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Abstract: Objective To investigate the epidemiological

EEWA : HEE LA (2021YFC1005303) 5 42 A B AHIFI A characteristics and mutation spectrum of monogenic
HHRA: F LR (231S217) diseases in Chinese population through a large-scale,
YEE I % 5, A58, E-mail: houwei75@126.com; fF 5wk, multicenter carrier screening. Methods This study was
TE B0+ 5% 4E |, E-mail: fuliner89@163.com; it i i , 3296 EE Vil , E- conducted among a total of 33 104 participants (16 610
mail: x11505764@126.com. 5% £ ASHBEsk % LR o — 1% females) from 12 clinical centers across China. Carrier
BIEEE Kl , B F(TEEI0, E-mail: zhangmanli@301hospital.com.cn; status for 223 genes was analyzed using high-throughput
B 45 BFFE 5, B-mail: xiaorui@biosan.cn; 15 25 ., 82 , - S0, sequencing and different PCR methods. Results The
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autosomal genes and 1.84% for 26 X-linked genes in these participants. Among the 16 669 families, 874 at-risk couples (5.24%)
were identified. Specifically, 584 couples (3.50%) were at risk for autosomal genes, 306 (1.84%) for X-linked genes, and 16 for
both autosomal and X-linked genes. The most frequently detected autosomal at-risk genes included GJB2 (autosomal recessive
deafness type 1A, 393 couples), HBA1/HBA2 (a-thalassemia, 36 couples), PAH (phenylketonuria, 14 couples), and SMN1 (spinal
muscular atrophy, 14 couples). The most frequently detected X-linked at-risk genes were G6PD (G6PD deficiency, 236 couples),
DMD (Duchenne muscular dystrophy, 23 couples), and FMR1 (fragile X syndrome, 17 couples). After excluding GJB2 c.109G>A,
the detection rate of at-risk couples was 3.91% (651/16 669), which was lowered to 1.72% (287/16 669) after further excluding
G6PD. The theoretical incidence rate of severe monogenic birth defects was approximately 4.35%o (72.5/16 669). Screening for a
battery of the top 22 most frequent genes in the at-risk couples could detect over 95% of at-risk couples, while screening for the
top 54 genes further increased the detection rate to over 99%. Conclusion This study reveals the carrier frequencies of 223
monogenic genetic disorders in the Chinese population and provides evidence for carrier screening strategy development and
panel design tailored to the Chinese population. In carrier testing, genetic counseling for specific genes or gene variants can be
challenging, and the couples need to be informed of these difficulties before testing and provided with options for not screening

these genes or gene variants.
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Tab.1 Genes with carrier frequency greater than 1/200 in the general Chinese population

Gene Carrier frequency* Inheritance Gene Carrier frequency* Inheritance
GJB2 13.44% AR/AD/DD ACADS 0.99% AR
HBAI/HBA?2 3.12% AD TYR 0.98% AR/AD
PAH 2.87% AR HBB 0.96% AR/AD
ATP7B 2.77% AR PKHDI 0.94% AR
SLC26A44 2.65% AR MMUT 0.90% AR
GALC 2.52% AR CYP2741 0.86% AR
CYP2142 2.09% AR ABCGS 0.71% AR
POLG 2.06% AR/AD CAPN3 0.70% AR/AD
SMN1 1.87% AR ETFDH 0.69% AR
USH24 1.85% AR CFTR 0.66% AR/AD
SLC2245 1.77% AR PTS 0.66% AR
MMACHC 1.76% AR MCPH]I 0.64% AR
SLC25413 1.75% AR ALPL 0.64% AR/AD
G6PD 1.45% XL G6PC1 0.63% AR
GAA 1.15% AR CEP290 0.56% AR
ACADSB 1.07% AR AGXT 0.53% AR
UGTIAI 1.03% AR/AD
* Only P/LP variants are considered.
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Fig.1 Flow chart of family sample submissions and screening approaches in this study.
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Tab.2 Distribution of genes detected in at-risk couples for monogenic diseases

Gene At-Risk couples* Inheritance Gene At-Risk couples* Inheritance
GJB2 393 AR/AD/DD ACADS 2 AR
G6PD 236 XL HBB 2 AR/AD
HBAI/HBA2 36 AD CAPN3 2 AR/AD
DMD 23 XL/XLR CFTR 2 AR/AD
FMRI1 17 XL/XLD ALPL 2 AR/AD
PAH 14 AR CEP290 2 AR
SMN1 14 AR ACADM 2 AR
SLC26A44 12 AR NPHS1 2 AR
CYP21A2 11 AR FANCA 2 AR
MMACHC 10 AR ABCD1 1 XLR
GLA 9 XL CYP2741 1 AR
POLG 9 AR/AD orC 1 XL
ATP7B 8 AR F9 1 XLR
F8 7 XLR RS1 1 XLR
UGTIAI 7 AR/AD COL445 1 XLD
GALC 6 AR OCRL 1 XLR
SLC2245 6 AR PTS 1 AR
SLC25413 6 AR PRFI 1 AR
MMUT 6 AR SLC2642 1 AR
USH24 5 AR CC2D24 1 AR
AFF2 4 XLR GCDH 1 AR
PKHDI 4 AR TH 1 AR
GAA 3 AR GBAl 1 AR
ABCGS 3 AR EVC2 1 AR/AD
ETFDH 3 AR ALDOB 1 AR
PMM?2 3 AR NPCI 1 AR
MTM1 2 XLR AHII 1 AR
ACADSB 2 AR GLBI 1 AR
CYBB 2 XLR

* Only P/LP variants are considered.
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Tab.3 Top 40 most frequently detected variants in the general population

Gene Location c.change p.change Counts  Proportion in mutation spectrum
GJB2 chr13:20763612 c.109G>A p.V371 3469 77.99%
GALC chr14:88406259 c.1901T>C p.L634S 701 83.85%
POLG chr15:89864088 c.2890C>T p.R964C 631 92.52%
GJB2 chr13:20763485 c.235del p.L79Cfs 628 14.12%
SMN1 SMN1-E7-DEL exon7del - 620 100.00%
HBAI/HBA2 HBA1 _HBA2-3.7-DEL - - 547 52.90%
SLC26A44 chr7:107323898 c.919-2A>G - 385 43.80%
SLC2245 chr5:131728257 c.1400C>G p.S467C 324 55.20%
HBAI/HBA2 ~ HBA1_HBA2-SEA-DEL - - 290 28.05%
SLC25413 chr7:95818683 c.852_855del p-M285Pfs 274 47.32%
UGTIAI chr2:234681059 c.1456T>G p.Y486D 271 79.24%
USH2A4 chr1:216419934 ¢.2802T>G p.C934W 260 42.48%
ATP7B chr13:52532469 ¢.2333G>T p.R778L 209 22.82%
CYP21A2 chr6:32007887 c.844G>T p.V282L 202 29.23%
MCPHI chr8:6338233 c.1974-2A>G - 165 77.46%
PKHD1 chr6:51910887 ¢.2507T>C p.V836A 159 50.96%
MMACHC chr1:45974647 ¢.609G>A p-W203X 157 26.98%
GAA chr17:78081415 c.[752C>T;761C>T]  p.[S251L;S254L] 154 40.42%
GJB2 chr13:20763420 ¢.299_300del p.HI00Rfs 148 3.33%
CYP21A2 chr6:32006858 ¢.293-13C>G - 148 21.42%
ATP7B chr13:52516618 c.3316G>A p.V11061 142 15.50%
CAPN3 chr15:42702630 c.2120A>G p.D707G 140 60.09%
ACADS chr12:121176944 c.1031A>G p.E344G 113 34.66%
GNE chr9:36246117 c.527A>T p.D176V 112 79.43%
ACADSB chr10:124800869 c.655G>A p.V219M 105 29.66%
SLC25413 SLC25A13-1VS16ins3kb IVS16ins3kb p.A584Vfs 101 17.44%
CYP2142 chr6:32007203 c.518T>A pI173N 100 14.47%
G6PCI chr17:41059645 c.446G>A p.R149Q 96 46.38%
SLC26A44 chr7:107350577 c.2168A>G p.H723R 95 10.81%
ABCGS chr2:44050063 c.1336C>T p.R446X 93 39.74%
PAH chr12:103246707 c.728G>A p-R243Q 89 9.34%
HBB chr11:5247153 ¢.316-197C>T - 87 27.53%
PRF1 chr10:72360156 c.503G>A p-S168N 87 54.72%
ACADSB chr10:124812613 c.1165A>G p-M389V 83 23.45%
PAH chr12:103249104 c.516G>T p.Q172H 83 8.71%
ETFDH chr4:159616734 c.770A>G p.Y257C 82 35.81%
AGXT chr2:241808314 c.32C>G p.P11R 82 46.59%
HBAI/HBA2 HBA2-4.2-DEL - - 81 7.83%
ABCGS chr2:44051210 c.1166G>A p.R389H 78 33.33%
GALT chr9:34648988 c.821-7A>G - 78 69.03%
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