
Understanding the Consumables on the 3500 Genetic Analyzers in the 

context of a Human Identification (HID) Laboratory

ABSTRACT 

Radio Frequency Identification (RFID) is a technology that was

incorporated into the software and hardware of the 3500 Genetic

Analyzers to ease the burden of tracking consumable information, save

operator time and minimize human/laboratory-based errors with pre-

packaged Quality Controlled reagents, and promote optimum data quality

intended while minimizing additional cost to the laboratory.

The RFID tags automatically record lot numbers and part numbers,

instrument serial numbers, reagent expiration and installation dates, and

capacity/usage to assist in laboratory documentation needs.

INTRODUCTION

This presentation will address several observations made by customers

since the launch of the 3500 Genetic Analyzers regarding consumables

and setting the RFID limits. In general, RFID limits were set at intervals

and time points where we could guarantee quality and minimize negative

effects or damage the instrument, knowing that the instrument is used in a

wide variety of environmental conditions and for multiple applications.

UNDERSTANDING RFID SETTINGS

The polymer pouch has additional volume for installation, wizards, and

overfill for proper pumping and can use 4 “total bubble remove” wizard

options without impacting sample count. Volume will remain in the pouch

after the sample count is depleted to support proper function of the

polymer pumping system. Sample Count and Injection Count work

independently to ensure sufficient polymer availability regardless of re-

injection usage. NOTE: Sample Count is generally exhausted before

injection count unless there is excessive use of the re-injection feature

with a minimal number of samples.

POLYMER

Polymer expiration date was extended to 9 months from the date of

manufacture due to testing performed during development. On prior

instruments, POP-4™ Polymer maintained an expiration date of 6 months.

The primary concern of using aged polymer is reduced resolution due to

increased conductivity. This is often caused by the hydrolysis of urea.

BUFFER

Capillary Electrophoresis requires a balance of biochemical properties in a

high voltage environment and the use of pre-filled high quality solutions

minimizes excessive troubleshooting from poor quality buffering reagents.

Historically, poor quality laboratory water systems and cleaning reagents

have been the root cause of many resolution and signal problems at

multiple sites with previous capillary electrophoresis systems. The

primary concerns of using aged buffer are changes to ionic strength over

time after long term storage and changes to the seal integrity and fill

volume (from evaporation) which may lead to instrument damage, most

commonly from arcing. The hard stop for 7 day on-instrument time is

present to minimize deleterious effects of continued use, refilling with poor

quality reagents, bacterial growth, and evaporation. The 7 day on

instrument limit is an extension of recommendations for previous

instruments, which is to change the buffer every 24-48 hours.

ARRAYS

Warnings are provided for expiration date of the arrays and exceeding the

minimum warranted injection count (160 injections). Review of historical

in-house and high volume customer-based sequencing data on previous

instruments demonstrates a higher failure rate due to loss of resolution

from aged arrays. The primary concerns of using aged arrays is LOR

(Loss of Resolution).

UNDERSTANDING RESOLUTION PARAMETERS

In this presentation, you will see reference to Crossover (CXO) and

Tolerance Interval Analysis (TIA). Crossover is a measure of resolution in

capillary electrophoresis. Resolution is the ratio of the interval between

two peaks (assumed to differ in size by one base pair ) divided by the

width of the peaks (width at half-maximum height). Crossover is defined

as the fragment size, in basepairs, where resolution is 1.

A Tolerance Interval Analysis (TIA) is a statistical concept that predicts,

from a sampling of data, how many individuals in a population will fall

more than a certain distance from the mean. For example: The TIA may

demonstrate that, based on the mean and standard deviation of the

samples analyzed for Crossover, >90% of samples in an large population

will be above a defined specification. This represents a more meaningful

metric than simply mean or median crossover, because it more accurately

reflects the variation in the data. A 90% tolerance interval for crossover of

400 is a key performance specification for HID STR based assays. This

means that at least 90% of all samples are expected to have crossovers

greater than 400.
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SEVEN (7) DAY ON INSTRUMENT LIMITS

•Studies were performed prior to instrument release to assess the point of failure for

continued use of buffer and polymer. The studies included sequencing studies with

POP-6™ Polymer and POP-7™ Polymer and the 3500 Genetic Analyzer Capillary

Array (50 cm), and HID focused studies with POP-4™ Polymer and a 3500 Genetic

Analyzer Capillary Array (36 cm). To stress the system, we also used reagents

incubated at 30 ⁰C and were carried out for 14 days. Precision and resolution

calculations (HID) were performed using DS-33 GeneScan™ Installation Standards

with GeneScan™ 600 LIZ® Size Standard v2.0. Resolution was measured using

TIA (400) with 90% proportion and 95% confidence. Sizing precision was

calculated using the 1-variance test with 95% confidence.

As shown above, precision was consistent over 14 days and <.15 StDev

specification. However, TIA fell below the 400 specification after 10 days, and due

to concerns with buffer chambers outlined previously, a hard stop was chosen for

buffer after 7 days on the instrument. A warning, rather than a hard stop, for

polymer after 7 days on the instrument was chosen since the likelihood exists that

the polymer will be managed further by sample count and expiration date and

exhausted in a reasonable time frame.

For the second analysis, engineering estimates approximate that the

buffer reagent aged at 30 ⁰C for 2 months translates to approximately

12 months shelf life at 4 ⁰C. Sealed buffer containers were stored in a

30 ⁰C incubator for three time points up to 65 days, which could

produce different results than an on-instrument study where the risk of

evaporation is elevated. All buffer samples were measured for pH and

conductivity and functional testing was performed on a 3500xL Genetic

Analyzer Capillary Array (50 cm, FastSeq50_POP7 run module), using

3730/3730xl DNA Analyzer Sequencing Standards (BigDye®

Terminator v3.1) and Hi-Di™ Formamide (5 injections per sample).

RESULTS

*The QV20 Loss of Resolution (LOR) is a measure of the number of

high quality bases collected in a sequencing run.

For both studies, pH and conductivity studies provided acceptable

results for all time points. All buffer samples maintained acceptable

functional sequencing performance when aged at 30 ⁰C for up to 65

days.

CAPILLARY ARRAY WARNINGS

The individual capillaries used for the 3500 Genetic Analyzer Capillary

Arrays are the same 36 cm capillaries used in the manufacture of

arrays for previous instruments such as the 3100 Series Genetic

Analyzers and 3730 Series DNA Analyzers. The one year expiration

date was set based on an analysis of aged arrays from the 3730 DNA

Analyzer and from high volume sequencing customer sites.

Failure was defined as a failure to meet read length specifications for

sequencing data, prior to the warranted number of runs (300 for 3730

DNA Analyzer arrays). Arrays less than 300 days old (slightly more

than 9 months) had low failure rates. Arrays more than 300 days old

had higher failure rates. An additional examination was performed on

customer failure complaints from sequencing laboratories using the

3730 DNA Analyzer. The review of >3000 reported capillary array

failures from five major sequencing centers showed that premature

capillary failure for arrays >300 days old was elevated compared to

arrays that were <300 days old. These data were consistent with the

in-house findings of failure of aged arrays.

FUTURE PLANS FOR RFID

3500 Data Collection Software update plans are scheduled to take

place in two phases. The following items, among others, are included

in the discussions for consideration in these updates:

 Conversion of RFID hard stops, for polymer and buffer expiration

date, to warnings that may be bypassed by the user.

NOTE: With this change, customers would assume responsibility

for any poor quality data or deleterious results from using expired

consumables.

Review and update of all warning messages to more clearly reflect

their purpose.

Update the sample count and injection count parameters to make

them more intuitive and possibly improve the polymer usage efficiency.

CONCLUSIONS

RFID tracking and pre-packaged consumables were implemented with

the 3500 Genetic Analyzers to address several concerns in the

community and were set based on studies and engineering estimates of

when consumables could be warranted to meet customer needs under

a wide variety of laboratory conditions and applications. Additional

updates regarding future plans and changes to the software will be

announced as they become available.

POLYMER EXPIRATION DATE STUDIES

Product design requirements were set to extend polymer expiration date from 6

months (date for previous instruments) to 9 months, if possible. Material was tested

out to a 12 month time point to achieve this goal.

Twenty 96-well plates of two sample types were prepared in alternating rows of

Allelic Ladder (AmpFℓSTR® Identifiler® PCR Amplification Kit) and GeneScan™ 600

LIZ® Size Standard v2.0 using Hi-Di™ Formamide, 3500xL Genetic Analyzer

Capillary Array (36 cm), and the HID36_POP4 (run module).

RESULTS

Precision calculations met the specification (<0.15) for all measurements. Resolution

passed for all TIA measurements (>400).

Real time studies beyond 12 months were not feasible at the time of instrument 

release.  This data confirmed the ability to set the expiration date at 9 months.

BUFFER EXPIRATION DATE STUDIES

Two studies will be described here to describe the expiration date for the buffer

chambers. This first is a real time study using analytical methods out to 12 months.

The buffer chambers were tested as shown in the chart using three manufacturing

lots for each time point (0, 3, 6, 9, and 12 months). They were also checked for

liquid level at fill line, intact heat seal, and crystals and particulates.

Functional testing was 

performed up to 200 

runs.  Controls were in 

place to ensure any 

failure is due to 

polymer and not other 

factors, including 

replicate testing and 

confirmation on a 

3130xl Genetic 

Analyzer

Arrays were grouped

into bins (100 days

each) by age after

manufacture.

Example: The 300-day

bin includes arrays

installed 201-300 days

after manufacture. The

700-day bin includes

arrays >600 days old

(including several over

1000 days old)


