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Introduction
Shwachman-Diamond syndrome (SDS; OMIM260400) is a rare 

autosomal recessive disorder characterized with exocrine pancreatic 
dysfunction, bone marrow failure, neurocognitive anomalies and 
skeletal abnormalities.1 Patients frequently present with failure to 
thrive, susceptibility to infections and short stature. SDS is estimated to 
affect 1 in 100,000 individuals.2 SDS is caused by mutations in SBDS 
(OMIM607444) located on chromosome 7q11and consists of 5 exons 
and spans 9kb.3 The majority of mutations in SBDS are caused by gene 
conversion between SBDS and its unprocessed pseudogene SBDSP1 
located 5.85 MB distally.3 The pseudogene transcript is 97% identical 
to SBDS and contains deletions and nucleotide changes that disrupt 
coding potential. Over 90% of individuals with SDS have at least one 
mutated SBDS allele due to gene conversion. The three most common 
mutations; c.183_184delinsCT, c.258+2T>C, c.(183_184delinsCT; 
258+2T>C), arise from gene conversion between exon 2 of SBDS 
and SBDSP and account for approximately 80% of disease alleles in 
SDS.4‒6 Remaining mutations in SBDS are point mutations; missense, 
splice, nonsense and indels and can be located in any of the five 
exons.6,7 Some of these mutations have also been found to be the result 
of gene conversion. We describe the molecular findings in a patient 
cohort with SDS that were screened for mutations in SBDS. We could 
confirm a molecular diagnosis in 81 individuals. We determined that 
approximately 9%(5 out of 54) of unrelated individuals with SDS 
have a de novo mutation on one allele. In addition we identified a 
founder mutation, c.120del (p.Arg39fsX), in six unrelated individuals 
with SDS in the French Canadian population.

Materials and methods
Patients

Patients analyzed for SBDS mutations were those suspected to 
have SDS and referred to the molecular genetics laboratory at the 
Hospital for Sick Children for genetic testing since 2004.

SBDS sequencing

DNA from peripheral blood samples were analyzed in the 
genetic diagnostic laboratory at The Hospital for Sick Children. All 
five exons and flanking intron sequences of SBDS (NM_016038.2) 
were sequenced both in forward and reverse direction. Sanger 
sequencing was performed according to standard protocols using 
BigDye terminator v1.1 (Life Technologies) and sequencing products 
were separated on an ABI model 3730 Capillary Sequencer (Life 
Technologies) and analyzed using SeqPilot software (JSI Medical 
Systems). Sequence nomenclature is based on the recommendations 
of HGVS (www.hgvs.org/mutnomen/).

Haplotype analysis

The STR markers (D7S499, D7S494, D7S2429, D7S502 and 
D7S482) and SNPs (rs1061695 and rs73151675) were used to 
determine the haplotype harboring the c.120del mutation.

Results and discussion 
We performed diagnostic testing of 500 unrelated patients at 

various stages of investigation or suspicion of an SDS diagnosis in our 
molecular diagnostic laboratory over a ten-year span. We could confirm 
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Abstract

We summarize the molecular findings in a patient cohort with Shwachman-Diamond 
syndrome that underwent genetic diagnostic testing. We could confirm a molecular 
diagnosis in 81 individuals. Our data is consistent with previous findings that the most 
common mutations in SBDS are recurrent gene conversion mutations in exon 2, c.258+2T>C 
or c.183_184delinsCT. The patients diagnosed either had two recurrent mutations (78%), 
or one recurrent mutation and a rare family-specific mutation (22%). We identified six 
unrelated individuals with SDS of French Canadian decent with the c.120del (p.Arg39fsX) 
mutation. Molecular analysis revealed that this mutation occurs with a founder haplotype. 
The opposing SBDS mutation present in these individuals was the common c.258+2T>C 
mutation, which was on a different haplotype in all five families. In addition, we estimated 
that approximately 9% (5 out of a subset of 54 patients with parent information) of the SDS 
individuals had a de novo mutation on one allele and an inherited mutation on the other 
allele. The de novo mutations were either recurrent gene conversion mutations (n=3) or rare 
point mutations (n=2). The occurrence of de novo mutation requires that parental carrier 
testing be performed for accurate familial risk assessment.
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a molecular diagnosis in 81 probands (Table 1). All 81 individuals 
harbored at least one of the three most common gene conversion 
mutations, and the diagnosed patients either had two recurrent 
mutations (78%), or one recurrent mutation and a rare family-specific 
mutation (22%), consistent with previous reports.3,5 Parental samples 
were available for 54 patients to determine their carrier status. In five 
out of the 54 patients we could determine that one of the mutated 
alleles was de novo. To exclude sample mix-up and non-paternity/
maternity, DNA identity studies were performed which confirmed 
correct parentage within the families. Three of de novo mutations 
were the common gene conversion mutations, c.183_184delinsCT 
(n=2) and c.258+2T>C (n=1), the fourth was a previously reported 
splice-site mutation c.624+1G>A, and the fifth one was a previously 
unreported missense mutation, c.170T>C (p.Phe57Ser). In four of the 

families the de novo mutations were detected in the probands and in 
the fifth family the mutation was found to be de novo in the proband’s 
mother (Figure 1). The fifth proband was a compound heterozygote 
for the common mutations c.183_184delinsCT and c.258+2T>C. The 
proband’s mother carried the c.183_184delinsCT SBDS mutation 
while the proband’s father and paternal grandfather carried the 
c.258+2T>C SBDS mutation. Neither maternal grandparent carried 
the c.183_184TA>CT SBDS mutation indicating that the proband 
inherited a mutation from the mother that likely arose from a de novo 
gene conversion event in the grandparental generation between SBDS 
and SBDSP. During clinical testing of the referred SDS patients it was 
noted that six unrelated probands were compound heterozygotes with 
the same rare SBDS mutation, c.120del, in exon 1, on one allele. 

Table 1 Mutations identified in 81 unrelated probands with SDS 

Allele 1 Allele 2

Mutation Reference Inherited/
de novo Mutation Reference Inherited/

de novo
Number 
of patients

c.183_184delinsCT (p.Lys62X) Boocock et al.3 unknown c.258+2T>C(p.Cys84fsX) Boocock et al.3 unknown 23

c.183_184delinsCT (p.Lys62X) Boocock et al.3 inherited c.258+2T>C(p.Cys84fsX) Boocock et al.3 inherited 33

c.183_184delinsCT (p.Lys62X) Boocock et al.3 de novo c.258+2T>C(p.Cys84fsX) Boocock et al.3 inherited 2

c.183_184delinsCT (p.Lys62X) Boocock et al.3 inherited c.258+2T>C(p.Cys84fsX) Boocock et al.3 de novo 1

c.183_184delinsCT; c.258+2T>C 
(p.Lys62X;Cys84fsX) Boocock et al.3 inherited c.258+2T>C(p.Cys84fsX) Boocock et al.3 inherited 4

c.183_184delinsCT (p.Lys62X) Boocock et al.3 inherited c.388G>T (p.Val130Leu) Boocock et al.3 inherited 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 unknown c.258+2T>C(p.Cys84fsX) Boocock et al.3 unknown 2

c.258+2T>C (p.Cys84fsX) Boocock et al.3 inherited c.120del (p.Arg39fsX) Boocock et al.3 inherited 5

c.258+2T>C (p.Cys84fsX) Boocock et al.3 unknown c.120del (p.Arg39fsX) Boocock et al.3 unknown 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 inherited c.38C>A (p.Thr13Asn) Boocock et al.3 inherited 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 unknown c.129-1G>A (r.spl) Donadieu et al.5 inherited 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 inherited c.170T>C (p.Phe57Ser) This report de novo 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 unknown c.260T>G (p.Ile87Ser) Boocock et al.3 inherited 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 inherited c.410T>C (p.Met137Arg) This report Inherited 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 unknown c.428C>T (p.Ser143Leu) This report unknown 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 unknown c.458A>G (p.Gln153Arg) Shammas et al.10 inherited 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 inherited c.624+1G>A (r.spl) Tsangaris et al.11 de novo 1

c.258+2T>C (p.Cys84fsX) Boocock et al.3 unknown c.650_651delinsCT 
(p.Phe217Ser) This report inherited 1

https://doi.org/10.15406/jig.2014.01.00008


De Novo mutations causing shwachman-diamond syndrome and a founder mutation in SBDS in the 
french canadian population

40
Copyright:

©2014 Baskin et al.

Citation: Steele L, Rommens JM, Stockley T, et al. De Novo mutations causing shwachman-diamond syndrome and a founder mutation in SBDS in the french 
canadian population. J Investig Genomics. 2014;1(2):38‒41. DOI: 10.15406/jig.2014.01.00008

Figure 1 A de novo gene conversion mutation in a family with SDS. The 
proband was compound heterozygous for two common SBDS mutations 
(c.183_184delinsCT/c.258+2T>C). The proband’s mother carried the 
c.183_184delinsCT mutation while the proband’s father carried the 
c.258+2T>C mutation. The paternal grandfather was the carrier of the 
c.258+2T>C mutation while neither maternal grandparent carried the 
c.183_184delinsCT mutation. This indicates that c.183_184delinsCT was a de 
novo gene conversion event that was first evident in the proband’s mother.

Further investigation indicated that all six probands were of 
French Canadian descent. That this mutation was not reported in a 
study of 102 French patients suggested that c.120del was a founder 
mutation arising as a de novo event after the migration of the French 
population Canada. To determine if this was the case we performed 
haplotype analysis using STR markers and SNPs within and flanking 
SBDS on five of the probands and their family members (Figure 2). 
The haplotype analysis indicated a shared region in all five families, 
extending from ~9.0 cM proximal to at least 0.8cM distal of SBDS. 
Data on STR markers (D7S494 and D7S2429) and SNPs (rs1061695 
and rs73151675) supports a common haplotype for the c.120del SBDS 
mutation in the French Canadian population. The chromosome region 
indicated in red shows the shared haplotype in all five families. The 
second SBDS allele present in these individuals was the common 
c.258+2T>C mutation that occurred on a different haplotypes in all 
five families.8

Figure 2 A founder mutation in SBDS in the French Canadian population.

A) A schematic map of the location of the STR markers and SNPs used in the haplotype analysis.  
B) Five unrelated probands (family I-V) were compound heterozygotes for c.258+2T>C, and c.120del. The five probands were all of French Canadian descent. 
Haplotype analysis using markers flanking SBDS indicated a shared region in all five families, extending from ~9.0 Mb proximal to ≥0.6Mb distal of SBDS. The STR 
marker (D7S494 and D7S2429) and SNP (rs1061695 and rs73151675) alleles are consistent with a common haplotype for the c.120del SBDS mutation in the 
French Canadian population. The region indicated in red shows the shared haplotype region in all five families.

https://doi.org/10.15406/jig.2014.01.00008


De Novo mutations causing shwachman-diamond syndrome and a founder mutation in SBDS in the 
french canadian population

41
Copyright:

©2014 Baskin et al.

Citation: Steele L, Rommens JM, Stockley T, et al. De Novo mutations causing shwachman-diamond syndrome and a founder mutation in SBDS in the french 
canadian population. J Investig Genomics. 2014;1(2):38‒41. DOI: 10.15406/jig.2014.01.00008

Conclusion
While the exact rate of de novo mutations remains unknown recent 

data from whole genome/whole exome sequencing of disease trio 
cohorts suggest they may play a more prominent role in disease than 
previously thought.9 While the most common SBDS mutations are 
the result of gene conversion due to the presence of the unprocessed 
pseudogene copy (SBDSP1), the occurrence of five de novo mutations 
in 54 families studied indicates that de novo mutations have a 
significant impact on the pathogenesis of SDS. Moreover, a new 
founder mutation in the French Canadian population appears to be due 
to a relatively recent de novo event as this mutation is not described 
in France. Thus de novo mutations need to be considered when 
conducting molecular diagnosis of this disease. Analysis of parental 
samples to confirm that a SBDS mutation found in a patient is in fact 
inherited from a parent is required in order to accurately estimate the 
recurrence risk of the disease in subsequent pregnancies.
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