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Complete deletions in the AZF (a, b, and c) sub-regions of the
Y-chromosome have been shown to contribute to unexplained
male infertility. However, the role of partial AZFc deletions in
male infertility remains to be verified. Three types of partial
AZFc deletions have been identified. They are gr/gr, b1/b3,
and b2/b3 deletions. A recent meta-analysis showed that eth-
nic and geographical factors might contribute to the associ-
ation of partial AZFc deletions with male infertility. This
study analyzed the association of partial AZFc deletions in
Malaysian infertile males. Fifty two oligozoospermic infertile
males and 63 fertile controls were recruited to this study.
Screening for partial AZFc deletions was done using the two
sequence-tagged sites approach (SY1291 and SY1191) which
were analyzed using both the conventional PCR gel-electro-
phoresis and the high resolution melt, HRM method. Gr/gr
deletions were found in 11.53% of the cases and 9.52% of
the controls (p=0.725). A B2/b3 deletion was found in one
of the cases (p=0.269). No B1/b3 deletions were identified
in this study. The results of HRM analysis were consistent
with those obtained using the conventional PCR gel-electro-
phoresis method. The HRM analysis was highly repeatable
(95% limit of agreement was -0.0879 to 0.0871 for SY1191
melting temperature readings). In conclusion, our study
showed that partial AZFc deletions were not associated with
male infertility in Malaysian subjects. HRM analysis was a
reliable, repeatable, fast, cost-effective, and semi-automated
method which can be used for screening of partial AZFc
deletions.

Keywords AZF, HRM, male infertility, partial deletions

Abbreviations AZF: azoospermia factor region of the
Y-chromosome; STSs: sequence tagged sites; HRM: high
resolution melt; LOA: limits of agreement; STR: short tandem
repeat; NTC: non-template control.

Introduction

Unexplained male infertility can be attributed to genetic
abnormalities [Dohle et al. 2002]. Approximatley 10-15%
of cases are associated with severe male infertility [Ferlin
et al. 2007]. Micro-deletions of the Y-chromosome azoos-
permia factor region (AZF) contribute significantly to the
genetic causes of male infertility [O’Flynn O’Brien et al.
2010].

Partial deletions of the AZFc sub-regions termed gl/gl,
rl/r3, and r2/r4 have been proposed as contributing to
male factor infertility [Yen 2001] and are now abbreviated
as gr/gr. Repping et al. [2003] investigated the role of the
proposed partial AZFc deletions (gr/gr and b1/b3) and sub-
sequently identified the b2/b3 deletion [Repping et al., 2004].
A recent meta-analysis [Stouffs et al. 2011] showed that the
gr/gr deletion can increase the risk for male infertility. The
increased infertility risk associated with gr/gr deletions was
observed at a greater frequency in oligospermic as compared
to azoopsermic European subjects. Other partial rare AZFc
deletions (b2/b3 and bl/b3) are not well studied. It has
been proposed that some AZFc deletions might be associated
with a certain Y-chromosome lineage [Stouffs et al. 2011].
There has yet to be an effort to analyze the association of
partial AZFc deletions in Malaysian infertile male subjects.

Conventional multiplex PCR using a panel of sequence
tagged-sites (STSs) is considered as a standard screening
method for AZF deletions [Simoni et al. 2004]. However,
electrophoretic separation of the multiplex PCR products
is labor-intensive only affording low resolution and sensi-
tivity [Bor et al. 2003]. To overcome those issues, other tech-
nologies like real-time PCR with melt curve analysis, PCR
with capillary electrophoresis and microarray technology
have been used to screen for AZF deletions [Buch et al.
2003; Fattoruso et al. 2009; Zhu et al. 2008].
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Real-time PCR-high resolution melt (HRM) analysis can
be used as a rapid and inexpensive technique for various
applications such as genotyping and mutation scanning
[Erali et al. 2008; Reed et al. 2007] and can be adopted for
multiplex-PCR [Akiyama et al. 2009; Erali et al. 2006;
Seipp et al. 2009; Seipp et al. 2008]. The study described
below analyzed the association of partial AZFc deletions
with male infertility in Malaysian subjects and tested the
possibility that these AZFc deletions might be associated
with a certain Y-chromosome lineage. Furthermore, we
developed and validated an HRM based method to screen
for partial AZFc deletions in male infertility subjects.

Results

gr/gr partial AZFc deletions

Two cases were identified to have complete AZFc deletions
and were excluded from the partial AZFc deletion analysis.
Table 1 shows the genotype-phenotype association of the
partial AZFc deletions. Six of 52 cases were found to have
the gr/gr deletions (11.53%). Six out of 63 controls were
also found to have the gr/gr deletions (9.52%). Pearson’s
Chi Square was used to test the association of gr/gr deletions
and male infertility. The Pearson’s Chi-Square analysis re-
vealed x2 (1, N =115) = 0.124, p = 0.725. The null hypothesis

Table 1. Genotype-phenotype association of partial AZF deletions.

was accepted indicating that there was no association
between gr/gr deletions and male infertility.

b2/b3 and b1/b3 partial AZFc deletions

In this study, one case (1.85%) of a b2/b3 deletion was ident-
ified. The b2/b3 deletion was also absent from the control
group. In comparison the bl/b3 deletion was absent from
both the cases and controls. The association of b2/b3 del-
etions and male infertility was assessed using the Pearson’s
Chi Square test. The Pearson’s Chi-Square analysis revealed
X2 (1, N=115) =1.222, p =0.269. The null hypothesis was
accepted, indicating no association between b2/b3 deletions
and male infertility.

HRM analysis screening for partial AZF deletions

To screen for partial AZFc deletions, two STSs were used in
HRM analysis. The STSs were SY1191 and SY1291. Table 2
shows the mean, standard deviation, and minimum and
maximum melting temperatures that were found for the
two STSs. The results obtained by the HRM analysis
(Fig. 1) were verified by a normalized graph (Fig. 2). The
results were consistent with those obtained by the conven-
tional duplex-PCR and electrophoretic analysis (Fig. 3).

Phenotype of the patient

Sperm count

Sample code Sample type  Deletion type  Age (years) Race Number of children (x10%/mL) Motility (%) Normal form (%)
30 Case gr/gr deletion 37 Chinese - 12 25 1
33 Case gr/gr deletion 30 Chinese - 14 16 7
34 Case gr/gr deletion 40 Malay - 18 11 5
36 Case gr/gr deletion 35 Chinese - 10 6 5
47 Case gr/gr deletion 42 Chinese - 16 31 3
49 Case gr/gr deletion 38 Malay - 17 17 18
40 Case b2/b3 deletion 39 Indian - 15 11 2
72 Control gr/gr deletion 41 Chinese 2 - - -
81 Control gr/gr deletion 57 Chinese 3 - - -
96 Control gr/gr deletion 58 Malay 3 - -

106 Control gr/gr deletion 57 Malay 7 - - -

109 Control gr/gr deletion 48 Malay 8 - - -

114 Control gr/gr deletion 45 Malay 1 - - -

Table 2. List of the STSs that were used to screen for partial AZFc deletions with their primer concentrations, calculated melting temperatures, and

calculated descriptive statistics.

STS Product size FP RP Calculated Tm  Minimum Maximum  Mean
name (bp) Primers (uM) (uM) (°C) (°C) (°C) (°C) SD (°C)
SY1191 385 F- CCA GACGTTCTACCC 0.044 0.044 76 73.63 75.01 74.2829 0.29786
TTT CG
R- GAG CCG AGA TCC
AGT TAC CA
SY1291 527 F- TAA AAG GCA GAA 0.056 0.056 79 78.77 88.85 87.8678 0.95127
CTG CCA GG
R- GGG AGA AAA GTT
CTG CAA CG

STSs: sequence tagged sites

Systems Biology in Reproductive Medicine
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Figure 1.

Examples of real-time HRM analysis results. The figure shows an example of duplex-PCR for SY1191 and SY1291. The red curve rep-

resents a subject with SY1191 deletion, while the blue curve represents a subject with SY129 deletion. The black curve represents the NTC. All
the green curves represent subjects without any deletions. HRM: high resolution melt; NTC: non-template control.

Normalised Flucrescence

SY1191 deletion

Figure 2.

Normalized graph that was done to confirm the results of partial AZFc deletions. The red curve represents a sample with SY1191 deletion,

the orange curve represents a sample with SY1291 deletion, the blue curves represent samples without deletions and the green curve represents the
NTC. Note that the differences in the shapes of the curves confirm the deletions. NTC: non-template control.

500 bp

400 bp

300 bp

Figure 3. An example of duplex-PCR gel-electrophoresis for SY1191
and SY1291. Lane 3 had DNA of a subject with SY1191 deletion, while
lane 4 had DNA of a subject with SY1291 deletion. Lanes 1 and 2 had
DNA of subjects without deletions.

Copyright © 2013 Informa Healthcare USA, Inc.

Y-chromosome lineage analysis

Y haplotyping was performed on seven of the cases and six
of the controls that showed the gr/gr or b2/b3 deletion
(Fig. 4). A total of 13 haplotypes was observed in the 13
samples. Statistical analysis was carried out for the haplo-
types of the 12 cases of gr/gr deletions (six cases and six con-
trols). The haplotypic richness was 5 for both the cases and
the controls. The mean genetic distance between individuals
was 17.29 for the cases and 18.058 for the controls. The Nei’s
minimum genetic distance between the cases and the con-
trols was 0.1666. The gene diversity within each population
was 0.417 for the cases and the controls. The Fst (genetic
differentiation) value was 0.045 between the cases and
the controls. The Y-chromosome haplogroup prediction
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Figure 4. Y-chromosome STRin 17 STR loci for each sample analysis using GeneMapper ID software and showing the number of repeats for each

STR locus. STR: short tandem repeat.

showed that the cases were of the T (3/6), I12bl (2/6), and L
(1/6) haplogroups. In comparison the controls segregated
with the following distribution into L (3/6), 12a (1/6), Q
(1/6), and T (1/6) haplogroups. The single case of a b2/b3
deletion assigned to haplogroup L. The small sample size
precluded the use of association statistical tests. Intra-hap-
logroup deletion recurrence was detected in haplogroups T,
I2bl, and L.

HRM method variance
To assess reproducibility of the HRM screening method for
complete and partial AZF deletions, SY254 and SY1191

melting temperatures were used respectively. Screening was
repeated twice for each subject then the melting temperatures
of SY254 and SY1191 were recorded. The limits of agreement
(LOA) statistical method was used to test the repeatability of
the HRM method [Bland and Altman 1986; 1999; 2007].
The standard deviation (s,,) within the subjects was 0.0316.
The mean of difference in the two SY254 melting temperature
was 0.0004. The repeatability coefficient was 0.0875. The 95%
LOA for SY1191 melting temperature readings was within
a small range of -0.0879 to +0.0871. Figure 5 shows all study
values of the difference of the mean of the two melting temp-
erature readings bounded by 95% LOA.

Systems Biology in Reproductive Medicine
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Figure 5. Limits of agreement (LOA) plot showing intra-individual
differences (n=115) between melting temperature readings of
SY1191 on test and retest plotted against the mean of the temperature
readings.

Discussion

Complete AZFc deletions are well linked to male infertility.
However, the significance of partial AZFc deletions (gr/gr,
b2/b3, and b1/b3) in male infertility is still controversial.
Ethnic and geographical factors can influence the gr/gr
association with male infertility [Stouffs et al. 2011]. The
present study was designed to determine the association of
three partial AZFc deletions in Malaysian infertile male
subjects.

We observed that 11.53% of cases and 9.52% of controls
had gr/gr deletions but were not able to detect a significant
difference in frequency of gr/gr deletions between the cases
and the controls (p=0.725). This is consistent with the
data of Lu et al. [2009] that showed a frequency of 12.5%
in cases and 10.2% in the controls of gr/gr deletions in
Han Chinese. Lu et al. [2009] concluded that gr/gr deletions
are not associated with male infertility. The frequency of the
gr/gr deletions in infertile Caucasian males has been
reported to be in the range of 3.2% to 5% [Giachini et al.
2008; Navarro-Costa et al. 2007; Stouffs et al. 2008]. The
findings of this study are also in agreement with that of
others [Carvalho et al. 2006; de Carvalho et al. 2006; Fernan-
do et al. 2006; Hucklenbroich et al. 2005; Imken et al. 2007;
Lardone et al. 2007; Lin et al. 2007; Lu et al. 2009; Ravel et al.
2009; Stouffs et al. 2008; Wu et al. 2007; Zhang et al. 2007]
that showed no association of gr/gr deletions in infertile
males. However, the results of this study differ from the find-
ings of Repping et al. [2003] and de Llanos et al. [2005]
which showed an association of gr/gr deletions in male infer-
tility (P value of < 0.014 and 0.002, respectively). This discor-
dance between studies may resolve as more studies confirm
geographic and/or ethnic factors, e.g., perhaps gr/gr del-
etions are more common in Asian males so they can be
found in the fertile controls as well. Hence, it is hypothesized
that gr/gr deletions are a risk factor but not a cause for male
infertility. Interpretation of gr/gr deletions in clinical

Copyright © 2013 Informa Healthcare USA, Inc.
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practice must be approached with caution because the del-
etion can be found in fertile males as well.

This study attempted to determine whether the gr/gr del-
etion is inherited on a unique Y-chromosome lineage. To
confirm, 13 microsatellite loci were evaluated in a proportion
of gr/gr deletion—carrying cases and controls. Although
microsatellite markers are not as evolutionarily stable as
SNP markers, it was indicated that gr/gr deletions arose on
a different Y-chromosome lineage based on the variation
at these microsatellite loci. Y-haplogroup prediction
showed that 50% of the cases belong to haplogroup T,
while 50% of the controls belong to haplogroup L.

Some studies showed an association between b2/b3 del-
etions and male infertility, while other studies failed to
show this association [Eloualid et al. 2012; Giachini et al.
2008; Lu et al. 2009; Wu et al. 2007; Zhang et al. 2007]. In
the present study, only one case (1.85%) was found to
present as a b2/b3 deletion. No b2/b3 deletions were
observed in the controls. Together this suggests that b2/b3
deletions are not associated with male infertility ( p = 0.26).
On one hand, these results are in agreement with Ferlin
et al. [2005], Fernando et al. [2006], and Imken et al.
[2007] that failed to show an association between b2/b3
and male infertility. Similar to the present study a low fre-
quency of b2/b3 deletions (0.29%, 1.04%, and 1.34%,
respectively) in infertile males was observed. On the other
hand, these results differ from some of the work of others
[Eloualid et al. 2012; Lu et al. 2009; Wu et al. 2007] which
found that b2/b3 deletions are associated with male
infertility. It is difficult to reconcile these results of the
b2/b3 deletion studies in Han Chinese population as on
one hand they show significance [Lu et al. 2009; Wu et al.
2007] while on the other, no association [Lin et al. 2007]
with male infertility was observed. In addition to ethnic
and geographical variables, other factors like sampling
methods and inclusion and exclusion criteria for the cases
and controls may resolve these dicotomy. These findings
suggest that, it is still too early to consider b2/b3 deletion
screening in clinical practice.

Repping et al. [2003] screened 689 men and were only
able to identify the b1/b3 deletion in a single Caucasian
subject. The relatively low frequency has limited the obser-
veration of bl/b3 deletions in most genetic association
studies [Fernando et al. 2006; Giachini et al. 2008; Lu et al.
2009; Wu et al. 2007]. However, Shahid et al. [2011] ident-
ified 16 subjects with b1/b3 deletions in a total of 418
cases (3.82%) but did not find any b1/b3 deletions in con-
trols in North Indian subjects. This may reflect ethnic and
geographical variation. Therefore, screening for b1/b3 dele-
tions simply remains impractical for clinical practice.

HRM analysis was used as a new screening method for
both complete and partial AZF deletions. The melting temp-
erature reading of SY1191 was used to test the repeatability
of HRM screening for partial AZF deletions. The results of
this study showed that all the values of the difference in
the two melting temperature readings versus mean of the
two melting temperature readings for SY1191 were within
the 95% LOA (-0.0879 to+0.0871). This indicates that
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HRM analysis for SY1191 was highly reproducible [Bland
and Altman 1986; 1999; 2007]. The mean difference of the
two melting temperature readings was 0.0004 (near zero).
Small variations in the melting temperature readings were
noted among samples for all STSs tested. These variations
may simply refelct the differences in the DNA concen-
trations among the samples tested. However, these variations
were very small with SD ranging from 0.2 to 0.9°C which is
practically not important.

This study did not detect any differences between the
results obtained by conventional multiplex PCR and those
obtained with the HRM analysis method. The HRM analysis
method was able to correctly identify all of the samples
within the 54 cases and 63 controls. These results are consist-
ent with the recent evaluation of HRM analysis for mutation
detection by the National Genetic Reference Laboratory
[White and Potts 2006]. This evaluation showed that
Rotor-Gene 6000 (Corbett Life Sciences-QIAGEN, Hilden,
Germany) had a sensitivity of 100% and a specificity
ranged from 82.6 to 100% [White and Potts 2006].

Our study applied a new method to screen for partial
AZFc deletions using real-time PCR HRM analysis. This
method has a number of advantages compared with pre-
viously used technologies. HRM analysis is a rapid, probe
free, simple method that can be automated [Vossen et al.
2009; Wittwer 2009]. It eliminates the labor-intensive work
needed for conventional gel electrophoresis. Moreover,
interpretation of the results are easier from the semi-auto-
mated genotyping ability. It is high throughput compared
with previously published method of real-time PCR with
melt curve analysis [Buch et al. 2003] and can be adapted
to multiplex-PCR. In comparison to capillary electrophoresis
and microarray technologies the HRM analysis is not an
expensive method, as there is no post PCR separation
[Vossen et al. 2009]. The DNA template remains intact
when using the HRM method so it can be used later for
sequencing or gel electrophoresis [Vossen et al. 2009].
AZF deletion screening was highly reproducible, sensitive,
and specific. This method also offers an advantage of analy-
sis of the cycle threshold (CT) value of the samples, which
can be useful for confirmation of contamination if any
peaks appear in non-template control (NTC) samples
[Buch et al. 2003]. The findings of this study, while prelimi-
nary, suggest that HRM analysis may be further developed
into a useful tool to screen for AZF deletions.

Materials and Methods

Study subjects

The ethical clearance for this study was obtained from the
Ethics Committee of Faculty of Medicine and Health
Sciences, Universiti Putra Malaysia (Reference number:
UPM/FPSK/  PADS/T7-MJKEtikaPer/FO1(JSB_MEI(09)
08)). Informed consents were obtained from all the subjects
included in this study. Cases subjects (infertile males) were
recruited and consulted by gynecologists from the KL Ferti-
lity and Gynaecology Centre, Kuala Lumpur, Malaysia. After

revision of the seminal fluid analysis results, the patients
were classified into two groups. Those with total sperm
count less than 20 million per mL were classified as oligo-
zoospermic infertile males (n=45). Those who had zero
sperm count and no sperm found by testicular sperm extrac-
tion methods were classified as non-obstructive azoospermic
infertile males (n=9). Control subjects (fertile males who
fathered children) were recruited from the general popu-
lation (n=63). The seminal fluid analysis was not carried
out for the controls as they were selected based on proven
fertility [Carvalho et al. 2006; de Llanos et al. 2005; Imken
et al. 2007; Lardone et al. 2007; Lin et al. 2007; Navarro-
Costa et al. 2007; Ravel et al. 2009; Stouffs et al. 2008; Wu
et al. 2007]. Two mL of venous blood (from cubital fossa
veins) was collected from the subjects enrolled in the
study. DNA was extracted using a commercially available
kit (Norgen Biotek Corp., Ontario, Canada). After the
genomic DNA was assessed and quantified, it was stored at
-20°C for further analysis.

Molecular analysis

STS analysis

Screening for AZF deletion was done using the STSs posi-
tive/negative approach. In this approach certain STSs are
selected as they are uniquely present in that particular AZF
sub-region. If the PCR failed to amplify certain STSs, del-
etion in the AZF sub-region represented by these STSs was
noted. To confirm the deletion, the PCR was repeated.
Screening for partial AZFc deletions (b2/b3, b1/b3, and gr/
gr deletions) was done using two STSs as previously
described [Giachini et al. 2005] (Table 2). After the revision
of these STSs in the NCBI UniSTS database at http:/www.
ncbi.nlm.nih.gov/sites/entrez?db=unists, the primers for
each of these STSs were chosen for this study.

PCR protocol

Genomic DNA was amplified by a duplex-PCR reaction.
This duplex-PCR reaction was analyzed using the Rotor-
Gene 6000 (Corbett Life Sciences-QIAGEN, Hilden,
Germany) real-time rotary analyzer. The reaction mixture
consisted of 5 pL of 2 x ImmoMix™ (Bioline Headquarters,
London, UK) master mix (containing IMMOLASE™ DNA
polymerase, 50 mM MgCl,, and Ultra-pure dNTPs), primers
(Table 2), 1 pl (~40 ng) of genomic DNA, 1 pL of Eva-
Green™ (Biotium, Hayward, California, USA) DNA-
binding fluorescent dye, and finally distilled water was
added to a final volume of 25 pl reaction. Non-template
control (NTC), contained ultra pure water instead of
genomic DNA, was included in each PCR run as an external
control to check for contamination. DNA was amplified
using initial denaturation of 95°C (15 min), followed by 40
cycles of 95°C denaturation (30 s), 57.5 °C annealing (90
s), and 72°C extension (60 s), and kept at 72°C (10 min)
for final extension. Amplified PCR products were analyzed
using both agarose gel electrophoresis and HRM analysis.

Systems Biology in Reproductive Medicine
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Gel electrophoresis

Amplified duplex-PCR products were separated on a 2.5%
agarose TBE gel for 50 min using GE-100 electrophoresis
system (BIOER Technology Co., Hangzhou, P.R.China).
After separation, agarose gel was visualized under UV light
using Alphalmager™ 2200 (proteinsimple-Alpha Innotech,
California, USA).

HRM analysis
HRM analysis was carried out in 0.1°C steps from 70 - 90°C.
Premelt conditioning at 70°C was carried out for 90 s. The
analysis was then carried in 2 s incremental steps. The
HRM analysis was completed in 34 min after the PCR
amplification.

To exclude the presence of contamination, the CT value
of the NTC was at least 10 more than that of the subjects
[Gibson et al. 1996]. In the melt curve analysis, a derivative
plot was generated using a derivative of the fluorescence
intensity versus the temperature. As the PCR amplified
STSs, each sample displayed a fluorescence peak for each
STS. Absence of the fluorescence peak indicates that the
subject had a deletion in that STS. Table 2 showed the calcu-
lated melting temperatures of all the STSs used. These
melting temperatures had been verified by Singleplex-PCR
reactions for those STSs. If multiple samples were analyzed
together, slight variations in the melting temperatures
among samples were tolerated due to variations in the tem-
plate DNA concentrations. This variation can be verified by
observing differences in the CT values. Automated genotyp-
ing was accoumplished using the Rotor-Gene 6000 software
(Corbett Life Sciences-QIAGEN). The peaks of all samples
were grouped into bins. Each bin was based on the peak
values of one sample which was previously tested with con-
ventional PCR-gel electrophoresis method and known to
have an intact copy of the AZF gene. The bins were assigned
to the peak values of the sample. After assigning the bins,
genotypes were defined using the software based on the pres-
ence or absence of the bins. The software grouped all nearby
peaks of multiple samples into bins and a peak value was
then assigned to that bin. Genotyping results were displayed
in the melt curve results window. The threshold was adjusted
using the software to minimize the noise resulting from the
non-specific fluorescence (arose from non-specific products,
primer dimmers, or detector noise).

Y chromosome lineages analysis

Y-chromosome haplotype analysis was carried out to deter-
mine the Y-chromosome lineage of each gr/gr deletion. Gen-
otyping of DNA samples for Y-chromosome haplotypes
used the AmpFISTR*Y-filer™ (Applied Biosystems, Foster
City, CA, USA) at The Forensic Division, Department of
Chemistry, Malaysia. PCR Amplification Kit was used for
STR multiplex assay that amplifies 17 Y-STR loci (DYS19,
DYS385a/b, DYS389I/II, DYS390, DYS391, DYS392,
DYS393, DYS438, DYS439, DYS437, DYS448, DYS456,
DYS458, DYS635 (Y GATA C4), and Y GATA H4) in a
single PCR reaction. The analysis was done using male
and female positive controls and reagent blank control.
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DNA was amplified using initial denaturation of 95°C (11
min), followed by 30 cycles of 94°C denaturation (60 s),
61°C annealing (60 s) and 72°C extension (60 s), and kept
at 60°C (60 min) for final extension. Electrophoresis was
done in approximately 26 min using the ABI Prism™
3130x] Genetic Analyzer (Applied Biosystems, Foster City,
CA, USA). Data analysis was done using Using the Gene-
Mapper ID v3.2 using an analytical threshold of 100RFU
(Fig. 4). Y-chromosome haplogroups were predicted by the
Y-STR values using Whit Athey’s Haplogroup Predictor at
http://www.hprg.com/hapest5/hapest5a/hapest5.htm?Order
=num.

Statistical analysis

Data analysis employed the SPSS software (release 18.0.0,
SPSS Inc., Chicago, IL, USA). Pearson’s Chi-Square test
was used for analysis of non-continuous variables such the
presence or absence of deletions in the cases and control
groups. A P value of less than 0.05 was considered to be stat-
istically significant. To test for repeatability of the real-time
PCR-HRM analysis, the LOA method was used as previously
described [Bland and Altman 1986; 1999; 2007]. One-way
analysis of variance (ANOVA) was done for the duplicate
melting temperatures obtained for each subject (the readings
of SY1191 were used to test for repeatability). The repeatabil-
ity co-efficient was calculated as 2.77 multiplied by the with-
in subject standard deviation (s,,) that was obtained from the
one-way ANOVA results. The 95% LOA (that tell us the
limits of which 95% of the reading should lie with-in) is cal-
culated from mean of differences (between the two readings
of all the patients) - 2.77s,, to mean of difference + 2.77s,,
[Bland and Altman 2007]. Statistical analysis of the haplo-
types data used HAPLOTYPE SOFTWARE [Eliades and
Eliades 2009]. This software was used to analyze the haplo-
typic richness, the mean genetic distance between individ-
uals, the Nei’s minimum genetic distance between the
cases and the controls, the gene diversity within each popu-
lation, and The Fst (genetic differentiation).
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