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Sex chromosomal abnormalities are associated with multiple defects. However, the types of sex chromosomal abnormalities during pregnancy in Fujian Province, China, are not recorded. In this retrospective analysis, we showed the sex chromosomal abnormalities of 186 fetuses, including 162 cases of X chromosomal abnormalities and 22 cases of Y chromosomal abnormalities in Fujian Province. We detected 73 cases of Turner syndrome, 24 cases of triple X syndrome, 37 cases of Klinefelter syndrome, and 14 cases of XYY syndrome. It was observed that 67.3% fetuses with classic Turner syndrome had their growth arrested. Moreover, we found 21 cases of mosaic Turner syndrome, 3 cases of mosaic Triple X syndrome, 2 cases of mosaic Klinefelter syndrome, and 1 case of mosaic XYY syndrome. Furthermore, 37 cases of large scales of sex chromosomal deletions/duplications were detected, including 30 cases of X chromosomal deletions/duplications and 7 cases of Y chromosomal deletions/duplications. Parent-of-origins of five cases of sex chromosomal deletions/duplications were determined. One case was with de novo X chromosomal variations, while the sex chromosomal deletions/duplications in other four cases were inherited from their parents. Overall, our results presented a detailed manifestation of sex chromosomal abnormalities of 186 fetuses in Fujian Province and suggested the important roles of single nucleotide polymorphism (SNP) array analysis in the prenatal diagnosis of sex chromosomal abnormalities. Also, determining the parent-of-origins of the deletions/duplications was critical for the prenatal diagnosis of sex chromosomal abnormalities.
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INTRODUCTION
The integrity of sex chromosomes, including X and Y chromosomes, is critical for normal embryonic development. Sex chromosomal abnormalities are associated with multiple defects, including sexual organ dysplasia, low reproductive ability, and infertility (Leggett et al., 2010). Turner syndrome (45, X), triple X syndrome (47, XXX), Klinefelter syndrome (47, XXY), and XYY syndrome (47, XYY) are common aneuploidies of sex chromosomes (Nielsen and Wohlert, 1991). Moreover, large scales of sex chromosomal deletions/duplications are also detected in abnormal fetuses and associated with different phenotypes (Zhang et al., 2018). With the increase in the maternal age at conception, the incidence of sex chromosomal abnormalities during pregnancy is growing every year (Lei and Dong, 2019; Li et al., 2021). So, for pregnant women, prenatal diagnosis about sex chromosomal abnormalities is deeply needed.
Karyotype analysis and non-invasive prenatal testing or screening (NIPT or NIPS) (Deng et al., 2019; Deng et al., 2021; Shi et al., 2021) could be used to detect or screen the aneuploidies of sex chromosomes. However, in mosaic cases, sex chromosomal abnormal cells and normal cells exist together. Classic karyotype analysis and NIPT analysis are limited in determining mosaic sex chromosomal abnormalities (Ma et al., 2021). On the contrary, the single nucleotide polymorphism (SNP) array is validated in detecting chromosomal syndromes, mosaic chromosomal syndromes, and chromosomal deletions/duplications, with high accuracy and high resolution (Samango-Sprouse et al., 2013).
From 2019 to 2022, more than 10,000 cases of SNP arrays were conducted in Fujian Maternity and Child Health Hospital. In this study, we retrospectively analyzed the SNP arrays of 186 early fetuses with sex chromosomal copy number variations (CNVs). Among them, 72 cases of Turner syndrome, 24 cases of triple X syndrome, 37 cases of Klinefelter syndrome, and 15 cases of XYY syndrome were detected. Moreover, mosaic sex chromosomal CNVs were determined. Sex chromosomal deletions/duplications were found in 37 cases and parent-of-origins of the deletion/duplications were determined in five cases. Overall, our results presented a detailed manifestation of sex chromosomal abnormalities during pregnancy in Fujian Province and sex chromosomal abnormalities using parental samples.
MATERIALS AND METHODS
Clinical patients
This was a retrospective analysis of 186 fetuses with sex chromosomal abnormalities at the Medical Genetic Diagnosis and Therapy Center, Fujian Maternity and Child Health Hospital, including 74 male fetuses and 112 female fetuses. The mean maternal age at conception was 30.98 years old. The clinical conditions of the fetuses were examined by level 2/3D ultrasound. Genetic counseling and prenatal diagnosis were provided for all pregnant women. Informed consent for the SNP analysis from each patient was obtained. All analyses were approved by the Fujian Maternal and Child Health Hospital ethics committee (ID No. 2020KY113).
Chromosomal microarray analysis
In total, 119 amniotic fluid samples, 53 chorionic villi, 13 cord blood samples, and one skin tissue were collected by the nurse in accordance with the Declaration of Helsinki. Fetal DNA was extracted using a QIAGEN DNA Mini Kit, according to the manufacturer’s instructions. SNP array experiments were carried out according to Affymetrix CytoScan 750K array standard protocols. The Affymetrix CytoScan 750K array includes 550,000 CNV probes and 200,000 SNP probes for the CNV analysis and is wildly used for prenatal diagnosis. The microarray was scanned using a GeneChip Scanner 3000 system and annotated using Chromosome Analysis Suite (ChAS) software based on the hg19 human reference sequence. The chromosomal abnormalities in each sample were assessed by the American College of Medical Genetics and Genomics (ACMG) guidelines by ChAS software.
Prenatal diagnosis
Based on the Database of Genomic Variants (DGV), Online Mendelian Inheritance in Man (OMIM), and Database of Chromosomal Imbalance and Phenotype in Humans Using Ensembl Resources (DECIPHER), the CNVs of sex chromosomes are classified into likely benign and benign, pathogenic variants, likely pathogenic variants, and variants of uncertain clinical significance (VOUS). Peripheral blood from the parents of the fetuses with sex chromosomal deletions/duplications was used to determine the parent-of-origins of the deletions/duplications. The types of CNVs were further determined by the results of the pedigree analysis and SNP arrays.
RESULTS
General sex chromosomal abnormalities in our study
From 2019 to 2022, 186 fetuses were detected with sex chromosomal abnormalities at Fujian Maternity and Child Health Hospital. The sex chromosomal abnormalities of those 186 samples are shown in Figure 1, including 164 cases of X chromosomal abnormalities and 22 cases of Y chromosomal abnormalities. A total of 112 cases of X chromosomal abnormalities were detected in female fetuses, while 52 cases of X chromosomal abnormalities were detected in male fetuses. Turner syndrome (45, X) and triple X syndrome (47, XXX) are common abnormal manifestations of the X chromosome in female fetuses. We detected 73 cases of Turner syndrome and 24 cases of triple X syndrome (Figure 1). Klinefelter syndrome (47, XXY) was detected in 37 cases of female fetuses. XYY syndrome (47, XYY) is a common abnormal manifestation of the Y chromosome in male fetuses, and 15 cases of XYY syndrome were detected. Moreover, 37 cases of large scales of sex chromosomal deletions/duplications were detected, including 15 cases of X chromosomal deletions/duplications in female fetuses, 15 cases of X chromosomal deletions/duplications in male fetuses, and 7 cases of Y chromosomal deletions/duplications in male fetuses.
[image: Figure 1]FIGURE 1 | Retrospective analysis of 186 fetuses with sex chromosomal abnormalities.
In mosaic cases, sex chromosome abnormal cells and normal cells exist together. We found 21 cases of mosaic Turner syndrome out of 73 cases of Turner syndrome. Moreover, three cases of mosaic triple X syndrome, two cases of mosaic Klinefelter syndrome, and one case of mosaic XYY syndrome were detected (Figure 1).
Clinical phenotypes of fetuses with sex chromosomal abnormalities
Turner syndrome, triple X syndrome, Klinefelter syndrome, and XYY syndrome have diverse phenotypes. The clinical phenotypes of fetuses with classic sex chromosomal aneuploidies are shown in Table 1. We found that 35 (67.3%) fetuses with classic Turner syndrome had their growth arrested. Two cases of classic Klinefelter syndrome also had their growth arrested. However, other sex chromosomal aneuploidies did not affect the early growth of the embryos. Moreover, five cases of classic Turner syndrome were with nuchal translucency (NT) thickening, three cases of classic Turner syndrome were with congenital heart disease, and three cases of classic Turner syndrome were with lymphocystoma. Also, 11 (52.4%) cases of classic triple X syndrome, 25 (71.4%) cases of classic Klinefelter syndrome, and 10 (71.4%) cases of classic XYY syndrome were previously detected with a high NIPT risk of sex chromosomal abnormalities.
TABLE 1 | Clinical phenotypes of fetuses with classic sex chromosomal aneuploidies.
[image: Table 1]In contrast with triple X syndrome, Klinefelter syndrome, or XYY syndrome, Turner syndrome had the most mosaic cases. The mosaic CNV values, mosaic percentage, and clinical phenotypes of early fetuses with mosaic Turner syndrome are shown in Table 2. The mosaic CNV values of Turner syndrome ranged from 1.3 to 1.9 and the percentage of the 45, X cell ranged from 10% to 80%. Some embryonic phenotypes of mosaic Turner syndrome were similar to those of classic Turner syndrome, like embryonic growth arrest, NT thickening, and a high NIPT Turner risk (Table 2).
TABLE 2 | CNVs and percentage of mosaic Turner syndrome.
[image: Table 2]X chromosomal deletions/duplications and prenatal diagnosis
Except sex chromosomal aneuploidies, 30 cases of large scales of X chromosomal deletions/duplications were detected in our study, including 15 cases of X chromosomal deletions/duplications in female fetuses and 15 cases of X chromosomal deletions/duplications in male fetuses. Detailed information on the 15 cases of X chromosomal deletions/duplications in female fetuses is shown in Table 3. The X chromosomal deletions/duplications mainly occurred in Xp22.31, Xp22.33, and Xq28 regions. In the female fetuses, five (33.3%) cases were with Xp22.31 deletions, four (26.7%) cases were with Xp22.33 deletions, and two (13.3%) were with Xq28 deletions (Table 3).
TABLE 3 | X chromosomal deletions/duplications in female fetuses.
[image: Table 3]The X chromosomal deletions/duplications in the Xp22.31 region were mostly associated with the STS OMIN gene. Loss of the STS gene was associated with multiple defects, including X-linked ichthyosis. X chromosomal deletions/duplications in the Xp22.33 region were mostly associated with the SHOX OMIN gene. SHOX gene deletion can lead to short stature or Leri–Weill dyschondrosteosis disorder. Deletions/duplications in Xp22.31 and Xp22.33 regions were considered pathogenic CNVs in female fetuses (Table 3).
Detailed information on 15 cases of X chromosomal deletions/duplications in male fetuses is shown in Table 4. Similar to female fetuses, the X chromosomal deletions/duplications in male fetuses also occurred in the Xp22.31 and Xp22.33 regions. We found that nine (60%) cases of male fetuses were with Xp22.31 deletions, three (20%) cases were with Xp22.33 deletions, and one was with Xp22.33 duplication (Table 4). Deletions/duplications in the Xp22.31 and Xp22.33 regions were also associated with STS and SHOX OMIN genes and were considered as pathogenic CNVs in male fetuses (Table 4).
TABLE 4 | X chromosomal deletions/duplications in male fetuses.
[image: Table 4]Parent-of-origins of the X chromosomal deletions/duplications
Origins of the X chromosomal deletions/duplications in female or male fetuses were determined using parental samples. Xp22.2 duplications were found in case 1 female fetuses (Table 3). After chromosomal analysis of the parents of case 1, we found that her mother but not her father shared similar Xp22.2 duplications and suggested that the Xp22.2 duplications in case 1 female fetuses were inherited from her mother (Figure 2A). Moreover, her mother had normal phenotypes and the Xp22.2 duplications in case 1 were defined as probably benign CNVs.
[image: Figure 2]FIGURE 2 | Parent-of-origins of the X chromosomal deletions/duplications in case 1 (A) and case 10 (B) female fetuses.
Xp22.33p22.31 and Xp22.31q28 deletions were found in case 10 female fetuses (Table 3). We found that her parents had no Xp22.33p22.31 or Xp22.31q28 deletions, suggesting that the X chromosomal variations in case 10 were de novo alterations (Figure 2B). Larger scales of Xp22.31q28 deletions influenced 671 OMIN genes, including MID1 and HCCS genes, and this alteration was defined as pathogenic CNVs.
Parent-of-origins of the X chromosomal deletions/duplications were also determined in case 8 and case 15 male fetuses (Table 4). The Xp22.31 deletions in case 8 male fetuses were inherited from his mother (Figure 3A). The case 8 male fetus and his mother shared similar X chromosomal deletions (Figure 3B). Although his mother had normal phenotypes, the Xp22.31 deletions were known pathogenic CNVs. The Xp22.33 duplications in the case 15 male fetus were inherited from his father. His father had normal phenotypes, and the Xp22.33 duplications in case 15 were defined as probably benign CNVs (Figure 3A).
[image: Figure 3]FIGURE 3 | Parent-of-origins of the sex chromosomal deletions/duplications in male fetuses. (A) Pedigree of case 8 and case 15 female fetuses with X chromosomal deletions/duplications. (B) Xp22.31 deletions in the case 8 male fetus and his mother. (C) Pedigree of the case 1 female fetus with X chromosomal deletions/duplications. (D) Yp11.32 deletions in the case 1 male fetus and his father.
Y chromosomal deletions/duplication and prenatal diagnosis
We also detected seven cases of large scales of Y chromosomal deletions/duplications. Detailed information on Y chromosomal deletions/duplications is shown in Table 5, including two cases of Yp11 duplications and five cases of Yq11 deletions. Yq11 included AZFa, AZFb, and AZFc regions. Alterations of these regions were associated with male infertility, and Yq11 deletions/duplications were considered pathogenic CNVs. In the DGV, loss of Yq11.223q11.23 is defined as VOUS.
TABLE 5 | Y chromosomal deletions/duplications in male fetuses.
[image: Table 5]Parent-of-origins of the Y chromosomal deletions/duplications were also determined in case 2. The Yp11.32 deletions in the case 2 male fetus were inherited from his father (Figure 3C). The case 2 male fetus and his father shared similar Y chromosomal deletions (Figure 3D). His father had normal phenotypes, and Yp11.32 deletions in case 2 were defined as probably benign CNVs.
DISCUSSION
Turner syndrome, triple X syndrome, Klinefelter syndrome, and XYY syndrome are the most common abnormal manifestations of sex chromosomes (Nielsen and Wohlert, 1991). In our study, 122 (65.6%) cases out of 186 cases with sex chromosomal abnormalities were classified into those four subtypes. One missing X chromosome in females (Turner syndrome) was associated with severe defects and with the absence of further fetal development in some cases. Also, 35 (67.3%) fetuses with Turner syndrome had their growth arrested. However, most girls with triple X syndrome grow up healthy and have normal sexual development. An extra X chromosome (Klinefelter syndrome) or Y chromosome (XYY syndrome) in male fetuses usually has no severe defects. Those and our results highlighted the different phenotypes of males or females with sex chromosomal abnormalities (Migeon, 2020).
In our study, more than 40% cases were associated with Turner syndrome. Turner syndrome was correlated with the deletion of one entire X chromosome in all embryonic cells (classic Turner syndrome) or in partial of embryonic cells (mosaic Turner syndrome). We identified 52 cases of classic and 21 cases of mosaic Turner syndrome. The mosaic percentage of Turner syndrome was from 10% to 80%. However, the SNP array could not detect the mosaicism as low as 5% (Zheng et al., 2019) and should be detected by whole-exome sequencing or other technologies (Murdock et al., 2017). Moreover, other X chromosomal abnormalities, like isochromosome Xq, isodicentric Xp, ring X chromosome, or large scales of X chromosomal deletions were also associated with Turner syndrome (Gravholt et al., 2017). Three cases with large scales of X chromosomal deletions were found in our study. However, isochromosome Xq, isodicentric Xp, and ring X chromosome were not determined. Those results highlighted the complexity of Turner syndrome and should be further studied.
In our study, 37 cases of large scales of X chromosomal deletions/duplications were detected, including 30 cases of X chromosomal deletions/duplications and 7 cases of Y chromosomal deletions/duplications. The prenatal diagnosis of those variations was difficult. Changes in STS (Zhang et al., 2020; Crane and Paller, 2022) and SHOX (Hirschfeldova et al., 2012; Ogushi et al., 2019) genes were associated with multiple genetic defects, and chromosomal alterations involved in those genes were defined as pathogenic CNVs. Determining the parent-of-origins of the deletions/duplications is critical for the prenatal diagnosis of sex chromosomal abnormalities (Chen et al., 2020). In our study, we detected three cases of X or Y chromosomal deletions/duplications which were inherited from their parents with normal phenotypes and were defined as probably benign CNVs. However, because of the economic pressure and other concerns, most parents refused further testing. Also, 12 cases of sex chromosomal deletions/duplications defined as VOUS could not be further classified.
Overall, using SNP arrays, our results showed a detailed manifestation of sex chromosomal abnormalities in Fujian Province and validated some sex deletions/duplications using parent samples. Our analysis suggested that Xp22.2 duplications, Xp22.33 duplications, and Yp11.32 deletions were probably benign CNVs. However, some cases with mosaic sex chromosomal abnormalities should be further studied using other technologies. Moreover, parent-of-origins of the sex chromosomal abnormalities were critical for prenatal diagnosis and should be used more widely.
DATA AVAILABILITY STATEMENT
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found at https://www.ncbi.nlm.nih.gov/, GSE208389.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Fujian Maternal and Child Health Hospital ethics committee (ID: No. 2020KY113). The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
HW designed the study, performed the data analysis, and wrote the manuscript. YW and BL collected the samples and performed the SNP array. HH revised the manuscript. NL and LX supervised the work.
FUNDING
This work was supported by the Fujian Provincial Health Technology Project (Grant no. 2020GGB018).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Addis, L., Sproviero, W., Thomas, S. V., Caraballo, R. H., Newhouse, S. J., Gomez, K., et al. (2018). Identification of new risk factors for rolandic epilepsy: CNV at Xp22.31 and alterations at cholinergic synapses. J. Med. Genet. 55 (9), 607–616. doi:10.1136/jmedgenet-2018-105319
 Candelo, E., Ramirez-Montano, D., and Pachajoa, H. (2019). Microduplication of Xp22.31 and MECP2 pathogenic variant in a girl with rett syndrome: A case report. Iran. J. Med. Sci. 44 (4), 347–353. doi:10.30476/IJMS.2019.44945
 Chen, M., Wu, W. J., Lee, M. H., Ku, T. H., and Ma, G. C. (2020). Relevance of copy number variation at chromosome X in male fetuses inherited from the mother may Be ascertained by including male relatives from the maternal lineage in addition to trio analyses. Genes (Basel) 11 (9), E979. doi:10.3390/genes11090979
 Colaco, S., and Modi, D. (2018). Genetics of the human Y chromosome and its association with male infertility. Reprod. Biol. Endocrinol. 16 (1), 14. doi:10.1186/s12958-018-0330-5
 Crane, J. S., and Paller, A. S. (2022). “X-linked ichthyosis,” in StatPearls . (Treasure Island (FL)). 
 Deng, C., Cheung, S. W., and Liu, H. (2021). Noninvasive prenatal screening for fetal sex chromosome aneuploidies. Expert Rev. Mol. diagn. 21 (4), 405–415. doi:10.1080/14737159.2021.1911651
 Deng, C., Zhu, Q., Liu, S., Liu, J., Bai, T., Jing, X., et al. (2019). Clinical application of noninvasive prenatal screening for sex chromosome aneuploidies in 50, 301 pregnancies: Initial experience in a Chinese hospital. Sci. Rep. 9 (1), 7767. doi:10.1038/s41598-019-44018-4
 Gravholt, C. H., Andersen, N. H., Conway, G. S., Dekkers, O. M., Geffner, M. E., Klein, K. O., et al. (2017). Clinical practice guidelines for the care of girls and women with turner syndrome: Proceedings from the 2016 cincinnati international turner syndrome meeting. Eur. J. Endocrinol. 177 (3), G1-G70–G70. doi:10.1530/EJE-17-0430
 Gravholt, C. H., Viuff, M. H., Brun, S., Stochholm, K., and Andersen, N. H. (2019). Turner syndrome: Mechanisms and management. Nat. Rev. Endocrinol. 15 (10), 601–614. doi:10.1038/s41574-019-0224-4
 Hirschfeldova, K., Solc, R., Baxova, A., Zapletalova, J., Kebrdlova, V., Gaillyova, R., et al. (2012). SHOX gene defects and selected dysmorphic signs in patients of idiopathic short stature and Leri-Weill dyschondrosteosis. Gene 491 (2), 123–127. doi:10.1016/j.gene.2011.10.011
 Leggett, V., Jacobs, P., Nation, K., Scerif, G., and Bishop, D. V. (2010). Neurocognitive outcomes of individuals with a sex chromosome trisomy: XXX, XYY, or XXY: A systematic review. Dev. Med. Child. Neurol. 52 (2), 119–129. doi:10.1111/j.1469-8749.2009.03545.x
 Lei, Y., and Dong, M. (2019). Association of maternal age with fetal sex chromosome aneuploidies. Zhejiang Da Xue Xue Bao Yi Xue Ban. 48 (4), 409–413. doi:10.3785/j.issn.1008-9292.2019.08.10
 Li, H., Mao, Y., and Jin, J. (2021). The correlation between maternal age and fetal sex chromosome aneuploidies: A 8-year single institution experience in China. Mol. Cytogenet. 14 (1), 25. doi:10.1186/s13039-021-00545-2
 Liao, J., Luo, K., Cheng, D., Xie, P., Tan, Y., Hu, L., et al. (2021). Reproductive outcomes after preimplantation genetic testing in mosaic turner syndrome: A retrospective cohort study of 100 cycles. J. Assist. Reprod. Genet. 38 (5), 1247–1253. doi:10.1007/s10815-021-02127-y
 Ma, N., Xi, H., Chen, J., Peng, Y., Jia, Z., Yang, S., et al. (2021). Integrated CNV-seq, karyotyping and SNP-array analyses for effective prenatal diagnosis of chromosomal mosaicism. BMC Med. Genomics 14 (1), 56. doi:10.1186/s12920-021-00899-x
 Migeon, B. R. (2020). X-Linked diseases: Susceptible females. Genet. Med. 22 (7), 1156–1174. doi:10.1038/s41436-020-0779-4
 Murdock, D. R., Donovan, F. X., Chandrasekharappa, S. C., Banks, N., Bondy, C., Muenke, M., et al. (2017). Whole-exome sequencing for diagnosis of turner syndrome: Toward next-generation sequencing and newborn screening. J. Clin. Endocrinol. Metab. 102 (5), 1529–1537. doi:10.1210/jc.2016-3414
 Nielsen, J., and Wohlert, M. (1991). Chromosome abnormalities found among 34, 910 newborn children: Results from a 13-year incidence study in arhus, Denmark. Hum. Genet. 87 (1), 81–83. doi:10.1007/BF01213097
 Ogushi, K., Muroya, K., Shima, H., Jinno, T., Miyado, M., and Fukami, M. (2019). SHOX far-downstream copy-number variations involving cis-regulatory nucleotide variants in two sisters with Leri-Weill dyschondrosteosis. Am. J. Med. Genet. A 179 (9), 1778–1782. doi:10.1002/ajmg.a.61275
 Samango-Sprouse, C., Banjevic, M., Ryan, A., Sigurjonsson, S., Zimmermann, B., Hill, M., et al. (2013). SNP-based non-invasive prenatal testing detects sex chromosome aneuploidies with high accuracy. Prenat. Diagn. 33 (7), 643–649. doi:10.1002/pd.4159
 Shi, Y., Li, X., Ju, D., Li, Y., Zhang, X., and Zhang, Y. (2021). Efficiency of noninvasive prenatal testing for sex chromosome aneuploidies. Gynecol. Obstet. Invest. 86 (4), 379–387. doi:10.1159/000518002
 Zhang, L., Ren, M., Song, G., Zhang, Y., Liu, X., Zhang, X., et al. (2018). Prenatal diagnosis of sex chromosomal inversion, translocation and deletion. Mol. Med. Rep. 17 (2), 2811–2816. doi:10.3892/mmr.2017.8198
 Zhang, M., Huang, H., Lin, N., He, S., An, G., Wang, Y., et al. (2020). X-linked ichthyosis: Molecular findings in four pedigrees with inconspicuous clinical manifestations. J. Clin. Lab. Anal. 34 (5), e23201. doi:10.1002/jcla.23201
 Zheng, J., Yang, X., Lu, H., Guan, Y., Yang, F., Xu, M., et al. (2019). Prenatal diagnosis of sex chromosome mosaicism with two marker chromosomes in three cell lines and a review of the literature. Mol. Med. Rep. 19 (3), 1791–1796. doi:10.3892/mmr.2018.9798
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Wang, Liang, Wang, Huang, Lin and Xu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fgene-13-997757-t002.jpg
Case

oatlin coliie. B R ol ol o

CNV value

Undetermined
Undetermined
13

18

12

13

13

19

17

17

15

17

18

18

14

1.86

182

177
1.68
15

45, X cell (%)

10
30
70
20
80
70
70
30
30
30
50
30
20
20
60
14
18
30
23
32
50

Ultrasound/NIPT

Embryonic growth arrest
Embryonic growth arrest
Embryonic growth arrest
Embryonic growth arrest
NT thickening

Embryonic growth arrest
Embryonic growth arrest
Non-structural abnormalities
NIPT high Turner risk

Fetal echogenic bowel

NIPT high Turner risk
NIPT high Turner risk
Hydronephrosis

NIPT high Turner risk
NIPT high Turner risk
NIPT high Turner risk
NIPT high Turner risk
Non-structural abnormalities
NIPT high Turner risk
NIPT high Turner risk

Non-structural abnormalities





OPS/images/fgene-13-997757-t003.jpg
el B R T Rl

Regions
(starts-ends)

Xp22.2 (9,505,232-10,476,941)
Xp22.31 (6,449,836-8,143,509)
Xp22.31 (6,449,558-8,141,076)
Xp22.31 (6,449,558-8,141,076)
Xp22.31 (6,835,778-7834,078)
Xp22.31 (6,449,558-8,141,076)
Xp22.33 (168,551-2,958,480)
Xp22.33pl1.1 (168,551-58,527,155)
Xp11.1q28 (61,882,314-155,233,098)
Xp22.33p21.3 (168,551-26,023,162)
Xp21.3q28 (26,031,561-155,233,098)
Xp22.33p22.31 (168,551-8,881,475)
Xp22.31q28 (8,931,445-155,233,098)
Xp22.33p22.32 (168,551-4,422,774)
Xq12 (67,210,899-67,626,475)
Xq24q25 (118,395,148-125,416,121)
Xq28 (154,120,632-154,564,050)
Xq28 (147,550,751-155,233,098)

CNV

13

1.87
1.40

14

Size (Mb)

0972
16
1.69
1.69
0.998
1.69
279
58.4
934
258
1292
87
146.3
42
0416

0443
7.68

Number and
representative OMIM
gene

5 (MIDI)

8 (STS)

6 (STS)

6(STS)

3(STS)

5(STS)

29 (SHOX and ARSE)
300 (SHOX and ARSE)
411 (MECP2 and PLPI)
118 (SHOX and STS)
628 (ARX and DMD)
40 (SHOX)

671 (MIDI and HCCS)
31 (SHOX)

1 (OPHNI)

38 (UBE2A, LAMP2, and UPF3B)
6 (F8)

107 (F8)

Prenatal diagnosis

Probably benign
vous

vous

vous

vous

vous
Pathogenic
Pathogenic

Pathogenic (likely mosaic Turner)
Pathogenic (likely mosaic Turner)

Pathogenic
vous
vous
vous
Pathogenic





OPS/images/fgene-13-997757-g003.gif





OPS/images/fgene-13-997757-t001.jpg
Ultrasound

Embryonic growth arrest
NT thickening
Congenital heart disease
Lymphocystoma

Fetal growth restriction

Choroid plexus cysts

Classic Turner syndrome
(N =52)

35

5
3
5
0

Classic triple X
syndrome (N = 21)

Classic Klinefelter syndrome
(N =35)

Classic XYY syndrome (N =
14)

o o o





OPS/images/fgene-13-997757-t004.jpg
Case

Region (starts-ends)

Xp21.1 (31,987,021-32,181,659)
XPp22.12 (20,220,457-20718,134)
Xp22.31 (6,455,361-8,135,568)
Xp22.31 (6,449,836-8,141,076)
Xp22.31 (6,449,836-8,141,076)
Xp22.31 (6,715,163-7,918,931)
Xp22.31 (6,449,836-8,141,076)
Xp22.31 (6,683,449-7,814,664)
Xp22.31 (6455,151-8135,568)
Xp22.31 (6,455,151-8135,568)
Xp22.31 (6,455,151-8135,568)
Xp22.33 (168,552-1234,634)
Xp22.33 (168,551-629,999)
Xp22.33 (387,396-629,998
Xp22.33p22.32 (2,372,667-5,718,525)

CNV

N oo ooooooooo o wn o

Size (;

0.195
0.498
16
1.69
1.69
12
1.69
113
1.68
1.68
1.68
L1
0.461
0.243
33

Number and
representative OMIM
gene

1 (DMD)
1 (RPS6KA3)
5(STS)

6 (STS)

6 (STS)
4(STS)

5 (STS)
3(STS)
4(STS)
4(STS)
4(STS)

5 (SHOX)
5 (SHOX)
1 (SHOX)
11 (ARSE)

Prenatal diagnosis

vous
vous
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Probably benign





OPS/images/fgene-13-997757-t005.jpg
Case

b R <

Region (starts-ends)

Ypl1.31q11.221 (485,572-18,016,216)
Yp11.32 (803,294-1,519,822
Yq11.1q11.23 (13,134,517-28,799,654)
Yq11.221 (16,189,079-28,799,654)
Yq11.222q11.2 (20,094,029-28,398,950)
Yq11.223q11.23 (24,741,034-2,8,372,003)
Yq11.223q11.23 (25,863,808-27,609,692)

CNV

oo oo on

Size (Mb)

174
0717
156

Number and
representative OMIM
gene

36 (SRY and AZFa)

8 (CSF2RA)

29 (AZFa, AZFb, and AZFc)
32 (AZFb and AZFc)

21 (AZFb and AZFo)

10 (AZFc)

6 (AZFc)

Prenatal diagnosis

Pathogenic
Probably benign
Pathogenic
Pathogenic
Pathogenic
vous

Vous





OPS/xhtml/nav.xhtml
Contents

		Cover

		Retrospective analysis of the sex chromosomal copy number variations in 186 fetuses using single nucleotide polymorphism arrays		Introduction

		Materials and methods		Clinical patients

		Chromosomal microarray analysis

		Prenatal diagnosis





		Results		General sex chromosomal abnormalities in our study

		Clinical phenotypes of fetuses with sex chromosomal abnormalities

		X chromosomal deletions/duplications and prenatal diagnosis

		Parent-of-origins of the X chromosomal deletions/duplications

		Y chromosomal deletions/duplication and prenatal diagnosis





		Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Genetics

Retrospective analysis of the sex
chromosomal copy number
variations in 186 fetuses using
single nucleotide polymorphism
arrays





OPS/images/fgene-13-997757-g001.gif





OPS/images/fgene-13-997757-g002.gif
re2mnon

e e










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





