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Background: Paternal uniparental disomy (UPD) of chromosome 7 is extremely rare, and only a few postnatal cases have been reported. The effects on growth were discordant in these cases, and the relevance of paternal UPD(7) to growth caused by imprinting remains questionable.
Case presentation: Here, we report a prenatal case that underwent invasive prenatal diagnosis due to the high risk of Down’s syndrome and failed noninvasive prenatal screening. The fetus had a normal karyotype and no apparent copy number variation. Homozygous copy-neutral regions on chromosome 7 were identified using a single nucleotide polymorphism (SNP) array; the data for the parent–child trios showed that the fetus carried the whole paternal isodisomy of chromosome 7. Whole exome and Sanger sequencing revealed a homozygous frameshift mutation in SUGCT at 7p14.1, from the heterozygous carrier father, with no contribution from the mother. The parents decided to continue with the pregnancy after genetic counseling, and the neonate had normal physical findings at birth and showed overweight after birth during a long-term intensive follow-up.
Conclusion: We report the first prenatal case who carried paternal UPD(7) and homozygous SUGCT mutation with an overweight phenotype after birth. The overweight may be caused by paternal UPD(7) or homozygous frameshift mutation of SUGCT, or both of them, but it is unclear which contributes more.
Keywords: paternal uniparental disomy, prenatal diagnosis, SUGCT, overweight, invasive prenatal diagnosis, case report
1 INTRODUCTION
Uniparental disomy (UPD) refers to the presence of one or more chromosome pair(s) derived from only one parent in a disomic cell with a balanced karyotype (Liehr, 2014). It can be paternally or maternally derived; it may affect the whole genome, a chromosome, or a part of it. Heterodisomy (hetUPD) is the inheritance of two homologous but genetically different chromosomes from one parent. Inheritance of two identical copies of a single homolog is termed isodisomy (isoUPD). There are fewer isoUPD cases than hetUPD cases, and the number of paternal-origin UPD cases is one-third that of maternal-origin UPD cases (Benn, 2021). In maternal UPD, isoUPD is less common than hetUPD, while in paternal UPD, the frequencies of both conditions are almost equal (Benn, 2021). The incidence of single whole-chromosome UPDs is non-random, and chromosomal size is not related to UPD formation. The results from four million population screens indicated that the most frequent UPDs involve chromosomes 1, 4, 16, 21, 22, and X, with whole-chromosome UPD occurring in 1/2000 births and double UPDs (two chromosomes at the same time) occurring at a rate of approximately 1 in 50,000 births (Nakka et al., 2019). The incidence of UPD was substantial higher in individuals with abnormal phenotypes. (Yauy et al., 2020; Scuffins et al., 2021).
An abnormal UPD phenotype can result from the unmasking of a recessive disease caused by a pathogenic variant carried by only one parent or from aberrant imprinting. Currently, maternal-origin UPD involves chromosomes 7, 11, 14, 15, and 20, whereas paternal-origin UPD involves chromosomes 6, 11, 14, 15, and 20, which cause imprinting abnormalities (Del Gaudio et al., 2020). Genomic imprinting influences growth, behavior, and viability (Benn, 2021). Growth disturbances are the most common manifestation; paternal UPDs often enhance growth, whereas many maternal UPDs cause growth restrictions (Reik and Walter, 2001). Maternal UPD(7) results in Silver-Russell syndrome (SRS), a growth-restricted syndrome. It is characterized by prenatal and postnatal growth retardation, relative macrocephaly, body asymmetry, feeding difficulties, and a prominent forehead (Azzi et al., 2015). In contrast, the clinical manifestations of paternal UPD(7) remain unclear; only ten postnatal cases with normal karyotypes have been reported (Liehr, 2023). This includes two patients with no available phenotype. Therefore, the relevance of imprinting disorders caused by paternal UPD(7) to the overgrowth or overweight phenotype remains unknown, and more evidence is needed. Here, we report the first prenatal case of paternal isoUPD(7) leading to a homozygous frameshift mutation in SUGCT, identified using multiple diagnostic techniques. The fetus showed normal ultrasonographic features throughout the gestation period. The parents decided to continue the pregnancy after genetic counseling, and the neonate showed overweight after birth in a long-term, intensive follow-up.
2 CASE PRESENTATION
A 32-year-old healthy woman (gravida 3, biochemical pregnancy 2, para 0) underwent amniocentesis at 21 weeks of gestation because of an adverse pregnancy history, a high risk of Down’s syndrome in early pregnancy (T21 1:150), and two failed non-invasive prenatal screenings (NIPS). G-banding karyotype analysis (320 bands) was performed on the cultured amniocytes. Whole-genome single nucleotide polymorphism (SNP) arrays, whole exome sequencing (WES), and Sanger sequencing of uncultured amniocytes were performed. Karyotype analysis of cultured amniocytes revealed a normal karyotype of 46,XY. Evaluating uncultured amniocytes using an Affymetrix CytoScan 750 K SNP array did not detect pathogenic copy number variants and revealed regions of homozygosity on chromosome 7 (Figures 1A, B). The SNP microarray data of parent-child trios showed that the fetus had complete paternal isoUPD(7), as observed using the Chromosome Analysis Suite (ChAS) software (Figure 1C) and UPDtool (Figure 1D). After genetic counseling, we performed WES on the uncultured amniocytes. The Novaseq6000 platform (Illumina, San Diego, United States), with the 150 bp pair-end sequencing mode was used to sequence the genomic DNA of the family. Sequencing reads were aligned to the human reference genome (hg38/GRCh38) using the Burrows-Wheeler Aligner tool. A homozygous frameshift variant (c.286del:p.V96Lfs*28) of SUGCT in exon four was detected on chromosome 7p14.1. We verified this result using Sanger sequencing; the mutation was inherited only from the father, who was heterozygous for this mutation (Figure 2). The parents decided to continue with the pregnancy after genetic counseling, and the fetus presented no structural deformity during the whole pregnancy; the indicators were consistent with the gestational age when measured using ultrasound. At 39 weeks and 2 days of gestation, a male infant was delivered naturally and had normal physical findings, with an Apgar score of 9 at 1 min after birth. The baby underwent physical examination six times from birth to 24 months of age. The length and weight were 51 cm and 3.75 kg at birth, 62.2 cm and 8.0 kg at 3 months, 68.5 cm and 13.0 kg at 6 months, 78.5 cm and 15.0 kg at 14 months, 84.0 cm and 17.0 kg at 19 months, 88.5 cm and 18.5 kg at 24 months, respectively. The length and head circumference (data not shown) were within the normal range while weight was over 3SD from 6 months of age (Figure 3). The family history was unremarkable, and the parents did not have a history of overweight in childhood. Now, aged 2 years, the cognitive, motor and language development of the baby is within average levels. In addition, we evaluated 74 inherited metabolic indicators (including glutaric acid) in blood of the newborn using tandem mass spectrometry; all indicators were within the reference range of our laboratory. At 24 months, urine organic acids were detected using gas chromatography-mass spectrometry, and glutaric acid levels were high (69.47 mmol/mol creatinine, normally less than 8.44).
[image: Figure 1]FIGURE 1 | Whole paternal isodisomy (isoUPD) of chromosome 7. (A) ChAS revealed a complete regions of homozygosity (ROH) across the whole chromosome (purple rectangle, blue arrow). (B) A whole chromosome view clearly shows the copy-neutral ROH on chromosome 7 in the proband (red arrow). (C) ChAS software directly indicates that the UPD originated from his father after comparing the genotyping results between the proband and his parents (red arrows). (D) Classification of UPD using the UPDtool showed the proband was whole paternal isoUPD. FracHom (blue line) is the fraction of homozygous SNPs, FracME (red line) is the fraction of mendelian error SNPs, FracldentFather (green line) is the fraction of SNPs where the genotype is identical to the father, FracldentMother (black line) is the fraction of SNPs where the genotype is identical to the mother, and FracError (yellow line) is the fraction of errors. The UPDtool is available at: (http://www.unituebingen.de/uni/thk/de/f-genomik-software.html).
[image: Figure 2]FIGURE 2 | Pedigree of the family and the Sanger sequencing data. (A) Family pedigree. The arrows indicate the proband. (B) Sanger sequencing showed a homozygous frameshift mutation on SUGCT (c.286delC) in the proband, while the father is heterozygous and his mother is normal.
[image: Figure 3]FIGURE 3 | The weight curve of the proband. (A) The trend of increasing weight with age of the proband. (B) The trend of increasing weight with length of the proband, according to the industry standard of the People’s Republic of China (WS/T 423-2022), from birth to age 24 months.
3 DISCUSSION
UPD is a copy-neutral chromosomal variation; however, approximately 65% of the comprehensively-studied UPD cases present with a normal karyotype (Liehr, 2014). This could be attributed to an initial chromosomal imbalance, that is, later corrected to a normal karyotype. Initial meiotic segregation error is a common event that contributes to UPD, and the incidence of meiotic nondisjunction increases with advanced maternal age, independent of paternal age (Nakka et al., 2019). Non-disjunction results in the germ cell harboring disomy or nullisomy, instead of being haploid. In the case of whole chromosomal UPD, there are three primary mechanisms of self-correction (Kotzot, 2008; Conlin et al., 2010; Liehr, 2010): 1) trisomic rescue, in which a normal oocyte (sperm) is combined with a diploid sperm (oocyte) and the supernumerary maternal (paternal) chromosomes in the trisomic zygote are eliminated to restore the normal chromosomal number; 2) monosomic rescue, where the fertilization is between a normal sperm (oocyte) and a nullisomic oocyte (sperm), and subsequent the paternally (maternally)-derived chromosome is amplified; and 3) gamete complementation, where fertilization occurs between a disomic sperm (oocyte) and a nullisomic oocyte (sperm). Trisomic rescue is the main mechanism involved in at least 19% of the reported UPD cases (Liehr, 2014). However, isoUPD has a high correlation with paternal UPD, which in many cases may be due to monosomy rescue (Papenhausen et al., 2011). In this case, both parents were young (mother, 32 years; father, 33 years). Meiotic segregation errors are more likely to occur in the oocytes of women; therefore, paternal isoUPD(7) most likely arises from an anucleate oocyte fertilized by a normal sperm that subsequently duplicates its paternally-derived chromosome.
UPD is closely associated with imprinting disorders. Imprinting is an epigenetic process that results in one allele being silenced, with only one remaining active. In the case of the exclusive presence of paternal or maternal imprinted allele(s), a corresponding syndrome could appear (Prawitt and Haff, 2020). For chromosome 7, maternal UPD(7) results in SRS and is present in 7%–10% of cases (Saal et al., 1993). Several clinical features are characteristic of SRS; the most common is slow growth before and after birth. Babies with this condition have a low birth weight and often fail to grow or gain weight at the expected rate (Eggermann, 2010). There are two separate regions on chromosome 7 (7p11.2-p13 and 7q31-qter) with imprinted genes involved in growth disorders (Butler, 2020). MEST, PEG10, CPA4, COPG2, and two imprinted non-coding RNAs (MESTIT1 and COPG2IT1) show a pattern of paternal expression, and they are involved in human growth stimulation. GRB10 is involved in human growth suppression and is expressed from paternal and maternal alleles in a highly tissue- and isoform-specific manner (Blagitko et al., 2000). It is possible that maternal UPD(7) manifests characteristics of SRS and growth retardation in the presence of two functional maternal copies instead of a normal copy and/or lack of paternally-expressed growth promoter genes (e.g., MEST/PEG10) (Butler, 2020).
The clinical manifestations of maternal UPD(7) are definite, whereas those of paternal UPD(7) remain unclear because only 13 cases of paternal UPD(7) have been reported (Table 1). Among the complete collection of known paternal UPD(7) cases, there were three with an abnormal karyotype and 10 with the normal karyotype including two individuals without phenotypic information in a methylation profiling study (Table 1; Case 4–5). Among the 3 cases of paternal UPD(7) with an abnormal karyotype, 2 had growth retardation associated with maternal isoUPD(7q) (Table 1; Case 1–2) and 1 died 2 h after birth without detailed growth-related information (Table 1; Case 3). Among these, eight cases had a normal karyotype with available phenotypes, five had cystic fibrosis caused by recessive mutation in CFTR on 7q31.2, including four patients with normal growth (Table 1; Case 6–9), and one patient with postnatal overweight (Table 1; Case 10). In the remaining three cases, one patient had congenital chloride diarrhea caused by the recessive mutation in SLC26A3 on 7q31.1 with normal growth (Table 1; Case 11), one patient was a 5-year-old Japanese boy with an unexplained overgrowth phenotype (Table 1; Case 12), and one had double UPDs; the baby boy exhibited features indicative of Beckwith-Wiedemann syndrome (BWS) spectrum with overgrowth (Table 1; Case 13). In summary, paternal UPD(7) did not affect normal growth in five cases, while three reports suggested paternal UPD(7) have an effect on growth.
TABLE 1 | Summary of cases with paternal UPD(7).
[image: Table 1]The potential genes of chromosome 7 involved in promoting growth are GRB10, PEG10, and MEST. In the cases of overgrowth described above, the boy (Table 1; Case 13) with double UPDs (double paternal isoUPD(7) and isoUPD(15)) showed features of BWS spectrum with overgrowth (height was +2.4 SD and weight +4.0 SD at 10 months of age), placentomegaly, hyperinsulinism, enlarged viscera, hemangiomas, and earlobe creases (Berland et al., 2021). DNA, RNA, and methylation analyses showed that several genes in the gene sets associated with growth were upregulated, and PEG10 (7q21.3) was the only paternally-expressed gene on these chromosomes that was upregulated more than twice (6 fold). High levels of PEG10 could exert growth-promoting effects. Hypomethylation of paternal GRB10, PEG10, and MEST was detected in another 5-year-old Japanese boy (Table 1; Case 12) with paternal UPD(7) and overgrowth (height> 3SD, weight> 2SD), indicating that GRB10, PEG10, and MEST could present a dose-superimposed effect to promote growth (Nakamura et al., 2018). In our case, the baby was overweight (>3SD) after birth from 6 months old. Abnormal methylation of the imprinted growth-related gene(s) on paternal chromosome 7 could be involved in this phenotype. However, the influence of imprinting is not limited to individual regulatory elements, but can extend across entire chromosomal domains (Joshi et al., 2016). This may explain why our case, as well as the another (Table 1; Case 10), only showed an increase in weight.
SUGCT encodes glutarate-CoA transferase with 434-amino acid. The c.286del:p.V96Lfs*28 variant in SUGCT would change the open reading frame of the gene and lead a premature stop codon at amino acid position 124. Loss-of-function mutations in the SUGCT gene is associated with glutaric aciduria III (GA3). GA3 is caused by glutarate-CoA transferase deficiency, which decreases the conversion of free glutaric acid to glutaryl-CoA and the isolated accumulation of glutaric acid (Marlaire et al., 2014). This matches the genotype, as the glutaric acid level in our patient was 8.2× higher than the normal upper limit in urine organic acid analysis. GA3 is generally considered a likely “non-disease”, as only few cases with GA3 have been described, and these individuals show asymptomatic or have no single consistent clinical presentation evident. The reported phenotypes have gastrointestinal disturbances, cyclic vomiting, abnormality of brain, etc., but no overweight/obesity (Waters et al., 2018; Dorum et al., 2020; Demir et al., 2023). However, the knockout of SUGCT in mouse leads to gut microbiota dysbiosis, metabolic changes, body fat accumulation, and an obesity-related phenotype (Niska-Blakie et al., 2020). Therefore, there is currently insufficient evidence to define whether GA3 causes overweight/obesity.
In conclusion, this is the first prenatal case of paternal isoUPD(7) and SUGCT mutation with overweight after birth. The overweight may be caused by paternal UPD(7) or homozygous frameshift mutation of SUGCT, or maybe both, but it is unclear which contributes more. Further studies are needed to determine the degree of methylation in the imprinted region or function of SUGCT for identifying the cause of overweight.
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