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Abstract

Mutations in the SMAD4 gene have been found in patients with Juvenile Polyposis Syndrome (JPS), patients
with combined Juvenile Polyposis/ Hereditary Hemorrhagic Telangiectasia (JP/HHT) or patients with HHT, but without
reported symptoms of juvenile polyposis. We have developed a publicly available, searchable SMAD4 database to
aid in genotype/phenotype correlations, using the Human Genome Variation Society recommendations for mutation
nomenclature and database content. The purpose of this database is to serve as a repository for all known SMAD4
mutations, variants of uncertain significance, or polymorphisms including sequence based changes and large deletion/
duplications that have been linked to JPS, JP/HHT, or HHT as well as any clinical information or significant literature
related to the disorder. Each database entry lists the SMAD4 mutation’s location, mutation type, pathogenicity
classification, disease-specific phenotype, literature references, and comments (which may include clinical features,
complex genotypes, and links to additional literature references). The majority of the SMAD4 database entries consist of
missense sequence changes and small deletions with 67 JPS mutations, 23 JP/HHT mutations, and one HHT-causing
mutation. Novel SMAD4 variants and updated phenotypic information for any existing database entry can be submitted
electronically on the database website (www.arup.utah.edu/database/SMAD4/SMAD4_welcome.php). In conclusion,
with links to detailed clinical descriptions and all published references, this database hopes to serve as a valuable

N

reference for the clinical management of patients with JPS, JP/HHT and HHT.

-
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Introduction

Juvenile polyposis syndrome (JPS), hereditary hemorrhagic
telangiectasia (HHT), JP/HHT and the SMAD4 gene

Juvenile polyposis syndrome (JPS; MIM 174900) is an autosomal
dominant disorder that affects 1 in 100,000 individuals [1]. JPS is
characterized by the presence of hamartomatous polyps throughout
the gastrointestinal (GI) tract and is associated with an increased risk
for Gl cancers [2,3]. Affected individuals may experience abdominal
pain, diarrhea and rectal bleeding which can lead to anemia. Juvenile
polyposis syndrome is diagnosed when an individual has any one of
the following: (1) more than five juvenile polyps of the colon or rectum,
(2) multiple juvenile polyps in the upper and lower gastrointestinal
tract, or (3) any number of juvenile polyps and a family history of
juvenile polyposis syndrome.

JPS is caused by mutations in the gene encoding the mothers
against decapentaplegic homolog 4 (SMAD4/MADH4) on chromosome
18q21.1 or in the gene encoding the bone morphogenic protein
receptor-1A (BMPR1A) on chromosome 10q22.3 [4,5]. SMAD4, a
tumor suppressor gene and BMPRIA are intracellular mediators of
the transforming growth factor-beta (TGF-B) signaling pathway [6].
SMAD4 and BMPRIA mutations cause JPS in approximately twenty
percent of patients each [7,8]. Currently, it is unknown how juvenile
polyps form as a consequence of germline SMAD4 or BMPRIA
mutations or which additional unidentified genes are responsible for
causing the other 60% of JPS.

Clinical heterogeneity has been observed as a result of SMAD4
mutations. A small number of patients (2-3%, based on small numbers)
clinically diagnosed with Hereditary Hemorrhagic Telangiectasia
(HHT; MIM 187300), but without reported symptoms of JPS, have a
SMAD4 mutation [9,10]. HHT is an autosomal dominant disorder that
has distinct, nonoverlapping clinical features from juvenile polyposis.
Unlike JPS, HHT is a vascular malformation disorder characterized
by recurrent nosebleeds, telangiectases (of the mouth, face, hands,
gastrointestinal tract) and arteriovenous malformations (AVMs) in the
lung, brain, liver, or spine [11]. The majority of HHT patients (85%)
have pathogenic mutations in ENG or ACVRLI. These genes, like
SMAD4 and BMPR1A, encode proteins involved in the TGF-f signaling
pathway.

SMAD4 mutations have also been identified in patients from
unrelated families meeting the diagnostic criteria for both juvenile
polyposis and HHT [12,13]. This combined syndrome of juvenile
polyposis and HHT (JP/HHT; MIM 175050) is characterized by
symptoms of both diseases in different family members in the
same family or as the presence of both JPS and HHT in an affected
individual [12,13]. One previous study found that 22% of individuals
with a SMAD4 mutation in their JPS population also had HHT [14]. But
this percentage is likely higher since JPS patients have not historically
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been well evaluated for HHT manifestations and visa versa. JP/HHT
patients seem to have a high frequency of pulmonary AVMs and
digital clubbing secondary to hypoxia. The severity (pulmonary,
cerebral and hepatic AVMs) and often early onset of HHT symptoms
in these patients argue in favor of systemic screening for visceral
AVMs in juvenile polyposis patients with SMAD4 mutations [12,13].
But better information about the phenotypic expression of SMAD4
mutations will become available as patients are more fully evaluated
for manifestations of both JP and HHT and as mutation positive family
members of probands are studied.

Clinical management of JPS

DNA-based testing for SMAD4 mutations is used to identify
individuals at-risk for JPS as well as to determine appropriate medical
management. Because SMAD4 mutations can also cause HHT, DNA-
based testing for SMAD4 mutations is also used to identify individuals
with HHT who do not have an identifiable mutation in ENG or ACVRL1
[9]. If a SMAD4 mutation is identified, the patient should also then
be screened for gastric and colonic polyposis [9]. Young individuals
with HHT who have GI bleeding or anemia that cannot be attributed
to epistaxis or bleeding from telangiectasias should also be evaluated
for polyposis.

While most juvenile polyps are benign, malignant transformation
can occur. Approximately 20% of JPS patients have hamartomatous
gastrointestinal polyps that turn into malignant lesions [3]. The
incidence of colorectal cancer in patients with JPS is also increased
ranging from 17-22% by age 35 years to 68% by age 60 years. Careful
screening of young at-risk individuals and the removal of polyps
reduces the malignant potential of this disease.

SMAD4 database objectives

A database cataloging JPS, JP/HHT, or HHT-causative SMAD4
mutations can be a valuable reference for medical management of
patients with these disorders. Drawing SMAD4 genotype/phenotype
correlations has been difficult due to drastic variance seen in the
number of polyps and the onset of polyp development among
members of families with JPS that have the same SMAD4 mutation.
Despite this, several genotype/phenotype correlations have been
made among individuals with JPS caused by SMAD4 versus BMPR1A
mutations. Patients with JPS caused by a SMAD4 mutation are more
likely to have upper-GI polyps compared to those with BMIPR1A or no
known mutations and individuals with either a SMAD4 or BMPRIA
mutation are more likely than those without mutations identified in
these genes to have a more severe phenotype (more than ten lower
Gl polyps and a family history of Gl cancer) [8,15,16].

To aid in the genotype/phenotype correlations that can be drawn
from SMAD4 mutations, we developed a publicly available, user-
friendly SMAD4 database to document all known SMAD4 mutations
or gene variants that have been linked to JPS, HHT, or JP/HHT as
well as any clinical information or significant literature related to
the disorders. The SMAD4 database is a useful reference for SMAD4
genotype/phenotype correlations due to the availability of phenotype
and pathogenicity classifications, descriptive summaries of family
clinical information and direct links to each literature reference
sited. Because SMAD4 genotype/phenotype correlations are difficult
to make for these disorders, it is essential to have a database that
provides detailed clinical information, so that in the future, additional
genotype/phenotype correlations can be drawn. The database is also
linked to all published papers related to each mutation. This feature
is different from most databases in that it enables clinicians to easily
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understand the frequency and detailed clinical scenarios associated
with each mutation. Thus, the SMAD4 database is a valuable reference
for the medical management of patients with JPS, HHT or JP/HHT.

The database will remain comprehensive and current for JPS,
HHT or JP/HHT SMAD4 mutations, with quarterly updates from the
literature, clinical laboratory test results and any electronic database
submissions. Another useful feature of our database is the electronic
data submission, which allows clinical diagnostic laboratories to
submit mutations, variants, or polymorphisms without a publication
requirement. This feature is extremely valuable because clinical
diagnostic laboratories generate large quantities of data but rarely
publish these results. This feature is available through disease (or
gene) focused databases but not through comprehensive databases.
Updates received from colleagues describing novel SMAD4 variants
or phenotypic information for any existing database entry will also be
updated quarterly. This database serves as the most comprehensive
repository for SMAD4 mutations and their associated clinical
phenotypes.

Methods

Data sources

The SMAD4 database was constructed using SMAD4 mutations
obtained from articles found using PubMed (www.ncbi.nlm.nih.
gov/sites/entrez) and Google (www.google.com). SMAD4 mutations
identified during routine clinical testing performed at ARUP for JPS,
JP/HHT and HHT were also included in the database. The database was
constructed using the Human Genome Variation Society and HUGO'’s
Mutation Database Initiative recommendations for database content
(www.hgvs.org/mdifaq.html). The Genbank reference sequences used
for the database were NC_000018.9 (genomic DNA), NM_005359
(mRNA, position 1 is “A” of the ATG start codon) and NP_005350.1
(protein).

Software

The SMAD4 database was developed using PHP and MySQL
(MySQL, Inc., Seattle, WA). Coding was performed in-house for
dynamic HTML display and JPS SQL tables. Webpages are hosted on
a Mac OSX Apache server. All SMAD4 mutations were added to the
database and edited using phpMyAdmin.

Results and Discussion
SMAD4 database website

The SMAD4 database can be found under Disease Databases on
the ARUP Online Scientific Resource webpage (www.arup.utah.edu)
or can be accessed directly at www.arup.utah.edu/database/SMAD4/
SMAD4_welcome.php. The SMAD4 database has six webpages
(including the SMAD4 Home, Links, Display Database, Search
Database, Submissions & Updates and Contact Us pages) that can
easily be navigated using the tabs (Figure 1A). The SMAD4 homepage
briefly describes JPS, HHT, JP/HHT and the database aims. In addition,
links to the SMAD4 reference sequences are found on the homepage.
The SMAD4 Links webpage has links to existing online resources for
JPS, HHT, JP/HHT and SMAD4, including the Human Gene Mutation
Database (HGMD), MutDB, Uniprot and the Human Protein Reference
Database (HPRD). Links to the SMAD4 database exist or are being
requested from NCBI, HGMD, HGVS, UniProt, GENATLAS, GENETests
and The HHT Foundation websites. These links will integrate the
SMAD4 database into relevant scientific fronts.
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Exon 06 Nonsense ¢.538C>T p.GIn180X Mutation JP Woodford-Richens (2001)
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Figure 1: The SMAD4 database display. (A) Tabs facilitate navigation within the database website. (B) Database column headings. Entries can be sorted alphabetically
by clicking the sort arrows within the Classification or Phenotype column headings in ascending (A ) or descending (V) order. (C) Example of information listed in the

comments, including relevant clinical information.

The SMAD4 database is found on the Display Database webpage
shown in Figure 1. As of the initial public release date, January 2010,
the database contained 77 entries. The database currently contains
86 entries after the first update in April 2010. The default database
display is sorted by the location of the SMAD4 sequence variation (5’
to 3’) and all sequence variation is heterozygous unless otherwise
noted. Figure 1B shows the database display columns (Location,
Mutation Type, Nucleotide Change, Protein Change, Classification,
Phenotype, References and Comments described further below).
Comments for each entry may provide specific clinical or biochemical
information related to the mutation described. Phenotype
abbreviations are defined above the database column headings. A
search can be initiated from the SMAD4 Home or Search Database

pages.

In order to enable researchers to submit novel SMAD4 sequence
variation or update information for existing entries, a Database
Submissions webpage was generated. A Contact Us webpage displays
current email addresses for the database curators.

SMAD4 database display columns

SMAD4 Mutation location and mutation type: The Location
column (Figure 1B) displays the exon or intron number for each
SMAD4 sequence variation. Figure 2A depicts the mutation type
distribution for patients with JPS, JP/HHT and HHT. The majority
of the database entries are missense sequence changes and small
deletions. A smaller number of entries describe nonsense mutations,
duplications, deletion/insertions, splice site alterations, or large
deletions (Figure 2A).

Of the 86 SMAD4 database entries, 67 SMAD4 mutations caused
juvenile polyposis (19 missense mutations, 19 deletions, 10 nonsense
mutations, 7 insertions, 4 duplications, 4 splice site variants, 3 large
deletions including 1 deletion of the entire gene and 1 insertion/
deletion). JPS-causing mutations were identified in all thirteen exons
with the majority (70%) occurring in SMAD4 exons 10-13 (Figure
2B). Of the 47 JPS-causing mutations identified in this region, exons
10 and 13 had the highest number of mutations (27% and 21%,
respectively) while exons 11 and 12 had the remaining 22% of JPS
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Figure 2: SMAD4 mutations in JPS, JP/HHT and HHT patients. (A) Distribution of SMAD4 mutation database entries categorized by mutation type and phenotype
(JPSin gray, JP/HHT in black and HHT in white). (B) Number of different JPS-causing SMAD4 mutations in each exon of the SMAD4 gene. Mutations in each exon were
further classified by mutation type (see inset). Three large SMAD4 deletions, one of the entire gene and two others beginning with exon 7 and exon 8, are not shown. (C)
Number of different JP/HHT-causing SMAD4 mutations in each exon of the SMAD4 gene. Mutations in each exon were further classified by mutation type (see inset).
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J

mutations. The most common SMAD4 mutation, a deletion in exon
11 (c.1244_1247delACAG, p.Asp415 frameshift), has been reported
in multiple unrelated families with JPS [3,4,8,16-22, unpublished
ARUP results]. Exons 10-13 code for the SMAD4 C-terminal MH2
domain which plays an important role in SMAD4 oligomerization and
transcriptional activation [23,24].

Most aberrations that caused JPS in this region were missense
mutations and small deletions (Figure 2B). The majority of missense
mutations caused SMAD4 protein charge alterations in exons 10

(Arg361Ser/Gly/Cys/His, Glu330Lys/Gly, Gly352Arg, Cys324Arg and
Cys363Arg), 11 (Gly386Asp and Glu390Lys) and 13 (Asp493Ala and
Trp509Arg) (7,8,14,15,20,22,25-30, unpublished ARUP data]. The
remaining missense mutations from exons 10 and 13 altered the
size rather than the charge of the amino acid from the SMAD4 MH2
domain (Tyr353Ser, Leu364Trp, Gly491Val, Gly510Val, Trp524Leu
and Leu533Val) [3,7,14,18,20,22,29]. Mutations predicted to lead
to a frameshift and eventually cause the formation of a premature
stop codon were found in exon 10 (4 deletions and 1 insertion),
exon 11 (3 deletions), exon 12 (4 deletions and 1 insertion) and
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exon 13 (3 deletions, 2 insertions and 2 duplications) [3,4,7,8,14,16-
22,26,28,30, unpublished ARUP results]. Six nonsense mutations that
also caused a premature stop codon to form were identified in exons
11 (c.1162C>T, p.Glu388X; c.1193G>A, p.Trp398X; c.1236C>G,
p.Tyr412X), 12 (c.1333C>T, p.Argd45X; c.1342C>T, p.GIn448X)
and 13 (c.1527G>A, p.Trp509X) (3,7,8,14,16,21,22,26-28,31]. Two
mutations predicted to alter splicing in this region were found in
intron 10 (c.1139G>A and ¢.1139+1G>A) [14,20,22].

The remaining 30% of JPS SMAD4 mutations were located in exons
1-9 with the highest frequency in exons 4 and 6 (Figure 2B). Mutations
in the SMAD4 N-terminal MH1 DNA binding domain (comprised
of exons 2-4) can significantly reduce the DNA binding activity of
SMADA to its target genes while mutations in the linker region of
SMAD4 (comprised of exons 5-9) affect transcription activation of the
SMAD complex [32,33]. Most of the JPS SMAD4 mutations in these
regions led to a frameshift in the SMAD4 protein or were caused
by point mutations leading to a truncated protein. No missense
mutations were located in exons 1-9. Mutations predicted to lead to
a frameshift leading to a premature stop codon were found in exon
3 (an insertion/deletion), exon 4 (1 duplication and 1 insertion), exon
5 (1 deletion), exon 6 (2 deletions), exon 7 (2 insertions), exon 8 (2
deletions) and exon 9 (1 duplication) [3,4,7,8,14,16,17,20,22,26,34,
35]. Four nonsense mutations that lead to a premature stop codon
were also identified in exon 4 (c.403C>T, p.Arg135X) and exon 6
(c.437T>A, p.Leu146X; c.533C>G, p.Ser178X; ¢.538C>T, p.GIn180X)
[14, 18, 20, 29, 34]. Two mutations predicted to alter splicing were
found in intron 1 (c.1-128+1G>A) and intron 4 (c.425-6A near exon
5) [14,34].

Twenty-three SMAD4 mutations caused JP/HHT (12 missense,
6 deletions, 2 nonsense, 2 duplications and 1 insertion/deletion)
and one missense mutation in exon 10 (c.1081C>T, p.Arg361Cys)
caused HHT [9,12,13,20]. The exon distribution of the JP/HHT SMAD4
mutations is shown in Figure 2C. The distribution of these mutations
follows the same trend as what is seen with the JPS patients (Figure
2B). Prior to the identification of twelve additional SMAD4 mutations
in 15 additional JP/HHT patients [13], all previously identified JP/HHT
SMAD4 mutations were limited to the MH2 domain of the SMAD4
protein (exons 10-13). Although most of the JP/HHT SMAD4 mutations
identified in this new cohort of patients clustered in the MH2 domain
(exons 10-13), two novel SMAD4 mutations were identified in exons
4 (¢.302G>Z, p.W101X) and 7 (c.692dupG, p.S232 frameshift)
indicating that JP/HHT SMAD4 mutations are not limited to the MH2
domain [13]. The MH1 domain had one missense mutation in exon
4, the linker domain had one duplication resulting in a frameshift
in exon 7 and the MH2 domain had the most mutations (8 missense
mutations and 2 small deletions in exon 10, 2 missense mutations and
1 small deletion in exon 11 and 2 missense, 1 nonsense, 3 deletions, 1
deletion/insertion and 1 duplication in exon 13 [9,12,13,20]. Contrary
to the JPS SMAD4 mutations, no large SMAD4 deletions/duplications
or splice site mutations cause JP/HHT (Figure 2A and 2C).

Nucleotide and protein change: Nucleotide and protein changes
are listed according to the Human Genome Variation Society
recommendations for sequence variation nomenclature. The first
cDNA nucleotide (c.1) corresponded to the “A” of the ATG start codon
of the SMAD4 Genbank reference sequence (NM_005359.5). For
complex SMAD4 sequence variation mutations involving deletions,
duplications, or insertion/deletions, the codon number listed is the
first codon involved in the change. For splice site mutations and
intronic polymorphisms, only the genotype is displayed. Single amino
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acid changes are listed in the Protein Change column. Frame Shifts
are documented by stating the original amino acid followed by the
codon number and word frameshift. For large SMAD4 deletions, a
description of the deleted exons is provided in the Protein Change
column. For more complex mutations, a brief description of the
protein changes may appear in the Comments.

Classification of pathogenicity: Any deleterious, germline SMAD4
sequence change that causes JPS, HHT, or JP/HHT and segregates with
the JPS disease symptoms within a family is defined as a “mutation”.
SMAD4 “polymorphisms” are benign, germline SMAD4 sequence
changes that are not causative of JPS, HHT, or JP/HHT. The SMAD4
database has 86 mutation entries associated with JPS, JP/HHT or HHT
as of the first update (April 2010). Of the 86 germline variants that
comprise the SMAD4 database, 83 are classified as mutations and 3
are polymorphisms (c.354G>A, p.Alal18Ala in exon 4; c.788-32A>T
in intron 7 and ¢.905-52A>G in intron 8) [20, 30, unpublished ARUP
results]. Comments may have additional information to support the
classification designation.

Phenotypes caused by SMAD4 mutations: Clinical heterogeneity
has been observed as a result of SMAD4 mutations. Brief descriptions
of the JPS, HHT and JP/HHT phenotypes caused by SMAD4 mutations
are found on the SMAD4 Home Page. Abbreviations for these
phenotypes are listed at the top of the Display Database and Search
Database pages. Most SMAD4 mutations were unique to either the
JPS or JP/HHT phenotype.

When the database was initially launched, the majority of the
JPS SMAD4 mutations (63 of 67 entries) had no phenotypic overlap
with JP/HHT. Seven mutations were unique to the JP/HHT phenotype:
one in exon 10 (c.1088_1090delGTT, p.Cys363del) and six in exon
13 (c.1594delG, p.Ala532 frameshift; ¢.1596_1597delCCinsT,
p-Ala532 frameshift; c.1596delC, p.Leu533 frameshift; c.1598T>G,
p.Leu533Arg; ¢.1600C>T, p.GIn534X and c.1612_1625del, p.Glu538
frameshift) [9,12,20]. Including the findings from Gallione and
coworkers, 16 of the 23 JP/HHT SMAD4 mutations associated clinically
with JP/HHT alone while 60 out of 67 SMAD4 mutations were unique
to the JPS phenotype [13].

Seven SMAD4 mutations displayed phenotypic variability with
most residing within 12 amino acids of each other on the MH2 domain.
A missense mutation in exon 10 (c.1081C>T, p.Arg361Cys) displayed
the most phenotypic variability, as patients with JPS, HHT, or JP/HHT
had the same mutation. This is the only SMAD4 mutation identified
thus far to strictly cause HHT and not the combined syndrome JP/
HHT [9]. Six additional SMAD4 mutations displayed phenotypic
variability where patients with the same mutation exhibited clinical
findings consistent with JPS or JP/HHT in exons 10 and 11 (c.988G>A,
p.Glu330Lys; ¢.1054G>A, p.Gly352Arg; c.1081C>G, p.Arg361Gly;
c.1082G>A, p.Arg361His; c.1091T>G, p.Leu364Trp; c.1157G>A,
p-Gly386Asp) [12-15,20,27,29].

Adding to the complexity of these disorders, JP/HHT-causing
SMAD4 mutations were recently shown to not be limited to the
MH2 domain [13]. Recently, two JP/HHT mutations were identified in
other parts of the gene (exons 4 and 7) indicating that the cumulative
SMAD4 mutational spectra for JPS and JP/HHT are almost identical
allowing no apparent molecular distinction between JPS and JP/HHT
[13]. We anticipate that more information about the phenotypic
expression of SMAD4 mutations will become available as patients are
more fully evaluated for manifestations of both JP and HHT and as
mutation positive family members of probands are studied. As more

b J Data Mining in Genom Proteomics
ISSN:2153-0602 JDMGP an open access journal

Volume 1. Issue 1.1000101 ]




Citation: Wooderchak WL, Spencer Z, Crockett DK, McDonald J, Bayrak-Toydemir P (2010) Repository of SMAD4 Mutations: Reference for Genotype/
Phenotype Correlation. J Data Mining in Genom Proteomics 1:101 doi:10.4172/2153-0602.1000101

patients with JPS are examined for HHT characteristics, we predict
that the genotype/phenotype overlap among JPS and JP/HHT SMAD4
mutations that are currently distinct will increase.

References: The first literature report to publish information on
each SMAD4 sequence variation is listed in the Reference column.
Each reference is hyperlinked to their corresponding abstract in
PubMed. Additional references that report the same variation
can be found in the comments. References that used sequence
variation nomenclature that was different or obsolete is noted in
the comments. For example, the most common JPS-causing SMAD4
mutation (c.1244 1247 delACAG, p.Asp415 frameshift) had many
listed references and the comments reflect this.

Comments: The comments for each SMAD4 database entry
are visualized by placing the mouse pointer over the Comments
column icon as demonstrated in Figure 1C. Comments may further
explain information displayed for each database entry and often
contain specific clinical information derived from multiple literature
references which are distinguished as (author name, year). Links to
these references are listed in the References column. Comments
may also provide specific biochemical information related to the
pathogenicity of the variant described.

Database sort and search functions

The SMAD4 database can be searched by location, classification,
codon number, phenotype, or protein change from the SMAD4 Home
or Search Database webpages. The database display can also be
sorted alphabetically in ascending or descending order, by clicking
the arrows found within the classification, phenotype, or reference
column headings (Figure 1B).

Database submissions and updates

New SMAD4 sequence variation can be submitted to the SMAD4
database using the Database Submissions webpage. This form can
also be used to update clinical information or to clarify the current
classification or phenotype of SMAD4 sequence variants. The
submission form requests information on the sequence variation,
clinical consequences, family history, publications and contact
information for the submitter. New database submissions and
updates will be reviewed and verified by the database curators, who
will designate the classification and JPS phenotype based on the
clinical information provided.

Quarterly content updates will be performed to maintain the
accuracy and utility of the SMAD4 database using new SMAD4
sequence variation information from literature reports, electronic
database submissions and updates and routine clinical testing
performed at ARUP. The date of the latest update is noted on the
SMAD4 Home webpage. By encouraging external data submissions
and updating the database on a continual basis, we expect to maintain
the SMAD4 database as the most comprehensive, publically available
SMAD4 genotype/phenotype data repository.
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