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1999 General Survey
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Previous StudiesPrevious Studies

1999 General Survey

Unknown
The first study conducted by FARG was an on line survey to determine the types of fragment analysis services performed by members of the ABRF. This slide shows 2 results for the study.
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Previous StudiesPrevious Studies

2000 Test Samples

Unknown
The study for ABRF 2000 included the results from 2 samples that were sent to participants. These were load only samples. One comparison that was made from the results was the read length and accuracy.
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Previous StudiesPrevious Studies

2000 Test Samples
330 BP

332 BP

Unknown
It was also observed from this study that some of the results returned to FARG were analyzed using standard values that were incorrectly called. By applying the correct base pair values to the standard, a more accurate value for the samples can be determined.
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Previous StudiesPrevious Studies

2001 Problems Asssociated with
Dinucleotide Markers and the Plus A Peak

7 bp

Unknown
The study presented during the ABRF conference in 2001 included 2 samples with loci amplified by 3 separate markers. The first marker was a dunucleotide repeat. This often leads to a plus A peak and appears to be stuttered. The second marker was the same dinucleotide repeat with an additional 6 base tail added to the reverse marker. The purpose of the tail was to drive the reaction towards the plus A and improving the identification of this peak. It should be noted that the tail and plus A peak would increase the true fragment size by 7 base pairs. Finally, the third marker was a tetranucleotide repeat and was included for comparison.
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Current StudyCurrent Study

Multiplexing Markers

Unknown
The study this year dealt with the question of multiplexing several markers into a single PCR. Study participants were sent 2 templates with 5 labeled markers. Participants could choose to amplify the templates with all five markers in a single reaction (PCR multiplexing) or amplify the templates with each marker separately and then combine the products together (post-PCR multiplexing). Results and methods used by study participants were compared.
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Goals of the StudyGoals of the Study

1. Self Evaluation and Education

2. Look at Alternative Methods of optimizing

3. To present methods that may reduce cost
and time
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Study ProcessStudy Process

1. Participants of the study requested samples on-line
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Study ProcessStudy Process

Samples and instructions sent to Requesting Facilities
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Study ProcessStudy Process

3. Samples Tested as Multiplexed PCR

Unknown
Participants could choose to amplify the products with the 5 markers multiplexed into a single reaction. The on line survey included questions based on PCR multiplexing.
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Study ProcessStudy Process

3. Or Multiplexed after PCR

Unknown
Participants could also choose to amplify the templates with each marker in separate reactions. The on line survey had a separate section for post PCR multiplexing
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Sample SelectionSample Selection

Unknown
This slide shows one average result for both templates amplified by the 5 markers 
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Sample Selection - MarkersSample Selection - Markers

FAM Labeled Markers

- D8S504 (129-141 bp)

- D8S260 (187-213 BP)

- D7S517 (239-257 BP)

- D7S550 (306-330 BP)

HEX Labeled Marker

- D8S556 (71-89 BP)
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Sample Selection - TemplateSample Selection - Template

1331-01
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Sample Selection - TemplateSample Selection - Template

1331-02
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Multiplex Set-UpMultiplex Set-Up

Unknown
FARG included a set of instructions with a complete protocol for PCR multiplexing. This slide shows the reaction mix for the given protocol.
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Multiplex PCR ProgramMultiplex PCR Program

Hot Start  94C    720 s

First Step 94 C  45 s

Second Step 53 C  60 s

Third Step  72 C  60 s

First Step 89 C 45 s

Second Step 53 C  60 s

Third Step 72 C  60 s

Final Extension 72 C

1 Step 2 Step

Unknown
FARG also included a two step PCR program that was used during the pretesting phase of the study. The program had successfully been used to amplify the templates using all markers in a single reaction.
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Results - Different PCR CyclesResults - Different PCR Cycles

Hot Start 1st Denature 1st Anneal 1st Extension Cycles 2nd Denature 2nd Anneal 2nd Extension Cycles
Program 1 94 (720 sec) 94 (45 sec) 53 (60 sec) 72(60 sec) 10 89 (45sec) 53 (60 sec) 72(60 sec) 20
Program 2 95 (720sec) 94 (45 sec) 53 (60 sec) 72(60 sec) 10 89 (45sec) 53 (60 sec) 72(60 sec) 20
Program 3 94 (120 sec) 94 (45 sec) 53 (60 sec) 72(60 sec) 10 89 (45sec) 53 (60 sec) 72(60 sec) 20
Program 4 94 (120 sec) 94 (45 sec) 53 (60 sec) 72(60 sec) 15 89 (45sec) 53 (60 sec) 72(60 sec) 20
Program 5 94 (60 sec) 94 (30 sec) 50 (30 sec) 72 (60 sec) 35
Program 6 94 (120 sec) 94 (60 sec) 53 (60 sec) 72 (60 sec) 30
Program 7 94 (60 sec) 94 (45 sec) 53 (60 sec) 72 (60 sec) 10 89 (45 sec) 53 (60 sec) 72 (60 sec) 15
Program 8 94 (60 sec) 94 (45 sec) 53 (60 sec) 72 (60 sec) 15 89 (45 sec) 53 (60 sec) 72 (60 sec) 20

Unknown
This slide shows all of the programs that had been used by the participants in the study. Program 1 was used by the majority of the participants and was also the program given by FARG. Program 5 was a one step PCR program that successfully amplified all the products by multiplexing the 5 markers in a single reaction.
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Analysis by DifferentialsAnalysis by Differentials

2 bp

0 bp 4 bp 6 bp 0 bp

0 bp

8 bp

6 bp 8 bp 4 bp

Unknown
In order to elliminate the variability caused by the slab gel and capillary platforms, the analysis of results was by allelic differentials. The differential value was determined by the base pair difference of two alleles. Products that where homozygous had a differential value of 0.
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Results - Success by TemplateResults - Success by Template
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Unknown
This slide shows the success of participants in amplifying and determining the correct differential value. The  smaller fragment and the largest fragment appeared to be the most difficult and the least successful.
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Results - Success by MarkerResults - Success by Marker
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Unknown
This slide shows the success of each marker based on allelic differential. The marker amplifying the smallest fragment appeared to be the least succesful. This may be due to the difficulty of amplifying smaller fragments.
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Results - Success by MarkerResults - Success by Marker
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Unknown
The data represented in this graph and in the following slide show that alleles that were homozygous (0 base pair differential) were called accurately most often.
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Results - Success by MarkerResults - Success by Marker
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Results - Success of PCR ProgramResults - Success of PCR Program
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Unknown
One of the main goals for this study was to analyze different PCR programs used for multiplexing PCR. There did not appear to be any program that was dominantly successful. This might be due to the number of samples submitted for each program. Program 1 was used by most participants in the study. This was the program given by FARG. Program 5 was a one step program that was also fairly successful. Program 5 and program 6 represent the 1 step programs. All other programs were 2 step programs.
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Pre-Multiplexing Pre-Multiplexing vs vs PostPost
MultiplexingMultiplexing
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Unknown
This is a comparison of pre multiplexing the markers directly in the PCR vs multiplexing the fragments after the PCR. It could not be determined which method produced a better result, However, multiplexing the markers together in a single PCR reaction did work for all 5 loci.
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MultiplexingMultiplexing

General Guidelines for
Optimizing Multiplexed
PCR for Fragment Analysis

Unknown
After the study data was presented, FARG gave a short tutorial on ways to improve the optimization of PCR in general as well as some helpful hints for multiplexing a group of markers directly in a PCR reaction.
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Variables for MultiplexingVariables for Multiplexing

1. Amount of the Template

2. Amount of Each Marker

3. Amount of MgCl2

4. The Cycle

- Annealing Time and Temp

- Extension Time and Temp
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Multiplexing - PrimersMultiplexing - Primers

1. Choose primer pairs that can be combined

- Tm should be within 4 C

- Cannot amplify the same loci

2. Mix equimolar concentrations of each primer?

Unknown
It was first recommended that the markers should be combined with equal molar concentrations in the PCR. However, it was also shown that equal amounts of primer may not, necessarily, amplify the fragments with equal energy and it might be necessary to adjust the concentrations of some of the primers.
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Multiplexing - PrimersMultiplexing - Primers

Preferential Amplification of some primers

- May require adjustments to be made in
concentration of some primers in the mix.

- May require adjustments in the annealing
temperature and extension temperature.
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MultiplexingMultiplexing

Yes it Can be Done
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Optimizing - Primers ConcentrationOptimizing - Primers Concentration

Primer
concentration is
too high

Primer
Concentration is
too low

Unknown
The yellow arrows mark products amplified when the concentration of primer was too high. In general this can cause preferential amplification of one allele over a second allele. The white arrows show products that were amplified when the concentration of primer was too low. This could result in poor amplification of most or all of the sample.
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Optimizing - Salt ConcentrationOptimizing - Salt Concentration

Increasing salt
concentrations will slow
down denaturation of
larger products and
favor amplification of
smaller fragments (under
500 bps)

Raising KCl
concentrations to 1.4 X

Unknown
Increasing the buffer or salt concentration to 1.4 X for the reaction may help amplification of smaller fragments by slowing down the denaturation step. In particulat, an increase of the buffer concentration increases the concentration of KCL.
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Optimizing - Annealing TimeOptimizing - Annealing Time

Increasing the annealing time
does not influence the PCR.
Longer times may increase
amplification of unspecific
products. Standard time is 30 to
45 seconds.

Unknown
Increasing the amount of time to allow the primer to anneal to the template does not appear to improve the amplification. It was also shown that a longer annealing time can increase the incidence of non-random priming and results in unclean products.
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Optimizing - Annealing TemperatureOptimizing - Annealing Temperature

Increase in
annealing
temperature can
prevent
identification of
the
polymorphism

Unknown
As shown by the yellow arrow, a decrease in the primer annealing temperature from 57 C to 55 C can improve the extension of the smaller sized fragment for polymorphic alleles.
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Optimizing - Extension TimeOptimizing - Extension Time

Unknown
An increase in the extension time can greatly improve amplification of some products. This slide shows how an increase in extension time can improve the amplification (circled band), however, may also result in amplification of non-specific bands.
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Primers - Extension TemperaturePrimers - Extension Temperature

Higher extension
temperature may
disrupt stability of
the DNA helix
and inhibit
amplification of
some products

Unknown
A higher extension temperature can result in the ampplification of one allele but not the second allele.
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Optimizing - MgClOptimizing - MgCl22 and  and dNTPsdNTPs

Unknown
The relationship between MgCl2 and an excess of dNTPs can result in depletion of MgCl2 and  poor amplification of certain products. This slide shows how increasing the amount of dNTPs can actually inhibit amplification.
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OptimizingOptimizing

1. Standard Cycle

- Hot start 95 C for 9 min

- Denature 95 C for 30 sec

- Anneal 53 C for 5 sec

- Extend 72 C for 60 sec

Unknown
Applying techniques for optimizing PCR to the samples used in the 2002 FARG study. The goal for setting up this set of PCR test runs was to determine if a one step PCR program could be used to succesfully amplify all products. 

To optimize the reaction, we started with our general program shown in this slide.
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OptimizingOptimizing

1. Lower Annealing Temperature

2. Increase Annealing Time

3. Lower Extension Temperature

4. Increasing Amount of Template

5. Add additional MgCl2

6. Add additional KCl

7. Increase Number of cycles

Unknown
In an attempt to optimize a one step PCR and amplify the templates with all 5 markers multiplexed into a single reaction, we look at changes in the PCR program (annealing temperature and extension temperature) and in the salt concentrations
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OptimizingOptimizing

Unknown
It helped to organize the different methods in a table format
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OptimizingOptimizing

A:53 C  E: 72 C A:53 C  E: 68 C A:50 C  E: 68 C

25 cycles 25 cycles 35 cycles

Unknown
This slide shows some of the results of a one step program. The lower annealing temperature and lower extension temperature along with 35 cycles successfully amplified all loci in a single one step reaction.
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OptimizingOptimizing

2 bp
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Next StudyNext Study

?

Unknown
The FARG study for 2003 has not yet been determined. The research group has some ideas including a return to basic fragment analysis and an on line survey.
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