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Abstract
Stutter peaks are artefacts that arise during
PCR amplification of short tandem repeats.
Stutter peaks are especially important in foren-
sic case work when DNA mixtures are ac-
counted. To analyse mixtures properly, good
estimates of stutter rates must be available.

Aim of study
The aim of the study was (1) to estimate the
stutter rates of the AmpFlSTR Yfiler kit, (2) to
investigate whether stutter rates differ at the al-
lelic level, and (3) to investigate the influence of
the parental peak height on the stutter rate.

Data
Two 1.2 mm punches of FTA® cards with
buccal samples from each of 360 persons
were amplified in 10 µl reaction volume with
AmpFlSTR® Yfiler® kit with 27 cycles. PCR
products were separated on an AB3130xl Ge-
netic Analyzer and fragments analysed using
GeneScan 3.7 and Genotyper 3.7 with a 5 RFU
threshold. For each sample, the highest peak
at each locus was taken as the parental peak
if the height was between 50 and 7, 000 RFU.
The heights of the parental and −1 repeat stut-
ter peaks were further analysed.

Model
We estimated the stutter rates using weighted
linear regression with intercept to allow for
stutter rates varying with the parent peak
height. The inverse peak heights were used
as weights to incorporate that the variance in-
creases with the signal strength. We estimated
the stutter rate at the allelic level. Thus, for each
locus and allele, the structure of the model is

si = αpi + β, (1)

where si is the height of the i’th stutter peak
and pi the height of the corresponding parental
peak. This gives regression coefficients, α and
β, for each locus and allele. These have impact
on the stutter rate, sipi .

Multiple regression model
In order to make an overall model per locus,
i.e. taking all alleles into account, a weighted
multiple linear regression model with intercept
was made. This model has the form

si = β0 + β1ai + β2pi + β3aipi (2)

with the same notation as earlier with the addi-
tion that ai is the allele. This gives regression
coefficients, β0, β1, β2, β3, for each locus and al-
lele, which both have impact on the stutter rate,
si
pi

. Note, that the stutter rate has the form

si
pi

=
β0
pi

+ β1
ai
pi

+ β2 + β3ai (3)

= p−1
i (β0 + β1ai) + β2 + β3ai. (4)

Intercept interpretation
From (1), it follows that sipi = α+ β

pi
that results

in the following interpretation when assuming
α > 0 and pi > 1: For a positive intercept, the
stutter rate decreases when pi increases.
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StutterRate as a function of intercept (DYS448 for allele 21)

The maximum intercept β0 + β1ai was 12.99 on DYS448 allele 21
ParentPeakHeight
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Intercept = 12.99
Kazam = 4.96%

Multiple regression plot
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StutterPeakHeight = −3.515 + 0.498*Allele − 0.077*ParentPeakHeight + 0.01*Allele*ParentPeakHeight
ParentPeakHeight
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Allele 12
Allele 13
Allele 14
Kazam = 11.79%

Multiple regression of DYS389I
Stutter height and rate predictions for DYS389I
by allele and parental heights using weighted
multiple linear regression. Kazam refers to Ap-
plied Biosystems’ recommended stutter filter.

Parental peak height
Allele 50 500 2000
12 2.8 23.6 93.2

5.5 % 4.7 % 4.7 %
13 4.5 29.7 113.8

9.0 % 5.9 % 5.7 %
14 6.2 35.8 134.3

12.5 % 7.2 % 6.7 %
Kazam 5.9 59.0 235.8

11.79 % 11.79 % 11.79 %

Stutter groupings
DYS635 yielded a poor fit, especially for allele
23, where two groups of stutter rates were iden-
tified. Sequencing of 14 samples using BigDye
Termination v1.1 Cycle Sequencing Kit showed
that 9 samples had sequences with longest un-
interrupted stretch (LUS) of 9 repetitive units
and 5 samples had sequences with LUS equal to
13 repetitive units. The sequence variants were
in accordance with the previously published se-
quences of DYS635 [1]. All samples with LUS
13 were in the group with high stutter rates and
all samples with LUS 9 were in the group with
lower stutter rates.

Stutter groupings plot
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Stutter for DYS635 = 23

Fit was based on 360 observations.
Allele height
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y = 0.045x + 9.83
% stutter = 4.493 (p = 0%)
intercept = 9.83 (p = 0%)
SD = 0.105
95% confidence interval = [4.286% ; 4.7%]
Adj. R^2 =  0.836

Results
1. Stutter rates differ at the allelic level, hence

one stutter rate per locus is not optimal
(stutter rates seem to increase with the num-
ber of repeats)

2. Applied Biosystems’ recommended stutter
filter rates, in general, seem to be rather
high, which can cause problems when
analysing DNA mixtures

3. Intercepts need to be included in the model

4. A weighted multiple linear regression
model allowed us to predict stutter heights
at almost all loci using allele and parental
peak heights as explanatory variables

5. Intra-allelic differences in stutter rates exist,
especially among DYS635 alleles that have
complex structures with several repetitive
sequences of varying lengths together with
intervening sequences
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