
INTRODUCTION
The first systematic definition of Marfan syndrome (MFS) was 
the so-called Berlin criteria1 of 1986. After the discovery of 
FBN1 as the disease-causing gene for MFS in 1991,2 the criteria 
were revised in Ghent in 1996 (Ghent I).3 In 2010, the criteria 
were again revised (Ghent II), highlighting FBN1 mutations, 
aortic dilatation, and ectopia lentis as cornerstones in the MFS 
diagnosis.4

According to the Ghent II criteria, it is possible to diagnose 
MFS by evaluating clinical manifestations, but genetic testing 
for diagnosing MFS has proven to be increasingly important.5 
According to the American College of Medical Genetics and 
Genomics (ACMG),6 a variant should be classified with one of 
the following modifiers: (i) pathogenic, (ii) likely pathogenic, 
(iii) uncertain significance, (iv) likely benign, or (v) benign. 
ACMG suggests that the term “likely” be used when a variant 
is at least 90% likely to be either benign or pathogenic and, of 
course, with even stronger evidence for the terms “benign” or 
“pathogenic.” Variants with insufficient evidence are termed 
variants of uncertain significance (VUS). In clinical practice, a 
variant evaluation that results in a VUS statement is of minor 
diagnostic utility.7 When categorizing a variant, a VUS classifi-
cation calls for gathering sufficient additional evidence in the 
direction of either “benign” or “pathogenic.”.

The Ghent II criteria for causality of variants4 in the FBN1 
gene are listed in a box in the original guideline paper and 
repeated in the general guideline text. Some of the them, 
including “nonsense mutations,” “in-frame and out-of-frame 
deletion/insertion,” and “mutations previously shown to seg-
regate in the Marfan family” are generally accepted in the 
genetics community.6,8 Others are specific for the FBN1 gene, 
such as “missense affecting/creating cysteine residues”4 and 
“missense affecting conserved residues of the EGF consensus 
sequence ((D/N)X(D/N)(E/Q)Xm(D/N)Xn(Y/F), with m and 
n representing variable numbers of residues: D, aspartic acid; 
N, asparagine; E, glutamic acid; Q, glutamine; Y, tyrosine; F, 
phenylalanine).”4 No references to substantiate these recom-
mendations are cited, but some of the recommendations (for 
example, regarding the effect of cysteine mutations) were 
inspired by the work by Faivre et al.,9 which was published a few 
years before the guidelines. According to the OMIM database 
(http://omim.org), the FBN1 gene is associated with no fewer 
than nine conditions (acromicric dysplasia, familial thoracic 
aortic aneurysm, familial ectopia lentis, geleophysic dysplasia 
2, MFS, MASS phenotype, Scheuermann kyphosis, stiff skin 
syndrome, and Weill–Marchesani syndrome 2), some of which 
are in no way like MFS. Thus, the presence of a causal variant 
in the FBN1 gene is not necessarily associated with or causes 
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Background: Genetic FBN1 testing is pivotal for confirming the clin-
ical diagnosis of Marfan syndrome. In an effort to evaluate variant 
causality, FBN1 databases are often used. We evaluated the current 
databases regarding FBN1 variants and validated associated pheno-
type records with a new Marfan syndrome geno-phenotyping tool 
called the Marfan score.

Methods and results: We evaluated four databases (UMD-FBN1, 
ClinVar, the Human Gene Mutation Database (HGMD), and Uni-
prot) containing 2,250 FBN1 variants supported by 4,904 records 
presented in 307 references. The Marfan score calculated for phe-
notype data from the records quantified variant associations with 
Marfan syndrome phenotype. We calculated a Marfan score for 1,283 
variants, of which we confirmed the database diagnosis of Marfan 

syndrome in 77.1%. This represented only 35.8% of the total regis-
tered variants; 18.5–33.3% (UMD-FBN1 versus HGMD) of variants 
associated with Marfan syndrome in the databases could not be con-
firmed by the recorded phenotype.
Conclusion: FBN1 databases can be imprecise and incomplete. 
Data should be used with caution when evaluating FBN1 variants. At 
present, the UMD-FBN1 database seems to be the biggest and best 
curated; therefore, it is the most comprehensive database. However, 
the need for better genotype–phenotype curated databases is evident, 
and we hereby present such a database.
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MFS. In reality, laboratories seldom report results referring to 
the Ghent II variant criteria, and it seems that each laboratory 
has its own criteria for evaluating variant causality, and even 
the nomenclature can be troublesome for some laboratories.10

The variant evaluation process is usually performed accord-
ing to local and generalized guidelines used to evaluate any 
kind of variant. Variant databases such as the Human Gene 
Mutation Database (HGMD) are used as a resource for linkage 
to peer-reviewed articles on disease-associated variants,11 but 
these databases have shown inaccuracies when used to diag-
nose MFS.12 Sequencing techniques such as next-generation 
sequencing and the use of large gene panels as well as whole-
exome sequencing increase the demand for complex computer 
algorithms to handle data from various sources, including gen-
otype–phenotype databases.11 Therefore, a well-curated variant 
database focused on genotype–phenotype correlation is essen-
tial when evaluating previously described variants.

We hereby provide a comprehensive quality evaluation of the 
present databases with information on FBN1 variants as well as 
variant-associated phenotypes and introduce a new MFS geno-
type–phenotype tool called the Marfan score.

MATERIALS AND METHODS
We created a database with all publicly available FBN1 vari-
ants and all known associated case-based MFS phenotype 
data. All data were manually evaluated on a case-based level, 
and relevant phenotype data according to the Ghent II nosol-
ogy4 were extracted and entered into our new database. Each 
record was linked to a reference representing the source of 
the record. We searched the Universal Mutation Database for 
FBN1 (UMD-FBN1; http://www.umd.be/FBN1/),13 the HGMD 
professional database (http://www.hgmd.cf.ac.uk/ac/index.
php), the ClinVar database (National Center for Biotechnology 
Information; http://www.ncbi.nlm.nih.gov/clinvar/),14 and the 
Universal Protein Resource (UniProt; http://www.uniprot.org/) 
database15 for all known FBN1 variants. In each database, we 
identified reference articles and other material in as much detail 
as possible. Published peer-reviewed articles were all identi-
fied by PubMed searches. All material written in English was 
evaluated; nine papers in Chinese were not evaluated. It was 
not possible to gain access to 12 papers indexed in PubMed, 
representing 15 of 4,904 entries in the database.

The UMD-FBN1 mutations database also contains data clas-
sified as “personal communication,” which is not published in 
the literature and is therefore accessible only at the database’s 
homepage (http://www.umd.be/FBN1/).

Evaluating papers for variants referred in the databases, we 
found additional variants (n = 168) that, for unknown reasons, 
were not registered in any of the databases. These variants were 
as well registered in our database and evaluated in the current 
setup.

Each record for a variant was regarded as a specific individual 
representing a specific phenotype. We classified records only 
when it was possible to identify a specified individual repre-
senting a specific phenotype. In cases of multiple reports for the 

same individual, only one record was evaluated. For all indi-
viduals reported more than once in the literature, the report 
with the most detailed phenotype was used and no other record 
representing the same individual was evaluated.

Each record was classified into one of seven groups:

1.	 “Nonclassified,” representing records in which no pheno-
typic data were available or the recorded individual was 
already registered in the database

2.	 “Polymorphism,” representing records stating that the 
variant was found in individuals not having MFS or stated 
it as a polymorphism

3.	 “MFS Berlin,” representing records without detailed phe-
notypical data but describing the individual as fulfilling 
the Berlin criteria of MFS1

4.	 “MFS Ghent I,” representing records without detailed 
phenotypical data but describing the individual as fulfill-
ing the first revised Ghent criteria of MFS3

5.	 “MFS Ghent II,” representing records without detailed 
phenotypical data but describing the individual as fulfill-
ing the second revised Ghent criteria of MFS4

6.	 “Incomplete MFS,” representing records without detailed 
phenotypical data but describing the individual as having 
incomplete MFS, with MFS habitus, MFS-like phenotype, 
or something else

7.	 “Clinical classification,” representing records with pheno-
typic data

During evaluation of FBN1 databases, we registered whether 
the database associated the variant with MFS. If the variant was 
associated with MFS at least once, then we defined the variant 
as a database MFS diagnosis (database-MFS).

Marfan score
To provide phenotypical data with a numeric value when han-
dling multiple references, the Marfan score was established. 
A numeric score was chosen because the databases often have 
numerous records for the same variant when the phenotype 
information points toward differing effects in different patients 
and because phenotype information for individual patients is 
often incomplete. A numeric Marfan score enables the man-
agement of such scenarios because it can handle variant asso-
ciations with MFS and specific and relevant phenotypes, and 
it differentiates references with good phenotype descriptions 
from those with unspecific and insufficient descriptions. The 
present Marfan score is not intended to be a tool used in daily 
clinical practice. At this time, the Marfan score should be used 
only to evaluate the feasibility and quality of current databases 
that include information on MFS.

For all cases classified as “clinical classification,” the Marfan 
score (Table 1) was based on the “systemic criteria” in the 
Ghent II nosology,4 which is based on the provided clinical 
data. Because aortic dilatation/dissection is not among the sys-
temic criteria in the Ghent II nosology but is still a very impor-
tant clinical feature, we chose to score aorta dilation/dissection 
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as 10 points. Moreover, a causal FBN1 variant combined with 
aortic dilatation are sufficient for diagnosing MFS according to 
Ghent II nosology.4

We also considered the clinical presentation of a patient with 
a clear MFS phenotype as the best marker for the genotype–
phenotype association of a variant and MFS. To highlight the 
effect of high-quality phenotype records and to ensure that 
these records were reflected in the mean of a variant’s Marfan 
score, cases fulfilling the Ghent II criteria—based solely on phe-
notypical data (e.g., lens luxation and aorta dilatation)—were 
scored an additional 20 points.

We considered a Marfan score ≥7 points as indicating an asso-
ciation with MFS (score-MFS), but it is obvious that a higher 
Marfan score had greater association significance than a lower 
score. In theory, it is possible to have a Marfan score >7 points 
without fulfilling the Ghent II criteria, but a score of 7 points 
would be found only in patients with at least some phenotypical 
characteristics typical for MFS. Therefore, a cutoff of 7 points 
is a conservative estimate when evaluating database diagnoses.

For all cases defined as a “polymorphism,” “MFS Berlin,” 
“MFS Ghent I,” “MFS Ghent II,” or “incomplete MFS,” the 
Marfan score was defined as shown in Table 1. No nonclassi-
fied records were scored.

RESULTS
Database
We registered 2,250 FBN1 variants in our data set based on 
4,904 single records presented in 307 references. It was possible 
to identify a specific individual in 2,303 records. For the remain-
ing 2,601 records, either we were not able to determine whether 
the records represented a specific individual or we identified 
the records as representing an already published individual. We 
found 168 variants in searched references that were not regis-
tered in the databases, resulting in 2,082 database variants.

Database-MFS and score-MFS
Of the total 2,082 variants (Figure 1 and Table 2, row 1), we 
were able to calculate a Marfan score for 1,283 variants, of which 
69.7% (n = 893) had a Marfan score ≥7 and were therefore 
regarded as score-MFS. These were distributed as 830 (74.6% 
of all variants possible for the Marfan score in the database) in 
UMD-FBN1, 542 (73.3%) in HGMD, 73 (57.9%) in ClinVar, 
and 171 (69.7%) in Uniprot.

In all four databases, 1,661 variants (Figure 1 and Table 2, 
row 3) were registered at least once as being associated with 
MFS; therefore, they were regarded as database-MFS. In gen-
eral, the Marfan scores were higher for database-MFS, with 
mean Marfan scores ranging from 10.51 in ClinVar to 13.64 in 

Table 1  Marfan score
Points

Polymorphism −10

Nonclassified 0

MFS Berlin 5

MFS Ghent I 8

MFS Ghent II 10

Incomplete MFS 2

Clinical 
classification

Wrist sign + thumb sign 3

Only wrist sign 1

Only thumb sign 1

Spontaneous pneumothorax 2

Pectus carinatum 2

Pectus excavatum 1

Hindfoot deformity 2

Plain flat foot 1

Dural ectasia 2

Protucio acetabulae 2

Upper/lower segment and arm/height ratio 1

Scoliosis or thoracolumbar kyphosis 1

Reduced elbow extension 1

Three of five facial features 1

Skin striae 1

Severe myopia 1

Mitral valve prolapse 1

Aorta dilatation/dissection 10

Fulfilling Ghent II criteria ≥20 systemic 
points

Assignment of points in the Marfan score according to reference material. The 
clinical classification is based on phenotypical data in the reference material. If the 
phenotype fulfilled the Ghent II nosology for the MFS diagnosis, the Marfan score 
was given an additional 20 points.

MFS, Marfan syndrome.

Figure 1   Percentages of all variants in different subgroups. “Database-
Marfan syndrome” (MFS) represents variants associated with MFS in at least one 
FBN1 database. “Possible to Marfan score” represents all variants classifiable 
with a Marfan score. “Score-MFS” represents variants with a Marfan score ≥7. 
“Database-MFS” and “score-MFS” represent all variants associated with MFS 
in at least one FBN1 database and with a Marfan score ≥7.
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UMD-FBN1, compared with non-database MFS variants with 
mean Marfan scores ranging from −7.16 in ClinVar to 8.67 
in UMB-FBN1. The negative ClinVar figure indicates that the 
database contains a high percentage of variants correctly not 
linked to MFS.

When evaluating database-MFS versus score-MFS correla-
tions, we could only confirm score-MFS in 746 database-MFS 
variants (35.8% of all variants (Figure 1), representing 77.1% 
of all variants for which assignment of a Marfan score was pos-
sible. In the specific databases, there were 612 (81.5% of all clas-
sifiable database-MFS variants in the database) in UMD-FBN1, 
516 (76.7 %) in HGMD, 71 (68.3%) in ClinVar, and 169 (76.8%) 
in Uniprot (Table 2 (row 8)). Most of the variants appear in 
several of the databases.

If we accepted a Marfan score cutoff of ≤7 as a marker for no 
phenotypical association of the variant with MFS (non-score-
MFS), then the UMD-FBN1 database associated variants with 
MFS without clinical evidence for 18.5% of variants, HGMD 
did so for 33.3%, ClinVar for 31.7%, and UniProt for 23.2% 
(Table 2, row 9). When evaluating score-MFS with non-data-
base-MFS, we found score-MFS for 54.4% of all scoreable non-
database-MFS. This indicates that databases contain incorrect 
conclusions for variants.

Supplementary data
Individual variants and the data used for calculating the Marfan 
score are provided in Supplementary Data S1 online. We searched 
the ExAC (Exome Aggregation Consortium) data set16for allele 
frequency data for each recorded variant. Supplementary Data 
S2 presents these data. We manually searched all recorded vari-
ants for the in silico scores of SIFT,17 Mutation Taster,18 and 

PhyloP using the Alamut v2.3 software package (Interactive 
Biosoftware, Rouen, France). We also manually searched all non-
synonymous variants for PolyPhen 2 HumDiv via the PolyPhen 2 
homepage. Supplementary Data S3 online contains the in silico 
score data. When available in the databases, we also recorded 
expected variant effects on amino acids. Supplementary Data 
S4 online shows the collected amino acid data.

DISCUSSION
At present, the four databases collectively provide the diag-
nostic tools for evaluating genetic test results when diag-
nosing MFS. Based on these four databases, we compiled a 
large, comprehensive, and well-curated FBN1 database with 
detailed descriptions of genotype–phenotype relations. We 
also defined a new Marfan score to test currently used data-
bases to gauge the quality of the information in these curated 
databases. MFS is a well-defined monogenic disorder with 
a widely accepted systematic phenotypical scoring criteria 
described in the Ghent II nosology.4 The Marfan score is an 
effort to operationalize the MFS phenotype in one figure in 
accordance with the diagnostic criteria of Ghent II. To mini-
mize loss of valuable data in the Marfan score, we also used 
imprecise information such as “incomplete Marfan” or “clas-
sical Marfan.” We regarded the Ghent II criteria as the gold 
standard for diagnosing MFS, but older criteria or imprecise 
definitions also affect the Marfan score.

Our evaluation of the four FBN1 variant databases showed 
that they have different characteristics. We considered the size 
of the database as a key parameter because the likelihood that a 
variant was in a database must be correlated with the size of the 
database. However, the number of unique variants could also be 

Table 2  Overview of database characteristics

UMD-FBN1
Human Gene 

Mutation Database ClinVar Uniprot Total

Total number of variants (%)a 1,840 (88.0%) 994 (47.5%) 329 (15.7%) 252 (12.0%) 2,082

Unique variants registered only in the specific  
database (%)b

857 (46.6%) 50 (5.0%) 198 (60.2%) 2 (0.8%) 1,107 (53.2%)

Database-MFS (%)b 1,254 (68.2%) 894 (89.9%) 240 (72.9%) 226 (89.7%) 1,661 (79.8%)

Possible to Marfan score (%)b 1,113 (60.5%) 739 (74.3%) 126 (38.3%) 230 (91.3%) 1,283 (61.6%)

Score-MFS (%)c 830 (74.6%) 542 (73.3%) 73 (57.9%) 171 (74.1%) 893 (69.7%)

Database-MFS and possible to Marfan score (%)c 751 (67.5%) 673 (91.1%) 104 (82.5%) 220 (95.7%) 967 (75.4%)

Mean Marfan score for database-MFS (range) 13.64 (−10 to 33) 12.22 (0 to 34) 10.51 (−10 to 30) 12.99 (0 to 29)

Score-MFS and database-MFS (%)d 612 (81.5%) 516 (76.7%) 71 (68.3%) 169 (76.8%) 746 (77.1%)

Non-score-MFS and database-MFS (%)d 139 (18.5%) 157 (33.3%) 33 (31.7%) 51 (23.2%) 221 (22.9%)

Non-database-MFS and possible to Marfan score (%)c 180 (16.2%) 43 (5.8%) 17 (13.5%) 4 (1.7%) 195 (20.2%)

Mean Marfan score for non-database-MFS (range) 8.67 (−10 to 32.5) 4.4 (−10 to 28) −7.16 (−10 to 0) 0.25 (0 to 1)

Score-MFS and non-database-MFS (%)e 106 (58.9%) 13 (30.2%) 0 (0%) 0 (0%) 106 (54.4%)

Non-score-MFS and non-database-MFS (%)e 74 (41.1%) 30 (69.8%) 17 (100%) 4 (100%) 89 (46.6%)

Score-MFS represents variants with a Marfan score ≥7. Non-score-MFS represents variants with a Marfan score <7. Database-MFS represents variants associated with MFS in 
the FBN1 database. Non-database-MFS represents variants not associated with MFS by an FBN1 database.

MFS, Marfan syndrome.
aPercentage of all variants registered in all four databases. bPercentage of total registered variants in the specific database. cPercentage of variants possible to Marfan score in 
the database. dPercentage of possible to Marfan score and database-MFS. ePercentage of possible to Marfan score and non-database-MFS.
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important because the variant undergoing evaluation could be 
a unique variant represented in only one database.

We observed large differences between databases regarding 
the absolute number as well as the percentage of unique vari-
ants. The size of the database was not an indicator of the pro-
portion of unique variants because HGMD had only 5.0% of 
the total unique variants even though the database contained 
47.5% of the total variants. Strikingly, 60.2% of all variants in 
the rather small ClinVar database were unique variants. Still, 
many unique variants do not necessarily indicate that the data-
base is better than other databases because variants without 
supporting data are of very little value. Our data indicate that 
the ClinVar database did indeed have many unique variants, 
but a majority (61.7%) of variants could not be classified with a 
Marfan score based on the available data.

Only 47 variants were present in all four databases. It is there-
fore very important to use more databases when looking for 
variant data. We cannot recommend using any of the databases 
as a sole indicator of variant pathogenicity. However, the cur-
rent collated database could prove to be an important tool for 
diagnosing MFS in the future.

We found 168 variants in searched references that were not 
recorded in any of the databases. None of the variants was 
clearly associated with MFS, and we could score only 63 vari-
ants, of which 61 scored as polymorphisms, 1 variant scored 
1 point due to mitral prolapse, and 1 variant scored 2 points due 
a registration of “incomplete MFS.” This shows that relevant 
published data overall are recorded in the databases.

The databases provided very little information regarding the 
variants registered in the database. Only 61.6% of the registered 
variants were classifiable with a Marfan score, indicating that 
the databases have many variants registered without accessible 
documentation for any disease-causing effect. There was a large 
variation in classifiable variants between the databases, with 
Uniprot having 91.3% of the registered variants classifiable with 
a Marfan score compared with only 38.3% in ClinVar. Both 
databases have a low number of registered variants compared 
with UMD-FBN1 and HGMD, which could explain the magni-
tude of variance. The fact that the smallest database (Uniprot) 
also had the highest degree of phenotypes that we were able to 
score could be explained by the fact that large databases may be 
less critical with the data they record.

We have found that laboratories, when provided with genetic 
material to analyze, do not receive comprehensive phenotype 
data from the referring clinicians. For this reason, they can-
not provide detailed variant-associated phenotype data to the 
databases. This is a major reason why databases contain large 
quantities of variant data but not of appropriate and detailed 
phenotype data.

In evaluating database-MFS, it is alarming that up to one-
third of variants (in the HGMD) do not score enough points 
with the conservative cutoff limit of ≥7 points in score-MFS. 
The database-MFS and score-MFS correlation proportion rep-
resent only 35.8% of all registered variants (Figure 1), indicat-
ing that an even larger proportion of the information in the 

databases is based on undocumented diagnosis statements than 
we can evaluate using the Marfan score.

As more genetic tests are being performed owing to reduced 
costs and easier access to sequencing facilities, we expect that 
new variants will be discovered more frequently. We also pre-
dict a more frequent single-patient setting where segregation 
data are unavailable. We therefore expect an increasing demand 
for fast and reliable classification of variants in diagnostic labo-
ratories. It is our impression that variant databases, at least to 
some extent, are already used by laboratories when analyzing 
variants. To our knowledge, there are no data regarding how 
precise these databases are when used as a diagnostic tool, but 
the present data indicate that one should be cautious when 
using these databases.

Evaluation of reference literature regarding MFS and asso-
ciated variants is an expert effort because the genotype–
phenotype association for specific variants must be conducted 
by an evaluator with specific knowledge of the MFS phenotype 
as well as the history of the diagnostic criteria. Clinical mani-
festations may also vary considerably, both interfamiliarly and 
intrafamiliarly,19 making it even more difficult for non-MFS 
experts to determine whether a genotype–phenotype exists.

ACMG accepts the use of databases as supporting evidence but 
warns about “how frequently the database is updated, whether 
data curation is supported, and what methods were used for cura-
tion.”6 Previously, we showed that all current databases include 
data of equivocal quality.12 The arbitrary goal of 90% certainty 
that a variant is either likely benign or likely pathogenic is often 
difficult or impossible to achieve for missense variants when fol-
lowing the ACMG 2015 guidelines. Still, the ACMG guidelines 
recommend that laboratories use and report to variant databases, 
including the ClinVar database.6 In the present study, we did not 
find any data that could specifically support use of the ClinVar 
database for assessing FBN1 variants. Instead, we recommend 
well-curated databases based on phenotype data associated with 
each variant. We also suggest using some sort of phenotype scor-
ing system and propose our Marfan score as a method for scoring 
FBN1 variants associated to MFS. The database data used in this 
study can be found in the Supplementary Information and are 
free to use as a transient update and curation of the FBN1 data-
bases. We also provide three separate supplementary variant data 
sets: one for ExAC allele frequency;16 one for expected amino 
acid effects; and one for in silico scores from SIFT,17 Mutation 
Taster,18 PhyloP, and PolyPhen 2 HumDiv.20,21

Conclusion
The current FBN1 databases should be used with caution when 
evaluating FBN1 variant pathogenicity. Therefore, it is of great 
importance to use more than one database when searching for 
variant data. At present, the UMD-FBN1 database seems to be 
the biggest and best curated and therefore the most comprehen-
sive database. However, the need is evident for better-curated 
databases containing clear phenotype–genotype associations. 
A  systematic phenotype scoring system could aid in clinical 
decision making.
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SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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