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Enhance the Power of Discrimination of Semen Identification by Combination of

Microfluidic Chips and Erase Kits

Fang-Chen Chung'', Chu-Chun Hsu"', Hua-Sheng Tsai', Kuan-Miao Yen', Yu-En Chen!, Chun-Yen Lin'

nstitute of Forensic Medicine, Ministry of Justice, No.123, Min’an St., Zhonghe Dist., New Taipei
City 235, Taiwan (R.O.C.)

It is the key point of forensic examination how to effectively check out sperms in
evidences in sexual assault cases. Practically, the differential extraction method was
applied to isolate male DNA from the mixtures of sperms and epithelial cells. However,
it is a time-consuming and less effective process. Nowadays, the Erase Sperm Isolation
kit, a commercial available reagent, hydrolyzes cell-free female DNA before extraction
of sperm DNA to reduce contamination of female DNA in isolated sperm DNA.
Additionally, the microfluidic chip technique can separate sperms from the mixture of
sperms and epithelial cells according to the differences of density, size, and settling rate
between sperms and epithelial cells. The aim of this study was to overcome the
problems of the differential extraction method by using the microfluidic chip technique
combined with the Erase Sperm Isolation kit (combination method). We collected 5
semen samples and 2 buccal swabs from adult men and women, respectively, and then
prepared 2 mixtures with the ratios of sperms and epithelial cells of 1:1 and 1:3,
respectively. These mixtures were stored at room temperature for 1, 3, 7, and 14 days,
and then their DNA profiles were analyzed. The combination method presented
excellent results that the ratios of complete STR DNA profiles (15 loci, without female
DNA interference) of sperm DNA were around 80% and 60% in the 3 and 14 days,
respectively; whereas the results using differential extraction method were less than
30%, accompanying over 60% of interference of female DNA, in all time periods.
These data indicated that the combination method can greatly decrease the female DNA
interference in STR DNA profiles. We also examined the effectiveness of the
combination method with 9 forensic specimens which were positive semen stains. The
data of STR DNA profiles showed that interference of female DNA was observed just
in one case. However, only 2 cases were obtained the complete STR DNA profiles. The
possible reasons may that the amounts of isolated sperm DNA were too little to get the
complete STR DNA profiles. In contrast, sperm DNA isolated by the differential
extraction method presented high interference of female DNA (7 cases), and only one
case of STR DNA profile was complete (15 loci, without female DNA interference).
Taken together, these results suggested that the combination method can greatly reduce
the interference of female DNA in the isolated sperm DNA, and enhance the power of
discrimination in the semen identification.

Keywords: Semen identification, Microfluidic chip, Differential extraction, Power
of discrimination
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Vaginal swabs are specimens commonly collected in cases of sexual assault; these
swabs mostly consist of a mixture of vaginal epithelial cells and seminal fluid that
contain the suspect’s spermatozoa. Because the number of epithelial cells far exceeds
the number of spermatozoa in the vaginal swab, it is difficult to obtain a definite
autosomal STR profile from the spermatozoa!. To eliminate excessive epithelial DNA
interference, forensic laboratories use differential extraction methods to separate
epithelial cells and DNA from spermatozoa. Recently, a modified differential extraction
method, the Erase sperm isolation kit, has been adapted in our lab. A microfluidic chip
can also be employed as an additional epithelial cell-spermatozoa separation step prior
to the Erase sperm isolation kit>>*°. Our study evaluated the differential extraction
method and the combination of the microfluidic chip with the Erase kit by examining
spermatozoa STR profiles from fresh and aged specimens.

Materials and Methods

Sample preparation

Five semen samples and two female buccal swabs were collected. Sperm and
epithelial cells were enumerated using a hemocytometer in order to obtain 1:1 and 1:3
mixtures with a total cell count of 24,000 and 48,000, respectively. These mixtures were
stored at ambient temperature (15 to 25 °C) for 1, 3, 7, and 14 days, mimicking fresh
and aged specimens. The mixtures were then processed using either the standard
differential extraction method or the combination method consisting of a microfluidic
system and the Erase isolation kit.

Microfluidic chips

Cell
suspension

Microfluidic
chip

Outlet port

The microfluidic chips are comprised of polydimethylsiloxane (PDMS) and 0.2
wt% Triton X-100 (Merck, Darmstadt, Germany). The microchannel is 100 um in
diameter and 3 cm in length. Phosphate buftered saline (PBS) is introduced into the
inlet port using a pipette, ensuring that there are no bubbles inside the microchannel.
The inlet tip is filled with 300 pL of the sperm/epithelial cell mixture and the outlet tip

is filled with an equal volume of PBS. The cells are allowed to settle for 10 minutes and
13



then the outlet PBS is removed. Next, a layer of oil is applied to the inlet tip to create a
gravity-driven flow during the cell collection process. Cell flow-through is collected
every 30 minutes and the separation efficiency of each flow-through sample is
determined by microscopic examination.

Forensic cases

Nine forensic vaginal swabs with both ACP (acid phosphatase) and PSA (prostate
specific antigen) positive results were collected to evaluate the microfluidic/Erase
combination method and the differential extraction method.

Erase sperm isolation kit

The cell flow-through can be further separated using the Erase sperm isolation kit
(Paternity Testing Corporation, Columbia, MO, USA). Briefly, 400 puL Extraction
buffer and 7 pL proteinase K are added to the cell flow-through and incubated at 56 °C
for 1 hour to lyse the remaining epithelial cells. Next, the spermatozoa are pelleted by
centrifugation at 12,000 xg, the supernatant is removed, and solutions 1 and 2 are added
to the pellet and incubated at 37 °C for 15 minutes to digest the epithelial DNA. Solution
3 is then added to the pellet and incubated at 37 °C for another 15 minutes to lyse the
sperm cells. Both supernatant and pellet fractions are then processed using a silica-
based DNA extraction method (PureLink Genomic DNA Kits).

Differential Extraction

Differential extraction was performed as follows: 500 pL TNE1 bufter (Tris-NaCl-
EDTA [10 mM Tris-HCI, 100 mM NacCl, and 2 mM EDTA] with 1% SDS and 100
pg/mL proteinase K) are added to the sperm/epithelial cell mixture and incubated at 56

°C for 30 minutes. The sperm cells are then pelleted by centrifugation, the supernatant
is removed, and the pellet is washed twice with 500 pL TNE1 buffer and centrifugation.
Next, 500 uL TNE2 buffer (TNE1 buffer with 0.04 M DTT) are added to lyse the sperm
cells. Both the supernatant and pellet fractions are then processed using a silica-based
DNA extraction method.

DNA quantification
DNA quantification is performed using the Quantifiler Duo DNA Quantification Kit
and ViiA 7 real-time PCR system (Thermo Fisher Scientific, Waltham, MA, USA).

STR analysis of spermatozoa and vaginal epithelial cells
Sperm and epithelial DNA were analyzed using the AmpFISTR Identifiler PCR

Amplification kit with a 3500xL genetic analyzer (Thermo Fisher Scientific), according

to the manufacturer's instructions.
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Results

The STR profiles of the mixtures indicate that the combination method provided better
recovery and separation than the differential extraction method; see Tables 1 and 2 for
details.

Table 1. STR profiles of spermatozoa isolated using the microfluidic/Erase combination method

Storage time

1-day 3-day 7-day 14-day

Sperm Epithelial Sperm Epithelial Sperm Epithelial Sperm Epithelial

STR profile interference STR profile interference STR profile interference STR profile interference

1:1

mixture 1 A — o} — A — A —
mixture 2 O — A — O —_— O —_—
mixture 3 @) — o) — A + A +
mixture 4 o —_— O —_— o — o —
mixture 5 O — ) — O — o —
1:3
mixture 1 ¢} — o) — @) — e} —
mixture 2 o — o) — A — A —
mixture 3 A — A — A + A +
mixture 4 O — o) — @) — e} —
mixture 5 O — o) — @) — e} —
Full STR 80% 80% 60% 60%

profile (%)

Time course experiment for sperm and epithelial cell mixtures using the microfluidic chip and
Erase sperm isolation kit. Sperm and epithelial cell mixtures at a 1:1 and 1:3 ratio were tested;
each experiment included five sample mixtures. STR profile assessment to evaluate the
indicates a full profile, 15 STR loci were
determined; “A” represents a partial profile, 8 to 14 STR loci were determined; “— represents
no epithelial interference in the STR profile; and “+” represents a mixed DNA profile with
epithelial DNA interference. The full STR profile identification rates were 80% (8 out of 10)
for 1-day and 3-day mixture storage and 60% for 7-day and 14-day mixture storage.

2

recovery and effectiveness of the method. “o
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Table 2. STR profile of spermatozoa isolated using the differential extraction method

Storage time

1-day 3-day 7-day 14-day

Sperm Epithelial Sperm Epithelial Sperm Epithelial Sperm Epithelial

STR profile interference STR profile interference STR profile interference STR profile interference

1:1

mixture 1 A + A + X — A +

mixture 2 A + A + A + x

mixture 3 A + A + o J— A +

mixture 4 A + O — o — O —

mixture 5 X + X + A + A +
1:3

mixture 1 X + X + A + A 4

mixture 2 X + X + A + A

mixture 3 A + A + e) S 0 J—

mixture 4 X + A + A + o _

mixture 5 X + X + o + A 4
Full STR 0% 10% 40% 30%

profile (%)

Time course experiment for sperm and epithelial cell mixtures using the differential extraction
method. Sperm and epithelial cell mixtures at a ratio of 1:1 and 1:3 were examined; each
experiment included five sample mixtures. STR profile assessment to evaluate the recovery and
effectiveness of the method. “o” indicates a full profile, 15 STR loci were determined; “A”
represents a partial profile, 8 to 14 STR loci were determined; “X” represents <8 STR loci were
determined; “—" represents no epithelial interference in the STR profiles; and “+” represents a
mixed DNA profile with epithelial DNA interference. The full STR profile identification rates
were 0%, 10%, 40%, and 30% for 1-day, 3-day, 7-day, and 14-day mixture storage, respectively.
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Table 3. Y-STR profile of spermatozoa isolated using the microfluidic/Erase

combination method

Storage time

1-day 3-day 7-day 14-day

Microfluidic ~ Differential ~ Microfluidic ~ Differential ~ Microfluidic ~ Differential ~ Microfluidic  Differential

/Erase extraction /Erase extraction /Erase extraction /Erase extraction
1:1
mixture 1 A o) ) o) X o) @) e)
mixture 2 O O O O A @) O O
mixture 3 O @] O @) A (@) O (@)
mixture 4 O O O (e} O A O @)
mixture 5 O (©] O O (@] (@] @) (@]
1:3
mixture 1 O O A O O O o O
mixture 2 O o) o o A O O O
mixture 3 A o) A o A o) A O
mixture 4 O o) o o e} A O O
mixture 5 @) @) e} @) o) @) e} @)
Full Y-STR 80% 100% 80% 100% 50% 80% 60% 100%

profile (%)

Time course experiment for sperm and epithelial cells mixtures using the microfluidic/Erase
combination method and differential extraction method; each experiment included five sample
mixtures. Y-STR profiles were performed to evaluate the recovery of sperm cell DNA. “0”
indicates a full Y-STR profile, 17 Y-STR loci were determined; and “A” represents a partial
profile, 8 to 17 Y-STR loci were determined.
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Forensic cases

Nine forensic vaginal swabs were evaluated using these two separation methods. When
the combination method was used, female DNA interference was evident in a single
STR profile; however, a complete STR DNA profile was obtained in only two samples.
These results might be due to low recovery caused by the two-step isolation of sperm
DNA, which results in a low yield of sperm DNA. In contrast, seven cases of sperm
DNA isolated by differential extraction exhibited female DNA interference and only
one case provided a full STR profile.

Discussions

The combination of the microfluidic chip and the Erase method yielded excellent results.
The rate of complete sperm STR DNA profiles was approximately 80% and 60% at 1
to 3 days and 7 tol4 days, respectively; whereas that of the differential extraction
method rate was <30%, accompanied by >60% female DNA interference. Full Y-STR
DNA profiles of sperm DNA were detected in approximately 50-80% of samples using
the microfluidic/Erase method, compared to 80-100% using the differential extraction
method. Although the combination method demonstrates good separation of sperm and
epithelial cells, it can be time-consuming. Moreover, the cotton fiber of the specimen
swab or bodily secretions can clog the microchannel and the recovery of sperm cell
DNA is lower than with the differential extraction method.

Conclusions

The differential extraction method provides better DNA recovery, but lower sperm cell
DNA purity. Our study demonstrates that the combination of the microfluidic chip and
Erase isolation method offers good results. Moreover, the most efficient time period for
collecting spermatozoa using our microfluidic chip is 30 to 120 minutes after the
mixture is flowed into the microchannel. Cell sorting on chips provides several
advantages over conventional methods; this technique has been shown to be a powerful
tool for isolating circulating tumor cells from blood samples in which the number of
blood cells far exceeds that of circulating tumor cells®. Further developments in 3D-
printed technology and an automated microfluidic platform would increase the
applicability of microfluidic systems in the field of forensics, allowing on-site cell-type-
specific isolation or even single cell manipulation in a crime scene investigation.
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