" BioOne COMPLETE

Dynamics of Spermatogenesis and Change in Testicular
Morphology under ‘Mating’ and ‘Non-Mating’ Conditions
in Medaka (Oryzias latipes)

Authors: Sumita, Ruka, Nishimura, Toshiya, and Tanaka, Minoru
Source: Zoological Science, 38(5) : 436-443

Published By: Zoological Society of Japan

URL: https://doi.org/10.2108/zs210025

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Zoological-Science on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



ZOOLOGICAL SCIENCE 38: 436—443 (2021) © 2021 Zoological Society of Japan

Dynamics of Spermatogenesis and Change in Testicular
Morphology Under ‘Mating’ and ‘Non-mating’
Conditions in Medaka (Oryzias latipes)

Ruka Sumitat, Toshiya Nishimura*, and Minoru Tanaka*

Division of Biological Sciences, Graduate School of Science, Nagoya University,
Nagoya 464-8602, Japan

Here, we report that the gross morphology of the testes changes under ‘non-mating’ or ‘mating’
conditions in medaka (Oryzias latipes). During these conditions, an efferent duct expands and a
histological unit of spermatogenesis, the lobule, increases its number under ‘non-mating’ condi-
tions. Based on BrdU labeling experiments, lower mitotic activity occurs in gonial cells under ‘non-
mating’ conditions, which is consistent with the reduced number of germ cell cysts. Interestingly,
the total number of type A spermatogonia was maintained, regardless of the mating conditions. In
addition, the transition from mitosis to meiosis may have been retarded under the ‘non-mating’
conditions. The minimum time required for germ cells to become sperm, from the onset of
commitment to spermatogenesis, was approximately 14 days in vivo. The time was not found to
significantly differ between ‘non-mating’ and ‘mating’ conditions. The collective data suggest the
presence of a mechanism wherein the homeostasis of spermatogenesis is altered in response to

the mating conditions.
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INTRODUCTION

Many environmental factors affect reproduction, includ-
ing behavior, sexual maturity, and gametogenesis, at vari-
ous levels. Further, temperature, photoperiod, and nutrition
are well-known factors that affect reproduction (Shimizu et
al., 2000; Sakae et al., 2020; Sakae and Tanaka, 2021). In
fish and birds, the presence or absence of a mating partner
can also be a factor (Munakata and Kobayashi, 2010; Tobari
and Tsutsui, 2019). However, most of the mechanisms con-
trolling reproduction in response to these factors remain
unclear.

Medaka (Oryzias latipes) is a small fish used to study
reproduction (Kinoshita et al., 2009). The sex is determined
genetically, and once maturated under long photoperiod
conditions, female medaka spawn eggs every day for sev-
eral months (Kinoshita et al., 2009). Notably, the histological
structure (germinal cradle) underlying the dynamics of
oogenesis among vertebrates was first discovered in
medaka (Nakamura et al., 2010; Nishimura et al., 2016). The
cellular and molecular mechanisms regulating germline
stem cells have been assessed (Nakamura et al., 2010,
2012).
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The histological units of spermatogenesis in medaka
testes are called lobules and they have been well docu-
mented (Onitake et al., 1972; Satoh, 1974; Grier, 1975;
Kanamori et al., 1985). Lobules radiate from an efferent duct
located in the middle of the testis (Kinoshita et al., 2009;
Nishimura et al., 2016) (Fig. 1A). Type A spermatogonia con-
taining germline stem cells are located in the most distal part
of the lobule (Fig. 1B). Once spermatogonia are committed
to spermatogenesis, they mitotically divide several times to
increase their number. Thereafter, they undergo meiosis,
producing primary and secondary spermatocytes. After the
meiotic process, germ cells reach a stage of round sperma-
tids, followed by the development of sperm through a meta-
morphic process of spermiogenesis. Spermatogonia with a
population of germline stem cells continuously provide
sperm. Thus, male medaka retain fertility during the repro-
ductive period.

The dynamics of medaka spermatogenesis were ana-
lyzed in culture systems using isolated germ cells (lwasaki et
al., 2009). Several gene products affect the course of sper-
matogenesis (Watanabe et al., 1998; Schulz et al., 2010).
However, the dynamics of spermatogenesis in vivo are
unclear. We happened to find a change in testis structure in
the presence or absence of a female partner. Owing to such
observation, the present study was carried out to analyze
the histological difference between the two mating condi-
tions (‘mating’ and ‘non-mating’). Here we define the term,
‘mating’, as the conditions in which a male is maintained in a
tank with a female and successfully has the female spawn
fertilized eggs every day, and the term, ‘non-mating’, as the
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Sex-genotyping

The genetic sex of all the medaka
employed in our experiments was genotyped
using Dmy Tagman primers, according to a pre-
vious study (Kikuchi et al., 2020).

Histology of testis

Whole testes were fixed in 4% paraformal-
dehyde (PFA, Wako, Osaka, Japan) at 4°C
overnight and dehydrated in 100% methanol
(Kanto Kagaku, Tokyo, Japan) at —30°C until
use. The 4 um sections were prepared as previ-
ously described using Technovit 8100
! | (KULZER, Hanau, Germany) plastic resin
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(Nishimura et al., 2018) and were stained with
1% neutral red (Wako).
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Medaka testes were cut perpendicularly to
the anterior-posterior axis into several pieces
and fixed with 4% PFA overnight at 4°C. The
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fragments were dehydrated in 100% methanol
sperm (Kanto Kagaku) at —30°C until the performance
of immunohistochemistry. Inmunostaining was
performed as previously described (Nakamura
et al., 2006).

The following antibodies (all diluted 1/200)
were used: rat anti-OLVAS serum without puri-
fication (Aoki et al., 2008); rabbit anti-SYCP1
serum without purification (lwai et al., 2006);
rabbit anti-Laminin polyclonal antibody (Sigma-
Aldrich, St. Louis, USA, cat. # L9393); rabbit

[ nuclear size (um) | anti-bromodeoxyuridine (BrdU) mouse poly-
8 6 4.5 5 4 3 2 clonal antibody (SCB, Dallas, USA, cat. #

_ sc-32323); anti-rat Alexa 488 conjugate

[nucleolus size (um)} (Thermo Fischer Scientific, Waltham, USA, cat.
.; 1.5-2 1-15 i £l # A-11029); anti-mouse Alexa 488 conjugate
(Thermo Fischer Scientific, cat. # A-11029);

Fig. 1. The structure of the testis and lobule. (A) The testes are comprised of units anti-rat Alexa 647 conjugate (Thermo Fischer
called lobules. Spermatogenesis proceeds from the distal to the proximal side. (B) Char- Scientific, cat. # A-21247); and anti-rabbit Alexa
acteristics of germ cells in each differentiation stage (bar, 5 um; white, DAPI; blue, 568 conjugate (Thermo Fischer Scientific, cat.

OLVAS; green, SYCP1; SGceys, cyst of type B spermatogonia; pSCcys, cyst of primary # A-11036).

spermatocyte).

conditions in which a male is kept separated from females
during a period of experiments (for the details, see Supple-
mentary Figure S1A).

MATERIALS AND METHODS

Medaka strain and maintenance

The OK-Cab strain was maintained at 25°C under a 14 h light
and 10 h dark photoperiod schedule. For males designated as ‘mat-
ing male’, the ability to fertilize eggs was confirmed every day by
pair-mating with a female for 2 weeks before the onset of the exper-
iments. For a ‘non-mating male’, sperm fertility was confirmed by
pair-mating with a female for 2 weeks. Thereafter, the males were
isolated individually in tanks for another 2 weeks until the experi-
ments began (see Supplementary Figure S1A). The age of the male
medaka used herein was 5 to 7 months post-hatching, with an aver-
age body length of 23.7 £ 0.8 mm (n = 18, the length was mea-
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Before observation, the samples were
stained with a 1/200 dilution of 4’,6-diamidino-
2-phenylindole (DAPI, Thermo Fischer Scien-

tific). The samples were further sliced into 0.2 to 0.4 mm thick
sections. The sections were placed between two rows of dikes
made with vinyl tape on a glass slide, with the cut surface of each
section facing upward toward the objective lens of the microscope
(see Supplementary Figure S1B). The area demarcated by dikes
was embedded with Vectashield (Vector Labs, California, US) and
covered with a coverslip. Observations were performed via confo-
cal microscopy using a model FV1000 microscope (Olympus,
Tokyo, Japan) equipped with a 60x objective lens (UPlanSApo,
NA: 1.35, Olympus) and 100 x objective lens (UPlanSApo, NA: 1.4,
Olympus).

Pulse chase experiment

‘Mating’ and ‘non-mating’ males were maintained for 30 h (the
time required for all mitotic germ cells to divide) in water containing
80 uM BrdU (SCB, see Supplementary Figure S1C). The treated
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males were transferred to freshwater tanks and maintained until
they were sacrificed.

Long term labeling experiment

‘Mating’ and ‘non-mating’ male medaka were maintained for 1
hour post BrdU treatment (hpB), 3 hpB, 1 day post BrdU treatment
(dpB), 3 dpB, and 8 dpB in water containing 80 uM BrdU before
sacrificing for gonad histology analysis (see Supplementary Figure
S1A). During treatment, ‘mating’ males were paired with females
and fertilized eggs were confirmed every day. ‘Non-mating’ males
were kept alone in the tanks.

Enumeration of germ cells

A model FV-ASW microscope (Olympus) was used to count
the number of germ cells. The given area was calculated using
Imaged software (NIH, Bethesda, US). Based on the raw data,
graphs were plotted using OriginPro software (OriginLab,
Northampton, US). Cysts were enumerated as a unit of germ cells
connected by cytoplasm, which were further demarcated by Sertoli
cells, regardless of the number of germ cells inside.

RESULTS

Identification of the spermatogenic stages of germ cells
and definition of terms

The germ cells located in the most distal area of the lob-
ules were identified as type A spermatogonia (Fig. 1A, B).
These cells are characterized by their presence in isolation,
with large cell volume and large nucleus (8 um in diameter).
Further, these cells should include a population of germline
stem cells. The nucleus of type A spermatogonia has a sin-
gle nucleolus with a size of 2 um. Type A spermatogonia

A

could be divided into two types (dark A and bright A) based
on the intensity of DAPI staining (Fig. 1B). These two types
have been observed in mammals (Fayomi and Orwig, 2018).
In this study, the two types are collectively referred to as
type A spermatogonia.

Interestingly, the average number of bright A spermato-
gonia in a single lobule was approximately seven-fold higher
than that of dark A spermatogonia (see Supplementary Fig-
ure S2A). The ratio of dark A spermatogonia in the total
number of type A spermatogonia in a single lobule was 15%
(see Supplementary Figure S2B). No correlation was evi-
dent between the number of dark A and bright A spermato-
gonia in each lobule (see Supplementary Figure S2C).

Mitotically dividing germ cells, generally called type B
spermatogonia, are present in groups (cysts) in which type B
spermatogonia are surrounded by Sertoli cells and are con-
nected to each other with an intercellular bridge (Saito et al.,
2007; Nishimura et al., 2016) (Fig. 1A, B). A group of packed
type B spermatogonia is collectively referred to as a cyst of
type B spermatogonia (SGcys) in this study. Type B sper-
matogonia in SGeys displayed a smaller volume than type A
spermatogonia with a smaller nucleus (5—-6 um). Type B
spermatogonia were also characterized by two or more
small nucleoli (1.5-2 um). The nucleolus size of cysts with
more than 16 germ cells was smaller than that of cysts with
fewer cells (1-1.5 um). Primary spermatocytes can be identi-
fied by multiple nucleoli (= 1.5 um) in the smaller nucleus,
and especially at the beginning of meiosis (meiotic prophase
I) they are distinct from medaka SYCP1-antibody labeling
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Fig. 2. Differences in testicular morphology under the ‘mating’ or ‘non-mating’ conditions. (A) Whole appearance of the testis. (B) Most
central cross-section in the testis (white, DAPI; red, BrdU; green, SYCP1/Laminin; blue, OLVAS; *white dotted line, a boundary between an
efferent duct area and a lobule area). (C) The length of the anterior-posterior axis. (D) The whole testicular area of the most central cross-
section. (E) The efferent duct area of the most central cross-section. (F) The lobule number of the most central cross-section (n = 19 under
each condition; bar, average; error bar, S.E.; n.s., P > 0.05; **, P < 0.01; ***, P < 0.001 using Student’s t test).
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(Iwai et al., 2006; Nakamura et al., 2010). A cyst composed
of primary spermatocytes surrounded by Sertoli cells was
abbreviated as pSCcys for convenience herein (Fig. 1A).
Secondary spermatocytes could be discriminated from pri-
mary spermatocytes based on their smaller nucleus and
brighter DAPI staining. The nucleolus was hardly recogniz-
able.

Round spermatids possess a nucleus that is 3 um in
size. Further, these spermatids displayed a markedly
brighter DAPI staining with chromosome condensation
(Saksouk et al., 2015). The nucleolus was no longer visible
by DAPI staining.

Whole appearance and histology of ‘hon-mating’ and
‘mating’ testes

‘Non-mating’ testis seemed to be more swollen in its
outer appearance, with a wider proximal-distal axis than
‘mating’ testis (Fig. 2A). The whole area of the cross-section
at the middle of the testis was larger under the ‘non-mating’
conditions than ‘mating’ conditions (Fig. 2B). The length of
the anterior-posterior axis tended to be longer in the ‘non-
mating’ testis; however, the difference was not statistically
significant (Fig. 2C). However, the whole area of the testis in
the cross-sections was significantly larger in the ‘non-mat-
ing’ testis than the ‘mating’ testis (Fig. 2D). The larger size
was due to the expansion of the efferent duct area (Fig. 2E),
which was filled with sperm (see Supplementary Figure
S3A). The entire area of lobules did not differ between ‘non-
mating’ and ‘mating’ testes (see Supplementary Figure
S3B). Interestingly, the number of lobules per single cross-
section was greater in ‘non-mating’ testis than ‘mating’ testis
(Fig. 2F), implying that the size of single lobules is smaller in
‘non-mating’ testis than ‘mating’ testis.

Testicular morphology does not differ along the ante-
rior-posterior axis

We suspected that the sectional morphology of the tes-
tis described above might vary along the anterior-posterior
axis. To explore this, whole testes were cut into seven (‘mat-
ing’) and four (‘non-mating’) fragments (see Supplementary
Figure S4A), and immunostained using antibodies to OLVAS
(germ cell marker), Laminin (outline of lobule), and BrdU

(mitotic cells) followed by staining of the nucleic acid with
DAPI (see Supplementary Figure S4B, C). Although the
number of lobules at the most posterior tip of the testis was
small in the ‘mating’ testis, the sections from other anterior-
posterior locations did not significantly differ between ‘mat-
ing’ and ‘non-mating’ testis (see Supplementary Figure S5A,
B). The total number of type A spermatogonia and SGcys
per cross-section did not change among the different posi-
tions (see Supplementary Figure S5C—F). Therefore, we
used all sections cumulatively in later experiments.

The number of mitotic type A spermatogonia, SGcys,
and pSCcys decreases in ‘non-mating’ testis, which
likely results in small size of lobule

To explore the cause of the smaller size of lobules in
‘non-mating’ testis, type A spermatogonia, SGeys, and pSC-
cys were enumerated. The numbers were found to be lower
in ‘non-mating’ testis compared to ‘mating’ testis (Fig. 3A—C).
Such findings partly explained the smaller area of lobules in
‘non-mating’ testis.

The histological examination suggested reduced mitotic
activity of type A spermatogonia in ‘non-mating’ testis. To
explore this further, a BrdU labeling experiment was per-
formed to confirm the differences in the mitotic activity of
type A spermatogonia. Approximately 13% of type A
spermatogonia incorporated BrdU by 3 hpB in ‘non-mating’
testis. However, in ‘mating’ testis, BrdU-positive type A sper-
matogonia constituted 22% of the total number of type A
spermatogonia (Fig. 4A). Fewer SGcys incorporated BrdU in
‘non-mating’ than in ‘mating’ testis (Fig. 4B). The incorpora-
tion rates of BrdU by type A spermatogonia and SGcys did
not significantly differ at the different anterior-posterior posi-
tions (see Supplementary Figure S6A-D), suggesting the
uniform distribution of a mitotically active type of type A
spermatogonia along the anterior-posterior axis of the testis.

Dynamics of the mitotic activity of germ cells in ‘mating’
and ‘non-mating’ testis

Mitotic activity of oogonia including germline stem cells
in medaka is divided into two types, active and quiescent
oogonia (Nakamura et al., 2010). Therefore, the dynamics of
mitotic activity were examined at 1 and 3 hpB, 1, 3, and 8
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Fig. 3. The decrease of a germ cell number in the ‘non-mating’ conditions. The numbers of type A spermatogonia (A), SGcys (B), and pSC-
cys (C) per single lobule (bar, average; error bar, S.E.; *, P < 0.05; ***, P < 0.001 using Student’s t test).
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Fig. 4. Piecewise linear regression of the BrdU incorporation rate. BrdU incorporation rate in the nuclei of type A spermatogonia (A) and
SGcys (B) at different time points of BrdU treatment: 1 h (1 hpB), 3 h (3 hpB), 1 day (1 dpB), 3 days (3 dpB), and 8 days (8 dpB). Approximately
30 h was taken by the germ cells in SGceys to be labeled with BrdU (n = 4 at each time point; bar, average; error bar, S.D.; n.s., P > 0.05; *,

P < 0.05; **, P < 0.01 using Student’s ¢ test).

dpB in testes (long-term labeling experiment). Intriguingly,
even after 8 days of treatment, approximately 40% of type A
spermatogonia remained unlabeled with BrdU (Fig. 4A). Lin-
ear piecewise regression findings also supported the pres-
ence of two populations (quiescent and active) of type A
spermatogonia in terms of mitotic activity. Given that active
type A spermatogonia continuously divide, the cell cycle
time for type A spermatogonia was approximately 30 h (Fig.
4A).

In contrast, there were no mitotically inactive germ cells
in SGceys. Briefly, they were all labeled with BrdU for approx-
imately 30 h (Fig. 4B). This suggests that once type A
spermatogonia are committed to spermatogenesis, they
continuously proliferate, with no mitotically resting germ
cells in SGceys.

We also analyzed the correlation of the mitotic rate of
type A spermatogonia with that of type B spermatogonia in
SGcys within single lobules. There was no correlation of
BrdU incorporation between type A and type B spermatogo-
nia within a single lobule. The regulation of mitotic activity in
single lobules seemed to be independent between type A
spermatogonia and SGcys in both ‘mating’ (see Supplemen-
tary Figure S7A) and ‘non-mating’ (see Supplementary Fig-
ure S7B) testis.

The total numbers of A type spermatogonia and SGceys
per single cross-section do not change between ‘non-
mating’ and ‘mating’ conditions

Although the type A spermatogonia and SGcys in a sin-
gle lobule decreased in ‘non-mating’ testis, the lobule num-
ber in a single cross-section increased (Figs. 2F, 3A and B).
This prompted us to examine how many type A spermatogo-
nia and SGcys are present per single cross-section. The
total numbers in a single cross-section were calculated by
multiplying the lobule number by the average numbers of
type A spermatogonia per lobule or SGcys per lobule. Inter-
estingly, the total numbers of type A spermatogonia and
SGcys in a single cross-section did not differ between ‘non-
mating’ and ‘mating’ testes (Fig. 5A, B). These findings sug-
gest that the total numbers of type A spermatogonia and
SGcys are maintained regardless of the ‘mating’ conditions.
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Estimated time from type A spermatogonia to sperm

SYCP1 is a component of the synaptonemal complex
acting in the prophase of meiotic germ cells (Iwai et al.,
2006). Therefore, SYCP1 marks a very early stage in pri-
mary spermatocytes. Immunohistochemistry of germ cells
with the SYCP1 antibody revealed that the minimal number
of SYCP1-positive germ cells in a single pSCcys was 128
(see Supplementary Figure S8). This finding indicates that
once spermatogonia are committed to spermatogenesis as
type B, type B spermatogonia mitotically divide at least
seven times before entering meiosis. As the cell cycle is esti-
mated to be approximately 30 h (Fig. 4A), it takes at least 9
days until type A spermatogonia enter meiosis.

To calculate the time from primary spermatocytes to
sperm, a BrdU-chase experiment was performed. BrdU-
positive secondary spermatocytes were observed by 2 days
after the onset of BrdU treatment in both ‘mating’ and ‘non-
mating’ conditions (Fig. 6A, B). BrdU-positive round sperma-
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mating’ conditions. (A) SGcys distribution and (B) ratio of pSCcys to the number of
SGcys in a single lobule (bar, average; error bar, S.E.; ***, P < 0.001 using Student’s t

test).

tids appeared 4 days after the onset of BrdU treatment (Fig.
6E, F). Finally, it took at least 5 days to observe sperm with
a BrdU signal (Fig. 6G, H).

Collectively, these data reveal that the time taken by
germ cells to proceed from type A spermatogonia to sperm
is approximately 14 days, with no significant time difference
to reach sperm after entering meiosis between ‘mating’ and
‘non-mating’ testes (Fig. 6l).
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ratio of SGeys that had experienced more
than four rounds of mitotic division in
‘non-mating’ testis than ‘mating’ testis
(Fig. 7A). In addition, the ratio of the num-
ber of pSCcys to that of SGcys was also
significantly smaller in ‘non-mating’ testis
(Fig. 7B). This can be explained by the
retarded transition from mitosis to meiosis
in ‘non-mating’ testis.

DISCUSSION

We found that the gross morphology
of testis differs between ‘non-mating’ and
‘mating’ medaka. However, the ‘non-
mating’ conditions employed were
artificial. Therefore, whether these ‘non-
mating’ conditions are relevant to wild
habitats is a pertinent question. One pos-
sible explanation is that medaka may be
isolated after flooding or drought. However, a more likely
explanation is that the ‘non-mating’ status reflects a socially
inferior position in medaka schools (Okuyama et al., 2017).

Irrespective of the actual nature of the ‘non-mating’ con-
ditions, the aim of this study was to reveal the presence of a
mechanism that modifies the proliferation of spermatogonia
and transition to meiosis, depending on the presence or
absence of a mating partner. It is noteworthy that in
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Drosophila, the mitotic activity of germline stem cells
changes under different mating conditions (Malpe et al.,
2020), implying that the partner-dependent homeostasis of
spermatogenesis is not unique to medaka.

As the first step to address the cause of this difference,
we examined the histology and the dynamics of spermato-
genesis. The efferent duct of the ‘non-mating’ testis was
larger than that of the ‘mating’ testis. The histological exam-
ination indicates that spermatogenesis proceeds even in the
non-mating state, which may be the reason for testis expan-
sion. Type A spermatogonia took at least 9 days to reach
meiotic prophase | and another 5 days to develop sperm.
Notably, these times are 6—10 days shorter than those previ-
ously reported (Ilwasaki et al., 2009). The difference might
be due to the performance of in vitro culture experiments in
the previous study. In the present study, there was no sig-
nificant difference in the time for spermatogenesis between
the ‘non-mating’ and ‘mating’ conditions.

Of note, type A spermatogonia have two mitotic types, a
quiescent type and an active type, as previously described
in medaka oogenesis (Nakamura et al., 2010). Medaka tes-
tis must produce a remarkable number of sperm throughout
the reproductive period. It is reasonable to assume that the
population of type A spermatogonia contains germline stem
cells, although this has not been experimentally proven.
Interestingly, we observed different intensities of DAPI stain-
ing in the population of type A spermatogonia (Fig. 1B).
Such a difference is also described in germline stem cells in
mouse testis (Fayomi and Orwig, 2018). In addition, type A
spermatogonia were divided into two types according to
mitotic activity (Fig. 4A). However, the difference in DAPI
staining was not correlated with the difference in mitotic
activity (see Supplementary Figure S2B, Fig. 4A), indicating
that four different types can be recognized in the population
of type A spermatogonia. Unlike in medaka ovaries
(Nakamura et al., 2010) and mammalian testes (Kubota and
Brinster, 2018), how the different types in medaka testes cor-
respond to any different activity of germline stem cells is
unknown.

Correlation analysis data of mitosis between type A
spermatogonia and germ cells in SGcys suggest an inde-
pendent regulation within a single lobule. Since type A sper-
matogonia are the germ cells critical to give rise to all germ
cells, mitosis of type A spermatogonia may be involved in
the homeostasis of sperm production. The decreased num-
ber of SGeys in ‘non-mating’ testis may be due to a low num-
ber of type A spermatogonia resulting from the reduced
mitosis activity of type A spermatogonia. Herein, we did not
determine why SGcys with a larger number of spermatogo-
nia accumulated more in ‘non-mating’ testis (Fig. 7).
However, it is possible that meiosis entry is retarded in the
‘non-mating’ conditions. So far as observed, no increase in
apoptosis in the SGeys of ‘non-mating’ testes was evident.
In Caenorhabditis elegans, a protein called major sperm
protein (MSP), which is expressed in sperm, regulates meio-
sis in oocytes (Kosinski et al., 2005). It could be possible that
the accumulation of sperm in the efferent duct under the
‘non-mating’ conditions in medaka (Fig. 2E, see Supple-
mentary Figure S3A) regulates the entry into meiosis.

Our collective results suggest that the mitotic regulation
of type A spermatogonia and the entry into meiosis may be
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affected in the absence of a mating partner, which likely con-
tributes to the smaller size of lobules in ‘non-mating’ testis.
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Supplementary Figure S4. Cross-sections along the anterior-
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ferent positions of a single cross-section along the anterior and
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Supplementary Figure S7. Lack of correlation of BrdU uptake
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