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Abstract

We present the optimisation of two Y-STR multiplexes for forensic casework applications

especially for the analysis of mixtures of male and female DNA. The procedure involved: (1) a new

design of the PCR primers for the loci DYS389, DYS390 and DYS391 in order to improve the PCR

efficiency and to reduce the length of the amplification products, and (2) the addition of PCR

Enhancer to the reaction mix, increasing the specificity of the method.

D 2003 Elsevier Science B.V. All rights reserved.

Keywords: Y-STRs; DNA mixtures; PCR Enhancer; Forensic casework

1. Introduction

STR analysis of DNA mixtures is a challenging task in forensic casework. Mixtures of

semen and epithelial cells, for example, are frequent and their identification by the use of

autosomal STRs is not always successful, especially when the amount of semen is small

compared to the amount of the victim’s cells. As a rule of thumb, autosomal STRs only

allow for the detection of minor components in a mixture of more than 5% of the total. The

application of Y-STRs facilitates the detection of smaller amounts of male DNA in

mixtures with female DNA. However, amplification of Y-STRs in mixtures containing

large amounts of female DNA is also known to result in artefacts which decrease the

sensitivity of the PCR and make the interpretation of the resulting profile difficult or even

impossible. The Y-STR locus DYS385 is prone to produce high background noise,

especially in multiplex reactions when female DNA is present in excess.
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In the current study, we present the optimisation of two Y-STR multiplexes including

eight Y-STR loci, which are all included as population data in the Y-STR Reference

Haplotype Database [1]. The new reaction design improved the specificity and sensitivity

of the method, primarily by introducing new primers and a PCR Enhancer.

2. Material and methods

DNA samples from a previous study [2], as well as artificial mixtures of male and

female control DNA, were used. Eight Y-STR loci were amplified by two PCR multiplex

reactions: multiplex 1 includes the loci DYS19, DYS385, DYS392 and DYS393; multi-

plex 2 includes DYS389 I and II, DYS390, DYS391 and DYS385. For both multiplexes

the total reaction volume was 25 Al including 1� PCR buffer II, 2 mM MgCl2, 200 AM
each dNTP, 2 U Amplitaq Gold polymerase (AB, Foster City, CA) and 0.5 AM each primer

of DYS19, 0.1 AM each primer of DYS385, 0.5 AM DYS392 and 0.15 AM DYS393

(primer sequences according to Ref. [3]). Primer concentrations for multiplex 2 were 0.2

AM DYS385 (short version) [4], 0.2 AM DYS389 (F: 5- HEX-CCAACTCTCATCTG

Table 1

Reliability of allele sizing: allele sizes of the Y-STR loci DYS390, DYS391, DYS389I and DYS389II amplified

with the new primers (only frequent alleles are shown)

Y-STR allele Allele size (bp) S.D. n

Average Min Max Range

DYS 390-22 164.41 164.27 164.67 0.40 0.12 15

DYS 390-23 168.47 168.25 168.93 0.68 0.16 26

DYS 390-24 172.50 172.26 173.05 0.79 0.15 49

DYS 390-25 176.54 176.31 176.88 0.57 0.15 18

DYS 391-10 115.66 115.49 115.95 0.46 0.12 27

DYS 391-11 119.66 119.54 119.80 0.26 0.07 12

DYS 389I-12 151.11 150.97 151.21 0.24 0.07 17

DYS 389I-13 155.22 155.07 155.43 0.36 0.10 29

DYS 389II-28 268.81 268.66 268.99 0.33 0.11 12

DYS 389II-29 272.89 272.65 273.40 0.75 0.16 22

DYS 389II-30 276.94 276.67 277.24 0.57 0.13 27

The amplicon lengths were determined with an ABI Prism 3700 DNA analyzer using GENESCAN-400 HD as

internal lane size standard.

Table 2

Stutter values of the Y-STR loci amplified with the new primers

Y-STR Average stutter

Percentagea n

DYS 390 10.7 112

DYS 391 7.2 39

DYS 389I 6.5 53

DYS 389II 15.3 71

a Average stutter percentage was determined as percentage of the � 4-bp stutter peak height compared to the

peak height of the main allele.
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TATTATCT-3; R: 5-ATCCCTGAGTAGCAGAAGAATGTC-3), 0.4 AM DYS390 (F: 5-

FAM-CCTGCATTTTGGTACCCCAT-3; R: 5-GCAATGTGTATACTCAGAAA-

CAAGGA-3) and 0.2 AM DYS391 (F: 5-FAM-CTATTCATTCAATCATACACCCA-3;

R: 5-CAATTGCCATAGAGGGATAGGT-3). PCR Enhancer (Life Technologies, Gibco

BRL) (0.75� ) was added to each master mix.

Fig. 1. Y-STR profile of a male/female DNA mixture (1:20) using multiplex 1 without PCR Enhancer (a) and with

the addition of 0.75� PCR Enhancer (b). (a) Arrows indicate artifact peaks due to the excess of female DNA in

the mixture. Correct allele designation is almost impossible. (b) The addition of PCR Enhancer significantly

reduced the formation of the artefact peaks, increasing specificity and, therefore, sensitivity of the method.
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The Y-STRs were amplified using a Perkin-Elmer GeneAmp PCR System 9600

comprising 95 jC for 11 min, followed by 30 cycles at 94 jC for 1 min, 59 jC for 1

min (55 jC for multiplex 2) and 72 jC for 1 min. A final extension was conducted at 60

jC for 45 min. Y-STR amplification products were subjected to electrophoresis on an ABI

PRISM 310 Genetic Analyzer and 3700 DNA Sequencer using default settings.

3. Results and discussion

In comparison to the PCR products obtained with traditional primer (as listed in Ref.

[3]), the use of the new primers reduced amplicon length significantly. The reduction

amounted to 41, 165 and 96 bp for the Y-STR loci DYS390, DYS391 and DYS389I and

II, respectively. Furthermore, primer redesign increased the sensitivity of multiplex 2 from

750 pg (as reported in Ref. [5]) to 200 pg male DNA.

In the course of the validation of the new primers we measured various sets of precision

data including the reproducibility of allele sizing and stutter peak heights. For this purpose

DNA from 224 blood samples from father/son pairs was amplified with multiplex 2 and

analyzed on an ABI 3700. Table 1 shows precision data of fragment length calculation of

amplicons generated by the new primers. Precision data were in the expected range for

STR analysis. Table 2 depicts the peak heights of stutter bands as percentage of the main

allele pooled over all alleles of the Y-STR locus. The values for DYS391 and DYS389I are

well below 10%, whereas for DYS390 and especially for DYS389II elevated stutter height

was observed. This is an important observation for the interpretation of mixtures, as minor

components may be masked by stutters in mixtures of stains from different male

individuals, whereas male/female mixtures need not be affected.

The amplification of male/female DNA mixtures using an assay without PCR Enhancer

resulted in clearly visible artefact peaks (Fig. 1a) due to the excess of female DNA. A

number of these artefacts were located well outside the range of the STR categories.

However, some of the artefact peaks fell into the allele categories of DYS385 and

DYS392, rendering reliable allele identification impossible. The addition of the PCR

Enhancer resulted in a significant decrease of artefact peaks both inside and outside the

allele categories (Fig. 1b), which makes correct allele interpretation feasible and increases

the sensitivity of the method by heightening the specificity of the reaction.
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