Forensic
Science

. - Forensic Science International .0 al
ELSEVIER S0 Soenoe Internation

D A

2

www.elsevier.com/locate/ forsciint

Alternative primers for DY S391 typing: advantages
of their application to forensic genetics

Leonor Gusmao™”®, Annabel Gonzélez-Neira®, Paula Sanchez-Diz®,
Maria Victoria Lareu™*, Antonio Amorim®®, Angel Carracedo®
“Institute of Legal Medicine, University of Santiago de Compostela, E-15705 Santiago de Compostela,
Galicia, Spain
°IPATIMUP, Instituto de Patologia e Imunologia Molecular, Universidade do Porto, Porto, Portugal
“Faculdade de Ciéncias, Universidade do Porto, Porto, Portugal

Received 17 December 1999; received in revised form 6 March 2000; accepted 9 March 2000

Abstract

The amplification of the STR DY S391, using the primers described in the Genome Data Base
(GDB: G00-365-251), shows not only an additional band to the Y-specific one in males with asize
range of 26 bp less than those of DY S391 locus aleles, but aso a polymorphic pattern in females
in the same size range as the additional band observed in males. The DY S391 pattern in families
reflects a Y-specific linked locus and also a polymorphic X locus with an X-linked pattern of
inheritance. A first screening in the X homologous locus allowed the identification of five different
aleles. Allele frequencies were explored in different population groups for both the Y locus and
the homologous locus in the X chromosome showing a similar alele distribution pattern in the X
and Y homologous loci. An alternative reverse primer was designed to amplify the Y-chromosome
specific STR in order to improve the specificity and applicability of this system to forensic
genetics. Comparative results of the amplification with the new and the previously described
primers proved that with this new primer there is a substantial increase in the specificity of the
amplification. Moreover, a smaller fragment is amplified with a size out of the range of the alleles
of the other Y-STRs usually used in forensic applications, therefore simplifying its inclusion in
multiplex systems. [0 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Although different kinds of polymorphism were described on the haploid male-
specific portion of the human Y chromosome, STRs proved, until now, to be the most
suitable markers in forensic genetics due to their diversity levels, relatively low mutation
rates and technical simplicity [1-5]. Since the number of Y-STRs is limited, the
presence of artefacts in the amplification does not necessarily imply discarding the use
of a particular STR in forensics, but we should be aware of possible problems in
interpretation. This is the case of DYS391 and DY S393 systems where additional
amplification products are present in males and can be typed in females [6,7].

In this work, DNA samples from both males and females were used to amplify the
STR DY S391 using the primers described in the Genome Data Base. Segregation studies
were performed in paternity cases.

To ascertain the possible homology between the two loci (DYS391 and its X
chromosome counterpart) these two STRs were analyzed in male and female samples
from the three major human population groups (Caucasians, Africans and Asians).

The major application of the Y chromosome STRs in forensics is the detection of the
male component in male—female mixtures. In this context, it is crucial to assure that Y
STRs are really Y-specific and that female DNA is not co-amplified. For this reason,
sequence analysis was carried out in both the DY S391 locus and in its X chromosome
counterpart and new, aternative Y-specific primers were designed.

2. Material and methods
2.1. DNA samples

Population samples (n=31-132) were obtained from healthy unrelated individuals
from three population groups, Caucasians (Northern Portugal), Asians (Macao) and
Africans (Mozambique).

Genomic DNA was extracted as described by Valverde et al. [8]. The quantification
was performed using fluorescence detection with DyNAQuant 200 (APB, Uppsala,
Sweden).

Previously extracted and quantified DNA samples were used to prepare the male/
female mixtures. The samples were diluted in order to obtain a DNA concentration of 5
ng/ ! and then used to prepare the mixtures. From the whole final mixture (1:1-1:80), 2
wl were used in a 25-pl PCR reaction volume to amplify DY S391.

2.2. Amplification conditions

PCR amplification was performed using 5 ng of genomic DNA in a 25-ul reaction
volume comprising 1.5 mM MgCl,, 1 U Tagq DNA polymerase, 200 mM of each dNTPs
and 0.25 uM of each primer (Table 1). After a 95°C pre-incubation step for 2 min; 30
cycles: 94°C denaturation for 2 min, annealing at 55°C for 1 min and extension at 72°C
for 1 min; then finally a 10-min extension at 65°C, in a Perkin-Elmer thermocycler.
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Table 1
DY S391 primer sequences used in this work

Set 1 (in GDB)
Forward 5'-CTATTCATTCAATCATACACCCA-3'
Reverse 5'-GATTCTTTGTGGTGGGTCTG-3

Set 2
Forward 5'-CTATTCATTCAATCATACACCCA-3’
Reverse 5'-CTGGGAATAAAATCTCCCTGGTTGC'-3

Set 3
Forward 5'-CTATTCATTCAATCATACACCCA-3’
Reverse 5'-CTGGGAATAAAATCTCCCTGGTTGCAAG'-3

2.3. Detection system

Fragment size determination of the PCR amplified products was performed using an
ABI 377 automatic sequencer (Perkin-Elmer). After the amplification, 1 pl of the PCR
products was combined with the lane size standard TAMRAS00, denaturated and |oaded
onto a 4.25% polyacrylamide denaturing gel. Genotyping was performed using the
Genescan 2.1 Analysis software, with an allelic ladder obtained by the mixture of
previously sequenced samples for the most common alleles. Allele nomenclature was
made according to Kayser et a. [5].

2.4. Sequencing conditions

For sequence analysis, PCR amplified fragments were separated by electrophoresis,
eluted from acrylamide gels according to the method described by Gusmao et a. [9],
reamplified and purified with Microspin S-300 HR columns (Pharmacia). A dideoxy
cycling sequencing reaction was carried out using ABI Rhodamine Dye terminator kit
(PE). The products were purified by ethanol precipitation and run in a 6% denaturing gel
on an ABI 377 sequencer. The results were analysed automatically using the Data
Collection Software 377-18.

A total of 30 fragments from all the alelic classes found in our population study were
sequenced in both the X and Y homologous laoci..

3. Results and discussion
3.1. Population data and segregation analysis

Population data is shown in Table 2.

The three populations studied were found to be polymorphic for both X and
Y-chromosome loci and in all of them the allele 10 was found to be the most frequent. A
higher variation was found for Y-STR allele frequencies between different population
groups than for the X-STR. The observed genotype distributions in female samples were
in accordance with Hardy—Weinberg expectations.
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Table 2
DY S391 and its X homologue alele frequencies

Allele  Population

North Portugal Mozambique Macau

FemaeX MadeX Y FemaeX MaeX Y FemaeX MaeX Y
7 0.00 0.00 0.00 0.00 0.00 0.00 9.38 0.00 0.00
8 7.14 7.59 0.00 4.55 8.24 0.00 0.00 0.00 0.00
9 2.38 5.06 5.34 4.55 5.88 235 6.25 6.98 4.69
10 66.7 63.3 52.7 65.90 64.70 8240 65.60 76.70 67.20
11 23.8 24.1 41.2 25.00 20.00 1530 15.60 16.30 26.60
12 0.00 0.00 0.00 0.00 1.18 0.00 3.12 0.00 1.56
13 0.00 0.00 0.76 0.00 0.00 0.00 0.00 0.00 0.00
n 42 79 131 a4 85 85 32 43 64

The segregation results obtained in the study of father—mother—child trios (obtained
from paternity cases with W values over 99.999%) were in accordance with what is
expected for an X-linked way of inheritance.

3.2, Sequencing results

It is well known that human sex chromosomes have evolved from an ordinary pair of
autosomes and the modern X—Y gene pairs are the remaining ‘fossilS where extensive
sequence identity between ancestral X and Y chromosome once existed [10].

The results obtained for the sequenced X and Y chromosome amplified fragments are
those shown in Table 3.

For DY S391, identical sequences were observed in all the sequenced alleles except for
the variable number of TCTA repeats and a base subgtitution (C/G) at position 87
upstream of the tandem repeat detected on the Y chromosome. For the X homologous
locus only, a variation in the number of TCTA repeats was observed..

From these results and from the population data it may be concluded that both
sequences in X and Y-chromosomes derived from the same homologous sequence where
insertion/deletion and mutation events occurred during the evolution.

3.3 Amplification with primer set 1

When using the previously described primers to amplify DY S391 (set 1) unspecific
amplification occurred out of the range of the alleles for this locus. This unspecific
amplification was not responsible for a mistype of the real alleles of this system.
However, when male—female mixtures are typed, it is responsible for decreasing the
amplification efficiency of the Y-specific alleles in favour of the unspecific amplification.
When increasing the female component in the mixture, the amplification of the Y alleles
below a certain concentration ratio is not efficient due to the preferential amplification of
the major component (X aleles). For this reason, based on the results obtained by
sequence analysis of both amplified products a new reverse primer was designed.
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Table 3
Sequence results

Fwd primer-TA(TCTG) 3 (TCTA) h,TCTG (CCTA) TCTGCCTG (CCTA) oTCCCTCTATGGCAATTG
TA (TCTA) nTCTG (CCTA) 2 CCTG TCTATGGCAGTTG

CTTGCAACCAGGGAGATTTTATTCCCAGGAGATATTTGGCTATGTCTGACAACAATTTTTT TGGTTGTCACAAATGGG
TTTACAACCAAGGAGATTTTATTCCAAGGAGATATTTGGCTATGTCTGGCAACA TTTTTTTGGTTGTCACARATGGG

ATGAATGTTACTGGCATCTGGTGGGTGGAGCCCAGAGATGCTGCTCARCACCCTACAGTGCACAAGA-Rev primer
ATGAATGTTACTGGCATCTGGTGGGTGGAGCCCGGAGATGCTGCTCAACACCCTACAGTGCACAGGA

Sequence of the 146 bp fragment amplified with the primer set 2. The annealing regions of the forward and
reverse primers are underlined.

5' - CTATTCATTCAATCATACACCCAGTATACAAAGATTAGAAAGCCAGGTAATAGCAAGTTCTGG
AGAAGATTCCAGGAAACAGGCTCATTCATTCACTGCTGGAGCGCAGCCATTCTGGAGAGCAACC
AGGGAGATTTTATTCCCAG - 3'

Sequence results of the larger fragment amplified with the primer set 2. This data corresponds to the sequence of
a female DNA sample typed with 10 repeats when amplified with primer set 1. The annealing regions of the
forward and reverse primers are underlined. The annealing region of the previously described reversed primer is

underlined and in italic; in bold is marked the A—G transition differentiating Y and X chromosome.

5' - CTATTCAATCATACACCCATA(TCTA)1cTCTGCCTACCTACCTGTCTATGGCAGTTGTTTACAAC
CAAGGAGATTTTATTCCAAGGAGATATTTGGCTATGTCTGGCAACATTTTTTTGGTTGTCACAAAT
GGGATGAATGTTACTGGCATCTGGTGGGTGGAGCCCGGAGATGCTGCTCAACACCCTACAGTGC
ACAGGACAGACCCACCACAGAGAATCCTCCATCCAGCCTTAAATGTCCCTAGTACTGAATCCAAG
AAACCCTATCTTAGTATGAAAATGTTGGTCTATCTATATACCTGCTTATCCATCCATCCATGTCTAT
CTACCTAACCTATCCATCCATTCATTCTTATCTCTTACGTATCCATCTATTCATCCATCCATCCATC
TATCCATCCATTTATCCATCCGTATCTATCTGTCTATCTGTCCATGTCTATCTACCTAACCTATCCA
TCCATTCATTCTTATCTCTTACGTATCCATCTATTCATCCATCCATCCATCTATCCATCCATTTATC
CATCCGTATCTATCTGTCTATCTGTCTGTCTACTCATCTATCTAGCTAGCTAGCTATGGCAGTTGT
TTGCAACC AGGGAGATTTTATTCCCAG - 3'

34. Amplification with primer set 2

The design of a new set of primers was undertaken in order to increase as much as
possible the number of mismatches with the sequence of the non-Y-specific fragments.

To alow the inclusion of this STR in multiplexes, the primer was also designed
bearing in mind the size range of the alleles in other Y-STRs. The fragments amplified
with primer set 2 were in a size range between 136 and 156 bp and could be multiplexed
with the Y-STRs more commonly used in forensics.

Using the primer set 2 it was possible to observe an inhibition of the amplification of
the X-STR previously sequenced. However, with this primer set, two PCR fragments
were amplified in addition to the DY S391 aleles:

1. A 146-bp fragment that overlaps with the alele 10 of DY S391 was amplified, both in
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male and female samples. Segquence analysis was undertaken and the results are
shown in Table 3

2. Larger alleles were amplified in a range of 642—692 bp. These fragments amplify in
male as well as female samples and reflect the number of repeats in both X and
Y-chromosome STRs previously detected by the primer set 1. From the sequence
results it was possible to conclude that using these primers two fragments are
amplified, since the annealing site of the reverse primer has been duplicated (Table
3). In male DNA samples, two different size PCR fragments are produced (the larger
one comprising the smaller, and both fragments including the DY S391 STR locus). In
the amplification of female DNA samples, since this new primer was designed to
prevent amplification of the smaller fragment, amplification only occurs in the size
range of 642—662 bp. Furthermore, sequence data also provided evidence for the
differential amplification efficiency between X and Y chromosome amplified frag-
ments: the transition A/G inside the annealing region of the set 1 reverse primer
(Table 3).

3.5. Amplification with primer set 3

To avoid the amplification of the two additional fragments obtained in the amplifica-
tion when using the primer set 2, a third reverse primer was designed by the addition of
3 bp on the 3" extreme of the primer set 2. The addition of these three base pairs was
made in order to create a mismatch in the 3’ end of the primer, with all the sequences
except the one that corresponds to the DY S391 specific alleles (Table 3).

It was observed that the yield of PCR amplification product was greatly increased
when the primer set 3 was used.

3.6. Forensic applications

To check the efficiency of the newly designed reverse primer, comparative studies of
the amplification with primer sets 1 and 3 were undertaken. Primer set 2 was not used
for this comparison, since this primer was not useful for forensic purposes.

To test the improvement of the Y-specificity with the new reverse primer, a
comparative study of the amplification using male and female samples was undertaken.
From the results (Fig. 1) it can be concluded that with primer set 3 there is no
amplification of the X-chromosome locus. These two primer sets were also used to
obtain comparative results of the amplification of different mixtures of male and female
DNA (the results are shown in Fig. 2). Using the primer set 1, the amplification of the
Y-specific locus starts to fail in mixtures where the male component is less than 1 to 40.
On the other hand with primer set 3 we still have amplification in male—female mixtures
of 1 to 80.

We have obtained good results in degraded samples (including bones) in which the
first set of primers failed to amplify the DY S391 locus. Short STRs and amelogenin still
produced reliable results in some of these cases. In al cases the new primer set 3 gave
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Fig. 1. DY S391 amplification in males (samples 1-3) and females (samples 4-6) using the primer set 1 (A)
and primer set 3 (B).
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good results and a reliable DY S391 typing was made, proving the better efficiency of
this new set of primers over primer set 1.

In conclusion, when compared to the origina primer set, the new reverse primer
designed to amplify DYS391 (primer set 3) shows a greater suitability for forensic
casework since it achieves (i) a higher Y-specificity and (ii) a reduction of the size of the
PCR fragment. It also has the advantage that it can easily be included in multiplexes to
be detected either in mono or polychromatic platforms, because the amplified fragments
do not overlap in size with the other STRs often used in forensic routine.
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2. DYS391 amplification in male—female mixtures at different proportions: male—female 1:5 (1), 1:10

(2), 1:20 (3), 1:40 (4) and 1:80 (5). Results with primer set 1 (A) and primer set 3 (B).
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