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Haplotype analysis of the X chromosome in patients with Turner syndrome in 
order to verify the possible effect of imprinting on selected symptoms
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Aims. Turner syndrome is the only chromosome monosomy that is postnatally compatible with life. The reported 
incidence of TS is 1 in 2500 liveborn girls. The phenotype of these girls is highly variable, with cardiac abnormalities 
being life-threatening defects. The aim of the study was to reveal the possible influence of the parental origin of the X 
chromosome in these patients on a selected phenotype that is associated with Turner syndrome. Selected symptoms 
and parameters were: a bicuspid aortic valve, aortic coarctation, lymphoedema, pterygium colli, coeliac disease, thy-
roiditis, otitis media, diabetes mellitus 2, renal abnormalities, spontaneous puberty, and IVF.
Methods. The X chromosome haplotype was determined for a group of 45,X patients verified by native FISH. A mo-
lecular diagnostic method based on the detection of different lengths of X chromosome-linked STR markers using the 
Argus X-12 QS kit was used to determine the X haplotype.
Results. Our results, analysed by Fisher's exact (factorial) test, suggest independence between the maternal/paternal 
origin of the inherited X chromosome and the presence of the anomalies that were studied (P=1 to P=0.34).
Conclusion. In the group of 45,X patients, who were precisely selected by means of the native FISH method, no cor-
relation was demonstrated with the parental origin of the X chromosome and the observed symptom.
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INTRODUCTION 

Turner syndrome (TS), the only chromosomal mono-
somy postnatally compatible with life, has an incidence of 
approximately 1 in 2500 liveborn girls. TS is characterized 
by either the complete or partial loss of one copy of the 
X chromosome.

Most often, in 50% of cases, we encounter a 45,X 
karyotype, 20-30% of the mosaic karyotype (45,X and 
at least one other cell line), and the rest of the cases are 
various structural aberrations of the X chromosome1.

Up to 99% of foetuses affected by this aneuploidy are 
spontaneously aborted before the 28th week of pregnancy. 
A 45,X karyotype is observed in 1% to 2% of pregnancies, 
10% of aborted foetuses, and 1% of newborns. The reason 
why exactly 1% of such affected foetuses survive without 
significant somatic abnormalities could be explained by 

the hypothesis of hidden mosaicism, where a cell line with 
all or part of the second sex chromosome is present2,3. Age 
at diagnosis is highly variable, from prenatal to adulthood.

Prenatally, foetal oedema, increased nuchal translu-
cency, cystic hygroma, left heart abnormalities, and re-
nal abnormalities may be present in the foetus. In the 
neonatal period, 20-30% of girls are diagnosed with char-
acteristic lymphoedema, pterygium colli, heart defects 
(coarctation, hypoplastic left heart), a low-set hairline, or 
low-set ears. About 35% of cases are diagnosed in child-
hood as a result of a delay in the growth of the <10 per-
centile for a given age.

In adolescence and adulthood, patients experience 
the absence of breast development, menarche, primary/
secondary amenorrhoea, recurrent otitis media, cubitus 
valgus, pterygium colli, nail hypoplasia, shortening of the 
fourth metacarpus, or hearing loss. In connection with 
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psychiatric disorders, these girls are described as shy and 
often suffering from social anxiety. Intelligence is usu-
ally normal, but patients with TS have a 1.7-fold higher 
incidence of depression than in the general population. 
In general, these patients are also more likely to suffer 
from autism spectrum disorder and depression. States 
of depression and anxiety can be caused by hormonal 
deficiency and subsequently also by hormonal therapy. 
Poor social inclusion of patients can also be an important 
factor in the onset of psychological problems4,5. The vari-
ability of the phenotype is based on the parental origin 
of the X chromosome, level of cell mosaicism, imprint-
ing, and mutations of the X chromosome. Patients with a 
45,X karyotype usually have more clinical manifestations 
compared to mosaic patients4,6,7.

The main life-threatening phenotype in TS is congeni-
tal heart defects, with a prevalence of 17-50%, with the 
highest incidence in a 45,X karyotype. The most common 
of these are the bicuspid aortic valve – almost 30% – and 
aortic coarctation in approximately 12% of women with 
TS. Very often, we also encounter hypoplasia of the left 
heart and anomalies of the pulmonary veins4,8-10.

The group of patients with the same karyotype is very 
variable in its phenotypic traits. A possible explanation is 
the effect of imprinting. The origin of the X chromosome 
is mostly maternal, 68-85%. This condition indicates a 
defect during spermatogenesis in which the paternal X 
chromosome is lost11-16.

The main goal of this work was to correlate the haplo-
type of the X chromosome and the presence of a selected 
abnormality and the possible influence of in-vitro fertiliza-
tion (IVF). The analysis will be related to patients with 
a cytogenetically confirmed pure line 45,X karyotype, 
verified by fluorescence in situ hybridization (FISH) on 
native blood.

MATERIALS AND METHODS

The present work is a multicentre study; the patients 
come from University Hospital Olomouc, the University 
Hospital in Ostrava, the First Faculty of Medicine, 
Charles University and General University Hospital 
in Prague, the Second Faculty of Medicine, Charles 
University in Prague, and Motol General and University 
Hospital in Prague. All the patients’ data was shared in a 
central database, Clindata, informed consent of patients 
was provided.

For this study only patients who had a 45,X karyo-
type confirmed by FISH from native blood samples were 
included. A cohort of 55 patients and their parents was 
selected for haplotype analysis and subsequent correla-
tion with the selected phenotype. All the patients were 
precisely karyotyped and verified by native FISH on 250 
interphase nuclei.

The primary biological material for the DNA analysis 
was 9 mL of peripheral blood collected in EDTA tubes. 
Smears of buccal mucosa cells were taken from the par-
ents using sterile brushes, which were deposited in paper 
envelopes after drying. A different type of primary mate-

rial was chosen because of the priority determination of 
the karyotype in patients with TS, for whom peripheral 
blood collection was necessary; in the case of the parents 
this procedure was not indicated. Thus, the haplotype was 
tested in 50 families of patients with TS.

DNA was isolated from peripheral blood by the Miller 
method, which allows sufficient DNA of the necessary 
quality to be obtained for further analysis. Isolation us-
ing a commercial QIAamp DNA Mini Kit (www.qiagen.
com) was chosen to isolate cells from the buccal mucosa.

The Investigator Argus X-12 QS kit (www.qiagen.com), 
which is based on the examination of a polymorphism 
of short tandem repeats (STR markers), was chosen to 
determine the X chromosome haplotype. It contains 12 
markers from the X chromosome, a qualitative marker, 
amelogenin, and a control marker from chromosome 21. 
Alleles of individual markers from the X chromosome can 
also be quantified according to the proportion of relative 
fluorescence units (RFU), which allows the predominant 
X haplotype in mosaic TS to be determined.

The reaction mix was optimized for a total reaction 
volume of 8.33 µLl. (2.5 FMl FMR 2.0, 0.83 µL primer 
mix and 5 µL DNA/PCR H2O). The input DNA concen-
tration to the reaction was adjusted to 0.5 ng/µL, which 
was first measured on a spectrophotometer, and then veri-
fied on a Qubit fluorimeter using dsDNA HS Assay kit 
(www.thermofisher.com). PCR was performed in a Bio-
Rad C1000 thermocycler with the recommended profile 
for the kit that was applied. The samples were analysed 
on a 3130 Genetic Analyzer (Applied Biosystems); the 
evaluation was performed using the GeneScan software 
(Applied Biosystems).

Phenotyping
To analyse the possible phenotype/haplotype relation-

ship of the X chromosome, the TS-related phenotypes that 
were clinically evaluated in our cohort of TS patients and 
are more common in TS patients compared to the female 
population were selected. For heart defects we selected 
a bicuspid aortic valve and aortic coarctation. We also 
focused on the phenotype that is often observed in TS: 
lymphoedema, pterygium colli, coeliac disease, thyroid-
itis, otitis media, diabetes mellitus 2, renal abnormalities, 
spontaneous puberty, and patients born after IVF.

Statistical analyses
For the statistical evaluation of a possible relationship 

between the phenotype and parental origin of the chromo-
some, Fisher's exact (factorial) test was used. 

The null hypothesis was no difference between the 
proportion of maternal or paternal X chromosome in the 
phenotypic trait that was studied.

RESULTS

On the basis of the results of the karyotype analysis 
verified by native FISH on 250 interphase nuclei, 55 
patients and their parents were selected for haplotype 
analysis and subsequent correlation with the selected 
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phenotype. Because of the absence of parental biological 
material for DNA analysis, the cohort was reduced to 50 
patients. These were predominantly 45,X (43 patients) 
and seven patients with a small proportion of mosaic (1, 
4, 5, 5, 13, 15, and 27 respectively from 250 interphase 
nuclei, i.e. 45,X/46,XX with a small 46,XX cell line pro-
portion up to 10.8%). Analysis with the Argus X-12 QS 
kit revealed a dominant representation of the maternal 
haplotype of the X chromosome (Xm) in 35 TS patients 
(70%). The paternal origin of the X chromosome (Xp) 
was determined in 15 TS patients (30%). The collected 
data is summarized in Table 1. 

Our results suggest an absence of any dependence 
between the maternal/paternal origin of the inherited X 
chromosome and the presence of the anomalies that were 
studied (P=1 to P=0.34).

As regards the presence of the given abnormalities in 
our cohort in comparison with the published incidence 
in TS patients, we revealed similar data. An exception is 
the incidence of renal defects, which in our study was re-
corded in 16% of the patients, compared to 30% reported 
in the cohort in the literature. There is a discrepancy in 
the presence of type 2 diabetes mellitus, which was not 
observed in the patients in our group compared to the 
general population. However, the results may be skewed 
by the size of our cohort of patients.

For a patient born after IVF, we do not have literature 
data for comparison, but we did not find any correlation 
with the phenotype.

DISCUSSION

Our goal was the precise selection of 45,X patients 
using the native FISH method. The main reason is the 
degree of expression of the symptoms occurring in TS. 
The recent work of Tuke et al.7 states that clinical manage-
ment should be aimed primarily at 45,X patients whose 
clinical manifestation may be severe. In a given population 
study, more than 244,000 women from the UK Biobank 
were tested by means of a single-nucleotide polymorphism 
array and 30 women with 45,X, 186 with 45,X/46,XX, and 
110 women with the 47,XXX karyotype were identified. 
The main take-home message was that mosaic patients 
often do not require the recommended intervention and 

the level of mosaicism is an important clinical indicator 
of the features and complications of TS. Surprisingly, in 
this subgroup there was no evidence of increased risk of 
cardiac complications. Additionally, this data suggests a 
usually normal reproductive lifespan or fertility if TS had 
two X chromosomes over 20% of cells.

It is known that the loss of the short arm of the X 
chromosome leads to the development of the TS phe-
notype. The work of Bondy et al.10 points out the high 
prevalence of bicuspid aortic valve and coarctation of 
the aorta in subjects missing just the short arm of the X 
chromosome, which indicates that haploinsufficiency of 
linked genes contributes to defective aortic development 
in TS. The association of haploinsufficiency of the SHOX 
gene with the TS phenotype (skeletal anomalies and short 
stature) has been demonstrated4,8.

The literature describes a relatively variable phenotype 
in TS patients with a 45,X karyotype; a possible explana-
tion is the effect of imprinting, i.e. the influence of the 
parental origin of the X chromosome.

Such a situation has been described on X-linked par-
ent - origin effect on brain development and cognitive 
functioning. This effect was described on 45,X TS girls, 
where in 25 Xp patients significantly better social cogni-
tion skills were described than in 55 Xm TS. That suggest-
ed that a genetic locus for social cognition is imprinted 
and is not expressed from Xm (ref.17). A model organism 
– 39,X mouse – was used for a similar TS phenotype. An 
X-linked imprinted effect was confirmed in the genes in 
mice which are responsible for cognitive behaviour18.

However, correlation studies for other features yield 
relatively discrepant conclusions. Chu et al.11 found a 
strong correlation between a child’s height centile and 
the maternal height centile for Xm (P<0.01). They found 
a strong correlation between cardiac anomalies and Xm, 
(P<0.01) and neck webbing and Xm (P<0.05). No signifi-
cant difference in terms of renal abnormalities was found. 
Sagi et al.13 provided their own multicentre study of 80 
patients and a literature review. Their findings suggest 
some correlation in renal malformations for Xm patients 
(P=0.030), while eye abnormalities were more prevalent 
in the Xp haplotype (P=0.017), and some significance 
was attributed to lipids and overweight. No significant 
correlation between haplotype and cardiac abnormalities 
or neck webbing was found. Bondy et al.14 presented a 

Table 1. Results of our TS cohort, haplotyping, presence of abnormality in subgroups.

CoA BaV IVF Lym Pte Cel Thy Oti Dia 2 Ren SpP

Our Pater X 15 (1) 
6.7%

15 (9)  
60%

14 (1)  
7.1%

15 (10) 
66.7% 

14 (3) 
21.4% 

15 (1) 
6.7%

15 (5) 
33.3%

15 (11) 
73.3%

15 (0) 
–

15 (2) 
13.3%

14 (2) 
14.3%

Mater X 35 (3) 
8.6% 

35 (15) 
42.9%

32 (2) 
6.3%

29 (14) 
48.3%

32 (6) 
18.8%

35 (1) 
2.9%

35 (8) 
22.9%

35 (21) 
60 %

34 (0) 
– 

35 (6) 
17.1% 

32 (4) 
12.5%

P-value 1 0.36 1 0.34 1 1 0.49 0.52 1 1 1
Total 50 (4)  

8%
50 (24) 
48%

46 (3) 
6.5%

44 (24) 
54.5%

46 (9) 
19.6%

50 (2)  
4% 

50 (13) 
26%

50 (32) 
64%

49 (0) 
–

50 (8) 
16%

46 (6)  
13%

References Prev. In TS 7-14%10,23 14-34%10,23 25-57%23,24 25%23 8%23 15-30%23 60%23 10%23 28-40%4,23 20-30%4

(Pater X, paternal origin of chromosome X; Mater X, maternal origin of chromosome X; CoA, aortic coarctation; BaV, bicuspid aortic valve; Lym, 
lymphoedema; Pte, pterygium colli; Cel, coeliac disease; Thy, thyroiditis; Oti, otitis media; Dia2, diabetes mellitus 2; Ren, renal abnormalities; 
SpP, spontaneous puberty). Unfortunately, not all the centres evaluated the whole list of symptoms. The number of positive cases for a specific 
trait is given in parentheses.
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comprehensive study of 183 TS patients. They found no 
evidence of X-imprinting in terms of short stature or renal 
and cardiovascular abnormalities. The effect of X-linked 
imprinting was described in the case of growth hormone 
response and sensorineural hearing loss. The patients 
with Xm had a greater mean height gain than Xp patients. 
A similar situation occurs with regard to sensorineural 
hearing loss. According to Hamelin et al.16, TS with Xm 
were less likely (P=0.04) to have a hearing disability than 
Xp ones.

However, these studies determine the karyotype by 
conventional karyotyping, or also included TS mosaics in 
the haplotype-phenotype correlation. We believe that the 
process of cell culture leads to preferential growth of the 
physiological 46,XX cell line. For this reason, we prefer 
native FISH to prove the real state of the cell lines in the 
patient's body. The use of karyotyping and FISH on cul-
tured material may be affected by a preference for a physi-
ological cell line over an aneuploidy which may distort the 
true state in the germ layer being examined. The inclusion 
of mosaics in the haplotype analysis can then skew the 
result. Support for our results can be found in the work 
of Denes et al.19, who in their group of patients repeated 
the FISH examination in TS patients after ten years and 
found a positive correlation between age and the percent-
age change in diploid cells, with an average increase of 
5.7–13%. The process of senescence can be compared to 
cell cultivation before cytogenetic examination.

 An innovative approach was taken by Devernay et 
al.15, who excluded mosaicism in the participating patients 
by FISH analysis. Finally, they selected 180 patients with 
homogenous 45,X. The parental origin of the X chromo-
some was not associated with body growth or response 
to growth hormone. Our goal was excluding the possible 
influence of the effect of mosaicism on our results. 

 We focused on pure 45,X patients and very minor 
mosaics (45,X/46,XX with a small 46,XX cell line pro-
portion up to 10.8%). In such a selected cohort we did 
not reveal a statistically significant effect of the parental 
haplotype of the X chromosome on the presence of the 
selected phenotypic parameters. Our results suggest no 
influence of the parental X chromosome haplotype on 
the presence of a bicuspid aortic valve, coarctation of 
the aorta, lymphoedema, pterygium colli, coeliac disease, 
IVF, thyroiditis, otitis media, diabetes mellitus 2, renal 
abnormalities, or spontaneous puberty. We can postulate 
that there is probably no effect of imprinting but for a 
definitive statement it is necessary to have a larger cohort 
of patients and evaluate more linking abnormalities or 
compare the results of 45,X patients and patients with 
high levels of mosaicism.

Haplotype analysis in our cohort of TS families re-
vealed a ratio of Xm (70%) and Xp (30%) which corre-
sponds to previous studies11-16.

Currently, new possibilities are offered by the technol-
ogy of massively parallel or next-generation sequencing 
(NGS), which would also be suitable for the examina-
tion of patients with TS. In particular, it would expand 
the possibilities for the investigation of partial deletions 
and quantification of X chromosome mosaics. It would 

also allow Y sequences to be searched for, since the posi-
tive findings of the Y fragment are then an indication for 
preventive gonadectomy20,21. The literature indicates that 
the presence of any genetic material derived from the Y 
chromosome (which may not be captured by a karyotype) 
is associated with an increased risk of gonadoblastoma, 
an estimated risk of 7-10% (ref.22).

CONCLUSION

In the group of 45,X patients who were precisely se-
lected by means of the native FISH method, no correla-
tion was demonstrated between the parental origin of the 
X chromosome and the symptoms that were observed.
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