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Alport syndrome is an inherited progressive nephropathy arising from
mutations in the type IV collagen genes, COL4A3, COL4A4, and
COLA4AS . Symptoms also include sensorineural hearing loss and ocular
lesions. We determined the molecular basis of Alport syndrome in a
non-consanguineous Ashkenazi Jewish family with multiple affected
females using linkage analysis and next generation sequencing. We
identified a homozygous COL4A3 mutation, c¢.40_63del, in affected
individuals with mutant alleles inherited from each parent on partially
conserved haplotypes. Large-scale population screening of 2017 unrelated
Ashkenazi Jewish samples revealed a carrier frequency of 1 in 183
indicating that COL4A3 c.40_63del is a founder mutation which may be a
common cause of Alport syndrome in this population. Additionally, we
determined that heterozygous mutation carriers in this family do not meet
criteria for a diagnosis of Thin Basement Membrane Nephropathy and
concluded that carriers of ¢.40_63del are not likely to develop benign
familial hematuria.
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In 1927, the British physician, Dr A. Cecil Alport
described a multi-generational family with multiple
affected persons with progressive nephritis and deafness
(1). This condition, now termed Alport syndrome, is
caused by mutations in genes encoding type IV collagen
and may be inherited in an X-linked (MIM #301050),
autosomal recessive (MIM# 203780), or autosomal
dominant fashion (MIM #104200) (2, 3). The X-linked
form is most common (~80%) and is caused by
mutations in COL4A5 (NM_000495.4) located at Xq22
(4, 5). The autosomal recessive and autosomal dominant
forms account for 15% and 5% of cases, respectively,
and are due to mutations in COL4A3 (NM_000091.4)
or COL4A4 (NM_000092.4), which are located in a
head-to-head fashion on 2q35-37 (6—9). Thin basement
membrane nephropathy (TBMN) is a separate disorder
characterized by isolated benign hematuria, but may
be caused by heterozygous mutations in COL4A3
or COL4A4 and thus can represent the carrier state
of autosomal recessive Alport syndrome (3). No
particular ethnic predisposition is noted for either
Alport syndrome or TBMN.

Type IV collagen is a principal structural component
of the basement membrane, a specialized extracellu-
lar matrix important in tissue organization and sepa-
ration. In the glomerular basement membrane (GBM)
of the developing kidney, the al,02 protomer is grad-
ually replaced by the a3adaS protomer. Mutations in
COLA4A3, COL4A4, or COL4AS5 affect the develop-
mental switch to the a3a4a5 network and result in
persistence of the al,a2 network in the GBM. The
a3adad network is more highly cross-linked than the
al,a2 network and is more resistant to higher glomeru-
lar pressure and proteolytic degradation (10).

Here, we report the identification of the homozygous
COL4A3 c.40_63del in affected individuals in a non-
consanguineous Ashkenazi Jewish family and provide
evidence that this mutation is a founder mutation in the
Ashkenazi Jewish population.

Materials and methods
Case report

Three sisters with a clinical diagnosis of Alport
syndrome presented for evaluation (Fig. 1). The oldest
sister (II-2) developed hematuria and proteinuria at
the age of 2 and urinalysis revealed gross blood and
3+ protein. Dysmorphic red blood cells and red blood
cell casts were also appreciated and urine protein to
creatinine ratio in a first morning sample was 0.98,
indicating moderate proteinuria (normal <0.2). Renal
biopsy performed at the age of 3 was notable for
irregular thickening of the GBM (width range from
1330 nm to 5830 nm) with splitting and reduplication
of the lamina densa with a lace-like appearance. The
patient was started on enalapril at diagnosis in an effort

2

Received 24 June 2013, revised and
accepted for publication 2 August 2013

to reduce proteinuria and improve long-term prognosis.
Individual (II-4) was noted to have asymptomatic
microhematuria at the age of 2 and urinalysis was
notable for 24 protein and large blood. Microscopy
revealed dysmorphic red blood cells and red blood
cell casts and the first morning urine sample protein
to creatinine ratio was 1.1. Individual (II-5) developed
hematuria at the age of 1. The three affected siblings
also have sensorineural hearing loss and have hearing
aids. Individual II-4 requires glasses for distance. No
other eye abnormalities were diagnosed. The parents
(I-1 and I-2) are of Ashkenazi Jewish descent and
consanguinity is denied. The father (I-1) is of mixed
Czechoslovakian and German heritage. The mother
(I-2) is of Czechoslovakian ancestry. Parents have nor-
mal renal function and deny hearing loss. Routine uri-
nalysis of individuals I-1, I-2, II-3, and II-6 was normal.

Molecular analysis

Linkage analysis

Genomic DNA was isolated from peripheral blood
specimens with the Puregene kit (Qiagen, Hilden, Ger-
many) and genotyping of polymorphic markers was
completed (DXS101, DXS1191, DXS1120, DXS1105,
DXS456, DXS1059, DXS1072, D2S360, D2S130,
CAll, D25401, and D2S396). Polymerase chain reac-
tion (PCR) products were analyzed using the ABI
PRISM 3130 XL Genetic Analyzer (PE Applied
Biosystems, Foster City, CA, USA).

Targeted next generation sequencing

Targeted genomic capture and next generation sequenc-
ing was utilized to sequence DNA from individual
II-5. A Roche Nimblegen SeqCap EZ Choice Library
(Roche, Madision, WI, USA) was designed with a
primary target region of chr2:227862435-228184507
(hg19 coordinates). The library was prepared according
to manufacturer’s instructions, amplified by PCR, and
sequenced on the Illumina HiSeq 2000 using paired-
end chemistry (Illumina, San Diego, CA, USA). The
COILA4A3 c.40_63del was confirmed by PCR and Sanger
sequencing.

Population screening

DNAs from 1017 healthy, anonymous Ashkenazi
Jewish individuals were screened for the COL4A3
c.40_63del by PCR and gel electrophoresis. The
primers were 5'-GACCGAGCCCTACAAAACC-3’
and 5-GTGGAGGAGGGATGGAAGTG-3'. A 282
base pair wild-type band and/or a 258 base pair
mutation band were detected (Fig. S2, Supporting
Information). Presumed mutations were confirmed by
Sanger sequencing. An additional 1000 samples were
genotyped using a custom-designed TagMan assay
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Fig. 1. Family structure, genotyping, and haplotype analysis. The pedigree of the family is shown. Individuals were genotyped for five polymorphic
markers on chromosome 2 to perform linkage analysis: D2S360, D2S130, CA11, D2S401, and D2S396. COL4A4 and COL4A3 are located between
markers D2S130 and CA11. A parsimony approach was used for phasing haplotypes. The shared disease-bearing haplotype is shaded.

(Life Technologies, Grand Island, NY, USA). Allelic
discrimination was performed on the ABI PRISM
7900 HT Sequence Detection System (PE Applied
Biosystems, Foster City, CA, USA) using sps 2.3
software and data was analyzed using TAQMAN
GENOTYPER V1.1 software (Life Technologies, Grand
Island, NY, USA).

Results
Linkage analysis

The analysis of markers DXS101, DXS1191, DXS1120,
DXS1105, DXS456, DXS1059, and DXS1072 excluded
the possibility of X-linked Alport syndrome in this
family (Fig. S1). Analysis of markers D2S360, D2S130,
CAl1, D2S401, and D2S396 confirmed linkage to the
COL4A3/COL4A4 locus on chromosome 2 (Fig. 1).
These markers showed that Alport syndrome segregated
in an autosomal recessive manner and the haplotype of
the mutant allele was partially shared in each parent.

Targeted next generation sequencing

Targeted genomic sequencing of DNA from individual
II-5 yielded 18,958 Mb and 189,576,838 reads. Greater
than 30X coverage was observed in 88.19% of the tar-
geted region. A total of 472 variants were identified
and filtered. A previously reported pathogenic change,
COILA4A3 c.40_63del, was found to be homozygous in
affected individual II-5 (Fig. 2a). The homozygous vari-
ant was confirmed by Sanger sequencing (Fig. 2b),
and this in-frame deletion of eight amino acids seg-
regated with clinical disease in an autosomal recessive
fashion.

Population screening

Because the COL4A3 ¢.40_63del variant was identified
on a shared haplotype in a non-consanguineous family
of Ashkenazi Jewish descent, population screening was
conducted to identify the carrier frequency. Six of
1017 Ashkenazi Jewish individuals were noted to be
carriers by screening for a change in PCR product
size and 5 of 1000 individuals were found to be
carriers by TagMan assay (Fig. S3). Thus, the carrier
frequency of the COL4A3 c.40_63del change in the
Ashkenazi Jewish population is noted to be 1 in 183
individuals or 0.55% (95% confidence interval: 0.27%
to 0.97%).

Discussion

Here, we report the identification of the homozygous
COLAA3 c.40_63del in affected individuals with Alport
syndrome in a non-consanguineous family of Ashke-
nazi Jewish origin. Owing to the large size of the
COLA4A3 and COL4A4 genes, the variability in muta-
tion location, and the possibility of intronic mutations,
our approach included targeted genomic capture and
next generation sequencing (NGS) to sequence the
entire COL4A3/COL4A4 region. While there has been
a recent report of an NGS method being utilized to
sequence COLA4A3, COL4A4, and COLA4AS5 , this previ-
ous approach was limited to the sequencing of exonic
regions of these genes (11).

The COL4A3 c.40_63del was first reported in the
literature as a heterozygous change in a 14-year-
old child with history of microhematuria and mild
proteinuria. The child did not have sensorineural
hearing loss or ocular features, and the father, who
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Fig. 2. COL4A3 c.40_63del sequencing results. (a) Integrative GENomICS VIEWER (IGV) v2.3 (Broad Institute, Boston, MA, USA) was used to
visualize the Illumina sequencing reads for individual II-5. The region corresponding to the 24 base pair homozygous deletion in COL4A3 is shown.
(b) MUTATION SURVEYOR v.4.0.4 (SoftGenetics, State College, PA, USA) was used to analyze Sanger sequence data. The top chromatogram is that of
the reference COL4A3 sequence (transcript NM_031365). The middle chromatogram shows the sequencing result for individual II-5 highlighting the
homozygous ¢.40_63del. The amino acids LPLLLVLL are deleted. The bottom chromatogram illustrates the heterozygous ¢.40_63del in individual
I-1. The apparent discrepancy between the IGV alignment of the mutation and the Mutation Surveyor alignment is due to different conventions for
handling repetitive sequences. Both interpretations result in the same overall sequence results.

was also heterozygous for this change, had history
significant for microhematuria and macrohematuria.
The mode of inheritance was therefore suggested to
be autosomal dominant. The deletion was noted to
affect the signal peptide and results of protein prediction
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software were consistent with reduced secretion of
the mutant protein (12). The COL4A3 c¢.40_63del
mutation was subsequently reported in a Spanish
female with autosomal recessive Alport syndrome
and features of proteinuria, sensorineural hearing loss,
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and macular degeneration. She was a compound
heterozygote with another mutation and the father,
who was a carrier for COL4A3 c¢.40_63del, was
asymptomatic (13). In 2012, four Chinese patients
with autosomal recessive Alport syndrome were also
confirmed to have COL4A3 c¢.40_63del. Three of the
patients were compound heterozygotes. One affected
male patient was homozygous and his parents were non-
consanguineous and family history was negative for
hematuria. The clinical features of this patient included
nephrotic-level proteinuria and hearing loss, but no
ocular lesions. Parents from the four reported families
who were heterozygous for the COL4A3 c.40_63del
change had no renal symptoms (14). With the addition
of our data, we note that in the majority of cases
an isolated, heterozygous COL4A3 c.40_63del is not
associated with a diagnosis of TBMN.

We also report the high carrier frequency of the
COLA4A3 c.40_63del in the Ashkenazi Jewish popula-
tion. This population has an increased prevalence of
several autosomal recessive diseases because of genetic
drift, assortative mating, and population bottlenecks.
All of the mutations currently included in Ashkenazi
Jewish carrier screening panels are recurrent and gen-
erally occur on a shared haplotype. On the basis of the
shared haplotype between the two unrelated parents in
this family and the recurrence of COL4A3 c¢.40_63del
among anonymous, unrelated Ashkenazi Jewish indi-
viduals, this mutation is considered a founder mutation
in this population. Although the mutation was also pre-
viously described in other ethnicities, including Spanish
and Chinese patients, it should be noted that the muta-
tion was not identified in 2500 healthy individuals in the
1000 genomes project, which includes European, East
Asian, South Asian, West African and American par-
ticipants (http://www.1000genomes.org). It is possible
that this mutation has some recurrence in other pop-
ulations; however, the frequency is likely to be much
lower than in the Ashkenazi Jewish population. Cur-
rently, the American College of Medical Genetics and
Genomics recommends carrier screening for eight dif-
ferent severe genetic disorders in Ashkenazi individu-
als, most of which include severely debilitating or lethal
diseases of childhood (15). However, many individuals
choose to screen for additional disorders that are known
to be prevalent in this population, ranging from a carrier
frequency of 1 in 68 to 1 in 168 (16). Because Alport
syndrome causes progressive renal disease, hearing loss
and eye abnormalities and treatment may include kid-
ney transplantation for end-stage renal disease, addition
of this mutation to Ashkenazi Jewish carrier screening
panels should be considered to facilitate reproductive
options and presymptomatic diagnosis, which may lead
to improved medical outcomes.

Supporting Information
The following Supporting information is available for this article:

Fig. S1. Exclusion of X-Linked Alport syndrome by linkage
analysis. Genotyping of seven polymorphic markers located on
chromosome X was completed (DXS101, DXS1191, DXS1120,

DXS1105, DXS456, DXS1059, and DXS1072). A parsimony
approach was utilized for phasing haplotypes. The COL4A5 locus
was excluded by linkage analysis. COL4A5 is located between
markers DXS1105 and DXS456.

Fig. S2. Genotyping of COL4A3 c¢.40_63del by PCR-based
assay. Exon 1 of COL4A3 was amplified by PCR using the
primers 5-GACCGAGCCCTACAAAACC-3' and 5-GTGGAG
GAGGGATGGAAGTG-3' and run on 2.0% agarose gel. The
expected product size is 282 base pairs for a wild-type product
and 258 base pairs for the COL4A3 c.40_63del. An individual
homozygous for the wild-type allele is shown in lane A, an
individual heterozygous for the COL4A3 c¢.40_63del is shown in
lane B, and an individual homozygous for the COL4A3 ¢.40_63del
is shown in lane C. Samples with a presumed mutation were
confirmed by Sanger sequencing.

Fig. S3. Genotyping of COL4A3 c.40_63del by TagMan assay. One
thousand samples were plated in three 384 well plates with genomic
DNA ranging between 1 ng and 20 ng per sample. The plates were
dried and then the TagMan Genotyping Master Mix (LTI) and the
assay were added, bringing the final volume to 5 wL. The plates
were then run on the GeneAmp® PCR System 9700 (LTI) at the
following setting: holds at 50°C for 2 min and 95°C for 10 min,
and then 40 cycles at 95°C for 15 s and 60°C for 1 min. Allelic
discrimination was then performed on the ABI PRISM 7900 HT
Sequence Detection System using sps 2.3 software (LTI) and the
data was analyzed using TAQMAN GENOTYPER V1.1 software (LTI).
Five carriers were identified.

Additional Supporting information may be found in the online
version of this article.
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