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ABSTRACT. Quantitative PCR puts great demands on DNA quality 
and relies on a comparison of fragment amplification between two 

chromosomes using different primers. The use of a single primer pair 
capable of reliable relative comparative amplification would be a 
great advantage.  Using this approach, we developed a rapid, high-

throughput, semi-automated and cost-efficient multiplexed method 
for molecular determination of chromosomal sex called MQS-PCR – 
multiplex quantitative sexing PCR. DNA sequences located on 

different chromosomes and differing in length can be amplified and 
fluorescently labelled with a common fluorescent primer and 

conveniently separated and detected using capillary electrophoresis. 
In this method, the intensity of amplification of each of the fragments 
is compared to determine DNA dosage. MQS-PCR achieves 100% 

analytical sensitivity and specificity in detecting normal and 
abnormal sex chromosomal complements (45,X, 46,X,i(X)(q10), 
46,X,i(X)(p10), 46,X,X(p-), 46,X,X(q-), 47,XXX, 47,XXY and 

47,XYY). It is a reliable, low cost, and rapid detection method for the 
determination of chromosomal sex and sex chromosomal 

abnormalities in human samples. 
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INTRODUCTION 
 
Mutter and Pomponio (1991) reported on a simple molecular technique for sex 

identification that focused on differences between ZFY gene sequences on the Y 
chromosome and the homolog ZFX on the X chromosome. This allowed them to design a 
single primer pair that amplified both genes and produced different size X and Y amplicons. 

Taking advantage of these competitive internal genomic conditions, they were able  to 
reliably diagnose individuals with a 47,XXY or a 47,XYY chromosome complement, since 
the relative amounts of ZFX and ZFY products were in 2:1 and 1:2 ratios, respectively, 

compared to 1:1 for normal controls. This very useful approach, based on homology of parts 
of the X and Y chromosomes, is not applicable to human autosomes. However, Mansfield 

(1993) reasoned that in heterozygous individuals, human polymorphic microsatellites could 
provide a simple and direct means of determining gene dosage, since one allele would serve 
as a competitive internal standard for the other. She used an automatic fluorescent DNA 

sequencer for computer-assisted laser densitometry and found that trisomic patients 
displayed, in informative microsatellite loci, three fragment peaks of equal intensity or two 
fragments at an average 2:1 dosage.  

Soon afterwards, Pertl et al. (1994) used this approach as a rapid molecular method 
for prenatal detection of Down syndrome. This approach was called QF-PCR (quantitative 

fluorescent PCR) and became widespread since it is rapid and efficient. In 2012, a single 
service claimed to have performed more than 40,000 prenatal diagnostic tests solely using 
the QF-PCR methodology. This same approach could also be used to diagnose numerical 

and some structural sex chromosome abnormalities (Donaghue et al., 2003) although the 
more restrained polymorphism of STR, especially on the short arm of chromosome X, 
limited the diagnostic power. 

An alternative to QF-PCR is the use of Homologous Gene Quantitative PCR (HGQ-
PCR), a methodology developed by Lee et al. (1997). HCQ-PCR is based on the 
amplification of a sequence and simultaneously of another closely homologous sequence, 

sharing amplification primers, and thus with competitive comparative quantification similar 
to that of QF-PCR. It is more restricted in informativity because it is not compatible with 

three peak patterns in the case of trisomies. On the other hand, it does not depend on 
variability of the reference sequence since the DNA sequences only have to be paralogous 
and may even be monomorphic.  

Indeed, we found that there is no need for extensive homology of the test and 
reference sequences; it is enough for them to share amplification primer pairs (Stofanko et 
al., 2013a; 2013b). Our procedure is based on finding genomic regions with high homology 

to segments of any critical chromosomal region. PCR amplification of both using the same 
primer pair establishes competitive kinetics and relative quantification of amplicons, as 

happens in microsatellite-based Quantitative Fluorescence PCR. It also makes it easy to 
build multiplex sets. The fact that it bypasses the need for polymorphic informative 
reference loci makes the construction of a single reaction enough for a diagnostic test of all 

samples. 
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Here we report on a simple, quick, and highly effective multiplex diagnostic test for 
sexing of human DNA samples called MQS-PCR – multiplex quantitative sexing PCR. This 
can be used for the detection of all cases of human chromosomal sex abnormalities, 

including 45,X, 46,X,i(X)(q10), 46,X,i(X)(p10), 46,X,X(p-), 46,X,X(q-), 47,XXX, 
47,XXY. It is a reliable, low cost, and rapid detection method for the determination of 
chromosomal sex and sex chromosomal abnormalities in human samples. 

MATERIAL AND METHODS 
 
The HGQ-PCR primer pairs used in the multiplex are shown in Table1 in their 

genomic locations, as follows:  amplicon X-2 (Xq23/2p23.2), amplicon 1-X 

(1q32.1/Xp11.3) and amplicon Y-8 (Yq11.223/8p21.2). Degeneracies were introduced in 
some positions of primers (Table 1). A universal M13-40 extension (5„-

GTTTTCCCAGTCACGAC-3„) was added to the 5‟ end of the forward primer to allow for 
cost-efficient fluorescent labelling of amplicons (Schuelke, 2000) and a PIG-tail extension 
(5‟-GTTTCTT-3‟) was added to the 5‟ end of the reverse primer to promote full adenylation 

of the 3‟ end of the forward strand (Brownstein et al, 1996). 

 
 

Table 1. Primers used in the MQS-PCR reaction. 

 

Primer name Chromosome location Sequence 5' to 3' Fragment sizes 

X-2 F Xq23/2p23.2 
a
 AGACTGGGTGTGGTCTTTGG 88/92 pb 

X-2 R   
b
 CAGAGACTGCAAGGAAGTCAT  

1-X F 1q32.1/Xp11.3 
a
 TCTGTGGCAATCCAAATTCA 255/259 pb 

1-X R   
b
 TGGAAGATGCAAATGAAATCC  

Y-8 F Yq11.223/8p21.2 
a,c

 CTTSRAAGGCRAGGAGACCC 171/181 pb 
Y-8 R   

b,c
 RSTGTAGTAGGACRGGAAGGA  

AMEL Xp22.2/Yp11.2 CCCTGGGCTCTGTAAAGAATAGTG 106/112 pb 
AMEL  GTTTTCCCAGTCACGAC  
a A Universal M13-40 extension (5„-GTTTTCCCAGTCACGAC-3„) was added to the 5‟ end of the forward primer to allow for cost-

efficient fluorescent labelling of amplicons (Schuelke, 2000). 
b A PIG-tail extension (5‟-GTTTCTT-3‟) was added to the 5‟ end of the reverse primer to promote full adenylation of the 3‟ end of the 

forward strand (Brownstein et al, 1996). 
c R = G or A, S = G or C, Y = T or C. 

 
We also added amplification of the amelogenin gene to our multiplex reaction. 

Among known X-Y homologous genes, this gene is the most suitable for the sex test by 
PCR. Following a single PCR with one pair of primers, X- and Y-specific products with 
different sizes are simultaneously detected, because of differences in the lengths of 

corresponding introns, generating 106-bp and 112-bp PCR products from the X and Y 
homologues (Sullivan et al., 1993). Primers used in amplification were: 5'-

CCCTGGGCTCTGTAAAGAATAGTG-3' (AmelA) and 5'-
ATCAGAGCTTAAACTGGGAAGCTG-3' (AmelB). A universal M13-40 extension (5„-
GTTTTCCCAGTCACGAC-3„) was added to the 5‟ end of the forward primer. These 

primers flank a 6bp deletion within intron 1 of the X homologue, resulting in 106 bp and 
112bp PCR products from the X and Y chromosomes, respectively. 
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RESULTS AND DISCUSSION 
 

The multiplex reaction described here has sensitivity and specificity of 100% for sex 

diagnosis and is capable of diagnosing with 100% accuracy 45,X, 46,X,i(X)(q10), 

46,X,i(X)(p10), 46,X,X(p-), 46,X,X(q-), 47,XXX, 47,XXY and 47,XYY. 
 

 
Figure 1. Figure 1. MQS-PCR of several samples: (A) = Normal man; (B) = Normal woman; (C) = Woman 45,X; (D) 

Woman with isochromosome Xq; (E) Woman 45,XXX; (F) Man 47,XXY. Please observe the relative height of the peak 

pairs: X-2, AMEL, Y-8 and 1-X. 
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Santos et al. (1998) reported that the amelogenin incorrectly types some males as 
females because they lack the Y copy of the amelogenin gene because of a deletion 
polymorphism. This limitation does not apply to the method described here, since it makes 

use of not one, but two independent approaches for detecting a Y chromosome, identifying 
the chromosomal sex as male.  

Also, we have reported previously the use of a single-tube multiplex PCR set of five 

polymorphic microsatellites for the diagnosis of monosomy X in fetal losses (Pereira et al., 
2000). Since it depends on the polymorphism of the five loci tested, it does not provide 
incontrovertible evidence for or against the presence of a 45,X chromosomal sex when all 

five loci show a single peak, suggesting homozygosity. Indeed, application of Bayes‟ 
theorem allows us to calculate that given apparent homozygosity at all five loci, the 

probability of a first trimester spontaneously aborted female fetus having monosomy X is 
98.4% (Pereira et al., 2000). Differently, the multiplex described here provides 100% 
sensitivity and specificity for the diagnosis of monosomy X.  

In summary, the MQS-PCR (multiplex quantitative sexing PCR) approach 
described in this paper provides a reliable, low cost, and rapid detection method for the 
determination of chromosomal sex in human samples. 

ACKNOWLEDGMENTS 
 
Funding was provided by Conselho Nacional de Desenvolvimento Científico e 

Tecnológico of Brazil (CNPq) and Fundação de Amparo à Pesquisa de Minas Gerais 
(FAPEMIG), Grant/Award Number: RED00314-16; Rede Mineira de Genômica 
Populacional e Medicina de Precisão. 

A patent (BR 10 2012 004506-0 A2) entitled “Método e kit para identificação de 
alterações cromossômicas humanas pela reação em cadeia da polimerase” has been awarded 
to GENEMG – Núcleo de Genética Médica de Minas Gerais Ltda (BR/MG) and Fundação 

de Amparo à Pesquisa do Estado de Minas Gerais (BR/MG) by INPI - Instituto Nacional da 
Propriedade Industrial. 

CONFLICTS OF INTEREST 
 

The authors declare no conflict of interest. 

REFERENCES 
 
Brownstein MJ, Carpten JD and Smith JR (1996). Modulation of non-templated nucleotide addition by Taq DNA 

polymerase: primer modifications that facilitate genotyping. Biotechniques. 20: 1004-1006, 1008-1010. 

Donaghue C, Roberts A, Mann K and Ogilvie CM (2003). Development and targeted application of a rapid QF-PCR test 

for sex chromosome imbalance. Prenat Diagn. 23: 201-210. 

Lee HH, Chang JG, Lin SP, Chao HT, et al. (1997). Rapid detection of trisomy 21 by homologous gene quantitative 

PCR (HGQ-PCR). Hum. Genet. 99: 364-367. 

Mann K, Hills A, Donaghue C, Thomas H, et al. (2012). Quantitative fluorescence PCR analysis of >40,000 prenatal 

samples for the rapid diagnosis of trisomies 13, 18 and 21 and monosomy X. Prenat Diagn. 32: 1197-1204. 

Mann K and Ogilvie CM (2012). QF-PCR: application, overview and review of the literature. Prenat. Diagn. 32: 309-

314.  

Mansfield ES (1993). Diagnosis of Down syndrome and other aneuploidies using quantitative polymerase chain reaction 

and small tandem repeat polymorphisms. Hum. Mol. Genet. 2: 43-50. 



©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 21 (3): gmr19067 

 
 

 

 

 
 

 

 

Juliane L.F. Rocha
  
et al.                                                                   6 

 

Mutter GL and Pomponio RJ (1991). Molecular diagnosis of sex chromosome aneuploidy using quantitative PCR. 
Nucleic Acids Res. 19(15): 4203-4207.  

Pereira, RW, Sturzeneker R and Pena SD (2000). Screening fetal losses for monosomy X with a simple PCR-based 

procedure. Genet. Mol. Biol. 23: 11-14. 

Pertl B, Yau SC, Sherlock J, Davies AF, et al. (1994). Rapid molecular method for prenatal detection of Down's 

syndrome. Lancet. 14: 1197-1198.  

Santos FR, Pandya A and Tyler-Smith C (1998). Reliability of DNA-based sex tests. Nat Genet. 18: 103. 

Schuelke M (2000). An economic method for the fluorescent labeling of PCR fragments. Nat. Biotechnol. 18: 233-234. 

Stofanko M, Han JC, Elsea SH, Pena HB, et al. (2013b). Rapid and inexpensive screening of genomic copy number 

variations using a novel quantitative fluorescent PCR method. Dis. Markers. 35: 589-594. 

Stofanko M, Gonçalves-Dornelas H, Cunha PS, Pena HB, et al. (2013a). Simple, rapid and inexpensive quantitative 

fluorescent PCR method for detection of microdeletion and microduplication syndromes. PLoS One. 8: e61328. 

Sullivan KM, Mannucci A, Kimpton CP and Gill P (1993). A rapid and quantitative DNA sex test: fluorescence-based 

PCR analysis of X-Y homologous gene amelogenin. Biotechniques. 15: 636-8, 640-1. 


