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DEFB126 polymorphisms and association with

idiopathic asthenozoospermia in China

Jiao-Yu He'?, Jian-Ying Peng"?, Qiu-Fu Li'?, Xiao-Li Lin"?, Yan-Ru Cui"?, Shi-Yu Ma"?, Shi-Yun Fan'?,
Yi-Ran Liu"?, Zhi-Lin Song"?, Jun-Hang Deng"?, Xia Wei'?, Xian-Ping Ding"*

Idiopathic asthenozoospermia, a common factor in male infertility, is characterized by altered sperm motility function in fresh
ejaculate. Although the g-defensin 126 (DEFB126) protein is associated with asthenozoospermia, DEFB126 gene polymorphisms
have not been extensively studied. Therefore, the association between DEFB126 gene polymorphisms and asthenozoospermia
requires further investigation. Screening was performed by semen analysis, karyotype analysis, and Y microdeletion detection, and
102 fertile men and 106 men with asthenozoospermia in Chengdu, China, were selected for DEFB126 gene sequence analyses.
Seven nucleotide mutations and two nucleotide deletions in the DEFB126 gene were detected. rs11467417 (317-318 del/del),
rs11467497 (163-166 wt/del), c.152T>C, and c.227A>G were significantly different between the control and asthenozoospermia
groups, likely representing high-risk genetic factors for asthenozoospermia among males. DEFB126 expression was not observed in
sperm with rs11467497 homozygous deletion and was unstable in sperm with rs11467417 homozygous deletion. The rs11467497
four-nucleotide deletion leads to truncation of DEFB126 at the carboxy-terminus, and the rs11467417 binucleotide deletion
produces a non-stop messenger RNA (mRNA). The above deletions may be responsible for male hypofertility and infertility by
reducing DEFB126 affinity to sperm surfaces. Based on in silico analysis, the amino acids 51M and 76K are located in the highly
conserved domain; ¢.152T>C (M51T) and ¢c.227A>G (K76R) are predicted to be damaging and capable of changing alternative
splice, structural and posttranslational modification sites of the RNA, as well as the secondary structure, structural stability, and

hydrophobicity of the protein, suggesting that these mutations are associated with asthenozoospermia.
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INTRODUCTION
Approximately 10%-15% of couples worldwide are affected by
infertility, of which male factors account for nearly half."> Male
infertility is a multifactorial medical syndrome influenced by intricate
genetics, age, cryptorchidism, nutrition, weight, psychological
stress, smoking, drugs, alcohol, and environmental exposures.>*
Chromosomal abnormalities, Y chromosome microdeletions, and gene
polymorphisms are intricate genetic changes responsible for 15%-30%
of male infertility.>® Idiopathic asthenozoospermia is a common cause
of male infertility and is characterized by reduced sperm motility (grade
A + B sperm motility <50% or A <25%); it has been reported to be
associated with genetic mutations or deletions.”® A broad definition
of asthenozoospermia is altered sperm function through motility.’
Some candidate genes associated with asthenozoospermia, such
as tektin-t,> methylenetetrahydrofolate reductase (MTHFR)," solute
carrier family 26 (SLC26A8),"" N-acetyl-galactosaminyltransferase-
like protein 5 (GALNTL5),"? and cation channel, sperm-associated
2 (CATSPER2)," have been identified, though most causes and
mechanisms remain unknown. Recently, more than 6000 different
proteins associated with male infertility were identified by proteomics.'*
Human B-defensin 126 (DEFB126, formerly named epididymis-specific

protein ESP13.2 in macaques) is a unique sperm surface-coating
protein that belongs to the beta-defensin family and the innate immune
system; until capacitation, the entire sperm surface is covered by
the protein.'*** DEFB126 is synthesized by the principal cells of the
epididymal epithelium and is maximally expressed in the distal corpus
and proximal cauda." Macaque DEFB126 has been reported to play
a role in reproductive function by participating in sperm penetration
through the cervical mucus and sperm-zona pellucida (sperm-ZP)
recognition and binding.'®"” DEFB126 is a multifunctional glycoprotein
with a conserved -defensin core motif, which contains six f-defensin
cysteine residues with critical lipopolysaccharide (LPS) binding activity,
anti-inflammatory effects, and an intracellular regulatory unique
C-terminal glycosylated peptide tail with twenty O-glycosylation sites
(serine and threonine residues)'® that bind oligosaccharides to form a
glycocalyx.'* A long glycosylated peptide tail has been proven to be
the key to effective sperm transport in the female reproductive tract; it
interferes with immune recognition and promotes sperm penetration
into the cervical mucus, conserving sperm resources and promoting
fertilization. Coating the sperm surface with other protein components
renders it essentially unrecognizable by the immune system.'*"’
Sperm lacking DEFB126 exhibit frequently interrupted movement
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and tortuous swimming paths when penetrating the cervical mucus,
which is completely reversed when soluble DEFB126 is added to the
sperm surface.'* Moreover, the long glycosylated peptide tail mediates
sperm attachment to oviduct epithelia, conserves resources until arrival
at the oocyte,'s and facilitates the delivery of a capacitated sperm to
the site of fertilization.

Approximately 20% of Asian and European males of reproductive
age carry a 2-nucleotide deletion in the open reading frame (ORF) of
DEFBI26 (rs140685149), thus producing an uninterrupted mRNA;*
rs11467497 is another 4-nucleotide frameshift mutant that leads to
premature termination of translation.”> For men with rs140685149
and rs11467497 mutations, a longer time is needed for impregnation.
Therefore, DEFB126 mutations are more likely to be associated
with impaired sperm function and subfertility.”® Considering the
important biological function of DEFB126 for male infertility,
DEFBI126 polymorphisms and their association with idiopathic
asthenozoospermia in China urgently need to be studied. In future
clinical applications, DEFBI126 polymorphisms may even serve as a
target for detecting male infertility and may facilitate the development
of new clinical treatment protocols.

PATIENTS AND METHODS

Patients with idiopathic asthenozoospermia and controls

In this study, 119 patients with idiopathic asthenozoospermia and
102 control samples were collected from the Affiliate Reproductive
Hospital Genitalia Hygiene Research Center (Chengdu, China)
between April 2017 and September 2018; semen and peripheral
samples were collected for later experiments. Patients with
abnormal karyotype, Y chromosome microdeletion, cryptorchidism,
leukocytospermia, orchitis, varicocele, or endocrine hypogonadism
were excluded (Supplementary Figure 1). Patients who reported
drug abuse, alcoholic abuse, substance abuse, or tobacco use were
also excluded. The controls were all men with normal sperm function
who had at least one child without any assisted reproduction
technology. Informed consent was obtained from all participants
according to the relevant regulations, and this study has been
ethically approved by the Education and Research Committee and
Ethics Committee of Sichuan University (Chengdu, China; approval
No. CYK20170311001).

Semen and karyotype analysis

Semen samples were obtained by masturbation into sterile containers
after a period of 3-5 days of abstinence. The sperm concentration,
total motility, viability, and round cell concentration were evaluated
according to the WHO fourth edition laboratory manual. Samples with
the following semen parameters were included: sperm concentration
more than 20 x 10° ml™'; rapid forward progressive motility sperm
grade A <25%; and total progressive motile sperm grade A + B <50%
in fresh ejaculate.

Standard G-banding was used for karyotyping analysis using
peripheral blood samples from all subjects. At least 50 metaphases were
analyzed for each patient to confirm any abnormalities; such samples
were excluded from this study.

Genomic DNA extraction

A Whole Genome Extraction Kit (Transgen, Beijing, China) was used
to extract total DNA of human peripheral blood. Briefly, peripheral
blood was resuspended and mixed with lysis solution (containing 10 pl
RNaseA, 500 pl binding buffer, and 20 pl proteinase K), which was
incubated at room temperature for 10 min. Then, lysates were added
to a centrifugal column for DNA binding, and the bound DNA was
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washed with 500 pl clean buffer and then twice with wash buffer.
Subsequently, 100 pl of preheated elution buffer (EB; Transgen)
was added, the solution was eluted using a centrifugal column,
and the extracted genomic DNA was quantitatively analyzed by
spectrophotometry (Bio-Rad, Shanghai, China) and stored at —20°C
until examination.

Y microdeletions detection

Multiplex polymerase chain reaction was used to detect microdeletions
in the azoospermia factor (AZF) region in the patients with
asthenozoospermia. Seven sequence-tagged site markers in the AZF
region were selected to detect microdeletions, including sY86 and
ubiquitin specific peptidase 9, Y-linked (USP9Y) in AZFa, sY127 and
sY134 in AZFb, sY254, and sY255 in AZFc.** sY14 (sex-determining
region of Y-chromosome [SRY]) was detected as a polymerase chain
reaction (PCR) internal control. The primers used are shown in
Supplementary Table 1. The PCR products were verified by agarose
gel electrophoresis.

PCR amplification and genotyping

Primers were designed according to the DEFB126 reference
sequence. Two exons and flanking intronic parts of the DEFB126
gene were amplified by PCR using an A200 Gradient Thermal
Cycler (Long Gene, Hangzhou, China); the primers used are
shown in Supplementary Table 2. The total PCR volume was
25 pl, including 0.25 mmol 1! deoxy-ribonucleoside triphosphate
(dNTPs), 1.5 mmol 1! Mg*, 2 U DNA polymerase, 0.1 pmol I of
each primer, and 200 ng genomic DNA. The conditions were as
follows: 95°C (5 min, initial denaturation), 35 cycles of 94°C (1 min,
denaturation), 59°C/61°C (1 min, annealing), 72°C (1 min, extension),
and 72°C (5 min, final extension). The PCR products were analyzed by
electrophoresis at 120 V for 40 min at room temperature. Subsequently,
the PCR products were sequenced using an ABI3730XL DNA Analyzer
(Applied Biosystems, Foster City, CA, USA).

Expression analysis of the wild-type and deletion mutant DEFB126
proteins

Liquefied semen was centrifuged to obtain sperm cells, which were
treated with 10x lysis buffer (2% sodium dodecyl sulfate [SDS]),
100 mmol I"! Tris/HCI, pH 7.6 (Beyotime, Shanghai, China) at 95°C
for 5 min and centrifuged at 16 000g for 5 min (Hitachi, Beijing,
China). The supernatant was used as the total cell protein extract. The
protein concentration was determined by the bicinchoninic acid (BCA)
method, and Western blot was performed to analyze the DEFB126
protein in patients and controls (antibody incubation with rabbit
anti-DEFB126 IgG; Abcam, Shanghai, China) and sleep antirabbit
horseradish peroxidase (HRP) IgG (Abcam).

Bioinformatic analysis

Analysis of DEFB126 protein conservation in eight different species
(Homo sapiens, Pan troglodytes, Macaca fascicularis, Equus caballus,
Theropithecus gelada, Pteropus alecto, Piliocolobus tephrosceles,
and Rhinolophus sinicus) was performed, as displayed by sequence
logo.” The sequences were obtained from the National Center for
Biotechnology Information (NCBI).

The damaging effect of nonsynonymous mutations on protein
structure and function was predicted by Polymorphism Phenotyping
version 2 (PolyPhen-2),% Sorting Tolerant From Intolerant (SIFT),”
Mutation Taster (https://www.mutationtaster.org/),” FATHMM-
XF (http://fathmm.biocompute.org.uk/fathmm-xf/),” SNPs&GO
(http://snps.biofold.org/snps-and-go),* screening for nonacceptable



polymorphisms (SNAP? http//www.rostlab.org/services/SNAP),*
Protein Variation Effect Analyzer (PROVEAN; http://provean.jcvi.
org),*”* MutPred2 (http://mutpred.mutdb.org/),” and Protein ANalysis
THrough Evolutionary Relationships (PANTHER; http://panther.
celera.com).*

The effect of nonsynonymous mutations on RNA structural
stability and RNA splicing pattern was evaluated by RNAsnp
software (http://rth.dk/resources/rnasnp/)** and Alternative Splice
Site Predictor (ASSP) Online software (http://wangcomputing.com/
assp/), respectively.’

The effect of nonsynonymous SNPs (nsSNPs) on posttranslational
modification of the human DEFB126 protein was analyzed by the Mod
Pred tool (http://www.modpred.org).”” The secondary structure and
stability of wild-type and mutant DEFB126 were predicted by the self-
optimized prediction method server (SOPMA; https://npsa-prabi.ibcp.
fr/cgi-bin/npsa_automat.pl?page=npsasopma.html)* and I-Mutant 3.0
(http://folding.biofold.org/i-mutant/i-mutant2.0.html),” respectively.
The three-dimensional (3D) structure of the DEFB126 protein was
examined using Protein Model Portal (http://www.proteinmodelportal.
org).** The effect of non-synonymous mutations on DEFB126 protein
hydrophobicity and ligand binding sites was evaluated by the ExPASy-
ProtScale (https://web.expasy.org/protscale/)" and FTsite tools (http://
ftsite.bu.edu),* respectively.

Statistical analyses

The Chi-squared test was used to identify Hardy-Weinberg equilibrium
and estimate genotype frequencies between the patient and control
groups. Unconditional logistic regression analysis was used to calculate
odds ratios (ORs), and 95% confidence intervals (CIs) were employed
to measure the risk associated with variant genotypes. All P values
were two-tailed, and P < 0.05 was considered statistically significant.
These analyses were carried out with Statistical Package for the Social
Sciences software version 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

After comprehensive screening by semen analysis, karyotype analysis,
and detection of Y microdeletions (Supplementary Table 3), 106
patients with idiopathic asthenozoospermia and 102 controls were
selected. The descriptive comparison of our study population is shown
in Supplementary Table 4.

Polymorphism analysis of human DEFB126

The two exons and flanking intronic sequences of DEFBI126 in
asthenozoospermia and control samples were sequenced, and seven
nucleotide mutations, ¢.152T>C (M51T, rs75442118), c.164A>G
(Q55R, rs200901241), ¢.193C>T (R65C, rs375427290), c.216T>C
(rs77783981), c.227A>G (K76R, rs74717966), c.288T>C (rs77106211),
and ¢.308C>T (A103V, rs149330491) and two nucleotide deletions
317-318 del/del (rs11467417) and 163-166 wt/del (rs11467497), were
detected (Supplementary Table 5). However, c.164A>G (Q55R),
c.193C>T (R65C), and ¢.308C>T (A103V) only occurred in the
patients with asthenozoospermia. After screening the 102 controls
and analyzing an online database, we confirmed that the frequencies
of genotypes ¢.152T>C (M51T), c.227A>G (K76R), 163-166 wt/del
(rs11467497), and 317-318 del/del (rs11467417) showed significant
differences between the asthenozoospermia and fertile control groups
(Table 1, Supplementary Figure 2, and Supplementary Table 5).

Expression of the wild-type and deletion mutant DEFB126 proteins
In general, homozygous deletion mutation of DEFBI126 alters
protein expression in normal sperm. For example, DEFB126 protein

DEFB126 related with idiopathic asthenozoospermia
JY He etal

expression was significantly different between sperm with the wild-
type sequence and sperm with the rs11467497 heterozygote deletion
(P < 0.01). DEFB126 protein expression was not observed in sperm
with the rs11467497 homozygous deletion. No significant difference
in DEFB126 protein expression was observed between sperm with
the wild-type and rs11467417 heterozygote deletion. Unstable
DEFB126 protein expression was observed in sperm with rs11467417
homozygous deletion (Supplementary Figure 3 and 4).

Conservation and pathogenicity analysis of the DEFB126 protein
sequence

Analysis of DEFB126 protein conservation in eight species (Homo
sapiens, Pan troglodytes, Macaca fascicularis, Equus caballus,
Theropithecus gelada, Pteropus alecto, Piliocolobus tephrosceles, and
Rhinolophus sinicus) was performed, and the results indicated that
amino acids 51M and 76K are located in a highly conserved domain
of the DEFB126 protein (Supplementary Figure 5).

Computational analysis using online variant pathogenicity
prediction tools (PolyPhen-2, SIFT, Mutation Taster, FATHMM-XF,
SNPs&GO, SNAP?, PROVEAN, MutPred2 score, PANTHER)
suggested that ¢.T152C and ¢.A227G are most likely disease-causing
mutations (Table 2).

Effects of c.152T>C and c.227A>G on alternative splice sites
¢.152T>C (M51T) and ¢.227A>G (K76R) are located in exon 2. Neural
Network Splice Site Prediction Tool was used to evaluate the strength
of altered splice sites, and the differences were observed in IntronGC,
Alt./Cryptic, Constitutive, and Confidence functions. Additionally,
c.227A>G is located in the receptor sequence (mark with asterisk),
with a significant effect on selective splicing. These data indicate
enhancement of the exon 2 receptor site caused by ¢.227A>G (K76R)
(Supplementary Table 6-8).

Effect of c.152T>C and c.227A>G on RNA structure and
posttranslational modification sites

The data from the RNAsnp web server showed that ¢.152T>C (M51T)
and ¢.227A>G (K76R) have a significant effect on the RNA structure
(c.152T>C [M51T]: distance = 0.0234, P = 0.6586; ¢.227A>G [K76R]:
distance = 0.0383, P = 0.5521, respectively). c.152T>C (M51T) changes
the minimum free energy of the RNA from —69.50 kcal mol™ to
-69.80 kcal mol™; the T/C transition results in an RNA secondary
structure change between nucleotide 12 and 159 region. c.A227G (K76R)
changes the minimum free energy of the RNA from —60.90 kcal mol™" to
-64.80 kcal mol™, though the structure is similar (Figure 1).

The ModPred tool was used to analyze the effect of nsSNPs on
the posttranslational modification process of the human DEFB126
protein, showing that K76R is involved in proteolytic cleavage.
However, ¢.T152C has no influence on posttranslational modification
of DEFB126 (Table 3).

Effects of ¢.152T>C (M51T) and c.227A>G (K76R) on protein
secondary structure, structural stability, and hydrophilicity
Based on secondary structure prediction of wild-type and mutant
DEFB126, M51T likely produces a shortened random coil and an
increase in the adjacent alpha helix, beta turn, which may modify the
3D structure (Supplementary Figure 6 and 7). K76R has no influence
on the secondary structure of the protein (Supplementary Figure 6).
The influence of M51T and K76R on protein stability, in terms of
free energy, was predicted by I-Mutant 3.0, and the results indicated that
although M51T and K76R cause instability, M51T is most damaging
due to its lowest free energy of —0.58 kcal mol™* (Table 3).
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Table 1: Genotype and allele frequencies for DEFB126 ¢.152T>C, ¢.227A>G, rs11467417 and rs11467497 among idiopathic asthenozoospermia

and control group

Genotype/allele Control (total=102), n (%) Asthenozoospemia (total=106), n (%) OR (95% Cl) P
152TT 95 (93.2) 85 (80.2) NS

152TC 7 (6.9) 21 (19.8) 3.353 (1.358-8.281) 0.006™
152CC 0(0) 0(0) NS

1527 197 (96.6) 191 (90.1) NS

152C 7 (3.4) 21 (9.9) 3.094 (1.286-7.447) 0.008"
152 (TC+CC) 7 (6.9) 21 (19.9) 3.353 (1.358-8.281) 0.006™
227AA 94 (92.2) 86 (81.1) NS

227AG 8(7.8) 20(18.9) 2.733(1.114-6.526) 0.020°
227GG 0(0) 0(0) NS

227A 196 (96.1) 192 (90.6) NS

227G 8(3.9) 20 (9.4) 2.552 (1.098-5.934) 0.025°
227 (AG+GG) 8(7.8) 20(18.9) 2.733(1.114 6.526) 0.020°
163-166 wt/wt (CAAA/CAAA) 93 (91.2) 86 (81.1) NS

163-166 wt/del 8(7.8) 19 (17.9) 2.568 (1.069-6.171) 0.031°
163-166 del/del 1(1.0) 1(0.9) 1.081 (0.067-17.558) 0.956
163-166 wt 194 (95.1) 191 (90.1) NS

163-166 del 10 (4.9) 21 (9.9) 2.133 (0.979-4.649) 0.052
163-166 (wt/del+del/del) 9 (8.8) 20 (18.9) 2.403 (1.038-5.564) 0.037°
317-318 wt/wt (CC/CC) 46 (45.1) 35(33.0) NS

317-318 wt/del 41 (40.2) 45 (42.5) 1.443 (0.784-2.655) 0.239
317-318 del/del 15 (14.7) 26 (24.5) 2.278 (1.052-4.934) 0.035"
317-318 wt 133 (65.2) 115 (54.3) NS

317-318 del 71 (34.8) 97 (45.8) 1.580 (1.064-2.345) 0.023"
317-318 (wt/del+del/del) 56 (54.9) 71 (67.0) 1.666 (0.950-2.923) 0.074

"P<0.05 and "P<0.01. DEFB126: B-defensin 126; Cl: confidence interval; NS: no significance; OR: odds ratio

Table 2: Bioinformatic analysis of the DEFB126 variant

Variation Amino acid ~ dbSNP ID  PolyPhen-2¢ SIFT® Mutation FATHMM-XF?  SNPs&GO: SNAP2* PROVEANe MutPred?2 PANTHER'
variation Taster score”

c.T152C p.M51T rs75442118 Benign Tolerated Polymorphism Tolerated Neutral Effect  Deleterious 0.077  Probably benign

c.A227G p.K76R rs74717966 Possibly-damaging Tolerated Polymorphism Tolerated Neutral Effect  Neutral 0.044  Probably benign

2PolyPhen-2: Polymorphism Phenotyping version 2, prediction scores range from O to 1 with high scores indicating probably or possibly damaging. *SIFT: scores vary between O and 1,
variants with scores close or equal to O are predicted to be damaging. °Mutation taster: the probability value is the probability of the prediction, a value close to 1 indicates a high
“security” of the prediction. FATHMM-XF: values above 0.5 are predicted to be deleterious, while those below 0.5 are predicted to be neutral or benign. *SNPs&GO: probability, disease
probability (if >0.5, mutation is predicted disease). ‘'SNAP2: predict a score (ranges from —100 strong neutral prediction to +100 strong effect prediction) that reflects the likelihood
of this specific mutation to alter the native protein function. sPROVEAN: screening for nonacceptable polymorphisms, variants with scores lower than -2.5 (cut off) are predicted to be

deleterious. "MutPred2 score: >0.5 could be considered as “harmful”,

and a score >0.75 should be treated as a high confidence “harmful” prediction. 'PANTHER: Protein ANalysis

THrough Evolutionary Relationships. SNPs: single nucleotide polymorphism; dbSNP: dbSNP: the Single Nucleotide Polymorphism Database; SIFT: sorting Tolerant From Intolerant; SNAP2:
screening for nonacceptable polymorphisms 2; PROVEAN: Protein Variation Effect Analyzer; GO: Gene Ontology

Table 3: Effect of M51T and K76R on posttranslational modification
and protein stability

dbSNP ID Mutation ModPred analysis I-Mutant 2.0
site Modified type Score Stability RI 4AG (kcal
mol!)
rs74717966 p.K76R  Proteolytic cleavage 0.52 Decrease 4 -0.20
rs75442118 p.M51T None - Decrease 7 -0.58
dbSNP: the Single Nucleotide Polymorphism Database; RI: reliability index; -: no reliable

value

The effect of M51T and K76R on the protein hydropathy plot
was predicted by ExPASy-ProtScale, demonstrating an imbalance in
hydrophobicity caused by M51T and K76R, which may result in protein
structural modification (Figure 2).

Ligand binding site prediction by FTsite

The FTsite algorithm identifies binding sites using apo structures from
two established test sets. The FTsite tool identified three different
ligand binding sites in DEFB126. Ligand binding site 1 consists of
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11 residues, site 2 of 8 residues, and site 3 of 9 residues. However, no
mutations in those ligand binding sites were detected in this study
(Supplementary Table 9).

DISCUSSION

Defensin was originally thought to help the reproductive system defend
against invading pathogens, but it has been shown to be associated
with specific functions of sperm priming, motility, and capacitation.
B-defensin is referred to as an innate effector and antimicrobial peptide
(AMP), and it is involved in immune regulation, cancer, wound healing,
cell migration, angiogenesis, and male reproductive function. Various
B-defensins with regional-specific expression have been found in the
human and mouse epididymis, suggesting that these secretory defense
peptides may contribute to sperm maturation in different epididymis
microenvironment segments. Many p-defensins are associated with
sperm motility and fertility, such as -defensin 22," B-defensin 15,*
Binlb,* Defb15, DEFB1,* B-defensin 1, -defensin 114,* and
DEFB126." The p-defensin DEFB126 is a multifunctional glycoprotein



Wild -type
Wild-type c.T152C
z ‘s ~
£ z A\ 8
§ %’ QY . \f
,‘ 8 N
. CE\{:: ,,,,, é )f—“
, 2/ @
E Mutant m
Wild -t
RIS Wildtype ¢.A227G
i Q

i L RN
= o i g \\,\\/ \%\\/
bh = iz
=1 i

i <
e 3

H o i

i z H

Mutant m

Figure 1: The effect of ¢.T152C, c.A227G on RNA structure. Enclosed area
with marked differences for 152TT and 152CC, 227AA and 227GG genotypes.
(a) Probabilities of wild-type and mutated sequences are presented in the
upper and lower triangle of the plot, respectively, and polymorphic nucleotide
is shown by yellow color. (b) Optimal secondary structure of RNA sequence
(highlighted from 12 ntto 159 nt) in the 152TT genotype with minimum free
energy of —69.50 kcal mol-* and 152CC genotype with minimum free energy
of —=69.80 kcal mol-. (¢) Enclosed area with marked differences for 227AA
and 227GG genotypes. Probabilities of wild-type and mutated sequences
are presented in the upper and lower triangle of the plot, respectively, and
polymorphic nucleotide is shown by yellow color. (d) Optimal secondary
structure of RNA sequence (highlighted from 73 nt to 222 nt) in the 227AA
genotype with minimum free energy of —-60.90 kcal mol-! and 227GG
genotype with minimum free energy of —64.80 kcal mol-. RNA: ribonucleic
acid; nt: nucleotide.

that has been mapped to a cluster on chromosome 20p13;' and it
has two exons that encode 111 amino acids. The protein consists of a
conserved B-defensin core and a C-terminal glycosylated peptide tail.
DEFB126 appears to interact with the lipid membrane as a covalently
linked dimer via sequences of hydrophobic amino acids associated
with the defensin-like core.'*'® The C-terminal glycosylated peptide
tail is important for normal sperm function. The tolerance of sperm
can be enhanced by covering the DEFB126 protein, masking its unique
testicular and epididymal surface antigens; sialic acid residues on the
DEFBI126 protein are hydrolyzed by sialidase NMase to eliminate
immune protection on the sperm surface.'®!7*

Evidence suggests that DEFB126 promotes sperm penetration
of the cervical mucus and mediates sperm attachment to oviductal
epithelia.’® Expression of DEFB126 mRNA in the epididymis head is
downregulated in patients with nonobstructive azoospermia, and the
proportion of DEFB126-positive sperm in men with normal fertility is
significantly different from that in men with infertility and varicocele.
Coculture of immature human testicular sperm with DEFB126-
transfected H9C2 cells increases sperm motility by approximately
15%. The DEFB126, one of the potential targets for the development of
posttesticular male contraception,* has an immunoprotective function,
and various mutations affect total sperm motility and fertilization
ability and are thus closely related to asthenospermia.

Chromosomal aberration is one of the most common causes of
male infertility, and the literature has demonstrated that structural
chromosomal abnormalities in males can lead to abnormal sperm
concentrations and motility.***® Karyotype analysis is a powerful
diagnostic tool that provides valuable information for genetic counselling
and thus should be used in infertility screening.” Spermatogenic failure
is another form of male infertility, and microdeletions in the AZF region
are detected in 5%-15% of males with spermatogenic failure.” Therefore,
men with karyotype abnormalities and/or Y microdeletions were
excluded from this study. In our study, 119 asthenozoospermia patients
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Figure 2: Hydropathy plot for the DEFB126 protein prepared in the Expasy
ProtScale Website according to the Kyte and Doolittle algorithm. The
hydrophobicity of (a) the wild-type DEFB126 protein, (b) the DEFB126 protein
with M51T mutation, and (¢) the DEFB126 protein with K76R mutation.
The results showed that the M51T and K76R of the DEFB126 protein had
lower hydrophobicity scores than the wild-type. DEFB126: p-defensin 126.

were screened by karyotype analysis and Y microdeletion testing, and
6 of them were found to have chromosomal aberrations, including two
Klinefelter’s syndrome instances, two translocations and two small Y
microdeletions, and seven Y microdeletions (Supplementary Table 3).
Patients with asthenozoospermia due to one of the above causes were
excluded from this study.

Protein structure affects function, and mutations in DEFB126
may be associated with sperm dysfunction and decreased motility.
Two nucleotide deletions, rs11467417 (317-318 del/del) and
rs11467497 (163-166 wt/del), and seven nucleotide mutations,
c.152T>C (M51T, rs75442118), c.164A>G (Q55R, rs200901241),
c.193C>T (R65C, rs375427290), c.216T>C (rs77783981), c.227A>G
(K76R, rs74717966), c.288T>C (rs77106211), and ¢.308C>T (A103V,
§149330491), were detected in this study. Among them, rs11467417
(317-318 del/del, P = 0.035), rs11467497 (163-166 wt/del, P = 0.031),
¢.152T>C (P =0.006), and ¢.227A>G (P = 0.020) showed statistically
significant differences between the control and asthenospermia
groups.

Mutations in the DEFB126 carboxy-terminal ORF alter the
composition of the DEFB126 peptide (Supplementary Figure 4),
which maylead to the synthesis and secretion of nonfunctional proteins
associated with reduced sperm binding ability.” For rs11467417, a
binucleotide deletion produces a nonstop mRNA that may result in
protein reduction due to translational inhibition and proteasomal
destruction.” DEFB126 mRNA expression in the epididymis tissues
of patients with the rs11467417 homozygous deletion genotype was
lower than that of patients with the wild-type homozygous genotype.?!
Immunohistochemical staining showed that in males with the
rs11467417 homozygous deletion, only a small number of DEFB126
protein capsules were observed on the sperm surface.”® DEFB126
protein expression was unstable in those with the homozygous deletion
genotype in this study, thus demonstrating that DEFB126 homozygous
deletion is a cause of asthenospermia.?

The rs11467497 four-nucleotide deletion (151 base pair [bp]
upstream of rs11467417), which has been found in more than one
HapMap population (Japanese, Chinese, Americans [Utah], and
Yoruba),* leads to premature termination of translation and production
of peptides truncated at the carboxyl-terminus. As mentioned above,
the carboxyl-terminus plays an important role, and this deletion may
prevent sperm from being transported in the female reproductive tract,
ultimately leading to a decline in fertility. In this study, a significant
dosage effect for rs11467497 heterozygotes was observed in patients with
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asthenozoospermia (OR =2.568,95% CI: 1.069-6.171, P=0.031), which
is consistent with previous observations. In addition, rs11467497 shows
asignificant correlation with weak sperm disease, and a lack of DEFB126
protein expression occurs in the sperm of patients with homozygous
deletion, also consistent with previous research.” Round cells in semen
are composed of spermatogenic cells and nonspermatogenic cells.
Neutrophils are present in nonspermatogenic round cells, which are
often indicative of male reproductive tract infection and/or subsequent
inflammatory response,” that may reduce sperm motility, fertilization
capacity, and reduce male fertility, and rs11467497-del was significantly
associated with a higher number of round cells.’®* These results
indicate that rs11467497 is indeed associated with asthenospermia
and DEFBI26 deletion caused by rs11467497-del increases round cells
number and leads to infertility. Moreover, these findings suggest that
two common DEFB126 deletion variants (rs11467497 and rs11467417)
may be responsible for male hypofertility and infertility by reducing the
affinity of DEFB126 for sperm surfaces.

¢.152T>C (M51T) and ¢.227A>G (K76R) are found on exon 2,
and both are located in conserved sequences, indicating that these two
sites are essential for protein function. The DEFB126 protein sequence
alignment results for eight species showed that M51 and K76 are highly
conserved (Supplementary Figure 5), indicating that these two sites
may be closely related to the role of the p-defensin core. Amino acid
substitution experiments showed that the first amino acid residues, six
cysteine amino acid residues, and adjacent residues of the f-defensin
peptide are key of the Bubalus bubalis B-defensin functional element.!
MS5IT alters protein secondary structure (random curl shortened,
adjacent a-helix, and B-fold increase) and may affect the formation of
three disulfide bonds in the defensin core. K76R may affect glycation
of the DEFB126 carboxylic terminus (due to the presence of threonine
on both sides), thereby affecting the role of DEFB16 in cervical mucus
interaction, immune protection, sperm-fallopian tube interactions,
and sperm release from the fallopian isthmus sperm bank. Clusters
of carboxy-terminal threonine and serine are reported to form a
large hydrating shell to protect sperm, and K76R may weaken this
protective effect.®?

Selective splicing enriches proteome diversity and regulates
developmental and tissue-specific processes by generating multiple
transcripts from a single gene.®*** As pre-mRNA splicing disorders play a
role in human diseases, accurate prediction of selective splicing events is
of great significance in the study of gene function and disease treatment.
ASSP results showed that ¢.T152C changes the parameters of donor sites
132,185, and 192 and that c.227A>G changes the parameters of receptor
site 223 in the constituent receptor sequence, which may influence gene
expression and be involved in posttranslational modification, leading
to DEFB16 level changes in the testis.

The function of many noncoding RNA genes and mRNA cis-
regulatory elements is largely determined by their structure, which is
dependent on their sequence. Single-nucleotide polymorphisms (SNPs)
may disrupt RNA structure, interfere with molecular function, and lead
to phenotypic effects. Variants and wild-type sequences were evaluated
using RNA folding algorithms, and ¢.T152C alters the free energy of
the DEFB126 optimal secondary structure but has no effect on the
general structure. c.A227G changes the minimum free energy of the
RNA structure from —51.50 kcal mol™ to —55.40 kcal mol ™. The A/G
transformation changes the secondary structure of RNA in this region,
resulting in an additional ring structure between nucleotides 71 and
123, and such secondary structure change may affect RNA binding sites.

Posttranslational protein modification (PTMS) is an important
biochemical event that regulates various cellular functions.®® PTMS-
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based regulation can be achieved through modification of a single amino
acid or through a combination of the same or different modification
sites. PTMS can also occur at the interaction interface and affect
protein—protein binding.®® ModPre prediction indicated that K76R is
the cleavage site that might affect the stability of the DEFB126 protein.

Protein structure classification describes important properties of
the protein folding process and can provide important information for
protein structure analysis, functional analysis, drug design, and many
other biomedical applications.®* As detected in this study, M51T
results in the shortening of random coils in the DEFB126 secondary
structure but increases the a-helix and p-fold. M51 is located in the
corner region of the DEFB126 three dimensional (3D) structure, and
M51T may lead to a protein 3D structure change.

Nonsynonymous SNPs in the coding region can alter amino acid
composition and affect protein function, expression, conformation,
or stability. Approximately 58% of exon SNPs estimated in the
human genome can lead to amino acid sequence changes, known as
nonsynonymous SNPs (nsSNPs).® Experiments have shown that nearly
1/3 of nsSNP mutations are harmful to human health; thus, identifying
harmful nsSNP mutations has important implications for protein
function and disease diagnosis.”’ An important contribution to protein
stability is the solvent separation capacity of protein hydrophobic
residues. The effect of mutations on protein stability can be evaluated
by the thermal stability of the protein system, and a AAG value below
zero indicates instability. K76R and M51T are hydrophobic amino acid
substitutions that change the hydrophobicity and decrease the free
energy and protein stability. M51T is most destructive due to its lowest
free energy of —0.58 kcal mol ™. Therefore, the destructive effects of the
K76R and M51T substitutions in asthenozoospermia may be caused
by changes in DEFB126 gene expression.

The polarity and charged amino acid residues on the protein
surface determine the binding specificity and affinity of a ligand, and
DEFB126 is uniformly distributed across the sperm surface, which may
be associated with its binding to the lipid bilayer. Meanwhile, ¢.152T>C
is highly hydrophilic and may interact with the environment or other
proteins, thus affecting interaction of the adjacent highly hydrophobic
region (amino acids 58-72) with the lipid bilayer. B-defensins contain
large amounts of lysine, which seems to promote their interaction with
the negatively charged plasma membrane of microorganisms through
electrostatic interactions. K76R in DEFB126 may affect its antibacterial,
antiviral, and antifungal activities.

Many proteins must interact with ligand molecules to perform
their biological functions, and localization of ligand binding sites has
important application value in protein structure prediction, protein
functional relationship elucidation, protein engineering, and drug
design. Evolutionarily conserved binding site residues are important
not only for binding to ligands but also for preventing binding to other
molecules, thus affecting their selectivity and specificity.””? In addition
to electrostatic interactions, hydrophobic interactions play a crucial role
inligand binding.”" The NOP2/Sun domain family, member 7 (Nsun7)
7' exon mutation, enhances protein hydrophobicity and changes the
ligand binding site and protein-ligand interaction without affecting
protein folding, resulting in impaired Nsun7 protein function and
weakened sperm motility.” The FTsite predicts three different ligand
binding sites of DEFB126, though the sites of mutation found in this
study did not include ligand binding sites, indicating that mutation
may not cause low sperm motility by affecting ligand binding sites.

The samples in our study were screened using the WHO 4" criteria.
While the criteria in WHO 5%/WHO 6% for sperm morphologic
anomalies for teratozoospermia are stricter,”’* some sperm flagellum



defects cannot be identified by the WHO 4" criteria, and flagellum
disorder due to gene defects not only causes tail defects but also
underlies asthenozoospermia. Thus, gene defects result in a variety of
functional (and morphological) flagellum anomalies that also underlie
asthenozoospermia,’>’® and the idiopathic asthenozoospermia caused
by DEFB126 polymorphisms may also occur by affecting sperm flagellar
function and structure.

Sperm with DEFB126 homozygous deletion display dysfunctional
behavior in the female reproductive tract based on conventional
semen assessments. In our study, rs11467417 (317-318 del/del) and
rs11467497 (163-166 wt/del) nucleotide deletions and ¢.152T>C and
¢.227A>G nucleotide mutations were significantly different between
the control and asthenospermia groups, are predicted to be damaging,
and might be associated with asthenozoospermia in Chengdu, China.
Therefore, detection of the DEFBI126 genotype can be added to early
clinical infertility assessment of patients with asthenospermia to
identify the main cause of asthenospermia for efficient diagnosis and
treatment. In sperm with homozygous rs11467417 deletion, expression
of the DEFB126 protein was unstable, and no DEFB126 protein was
detected in sperm with homozygous rs11467497 deletion. Sperm lacking
DEFB126 showed severely weakened activity in cervical mucus, while
the addition of DEFB126 to the sperm of patients with homozygous
deletion significantly improved the ability of human sperm to penetrate
hyaluronic acid gel and completely restored their ability to penetrate this
viscoelastic reproductive tract medium. Therefore, adding DEFB126 to
sperm with DEFB126 homozygous deletion genotypes for less invasive
vaginal and cervical insemination or the delivery of DEFB126 to sperm
via vaginal gel for sperm therapy may have a role in the treatment of
clinical infertility caused by sperm with DEFB126 homozygous deletion.
The nucleotide mutations ¢.152T>C and ¢.227A>G are predicted to
affect the structure and function of DEFB126. For patients with defining
mutation types, timely use of assisted reproductive technology, such
as intrauterine insemination (IUI) and in vitro fertilization (IVF), can
reduce the time and monetary costs of infertile couples.

CONCLUSION

The present study is about the association between polymorphisms of
DEFB126 and asthenozoospermia in a Chinese population. The data in
our study indicate that DEFB126 mutations (rs11467417 317-318 del/
del; rs11467497 163-166 wt/del; c.T152>C M51T;and ¢.227A>G K76R)
are likely associated with asthenozoospermia. Genotyping of DEFB126
polymorphisms in men with asthenospermia can help determine the
most effective fertility intervention. The results of our study point to the
underlying causes of lower male fertility, thus opening the possibility
of new clinical diagnosis and treatment. Sperm surface proteomics
provides researchers with data for identifying proteins on the surface
of sperm and may lead to insight into the environment in which sperm
travel from the testis to the fallopian tube. DEFB126 has important
effects on the sperm surface, and other sperm membrane surface
proteins (such as heat shock protein A4L) may also be important
for sperm migration to the fallopian tube. Functional studies of the
diversity of this genetic material may provide research directions for
male infertility in the future.
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Supplementary Table 1: Primers used for detection of Y microdeletions

Gene Primer Primer sequence (5’ to 3’) Size  PCR product
(bp) size (bp)

AZFa sY86-F AGACTATGCTTCAGCAGGTC 20 156
sY86-R CCAGTCTTTGGGATTTCTTT 20
USP9Y-F  AGCCTGTTTCAGTGTTTGGG 20 169
USP9Y-R  ATACCCTCAAGGAACCTCAAG 21

AZFb sY127-F  AGCACCCACTGGAATCTACC 20 195
sY127-R  CATGGCTACACAGACAGGGA 20
sY134-F  GTCTGCCTCACCATAAAACG 20 301
sY134-R  ACCACTGCCAAAACTTTCAA 20

AZFc sY254-F  GGGTGTTACCAGAAGGCAAA 20 380
sY254-R  GAACCGTATCTACCAAAGCAGC 22
sY255-F  GTTACAGGATTCGGCGTGAT 20 123
sY255-R  CTCGTCATGTGCAGCCAC 18

sY14 (SRY) SRY-F GAATATTCCCGCTCTCCGGA 20 472
SRY-R GCTGGTGCTCCATTCTTGAG 20

PCR: polymerase chain reaction; SRY: sex determining region of Y-chromosome

Supplementary Table 2: Primers used for the amplification of the 2
exons of the DEFB126 gene

Number Exon number PCR product size Sequence (5'— 3')

1 Exon-1 206 bp F - TCATACTGAATAGAGACTTCTGGAC
R - GAAGCCAGACCCCATTTCCA
2 Exon-2 578 bp F - TGGCCCCTGGTAAGTGTTT

R - CTTTGCTTTAATGAGTCGGGGA

F means forward primer; R means reverse primer. PCR: polymerase chain reaction

Supplementary Table 3: Karyotype analysis and detection of Y
microdeletions in men with asthenozoospermia

Screening methods ~ Mutation Quantity ~ Percentage

Karyotyping Klinefelter's syndrome 2 1.68
Translocation 2 1.68
Small Y 2 1.68

Y microdeletions All sites 1 0.84
sY254 and sY255 5 4.20
sY254, sY255, sY127,sY134 1 0.84

Supplementary Table 4: Comparison of age and semen parameters
between idiopathic asthenozoospermic group and controls

Clinical parameters Asthenozoospermic  Control group P
group (n=106) (n=102)

Age (year) 32.3+5.1 32.0+5.5 0.528

Sperm concentration (x108 ml-!) 35.2+23.6 89.2+12.8 <0.001

Rapid progressive motility (%) 8.6+6.1 37.945.5 <0.001

Total progressive motility (%) 18.5+10.1 70.5+7.4 <0.001

2Data are presented as mean+s.d.; "The comparison between groups was done with the
Student’s t-test; P<0.05 was considered statistically significant. s.d.: standard deviation



Supplementary Table 5: Genotypes and allele frequencies for DEFB126 among idiopathic asthenozoospermia and controls

dbSNP ID Genotype/allele Controls (102) Asthenozoospemia (106) OR (95% CI) P
rs75442118 152TT 95 85 3.353 (1.358-8.281) 0.006
152TC 7 21
152CC 0 0
rs200901241 164AA 102 105 1.010 (0.991-1.028) 0.325
164AG 0 1
164GG 0 0
rs375427290 193CC 102 105 1.010 (0.991-1.028) 0.325
193CT 0 1
193TT 0 0
rs77783981 216TT 92 94 1.174 (0.484-2.852) 0.722
216TC 10 12
216CC 0 0
rs74717966 227AA 94 86 2.733 (1.144-6.526) 0.02
227AG 8 20
227GG 0 0
rs77106211 288TT 96 92 2.435 (0.897-6.607) 0.073
288TC 6 14
288CC 0 0
rs149330491 308CC 102 105 1.010 (0.991-1.028) 0.325
308CT 0 1
308TT 0 0
rs11467417 317_318cc/cc 35 46
317_318CC/-- 41 45 1.443 0.239
317_318--/-- 26 15 2.278 0.035
rs11467497 163_166CAAA/CAAA 93 86
163_166CAAA/---- 8 19 2.568 (1.069-6.171) 0.031
163_166----/---- 1 1 1.081 (0.067-17.558) 0.956
OR: odds ratio, Cl: confidence interval, dbSNP: the Single Nucleotide Polymorphism database
Supplementary Table 6: The selective splicing sites of DEFB126 wild-type
Position Putative splice site Sequence Score Intron Activations Confidence
(bp) GC ; "
Alt./cryptic Constitutive
58 Alt.isoform/cryptic donor TTGGTCTCAGgtaattggta 10.974 0.371 0.553 0.357 0.355
65 Alt.isoform/cryptic donor CAGGTAATTGgtatgtgaaa 9.684 0.386 0.938 0.042 0.955
132 Alt.isoform/cryptic donor AGAGATGCATgtaaagaatg 7.064 0.486 0.902 0.069 0.924
185 Altisoform/cryptic acceptor tgtgttccagCTGACAGACG 5.461 0.471 0.732 0.260 0.645
192 Alt.isoform/cryptic acceptor cagctgacagACGTGCTAAT 3.811 0.486 0.909 0.087 0.904
223 Constitutive acceptor ctgtgtccagACAAAGACTA 7.890 0.500 0.413 0.559 0.262
Intron GC: intron GC values correspond to 70 nt of the neighboring intron
Supplementary Table 7: The selective splicing sites of DEFB126 with ¢.T152C
Position (bp) Putative splice site Sequence Score Intron GC Activations Confidence
Alt./cryptic Constitutive
58 Alt.isoform/cryptic donor TTGGTCTCAGgtaattggta 10.974 0.371 0.553 0.357 0.355
65 Alt.isoform/cryptic donor CAGGTAATTGgtatgtgaaa 9.684 0.386 0.938 0.042 0.955
132 Alt.isoform/cryptic donor AGAGATGCATgtaaagaatg 7.064 0.500 0.918 0.058 0.937
185 Alt.isoform/cryptic acceptor tgtgttccagCTGACAGACG 5.461 0.486 0.732 0.260 0.644
192 Alt.isoform/cryptic acceptor cagctgacagACGTGCTAAT 3.811 0.500 0.909 0.087 0.904
223 Constitutive acceptor ctgtgtccagACAAAGACTA 7.890 0.500 0.413 0.559 0.262

Intron GC: intron GC values correspond to 70 nt of the neighboring intron



Supplementary Table 8: The selective splicing sites of DEFB126 with c.A227G

Position (bp) Putative splice site Sequence Score Intron GC Activations Confidence
Alt./Cryptic Constitutive
58 Alt.isoform/cryptic donor TTGGTCTCAGgtaattggta 10.974 0.371 0.553 0.357 0.355
65 Alt.isoform/cryptic donor CAGGTAATTGgtatgtgaaa 9.684 0.386 0.938 0.042 0.955
132 Alt.isoform/cryptic donor AGAGATGCATgtaaagaatg 7.064 0.486 0.902 0.069 0.924
185 Alt.isoform/cryptic acceptor tgtgttccagCTGACAGACG 5.461 0.471 0.732 0.260 0.645
192 Alt.isoform/cryptic acceptor cagctgacagACGTGCTAAT 3.811 0.486 0.909 0.087 0.904
223 Constitutive acceptor ctgtgtccagACAAGGACTA 7.890 0.500 0.373 0.599 0.376

Supplementary Table 9: The amino acid residues of DEFB126 ligand

binding sites

Location 1 Location 2 Location 3
SERX 3 SER X 3 SER X 3

CYS X 34 PHE X 6 THR X 7

VAL X 60 THR X 7 LEU X 8

PRO X 61 VAL X 10 PHEX 11
ALA X 62 VAL X 60 CYS X 27
ASP X 63 PHEX 71 ASP X 30
TYR X 68 CYSX 72 VAL X 31

PRO X 69 VAL X 73 GLY X 32

VAL X 70 VAL X 60
PHE X 71

VAL X 73
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Supplementary Figure 1: A comprehensive mutation screen in men with asthenozoospermia. (a) The result of Y microdeletions. (b) The result of aberrant

karyotype: translocation, small Y, Klinefelter’s syndrome.
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Supplementary Figure 2: Sequencing results of c.A227G, ¢.T152C,
rs11467417 and rs11467497. (a) c.A227G mutation site analysis, from
left to right, wild type (AA), mutant heterozygote (AG); (b) c.T152C mutation
site analysis, from left to right, wild type (TT), mutant heterozygote (TC);
(c) rs11467417 deletion site analysis, from left to right: wild type (CC/CC),
deleted homozygote (--/--), deleted heterozygote (CC/--); (d) rs11467497
deletion site analysis, from left to right: wild type (CAAA/CAAA), deleted
homozygote (----/----), deleted heterozygote (CAAA/----). Mutations and
deletions are highlighted in yellow.

ccicc —- cC—
P R R G @ see DEFBI26
E---—- B-tubulin

CAAAICAAA —/—  CAAA/—

W% W DEFB126

— —
r-m P-tubulin

Supplementary Figure 3: DEFB126 expression in sperm of different
genotypes. (a) The expression of DEFB126 in sperm of different genotypes of
rs11467497, from left to right: wild type (CAAA/CAAA), deleted homozygote
(----/----), deleted heterozygote (CAAA/----). (b) The expression of DEFB126
in sperm of different genotypes of rs11467417, from left to right: wild type
(CC/CC), deleted homozygote (--/--), deleted heterozygote (CC/--). DEFB126:
B-defensin 126.
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Supplementary Figure 4: Schematic diagram of human DEFB126 peptide
sequence. DEFB126 peptide contains the signal sequence, beta-defensin
core, and carboxyl tail, and the carboxyl terminal includes an unpaired cysteine
and several potential O-glycosylation sites. “Serines and threonines amino
acid. (a) The DEFB126 wild type, (b) the DEFB126 2-del sequence, and (c)
the DEFB126 4-del sequence. DEFB126: p-defensin 126.
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Supplementary Figure 5: Conservation analysis of DEFB126 protein Sequence in eight different species. DEFB126: B-defensin 126.
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Supplementary Figure 6: Secondary structure prediction of the DEFB126 protein. (a) Secondary structure prediction result of the wild-type DEFB126 protein.
(b) Secondary structure prediction result of the DEFB126 protein with M51T (red box), the mutant DEFB126 protein reveals that threonine51 (red box) is
located in a shortened random coil and the primary random coil turn into alpha helix and beta turn (gray box). (¢) Secondary structure prediction result of
the DEFB126 protein with K76R (red box). DEFB126: p-defensin 126.
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Supplementary Figure 7: Protein structure model of DEFB126 was given from the Protein Model Portal. Protein structure model of DEFB126 was given
from the Protein Model Portal. (a) the location of mutation (M51T) in DEFB126 protein 3D structure; (h) this model is based on target-template sequence
alignment of 48% sequence identity. A, B, C is used to indicate the difficulty of modeling tasks, A (red area of the graph) means a difficult modeling task,
requiring close inspection of the results, B (yellow area of the graph) means a moderate difficult modeling task), C (green area of the graph) means a rather
straightforward modeling task. DEFB126: B-defensin 126.





