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Abstract

Background: Endometriosis is an estrogen-dependent, chronic inflammatory
disease that affects 10% of women during the reproductive ages. Despite the esti-
mated 50% heritability for the condition, only 26% was associated with common
genetic variants. Thus, necessity of identifying rare variants for the missing herit-
ability is implicated in the literature. Therefore, our study aimed to identify novel
rare genetic variants involved in the pathogenesis of endometriosis utilizing a
family of multiple affected members.

Methods: A family composed of four affected women along with their two unaf-
fected mothers were recruited at a single gynecology and infertility clinic spe-
cialized in endometriosis. All patients presented with endometriomas, which
was visualized by transvaginal ultrasonography. Two affected individuals had
received laparoscopic endometrioma excision and therefore were diagnosed with
recurrent disease. One mother had a history of endometrial serous adenocarci-
noma (ESC) for which she underwent hysterectomy with bilateral oophorectomy.
Three endometriosis cases were whole exome sequenced on Illumina NextSeq
550 platform with an average of 90% coverage. Candidate genes were confirmed
by Sanger sequencing and followed-up with family segregation.

Results: Novel rare variants were identified in TNFRSFIB (NM_001066.3:
c.1072G>A, p.(Ala358Thr)) and GENI (NM_001130009.3: c.1574C>T,
p-(Ser525Leu)) as possible genetic causes of endometriosis. A third novel rare
variant was identified in CRABP1 (NM_004378.3:¢c.54G>C, p.(Glul8Asp)) only
on the mother with ESC history and her daughters.

Conclusion: Novel candidate genetic variants that might contribute to endo-
metriosis were suggested that need replication through independent cohorts or
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1 | INTRODUCTION

Endometriosis is an estrogen dependent chronic in-
flammatory condition characterized by the presence
of endometrial tissue outside the uterus that affects
women within reproductive ages worldwide (Giudice
& Kao, 2004). Multifactorial processes are involved
in the etiopathogenesis of this condition resulting in
heterogeneous disease manifestation even among the
members within the same family, complicating the es-
tablishment of a reliable disease classification strategy
and therapy (Matalliotakis et al., 2017). Under these
circumstances, the prevalence of endometriosis is esti-
mated to be 10% among the symptomatic cases (Lagana
et al., 2019). Moreover, due to varying clinical presenta-
tions and lack of markers, the average wait for diagno-
sis remains 7 years from the onset of symptoms, which
leads to an increase of 11% of undiagnosed cases each
year (Arruda et al., 2003; Lagana et al., 2019). Women
with endometriosis are estimated to have twice as much
risk for infertility and that nearly 30% diagnosed with
the condition develop chronic pelvic pain resistant to
conventional treatments (Prescott et al., 2016). Current
theories include the influence of genetic, hormonal, im-
munological, and environmental factors in the patho-
genesis of endometriosis, but the exact causes remain
elusive (Lalami et al., 2021; Locci et al., 2013). While
genetic studies involving twins and familial cases es-
timated endometriosis heritability as ~50% (Angioni
et al., 2020; Deiana et al., 2019), many sufficiently-pow-
ered population-based genome-wide association stud-
ies (GWAS) and several whole-genome linkage studies
attributed only ~26% risk of endometriosis to common
genetic variants (Lee et al., 2013). These highlighted the
missing heritability of this complex disorder, implicat-
ing the necessity to identify rare genetic variants that
are not within the scope of GWAS analyses (Albertsen
et al., 2019; Lalami et al., 2021).

In GWAS, thousands to millions of single nucleotide
polymorphisms (SNPs) are utilized in capturing the ge-
netic variations between cases and controls to reveal
risk-conferring alleles. Apart from limitations to known
variants in the genome, GWAS analysis mostly require

validation by functional studies. The family has also received genetic counseling
and that the affected daughters are on clinical follow-up, accordingly.

endometrial serous adenocarcinoma, endometriosis, family, novel genetic variants, whole

association of non-coding SNPs through assumptions
of their impacts on transcriptional regulation of nearby
genes (Deiana et al., 2019). On the other hand, ~85% of
mutations related to disease traits have been asserted to
reside on protein-coding regions of the genome, empha-
sizing the power of deleterious rare variants in disease
pathogenesis (Choi et al., 2009). In whole exome sequenc-
ing (WES), coding regions of the genome are captured and
subjected to massive parallel sequencing to reveal many
gene sequences that can be filtered for rare pathogenic
variants. This approach is commonly utilized in genetic
diagnosis and research of both monogenic and multifacto-
rial disorders (Rego & Snyder, 2019; Tetreault et al., 2015;
Vinksel et al., 2021; Xuan et al., 2013). Though different
approaches to dissecting genetic basis of diseases, findings
from GWAS and familial studies can be complementary
and thus are both necessary in unraveling endometriosis
pathogenesis.

According to the literature, only limited number of
studies focused on identifying rare variants related to en-
dometriosis. In this regard, two familial studies utilized
WES to reveal novel hemizygous deletions in two genes
in a three-generation family of seven affected women and
a novel missense genetic variant in three affected sisters
in a two-generation Chinese family (Albertsen et al., 2019;
Zhu et al., 2022). Another strategy has been to sequence
a linkage region obtained from 32 families with endome-
triosis that disclosed low frequency coding variants in
NPSR1 (Tapmeier et al., 2021). Moreover, a large-scale
exome-array genotyping study involving European en-
dometriosis cases and controls highlighted the necessity
to involve different populations and high-risk families to
provide insights into the molecular pathogenesis of the
disease (Sapkota et al., 2017).

Therefore, we recruited a high-risk family for endo-
metriosis that is composed of four affected women in a
two-generation family. We performed WES in the three of
the affected members to identify rare pathogenic coding
variants with an aim to contribute to elucidating genetic
infrastructure of endometriosis. Our results, together with
additional studies could translate into discovering a bio-
marker that could serve as a non-invasive diagnostic op-
tion for the disease.
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2 | MATERIALS AND METHODS

2.1 | Ethical compliance

This study was approved by Istanbul Medical Faculty

Clinical Research Ethics Committee.

2.2 | Patients and clinical assessments

A family having four affected and two unaffected
women were recruited for this study (Figure 1a). Patient
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TNFRSF1B | GEN1 CRABP1
c.1072G>A | c.1574C>T| c.54G>C
GnomAD 0 0 0
Rl N/A N/A N/A
genome
ESP6500 N/A N/A N/A
GME 0.0020 N/A N/A
TopMED N/A N/A N/A
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recruitment took place at Endometriosis Istanbul Clinic
within the study period of 2years. All cases were evalu-
ated and examined by the same endometriosis specialist.
Four affected women received transvaginal ultrasono-
graphic (TVS) examination along with a thorough ques-
tioning of their medical history, endometriosis related
symptomatology, and surgical history, while two un-
affected women were interviewed about their clinical
history. Venous blood samples were obtained from all
recruits, after obtaining written informed consents in ac-
cordance with Istanbul Medical Faculty Clinical Research
Ethics Commitee (Protocol no: 2021/178 and Decision no:
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FIGURE 1 Results on whole exome sequencing and segregation analysis of the family. (a) Pedigree of the family is depicted. Star sign

indicates members with available genetic material; plus sign marks members subjected to whole exome sequencing (WES). (b) Integrative
Genomics Viewer (IGV) images of variants detected by WES are shown. (c) Allele frequencies of pertinent variants are summarized. (d)
Chromatograms of the variants in familial segregation analysis are depicted.
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81985/04). ‘World Endometriosis Research Foundation
Endometriosis Phenome and Biobanking Harmonization
Project: III. Fluid biospecimen collection, processing,
and storage in endometriosis’ standard operating proce-
dures were followed (Rahmioglu et al., 2014). DNA was
extracted from peripheral blood utilizing the PureLink
Genomic DNA Mini Kit (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA).

2.3 | Whole exome sequencing (WES)
WES was performed on the three affected individu-
als (case id: 301, 302, and 303) at the service of Izmir
Tinaztepe University, School of Medicine, Medical Genetic
Diagnostic Center (Izmir, Turkey). Twist Comprehensive
Exome kit (Twist Bioscience South San Francisco, CA,
USA) was utilized in library preparation that targeted
36.8Mb of protein coding regions covering >99% of
RefSeq, CCDS and GENCODE databases. Libraries were
subjected to sequencing on the Illumina NextSeq 550 sys-
tem to achieve a minimum of 20X reading depth for the
targeted bases.

Variant annotations and subsequent filtering were
achieved utilizing the SEQ platform version 16.7
(https://seq.genomize.com; Genomize Inc., Istanbul,
Turkiye). This cloud-based platform processes FASTQ
files by aligning to the GRCh37/hg19 reference genome
with Burrows-Wheeler Alignment (BWA) tool (Li &
Durbin, 2009). After removal of duplicate products (PCR
deduplication) and realignment of insertions/deletions
(indel realignment) using Genomize's proprietary al-
gorithms, variants were determined with Freebayes
(Garrison & Marth, 2016). Variants were annotated uti-
lizing VEP v102 (McLaren et al., 2016). The IGV_2.9.4
program was used in visualizing sequence reads
(Thorvaldsdottir et al., 2013). Minor allele frequencies
(MAFs) were obtained from GnomAD (https://gnomad.
broadinstitute.org/), dbSNP database (https://www.ncbi.
nlm.nih.gov/SNP/), 1000 Genomes Project (http://www.
1000genomes.org/), Exome Sequencing Project (ESP6500;
https://evs.gs.washington.edu/EVS/), TopMED (https://
topmed.nhlbi.nih.gov/), Greater Middle East Variome
Project (GME; http://igm.ucsd.edu/gme/) and SEQ-
specific cohorts comprising approximately 15,000 exome
sequences of individuals from Turkey with varying disor-
ders. A collection of in silico prediction tools including
SIFT4G, M-CAP, FATHMM, CADD, DANN, Polyphen-2,
Mutation Taster were applied to evaluate the possible im-
pact of detected variants on protein function (Adzhubei
et al., 2010; Jagadeesh et al., 2016; Quang et al., 2015;
Rentzsch et al.,, 2021; Shihab et al.,, 2013; Steinhaus
et al., 2021; Vaser et al., 2016).

2.4 | Variant prioritization and
segregation analysis

A parallel approach to variant prioritization was adapted
to detect common variants among: (i) all exome sequenced
members of the family (case id: 301, 302, 303) and (ii) two
sisters (case id: 301 and 302), whose mother (case id: 201) had
cancer history. In each approach, initial step was to filter for
candidate genes for endometriosis retrieved from GWAS and
case—control studies along with two familial studies available
in the literature (Table S1). In addition, all variants were fil-
tered with a threshold of MAF<0.01 to detect rare variants,
in which provisions of American College of Medical Genetics
(ACMG) guidelines were utilized for pathogenicity classifica-
tion and interpretation of the variants. In silico prediction tools
were utilized to assess novel candidate variants. Shared candi-
date variants were then subjected to confirmation by Sanger
sequencing followed by familial segregation. Sequences were
analyzed by Benchling Platform (https://www.benchling.
com). A list of primers utilized both in PCR amplification and
Sanger sequencing are listed in Table S2.

3 | RESULTS

3.1 | Clinical findings

At the time of our clinical evaluation, cases 301 and 303
were already diagnosed with endometriosis through lapa-
roscopic excision of endometrioma and pathological con-
firmation of disease at different centers in Istanbul and
they both sought consultation due to infertility (Figure 1a).
During their TVS examination unilateral endometriomas
were observed, indicating a recurrence of the disease. On
the other hand, cases 302 and 304 both received their di-
agnosis for the first time by visualization of unilateral en-
dometriomas in both patients with TVS in our clinic. All
of these affected individuals presented with endometriosis
related pain symptoms (Table 1). Two unaffected individu-
als (cases 201 and 202), the mothers of these endometriosis
patients were already in their post-menopausal years at the
time of recruitment (Figure 1a). Case 202 has no known
gynecological disorders, whereas case 201 has received an
extensive gynecological procedure involving hysterectomy
with bilateral oophorectomy due to endometrial serous
adenocarcinoma (ESC). Patients’ symptomatology and gy-
necological history are outlined in Table 1.

3.2 | Whole exome sequencing results

The quality metrics of WES data and filtering for shared
variants are summarized in Table 2. We adapted a parallel
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TABLE 1 Case descriptive: diagnosis, symptomatology, gynecological history.

AMH

Other gynecological

conditions

Endometriosis

Age at diagnosis

(years)
N/A
N/A

32

Age

(ng/pL)

N/A
N/A

0.26

Diagnosis operation history

Symptoms

None

Infertility

Gravidity/Parity

(years)

61

Cases

ESC

No

None

No

2/2
3/3
0/0

201
202
301

None

No

None
LS

None

No

51

Leiomyoma

Yes

Dysmenorrhea
Dyschezia

Yes

36

None 0.48

Dysmenorrhea TVS No

Yes

0/0

31

31

302

Chronic pelvic pain

0.85
3.91

Yes Dyspareunia LS Yes None

0/0
0/0

30 28

27

303

None

TVS No

Dysmenorrhea

No

27

304

Abbreviations: AMH, anti-Miillerian Hormone; LS, laparoscopic surgery; TVS, transvaginal ultrasonographic; N/A, not available.

Open Access,

filtering approach between two groups composed of all
exome sequenced members versus cases 301 and 302,
whose mother had ESC history. When MAF<0.01 was set
as a threshold to detect rare variants, 4 and 68 variants
across the groups involving three and two cases were de-
tected, respectively. These variants were further evaluated
for their known/predicted functions, pathogenicity clas-
sifications, and novelties in our population that aided in
selecting three rare variants in each group as candidates.

Sanger sequencing confirmations of the variants fol-
lowed by segregation analysis in the family resulted
in two rare heterozygous novel variants as TNFRSF1B
(NM_001066.3: c.1072G>A, p.(Ala358Thr)) and GENI
(NM_001130009.3: c.1574C>T, p.(Ser525Leu)) in the eval-
uation of three patients, while a heterozygous novel vari-
ant in CRABPI (NM_004378.3:c.54G>C, p.(Glul8Asp))
was detected only in ESC mother descendant two sisters
(Figure 1). All of these variants were not only absent from
all available databases as outlined in Figure 1c, but were
also not found in SEQ-specific cohorts, provided by the
SEQ platform that we utilized as a population control
set. These variants were classified as variant of unknown
significance (VUS) in accordance with ACMG guidelines
and that at least one in silico prediction tool supported the
pathogenicity of each of these variants.

4 | DISCUSSION

The results demonstrated that co-segregation of two novel
missense variants (TNFRSFI1B p.(Ala358Thr) and GEN1
p-(Ser525Leu)) could have played role in the endome-
triosis pathogenesis in this family. Moreover, the parallel
analysis adapted with respect to ESC history revealed a
novel CRABPI p.(Glul8Asp) only in the descendants of
case 201.

The anamnesis of cases 201 and 202 indicated that they
did not have fertility problems, since they both had spon-
taneous pregnancies. Neither of them reported having en-
dometriosis related symptoms during their reproductive
ages nor were they diagnosed with endometriosis. Case
201 provided her pathology report that confirmed ESC, so
further gynecological evaluations related to endometriosis
was not possible. Moreover, since both cases are in their
post-menopausal ages, which puts their bodies in a low
estrogen state, a gynecological investigation at this stage
would have been inconclusive. This is due to the fact that
endometriosis is an estrogen-dependent disease and in the
majority of cases the disease regresses after menopause
(Zondervan et al., 2020). However, both cases are found
to carry endometriosis related novel genetic variants that
are present in this family. This could be explained by two
different scenarios; either the cases were asymptomatic
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TABLE 2 WES data quality and parallel filtering of WES data.
Quality metrics of whole exome sequencing data
301 302 303

Total number of reads aligned 64,842,859 38,632,729 47,854,800
Average depth (%) 129.18 80.01 95.25
% Targets with 50X coverage 95.8 82.18 89.25
Total number of annotations (K = thousand) 281.8K 206.7K 255.1K
Total number of variants 45,415 44,635 44,669
Variants in candidate endometriosis genes (Table S1) 669 623 701
Number of pathogenic variants® 0 0 0
Number of likely pathogenic variants® 7 10 4
Number of variants of uncertain significance (VUS)* 5578 5601 5424
Homozygous variants 11,649 14,545 15,059
Heterozygous variants 33,766 30,090 29,610
Variant Filtering for MAF<0.01 4268 4271 4172
Parallel filtering approach for shared variants

All cases (301, 302 and

303) Cases (301 and 302)
MAF<0.01 (Frameshift, splice site, missense, protein altering, stop gained, stop 552 1056

lost, synonymous, inframe deletion/insertion, start lost variants)

Shared rare variants across cases 4 68
Selected genetic variants 3 (TNFRSF1B, GEN1, 3 (CRABP1, NUMAI, CHI3LI)

Segregation in the family

*Pathogenicity determined in accordance with ACMG guidelines.

or since they did not exhibit infertility, their symptoms
such as pelvic pain was overlooked or confused with
other disorders of bowel or bladder. Moreover, it is well
acknowledged that patient suffering is not indicative of
disease severity, so that if not suspected, these cases would
not be evaluated in terms of endometriosis (Maddern
et al., 2020). Therefore, since cases 201 and 202 were not
subjected to gynecological examination, it is difficult to
draw a definite conclusion about their disease status.
Among the novel causative genetic variants of en-
dometriosis, TNFRSF1B (*191191) has been implicated
to play a role in the pathophysiology of endometriosis
through the biological activities of the cytokine TNF-a.
This cytokine has a recognized role in endometriosis
pathophysiology through TNF-TNFR system that is in-
volved in inflammation, angiogenesis, programmed
cell death and proliferation (Ghezzi & Cerami, 2004).
Signaling through this system is achieved by bind-
ing of TNF-a to its receptors TNFR1 (TNFRSF1A) or
TNFR2 (TNFRSF1B), in which TNFR1 favors apop-
tosis, while TNFR2 can induce apoptosis or promote
survival through proliferation, tissue repair or angio-
genesis, depending on the microenvironment (Haider &

CTIF)

2 (TNFRSF1B, GENI) 1 (CRABPI)

Knofler, 2009; Islimye et al., 2011). Due to the facts that
the components of this TNF-TNFR system were found to
be expressed in the endometrium and the endometrial
epithelial cells throughout the whole menstrual cycle
(Chegini et al., 1999; Iwabe et al., 2000; Tabibzadeh
et al., 1995), and that TNFR2 was defined to act in an-
giogenesis in endothelial cells (Zhang et al., 2003), this
system has been evaluated for plausible roles in en-
dometriosis pathology. Among studies performed on
human subjects, the expressions of the soluble forms
of TNFR1 and TNFR2 were found to be upregulated
in both the peritoneal fluid and the serum of women
with endometriosis in contrast to their healthy coun-
terparts (Chae et al., 2008; Koga et al., 2000; Othman
et al., 2016; Salmeri et al., 2015). On the other hand, the
mRNA and protein expressions of TNFR2 were found
to be decreased significantly in the endometrial gland
and stromal cells of endometriosis patients in the early
stages (I and II) (Kharfi et al., 2003). The authors of
these studies have hypothesized that these expression
changes during endometriosis progress may disrupt
TNF-a mediated apoptosis signaling, which in turn may
fail to eliminate implanted endometrial cells and/or to
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facilitate proliferation of ectopic endometrial tissues,
leading to endometriosis onset (Kharfi et al., 2003; Koga
et al., 2000; Rojas-Cartagena et al., 2005). In addition,
an experimental intestinal endometriosis rat model was
developed, which also revealed increased expression of
STNFR1 and sTNFR2 in the peritoneal fluids of affected
rats (Rojas-Cartagena et al., 2005). Only a single study
has associated the TNFR2 haplotype allele defined by
T(676)G, A(1663)G and C(1690)T polymorphisms with
endometriosis (Chae et al., 2008), while another study
utilized endometrial biopsies to report hypomethylation
of TNFRSFIB with no significant changes in gene ex-
pression in endometriosis patients (Naqvi et al., 2014).
Collectively, these studies investigated the role of TNF-
TNFR system mainly through genetic expressions,
which are under the influence of genetic variations.
Therefore, to the best of our knowledge, the novel mis-
sense TNFRSFI1B p.(Ala358Thr) variant is the first ob-
tained from whole exome sequencing associated with
endometriosis in a familial setting.

On the other hand, GENI (*612449), exhibiting the
other novel causative variant in this family, has not
been associated with endometriosis, yet. It is a member
of the Rad2/xeroderma pigmentosum group G nuclease
family with a defined role in Holliday junction (HJ) res-
olution, which is required for chromosome segregation
during meiosis and for repairing stalled/collapsed repli-
cation forks during mitosis (Rass et al., 2010). Therefore,
its function has been evaluated in tumorigenesis with
a few studies that focused on breast cancer (Kuligina
et al., 2013; Turnbull et al., 2010; Wood et al., 2007). In
addition, GENT1 has been depicted as a potential candidate
gene for the onset of congenital anomalies of the kidney
and urinary tract (CAKUT), and Mullerian anomalies
(MA) through mouse models (Wang et al., 2018; Wang,
Wang, et al., 2020; Wang, Zhang, et al., 2020). It has been
depicted that deletion of Genl gene needed to be accom-
panied by a mutation in Wnt9b to exhibit significantly lon-
ger uteri and disordered looser stromal structure that is
thought to be responsible for the abnormal development
of mouse uterus (Wang, Zhang, et al., 2020). This digenic
inheritance model is similar to our findings in which
GENI variant might act synergistically with TNFRSIB to
induce the complex endometriosis phenotype in the af-
fected family members. Moreover, a study utilizing mice
depicted that Genl mutation might induce CAKUT phe-
notype through disrupted retinoic acid (RA) signaling,
which can partly be rescued by all-trans-retinoic acid
(ATRA) administration (Zhang et al., 2019). In addition,
disrupted RA signaling in Mullerian duct has been asso-
ciated both with female reproductive tract abnormalities
and with reduced proliferative response to sex hormones,
which was reinforced by the absence of Mullerian ducts

Open Access,

detected in double knockout mice of RA signaling recep-
tors (Nakajima et al., 2019). In terms of endometriosis,
RA signaling was found to be involved in resistance to
apoptosis due to its key regulatory role in cell survival and
that RA has a therapeutic potential with success shown
in suppressing the growth of endometriotic lesions and in
inhibiting peritoneal cytokine secretion through human
and mouse studies (Pavone et al., 2011; Wieser et al., 2012;
Yamagata et al., 2015). In light of these findings, we hy-
pothesize that the novel GENI p.(Ser525Leu) variant
might play a role in endometriosis pathogenesis, since
mutations in this gene has been implicated in urogenital
disorders with similar phenotypes observed in deficient
RA signaling. However, whether GEN1 variants act upon
RA signaling mechanism or in combination with accom-
panying gene variations to induce endometriosis need to
be evaluated through further functional studies.

Among the family members in this study, only case
201 had ESC history, which prompted us to perform a
parallel WES analysis that aimed to filter for shared ge-
netic variants in cases 301 and 302 against variants in
case 303, which would mark inheritance from case 201.
This resulted in the identification of a novel CRABPI
p.(Glul8Asp) variant present only in cases 301, 302 and
their mother 201. Cellular retinoic acid-binding protein
1 (CRABPI; *180230) is a tumor suppressor gene with an
important role in retinoic acid-mediated differentiation
and proliferation, which has been associated with varying
cancer types (Banz et al., 2010; Nhieu et al., 2022). It is
implicated as a highly conserved gene across mammals,
thus variations are hypothesized as potential inducers
of tumor formation or progression (Nhieu et al., 2022).
However at this stage, it is difficult to draw a definite con-
clusion about the role of CRABPI p.(Glul8Asp) variant
in ESC onset, since there is only case 201 with a clinical
diagnosis. Therefore, being the first-degree relatives, cases
301 and 302 have increased risk for ESC, so these patients
are under a long-term follow-up. Since these cases exhibit
endometriosis and the literature provides conflicting re-
ports on the association between endometriosis and endo-
metrial cancer (Johnatty et al., 2020; Kvaskoff et al., 2020),
their possible diagnosis with ESC will be evaluated for
the contribution of CRABPI p.(Glul8Asp) variant during
their regular follow-up.

Our study involves limitations due to availability of
only four members in one generation of the family for
clinical diagnosis, where only clinical history could be ob-
tained from the mothers (case ids: 201 and 202). Moreover,
since all the patients could not be operated due to fertility
wish, endometriosis staging could not be provided and
that disease tissue could not be obtained for further analy-
sis. However, family members are under clinical follow-up
and if surgery is suggested, their surgery materials will be
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evaluated for the effect of detected novel variants. Familial
studies face these limitations, but their power in detect-
ing rare pathogenic variants due to smaller gene pool is
of value in identification of enigmatic conditions such as
endometriosis.

5 | CONCLUSION

Our findings suggest TNFRSFIB (NM_001066.3:
c.1072G>A, p.(Ala358Thr)) and GEN1
(NM_001130009.3: c.1574C>T, p.(Ser525Leu)) as two
novel variants that could be responsible for endometrio-
sis diagnosed in this family. Thereby our results not only
provided novel genetic markers for endometriosis that
merits to be replicated in expanded cohorts or validated
by functional analysis but also provided the family with
genetic counseling.
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