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“Sex determination becomes the priority in the procedure of determination of a person by 
a forensic investigator in the case of disaster victim identification, sexual assault and rape 
cases.  Biological samples of human male and female were easily distinguished by 
analysis with Y-chromosome specific DNA probe. Previously, sex determination was 
performed by the investigation of leukocyte nuclear drumstick, sex chromatin or 
fluorescence of the Y-chromosome and it is possible to perform sex determination using 
Chromosome specific marker. Now a day’s crime is transforming its stages day by day. 
So, we need to use various type of marker for sex determination. Amelogenin genes have 
become the method of choice for sex determination of biological samples. Amelogenin is 
currently in widespread use for determination of sex. This paper reviews markers which 
are sex specific in nature and presently establishing themselves against various crimes.  
Every marker has property which can be used for developing methods of testing DNA 
sample for Y-chromosomes.”  

KEYWORDS – Sex determination analysis, Amelogenin, SRY (Sex determination 
Region Y), TSPY (Y- encoded Testis Specific Protein) 

Introduction- Sex determination has priority in the determination of a missing person 
during any natural or manmade calamities in disaster victim identification and in sexual 
assault or rape cases. [1] Through molecular analysis investigator can reveal the sex 
ofanindividual. Generally female has two X chromosomes and male has one X and one Y 
chromosome.[2] Y chromosome analysis came forward as a largely successful method to 
determine the chromosomal sex of an individual and identifying the ratio of male and 
female DNA in a mixed forensic sample.[3] Even its presence in the cases related to mass 
group rape cases and even if any individual is suffering from disease like azoospermia 
etc.For a DNA profile to be got into US National DNA Index System (NDIS), which is 
national level of the Combined DNA Index System (CODIS). [4] 

 Testing of X chromosome markers can be valuable situations, like, deficiency kinship 
cases. X- Chromosome short tandem repeats(X-STRs) are inclusively used in forensic 
genetics,as long asduring the use of X chromosome single- nucleotide polymorphisms 
(X-SNPs) is limited. [5] The analysis of Autosomal and Chromosome Y marker can 
complement by the chromosome X genotyping and especially in kinship testing. Over 40 
X STR markers have characterized till date. [6] 

Abstract 
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 Y chromosome is male specific part of the human used in forensic DNA analysis. By 
analyzing the trace material present in the mixture of male and female body or as any 
other evidence having traces of secretion by specific tool i.e. - STR marker. [7]Previously 
sex determination was performed by the investigation of leukocyte nuclear drumstick, sex 
chromatin or fluorescence of the Y chromosome and it is possible to perform sex 
determining using chromosome specific marker. 

 There are various types of marker for sex determination like Amelogenin, SRY (Sex 
determination Region Y), TSPY (Y-encoded Testis Specific Protein), Locus DXYS156, 
STS (Steroid Sulphatse). [8] F-bodies are also used in sex determination. F- bodies 
contain Y chromosome. It is used to identify sex from pulpal tissue. The formation of 
amelogenin is involved in AMEL gene. In female AMEL Xgene is located on 106bps and 
in male AMEL gene is located on 112 bps of DNA.SRY is the sex determination region 
Ygene. These genes code for the sex determining region Protein which is responsible for 
further development as male. TSPY (Y- encoded Testis specific Protein) located distal 
and proximal of AMELY. TSPY has proposal of non-allelichomologous recombination 
between TSPY respects as the mechanism for some Y chromosome determination. STS 
(Steroid Sulphatse)is located on the X chromosome. STS marker is different from 
anothermarker. DXYS156 marker is located on both X and Y chromosome and used for 
sex determination. 

 There is some X chromosomemarker which have shown in the table and these markers 
used in testing forensic case work and kinship testing.  

Table -1X-Chromosome STR marker along with their base pairssize. [10-23] 

Marker Size (in base pairs) Reference 

 DXS7424 79–100 [11] 

AMELX, AMELY  X=55, Y=58 [12] 

AMELX, AMELY X=80, Y=83 [13] 

GATA165B12 90–110 [12] 

GATA31E08 101–133 [14] 

DXS6795 90–111 [12] 

DXS8378 95–111 [12] 

DXS7423 99–115 [12] 

AMELX, AMELY X=106, Y=112 [13] 
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Marker Size (in base pairs) Reference 

DXS7133 106-130 [15] 

GATA172D05 108-136 [15] 

DXS6803 109-128 [14] 

DXS7130 109-128 [14] 

DXS6801 113-137 [16] 

DXS10163 121–171 [17] 

DXS6789 122–162 [12] 

DXS7132 131–155 [15] 

DXS10160 135 – 193 [18] 

DXS9895 139-161 [15] 

DXS101 142–169 [12] 

HPRTB 144-176 [19] 

DXS10165 145–173 [17] 

DXS7424 147-174 [21] 

DXS10162 150–186 [17] 

DXS10159 154–190 [17] 

DXS10103 160-200 [23] 

DXS9902 162-186 [20] 

DXS10147  165–185 [22] 

  

Forensic application of chromosome X marker- X chromosomes STRs provide a new 
probable tool for recovering useful information from samples that are otherwise difficult 
to originate full profile. It would show useful in discussion in forensic case work. There 
are many type of cases solved by using X chromosome markers like- [24] 
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• Paternity testing 
• Deficiency paternity case 
• Paternity testing in rape and incest case 
• Maternity case etc. 

Here, we show a case report of sexual assault in which the use of chromosome has been 
pivotal.The victim was a young settler woman found dead in her home. The main suspect 
was her husband. However, the couple lived in a region in which the specific cultural 
context advised the involvement of the other males of the husband family. The suspect 
lived together with his brother, his father and his uncle. Commonly, a useful tool to solve 
cases of sexual assault is doubtless the use of Y chromosome, but in this case this tool 
could not discriminate between the four males included. An additional factor has further 
complicated the condition: the most important biological evidence (typed with 
AmpFlSTR Identifier and AmpFlSTR NGM) showed a mixed profile in which was very 
difficult to discriminate the suspect’s profiles. For solving the casework, the authors 
typed the victim, the suspects and the biological traces with 6 X-STRs in a homemade 
esaplex. The results showed the presence of victim and her husband profiles in the 
biological trace excluding his brother, father and uncle's profiles. [25] 

Description of Y-chromosome markers: - Y- chromosome analysis is a useful tool for 
analyzing DNA in forensic case work. The human Y- chromosome is one of the smallest 
in the genome. Y-chromosome is being inherited from the father by his sons. Y-
chromosome markers are used in forensic cases like- sexual assault cases, identifying 
more than one male from single mixed sample etc. The most commonly used Y- marker 
types are STRs and SNPs. Y- STR has been used for many years on a limited basis to aid 
forensic case work. Early work in U.S. with Y-STR was accomplished in the late 1990s 
by the New York city Office of the Chief Medical Examiner. (OCME) [26], ReliaGene 
Technologies, Inc. (New Orleans,LA) developed the first Y-STR kit, Y-PLEX6, and 
started doing Y-chromosome testing in late 2000.  

Y-STR testing uses when any one of four conditions ismet: - 

(1) Evidence is positive for semen however no DNA foreign to the victim can be 
identified, or potential male alleles are below the detection threshold with autosomal STR 
tests. 

 (2) In question the evidence is amylase positive and a male/female mixture is expected. 

 (3) A large quantity of semen stain needs to be screened. 

 (4) Various semen donors need to be determined (e.g., suspected gang rape). 

 DNA evidence is rarely pristine in forensic; in fact, analysis is often difficult because of 
partial DNA profiles, sample degradation, and male or female DNA mixtures. Last five 
years,forensic laboratories have been an increase in the use of Y-short tandem repeat loci 
(Y-STRs). There are many Y-STR marker available which are used in forensic case work 
such as - DYS19, DYS385a/b, DYS389I, DYS389II, DYS390, DYS391 DYS392, 
DYS393, DYS438 DYS437, DYS439, DYS448 DYS456, DYS458, DYS635, Y-GATA-
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H4, DYS481, DYS533 DYS549, DYS570, DYS576, DYS643, DYS449, DYS460, 
DYS518, DYS627, DYF387S1a/b, DYS526a/b, DYS547, DYS612, DYS626 
DYF399S1, DYF403S1a/b, DYF404S1 etc.[27], There are some cases present which are 
solved with the help of using Y- STR testing like-[28] 

• Fingernail swabs from assault victim:  
A number of cases in which DNA has been extracted from the swabs of 
fingernails. Such as, the results prevailed from autosomal STR analysis 
incorporated a effective description from the female victim with no sign of male 
DNA. Afterwards Y-STR testing provided a full male profile. In fact, in some 
cases, more than one male donor has been observed through Y-STR testing. 

There are a number of possible references of DNA found on fingernails. DNA may be 
collected from the victim scratching her assailant or from the victim sticking her fingers 
in his mouth, nose, or eyes during the assault. The DNA could also simply be from sweat 
on the offender's body. Using Y-chromosome-specific markers can improve the 
possibility of identifying low levels of the offender's DNA in a high background of the 
victim's DNA. 

• Trace amounts of seminal fluid on victim's underclothing: 
There are many forensic cases from crime labs in which they have identified 
seminal fluid on the victim's underclothing with no sperm present. The non-sperm 
fraction produced only a female profile by the autosomal DNA test result. But 
after operating a Y-STR test, we were able to detect a male profile that was then 
used for comparison purposes. 

Future advances of Y –chromosome DNA analysis in forensic: In present years, Y-STR 
kits have seen an enhancement in the various of Y-STR markers involved, validated 
increased paternal lineage resolution. Still, these kits cannot distinguish all unrelated men 
in a community, nor do they permit the discrimination of related men. It, therefore, is 
visualized that upcoming commercial Y-STR kits will comprise more markers, 
particularly more RM Y-STRs. Still, containing more RM Y-STRs will lead to a beside 
increasingproblem of putting a demographical weight on an distinguished  haplotype 
match because of the ultra-high diversity of RM Y-STR haplotypes requiring remarkably  
large reference databases for determining  a rather definitive  prevalence of the matching 
haplotype needed for determining  the match probability, unless new demographical  
solutions will be developed. 

 Forensic progenitors testing using Y-chromosome markers, upcoming work needs to 
produce more perception about the topographic dispensation of many of the currently 
discovered Y-SNPs, to validate how useful they are for improving the topographic 
determination of paternal progenitor’s assumption. It is expected that such cognition will 
permit paternal bio-geographic progenitors’ assumption to be moved from the current 
level of mostly continental determination to a much more detailed topographical 
determination. In forensic, the limitation in multiplexing ability of the genotyping 
technologies currently used inY-STRs and also in Y-SNPs. DNA analysis has to be 
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overcome, to take full convenience of the large number of Y-SNPs required for 
concluded bio-geographic progenitors on a comprehensive level. 

More sex typing markers:  

� Amelogenin: -Amelogenin is the protein involved in amelogenesis. It is a major 
protein component of the developing enamel in human. The gene structure of this 
protein has been showed and it is pledged that there are two amelogeningenes, 
one on the X- chromosome (AMELX) region which is located on the distal short 
arm of the X chromosome in the p22.1-p22.3 region and the other on the Y-
chromosome (AMELY) which is located near the centromere of the Y- 
chromosome at p11.2 in humans. [29] Female has two identical AMEL gene of 
alleles, whereas the males has two different AMEL genes. This can be used to 
determine the sex of the remain with very small samples of DNA. 
The result of PCR, AMELX and AMELY can be differentiated from one another 
using primers edging a 6 bp deletion in the third intron of AMELX that is not 
exist in AMELY [30]. Generally used amelogenin primer sets which providing 
AMELX/AMELY amplicons of 106/112 bp and 212/218 bp, respectively. [31]. 
 After amplification of the AMEL locus,if fragments of both lengths are detected, 
the DNA donor obtains both X and Y chromosomes, which usually estimates a 
male phenotype. If only the shorter AMELX fragment is detected, this shows that 
the DNA donor is an individual with only X chromosomes, who will commonly 
show a female phenotype.This discrepancy in the X and Y homologues of the 
amelogenin gene is the basis of the use of amelogenin to estimate the sex of a 
DNA donor in forensic analysis. 
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Figure 1- Cytogenetic map of the human X(left) and Y(right) chromosome with sex 
typing marker location. Cytogenetic patterns with alternating dark and light bands are 
shown. [32] 

 

 

� SRY (Sex determination Region Y): -Generally amelogenin is used for sex 
determination in     forensic casework, prenatal diagnosis and DNA data basing. 
But, the test does not perform to be reliable. So, we designed a new pair of primers 
that is called SRY gene. Sex determining region Y is located on the Y 
chromosome at p11.31. [33]The reliability of sex determination has been 
performed by further PCR reaction using the combination of primers for SRY and 
amelogenin or only the primers for SRY. However, this method is strenuous and 
time consuming. To solve this drawback, scientist discovered a new pair of 
primers so that the size of the SRYamplification product as well as PCR conditions 
would suit the amplification reactions ofcommercially multiplex STR kits. 
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[34]Scientist made a new pair of primers that focus a segment of the SRY gene 
proceeding in 96-bp male particular PCR fragment that can be a part of multiplex 
STR kits which makes sure clear and fast sex determination. Its relevancy and 
meticulosity of the primers by testing with high quantity of female DNA and low 
quantity of male DNA. The applicability of the primers was tested with DNA from 
DAM (Deleted-Amelogenin Male) sample. [35] 

� TSPY (Y-encoded Testis Specific Protein) -The TSPY genes are located as a form 
of bunches on the Y chromosome. TSPY play an important role in 
spermatogenesis. Inheterogeneous family, TSPY is located on an Yp11.2. [36] 
While few copies present on Yq. we have studied: - 

I.  The variety of RNAs transcribed from the clusters. 
II.   Its protein characteristics both in tissue extracts and in tissue segments, using a 

TSPY-specific antiserum. 
III.  The series homology of the concluded TSPY to other proteins.  

We have determined a set of definite TSPY transcripts with varies exon 
compositions. [37]The TSPY gene have 6 exons and 5 introns.A TSPY-like 
(TSPYL) gene has been determined on the short arm of the X chromosome and 
named TSPYL2. TSPYL2 presents in single copy per X chromosome and is 6.3 kb 
in length, containing of 7 exons and 6 introns. TSPYL2 splits homology with 
TSPY. Furthermore, variousTSPYL genes have been determined on autosomal 
chromosomes. [38]The TSPY locus has various markers which present on Y-
chromosome. The prospective for progressing usually fragileTSPY assay for 
identifying male DNA in female/male mixtures and for exact sex identification 
with degraded DNA has been undoubtedly indicated. While the probability of co-
amplifying a section of TSPYL2 near to TSPY as an X chromosome inside 
regulation could be investigated further, as an only imprint gene the use of 
TSPYL2 in delicate assays aimed for low imprint number or degraded samples 
may be limited. 

� DXYS156- Positioning of Y-chromosome-specific nucleotide in the identical short 
tandem repeat (STR) locus DXYS156 which allow us to discriminate males from 
females as like inamelogenin system, however with the privilege that locus is 
multi-allelic, therefore important benefaction towards DNA fingerprinting of a 
sample and additionally allowing thedetermination of sample contamination. Still 
other advantage is that both the X and the Y duplicatesof DXYS156 have alleles 
particular to dissimilar segment of the world, offering different identifies of 
maternal and paternal ancestry of that sample. Thus, we approved the inclusion of 
DXYS156 in standard multiplexing kits for forensicapplications. [39] The 
pentanucleotide microsatellite DXYS156 presents on the pseudoautosomal region 
of both the sex chromosomes for sex determination. [40] STR can be identified 
with a one primer pair amplifying both X and Y alleles Cause of high series 
resemblance in the regions edging the repeat units of DXYS156. The two largest 
alleles (160 and 165 bp) were presented in males, which show that they were 
developed from the Y chromosome DXYS156Y locus. Another 5 alleles were 
available which were presented in single copy in males and double copies in 
females, it was mean that they were developed from the X chromosome 
DXYS156X locus.[41] All these outcomes  shows  that the DXYS156 locus may 
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effectively  be used for sex  determination  in forensic cases, after the  failure of 
the amelogenin test. 

Conclusions- From many years amelogenin used for sex determination, but due to failure 
of working of the amelogenin marker has been assembling for some time.  In recently we 
are using method of multiplex PCR targeting SRY, DXYS156 and amelogenin gene 
regions which was demonstrated to be an exact, definitive and vigorous result of 
determining the sex from various forensic biological samples. There are few advantages 
for using this method such as- 

� Its relevancy to samples fromAMELY-deleted males. 
� This method involves internal positive controls obtain from the X and 7th 

chromosomes, which provide exact determination of female origin. 
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