Table S1. Literature summary of genotype-phenotype correlation studies of Marfan syndrome and related fibrillinopathy.
	Study
	Country
	Subjects/
Age
	Genetic test
	Major conclusions

	Meester et al., 2022*
	International 
	373 MFS
Children with Z > 3/
11.1 ± 6.1 years

	Panel NGS
+MLPA
	EL was more prevalent in patients with DN mutations than in those with HI mutations, especially when only the DN (-Cys) or DN (+Cys) mutations were compared with HI mutations. The prevalence of ectopia lentis was higher in the N-terminal region (exons 2-24) and lowest in the C-terminal region (exons 58-66).

A more severe cardiovascular phenotype was associated with exons 24-32 and exons 26 to 49. No difference in aortic root diameters nor aortic root growth progression between the DN and HI groups. The response to atenolol vs losartan was not different between DN and HI mutations either.

Skeletal features, including pectus excavatum and taller stature, were more pronounced in patients harboring HI variants than in patients harboring DN variants.

	Hernándiz et al., 2021
	Spain
	62/
0.5 to 62 years
	Panel NGS
MLPA
	No significant phenotypic differences were found between the DN and HI groups.

The HI group tended to have more cases of aortic dissection and occurring at a younger age than the DN group. 

Patients with DN (-Cys) seemed to have a higher incidence of EL.

	[bookmark: _Hlk102587130]Arnaud et al., 2021
	France
	1575/
34.1 ± 17.8 years
	Panel NGS
Sanger sequencing
	[bookmark: _Hlk102594187]The HI variants were associated with higher lifelong risks of aortic events, shorter life expectancy, higher risks of severe scoliosis, and higher risks for mitral valve surgery but lower risks for EL surgery. Skeletal manifestations were more frequent in the HI group, except for elbow extension limitation. Patients with HI mutations were taller and thinner than patients with DN mutations.

[bookmark: _Hlk102587223][bookmark: _Hlk102591211]DN (-Cys) had a global higher severity including aortic dissection or surgery, skeletal manifestations, and ophthalmologic phenotypes than DN (+Cys) and DN (Others). The DN (+Cys) had the highest frequency of EL surgery. No significant difference was found when considering DN mutations affecting calcium-binding sequences versus other DN variations.

[bookmark: _Hlk102594211][bookmark: _Hlk106569000]DN variants located between exons 24 and 32, in particular for DN (−Cys) variants, had globally a more severe impact, concerning cardiovascular events, aortic and mitral valve surgery, EL surgery, and skeletal features.

	[bookmark: _Hlk102654015]Taniguchi et al., 2021
	Japan
	278/
>15 years
	Panel NGS
Sanger sequencing
	[bookmark: _Hlk102654097]The HI mutations and mutations in exons 24 and 32 were associated with severe scoliosis and faster progression in Marfan syndrome.

	Chen et al., 2021
	China
	125/
11.5 ± 11.8
	Panel NGS
MLPA
Sanger sequencing
	The HI mutations were associated with less severe EL and a thinner central corneal thickness than DN mutations.
The eyes of patients with mutations in the C‐terminal region had longer AL, a higher incidence of posterior staphyloma, and a higher incidence of ciliary body cysts than those in the middle and N‐terminal regions.
Mutations in the TGF‐β‐regulating sequence had longer AL, larger horizontal corneal diameters, and a higher incidence of posterior staphyloma than those with mutations in other regions.
Mutations in the neonatal region were associated with thinner CCT. 

	Guo et al., 2021
	China
	53/
9.7 ± 8.3
	WES
Sanger sequencing
	Probands with DN mutations tend to show high corneal astigmatism and severe EL compared to HI mutations.

	[bookmark: _Hlk102583606]Stengl et al., 2020
	Hungary
	78/
37.5 (95%CI,
34.4–40.6)
	Panel NGS
MLPA
	Aortic involvement did not differ significantly among the HI and DN mutations.

[bookmark: _Hlk102583726]The combined group of HI and DN (-Cys) had a significantly higher aortic involvement rate than DN (+Cys) and DN (Others). Patients with DN (-Cys) required significantly more aortic surgeries than HI and DN non-Cys mutations.

	Xu et al., 2020
	China
	180/
26.0  (IQR, 11.3–32.8)
	Panel NGS
	The HI mutations were more commonly observed in aortic dissection than in aortic aneurysms than DN mutations.

Patients with DN mutations had a higher rate of EL.

	Stark et al., 2020*
	Germany
	105
Children/
7.0 ± 5.4 years
	Panel NGS
Sanger sequencing
	[bookmark: _Hlk102594703]DN mutations correlated with a higher prevalence of EL, earlier onset of pulmonary artery dilatation, lower incidence of dura ectasia, and smaller systematic scores than HI mutations. No significant aortic genotype-phenotype correlations for HI mutations in comparison to DN mutations were identified.

Patients with DN (-Cys) and DN (+Cys) more frequently developed aortic dilatation requiring medication), tricuspid valve prolapse, and earlier onset of myopia than DN (Others). Significantly more pectus excavatum in patients with splice variants than in those with missense/in-frame variants, while hernia appeared earlier in the latter.

	Li et al., 2019
	China
	123/
28.5 ± 11.1
	Panel NGS
MLPA
	Patients with a DN mutation had a higher prevalence of EL but lower risks for aortic dissection.

No phenotypic difference between DN (-Cys), DN (+Cys), and DN (Others) was found.

	Takeda et al., 2018
	Japan
	248/
31.3 (IQR, 19.1–42.9)
	Sanger sequencing
	Patients with DN mutations were more likely to develop EL. No significant phenotypic differences regarding aortic events were found between the DN and HI groups.

[bookmark: _Hlk102592796][bookmark: _Hlk102592694]DN variants in exons 25–36 and 43–49 (DN-CD group) had larger aortic root Z-scores and a 6.3-fold higher risk of aortic events compared with other patients, which was comparable to or more deleterious than HI patients. DN-CD variants seemed to be more deleterious than variants within exons 24–32.

The location of HI variants did not affect the probability of severe aortic events, supporting the notion that HI variants were at uniformly high risk for aortic events.

	Aubart et al., 2018
	France
	102/
>18 years
	WES
	[bookmark: _Hlk102592720][bookmark: _Hlk107602299]Extreme phenotype sampling showed more DN (-Cys) and HI variants in the severe phenotype group and more DN(+Cys) variants in the benign phenotype group.

	[bookmark: _Hlk103112124]Salvi et al., 2018
	Italy
	93/
33.7 (95%CI,
31.2–36.3)
	Sanger sequencing
	[bookmark: _Hlk103112212]Patients with frameshift mutations had a higher degree of arterial stiffness than that with missense or splicing mutations. 

	Becerra-Muñoz et al., 2018
	Spain
	90/
31.4 ± 16.9
	Panel NGS
	Patients with HI mutations presented a higher proportion of aortic events but a lower incidence of EL, compared to patients with DN mutations.

	[bookmark: _Hlk102655444]Franken et al., 2017
	Spain
	290/
30.2 ± 14.7 years
	Sanger sequencing
MLPA
	Patients with DN more frequently had EL than patients with HI.

[bookmark: _Hlk102655742]Patients with HI mutations had a more severely affected aortic phenotype, with larger aortic root diameters and a more rapid dilation rate, and tended to have a 3.3-fold increased risk of death and dissections compared with patients with DN mutations.

	[bookmark: _Hlk103073044]den Hartog et al., 2016
	Netherlands
	163/
38 ± 13 years
	Sanger sequencing
	Patients with an FBN1 HI variant showed improvement in biventricular end diastolic volume and stroke volume upon losartan treatment, which was not found in DN mutation carriers.

	Franken et al., 2016
	Netherlands
	357/
36.5 ± 13.5 years
	Sanger sequencing
MLPA
	Patients with HI mutations had a 1.6-fold increased risk for any aortic complication compared with patients with a DN mutation, a 2.4-fold increased risk for the combined endpoint comprising death and dissection, and a 2.5-fold increased risk for cardiovascular death.

	Franken et al., 2015
	Netherlands
	186/
18 to 71 years
	Sanger sequencing
MLPA
	Losartan reduced the aortic root dilatation rate in HI but not in DN patients.

Pectus carinatum, dura ectasia, and skin striae were more commonly seen in HI patients.

	Baudhuin et al., 2015a
	USA
	179/
NA
	Sanger sequencing
	A higher frequency of HI variants was observed in MFS patients with an aortic event as compared with all other probands.

Aortic events occurred at a younger median age in patients with HI mutations as compared with those with DN variants. 

	Baudhuin et al., 2015b
	USA
	280/
birth to 71 years
	Sanger sequencing
	A lower frequency of DN mutations was observed in the Ghent-positive patients compared with the Ghent-negative patients. The frequency of DN (+Cys) or DN (-Cys) was not statistically significantly different in Ghent-positive patients as compared with Ghent-negative patients.

Higher frequency of DN (+Cys) or DN (-Cys) motions and mutations in N-terminal region (exons 1-15) were found in patients with EL than in those without EL. The HI mutations occurred more frequently in patients without EL.

	Aalberts et al., 2014
	Netherland
	149/
33.5 ± 11.8
	DHPLC
PCR
MLPA
	Left-ventricular dilatation in MFS patients is more often seen in patients with a non-missense mutation and in those patients without an FBN1 mutation.

	Kühne et al., 2013
	Germany
	116/
33 ± 15
	Sanger sequencing
MLPA
	[bookmark: _Hlk102594265]FBN1 mutations located in TGFBP domains or cb EGF-like domains correlated marginally with mitral valve surgery.

FBN1 mutations did not relate to the progression of mitral valve regurgitation.

	Aydin et al., 2013
	Germany
	80/
42 ± 15
	Sanger sequencing
MLPA
	[bookmark: _Hlk102594646]Mutations in exons 24–32 were associated with ventricular tachycardia.

	Stheneur et al., 2011*
	France
	60
Children/
birth to 1 year
	Database
	In MFS patients diagnosed before 1 year old, mutations in exons 25–26 were overrepresented and were associated with shorter survival.

	Faivre et al., 2009a
	Multicenter
	320/
6.5 (IQR: 3–11) years
	Database
	The DN mutations in exons 24–32 were associated with neonatal MFS and classical MFS in pediatric patients. However, patients with HI mutations were less likely to develop neonatal MFS in children.

	Faivre et al., 2009b*
	Multicenter
	198/
NA
	Database
	Only mutations in exons 24-32 were studied. 

EL and mitral insufficiency were more commonly found in patients with DN mutations in exons 24-32 when compared to patients with HI mutations in the same region. A higher frequency of pectus deformity was found in patients with HI mutations in exons 24–32. 

Patients with a HI within exons 24–32 rarely displayed a neonatal or severe MFS presentation.

Exon 25 mutations correlated with a younger age at diagnosis of MFS or type I fibrillinopathy, a higher probability of ascending aortic dilatation, mitral regurgitation, valvular surgery, and scoliosis, and a lower chance of survival were all found when compared to patients with a mutation within other exons of the exons 24–32 region.

	Faivre et al., 2007
	Multicenter
	1013/
birth to 72 years
	Database
	[bookmark: _Hlk102594321]Patients with a mutation located in the N-terminal region (exons 1-21) had a higher probability of ectopia lentis than the C-terminal region (exons 43-65). A higher probability of EL was found for patients with DN (-Cys) or DN (+Cys). Overall involvements were more prominent in patients with DN (-Cys) than those with DN (+Cys), including ascending aortic dilatation, mitral valve prolapse, arachnodactyly, and joint laxity.

Patients with HI mutations had a more severe skeletal (arachnodactyly, dolichostenomelia, joint hyperlaxity, pectus deformity, high-arched palate, and pes planus) and skin phenotype than did patients with DN mutation. The cumulative probability of a diagnosis of ascending aortic dilatation before or at age 40 years was similar between patients with HI and DN mutations.

[bookmark: _Hlk102591268]Mutations in exons 24–32 were associated with a more severe and complete phenotype, including younger age at diagnosis of type I fibrillinopathy and a higher probability of developing ectopia lentis, ascending aortic dilatation, aortic surgery, mitral valve abnormalities, scoliosis, and shorter survival; the majority of these results were replicated even when cases of neonatal MFS were excluded. 

	Comeglio et al., 2007
	UK
	193/
birth to 81 years
	PCR
SSCP
DHPLC
	The HI mutations were associated with more prominent major skeletal manifestations but less frequent EL than those with DN (-Cys) or DN (+Cys) mutations, however, the major cardiovascular manifestations did not differ much between the two groups.

The EL group mutations were more frequent in the N-terminal region (exons 1-15) of the gene than the other region, compared with the distribution of the mutations observed in the other groups. Incomplete MFS were frequent at the 3’ end of the gene.

The association of DN (-Cys) with aortic dilation or dissection was not significantly higher when compared with other kinds of mutations. DN (-Cys) and DN (Calcium-binding) mutations were significantly associated with severe MFS phenotypes when compared to other missense mutations. An increased significance was observed if the combination of the above groups and HI mutations was compared to other mutations.

	Rommel et al., 2005
	Germany
	76/
3 to 63 years
	Sanger sequencing
	There was a significantly lower incidence of EL in patients who carried HI mutations or DN (Others), as compared to patients with DN (-Cys) mutations or splice site alteration.

Aortic dissection appeared more often in the HI group than DN (-Cys) group, albeit not in a significant fashion.

	Biggin et al., 2004
	Australia
	57/
birth to 40 years
	SSCP
DHPLC
	EL was also found to be more prevalent in patients with DN (-Cys) mutations and less prevalent in those with premature termination mutations.

	Loeys et al., 2004
	Belgium
	85/
birth to 52 years
	CSGE/SSCP, DHPLC, Sanger sequencing
	The incidence of EL in the MFS patients was higher in DN (-Cys) group than those in the HI group. While major skeletal involvement was more frequent in the HI group. The difference was not significant for the presence of major cardiovascular manifestations between the DN (-Cys) group and those of the HI group.

	Schrijver et al., 2002
	USA
	78/
6 to 67 years
	PCR
SSCA
DHPLC
	Patients with HI mutations have more-striking skeletal features, large-joint laxity, and skin phenotype, coupled with a much lower risk of EL and retinal detachment. Ascending aortic dissections were more common in the HI group. 


[bookmark: _Hlk106562137]* The studies only enrolled pediatric patients.
AL, axial length; CSGE, conformation sensitive gel electrophoresis; CCT, central corneal thickness; DHPLC, denaturing high-performance liquid chromatography; DN (-Cys), dominant-negative mutations eliminating cysteine; DN (+Cys), dominant-negative mutations creating cysteine; DN (Others), dominant-negative mutations not involving cysteine; EL, ectopia lentis; HI, haploinsufficiency; MLPA, multiplex ligation-dependent probe amplification; NGS, next-generation sequencing; PCR, polymerase chain reaction; SSCA, single-strand conformation analysis; SSCP, single-strand conformation polymorphism; 
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