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Abstract

Background: Disorders of sex development (DSD) are congenital conditions involving
atypical chromosomal, gonadal, or anatomical sex development. Although sex chromosome
abnormalities are well recognized, autosomal alterations remain insufficiently studied, especially
in underrepresented populations. Objective: This study aimed to describe cytogenetic findings
related to clinical phenotypes, particularly autosomal rearrangements, in an Iraqi cohort with DSD.
Methods: A total of 81 patients with clinically suspected DSD were subjected to cytogenetic
analysis using standard G-banding techniques. Typically, 25 - 30 metaphases were analyzed per
case whenever culture quality permitted, with additional metaphases examined when necessary.
Chromosomal abnormalities were classified as numerical or structural and involved sex
chromosomes and/or autosomes. Descriptive statistics were applied, and associations between
chromosomal abnormalities and clinical phenotypes were explored.

Results: Chromosomal abnormalities were identified in 64% (53 / 81) of the patients. Both sex
chromosomes and multiple autosomes were involved, with recurrent abnormalities observed
mainly on chromosomes 19, 2, 5, 12, and 16. The short arm of chromosome 19 (19p) was the
most frequently affected region. Notably, several patients exhibited discordance between their
sex and chromosomal constitution, often in association with complex autosomal rearrangements.
Autosomal abnormalities were most frequent in ambiguous genitalia and primary amenorrhea.
Conclusion: These findings suggest that autosomal chromosomal abnormalities contribute to the
phenotypic diversity of DSD. Recurrent chromosome 19p involvement in female patients may
indicate a broader role in sex development beyond male-specific pathways. Further molecular
studies are needed. These results emphasize the importance of comprehensive cytogenetic
evaluation beyond sex chromosomes in DSD patients.
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Introduction

Disorders of sex development (DSD) are a heterogeneous
group of congenital conditions that manifest as unusual chro-
mosomal, gonadal, or anatomical sex development[1,2]. They
are characterized by high clinical and genetic variability, re-
flecting the molecular complexity of human sex determina-
tion and differentiation[3,4]. Despite much progress in terms
of cytogenetics and molecular diagnostics, the underlying ge-
netic mechanism remains unresolved in a significant propor-
tion of DSD cases[4].

Historically, the genetics of DSD are largely attributed to sex
chromosome abnormalities, especially alterations involving
the Y chromosome and the sex-determining region Y (SRY)
gene, as well as numerical aberrations of the X chromosome
[5,6]. While these may account for some of the manifestations
of DSD, increasing evidence suggests that autosomal genes
play critical roles in regulating and modulating gonadal de-
velopment, steroidogenesis, and phenotypic sex differentia-
tion [7-9].

Consequently, structural or numerical rearrangements affect-
ing autosomes may result in DSD phenotypes even in individ-
uals with an apparently normal 46, XX or 46, XY karyotype.
Several autosomal chromosomes harbor genes with estab-
lished roles in sex determination and differentiation, includ-
ing HHAT on chromosome 1 [10,11], SRD5A2 on chromo-
some 2 [12], MAP3K1 on chromosome 5 [13,14], DMRT1/2
on chromosome 9 [15,16], AMHR2 on chromosome 12 [15],
and SOX9 on chromosome 17 [15,17,18]. Because it contains
the genes AMH and INSL3, which are essential for Miille-
rian duct regression and testicular descent, respectively, chro-
mosome 19 is particularly noteworthy among these genes
[15,19,20]. Therefore, disruption of this chromosomal region
may contribute to the genotype-phenotype in DSDs and has
significant implications for sex development.

Although the contribution of autosomal abnormalities to DSD
is increasingly recognized , few studies have focused exclu-
sively on autosomal chromosomal abnormalities, especially
in underrepresented populations [9]. Insight into populations
with specific genetic structure and genotype-phenotype asso-
ciations is limited by the paucity of data from Middle Eastern
groups, especially those in Iraq.

A thorough cytogenetic examination of Iraqi individuals with
disorders of sex development was conducted in this study,
paying particular attention to the prevalence and range of au-
tosomal chromosomal abnormalities to describe cytogenetic
findings in relation to clinical phenotypes and investigate the
possible contribution of recurrent autosomal rearrangements,
namely, the involvement of chromosome 19 in the pathophys-
iology of DSD.

Materials and Methods:

Cytogenetic analysis

Each sample was collected from peripheral blood in a hepa-
rinized tube (5 ml), after which the lymphocytes were cul-
tured with PHA (0.1 ml) in RPMI media according to standard

protocols. After being treated with KCL hypotonic solution
(0.075) and fixed with glacial acetic acid and methanol solu-
tion (1:3), the metaphases were analyzed at a resolution of
450-550 bands per haploid set using Trypsin GTG banding.
Cytogenetic abnormalities were considered clonal when ob-
served in at least three metaphase cells [21]. All the karyo-
types were independently reviewed by three experienced
cytogeneticists and reported according to the International
System for Human Cytogenetic Nomenclature (ISCN2020)
[22]. The number of metaphases with each abnormality is
indicated in brackets in the karyotype descriptions in Table
1. Imaging of metaphases and karyotyping were performed
via CytoVision (Leica Microsystems Crop). Chromosomal
abnormalities were categorized as numerical or structural and
involved either sex chromosomes or autosomes.

The study of patients referred for karyotyping and the study
protocol were approved by the scientific and ethics committee
of the Iraqi Center for Cancer and Medical Genetics Research
(No. 1 on January 25, 2023), and informed consent was ob-
tained from all participants or their legal guardians prior to
inclusion in the study. The clinical and morphological data of
all patients were retrieved from patient medical records.

Results

A total of 81 patients diagnosed with disorders of sex devel-
opment (DSD) were included in this study, comprising 61
females and 20 males, with ages ranging from 2 months to
27 years. All patients were referred by clinicians on the basis
of the initial diagnosis of clinical manifestations suggestive
of DSD, including ambiguous genitalia, primary amenorrhea
(PA), secondary amenorrhea (SA), hypogonadism, Klinefel-
ter syndrome, and Turner syndrome.

Cytogenetic analysis was successfully performed in 53 of the
81 patients and revealed a broad spectrum of chromosomal
abnormalities affecting both autosomes and sex chromo-
somes. The remaining of the patients presented normal karyo-
types. Structural and numerical aberrations were identified in
chromosomes 1, 2, 3,4, 5,6,8,9, 12, 14, 15, 16, 17, 18, 19,
22, X and Y (Table 1).

The results revealed numerical and structural abnormalities,
and the most frequent structural abnormalities observed were
either deletions or derivative chromosomes, which underwent
breakage and reunion. Structural rearrangements are shown
in Figs. 1-5. On the other hand, the distribution of chromo-
somal involvement varied across cases, and recurrent autoso-
mal chromosomal involvement was most frequently observed
in chromosome 19 (28 cases) (as a deletion at the short arm
19p13.2), followed by chromosome 2 (as a deletion in region
2) (p21-p23) (21 cases)), chromosome 5 (20 cases) showed
abnormalities involving three regions (5) (p15) or (5) (ql1-
ql4) or/and (5) (q3) 1, and chromosome 12 (19 cases) involv-
ing regions (12) (q13) or (12) (q22-23). Chromosome 16 (16
cases) had a 16q23-terminal deletion. Less frequent abnor-
malities involved chromosomes (1) (p34.3), (1) (p36.12), (1)
(q25) and inversion (1) (q42-32). Chromosome 9 involved
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the regions (p24), (q13), and (q34). Chromosome 14 (5 cases  of involvement in the region involved in del (12) (q12-termi-
each) involved regions associated with either (14) (q11.2) or  nal), which was identified only in one patient.
(q32), whereas chromosome 22 showed the lowest frequency

Chromosome 19 ideogram chromosome 19

Fig. 1. Representative chromosome 19 deletions identified in DSD patients. Chromosome 19 was the most frequently

affected autosome in the cohort. Yellow highlighted regions in the ideograms indicate the affected chromosomal regions
[22].
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Fig. 2. Representative recurrent auto-
somal chromosomal abnormalities in-
volving chromosomes 2, 5, 12, and 16
in DSD patients. Yellow highlighted
regions in the ideograms indicate the
affected chromosomal regions [22].
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Fig. 3. Representative structural chromosomal rearrangements involving chromosomes 1, 3, 4, 6, 8
and 9, including deletions, derivative chromosomes and chromosomal break points, are shown. Yellow
highlighted regions in the ideograms indicate the affected chromosomal regions [22].
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Fig. 4. Representative rare or less frequent chromosomal abnormalities associated with DSDs involving chro-
mosomes14,15,17,18 and 22. Yellow highlighted regions in the ideograms indicate the affected chromosomal

regions [22].
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Chromosome X ideogram

Chromosome Y ideogram

Y

Fig. 5. Representative sex chromosome abnormalities involving chromosomes X and Y identified in DSD
patients. Yellow highlighted regions in the ideograms indicate the affected chromosomal regions[22].

On the basis of clinical presentation, DSD patients were clas-

sified into seven diagnostic categories and further subdivided

according to their phenotypic sex into female and male phe-
notype groups (Table 1).

Table 1: Distribution of DSD cases among primary amenorrhea, secondary amenorrhea, Turner syndrome Klinefelter syn-
drome, ambiguous genitalia and hypogonadism cases and their karyotype formulas

Female Clinical category No. of cases Karyotype(s)
Primary amenorrhea 17 o 46, XY.{5}
o 46, XX, del(19)(p22-ter).{3}
o 46, XX, der (19), der(X). {1}
e 46, XX 50%,45, X 50%. {1}
e 46, XY, der (9), der (12), der (18), del (19).{2}
o 46, X, der(X). {1}
e 46, XX, der (1), der (3). {1}
o 46, X, der (2), der(X). {2}
o 46, XX, der (5), der(X) [16];46, XX, der (3), der(X) [12].
{1}
Secondary amenorrhea 1 o 45 X.{1}

Turner syndrome

46, X, del(Xp). {1}
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Ambiguous genitalia 21 * 46, XY, der (4) der (8), der (9), del(16q), der (18), del (19).
{1}

o 46, XX, der (2), der (5), der (6) (q25-27), der (12), der (16),
del(16q), del (19), der(X). {1}

e 46, XX, der (8), der (15), del(16q), der (18), del(19p),
der(X). {1}

* 46, XX, der (1), der (3), der (X)[26] 46, XX, der (1), der (3),
der (5), der(X) [12]. {1}

* 46, XX, der (2), der (5), der (6), del(9p), der (12), del(16q),
der (18), del(19p). {2}

. 46, XX, del(X)(q25-28). {11}

. 46, XY, der (2), der (5), der (12), der (15), del (16), del (19).
{2}

e 46, XX, der (2) der (5), der (8), der (9), der (14), del(15q),
der (17), der (18), del(19p). {1}

. 46, XX, der (8), der (9), der (12), der (18), del(19p), del

Xp)- {1}
Total 40
Male Clinical category No. of cases Karyotype(s)
Klinefelter syndrome 3 47, XXY 50%; 46, XY 50%. {1}
o 47, XXY 70%;46, XY 30%. {2}
Ambiguous genitalia 9 e 46, XY, del (1p-) {1}
e 46, XY 50%; 45, X 50%. {1}
o 46, XX. {1}
o 46, XX, del(X)(pter)10% ; 46, der (Xq) 20% ,46, XX,
del(Xpter), der(X) 60%.{1}
o 46, XY, der(3), der(X)[32];46, XY, der(3), der(5), der(X)
[15] 46, XY, der(2), der(3), der(X.) {1}
* 46, XY, der(4), der(5), der(6)(p21.3), der(14), der(15),
der(16), del(19p). {1}
] o 46, XY, der(2), der(4), der(5), der(12), der(14), der(15),
Hypogonadism 1 del(16q), der(17), der(18), der(19). {2}
* 46, XY, der(1), der(2), der(5), der(14), del(19p), der(X),
del(19q), der(22). {1}
* 46, XY, del(1p-), del (Y)
Total 13

Note: Numbers in curly brackets { } indicate the number of patients carrying the abnormality, whereas the number in square
brackets [ ] indicates the number of metaphases exhibiting the abnormality. where % indicates the percentage of abnormalities
in which one cell line appeared in a person.

100| T1raqij. cancer med. genet. Volume 19 - Number 1 (Jun 2026)



Autosomal Chromosomal Aberrations in DSD

First, the female phenotype group included 40 patients who
presented with primary amenorrhea, secondary amenorrhea,
Turner syndrome, or ambiguous genitalia. Among patients
with primary amenorrhea, most exhibited abnormal karyo-
types, including five patients with a male karyotype (46, XY)
despite a female phenotype. Recurrent chromosomal abnor-
malities involved chromosome 19 in twenty-four female
patients, either as terminal deletions (19)(p22-ter) or as de-
rivative chromosomes, frequently in association with abnor-
malities of the X chromosome. Mosaicism was detected in
some patients, including a 46XX/45X mosaic, as well as in
patients with multiple abnormal cell lines involving both au-
tosomes and sex chromosomes. The single case of secondary
amenorrhea demonstrated monosomy X (45X), whereas the
Turner syndrome patients exhibited a structurally abnormal X
chromosome (46, X, der(X)).

Patients with ambiguous genitalia within the female pheno-
type group showed marked karyotypic heterogeneity. Some
patients exhibited complex rearrangements involving mul-
tiple autosomes as well as abnormalities in sex chromosomes
and recurrent deletions affecting chromosomes 19p and 16q.
Familial recurrence was identified in two sets of sisters shar-
ing identical karyotypes, suggesting a potential hereditary
component in selected cases (Table 1).

The second group consisted of male patients with Klinefelter
syndrome, ambiguous genitalia and hypogonadism, as shown
in Table 1. Klinefelter syndrome patients were characterized
by mosaic karyotypes consisting of 47,XXY and 46,XY cell
lines. A review of the findings revealed heterogeneous chro-
mosomal defects, including autosomal deletions, derivative
chromosomes and mosaicism of sex chromosomes, among
patients with ambiguous genitalia. The patient with hypogo-
nadism had a complex karyotype involving autosomal imbal-
ance and deletion of the Y chromosome.

In contrast, several patients demonstrated discordance be-
tween their phenotype and sex chromosome constitution (Ta-
ble 1). Five individuals with a female phenotype exhibited a
46, XY karyotype, whereas multiple patients with ambiguous
genitalia presented with either 46, XX or 46, XY karyotypes
in association with complex autosomal rearrangements. These
findings underscore the substantial contribution of autosomal
chromosomal abnormalities to the phenotypic variability in
DSD independent of sex chromosome constitution.

Discussion

In this study, the cytogenetic spectrum of disorders of sex de-
velopment in an Iraqi cohort was investigated, with a particu-
lar emphasis on the contribution of autosomal chromosomal
abnormalities. To our knowledge, the present study is the first
to investigate chromosomal abnormalities in Iraqi DSD pa-
tients. This population remains underrepresented in global ge-
nomic databases. On the one hand, the genetic backgrounds
of each population, inbreeding patterns, and environmental
exposures may contribute to the distinct cellular and genetic
landscape observed in this group. The inclusion of these pop-

ulations is essential for broadening the global understanding
of sexual development disorders and reducing origin-related
bias in medical genetics research. The findings of this study
demonstrate that autosomal rearrangements were more fre-
quent than isolated sex chromosome abnormalities, which ex-
plains the marked phenotypic heterogeneity observed in DSD
[23,24,25].

Autosomal chromosomal abnormalities in DSD

While DSD has traditionally been associated with abnormali-
ties of the X and Y chromosomes, particularly SRY, accumu-
lating evidence indicates that autosomal genes play indis-
pensable roles in sex determination and differentiation[26]. In
agreement with recent large-scale genomic studies, frequent
structural and numerical abnormalities involving multiple au-
tosomes were observed, most notably chromosomes 19, 2, 5,
12, and 16 [21, 27]. These findings suggest that disruption of
dosage-sensitive regions or regulatory elements on autosomes
can significantly influence sex development, even in the pres-
ence of an apparently normal sex chromosome complement
[27].

Chromosome 19p as a recurrently affected region

Among all the autosomes, chromosome 19p emerged as the
most recurrently affected region in our cohort and was in-
volved in 28 cases. This region harbors important genes im-
plicated in sex differentiation, including AMH and INSL3.
AMH, which is secreted by Sertoli cells, is essential for Miil-
lerian duct regression, whereas /NSL3 plays a critical role in
gubernacular development and testicular descent [19,27].
Interestingly, structural alterations involving 19p were also
identified in female patients, particularly those presenting
with primary amenorrhea, ambiguous genitalia, and discor-
dant genotype-phenotype patterns. Both 46, XY and 46, XX
individuals with atypical genital development exhibited re-
current changes encompassing the AMH/INSL3 locus [19].
Chromosome 19p may harbor regions of interest that warrant
further investigation in DSD.

Although AMH is best known for its role in male sexual dif-
ferentiation, the gene is also expressed in the ovary, where
it regulates follicular development and is widely used as a
biomarker of ovarian reserve. Therefore, the recurrent in-
volvement of chromosome 19 in female patients in our cohort
raises the possibility that structural alterations affecting this
chromosome may have broader implications for gonadal and
reproductive development beyond its established a causal re-
lationship, and further molecular and functional studies are
required to clarify the contribution of chromosome 19 genes
to DSD phenotype.

Furthermore, the presence of uterine remnants or abnormal
internal genital development in some individuals carrying 19p
rearrangements may indicate that altered expression of genes
within this region could also contribute to abnormalities in
female reproductive tract development.

These observations are consistent with previous reports de-
scribing autosomal forms of DSD in individuals with intact
SRY sequences but impaired gonadal development resulting
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from alterations in autosomal genes such as NR541, SOX9,
GATA4, and MAP3K1[23,19,20,13]. The present study ex-
tends these observations by highlighting recurrent cytoge-
netic alterations involving chromosome 19p within an Iraqi
DSD cohort.

Role of other autosomal regions

In addition to chromosome 19, recurrent rearrangements in-
volving chromosomes 1, 2, 5, 12, 16, 17, 18, and 22 were
also identified. These chromosomes harbor genes involved in
gonadal development and steroidogenesis, including HHAT,
SRD5A2, MAP3K1, DMRTI1/2, AMHR2, SOX9, DMCI and
SOX10 [14,15,17,19,23,]. Dysregulation of these loci may
contribute to abnormal gonadal differentiation, altered an-
drogen metabolism, and atypical internal or external genital
development. The role of each region that underwent struc-

tural aberration in this study is illustrated, and candidate genes
previously reported to be associated with DSD and located
within the affected chromosomal regions are summarized in
Table 2.

Recurrent structural rearrangements involving chromosome
18 were of particular interest, as similar abnormalities have
been repeatedly reported in patients with ambiguous genitalia
[28,29]. However, the current evidence does not establish a
direct mechanistic relationship between chromosome 18 ab-
normalities and sex development disorders. These findings
suggest that structural alterations of chromosome 18 may con-
tribute to DSD pathogenesis, although further molecular and
functional studies are needed to clarify their precise role in
sex differentiation and related developmental abnormalities.

Table -2. Candidate genes previously reported to be associated with DSD and located within the affected chromosomal regions.

Chromosome Regions which Genes located Role in DSD Ref.
involved in the at the involved
chromosomal aber- | regions
rations
1 (1)(p36.12) WNT4 Testicular/ovatesticular/DSD 11
(1)(p34.3) RSPOI1 Testicular/ovatesticular/DSD 12
(1)(g31.3) LHX9 Testicular dysgenesis 13
(1)(q32.3) HHAT Testicular dysgenesis 14
2 2)(p21-p16) FSHR Follicular activation, development
(2)(p23.1) SRDS5A2 and maturation, hormonal support.
(2)(q35) Male differentiation of the uro-
q genital sinus, the genital tubercle, 15
the urogenital fold, and labio-
scrotal folds
3 (3)(q23) FOXL2 Ovary development 16
Antitestis
4 - - - -
5)(ql1.2) MAP3KI1 Testicular dysgenesis 17
Primaryamenorrhea/ovary  devel-
opment
(5)(@31) GDF9 Follicular activation, development 13
and maturation, cell division
6 (6)(p21.3)
(6)(p25.3)
del (6)(q25-27) Estrogen receptor 19,20
8 (8)(p22.3) ZFPM?2 Testicular/ovatesticular
19,20
(8)(q23.3) GATA4 Testicular dysgenesis
102| Iraqij. cancer med. genet. Volume 19 - Number 1 (Jun 2026)
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9 (9)(p24.3) DMRTI1/DMRT2 Ovarian dysgenesis 19,20
Testicular dysgenesis
(9)(q33) NR5A1 Ovarian dysgenesis/ovatesticular/DSD/ 23
Gonadogenesis-oogenesis
12 (12)(q13.12) AMHR2,DHH Testicular dysgenesis 24
(12)(q23.3) SART Testicular dysgenesis 25
14 (14)(q13.2) PPP2R3C complete gonadal dysgenesis 26
(14)(q23.2-g23.3) ESR? Ovarian Dysgenesis
15 (15)(q21) CYPI19A41 Sexual differentiation
(15)(q26.2) NR2F2 Testicular DSD
19,20
16 (16)(q24) Hypospadias 26
17 (17)(q24.3) SOX9 Testicular dysgenesis/Ovarian dysgenesis 19
(17)(q25.3) CBX2
18 unknown - Ambiguous genitalia 28,29
19 (19)(p13.3) AMH Persistent Miillerian duct syndrome type
I
INSL3 Cryptorchidism 19,20
22 Del (22)(q12- SOX10 (SRY (sex | Normal male sexual development
ter,(22)(q13) determining region
Y)-box 10) 24
DMCI Meiosis/primary amenorrhea
X X)(p13) ATRX Testicular dysgenesis
(X)(p21.2) DAXI1 -NROBI Hypogonadism
(X)(p22.13) ARX Testicular dysgenesis
(X)(qlL.3) AR Normal male sexual development
(X)(q25) XPNEP?2 Premature ovarian failure candidate gene 19.20
(X)(q27.1) SOX9 Testicular dysgenesis ’
(X)(q28) MAMLD1 Hypospadias/DSD
Y Y)(p11.3) SRY Testicular/Ovatesticular 19,20

On the other hand, this study has several limitations, particu-
larly the absence of molecular analyses that could provide
functional validation of the observed chromosomal rearrange-
ments, such as next-generation sequencing or copy number
variation profiling [30]. Therefore, further studies using high-
resolution genomic approaches are needed to validate the
candidate regions identified in this cohort, identify additional
genes potentially involved in DSD, and clarify the molecular
mechanisms underlying the contribution of autosomal abnor-
malities to sex development disorders.

Conclusion

The findings of this study suggest that autosomal chromo-
somal abnormalities may represent important contributors to
the etiology and phenotypic variability of disorders of sex de-
velopment. While the role of chromosome 19p in male sex dif-
ferentiation is supported by the presence of key genes such as
AMH and INSL3, its recurrent involvement in female patients
in this cohort may indicate a broader regulatory influence that
extends beyond male-specific pathways. These observations
should be considered preliminary, and molecular studies are
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needed to determine the specific genes and mechanisms in-
volved. These results emphasize the value of comprehensive
cytogenetic evaluation beyond sex chromosomes, particularly
in underrepresented populations.
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Supplementary Data

Supplementary table:

No. Sex Clinical diagnosis Karyotype Age Notes
1 Q Primary amenorrhea 46, XY 18Y
2 Q Primary amenorrhea 46, XY 16Y
3 Q Primary amenorrhea 46, XY 16Y
4 Q Primary amenorrhea 46, XY 17Y
5 Q Primary amenorrhea 46, XY 17Y
6 Q Primary amenorrhea 46, XX, del(19)(p22-ter) 20Y
7 Q Primary amenorrhea 46, XX, del(19)(p22-ter) 16Y
8 Q Primary amenorrhea 46, XX, del(19)(p22-ter) 19Y
9 Q Primary amenorrhea 46, XX, der (19), der(X). 15Y
10 Q Primary amenorrhea 46, XX 50%,45, X 50%. 17
11 Q Primary amenorrhea 46, XY, der (9), der (12), der (18), | 15Y
del (19).
12 Q Primary amenorrhea 46, XY, der (9), der (12), der (18), | 14Y
del (19).
13 Q Primary amenorrhea 46, X, der(X) 20Y
14 Q Primary amenorrhea 46, XX, der (1), der (3). 16Y
15 Q Primary amenorrhea 46, X, der (2), der(X). 14Y sisters
16 Q Primary amenorrhea 46, X, der (2), der(X). 15Y
17 Q Primary amenorrhea 46, XX, der (5), der(X) [16];46, 16Y
XX, der (3), der(X) [12]
18 Q Secondary amenorrhea 45, X 15Y
19 Q Turner syndrome 46, X, del(Xp). 17Y
20 Q Ambiguous genitalia 46, XY, der (4,) der (8), der (9), 7Y
del(16q), der (18), del (19).
21 Q Ambiguous genitalia 46, XX, der (2), der (5), der (6) 5Y
(q25-27), der (12), der (16),
del(16q), del (19), der(X).
22 Q Ambiguous genitalia 46, XX, der (8), der (15), del(16q), | 5Y
der (18), del(19p), der(X).
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23 Q Ambiguous genitalia 46, XX, der (1), der (3), der (X) 9Y
[26] 46, XX, der (1), der (3), der
(5), der(X) [12].
24 Q Ambiguous genitalia 46, XX, der (2), der (5), der (6), 1Y
del(9p), der (12), del(16q), der
(18), del(19p).
25 Q Ambiguous genitalia 46, XX, del(X)(q25-28). 2Y
26 Q Ambiguous genitalia 46, XX, del(Xp) .mon 2
27 Q Ambiguous genitalia 46, XX, del(Xp) 1Y
28 Q Ambiguous genitalia 46, XX, del(Xp) 3Y
29 Q Ambiguous genitalia 46, XX, del(Xp) .mon 6
30 Q Ambiguous genitalia 46, XX, del(Xp) 1Y
31 Q Ambiguous genitalia 46, XX, del(Xp) 18Y
32 Q Ambiguous genitalia 46, XX, del(Xp) 18Y
33 Q Ambiguous genitalia 46, XX, del(Xp) 12Y
34 Q Ambiguous genitalia 46, XX, del(Xp) 14Y
35 Q Ambiguous genitalia 46, XX, del(Xp) 13Y
36 Q Ambiguous genitalia 46, XX, del(Xp) 15Y
37 Q Ambiguous genitalia 46, XY, der (2), der (5), der (12), 13Y sisters
der (15), del (16), del (19).
38 Q Ambiguous genitalia 46, XY, der (2), der (5), der 15Y
(12), der (15), del (16), del
(19).
39 Q Ambiguous genitalia 46, XX, der (2,) der (5), der (8), | 3
der (9), der (14), del(15q), der | .Mon
(17), der (18), del(19p).
40 Q Ambiguous genitalia 46, XX, der (8), der (9), der 1Y
(12), der (18), del(19p), del
Xp).
41 3 Klinefelter syndrome 47, XXY 50%; 46, XY 50% 17Y
42 4 Klinefelter syndrome 47, XXY 70%:;46, XY 30%. 19Y
43 ) Klinefelter syndrome 47, XXY 70%;46, XY 30%. 27Y
44 3 Ambiguous genitalia 46, XY, del (1p-) 14Y
45 ) Ambiguous genitalia 46, XY 50%:; 45, X 50%. 11Y
46 3 Ambiguous genitalia 46, XX. 13Y
47 ) Ambiguous genitalia 46, XX, del(X)( pter )10% ; 12Y
46, der (Xq) 20% ,46, XX,
del(Xpter), der(X) 60%.{
48 3 Ambiguous genitalia 46, XY, der(3), der(X )[32];46, |6Y
XY, der(3), der(5), der(X) [15]
46, XY, der(2), der(3), der(X.)
49 ) Ambiguous genitalia 46, XY, der(4), der(5), der(6) 15Y
(p21.3), der(14), der(15),
der(16), del(19p).
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50 3 Ambiguous genitalia 46, XY, der(2), der(4), der(5), 17Y relatives
der(12), der(14), der(15),
del(16q), der(17), der(18),
der(19).

51 3 Ambiguous genitalia 46, XY, der(2), der(4), der(5), 13Y
der(12), der(14), der(15),
del(16q), der(17), der(18),

der(19).

52 38 Ambiguous genitalia 46, XY, der(1), der(2), der(5), 6Y
der(14), del(19p), der(X),
del(19q), der(22).

53 g Hypogonadism 46, XY, del(1p-) del (Y). 13Y

Supplementary Figures:

Supplementary Figures: Representative abnormal karyotypes identified in the study cohort.
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S 1: Representative karyotype from a female patient with S 2:Karyotype showing deletion of the short arm of the X
primary amenorrhea showing a deletion involving the chromosome [46,XX,del(Xp)].
short arm of chromosome 19 [46,XX,del(19p)].
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N d S 4 : partial karyotype from a patient with DSD and am-
858 5y - ®3 ” ) biguous genitalia showing multiple autosomal abnormali-
- ties [46,XY,der(2),der(4),der(5),del(16q),del(19p)]

S 3 : Complex karyotype demonstrating multiple chromo-
somal abnormalities, including a derivative X chromo-
some.
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