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Copy number variation in female infertility and candidate
gene screening for common infertility-related diseases

To investigate the correlation between the gene copy number variation and female infertility we collected
3962 female infertility samples and analyzed copy number variation (CNV) using high-throughput sequenc-
ing technologies. In this study 269 CNVs were found in 246 samples, 17 of which were new CNVs. The oc-
currence of CNVs was mostly found in X chromosome, and some candidate genes related to female infertility
were screened. We also found some high frequency CNVs, which contain important functional genes.
This study filled the blank of CNV research on female infertility and discovered the characteristics of CNV
(CNV preference, recurrent CNV), which provided genetic reference for female infertility.

Keywords: copy number variation, high-throughput sequencing technology, female infertility, candidate gene,
sex chromosomes, gene screening.

Introduction

CNVs have been found to be responsible for a wide range of human diseases [1; 21], CNVs on sex
chromosomes are more likely to play key roles in germ cell development [2]. In the past two decades male
infertility caused by CNV has been continuously reported [3], especially the sex chromosome CNV
(Y chromosomal micro-deletion) has been widely studied [4]. Compared with the male infertility-related
CNV, the correlation between female infertility and CNV is rarely reported.

In recent years the next generation sequencing (NGS) has been widely applied in chromosome aneu-
ploidy testing and CNV detection. NGS has unique advantages of low cost, short period, high resolution,
high accuracy, etc. Wang et al. used high-throughput sequencing to analyze the CNVs in spontaneous abor-
tion. The results showed that the sensitivity of high-throughput sequencing was consistent with the result of
CGH [5].

This study mainly analyzed CNVs of 3962 female infertility patients using high-throughput sequencing
technology, discovered the CNV characteristics of Chinese female infertility population, and provided genet-
ic reference for the possible causes of female infertility.

Materials and Methods

Sample collection and DNA extraction

This study was approved by the Clinical Research Ethics Committee of the Xin Jiang Jia Yin hospital
(JY2017012). All patients signed written information consent before participation. 3962 blood samples of
female infertility patients were collected from January 2017 to December 2018. DNA was extracted using
TIANamp Genomic DNA Kit (Tiangen biochemical reagent co.).

Library construction and sequencing

After DNA fragmentation, 150-300 bp DNA was obtained, and then the library was constructed using
Ion Xpress Plus Fragment Library Kit (Life Technologies). The library samples were quantitatively mixed
into a chip for sequencing. The total data of each sample was about 2.5 M, and the average sequencing depth
was 0.1X.

Data analysis

All sequencing reads were aligned to human genome reference sequences (version: NCBI Build
37/hgl19) by TMAP software. Meanwhile, duplicate sequences were removed by Picard software. Then each
chromosome was divided into 40 kb non-overlapping bins, and the number of reads mapping to each bin was
calculated. We normalized the GC percentages in each bin by LOWESS regression.

Circular binary segmentation (CBS), a reliable algorithm that is widely used in the analysis of compara-
tive genomic hybridization arrays, allowed us to precisely define the change points by partitioning chromo-
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somes into regions of equal copy numbers. The CNVs obtained by analysis were compared to the DGV and
other related databases, and the normal polymorphism CNVs were filtered out.

Results and Discussion

Classification statistics and clinical phenotypes of infertility

Among the 3962 infertile women, primary infertility identified in 1549 patients, the average age of in-
fertility was 32.15+4.54, and the mean years of infertility were 4.35+3.21. 2413 patients with secondary in-
fertility, the average age of infertility was 34.84+5.70, and the mean years of infertility were 3.46+3.15 (Ta-
ble 1). The clinical phenotypes of patients were as follows: Oviduct obstruction, adhesion, or hydrops;
Endometritis; Uterine polyps; Pelvic inflammatory disease; Ovarian cyst; Fibroma; Premature ovarian fail-
ure; Polycystic ovary syndrome; Recurrent abortion; Reduced multivariable reserve; Hypogonadism; Hypo-
thyroidism; Endometriosis; Uterine leiomyoma, etc. (Table 1).

Table 1
The characteristics of samples
Parameters Primary infertility Secondary infertility P Value Total
Number, pieces 1549 2413 3962
Mean age, years 32.15+4.54 34.84+5.70 3.7346E-07 33.76+5.43
The mean years of infertility, pieces 4.35+3.21 3.46+3.15 4.9382E-03 3.9+3.21
The number of CVN samples, pieces 121 148 269

The detection of CNV

After the DGV filtration, we detected 269 CNVs in 246 samples among 3962 female infertility patients.
The detection rate of CNV in female infertility was 6.21%, NGS cannot detect chromosomal structural ab-
normalities, the detection rate of CNV may be lower than actual value. We report for the first time that
CNVs in female infertility patients mostly occur on X chromosome (54 CNVs in 49 samples), followed by
chromosome 16 (31 CNVs in 30 samples) (Figure 1).
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Figure 1. Frequencies of CNVs on different chromosomes

The frequency of micro-duplication was higher than micro-deletion, the average size of deleted frag-
ments is larger than duplicated fragments (Reject outliers, 1.83M>1.51M). In this study 17 new CNV's were
found. The new CNV means which is not recorded or overlapping region is less than 40% in available data-
base such as DGV, ISCA, and DECIPHER.
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Screening of candidate genes

Of 3962 patients, 133 patients affected by fibroids, 41 affected by premature ovarian failure, 92 affected
by polycystic ovarian syndrome, and one affected by Ovarian dysgenesis (Table 2). Some of these patients
can identify chromosomal rearrangement. According to previous reports [6, 7], we searched relevant data-
bases and screened some candidate genes that might lead to these diseases (Table 2).

Table 2
Phenotypic distribution of infertility patients

Clinical phenotype Number CNV
Endometritis 1506 86
Metropolypus 734 41
No significant symptom, except infertility 461 24
Fibroids 375 21
Uterine hydrops and adhesions 344 15
Oviduct blocking 231 8
Endometriosis 119 8
Recurrent abortion 117 28
Polycystic ovarian syndrome 92 17
Diminished ovarian reserve 43 5
Premature ovarian failure 32 15
Hypothyroidism 32 4
Chocolate cyst of ovary 28 1
Oviduct absence 27 2
Hydatidiform mole 19 1
Unicornuate uterus 16 2
Mediastinal uterus 16 1
Incomplete mediastinal uterus 7 0
Hyperprolactinemia 3 0
Fertilization failure 3 0
Ovarian dysgenesis 1 1
Uterus duplex 1 0
White lesion of vulva 1 1
Without menstruation, with hormone maintenance 1 1

The preference of CNV in female infertility

Our result showed that CN'Vs are mostly detected in chromosome X (20.07%, 54/269) and chromosome
16 (11.52%, 31/269) in female infertility. X chromosome was the key of female sex organ development, and
the long arm of X chromosome was important area of gonad development. When X chromosome was mutat-
ed, it is easy to cause gonad dysplasia and fertility decline [8]. The high frequency CNV on chromosome
16 is even more surprising. Studies have shown that the most chromosomal abnormalities in abortion tissue
samples detected on chromosome 16 [9]. We believe that our results partly explain the reason why chromo-
some 16 abnormalities are frequently detected in abortion tissue samples (Table 3). The CNV of the female
genome causes abnormal gamete formation or abnormal meiosis of the oocyte, thus leading to abortion.
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Table 3 Candidate genes for infertility-related diseases

CNV type | CaseID Region Start-end position Size Dlseaislfg;\l/?ltig gene piitrizltl}t/pse
Del Case 1 1q43 240400001-242960000 | 1.56Mb FMN2 POF
Del Case 2 1q32.2 212699171-212781031 | 0.12Mb ATF3 Fibroids
Del Case 3 2pl1.2 84704631-85193625 0.26Mb DNAH6 POF
Dup Case 4, 3q22-q23 | 138659146..138666000 | 1.20Mb FoxL2 Identified in 2
Case 5 PCOS patients
Dup Case 6 6q23.1 132268931-132269962 | 1.20 Mb CTGF Fibroids
Dup Case 7 7p31.1 110411109-111216302 | 0.61Mb IMMP2L OD
Dup Case 8 7p22.1 102436591-103012420 | 0.22Mb FBXLI13, CRYZPI, POF
ARMCI0, RPLI9P12,
NAPEPLD
Dup Case 9 9933 120456128..120480000 | 1.02Mb TLR4 endometriosis
Del Case 10 12q24.32 | 125182036-125400631 | 0.76Mb SCARBI, UBC, POF
MIR5188
Del Case 11 15g25.1- 80760001-82520000 1.76Mb EFTUDIPI, POF
q25.2 Cl5orf26
Dup Case 12 17q12 35960001-36120101 0.16Mb SYNRG, DDX52, POF
HNF'1B, DUSP14
Dup Case 13 22ql13.2 43072361-43490182 0.38 Mb MCAT, ARFGAP3, POF
A4GALT, BIK,
PACSIN2, TTLL1
Del, Dup Case 14, | Xp22.31 6609312-8102139 0.17 Mb PNPLA4, STS, POF, PCOS
Case 15 HDHDI, VCX
Dup Case 16 Xq21.12 76617292-76987631 1.87Mb PGAM4, GLUDa, POF
ATP74, COX7B,
ATRX, FGF16
Dup Case 17 | Xql2 66710369-67539032 0.58Mb AR, OPHNI POF
New CNVs

17 new CNVs were detected in this study. Although these CNV-related diseases are included in OMIM,
whether they are associated with female infertility has not yet been confirmed, but they can provide some
genomics and genetics reference for female infertility.

Recurrently found CNVs

We identified several CNVs with high frequency. Xp22.31 was detected in 24 patients. The clinical
phenotypes were salpingitis, uterine fibroids, endometritis, polycystic ovary syndrome, endometriosis, ovari-
an chocolate cyst, fibroids, recurrent abortion, abnormal tubal development, familial X-linked ichthyosis,
white lesion of vulva, and decreased ovarian reserve function. The region including STS, VCX2, VCX,
VCX3A, PNPLA4, HDHDI, etc. It was reported that the deletion, reduplication, and rearrangement of
Xp22.31 can lead to X-linked ichthyosis. Li et al. believed that the Xp22.31 duplicated patients have large
clinical differences and highly variable phenotypes [10]. Xq13—-26 was a key area of ovarian development
[8], so mutation of Xq13-26 will lead to abnormal expression of sex gene and sex hormone level, which may
affect fertility. In 2010 Krause et al. found the Xp22.31 in two male infertility patients [11]. Xp22.31 may
play an important role in female reproduction.

In 4 patients we detected chromosomal rearrangements affecting the TBX1, CDC45, COMT genes in
22q11.21. The clinical phenotypes of the patients were primary infertility (one of them fibroids, one was en-
dometriosis and metropolypus, two were metropolypus). TBX1 gene encodes a T-box transcription factor,
which regulates the transcription and expression of a series of genes, thus affecting the fertility. CDC45 is
associated with DNA replication and the COMT gene encodes catechol-o-methyltransferase. 22q11.2 was
found in two MRKH syndrome (Mayer-Rokitansky-kuster-hauser syndrome, congenital Vaginal Deletion)
[12]. 22q11.2 micro-duplication syndrome has been extensively studied, especially in prenatal diagnosis.
Low copy duplication in this region occurs in homologous recombination and mediates non-allele recombi-
nation, resulting in rearrangement of 22q11.2.
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We detected rearrangements in 15q11.2 affecting GOLGA6L1, OR4M2, OR4N4, POTE, and POTE2
genes in 4 patients. The clinical phenotypes of this patients were endometritis (two cases) and fibroid. Ab-
normality of 15q11.2 was also found in normal people. Some research suggest that duplication of 15q11.2 is
associated with male infertility [13]. Some studies report that POTE plays an important role in human sperm
maturation [14]. Others believe that GOLGASC replication affects male infertility.

Rearrangements in 16p13.11 were found in 14 patients, including primary infertility in 5 patients, sec-
ondary infertility in 9 patients. They affected by premature ovarian failure (2 cases), tubal obstruction,
hypogonadism, and uterine polyp. The variant region is susceptible to neurocognitive impairment and con-
tains 20 protein-coding genes, including KIAA0430, NDE1, and RRN3. KIAA0430 plays a key role in regu-
lating oogenesis, inhibiting transposon translocation during female meiosis, which is related to reproductive
system integrity. NDE1 protein is located at the poles of centrosome and mitotic spindle, which mainly inter-
acts with LIS-1 protein and fibrin. NDE1-LIS1-fibrin complex participates in neurogenesis through mediat-
ing a series of intracytoplasmic activities. The proliferation of cells affects the development of cerebral cor-
tex and nerve. RRN3 is associated with the initiation of effective transcription by RNA polymerase
L. Different individuals have different clinical manifestations. Ullmann et al. reported for the first time in
2007 a significant association between 16p13.11 duplication and autism [15]. In Hannel's study of mental
retardation and multiple congenital abnormalities (MR/MCA) 16p13.11 regions deletion was found to be a
serious pathogen, and duplication leads to benign outcomes [16]. Ramalingam and Tropeano reported that
16p13.11 associated with copies of duplicated pathogens. The main clinical symptoms were associated with
neurodevelopment [17]. Paciorkowski et al. showed that 16p13.11 micro-deletion was associated with fetal
brain development [18].

The 17p12 region contains COX10 and PMP22 genes. COX10 is expressed in the heart, skeletal mus-
cle, and testis, which has certain effect on male azoospermia [19]. PMP22 gene encodes a plasma membrane
integration glycoprotein, which is related to the peripheral nervous system. In the study about azoospermic
men, this site was detected in three patients.

Polycystic ovary syndrome, endometriosis, Premature Ovarian Failure, and fibroids are not simply
caused by single gene mutation or chromosomal abnormality, but affected by the cumulative effect of multi-
ple genes. They generally interact with environmental factors, and belong to polygenic hereditary diseases.
Because there are hereditary factors in it, the disease tends to be familial; but it does not conform to Mendel's
hereditary law. Based on previous studies [6, 7], we are screened several related genes, and the results are
also a validation for these studies.

Conclusion

Female infertility is one of the main factors affecting reproductive health. The most common influenc-
ing factors are ovulation dysfunction, endometrial abnormalities, rearrangement in sex chromosomes, single
gene mutations, and hypogonadism [20, 22]. Because of following factors: environmental factors, individual
differences, lack of male phenotype, diversity of characteristic phenotype, bias of investigation, difference of
research scale, and diversity of races and regions, it is difficult to obtain consistent clinical research results.
But with the development of human genomic research the genetic reason of female infertility will be clearer.
We try to exam the correlation between genetic disorder and female infertility. In conclusion, we found in-
fertility related CNVs mostly occurred in X chromosome and high frequency CNVs which contained im-
portant functional genes. Also, some candidate genes that related to female infertility were screened. This
study filled the blank of CNV research on female infertility and discovered the characteristics of CNV (CNV
preference, recurrent CNV), which provided genetic reference for female infertility.
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K. Koxabek, M. ITan, Y. XK. XKay, KU WU, V.1 XyaH

Oiiesep OeaeyJririnaeri reHoM KeulipMe HOMIPiHIH 63repyi A&IHe Kbl
OexeyJikke 0aiyIaHBICTBI aypyJap YIUiH KAHIAMIAT FeH/ep CKPUHUHTI

Oitengepain Oexeysiri MeH reHOM KellipMe HeMipiHiH e3repyi (copy number variation, CNV) apacsiHzarst
KOppeJLILUSHEL 3epTTey yuIiH 3962 Geney oiennepAiH KaH YJriiepi »KHHAIIBI KOHE KaHa OybIHIBI )KOFaphl
eHimMIi cekBeHupiey TtexHonorusceiH (high-throughput sequencing technology) mnaiinananein, reHoOM
KelllipMe HOMIpJepiHiH e3repyiHe aHamu3 sxacamabl. Ockl 3epTreyne 246 naHa ynri Matepuanian 269 nana
CNV rabeuinel. Omapasiy immiage 17 nana xxana CNV Gaiikanner sxoHe CNV-miH maiina 6omysl keOiHece
X xpomocoMacheiHa ke3neceni. Keibip kanauaar reHuepi dienaepaiH Oeneyirine KaTeIChl 6ap eKeHIIr1
anpIkTaael. COHBIMEH Katap, KeiOip skorapbl kuimikTi CNV-miH MaHbI3OB (QYHKIMOHAIIBI TCHIACPAI
KaMTUTBIHBI Oaiikanapl. Byn 3eprrey oitenzep Oemeyniriniy CNV 3eprreyiHieri OJKbUIBIKTHIH OPHBIH
TOJNTBIpabl, cebebi oienaepai Oenmeynikke KipinTap ereTiH reHeTHKablK (axropnap (6omkxamapl, CNV,
KartananaTsiH CNV) tannanmabl.

Kinm ce30ep: xeriipMe HOMIpiHIH e3repyi, jkaHa OyBIHIbI JKOFapbl OHIMII CEKBEHHUPIJIECY TEXHOJOTHSCHI,
oifennep Oexeydiri, KaHAUAAT TEHAEP, KBIHBIC XPOMOCOMACH], TeH CKPUHUHTI.
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K. Koxabek, M. [an, Y. K. Kay, K. 1. U, V.JI. Xyan

Bapuanus ynciia KONuii Npu ’xKeHCKOM 0eCIJIoOqMH U CKPUHUHT
reHOB-KAaHAMAATOB 001X 3a00J1€BaHH, CBSI3AHHBIX ¢ OecIjioaueM

Uro0bl HccenoBaTh KOPPETALHMI0O MEXIY BapHaled 4Ynciia KONMMH TeHOMa M JKEHCKHM OecIuionueMm,
aBTOpamMu coOpanbl 3962 o0pasna KpOBU KEHIIMH, CTPaJAloUX OecIIoaneM, 1 NpoaHaIN3UpOBaHa Bapua-
st yucen konuit (CNV) ¢ moMoIIbio TEXHOJIOTUH BEICOKOTIPOU3BOIUTENBEHOIO CEKBEHUPOBaHus. B aToM Hc-
cienoBanud 269 CNV Obiin oOHapyxeHsl B 246 o6pasuax, 17 u3 xoropsix 6buti HoBeIMH CNV. Hanmmune
CNV B 0CHOBHOM OOHapyXHBaeTCsi B X-XpOMOCOMe, ObLIM TMPOBEPEHBI HEKOTOPHIE I'€HbI-KaHIUIAThI, CBS-
3aHHBIE C JKeHCKUM OecrutogueM. Kpome Toro, oOHapy»eHO HECKOJIBKO BbIcokodacTOTHEIX CNV, conepika-
IUX BaKHbIE (PYHKIHMOHAJIBHBIE T'eHBI. JTO HMCCIIENOBAaHME 3aMOJHIIO mpoden B mccienoBanuun CNV mo
JKEHCKOMY Oecrutoquio M BbIIBIIO XapakTepuctuku CNV (mpeamoururensas, CNV, moBropsomascs
CNV), koTopble 00eCIIeunBaOT TeHETHYECKUH OPHEHTHP KEHCKOTO OECTIIONYI.

Knioueswvie cnosa: Bapuanus 4uciia KOHPIfI, TCXHOJIOTUSI BBICOKOIIPOU3BOAUTECILHOTO CCKBECHUPOBAHUSA, KEH-
CKOC 6CCHHOL[PIC, TEH-KaHAWAAT, I0JIOBBIC XPOMOCOMBI, TeHETHYECKHUI CKPUHHHT.
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