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Sperm-antigen 6 expression and avian sperm mobility

ABSTRACT

Sperm mobility is a major determinant of sperm guah the domesticated chickeGdllus
domesticus) and is therefore an area of interest for imprg\ertility. Sperm-associated antigen
6 (SPAGS6) is an important flagellar protein implicated t® hecessary for flagellar function but
negatively associated with rooster fertility. Thisdy was aimed to characterize the expression
of SPAG6 and investigate its utility as a proteiontarker of sperm mobility. By western
analysis, relative SPAG6 abundances were compat@ebn the testicular, epididymal and
vasal tissues and in sequentially maturing spammunocytochemistry techniques were used to
detect localization of SPAG6 in chicken sperm. Lagstern analysis was used to compare
relative SPAG6 abundances in sperm of differing iitppbSPAG6 was found in higher
abundance in epididymal tissues and in highestddmoe in vasal tissues, relative to that of the
testis. SPAG6 was also found to sequentially irsaea abundance in maturing sperm. SPAG6
localizes between the axonemal central pair of etidrules in the sperm flagella, but it is also
found in lower concentration in the acrosomal ragl®BPAG6 was not a significant predictor of
sperm mobility. SPAG6 abundance, alone, is notangtpredictor of sperm mobility. Its impact

on rooster fertility is likely unrelated to its irapt on sperm mobility.

Key words: sperm-associated antigen 6, sperm ntglehicken, flagellar protein, protein

abundance
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INTRODUCTION

Successful internal fertilization of an egg is degent on the ability of sperm to migrate to the
egg at its site of fertilization (Mortimer, 1997rdfan et al., 1997, 1999; Birkhead et al., 1999).
Sperm mobility, or the directional, progressive miment of a sperm population, is a
guantifiable and heritable trait which may be meaduo determine the success of this sperm
migration in chickensG@allus domesticus) (Froman & Feltmann, 1998; Froman et al., 2000t N
only is a minimum level of sperm mobility necesstmydelivery of sperm to the egg, but the
hen’s oviduct also selects for sperm with adequoaibility (Bakst et al., 1994). Only 1-2% of
sperm reach the sperm storage tubussH §) of the uterovaginal junction, and this selection
results from barriers exhibited in the distal efthe hen’s oviduct, with adequate sperm
mobility being necessary for entrance into the S@ekst et al., 1994; Steele, 1992; Froman et
al., 1999). In the domestic chicken, sperm mobistgonsidered a primary determinant of
overall rooster fertility, and selection of sema&mdrs by measures of sperm mobility lead to an
increase in fertilization success (Froman et &971 1999; Birkhead et al., 1999). Due to the
demonstrated selection in the hen’s oviduct fohlyignobile sperm, an understanding of
flagellar proteins and their influence on this niitypis important for informing any proteomic

efforts towards improving rooster fertility.

Sperm-associated antigen&PAG6) is the vertebrate orthologue ©hlamydomonas PF16, the
axonemal central apparatus protein (Sapiro e2@00Q; Teves et al., 2016). PF16 is shown in
Chlamydomonas andPlasmodium studies to be essential for flagellar motility atdbilization of
correct structure of the central apparatus in komeame (Smith & Lefebvre, 1996; Straschil et

al., 2010). Knockout of th&ag6 gene in mice resulted in decreased male ferality sperm
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motility, and epididymal sperm exhibited abnornvait¢hing and abnormal flagella (Sapiro et
al., 2002). Other, non-sperm tissues where Spaggpiessed exhibit a decrease in cilia beat in
their epithelia in mous8pag6 knockouts (Teves et al., 2014). SPAG6/PF16 staslthe central
apparatus by binding to the C1 central microtulmfldhe axoneme through a series of armadillo
repeats, which facilitate protein-protein interans (Smith & Lefebvre, 1996, 1997; Sapiro et
al., 2002). The stability of the central apparatostributed by SPAG6 is essential for proper

development of the sperm flagellum (Sapiro et241Q2).

Recently, the expression of SPAG6 was significaimityeased in a line of pigs with increased
reproductive efficiency and was positively relatedhigher litter size and improved motility
following preservation (Xinhong et al. 2018F5PAG6 was also identified to be differentially
expressed in fertile and sub-fertile roosters. kinthe expression of SPAG6 in porcine, sub-
fertile roosters, defined as roosters with feritiigzefficiency below 40%, were found to have
sperm exhibiting a 1.1-fold increase in SPAG6 re¢ato sperm from fertile roosters, defined as
those with a fertilizing efficiency above 70% (Soé al., 2016). Given the previously described
relationship between SPAG6 expression and ferglgyvell as the fact that chicken SPAG6
shares an 86% homology with human SPAG6, an anfagemhich polyclonal antibodies are
commercially available, SPAG6 made an ideal canditta investigation as a biomarker of
rooster sperm mobility (Hamada et al., 2010). Thieatives of this study were to 1) characterize
the expression of SPAG6 in rooster sperm and Bsiiigate SPAG6 as a biomarker of rooster

sperm mobility.

MATERIALSAND METHODS

Animals
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Athens-Canadian random bredlGRB) roosters were reared in individual cages under
photostimulation of 14 hours light per day. ACRBsters were 55 weeks of ay® QA) and
provided free access to a commercial layer dietit@on States, Richmond, VA, USA) with
2700 kcal/kg metabolizing energy and 16% crudegimgiCP). Aviagen Yield PIuAYY P)

broiler breeder roosters were kept in individualesaand photostimulated at 21 weeks of age
with 15 hours light per day. The AYP were fed andtd breeder layer diet (Spradley et al.
2008) with amount allocated based on Avigen YidlgsRVeight and Feed Standards (Avigen,
2016). AYP roosters were 42 WOA at the time ofvithal sample collection and 44 WOA at
collection of pooled samples. Although both ACRRI&AYP roosters were at an advanced age,
there are few commonly assessed sperm quality mesgsuch a mobility, that have been shown
to be impacted at this age (Gumuitka & Kapkowsk&®52@hanmugam et al., 2014). All animals
were reared with watexd libitum and given a standard broiler breeder ration. Rosstere
maintained in accordance with the rules set foytthle University of Georgia’s Institutional

Animal Care and Use Committee (07-018-Y2-Al).

Collection and preparation of tissues and sequentially maturing sperm

Ejaculated semen samples were collected from 30B\@Rsters by dorso-abdominal massage
method (Burrows & Quinn, 1937) and washed twicalitytion 1:2 in phosphate buffered saline
(PBS; pH 7.4) and centrifugation at 100@or 10 min. Samples were reconstituted 1:5 inslysi
buffer LB: 50mM NaCl, 10mM Tris base, 1mM EGTA, 1mM EDTA at¥ (v/v) Triton X)

and sonicated using an Artek Model 150 sonic dishrator (Thermo Fisher Scientific,

Waltham, MA, USA) at medium power for 5 repetitianfsl5 s with a 1 min remission period on
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ice. Sonicated samples were centrifuged at 10096k 30 min at 4°C, and lysate was collected.
In groups of 10, sperm lysates were pooled, regplti 3 pooled samples of ejaculated-sperm

lysates.

Three days later, the same ACRB roosters were eizithby CQgas asphyxiation. Roosters
were dissected, and their reproductive tracts wellected and transported in PBS on ice. Vasal
sperm were expressed from the vas deferens witbzieve, and vasal tissues were then separated
from the epididymis. Epididymal sperm were exprddsem the epididymis with tweezers, and
then the epididymal tissues were separated frortestes. Testis samples were sliced open
longitudinally at the site of epididymal attachmeantd testicular sperm were expressed from the
testes with manual pressure. Sperm samples wertedlil:2 in PBS and washed by
centrifugation at 1000 g for 10 min. 10 immature testicular, epididymal atagal sperm

samples were pooled in the same fashion as thelajad sperm lysates, resulting in 3 pooled
samples of each stage of maturation. Pooled spamplss were diluted 1:5 in LB. Testicular,
epididymal and vasal tissue samples were flusheshpfesidual sperm with LB, placed in 5
times tissue volume of LB and homogenized on igegua 10 mm X 115 mm saw-tooth
generator probe (VWR International, Radnor, PA, YSperm and homogenized tissue
samples in LB were sonicated and lysates colleatedescribed above. Tissue lysates were
pooled in the same fashion as the sperm samphasiing in 3 pooled samples of 10 lysates

from each tissue type. Protein quantitation wasopered on all samples using the Bio-Rad DC
Protein Assay (Bio-Rad Laboratories, Inc., Hercu@, USA) with bovine serum albumin

(BSA) as the standard. The measurements were carriedtoording to the manufacturer’s

instructions. Lysates were aliquoted and store8GfiC.
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Collection, characterization and preparation of mature sperm

Uncontaminated semen, devoid of transparent fluag collected from 24 randomly selected
AYP roosters using the dorso-abdominal massageaddBurrows & Quinn, 1937).

Immediately after collection, fresh semen samplesevassessed for progressive mobility by the
Accudenz assay, as described by Froman & McLea®6)1®ith the following modifications.

1.00 mL aliquots of Accudenz solution (6% Accudén#/), 0.6 mM KCI, 41.2 mM TES, 88.9
mM NacCl, 20.0 mM glucose, 3.20 mM CaQbH 7.4) were heated to %41 in polystyrene
cuvettes and overlaid with 1Q@. semen. Cuvettes containing semen overlays werdated at
41°C for an additional 10 min, and absorbance re&®b@mnm using a DU 530
spectrophotometer (Beckman Coulter, Inc., Brea, @3A) for relative measures of sperm
progressive mobility. 250L individual semen samples were diluted 1:2 wittSRhd washed
two times by centrifugation at 1000gfor 10 min to discard seminal plasma. After waghin
sperm pellets were reconstituted to original volummobility buffer(MB: 111 mM NacCl, 25.0
mM glucose, 4.00 mM CaCl2, 50.2 mM TES; pH 7.4)ei®pwere centrifuged again at 1000 x g

for 10 min, and sperm pellets were resuspendethlysis buffer LB.

Semen samples were collected from an additionah@domly selected AYP roosters by dorso-
abdominal massage, and 4 pooled samples were gethésacombining 6 individual samples. 3
mL of each pooled sample were diluted 1:2 in PB&srbjected to Percoll density gradient
centrifugation PDGC) as described by Ahammad et al. (2018) in tripéicAfter PDGC, low-
guality sperm from the top of the gradient and kiglality sperm from the bottom of the
gradient were collected, washed as described abd¥BS, and resuspended 1:5 in LB.

Individual sperm samples, low-quality and high-dgyadperm samples were sonicated and
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148 lysates quantitated in the same fashion as deskcabeve for tissue and sequentially maturing

149  sperm lysates.

150 SDS-PAGE and western blot analysis

151  Protein samples were thawed and diluted to 1.2 m@gnhB. Samples were diluted further 1:1
152 with 2x sample buffer (4% SDS, 20% glycerol, 120 mks-HCI, 200 mM dithiothreitol (DTT),
153  0.02% bromophenol blue, pH 6.8) and denatured 4C¥r 5 min. 3Qug protein in 5QuL were
154 loaded into each lane of Mini-PROTEAN® TGX Staire€M 10% precast gels (Bio-Rad)

155 alongside Precision Plus ProtBfAll Blue Prestained Protein Standards (Bio-Rad)s®ere
156  subjected to SDS-PAGE in 1X Tris-glycine-SDS (25 miNs, 192 mM glycine and 0.1% (w/v)
157  SDS, pH 8.3) running buffer under 70 V for 10 neidwed by 120 V for 60 min in a Mini-

158 PROTEAN® Tetra Cell system (Bio-Rad). After SDS-PA@els were UV-activated using a
159  ChemiDocéM MP Imaging System (Bio-Rad). Proteins were thendierred from the activated
160  gels to Immun-BIdt polyvinylidene difluoride PVDF) membranes (Bio-Rad) in Towbin

161 transfer buffer (25 mM Tris base, 192 mM glycing 0% (v/v) methanol) using a wet-blot
162 transfer system (Bio-Rad) at 100V for 1 hr. The F®fDembranes were washed momentarily in
163  Tris-buffered saline (0.02 M Tris base and 0.15MCN@H 7.4) containing 0.1% Tween 20

164 (TBST) followed by blocking in 5% (w/v) skim milk in TBSfor 30 min. The membranes were
165  then imaged using the ChemiD¥dMP Imaging System for total protein normalizatiofidwed
166 by probing with a polyclonal human anti-SPAG6 aotii (1:200 dilution) produced in rabbit
167  (Sigma-Aldrich, St. Louis, MO, USA) in TBST overihigat 4°C under constant slow rocking.
168  After washing in TBST, the membrane was probed wiflfD000 horseradish peroxidastRP)-

169 conjugated goat anti-rabbit IgG secondary antibf@igma-Aldrich) in TBST at RT for 1 h and
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then washed 3 times in TBST for 10 min each. Memdiarobed with secondary antibody alone
served as a negative control, whereas, membramnegreith the SPAG6 antibody pre-incubated
with its corresponding blocking peptide, the SPAgBEgen (Sigma-Aldrich), for 2 h. at RT
under constant slow rocking followed by probinghwsecondary antibody to verify the binding
affinity for the primary antibody for its antigeAll membranes were finally subjected to
visualization by Clarity™ Western enhanced chemiluminescent (ECL) blottirfgsate (Bio-
Rad), and the images were acquired on the ChemiMdP Imaging System. Abundances of
SPAGG protein expression were quantitated by nozimglthe densities of the protein bands to

that of the total loaded protein using Image Ma8oftware (Version 5.2.1; Bio-Rad).

| mmunocytochemistry

Immunocytochemistry was used to localize the presef SPAG6 antigen in the sperm,
according to the method described previously (Bilet2012). Briefly, a 2@l aliquot of sperm
suspension containing 1x%€perm cells from ACRB roosters at room temperatase placed on
a clean microscope slide; a smear was preparedlveed to air dry for 40 s. The air-dried
slides were fixed with 4% formaldehyde in PBS fOrrin. The sperm cells were subjected to
permeabilization with 0.2% Triton-X 100 in PBS 0 min at room temperature and blocked
with 1% skim milk for 30 min. Blocked cells weregred with anti-SPAG6 antibody overnight
at 4°C. Probed samples were washed with PBS 5 fionésmin each and probed with HRP-
conjugated goat anti-rabbit Alexa Fluor 488 secoydatibody (Thermo Fisher Scientific) for 1
h. at RT. Samples probed with only HRP-conjugataat gnti-rabbit Alexa Fluor 488 secondary
antibody served as a negative control. Followiraybation, the sections were washed five times

with PBS for 3 min each and overlaid with a covprdimages were visualized and captured
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using an TH4 100 fluorescence microscope (Olympup CTokyo, Japan).

Immunogold transmission electron microscopy

A post embedding immunogold transmission electrarascopy protocol was followed to
confirm the localization of SPAG6 antigen in thesp flagella. Fixation of sperm was carried
out with electron microscopy grade 4% formaldehyid®é,glutaraldehyde (v/v) (Electron
Microscopy Sciences, Hatfield, PA, USA) in 1x°Gaand Md*-free phosphate buffered saline
(PBS; pH 7.4) overnight af@. Following fixation, the samples were dehydrategraded
ethanol solutions (50% ethanol for 15min, 75% eth@rtimes for 30min each at RT). The
samples were then infiltrated with 50% and 75% )\ White hydrophilic acrylic resin
(Polysciences, Inc., Warrington, PA, USA) in 95%aetol for one hour and overnight,
respectively. The final infiltrations were perfordherith 100% LR White resin two times, each
for 1 hour. The specimens were then embedded atigelapsules with fresh LR White resin
and heated to 60°C for 24 hours for polymerizatidme samples were sliced into ultrathin 70-
nm sections on a RMC MT-X ultramicrotome (Boeckefstruments, Inc., Tuscon, AZ) and
mounted on Formvar-carbon coated nickel grids {EbacMicroscopy Sciences). Blocking of
sections was performed with 1% (w/v) bovine serllamin (Sigma-Aldrich) in PB$BSA-
PBYS) for 30 min, and grids were then jet washed with BSA-PBS for 1 min. Next, grids were
incubated with rabbit anti-human SPAG6 primary lamdly (Sigma-Aldrich) diluted 1:50 in 1%
BSA-PBS overnight at°€ in a moist chamber and then jet washed with 1%-B8S for 1

min. Grids were incubated with 10-nm gold-conjudageat antiserum against rabbit IgG

secondary antibody (BBI Solutions, Crumlin, UK)udéd 1:20 in 1% BSA-PBS for 1hr at RT
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and then jet washed for 1min with 1% BSA-PBS folkalAby 1min with deionized (DI) water.
The sections were then post-stained with 0.5% ur@estate for 5min followed by staining with
lead citrate (Sigma-Aldrich) for 5 min at RT; gridere jet washed with DI water for 1min
following each staining step. The stained sectiwese observed and analyzed using a JEOL
JEM1011 transmission electron microscope (JEOL, Peabody, MA). Imaging were captured

using a charge-coupled device camera (Advancedostiopy Techniques, Corp. Woburn, MA).

Statistical analysis

Statistical analyses were performed with R 3.5fiwsse (The R Foundation for Statistical
Computing, Vienna, Austria). Differences in relatexpression of SPAG6 between tissues of
the reproductive tract, stages of sperm maturati@hhigh- and low-quality sperm were
compared by two-way ANOVA, with experimental replies considered for blocking variables.
The relationship between SPAG6 abundance and spemgnessive mobility was tested by the
Spearman rank correlation coefficient test. Diffexes were considered significant at P < 0.05,

and significant differences were compared by Tukéygnest significant difference test post hoc.

RESULTS

Sequential expression of SPAG6

Abundance of SPAG6 was evaluated by Western bipititissues of the male reproductive
tract and in maturing sperm isolated from each afehe reproductive tract. Western analysis of
testicular, epididymal and vasal tissues revealsqaiential increase in SPAG6 in the tissues

(Figure 1). Testicular tissues exhibited the loveestcentration of SPAGG6, vasal tissues
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exhibited the highest, at nearly twofold the coricaion of that found in testicular tissues, and
epididymal tissues had 21% higher SPAG6 abunddrasetesticular tissues (P < 0.05).
Maturing sperm exhibited a similar pattern, withA®®% increasing in abundance as sperm
progressed from the testis, epididymis and vasrde$eto mature, ejaculated sperm (Figure 2).

Ejaculated sperm had almost threefold the SPAGHefm found in the testis (P < 0.05).

Localization of SPAG6

Fluorescence immunocytochemistry and immunogold M&e used to verify localization of
SPAGS6 in the sperm flagella of rooster sperm. aoence immunocytochemistry against
SPAGG6 resulted in strong, consistent fluorescemdleeotail regions of spermatozoa, with some
strong fluorescence in the midpiece and mild flsoemce in the head region (Figure 3). TEM
displayed distinct gold-nanoparticle labeling ie #pace between the central pair of
microtubules of the flagellar axoneme but no clesttern of labeling elsewhere on the sperm

cell (Figure 4).

Relationship between SPAG6 abundance and sperm mobility

The relative differences in SPAG6 abundance by htphvere tested by Western analysis of
low- and high-quality sperm as well as individupésn samples characterized by their mobility.
Sperm separated into low- and high-quality group®DBGC exhibited no significant differences
in SPAG6 abundance (Figure 5). When sperm molslifendividual sperm samples were

compared by their SPAG6 abundance, a correlatiproaghing significance was found (Figure
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6). Sperm mobility of a sample tended to decreateincreasing SPAG6 abundance (P =

0.059).

DISCUSSION

Sperm quality can be assessed by a variety of speamacteristics in the rooster. The most
commonly assessed in broiler breeder roostersparmnscount, viability, IPVL-binding ability,
mobility and/or motility and metabolism (Jones &I8din, 1967; Donoghue et al., 1996; Barbato
et al., 1998; McDaniel et al., 1998; Froman et99; Korn et al., 2002; Ahammad et al.,
2011). These qualities may be assessed with Isstut®n by a general measure of sperm
fertility, artificial insemination of a hen folloveeby assessing eggs for percent fertility (Soler et
al., 2016; Wolc et al., 2019). Generation of albrdreeder line with sustained and improved
fertility will require correction of fertility-relged traits as part of the breeding goals, without
impacting current meat producing capabilities afiler lines (Decuypere et al., 2010;
Thiruvenkadan et al., 2011). An understanding efganetic, transcriptomiproteomic and
metabolomic factors positively and negatively iefhging the fertility-related traits of broiler
breeders will support targeting of these factorbiamarkers in marker-assisted selec(BlAYS)
breeding programs to improve reproductive fitnddsroiler breeders with minimal or no impact
on broiler production (Dekkers, 2004; Kovac et 2013). As these technologies become more
widely available and utilized, they will allow foapid improvement of these traits in broiler

breeder lines (Hocking, 2014).

A new trend in reproductive biotechnology is thecedation of infertility etiology through
proteomics. This methodology is warranted sinceuneasperm are transcriptionally and

translationally quiescent, so the functionalitysperm is based upon early gene expression
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278  during spermatogenesis and in proteomic and passd¢riptional modification that occur during
279  maturation. Mass spectrome{iM S) techniques have been used in poultry to search for

280  biomarkers associated with rooster fertility (Laleagal., 2015Borziak et al., 2016; Soler et al.,
281  2016; Atikuzzaman et al., 2017; Gurjot et al., 201Bhese studies have been important for

282 identifying potential fertility biomarkers in roastthat can be targeted for further study. For
283 example, Labas et al., 2015 identified SPINK2 by, lMSerine protease inhibitor associated with
284  higher rooster fertility, and followed this up witharacterizing its role in improving fertility and

285 identifying it as a good candidate biomarker tadpefertility in roosters (Thélie et al., 2019).

286  Since MS analysis previously identified SPAG6 taalssociated with fertility in both the rooster
287  (Soler et al., 2016) and boar (Xinhong et al. 2018 objectives of this work were to

288 characterize the expression of SPAG6 in roostetd@imvestigate SPAG6 as a biomarker of
289  rooster sperm mobility. Our results show that SPASG&xpressed throughout the male

290 reproductive tract, that it increases in abundascgperm mature, localizes primarily into the

291 flagellar axoneme and that SPAG6 abundance is swbag predictor of sperm mobility.

292  The sequential expression of SPAG6 observed ireidaiat SPAG6 continues to accumulate in
293  sperm after development in the testis. This is ile§PAG6 typically being found in the

294  flagellar axoneme, which completes developmentiwithe testis (Sapiro et al., 2000; Lehti &
295 Sironen, 2017). The increased abundance of SPA@®iapididymis is likely confounded by
296 the fact that the epididymis contains stereocii@-motile modifications to the cell closely

297  related to microvilli (Tingari, 1971). The sterelaxin the epididymis have not been shown to
298 contain SPAGS6, but stereocilia found in other esshave been demonstrated to express the

299  protein (Wang et al., 2015). The possibility of SF#\presence in stereocilia of the epididymis
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does not account for the increased abundance oG8RAthe vas deferens or in matured sperm
relative to sperm from the testes. Despite beingrgortant protein in the sperm flagellum,
SPAG6 has been found in the acrosomal region ofmeian sperm in addition to being in the
tail and midpiece, which is consistent with ourdifimgs from fluorescence microscopy (Phillips
& Verstegen, 2009; Li et al., 2020). While an imiaoit protein for flagellar structure, SPAG6
may also be secreted onto the surface of the analgegion as one of the many sperm
maturation proteins secreted from the reprodudtaet during extragonadal maturation (Asano

& Tajima, 2017).

SPAG®G is reported to be found in sperm from subléeroosters at 1.1-fold the abundance of
that found in sperm from fertile roosters (Solealet2016). Upon investigating the impact of
SPAG6 abundance on sperm mobility, given its fuarctn the sperm flagellum, no significant
relationship was observed. Degree of abundanc®Af3S is likely to impact sperm mobility, as
knockout studies have shown that SPAG6 is nece$siaaglequate sperm motility and that mice
possessing only one functional copy of 8pag6 gene had higher sperm maotility than those with
two functional copies (Sapiro et al., 2002). Thossidered, SPAG6 abundance alone was not a

significant predictor of sperm mobility.

SPAGS6, alone, would not function well as a biomaesperm mobility; however, it may serve
as a biomarker of male fertility when used in caogfion with others. SPAG6 has been
demonstrated to be a protein biomarker of sublitgrin roosters, and SPAG6 appears to
localize in areas other than the flagellar axonefreperm (Phillips & Verstegen, 2009; Li et al.,
2020). This indicates that the impact of SPAG6 aamce on rooster fertility may not be

entirely due to an impact on sperm mobility. Fatamce, SPINK2, which is secreted by
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epididymal epithelium during passage through tharamnale tract, was shown to be an
important actor of fertility in rooster seminal piaa through its inhibitory action on acrosin
(Thélie et al., 2019). SPAG6 was shown to be dibmpartner with SPINK2, and SPAG6
knockouts have a significantly reduced level of /(82 (Li et al., 2020). Recently, Li et al.
(2020) found SPINK2 was more prominent in the samptasma of roosters with low sperm
motility and low fertility, which contradicts théndings of Thélie et al. (2019). Li et al. (2020)
suggested their contradictory finding was due failare of epididymis secreted SPINK2 from
binding to the membrane and acrosome of the damaggdysfunctional spermatozoa. Since
there is a linked expression pattern and an estedai binding relationship of SPAG6 and
SPINKZ2, it would be interesting to see if seminadtpin expression of SPAG6, which wasn’t
tested in the current research, would be assocritedmproved fertility and provide clarity
concerning these contradictory results. If s timding would be similar to that of SPINK2,
which showed increased expression in seminal plagrhaghly fertile roosters, but no
relationship was found in SPINK2 protein differest®tween spermatozoa of differing fertility

and mobility (Thélie et al., 2019).

More work is needed to elucidate the purpose @&@&#localization outside of the sperm tail
region and its relationship with other biomarketsch as SPINK2. This will help to determine
the overall effect of the degree of SPAG6 abundamceoster fertility and to evaluate the
amount of information which may be inferred frone tlbundance of SPAG6 in a semen sample
for MAS breeding programs. In order to find go@hdidates for MAS breeding programs,
further research is needed to characterize theipsothat previous MS studies have identified to

be associated with rooster fertility. The curread of commercially available antibodies that
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target avian species and the absence of a SILAGINt&en model for quantitative proteomics

makes this a challenging undertaking.
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Figure 1. The relative abundance of SPAG6 fountthéntestis, epididymis and vas deferens
tissues. Values represent mean + SEM relativedartban testis tissue SPAG6 abundafice.
‘Indicates significant difference in means, P < (105 3).
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Figure 2. The relative abundance of SPAG6 founsperm collected from the testis, epididymis,
vas deferens and in ejaculate. Values represent m&&M relative to the mean testicular sperm
SPAG6 abundancé?®indicates significant difference in means, P < (105 3).
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Figure 3. Location of sperm SPAG6 by fluorescenaaascopy. A) Phase contrast microscopic
images of sperm treated for fluorescence microsdBp¥luorescence imagery corresponding to
each phase contrast image, displaying clear lataiz of SPAG6 in the flagellum, as well as
strong fluorescence in the sperm midpiece and fiidescence in the head region.
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510
511  Figure 4. Immunogold transmission electron micrpgocof the localization of SPAG6 in the
512  rooster sperm axoneme. White arrows emphasizermpgresd gold nanoparticle, indicating
513 localization of SPAG6 between the central pair afrotubules.
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516  Figure 5. The relative abundance of SPAG6 fouridws and high-quality sperm separated by
517  Percoll density gradient centrifugation. Valuesresgnt mean + SEM, P > 0.05 (n = 4).
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521 represents the confidence interval of the regredsie shown in black. P > 0.05, R =-0.39 (n =
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Figure 3. Location of sperm SPAG6 by fluorescence microscopy. A) Phase contrast microscopic
images of sperm treated for fluorescence microscopy. B) FHuorescence imagery corresponding to
each phase contrast image, displaying clear localization of SPAG6 in the flagellum, aswell as
strong fluorescence in the sperm midpiece and mild fluorescence in the head region.




Figure 4. Immunogold transmission electron microscopy of the localization of SPAG6 in the
rooster sperm axoneme. White arrows emphasize presence of gold nanoparticle, indicating
localization of SPAG6 between the central pair of microtubules.
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Percoll density gradient centrifugation. Valuesresgnt mean + SEM, p > 0.05 (n = 4).
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