laboratories, the short tandem repeat (STR) technique, is better at resolvengshes.
STR technology is a forensic analysis tool that evaluates loci that are found ar nucle
DNA (“DNA Forensics” 2008). Loci are the chromosomal positions or locatioas of
gene or a DNA marker in a non-coding region. The repeat regions used in STR are
“microsatellites” that are 2-6 basepairs in length. Tetranucleotpiate (4 bp) are most
often used as STR markers because they are more easily and accurpliigdany
polymerase chain reaction (PCR). For example, the 16 bp sequence of "catacata”
would represent 4 head-tail copies of the tetramer "cata". Due to the smaitler size,
discrete alleles from STR systems may be obtained by PCR, and DNA frizgme
differing by a single basepair in size may be differentiated ("STR Diternet
Database"). Also, smaller quantities of DNA (0.1-1 ng), including degraded DN, ma

be typed using STRs making the quantity and integrity of the DNA sample lass of a



issue with PCR-based typing methods than with the traditional RFLP methods (Butler
2005).

There is a general procedure for the STR typing method. As with the RFLP
technique, DNA must first be extracted from its source sample (collecteehee) and
reference samples. As mentioned before, at a crime scene it can be in the toad pf
saliva or even hair. Some specific sources include semen from rape cases, and bucca
cells from the inside of the cheek for paternity testing (Hallick 2000). A&etsy unlike
RFLP, the DNA is amplified using PCR. PCR is a molecular ‘xeroxing’ psoces
which a specific region of DNA is replicated to yield many copies of acpéat
sequence. Invented by Kary Mullis, who earned a Nobel Prize for its develojpment,
copies DNA by cooling and heating samples in a precise thermal cycliegpaver
approximately 30 cycles (Butler 2005).

Many commercial kits are available with the pre-mixed components of the PCR
There are two main vendors for STR kits used by the forensic DNA commurotyeBa
Corporation from Madison, Wisconsin, and Applied Biosystems in Foster City,
California (Butler 2005). Both companies have marketed multiplex PCR readtains t
permit co-amplification of all 13 core loci STRs in a single reaction,gabath the
amelogenin sex-typing marker, and two additional STR loci. The AmpFISTR
IDENTIFILER™ typing kit by Applied Biosystems is such a kit. The kit has atliall
ladder containing an amazing 205 alleles for accurate genotyping, andraalisize
standard. Finally, this kit involves the use of a new 5-dye detection system (prgviousl
dyes) where four of the dyes (6FAM, VIC, NED, and PET) are used to labeCte P

products (previously 5FAM, JOE, and NED) and the fifth dye, LIZ (ROX in 4-dye



system) is used to label the internal size standard (Butler 2005). The useedthéss
greatly simplified PCR use in forensic laboratories.

The crucial components of any PCR reaction are the two primers. These primers
must flank the target region to be amplified, and if not properly constructed canmesult
faulty PCR products. Their flanking regions of the primers remain consthatigh the
number of repeats within the flanked region is not ("STR DNA Internet Datgbake
primers used for STR analysis have fluorescent molecules covalently linkeshio t
Moreover, to extend the number of different loci that can be analyzed in a single PCR
reaction, multiple sets of primers with different "color" fluorescentltabee used
(Hallick 2000). This is necessary for DNA detection and comparison after PCR.

In STR analysis the PCR primers must amplify certain loci for human
identification. The main criteria for the loci are that they are:

Highly discriminating, with observed heterozygosity > 70%

Provide robust amplification and reproducibility

In separate chromosomal locations, so that closely linked loci are not
chosen

Distinguishable alleles with low stutter characteristics and low noutati

rates. (Butler 2005)

CODIS 13 Core Loci
In 1997, the Federal Bureau of Investigation (FBI) announced the selection of 13
STR loci to constitute the core of the United States nation-wide DNA databass the

COmbined DNA Index System or CODIS (Hallick 2000). The 13 CODIS core loci are



CSF1PO, FGA, THO1, TPOX, VWA, D3S1358, D5S818, D7S820, D8S1179, D13S317,
D16S539, D18S51, and D21SXKk¢Figure 1) (Butler 2005) and all 13 satisfy the main
criteria for forensic testing. These chosen loci are tetranucleotidesanredscated on
separate chromosomes and have several alleles each. For ethical purpcsesithey
non-coding regions of the DNA that have no genetic value, and are variable among
individuals in the population. When all 13 CODIS core loci are tested, the average
random match probability is rarer than one in a million among unrelated individuals
(Butler 2005). This is because the probability of two individuals having the sanes alle
for each locus decreases as the number of loci increzesgRaple J). If any two samples
have matching genotypes at all 13 CODIS loci, it is a virtual certaintyttbdatvo DNA

samples came from the same individual (or an identical twin).
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Figure 1: The FBI Chosen Thirteen STR Loci.

This figure shows the 13 core loci chosen by théfBBthe CODIS DNA database. With the exception of
two, all the loci are on separate chromosomesatocthsely linked loci were not chosen. Also, this
increases their discriminatory capability betweedividuals when doing profile comparison. (Source:
http://www.cstl.nist.gov/div831/strbase/fbicore.htm




Table 1 : Example DNA Profile.
Locus | D3S1353 vWA FGA |D8S1179 D21S11 D18S51 | D5S818
Genotype 15, 18 16, 16 19, 24 12, 13 29, 31 12,13 11,113
Frequency 8.2% 4.4% 1.7% 9.9% 2.3% 4.3% 13%

Locus | D13S317 D7S820 | D16S539 THO1 TPOX | CSF1PO AMEL
Genotype, 11, 11 10, 10 11, 11 9,9.3 8,8 11, 11 XY
Frequency 1.2% 6.3% 9.5% 9.6% 3.52% 7.2% (Male)

This table shows a sample DNA profile for a makividual using the 13 core loci. The genotype shows
the alleles present at each locus for that ind&ddund the frequency of those specific allelehat bocus
within the population is also shown. By combinihg frequency information for all 13 CODIS loci, one
can calculate that the frequency of this profilendobe 1 in 7.7 quadrillion.
(Sourcehttp://www.biology.arizona.edu/human_bio/activitldackett2/str_codis.htrl

Capillary Electrophoresis

A PCR reaction only amplifies the DNA fragments, but a step is needed to resolve
the fragments from one another. Electrophoresis is a process that segaajed c
molecules by creating an electric field in the buffer. DNA is a nedgtorerged
molecule and in gel electrophoresis it will move towards the positively chatgettiode
or anode of the gel with the smallest fragments moving faster than the lagreehts
(Butler 2005). Gel separation has been used for decades, however there igedyrelati
new technique called capillary electrophoresis (CE) that has some adhsotag the
traditional gel method. CE separates DNA fragments through a capillarynadie of
silica that has an electric field. The CE instrument itself contains amaapillary, two
buffer vials, two high-voltage powered electrodes, a laser excitation sondca, a
fluorescence detector (Zacharis 2009). The capillary is filled with peraolution, and
one DNA PCR sample is loaded and the fragments move to the anode. The CE columns
can be reused and, depending on the system, can be reused serially for 100 to 150 sample

runs (Applied Biosystems 3130 and 3130xI”). Detection occurs when the sample passes
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the laser detector near the end of the capillary, with the smallest fiéggreaching the
anode first. These DNA fragments will be illuminated as they pass thébksamuse of
the attached PCR fluorescence emission primer dyes, and the instrumentiaatiymat
measures the time span from injection it took them to reach the laser (Butler 2005)

The ABI 3130xI and GeneMapper ID software by Applied Biosystems is a CE
instrument containing software that generates STR profiles. Its advamagede fully
automated injection, separation, and detection of DNA samples not available with gel
electrophoresis. Only a small amount of sample is needed and the samples do ot cross
contaminate each other because each sample is contained in its own césitary.
separation takes place in minutes rather than hours as with gels, and the dalabie avai
electronically following the completion of a run (Butler 2005). In the STR technioee, t
profiles generated from the CE appear as peaks and not as bands from the traditional gel
method ¢eeFigure 2). The 13 loci and their respective alleles are shown with the size

and peak heights labeled.
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Figure 2: Sample STR Genetic Profile.

This is a sample STR profile generated by the AB3®l and GeneMapper ID software
by Applied Biosystems. All 13 core loci are lalibleith boxes, and the peaks indicate
which alleles are present at each particular l@ngsits size and peak height. (Source:
Dindinger, Massachusetts State Police ForensicTaatinology Center).

Currently, the use of DNA fingerprinting has grown immensely. Hundreds of
thousands of DNA tests are conducted in the United States by public and private forensic
laboratories (Butler 2005). These analyses are not limited to crime swes#gations
but are also used in determining paternity, and identifying remains of missimgpers
mass disaster victims (i.e. World Trade Center 2001 tragedy). FurthermoesDiNAr
fingerprinting techniques such as mitochondrial DNA analysis and Y-chromosome
analysis are in use for cases with highly degraded DNA or male DNAres<tFinally,

DNA databases have also been created that store DNA profiles of individliataigh
there are ethical controversies linked to databases, it shows the growingdgwatel

popularity of DNA profiling in society.
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DNA Sample Backlog Problem
DNA fingerprinting is used in almost every criminal case, so long as there i
DNA evidence to process. Given the high number of crimes, for example, an edtimat
1,408,337 violent crimes occurred nationwide in the United States in 2007 (“Violent
Crime” 2008), this has lead to massive amounts of DNA evidence to be processed by
forensic labs that have limited analytical capacities (i.e. limitedurees, staff, and
funding). Therefore one of the biggest problems facing the criminal justiesjstiay
is the substantial backlog of unanalyzed DNA samples and biological evidence from
crime scenes. Data collected from a large sampling of local law enfert agencies
for theNational Forensic DNA Study Repdmdm 2003 made the following estimates:
The number of rape and homicide cases with possible biological evidence which
local law enforcement agencies have not submitted to a laboratory for anglysi
over 221,000.
o0 Homicide cases - 52,000 (approximate)
0 Rape cases - 169,000 (approximate)
The number of property crime cases with possible biological evidence whith loca
law enforcement agencies have not submitted to a laboratory for analysis is over
264,000.
The number of unanalyzed DNA cases reported by State and local crime
laboratories is more than 57,000.
0 State laboratories - 34,700 cases (approximate)
o0 Local laboratories - 22,600 cases (approximate)
Total crime cases with possible biological evidence either still in thepsiss of
local law enforcement, or backlogged at forensic laboratories is over one half
million (542,700). ("Backlog of DNA Samples” 2009)
The sample backlog is not static, but rather is subject to change depending on the
available resources, number of crimes committed, and law statutes. This is evident
because the backlog expanded by about 80,000 samples in 2006 when a law took effect

requiring that all federal convicts, rather than just violent felons, submit Edxnples

(Willing 2007). Potential legislation, such as California's Proposition 69, will only
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magnify the problem. This legislation calls for DNA profiling and entrée @®DIS

DNA from arresteesnot yet convicted of a crime (Pinchin 2007). Due to the backlog’s
unfixed nature, it is difficult to measure the precise number of unanalyzed DN#Aesam
for a state or for the nation as a whole. The only definite thing with this baclkdtgjisr
that if it continues to grow, more crimes that could have been prevented may occur
simply because samples were not processed through CODIS leadingtthdhaa
could have taken a criminal off the streets.

The FBI has taken the initiative in resolving the backlog issue by creaging th
Forensic DNA Backlog Reduction Program. The aim of this program is ta akgikle
States and units of local government to reduce forensic DNA case turnaroend tim
increase the throughput of public DNA laboratories, and reduce DNA forenswarése
backlogs (“Forensic DNA Backlog Reduction Program” 2009). It does this by prgvidin
much needed funding to chosen eligible states so that their labs can acquirarmecess

resources.

The Need for Automation

Although the process of DNA fingerprinting can be quite successfukedisus
and can lead to inconsistency depending on the ability and training of the analyst
performing the steps in the process. One way to address these issues and the backlo
crisis is through automation and the use of expert software systems. Automation is
commonly viewed by the forensics community as a way of increasing theetycand
throughput of DNA extraction, as well as other processes in the laboratory workflow

(such as gPCR setup, normalization, STR setup, etc.) (Cowan 2008).
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The robotic system allows the analyst to load more samples, assay more plates
and walk away from that process for a longer period of time, reducing thepiene
performing bench work, and increasing the time spent performing tasks tinabige
difficult or controversial to automate. Overall, using robotic instruments tovem
mundane duties for staff have proved hugely successful, reducing the margintfor erro
and contamination (Pinchin 2007). While humans can get careless while repeatedly
transferring liquid, especially into the tiny wells of something like a 9bplate, a robot
does not. Such a robot is the JANUS™ Automated Liquid Handling System by
PerkinElmer Inc.geeFigure 3). PerkinElmer Inc. unveiled the JANUS™ Automated
Liquid Handling System at LabAutomation 2006 in Palm Springs, CA (“PerkinElmer
Unveils” 2006). This is a liquid handling robot capable of automated liquid transfers in
an effort to reduce or eliminate human interaction in sample and reagentrtriasfe
design allows for up to three arms for dispensing and moving labware. It also ;xdlude
and 8-tip pipeting capability plus 96- or 384-tip MDT dispense head options in a single
platform for precision pipeting and performance (“PerkinElmer Unveils JAN20S6).
Overall it is hoped that JANUS™ and robots like it will make forensic laboratorme

efficient.
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Figure 3: Photo of the JANUS™ Automated Liquid Handling System.

This robot completely automates liquid pipeting<taallowing analysts to move on to more pressisgga
(Sourcehttp://www.roswellpark.org/Research/Shared Resaidsoeall-molecule-screening-core/smsc-
infrastructure

Robot Validation

DNA evidence is crucial to linking suspects to a crime. It can lead to theflos
someone’s liberty and even their life if they are found guilty and serta¢aaieath.
Therefore the method in which DNA evidence is processed must be reliable and done
with great care to ensure that the right person is charged of the crime fioguakso,
the evidence has to hold up in court. For the past decade or so automation has been
investigated as a means to increase lab efficiency, however DNA praceaanot
simply be entrusted into the ‘arms’ of a robot without proof that it works. In other words
the robot, like all laboratory instrument and procedures must be validated.

Validation is the process of demonstrating that a laboratory procedure is robust,
reliable, and reproducible in the hands of the personnel performing the test in that
laboratory (Butler 2005). A robust method is one in which successful results areedbtai

a high percentage of the time, and few, if any, samples need to be repeatadbl@ rel
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method refers to one in which the obtained results are accurate and corréathytinef
sample being tested. A reproducible method means that the same or very sioltkar res
are obtained each time a sample is tested. All three criteria are amipfant techniques
performed in forensic laboratories. Validation involves performing laboraésitg to

verify that a particular instrument, software program, or measuree@mitjue is

working properly. These validation experiments typically examine poegiaccuracy,

and sensitivitywhich all play a factor on reliability, reproducibility, and robustness
(Butler 2007). The DNA Advisory Board (DAB) standards govern DNA analgsis f
casework and database applications, and its section 8 speaks specificallgatiorali
broadly, simply saying that it must be done, be documented, and pass a qualifying test
("Standards for Forensic DNA Testing Labs" 2009). Validation is negekwar

laboratory accreditation, which means that the lab has successfully cahgilete
inspection or audit by an accrediting body such as the Scientific Working GroupAn DN
Analysis Methods or SWGDAM established in 1988 (Butler 2005). Organizations such
as this recommend and oversee quality assurance in lab products and serveces whil
providing quality control measures that are done daily to fulfill quality requents. This
ensures that the accredited lab maintains good laboratory practices.

Even with organizations like SWGDAM and DAB, there are no set standards for
how to perform validations in all forensic DNA laboratories, only guidelines and
requirements they must meet. Nevertheless, bringing a procedure (assagens or
software) “on-line” in a forensic lab typically includes the following st€akinstallation
of the instrumentation or software and purchase of assay reagents, (b) lehoubthe

technique and how to perform it properly, (c) validation of the analytical procedure to
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define its range and reliability, (d) creation of the standard operatingguces with
interpretation guidelines based on the validation studies, (e) training of oteenpelr
on the technique, and (f) each trained analyst passing a qualification tedidbuse in
forensic casework. After a procedure has been successfully implementedentith
forensic casework, proficiency tests are performed on a regular basimonsteate
successful application of the technique over time by qualified analystsr(BO0&).
Validations can be performed on robotic instruments like the JANUS™
Automated Liquid Handling System. First, these instruments undergo validatibe by t
company that designed them, in this case by PerkinElmer Inc. that did their own
validation to credit its use. The JANUS™ Automated Liquid Handling System has also
been validated by law enforcement personnel and is currently in use in fourlataes
including the New York Regional Crime Laboratory (WCFL), PennsylvarateRolice
Crime Lab (PACL), Indian River Crime Lab in Florida, and the Montgomery County
Crime Laboratory in Maryland. The Centre of Forensic Sciences in Toromiad@as
also using it (Dindinger). The robot has been validated for DNA analysis pescassh
as gPCR, normalization and profiler STR setup. The Massachusetts State &relitsecF
and Technology Center hopes to soon use the JANUS™ Automated Liquid Handling
System for DNA fingerprinting. It is currently undergoing validation fQRP

amplification setup, and is the subject of this project.

18



PROJECT OBJECTIVE

The purpose of this project was to validate the JANUS™ Automated Liquid
Handling System for use in the Massachusetts State Police Forensic and dgchnol
Center. First the JANUS™ system was validated for its liquid handling adility
specified volumes and volume ranges to see how accurate and precise the mssume
Then the JANUS™ system was validated for its ability to set up PCR amppbifisan a
96-well plate accurately and without sample contamination across wells. ahie fur

JANUS™ to be “on-line” in our lab to increase laboratory efficiency and throughput.
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METHODS

Liquid Handling Validation

The following experiments were done to ensure that JANUS™ accuratelybandl
liquid samples at specified volumes or volume ranges consistently. Each expesias
done twice.

25 pL Tip Test
1. Labeled 30 microcentrifuge tubes with the numbers 1-30.
2. Measured and recorded the weight of each tube using the analytical balance.
3. Placed the tubes into the Janus microcentrifuge tube racks and placed on the racks
on the deck of the robot.
4. Set up Janus to dispense distilled water into the tubes as follows using 25 pL
conductive tips:
a. Tubes 1-10: 5 pL d§D
b. Tubes 11-20: 10 pL di®
c. Tubes 21-30: 15 pL diD
5. Measured and recorded the new weight of each tube. Then calculated the
difference.

175 pL Tip Test
1. Labeled 40 microcentrifuge tubes with the numbers 1-40.
2. Measured and recorded the weight of each tube using the analytical balance.
3. Placed the tubes into the Janus microcentrifuge tube racks and placed on the racks
on the deck of the robot.
4. Set up Janus to dispense distilled water into the tubes as follows using 175 pL
conductive tips:
a. Tubes 1-10: 25 pL diD
b. Tubes 11-20: 50 puL di©
c. Tubes 21-30: 100 pL di®
d. Tubes 31-40: 150 pL di®
5. Measured and recorded the new weight of each tube. Then calculated the
difference.

1000 pL Tip Test

1. Labeled 30 microcentrifuge tubes with the numbers 1-30.
2. Measured and recorded the weight of each tube using the analytical balance.

20



Placed the tubes into the Janus microcentrifuge tube racks and placed on the racks
on the deck of the robot.
Set up Janus to dispense distilled water into the tubes as follows using 1mL
conductive tips:

e. Tubes 1-10: 250 pL diD

f. Tubes 11-20: 500 pL did

g. Tubes 21-30: 750 pL i
Measured and recorded the new weight of each tube. Then calculated the
difference.

In addition, the experiments were repeated twice manually. A 2-20 pL pipette

was used for the 25 L tip test, a 20-200 pL pipette was used for the 175 L tip test, and

a 100-1000 pL pipette was used for the 1000 pL tip test. The tubes were weighed before

and after the same specified volumes were added, and the differences weled éar

comparison with JANUS™,

Amplification Setup Validation

The following experiments were done to show that PCR amplifications setup by

JANUS™ provide results comparable to amplifications set up manually, and that the

robot does not introduce or cause any contamination between wells of the 96 well plate.

JANUS™ Amplification Setup

1.

Formatted a 96 well amplification plate with 44 normalized DNA extracts
separated by negative controls such that no two extracts are adjacent to each
other. The layout resembled a checkerboseg (Figure % Eighty-eight wells

(11 rows) of the plate were utilized.

Prepared enough Identifiler™ master mix for 92 samples.

Ran the normalized extract amplification setup program on JANU®&'Kgure
5). The total reaction volume in each well was 25 pl.

Covered the plate with a plate seal.

Pulse spun the plate in the swinging bucket centrifuge in the Post-PCR room.

21



6. Placed the plate on the thermalcycler and started the Identifiler progra
7. Analyzed the amplified samples and controls using the 3130xI and GeneMapper
ID software.

1 2 3 4 5 6 7 8 9 10 11 1P
A pmpt | Blank | V876BR |  Blank e Bank | VO19SR | Blank | (Y590 | Blank e
B Blank Kglggéw Blank Y,Sg? Blank 8/2%%1 Blank I\E/)%gé Blank \S(OF?‘? Blank
C Voo Bank | Vi@ | Blank | veoLsR | Biank | ve2naT | Bank | VES' | Bank | o880,
D Blank | 228 | Blank Lo Bank | 200 | Bk | VP2 | Bk | VRS | Bk
E oot | Bank | VB78BR | Blank | VOOSAT | Blank |  Jol | Blank v Bank | V34
E Blank Eete Bank | (Soohy | Blank vt Bank | VO12AT | Bank | VE#® | Blank
G oooos | Bk | SaNeg | Blank presd Bank | VOI0SR | Bank | G50 | Blank v
H Bank | (Sooa | Blank s Bank | %% | Biank v Bank | (Je5, | Blank

Figure 4: PCR Design for a 96 Well Amplification Plate.

Above is a representation of the 96 well PCR arngalifon plate. The grey shaded areas are samples,
separated by amp negative blanks (white). The sssrgflown in red were also amplified manually for
comparison.

Twelve of the normalized extracts (shown as red in the figueeg manually
amplified using the same lot of amplification reagents and a total reaction voflthe
ul. The amplification protocol used was from the AmpF/STBENTIFILER™ STR
TYPING KIT (see Appendix D). All amplified samples and controls wereyaedlusing
the 3130x| and GeneMapper ID softwaleglre-5), and profiles were generated. Peak
heights of the twelve manual amplifications were compared to peak heights ahthe sa

twelve amplifications setup by JANUS™ to ensure concordance.
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Figure 5: JANUS™ Amplification Setup Program.

This figure shows the protocol and the desk layouthe JANUS™ normalized extract
amplification setup. On the left is a test outlg®wing the procedure Janus follows
when dispensing the reagents and samples into6thned plate. To the right is the desk
layout showing the placement of the reagents (masite amp positive, amp negative,
and all samples) and the 25 ul and 175 ul condeictisposable tips.
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RESULTS

Liquid Handling Validation

Distilled water was added to pre-weighed microcentrifuge tubes infiggeci
volumes by JANUS™, and also manually. The difference in tube weight with and
without water was recorded. Calculations were done based on the assumption that 1 g
dH,0 s equal to 1 ml d#D to convert the weights into microliters dispensEgjure 6
shows a comparison between manual and JANUS™ liquid handling for three of the
specified volumes tested. At low volumes such as 5 uL (6a) it can be seen th&8 WANU
dispenses at about 4.5 uL of fiHrather than the full requested 5 uL. The manual
dispenses though are closer to the specified volume. However, at 50 uL (6B), JANUS™
was much closer to the specified volume than when manually dispensed. Both manual
and JANUS™ dispenses were similar at the higher volume of 250 uL (6C). The exact

volumes dispensed in each tube for all specified volumes are shown in Appendix A.
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Figure 6: Liquid Handling Comparison.

At low volumes such as 5 uL (a) the manual dispépie) was more accurate than JANUS™
(blue). At higher volumes however 50 uL (b) or 280(c), the JANUS™ system was just as
competent as manual distribution.

Table 2 compares the amount of liquid dispensed by JANUS™ versus manually
when the specified volumes were 5, 10, and 15 pl. JANUS™ was able to dispense the
specified volumes with less than 5 % error, as was the case manually, but not the 5 pl

dispense, in which there was an 11.1% error.
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Table 2: Comparison of JANUS™Robot and Manual Liquid Dispense (5 pl — 15 pl)

Dispense 10 pl
Amount Sul 15ul
Mean | grpev | swEmor | M@ | stpEV | %EMor | M@ | sTDEV | % Error
(1) (1) (1)
Janus 4.445 0.317 11.19 9.55 1.003 4.2% 14.66 30.84 2.27%
Manual 5.025 0.315 0.2% 9.965 0.35 1.63% 14.95 .28 1.34%

The average amount of liquid dispensed manuallylgn@#ANUS™ was calculated. Manual liquid
dispense of the 5 pl volume was more accurate IANIUS™. However, JANUS™ liquid handling was
comparable to manual handling at the other volumes.

Table 3compares the amount of liquid dispensed by JANUS™ vensursially
when the specified volumes were 25, 50, 100 and 150 pl. In all the volumes, JANUS™
was able to dispense the requested amount with less than 5% error. This was not so

manually, indicating that at these higher volumes JANUS™ was more a&curat

Table 3: Comparison of JANUS™Robot and Manual Liquid Dispense

(25 pl — 150 pl)
Dispense
Amount 25 pl 50 pl 100 pl 150 pl
Mean | srpev | o Error| M8 | sTDEV | % Error| M3 | sTpEV | % Error| M€3" | sTDEV | % Error

(ki) (ki) (k1) (ki)

Janus 25.54 0.601 2.16%  50.22 0.974 0.47% 101.34 4240.| 1.34% | 151.93 2.195 1.29%

Manual | 22.77 1.215 8.58% 47.48 1.813 7.27% 97(89 441. 3.75% | 147.42 1.336 2.58%

JANUS™ is more accurate dispensing these volunaes itienual dispensing. Overall there was less
variation in the amounts dispensed into each tyb@ANUS™ and those amounts were closest to the
requested volumes than the manual dispenses were.

Table 4compares the amount of liquid dispensed by JANUS™ versus manually
when the specified volumes were 250, 500, and 750 pl. Again, JANUS™ accurately
dispensed the specified volumes with less than 5% error. This was also true for the

manual dispenses.
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Table 4: Comparison of JANUS™Robot and Manual Liquid Dispense

(250 pl — 750 pl)
Dispense 500 ul
Amount 250 pl 750 pl
Mean | orpey | wEmor | M@ | sTpev | %weEmor | M€ | sTDEV | % Error
(1) (1) (D)
Janus | 248.86 0.627 0469  503.43 0.613 069%  761.621.137 1.55%
Manual | 249.37 1.145 0.26%  497.79 0.769 04506  745/73 0.97 0.57%

The volumes dispensed by JANUS™ are similar todhtispensed manually. For the 150 pl volume,

however, JANUS™ consistently dispensed about I@qke water than requested. With such high volume
though, that amount is not too significant andghecent error of JANUS™ still remains low.

Amplification Setup

Normalized DNA samples were set up for PCR amplification manually attieby

JANUS™ robot. The same kit and reagents were used to set up both amplifications. The

only difference was that different thermocyclers were used to run the@®Rs.P

Following amplification, the samples were profiled using the 3130x| and GeneMapper |

software. Profiles were generated for all 44 samples from the JANU3Nfiaation

setup. For the purpose of this project, only the profiles from the twelve samplestbat w

also amplified manually were analyzed and compaiiehle 5shows the genetic

profiles of the twelve samples that were amplified both by JANUS™ and manually

Many of the samples were repeats having the same genetic profile st tthatva

samples had one of the profiles shown below.
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Table 5: Genetic Profiles of Normalized DNA Extracts.

Profile Sample Blue Loci Green Loci
D8 D21 D7 CSE | D3 | THO1 | D13 | D16 D2
AT V912 1013 | 2829 | 1111 1212 1417 7.1 810 1213 25NR
KW V87\?é§’188°’ 14,14 | 27,30 | 811 1012 1516 9393 117 1112 17 20
SR V87\%1\g878’ 11,14 | 28,312| 11,12 10,14 15,17 7,93 11/12 1313 17 19
Vv873,V874,
Exp5,6,8 | voiLve1s, | 12,12 | 2830 | s812| 1013 1516 610 811 1111  21[23
V284
Profile Sample Red Loci s | e
amel D5 FGA
AT V912 1617.2| 15.18| 88 1416  x. x| 1112 2124 5 27
KW V87\?é§’188°’ 13,16 | 16.17| 8,11| 1517 xx 12,18 20 %3 4 28
SR V87\%1\g878’ 12,13 | 14.17| 8,11 16,1 x x| 11,12 23 %4 1 el
Vv873,V874,
Exp5,6,8 | vollveis, | 13,142| 16,18 88 1219 xy| 1212 21,4 4 28
V284

Shown above are the alleles (number combinatiottimthe parenthesepyesent at each of the 13 core
loci (blue, green, yellow), two additional loci,cheamelogenin (sex-type) (red) for the twelve noirea
DNA extracts used for amplification.

STR genetic profiles were produced electronically after each CE hen. T
electropherogram chari&gure-7 show the peak heights and size (in basepairs) for each
allele (in boxes) for sample V911 using JANUS™ PCR (Figure 7a) or manual PCR
(Figure 7b). Results show the exact same male genetic profile waatgener sample
V911 for both types of PCR amplification. This was also the case for 11 of the sample
tested. For unknown reasons no profile was generated for sample V284, and it is
assumed that JANUS™ might not have aspirated that sample. Besides thahesince t
profiles were identical to each other and matched its known profile, it is deduced that

JANUS™ does not cause contamination between wells during PCR amplification set up.
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Figure 7(a): CE Electropherogram for DNA Extract V911, PCR Set Up BYANUS™

For all 13 core loci the peak heights and sizébéigepairs) for each allele (top number) are shovirokes.
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Figure 7(b):-EIectropherogram for DNA Extract V911 PCR Set Up Mahualjk.
For all 13 core loci the peak heights and sizébéigepairs) for each allele (top number) are shovirokes.
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To compare each peak height by locus of the samples amplified manually to those
amplified by JANUS™, the samples were first separated by genetiteprbigure 8
shows the comparison between JANUS™ amplification (blue) and manual amiplificat
(pink) for the twelve samples organized by the four DNA profiles (a) AT, (b) KW
SR, and (d) EXP5,6,8 from Table 5 (most samples had the EXP5,6,8 profile while only
sample V912 had the AT profile). The peak heights at each locus are shown. Cheerall, t
peak heights of the samples amplified by JANUS™ are very similar to those obltse pe
amplified manually. Their heights vary slightly but are close enough toaher to say

that the two methods of amplification set up are almost equivalent.
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Figure 8: Allele Peak Height Comparison by Genetic Profile.

Samples were separated by CE profile, and the peigikts quantitated (a) AT, (b) KW, (c) BR, and (d)
EXP5,6,8. Peak heights of all the twelve sampdesll loci were very similar in size when amplified by
Janus (blue) or manually (pink), resulting in tleany direct overlay of Janus peaks on the maneakp.

JANUS™ and manual amplifications were also compared by averaging the pea
heights of all the loci of each samplfegure 9 shows a graph of the average peak heights
for each sample amplified by JANUS™ and manually alongside each otherhailsa s
is the amount of DNA that was amplified for each sample in nanograms. The average
peak heights of the samples are once again very close (about 500 or less rfujtin heig

Also the peak heights in both amplification setup methods corresponded with the amount
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of DNA that was amplified; the more DNA amplified, the higher the peak heigite O
more, JANUS™ is found to be nearly equivalent to manual in PCR amplification setup

by generating nearly identical genetic profiles for the samplesdtes

Comparison of amplification setup methods:

manual in tubes vs. automated in plates

3500 7
guuuu ?"’_ )
7 2500 ] L.
£ 2000 ! 4g
% A / Z = — ._::’/‘\‘a l k! Z’ =it
TN o AT T R

ACEENY N RECEE WY RECEN WY RN

S == B === =i === — == === == ==

m ¥ =m0+ @ @w @ o = o = o o

g & © ® w w @w ® ® & & @& o

a = = = = = = = = = = = =

g

Figure 9: Comparison of Amplification Setup Methods by Sample.

Each histobar denotes the average peak heighti fbB aore loci from a particular DNA sample amjad

by Janus (purple) or manual (blue). The two teghes produce average band heights almost analdgous
size, varying in most cases by less than 500 veldliiorescence units (rfu). X-axis labels dertbte

various DNA samples analyzed. For unknown reasomgyofile was generated for sample V284 when
amplified by Janus.
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DISCUSSION

The goal of this project was to validate the JANUS™ Automated Liquid Handling
System for accurate liquid handling and PCR amplification setup for potauritied f
applications to DNA fingerprinting analyses. The automatic JANUS ™ syst&s found
to accurately dispense liquid at specified volumes as well as, and sometiteethhe,
manual liquid handling (especially at medium to high volumes). The percent error was
consistently low for liquid dispensed by JANUS™ compared to that dispensed manually
(see Figure 6 and Tables 3 &.4An exception was at low volumes such as 5 uL, where
JANUS™ tends to dispense slightly less than the requested amount of liquid, and the
percent error is much highesge Table 2 This is not surprising because humans have
one advantage that the robot does not. At low volumes sometimes a drop of liquid might
remain in the pipette tip that the robot does not realize but an analyst would. The analyst
responds by possibly shaking the pipette to ensure that that last drop makes it in, giving
manual dispenses the edge at this specified volume. Overall it can be seeMNth&fMA
is in fact accurate and precise in liquid handling. We were able to obtain about the sam
correct liquid volumes when the test was repeated. This is important for validation
because a part of validation is to ensure that the procedure (in this case in3thaimgnt
validated is robust, reliable, and repeatable, all of which JANUS™ reitelitgiid
handling.

In addition, the PCR results indicated that the DNA PCR amplifications set up by
the JANUS™ Automated Liquid Handling System provide results comparable to
amplifications set up manually. The samples amplified by JANUd the exact same

known profile as their corresponding sample amplified manusdlg Figure Y. This
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means that there were no extra or unknown peaks, and that JANUS™ does not introduce
or cause any contamination between the wells of a 96-well plate. Furthetheopeak
heights of the alleles for the samples were very close in height betwe&rSJANNd
manual amplificationgee Figures 8 &P In summary, the PCR amplification procedure
in the JANUS™ system can be run and the instrument will dispense the necessary
reagents into their appropriate locations in the 96-well plate. This way, thatvb@m
mundane task can be accomplished by the robot while the analyst moves on to more
pressing matters. All the analyst must do is carry the plate to the thgchealo actually
run the PCR.

Although the JANUS™ Automated Liquid Handling System has been shown to
be accurate in liquid dispensing and PCR set up, it is not quite ready for use yet in the
Massachusetts State Police Forensic and Technology Center. There exkegsneyal
“steps” to the validation process and this project has only accomplished up to defining the
range and reliability of two JANUS™ procedures. In the future JANUS™ valbadoly
have to be validated for CE set up because that is another procedure the laborasry wa
to automate. Afterwards the later steps of validation such as creatidgusia for
JANUS™ use and training other personnel will have to be done to fully implement

JANUS™,
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APPENDIX |: LIQUID HANDLING

This appendix contains all results from the liquid handling experiments. First the
JANUS™ results are shown followed by the manual results for each specified volume
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APPENDIX II: METHODS

This appendix contains the procedure followed to set up the PCR amplification
manually and also the procedure followed to set up the CE after amplification.
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DNA-16B (Version
3.0)

CAPILLARY ELECTROPHORESIS OF AMPLIFIED DNA FRAGMENTS ON
THE ABI 3130xI GENETIC ANALYZER

Purpose The purpose of this procedure is to electrophorese DNA samples amplified
with AmpF STR® Identifiler” or Yfiler” PCR Amplification Kits using
an ABI 3130xI Genetic Analyzer capillary electrophoresis instrument.

Materials Equipment
ABI 3130xI Genetic Analyzer
Thermal Cycler or 95°C heat block
Bucket centrifuge with 96 well plate capacity
Microcentrifuge
Pipettes
LIMS
Printer
Scanner

Supplies
96 well reaction plate

3130xI plate bases

3130xI plate covers

3130xI 96 well septa

Reservoir septa

1.5 ml Microcentrifuge tube(s)
Ice or cooling block (if available)
16 Capillary array (36 cm)
Pipette tips

Kimwipes

Solutions and Reagents

Performance Optimized Polymer (POP4, 3130xI specific)
Genetic Analyzer Buffer, 1X working solution (see Solution Log)
Deionized water

Hi-Di Formamide

Standards and Controls

Allelic Ladder (Identifiler™ or Yfiler™)
GeneScan-500 LIZ size standard

Hi-Di Formamide/L1Z 500 (dform-LIZ) blank
Extraction positive, if applicable

Extraction negative, if applicable
Amplification positive, if applicable
Amplification negative, if applicable
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Safety

Considerations

General

Good laboratory practice dictates the use of appropriate precautions to
preclude inhalation, ingestion or skin contact with chemicals, whether in
the preparation or use of reagents and test media. Ventilation, protective
gloves and hand washing are definitely required. Storage of prepared
chemicals and test media should be such that no outside contamination or
intracontamination is possible. Storage containers should be kept sealed
until the contents are needed. Please refer to the “Crime Laboratory Safety
Manual” and to the appropriate Materials Safety Data sheet that
corresponds to the materials being used.

In theData Collection Softwaretoolbar, there ar@Vizards to aid in
instrument maintenance and procedures. Wiwards list step by step
how to perform that particular function on the 3130xI Genetic Analyzer.

Running samples on the 3130x| Genetic Analyzer consists of setting up
the instrument, the software and the samples to be run.
On the instrument level, preparing for a run consists of:

. checking the capillary array count and changing if necessary
changing expired POP4, cleaning the pump block and the pump block
water trap.
changing the buffer and water in the reservoirs and replacing the
septa

On the software level, preparing for a run consists of:
restarting the computer at least once a week or before each run
ensuring the Data Collection Software is launched
filling out the plate record for the run

Launching Instrument and Software

DO NOT OPEN THE DOORS WHILE THE INSTRUMENT IS
PROCESSING PLATES OR WHILE THE AUTOSAMPLER IS
MOVING - THE PROGRAM WILL FREEZE!

1 | Turn the computer on first, then the instrument.

2 | Wait for green light on the instrument before launct@hg0xI
Data Collection Software(version 3.0 or highe)y double-
clicking on the desktop icon or, through the start menu: Applie
Biosystems / Data Collection / run 3130x| Data Collection.

[®X

3 | TheService Consolewindow will open and proceed through its
diagnostics, this may take several minutes. This window will
display green squares before launching the Data Collection
Software.

NOTE: If this window does not display all green squares, the Data
Collection Software will not launch, please see ABI
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troubleshooting guide.

In theFoundation Data Collectior window, click on“+” to
expand the folders in the Navigation Pane (left pane) of the
window. All application programs are located here.

To shut down or restart the computer, closelxata Collection
Softwarefirst, then power off the instrumenhen choose either
restart or shut down from the computer’'s Start menu.

Remove Plate(s) of Previously Run Samples

Press the "Tray" button on the left-hand side of the instrument.

Wait for the autosampler to stop before opening the doors.

Gently rock the plate assembly to remove from the autosampler.

wW(iN

Refer to the CE run number on the plate. Determine the age @
samples by checking the run date in the run log and/or consulf
with the analyst who set up the run.

Discard expired samples (greater tHatays old).

Checking the Capillary Array Count

BEFORE STARTING, CHECK THE CAPILLARY ARRAY COUNT!
The number of injections on the capillary array cannot exceed the
determined maximum of 150. Change the capillary array before or when
this limit is reached. The capillary array may also need to be changed if
the electrode end of the capillary has remained outside of the buffer for an
extended period of time.

1

Check the capillary array count by checking in the run log and
in theData Collection Software > Instrument Statusvindow.
The capillary injection count will be displayed at the top right o
the pane as “Array Usage”.

If the number of injections to be run will exceed the maximum
number of injections allowed, 150, the capillary array must be
changed. In th8130xI Run Log(Appendix B), indicate the

number of injections the capillary serviced prior to being chang
Proceed taChanging the Capillary Array .

If the capillary array does not need to be changed, proceed to

=K

f the
ing

or

jed.

Replacing the Performance Optimized Polymer (POP4).
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Changing the Capillary Array

1

In theData Collection Software > Wizards > Install Array

Wizard. Follow theWizard directions for changing the capillany

array. Record the serial number of the capillary array in the
3130xI Maintenance Log(Appendix A). Note: The capillary
length is 36cm.

When thdnstall Array Wizard is complete, proceed 8patial
Calibration and then t&Spectral Calibration.

Spatial Calibration

A spatial calibration provides information about the position of the
capillaries to the CCD camera to obtain maximum fluorescence. A spatial
calibration must be performed every time the detection-end assembly of
the capillary array is moved. This includes when the array is replaced or

installed.

1 | In the Navigation Pane, sel&patial Run Schedule.

2 | SelectProtocol: 3130SpatialFill_1 or selecB8130SpatialNoFill_
if the capillaries contain fresh polymer, and sefgtetrt, this will
take several minutes.

3 | Guidelines for passing a Spatial Run:

Similar peak heights.

An orange cross-hatch at the top of each peak.
Spacing difference between adjacent positions betweer
to 16 pixels: check the Left spacing and Right spacing
columns.

4 | If the calibration passed: seléatcepi.

If the calibration failed: seled&tejectand repeat the calibration
from Step 2. Also, refer to th&Bl 3130 xI Maintenance,
Troubleshooting and Reference Guide

113

Note: If the spatial calibration fails again, open the laser detection

window to ensure the detection window is seated properly and
run the spatial calibration. It may also be necessary to clean th

re-
e

detection window with methanol on a kimwipe.

Spectral Calibration

The purpose of a spectral calibration is to generate matrices that are used
by the data analysis software to correct for spectral overlap. Thisapec

is applied by the software to remove the overlap in order to generate
multicomponent data.
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It is recommended to run a Spectral Calibration whenever a capillary array
has been replaced or install®tbte: A spectral should be run if pull-up is
seen consistently in the data. A spectral calibration must be performed
before using samples labeled with a dye set not previously used on the
instrument.

1

To perform a spectral calibration follow the directions outlined
QCDNA-23A Creating Spectrals for the 3130x| Genetic

n

Analyzer.

Replacing the Performance Optimized Polymer (POP4)

1

The POP4 should be changed or replenished for the following
reasons:
The POP4 is expiredOnce installed on the instrument,
3130xI POP4 has an expiration dat& afays. Check the
3130xI Maintenance Log(Appendix A) to determine if
the POP4 is expired.
The amount of POP4 left in the bottle is not sufficient fg
the run.
Note: Remove the POP4 from the refrigerator and allow it to w
to room temperature before using.

-

arm

If POP4 is expired:

Clean the pump block usinyizard > Water Wash Wizard, then
follow the remaining directions in Water Wash Wizard for
replenishing the POP4. Record the polymer change ialtBexl|
Maintenance Log Changing the water in the pump block wate
trap is performed after th&ater Wash Wizard. See direction in
Step 3.

If the amount of POP4 left in the bottle is not sufficient to
complete the run, there are 2 options:
0 Set up the instrument following the “If POP4 is
expired” directions.
0 Replenish the POP4 by adding more to the supply
bottle without doing the Water Wash Wizard.

This can only be done if the lot number for the replenishing P(
is the same as the POP4 currently installed on the instrument.
Apply the expiration date of the POP4 currently installed on th
instrument to the new POP4 added for replenishment.

Use theWizard > Replenish Polymer Wizardto install more

-

P4

D

POP4
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Note: DO NOT REMOVE the polymer bottle cap from the
pump block tubing as stated in the directions for replenishing
polymer.

-If the POP4 is from a different lot, follow the directions above
“If POP4 is expired

for

Maintenance of the pump block water trap is performed when
Water Wash Wizard is completed. Fill the supplied 20mL
syringe with deionized water. Remove any bubbles from the
syringe.

the

Attach the syringe to the forward-facing ferrule by holding the
ferrule with one hand and threading the syringe into the ferrule
with the other hand.

Open the ferrule approximately one-half turn counter-clockwis

OOl

Open the waste ferrule on the left side of the pump block
approximately one-half turn counter-clockwise.

Hold an empty tube or beaker under the waste ferrule. Flush
trap by pushing SLOWLY and steadily on the syringe plunger.
should take approximately 30 seconds to flush 5 mL of deioniz
water through the trap.

the
It
ed

Close the forward-facing syringe ferrule first, then the waste
ferrule. Do not over tighten the ferrules.

Remove the syringe from the ferrule by holding the ferrule with
one hand while turning the syringe counter-clockwise with the

N

other hand.

Changing the Buffer and Water Reservoirs

Note: Buffer and water reservoirs should be changed every 24 hours
or before each run

1

Press the "Tray" button on the left-hand side of the instrument,

Wait for the autosampler to stop before opening the doors.

2

Fill the anode buffer chamber with 1X Genetic Analyzer Buffer
to the fill line and fit securely to its position on the lower polym
block.

Fill the cathode buffer reservoir with 1X Genetic Analyzer Buff
and fill the other 3 reservoirs with deionized water to their fill
lines. Important: Ensure that the septa groove is completely d
as the septa will not stay properly seated and the capillary arre
may become damaged. Add new septa to each reservoir. Mg
sure each one is securely seated in the reservoir. Ensure that
reservoirs are dry before placing on the instrument.

ry,

ty

ke
all

4

Close the instrument doors, the autosampler will home itself.

Filling out the Plate Record
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Before starting a run you must fill ou3d30xIPlate Map in the LIMS
DNA Matrix and export it to the appropriate run folder (e.g. \3130 Import
Export File\CE004). The Plate Record associates sample information
(name and type of analysis) with the plate position. The information
recorded in the Plate Record becomes the sample identification.

1

Using the LIMS DNA Matrix, create and complet8l®80x Plate

Map. A plate run number will automatically be assigned. A date
and time will appear on the worksheet corresponding to the date

and time created. Update the date and time if the procedure is

conducted on a different date and time from when the worksheet

was created. Use the following plate set-up rules as a guide ta
complete the plate map:
- Questioned samples (semen and blood) must be run

separately from exemplar samples. (i.e., they cannot be on

the same plate). Questioned and exemplar plates may
run consecutively on the same instrument.

CO samples must be run independently from all other
sample types.

Multiple amplifications of the same type, either questior
or exemplar, can be run on one plate. (i.e., amplificatio
from several analysts may be run together on the same
plate).

Samples amplified with Identifiler and Yfiler may be run
on the same plate. Itis recommended that samples
amplified with Identifiler and Yfiler not be combined into
the same capillary array injection.
It is recommended that each injection contain an Allelic
Ladder. (i.e., each Identifiler injection contains an
Identifiler ladder and each Yfiler injection contains a Yfi
ladder). If only one injection is being run on a plate it is

>

be

ed
S

er

highly recommended to include two Allelic Ladders in that

injection.
A dform-LIZ blank is run once per plate. However, if

different injection times are run on the same plate (i.e. 4 10

second injection and a 20 second injection) a dform-LIZ
can be run for each injection time OR with the most
stringent injection time (i.e. run the dform-LIZ blank with
the 20 second injections).

N

In the Navigation Pane, sel@ate Managel. Selecimport .

Locate and highlight the file in the instrument folder that was
previously exported from the LIMS DNA Matrix Selgdpen.

A progress window will appear and indicate if the plate importé
successfully. Sele@K.
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Note: The illegal characterd { : * " < > ? ' space) will

automatically be taken out of the sample identifier information
the LIMS DNA Matrix. If the plate does not import successfully
please see a supervisor.

by

Selectrind All to refresh the plate ID list. Proceed to the next
section if the Plate Map has imported successfully.

Note: With the permission of a supervisor, you may manually
create a Plate Map. Follow steps 6 through 11.

(o]

In the Navigation Pane, selédate Managel. SeleciNew.

In theNew Plate Dialo¢ box, name the Plate Record using the
Plate ID # assigned by the LIMS DNA Matrix.

UnderApplication selectGeneMapper-Generic Plate type is
96-Well. Enter your initials irDwner NameandOperator
Namefields. Select OK.

In thePlate Editor box, fill in the following fields:
- Sample Namefill out with the complete sample
identification information including the case number,

sample description and injection time (if not the default).
Other identifying information such as the analyst’s initials

or PCR run number may be added to aid in sample sort
Spaces between sample information are not allowed by
software, use “~“or “_". (e.g. 01-0000-1-1-01.1 or 01-
0000_1-1-01.1)

ing.
the

Comment number the samples consecutively on the plate

001, 002, 003, etc. This provides a means of sorting th
Plate Record during subsequent data analysis.
Results Group 1column: select

3130xI-(nstrument # Generic_Results_Group
Instrument Protocol 1 column: select the appropriate
instrument protocol for the samples:

Amp. Kit Instrument Protocol Parameters
Identifiler G5 _POP4_ 10 seconds, 3kV,
and Yfiler Instrument_Protocol | injection(default)
Identifiler G5 _POP4_IP_5-sec-inj 5 seconds, 3kV
and Yfiler injection

Identifiler | G5_POP4_ IP_20-sec-inj 20 seconds, 3kV
and Yfiler injection

NOTE: Negative controls need to be run at the same injection

time as the samples (e.g., samples at 20 seconds and negative

controls at 20 seconds). An Allelic Ladder should be included
each injection regardless of injection time.

%)

n

TheFill-down (Ctrl + D) function can be used to fill out the
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Results Group and Instrument Protocol columns.
10 | When all fields are filled out select OK.
11 | Proceed t®reparing and Running DNA Sample.

Preparing and Running DNA Samples

Important Notes:
- Use one Allelic Ladder per capillary array injection. Do not place the

Allelic Ladder in the same capillary position in every array injection.
LIZ 500 is the size standard used for 5-dye chemistry (Identifiler™
and Yfiler™)
If only running a partial tray of injections, ensure that all the empty
wells for the array injection contain 1Q dform.
Note: Samples from plate can be re-injected for up to four days from
date of preparation.

1 | Check for bubbles in the pump block, lower polymer block, tubing
and channels. Remove all bubbles usiigard > Bubble
Remove Wizard. If there are no bubbles present proceed to Step
2.

2 | Each array injection consists of 16 wells for injection. All 16
wells for an injection must be filled with either sample (e.qg.,
amplicon or ladder) or with d-formamide.

Important: There cannot be any empty wells in an array
injection.

3 | Prepare enough dform-LIZ solution mix for n+4 samples to be|run;
include samples, Allelic Ladders and a dform-LIZ blank in your
calculations. Check your calculations on #30xI Plate Map
Note: For each well in a set of 16 (one array injection) that does
not have a sample, add 10 of dform to the well. This well will
be designated as “BLANK” on the Plate Map and the Plate
Record.

LIZ 500 for Identifiler and Yfiler samples:

(# of samples + 4) x 8.9 d-formamide
(# of samples + 4) x 0.1 LIZ size standard

Add dform and LIZ size standard to a 1.5 mL microcentrifuge
tube, mix by briefly vortexing and pulse spin the tube in a
microcentrifuge.

4 | Label the Genetic Analyzer sample plate with the date, run number
and your initials on the short side of the plate to the left of the
notch.

5 | Cover the plate with a piece of aluminum foil, pressing down t
reveal the outline of the wells. This functions as a place marker

O
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for aliquotting dform-LIZ or dform blank to the appropriate wells.

[92)

Pierce the foil over each well with the pipet tip to aliquot

9 L dform-LIZ into each well. For wells designated as BLANK

aliquot 10 L dform only.

Remove the aluminum foil and replace with a fresh piece, pressing

down to reveal the outline of the wells. This will aid in placing
samples into the correct wells.

the

If needed, briefly spin amplicons if condensation is noted.

© |00

Have another individual witness plate set-up and electronically
initial the 3130xI| Plate Mapin the LIMS DNA Matrix.

10

Pierce the foil over each well with the pipet tip to add. bf PCR
product or Allelic Ladder to each well according to #i830xl
Plate Map. When adding the sample, make sure to pipet the

sample into the dform-LIZ solution. For the dform-LIZ blank, add

an extra 1 L of the mix to that well.

11

Carefully remove the aluminum foil and discard. Cover the plate

with plate septa. Pulse spin the plate in the bucket centrifuge.

12

Heat denature the plate in a heat block or a thermal cycletGt 95

for 3 minutes. Immediately chill the plate on ice or a cooling
block, if available, or refrigerate for at least 3 minutes.

13

Dry the plate with kimwipes, checking between the wells for a
residual moisture. Place the plate in the black plate base and
with the white plate cover ensuring that the cover clicks into pl
on both sides.

ny
cover
ace

14

Present the autosampler by pressing the “Tray” button on the
hand side of the instrument. Wait for the autosampler to stop
before opening the doors.

left-

15

Place the plate assembly so that position Al sits at the right re
corner of the autosampler platform and the notch in the black
plate is in the back. The plate assembly will only fit in this
position.

par
pase

16

Close the instrument doors, the autosampler will home itself.

17

In the navigation pane, click &un Schedule. When the plate
assembly is in place, the autosampler deck image will be yello
indicating an unlinked plate.

W

18

TheRun Schedulerview links the plate record with the plate on
the autosampler. Seldéind All to find your plate record. Click
on the plate record, and then select the autosampler deck pos

tion

of your plate (i.e., A or B) by clicking on the corresponding yellow

plate. When the Plate Record is linked to the chosen plate on
autosampler, the yellow plate will change to green. Wait for
Ready status in the Data Collection software.

19

Click on green “go” arrow on toolbar to start the run. A messa
window will appear confirming “You are about to start process

the

ge
ng

plates,” select OK.

56



Instrument Maintenance

Weekly Maintenance
. Restart the computer and the instrument weekly. Follow the
directions in thd.aunching Instrument and Software section of
this protocol.
Check the storage conditions of the used arrays (if applicable).
Replenish anode and cathode vials with deionized water.

Computer Maintenance
. Performed as needed. Can be incorporated into a quality control
schedule to be performed every 6 or 12 months.
Computer maintenance must be performed when the instrument gives
an error message and prevents samples being run. Runs cannot be
started until the database is cleaned up.

1 | When the drive and/or database is full, the Data Collection
Software will prevent any runs from starting and give an error
message such as:

“The limit for a results group is 7000 samples. Please use a
different results group or remove samples from the results group.
or
“The results group has exceeded the maximum number of samples
allowed for this results group.”
2 | Datais backed up onto a CD using Sonic Record Now Plus
(usually pre-installed onto the 3130xI Dell computer with
Windows XP Professional software) or similar CD burning
software. These instructions are more specific to the Sonic Reécord
Now Plus software and the Data Collection software (version 3.0
or higher), but the same general procedure is used to create a data
CD.
3 | Open the program by going $art menu > All Programs >
Sonic > Record Now Plus.In the Sonic window choose Data
Disc. Select Add Files and Folders.
4 | In the “Select files and folders to add” window, go to:

”

E: Applied Biosystems / UDC / Data Collection / data /
ga3130x! finstrument number or name

Select all files in this window and select Add.

5 | Then create a temporary folder for the next step of writing the
plate records to the CD. The Data Collection Software does not
allow these to be directly exported to a CD. (A temporary folder
can be created on the server in a place such as the 3130 Extracted
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Runs folder).

6 | Inthe Data Collection Software, in the Navigation Pane select
Plate Manager.

7 | In the Plate Manager window select a plate record (the Data
Collection Software does not allow selecting more than one plate
record at a time).

8 | Select Export (export to the created temporary folder).

9 | Repeat for all plate records displayed, including spectral runs.

10 | After all plate records have been copied/exported to the temporary
folder, select Add Files and Folders in the CD writing software
and add this folder to the CD.

11 | Select Burn to write this data to the CD. If deemed necessary, a
second data CD can be created before closing the CD writing
program. Label the Chstrument number or nantackup, date
and initial.

12 | After the disc has been successfully written, go back to:

E: Applied Biosystems / UDC / Data Collection / data /
ga3130x! /instrument number or name
and delete all files in this folder — dNOT delete the folder.

13 | Delete all files in Plate Manager by selecting the plate recard a
then select Delete (the Data Collection Software does not allow
selecting more than one plate record at a time). Select Yes when
prompted to agree to delete the record.

14 | Repeat for all plate records displayed.

15 | Delete the temporary folder created for the plate records.

16 | Empty the recycle bin.

17 | Then, defragme@NLY theC andE drives.

18 | Right click orMy Computer and selecManage. In the
navigation pane sele€tlomputer Management (Local) >
Storage > Disk Defragmenter.

19 | Choose the C drive and selBeffragment. This may take several
minutes.

20 | When théefragmentation Completewindow is displayed, click
Close.

21 | Repeat for the E drive.

22 | Close th&€omputer Managemen window, and then restart the
computer.

23 | To restart the computer, close the Data Collection Softfivsre

then power off the instrumerthen choose either restart or shut
down from the computer’s Start menu.
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Long-Term Shutdown

If the instrument will be idle for more than 7 days, it is recommended
perform a long-term shutdown.

to

1 | IntheData Collection Softwareselect> Wizards > Instrument
Shutdown Wizard. Follow the wizard directions for shutting
down the instrument. Note: Make sure all parts are completel
before long-term storage. Record the shut down date in the 3

y dry
130x!

Maintenance Log.
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Revision History:

May 23, 2007 Version 2.0 —

September 1, 2008

Incorporated Yfiler Amplification kit to protocol.

Removed references to Profiler Plus and COfiler Amplification
kits, and ROX 500 size standard.

Moved Spectral Calibration to beginning of protocol, following
Spatial Calibration.

Clarify POP4 expiration date when POP4 is replenished.

Moved Maintenance of Pump Block Water Trap into the Replacing

the Performance Optimized Polymer (POP4) section.
Language clarifications throughout.protocol

Addition of Computer Maintenance section to Instrument
Maintenance section
Added note about expiration of plate for re-injection section
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