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1) Multiplex PCR

Simultaneous amplification of several amplicons in a same reaction of PCR was used for the
first time for the detection of deletions and duplications of the gene of dystrophin (Abbs and
Bobrow, 1992)1. Simultaneous amplification of two or more loci allows direct comparison of
the relative quantity of PCR products resulting from two genomic DNA provided that 1/ the
amplification is in its exponential stage for each amplicon and 2/ amplification products can be
visualized. In order to improve the sensitivity of detection of amplification products,

fluorescent labels were used (Mansfield et al, 1993)*

A new multiplex PCR method, called fluorescent multiplex PCR of short genomic sequences, has
been developed by Charbonnier et al. in 2000 in order to make new improvements3. This
method is based on the simultaneous amplification of short DNA fragments for a better
homogenization of amplification of the various amplicons. The amplification products are
analyzed on a capillary electrophoresis system which allows the superimposition of the PCR
profiles and the comparison of the fluorescence obtained for each amplicon from two DNA
samples. This method allows the detection of genomic heterozygous alterations but the
number of amplicons simultaneously amplified is limited.

Today PrestaGen® is introducing an original multiplex PCR technique called PLEXAMP®
(MultiPLEX AMPIlification PCR System). This proprietary technique is based on specific and
optimized PCR primers design, reaction buffer, and PCR conditions, allowing a high number of
simultaneous amplifications and a quantitative analysis of each amplicon. Contrary to other
similar methods, PLEXAMP® is a one step technique which can be used either as single test or
high-throughput assay.

2) Principle

a) PLEXAMP®: Quantitative multiplex amplification of genomic fragments by PCR

This technology is based on:

1. Multiplex amplification of unique genomic sequences (amplicons) mainly from exonic
regions of target genes.

2. Kinetic control of the PCR amplification process allowing quantitative analysis.

3. Use of fluorescent primers allowing a fragment analysis with most of the genetic

analysis systems.

One step procedure.

. Quantitative analysis by comparing genomic patient DNA profile(s) to a genomic
reference DNA profile after normalization using the control amplicons.

v1 e

1 Abbs, S. and Bobrow, M. Analysis of quantitative PCR for the diagnosis of deletion and duplication carriers in the

dystrophin gene. J Med Genet. 1992; 29(3):191-6.
2 .

Mansfield, E. S.; Robertson, J. M.; Lebo, R. V.; Lucero, M. Y.; Mayrand, P. E.; Rappaport, E.; Parrella, T.; Sartore,
M.; Surrey, S., and Fortina, P. Duchenne/Becker muscular dystrophy carrier detection using quantitative PCR and
fluorescence-based strategies. Am J Med Genet. 1993; 48(4):200-8.

Charbonnier F, Raux G, Wang Q, Drouot N, Cordier F, Limacher JM, et al. Detection of exon deletions and
duplications of the mismatch repair genes in hereditary nonpolyposis colorectal cancer families using multiplex
polymerase chain reaction of short fluorescent fragments. Cancer Res 2000; 60: 2760-3.
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b) Amplicons

Any unique genomic segment can be used as amplicon in PLEXAMP® technology. The choice
of amplicons follows the following rules:

1. Targeted regions of amplicons should be unique in the genome.

2. Primer sequences should be free of known SNPs (Single Nucleotide Polymorphism).

3. Amplicons are preferentially chosen within exonic regions.

Each kit contains at least two control amplicons located in genomic regions known to

contain no copy number variation. These amplicons serve as controls and calibrators to
allow normalization of genomic patient(s) and reference DNAs.

3) Components of the PLEXAMP® Kit

Each PLEXAMP® Kit contains sufficient reagents to perform 25, 50 or 100 PLEXAMP® analysis

Tube Reagent Volume Quantity

A 4X PLEXAMP® PCR MASTERMIX containing 135 ul 1 (25 tests)
Red cap PCR reaction buffer and Taq-polymerase 2 (50 tests)
(ref# PXT-01.01.25-A) 4 (100 tests)
B 4X PLEXAMP® PCR PRIMERMIX* 135 ul 1 (25 tests)
(ref# PXT4-02.01.25-B) 2 (50 tests)
4 (100 tests)

C PCR grade H,0 500 pul 1 (25 or 50 tests)
Blue cap (ref# PXT-01.01.50-C) 2 (100 tests)

* PCR primers are labeled with 6-FAM™ fluorescent dye.

4) Localization of PCR targets

e Five targets are located within each chromosome 13, 18, and 21:
- Chromosome 21: K21 1to 5
- Chromosome 13: K13_1to 5
- Chromosome 18: K18_1 to 5

e Five targets are located within chromosome X: KX_1 to 4

e Four targets are located within chromosome Y: KY_1 to 3

e Four control targets are located within chromosome 22 (CTRL_A: 22q13), chromosome 20
(CTRL_B: 20q11), chromosome 6 (CTRL_C: 6gq21), and the last within chromosome 4
(CTRL_D: 4q32)
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5) Characteristics of PCR targets

PCR TARGET ‘ Profile order | Chromosome Size (bp) PCR TARGET | Profile order | Chromosome Size (bp)

CTRL_A 1 22 92 K18_3 15 18 272
CTRL_B 20 99 K18_4 16 18 282
K211 21 151 K18_5 17 18 290
K212 21 161 KX 1 18 301
K213 21 170 KX_2 19 308
K21 4 21 181 KX_3 20 321
K21.5 21 192 KX 4 21 335
K13_1 13 202 KX_5 22 340
K13_2 13 213 KY_1 23 352
K13_3 13 222 KY_2 24 362
K13_4 13 233 KY_3 25 367
K13_5 13 243 KY_4 26 372
K18_1 18 254 CTRL_C 27 387
K18_2 18 261 CTRL_D 28 395
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PLEXAMP® ANEUPLEX PCR profile of a reference DNA (46,XY)
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Each peak corresponds to one amplicon. The peaks appear by increasing
order of size from 92 bp (first left) to 395 bp (last right): see table above.
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6) Warnings and recommendations

e This kit is for research use only and not for use in diagnostic or therapeutic procedures.
e Do not use the kit after expiration date.

¢ Do not mix reagents from various lots and/or reference.

e Use the same lot for the patient and reference DNAs.

Samples and reagents should be handled with gloves.

Use only filter tips.

Only defrost the necessary reagents.

Avoid repeated thawing and freezing.

e Always follow the storage instructions and assay procedure below.

7) Storage

The kit should be stored at —20°C.

8) Equipments, microtubes and reagents required but not provided

a) Main Equipments
e PCR thermocycler with 0.2 ml plate (temperature rampingrate> 2 ° C/ s e c)

The heated lid should apply a sufficient pressure to the top of the PCR tubes to allow
a perfect contact between the tubes and the heating block.
e Capillary electrophoresis system
The system has been developed on a ABI3130 7 36 cm capillary length, POP7 polymer 2
with the Genemapper software 4.0
e C(Clean and reliable precision micropipets

b) Microtubes

e 0.2 ml Nucleic Acid and Nuclease free PCR tubes

c) Reagents

e Deionized formamid (ABI 4311320 is recommended)
¢ Fluorescent DNA size standard compatible with 6-FAMA labeled PCR products.
e Werecommend the use of :

Size standard dye Filter set | ABI product ABI product Nr
ROX D " ATA3SAAT A tnmn [402985
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9) Genomic DNA preparation

¢ Quality of genomic DNA is essential to achieve a homogeneous amplification Kinetic
of all amplicons.

e The same method should be used to extract genomic patient DNA and reference DNA
in order to obtain reliable quantitative results.

a) Genomic DNA quality

e SALTING-OUT genomic DNA extraction methods interfere with PCR conditions and
should be AVOIDED.

e Genomic DNA extracted with magnetic beads protocols should be use with caution :
presence of magnetic beads in eluted genomic DNA might interfere with the
multiplex PCR chemistry.

e Best results are obtained using genomic DNA extracted with kits based on DNA resin
affinity or filters (Optimal DNA extraction protocol is available on request, please contact
techserv@prestagen.com).

e 0D 260/280 optimal range from 1.8 to 2.0.

b) Genomic DNA quantity

e Genomic DNA concentration has to be determined precisely: optimal range from 20 to 50

ng/ul.
e The use of a calibrated UV spectrophotometer is recommended.

10) PLEXAMP® Procedure

a) PLEXAMP® amplification reaction

i) Select a genomic reference DNA

e The genomic reference DNA should be extracted with the same procedure as
genomic patient DNAs.

e The genomic reference DNA should be devoid of any known genomic alteration
involving the targeted region(s).

ii) Prepare the reaction mix
e Thaw the necessary reagents.
e Spin shortly each tube to collect the entire solution at bottom.
e Mix well by vortexing (5 sec full speed) each reagent before use.
e Prepare the necessary number of PCR tubes for the DNAs to be tested and for the
reference DNA.
e Add to each 0.2ml PCR tube:
-  4X PLEXAMP® PCR MASTERMIX (Tube A - Red cap): 5 pL
-  4XPLEXAMP® PRIMERMIX (Tube B 7 Yellow cap): 5 pL.
- patient DNA or reference DNA: 25 ng
- PCR grade H20 (Tube C Z Blue cap): up to 20 pL
e Spin down shortly and vortex the PCR tubes.
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iii) Run PCR
Set the thermocycler with a temperature ramping rate | 2°C/sec between each

step:
Step Time Temperature
Initial denaturation 10 min 96°C
Denaturation 20 sec 96°C
26 CYCLES Annealing 60 sec 61°C*
Extension 120 sec 72°C
Final extension 5 min 72°C

[ v [ 07 wc ]

i)

ii)

* Annealing temperature can vary from one kit to another

PCR conditions are critical and should be followed precisely.

b) Electrophoresis

Electrophoresis parameters
Refer to the manufacturer recommendations to set electrophoresis parameters.

Capillary electrophoresis: ABI 310, 31xx, 37xx family instrument

Prepare the loading solution in an injection plate.

For each well:

- PLEXAMP® PCR product labeled with 6-FAMTM fluorescent dye

- Fluorescent DNA size standard

- Deionized formamide

2.0 uL
0.3 uL

15.0 uL

TOTAL (per well): 17.3 pL

Incubate 3 min at 95°C and 1 min at 4°C.

Set Applied Biosystems
run  parameters  as
shown cons:

Fun Madule Seftings

[arme “alue
| Cwen_Termperature L B0
Poly_Fill_al y 4840
Current_Stahility 90 .
PreRun_voltage « 190
Pre_Run_Time | 180
Injection_“oltage 20 L
Injection_Time o 10 5
Voltage_humber_Of_Steps_ | 20
Voltage_Step_Intenval « 19 4
Data_Delay_Time « B0 o
Run_*Yoltage L 190 o
Run_Time 900

v

Range

18..65 Deq. C
4840..38000 steps
0...2000 uAmps
0..15 kKvolts
1..1000 gec.
1..15 kKvolts
1.
1
1
1
1]

.00 nk

B0 sec
...a600 zec.
La kolts
300..14000 sec.

GO0 sec.

The system has been developed on a ABI3130 (Capillary length 36 cm; Polymer type POP7).
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c¢) PLEXAMP® Analysis

i) Quantipeak

An online software analysis tool is available at http://www.prestagen.com/ (Tab
« QuantiPeak »). This tool allows a quick and easy analysis of the data from the files
created by the sequencer (.fsa). A dedicated user manual is available on the website.

Kit name for this new version of PXT4 is PXT4-V2.
ii) GeneMapper®

Data analysis can be performed using GeneMapper® software v4.0 according to the

Applied Biosystems application not e: “Det €
genomic DNA using quantitative multiplex PCR-based assay on Applied Biosystems
capillary electrophoresis sy st e ms ” . The application not

http://docs.appliedbiosystems.com/pebiodocs/00115216.pdf.

e Pl ot anal ysis of PCR mul tipl ex neMapperf | e s :
Software” section (see plot below).
e Numerical analysis of PCR multiplex: refe
e Please contact techserv@prestagen.com for Bin Set, Analysis Methods and Report
Settings files suitable for automated analysis of PLEXAMP® profiles by GeneMapper®

Software.
Peak Ratio Interpretation
Height =100+20% 0.8-1.2 Normal
30-70% decrease in
height of several 0.3-0.7 Heterozygous deletion
amplicons
30-70% increase in
height of several 1.3-1.7 Duplication
amplicons

e Foraratio between 0.3 and 0.7 in only one amplicon : see Troubleshouting.
e Forratios < 0.3, variations on both two alleles should be suspected.
e Forratios between 0.7 and 0.8 or between 1.2 and 1.3:
- Possible explanations:
A Different DNA amounts of genomic patient DNA and reference DNA.
A Different quality of genomic patient DNA and reference DNA.
A Genomic patient DNA and reference DNA were extracted by different
methods.
- Check:
A DNA amount of patient DNA and reference DNA.
A DNA quality (OD 260/280 should be between 1.8 and 2.0).
A DNA extraction methods.
- For more information, please contact techserv@prestagen.com.

iii) Troubleshooting

9 N_PXT4 V3


http://www.prestagen.com/
http://docs.appliedbiosystems.com/pebiodocs/00115216.pdf
mailto:techserv@prestagen.com
mailto:techserv@prestagen.com

V' No peak or low heights of peaks (Mean Intensity < 200)

Possible causes:

e Thermocycler failure.

e Bad electrophoresis settings.

e Bad electrophoresis migration.

e Small amount and/or poor quality of DNA template.

Solutions:

e (Check Thermocycler.

e Set electrophoresis parameters as required above.

e Check the migration of the fluorescent DNA size standard and proceed to a new
migration if necessary.

e Check the genomic DNA quantity by fluor
fix the amount if necessary.

e Check the quality of DNA template (e.g. salt, high RNA content).

V Too high heights of peaks (Mean Intensity > 4500)
Possible causes:
e Bad electrophoresis settings.
e High sensitive sequencing instrument (e.g. ABI3730).
e High amount of DNA template.
Solutions:
e Setelectrophoresis parameters as required above.
e Reduce injection time if necessary.
e Check the genomic DNA quantity by fluor
fix the amount if necessary.

V' Some genomic patient DNA and reference DNA peaks cannot be superimposed

Possible causes:

¢ Qualities of genomic patient DNA and reference DNA are different.

e Amounts of genomic patient DNA and reference DNA are different.

e Bad electrophoresis migration.

Solutions:

e Use the same DNA extraction technique for all samples.

e Perform additional measurements of the DNA quantity by using a reference
technique (picogreen™) ., (Optimal quantif

e Check the migration of the fluorescent DNA size standard and proceed to a new
migration if necessary.

V Only a single peak shows a 50% reduction of height

Possible causes:

e Presence of a Single Nucleotide Polymorphism (SNP) within a PCR primer
sequence. Only one allele can therefore be amplified.

e Presence of a mutation within a PCR primer sequence. Only one allele can be
amplified.

e Deletion or insertion of one or more nucleotides within the amplicon linked with
the appearance of one extra peak.

Solutions:

e Sequence the target region searching a possible variation localized within the
primer sequence or within the amplicon.

e For technical assistance, please contact techserv@prestagen.com.
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PrestaGen (@

609 Chemin de la Bretéque, BP41
76232 BOIS-GUILLAUME CEDEX
FRANCE

¢ General Information :

info(a)prestagen.com

» Order:
order(a)prestagen.com

» Technical Assistance :
techserv(a)prestagen.com

» Quality :
quality(a)prestagen.com

» Website :
www.prestagen.com
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