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RAPID COMMUNICATION
Population-based screening of CYP17A1
Y329fs mutation carriers in the Han
Chinese population
17ɑ-hydroxylase/17,20-lyase deficiency (17OHD) was
caused by mutations in the CYP17A1 gene. It was a rare
form of congenital adrenal hyperplasia with an estimated
incidence of about 1:50,000. The clinical manifestation of
17OHD includes hypertension and hypokalemia due to
excessive synthesis of mineralocorticoid precursors,
undermasculinized external genitalia in 46, XY males, and
primary amenorrhea in 46, XX females.

In the Chinese population, 17OHD is the second common
subtype of congenital adrenal hyperplasia after 21OHD. The
CYP17A1-Y329fs mutation caused the truncation of
CYP17A1 protein to a 418 amino acid fragment. In vivo
analysis indicated that this mutation abolished both 17a-
hydroxylase and 17,20-lyase activity. According to previous
studies, Y329fs mutation of CYP17A1 gene was unique for
East Asia countries. In addition, decreased adrenal 17a-
hydroxylase activity and altered adrenal gland reserve for
steroid biosynthesis were revealed in the genotype-proven
carriers of the CYP17A1-Y329fs mutation.1 So, it was
necessary to perform carrier screening of CYP17A1-Y329fs
mutation in the Chinese population.

In this study, we intended to investigate the incidence of
CYP17A1-Y329fs mutation in China as well as in other places
of the world. According to the incidence of this mutation in
the population of different regions of China, the migration
of the mutation was also inferred from the PGG.Han
database.

Fourteen patients with 17OHD and ten carriers with het-
erozygous CYP17A1 gene mutation were recruited for this
study. All the subjects carried Y329fs mutation. Six patients
were homozygous for Y329fs mutation, and eight patients
were heterozygous for Y329fs mutation (Table S1). Cases
1e12 were tested by Infinium Global Screening Array-24 v1.0
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(GSA) BeadChip (Illumina) containing 642,824 markers. Cases
13e24 were tested by Infinium Asian Screening Array-24 v1.0
(ASA) BeadChip containing 659,184 markers. Sixteen single
nucleotide polymorphisms (SNPs) (Table S2) were selected
around the CYP17A1 gene. In cases 1e12, these sixteen SNPs
were acquired by imputation. In cases 13e24, five SNPs were
contained in ASA Beadchip, and the other eleven SNPs were
acquired by imputation.

Our analyses focused on single-nucleotide variants (SNVs)
in 37,998 samples from PGG.Han (The Han Chinese Genome
Database and Analysis Platform; https://www.
hanchinesegenomes.org).2 Information on converging,
Han131, KGP, EGDP, and 1025 was shown in Table S3. In
genetics, all Han samples were further divided into six fine-
scale substructure regions of populations (10,054 Central
China Han (CCH); 3634 Northwest Han (NWH); 928 Northeast
Han (NEH); 2060 Southwest Han (SWH); 17,622 Southeast
Han (SHE); and 3700 South Coast Han (SCH)). Detailed
methods were shown in the supplementary materials &
methods.

Frequencies of sixteen SNPs in EGDP, 1025, and KGP
datasets around the world were shown in Figure 1A. We also
showed the frequencies of sixteen SNPs in six fine-scale
substructure regions of PGG.Han, CONVERGE, and HAN131
datasets around China (Fig. 1B). Allele frequencies of
rs10883783 were the lowest among the different regions in
the world and around China. These sixteen SNPs showed
incomplete linkage in 17OHD cases. However, they were
complete linkage in PGG.Han, CONVERGE, and Han131
datasets (Fig. S1).

Haplotype network analysis is widely used for detecting
the relationships among DNA sequences within a population.
The affected haplotype (AGGGAGATGTCGCCGA) only has
one different nucleotide from haplotype 2, which was the
second-largest haplotype in the Chinese population.
Together with indel mutation (CYP17A1-Y329fs), “A” allele
in the affected haplotype came from haplotype 2 (Fig. 1C).
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rsID WER AFR SAS CAS SEA EAS AMR
rs10883783 0.281 0.105 0.094 0.246 0.261 0.245 0.196
rs284849 0.797 0.986 0.805 0.766 0.891 0.870 0.787
rs17115100 0.899 0.956 0.740 0.833 0.696 0.643 0.787
rs284848 0.797 0.986 0.806 0.776 0.855 0.861 0.782
rs4919686 0.724 0.979 0.933 0.849 0.804 0.847 0.818
rs3740397 0.619 0.825 0.667 0.658 0.529 0.488 0.589
rs1004467 0.898 0.812 0.739 0.811 0.739 0.644 0.778
rs743575 0.722 0.892 0.907 0.761 0.739 0.743 0.804
rs4919687 0.722 0.890 0.907 0.775 0.739 0.754 0.804
rs3781287 0.592 0.677 0.500 0.554 0.478 0.402 0.567
rs3781286 0.616 0.691 0.645 0.582 0.485 0.407 0.581
rs3824755 0.898 0.803 0.739 0.835 0.739 0.655 0.776
rs10786712 0.616 0.691 0.645 0.585 0.485 0.407 0.581
rs6163 0.616 0.675 0.645 0.580 0.485 0.407 0.579
rs6162 0.592 0.680 0.502 0.562 0.471 0.402 0.574
rs743572 0.615 0.677 0.642 0.579 0.485 0.407 0.581

rsID NWH CCH NEH SWH SCH SEH
rs10883783 0.211 0.210 0.211 0.240 0.260 0.220
rs284849 0.861 0.861 0.862 0.869 0.867 0.862
rs17115100 0.649 0.644 0.635 0.644 0.681 0.637
rs284848 0.862 0.861 0.862 0.869 0.867 0.861
rs4919686 0.890 0.898 0.865 0.849 0.817 0.874
rs3740397 0.526 0.526 0.503 0.483 0.493 0.498
rs1004467 0.647 0.642 0.635 0.643 0.681 0.638
rs743575 0.791 0.789 0.788 0.756 0.728 0.777
rs4919687 0.795 0.793 0.792 0.760 0.735 0.781
rs3781287 0.443 0.438 0.429 0.406 0.423 0.421
rs3781286 0.443 0.438 0.429 0.406 0.423 0.422
rs3824755 0.651 0.646 0.639 0.646 0.687 0.641
rs10786712 0.443 0.438 0.429 0.407 0.423 0.422
rs6163 0.444 0.438 0.429 0.407 0.423 0.422
rs6162 0.443 0.437 0.428 0.407 0.423 0.421
rs743572 0.444 0.438 0.429 0.407 0.423 0.421
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Figure 1 Haplotype analysis of single nucleotide polymorphisms (SNPs) in CYP17A1. (A) Frequencies of sixteen SNPs in EGDP,
1025, and KGP datasets around the world. (B) Frequencies of sixteen SNPs in six fine-scale substructure regions of China. (C) Origin
of affected haplotype. (D) Prevalence of affected haplotype in PGG.Han and CONVERGE datasets in six substructure regions of
China. (E) Prevalence of haplotype 2 around the world.
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In the PGG.Han dataset, the prevalence of affected haplo-
type ranged from 1.2& in SCH to 3.8& in NEH. However, in
the CONVERGE dataset, the prevalence of affected haplo-
type ranged from 0.6& in SCH to 3.8& in NWH (Fig. 1D).

Previously, carrier screening was conducted by Sanger
sequencing of suspected pathogenic genes in the overall
population or patient’s family members. For the first time,
we introduced genome-wide association studies (GWAS) into
carrier screening. Due to the reduced price of GWAS chips
(less than $30 per person), it has become affordable for
normal individuals to undergo a GWAS test. Moreover, GWAS
chips could provide more information than Sanger
sequencing, which means it had higher cost-effectiveness.
According to our research, the carrier rate of CYP17A1-
Y329fs was relatively higher in the northern population. So,
the GWAS test could be included in premarital testing in
these regions.

Separated by the Yangtze River, the Han Chinese people
could be divided into two groups, northern Han and
southern Han.3 There were three waves of massive popu-
lation migrations from north to south due to warfare and
famine in historical records. Investigation of genetic vari-
ation in both the non-recombining region of the Y chro-
mosome (NRY) and mitochondrial DNA (mtDNA) in Han
populations indicated the southward expansion of Han
culture involves the mass movement of people.4 Due to the
haplotype being inherited as a whole in the population, the
migration of the population can be observed through com-
mon mutations. The affected haplotype of CYP17A1-Y329FS
mutation also showed a clinal geographic pattern from
north to south. So, aside from the Y chromosome and
mtDNA, a rare mutation linked to haplotype might be
another marker used to study migration pathway as well as
demic diffusion model of the population.

The prevalence of haplotype 2 (TGGGAGATGTCGCCGA)
was 33.0% in East Asian, subsequently 16.3% in South Asian,
15.8% in Southeast Asian, 12.2% in Western European and
North American, 11.6% in Ad Mixed American, 5% in Central
Asian, and 0% in African (Fig. 1E). The carrying rate of
haplotype 2 in East Asians was higher than in other regions
around the world in EGDP, 1025, and KGP datasets. How-
ever, haplotype 2 was not found in Africans. So, the dif-
ference between affected haplotype and haplotype 2
appeared separately when coming out of Africans. The
highest carrying rate of haplotype 2 might be underlying
the affected haplotype and was mainly found in East
Asians. Except in the Chinese population, the affected
haplotype was only found in ITU from KGP and Vietnamese
south EGDP, respectively, which also indicated the East
Asian origin of the affected haplotype.

In our study, most of the SNP data was interpolated. The
accuracy of genotype imputation is influenced by several
key factors: i) the sample size, the number of SNVs, and
quality of the reference panel5; ii) ancestry consistency
between the imputed samples and the reference popula-
tion5; and iii) the allele frequency of the imputed SNV. In
this study, we utilized Chinese samples, with the imputed
disease samples sharing the same ancestry background as
the reference panel. The reference panel comprises a
large-scale cohort of w100,000 samples and over 8 million
SNVs, ensuring the high quality of the imputation. Addi-
tionally, the SNVs investigated in this study are all common
variants. Previous studies have shown that the imputation
error rate for common variants is generally higher than that
for rare variants. Therefore, we believe that the results of
genotype imputation are reliable.

There were also limitations in our study. First, only 24
subjects carrying CYP17A1-Y329fs mutation were included in
this study. The sample size was relatively small. Second, the
affected haplotype was a rare haplotype that was only
detected in East Asian populations. So, we cannot compare
the incidence of affected haplotype with other global
populations.

In conclusion, the carriers of CYP17A1-Y329fs mutation
could be screened by population genetics in PGG.Han
dataset. It will improve our knowledge of genetic coun-
seling. Furthermore, the migration path of the population
can be inferred by analyzing the frequency of CYP17A1-
Y329fs mutation carriers in different regions of China.
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