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Background and objectives: Turner syndrome is an X-chromosome aneuploidy which include classic monosomy-X and variants like 
mosaicism, isochromosome-Xq, etc. It is diagnosed by karyotyping, which is time-staking, laborious and costly. Quantitative real-time 
PCR (qPCR) offers a faster and cheaper alternative testing strategy, but single- or dual-primer qPCR may miss some variants. This proof-
of-concept study was conducted to evaluate multi-primer qPCR in detecting various karyotypes of Turner syndrome.

Methods: Genomic DNA was extracted from 50 cases with Turner syndrome (45,X=23; 45,X/46, XX=10; isochromosome-Xq=12; 45, 
X/46, XY=5), 25 control females (46,XX), and 5 males (46,XY). DNA was analysed using fast qPCR with 4 primers targeting Xp-genes 
(SHOX, ARSE) and Xq-genes (VAMP7, XIST). The ΔΔCT method calculated gene dose relative to 46,XX females, with HBB being the 
housekeeping gene. Gene cut-offs were ascertained by receiver –operator-curve (ROC) analysis. This was followed by developing an 
algorithm for detecting classical and non-classical Turner syndrome.

Results: Using the criteria SHOX <0.752 “OR” ARSE <0.885, all the cases of Turner syndrome were detected with 100% sensitivity and 
93.3% specificity. VAMP7 >0.723 detected isochromosome-Xq- Turner syndrome with 87.9% sensitivity, and 72.7% specificity. SHOX < 
0.511 differentiated classic Turner syndrome from 45,X/46,XX mosaics with a 70% sensitivity, and 78.3% specificity. Our qPCR-based 
algorithm showed near-perfect agreement (Cohen’s k=0.81) with 100-cell karyotyping, identifying 14 of 15 Turner syndrome cases with 
low-level mosaicism missed by 30-cell-karyotyping. 

Interpretation and conclusions: A qPCR-based algorithm can be used for the rapid detection of classic and non-classic Turner syndrome, 
pending further validation studies. However, it cannot detect ring-chromosomes, mosaic-polyploidy and is inadequate to pinpoint the 
karyotypic subtype of Turner syndrome. 
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Turner syndrome is a common aneuploidy in girls 
caused by either X-monosomy (45,X or classic Turner 
syndrome), mosaicism of 45, X with other cell lines 
or different structural aberrations of X, like ring-
chromosome or isochromosome-Xq.1,2

The gold standard test for diagnosing Turner 
syndrome is karyotyping from peripheral blood, which 
requires cells to be in metaphase arrest, and therefore 

has a turn-around time of 2–3 weeks. Its advantages 
include lower cost (~2,500 – 4,500/- INR per sample) 
and the ability to detect structural aberrations which 
might be missed on other cytogenetic methods 
involving region specific probes.3-5 Rapid molecular 
diagnostic methods to detect aneuploidies are fast 
becoming popular, given their high throughput nature, 
lower cost, lesser propensity to errors and the ability to 
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yield results within hours. These include fluorescence 
in-situ-hybridisation (FISH), multiplex ligation 
dependent probe amplification assay (MLPA) and 
quantitative fluorescent-PCR (QF-PCR) and but most 
of these require expensive equipment.6-9 FISH can be 
conducted during interphase reducing turn-around 
time to 1 – 3 days, but diagnosing the different variants 
of Turner syndrome would require multi-probe FISH 
(multiple probes on different parts of the X and also Y 
chromosome) or possibly whole chromosome painting, 
increasing the average cost to 8000 – 22000/- INR per 
sample.10,11 QF-PCR and qPCR are two automation-
friendly, rapid assays with costs between 2500 – 4500/- 
INR per sample. Currently, QF-PCR is commercially 
used for prenatal aneuploidy detection and qPCR for 
viral-load estimation. QF-PCR provides results within 
1 – 3 days and qPCR in a few hours. One main problem 
with QF-PCR is that its interpretation depends on the 
relative dosage calculation from peak ratios (allelic 
quantification, not absolute copy number); a single 
peak where two are expected could suggest monosomy 
or homozygosity. This makes it difficult to detect 
monosomy involving the X chromosome and it could 
also miss low or moderate level mosaicism.8,12 These 
make qPCR an interesting and inexpensive tool for large 
scale aneuploidy detection like in neonatal screening 
for Turner syndrome or large scale testing among all 
girls with short stature. Real-time quantitative PCR 
was used in a few small studies to diagnose Turner 
syndrome using different X-chromosome-markers.13-16 
In most studies, the sensitivity for the detection of non-
classic variants of Turner syndrome was low.

A 30-cell karyotype can sometimes yield erroneous 
or false negative results in girls who have a high clinical 
suspicion for Turner syndrome. Often, their diagnosis 
of Turner syndrome is made by 100 cell-karyotyping 
or gonadal-tissue karyotyping. This is further time 
consuming and laborious. Conceptually, if a PCR 
based diagnostic test is designed using 3 or 4 different 
primers on different locations of the X-chromosome on 
its p and q arms and used along with a gene on the 
Y chromosome and autosomal house-keeping genes, 
it should detect almost all forms of Turner syndrome 
as it involves either total or partial loss of the X 
chromosome or a mosaicism of these cells along with 
normal 46,XX or 46,XY cells, or large deletions of the 
X-p or duplication of the X-q.

This proof-of-concept study aimed to develop 
and validate a qPCR-based diagnostic algorithm for 
detecting karyotypic variants of Turner syndrome.

Methods

This study was undertaken together by the department 
of Endocrinology and Metabolism, IPGME&R and 
department of Endocrinology, NRS Medical College, 
Kolkata, West Bengal, India. Ethical clearance for 
this study was obtained from the institutional ethics 
committees of both the participating institutes.

Study participants: We included 50 cases with 
karyotype-proven-diagnosis of Turner syndrome , 24 
karyotype-normal females (46, XX), and six karyotype-
normal males (46, XY) by convenience sampling 
from the Endocrinology outpatient departments of 
two tertiary care hospitals. The karyotype distribution 
of the samples is outlined in Table I. Sample size 
calculation was not performed since this was a proof-of-
concept study for a rare disorder. The sample size was 
limited but considered adequate to establish technical 
feasibility and preliminary diagnostic accuracy.

Choice and design of primers: The primers used were 
short-stature-homeobox gene  (SHOX) present on 
the pseudo-autosomal-region (PAR)1 of Xp and Yp 
(Xp22.33 and Yp 11.2), Vesicle-associated-membrane-
protein-7(VAMP7) on PAR2 of Xq and Yq(Xq28 and 
Yq12), Aryl-sulfatase-E (ARSE) gene on non-pseudo-
autosomal region of Xp(Xp22.3) and X-inactive-
specific-transcript(XIST) on non-pseudo-autosomal 
region of Xq(Xq 13).

The rationale behind the choice of these four 
primers was that choosing genes in both short 
and long arms of X will aid in detecting not only 
complete haplo insufficiency of X as seen in classic- 
Turner syndrome (45,X) but also detection of 
isochromosome-Xq wherein genes on Xp are supposed 
to be halved and those on Xq are supposed to be 1.5 
times that of 46,XX females, as well as detection of 
structural aberrations like large deletions of Xp. A 
Y-chromosome primer SRY (Yp11.2) was assessed 
by qualitative PCR to detect 46,XY and 45,X/46,XY 

Table I. Number of samples with different karyotypes 
selected for the study
Karyotype N = 80
Classic Turner syndrome (45,X) 23
Mosaic Turner syndrome (45,X/46,XX) 10
Turner syndrome with isochromosome Xq 12
45,X/46,XY 5
46,XX (normal female controls) 24
46,XY (normal male controls) 6
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samples. HBB (11p15.5) was an autosomal gene used 
as a housekeeping gene to neutralise any errors arising 
due to differences in DNA amounts in the cases and 
control samples. Primers for amplification of specific 
genes were designed using the Primer 3 software 
(https://primer3plus.com/) (Supplementary Table I). 
Specificity of the primers was confirmed using a single 
melting curve peak (Supplementary Fig. 1). Several 
primers were tested with different concentrations of 
DNA templates from 0.01 ng/mL to 10 ng/mL to obtain 
standard curves. Primers with the best standard curves 
(least primer-primer dimer formation and with a sharp 
CT value peak) and the combination of primers with 
the closest primer efficiencies were chosen for further 
experiments. Supplementary Table II summarises the 
expected results of gene doses of different primers on 
qPCR for the different karyotypes

Sample collection and PCR procedure: About 2 mL 
of peripheral blood was drawn from the patients and 
controls following consent. Genomic DNA was isolated 
using DNA isolation and purification kit QIAamp DNA 
Mini Kit (QIAGEN, USA). Purity and concentration 
of DNA was determined using spectrophotometer. 
Samples were stored at -40°C till further use. PCR 
amplification and detection were carried out using the 
Applied Biosystems™ 7500 fast real-time PCR system 
v2.0 (Applied Biosystems, USA) in 96-well plates 
(Fast) using SYBR green MasterMix from Thermo 
Scientific (Thermo Fisher, USA).

Twenty microlitre (20 μL) reaction volume was set 
up with 10 μL MasterMix with ROX (2X stock), 0. 
5 μL of each forward and reverse primer, 2 μL DNA 
template (amount of DNA) and 7 μL of ultrapure 
water. For each of the qPCR experiments, a DNA 
concentration of 2.5 ng/mL was taken. Target gene 
dose calculation was done by the comparative or ΔΔCt 
method.9 A fixed set of three references were run for 
each of the experiment (to minimise errors) and their 
mean Ct values was considered as reference-Ct. This 
was then used to determine fold changes in Turner 
syndrome cases and controls using the formula 2(ΔΔCt). 
All samples were run in duplicate and discordant Ct 
values (>5% difference in Ct values between the two 
technical duplicates) were not accepted for analysis. 
Mean ΔCt of acceptable samples were used for gene 
dose calculation.

Study period: The study was performed in two phases, 
from January 2018 to December 2020 and from May 
2025 to August 2025.

Comparison with controls and designing of algorithm: 
Results of gene doses of the Turner syndrome -samples 

were compared with those of normal females and 
between Turner syndrome -karyotypes. Using the cut-
offs for the different primers derived from ROC curves, 
we proposed an algorithm for the diagnosis of all 
forms of Turner syndrome. The proposed qPCR-based 
diagnostic algorithm is based on internal results. We 
also analysed samples from an additional 15 girls who 
had a clinical suspicion of Turner syndrome but were 
found to be 46, XX on 30 cell-karyotyping. Using our 
algorithm, we made a diagnosis of Turner syndrome 
and the possible underlying karyotype in these cases. 
We compared our diagnosis with the results of 100-cell 
karyotyping in these girls.

Statistical methods: Statistical analysis were done 
using GraphPad Prism software version 6e for Mac. 
ANOVA or equivalent non-parametric test (Kruskal 
Wallis test) followed by post-hoc Tukey’s multiple 
comparison tests were done to compare median values 
for the primers among the different karyotype groups. 
Unpaired t-test was used wherever two groups were 
compared. ROC curves were analysed to obtain the 
cut-offs with best sensitivity and specificity using 
Youden’s J statistic. Cohen’s K was used to analyse 
agreement between 100-cell karyotyping and qPCR-
based diagnosis. P<0.05 was considered significant.

Results

Quantification of gene doses across different 
karyotypes of Turner syndrome: The proportion of 
different karyotypes of Turner syndrome patients and 
female and male controls is outlined in Table I.

Among the karyotypes, there were significant 
differences between medians for the SHOX, VAMP7 
and ARSE genes but not the XIST gene on ANOVA 
(P<0.001) (Table II). The wide range for gene-doses 
in the isochromosome-Xq group was due to mosaic-
isochromosomes (45, X/46,X,iXq) and variable 
location of the breakpoint region on Xq. One sample 
had a karyotype of 45,X/46,X,idic(X)p and therefore 
>1.5 times the expected gene-dose for SHOX. 
Individual karyotypes of the 27 samples with non-
classic variants of Turner syndrome with their results 
of qPCR of the different genes are outlined in Table 
III. The outliers among 45,X/46,XY mosaics can 
be explained by two twins with 45,X/46,X,idicYp 
mosaicism who had greater-than-expected results with 
Yp (PAR1) primer SHOX and lesser-than-expected 
values with Yq (PAR2) primer VAMP7. The SHOX 
gene dose had good correlation with the percentage 
of cells with 46,XX among the 45,X/46,XX mosaics 
(Spearman’s r =0.93, P<0.001).
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Table II. Results of qPCR derived gene doses for SHOX, ARSE and VAMP7 primers in the different karyotype groups of Turner 
syndrome, control females and control males
Karyotype of samples SHOX gene; Mean (SD) ARSE gene; Mean (SD) VAMP7 gene; Mean (SD)
Control females (46,XX) 1.05 (0.29) 1.08 (0.21) 1.09 (0.30)
Classic Turner syndrome (45,X) 0.45 (0.09) 0.75 (0.19) 0.49 (0.11)
Mosaic Turner syndrome (45,X/46,XX) 0.59 (0.15) 0.70 (0.12) 0.62 (0.16)
Turner syndrome with isochromosome Xq 0.56 (0.40) 0.69 (0.13) 0.78 (0.48)
Control males(46,XY) 1.08 (0.23) 1.03 (0.14) 1.05 (0.18)
45,X/46,XY mosaic Turner syndrome 0.79 (0.3) 0.54 (0.06) 0.51 (0.02)

SHOX is present on pseudo autosomal region(PAR1) of Xp and Yp, VAMP7 is present on pseudoautosomal region PAR2 of Xq and Yq, ARSE is 
present on non-PAR region of Xp and XIST on non-PAR region of Xq

Table III. Distribution of different karyotypes with non-classic Turner syndrome variants and their respective gene doses for the 
four primers (SHOX and ARSE on Xp, VAMP7 and XIST on Xq)

Doses for the different genes on qPCR
Karyotype distribution SHOX* ARSE* VAMP7* XIST*

45,X[40]/46,XX[60] 0.604 0.497 0.629 0.574
45,X[60]/46,XX[40] 0.441 0.688 0.638 0.697
45,X[70]/46,XX[30] 0.518 0.747 0.719 0.807
45,X[55]/46,XX[45] 0.479 0.728 0.442 0.583
45,X[72]/46,XX[28] 0.428 0.946 0.456 0.834
45,X[34]/46,XX[66] 0.634 0.580 0.775 0.612
45,X[32]/46,XX[68] 0.867 0.733 0.353 0.657
45,X[45]/46,XX[55] 0.577 0.754 0.602 0.888
45,X[33]/46,XX[67] 0.835 0.754 0.753 0.657
45,X[50]/46,XX[50] 0.514 0.591 0.862 0.475
46,X,iXq 0.318 0.928 1.011 0.659
46,X,iXq 0.490 0.499 0.998 0.792
46,X,iXq 0.376 0.637 1.961 0.719
46,X,iXq 0.208 0.801 1.077 0.668
46,X,iXq 0.292 0.754 1.705 0.642
46,X,iXq 0.260 0.657 0.735 0.495
45,X[22]/46,X,iXq[88] 0.358 0.543 0.535 0.779
45,X[55.5]/46,X,iXq[44.5] 0.590 0.782 0.727 1.084
45,X[24]/46,X,iXq[76] 0.771 0.723 0.406 1.08
45,X[36]/46,X,iXq[64] 0.823 0.694 0.832 0.89
45,X[60]/46,X,iXq[40] 0.616 0.616 0.527 0.801
45,X[45]/46,idic(X)p[40] 1.695 0.796 0.553 0.781
45,X/46,XY 0.406 0.585 0.799 0.508
45,X/46,XY 0.612 0.583 0.531 0.661
45,X/46,X,idic(Y)p 1.071 0.476 1.094 0.477
45,X/46,X,idic(Y)p 1.105 0.465 0.962 0.599
45,X/46,XY 0.790 0.578 0.542 0.485

*SHOX is present on pseudo autosomal region (PAR1) of Xp and Yp, VAMP7 is present on pseudoautosomal region PAR2 of Xq and Yq, ARSE is 
present on non-PAR region of Xp and XIST on non-PAR region of Xq

ROC curve analysis: ROC curves were used to analyse 
the sensitivity and specificity at different cut-offs for 

the SHOX and ARSE primers on Xp in distinguishing 
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Turner syndrome from control females (46,XX), 
outlined in the Supplementary Figure 2. For SHOX 
gene, AUROC curve was 97.2% (P<0.001) and a cut-
off of 0.752 detected all Turner syndrome -karyotypes 
with a sensitivity of 89.4% and specificity of 89.7%. 
At this cut-off, all classic- Turner syndrome were 
detected and there were three false positives and five 
false negatives (all non-classic Turner syndrome, 
45,X/46,XX=2, 45,X/46,X,iXq=2, 45,X/46,XY=1).

ARSE gene had AUROC of 93.1% (P<0.0001), and a 
cut-off of 0.885 had sensitivity of 83.4% and specificity 
of 82.6% for detecting Turner syndrome, with four 
false positives and eight false-negatives (45,X=6; 
45,X/46,XX=1; 46,X,iXq=1) but all 45,X/46,XY 
mosaics were detected.

Algorithm to detect Turner syndrome and its variants 
using qPCR: If the criterion for a positive result was set 
as any one of the Xp primers (either SHOX or ARSE) 
less than the respective cut-offs, no case of Turner 
syndrome was missed, corresponding to a sensitivity 
of 100% (Table IV). The number of false positives was 
two out of the twenty-four samples of control females 
with 46,XX karyotype (8.33%).

ROC curves to determine cut-offs for gene doses to 
identify karyotypic variants of Turner syndrome: Between 
classic- Turner syndrome and 45,X/46,XX-mosaic- 
Turner syndrome, SHOX dose differed significantly 
(median 0.476 vs 0547, P=0.0008) and a cut-off of 0.511 
distinguished classic Turner syndrome from mosaics 
with sensitivity 70% and specificity 78.3%.

VAMP7 gene on Xq showed significant differences 
between isochromosome-Xq vs other Turner syndrome 
(0.832 vs. 0.502, respectively; P<0.001). However, no 
such differences were noted using the XIST gene. ROC 
curve for VAMP7 had an AUC 83.8% (P<0.001) and 
a cut-off of 0.723 detected isochromosome-Xq with 
87.9% sensitivity and 72.7% specificity. At this cut-off, 
all pure isochromosomes (46,X,iXq) could be detected, 
but 2 out of 5 cases with mosaic-isochromosomes 

(45,X/46,X,iXq) were missed. Among Turner 
syndrome with other karyotypes, one case of classic 
Turner syndrome and three cases with 45,X/46,XX 
mosaics were falsely detected as isochromosomes 
using the VAMP7 cut-off criterion, therefore leading to 
a false positivity rate of 10.5%.

Detection of 45,X/46,XY mosaics: Qualitative-PCR to 
detect SRY gene in 45,X/46,XY mosaics found positive 
bands for all five 45,X/46,XY mosaics in our cohort.

qPCR- based diagnosis in Turner syndrome cases with 
dubious karyotypes/low level mosaicism: We included 
an additional fifteen cases with a phenotypic diagnosis 
of Turner syndrome whose 30-cell karyotype was 
46,XX (n =12) or 46,XY (n = 3). Using our algorithm, 
we found that the qPCR-based diagnosis for eleven of 
these twelve girls having 46,XX on 30-cell-karyotype 
was 45,X/46,X,iXq (n = 5) or 45,X/46,XX (n = 6). In 
all the three girls with 46,XY on 30-cell-karyotype, the 
qPCR-based diagnosis was 45,X/46,XY. We repeated a 
karyotype of 100 cells for these cases and found that the 
qPCR-based diagnosis matches with 100-cell-karyotype 
result in 14 out of the 15 (93.33%) cases. One patient 
with a diagnosis of 45,X[20]/46,XX[70]/46,X,iXq[10] 
could not be detected by qPCR-based-algorithm. The 
Cohen’s kappa between qPCR-algorithm and 100-cell-
karyotype was 0.81 (SE: 0.111, p andlt;0.001), 
indicating a near perfect agreement.

Discussion

In the present study, we used qPCR to determine doses 
of four genes on Xp and Xq and tested the performance 
of qPCR in diagnosing different cytogenetic variants 
of Turner syndrome, considering karyotype as the gold 
standard. We found that qPCR using a combination of 
two Xp primers- SHOX and ARSE detected all cases 
of Turner syndrome, serving as a good screening test 
for Turner syndrome. However, the false positive 
rate was ~8%, mandating a karyotypic confirmation 
in qPCR positive cases. Among subjects with Turner 
syndrome, qPCR using the Xq-gene VAMP7 identified 

Table IV. Sensitivity and no of missed cases of turner syndrome by applying cut-offs of qPCR derived gene doses for Xp primers
qPCR result with Xp 
primers

Sensitivity (%) of the gene cut-off for the detection of different variants of Turner 
syndrome

No of missed cases

Turner syndrome (All 
karyotypes) (n=50)

Classic Turner syndrome 
(45,X) (n=23)

Non-classic Turner 
syndrome variants (n=27)

SHOX < 0.752 89.4 100 79.2 5
ARSE < 0.885 83.4 87.4 92.6 8
Either SHOX <0.752 or 
ARSE <0.885

100 100 100 0
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all the isochromosome-Xq and most cases of mosaic 
isochromosome Xq. Based on our internal results, 
we propose a hierarchal form of testing for Turner 
syndrome, with SHOX and ARSE genes being used for 
the initial screening test. The screened positive cases 
should then be interrogated with the VAMP7 gene to 
detect isochromosome-Xq and the SRY gene to detect 
45,X/46,XY mosaicism. The SHOX gene dose could 
distinguish classic Turner syndrome from mosaic Turner 
syndrome, but the sensitivity and specificity were poor. 
Prior similar studies have focused on single Xp or Xq 
specific primers.13-15 Some recent studies have used 
multiplex PCR to detect presence of Y-chromosomes in 
Turner syndrome .16 Our cut offs are close to the results 
of the other studies and the sensitivity and specificity 
for detecting non-classic Turner syndrome are better 
than prior studies.14,15 Furthermore, we could detect all 
the cases of Turner syndrome by qPCR using two Xp 
primers with an “either/or” criteria and designed an 
algorithm of hierarchical testing (Figure) using which 
most non-classic variants of Turner syndrome can be 
identified.

The diagnosis of Turner syndrome is routinely 
done by karyotyping of 20 to 30 peripheral blood 
cells. However, sometimes despite having a strong 
clinical suspicion of Turner syndrome, cases of 
mosaicism of 45,X cell lines with other cell lines 

may be missed, particularly if the proportion of 45, 
X cell lines is very low. In such cases, karyotyping of 
100 cells or of buccal or gonadal tissue is indicated 
for diagnosing Turner syndrome. Similarly, cases of 
45,X/46,XY Turner syndrome may sometimes be 
missed on routine karyotyping. Phenotypic females 
with 46,XY karyotype can be cases with testicular 
dysgenesis or complete androgen insensitivity; while 
those with 45,X/46,XY karyotype are either mixed 
gonadal dysgenesis or Y chromosome bearing Turner 
syndrome. It is very important to differentiate this 
latter group from pure 46,XY gonadal dysgenesis since 
those with 45,X/46,XY karyotypes need screening for 
all comorbidities of Turner syndrome, merit growth 
hormone therapy and need early gonadectomy for risk 
of gonadal tumours.1,17 Our qPCR based diagnostic 
algorithm was able to detect these Turner syndrome 
cases with low level mosaicism of 45, X cell lines with 
46,XX or 46,XY cell lines and might supervene the 
need for a 100 cell or gonadal tissue karyotyping in 
such cases.

Our study had the limitations of a small sample 
size and needs verification in further larger studies. A 
limitation of q-PCR as a technique is its inability to 
detect mosaics with X-polyploidy like 45,X/46,XXX 
and ring chromosomes, marker chromosomes, and 
structural defects of the X chromosome involving 

Either  SHOX (Xp) dose <0.752 or 
ARSE (Xp)< 0.885

VAMP7 (Xq) gene dose

> 0.723 -->Sample likely contains Isochromosome Xq < 0.723 

SHOX dose < 0.511 --> likely  TS with 45,X

SHOX dose > 0.511 --> likely 45,X/46,XX mosaic 
TS

PCR for SRY gene to detect 45,X/46,XY mosaic TS   

NO--> TS ruled out

Fig 1 . Algorithm for screening of Turner Syndrome (TS) using different primers  by qPCR and its proposed application in diagnosing the different karyotypic variants of TS

Figure. Algorithm for screening of Turner Syndrome using different primers by qPCR and its proposed application in diagnosing the different 
karyotypic variants of Turner syndrome.
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deletions proximal to Xp24, unless it involves partial 
or complete deletion of one of the primers used for 
qPCR. However, they constitute an extremely small 
proportion of Turner syndrome and in this study, 
we had excluded such samples. Notably, there were 
two false positive cases detected by our algorithm. 
First, since this is a proposed screening test, we used 
the “OR” criteria for SHOX and ARSE genes on Xp 
so that none of the cases were missed. Since our 
cohort had a substantial proportion of mosaic Turner 
syndrome in addition to classic Turner syndrome, the 
ARSE gene dose had a wide range. The median ARSE 
dose for Turner syndrome was much higher than 
the expected value of 0.5 with a wide variation, the 
possible explanation might be the presence of ARSE 
pseudogene on Y.18 Two patients had isodicentric Yp 
[45,X/46,X,idicYp] and the two copies of Yp might 
contribute to a higher median value of ARSE. Thus, a 
higher ARSE cut-off and using the OR criteria to avoid 
false negatives might have led to the false positives. 
Hence, we suggest this as a screening test, with positive 
results needing karyotyping confirmation.

We studied children, adolescents, and adult women 
with Turner syndrome (age range: 5 to 32 years). While 
we did not include neonates in our study, a similar 
strategy has been used successfully for neonatal 
screening.14-16 DNA-based qPCR results are expected to 
be stable from neonatal period to adulthood. Also, we 
used an age-stable reference gene HBB and gene-doses 
were calculated using the comparative ΔΔCt method 
using healthy controls of similar age. In advanced 
age, there is a possibility of age dependent changes 
in DNA integrity, mostly affecting telomere length 
and methylation sensitive regions. We are not sure 
about how the results might change in the elderly with 
Turner syndrome. It may not be applicable to antenatal 
aneuploidy detection due to possible contamination 
with maternal cells.

Our results suggest that qPCR can be a reasonably 
accurate and easy-to-perform screening test for classic 
and non-classic Turner syndrome. Using multiple 
Xp, Xq and Y chromosome primers, our qPCR-based 
algorithm could detect cases of Turner syndrome that 

were not diagnosed with 30-cell karyotyping but only 
with 100-cell karyotyping. We propose that qPCR may 
be used as a cheaper but reasonably accurate alternative 
to the time and labour-staking process of karyotyping, 
pending further studies with larger sample size.
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