
APPLICATION NOTE Quantifiler Trio DNA Quantification Kit

Novel Y-screen assay for sexual assault 
samples using the Quantifiler Trio DNA 
Quantification Kit

an Applied Biosystems™ PrepFiler™ LySep™ column 
containing a buffer that lyses cells (including sperm) 
in only 10 minutes. This is immediately followed by 
a quick centrifugation step with a neutralization and 
dilution step before proceeding to the Quantifiler 
Trio assay. The sensitivity of the assay correlates to 
the results obtained in our studies from differential 
extraction procedures and STR analysis, as well 
as the results from five customer test sites using a 
range of swab sample types, differential extraction 
procedures, and STR chemistries. This technique 
can provide a confirmatory assay to complement the 
current presumptive screening techniques commonly 
used by labs. This Y-screen assay allows forensic 
laboratories to more rapidly process SAK samples and 
therefore assists in decreasing overall SAK turnaround 
times.

Materials and methods
The first step in the Y-screen assay is to cut a small 
piece of the cotton swab, saving the rest of the swab 
for differential extraction. The swab piece is placed in 
a LySep column/tube assembly containing  
100 µL of 1 N NaOH and incubated for 10 min at 
80°C with shaking at approximately 750 rpm. The 
LySep column is then centrifuged for 2 min at 12,000 
rpm to transfer the lysate to the sample tube. 4 µL of 
glacial acetic acid is added, and the sample is diluted 
1:5 in low TE (10 mM Tris-HCl, 0.1 mM EDTA). The 

• The Y-screen assay is designed for swab samples 
collected in sexual assault kits

• The first step in the assay is to cut a small piece of 
the sexual assault kit swab and perform a crude 
lysis

• Following cell lysis is a centrifugation and 
neutralization step

• The final step makes use of the Applied Biosystems™ 
Quantifiler™ Trio DNA Quantification Kit to quickly 
assess whether male DNA is present on the swab 
and if it is worthwhile to proceed with differential 
extraction

Introduction
Sexual assault kit (SAK) samples are among the 
most difficult sample types encountered by many 
forensic laboratories. Differential extraction procedures 
used as part of a sexual assault workflow are both 
time-consuming and labor-intensive. Therefore, it is 
important to quickly assess whether swab evidence 
from an SAK contains a male contributor prior to 
labor-intensive differential extraction procedures. 

To assist in the decision-making process of whether 
or not to proceed to differential extraction, we have 
developed a novel DNA screening workflow. This 
Y-screen assay starts with the cutting of a small piece 
of SAK swab and placing the swab cutting inside 



little to no information was obtained. These samples 
are grouped with the corresponding STR kit and are 
considered positive correlations. In some cases, the 
DNA quantity obtained after DNA extraction was too 
low to amplify and the laboratory chose not to amplify 
the sample.

Results
As shown in Table 1, the Y-screen assay has been 
tested for correlation to commonly used DNA 
extraction methods and a range of sample types. 
Internal R&D studies have verified that the results 
from the Y-screen assay correlate to the results 
obtained with mock casework samples and differential 
extraction with proteinase K/DTT, followed by cleanup 
on the Automate Express DNA Extraction System. The 
mock samples tested both in-house and externally 
include oral, anal, vaginal, and skin swabs spiked with 
no semen to large amounts of semen to represent the 

standard protocol for the Quantifiler Trio assay is then 
performed using 2 µL of diluted lysate. A positive male 
quantification result with the Quantifiler Trio assay is 
indicative of the presence of male DNA on the swab 
and suggests it is worthwhile to move forward with 
DNA extraction (differential DNA extraction or standard 
DNA extraction).

The Y-screen assay has been validated in-house using 
mock casework samples and differential extraction 
using standard proteinase K/DTT lysis procedures 
followed by cleanup of both the sperm and epithelial 
cell fractions on the Applied Biosystems™ Automate 
Express™ DNA Extraction System. This was followed 
by analysis with Applied Biosystems™ AmpFSTR™ 
Identifiler™ Plus, GlobalFiler™, and YFiler™ Plus kits 
(data not shown).

The extraction procedures employed by our test 
sites are shown in Table 1. A swab sample piece was 
analyzed with the Y-screen assay, and the remainder 
of the swab (excluding any part of the swab that 
may have been removed for serology) was used for 
DNA extraction, quantification, and STR analysis. 
The correlation between Y-screen assay and post-
extraction DNA quantification and STR results is 
shown in Table 2. Correlation between Y-screen assay 
and resulting STR profile was achieved if one of the 
two following conditions was met. First, if male DNA 
was detected with the Y-screen assay, a positive male 
quantification result with the Quantifiler Trio assay 
post-DNA extraction was also obtained. Second, if no 
male DNA was detected with the Y-screen assay, male 
DNA was not obtained with DNA extraction protocols 
or was obtained at such a low level that useful 
information (>10 loci with our STR technologies) was 
not obtained (or the lab chose not to run the sample 
through STR analysis because the DNA quantification 
level did not meet their thresholds).

In addition, for test site 4, two samples had a negative 
result for the small autosomal (human) quantification 
target in the Y-screen assay and still provided useful 
information from the female donor when the Identifiler 
and GlobalFiler assays were used. These samples 
were still treated as not concordant, although the 
Y-screen assay is primarily for the detection of male 
DNA. In most cases, if the DNA quantity obtained 
post-DNA extraction was insufficient for STR analysis, 
the laboratory still chose to amplify the sample and 

Table 1. Lysis procedures used by our test sites.

Sample class and 
test site

Extraction procedures

Post-coital swabs, site 1 Organic extraction for both 
differential extractions and 
non-differential extractions. 
Elution volume was 75 µL.

Non-probative casework 
samples, site 2

Differential extraction for all 
of the samples, but all of 
the F1 (epithelial) samples 
were extracted using the 
Qiagen EZ1 Advanced 
XL robot using the EZ1 
DNA Investigator Kit. The 
F2 (sperm) samples were 
extracted using phenol/
chloroform and purified with 
Millipore Microcon filters. 

Mock casework 
samples, site 3

Organic extraction for both 
differential extractions and 
non-differential extractions 
followed by purification using 
the Promega Maxwell 16 
instrument.

Mock casework 
samples, site 4

Stain extraction buffer (SEB), 
proteinase K

Mock casework 
samples, site 5

Differential extraction with 
Chelex resin; Microcon filter 
cleanup for some samples.



Three of the five test sites obtained correlation 
between the Y-screen assay and corresponding STR 
results in 100% of their samples.

Test site 2 used non-probative casework samples 
for these studies and had 3/16 samples that were 
assay failures. One of the samples was a swab of a 
semen stain on fabric, and the other two were vaginal 
swabs. These sample types have been frequently 
tested with the Y-screen assay both internally and 
externally and are not known to present a challenge 
as a sample type. The internal positive control (IPC) 
in the Quantifiler Trio assay serves to detect PCR 
inhibition, and the IPC amplification curves for these 
three samples provided clear guidance that the real-
time PCR reaction had failed (Figure 1). The user is 

range of samples commonly encountered in sexual 
assault kits. Fabric samples, mainly underwear, were 
also tested both in-house and by outside test sites, 
with varying levels of success. These samples are 
not recommended for use with the Y-screen assay 
because of known variability in both the fabric and 
fabric dyes, which may affect amplification by real-
time PCR. The Y-screen assay makes use of a crude 
lysis, and PCR inhibitors will not be removed by this 
assay. For this reason, we only present data for the 
swab samples.

The summary of results is presented in Table 2. 
Overall, correlation between the Y-screen assay and 
downstream results was achieved with 91% (96/106) 
of the samples tested by the five outside test sites. 

Table 2. Correlation between the Y-screen assay and STR profile results.

Sample 
class and 
test site

Number of 
samples

Correlation 
between 
Y-screen 
assay and 
resulting 
Identifiler 
kit profile

Correlation 
between 
Y-screen 
assay and 
resulting 
YFiler kit 
profile

Correlation 
between 
Y-screen 
assay and 
resulting 
Identifiler 
Plus kit 
profile

Correlation 
between 
Y-screen 
assay and 
resulting 
GlobalFiler 
kit profile

Correlation 
between 
Y-screen 
assay and 
resulting 
YFiler Plus 
kit profile

Samples 
with zero 
male DNA 
in Y-screen 
assay; STR 
run not 
performed 
post-DNA 
extraction 
because of 
insufficient 
quantity

Notes

Postcoital 
swabs, 
site 1  

19 100%
(n = 19)

Non-
probative 
casework 
samples, 
site 2

16 92% 
(n = 16)

See Figure 
1 for 
amplification 
plot of the 
3 samples 
that did not 
correlate

Mock 
casework 
samples, 
site 3

40 100%
(n = 29)

100%
(n = 22)

1

Mock 
casework 
samples, 
site 4

19 78%
(n = 19)

78%
(n = 19)

74% 
(n = 19)

See Table 
3 for more 
detailed 
information 
about the 
samples 
that did not 
correlate

Mock 
casework 
samples, 
site 5

12 100%
(n = 8)

100%
(n = 1)

3



highest correlation, with 87% of samples correlating. 
By combining the results from the AP test with the 
Y-screen assay, customers can make a more accurate 
assessment of the sample.

Test site 4 tested mock casework swab samples 
and employed both routine serology testing as well 
as STR analysis with the Identifiler Plus, GlobalFiler, 
and YFiler Plus kits (Table 4). For sample 17, a skin 
swab, the IPC Ct results were suspicious, with one 
replicate having an IPC Ct of ~15. The sample gave 
negative quantification results for 2 of 3 samples 
for the small autosomal quantification target, yet 
a full female profile was obtained with both the 
Identifiler Plus and GlobalFiler kits. This is similar 
to the situation described with test site 2, where 
sample inhibition affected the quantification results. 

advised to consider the Y-screen results inconclusive 
if the amplification curves deviate strongly from the 
other samples on the plate. For example, as shown 
in Figure 1, many of the amplification plots for these 
samples actually have a decrease in ΔRn, a clear sign 
that the amplification reaction has failed. 

The Y-screen assay makes use of a crude lysis, so 
inhibitors may be transferred to the real-time PCR 
reaction. When the inhibitor load is too high, the 
real-time PCR reaction will fail as shown in Figure 1. 
This feature distinguishes the Y-screen assay from 
most commonly used serology screening methods. 
Generally, the analyst performing a serology screen 
does not have an indication that the screening method 
has failed. For example, with the acid phosphatase 
(AP) test, a purple color is produced with a shade 
of color that depends on the activity of the enzyme. 
The activity of AP greatly decreases over time (within 
days), and the enzyme is present in other body fluids. 
Both of these factors can negatively affect the test 
results, but there generally isn’t an indication of what 
has happened. With the Y-screen assay, the IPC 
indicates that the test results may not be valid, which 
makes it a useful complementary technique to those 
currently used in forensic laboratories. For example, 
two of the customer test sites ran serology tests 
along with the Y-screen assay. The success rates 
for these assays are shown in Table 3. AP had the 

Table 3. Correlation between serology tests and 
STR results for two customer test sites.

Serology test
Correlation between 
serology test and STR 
genotyping results

Acid phosphatase (AP) 87%

P30/PSA 77%

Slide screen  
(sperm search)

66%

Figure 1. Non-probative casework sample failures. Amplification plots demonstrating the visual difference between (A) 3 non-probative casework 
samples that failed to correlate results between the Y-screen assay and the Identifiler Plus kit, and (B) 3 samples showing accurate correlation.

A B



As described above, the user is advised to regard 
this as an inconclusive result. For samples 6, 12, 15, 
19, and 23, the male quantification value obtained 
with the Y-screen assay was zero, and useful (albeit 
incomplete) male genotype information was obtained 
with one or more STR assays. For these five samples, 
the sperm search results were negative and the male 
DNA quantity obtained after differential extraction 
was ≤10 pg/µL. Such a small quantity of male DNA 
present in the rest of the swab suggests that the 
Y-screen assay failed because of sampling error—
insufficient male DNA was present in the region of 
the swab sampled for the Y-screen assay. This is an 
expected result with the Y-screen assay and other 
serology techniques, because the sample from the 
victim and alleged perpetrator is not uniform across 
the swab, which can lead to sampling error. Sample 
21 gave negative results for all 3 genomic targets in 
the Y-screen assay, and when the rest of the swab 
was processed, sufficient female DNA was recovered 

to result in a full profile with both the Identifiler 
Plus and GlobalFiler kits. Closer inspection of the 
amplification plots does not reveal any indication of 
inhibition. It is possible that sampling error led to this 
result; however, the remainder of the swab contained 
sufficient DNA for a full profile. 

Table 4. Test site 4 serology testing and STR results.

Sample AP Slide 
screen 
(sperm 
search)

PSA Amylase Y-screen small 
autosomal 
quantification

Y-screen 
Y chromosome 
quantification

Fraction Identifiler 
Plus kit 
results

GlobalFiler 
kit results

YFiler 
Plus kit 
results

17, skin swab  +
– (2/3)
+ (1/3)

–
F1 Full female Full female No profile

F2 No profile No profile No profile

6, anal swab Strong + – + – –
F1 No profile Partial male 13 loci

F2 No profile No profile No profile

12, anal 
swab

Strong + – Strong + – –

F1
Low-level 
mixture—
no Y

Mixture—
including 
male

12 loci

F2 No profile
Low-level 
male

2 loci

15, anal 
swab

Weak +
– + – –

F1
Mixture—
no Y

Mixture—
including 
male

14 loci

F2 No profile No profile No profile

19, anal 
swab

Weak +
– + + –

F1 Full female Full female 12 loci 

F2
Partial 
profile

Partial profile No profile

23, anal 
swab

Very 
weak + – + + –

F1 Full female Full female 11 loci

F2
Partial 
female

Full female No profile

21, skin 
swab

+ – –

F1 Full female Full female No profile

F2 No profile No profile No profile
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“A sexual assault kit screening assay can be a 
powerful tool the DNA analyst can use to triage 
sexual assault kits by combining it with the sensitivity 
and specificity of a DNA quantification kit. Filtering 
the negative kits from the typical downstream DNA 
analysis can save analysis time and allow a greater 
reduction in backlogs.”

 —Ken Pfoser, DNA Technical Leader 
Northeastern Illinois Regional Crime Laboratory

“Labs might want to investigate Y-screen as a 
screening tool to help decide what samples need 
to be processed down the sexual assault analysis 
pipeline and which ones don’t. This type of decision 
tool is designed to save time, money, and effort 
and allow labs to more effectively provide timely 
actionable information in those cases where there is 
probative evidence. The dynamic range of Quantifiler 
Trio kit is so large that labs can set their own decision 
threshold, which may even be above zero depending 
upon the downstream kit and their own guidelines for 
the minimum number of allele and loci reported.”

—Jack Ballantyne, Professor 
University of Central Florida

“The Y-screening process permits a de-emphasis 
on time-consuming semen identification, thereby 
shortening turnaround time without adding additional 
resources. A negative Quantifiler Trio Y-screen result 
is an accurate predictor that no male DNA profile will 
be obtainable.”

—Test site participant

Conclusions
The Y-screen assay is a useful DNA confirmatory 
screening tool when used complementary with other 
presumptive screening methods. We demonstrated 
that the sensitivity of the assay correlates well to the 
results obtained from forensic laboratories using a 
range of differential extraction procedures and STR 
chemistries. The Y-screen assay showed better 
correlation to resulting STR profiles when compared 
with commonly used serology methods (91% vs. 
66–87%). For several of the samples, the assay 
provides useful indicators that the result may not be 
valid because inhibition strongly affected the shape of 
the amplification curves. By confirming conclusive and 
inconclusive serology results, the assay adds valuable 
insurance about sample quantity. This Y-screen assay 
solves important sample screening and processing 
problems, allowing forensic laboratories to more 
rapidly process SAK samples and therefore helps to 
assist in decreasing overall SAK turnaround times and 
backlogs.

Customer and test site feedback for 
the Y-screen assay


