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Whole Exome Sequencing Identifies a

Rare Nonsense Mutation in FAM47C
as a Possible Cause of Severe
Oligospermia in Brothers With
Varicocele
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Varicocele is a common cause of impaired semen parameters in men with infertility. Here, we investigated genetic var-
iants as possible causes of varicocele with impaired semen parameters using whole exome sequencing in a family with
2 brothers with severe oligospermia, 1 unaffected brother, father, and the mother. Results showed a premature stop codon
alteration on Chromosome X (37028866 CT) in the gene FAM47C. The affected brothers were found to be hemizygous
for the variant, while the mother was a heterozygous carrier. In conclusion, identifying men with varicocele that would
have impaired spermatogenesis, using approaches like whole-exome sequencing, can be paradigm shifting. UROLOGY
129: 71−73, 2019. © 2019 Elsevier Inc.
Varicocele is the pathologic enlargement of veins
of the pampiniform plexus within the spermatic
cord and is a common cause of impaired semen

parameters. Varicocele occurs far more commonly in the
left spermatic vein, which drains at a 90° fashion into the
renal vein and is longer than the right spermatic vein,
causing it to experience higher venous pressures.1

There are several hypotheses of how varicocele may
impact semen parameters, higher levels of Reactive Oxygen
Species, local ischemia, increased scrotal temperature, and
Leydig Cell dysfunction causing subsequent hypogonadism.1

The prevalence of varicocele in the general population is
15%. However, only 1% of men with varicocele have fertil-
ity problems. Nevertheless, up to 35% of men with primary
infertility have varicocele, 85% of men with secondary
infertility have varicocele, and 25% of men with abnormal
sperm have varicocele.2 Because of the high prevalence of
varicocele in the general population and because only a
small proportion of men with varicocele have impaired sper-
matogenesis, it is imperative to determine which of the men
with varicocele will have impaired semen parameters.
Varicocele is a multifactorial disorder3 with a genetic

component. A variety of genetic factors have been
1 Contributed equally.
Disclosure: The authors report no conflicts of interest in this work.
From the Department of Urology, University of Miami Miller School of Medicine,

Miami, FL; and the John P. Hussman Institute for Human Genomics, University of
Miami, Miami, FL
Address correspondence to: Ranjith Ramasamy, M.D., Department of Urology, Uni-

versity of Miami, 1120 NW 14th floor #1560, Miami, FL 33136. E-mail:
ramasamy@miami.edu
Submitted: December 26, 2018, accepted (with revisions): March 19, 2019

© 2019 Elsevier Inc.
All rights reserved.
proposed, among them genes that are susceptible to oxida-
tive stress, and genes affecting calcium homeostasis within
the testes.4 First-degree relatives (fathers and brothers) of
patients with varicocele are 4 to 8 times more likely than
controls to have varicocele.5,6 There are several genetic
variants associated with varicocele, ranging from Y-chro-
mosome microdeletions7 to mtDNA deletions8 to a super-
numerary minute chromosome 14.9

Whole exome sequencing (WES) has been used to
identify a potentially causal mutation in a consanguineous
Turkish family with multiple cases of nonobstructive azo-
ospermia.10,11 No study has evaluated WES in a family
with varicocele and impaired semen parameters. In this
study we utilized WES in 2 brothers with severe oligosper-
mia and varicocele and compared the results to an unaf-
fected brother with similar physical findings. We
hypothesized that WES may have value in evaluation of
men with varicocele and severe oligospermia given the
genetic heterogeneity of varicocele.
MATERIALS AND METHODS

Patient Ascertainment
Two brothers were referred to our clinic for varicocele repair of
left grade II varicocele. After severe oligospermia (<1 million/cc)
was observed in 2 separate semen analyses in both brothers, we
brought their other brother, mother, and father in for consulta-
tion and obtained blood for DNA extraction. All 3 brothers had
left grade II varicocele. Approval for this study was obtained
through our Institutional Review Boards (IRB# 20150740). All
participants provided written informed consent, and the study
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Figure 1. Pedigree chart of family. They had 3 male offspring of which 2 were oligospermic and 1 (youngest) was
normozoospermic.

*WES data available.
was performed in accordance to the World Medical Association’s
Declaration of Helsinki.

Whole Exome Sequencing
WES, DNA reads, and variant interpretation performed accord-
ing to previously published protocols12 at a cost of $670.00 per
sample for a total of $2,010.00.

Data Analysis
Assuming a genetic defect with Mendelian heritability, we sought
variants that were shared by severely oligospermic brothers, not
present in brother with normozoospermia, and as described in a pre-
viously published protocol, fall within protein-coding regions as
well as fall below a prevalence threshold.12 Validation of an identi-
fied mutation was performed by targeted Sanger sequencing of the
surrounding 265 base pairs in the variant of interest (Genewiz,
South Plainfield, NJ). Primers were designed using the online appli-
cation Primer3web (http://bioinfo.ut.ee/primer3/). Sequencing was
performed with the primers 30 0TTTCCAGTCTCCGCCCAG
and TGTGCTTGATGTACCTTCCTG, elaborated by SIGMA-
Aldrich (Darmstadt, Germany).
RESULTS

Clinical Characteristics
Pedigree chart of the study family is provided in Figure 1. Clini-
cal examination was available for all 3 brothers in this study and
clinical information is provided in Table 1.

Whole Exome Sequencing Results
WES found 44,789 single-nucleotide variants and small inser-
tion-deletions with variation in at least one of the 3 brothers
sequenced. After filtering for shared positions in the 2 affected
brothers, 22,854 variants were left. Filtering for theoretically
functional coding variants left 20,572 variants, of which
9809 were synonymous variants, 9283 were nonsynonymous
Table 1. Clinical characteristics of 3 brothers with varicocele

Age
FSH

(miU/mL)
LH

(miU/mL)

Total
testosterone

(ng/dL)
Testis volume
(bilaterally)

28 18.2 3.9 405 10 cc
25 23 6.4 446 6 cc
18 5 5.9 530 14 cc

72
nonframeshift variants, and 307 were either frameshift deletion,
frameshift insertion, stop-gain, or stop-loss variants. We further
filtered for variants rarer than 1% in ExaC and 1000 Genomes,
which left 59 variants. Since only 2 brothers were severely oligo-
spermic, we expected that the normozoospermic brother would
not share the variant, so we filtered for variants shared by the 2
oligospermic brothers but not by the normozoospermic brother,
which left 17 variants.

The best candidate for the severe oligospermia phenotype is
the C>A variant at chrX:37028866 (rs140378751) which
caused a stopgain mutation in the FAM47C gene, probably caus-
ing a premature stop codon and inducing production of a short-
ened protein. The variant has been reported in ExAc at an
overall frequency of 0.000313.

Mutation Confirmation and Segregation in the Family
Sanger sequencing was performed to screen the 5 members of the
family (2 affected brothers, 1 unaffected brother, mother, and
father) for the selected variant in FAM47C. The presence of
this variant was confirmed in the 2 affected brothers (hemizy-
gous) and in mother (heterozygous). No variant was found in
unaffected brother and father (Fig. 2).

Comment
There are several known genetic causes of severe oligospermia,
though only a few studies have used WES to explore this pheno-
type. There are theoretical reasons to suspect that the X chromo-
some is enriched for spermatogenesis genes, and a recent study
found substantial X chromosome gene expression in mouse testis
tissue.13 Another study examined Copy Number Variants
(CNVs) in infertile men14 and found an increased number of
CNVs in infertile men compared to controls in parts of the X
chromosome. In that study, the FAM47C gene was part of the
DUP26 CNV region that was enriched in an infertile patient,
but that did not reach statistical significance across all cases. The
FAM47C gene is highly expressed in the testis but its function is
unknown.
Sperm Count
(Million/cc)

Ejaculate
volume (cc)

Motile Sperm
Count fraction

Motile
Sperm
Count

0.12 1.8 5% 10,800
0.75 3.2 24% 576,000
21 1.7 58% 20,706,000
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Figure 2. Sanger Sequencing of FAM47C variant. The mother was heterozygous for the variant while the father was normal.
Two sons were hemizygous for the variant while 1 son and father were normal. (Color version available online.)
The brothers with severe oligospermia and the variant FAM47C
gene underwent varicocele repair with no improvement in sperm
count or changes in gonadotropin levels as measured at 12-month
follow-up, as shown in Table 1. This variation could be accounted
for by differences in gonadotropin levels but all 3 brothers have
similar testosterone levels. Since sperm counts tend to increase in
50% of men with severe oligospermia after varicocele repair,15 this
lack of response suggests that the underlying genetic variant likely
causes severe oligospermia. WES could be used to predict response
to varicocele repair in the future.
CONCLUSION
Using WES, we identified a nonsense mutation in
FAM47C that segregates with the varicocele—severe oli-
gospermia phenotype. The mutation was present in the
severely oligospermic brothers and not in the normozoo-
spermic brother despite all 3 brothers having a similar var-
icocele clinical grade. Because varicocele is prevalent
(15%) in the population, identifying men that have
impaired spermatogenesis using approaches like WES can
be paradigm shifting.
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