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Introduction
ABSTRACT: The Human Variome Project (HVP) is an
international consortium of clinicians, geneticists, and researchers from over 30 countries, aiming to facilitate the
establishment and maintenance of standards, systems, and
infrastructure for the worldwide collection and sharing
of all genetic variations effecting human disease. The
HVP-China Node will build new and supplement existing
databases of genetic diseases. As the first effort, we have
created a novel variant database of BRCA1 and BRCA2,
mismatch repair genes (MMR), and APC genes for breast
cancer, Lynch syndrome, and familial adenomatous polyposis (FAP), respectively, in the Chinese population using the Leiden Open Variation Database (LOVD) format.
We searched PubMed and some Chinese search engines to
collect all the variants of these genes in the Chinese population that have already been detected and reported. There
are some differences in the gene variants between the Chinese population and that of other ethnicities. The database
is available online at http://www.genomed.org/LOVD/.
Our database will appear to users who survey other LOVD
databases (e.g., by Google search, or by NCBI GeneTests
search). Remote submissions are accepted, and the information is updated monthly.
C 2011 Wiley Periodicals, Inc.
Hum Mutat 32:1335–1340, 2011. 
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“Variome,” a word combining “variant + ome”, has been created
to describe all the genetic variants. The Human Variome Project
(HVP) is an international consortium of clinicians, geneticists, and
researchers from over 30 countries, and seeks to facilitate the establishment and maintenance of standards, systems, and infrastructure
for the worldwide collection and sharing of all genetic variations
effecting human disease (http://www.humanvariomeproject.org/).
The ultimate goal of the project is to integrate the systematic collection and sharing of genetic variant information into routine clinical
practice. With a population of some 1.4 billion people, a quarter
of the world population, there is a huge amount of genetic diversity within China. Our newly established HVP-China Node commit
to leverage that diversity to build new and supplement existing
databases that catalogue genetic variation within genes implicated
in hundreds of genetic diseases [Cyranoski, 2011].
Breast cancer is a common malignant tumor for women in the
world [Pasche, 2008]. According to statistical data from the Ministry
of Health of China, the incidence of breast cancer increased from
7.7 per 100,000 of Chinese women in 1998 to 11.1 per 100,000
of Chinese women in 2008, with mortality from breast cancer at
5.9 per 100,000 women. Colorectal cancer is one of the five most
common carcinomas with a mortality of 8.19 per 100,000 in China
[MOH, 2009].
BRCA1 (MIM# 113705) and BRCA2 (MIM# 600185) are the
most common genes associated with hereditary and early-onset
breast cancer; these two genes account for 20–25% of all the familial breast cancer cases in the world [Pasche, 2008]. The BRCA1
gene product is a protein consisting of 1,863 amino acid residues
[Miki et al., 1994]. Since the known functions of the BRCA1 protein
include DNA repair, cell cycle control, and protein ubiquitination,
it is not surprising that BRCA1 plays an important role in carcinoma development [Parvin, 2004]. BRCA2 also classified as a tumor
suppressor gene, was mapped to chromosome 13q12-q13 [Wooster
et al., 1994]. Previous reports have suggested that the inactivation
of the BRCA2 gene can lead to genetic instability and thus promote
tumor initiation [Kinzler and Vogelstein, 1997].
Lynch syndrome is caused by heterozygous variants in mismatch
repair (MMR) genes. Variants in the MSH2 (MIM# 609309), MLH1
(MIM# 120436), MSH6 (MIM# 600678), MLH3 (MIM# 604395),
PMS2 (MIM# 600259), and PMS1 (MIM# 600258) genes have been
identified in Lynch syndrome. MSH2 maps on locus 2p22-p21, comprises 16 exons and encodes a protein of 934 amino acids. MLH1 is
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located on 3p21.3 with 19 exons and has 57,357 kb in length, 756
amino acids in the protein. MSH6 has 10 exons that encode a protein
of 1,360 amino acids. MLH3 encompassed 13 exons encoding for
a 1,453 amino acid protein. PMS2 and PMS1 comprise 15 and 13
exons encoding proteins of 862 and 932 amino acids, respectively.
Familial adenomatous polyposis (FAP) is caused by variants in
the APC (MIM# 611731) gene. APC gene maps on locus 5q21-q22,
comprises 16 exons spanning 8.5 kb and encodes for a 2843 amino
acid protein. However, the last exon is 6.5 kb in length and encodes
a protein of 2,190 amino acids.
Variant databases are essential during the work of genetic
testing for Chinese patients. Although there are some variant
databases for breast cancer (Breast Cancer Information Core [BIC]
http://research.nhgri.nih.gov/bic/, and Leiden Open Variation
Database [LOVD] http://chromium.liacs.nl/LOVD2/cancer/home
.php) and colorectal cancer (InSiGHT http://www.insight-group
.org/, MRGVD http://www.med.mun.ca/mmrvariants/default.aspx,
UMD http://www.umd.be/APC/, and UMCG http://www
.mmrmissense.net/), most of the data were collected from
Caucasian and Ashkenazi Jewish populations. The data about
Chinese people are still deficient. It is our goal to create systematic
Chinese specific variant databases for all genes/diseases, in addition
to some international databases as part of the HVP [Zhang et al.,
2010]. Thus, the breast cancer and colorectal cancer databases were
created to provide the guidance for genetic screening of Chinese
patients as our first effort. These databases are based on the LOVD
system [Fokkema et al., 2005], which is an internet-based database
system designed to collect and display DNA variants for specific
genes and are accessible via http://www.genomed.org/LOVD/. Our
database will appear to users who survey other LOVD databases
(e.g., by Google search, or by NCBI GeneTests search).

Data Collection
The bulk of data on gene variants is derived from the published articles and some laboratory unpublished data, including
PubMed (http://www.ncbi.nlm.nih.gov/sites/entrez?db=PubMed),
Wanfang Data (http://www.wanfangdata.com.cn/), and Vip Information (http://www.cqvip.com/) using the key words gene name
and Chinese. All relevant indexed articles published in Chinese
were collected and reviewed. There are about 2,300 reported patients from different geographic regions of the country have been
tested for the BRCA1/2 genes with several small to mid-size (up
to 100 people the largest) studies of control populations by seven
different institutions in China. There are about 1,400 reported patients from different geographic regions of the country have been
tested for the MMR/APC genes with several small to mid-size (up to
137 people the largest) studies of control populations by four different institutions in China.

Database Structure
The home page of variant database consists of four sections:
general information, sequence variant tables, search the database,
and links to other resources. Taking BRCA1 for example (Fig. 1),
the general information section includes basic information about
the BRCA1 gene and variant database. Users can obtain BRCA1
gene coding DNA reference sequences in this section. From the
sequence variant tables section, users can search and review the
variants data from different ways, including unique sequence vari-

1336

HUMAN MUTATION, Vol. 32, No. 12, 1335–1340, 2011

ants, complete sequence variant listing, and variants with no known
pathogenicity. The entries of pathogenic variants can be found
in complete sequence variant listing. The first column is about
pathogenic. The meanings of the symbols are as follows: “–” = No
known pathogenicity; “–?” = Probably no pathogenicity; “?” = Unknown; “+?” = Probably pathogenic; “+” = Pathogenic. “Pathogenicity (reported)” and “pathogenicity (concluded)” are separated by
slash, respectively. Users can also search the database by type of
variant or based on the patient’s origin, or by a simple or advanced search in the third section. The technology (denaturing
high performance liquid chromatography, single strand conformation polymorphism, multiplex-ligation–dependent probe amplification, polymerase chain reaction, sequencing, protein truncation test, array comparative genomic hybridization, etc.) applied
to identify each specific variant is recorded and indicated. The last
section gives some other resources linking, including the External link, Entrez gene (http://www.ncbi.nlm.nih.gov/gene/), Online
Mendelian Inheritance in Man (OMIM; http://www.omim.org),
Human Gene Mutation Database (HGMD; http://www.hgmd.org/),
and GeneTests (http://www.ncbi.nlm.nih.gov/sites/GeneTests/).

Data Submission
Anyone is allowed to submit new variants to the database by clicking “submit” button, but the submitter should sign in first from the
upper left corner. The submitter should complete the variant data
and patient data forms in detail as much as possible. The variant
data contain the following items: variant allele, exon, DNA change,
DNA published, RNA change, protein change, Re-site, frequency,
patients, control, ID, type of variant (DNA level), location, remark,
pathogenicity (reported), and pathogenicity (concluded). The patients data include patient ID, disease, reference, detection template,
techniques used, remarks, times reported, tissue, origin of variant,
gender, occurrence, if de novo origin of variant, geographic origin,
ethnic origin, and patient population. Then the database curator
will check each submitted entry, and the variant will be displayed
in the sequence variant tables. The submitter’s name will also be
shown in the list, together with the references that are submitted.
More detail introduction can be found in documentation.
The submitters should pay attention to the following instructions. All variants data submitted should be named according to the
nomenclature of the Human Genome Variation Society (HGVS)
[den Dunnen and Antonarakis, 2000]. Pathogenicity of variants
is determined according to the following criteria: (1) variant that
leads to grand change of protein structure (frameshift mutations,
nonsense mutations, and some in-frame insertions/deletions); (2)
variant that leads to incorrect exon splicing; (3) variant that is segregated in a family; (4) animal model or other research data that show
that the variants impair protein function. A variant is considered
to be pathogenic if it meets at least two of the four criteria. If a
variants is found in proband, pedigree analysis is advised to verify
it. If a variant was reported in literature as “no pathogenicity,” and
it dose not meet any one of the four criteria, then it was classified
as a “nonpathogenic” variant. A variant classified as “no known
pathogenicity” means it is not able to determine if it is pathogenic
according to previous study and our criteria. Some variants were
classified as “probably pathogenic,” “probably no pathogenicity,”
or “unknown” because the pathogenicity could not be determined
by these four criteria; however, some of these variants were reported as pathogenic, nonpathogenic, or unknown variants in the
references.

Figure 1. Home page of the BRCA1 variant database.

Database Content
Breast Cancer
The BRCA1 gene variant database currently has 223 entries
and 134 unique variants. Among the 134 unique variants, 73 are
pathogenic according to the criteria described above and 57%
(42/73) of these pathogenic variants have not been previously reported in the BIC database. About 67% (49/73) of the pathogenic
variants of the BRCA1 gene result in truncated proteins, all of which
are 29 frameshift and 20 nonsense mutations (Table 1). For BRCA2,
there are currently 62 unique variants identified, 40 of which are
pathogenic. Of all 40 entries of pathogenic variants, 92.5% (37/40)
are frameshift and nonsense mutations, which lead to the formation
of truncated proteins (Table 1).

Colorectal Cancer
The APC gene consists of 229 variants among those 158 are
unique variants, of which 124 are pathogenic variants. The 158
unique variants include 14 missense, 76 frameshift, 48 nonsense, 14
synonymous, and six unclassified variants. Among the 86 unique
variants (currently listed in MLH1 gene database) 51 are diseasecausing variants, nine are nonpathogenic variants and for 26 vari-

ants the pathogenic significance is unclear yet. MSH2 displays the
pathogenic variants 73.4% (58/79). Only 10 and seven variants
are tested in MLH3 and MSH6 gene, respectively. No variant has
yet been founded in PMS1 and PMS2 gene in Chinese patients.
Substitution and deletion variants hold most of the variants in all
the colorectal cancer genes (Table 1 and Fig. 2).

Discussion
This studyreports the first effort of the HVP-China creating novel
variant database of BRCA1 and BRCA2, MMR, and APC genes for
breast cancer, Lynch syndrome, and FAP, respectively, in the Chinese
population.
China participated in the HVP in 2008 and the Chinese
Consortium officially started at the Beijing International Forum of Genomic Medicine, November 1, 2008 (HVP-CHINA:
http://www.genomed.org/LOVD/). The assembly of HVP-China
participants includes collaborators in three groups: (1) analytic
platforms of genomics; (2) national clinical networks; and (3)
database and bioinformatics. For analytic platforms of genomics,
we aim to build four to five national central laboratories. For clinical
networks, we plan to build teams of different levels: a few national
core members with experienced physicians, dozens of provincial
HUMAN MUTATION, Vol. 32, No. 12, 1335–1340, 2011
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Table 1. Overview of Published Mutations
Gene

BRCA1

BRCA2

APC

MLH1

MSH2

MLH3

MSH6

MIM#
Pathogenicity
Unknown
Pathogenic
Nonpathogenic
Total
Sequence variant
Missense
Nonsense
Synonymous
Frameshift
Splice site
Unclassified
Total

113705

600185

611731

120436

609309

604395

600678

13
73
48
134

2
40
20
62

16
124
18
158

26
51
9
86

11
58
10
79

3
0
7
10

4
3
0
7

42
20
12
29
12
19
134

7
7
7
30
2
9
62

14
48
14
76
0
6
158

34
11
3
25
5
8
86

25
6
4
28
5
11
79

7
0
3
0
0
0
10

7
0
0
0
0
0
7

Unknown (?): variants with unknown pathogenicity; Pathogenic (+): pathogenic variants, including “probably pathogenic (+?)” variants; Nonpathogenic (–): variants with no
known pathogenicity, including variants with “probably no pathogenicity (–?)”.

representative members, and regular members. We will have one
central database but multiple bioinformatics teams in different institutions. Additionally, the Chinese Student Volunteer Club for
HVP was officially formed at Zhejiang University, Hangzhou China
on November 3, 2008.
In the past decades, many studies about breast cancer and colorectal cancer have been carried out and many variants and polymorphisms have been identified in the relevant genes. To facilitate
academic research and clinical genetic testing for women at high risk
of developing breast cancer and ovarian cancer, it was necessary to
create a database for gene variants and other relevant information
about these two cancers. There are some existing variant databases
on the internet such as the BIC database, Mismatch Repair Genes
Variant Database, InSiGHT database, and HGMD. But most of those
variants are variants and polymorphisms in European, Caucasian,
and Ashkenazi Jewish populations, with limited data about Chinese
populations. Our database is important to complement these exist-

ing databases. Currently, many variants databases in LOVD format
have been created in different order of columns and versions. All
these variants databases should be integrated and discussed in the
upcoming international meeting.
Founder mutations of BRCA1 and BRCA2 genes have been previously identified in some specific ethnic groups. In women with
Ashkenazi Jewish ancestry, the founder mutations 185delAG and
5382insC in BRCA1 gene and 6174delT in BRCA2 gene account for
60% of families with breast and ovarian cancer, and these variants
were also found in up to 30% of women with early-onset breast
cancer [Abeliovich et al., 1997; Bar-Sade et al., 1998; Muto et al.,
1996; Tonin et al., 1996]. Founder mutations have also been observed in many populations including Icelandic, French Canadian,
and Norwegian populations [Ferla et al., 2007].
Because the current cost of genetic testing is still very high in
China, some patients cannot afford the whole-gene testing. And
founder mutations represent a majority of the mutation occurrence

Figure 2. Frequency of pathogenic variant types in the variant database in the Chinese population.
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Table 2. Recurrent Pathogenic Mutations of BRCA1/2 in the Chinese population
Mutation
BRCA1
c.5470_5477del8
c.981_982delAT
c.5332+1G>C
c.3359_3363del5
c.5521delA
c.3330_3331insA
c.470_471delCT
BRCA2
c.5574_5577delAATT
c.3109C>T
c.5722_5723delCT

Exon

Times reported in Chinese

Times reported in other ethnicities (from BIC)

24
11
21
11
24
11
8

7
6
4
4
3
3
3

2, Asian
6, Caucasian
0
0
1, Unknown
1, Unknown
4, Caucasian, Latin American/Caribbean

11
11
11

4
3
3

0
5, Pakistani, Caucasian, Asian
42, Caucasian, European, Asian, India, Latin
American/Caribbean, Ashkenazi

BIC: Breast Cancer Information Core database; Mutations that were reported less than three times in this database were not listed in the table.

in specific populations. While comprehensive full coding region test
for patients are available in China, it is our wish to identify any
founder mutations for genetic testing for cost-effect purpose. However, no founder mutations of BRCA1 or BRCA2 genes have yet
been identified in the Chinese population from this study. Two previous studies have proposed that 1081delG (c.962delG) in BRCA1
gene and c.3109C>T in BRCA2 gene are founder mutations in the
Chinese population [Khoo et al., 2002; Kwong et al., 2009], but
these results have not been supported by any other data. Nevertheless, some recurrent pathogenic variants were observed in our
database (Tables 1 and 2). But these variants have not been proved
as founder mutation. The most frequent pathogenic variants of
BRCA1 are c.981_982delAT, c.3359_3363del5, c.5332+1G>C, and
c.5470_5477del8, all of which are frameshift variants that result in
truncated proteins, except c.5332+1G>C. Variant c.5332+1G>C is
a single nucleotide substitution at exon–intron boundary in intron 21, which may affect exon splicing [Chen et al., 2009; Li
et al., 2008]. In BRCA2, the most frequent pathogenic variants are
c.5574_5577delAATT c.3109C>T and c.5722_5723delCT. The variant c.5574_5577delAATT has been found in at least three families,
two of which are kindreds with more than three breast cancers; there
was at least one bilateral case in each kindred [Hu et al., 2008; Li
et al., 2008; Song et al., 2006ab]. Of note, we compared our database
to the BIC database, more than 50% of the recurrent variants in
our database have never been reported in populations other than
Chinese (Tables 1 and 2). These results indicate that some specific
variants of BRCA1/2 genes may contribute more than others to the
development of breast cancer in a Chinese population.
“Hot spots” are the regions of the gene sequences having multiple
high incidence of the mutation occurrence. There is apparently
no such “hot variant spot” region of BRCA1/2 genes in the Chinese
population. All variants are spread evenly throughout the whole gene
(exons and splice sites). Although more than 50% of the pathogenic
variants reside within exon 11 in both BRCA1 and BRCA2, a hotspot region is not indicated because exon 11 covers more than 50%
of the coding sequence in BRCA1 and BRCA2 genes [Smith et al.,
1996; Wooster et al., 1995].
APC is the gene associated with FAP, which is a tumor suppressor gene. The protein encoded by APC gene plays an important role in tumor suppression [Hoshino et al., 1991]. Most
of variants of APC gene produce abnormal proteins that cannot
suppress the cellular overgrowth that becomes cancerous. Several
variants are reported many times and in different populations
in our database and other databases. These “hot” variants are
c.3927_3931delAAAGA (p.Glu1309AspfsX4), c.4393_4394delAG
(p.Ser1465TrpfsX3), c.3183_3187delACAAA (p.Lys1061Lysfsx2),

c.4348C>T (p.Arg1450X), c.994C>T (p.Arg332X), c.847C>T
(p.Arg283X), c.694C>T (p.Arg232X), and c.423-1G>A. Three variants c.646C>T (p.Arg216X), c.2721delG (p.Gly907GlyfsX9), and
c.4057G>T (p.Glu1408X) are only identified in Chinese patients.
Variants in the MSH2 and MLH1 genes are detected in up to
approximately 60% and 30% of families with Lynch syndrome, respectively [Fishel et al., 1993; Papadopoulos et al., 1994]. MSH6
gene variants account for approximately 7–10% of such families
[Miyaki et al., 1997]. The share of PMS2 is less than 5% [Thompson et al., 2004]. MLH3 and PMS1 genes variants were only reported in very limited families and the clinical significance of these
genes in Lynch syndrome has not been determined [Lu et al., 1998;
Nicolaides et al., 1994; Peltomaki, 2003]. No variant hot area is
found in the MMR genes, but c.1168C>T (p.Leu390Phe), c.1255C>A
(p.Gln419Lys), and c.1886A>G (p.Gln629Arg) in MSH2 gene and
c.199G>A (p.Gly67Arg), c.1151T>A (p.Val384Asp), and c.2041G>A
(p.Ala681Thr) in MLH1 gene are reported relatively more times.
The variants c.610G>T (p.Gly204X) in MSH2 gene and c.265G>T
(p.Glu89X) in MLH1 gene are only identified in Chinese populations. Only 10 and seven variants are founded in MLH3 and MSH6
genes, respectively, and no variant has been founded in PMS1 and
PMS2 genes in Chinese patients.
China is a large country with a population of about one-fourth
of the whole world. Ministry of Health of the People’s Republic
of China issued an approved List of Clinical Genetic Testing for
Medical Institutions (180) in 2007. The list granted the approval
for some genetic testing, including mutation screening for BRCA1,
BRCA2, and other genes in familiar breast cancer, mutation screening for MLH1, MSH2, PMS1, and PMS2 genes for Lynch syndrome,
mutation screening for APC and DCC genes in colon cancer. More
tests are expected to be approved. We have built 32 genes database
based on our LOVD system and will finish other 60 genes related to
malignant arrhythmia and some genetic tumor disorders. In addition, China spurs quest for HVP and will invest significant funding
support to this project over 10 years to take on important role in
the medical genetics field. At present, most of the genetic testing is
conducted on the research base with no national clinical standards
and certification system yet. China will set up a new institute in
Beijing to adopt the international standards and coordinate activities across the country and to give training in genetic counseling
and testing. Currently, the Ministry of Health, PRC, has organized
several genetic counseling workshops. The International HVP is the
global initiative to collect and curate all human genetic variation
affecting human health. This is a huge and long-term project. It
will require continuous efforts from generations of scientists and
physicians of genomic medicine. This students club aims to attract
HUMAN MUTATION, Vol. 32, No. 12, 1335–1340, 2011
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the future scientists and physicians to participate in this important
program.
In conclusion, the novel LOVD Databases for Hereditary Breast
Cancer and Colorectal Cancer will provide a great convenience to
researchers and clinicians who study, test, and diagnose breast cancer, colorectal cancer, and other cancers caused by variants on the
involved genes. The databases can be of especially use for facilitating
future genetic tests in the Chinese population and others worldwide.
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