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BUTLER CHAPTER 14:  INSTRUMENTATION FOR STR TYPING: ABI 310, ABI 3100, FMBIO SYSTEM

· This chapter aim to examine different electrophoresis instrumentation platforms mostly used in analyzing STR loci. These are: the single capillary ABI Prism 310 Genetic Analyzer, the 16-capillary ABI Prism 3100, and the FMBIO Fluorescence Imaging System.
THE ABI PRISM 310 GENETIC ANALYZER

· It is a single capillary instrument with different color fluorescence detection that gives the capability of unattended operation.

· Introduced in 1995 by Applied Biosystems
· Mostly used for STR typing in the forensic DNA labs. eg. FBI lab.
· The process by using this analyzer takes 30 minutes for each sample.
· Advantage: DNA sample is not fully used and may be retested if required.

CAPILLARY ELECTRPHORESIS OF DNA

· CE uses narrow silica capillaries (tubes) containing a polymer solution through which the negatively charged DNA molecules migrate under the influence of a high voltage electric field.

· It takes 5 to 30 minutes to separate DNA through CE

· The power of 15,000volts is used for a capillary with a length of 47cm or 319v/cm

COMPONENTS OF THE ABI PRISM 310 GENETIC ANALYZER

· The instrument components include;   Pump Block, Injection Electrode, Mechanical Stepper Motor, Autosampler Tray, Inlet and Outlet buffers.

· Every component is very important in the CE process. (Refer page 348 for importance of the capillary). Here will discuss the Electrophoresis Buffer.
ELECTROPHORESIS BUFFER

· Supplies ions for conducting across the capillary. The Applied Biosystems supplies a 10x Genetic Analysis Buffer with EDTA that is mostly used in STR sample separations. The buffer may affect the separation of DNA if not well kept and therefore should be changed after every set of 100 sample injections.
POLYMER SOLUTION

· 2 polymer formulations are provided by the Applied Biosystems for use with ABI Prism 310 Genetic Analyzer.

· Performance Optimized Polymer, POP-4 and POP-6 are 4% and 6% concentrations of linear, uncross-linked dimethly polycrylamide.

· High concentration of urea in polymer solution create conducive environment for DNA denaturing.

· POP-4 is commonly used for STR typing while POP-6 is used for DNA sequencing applications.
OPERATION OF THE ABI PRISM FOR GENOTYPING STR SAMPLES

· Samples are prepared and loaded into Autosampler Tray.

·  Then named and positioned into a sampler sheet in which comments on samples may be entered with fluorescence dyes (blue, green, yellow and red).
· Injections list is created and samples sheet information entered into it.

· Operation module is selected for each sample

· Typical module used for STR is ‘GS STR POP4 (1ml) F’. (Refer page 351 on how sample is processing steps using the ABI 310 Genetic Analyzer).
SAMPLE PREPARATION

· STR alleles are separated, sized and genotyped using commercially available STR typing kit.
· A typical sample preparation method for the ABI 310 includes heating of sample for 2 to 3 minutes at temperature of 95 Celsius degrees and snap-cooling of sample on ice for 2 to 3 minutes.
· The amount of deonized formamide and UL of GX500- ROX are added depending on the amount of samples.
SAMPLE INJECTION

· Electrokinetic injection is used to inject samples into the capillary when using ABI 310 G.A.
· Each sample is placed in an analysis tube and then a voltage is applied to the sample to help draw it into the capillary opening.
· Electrokinetic injections of DNA samples are highly dependent upon samples’ salt level.
· The increase in salt level will lead to high sample conductivity, fewer DNA molecules are injected because they are competing with the salt ions to get onto the capillary.

· Sample Stacking is differential sample injection due to salt content of the sample.

TEMPERATURE CONTROL

· Room temperature fluctuations is not conducive for proper sizing of STR alleles when applying ABI 310

· The temperature of 60 Celsius degrees is proper for electrophoresis separation of STR samples
· The heated plate is used to raise and maintain the temperature of the capillary

· The maintainance of temperature less than +_1 Celcius will successfully separate DNA sample on the ABI 310.

CAPILLARY MAINTANANCE AND STORAGE

· Must be properly maintained to avoid clogging.

· Store the ends of the capillary in water or buffer so the inlet and outlet does not dry out. .  The dry out will form crystals from salts that are present in the samples.
BUFFER DEPLETION

· Ion movement results in buffer imbalance

· Buffer should be replenished and replaced regularly

· It is replace every day or two if the instrument is fully utilized.

CAPILLARY FAILURE

· Is due to presence of abnormal broad peaks that define a loss in resolution between closely spaced STR alleles.

· The failure is simply caused by dynamic coating on the inside wall of the capillary.
· It may be washed with water, tetrahydrofuran, hydrochloric acid and polymer solution.

STEPS PERFORMED BY THE STANDARD MODULE
· A Module: Refers to a series of steps and procedures of instrument operation and data collection on the ABI 310 Genetic Analyzer.
· The standard module used for STR typing is titled ‘GS STR POP4 (1ml) F’.

· Steps of the ‘GS STR POP4 (1ml) F’:
· Prior procedures the temperature is brought up to 60 Celsius degrees to equilibrate the capillary. The laser is trimmed to full power (~10mW). Then verification of Autosampler platforms if work properly.
STEPS:

1. Capillary filled with polymer solution. 2. Pre-electrophoresis -   The separation voltage is raised to 10,000v for 5 minutes. 3. Water wash of capillary- Capillary is dipped several times in deonized water to remove buffer salts. 4. Sample Injection. 5. Water wash of capillary- Capillary is dipped several times in waste water to remove any contaminating solution adhering to the outside of the capillary. 6. Water dip - Capillary is dipped into clean water (position 2) several times. 7. Electrophoresis. 8. Detection- data collection begins. The matrix is applied during Genescan analysis. This whole process takes about 30 minutes assuming that everything goes according to plan.
· The capillary fill and pre-electrophoresis processes take about 6 minutes.
· Each ABI 310 instrument may analyze about 8,000-10,000 sample injections per year.

· Other alternative electrophoresis instrumentation platforms provided by the Applied Biosystems are: ABI 377 slab Gel system, the 16- Capillary ABI 3100, the 4-Capillary ABI 3100- Avant and the 96-Capillary ABI 3700 and 3730.
ABI PRISM 377

· This instrument involves the use of a thin polyacrylamide gel to separate the DNA molecules.

· The ABI 377 has been upgraded to the ABI 377XL which holds 64 and 96 samples in parallel.
· Samples can be separated for about 2 to 3 hours.

· It has throughput of about 72,000 lanes of data per year.

· It is used to perform high volume of STR typing.

DISADVANTAGE OF CAPILLARY INSTRUMENTS OVER GEL INSTRUMENTS
· In capillary instruments, sample is limited because samples are subject to sequential process rather than in parallel as on gel.
ABI PRISM 3100 GENETIC ANALYZER (16- Capillary System).

· Became available in 2001 and useful in higher throughputs with very same feel to the single capillary ABI 310 instrument
· The ABI 3100 may process both 96-well and 384-well plates of samples.
· Each run takes approximately 45 to 60 minutes.

· Some of differences between ABI 310 and ABI 3100 are; ABI 310 has 1 capillary while ABI 3100 has 16 capillaries. ABI 310 cost less while the ABI 3100 is highly cost.

· (See Page 359 FOR ABI 3100 PHOTO figure 14.4 and comparison between ABI 310 & ABI 3100 Table 14.1)
ABI PRISM 3100-AVANT GENETIC ANALYZER (4-CAPILLARY SYSTEM).
· Became available in 2002 and can be upgraded to a full 16-Capillary ABI 3100 after purchase.

· Collects data that may be analyzed with GeneMapper ID software.

ABI PRISM 3700 AND 3730) GENETIC ANALYZERS (96-Capillary Systems).

· ABI 3700 :

         -Offers high throughput and automation than ABI 377.


       - Used in several US forensic labs.

        -More than 750 samples may be processed in 24-hour period and 190,000      samples a year.
· The ABI 3730: 

· Mostly used in human genome centers for DNA sequencing.
· Higher throughput than the ABI 3700.
HITACHI FMBIO II AND FMBIO III FLUORESCENCE IMAGING SYSTEMS

· Polycrylamide gel and performance of a post-electrophoresis fluorescent scan of the gel are alternative solution to capillary systems for STR samples processing.

· The Promega Corporation’s Powerplex 1.1, 2.1, and the 16 BIO STR kit were made compatible to with Hitachi FMBIO II and FMBIO III Fluorescence Imaging Systems.
· FMBIO instruments were discontinued in 2003.

· Three software program used together with the FMBIO scanner to perform STR genotyping include: 

(1). Read Image (2). FMBIO Analysis software and, (3). STaR Call Genotyping software. (Refer page 363 on how these softwares work on STR Genotyping)
SAMPLE PROCESSING ON THE FMBIO II
· The process uses gel electrophoresis.

· Can lead to higher sample throughputs per instrument.

· Gels are run separately from the detection portion of the analysis with the FMBIO approach. (See page 364 on Sample processing steps by the Hitachi FMBIO II or III. Fig. 14.7).

GEL ELECTROPHORESIS 
· Gel is poured, samples loaded and electrophoresis applied prior scanning of samples.

· Long gels are 17cm x 43cm x 0.4cm. Short gels are 17cm x 32cm x 0.4cm.
· The denaturing polycrylamide gel composition for PowerPlex 1.1 analysis is typically from 4% polycrylamide.

· Alternative a 5% Long Ranger gel may be used with 7M urea and 1x TBE. Also Precast Gels are also available from Hitachi Genetic Systems.

SAMPLE PREPARATION FOR GEL LOADING.
· Some processes in the sample preparation are: Samples are mixed with 2uL of the amplified sample with a 1uL aliquot of the CXR-labeled fluorescent and 3uL of Bromophenol blue loading solution.
· The mixture is heated to 95 Celsius degrees for 2 minutes and snap-cooled on ice to denature DNA samples strands.

SOLUTION FOR 13 CODIS STR LOCI.
· DNA samples are amplified and genotyped with 8 STR markers in PowerPlex 1.1 and 9 STR markers in 2.1

· There are 3 STR systems in these 2 kits: VWA, TH01, and TPOX for sample verification and avoidance of sample shuffling.
· Both PowerPlex 1.1 and 2.1 are used to amplify samples. 

ISSUES WITH THE FMIO II APPROACH

NUMBER OF SAMPLES PER GEL
· The number of samples that may be run on each gel is flexible and depends on the comb used to form the sample loading wells. (Refer figure 13:11 pg 341).
GEL RE-USE

· A method has been developed to re-use gels in order to minimize number of gels to be analyzed on large samples.

· Gel may placed back in a box and electrophoresed in reverse for a short time to remove DNA samples from the gel.
· The process performed for 15 to 30 minutes longer than the previous electrophoresis.

· Gels may be reused up to 4 or more times. The reuse of gels minimizes the number of times of glass gel plates cleaning.
CLEANING GEL PLATES
· The gel is removed and plates are soaked to easily cleaning.

· The cleaning takes about 5 to 10 minutes for a pair of plate once gel have been removed.

· Cleaning of plates removes dust or other contaminants.

DIFFERENT EXCITATION LASER

· The FMBIO II uses a 532nm laser wavelength to excite fluorescent dyes.
· The prime concentrations in the PowerPlex  1.2 STR kit have been optimized for use on the ABI 310 while, 

· PowerPlex 1.1 and 2.1 kits have been designed foe the FMBIO II
COMPARISON OF FMBIO AND ABI 310 INSTRUMENT PLATFORMS.

· FMBIO II/III highly cost, ABI 310 cost less. 
· FMBIO II/III ~450 samples a day, ABI 48 samples
· Both use Macintosh or Windows NT/2000 computer type. (Refer page 369 through 370 for more comparison. Table 14.2).
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