
Introduction

	 Y-STR profiling is highly useful in tracing of male patrilineage 
and unscrambling of multiple males in cases of murders or sexual 
assault [1]. The presence of male and female DNA in crime scene 
samples is usually distinguished by amplification of 112 bp and 
106 bp from sex chromosomes (XY) [2]; thus, the male (XY) gives 
rise to two amplifications or peaks, while females (XX) generate a  
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single amplification/peak. The maleness of an individual is deter-
mined by the testis-determining factor (TDF,~24 kDa protein) cod-
ed by the SRY gene (sex-determining region of the Y chromosome). 
Therefore, Y-chromosomal inheritance from father to male child is 
used to characterize paternal lineages of questioned or unknown male 
in paternity and sexual assault cases [3]. The acrocentric Y chromo-
some of humans is consisting of two unequal arms, a short arm (p) 
and a long arm (q), which are bounded by Pseudoautosomal Regions 
(PARs) at the tips [4] (Figure 1). The tip of the short arm, called PAR1 
is~2.5 Mb while tip of the long arm PAR2 is ~320 kb, both ends also 
contain telomeric DNA [5]. These PARs are homologous regions also 
present on the X chromosome, and during meiosis, PARs behave like 
an autosome and recombine later after autosomes (delayed double 
strand break and pairing) [6]. Y-chromosomal inheritance from father 
to male child is used to characterise paternal lineages of questioned 
or unknown male trace donors, in paternity and sexual assault cases 
[3]. The sex determining gene SRY which codes for TDF is present 
in the PAR1 region of Y chromosome which is also translocated to 
X chromosome but very rarely (1 in~30000 of males) which gives 
rise to intersex condition called de la Chappelle Syndrome (XX, male 
syndrome) [7,8]. More than half of the Y chromosome (~40 Mb) is 
tightly packed heterochromatin-block present in long arm (Figure 1) 
[9,10], and very few protein coding genes (~70) are present in rest of 
the euchromatin portion [4], and it has been hypothesized that during 
evolution most of the genes have been relocated to other chromo-
somes or lost due to its specialization [11,12]. 

	 The amplified Y chromosomal AMEL Y and 17 Y-STRs have been 
positioned approximately along the Y chromosome along with other 
important markers like pseudoautosomal region (PAR) and sex-deter-
mining marker (SRY). The missing alleles in this case were located in 
consecutive positions along the short arm of the Y chromosome, with 
unusual detection of a monoallelic peak at the DYS385 locus.
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Abstract
	 Y-chromosomal short tandem repeats analysis is commonly used 
in forensic science to determine paternity, genealogy and number of 
males in sexual assault cases. Due to the absence of a homologous 
Y chromosomal pairing partner, many mutations go unrepaired in the 
offspring. Here, we report a rare genetic case of monoallelism along 
with Y chromosome microdeletion in a paternity case. The paternity 
was established through DNA fingerprinting technique and statistical 
analysis of amplified alleles. In this case, rare Y microdeletion and 
DYS385 monoallelism were observed through Y-STR analysis. This 
case should focus not only on the rare interpretation of Y-haplotype 
profiles but also on the evolutionary loss or mutation of DNA seg-
ments from the Y chromosome, which does not affect virility/fertility.

Keywords: Forensic Genetics; Microdeletion; Monoallelism; Muta-
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Figure 1: Location of AMEL Y and 17 Y-STRs in human Y chromosome.
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	 The human Y chromosome pass from father to male offspring and 
is highly vulnerable to point mutations (~2x10-8 per base/generation) 
[13], STR mutations (~10-3 per locus/generation) [14,15], and mi-
crodeletions (~1:4000 men) [16] whereas errors in the DNA of other 
chromosomes are generally corrected by homologous chromosomal 
alignment and recombination from both parents during meiosis [17]. 
A remarkable recent finding demonstrates that as humans age and de-
velop degenerative diseases, there is mosaic loss of Y-chromosome 
from blood cells [18, 19], which is further augmented by smoking 
habits, in fact up to four times greater than in non-smokers [20,21]. 
Here we report a rare case of monoallelic DYS385 STR along with 
microdeletion of short arm of Y chromosome. This case analysis is 
from a duo paternity case (a case of Yadav title surname belonging 
to peasant-pastoral communities, and consider themselves as the de-
scendents of the King Yadu dynasty to which Lord Krishna belongs). 
The blood samples were collected by the medical officer on sterile 
gauze cloth pieces from the alleged father as well as the child as per 
direction from the court of law (The District and First Additional Ses-
sion Judge cum Special Judge, Latehar, Jharkhand) and sent to the 
State Forensic Science Laboratory Jharkhand for DNA examination.

Materials and Methods
DNA extraction

	 The case exhibits (blood samples collected by the Authorized and 
Certified Medical Officer) of the alleged father and male child were 
provided to Director, State Forensic Science Laboratory Jharkhand 
on separate sterile gauze cloth pieces, and an area of approximately 
1 cm2 was used for DNA isolation using the Trace DNA Purification 
Protocol (EZ1 DNA Investigator® Kit, Qiagen). The gauze pieces 
were placed in separate 2mL sterile sample tubes, and then 200µL of 
buffer G2 and 10 µL of proteinase K, were added. After brief vortex-
ing (10s), the samples were mixed and placed in a water bath shaker 
set at 56oC for approximately 30 min. The sample tubes along with 
reagents cartridges, elution tubes and tip holders with tips were then 
loaded on the automated EZ1 worktable in their respective places 
(EZ1® Advanced XL, Qiagen). The purified DNA of the above sam-
ples were eluted shortly (~20 min) in TE buffer (40µL).

DNA quantification

	 The quantification of the above extracted DNA was carried out 
by real-time polymerase chain reaction (RT-PCR) using QuantifilerTM 
Duo DNA Quantification Kit (Applied Biosystems) [22]. Briefly, for 
every sample or standard DNA to be quantified, PCR Reaction Mix of 
12.5 μL, Human Primer Mix of 10.5µL and sample/standard of 2µL 
were mixed in their respective tube of 96-Well Plate to obtain a final 
volume of 25 uL PCR reaction systems. The real time PCR machine 
(7500 Real Time PCR System, Applied Biosystems) calculated the 
quantity of DNA for each well as per standard DNA plot. Here, the 
DNA samples to be used as template were adjusted to 0.1ng/µL be-
fore setting up of PCR amplification.

Amplifications of STRs (Autosomal and Y) and genetic 
analysis

	 Fifteen autosomal STRs loci and one gender locus were co-am-
plified using AmpFLSTRTM Identifiler PlusTM PCR Amplification Kit 
(Table 1) [23]. This multiplexing was carried out in 0.2mL PCR tube 
using PCR Reaction Mix of 10 μL, Primer Set Mix of 5 μL and pu-
rified DNA of 10 μL (final volume of 25µL PCR reaction system).  

The amplification conditions were set to initial denaturation of 5 min 
at 95°C, followed by 28 cycles of 1 min denaturation at 94°C, 1 min 
annealing at 59°C and 1 min extension at 72°C, and lastly 10 min of 
final extension stage at 60°C. 1µL of these amplified PCR products 
or the AmpFlSTR® Identifiler Plus® allelic ladder were mixed to 8.7 
μL of Hi-Di™ formamide and 0.3 μL of GeneScan™ 500 LIZ® Size 
Standard dye.  This 10 μL electrophoresis system was subjected to 
95oC for 5 min followed by snap chill (-20oC) for generating single 
stranded DNA forms. The samples were loaded on Genetic Analyz-
er (ABI-3130, Applied Biosystems) where capillary electrophoresis 
was performed in 36 cm 4-capillary array. Similarly multiplexing of 
the Y-STR alleles for the genomic DNA extracted was performed us-
ing AmpFLSTRTM Yfiler® PCR Amplification Kit [24]. The sizing 
of STR fragments separated in capillary to a single base resolution 
was carried out with GeneScanTM 500 LIZ® Size Standard and genet-
ic analysis software GeneMapperTM ID v3.2. The observed resultant 
alleles size of the studied loci and their genotypes are represented in 
(Table 1) The whole experiment was repeated along with appropri-
ate positive control (pooled human male genomic DNA as Standard 
DNA) and negative control (HiDiTM formamide) which were used 
during PCR amplification and are not shown here.

Establishment of Paternity through Statistical Anal-
ysis

	 The paternity index was calculated as , where X is the likelihood 
ratio of alleged father being the biological father (null hypothesis), 
and Y is the probability (population allele frequency) of a random 
man from the population (alternative hypothesis for all other possi-
ble outcomes) [25]. The value of Y (autosomal STR frequency) was 
obtained from the population STR frequency data of Jharkhand State 
published by the State Forensic Science Laboratory Jharkhand, India 
[26]. The Combined Paternity Index (CPI) was obtained by multiply-
ing all individual Paternity Indices (PI) calculated for each locus. CPI 
is the measure of the strength of genetic evidence that tries to fit in 
the hypothesis that the alleged man is the father of the child as com-
pared to someone else from the population. The calculated CPI was 
257341.55 (Table 1) which is far greater than the critical value of 1. 
To test the strength of the hypothesis again that the tested man is the 
biological father rather than a random man from the population based 
on non-genetic evidence, the Prior Probability of Paternity (POP) 
was calculated as  which gave result close to the certainty value of 
1, where value of 0.5 is a blind assumption by the court system from 
the testimony of father, mother, and other witnesses, meaning equal 
chances of both hypotheses to occur.

Results and Discussion

	 In this case, autosomal and Y chromosomal STR profiles (Sup-
plementary Figures S1-S4) were generated from standard reference 
blood samples. The paternity was established using paternal allelic 
inclusion of the child in the autosomal DNA profile of alleged fa-
ther and statistical analysis mentioned above (Table 1). The diallelic 
STR marker DYS385 was found to be monoallelic, a very unusual 
observance, while two short arm markers (Amelogenin and DYS458) 
were not amplified, indicating Y chromosome micro-deletion. The 
frequency of deletion incidence of both DYS458 and AMEL Y loci 
in the human Y chromosome is very rare, a very common pattern of 
microdeletion which is observed across the world mostly among the 
Asian and North American population [27,28]. This is the first case 
of paternity determined and reported across globe, where noted Y  
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chromosomal allelic abnormalities (Y chromosomal microdeletion 
along with DYS385 monoallelism) in both the father and his biolog-
ical male child (Table 1), have no effect on the virility/fertility of hu-
man beings.
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Supplementary Figures S1-S4

	 The autosomal profile of alleged father – Figure S1 and autosomal 
profile of male child – Figure S2 were generated using AmpFLSTRTM  
Identifiler PlusTM PCR Amplification Kit (Applied Biosystems) while 
Y-STR profile of alleged father – Figure S3 and Y-STR of male child 
– Figure S4 were generated using AmpFLSTRTM YfilerTM PCR Am-
plification Kit  (Applied Biosystems).

Ethics approval and consent to participate

	 The blood of each participant was taken in the presence of two 
witnesses and certified in Blood Authentication Form as per the rules 
of Jharkhand Police Manual. The blood samples were collected by an 
authorized and certified medical officer on sterile gauze cloth pieces 
from the alleged father and child as per direction from the court of law 
(The District and First Additional Session Judge cum Special Judge, 
Latehar) and sent to the State Forensic Science Laboratory Jharkhand 
for DNA examination. This case imposes the Section 376(3) Indian 
Penal Code (IPC) Act and Section 4(2) of Protection of Children from 
Sexual Offences (POCSO) Act, and hence consent is not required for 
such heinous crime cases involving imprisonment of more than seven 
years.
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