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 SUPPLEMENTARY DATA 

 

SUPPLEMENTARY METHODS 

VWF mRNA amplification  

The primers used have been reported previously,1 except for those specifically designed to 

analyze certain mutations (Online Supplementary Table S1). The PCR mix contained 1X PCR 

Buffer, 1.5 mM MgCl2, 200 μM dNTPs, 2 U Platinum Taq DNA polymerase, 0.75 μM of each 

primer, and cDNA in a total volume of 25 μL. After initial denaturation at 94ºC for 3 min, 38 

cycles of 94ºC for 20 sec, 62ºC for 30 sec, and 72ºC for 1 min were performed, followed by a 

final extension at 72ºC for 3 min. 

CLC Bio Data analysis parameters 

Primer sequences and low-quality regions were trimmed and aligned against the WT VWF mRNA 

sequence with specific parameter settings. The Basic Variant Detection algorithm was applied 

for single nucleotide variant-calling and the Indels and Structural Variants tool was performed 

to identify insertions and deletions produced by alternative splicing due to mutations. Analytical 

settings of both algorithms are described in Online Supplementary Figure S1. 

Finally, a specific probe was designed to each pre-characterized aberrant transcript and used to 

perform a second alignment from the original dataset. The results indicate the number of reads 

that aligned to each mRNA probe. 

Intron retention of exon 25 

To determine whether intron 25 was retained within the mature mRNA of patient UMP09, RT-

PCR reactions using 2 allele-specific primer combinations were performed. In the first primer 

pair, the forward was designed at the junction of exon 24-25 (VWFR24/25-1) and the reverse 

primer was designed inside intron 25 (VWF_E25-2). In the second primer pair, the forward 

primer targeted intron 25 (VWF_E26-1) and the reverse was located across the junction of exon 

26-27 (VWFR26/27-2).  

Intron retention of exon 45 

To determine whether intron 45 was retained within the mature mRNA of patients UMP05 and 

UMP06, RT-PCR reactions using 2 allele-specific primers combinations were performed. In the 

first primer pair, the forward was designed at the junction of exon 44-45 (VWFR44/45-1C) and 

the reverse primer was designed inside intron 45 (VWF_E45-2). In the second primer pair, the 



forward primer targeted intron 45 (VWF_E46-1) and the reverse was located across the junction 

of exon 47-48 (VWFR46/47-2). 

X-chromosome inactivation 

The X-chromosome inactivation profile studies were performed on DNA extracted from 

peripheral blood. The study was done using HpaII digestion. Genomic DNA samples were 

digested with the methylation-sensitive enzyme HpaII (Invitrogen) and subjected to PCR 

amplification of the highly polymorphic CAG repeat sequence in the first exon of the human 

androgen receptor gene (HUMARA), with specific fluorescent primers. The primer sequences 

are shown in Online Supplementary Table S1. The PCR products, both before and after HpaII 

digestion, were electrophoresed on an automated DNA sequencer (ABI 3130XL; Applied 

Biosystems, Warrington, United Kingdom) and analyzed by GeneMapper software (Applied 

Biosystems).2 
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Table S1. Specific primers used for amplification and sequencing by Sanger of VWF RNA. 

 
Forward Primer Location Reverse Primer Location Purpose  Product size 

VWRNA1-1 
CTACATAACAGCAAGACAGTCC 

Exon 1 
VWRNA1-2 
GGTGCTCTTCAGAAGCTGG 

Exon 7 
Full-length VWF 
amplification 

836 bp 

VWRNA2-1 
GCAGCTCATGCAACATCTCC 

Exon 6 
VWRNA2-2 
CCTTGTGAAACTGAAGCATGG 

Exon 12 
Full-length VWF 
amplification 

762 bp 

VWRNA3-1 
CCATTGTCATTGAGACTGTCCAC  

Exon 11 
VWRNA3-2 
CCTGACCTGCCGCTCTCT  

Exon 16 
Full-length VWF 
amplification 

744 bp 

VWRNA4-1    
GCGTGGCGCGAGCCAGG  

Exon 15 
VWRNA4-2 
GTAACCCTGGGACCTTTCG  

Exon 21 
Full-length VWF 
amplification 

796 bp 

VWRNA5-1   
CATGGCCCACTACCTCACC 

Exon 20 
VWRNA5-2 
GGTGGTGACCTGGAGGAC 

Exon 25 
Full-length VWF 
amplification 

752 bp 

VWRNA6-1  
TCCTGTGAGTCCATTGGGG 

Exon 25 
VWRNA6-2 
GGAAGCGACCGTCAGAGC 

Exon 28 
Full-length VWF 
amplification 

750 bp 

VWRNA7-1 
CTTTGTGGTGGACATGATGG 

Exon 28 
VWRNA7-2 
CCTCTCTGACCACAGCTTC 

Exon 28 
Full-length VWF 
amplification 

876 bp 

VWRNA8-1     
CCTGCAGCGGGTGCGAG 

Exon 28 
VWRNA8-2 
CCTGGTCACGGACGTCTC 

Exon 31 
Full-length VWF 
amplification 

728 bp 

VWRNA9-1 
AAATCGGGGATGCCTTGGG 

Exon 30 
VWRNA9-2 
GGAGGTGACGGTGAATGGG 

Exon 35 
Full-length VWF 
amplification 

772 bp 

VWRNA10-1 
GGAGGTGATTCTCCATAATGG 

Exon 35 
VWRNA10-2 
CTGCGTTGTGCAGTTGACC 

Exon 39 
Full-length VWF 
amplification 

930 bp 

VWRNA11-1  
GTGAGCATGGCTGTCCCC 

Exon 38 
VWRNA11-2 
GGATGCCGTGATGGGCCT 

Exon 43 
Full-length VWF 
amplification 

753 bp 

VWRNA12-1 
GTGTGTCCACCGAAGCACC 

Exon 43 
VWRNA12-2 
CCCTTTGATGAACACAAGTGT 

Exon 49 
Full-length VWF 
amplification 

813 bp 

VWRNA13-1 
CGTGATGAGACGCTCCAGG  

 Exon 49 
VWRNA13-2 
CCTCTGCATGTTCTGCTCTT  

Exon 52 
Full-length VWF 
amplification 

546 bp 

VWRNA3-1 
CCATTGTCATTGAGACTGTCCA 

Exon 11 
VWRNA_E15-2  
CGTCGTAGCGGCAGTTCC 

Exon 15 
primers to avoid alternative 
splicing in leukocytes 

564 bp 

VWFR4-1     
GCCTCTCCGTGTATCTTGG 

Exon 4 
VWRNA1-2B 
GGTGCTCTTCAGAAGCTGG 

Exon 7 Exon 5-6 446 bp 

VWF22-1 
GGTCCTGAAGCAGACATACC 

Exon 22 
VWF26-2A  
CTCCCGGAGATTCCTCTCC 

Exon 26 Exon 25 complete 466 bp 

VWFR24/25-1   
GACTGCAACAAGCTGGTGG 

Junction exon 
24-25 

VWF_E25-2  
ATCCAGTCCCTACTAACACT 

Intron 25 Intron 25 retention 301 bp 

VWF_E26-1 
ACATAGCAAGACCCCATCTG 

Intron 25 
VWFR26/27-2 
CATCCAGGATTTTCCCTGG 

Junction exon 
26-27 

Intron 25 retention 401 bp 

VWFR43/44-1  
GGACAGCTGTCGGTCGGG 

Junction exon 
43-44 

VWF_E45-2  
CAGGAGCCAAAAGTGGAAAG 

Intron 45 Intron 45 retention 381 bp 

VWF_E46-1 
CGACCGATACAGGAGGGAG 

Intron 45 
VWF47/48-2  
ATTTTCTTCCTTGTAACCCAGG 

Junction exon 
47-48 

Intron 45 retention 295 bp 

VWFR41/42-1 

 CCCAACTTCACCTGCGCC 
Junction exon 
41-42 

VWFR44/45-2  

TGGGAGCCGACACTCTTCC  

Junction exon 
44-45 

Exon 43 complete 494 bp 

 
At the top of the table, primers previously designed by Corrales et al.1 At the bottom of the table, primers 

newly designed to analyze potential splice site mutations included in this study. 

 

 

  



Table S2. Additional laboratory and clinical data of VWD patients 

 
Patients 
code 

VWD Hospital  Registry code Age Sex ABO Multimeric pattern BS 
Family 
history 

UMP01 3 carrier CHUC P64’s mother 37 F A ND 0 Yes 

UMP02 1H CHUAC C01P034F17 32 M O+ NORMAL 2 Yes 

UMP03 1 CHUAC C01P080 40 M O+ ND 1 NA 

UMP04 1 HUVH - 38 F O+ ND C, D No 

UMP05 1 CHUAC C01P006F03 39 F O+ NORMAL 11 No 

UMP06 2A/2M CHUAC C01P024F12 33 F O SMEAR 10 No 

UMP07 1 HUVH - 47 M O+ ND B Yes 

UMP08 1 HUVH - 42 M O+ ND B Yes 

UMP09 1 HUVH - 20 F ND ND B, C Yes 

UMP10 3 carrier HUVH - 45 F O ND A, C, E Yes 

UMP11 1 CHUAC C01P051F11 36 M O+ NORMAL 7 Yes 

UMP12 3 HUVH C03P021F25 15 M A ND 10 Yes 

UMP13 2A HUVH C03P048F231 15 F O+ ↓HMWM 0 Yes 

UMP14 1 CHUC P12 10 M ND ND 16 Yes 

UMP15 3 HUVH - 25 F O ND B, E Yes 

 
The subtype 1H (historical) refers to patients previously diagnosed as type 1 VWD that, at the time of 

enrollment at the PCM-EVW-ES project, show a slight decrease or even a normal VWF plasma levels. Bleeding 

scores calculated with the International Society on Thrombosis and Haemostasis bleeding assessment tools 

(ISTH-BAT) were used to assess bleeding in patients included in the Spanish (PCM-EVW-ES) and Portuguese 

registries. In the remaining patients, symptoms were assigned letters: A, easy bruising; B, epistaxis; C, 

prolonged bleeding from wounds; D, menorrhagia; and E, postoperative bleeding. BS indicates bleeding score; 

CHUAC, Complexo Hospitalario Universitario A Coruña, Spain; CHUC, Centro Hospitalar e Universitário de 

Coimbra, Portugal; F, female; HUVH, Hospital Universitari Vall d’Hebron, Barcelona, Spain; HMWM, high 

molecular weight multimers; M, male; NA; not available; ND, not determined and; VWD, von Willebrand 

disease. 

 

 

 

 

 

 

 

 

 

  



Table S3. Summary of the in silico analysis of PSSM 

 
The in silico global score is based on the number of in silico algorithms that predicted a splicing effect. In silico analysis of mutations included in the PCM-ES-EVW registry was performed by 
ALAMUT. In silico analysis of the mutations not included in the PCM-EVW-ES registry was performed individually under the established parameters of each algorithm, as well as NetGene2 
(unavailable in ALAMUT). For HSF and MaxEnt, the sequence analyzed is 50 nucleotides in length. For NetGene2 and Neural Network Splice, the sequence analyzed is the exon length plus 100 
intronic nucleotides at the exon ends. In the HSF software, if the WT score is above the threshold (65) and the score variation (between WT and Mutant) is below -10%, the mutation is 
considered to break the splice site. In the other case, if the WT score is below the threshold and the score variation is above +10% the mutation is considered to create a new splice site. In the 
MaxEnt software, if the WT score is above the threshold (3) and the score variation (between WT and Mutant) is below -30% the mutation is considered to break the splice site. In the other 
case, if the WT score is below the threshold and the score variation is above +30% the mutation is considered to create a new splice site. AA indicates amino acid; ASS, acceptor splice site; 
DSS, donor splice site; ESS, exonic splicing silencer; ESE, exonic splicing enhancer; HSF, Human Splicing Finder; MaxEnt, Maximum Entropy; NP not predicted; NT, nucleotide and; PSSM, 
potential splice site mutation. 
 
 

 



Table S4. Analysis of mRNA aberrant transcript expression by next-generation sequencing 

Patient 
code 

Mutation  mRNA probes Leukocytes Platelets 

   % Patient Reads % Control  Reads  % Patient Reads % Control Reads  

UMP01 c.1533+1G>A 

WT 28 % 100 % 100 % 100 % 

Exon 13 skipping (r.1433_1533del) 19 % 0 % 0 % 0 % 

Exon 13+14 skipping (r.1433_1729del) 45 % 0 % 0 % 0 % 

Exon 14 skipping (r.1534_1729del) 8 % 0 % 0 % 0 % 

UMP02 c.3379+1G>A 

WT 56 % 100 % 99 % 100 % 

Exon 25 Skipping (r.3223_3379del) 43 % 0 % 1 % 0 % 

Activation of a cryptic site at +126 nt in exon 25 (r.3349_3379del) ‡ 1.4 % 0 % 0 % 0 % 

UMP03 c.5664+2T>C 

WT 61 % 100 % 97 % 100 % 

Exon 33 skipping (r.5621_5664del) 37 % 0 % 0 % 0 % 

Exon 33+34 skipping (r.5621_5842del) ‡ 2 % 0 % 3 % 0 % 

UMP08 c.546G>A 
WT 98 % 99 % NA - 

Exon 6 skipping (r.533_657del) ‡ 2.3 % 1 % NA - 

UMP10 p.Cys370Tyr 

WT 79 % 100 % 100 % 100 % 

Exon 9 skipping (r.998_1109del) 13 % 0 % 0 % 0 % 

Exon 8+9 skipping (r.875_1109del) 7 % 0 % 0 % 0 % 

UMP11 p.Pro1079_Tyr1080insLeuGlnValAspProGluPro 
WT 86 % 98 % 87 % 100 % 

p.Pro1079_Tyr1080insLeuGlnValAspProGluPro 14 % 2 % 13 % 0 % 

UMP12 c.7082-2A>G 
WT 76 % 100 % 100 % 100 % 

Activation of a cryptic site at +7 nt in exon 42 (r.7082_7088del) 24 % 0 % 0 % 0 % 

UMP14 c.7437G>A 

WT 58 % 99 % NA - 

Exon 43 skipping (r.7288_7437) 12 % 0 % NA - 

Activation of a cryptic splice site at +146 nt  in exon 43 
(r.7434_7437del) 

30 % 1 % NA - 

UMP15 

c.546G>A* Exon 6 skipping (r.533_657del) 3 % 100 % 11 % 100 % 

c.7082-2A>G* Activation of a cryptic site at +7 nt in exon 42 (r.7082_7088del) 6 % 0 % 0 % 0 % 

c.8155+3G>C † Exon 50 skipping (r.8116_8155del) 95 % 0 % 95 % 0 % 

The values correspond to the percentage of the total reads aligned to the aberrant mRNA probes, setting as 100% the sum of reads aligned against the aberrant mRNA 
probes and reads aligned against the wild-type mRNA probes. NA indicates not available; and WT, wild-type. *Mutations in cis. †Mutations in trans. ‡Transcripts with low % 
of reads in leukocytes. 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

SUPPLEMENTARY FIGURES 

 

  



 
 

 
Figure S1. Flow chart used to analyze the effect of the mutation on mRNA using next-generation 

sequencing. ROI indicates regions of interest; NGS, next generation sequencing and; SV, 

structural variants.  

  



 

 

Figure S2. Schematic representation of alignment of NGS reads (from complete amplification of 

VWF mRNA from control platelets and leukocytes) to the VWF mRNA reference sequence. 

Because leukocytes show a predominant alternative splicing resulting in deletion of exon 14 (its 

start is shown with a discontinuous line) and exon 15, no reads were identified and mapped in 

this region. Except for exons 14 and 15 in leukocytes, all regions are presented with a minimum 

coverage of 10X in leukocytes and platelets. 
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Figure S3. Analysis of the c.1533+1G>A mutation in patient UMP01. A) RT-PCR products 

amplified with primers located in exons 11 and 15 in RNA from leukocytes (L) and platelets (P) 

and separated on 1% agarose gel. Grouping of images from different parts of the same gel.  B) 

Traditional Sanger sequencing of PCR product from patient L (1) showed the WT mRNA 

sequence, L (2) demonstrated exon 13 skipping and L (4) demonstrated exon 13 and 14 skipping. 

The L (3) band could not be purified in the agarose gel due to low concentration, thus it was not 

analyzed by Sanger. Platelets showed the WT mRNA sequence, indicating that the mutated allele 

had been degraded by NMD. C) Schematic representation of the mutation in genomic DNA and 

its effect on the VWF mRNA sequence. M indicates a 100-bp DNA ladder. 

 

  



 

 

Figure S4. Analysis of the c.3379+1G>A mutation in patient UMP02. A) RT-PCR products 

amplified with primers located in exons 22 and 26 in RNA from leukocytes (L) and platelets (P) 

and separated on 1% agarose gel. Grouping of images from different parts of the same gel.   B) 

Traditional Sanger sequencing of PCR product from patient L (2) showed exon 25 skipping. No 

changes were seen in the mRNA sequence in platelets, indicating that the mutated allele had 

been degraded by NMD. C) NGS of PCR products obtained from patient leukocytes identified 

two splicing variants: exon 25 skipping and activation of a cryptic splice site—DSS 31 nt upstream 

to WT-DSS—in exon 25. This last aberrant transcript was identified in a really low of transcripts. 

D) Schematic representation of the mutation in genomic DNA and its effect on the VWF mRNA 

sequence. M indicates 100-bp DNA ladder and; WO, without. 

  



 

 

 

Figure S5. A) Pedigree of patient UMP09. The siblings, UMP09 and UMVW0701, showed the 

p.Ala430Gly mutation in the F8 gene in the X chromosome with the 222 peak. The arrow shows 

the index case. B) In patient UMP09, included in this study, her maternally-derived (UMVW0803) 

allele (222) was completely digested by the methylation-sensitive restriction enzyme Hpa II and, 

therefore, was not amplified by PCR. The remaining peak (234) is the paternally-derived allele 

representing the inactive, methylated X chromosome that resisted cleavage by Hpa II and was 

successfully amplified. Thus, this female patient shows complete skewing of X inactivation 

corresponding to the WT F8 gene. The UMHA1591 sample is a positive control for skewing of X 

inactivation. 

 

  



 

 

Figure S6. Analysis of the c.3223-7_3236dup mutation in patient UMP11. A) RT-PCR products 

amplified with primers located in exons 22 and 26 in RNA from leukocytes (L) and platelets (P) 

and separated on 1% agarose gel. B) Traditional Sanger sequencing of PCR product from patient 

L and P showed insertion of 21 nucleotides. Same results were observed by NGS (data not 

shown). C) Schematic representation of the mutation in genomic DNA and its effect on the VWF 

mRNA sequence. M, 100-bp DNA ladder. 
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