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ABSTRACT

Background and objectives Cystic fibrosis (CF) is a
heterogeneous disease with a diverse genetic spectrum
among populations. Few patients with CF of Chinese
origin have been reported worldwide. The objective of
this study is to characterise the genotypic features of CF
in Chinese children.

Methods We recruited and characterised the genetic
manifestations of 103 Chinese children with CF in Beijing
Children’s Hospital from 2010 to 2022. Whole-exome
sequencing were performed to define the genotypes.
Meanwhile, other 99 genetically confirmed patients with
Chinese origin described in 45 references were also
summarised.

Results 158 different variants including 23 novel
observations were identified after sequencing. The
majority of CFTR variants (82.3%) in Chinese have been
observed only once or twice. 43.7% of the variants
were only identified in patients of Chinese origin.

The ¢.2909G>A(p.Gly970Asp), .1766+5G>T and
¢.1657C>T(p.Arg553X) were the most frequent variants
among Chinese patients, with allele frequency of 12.1%,
5.4% and 3.6%, respectively. The first two variants both
showed significant Chinese ethnic tendency, while the
latter one most likely came from Europeans for historical
reasons. They also demonstrated significant differences
in geographical distribution. ¢.1521_1523delCTT(p.
F508del) was rarely observed in patients of pure
Chinese origin, with an allele frequency of 1.8%. Two
de novo variants (c.960dupAlp.Ser321llefsX43] and
€.2491-2A>G) and two deep-intronic variants (.37 18—
2477C>T and ¢.3874-4522A>G) were identified, which
were also quite rare among Chinese.

Conclusions The genetic spectrum of CF in Chinese

is unique and quite different from that observed in
Caucasians. The geographical distributions of the most
frequent variants were reported for the first time.

Cystic fibrosis (CF) is the most frequent monogenic
disease in Caucasian populations, with incidences
ranging from 1/1800 to 1/25000." ? According to
the American Cystic Fibrosis Foundation registry,
there are currently more than 100 000 CF patients
throughout the world. China is the world’s most
populated country with a population of approx-
imately 1.4billion. However, up to now, only
approximately 110 CF patients of Chinese origin
were reported in literature,® and most of publica-
tions were case reports, without any epidemiological

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Cystic fibrosis (CF) is a rare disease in Chinese
populations, with only approximately 110 CF
patients of Chinese origin were reported in
literature up to now. Furthermore, most of
publications were case reports.

WHAT THIS STUDY ADDS

= This is the largest study and most
comprehensive analysis of genotypic features
of CF in Chinese population to date. The genetic
spectrum of CF in Chinese is unique and quite
different from that observed in Caucasians.
Meanwhile, the geographical distributions of
the most frequent variants were reported for
the first time in this study.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study could expand our knowledge on the
genotypic features of CF in Chinese population,
which will greatly contribute to prevention,
diagnosis and even future molecular genetic

management of the disease in China.

data on the prevalence available. Interestingly,
most of the cases have been diagnosed in the last
5 years, which suggests that the actual incidence of
CF in China may be seriously underestimated. The
contributing factors may include underdiagnosis,
under-reporting, lack of national registries and
variability in the frequency of mutation carriers.
It has been identified that the profiles of CF trans-
membrane conductance regulator (CFTR) gene
mutation spectrum vary widely among different
populations based on their geographic and ethnic
origins. Although CF in China is being increasingly
recognised, there is still an urgent need to under-
stand the genetic spectrum of the CFTR gene in
Chinese patients, which will greatly contribute to
prevention, diagnosis and even future molecular
genetic management of the disease.

In this study, we describe 103 children with CF
receiving care at the main referral centre in China.
Meanwhile, other 99 genetically confirmed cases
with Chinese origin reported worldwide from 1993
to 2022 were also summarised. To our knowledge,
this is the largest study and most comprehensive
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analysis of genotypic features of CF in Chinese population to
date.

STUDY DESIGN AND METHODS

Children referred to the Respiratory Department of Beijing Chil-
dren’s Hospital from January 2010 to May 2022 were enrolled
in the study after meeting the diagnostic criteria of CF. CF was
diagnosed based on the Consensus Guidelines from the Cystic
Fibrosis Foundation®: at least one of the key clinical features
highly suggestive of CF, including sinopulmonary, gastrointes-
tinal, reproductive systems manifestations, as well as evidence of
CFTR dysfunction, including elevated sweat test and/or presence
of biallelic pathogenic variants.”> Duplicate cases that had been
reported in previous literatures were excluded.

In addition, we studied all the published CF cases of Chinese
origin by searching China National Knowledge Infrastructure
database, Wanfang database, PubMed, Embase, Cochrane Library,
OVID medicine and SinoMed databases from January 1975 to
January 2022. The search strategy included the following term
keys: (‘cystic fibrosis’) AND (‘Chinese’ OR ‘China’). Study types
included clinical trials, meta-analyses, randomised controlled
trials, case reports, case series or reviews. Original articles were
included if they met the criteria including the patients were of
Chinese origin, the presence of CF disease and complete data of
both clinical manifestations and genetic sequencing. Incomplete
cases or duplicate reports were excluded from our final analysis.

SWEAT CONDUCTIVITY MEASUREMENT

The Macroduct collection system and Sweat-Chek conductivity
analyzer (Wescor Inc, Logan, Utah, USA) were used for CF
sweat conductivity analysis as previously described.*® Based on
a user’s manual, sweat secretion was stimulated by pilocarpine
iontophoresis. Following the stimulation, sweat was collected in
a coiled plastic tubing collector cup for 30 min. Then, the sweat
sample was transferred from the Macroduct tube to the take-up
tube on the conductivity cell during the analysis. The test was
repeated on two separate days. The average results were consid-
ered normal if values were below 60 mmol/L and intermediate if
values were between 60 and 80 mmol/L.” CF was very likely if
values were equal to or above 80 mmol/L.

CFTR gene sequencing

Genomic DNA samples were extracted from peripheral blood
leukocytes by using standard genomic DNA purification
methods. The whole-exome sequencing, bioinformatics analysis
and Sanger sequencing validation were performed according
to their standard approach as previously described.® Multiplex
ligation-dependent probe amplification (MLPA) (MRC-Holland)
was applied to detect the large deletions or duplications of CFTR
gene. All exons, proximal introns and selected regions of deep
introns were fully analysed.

RESULTS

Demographic data

A total of 103 patients (40 males and 63 females) from 100
Chinese families presented to Beijing Children’s Hospital were
recruited into this study. All 103 patients were of Chinese
origin, and none of them had a family history of intermarriage
with Caucasians. Patients no. 30-1/no. 30-2, no. 31-1/no0.31-2
and No. 76-1/n0.7622 were siblings respectively both suffering
from CF. Only two children (case no. 30-1/no. 30-2) from the
same family were the products of consanguineous marriage.
The mean (£SD) ages at CF diagnosis were 7.6 (=4.4) years.

Eighty-four children accepted sweat conductivity analysis;
among them, 78 children had positive results and six of them
showed intermediate values. The mean value was 114.1 mmol/L
ranging from 60.0 to 168.0mmol/L (online supplemental
e-table 1).

In addition, other 99 Chinese patients from 94 different
families described in 45 references were included in this
study (Mainland China (82 cases), * ¢ **' Taiwan area (nine
cases),**™ Hong Kong (five cases),*® Australia (one case),*
Canada (one case)’® and USA (one case)).’! Overall, a total of
202 CF patients of Chinese origin constituted the cohort for
the current analysis.

Genetic spectrum summarising

The CFTR gene variants identified in all the 103 patients (100
families) presented to Beijing Children’s Hospital are listed in
online supplemental e-table 1. Of note, cases 1~19* and cases
20~31° (except for patient no. 30-1 and no. 31-1) have been
reported in 2016 and 2020, respectively, by the authors. The
remaining cases have never been reported so far. Twenty-three
novel observations were identified after sequencing (c.222delG[p.
Arg75AspfsX16], ¢.298C>T[p.Leul00Phe], ¢.464C>Glp.
Ala155Gly], ¢.940G>T[p.Gly314Trp], ¢.1064C>G[p.
Pro355Arg], c.1219G>T[p.Glu407X], c.1265C>T|p.
Ser422Phe], c.1347_1350del AGAA[p.Arg450AspfsX18],
c.1368delT[p.Ala457LeufsX12], c.1393-? 1584 +2del,
c.1514delA[p.Asn505TlefsX22], c.1523 1534delTTGGT-
GTTTCCT[p.Phe508 Ser511del], ¢.1772T>C[p.Val591Ala],
¢.1810A>C[p.Thr604Pro], ¢.2042A>T[p.Glu681Val],
c.2058 2061delTT  [p.Phe687X], ¢.2328dupA[p.Val777S-
erfsX2], ¢.2489dupA[p.Glu831GlyfsX5], ¢.2909-? 3468+ 2del,
c.3140-? 3367+2del,  ¢.3469-12T>G,  ¢.3469-2A>Tand
¢.3659C>T[p.Thr1220Ile]).

The spectrum of CFTR variants detected in all Chinese
patients with CF (194 families, 388 alleles) was summarised in
online supplemental e-table 2. As a result, 373 mutated alleles
were detected (detection rate: 96.1%). The identified variants
included 56 missense, 31 nonsense, 27 frameshift, 21 splicing,
11 large insertion/deletion, 8 sequence variation and 4 in-frame
insertion/deletion. Overall, 158 different variants were identi-
fied after sequencing. The majority of CFTR variants (82.3%,
130/158) in Chinese have been observed only once or twice.
Approximately half of the variants (43.7%, 69/158) were
only identified in patients of Chinese origin thus far, and to
our knowledge, they have never been reported in Caucasians
(online supplemental e-table 2). The ¢.2909G>A(p.Gly970Asp)
was found to be the most frequent variant among Chinese CF
patients with the highest allele frequency of 12.1% (47/388),
followed by c.1766+5G>T (5.4% (21/388)) and c.1657C>T][p.
Arg553X] (3.6% (14/388)), which were the second and third
most common variants, respectively (online supplemental
e-table 2, figure 1). They also showed significant differences in
geographical distribution, that is, the ¢.2909G>A(p.Gly970Asp)
variant was found in the Northern and Eastern China, while
the ¢.1766+5G>Tand the c.1657C>T(p.Arg553X) variants
were most common observed in the Southern and Eastern
coasts (figure 2). Meanwhile, ¢.1521 1523delCTT(p.F508del)
was observed in six patients of pure Chinese origin, with an
allele frequency of 1.8% (7/388). Interestingly, two de novo
variants (c.960dupA[p.Ser3211lefsX43] and c.2491-2A>G)
and two deep-intronic variants (c.3718-2477C>T and ¢.3874-
4522A>G) were identified, which were also quite rare among
Chinese.

Shen'Y, et al. J Med Genet 2023;60:310-315. doi: 10.1136/jmedgenet-2022-108501

31

"ybuAdoo Ag pajoalold 1senb Ag £202 ‘TZ YaseN uo /wod fwqg Buwly:dny wouy pspeojumod "zz0zZ AINC 0Z U0 TOSS0T-2202-Bwl/9eTT 0T Se paysiignd 1sii :18uss pain


https://dx.doi.org/10.1136/jmedgenet-2022-108501
https://dx.doi.org/10.1136/jmedgenet-2022-108501
https://dx.doi.org/10.1136/jmedgenet-2022-108501
https://dx.doi.org/10.1136/jmedgenet-2022-108501
https://dx.doi.org/10.1136/jmedgenet-2022-108501
https://dx.doi.org/10.1136/jmedgenet-2022-108501
https://dx.doi.org/10.1136/jmedgenet-2022-108501
http://jmg.bmj.com/

Biochemical genetics

c.4056G>C mmmmm .0
€.2909-? 3367+2del — 1.0
¢.2834C>T wemmmm 1,0
c.2036G>A w0
c.1409T>A mmmm 1.0
c.1210-3C>G v 1.0

c.374T>C v— | 3

€.223C>T m— |3
c.1666A>GC m— 1.5

C.650A>GC m—— ] 5

c.1521_1523delCTT m— ], 3
c.3196C>T m————) ]
c.595C>T n— )3
c263T>GC — ) (
c.1000C>T ——————— 2 6
c.3068T>GC n———— ) 3
¢.293A>C e 3 |
c.1657C>T ——— 3
¢.1766+5G>T

¢.2909G>A

5.4

Figure 1

DISCUSSION
Herein, to the best of our knowledge, we report results of the
most comprehensive analysis to date of genotypic features asso-
ciated with CF patients originating from across China. The first
CF patient of Chinese origin was reported in 1975, which was
diagnosed by sweat test.’* Then, it was not until 1993 that there
was the first genetically confirmed case.*® From 1993 to 2022, a
total of 202 CF patients of Chinese origin have been diagnosed
with definite CFTR variants. In addition, 158 different variants
of CFTR gene were identified, including 23 novel observations
(current report). Of these, only 45 variants are known to be CF
causing in CFTR2.” In addition, 50O loss-of-function variants
(nonsense, frameshift and large insertion/deletion) are likely
to be CF causing. However, the pathogenic significance for the
remaining 63 variants is unknown, and further functional eluci-
dation is necessary.

The variant spectrum of CFTR among Caucasians in Western
countries has been well established. ¢.1521_1523delCTT(p.

€.2909G>A(p.Gly970Asp)

>50%

30-40%

20-30%
10-20%

0-10%

Figure 2

12.1
Allele frequency, %

Frequency (>1%) of CFTR variants observed among 202 Chinese CF patients. CF, cystic fibrosis; CFTR, CF transmembrane conductance regulator.

F508del) is the most frequent variant in Caucasians, accounting
for approximately 70% of mutated alleles in general.’*
However, it is quite rarely seen in Asia, especially East Asia.’®
The ¢.1521_1523delCTT (p.F508del) was only observed in
six patients of Chinese origin (one in homozygosity and five
in compound heterozygosity), with an allele frequency of only
1.8%. No cases have ever been reported in other East Asian
countries so far (except for mixed Asian-Caucasian parentage).
By contrast, among Chinese population, the majority of CFTR
variants (82.3%, 130/158) have been observed only once or
twice. Approximately half of the variants (43.7%, 69/158)
were only identified in patients of Chinese origin thus far. The
¢.2909G>A(p.Gly970Asp) and ¢.1766+ 5G>T variants were the
most predominant observations, occurring in 12.1% and 5.4%
of the alleles among all the reported Chinese patients, respec-
tively. Notably, both variants show significant Chinese ethnic
tendency, because to our knowledge, most cases with them were
reported among Chinese. The ¢.1657C>T(p.Arg553X) was the

¢.1766+5G>T

Jiangsu

Zhejiang

Guangdor T’.n
Hongkong

¢.1657C>T(p.Arg553X)

Shandong

Fujian
Guangdong ~ Taiwan
Hongkong

Frequency distribution of the top three most frequent variants among 202 Chinese patients with CF. CF, cystic fibrosis.
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third most commonly observed variants, with an allele frequency
of 3.6%. Interestingly, the ¢.1657C>T(p.Arg553X) was also
present in the panel of 23 mutations proposed by the American
College of Medical Genetics and Genomics.’® Tt has been asso-
ciated with Central European-derived populations, and the clin-
ical consequence of this variant is known to be CF causing.’’ In
terms of geographic distribution, the ¢.2909G>A(p.Gly970Asp)
variant was found in the Northern and Eastern China, while
the ¢.1766+5G>Tand the ¢.1657C>T(p.Arg553X) variants
were most common observed in the Southern and Eastern coasts
(figure 2). We presume that the different distribution of these
variants may be due to the different ethnic groups in different
parts of China. Eastern coast is considered the most prosperous
region of China’s economy and trade, with more frequent popu-
lation migrations from both Northern and Southern areas. That
may be a possible explanation that the top three most frequent
variants were all found in the Eastern area. The first description
of ¢.1657C>T(p.Arg553X) among Chinese was made in homo-
zygosity genotype in a native Taiwanese boy diagnosed with CF.
Chen et al® proposed that the occurrence of ¢.1657C>T(p.
Arg553X) variant in Taiwan area may correspond to the colo-
nisation by the Dutch and Spanish 300 years ago. Interestingly,
in this study, half of the c.1657C>T(p.Arg553X) variants were
found in Zhejiang Province, which located on the southeastern
coast of China. Historically, since China established diplomatic
relations with European countries in the 1950s, Zhejiang people
immigrated to Europe through Macao and Hong Kong. At
present, Zhejiang migrants live throughout Europe. Based on
this, we speculate that the origin of the ¢.1657C>T(p.Arg553X)
variant most likely came from Europeans, which may be due to
the intermarriage between Taiwanese and Europeans during the
colonial period, or the wave of European economic immigration
after the founding of new China.

Variants occurring de novo in the CFTR gene are extremely
rare, with approximately 10 cases of de novo CFTR variants
published to date.’® There was an interesting finding that two
de novo variants (c.960dupA[p.Ser3211IlefsX43] and c.2491-
2A>G) were identified among Chinese, which were confirmed
after paternity test as well as CFTR gene screening for the biolog-
ical parents. Furthermore, both de novo variants were found
in Beijing Children’s Hospital. The insertion ¢.960dupA(p.
Ser321IlefsX43) has been reported in 2016,* while the splicing
variant ¢.2491-2A>G was a recent observation. Among previous
reports, the only description of the ¢.2491-2A>G was made in an
Irish CF patient, without any additional clinical data available.’
In the present study, ¢.2491-2A>G was the first time observed as
a de novo variant in a 11-year-old Chinese boy (case no. 68) with
severe sinopulmonary manifestations, liver disease and pancre-
atic insufficiency (PI), who bore the ¢.2491-2A>G/c.3196C>T
genotype disease. Compared with inherited variants, de novo
variants are probably more deleterious because they have been
subjected to less stringent evolutionary selection.®” Most often,
the de novo variants appeared on the paternal chromosome, and
the same observation was also shown for ¢.24912A>G in our
patient. Casals et al®" proposed that this tendency may reflect
a higher mutation rate in paternal gametes. Nevertheless, the
¢.960dupA (p.Ser3211lefsX43) earlier found in our study was
located on the maternal chromosome. The reason for this is
unknown.

The CFTR genotype remains incomplete in 1% of CF cases,
deep-intronic variants are putative candidates to fill this gap.®*
A collection of variants in non-coding regions of the CFTR
gene could help to assess their potential role as genetic factors
that modify the phenotype. To our knowledge, only seven

deep-intronic disease-causing variants have been identified in
the CFTR gene until now.** Interestingly, two deep-intronic
variants (c.3718-2477C>T[c.3717+12191C>T] and c.3874-
4522A>G) were the first time identified among Chinese
patients. The ¢.3718-2477C>T has been associated with
multiethnicity-derived populations, including Ashkenazi-Jewish,
Southern European, Middle Eastern, Iranian and Indian.’” In
addition, it belongs to class V mutations in the CFTR2 database,
which result in reduced synthesis of CFTR protein with normal
function at the epithelial cell membrane.”” ®* In our report, the
¢.3718-2477C>T variant was found in two Chinese CF children
(case no. 44 and case no. 83) with typical pulmonary features but
without PI. The results of sweat conductivity test were interme-
diate (64 mmol/L) and weak positive (87 mmol/L), respectively,
which were consistent with previous reports and may be consid-
ered milder CF phenotype. As far as ¢.3874-4522A>G was
concerned, the ethnic origins were reported to be France, Iran
and Laos.%”> Moreover, this variant was considered CF causing
associated with a large phenotypic spectrum, including CFTR-
related disorders and typical CE.%* In the present study, c.3874-
4522A>G was found in two Chinese children (case no. 39 and
case no. 57) with severe sinopulmonary diseases from early child-
hood, including progressive bronchiectasis, recurrent airway
Pseudomonas aeruginosa, lung function defect and sinusitis (both
cases), and allergic bronchopulmonary aspergillosis (only for
case no. 39). Due to the limited sequencing methods at the first
time they presented to us, we only detected the ¢.2936A>C(p.
Asp979Ala) and the c.1368delT(p.Ala457LeufsX12) variant on
one allele, respectively. Three years later, we found the c.3874-
4522A>G variant deeply located in intron 23 of the other allele
and eventually supplemented the genetic data for both children.

In terms of the novel observations, 12 variants
(c.222delG[p.Arg75AspfsX16], c.1219G>T[p.Glu407X],
c.1347_1350delAGAA[p.Arg450AspfsX18], c.1368delT[p.
Ala457LeufsX12], c.1393-? 1584+ 2del, c.1514delA[p.
Asn5051lefsX22], c.1523 1534delTTGGTGTTTCCT][p.
Phe508 1521Ser511del], c.2058 2061delTT[p.Phe687X],
¢.2328dupA[p.Val777SerfsX2], ¢.2489dupA[p.Glu831G-
lyfsX5], ¢.2909-? 3468+?del and c.3140-?_336742del) are
likely to be CF causing, and the clinical consequences of remaining
11 variants are uncertain. Clinical characterisation includes the
presence of high frequency of sinopulmonary diseases and rela-
tively low frequency of PI compared with Caucasians, which
were consistent with previous reports on phenotype in individ-
uals with CF of Chinese origin (online supplemental e-table 3).
The geographical distribution of the novel variants showed no
significant discrepancies between North and South in China.

The genetic spectrum of CF in Chinese is unique and quite
different from that observed in Caucasians. Therefore, the
Caucasian CFTR common mutation-screening panel is not appli-
cable for Chinese patients. We recommend using the extensive
CFTR gene sequencing (including all CFTR exons, their intronic
boundaries and selected regions of deep introns) followed by
MLPA analysis for effective diagnosis, although it is relatively
expensive. If patients with CF are still incompletely genotyped,
whole genome sequencing for the identification of unknown
deep-intronic variants is advocated.

To date, 2110 variants of CFTR have been identified world-
wide,®* but the disease liability of only 401 variants has been
ascertained in CFTR2.*® Based on the nature of the molecular
defects in CFTR, small molecules (CFTR modulators) can
successfully restore activity to the mutant protein, thereby amelio-
rating disease manifestations.”> Unfortunately, few studies on the
molecular consequences of Chinese-specific CFTR variants have
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been reported. The most frequent CFTR mutation in Chinese,
¢.2909G>A(p.Gly970Asp), was predicted to be a gating muta-
tion with partial trafficking defect.®” Furthermore, lumacaftor/
ivacaftor therapy was proven efficacy in both ex vivo® and in
vivo®® studies of a patient with ¢.1521_1523delCTT(p.F508del)/
¢.2909G>A(p.Gly970Asp) genotype. These findings have signif-
icant implications for CFTR modulator use in or availability to
the Chinese population. Future studies on functional conse-
quences analysis of Chinese ethnicity-specific variants would be
beneficial to take the first step to research on CFTR modulator
therapies in China.

The limitation of the present study would be that the sweat
chloride concentration test, which has been the gold standard
for diagnosis of CF, was not available in China. However, the
sweat conductivity measurement has been shown to have excel-
lent correlation with the sweat chloride concentration.®” ®® It is
accurate, simple to perform and economical. Thus, the sweat
conductivity measurement is used as an assistant diagnostic test
for CF in China. As the patients in this study were enrolled over
a period of decades, this could have cause unintended bias such
as improvement in laboratory technology and lifestyle changes.
First, sweat conductivity analysis is not readily available in all the
paediatric centres in China, except Beijing Children’s Hospital,
which is considered the main referral centre for patients with
CF from all over the country. Besides this, even in our centre,
sweat conductivity analysis was not performed on all the patients
enrolled because the testing facility was only available from 2014.
Finally, MLPA analysis was only adopted in patients recruited
from 2016 onwards also due to inaccessibility of this technique.

In conclusion, results presented herein describing the genetic
spectrum of CF in Chinese is unique and quite different from
that observed in Caucasians, consistent with our previous state-
ment.* The ¢.2909G>A(p.Gly970Asp), ¢.1766+5G>Tand
c.1657C>T(p.Arg553X) are the most frequent variants among
Chinese CF patients studied. The geographical distributions
of the most frequent variants were reported for the first time.
These data demonstrate that it is very urgent and necessary to
establish a national CF registry in China, which would be bene-
ficial to compare genetic data intranationally and internationally
from an epidemiological perspective, to evaluate the phenotype-
genotype association in China and to enhance our understanding
of CF pathogenic processes for improvement of disease manage-
ment and prognosis.
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e-Table 1. Variants of CFTR identified in 103 Chinese children (100 families) with CF presented to Beijing Children’s Hospital

Age Sweat Nucleotide Familial targeted
Case Amino acid Type of
Sex | at Dx, | conductivit | Region | change (HGVS Genotype mutation study
No. change mutation
y y, mmol/L nomenclature) Father | Mother
Ex 13 c.1699G>T p-Asp567Tyr Missense Compound +/— —/-
14 M | 11.58 101
Ex 24 ¢.3909C>G p-Asn1303Lys Missense heterozygous —/= +/—
Ex 3 c.263T>G p-Leu88X Nonsense —/= +/—
In 13 c.1766+5G>T - Splicing Compound +/— —/=
204 F 10.58 103
- Sequence heterozygous
3'UTR c.*110C>G —/= +/—
variation
Ex 22 ¢.3700A>G plle1234Val Missense Compound +/— —/—
39 M | 1325 101
Ex 8 ¢.960dupA p-Ser3211lefsX43 | Frameshift | heterozygous —/= —/—
Ex 3 c.263T>G p-Leu88X Nonsense Compound —/= +/—
414 F 13.67 99
Ex 18 c.2909G>A p.Gly970Asp Missense heterozygous +/— —/=
Ex 4 ¢.326A>G p-Tyr109Cys Missense Compound —/= +/—
514 M 7.17 106
Ex 8 ¢.1000C>T p-Arg334Trp Missense heterozygous +/— —/=
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Ex 12 c.1666A>G p-lle556Val Missense +/+ —/=
64 10.67 127 Ex 6 €.595C>T p-His199Tyr Missense | Heterozygous ND ND
Ex 3 c.223C>T p.-Arg75X Nonsense Compound ND ND
7 7.75 118
Ex 4 c.326A>G p-Tyr109Cys Missense heterozygous ND ND
gl 7.33 118 Ex 8 ¢.1000C>T p.Arg334Trp Missense | Heterozygous +/—- —/—
94l 10.17 105 Ex 3 c.263T>G p.Leu88X Nonsense | Homozygous +/—- +/—
101! 11.08 96 Ex 12 c.1666A>G p-lle556Val Missense Heterozygous ND ND
Ex 4 c.293A>G p-GIn98Arg Missense Compound —/- +/—
114 8.25 115
Ex5 c.558C>G p-Asn186Lys Missense heterozygous +/— —/—
Ex 4 c.326A>G p-Tyr109Cys Missense Compound ND ND
1214 4.17 101
Ex 14 c.2374C>T p-Arg792X Nonsense heterozygous ND ND
131 3.67 99 Ex 12 c.1666A>G p-lle556Val Missense Homozygous +/— +/—
1414 12.67 122 Ex 4 c.293A>G p-GIn98Arg Missense | Heterozygous —/- +/—
Ex 6 c.648G>A p-Trp216X Nonsense +/— +/—
154 11.00 ND Sequence | Homozygous
In 14 €.2491-126T>C - +/— +/—
variation
1614 10.33 ND Ex 20 c.3196C>T p.-Argl066Cys Missense Homozygous ND ND
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c.413_415dupTA In-frame
174 11.17 ND Ex 4 p.Leu138dup Homozygous ND ND
C insertion
Ex 8 c.1075C>T p.GIn359X Nonsense Compound ND ND
18! 3.42 ND
Ex 20 c.3307delA p-lle1103X Nonsense heterozygous ND ND
1914 14.00 115 Ex 18 ¢.2909G>A p.Gly970Asp Missense | Homozygous +/— +/—
Ex 3 c.223C>T p.Arg75X Nonsense Compound —/= +/—
2016 0.42 130
Ex 18 c.2909G>A p.Gly970Asp Missense heterozygous +/— —/=
c.1521_1523delC In-frame
211 2.16 134 Ex 11 p.Phe508del Homozygous +/— +/—-
TT deletion
Ex 8 ¢.1000C>T p.-Arg334Trp Missense Compound +/— —/=
2216 8.25 122
Ex 13 c.1733T>C p-Leu578Pro Missense heterozygous —/— +/—
c.264_268del AT
Ex3 p.Leu88PhefsX21 | Frameshift —/— +/—
ATT Compound
2316l 0.75 134
p.Gly1287GlufsX heterozygous
Ex 23 ¢.3860delG Frameshift +/— /-
2
Ex 3 c.263T>G p-Leu88X Nonsense Compound —/= +/—
2416 0.42 105
Ex 18 c.2909G>A p.Gly970Asp Missense heterozygous +/— —/=
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In8 c.1116+1G>A - Splicing Compound +/— —/=
25161 0.67 93
Ex 18 c.2909G>A p-Gly970Asp Missense heterozygous —/— +/—
Ex 18 c.2909G>A p-Gly970Asp Missense +/— —/=
Compound
26!°] 0.25 ND c.3718-2_3873+? Large
Ex 23 - heterozygous —/= +/—
del deletion
€.2236_2246delG
Ex 14 | AGGCGATACTi | p.Glu746LysfsX8 | Frameshift /= +/—
Compound
27161 0.92 115 nsAAAAATC
heterozygous
p.Val1212AlafsX
Ex 25 ¢.3635delT Frameshift +/— —/=
16
In9 c.1210-3C>G - Splicing Compound +/— —/=
28161 6.67 125
In 24 c.3964-7TA>G - Splicing heterozygous —/— +/—
Ex 19 ¢.3068T>G p.lle1023Arg Missense Compound +/— —/=
2916 0.75 125
Ex 6 c.595C>T p-His199Tyr Missense heterozygous —/— +/—
30-1 7.67 151 Ex 5 c.532G>A p.Gly178Arg Missense Homozygous +/— +/—
30-21¢ 0.50 ND Ex 5 c.532G>A p.Gly178Arg Missense | Homozygous +/—- +/—
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¢.579+1_579+2in - Compound
In5 Splicing +/— —/=
31-1 9.33 102 SACAT heterozygous
In 13 c.1766+5G>T - Splicing —/= +/—
¢.579+1_579+2in - Compound
In5 Splicing +/— —/=
31-216 8.83 141 SACAT heterozygous
In 13 c.1766+5G>T - Splicing —/= +/—
c.1521_1523delC In-frame Compound
Ex 11 p.Phe508del +/— —/=
TT deletion heterozygous
32 1.08 125
c.1429_1437delC | p.Pro477 Glud79 In-frame
Ex 11 —/— +/—
CTTCAGAG del deletion
Ex 20 c.3209G>C p-Argl070Pro Missense Compound +/— —/=
33 7.33 125
Ex 14 ¢.2328dupA p.Val777SerfsX2 | Frameshift | heterozygous —/= +/—
Ex 4 c.293A>G p.GIn98Arg Missense Compound +/— —/=
34 9.00 104
Ex 19 c.3068T>G p.lle1023Arg Missense heterozygous —/— +/—
Ex 11 c.1572C>A p.Cys524X Nonsense Compound +/— —/=
35 5.67 109
Ex 1 c.3G>A p-Metllle Missense heterozygous —/= +/—
36 10.67 127 Ex 6 c.595C>T p-His199Tyr Missense +/— —/=
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¢.2058_2061delT Compound
Ex 14 p.Phe687X Nonsense —/= +/—
T heterozygous
Ex 11 c.1409T>A p-Val470Glu Missense Compound +/— —/—
37 14.33 140
In9 c.1210-3C>G - Splicing heterozygous —/= +/—
¢.1347_1350delA | p.Arg450AspfsX
Ex 10 Frameshift ND ND
GAA 18 Compound
38 13.25 109
heterozygous | Compou
Ex 18 c.2909G>A p-Gly970Asp Missense ND
nd ND
In 23 c.3874-4522A>G - Splicing Compound +/— —/=
39 10.50 83
Ex 18 c.2936A>C p-Asp979Ala Missense Heterozygous —/— +/—
Ex 8 ¢.1000C>T p-Arg334Trp Missense —/= +/—
Compound
40 9.83 141 c.264_268del AT
Ex 3 p.Leu88PhefsX21 | Frameshift | heterozygous +/— —/—
ATT
Ex 6 c.650A>G p.Glu217Gly Missense Compound —/= +/—
41 5.58 67
Ex 10 c.1231A>G p.Lys411Glu Missense heterozygous +/— —/=
In 13 c.1766+5G>T - Splicing Compound —/= +/—
42 7.00 130
Ex 22 c.3484C>T p-Argl162X Nonsense heterozygous +/— —/=
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Ex 6 c.595C>T p.His199Tyr Missense Compound +/— —/=
43 3.83 ND
Ex 14 ¢.2290C>T p-Arg764X Nonsense heterozygous —/= +/—
Sequence
In 22 c.3718-2477C>T - +/— —/—
variation Compound
44 14.42 64
Ex 17 ¢.2834C>T p.Ser945Leu Missense heterozygous —/= +/—
Ex 4 c.374T>C plle125Thr Missense —/= +/—
c.1521_1523delC In-frame
Ex 11 p-Phe508del Compound +/— —/=
45 8.50 163 TT deletion
heterozygous
Ex 4 c.293A>G p-GIn98Arg Missense —/= +/—
Ex 4 c.374T>C p.lle125Thr Missense Compound —/= +/—
46 10.17 60
Ex 14 c.2042A>T p-Glu681Vval Missense heterozygous +/— /-
47 13.08 99 Ex 17 c.2834C>T p-Ser945Leu Missense Homozygous +/— +/—
Ex 14 c.2036G>A p.Trp679X Nonsense Compound +/— —/=
48 11.25 118
In2 c.164+2T >C - Splicing heterozygous —/— +/—
Ex 4 c.325T>G p.Tyr109Asp Missense Compound —/— +/—
49 4.67 85
Ex 20 c.3196C>T p.Argl066Cys Missense heterozygous +/— —/=
50 9.08 96 Ex 4 ¢.350G>A-7T p.Argl17His-7T Missense —/= +/—
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Compound
Ex 14 c.2036G>A p.Trp679X Nonsense +/— —/=
heterozygous
Ex 18 c.2909G>A p-Gly970Asp Missense Compound +/— —/=
51 11.00 96
Ex 8 ¢.1000C>T p-Arg334Trp Missense heterozygous —/= +/—
Ex 3 c.223C>T p.Arg75X Nonsense Compound +/— /=
52 14.50 114
Ex 4 c.293A>G p-GIn98Arg Missense heterozygous —/= +/—
p.Gly1130ValfsX
Ex 21 ¢.3387delT Frameshift Compound +/— —/=
53 3.92 122 4
heterozygous
Ex 11 c.1409T>A p-Val470Glu Missense —/= +/—
Ex 12 c.1657C>T p-Arg553X Nonsense Compound +/— —/=
54 8.58 125
Ex 14 c.1810A>C p-Thr604Pro Missense heterozygous —/= +/—
Ex 18 c.2909G>A p.Gly970Asp Missense Compound +/— —/=
55 10.67 108
Ex 20 c.3196C>A p-Argl066Ser Missense heterozygous —/= +/—
In 13 c.1766+2T>C - Splicing Compound +/— —/=
56 2.08 111
In 21 ¢.3469-2A>T - Splicing heterozygous —/— +/—
Sequence Compound
57 9.42 108 In 23 c.3874-4522A>G - +/— —/—
variation heterozygous
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p-Alad457LeufsX
Ex 10 ¢.1368delT Frameshift —/= +/—
12
c.1523_1534delT
p-Phe508_Ser511 In-frame
Ex11 | TGGTGTTTCC +/— —/—
del deletion Compound
58 F 8.75 136 T
heterozygous
¢.1393-?_1584+? Large
Ex 11 - —/= +/—
del deletion
Ex 18 c.2977G>T p-Asp993Tyr Missense ND ND
Compound
59 F 7.75 97 Ex 10 c.1265C>T p-Ser422Phe Missense ND ND
heterozygous
In 19 ¢.3140-26A>G - Missense ND ND
p-Asn1303ThrfsX
Ex 24 ¢.3908delA Frameshift Compound +/— —/=
60 M 1.75 144 25
heterozygous
Ex 18 c.2909G>A p-Gly970Asp Missense —/= +/—
Ex 15 c.2551C>T p-Arg851X Nonsense —/= +/—
Ex 10 ¢.1219G>T p.Glu407X Nonsense Compound +/— —/—
61 F 4.17 ND
Sequence heterozygous
Promoter c.-152G>C - —/= +/—
variation
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Ex 3 c.223C>T p-Arg75X Nonsense Compound ND ND
62 16.83 ND
Ex 18 c.2909G>A p-Gly970Asp Missense heterozygous ND ND
Ex 14 c.1810A>C p.-Thr604Pro Missense ND ND
Ex 8 c.940G>T p-Gly314Trp Missense Compound ND ND
63 13.75 ND
Sequence heterozygous
3'UTR c.*133delT - ND ND
variation
Ex 4 c.374T>C p.lle125Thr Missense +/— —/=
Compound
64 12.50 168 c.1521_1523delC In-frame
Ex 11 p.Phe508del heterozygous —/— +/—
TT deletion
65 1.67 89 Ex 13 c.1703T>A p.Leu568X Nonsense Homozygous +/— +/—
66 4.00 ND Ex 12 c.1657C>T p.Arg553X Nonsense Homozygous +/— +/—
Ex 23 c.3841C>T p-GIn1281X Nonsense Compound +/— —/—
67 12.00 77
Ex4 ¢.298C>T p-Leul00Phe Missense heterozygous —/— +/—
In 14 c.2491-2A>G - Missense Compound —/= /-
68 11.00 161
Ex 20 c.3196C>T p-Argl066Cys Missense heterozygous —/— +/—
69 6.33 85 Ex 22 c.3472C>T p-Argl158X Nonsense +/— —/=

10
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Large Compound
Ex 2-3 c.54-? 273+7del - —/= +/—
deletion heterozygous
Ex 6 c.607A>T p.1le203Phe Missense +/— —/=
Compound
70 3.25 101 ¢.2909-? 3367+? Large
Ex 18-20 - heterozygous —/— +/—
del deletion
c.3140-?_3367+? Large
Ex 20 - Compound —/— +/—
71 13.25 122 del deletion
heterozygous
Ex 3 c.233dupT p-Trp79LeufsX32 | Frameshift +/— —/=
Ex 8 ¢.1000C>T p-Arg334Trp Missense +/— —/=
Compound
72 7.33 118 c.1393-?_1584+? Large
Ex 11 - heterozygous —/= +/—
del deletion
Ex 4 c.293A>G p.-GIn98Arg Missense +/— —/=
Compound
73 15.33 149 c.1521 1523delC In-frame
Ex 11 p-Phe508del heterozygous —/= +/—
TT deletion
Ex 12 c.1657C>T p-Arg553X Nonsense Compound +/— /=
74 5.08 130
Ex 19 c.3068T>G p.lle1023Arg Missense heterozygous —/— +/—

11
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p-Arg75AspfsX1
Ex3 c.222delG Frameshift Compound +/- —/=
75 F 8.58 146 5
heterozygous
Ex3 c.263T>G p-Leu88X Nonsense —/= +/—
¢.2909-? 3367+? Large
Ex 18-20 - Compound +/— —/=
76-1 M 7.75 130 del deletion
heterozygous
Ex 20 ¢.3196C>T p-Arg1066Cys Missense —/= +/—
¢.2909-? 3367+? Large
Ex 18-20 - Compound +/— —/=
76-2 F 5.58 120 del deletion
heterozygous
Ex 20 ¢.3196C>T p-Arg1066Cys Missense —/= +/—
Ex 4 ¢.298C>T p-Leul00Phe Missense Compound —/= +/—
77 F 4.50 60
Ex 6 c.650A>G p.-Glu217Gly Missense heterozygous +/— —/=
Ex 22 ¢.3476C>T p-Ser1159Phe Missense Compound +/— —/=
78 F 12.92 119
In21 ¢.3469-12T>G - Splicing heterozygous —/= +/—
Ex 22 c.3484C>T p-Argl162X Nonsense Compound +/— —/—
79 M 2.75 134
Ex 10 ¢.1369G>C p-Ala457Pro Missense heterozygous —/— +/—
¢.2909-? 3468+? Large Compound
80 F 10.67 126 Ex 18-21 - +/— —/=
del deletion heterozygous

12
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Ex 18 c.2909G>A p-Gly970Asp Missense —/= +/—
Ex 3 c.223C>T p-Arg75X Nonsense Compound +/— /-
81 10.58 127
Ex 18 c.2909G>A p-Gly970Asp Missense heterozygous —/= +/—
82 6.00 144 In 13 c.1766+5G>T - Splicing Homozygous +/— +/—
c.264 268delATA
Ex3 p.Leu88PhefsX21 | Frameshift +/— —/=
TT Compound
83 3.17 87
Sequence heterozygous
In 22 c.3718-2477C>T - —/= +/—
variation
Large
Ex 2-3 | c¢.54-7 273+7del - Compound +/— —/—
84 0.50 ND deletion
heterozygous
Ex 18 c.2909G>A p-Gly970Asp Missense /- +/—
Ex3 ¢.233dupT p.Trp79LeufsX32 | Frameshift +/— —/=
Compound
85 11.00 130 p-Glu831GlyfsX
Ex 14 ¢.2489dupA Frameshift | heterozygous —/— +/—
5
Ex 18 ¢.2909G>A p-Gly970Asp Missense +/— —/=
Compound
86 11.33 115 ¢.2909-? 3367+? Large
Ex 18-20 - heterozygous —/= +/—
del deletion

13
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Ex3 c.263T>G p-Leu88X Nonsense +/— —/=
Compound
87 12.50 124 p-Asn5051IlefsX2
Ex 11 c.1514delA Frameshift | heterozygous —/= +/—
2
Ex 4 c.374T>C p-lle125Thr Missense Compound +/— —/—
88 5.67 95
Ex 22 ¢.3659C>T p-Thr1220Ile Missense heterozygous —/= +/—
Ex 10 c.1388G>A p.Gly463Asp Missense Compound +/— —/=
89 4.83 152
In16 c.2657+5G>A - Splicing heterozygous —/— +/—
Ex 18 c.2909G>A p.Gly970Asp Missense Compound +/— —/—
90 12.00 ND
Ex 20 c.233dupT p.-Trp79LeufsX32 | Frameshift | heterozygous —/= +/—
Ex 6 c.595C>T p-His199Tyr Missense Compound +/— —/=
91 5.42 ND
Ex 20 c.3176T>G p.Leul059X Nonsense heterozygous —/— +/—
¢.319_326delGC
Ex 4 p-Alal07X Nonsense Compound —/= +/—
92 3.17 ND TTCCTA
heterozygous
Ex 11 c.1456G>T p.Gly486X Nonsense +/— —/=
Ex 14 ¢.2374C>T p-Arg792X Nonsense +/— —/=
Compound
93 7.58 112 c.274-?7 1584+7d Large
Ex 4-11 - heterozygous —/= +/—
el deletion

14
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Ex 14 c.1772T>C p-Val591Ala Missense +/— —/=
Compound
94 M 7.17 81 ¢.274-7 1584+2d Large
Ex 4-11 - heterozygous —/= +/—
el deletion

Ex 17 c.2812G>T p-Val938Leu Missense Compound +/— —/—

95 M 0.50 ND
Ex 18 c.2909G>A p.Gly970Asp Missense heterozygous /- +/—
Ex 18 ¢.2909G>A p.Gly970Asp Missense Compound +/— —/=

96 F 3.75 ND
Ex 4 c.464C>G p.Alal55Gly Missense heterozygous —/— +/—
97 M 0.58 ND In 13 c.1766+2T>C - Splicing Homozygous +/— +/—
Ex 3 c.263T>G p.-Leu88X Nonsense Compound +/— —/=

98 F 6.00 ND
In 13 c.1766+2T>C - Splicing heterozygous —/— +/—
Ex 18 c.2909G>A p-Gly970Asp Missense Compound +/— /-

99 F 13.50 68
In 15 c.2619+2T>A - Splicing heterozygous —/= +/—
Ex 8 c.1064C>G Compound +/— —/=

100 M 0.42 103
In9 c.1210-3C>G - Splicing heterozygous —/— +/—

Novel variants are formatted in bold.
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e-Table 2. Spectrum of CFTR variants detected in 202 Chinese patients with CF

Mutations Amino acid Pathogenic No. of
No. Region Reported/Novel Frequency, %

(HGVS nomenclature) change significance alleles

Ex 18 c.2909G>A p-Gly970Asp CF-causing Reported 47 12.11

34,40, Reported
In 13 c.1766+5G>T - CF-causing 21 541
42,43, (Chinese/Thai)
46-48,

50]
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309, 10,
12,13,
o Ex 12 c.1657C>T p-Arg553X CF-causing Reported 14 3.61
45, 48]
414,10,
) Ex 4 c.293A>G p.GIn98Arg CF-causing Reported 12 3.09
5[6, 10,
Reported
42,47, Ex 19 ¢.3068T>G p.lle1023Arg Unknown 11 2.84
(Chinese only)
48]
64 6
03] Ex 8 ¢.1000C>T p.Arg334Trp CF-causing Reported 10 2.58
704, 6
20.01) Ex 3 c.263T>G p-Leu88X CF-causing Reported 10 2.58
gl4.6
10, 19, Ex 6 c.595C>T p.-His199Tyr CF-causing Reported 9 2.32
27]
17
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gl4. 10,
26551 Ex 20 ¢.3196C>T p-Arg1066Cys CF-causing Reported 2.06
106
20 Ex 11 c.1521_1523delCTT p-Phe508del CF-causing Reported 1.80
11018
. Ex 6 c.650A>G p-Glu217Gly Unknown Reported 1.55
124
28] 3Ex 12 c.1666A>G p.lle556Val Unknown Reported 1.55
13046 Ex 3 €.223C>T p.Arg75X CF-causing Reported 1.29
14133 Ex 4 c.374T>C p-lle125Thr Unknown Reported 1.29
1516 Reported
In9 c.1210-3C>G - Unknown 1.03
16] (Chinese only)
Reported
16571 Ex 11 c.1409T>A p.Val470Glu Unknown 1.03
(Chinese only)
17[17.
- Ex 14 c.2036G>A p-Trp679X Suspected Reported 1.03
18138 Ex 17 c.2834C>T p.Ser945Leu CF-causing Reported 1.03
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19012 Ex 18-20 ¢.2909-?_3367+7del — Suspected Reported 4 1.03
20027
20,351 Ex 25 c.4056G>C p-GIn1352His Unknown Reported 4 1.03
21010 Ex 2-3 €.54-7_273+7del - Suspected Reported 3 0.77
22 Ex 3 ¢.233dupT p-Trp79LeufsX32 CF-causing Reported 3 0.77
23161 Ex 3 c.264_268delATATT p.Leu88PhefsX21 Suspected Reported 3 0.77
2414 Ex 4 c.326A>G p.Tyr109Cys Unknown Reported 3 0.77
25[6.
2429 In8 c.1116+1G>A - CF-causing Reported 3 0.77
26110
20 Ex 14 c.2125C>T p-Arg709X CF-causing Reported 3 0.77
27
. Ex 14 c.2374C>T p-Arg792X CF-causing Reported 3 0.77
286 p.Val1212AlafsX1 Reported

Ex 22 ¢.3635delT Suspected 3 0.77
10,20] 6 (Chinese only)
2940] Promoter c.-152G>C - Unknown Reported 2 0.52
30026 Ex 1 c3G>A p-Metllle Unknown Reported 2 0.52
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31 [12
- Ex 2 c.95T>C p-Leu32Pro Unknown Reported 2 0.52
32 Ex 4-11 c.274-7_1584+7del - Suspected Reported 2 0.52
33 Ex 4 c.298C>T p.-Leul00Phe Unknown Novel 2 0.52
3401 Ex 4 ¢.319_326delGCTTCCTA p.Alal07X Suspected Reported 2 0.52
Reported
35010 Ex 4 c.325T>G p.Tyr109Asp Unknown 2 0.52
(Chinese only)
3605 Ex 4 c.380T>G p.Leul27X Suspected Reported 2 0.52
374 Ex 4 c.413_415dupTAC p-Leul38dup CF-causing Reported 2 0.52
3816 Ex 5 c.532G>A p.Gly178Arg CF-causing Reported 2 0.52
3914 Reported
Ex 5 c.558C>G p-Asnl86Lys Unknown 2 0.52
12] (Chinese only)
Reported
4010 Ex 6 c.607A>T p.I1e203Phe Unknown 2 0.52
(Chinese only)
Reported
414 Ex 6 c.648G>A p.Trp216X Suspected 2 0.52
(Chinese only)
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4214 Reported
Ex 8 ¢.960dupA p-Ser3211lefsX43 Suspected 2 0.52
201 (Chinese only)
4313 Ex 10 c.1369G>C p-Ala457Pro Unknown Reported 2 0.52
44110 Ex 10 c.1388G>A p.Gly463Asp Unknown Reported 2 0.52
45 Ex 11 ¢.1393-?_1584+2del - Suspected Novel 2 0.52
4612 Ex 11 c.1572C>A p.Cys524X CF-causing Reported 2 0.52
47110
. In 12 c.1679+2T>C - Unknown Reported 2 0.52
48 Ex 13 c.1703T>A p-Leu568X Suspected Reported 2 0.52
49 Ex 14 c.1810A>C p-Thr604Pro Unknown Novel 2 0.52
50146 Reported
Ex 14 ¢.2083dupG p.Glu695GlyfsX35 Suspected 2 0.52
1 (Chinese only)
5107
. Ex 14 ¢.2290C>T p-Arg764X CF-causing Reported 2 0.52
Reported
5214 In 14 €.2491-126T>C - Unknown 2 0.52
(Chinese only)
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53110
- Ex 15 c.2547C>A p-Tyr849X CF-causing Reported 2 0.52
54138] Ex 15 c.2551C>T p-Arg851X CF-causing Reported 2 0.52
55L10-
) In16 c.2658-1G>C - CF-causing Reported 2 0.52
5646 Reported
Ex 17 c.2684G>A p-Ser895Asn Unknown 2 0.52
41 (Chinese only)
571 Reported
Ex 19 c.3062C>T p-Pro1021Leu Unknown 2 0.52
38] (Chinese only)
58481 In 19 ¢.3140-26A>G - CF-causing Reported 2 0.52
c.3140-
Reported
59231 Ex 20 454_¢.3367+249del93 lins - Suspected 2 0.52
(Chinese only)
13
6000 Ex 20 c.3196C>A p.Argl1066Ser Unknown Reported 2 0.52
61 Ex 22 c.3484C>T p-Argl162X CF-causing Reported 2 0.52
6214
20 Ex 22 ¢.3700A>G p.lle1234Val CF-causing Reported 2 0.52
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63 In 22 ¢.3717+10kbC>T - Unknown Reported 2 0.52
64 In 22 c.3718-2477C>T - CF-causing Reported 2 0.52
65 In 23 c.3874-4522A>G - Unknown Reported 2 0.52
6603 3'UTR c.*133delT - Unknown Reported 2 0.52

Reported
67144 Ex 1 c.19G>T p.Glu7X Suspected 1 0.26
(Chinese only)
Reported
68114 Ex 2 c.54_164del30bp - Suspected 1 0.26
(Chinese only)
69 In2 c.164+2T>C - CF-causing Reported 1 0.26
70018] Ex 3 c.214G>A p.Ala72Thr Unknown Reported 1 0.26
71 Ex3 c.222delG p.-Arg75AspfsX16 Suspected Novel 1 0.26
7202%] Ex 3 c271G>A p.Gly91Arg CF-causing Reported 1 0.26
73021] Ex 4-6 c.274-7_743+7del — Suspected Reported 1 0.26
Reported
7413°] Ex 4 c.320C>A p.Alal07Asp Unknown 1 0.26
(Chinese only)
75 Ex 4 c.350G>A p-Argl17His CF-causing Reported 1 0.26
7611 Ex 4 ¢.405_406dupAC p.Leul36HisfsX18 Suspected Reported 1 0.26
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77 Ex 4 c.464C>G p-Alal55Gly Unknown Novel 1 0.26
Reported
78115 Ex 5 c.567C>A p.Asn189Lys Unknown 1 0.26
(Chinese only)
Reported
7916] In5s ¢.579+1_579+2insACAT - Unknown 1 0.26
(Chinese only)
8030 In5 c.580-1G>T - CF-causing Reported 1 0.26
Reported
81112l Ex 7-11 €.744-7_1584+ ?del - Suspected 1 0.26
(Chinese only)
Reported
82141l Ex 7 c.753 754delAG p-Arg251SerfsX6 Suspected 1 0.26
(Chinese only)
Reported
83144 Ex 7 ¢.860dupA p-Asn287LysfsX21 Suspected 1 0.26
(Chinese only)
841381 Ex 7 c.861C>G p.Asn287Lys Unknown Reported 1 0.26
Reported
g5t Ex 7 c.865A>T p.Arg289X Suspected 1 0.26
(Chinese only)
864 Ex 7 c.868C>T p-GIn290X CF-causing Reported 1 0.26
87126 In7 ¢.870-1G>C - Unknown Reported 1 0.26
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Reported
8838l Ex 8 c.884delT p.Leu295ArgfsX8 Suspected 1 0.26
(Chinese only)
89 Ex 8 c.940G>T p.Gly314Trp Unknown Novel 1 0.26
902! Ex 8 c.1040G>A p-Arg347His CF-causing Reported 1 0.26
91 Ex 8 ¢.1064C>G p.Pro355Arg Unknown Novel 1 0.26
Reported
9214 Ex 8 c.1075C>T p-GIn359X Suspected 1 0.26
(Chinese only)
Reported
93127l In 8 c.1117-1G>C - Unknown 1 0.26
(Chinese only)
94 Ex 10 c.1219G>T p.Glu407X Suspected Novel 1 0.26
95 Ex 10 c.1231A>G p-Lys411Glu Unknown Reported 1 0.26
964! Ex 10 c.1240C>T p.GIn414X CF-causing Reported 1 0.26
97 Ex 10 c.1265C>T p.-Serd422Phe Unknown Novel 1 0.26
p-Argd50AspfsX1
98 Ex 10 ¢.1347_1350delAGAA Suspected Novel 1 0.26
8
99138] Ex 10 c.1352G>T p.Gly451Val Unknown Reported 1 0.26
100 Ex 10 c.1368delT p-Alad457LeufsX12 Suspected Novel 1 0.26
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Reported
10122 Ex 10 c.1373G>A p.Gly458Glu Unknown 0.26
(Chinese only)
Reported
102038 In 10 c.1393-4C>A - Unknown 0.26
(Chinese only)
Reported
103131 Ex 11 c. 1423delC p.Leud75TrpfsX52 Suspected 0.26
(Chinese only)
c.1429_1437delCCTTCA | p.Pro477_Glud79d Reported
1041 Ex 11 Unknown 0.26
GAG el (Chinese only)
105 Ex 11 c.1456G>T p-Gly486X Suspected Reported 0.26
106 Ex 11 c.1514delA p-Asn5051IlefsX22 Suspected Novel 0.26
¢.1523_1534delTTGGTG | p.Phe508_Ser511d
107 Ex 11 Suspected Novel 0.26
TTTCCT el
Reported
1081 Ex 11 c.1526G>C p.Gly509Ala Unknown 0.26
(Chinese only)
Reported
10911 Ex 13 c.1699G>T p-Asp567Tyr Unknown 0.26
(Chinese only)
1101 Ex 13 c.1716C>A p.Asp572Glu Unknown Reported 0.26
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(Chinese only)
Reported
1111 Ex 13 c.1733T>C p.Leu578Pro Unknown 0.26
(Chinese only)
1124 In 13 c.1766+1G>T - CF-causing Reported 0.26
113 In 13 c.1766+2T>C - Unknown Reported 0.26
114 Ex 14 c.1772T>C p.Val591Ala Unknown Novel 0.26
Reported
11529 Ex 14 c.1997T>G p-Leu666X Suspected 0.26
(Chinese only)
116 Ex 14 c.2042A>T p-Glu681Val Unknown Novel 0.26
11788 Ex 14 .2052delA p.Lys684AsnfsX38 | CF-causing Reported 0.26
11812 Ex 14 ¢.2052dupA p.GIn685ThrfsX4 CF-causing Reported 0.26
119 Ex 14 ¢.2058_2061delTT p.Phe687X Suspected Novel 0.26
¢.2236_2246del GAGGCG Reported
120/° Ex 14 p.Glu746LysfsX8 Suspected 0.26
ATACTinsAAAAATC (Chinese only)
121 Ex 14 ¢.2328dupA p.-Val777SerfsX2 Suspected Novel 0.26
12211 Ex 14 €.2353C>T p.Arg785X CF-causing Reported 0.26
123 Ex 14 c.2475 2478dupCGAA | p.Glu827ArgfsX10 Suspected Reported 0.26
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124 Ex 14 ¢.2489dupA p-Glu831GlyfsX5 Suspected Novel 1 0.26
125 In 14 c.2491-2A>G - Unknown Reported 1 0.26
126 In 15 c.2619+2T>A - Unknown Reported 1 0.26
127 In 16 c.2657+5G>A - CF-causing Reported 1 0.26
Reported
128132 Ex 17 c.2805delA p.Pro936HisfsX6 Suspected 1 0.26
(Chinese only)
129 Ex 17 c.2812G>T p-Val938Leu Unknown Reported 1 0.26
Reported
1301201 Ex 17 c.2907A>C p-A969A Unknown 1 0.26
(Chinese only)
131 Ex 18-21 ¢.2909-?_3468+?del - Suspected Novel 1 0.26
132 Ex 18 c.2936A>C p.Asp979Ala Unknown Reported 1 0.26
133 Ex 18 c.2977G>T p-Asp993Tyr Unknown Reported 1 0.26
Reported
134171 In 18 €.2988+2T>C - Unknown 1 0.26
(Chinese only)
135010 Ex 19 ¢.2997_3000delAATT p.Ile1000X Suspected Reported 1 0.26
136/°%) Ex 19 ¢.3123dupA p.GIn1042ThrfsX5 Suspected Reported 1 0.26
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137 Ex 20 ¢.3140-?_3367+?del - Suspected Novel 1 0.26
138 Ex 20 c.3176T>G p.Leul059X Suspected Reported 1 0.26
139140 Ex 20 c.3197G>A p.Argl1066His CF-causing Reported 1 0.26
140 Ex 20 ¢.3209G>C p-Arg1070Pro Unknown Reported 1 0.26
14114 Ex 20 c.3307delA p.Ile1103X Suspected Reported 1 0.26

(Chinese only)
142 Ex 21 ¢.3387delT p-Gly1130ValfsX4 Suspected Reported 1 0.26
143018] Ex 21 c.3406G>A p.Alal136Thr Unknown Reported 1 0.26
144 In 21 ¢.3469-12T>G - Unknown Novel 1 0.26
145 In 21 ¢.3469-2A>T - Unknown Novel 1 0.26
146 Ex 22 c.3472C>T p.Argl158X CF-causing Reported 1 0.26
147 Ex 22 c.3476C>T p-Ser1159Phe CF-causing Reported 1 0.26
Reported
14811 Ex 22 ¢.3653_3656dupAATA p.Tyr1219X Suspected 1 0.26
(Chinese only)
149 Ex 22 ¢.3659C>T p.Thr12201Ile Unknown Novel 1 0.26
150! Ex 22 €.3691delT p.Ser1231ProfsX4 | CF-causing Reported 1 0.26
151161 Ex 23 c.3718-?7_3873+7del - Suspected Reported 1 0.26
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152 Ex 23 c.3841C>T p-GIn1281X Suspected Reported 1 0.26
Reported
15316 Ex 23 ¢.3860delG p-Gly1287GlufsX2 Suspected 1 0.26
(Chinese only)
1541101 Ex 24 ¢.3883_3886delATTT | p.lle1295PhefsX32 | CF-causing Reported 1 0.26
p-Asn1303ThrfsX2
155 Ex 24 ¢.3908delA CF-causing Reported 1 0.26
5
156 Ex 24 ¢.3909C>G p.Asn1303Lys CF-causing Reported 1 0.26
Reported
157161 In 24 c.3964-71A>G - Unknown 1 0.26
(Chinese only)
Reported
1584 3'UTR c.*¥110C>G - Unknown 1 0.26
(Chinese only)

HGVS, Human Genome Variation Society.

Novel variants are formatted in bold.
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e-Table 3. Demographic and clinical features of 24 Chinese CF patients with novel variants

Fecal
Age of Weight at Sweat
Case Age at Sputum Sudan Distribution
Sex symptom Dx, kg Clinical presentation conductivity, Genotype
No. Dx,y pathogens I (Province)
onset, y (centile) mmol/L
stain
Bronchiectasis/Recurrent
pneumonia/ABPA/Sinusitis/
18.0 P. aeruginosa/s. ¢.2328dupA/c.32
33 M 7.33 7.00 Steatorrhea/Liver + 125 Hebei
(<3rd) aureus 09G>C
disease/FTT/Finger
clubbing
Bronchiectasis/Recurrent
H. influenzae/P.
37.5 (50- | pneumonia/Sinusitis/Liver ¢.2058_2061delT
36 F 10.67 5.00 aeruginosa/s. - 127 Shanxi
75th) disease/Diabetes/Finger T/c.595C>T
aureus
clubbing
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Bronchiectasis/Recurrent
P. aeruginosa/s.
pneumonia/ABPA/Asthma/
30.0 aureus/A. c.1347_1350delA
38 M 13.25 7.00 7 Hemoptysis/Sinusitis/Nasal + 109 Zhejiang
(<3rd) Sfumigatus/A. GAA/c.2909G>A
polyps/FTT/Pancreatitis/Fin
niger
ger clubbing
27.0 Bronchiectasis/ c.2042A>T/c.374
46 M 10.17 7.00 - - 60 Yunnan
(10th) Asthma/Sinusitis T>C
27.0 (25- | Bronchiectasis/Sinusitis/Nas ¢.1810A>C/c.165
54 F 8.58 5.00 P. aeruginosa - 125 Shanghai
50th) al polyps 7C>T
Bronchiectasis/Recurrent
c.3469-
pneumonia/Sinusitis/
56 M 2.08 1.00 9.5 (<3rd) P. aeruginosa + 111 2A>T/c.1766+2T Henan
Steatorrhea/FTT/Finger
>C
clubbing
Bronchiectasis/Recurrent P. aeruginosa/A.
26.0 (10- c.1368delT/c.387
57 F 9.42 5.00 pneumonia/Sinusitis/ Sfumigatus/A. - 108 Yunnan
25th) 4-4522A>G
Pancreatitis/Finger clubbing | flavus
58 F 8.75 2.00 19.0 Bronchiectasis/Recurrent P. aeruginosa/C. + 136 c.1393-?_1584+? Henan
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(<3rd) pneumonia/Sinusitis/Steator | Albicans del/c.1523_1534d
rhea/Rectal prolapse/Liver el TTGGTGTTT
disease/FTT/Finger CCT
clubbing
Bronchiectasis/Recurrent ¢.1265C>T/c.297
21.0 (10- P. aeruginosa/s.
59 7.75 0.75 pneumonia/ABPA/ 97 7G>T/c.3140- Shandong
25th) maltophilia
Sinusitis/Finger clubbing 26A>G
Bronchiectasis/Recurrent
pneumonia/Sinusitis/
P. aeruginosa/s.
12.0 Meconium ileus/ ¢.1219G>T/c.255
61 4.17 1.00 aureus/C. ND Zhejiang
(<3rd) Steatorrhea/Rectal prolapse/ 1C>T/c.-152G>C
lusitaniae
Liver disease/FTT/Finger
clubbing
Bronchiectasis/Recurrent
29.0 pneumonia/Sinusitis/Pancre | P. aeruginosa/A. ¢.1810A>C/c.940
63 13.75 5.00 ND Zhejiang
(<3rd) atitis/Steatorrhea/FTT/Finge | flavus G>T/c.*133delT
r clubbing
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47.6 (75- | Bronchiectasis/Sinusitis/AB | P. aeruginosa/A. ¢.298C>T/c.3841
67 12.00 9.00 77 Anhui
90th) PA/Wheeze terreus C>T
35.0 (3rd- | Bronchiectasis/Sinusitis/FT | P. aeruginosa/C. ¢.3140-?_3367+?
71 13.25 8.00 122 Shandong
10th) T/Finger clubbing Albicans del/c.233dupT
19.0 (3rd- | Bronchiectasis/Sinusitis/FT | K. pneumoniae/S. c.1393-?_1584+?
72 7.33 1.00 118 Shanxi
10th) T aureus del/c.1000C>T
Bronchiectasis/Recurrent
P. aeruginosa/A.
19.0 pneumonia/ABPA/Sinusitis/ ¢.222delG/c.263T
75 8.58 0.58 Sfumigatus/C. 146 Jiangxi
(<3rd) /Steatorrhea/Diabetes/FTT/F >G
Albicans
inger clubbing
19.0 ¢.298C>T/c.650A
77 4.50 4.00 Atelectasis/Asthma/Sinusitis | — 60 Jiangsu
(75th) >G
P. aeruginosa/M.
Bronchiectasis/Hemoptysis/ ¢.3469-
44.0 abscessus/A.
78 12.92 10.00 Sinusitis/Nasal polyps/ 119 12T>G/c.3476C> Liaoning
(50th) terreus/C.
Finger clubbing T
Albicans
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33.0 (25- | Bronchiectasis/ABPA/Asth | P. aeruginosa/s. ¢.2909-? 3468+?
80 F 10.67 6.00 - 126 Henan
50th) ma/Sinusitis/Pancreatitis aureus del/c.2909G>A
30.5 (10- | Bronchiectasis/Sinusitis/ ¢.2489dupA/c.23
85 F 11.00 10.00 P. aeruginosa - 130 Anhui
25th) Appendicitis 3dupT
Bronchiectasis/Recurrent
pneumonia/Sinusitis/Steator | S. aureus/C. c.1514delA/c.263
87 M 12.50 0.17 31.0 (3rd) + 124 Sichuan
rhea/Liver disease Albicans >G
/FTT/Finger clubbing
23.0 Bronchiectasis/ S. pneumoniae/C. ¢.3659C>T/c.374
88 F 5.67 0.25 - 95 Henan
(90th) Asthma/Sinusitis Albicans >C
Bronchiectasis/Sinusitis/FT | P. aeruginosa/C. c¢.1772T>C/c.274
94 M 7.17 6.00 19.0 (3rd) - ND Henan
T/Finger clubbing Albicans -?_1584+7del)
13.0 (3rd- | Bronchiectasis/ABPA/Sinus ¢.464C>G/c.2909
96 F 3.75 3.00 - - ND Henan
10th) itis/FTT G>A
¢.1064C>G/c.121
102 M 0.42 0.08 8.0 (50th) | Pseudo-Bartter syndrome - - 103 Henan
0-3C>G
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Abbreviations: A. fumigatus = Aspergillus fumigatus; A. flavus = Aspergillus flavus; A. niger = Aspergillus niger; A. terreus =
Aspergillus tetteus; C. Albicans = Canidia Albicans; C. lusitaniae = Candida lusitaniae; H. influnzae = Hemophilus
influnzae; K. pneumonia = Klebsiella pneumonia; M. abscessus = Mycobacterium abscessus; MRSA = Methicillin-resistant
Staphylococcus aureus; P. aeruginosa = Pseudomonas aeruginosa; S. aureus = Staphylococcus aureus; S. maltophilia =
Stenotrophomonas maltophilia; S. pneumoniae = Streptococcus pneumoniae; Dx = Diagnosis; FTT = Failure to thrive; ND =

Not done; Y = Years.

Novel variants are formatted in bold.
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