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ABSTRACT: Depending upon specific situations, some victims of sexual assault provide vaginal samples more than 3648 h after the incident.
We have tested the ability of commercial and in-house Y-STR systems to provide DNA profiles from extended interval (=3 days) postcoital sarnng)les.
The commercial Y-STR systems tested included the AmpF/STR® Yfiler™ (Applied Biosystems), PowerPlex® Y (Promega) and Y-PLEX™ 12
(Reliagene) products whereas the in-house systems comprised Multiplex I (MPI) and Multiplex B (MPB). Three donor couples were recruited for the
study. Postcoital cervicovaginal swabs (x2) were recovered by each of the three females at specified intervals after sexual intercourse (3—7 days).
Each time point sample was collected after a separate act of sexual intercourse and was preceded by a 7-day abstention period. As a negative control,
a precoital swab was also recovered prior to coitus for each sampling and only data from postcoital samples that demonstrated a lack of male DNA
in the associated precoital sample was used. A number of DNA profile enhancement strategies were employed including sampling by cervical brush-
ing, nondifferential DNA extraction methodology, and post-PCR purification. Full Y-STR profiles from cervicovaginal samples recovered 3—4 days
after intercourse were routinely obtained. Profiles were also obtainable 5-6 days postcoitus although by this stage partial profiles rather than full pro-
files were a more likely outcome. The DNA profiles from the sperm fraction of a differential lysis were superior to that obtained when a nondifferen-
tial method was employed in that the allelic signal intensities were generally higher and more balanced and exhibited less baseline noise. The
incorporation of a simple post-PCR purification process significantly increased the ability to obtain Y-STR profiles, particularly from 5- to 6-day
postcoital samples. Remarkably an 8 locus Y-STR profile was obtained from a 7-day postcoital sample, which is approaching the reported time limit
for sperm detection in the cervix.
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Depending upon specific situations, some victims of sexual
assault provide vaginal samples more than 3648 h after the inci-
dent. In these cases, the ability to obtain an autosomal STR profile
of the semen donor from the living victim diminishes rapidly as
the postcoital interval is extended (1). Although it may be possible,
though unlikely in most instances, to obtain an autosomal STR
profile of the semen donor from vaginal samples taken 24-36 h
after intercourse, it is normally not possible to do so when the
postcoital interval exceeds 48 h (1). However, for many of these
cases, the failure to detect the genetic signature of the male donor
is not due to the absence of male cells. Classical forensic serology
studies have shown consistently that spermatozoa, albeit few in
number, persist in the vaginal canal 3 days after intercourse and
even longer (2-6). Moreover the reproductive biology literature is
replete with reports demonstrating the presence of several sperma-
tozoa in the human cervix up 7-10 days postcoitus, which is con-
sistent with the concept of the cervix as a sperm repository prior
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to fertilization (4,7-10). The question thus arises as to why the
sensitive methods of forensic DNA analysis routinely fail to detect
these male cells.

The reasons for the inability to detect the genetic profile of the
male donor in extended interval postcoital vaginal samples can be
attributed to a combination of sperm loss or lysis and the techno-
logical limitations of the DNA typing systems employed (1). Sperm
loss after intercourse is due to vaginal lavage and drainage, men-
struation, and the normal intra-cervicovaginal sperm degradative
changes that occur over time. As a result of the latter process the
few remaining sperm are expected to be in a structurally fragile
state due to a somewhat damaged outer membrane. Loss can also
occur during the multiple manipulations required of the differential
lysis process used to separate the sperm from the nonsperm DNA
fractions within the laboratory. The overwhelming majority of the
DNA components in the nonsperm fraction comprise that from the
vaginal epithelial cells from the victim. In addition to sperm loss,
premature lysis of the few remaining fragile sperm during the dif-
ferential extraction process will result in male DNA becoming
admixed with female DNA.

The technological impediments to typing success with extended
interval postcoital samples pertain to the low copy numbers of
DNA templates present as well as the detection sensitivity of the
autosomal STR systems employed. Standard protocols permit the
detection of as little as 50-100 pg of DNA (11-15), which is
roughly equivalent to 17-33 haploid (sperm) cells, but the sperm
fraction in such samples may contain fewer cells (<10) and hence
may be below the analytical detection limit of the system. More-
over, DNA from sperm cells that have prematurely lysed into the
nonsperm (or female epithelial cells) fraction may be undetectable
due to the kinetics of the PCR process itself. In those nonsperm
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cell fractions containing prematurely lysed sperm in which the
female/male DNA ratio is sufficiently large the minor component
(male) would not be detectable, since the major contributor
(female) would out-compete for, and titrate out, the critical PCR
reagents required for male DNA amplification (16-19). An obvious
solution to this problem would be to substitute Y chromosome
markers for the standard set of autosomal markers currently
employed. The demonstrated efficacy and high sensitivity of Y-
STRs for discerning the genetic profile of the male donor in admix-
tures of body fluids has resulted in the increasing use of these
markers in sexual assault cases (16-22).

Previously we have developed specific sub-sets of the core Y-
STR loci (designated MPA and MPB) to detect the male profile in
samples recovered 4 days after intercourse (1). Thus it becomes
possible to derive an 11-19 locus Y-STR profile of the semen
donor in cervicovaginal samples recovered 24 days after inter-
course (1). In the present work, we have sought to consolidate and
confirm these previous findings and further extend, if possible, the
postcoital time limit for which a male profile can be obtained from
intimate samples. Specifically we tested the ability of commonly
used commercial Y-STR systems, namely the AmpF/STR® Yfil-
er™ (Applied Biosystems) (23), PowerPlex® Y (Promega) (24),
and Y-PLEX™ 12 (Reliagene) (25) products, to provide DNA pro-
files from extended interval postcoital samples. In addition a num-
ber of potential DNA profile enhancement strategies were
employed including sampling by cervical brushing, nondifferential
DNA extraction methodology, and post-PCR purification.

Materials and Methods
Sample and Sample Preparation

Two postcoital swabs were obtained by each of three female vol-
unteers who recovered the samples after separate acts of sexual
intercourse at various time points using sterile cotton tipped appli-
cators (Puritan, Guilford, MA). The volunteers were instructed to
take the cervicovaginal swabs by brushing the cervix multiple times
for at least 30 sec at each specific postcoital time interval. To
insure that the postcoital swabs were void of any previous male
DNA a precoital cervicovaginal swab was also obtained before coi-
tus commenced but after an abstinence period of 7 days. The time
points collected were: 72, 96, 120, 144, and 168 h.

DNA Isolation and Purification

DNA was extracted from the samples using both a standard
organic extraction and differential organic extraction protocol (26).
Whole swab tips were placed in a Spin-Ease tube (Gibco-BRL,
Grand Island, NY) and incubated overnight at 56°C in 400 pL
DNA extraction buffer (100 mM NaCl, 10 mM Tris-HCI, pH 8.0,
25 mM EDTA, 0.5% SDS, 0.1 mg/mL Proteinase K). The swab
tip was removed from the tube and placed into a Spin-Ease basket
and placed back into its original tube and centrifuged at 16,100xg
for 5 min to ensure all absorbed fluid was removed from the swab
tip. The extract was purified by adding 400 pL. of 25:24:1 phe-
nol/chloroform/isoamyl alcohol (Fisher Scientific, Norcross, GA)
to the Spin-Ease tube. The upper organic layer was removed and
added to a Microcon concentrator (Millipore, Bedford, MA) for
purification according to the manufacturer’s instructions. Samples
(c. 25 pL total extract) were stored in TE™ (10 mM Tris-HCI,
0.1 mM EDTA, pH 7.5) and kept at 4°C until analysis. Three hun-
dred nanograms of DNA of this “nondifferential” isolate was used
for amplification. In some experiments, sperm and nonsperm cells

were separated using a standard differential lysis protocol, with
minor modifications (17). Postcoital cervicovaginal swabs were
incubated at 37°C in 400 pL of DNA extraction buffer (100 mM
NaCl, 10 mM Tris-HCl, pH 8.0, 25 mM EDTA, 0.5% SDS,
0.1 mg/mL Proteinase K). The swab tip was removed from the
tube and placed into a Spin-Ease basket and placed back into its
original tube and centrifuged at 16,100 g for 5 min to ensure all
absorbed fluid was removed from the swab tip. The resulting super-
natant, containing the nonsperm DNA fraction, was removed into a
separate tube for further analysis. The sperm pellet was resus-
pended in 400 pL. of DNA extraction buffer, and 0.1 mg/mL Pro-
teinase K and 40 pL of 0.39 M DTT and incubated overnight at
56°C. DNA from both the sperm and nonsperm fractions was iso-
lated and purified using the phenol: chloroform method described
above. If sufficient quantity was isolated, 1 ng of the sperm frac-
tion DNA was used for amplification. For some samples (i.e., those
recovered 6-7 days postcoitus) <1 ng total DNA was isolated, in
which case 5 pL of the c¢. 25 puL extract was used for
amplification.

DNA Quantitation

DNA was quantitated using the Quantifiler™ Human DNA
Quantification Kit and Quantifiler™ Human Male DNA Quantifi-
cation Kit (Applied BioSystems, Foster City, CA) (27) in accor-
dance with the manufacturer’s instructions.

Standard PCR Conditions

The amplification, separation, and data analysis of the MPI,
MPB, Yfiler™, PowerPlex® Y, and Y-PLEX™ 12 multiplex Y-
STR systems were carried out as previously described (28). The Y-
PLEX™ 12 system (Reliagene Technologies, Inc., New Orleans,
LA) is no longer available as a commercial product.

Post-PCR Clean Up

In some experiments, amplified product from commercial Y-
STR kits (AmpF/STR® Y-Filer™ Kit [Applied Biosystems] and
PowerPlex® — Y System [Promega Corporation, Madison, WIJ)
was purified by the MinElute™ PCR purification spin column
(Qiagen Sciences, Germantown, MD) as previously described (29).

Results

Three donor couples were recruited for the study. Postcoital cer-
vicovaginal swabs (x2) were recovered by each of the three
females at specified intervals after sexual intercourse (3-7 days).
Each time point sample (72, 96, 120, 144, and 168 h) was col-
lected after a separate act of sexual intercourse and was preceded
by a 7-day abstention period. As a negative control, a precoital
swab was also recovered prior to coitus for each sampling and only
data from postcoital samples that demonstrated a lack of male
DNA in the associated precoital sample was used. Two different
DNA extraction procedures were employed (1,17,26,30), after
which the isolated DNA was quantified by human- and male-spe-
cific real time PCR assays that detect the human telomerase reverse
transcriptase and Y-chromosome SRY genes respectively. One
whole postcoital swab was used for each of the two DNA extrac-
tion procedures. The first DNA isolation method comprised a stan-
dard differential lysis procedure in which 1 ng of the sperm
fraction (or 5 pL of the extract if there was <1 ng male DNA iso-
lated) was used for Y-STR analysis (1,26). Secondly, a
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nondifferential extraction method was used, from which 300 ng of
DNA was used for Y-STR amplification.

Although the emphasis of this study was the extent to which dif-
ferent commercial Y-STR systems were capable of obtaining male
DNA profiles from varying postcoital intervals, we also tested pre-
viously well characterized in-house Y-STR systems as performance
yardsticks. The commercial systems evaluated were the
AmpF/STR® Yfiler™ PCR Amplification Kit (Applied Biosys-
tems) (23), the PowerPlex® Y System (Promega) (24), and Y-
PLEX™ 12 (Reliagene) (25). The amplification conditions
employed were those recommended by the manufacturers. MPI is a
“first generation” multiplex system containing nine loci (1,17),
whereas MPB comprises a set of five loci that can detect the male
donor profile in cervicovaginal samples recovered 4 days after
intercourse (1).

DNA Isolation by Differential Lysis

The typing results of the postcoital DNA samples subjected to a
differential lysis protocol are summarized in Table 1. Complete Y-
STR profiles of the male donors were obtained 3—4 days postcoitus
with all Y-STR systems tested (Fig. 1), except for Y-Plex™ 12,
which gave a full profile with one of the donor couples (#1) and
no profile with the other couple tested (#2) after 4 days. Examples
of electrophereograms obtained for the 3-day postcoital samples are
provided in Fig. 1.

Notably, full or partial Y-STR profiles were obtained from the
majority of the 5-day postcoital samples (Fig. 2), the only excep-
tion being the Y-Plex™ 12 system with one of the donor couples
(#1).

Remarkably, Y-STR profiles from the two commonly used com-
mercial systems (Yfiler™ and PowerPlex® Y) were obtained from
postcoital samples recovered 6 days after intercourse. These profiles
were partial in nature and the relative typing success appeared to
be sample dependent: 11 Y-STR loci (couple #1), 6-9 loci (couple
#2), and 1-3 loci (couple #3).

Six days appears to be the limit for obtaining Y-STR profiles
using standard methodology since no profiles were obtained from
the 7-day postcoital samples, with the possible exception of one
locus from one sample using one of the commercial kits (Table 1).

TABLE 1—Y-STR typing results of postcoital samples.

Postcoital Interval (Days)

Y-STR Donor Precoital
System Couple Samples 3 4 5 6 7
Y-filer 1 - + + 4 an -
2 - + + + 9) -
3 - + + “4) (1) (1)
PowerPlex Y 1 - + + “4) (11) -
2 - + + + (6) -
3 - + + (10) 3) -
Y-Plex 12 1 - + + - - -
2 - + - “4) - -
3 - NA NA NA NA NA
Multiplex I 1 - + + + - -
2 - + + + - -
3 - NA NA NA NA NA
Multiplex B 1 - + + + - -
2 - + + + - -
3 - NA NA NA NA NA

+, full profile; —, no profile; (#), partial profile with number of typeable
loci indicated; NA, not applicable (i.e., not tested).

DNA Isolation with a NonDifferential Extraction Method

The use of 300 ng of nondifferentially extracted DNA produced
complete Y-STR profiles 3 days postcoitus with all the Y-STR sys-
tems tested (data not shown). With few exceptions, the 4- to 6-day
samples subjected to a nondifferential extraction procedure detected
fewer loci (both with commercial kits and in-house systems) than a
differential lysis procedure carried out on the same samples (Table 2
and data not shown).

Effect of Post-PCR Clean Up

Prior to capillary electrophoresis the amplified sample is electro-
kinetically injected into the capillary, effectively drawing negatively
charged molecules such as DNA into the capillary. The short injec-
tion time (typically 5 sec) permits a limited amount of sample to
be taken into the capillary. In this process the uptake of smaller
components is favored; STR amplimers compete with primers,
unincorporated dNTPs, salts, and other negatively charged PCR
reaction components. In theory, the removal of unincorporated
amplification components should favor amplicon injection and lead
to an increase in fluorescent signal intensity. This laboratory has
previously demonstrated the enhanced sensitivity of STR amplicon
detection using a post-PCR clean up process based upon the differ-
ential binding of amplimer DNA to silica columns (29).

Yfiler™ and PowerPlex® Y amplification products from 3—
7 days postcoital samples were subjected to post-PCR clean up using
MinElute™ silica columns prior to electrophoretic separation and
analysis. The results are summarized in Table 2. In most instances
post-PCR purification resulted in increases in allelic signal intensities
and, for those samples exhibiting a partial profile, an increase in the
number of typeable loci. The improvement in typing efficiency was
observed in samples subjected to a differential lysis or a nondifferen-
tial extraction methodology and, in some cases, the enhancement
was substantial. For example, an 11 locus partial Yfiler™ profile
from a 6-day postcoital differentially extracted sample gave a full 17
locus profile upon MinElute™ purification (Table 2, couple #1).

Remarkably a partial 8 locus Y-STR profile was obtained with
Yfiler™ from a 7-day postcoital sample after post PCR purification
(Fig. 3b), when double the usual quantity of DNA was amplified
(10 pL vs. 5 pL). Without post-PCR purification, no profile was
obtained (Fig. 3a).

Discussion

The impetus for the studies described in this report was the
knowledge that male cells are present in the cervix at least a week
after intercourse and yet standard DNA typing systems are unable
to discern the male donor profile after 3 days or less. Here we
report the ability to obtain a Y-STR profile from the male donor in
extended interval (=3 days) postcoital samples. Our previous work
demonstrated that the proper collection of cervicovaginal samples
(as opposed to the lower or mid-tract vaginal canal samples often
taken) is critical for optimal recovery of sperm for analysis (1). In
this study, using cervicovaginal swabs collected from volunteers,
we have demonstrated the relative facility of obtaining full Y-STR
profiles from cervicovaginal samples recovered 3—4 days after
intercourse using both commercial and in-house systems. Profiles
were also obtainable 5-6 days postcoitus although by this stage
partial profiles rather than full profiles were a more likely outcome.
Almost without exception, more complete profiles were obtained
when DNA from the sperm fraction of a differential lysis method
was amplified as opposed to the amplification of relatively large
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FIG. 1—Y-STR profiles from 3-day postcoital samples. Samples were subjected to differential lysis and 1 ng of the sperm fraction amplified. (A) MPB, (B)
Y-PLEX™ ]2, (C) AmpFKSTR® YﬁlerTM, (D) PowerPlex® Y, (E) MPL Allele designations for each locus are provided.

quantities (i.e., ¢. 300 ng) of admixed male/female DNA. The lat-
ter diminution of efficacy may be due to the loss of critical PCR
reaction components by titration in the presence of contaminating
female DNA. Additionally, the DNA profiles from the sperm frac-
tion of a differential lysis were of superior quality to that obtained
when a nondifferential method was employed in that the allelic sig-
nal intensities were generally higher and more balanced, and exhib-
ited less baseline noise.

Importantly, the incorporation of a simple post-PCR purification
process significantly increased the ability to obtain Y-STR profiles,
particularly from 5- to 6-day postcoital samples. Post-PCR

purification increases the sensitivity of allele detection resulting not
only in increased peak heights with partial profiles but also the
appearance of loci that otherwise were not apparent in the nonpuri-
fied sample. For example, using differential lysis and MinElute
purification, profiles with 10-17 locus were obtained from 6-day
postcoital samples that, prior to purification gave 6-11 locus pro-
files. Incredibly, an 8 locus Y-STR profile was obtained from a 7-
day postcoital sample, which is approaching the time interval limit
for sperm detection in the cervix reported in the medical literature.

The two commonly used commercial Y-STR systems, namely
AmpF/STR® Yfiler™ and PowerPlex® Y, performed extremely
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FIG. 2—Y-STR profiles from 5-day postcoital samples. Samples were subjected to differential lysis and 1 ng of the sperm fraction amplified. (A) MPB (B)
Y-PLEX™ 12, (C) Yfiler™, (D) PowerPlex® Y, (E) MP1. Allele designations for each locus are provided. Allele drop out is represented by (*).

well particularly when considering that the manufacturer’s recom-
mended PCR amplification conditions were used throughout.
Indeed they performed better than our in-house ‘“benchmark™ sys-
tems with 6-day postcoital samples since no profiles at all were
obtained with MPI and MPB. The third commercial system evalu-
ated, Y-PLEX™ 12, was found not to be particularly suited for
>4-day postcoital samples. We speculate that this may be due to
the incorporation of the AMEL marker, which is likely to result in
titration of critical PCR reaction components in the presence of
contaminating female DNA. In any case the Y-PLEX™ 12 kit is
no longer generally available to the public.

We intend to pursue additional studies that may further enhance
our ability to obtain good quality and probative DNA profiles from
extended interval postcoital samples. Such studies will include the
use of increased cycle number (31,32), Y-STRs with reduced amp-
limer sizes (“mini-Y-STRs”) (33,34), and improved cervicovaginal
sample collection devices. Revisiting the possibility of autosomal
STR profiling of extended interval postcoital samples using similar
strategies may also be worthwhile.

Finally, the results of the studies reported here could have dra-
matic effects on how rape cases are investigated and prosecuted.
Currently, vaginal samples are often only taken from the victim up
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TABLE 2—Effect of post-PCR purification on Y-STR typing of postcoital samples.

Postcoital Interval (Days)

4 5 6 7
Y-STR DNA No MinElute No MinElute No Min No Min
System Extraction MinElute MinElute MinElute Elute MinElute Elute
Y-filer ND' (13) (12) - - - ) - (1)
D! + + 4) (6) (11) + - (@)
ND? + + (14) (6) (1) (11) - -
D? + + + + ) (10) - (1)
PowerPlex Y ND' 5) 7) (1) - 3) 2) (1) -
D' + + ) ©) (10) + - (1)
ND? + + ®) + (1) ?2) 2) -
D? + + + + (6) (10) - (3)

+, full profile; —, no profile; (#), partial profile with number of typeable loci indicated; ND¥, nondifferential extraction with samples from couple number

#; D*, differential lysis with samples from couple number #
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FIG. 3—Y-STR Profile obtained from a 7-day postcoital sample. The sample was subjected to differential lysis and 10 WL of the sperm fraction amplified
using Yfiler™. (a) Without post-PCR purification, (b) with MinElute™ post PCR purification.

to 72 h after the sexual assault. However, our results indicate that
potential evidence may be lost if this practice continues. Thus
changes in the way rape kit evidence is recovered may be neces-
sary in some jurisdictions, including specific instructions on how to
conduct cervicovaginal sampling and how long after the assault to
take the samples.
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