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Abstract 

Background: The mosaic forms and clinical phenotypes of fetuses with isochromosome Y are difficult to predict. 
Therefore, we summarized the cases of nine fetuses with isochromosome Y identified in prenatal diagnosis with a 
combination of molecular cytogenetic techniques, providing clinical evidence for prenatal genetic counseling.

Methods: The prenatal diagnosis and pregnancy outcomes of nine fetuses with isochromosome Y were obtained 
by a  retrospective analysis. Isochromosome Y was identified prenatally by different approaches, such as conventional 
karyotyping, chromosomal microarray analysis (CMA), quantitative fluorescent polymerase chain reaction (QF-PCR) 
and fluorescence in situ hybridization (FISH).

Results: Seven idic(Y) fetuses and two i(Y) fetuses were identified. One fetus was complete for i(Y)(p10), and the 
rest with 45,X had mosaic forms. A break and fusion locus was identified in Yp11.3 in one fetus, in Yq11.22 in six 
fetuses and in Yp10 in two fetuses. The CMA results suggested that different deletions and duplications were found 
on the Y chromosome. The deletion fragments ranged from 4.7 Mb to the entire Y chromosome, and the duplication 
fragments ranged from 10.4 to 18.0 Mb. QF-PCR analysis suggested that the AZF region was intact in one fetus, four 
fetuses had AZFb+c+d deletion, one fetus had AZFa+b+c+d deletion, and one fetus had AZFc+d deletion. Finally, 
four healthy male neonates were delivered successfully, but the parents of the remaining five fetuses, including three 
healthy and two unhealthy fetuses, chose to terminate their pregnancies.

Conclusion: The fetus and neonate phenotype of prenatally detected isochromosome Y usually is that of a normally 
developed male, ascertained in the absence of other indicators of a fetal structural anomaly. Our study provides clini-
cal reference materials for risk assessment and permits better prenatally counseling and preparation of parents facing 
the birth of isochromosome Y fetuses.

Keywords: Isochromosome Y, Idic(Y), I(Y), Mosaicism, Prenatal diagnose, CMA, QF-PCR, FISH

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
An isochromosome is a chromosome for which the two 
arms are symmetrical in terms of gene type, number and 
arrangement. Idic(Y) is a mirror-imaged chromosome 
with an axis of symmetry between two centromeres, 

whose two mirror-imaged arms are identical and sym-
metrical in terms of the type, number and arrangement 
of genes [1, 2]. I(Y) carries one centromere and a dupli-
cation of the short or long arm. Idic(Y)/i(Y) often exists 
as mosaicism and has a 45,X cell line [3]. The formation 
of mosaicism is extremely complex and depends on the 
meiotic and/or postzygotic mitotic stability of cells [4, 
5]. There are many reports on idic(Y) at http:// cs- tl. de/ 
DB/ CA/ sSMC/ 32XY/a- Start. html, including 141 phe-
notypic male cases and 52 phenotypic female cases. The 
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mosaic patients with idic(Y)/i(Y) are associated with a 
wide range of phenotypic manifestations, such as Turner 
syndrome in females [6, 7], ambiguous genitalia [6, 8], 
gonadal dysgenesis [9], phenotypically normal males 
with infertility [6, 10], short stature [11, 12], craniofa-
cial abnormalities [13], and male mental retardation, in 
postnatally ascertained cases [14]. However, in the vast 
majority of reported postnatally ascertained mosaic 
idic(Y)/i(Y) patients, karyotyping was performed due 
to abnormal phenotypes, obviously biasing the available 
data.

Here, we identified nine prenatally ascertained cases 
with idic(Y)/i(Y) through cytogenetic analysis, includ-
ing the prenatal diagnosis and pregnancy outcomes. 
The abnormal Y chromosome was identified by different 
approaches, such as chromosomal microarray analysis 
(CMA), quantitative fluorescent polymerase chain reac-
tion (QF-PCR), and fluorescence in  situ hybridization 
(FISH), the findings of which emphasized the importance 
of combining conventional cytogenetic analyses with 
molecular techniques in prenatal diagnosis. Furthermore, 
we analyzed the relationship between genotypes and 
phenotypes. The study provides clinical reference materi-
als for idic(Y)/i(Y) carriers’ genetic counseling in prenatal 
diagnosis.

Subjects
Nine gravidas who received invasive prenatal diagno-
sis for various indications were gathered in the Prenatal 
Diagnostic Center of Guangdong Women and Children 
Hospital from January 2015 to September 2019. All gravi-
das signed informed consent forms, and their clinical 
data, including sex, age, history of gestation, family medi-
cal history, chemical and radiation exposure history, and 
clinical and laboratory test results, were recorded. The 
study was approved by the Medical Ethics Committee of 
Guangdong Women and Children Hospital.

Methods
Cytogenetic analysis
Chromosomal specimens in amniotic fluid (AF) cells 
were harvested in  situ, and chromosomal specimens in 
cord blood (CB) lymphocytes were harvested accord-
ing to standard protocols. Conventional karyotyping 
was performed in accordance with the International 
System for Human Cytogenomics Nomenclature 2020 
(ISCN2020) [15].

FISH analysis
FISH analysis was carried out by AneuVysion Multicolor 
DNA Probe Kit (Abbott Molecular Inc., USA) following 
the manufacturer’s instructions. The probe was specific 
for the centromeric region of the chromosome.

CMA analysis
CMA analysis was performed through the use of the 
Affymetrix CytoScan 750K gene chip (Affymetrix, CA, 
USA). Specimen preparation included genomic DNA 
extraction, digestion, ligation, PCR setup, PCR purifi-
cation, quantitation, fragmentation, labeling, hybridi-
zation, washing, staining and scanning. Chromosome 
Analysis Suite software (Affymetrix, CA, USA) was 
applied for data analysis. The distance between the cen-
tromeres of idic(Y)/i(Y) was estimated by multiplying 
by two the distance separating the breakpoint and the 
centromere, based on the localization of breakpoints in 
the Genome Browser.

QF‑PCR analysis
The primers were synthesized and labeled by Takara 
Biotechnology (Dalian) Co., Ltd. The short tandem 
repeat (STR) locus of trisomy analysis in the Y and X 
chromosomes included AMEL, DX981, DYS448, SRY, 
DXYS218, DXYS267, DXS1187, DXS7423, TAF9, SY86, 
SY84, SY127, SY134, SY255, ZFX/Y, SY254, SY152 and 
SY145. The STR loci for microdeletions in the Y chro-
mosome were SY84 and SY86 (in AZFa), SY127 and 
SY134 (in AZFb), SY254 and SY255 (in AZFc), SY152 
and SY145 (in AZFd), and ZFX/Y and SRY gene. After 
PCR amplification, the products were detected by cap-
illary electrophoresis. GeneMarker V2.2.0 software was 
used to analyze the peak figure data.

Follow‑up
The follow-up information included pregnancy out-
comes, delivery modes, premature birth or at-term 
birth, and postnatal growth and development.

Results
Clinical materials
Seven idic(Y) fetuses and two i(Y) fetuses were identi-
fied. The nine gravidas were 25–41  years old, with an 
average age of 28 years old. One gravida had advanced 
maternal age (41 years old). The family medical history 
of the nine gravidas was uneventful. Fetus 2 and fetus 3 
were monochorionic-diamniotic twins whose cases had 
been reported by Liu et al [16].

Conventional karyotyping
Seven idic(Y) fetuses and two i(Y) fetuses were iden-
tified. Fetus 8 was complete for i(Y)(p10), and the 
rest with 45,X had mosaic forms. Of the fetuses with 
idic(Y), a break and fusion locus was found in fetus 1 in 
Yp11.3; fetuses 2, 3, 4, 6, and 7 in Yq11.221; and fetus 5 
in Yq11.222. Fetus 8 was complete for the i(Y) form, and 
fetus 9, with mosaicism, carried i(Y), 45,X, 46,X,del(Y) 
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and normal 46,XY cell lines. For four fetuses (1, 2, 5, 
6), AF and CB cells were collected for karyotyping. The 
karyotypes of fetus 1 and fetus 2 in AF and CB cells 
were consistent, but the proportions of cell lines were 
different. A few CB lymphocytes with double idic(Y) 
were found in fetus 5 and fetus 6. The karyotype infor-
mation of the nine fetuses is listed in Table 1.

FISH analysis
The FISH test results showed that idic(Y) had two DYZ3 
(red) signals, and idic(Y)x2 had four DYZ3 (red) signals. 
Del(Y), Y and i(Y) had one DYZ3 (red) signal. The X 
chromosome had one DXZ1 (green) signal. The FISH test 
information of the nine fetuses is listed in Table 1.

CMA analysis
There were duplications in four fetuses (4, 5, 6, 8) and 
deletions in seven fetuses (1, 2, 5-9). Fetus 1 had a mosaic 
deletion throughout the Y chromosome (copy num-
ber 0.75). Fetus 2 had an approximately 10.1 Mb dele-
tion on Yq11.221-q11.23. The mother of fetus 3 refused 
the CMA medical examination due to fetal malforma-
tions identified by B ultrasound. Fetus 4 had an approxi-
mately 13.1 Mb duplication on Yp11.31-q11.221. Fetus 
5 had an approximately 18.0 Mb mosaic duplication on 
Yp11.31-q11.222 (copy number 1.6) and an approxi-
mately 7.8 Mb deletion on Yq11.222-q11.23. Fetus 6 had 
an approximately 9.2 Mb deletion on Yq11.221-q11.23 in 
AF cells but had an approximately 17.3 Mb tetrasomy on 
Yp11.31-q11.222 and an approximately 9.2 Mb deletion 
on Yq11.221-q11.23 in CB lymphocytes. Fetus 7 had an 
approximately 9.1 Mb deletion on Yq11.221-q11.23. Fetus 
8 with 46,X,i(Y)(p10) had an approximately 10.4 Mb 
duplication on the whole Yp arm and an approximately 
14.6 Mb deletion on the whole Yq arm (the heterochro-
matin region on Yq was not included). Fetus 9 had an 
approximately 4.7 Mb deletion on Yq11.223-q11.23. The 
CMA test information of the fetuses is listed in Table 1.

The intercentromeric distance of idic(Y) varied from 6 
to 25 Mb. The breakpoints of three fetuses were involved 
in/near palindromes or inverted repeats (fetus 2 near P5, 
fetus 4 near P7, and fetus 5 near IR2) based on the locali-
zation of breakpoints in the Genome Browser.

QF‑PCR analysis
For two fetuses (1, 5), X/XY and XYY/XY mosaicism 
was suggested; for three fetuses (2, 4, 8), XYY mosai-
cism was suggested; and for three fetuses (6, 7, 9), no sex 
chromosome mosaicism was suggested, but the possibil-
ity of a sex chromosome structural abnormality was not 
excluded. The SRY gene was detected in eight fetuses (i.e., 
except for fetus 3), and all eight fetuses were SRY (+). A 
deletion in the AZF region was detected in seven fetuses 

(i.e., except for fetus 2 and fetus 3). The AZF region in 
fetus 1 was intact. Fetuses 4-7 had an AZFb+c+d dele-
tion, fetus 8 had an AZFa+b+c+d deletion, and fetus 9 
had an AZFc+d deletion. The QF-PCR test information 
of the fetuses is listed in Table 1.

Follow‑up
Finally, four healthy male neonates (4, 5, 7, 8) were deliv-
ered successfully, but the parents of the remaining five 
fetuses chose to terminate pregnancy after genetic coun-
seling. The aborted fetuses included three healthy fetuses 
(1, 2, 6) and two unhealthy fetuses (3, 9). Although fetus 2 
and fetus 3 were monochorionic-diamniotic twins, a cleft 
lip, cleft palate, ventricular septal defect and radius hypo-
plasia or absence were detected by B ultrasound in fetus 
3, and fetus 2 was healthy. A double renal pelvis of the 
left kidney and permanent left superior vena cava were 
detected by B ultrasound in fetus 9. Detailed information 
on the nine fetuses is listed in Table 1.

Discussion
Formation mechanism of idic(Y)
The formation of idic(Y) has been attributed to breakage-
fusion-bridge (BFB) cycles between sister chromatids 
[5]. The mechanism is as follows: the sister chromatids 
of the Y chromosome break in a symmetrical site, then 
the fusion of the fracture ends in mitosis or meiosis I, 
and then idic(Y) is formed [2, 17]. The remaining acen-
tric fragment is very unstable and mostly lost during 
anaphase unless the spontaneous formation of a neocen-
tromere occurs in the same cell cycle [18]. The breaks in 
the sister chromatids of the Y chromosome occur at dif-
ferent stages or in different cell lines, and fetal chromo-
somes may be complete or have various mosaic forms. 
Dynamic mosaicism usually makes mosaic karyotypes 
very variable [19]. The possible mechanisms of idic(Y)/
i(Y) formation in fetuses are shown in Fig. 1.

The intercentromeric distance and stability of idic(Y) 
and i(Y)
The origin of mosaic cell lines has been attributed to 
the division instability of idic(Y) due to the existence 
of double centromeres [3, 20]. In humans, a positive 
correlation between intercentromeric distance and 
mitotic instability has been demonstrated in cultured 
cells [21, 22]. Patients with an intercentromeric dis-
tance greater than 20 Mb on idic(Y) would have an 
increased risk of a female phenotype due to extensive 
45,X gonadal mosaicism [2, 23]. To counter the insta-
bility of idic(Y), one centromere is usually inactivated, 
and the other constricted active centromere contin-
ues to work. The longer the intercentromeric distance 
is, the more heavily idicYp relies on the functional 
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inactivation of one centromere to maintain mitotic sta-
bility [2]. However, if the intercentromeric distances 
are short enough, mitotic stability may remain via two 
centromeres functioning as one, or close proximity 
physically constrains them from attaching to opposite 
spindle poles in mitotic division [17, 21, 24]. T Haaf 
found that the lymphoblastoid cell lines with 46,X,i(Y) 
were still stable in mitosis after passage for 100 gen-
erations [25]. This means that functionally monocen-
tric i(Y) may be mitotically stable. However, complete 
i(Y) prenatal reports are extremely rare, and complete 
i(Y) might go undetected because most fetuses have no 
abnormal phenotypes. In our study, an invasive prena-
tal diagnostic procedure was performed in fetus 8 due 
to increased fetal NT thickness (3.0 mm), a high risk 
of trisomy 21 (1/140) in Down’s syndrome screening, 
and sex chromosome abnormality identified by NIPT. 
Finally, the fetus was diagnosed as being complete i(Y)
(p10), and a 3.125 kg boy was naturally born with nor-
mal development.

The susceptibility to the formation of idic(Y)
The human ampliconic region contains 8 large palin-
dromes made up of inverted repeats that span 5.7 Mb 
located at Yq11.22-Yq11.23, and there are also three other 
long inverted repeats (IR1-3) in the ampliconic male-
specific region of the Y chromosome (MSY) [26]. Lange 
et al. found that 56 of 78 patients with idic(Y) had break-
points in palindromes, and all inverted repeats on Yq (P1-
P6, P8 and IR2) but P7 were involved [2]. Bergeron et al. 
found that the breakpoints of 4 of 10 patients with idic(Y) 
were in/near palindromes or inverted repeats [23]. In our 
study, the breakpoints of three fetuses were involved in/
near palindromes or inverted repeats, consistent with 
previous reports. The findings from these studies sug-
gested that the occurrence of exact crossover recombi-
nation pathways (unequal sister exchanges) is active in 
the palindromic regions of the Y chromosome, albeit at 
a very low frequency [2, 27]. However, common fragile 
sites of chromatin, such as AT-rich sequences, are prone 
to breakage and fusion [28, 29]. Therefore, although pal-
indromes and repeat sequences might confer susceptibil-
ity to the formation of idic(Y), these sequences were not 
implicated in all patients.

The deletion/duplication effect and phenotypes
Although idic(Y)/i(Y) with an extra SRY copy has been 
reported in well-known phenotypes, it were not con-
sidered in this instance, as this usually occurs in the 
background of other genes involved in structural rear-
rangement or whole chromosome gain. There was no 
substantial evidence for focal duplications involving only 
SRY leading to corresponding clinical phenotypes [30]. In 
fetuses with a double SRY copy, the fetus usually develops 
as a male with normal external genitalia, as in the case 
of 47,XYY syndrome [31, 32]. In our study, 7 of 9 fetuses 
with two copies of SRY showed no abnormal phenotypes.

Of more importance seems to be the extent of deleted 
genetic information on the derived Y chromosome. The 
AZF region containing the genes controlling spermato-
genesis is located in Yq11.2, which encompasses the 
AZFa, AZFb and AZFc regions [33]. The entire dele-
tion of the AZFa region results in Sertoli cell only syn-
drome (SCOS) and azoospermia [34–40]. The deletion 
of the AZFb region results in the testicular phenotype 
of maturation arrest [41, 42]. Men with AZFc deletion 
have the most variable phenotype, ranging from com-
plete azoospermia to mild oligozoospermia [43]. AZFd 
deletion is generally considered to be a polymorphic 
variation. The AZFb+c+d deletion of fetuses 4-7 will 
lead to hypospermatogenesis or azoospermia in adult-
hood. Complete fetus 8 with i(Y) completely deleted in 
the total AZF region and will show azoospermia in adult-
hood. Although the idic(Y)(p11.3) of fetus 1 had a double 
AZF region, fetus 1 carried the 45,X cell line. Therefore, 
the level and distribution of the 45,X cell line in gonads 
might affect spermatogenesis.

Mosaic levels and clinical phenotypes
Bergeron et al. found that the proportion of idic(Y) cell 
lines can vary greatly among tissues and was generally 
higher in gonads than in blood [23]. Jie Xu et  al. found 
that > 20% of G-banded amniocytes with idic Yp seemed 
to correlate with phenotypically healthy males in most 
cases in the absence of other indicators of fetal structural 
anomalies [44]. High levels of the mosaicism of 45,X and 
low levels of idic(Y)/i(Y) cell lines in gonads may lead to 
mosaic loss, the haploinsufficiency of SRY, and an inabil-
ity to maintain normal testosterone differentiation, thus 
manifesting in ambiguous genitalia or a female phenotype 

Fig. 1 Schematic diagram of suggested mechanisms of origin of abnormal chromosomes of fetuses. Note: (1) or (4): mos 45,X/46,X,idic(Y) (fetus 2, 
3, 4, 6 in AF cells). (3): 46,X,i(Y)(p10) (fetus 8 in AF cells). (1+2) or (4+6): mos 45,X/47,X,idic(Y)×2/46,X,idic(Y) (fetus 6 in cultured CB lymphocytes). 
(8+5+7): mos 45,X/46,X,idic(Y)/46,X,del(Y)/46,XY (fetus 5 in AF cells). (8+5+6+7): mos 45,X/46,X,idic(Y)/46,X,del(Y)/46,XY/47,X,idic(Y)×2. (Fetus 5 
in cultured CB lymphocytes). (5+8+9+10): mos 45,X/46,X,i(Y)(p10)/46,X,del(Y)(q11)/46,XY (fetus 9 in AF cells).

(See figure on next page.)
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[45–48]. However, a lack of correlation between the level 
of mosaicism in AF cells and the phenotypic sex has been 
reported [49–51]. In our study, except for complete fetus 
8, the proportion of idic(Y)/i(Y) cell lines varied from 7 
to 34% in AF cells and 39–97% in CB lymphocytes, and 
the proportion of 45,X cell lines was from 66 to 82% in 
AF cells and 3–49% in CB lymphocytes. Although fetus 
2 and fetus 3 were monochorionic-diamniotic twins with 
similar mosaic levels in CB lymphocytes, fetus 2 was a 
healthy male fetus, and fetus 3 had multiple structural 
malformations as identified by ultrasound. Fetal struc-
tural abnormalities were not associated with the mosaic 
level in our study. However, our sample size was very 
small, and the statistical results might be biased.

Limitation of AF and CB specimens
The cells in AF, which are a mixture of exfoliated cells 
from multiple germ layers, come from a variety of 
sources [52]. Lymphocytes in the CB originate from the 
lateral plate mesoderm [53]. Most organs and structures 
of the genitourinary system originate from the inter-
mediate mesoderm [54]. However, the mosaic level in 
gonads cannot always be accurately assessed due to the 
inability to obtain cells from gonadal tissue in prenatal 
diagnosis. The limitations of prenatal specimen sources 
and cell culture often lead to inconsistent and biased 
results of the proportion and types of cell lines in prena-
tal diagnosis. It is difficult to evaluate the severity of phe-
notypes in gonads because the origin of the germ layer 
and the true mosaic level of tissues and organs cannot be 
distinguished.

The combined application of multiple technologies
Abnormal cell division and growth in in vitro culture may 
lead to the inherent bias of dominant clone culture in 
karyotype preparation. Therefore, the traditional concept 
of karyotyping as the "gold standard" should be amended 
appropriately in the diagnosis of idic(Y)/i(Y). The uncul-
tured specimens can be analyzed by FISH, CMA and QF-
PCR, which can better reflect the real copy number. FISH 
can identify not only the number and structural abnor-
malities of sex chromosomes but also low level mosai-
cism, i.e. less than 10% [55]. And vice versa, CMA can 
detect chromosome mosaicism only as low as 10% [56]. 
QF-PCR can detect the copies of the SRY gene and AZF 
region [57]. The complementarity of multiple techniques 
can better determine the composition and proportion of 
mosaicism.

Clinical prognosis and prenatal genetic counseling
With the rapid development of molecular genetic tech-
nology, an increasing number of idic(Y)/i(Y) fetuses 
are detected prenatally. The prevalence of noninvasive 

prenatal testing (NIPT) is one of the main reasons for the 
increased detection rate of sex chromosome abnormali-
ties. In our study, normal phenotypes of fetuses/neonates 
were reported in 7 out of 9 cases, in contrast with previ-
ously reported postnatally ascertained idic(Y)/i(Y). These 
results suggest that the phenotype of fetuses/neonates in 
whom idic(Y)/i(Y) is prenatally identified is usually that 
of a male with normal development, ascertained in the 
absence of indicators of a fetal structural anomaly. There 
are many cases of prenatally identified normal male phe-
notypes, but cases of prenatally identified normal female 
phenotypes with idic(Y)/i(Y) are extremely rare [23, 44, 
49, 51, 58–61].

The prenatal consultation for such patients can be sum-
marized with the following 5 points: A. The proportion 
of cell lines may not be clearly related to phenotypes. 
Karyotyping is not the “gold standard” because of the bias 
in cell culture. The mosaic level identified in FISH, CMA 
and QF-PCR tests is more reliable due to the uncultured 
cell specimens. However, these tests cannot identify the 
mosaic level of gonads. AF cells represent the overall 
fetal level of mosaicism, and CB lymphocytes represent 
the level of mosaicism in organs and tissues derived from 
the mesoderm. B. The phenotype of the fetus/neonate 
is usually a normal developed male, ascertained in the 
absence of other indicators of a fetal structural anomaly. 
C. Patients do not have normal fertility upon maturation, 
which is associated with the complete or partial absence 
of the AZF region and mosaic levels of multiple cell lines 
in the gonads. D. There is an increased risk of gonado-
blastoma. E. Abnormalities might arise during puberty. 
Clinical management will be very important, along with 
the follow-up of the growth and development of the 
affected individuals.

Conclusion
Although most idic(Y)/i(Y) fetuses/neonates show no 
abnormal phenotypes prenatally, some parents still 
choose to terminate pregnancy after genetic counseling. 
Prenatal genetic counseling about idic(Y)/i(Y) certainly 
constitutes a challenge, yet it is believed that our study 
provides clinical reference materials for risk assessment 
and permits better prenatal counseling and preparation 
of parents with idic(Y)/i(Y) fetuses.
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