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PURPOSE 
Human Identification (HID) laboratories are encouraged to set their own analytical thresholds (AT) for the analysis of STR 
based AmpFℓSTR® chemistries on capillary electrophoresis (CE) systems such as the 310 Genetic Analyzer, 3130/3130xL 
and 3500/3500xL Genetic Analyzers and the 3730 DNA analyzer. 
 
The Scientific Working Group on DNA Analysis Methods (SWGDAM) makes several observations regarding Analytical 
Thresholds1: 

 defines an AT as “the minimum height requirement at and above which detected peaks can be reliably 
distinguished from background noise; peaks above this threshold are generally not considered noise and are 
either artifacts or true alleles.”  

 defines a No Result as “no allelic peaks detected above the analytical threshold”.  One may conclude from these 
definitions that interpretation of data below a defined AT is unreliable and should not be considered for the 
purpose of result interpretation. 

 In Guideline 3.1.1.2.: “While the application of an analytical threshold may serve to filter out some non-allelic 
peaks, the analytical threshold should be established based on signal-to-noise considerations (i.e., distinguishing 
potential allelic peaks from background). The analytical threshold should not be established for purposes of 
avoiding artifact labeling as such may result in the potential loss of allelic data.”  This requires analysts to 
understand behaviors that cause artifacts so they can be distinguished from actual alleles caused by the 
presence of amplified DNA. 

 
As with any analytical method, it is important that users understand the strengths and limitations of the CE system.  
Among other analytical anomalies that occur within the CE platform, such as “pull up”, “crosstalk”, and “spikes”, the 
laboratory is advised to consider the possibility of carryover in the system.  This Technical Note is intended to provide 
information regarding the known potential causes of carryover and suggest mechanisms to minimize the effect of 
carryover on data interpretation.  Throughout this document we will refer to “parent” as the profile or allele that is the 
source of the carryover in the subsequent injection. 
 

INTRODUCTION 
 
In the July 2010 issue of Forensic News (Life Technologies), we published an article titled Maximizing the Performance of 
Capillary Electrophoresis Systems and outlined several characteristics of CE systems that should be considered when a 
laboratory is evaluating an instrument.  In the Forensic News article, we specifically described carryover and provided 
suggestions regarding the potential causes and mechanisms to minimize its presence.  In this document, we would like 
to provide further information; however, as an introduction, we will include the previously provided section regarding 
carryover here:  
 
From Maximizing the Performance of Capillary Electrophoresis Systems, Forensic News, July 2010:  
(NOTE: this article has been slightly modified from the original to reflect the current understanding of carryover) 
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In contrast to crosstalk, which affects only adjacent capillaries within a single injection, carryover is 
defined as the physical transfer of DNA from one injection to the next. Therefore, carryover can affect 
both single and multi-capillary platforms and, unlike a crosstalk evaluation, the evaluation of carryover is 
performed by evaluating the subsequent injection of a single capillary for any sign of signal from a 
previous injection.  Some examples of possible explanations for carryover are as follows: 
 
Defective Septa 
Following sample injection, the capillaries are moved from the electrophoresis plate to the water 
container to rinse off any excess sample. Before they enter the water, the capillaries must pass through 
the septa covering the wash containers which are designed to squeeze liquid off the capillaries as they 
exit. It is possible, however, that the septa may remove liquid from the capillaries as they enter the wash 
container, depositing a minute amount of sample on the septa. During the following injection, the 
capillaries are rinsed once again, in this case to remove the high salt run buffer. After this wash step, the 
capillaries move to the new sample wells. If droplets from the previous sample were left on the water tray 
septa, the residue could be picked up by the tips when exiting the water tray and transferred into the next 
sample. 
 
Whether or not this signal is sufficient to manifest itself in the subsequent injection is dependent on 
factors such as: 

• The concentration of the DNA in the source well - excessive amounts of DNA in the source well 
could lead to a greater likelihood of DNA transfer 
• The effectiveness of the septa to perform as intended - defective septa may not remove liquid 
effectively from the tips of the capillaries, and this is one of the reasons why long-term usage of 
the septa is not recommended 
• The integrity of the tip of the capillary - chipped or cracked capillary tips may theoretically 
provide harbors for liquid to linger in during the wash step.  This is believed to be a relatively 
unlikely mode of action to cause carryover.  In addition, carryover caused by defective individual 
capillaries in an array would tend to result in repetitive carryover for that specific capillary rather 
than exhibition of the phenomenon across the array.  

 
Incomplete Filling of the Capillary/Capillary Array 
As part of each injection cycle, the polymer used during each injection is replaced with fresh polymer for 
the next injection. During this process, exhausted polymer containing electrophoresed PCR products is 
expelled into the waste container and replaced during a fill step, which pumps more than the minimum fill 
requirement of polymer through the capillaries. This process is designed to ensure that the contents of 
the capillary are completely replaced and that no PCR products remain in the capillary to be re-
electrophoresed with fresh PCR product. 
 
NOTE:   Residual fluorescently tagged amplified fragments that are not completely flushed out during the 
array filling step would be more likely to result in an undefined distribution of signal, or “smear”, in the 
subsequent injection rather than well defined peaks. 
 
The most common factors affecting filling of the capillary/capillary array are: 

• Incorrect installation of capillary/capillary array - insufficient tightening of the capillary 
ferule/array knob around the capillary/capillary array may lead to leaks during the fill process 
and insufficient polymer reaching the capillaries 
• Arcing in the lower polymer block - this may affect the integrity of the seal between the buffer 
pin valve and the buffer channels, leading to leaks and reduced array fill pressure 
• Exhausted polymer syringe - on 310 and 3100 platforms, natural wear and tear can lead to 
leaks around the syringe plunger, which affect the efficiency of the capillary/capillary array fill 
process 
• Alteration of capillary/capillary array fill parameters in the instrument run module - reducing 
the fill volume parameter may lead to incomplete replacement of the contents of each capillary 
following each injection 
• Instrument hardware failure - e.g., polymer pump on the 310 platform 
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Laboratories may test the occurrence of carryover in their system by injecting alternating source wells 
containing amplified STR fragment DNA followed in a subsequent injection by blank wells containing only 
formamide and size standard. The percentage of carryover may then be evaluated by calculating the 
relative peak heights of the fragments observed in the source wells and blank wells as described for the 
crosstalk calculations. It is important to remember, however, that evaluation of the level of carryover 
should always be assessed within the normal operational protocols of the laboratory (i.e., using 
extraction blanks, PCR negatives, samples, allelic ladders, etc.). Totally blank samples (e.g., formamide 
only with no size standard present) are not generally representative of the normal types of samples run 
within the laboratory and therefore do not provide an adequate benchmark to perform the carryover 
calculations. 
 
 
Minimizing the Occurrence of Carryover 
Significant amounts of carryover may be a symptom of an instrument hardware failure or the result of 
poor maintenance of the instrument platform. To minimize the occurrence of these events: 

• Monitor the scheduling of the annual planned maintenance service that is part of every Life 
Tech service contract, or call to schedule a stand-alone planned maintenance service on an 
annual basis 
• Replace plate/tube and reservoir septa at the recommended intervals to enable optimum 
function 
• Verify the capillary ferule/array knob is tightened correctly to create an effective seal between 
the polymer block and the capillaries 
• Clean up any buffer spills from around the lower polymer block and remove bubbles from 
polymer channels to prevent arcing in the lower polymer block 
• Replace polymer syringes according to the recommended schedule to prevent leaks 
• Utilize recommended run module parameters 

 
In general, when all components are functioning correctly the amount of carryover is extremely small. In 
most instances, this carryover occurs at levels below the background noise level of the instrument and 
therefore has a negligible impact on data interpretation.” 

 
Analysts performing HID analysis today are operating in a very different analytical environment compared to several 
years ago: 
 

 Introduction of improved polymer delivery systems on the 3100/3130 and 3500 Series Genetic Analyzers help to 
reduce polymer spikes.  In addition, the 3500 Series Genetic Analyzers contain redesigned buffering/rinsing 
systems and septa. 

 Significant improvements have been made to the line of AmpFℓSTR® products to minimize the presence of 
baseline amplification noise such as dye artifacts, making other forms of noise more visible. 

 Amplification efficiencies of the modern AmpFℓSTR® products often produce higher peak heights resulting in 
more concentrated amplified PCR samples. 

 Increased pressure by auditing bodies to encourage users to define Analytical Thresholds and understand the 
strengths and limitations of analytical systems have forced users to examine baselines more closely. 

 
 
 
PROPERLY ASSESSING CARRYOVER 
 
Some common mistakes that occur when trying to identify extraneous peaks in an electropherogram include 
erroneously attributing peaks to carryover and using improper techniques to assess the level of carryover.  Presented 
here is a suggested analytical method for assessing the true level of carryover on the system and guidelines for proper 
assessment. 
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For laboratories attempting to limit the level of carryover, here are some factors the laboratory should consider: 
 

1. Off-Scale (OS) Data - Confirm that any assessments of carryover are not based on Off-Scale parent profile data.  

When the level of DNA injected into the capillary is excessive, the CCD camera sends a signal to the Data 

Collection software which in turn triggers the OS flag in the GeneMapper® ID-X Software.  This is an indicator to 

the user that excessive signal exists and, in addition to cautioning the user during interpretation of the parent 

profile, signals to the user that an increased risk exists for carryover in subsequent injections. 

 

2. Re-Use of Septa - Use only new, fresh Applied Biosystems septa.  While no expiration date is indicated for this 

product, if the user is experiencing excessive carryover using new, but aged, septa (i.e. several years since 

manufacture), it may be advisable to replace the septa with recently manufactured product.  Also, follow the 

guidelines below for replacement of septa to help minimize carryover: 

a. Use a new, unused 96 well plate septa for each plate of samples 

b. Use new, unused reservoir septa.  Depending on the extent of use, the instrument model, and the 

amount of carryover exhibited, the user may choose to replace the reservoir septa with each run.  

However, for most general use, changing the reservoir septa when the buffer or rinsing reagents are 

replenished is usually sufficient. 

NOTE:  Re-use of septa, with or without washing or rinsing in between is highly discouraged.  Exposure of 

septa to detergents or other cleaning reagents, such as bleach, may damage the septa and reduce its ability to 

minimize carryover.  In addition, the use of these chemicals may increase the risk of the introduction of 

contaminants in the instrument leading to the loss of the ability of the system to properly resolve alleles.  

Some chemicals may break down the structural composition of the septa and reduce its integrity. 

 

3. Buffers - Changing buffers and/or rinse fluids every 24-48 hours (at a minimum weekly for the 3500 Genetic 

Analyzer only due to prepackaged consumables).  As a troubleshooting measure, if users are seeing carryover, 

they may try replacing buffers more often to see if it is reduces the incidence of carryover. 

 

4. Arrays - Monitoring data quality and signs of carryover as injection counts increase above and beyond the 

expiration of the array’s warranty period.    
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Controlled Experiment to Assess Carryover 
 
A suggested experiment to assess the extent of the carryover on a system is outlined below.  Here are some general 
notes before you begin the study: 
 
NOTE:  This section only provides suggestions for initial studies to estimate the baseline amount of carryover.  Additional 
studies may be suggested by Life Technologies Support personnel after this initial assessment. 
 

1. Replenish the system with new consumables (buffers, wash fluids, septa, arrays, etc) to obtain a baseline level 

for the analysis. 

 
2. Prepare a set of samples according to the plate map below, preferably utilizing a different sample in each well 

set to be able to distinguish the source of the carryover if it occurs.  Perform a preliminary analysis of the 

samples to verify that they will produce on scale data, or very minimal OS peaks (i.e. one OS homozygous allele 

is probably acceptable to assess the remaining profile).  Ideal peak heights for the assessment of carryover on 

the 3100/3130 Series Genetic Analyzers would be approximately 5000 RFU, and approximately 15,000 RFU for 

the 3500 Series Genetic Analyzers.  Severe OS data at multiple loci should be avoided as percent carryover 

cannot be measured and off scale data is discouraged. 

Example Carryover Test Plan for 3130xL Genetic Analyzer (2 instruments) 
 
NOTE:  Adjust plan accordingly depending on instrument type/capillary number and scope of the laboratory. 
 

1. Prepare DNA Samples:  If possible, select at least 3 different DNA samples so that any carryover observed in 
blanks can be attributed to previous injections.   

 
2. Prepare No Template Controls (NTCs):  Amplified product without DNA added. 

 
3. Prepare one plate with the following configuration for each instrument (replicate for the number of instruments 

under test): 
 

 
 
 
Considerations for running the plates on the instruments: 

 

 Run Module – inject the entire plate using Applied Biosystems’ recommended injection parameters for the specified 
instrument, then inject using the laboratory standard injection parameters. 
 

DNA 1:   
1 

A 
Samples 2 3 4 5 6 7 8 9 10 11 12 

B 
C 
D 
E 
F 
G 
H 

NTC 
AL 

DNA 2:   
DNA 3:   
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 Perform an initial injection of NTC wells (such as column 3 above) to obtain a baseline and to compare back to after 
the experiment is completed. 

 

 Following the initial injection of the entire plate for each module, reinject only the NTCs again to examine for residual 
secondary carryover (i.e. columns 3/4, 7/8, 11/12 in the example above). 

 

 If multiple instruments are involved, it may be useful to repeat the test by swapping the physical plates between the 
various instruments. 

 

 Depending on the results observed, logical variations may be added to subsequent tests: 
 

 Repeat the study changing the septa more often 
 

 Sample injections should always be followed by a NTC.  Do not “stack” injections containing DNA next to each 
other when trying to estimate carryover. 

 

 If multiple injection times are being evaluated, complete an entire study using one injection time before 
evaluating the next injection time with any samples. 

 
 
Data Analysis: 
 
Evaluate the NTCs for evidence of carryover peaks from previous injection by evaluating the analyzed data in 
GeneMapper® ID-X Software and dividing the carryover peak height by the parent peak height.  The parent peak cannot 
be off-scale in the raw data in order to perform the calculation.  
 
In the fictitious example provided below, carryover is detected from well B2 (       ) to well B4 (       ).  The percentage of 
carryover for the peak indicated is calculated as 278/2881 or 9.6%.   Calculate the percentage for all carryover observed 
and determine the average, maximum, and minimum carryover. 
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Figure 1.  Example of theoretical carryover from well B2 to B4 on subsequent injections 
 

 
 
 
 

 
 

 
 
  

DNA 1:   
1 

A 
Samples 2 3 4 5 6 7 8 9 10 11 12 

B 
C 
D 
E 
F 
G 
H 

NTC 
AL 

DNA 2:   
DNA 3:   

Parent Peak 
2881 RFU 

Carryover (9.6%) 
278 RFU 
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DISCUSSION AND SUMMARY 
 
We have described the most likely causes for excessive carryover in HID analysis on a CE system;inefficient removal of 
the DNA from the capillary tip by the septa/wash protocol  or faulty polymer delivery systems.   The latter, faulty 
polymer delivery systems, can often be quickly diagnosed and repaired by a visit from a Life Technologies Field Service 
Engineer (FSE) so we will focus this discussion on the other potential sources.    
 
NOTE: If the instrument had been upgraded from a previous model (i.e. from a 3100 to a 3130 Genetic Analyzer), it may be advisable 
to also request confirmation by a FSE that the polymer fill and capillary fill volumes for each module that the analyst uses are 
appropriate for the instrument model. 

 
Above, in the Forensic News article, we eluded to the fact that it is unlikely that carryover has ever been, or can be 
today, completely eliminated on a CE system on a molecular level.  The mechanism to remove aqueous amplified PCR 
product from the end of the capillary tip is a physical method using the duck bill septa opening and the 
washing/rinsing steps, and it is unlikely that this process is 100% effective in every instance.  The goal of the system is 
to keep the transfer to a minimum so that the amount of DNA carried over is at a very low or, ideally, an undetectable 
level. 
 
It is also probable that the average amount of carryover actually occurring at user sites has not significantly changed 
over recent years, however the ability to visualize carryover and detect it above the baseline noise in an 
electropherogram has increased due to the factors described.  In particular, the reduction of amplification artifacts 
and minimal overall baseline noise, as well as customer’s increase attention to Analytical Thresholds, may cause 
customers to see low levels of carryover in current systems. 
 
While ATs do vary from laboratory to laboratory, caseworking HID laboratories rarely use ATs below 50 RFU for the 
3130/3130xL Genetic Analyzers.  In addition, under controlled amplification conditions with quantitated DNA or 
optimized direct amplification procedures, laboratories can minimize the instances of over amplification of samples that 
can lead to a highly concentrated PCR product.  Therefore, if the parent peak is not Off-Scale (i.e. <~7,000 RFU on a 
3100/3130xL Genetic Analyzer), and the recommendations described in this document are followed, it is unlikely that 
the level of carryover will exceed ~0.7% (calculated as 50/7,000).  If laboratories are consistently seeing a higher level of 
carryover, we encourage these users to contact their local Life Technologies support representative. 
 
We recognize that forensic laboratories strive to drive the amount of carryover to an undetectable level.  Life 
Technologies is continuing to examine additional mechanisms to minimize the level of carryover observed by users in 
today’s HID analysis workflows. 
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