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Novel loss-of-function SPAG17
homozygous variant segregated
in a family with severe
asthenozoospermia: upgrading
gene-disease validity to strong
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and Guangmei Xie1*

1Gansu Provincial Maternity and Child-care Hospital(Gansu Provincial Central Hospital), The Second
Reproductive Medicine Center, Lanzhou, China, 2Reproductive Medicine Center, Shanghai First
Maternity and Infant Hospital, School of Medicine, Tongji University, Shanghai, China, 3Medical
Genetics Center, Gansu Provincial Maternity and Child-care Hospital(Gansu Provincial Central
Hospital), Lanzhou, Gansu, China, 4The First Clinical Medical College of Gansu University of Chinese
Medicine, Lanzhou, Gansu, China
Background: Severe asthenozoospermia is a signi�cant cause of male infertility,
commonly associated with genetic defects affecting sperm motility. However, the
speci�c genetic contributors remain underexplored.
Objective: This study aimed to identify a genetic variant responsible for severe
asthenozoospermia in two siblings and to evaluate the clinical validity of the
gene-disease relationship between SPAG17 and this condition.
Methods: Whole exome sequencing (WES) was performed on two siblings
diagnosed with severe asthenozoospermia. Sperm motility and morphology were
assessed through standard semen analysis and transmission electron microscopy
(TEM). The gene-disease validity was evaluated using the ClinGen Gene–Disease
Validity SOP, incorporating both genetic and experimental evidence.
Results: A novel homozygous nonsense variant in SPAG17 (NM_206996.4:
c.2188C>T; p.Q730*) was identi�ed in both affected siblings. Semen analysis
revealed signi�cantly reduced sperm motility and abnormal sperm morphology,
including malformed �agella. TEM showed severe axonemal defects, such as
absent central-pair microtubules and disorganized axonemal structures. The
gene-disease validity between SPAG17 and severe asthenozoospermia was
upgraded to “Strong”, with a cumulative score of 13.4 points based on genetic
(9.4 points) and experimental (4 points) evidence.
Conclusion: We identi�ed a novel homozygous nonsense variant in SPAG17 in
two siblings with severe asthenozoospermia, emphasizing its critical role in sperm
motility and male fertility. The upgraded “Strong” gene-disease validity
strengthens SPAG17’s clinical utility for genetic diagnostics and counseling.
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1 Introduction

Sperm motility is a crucial determinant of fertility, which
represents a fundamental feature of �agellate spermatozoa and
playing a vita l role in the fert i l izat ion process (1) .
Asthenozoospermia is a major cause of male infertility, affecting
approximately 19% of infertile patients. It is de�ned by a
progressive motility (PR) rate of spermatozoa below 32% (2).
Asthenozoospermia has been attributed to various factors,
including genetic causes, lifestyle, environmental pollutants,
prolonged sexual abstinence, partial blockage of the seminal tract,
varicocele, and infections (3–6). Although genetic de�ciencies are
signi�cant causal factors (7), the speci�c genetic contributors to this
condition remain largely unexplored.

SPAG17encodes a protein located in the axoneme central pair
complex of motile cilia and �agella (8). Previous studies in
chlamydomonas have demonstrated that PF6, the ortholog of the
mammalian SPAG17 protein, is critical for �agellar motility (9).
Spag17 knockout mice exhibit infertility due to a severe defect in
spermatogenesis. Histological analysis of testis sections from
mutant mice revealed seminiferous tubules with spermatogenesis
arrested at the spermatid stage. The few sperm retrieved from the
cauda epididymis were immotile and exhibited abnormalities
morphology (8). According to reports, several male cases with
infertility carry homozygous variants in the SPAG17gene (10–
12). These �ndings collectively underscore the critical role of
SPAG17 in sperm development, motility, and male fertility.

Despite this accumulating evidence, a formal evaluation of the
clinical validity of the gene-disease association between SPAG17
and severe asthenozoospermia has not been thoroughly performed.
Evaluating the clinical validity of the gene-disease relationship is
essential for variant classi�cation and clinical interpretation (13).
The Clinical Genome Resource (ClinGen) has developed a
semiquantitative points-based framework to assign clinical
validity classi�cations to gene–disease relationships (14, 15).
Clinical validity is categorized as de�nitive (12–18 points,
replicated over time), strong (12–18 points), moderate (7–11
points), limited (0.1–6 points), no known disease relationship (0
points), disputed (contradictory evidence), or refuted
(contradictory evidence outweighs supportive evidence). The
ACMG recommends that variants in moderate genes should
generally not be classi�ed higher than Likely Pathogenic, and
variants in genes with poorly understood disease-gene
relationships (Limited, Disputed, Refuted) should not be classi�ed
higher than variants of uncertain signi�cance (16).

In this study, we identi�ed a novel homozygous nonsense
variant in SPAG17in two siblings with severe asthenozoospermia
signi�cantly contributes to understanding the genetic basis of this
condition. The detailed semen analysis and ultrastructural studies
revealed profound abnormalities in sperm morphology and �agellar
structure, further supporting the involvement of SPAG17 in male
infertility. This study, in conjunction with previous reports and
emerging reports, substantially enhances the evidence for the
gene-disease relationship between SPAG17 and severe
asthenozoospermia, elevating the association to a strong strength
according to the ClinGen Gene–Disease Validity SOP. These
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�nd ings under score the impor tance o f SPAG17 in
spermatogenesis and male fertility, providing valuable insights
into potential diagnostic and therapeutic approaches for
affected individuals.
2 Methods

2.1 Patients and ethics statement

This study received ethical approval from the Gansu Provincial
Maternal and Child Health Hospital (Gansu Provincial Central
Hospital), and informed consent was obtained from each
participant. The brothers with primary infertility and their
mother were recruited from the Gansu Provincial Maternal and
Child Health Hospital (Gansu Provincial Central Hospital).

2.2 Whole exome sequencing, variant
calling, and sequence variant validation

Genomic DNA was isolated from peripheral blood lymphocytes
of participants using QIAamp DNA Blood Kits (Qiagen, Hilden,
Germany). Library preparation and exome enrichment were
conducted using SureSelect Human All Exon V6 (Agilent
Technologies, Santa Clara, CA, USA). The prepared libraries were
sequenced using the Illumina NovaSeq® 6000 system (Illumina, San
Diego, CA, USA). The variants were �ltered and prioritized using
TGex (https://fa.shanyint.com/, accessed 4 January 2025) (17). The
gene variants detected by WES were validated by Sanger
sequencing, using the following primers for ampli�cation and
s e q u e n c i n g : S P A G1 7 - c 2 1 8 8 - F = C C G A G A A C C T T
CAGATCCTAGTC and SPAG17 - c2188 -R=AGGGTT
GAAATAAAGAGAACTTATGG.

2.3 Literature review and gene– disease
clinical validity curation

A comprehensive literature search was conducted using
PubMed and Google Scholar to identify publications on the
relationship between SPAG17 and male infertility in humans and
animal models. Only English-language manuscripts and abstracts
were considered. Cases reporting deleterious SPAG17 variants
associated with male infertility due to asthenozoospermia were
reviewed. The strength of the gene–disease association between
SPAG17 and autosomal recessive severe asthenozoospermia was
curated following the ClinGen Gene–Disease Validity SOP, version
11 (18).

2.4 Semen parameters and sperm
morphology analysis

Semen samples were collected by masturbation and incubated
at 37 °C for 30 minutes to achieve liquefaction. Routine semen
analysis (volume, sperm concentration, and motility) was
performed using the Sperm Class Analyzer CASA System (SCA,
Spain) following World Health Organization guidelines (5th
frontiersin.org
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Edition) (19). Semen samples from subjects were washed with PBS,
�xed in 4% paraformaldehyde (PFA), and stained with Mayer’s
hematoxylin and a 1% eosin Y solution (FUJIFILM WakoPure
Chemical). Sperm morphology was assessed by examining at least
130 sperm from each sample.

2.5 Transmission electron microscopy

Spermatozoa were immersed in a 2.5% glutaraldehyde solution,
washed three times with 0.1 mol/L phosphate buffer (PB, pH 7.2),
and post�xed with 1% osmium tetroxide in 0.1 mol/L PB for 1–1.5
hours at 4 °C. Dehydration was performed sequentially using
ethanol solutions at concentrations of 50%, 70%, 80%, 95%, and
100%, followed by 100% acetone. In�ltration was then carried out
by immersing the samples overnight at 37 °C in a 1:1 mixture of
acetone and SPI-Chem resin (containing dodecenyl succinic
anhydride, N-methylacetamide, SPI-Pon 812, and DMP-30). After
in�ltration and embedding in Epon 812 resin, ultrathin sections
were stained with uranyl acetate and lead citrate. These sections
were then examined and photographed using a TEM (TECNAI-10,
Philips) operating at an accelerating voltage of 80 kV.

2.6 Normal controls

For comparative analyses in semen morphology and ultrastructural
studies, normal control samples were obtained from three healthy
fertile volunteers with normal semen parameters (progressive motility
> 40%, normal morphology > 4%) and no history of reproductive
disorders. Control samples were processed identically and
simultaneously with patient samples under the same laboratory
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conditions, including �xation, staining, and TEM preparation, to
minimize batch effects and pre-analytical variability.
3 Result

3.1 Severe asthenozoospermia and
ultrastructural abnormalities in infertile two
siblings

The patient and his sibling, with primary infertility durations of 10
and 3 years, respectively, both exhibit severe asthenozoospermia.
Sperm motility and progressive motility of them were both
signi�cantly below the normal reference values (Table 1).
Hematoxylin and eosin (H&E) staining was utilized to evaluate
sperm morphology. The sperm from the two patients both exhibited
a reduced proportion of morphologically normal sperm and an
increased prevalence of abnormalities in �agella, including absent,
short, curly, angular, and irregularly calibrated �agella (Figure 1,
Table 1). Additionally, transmission electron microscopy (TEM) was
used to analyze the ultrastructure of spermatozoa from the two siblings.
Strikingly, compared to the regular “9 + 2” axonemal arrangement
observed in sperm �agella from normal controls, the spermatozoa from
the two patients exhibited absent or disorganized central-pair
microtubules (CPs) and irregular or absent outer dense �bers
(ODFs) and microtubule doublets (MTDs) in the �agellar midpiece.
Additionally, the principal piece showed a loss of most axonemal
microtubules, which were irregularly arranged, and the peripheral
MTDs or CPs were absent in the end piece.
TABLE 1 Clinical assessment of patients carrying SPAG17variants.

Information II:2 II:3 Reference values

Genotype MT/MT MT/MT

Age (years) 37 34

Years of marriage 10 3

BMI 23.67 19.59

Semen parameters

Semen volume (ml) 3.47±1.19 1.86±0.21 >1.5

Semen pH Alkaline Alkaline Alkaline

Sperm concentration (106/ml, Mean ± SD) 45.7±23.11 77.02±39.40 >15

Motile sperm (%, Mean ± SD) 3.33±1.15 3.20±1.79 >40

Progressively motile sperm (%, Mean ± SD) 2.33±0.58 0.8±0.45 >32

Sperm � agellar morphology

Absent �agella (%) 22.79 10.07 <5.0

Short �agella (%) 15.44 11.51 <1.0

Coiled �agella (%) 23.53 22.3 <17.0

Angulation (%) 16.91 20.14 <13.0

Irregular caliber (%) 13.23 27.34 <2.0

Normal �agella (%) 8.09 8.63 >23.0
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Additionally, transmission electron microscopy (TEM) was
used to analyze the ultrastructure of spermatozoa from the two
siblings. A total of 60 cross-sectional �agellar images per individual
were evaluated. Compared to the regular “9 + 2” axonemal
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arrangement observed in controls, patient spermatozoa exhibited
absent central-pair microtubules in 82% of cross-sections,
disorganized outer dense �bers in 75%, and irregular microtubule
doublets in 68%. Representative images are shown in Figure 1C.
FIGURE 1

Morphological and ultrastructural analysis of spermatozoa in normal controls and individuals with bi-allelic SPAG17 variants. (A) Morphology of the
spermatozoa from normal control and men harboring bi-allelic SPAG17 variants (scale bars, 15 mm). (B) Papanicolaou staining revealed sperm with
normal morphology and various abnormal morphologies (scale bars, 15 mm). (C) Representative TEM micrographs display cross-sections of the
midpiece, principal piece, and end piece of sperm �agella from normal controls and individuals with bi-allelic SPAG17 variants. The axoneme
structure, along with its accessory components illustrated in the diagram, includes peripheral microtubule doublets (DMT), central pairs (CP), and
outer dense �bers (ODF) (scale bars, 150 nm).
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