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Selected profiles typed at the Promega PowerPlex® 21 (PP21) loci 

were examined to determine if a linear or exponential model best 

described the relationship between peak height and molecular weight.  

There were fewer large departures from observed and expected peak 

heights using the exponential model.  The larger differences that were 

observed were exclusively at the high molecular weight loci.  We 

conclude that the data supports the use of an exponential curve to 

model peak heights versus molecular weight in PP21 profiles.  We 

believe this observation will improve our ability to model expected 

peak heights for use in DNA interpretation software. 
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Introduction 

In the interpretation of forensic DNA evidence a sample associated with a crime is compared 
with genotype information from one or more persons.  Typically the samples will be 
amplified using commercially manufactured short tandem repeat (STR) multiplexes that 
analyse many loci simultaneously, with subsequent PCR product generated on a capillary 
electrophoresis instrument. The resulting DNA profile is an electropherogram (epg).  The 
heights (or areas) of the peaks within the epg are approximately proportional to the amount 
of undegraded template DNA [1-4].  However this relationship is affected by a number of 

systematic factors.  Notable amongst these factors is the molecular weight ( am ) of allele, a.   

A typical epg has a downward trend with increasing molecular weight.  This is variously 
described as the degradation slope or the ‘ski slope’ [5-7].  The term degradation slope 
alludes to a suggested cause, degradation of the DNA.  There are many chemical, physical 
and biological insults which are believed to contribute to DNA degradation or inhibition of 
a profile.  Environmental factors such as humidity [8], bacteria [7] or other forces such as 
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ultraviolet light breakdown the DNA destroying some fraction of the initial template [9].  
Although the cause of slope may not be known, we will refer to this ski slope effect as 
degradation to comport with common usage.   

The modelling of expected peak heights is important in the interpretation of forensic 
mixtures. The authors have previously described a series of models that can be used to 
calculate expected values for allele and stutter peak heights, and their ratio, SR [10].  Known 
shortcomings of the binary model [11, 12] have led to the development of new and 
improved models that factor in the probability of dropout [13-16].  Subsequently, fully 
continuous interpretation models have been developed [17, 18].  These models take the 
quantitative information from the electropherogram (for example peak heights) and use 
them to calculate the probability of the peak heights given all the possible genotype 
combinations for the individual contributors.  This approach removes some of the criticism 
regarding subjectivity [19, 20] in profile analysis and attempt to ensure consistency in DNA 
interpretation and reporting across different laboratories.   

It is important to understand how degradation affects these models. The simplest model is 
linear. That is, the expected peak height declines constantly with respect to molecular 
weight.  This can be demonstrated crudely by taking a paper epg and drawing a downward 
sloping straight line across the apex of the heterozygote peaks from the lowest molecular 
weight locus to the highest molecular weight locus.  A linear model has previously been 
suggested by the current authors [10].  Tvedebrink et al [21] have proposed an exponential 
relationship in relation to models for allelic dropout. 

If the breakdown of the DNA strand was random with respect to location, then we would 

expect that the observed height of peak a, aO , would be exponentially related to molecular 

weight.  In this work we investigate linear and exponential equations for modelling 
degradation within single source Promega PowerPlex® 21 profiles. 

Methods 

We analysed data from all Australian state and territory laboratories generated using the 
Promega PowerPlex® 21 multiplex as part of a large data analysis project to implement a 
continuous model of DNA interpretation in Australasia.   

Single source PowerPlex® 21 (Promega Corporation, Madison WI) DNA profiles were 
submitted for analysis from eight laboratories either as previously analysed outputs or as 
raw, unanalysed data files.  All raw data was analysed using Applied Biosystems’ 
GeneMapper™ ID v 3.2.1 with an analysis threshold of 30 relative fluorescent units (rfu).  
Previously analysed data sets provided by the laboratories were analysed with a maximum 
analysis threshold of 30 rfu, with some examples at thresholds below this.  All profiles were 
amplified at 30 cycles (as per the manufacturer’s recommendations).  Amplified products 
from two laboratories were separated using Applied Biosystem’s 3500 capillary 
electrophoresis instruments with the remaining laboratories using Applied Biosystem’s 
3130 instruments.   

A total of 1,295 profiles were available from single source samples prepared at optimal 
conditions from pristine DNA.  These profiles demonstrated a range of degradation slopes 
despite being pristine DNA at optimal amplification conditions.  Fifty of the most degraded 
profiles were selected by taking those with the biggest difference in the ratio of the peak 
heights at Penta D (a high molecular weight locus) to D16S539 (a low molecular weight 
locus).  These represent some of the profiles with the steepest downward slopes, and thus 
would be described as degraded using common terminology, whether caused by 
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degradation or other phenomena such as inhibition.  As such these profiles are more likely 
to provide the desired information on the nature of the relationship between peak height 
and molecular weight.  

One consequence of a linear model is that there exists the possibility that predicted peak 
heights are negative.  This is unreasonable.  To avoid this possibility the linear function was 

modified as shown in equation 1.  We write the expected peak height as aE . 

𝐸𝑎
′ = {

𝐸𝑎,   𝐸𝑎  ≥ 𝑍
2⁄

𝑍
2⁄ ,    𝐸𝑎 < 𝑍

2⁄
    (1) 

where Z is the analytical threshold.   

The models of interest are linear, 

𝐸𝑎
′ = max (

𝑍

2
, 𝑡 + 𝑑 × 𝑚𝑎) (2) 

and exponential 

𝐸𝑎
′ = 𝑡 × 𝑒𝑑×𝑚𝑎 (3) 

Where:  

t  is the intercept of the line or the constant of proportionality for expected height vs. 
molecular weight  

d  is the slope of the line or exponent for expected height vs. molecular weight  

The values for t and d for each model were determined using maximum likelihood 
estimation in MS Excel.  The exponential and linear models(equations 2 and 3) were then 
fitted for each profile by least squares in MS Excel.   

Results and conclusions 

In Figure 1 we show a plot of log(
𝑂𝑎

𝐸𝑎
′ ) versus molecular weight in base pairs using the 

exponential and modified linear models.  We can see that more extreme positive departures 
from expectation occur at the high molecular weight end, approximately 350bp and above, 
and extreme negative departures occur in the mid-zone. This is expected if we force a 
straight line on an exponential curve.  The exponential fit reduces the number of these types 
of departure.  The R2 values are 0.82 and 0.86 for linear and exponential, respectively.  We 
conclude that this evidence supports the use of an exponential curve to model peak heights 
versus molecular weight in PowerPlex® 21 profiles.   
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Figure 1.  A plot of log(
𝑂𝑎

𝐸𝑎
′ ) versus ma in base pairs using the exponential and linear fitting 
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