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Frequency of de novo variants and parental mosaicism
in vascular Ehlers–Danlos syndrome
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Purpose: Vascular Ehlers–Danlos syndrome (vEDS) is a rare
inherited autosomal dominant disorder caused by COL3A1
pathogenic variants. A high percentage of de novo cases has been
suggested. Part of it could be due to parental mosaicism, but its
frequency is unknown.
Methods: This retrospective study included a large series of
COL3A1-confirmed vEDS probands with family information. The
frequency of de novo cases was evaluated and the distribution of the
type of variants was compared according to the mode of inheritance.
The COL3A1 mosaicism was studied by deep targeted nextgeneration sequencing (NGS) from parental blood DNA.
Results: Out of 177 vEDS probands, 90 had a negative family
history, suggesting a high rate (50.8%) of de novo pathogenic
variants, enriched in the more severe COL3A1 variants (no null

INTRODUCTION
Vascular Ehlers–Danlos syndrome (vEDS, OMIM 130050) is a
rare (prevalence estimated at 1/150,000) inherited autosomal
dominant (AD) disorder that results from pathogenic variants
at the COL3A1 gene (OMIM 120180), which encodes the proα1
(III) chain of type III collagen.1 Minor signs such as easy
bruising, translucent skin with visible veins, and characteristic
facial features are often present in childhood. Patients are
exposed to life-threatening complications starting in young
adulthood with a mean age of 30 years at the first major
complication, depending on the type of COL3A1 pathogenic
variants.2,3 Most often, these major symptomatic events
correspond to spontaneous arterial dissections and ruptures,
bowel perforations, and less frequently to pneumothorax and
uterine ruptures.3 Up to now, no consequence of COL3A1
pathogenic variants on fertility has been suggested, but an
increased risk of death exists in affected women in the
peripartum period,4 when compared with the general

variant). Among those, both parental DNA were available in 36
cases and one parental DNA in 18 cases. NGS detected only one
mosaicism from maternal blood DNA (allelic ratio 18%), which was
confirmed in saliva (allelic ratio 22%).
Conclusion: vEDS is characterized by a high frequency of de novo
pathogenic variants. Parental mosaicism is rare (2–3%), but should
be systematically searched with targeted NGS, taking into account
its importance in genetic counseling.
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population. The severity of vEDS could thus lead to a lower
reproductive fitness. Finally, even though the disease expressivity is variable, the penetrance is complete,5 making the family
history an interesting tool to suggest a parental transmission.
To date, more than 600 unique pathogenic variants have
been identified in the COL3A1 gene as causing vEDS.6 Most
of them are private, spread along the coding part of the
collagen III triple helix. These include glycine substitutions
within the triple helical region of type III collagen, splice-site,
frameshift, nonsense, or large deletion variants. vEDS is
inherited in an AD manner and exceptional cases of biallelic
inheritance have been reported.7,8 In one US series, the
frequency of probands with a negative family history was
50%, suggesting a high rate of de novo pathogenic variants.2
However, no molecular parental study was performed to
confirm this estimation. Large human genome studies and
analyses of parent–offspring trios have allowed an estimation
of approximately 50–100 de novo molecular variants per
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generation and individual.9,10 A recent study performed in a
large sample of patients with various inherited diseases that
included parental samples showed a high percentage (68%) of
de novo pathogenic variants in AD diseases.11 De novo
pathogenic variants are well known to play an important role
in severe early-onset diseases because of their impact on the
reproductive fitness. Thus their role in late-onset disorders
like vEDS (adult onset versus pediatric onset) is smaller.9
The use of next-generation sequencing (NGS) offers the
possibility to detect more precisely the presence of parental
mosaicism.12 Recent genome sequencing studies allowed to
evaluate the extent of mosaicism for de novo variants. A triobased study showed that 6.5% of de novo pathogenic variants
were actually postzygotic mosaic in probands with intellectual
disability, and that 0.1% of de novo pathogenic variants
resulted from parental mosaicism.13 More recently, the
analysis of data in three families showed that 4% of apparently
de novo variants originate from parental gonosomal mosaicism detectable in blood.14 In vEDS, the frequency of parental
somatic mosaicism has been estimated at 15% without
molecular study supporting this estimation.15 Since the
identification of COL3A1, only five cases of COL3A1 somatic
and germline mosaicism have been reported in early and/or
partially documented publications.16–20 All these cases were
single observations and asymptomatic relatives of probands.
To the best of our knowledge, to date, no systematic study has
been performed to determine the true frequency of COL3A1
mosaicism.
We assessed the frequency of de novo COL3A1 pathogenic
variants in a French series of 177 vEDS families and
confirmed the previous estimation of this frequency. In 54
families with a de novo pathogenic variant, we screened
COL3A1 somatic mosaic by deep targeted NGS. The results
suggested mosaicism is a rare event in vEDS.

MATERIALS AND METHODS
Study population

To determine the frequency of de novo pathogenic variants,
we included all vEDS probands referred between January 2000

and June 2017 to the Genetics Department of the Georges
Pompidou European Hospital (Paris, France) for molecular
analysis and harboring a COL3A1 pathogenic variant. Family
history (FH) was assessed through questionnaire and/or direct
examination and genetic testing in the parents/relatives.
Positive FH was considered as confirmed if (1) the mother
or the father was heterozygous for the COL3A1 pathogenic
variant, or (2) the recurrence in the siblings was molecularly
proven with a parental transmission in the questionnaire, or
(3) the recurrence in the siblings was molecularly proven
without a parental transmission in the questionnaire. Positive
FH was considered as apparent (i.e., without molecular
confirmation) in three conditions: (1) only one parental DNA
was available and negative for the COL3A1 pathogenic variant
that seemed to be transmitted by the other parent in the
questionnaire, or (2) FH was assessed in the questionnaire
and not confirmed with one/several relatives negative for the
COL3A1 pathogenic variant, or (3) FH was assessed only in
the questionnaire with no family screening (Fig. 1 and
Supplemental Fig. 1). Sporadic status was considered as
confirmed only when both parental DNA were available and
were not heterozygous for the COL3A1 pathogenic variant.
Sporadic status was considered as apparent in three conditions when no FH was mentioned in the questionnaire: (1)
one parental DNA was available and not heterozygous for the
COL3A1 pathogenic variant, or (2) no parental DNA was
available and one/several relatives were negative for the
COL3A1 pathogenic variant, or (3) neither parental DNA nor
DNA of relatives were available (Fig. 1).
When the pathogenic variant identified in the proband was
not found at heterozygous stage on the DNA of parents with
Sanger sequencing, the parental DNA was included in NGS
analysis to detect and estimate the frequency of mosaicism.
Probands were also included as positive control of the family
pathogenic variant for this analysis.
The frequencies of de novo pathogenic variants and
mosaicism were calculated in two different ways to take into
account first only confirmed inheritance status and second
both confirmed and apparent inheritance status.

177 index cases
with COL3A1 mutation

87 family cases

49 cases
≥1 parent
COL3A1 positive

*

38 cases
No other family
COL3A1 positive
DNA

90 sporadic cases

36 cases
No parental DNA

26 cases
No other family DNA

10 cases
1–3 family COL3A1
negative DNA

54 cases
Parental DNA

36 trios
2 parental DNA

18 duos
1 parental DNA

Deep NGS
sequencing

Fig. 1 Flowchart of the study. *See Supplemental Fig. 1 for further details. NGS next-generation sequencing.
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The patients’ clinical characteristics were staged as major or
minor diagnostic criteria according to the 2017 New York
criteria.1 The study was reviewed and approved by Assistance
Publique – Hôpitaux de Paris. Written informed consent for
the genetic study was obtained, and genetic testing was
performed in accordance with French legislation regarding
genetics diagnostics tests (French bioethics law 2004-800).
Genetic analysis

Genomic DNA was isolated from leukocyte pellets with
Qiamp DNA Blood Midi Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions; and from
Oragene samples with ethanol precipitation protocol and
prepIT L2P reagent (DNA Genotek, Ottawa, Canada).
Sanger sequencing: COL3A1 exons were amplified by
polymerase chain reaction (PCR) with specific primers
(Supplemental Table 1) and then sequenced using BigDye
Terminator kit v3.1 cycle sequencing kits and run on an ABI
Prism 3730XL DNA Analyzer (Perkin Elmer Applied
Biosystems, Foster City, CA). DNA variants were identified
using Sequencher software.
NGS sequencing: COL3A1 exons enrichment was performed by PCR with the same specific primers. Then PCR
products were cleaned up in a two-step protocol: first using a
combination of Exonuclease I and FastAP™ Thermosensitive
Alkaline Phosphatase (Thermo Fisher Scientific, Waltham,
MA), second using a 0.8X Agencourt AMPure XP bead
cleanup (Beckman Coulter, Indianapolis, IN) to eliminate
PCR primers as much as possible. Purified PCR products were
quantified using Qubit dsDNA BR Assay Kit (Thermo Fisher
Scientific, Waltham, MA). Next, libraries were prepared with
Nextera XT DNA Library Prep Kit (Illumina, San Diego, CA)
according to the manufacturer’s instructions and analyzed on
MiSeq (Illumina, San Diego, CA).
The 144 samples were pooled and loaded on the same flow
cell (V2-500 cycles) using Nextera XT index kit V2 sets A and
B (Illumina, San Diego, CA) to have enough combinations.
NGS analysis: Bioinformatic analysis was performed using
an in-house pipeline developed from open source tools. After
demultiplexing, sequences were aligned to the reference
human genome hg19 using the Burrows–Wheeler Aligner
(BWA). Downstream processing was carried out with the
Genome Analysis Toolkit (GATK), SAMtools, and Picard,
following documented best practices (http://www.
broadinstitute.org/gatk/guide/topic?name=best-practices).
Variant calls were made with the GATK Unified Genotyper.
The annotation process was based on the latest release of the
Ensembl database. Variants were annotated and analyzed
using the Polyweb software interface designed by the
Bioinformatics platform of University Paris Descartes.
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test (when count was insufficient in the contingency table). A
p value ≤0.05 was considered significant.
Pathogenic variants were classified in three groups according to previous genotype–phenotype correlation:3glycine
substitution within the triple helix (group I); splice-site
variants, deletions, duplications, indels, all in frame (group II);
and variants leading to haploinsufficiency (group III). The
comparison was made first for confirmed inheritance status,
and second for confirmed and apparent inheritance status.

RESULTS
Estimation of de novo pathogenic variants frequency

From January 2000 to June 2017, 194 vEDS probands were
diagnosed with an identified COL3A1 pathogenic variant.
Seventeen cases with no available family information were
excluded thus 177 probands were included in this study
(Fig. 1). Among them, 87 (n = 87/177 = 49.2%) had a FH of
which 49 (n = 49/87 = 56.3%) were confirmed at molecular
level (identification of the COL3A1 pathogenic variant in
parents and/or relatives, details about family screening, and
family information from the questionnaire are available in
Supplemental Fig. 1). In the remaining 90 cases, both parental
DNA were tested in 36 cases (n = 36/90 = 40.0%), which were
shown to have a de novo pathogenic variant (Fig. 1). Thus, in
our series the frequency of confirmed de novo pathogenic
variants, where both parents confirmed no variant, was
estimated at 42.4% (n = 36/36 + 49 = 42.4%) and the frequency of confirmed and apparent de novo pathogenic
variants was estimated at 50.8% (n = 90/90 + 87 = 50.8%,
Table 1).
Inheritance pattern and distribution of the type of variant

In the 177 families with family information, 103 (58.2%)
glycine substitutions, 58 (32.8%) splice-site variants or
deletions or duplications or indels, 15 (8.5%) variants leading
to haploinsufficiency, and 1 variation of unknown significance
(VUS) were identified (Fig. 2 and Supplemental Table 2). The
majority of them (n = 130/177 = 73.5%) were private. The
unique case with a VUS was excluded from this comparison.
The type of variant was associated with its de novo or
inherited character for confirmed genetic status (p = 2.1e−5)
and for both apparent and confirmed genetic status
(p = 2.7e-4, Table 2).
Table 1 Estimation of the frequencies of de novo vEDS cases
and COL3A1 mosaicism
De novo

Inherited

Frequency of de novo

cases

cases

cases (%)

Apparent

90

87

50.8

Confirmed

36

49

42.4

Mosaic

De novo

Frequency of mosaicism

Statistical analysis

We compared the types of variants between the patients with
an inherited pathogenic variant and the patients with a de
novo pathogenic variant using Chi-squared or Fisher's exact
1570

cases

(%)

Apparent

1

54

1.9

Confirmed

1

36

2.8

vEDS vascular Ehlers–Danlos syndrome.
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Family variants

COL3A1

De novo variants

1

Asp68_Asp69del
G186S
G192D
c.582+5G>A
c.636+5_636+6delinsCA

Exons 1–28
Deletion

Deletion of the
entire gene x2

G213D G216A
G225S
c.744+1G>A G231E
G249S G252V x3
c.799-4_804del R271*
G276S x2
G309V G312V
c.951+6T>C
G324S x2
c.996+1G>A
c.997-1G>A G351R G369E
G393S G396V
G414V G417E
G435D
c.1347+1G>A x3

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

G489V G489E
G516R G519L
G540R x2
c.1662+1G>A G552R

21

G564D
G567E
R596* x2
G612D G615V

24

c.1977+5G>A
G675V
G681V

22
23

25
26
27
28
29

31

Gly885Glufs*2
G891R
G897D
G912V
Ser980_Pro983delinsThrValSer
G984E
G987S G987D
G996V
G999C
G1041D
G1056S
c.3364-2A>G
G1128D
Lys1150_Gly1164dup
c.3823+1G>C
S1237* x3
c.4011+1G>A
T1369P

G231E
G279D
G279V
c.898-1G>C
c.951+1G>A x2 c.951+2T>A
c.952-106_996+45delinsGCTTAA exon 14 deletion
c.996+5_996+8del
c.1149+1G>A
c.1194+1G>A c.1194+2T>A
c.1150-6_1150-2delinsTG
c.1293+2dup
c.1294-2G>A
G444R c.1347+1G>A
c.1348-2A>G
G453D
G486V G504V
c.1662+1G>C c.1662+1G>A x6
G558R R572* G582S
c.1761+1G>A c.1761+4A>T
G588V
c.1816-2A>G G618V
c.1869+1G>T
G639E c.1923+1G>A
c.2022G>A

30

G717D
G750D
G762V
G765R
G786V x2 G786R
G828E x2
G831D G834V
c.2553+1G>A

I66*
G177D
G180D
G183D
G183S x2
G192D
c.582+5G>A
G222D x2
c.690+1G>T

32
33
34
35
36
37
38
39

40
41
42
43
44

G699R
Pro712_Gly720del
G741D G741S
c.2283+5G>A
G762D G762V
G771V
c.2337+1G>A
G813D
c.2446-2A>G+
G912D
G918V
G936D
G957S x2
G972D G975V
c.2931+1G>T
G987S G993D
c.3039+1G>A
G1017E
G1020D
c.3202-2A>G
G1038D

45
46
47

48
49
50
51

c.3417+5G>A
c.3418-2A>G
G1149N
G1161E G1164R G1170D
Pro1163del
Pro1178_Gly1185delinsArg
G1182R G1188R
Y1378*
Phe1429_Val1437delinsGluHisAla

Fig. 2 Types of variants of the 177 families included and their position along the COL3A1 gene. Boxes represent exons of the COL3A1 gene
(NG_007404.1). The color code indicates the type of variants (glycine substitutions in black, splice-site variants in red, deletions and indels in green, variants
leading to haploinsufficiency in blue, and variants of uknown significance [VUS] in yellow). The complete nomenclature of each variant can be found in
Supplemental Table 2. The numbers in bold indicate the number of times the variants were found.

Impact of vEDS on the reproductive fitness

We evaluated the reproductive fitness in vEDS by studying
the relative number of children born to affected and
unaffected cases in the same families. The comparison was
made distinguishing male and female. We had the information for 119 affected vEDS women who had an average
GENETICS in MEDICINE | Volume 21 | Number 7 | July 2019

number of children of 1.4, whereas 97 unaffected vEDS
women belonging to the same families had an average
number of children of 2.3 (Student's test, p = 1.1e-9).
Likewise, we had the information for 97 affected vEDS men
who had an average number of children of 1.1, whereas 86
unaffected vEDS men had an average number of children of
1571

ARTICLE

LEGRAND et al

1.9. Thus the average number of children was also
significantly lower for affected men than for unaffected men
(Student's test, p = 5.7e-6).
Then we determined the average number of children in
families after a first affected or unaffected child. Seventy-five
families had a first affected child with an average number of
further children of 1.17. The information was available for
only 28 families after a first unaffected child revealing the lack
of information for unaffected siblings. The average number of
children after the first unaffected child was 1.14.
Thus the average number of further children was not
significantly different for affected or unaffected first child
(Student's test, p = 0.85).
Estimation of COL3A1 mosaicism with NGS analysis

In the 90 apparent sporadic cases, the DNA of both parents
was available for 36 families forming trios with the proband
and the DNA of one parent was available for 18 families
forming duos with the proband (13 mothers and 5 fathers,
Fig. 1) with the restriction of the use of blood DNA.
Ninety [90 = (36 × 2) + (18 × 1)] parents were included in the
NGS sequencing analysis to estimate the frequency of parental
somatic mosaicism (Fig. 1 and Supplemental Table 3).
One library failed, corresponding to the positive control of
family 22. The mean sequence coverage per base was
approximately 60,000X with an extremely high heterogeneity
(range: 443–375,925) in the 143 libraries (Supplemental Fig. 2
and Supplemental Table 4).
One mosaic was identified in a mother. The NGS analysis
showed the presence of the pathogenic variant c.1194+2T>A
with an allele ratio of 18% in the leukocytes DNA and 22% in
the saliva (Oragene sample, Fig. 3b, d). The blood samples
from both parents were also screened by direct Sanger
sequencing for the COL3A1 pathogenic variant. A small peak
was observed in the chromatogram of the mother’s leukocytes
DNA (Fig. 3c). The pathogenic variant was not detected in the
father.
Thus, the frequency of parental COL3A1 somatic mosaicism
was estimated at 1.9% [n = 1/(36 + 18) = 1.9%] if one
considers the 54 families with an apparent de novo
pathogenic variant. Another calculation method was used
with an estimated frequency of 2.8% (n = 1/36) if one
considers only the 36 families with both available parental
DNA and a confirmed de novo pathogenic variant (Table 1).

Among the 87 family cases, recurrence in siblings was
confirmed in 1 family and apparent in 4 families. This
recurrence was supposed to be due to dominant parental
transmission but could also be due to parental mosaicism.
Unfortunately this unlikely hypothesis could not be tested
because parental DNA was not available for these families. If
we supposed these five occurrences were due to parental
mosaicism, and then were included to estimate the parental
mosaicism, the frequency of parental somatic mosaicism
could be estimated at 14.6% [n = (1 + 5)/(36 + 5)].
Mosaic case description

The mosaic was found in a 68-year-old woman whose
daughter was diagnosed with vEDS at the age of 39 in the
presence of a dissecting aneurysm of the left external iliac
artery, a spontaneous rupture of the gallbladder, thin fragile
skin, easy bruising, papyraceous scars, and evocative facial
morphotype. The diagnosis was molecularly confirmed with
the identification of a heterozygous pathogenic variant c.1194
+2T>A, p.(?) in COL3A1 intron 17 leading to exon
17 skipping.
A parental mosaicism or a family pathogenic variant should
have been suspected because of the family. The proband had a
young brother who died after hemorrhage due to road traffic
injury. This brother presented several minor signs: a
characteristic facial appearance, a translucent and thin skin,
hypermobility of joints with several sprains, and a premature
delivery. This raised recurrence in this family (Fig. 3a).
Furthermore, the mother had several minor criteria suggestive
of the disease: thin and translucent skin, acrogeria, easy
bruising, characteristic facial appearance, hypermobility of
small joints with dislocations of the thumbs, and gingival
recession, but no major complication.

DISCUSSION
This study corroborates that the proportion of affected
individuals with a de novo pathogenic variant is high, with
an estimated frequency of 42.4–50.8%. In a previous
estimation,2 FH was confirmed with family screening or
estimated through questionnaire and/or relatives' clinical
evaluation. However, the exact numbers of cases with
confirmed and apparent inheritance status were absent in
this study. Lack of family screening and information
highlights the difficulties to determine the correct frequency

Table 2 Distribution of the type of pathogenic variant between family and sporadic cases
Confirmed

Glycine substitution (n = 50)

Splice/del/indel (n = 28)

Haploinsufficiency (n = 7)

p

Familial cases (n = 49)

35

7

7

2.1e-5a

Sporadic cases (n = 36)

15

21

0

Confirmed and apparent

Glycine substitution (n = 103)

Splice/del/dup/indel (n = 58)

Haploinsufficiency (n = 15)

p

Familial cases (n = 87)

57

17

12

2.7e-4b

Sporadic cases (n = 90)

46

41

3

del deletion, dup duplication, splice splice-site variant.
a
Fisher's exact test.
b
Chi-squared test.
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of de novo COL3A1 pathogenic variants and explains the
variation in our estimates. However, no strong difference was
observed between the two estimates (42.4% vs. 50.8%)
assuming no strong bias in the rough estimation of 50% for
de novo transmission. The collection of parental samples to
search for de novo pathogenic variants is a major challenge in
adult-onset disorders.21 In addition a family bias of recruitment is possible because vEDS is a rare disease poorly
understood by the majority of physicians and sporadic cases
could be missed because signs and symptoms of vEDS are not
well known and particularly in absence of family history
suggestive of genetic disorder. However, our results are
coherent with those observed in a large sample of patients
with various inherited AD diseases.11
The relationship between the fitness effect of a pathogenic
variant and the proportion of de novo pathogenic variants
observed in a dominantly inherited disorder is well illustrated
in vEDS. The frequency of de novo pathogenic variants in a
particular disease is mainly determined by the size of the
mutational target (i.e., the coding sequence of a gene) for the
disease.10 In the case of a monogenic disorder such as vEDS,

a

b

Pedigree

the probability of a new mutational event at the COL3A1 gene
is very low (size of COL3A1 complementary DNA [cDNA]/
size of genomic coding sequence = 1.4e-4) explaining why this
disorder is rare in the general population (prevalence
estimated at 1/150,000). Three other factors can influence
de novo pathogenic variants' frequency: (1) genetic homogeneity, (2) dominant inheritance, and (3) marked negative
fitness effect of pathogenic variants.10 The stronger these
factors are, the more they reduce the impact of inherited
factors.10 These three factors might be at play in vEDS
because COL3A1 is the only causal gene, the transmission is
dominant, and the life-threatening complications occur at a
mean age of 30 years.2,3 Furthermore, considering AD
monogenic disorders, the frequency of de novo pathogenic
variants depends mainly on the fitness effect of pathogenic
variants. This frequency can reach 100% for severe pediatric
disorders22 and decreases with the age onset and the severity
of the disorder. In that regard, the significant bias (p = 2.1e-5
and 2.7e-4) observed in the distribution of the type of
pathogenic variants in family cases compared with sporadic
cases can be explained, because the variants leading to

Deep NGS
Individual I-2
Leukocytes

c

Direct Sanger sequencing from blood

Saliva

69y

71y

I-2
A A

T G

G T/ A A A

G

C

T

I-2

I-1

II-2
A A

T G G T /A A A

G C T

COL3A1: c.1194+2T>A, p.(?)
+25y

42y

d

% reads with COL3A1 pathogenic variant
Individual I-2

II-1

II-2

100%

18%

22%

Leukocytes

Saliva

0%

130,000 X

10,000 X

Fig. 3 Detection of one COL3A1 mosaicism in a mother of vascular Ehlers–Danlos syndrome (vEDS) proband. (a) Pedigree of the family. Circles
indicate females, squares indicate males. The proband (II-1) is indicated with a black arrow. Current age is indicated above each individual (y = years). (b)
Reads of deep targeted next-generation sequencing (NGS) with the COL3A1 mosaic. (c) Sanger sequencing showing the causal pathogenic variant.
Electrophoregrams of COL3A1 intron 17 obtained from the proband (II-1) and the mother (I-2) blood leukocytes genomic DNA (gDNA). (d) Allelic ratio of the
mosaic in blood and saliva.
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haploinsufficiency and to a milder phenotype3 were not
observed in the de novo confirmed cases. To our knowledge,
such a significant bias has never been described before for
another monogenic AD disorder.
The reproductive fitness in vEDS was evaluated by
studying the relative number of children born to affected
and unaffected cases in the same families. The comparison
was made distinguishing male and female because women
have the added issue of pregnancy-related complications.
The average number of children was significantly lower for
both affected men and women than for unaffected men and
women. This difference could imply that vEDS reduces the
reproductive fitness. However, the interpretation needs to
be cautious: if an effect of the pathology on the reproductive
fitness could be suggested, the lower number of children for
affected cases could also indicate a choice of these patients
to have no or fewer children taking into account a
willingness to not transmit the disease. But the average
number of further children after a first affected or
unaffected child was not significantly different, which
suggests a biological effect on reproductive fitness is more
likely than societal restraints to not transmit the disease.
As increasing paternal age is known to positively correlate
with the risk of de novo pathogenic variant because of
germinal mosaicism,23 we also studied the effects of paternal
age. The median paternal age was estimated at 28 for family
cases and at 29.5 for sporadic cases with no significant
difference. So we failed to highlight an effect of paternal age in
our cohort; however, one limiting factor is sample size.
Our study is the first one to evaluate accurately the
frequency of COL3A1 parental somatic mosaicism in a large
group of vEDS patients. Until now, the lack of sensitivity of
direct Sanger sequencing for detecting a low disease/wild-type
allelic ratio,24 and the rarity of the disease made difficult a
precise estimation of COL3A1 mosaicism. Pepin et al.
estimated COL3A1 parental somatic mosaicism at 15% 15
but no information was provided concerning the design of
this study which has not been subjected to publication.
Another study reported the detection of pathogenic mosaic
variants in human genetic disorders with different inheritance
patterns. Eight probands harboring a COL3A1 pathogenic
variant were recruited. Among them only one was an
apparent de novo case and was included with parents for
COL3A1 NGS sequencing to detect mosaicism. This limited
study suggested a high frequency of parental somatic
mosaicism (n = 1/8 = 12.5%) 20. Our estimate is much lower
(1.9–2.8%) and more consistent with the very small number
of published COL3A1 mosaicism cases (n = 5). Our estimate
is also consistent with the frequencies of parental somatic
mosaicism determined in two genome sequencing studies;13,14
0.1% and 4% of parental somatic mosaicisms were found
among de novo variants. Furthermore, the frequency of
mosaicism seems to vary among different AD disorders and
the higher the prevalence of de novo cases is, the higher the
frequency of mosaicism should be. For example, the
frequency of mosaic is approximatily 8% in NF1 25 and
1574
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Alagille syndrome due to JAG1 pathogenic variants,26 while
only few cases of mosaic were reported in Marfan syndrome.27 However, the number of parental mosaicisms could
be underestimated due to five cases of recurrence in siblings
that could not be molecularly investigated in our cohort. If
these five cases were taken into account to estimate the
frequency of parental somatic mosaicism, this could reach
nearly 15%. But this hypothesis is very unlikely and could not
be supported by the nonaffected status of the parents.
Interestingly, the published COL3A1 mosaicism cases as well
as ours were identified through a familial genetic screening
secondary to the diagnosis made in a symptomatic proband.
Two cases were asymptomatic,16,17 one case was not
specified,20 and two cases had minor signs: one father shared
keloid scars with his daughter, who presented a typical vEDS
phenotype,18 and one maternal grandmother had a slight
ectasia of thoracic aorta at 79 19). Our case had several minor
criteria: thin and translucent skin, acrogeria, easy bruising,
characteristic facial appearance, hypermobility of small joints
with dislocations of the thumbs, and gingival recession, a
combination of unspecific signs suggestive of vEDS only in
the presence of a familial symptomatic case. To detect
mosaicism, we used NGS, which is the most powerful and
sensitive approach.28 A well-known shortcoming of NGS is
the high rate of sequencing errors, which cannot be
disregarded when identifying low-level somatic mosaicism.
For example, Izawa et al.29 were able to detect 1% somatic
mosaicism in the NLRP3 gene with 99.9% confidence when
more than 350 reads were accumulated for each strand. We
chose to use deep targeted NGS (average number of reads =
60,000X) to enhance sensitivity and accuracy of the detection
of a given variant at the COL3A1 gene. However, the use of
the Nextera XT technology led to a large heterogeneity of
coverage (Supplemental Fig. 2). Despite this heterogeneity,
only two samples of our series (mothers of families 2 and 25,
Supplemental Table 4) did not reach the threshold of 2 ×
350X at the pathogenic variant position. Because the wildtype allele was 100% at the pathogenic variant position for all
parents’ DNA, we can assume that no mosaic was missed in
our series (Supplemental Table 4).
One limitation of our retrospective study is that only
peripheral DNA was available for all patients tested, thus
limiting the sensitivity of the analysis. The availability of
different somatic tissues (blood, saliva, dermal fibroblasts, and
oral mucosa) would have helped to obtain a precise
quantification of the mosaic level. It could even provide
precisions for transmission risk to offspring in genetic
counseling, particularly when the germinal cells are not
available (e.g., in females). Finally, the availability of different
tissues could also help to determine if a correlation exists
between the extent of the mosaic and the severity of the
phenotype. In the case of vEDS, the availability of dermal
fibroblasts could help to determine if skin phenotype
correlates to the presence/level of a cutaneous mosaic.
In conclusion, we determined the frequency of de novo
COL3A1 pathogenic variants at 50% in a French series of 177
Volume 21 | Number 7 | July 2019 | GENETICS in MEDICINE
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vEDS patients, confirming the high rate of de novo
pathogenic variants in this rare and life-threatening condition.
We further screened COL3A1 somatic mosaicism by deep
targeted NGS in 54 families and identified only one COL3A1
case of leukocytes mosaicism in a mother with several
diagnostic minor criteria but without spontaneous severe
complication. We thus estimated the frequency of COL3A1
somatic mosaicism at 2–3% suggesting this mechanism is rare
in vEDS. Despite this low frequency a systematic deep
targeted NGS in parents of a vEDS de novo patient should be
performed in the presence of minor signs taking into account
its importance for accurate genetic counseling.
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