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Introduction

For the last 3-4 yrs, the pendency of  the sexual assault cases has 
become a serious concern to the Court of  Law, all over the globe. 
The failure to investigate those cases, in a time dependent man-
ner, creates a huge problems for victims, public safety and thereby 
causes a serious hurdle in criminal justice system. In cases of  sex-
ual assault, if  traces of  semen are left behind, either on the victims 
cloth or in place of  occurrence, then semen detection becomes 
instrumental to solve the puzzle. Moreover, there are cases where 
semen are mixed with victims sample (gynecological samples) and 
in such a case, the challenge becomes two fold. First, is to detect 

the semen as it depends on a lot of  factors, such as, presence/
absence of  the ejaculation, time elapsed between time of  crime 
and sample collection and storage of  the samples etc [1-3] and the 
second, is to separate the male spermatozoa from the mixed stain 
for following Y-STR analysis to identify the male contributor(s). 
In many cases, DNA analysis of  the offender becomes extremely 
difficult due to the presence of  the high female material apart 
from the analytical method itself  [4-6]. Three studies [7-9] have 
used the preferential lysis method to separate male part from the 
mixed stain and typed the DNA by Southern Hybridization [10]. 
That method was modified by Yoshida et al, 1995 [11] where 
they used a two step differential extraction to enrich the sperm-
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DNA part which is now mostly used by different laboratories all 
over the world, with minor variations and is considered to be the 
“Gold Standard’ for mixed gynecological samples [12]. 

However, the methods are laborious, skill-dependent and are not 
always successful in achieving complete separation of  the two 
cellular fractions. It often failed in cases with very small and de-
graded samples [13] and little sperm sample could be available for 
downstream DNA profiling by Y-STR typing, although Y-specific 
amelogenin could be detected in most of  them. Incidentally, one 
study showed that sample with low sperm counts were misclas-
sified as sperm –free in 73% of  the samples tested [14] Another 
study indicated that a 90% loss in male-DNA, initially present in 
simulated sexual-assault samples [15]. Moreover, it is time con-
suming, and requires extensive sample handling and difficult to 
automate [5, 15, 16]. To circumvent the conventional DE, various 
rapid techniques including automated methods for differential 
separation of  sperm cells have been developed, such as, Laser 
Micro-dissection [17-20], which allows the excision and collec-
tion of  spermatozoa independent of  surrounding cellular mate-
rial, differential lysis [21] in combination with sperm elution [22], 
Membrane Filtration and micro-devices that exploit differences 
between size and shape of  the cells [23-27], Flow-cytometry, 
which takes advantage of  specific membrane protein to mark and 
sort cells [28], Alkaline plate based methods [29], Antibody based 
cell culture [30-33], Enzymatic digestion [34] etc, .

Unfortunately, all of  these methods are either too costly (flow 
cytometry), or low throughput (Micro-dissection) or prone to be 
non-functional as a result of  loss of  antigen specificity in old sam-
ples or degradation of  antibody (for antibody-based separation). 
Autosomal STR analysis for the mixed samples has been used 
by various laboratories mostly due to its individualizing capac-
ity and the existence of  national DNA databases of  standardized 
STR profiles from autosomal alone. Nevertheless, Y-haplotyping, 
is shown to be useful [35], to get informative result, in those cases 
where autosomal tests are limited by the evidence, such as high 
levels of  female DNA in the presence of  minor amounts of  male 
DNA (sperm-DNA count is less than one in 20 of  female-DNA) 
[36, 37], sexual assault evidences from azoospermic or vasecto-
mized males and blood–blood or saliva–blood mixtures where 
the absence of  sperm prevents the differential extraction for iso-
lation of  male DNA [38, 39]. In addition, the number of  indi-
viduals involved in a “gang rape” may be easier to decipher with 
Y-chromosome results than with highly complicated autosomal 
STR mixtures . Using Chromosome Y-specific PCR primers thus 
can improve the chances of  detecting low levels of  the perpe-
trator’s DNA in a high background of  a female DNA [40-44]. 
Y-chromosome tests have also been used to verify amelogenin 
Y-deficient males [45].

However, Y-STR profile, by itself, is not as informative as an 
autosomal STR profile. That is mainly because (1) paternally 
related males cannot be discriminated, since they have identical 
Y-chromosome [46], and thus Y-STR typing cannot be used to 
distinguish brothers or even distant paternal relatives and (2) the 
frequency of  a specific Y-STR profile in the population can be 
relatively high [47], impeding the discrimination of  some unre-
lated males. A combination method of  autosomal and Y-STR has 
been validated where it was shown as a additional investigative 
lead for the prosecution [48].

Since the last few years the load of  sexual assault cases has in-
creased alarmingly in India, which requires a quick scientific re-
sponse to convict the offender without compromising with the 
merit of  the cases. The method, we described, is lot easier and 
can be performed within a considerable time frame, which com-
pletely avoids complex DE methods. In addition, the limited ab-
solute quantity of  the male contributory part is always a problem 
in sexual assault cases. In such cases it is always advantageous to 
use our method over the traditional separation technique, where 
a considerable amount of  the sperm cell is lost in separation pro-
cess. Moreover, as this combination method is independent of  
the presence of  spermatozoa in the seminal stain, it can be use-
ful for azoospermic or vasectomized male contributor also. The 
method can be applicable for a mixtures of  body fluids, such as 
blood–blood or blood–saliva etc. as well. The process can utilize 
any type of  cells, other than spermatozoa, to get the contributory 
profile. This way it has a vast potential to apply literary in any 
types of  forensic cases, where mixed samples are often encoun-
tered.
 
Here, we report, one sexual assault case, where a police case had 
been filed in one of  the rural districts of  West Bengal, India. The 
police had arrested two suspects, from whom the hair samples 
were collected maintaining all legal formalities, along with the PM 
blood and the gynecological sample collected by the doctor from 
the inner side of  the Victim’s Labia Majora using a cotton swab. 
DNA extraction and real-time qPCR analysis suggested the male 
to female ratio to be 1 : 3.39. The total genomic DNA was 2 
ng/ul out of  which the male DNA was 0.45 ng/ul in quantity 
in the mixed gynecological sample. Due to limited male sample 
we avoided the separation step to male from the female part as 
it would have resulted a further loss of  the male part, instead 
direct autosomal STR followed by Y-STR typing was performed. 
The expected mixed profile for autosomal-STR could be inter-
preted qualitatively based upon the alleles present [49, 50], which 
included the suspect along with the victim. The following Y-STR 
analysis, then confirmed the offender, and thereby, led to exonera-
tion of  the innocent male subject. In addition, the Amelogenin 
locus has been targeted for amplification both in qPCR [51] and 
in end point PCR assay [52]. We have showed almost identical X 
to Y peak-height ratio for both real-time qPCR ( 7.78 : 1) using 
QuantiFilerTM Trio Kit ( Applied Biosystems by ThermoFisher 
Scientific) & end point PCR (8.08 : 1) using GlobalFilerTM kit ( 
Applied Biosystems by ThermoFisher Scientific). So we propose 
our method to be extremely useful to individualize the perpetrator 
in broad spectrum of  forensic cases including the sexual assault, 
where the male DNA is extremely small, but its contribution is 
one in five of  female part or more in the mixture.

Materials And Methods

After the complaint lodged in a sexual assault, in one of  the rural 
districts of  West Bengal, India, the gynecological sample, in this 
case, a swab in cotton wool from the inner Labia Majora of  the 
deceased lady (A), P. M. Blood sample (B) and the hair samples 
of  the two suspects (S1 & S2) have been collected by the compe-
tent Medical professional, complying with all legal formalities and 
handed over to the police. Police has deposited the samples in the 
laboratory eventually for DNA analysis. Samples were stored at 
4˚C as per standard protocol to reduce the levels of  degradation. 
The examination has been done after a fortnight of  receiving in 
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the laboratory. 

The presence of  semen in the Gynecological swab (A) was first 
detected by presumptive acid-phosphatase test [53, 54] which was 
confirmed by ABAcard® p30 (Abacus Diagnostics, Inc., West 
Hills, CA) Kit as per manufacturer’s protocol using the prostate 
specific antigen (PSA) activity in semen stain [55].

DNA extraction

The swab in cotton wool (gynecological swab and PM blood) and 
the hair samples of  the suspects (S1 & S2), were subjected to 
DNA analysis. The cotton wool, cut into small pieces and 2-3 hair 
samples with root from the suspects (S1 & S2) have been taken in 
1.5 ml microfuge tube for analysis. Extraction of  DNA was per-
formed in AutoMate Express™ Instrument (Applied Biosystems 
by ThermoFisher Scientific) [56, 57]. Extraction of  each sample 
was performed in duplicate following the validation Guidelines is-
sued by the Scientific Working Group on DNA Analysis Methods 
(SWGDAM). The purpose of  this method was to extract the total 
nuclear DNA from all the samples.

Quantification 

After isolation, DNA samples were used for quantification us-
ing Quantifiler™ Trio kit (Applied Bio-system by ThermoFisher 
Scientific, USA) on Quant-Studio 5 following manufacturer’s pro-
tocol. The assay combined four 5′ nuclease (Taqman) assays [58]; 
two separate target-specific human assays; one with a short PCR 
amplicon and one with a long PCR amplicon, a target-specific 
human male DNA assay and an internal PCR control (IPC) as-
say. Each target assay consisted of  PCR primers and dye-labeled 
TaqMan® probes with non-fluorescent quenchers for the ampli-
fication of  multi-copy genomic loci. Quantification DNA stand-
ards were used to quantify the extracted DNA samples using HID 
Real-Time PCR Analysis Software v1.3.

Amplification

After quantification, 1 ng of  each of  the extracted samples were 
amplified using the GlobalFiler™ and Yfiler™ Plus amplification 
kit (Applied Biosystems by ThermoFisher Scientific) as per manu-
facturer’s protocol. The GlobalFiler™ amplification Kit consisted 
of  6-dye based short tandem repeat (STR) multiplex assay for 
the amplification of  human genomic DNA. The kit amplified 24 
STR loci including Amelogenin (sex determining marker). The 
collection of  STR analysis and Amelogenin amplicons together 
constituted the DNA profile of  the sample under examination. 
The Yfiler™ Plus PCR Amplification Kit is a 6-dye, multiplex 
(27 Y-STR ) assay optimized to allow amplification from multiple 
male specific sample types such as male-male, male-female mix-
tures. “DNA Control 007”, supplied in the kit- which was used 
as a positive control for evaluating the efficiency of  the amplifi-
cation step and genotyping for both autosomal and Y-STR. The 
GlobalFiler™ Allelic Ladder for STR genotyping for accurate 
characterization of  the alleles for autosomal analysis & Yfiler™ 
Plus Allelic Ladder for Y-STR analysis were used. 

Capillary electrophoresis

The fluorescently tagged DNA fragments which were then sepa-
rated by capillary electrophoresis (CE) and size-classified through 

valuation with an internal standard on a Applied Biosystems 3500 
Genetic Analyser (ThermoFisher Scientific, USA) using Data 
Collection software v4.0.1 in Windows 10 platform. 1 μL of  
sample (PCR product) was added to 9.6 μL Hi Di™ formamide 
(ThermoFisher Scientific) and 0.4 μL GeneScan™ 600 LIZ™ 
Size Standard v2.0 (ThermoFisher Scientific). The CE run condi-
tion was as per manufacturer’s protocol, which included POP-4 
polymer (ThermoFisher Scientific), a 36 capillary array ( Ther-
moFisher Scientific) and a 10s 3kV injection. Electropherogram 
was analyzed using the GeneMapper IDX software v1.6 (Ther-
mofisher Scientific, MA, USA) by comparing the results to refer-
ence allelic ladders.

Results And Discussion

The primary goal of  this case study was to analyze both autoso-
mal-STR and Y-STR pattern(s) of  the mixed male/female sample, 
without separating the female epithelial cells from the male semen 
fraction, to exclude and/or include the suspects. We initially de-
tected the presence of  semen in the mixed sample by acid phos-
phatase test and further confirmed it by showing the presence 
of  p30- antigen in the sample using Abacard p30-kit. The total 
un-fractionated DNA from the swab taken from inner-side of  the 
Labia Majora (A) of  the victim, from the hair sample of  both the 
suspects (S1 & S2) and victim’s PM blood (B), was extracted, and 
quantified by qPCR using QuantiFiler Trio Kit (Applied Biosys-
tems by Thermo Fisher Scientific, USA). The female-male DNA 
ratio was found to be 3.39 : 1 ( X : Y = 7.78 : 1) in the gynecologi-
cal sample by real-time qPCR. The autosomal STR analysis, for 
all the samples, was then performed by capillary electrophoresis 
in ABI 3500 and the data was analyzed using ID-X software, ver-
sion 1.6. 

The profiles using 21 autosomal STR-loci, Amel, Y-Indel and 
DYS391, as supplied in GlobalFilerTM plus kit (Appled Biosys-
tems by ThermoFisher Scientific) was analyzed in the extracted 
DNA-from the all the samples, i.e. the gynecological swab sample 
of  the victim (A), the victim’s PM blood (B), and the suspects 
samples (S1 & S2) and the result obtained for 17 loci including 
DYS391 has been represented in Figure 1. All the profiles for the 
un-mixed samples (B, S1 & S2) were well balanced with heterozy-
gous peak height > 70% and minimum noise level. The gyneco-
logical swab (A) showed a mixed profile with a maximum of  four 
(4) fluorescence peaks. The profile could be clearly differentiated 
into two distinct components (Fig 1). The major profile was of  
the victim (female) and the minor component had a male geno-
type which matched exactly with one of  the suspects (S1), except 
for loci D2S1338, where one of  the allele-peak (19) for the male 
profile was higher. That may be due to incomplete or partial am-
plification at that locus for the female part. The allele peak heights 
for the male suspect were sometimes quite low, but visible in the 
mixture (A). This is expected, because of  preferential amplifica-
tion of  the abundant female DNA template, as compared to the 
male part in the mixture.

The autosomal profile data for 20 STR including AMEL, for all 
the samples (A, B, S1 & S2) has been tabulated (Table 1). The 
gynecological swab (A) showed a mixture of  two distinct profiles, 
which includes the victim (B) and only one of  the suspect-1 (S1) 
(shown in bold numbers ), thereby excluding S2 form the list of  
suspects. However, for CSF-1PO loci, we missed one allele (allele 



Sandip Ghosh, Sutanwi Bhuiya, Bipradut Sil. Combination of  Autosomal and Y-STR Analysis, an Alternative to Differential Extraction: A Case Study. Int J Forensic Sci Pathol. 2021;9(1):468-474.

471

 OPEN ACCESS                                                                                                                                                                                   https://scidoc.org/IJFP.php

drop out) for the male sample (S1), which may be due to preferen-
tial amplification of  the female DNA at the specific locus. 
 
The Amelogenin STR profile-data (column I) for the mixed sam-
ple (A) shown separately in Figure 2., where the ratio of  X to Y 
peak-area of  the mixed sample was calculated considering that 
the X/Y allele ratio were balanced in hair sample of  the suspect 
(S1). The value was found to be 8.08 : 1, which closely resembled 
the X/Y ratio ( 7.78 : 1) deducted from the real- time qPCR data 
(column II).. The balance of  X and Y amplicons is generally used 
for predicting the relative contributions of  male and female DNA 
in mixed samples. However, though, the Amelogenin amplicons 
are co-amplified with STR loci in this kit ( Global Filer TM ) the 
statistical analysis of  the male/female ratio is difficult to perform 
as it results in multiple ratios for the multiple autosomal loci. We 
have calculated the female to male peak ratios for those alleles in 
the mixed profile where the male and female allele components 
appeared independently, except D2S1338. The ratio of  major/mi-
nor peak heights (except AMEL) were averaged to get one value 
for the mixture which was found to be around 2.80 : 1, whereas 
for AMEL, alone, the ratio value was calculated to be 3.54 : 1. 
This difference might be due to either the omission of  the values 
for the overlapping male/female peaks in the mixed samples or 
due to preferential amplification of  male or female template in 
some locus. A comprehensive study to resolve the statistical aber-
ration was not possible in this case owing to the scarcity of  the 
samples. 

To confirm the offender, Y haplo-typing of  the gynecological 
sample (A) along with the DNA samples of  suspects S1 were 
conducted using Y-Filer Kit of  ThermoFisher and the profiles 
have been analyzed. The profiles for 16 Y-Chromosome loci has 
been shown in Figure 3. We got a complete match of  male profile 
with the profile of  sample S1, which confirmed the suspect as a 

definite perpetrator. 

The combination method of  autosomal and Y-STR profiling of  
the mixed sample is described herein which was quite useful to 
solve a sexual assault case where the difference in female to male 
DNA in the mixture was relatively less. The method is more time 
saving and high throughput as it eliminates the relatively complex 
male spermatozoa separation and can easily be used as a routine 
lab-work. Therefore, it would be equally effective for any mixed 
samples other than semen such as for blood-blood or blood-sali-
va combination and samples from azoospermic or vasectomized 
male subjects. The application may be extended to resolve the 
male-female contributory part in the homicide cases also, where 
a blood-blood mixed sample is often traced in the crime scene or 
over the victim/accused body.

However, this method has some limitations by itself. As it requires 
Y-STR haplo-typing to confirm the perpetrator and as Y-STR 
profiles are often not included in national DNA databases, the 
acquired Y-STR profile, has to be compared with the Y-STR pro-
file of  known suspects to convict the offender. Since the method 
is based on Y-chromosome analysis, female offender cannot be 
included in this method. Most importantly, failure to detect any 
biological material of  the perpetrator from the scene of  crime 
and/or victim’s sample, not only fails to link an offender to the 
crime scene, but it also apparently excludes him as a probable 
perpetrator. Therefore, in addition to genotyping, the investiga-
tive agency should take into consideration other circumstantial 
evidences including the non-biological exhibits, witness evidence 
etc. to include the suspect. Nevertheless, the combination method 
helped us to a conclusion in the case described here and pinpoint 
the perpetrator.
 
Even though this study might have some limitations regarding the 

Figure 1. Electropherogram of  the gynecological sample (A), the victim PM blood (B), and the hair samples of  the poten-
tial suspects (S1 & S2). The profiles are shown for 17 –STR loci including DYS391.
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Figure 2. Real-time qPCR data (column I) using QuantFiler Trio kit and STR profile data using GlobalFiler Kit of  sex de-
termining marker, AMEL, for the gynecological sample (A) along with the suspect (S1) hair sample (column II) are shown. 

Figure 3. Y-chromosome STR analysis data for the gynecological samples (A), and the suspect sample (S1) are shown for 16 
loci.

Table 1. DNA profile data showing 20-STR loci including AMEL, for Gynecological swab (A), Victims P.M blood (B) and the suspects Blood samples 
(S1 & S2). The male profile has been shown as bracketed numbers for the mixed gynecological sample. For CSF1PO loci, an allele dropout (11) has been 

found.

D3S1358 vWA D16S539 D8S1179 D21S11
A 15, 17 (16,17) 18, 20 (15, 17) 8,12 (10, 11) 13, 14 (13, 15) 29, 30 (31.2, 31.2)
B 15, 17 18,20 8,12 13,14 29,30
S1 16, 17 15,17 10,11 13,15 31.2, 31.2
S2 16,17 16,18 9,12 15, 15 29, 29

D18S51 D2S441 D19S433 FGA D22S1045
A 15, 16 (13, 15) 10, 10 (10, 10) 13, 14 (12, 

15.2)
19, 23 (22, 25) 15, 16 (11,11)

B 15,16 10, 10 13,14 19,23 15,16
S1 13,15 10, 10 12,15.2 22,25 11, 11
S2 15 10, 11 14,15 21,23 16, 16

 D5S818 D13S317 D7S820 D10S1248 D1S1656
A 12, 13 (10, 11) 9, 9 (8, 11) 9,9 (8, 8) 12, 15 (15, 16) 13, 16 (11,13)
B 12,13 9, 9 9, 9 12,15 13,16
S1 10,11 8,11 8, 8 15,16 11,13
S2 9,12 8,12 10, 10 14,15 13,15

D12S391 D2S1338 AMEL CSFIPO SE33
A 18, 18 (18, 22) 20, 22 (19, 24) X, X (X, Y) 10, 10 25.2, 30.2 (19, 30.2)
B 18, 18 20, 22 X, X 10, 10 25.2, 30.2
S1 18,22 19, 24 X, Y 10, 11 19, 30.2
S2 19,20 18, 19 X, Y 9, 12 25.2, 30.2
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statistical interpretation of  the mixed STR profile, it did not affect 
the prime goal to exclude and/or include male subject(s) from the 
mixed male/female samples where the difference in contribution 
of  female to male was relatively less, in the mixed population. 
This method is simple, high throughput, which avoids complex 
separation of  male spermatozoa from the mixed samples and 
thereby, may be applicable in day-to-day routine laboratory work.
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