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SUMMARY

Centrosome reduction is the decrease in centrosomal components during spermatid differentiation
(spermiogenesis) [1, 2]. It is one of several dramatic subcellular reorganizations that leads to
spermatozoa formation common to a wide range of animals [3]. However, the mechanism
underlying centrosome reduction is unknown and its functions are unclear. Here, we show that in
Drosophila melanogaster spermiogenesis, the quantity of centrosomal proteins is dramatically
reduced [4, 5];for example, Asterless (Asl) is reduced ~500-fold and is barely detected in
spermatozoa. Asl reduction is regulated through a subset of its domains by the master regulator of
centriole duplication PIk4[6-8] and by the ubiquitin ligase that targets Plk4 for degradation: Slimb
[9, 10]. When Asl reduction is attenuated by Asl overexpression, plk4 mutations, PIk4 RNA., or
Slimb overexpression, Asl levels are higher in spermatozoa, resulting in embryo’s with reduced
viability. Significantly, overexpressing PIk4 and Asl simultaneously, or combining plk4 and slimb
mutations, balances their opposing effects on Asl reduction, restoring seemingly normal fertility.
This suggests that increased Asl levels cause the observed reduced fertility, and not other
pleotropic effects. Attenuation of Asl reduction also causes delayed development and a failure to
form astral microtubules in the zygote. Together, we provide the first insight into a molecular
mechanism that regulates centrosome reduction and the first direct evidence that centrosome
reduction is essential for postfertilization development.
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RESULTS

Asl Protein Levels are Dynamically Reduced During Spermiogenesis

During spermiogenesis, many centrosomal component proteins are diminished in a process
known as centrosome reduction [1, 2]. It is unclear how and why centrosome reduction
occurs even though it is ubiquitous throughout the animal kingdom and several indirect
studies suggest it is necessary [11-13]. However, skeptics speculate that centrosome
reduction is mediated by general sperm differentiation mechanisms and is inconsequential
for male fertility, since centrosome reduction mechanism remains unknown. To gain insight
into this universal phenomenon, we investigated centrosome reduction in Drosophila
melanogaster, which serves as a manipulable model for human spermiogenesis. Drosophila
exhibit dramatic diminishment of centrosomal proteins during spermiogenesis [14-17];
genetically-encoded fluorescent fusion tags show that Anal, Ana2, Ana3, Sas-4, Sas6,
Bld10, and Dplp’s Pact domain are reduced to nearly undetectable levels (Fig S1A). As in
humans, centrosome reduction in Drosophila takes place in distinct and well-defined steps
of sperm differentiation[1] and the centrosome is critical for the function of the zygote after
fertilization[18, 19].

Like other centrosomal proteins, Asterless (Asl) is abundant in pre-reduced spermatid
centrosomes [4, 5]; Asl levels decrease during spermiogenesis such that it is undetectable in
mature sperm (spermatozoa) (Fig 1A). We named this phenomenon Asl reduction. To study
Asl reduction, two GFP-tagged Asl’s were used: one expressed by the endogenous Asl
promoter[4] (eAsIGFP) and another strongly expressed by the exogenous ubiquitin
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promoter[20] (UASIGFP). Western blots showed that eAsIGFP and uAsIGFP, together with
endogenously expressed Asl, results in a 1.6- and 2-fold greater than normal Asl content in
testis (Figs S1B-C). Using eAsIGFP as an indicator of Asl, before meiosis, in
spermatocytes, Asl is normally found along the two very long centrioles (1.8um long) that
are named giant centrioles (GCs) (Fig 1B). After meiosis and centriole separation, in round
spermatids, Asl’s presence is maintained along the GC (Fig 1C). As the spermatid
differentiates, Asl shrinks gradually into a collar-like structure (Fig 1D). Later, Asl is only
detectable in the second centriolar structure: the proximal centriole like (PCL) [21] (Fig 1E).
In almost-needle spermatids, Asl is found in the PCL and in another location near the
nucleus, presumably the GC’s proximal end (Fig 1F). Finally, in spermatozoa, eAsIGFP is
barely detectable (Fig 1G). Similar patterns of Asl reduction were observed with uAsIGFP,
yet with greater GFP-intensity, especially in almost-needle spermatids and spermatozoa
(Fig. S1D). These data show that Asl is dramatically and dynamically reduced, initially from
the GC and later from the PCL of spermatids.

Photon counting of eAsIGFP centrosomes was used to quantify Asl reduction during
spermiogenesis. A~522-fold reduction in the GFP-intensity between the spermatid and
spermatozoa centrioles was observed, with a spermatid / spermatozoa GFP-intensity ratio of
0.002 £ 0.001. Similarly, in uAsIGFP, a ~22-fold reduction was observed (Figs H-J). Since
Asl reduction occurs when Asl is expressed by the exogenous ubiquitin promoter, Asl
reduction is unlikely due to transcriptional regulation. Altogether, these data suggest that the
spermatid has sufficient capacity to reduce the amount of endogenous Asl and expressed
eAsIGFP, but it is unable to handle the excess Asl expressed as UASIGFP.

Asl Reduction is Attenuated in Asl with Domain Deletions

The mechanism of Asl reduction was then investigated. To determine which of Asl’s six
coiled-coil domains[4]are essential for Asl reduction, transgenic flies were generated that
expressed a GFP-fusion protein with a N-terminal or C-terminal deletion of Asl. Each
transgene was built from Asl cDNA and expressed by the endogenous Asl promoter (Fig
2A). Fusion proteins lacking Asl’s coiled-coil domain 1 and having domains 2 to 6 (Asl2—
6), 3 to 6 (Asl3-6), 4 to 6 (Asl4-6), or 5 to 6 (Asl5-6) showed GFP localized to the
centrosome at all spermiogenesis stages. In centrosomes bearing the Asl2—6, Asl3-6, or
Asl4-6 fusion proteins, Asl reduction is attenuated. Although there was some Asl reduction
occurring early in spermiogenesis (between round and almost-needle spermatid stages), Asl
reduction was greatly attenuated between the almost-needle spermatid and spermatozoa
stages (Figs 2B-D; Fig S2). The Asl deletions showed variable GFP-intensity levels in the
round spermatid centriole but all had lower intensity than eAsIGFP, suggesting that
attenuated Asl reduction is not due to Asl overexpression. Asl reduction was strongly
attenuated in centrosomes bearing the Asl5-6 fusion protein, which showed similar GFP-
intensity throughout spermiogenesis (Figs 2D-E). Together, Asl’s coiled-coil domains 1 and
4 appear to be critical for Asl’s reduction, with two mechanisms mediating Asl reduction:
one dependent upon Asl’s domain 1, which relates to late Asl reduction, and another
dependent upon Asl’s domain 4, which relates to early Asl reduction.

Curr Biol. Author manuscript; available in PMC 2016 November 16.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khire et al.

Page 4

Plk4 and Slimb Regulate Asl Reduction

Asl’s domain 1 interact with Polo-like kinase 4 (Plk4)[6-8, 22], the master regulator of
centriole formation. Like Asl, PIk4 is reduced during spermiogenesis (Fig. 3A). Plk4’s
contribution to Asl reduction was then tested using a plk4 knockdown and a plk4 mutant. In
late spermiogenesis, centrosomes having UAS-GAL4 knocked-down plk4 showed
attenuated Asl reduction (Figs. 3B and S3A). Like the knockdown, homozygous or
heterozygous partial loss of function P-element allele of plk4 (plk4©06612) [6] showed
attenuated Asl reduction in late spermiogenesis (Figs.3C and S3B-D). When Asl reduction
is attenuated, Asl is present in the spermatozoa as two foci that likely correspond to the PCL
and a portion of the GC. This attenuation is reversed by overexpressing a GFP-tagged Plk4
(P1k4OE) driven by the ubiquitin promoter [23] or excising the P-element (Figs 3B and
S3E-G), except in Asl2-6 spermatozoa, which has Asl levels that are not affected by
PIk4OE (Fig. S3H). Together, these data suggest that Plk4 regulates Asl reduction via Asl
domain 1. Furthermore, since PIk4OE enhances eAsIGFP and uAsIGFP reduction (Fig S31-
K) and PIk4 is reduced in parallel with Asl during spermiogenesis, it is likely that available
amounts of PIk4 protein is a limiting factor in Asl reduction. In contrast, Asl does not appear
to be essential for PIk4 reduction (Fig S3L).

Plk4 is targeted for degradation by ubiquitin ligase SCF-SIimb/BTrCP-E3 via Slimb activity
[9, 10]; therefore, we assessed whether Slimb regulates Asl reduction. For this, a GFP-
tagged Slimb was overexpressed using the Nos-GAL4 driver in Asl-td-Tomato flies. Slimb
overexpression attenuated Asl reduction, resulting in increased Asl levels in spermatozoa
(Fig 3D), except in Asl2-6 spermatozoa, which lacks Asl’s domain 1 (Fig S3M).
Furthermore, the slimb mutation counteracted the plk4°06612mytation’s impact on Asl
reduction, resulting in undetectable eAsIGFP levels in spermatozoa (Fig S3N). Together,
these data suggest that Slimb controls Asl reduction by regulating Plk4.

To help clarify PIk4’s role in regulating centrosome reduction, we investigated Plk4-induced
posttranslational modifications. Consistent with observations that Asl/Cep152 is
phosphorylated by PIk4 in vitro [24], we found that Asl is phosphorylated in the testes
(Figure 3E). Furthermore, Plk4 overexpression enhances Asl phosphorylation and
Plk4kinase-dead (P1k4kd) overexpression attenuates Asl phosphorylation (Figure 3E). Since
Plk4kd overexpression attenuated Asl-td-Tomato reduction (Figure 3F), it is likely that PIk4-
induced Asl phosphorylation regulates Asl reduction. We also found that Asl is
polyubiquitinated in testes and Plk4 overexpression enhanced Asl ubiquitination (Figure
3G), suggesting that ubiquitination also regulate Asl reduction.

Asl Reduction is Essential for Post-Fertilization Development

The role of Asl reduction in mature sperm function was studied using embryos fathered by
males having increased Asl levels in their spermatozoa. In control experiments, 95% or
more embryos hatched when fathered by flies with or without GFP-tagged sperm proteins
(Fig S4A), whereas only 90% and 79% of embryos fathered by eAsIGFP and uAsIGFP flies
hatched (Fig 4A), an inverse correlation with Asl levels in the testes (Fig SIA-B) and
spermatozoa (Fig 1J). As expected from Plk4’s role in Asl reduction, PIk4 overexpression
rescued uAsIGFP’s embryo-hatching phenotype (Fig 4A). There was also decreased larval
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hatching of embryos fathered by Plk4-knockdown flies or by Slimb-overexpressing flies
(Figs 4B-C). These observations suggest that increased Asl levels in spermatozoa interferes
with embryonic development.

To help determine the mechanism underlying the embryo-hatching phenotype, one hour-old
embryos were studied. As expected, all control embryos progressed beyond the 32-nuclei
stage, whereas all uAsIGFP-fathered embryos showed significant delays in cleavage cycle
progression and embryo development, as evident by reduced numbers of nuclei and no
embryo reaching the 32-nuclei stage (Figs 4D-E). Similarly, developmental delay was
observed in embryos fathered by plk4c08612 heterozygous flies or by Slimb-overexpressing
flies (Fig 4F). As expected from Slimb’s role in Asl reduction, the slimb%2% mutation
rescued plk4c06612°s embryo-hatching phenotype (Fig 4G). These data suggest that increased
paternal Asl does not interfere with fertilization and instead interferes with early steps of
embryo development.

Next, functions of zygotic centrosomes in uAsIGFP-fathered embryos were studied. All
zygotic embryos from control fathers had robust microtubule asters surrounding their
centrosomes (Fig 4H), whereas all embryos fathered by uAsIGFP or plk4c0861 had
undetectable or reduced microtubule asters immediately after fertilization (Fig 41 and J). At
later stages, UAsIGFP-fathered embryos had normal microtubule asters and bipolar spindles
(Fig 4K and S4B); this explains why many of these embryos eventually developed into
larvae. The fact that all uAsIGFP-fathered embryos had the paternal giant centrioles
indicates that the uAsIGFP sperm can fertilize an ovum; therefore, the embryonic
phenotypes are due to post-fertilization defects. Apparently, high amounts of paternal Asl
interferes with zygotic centrosome function and embryo development. In other words,
centrosome reduction (at least regarding Asl) is essential for normal embryonic
development.

Centrosome reduction is a conserved process in Drosophila and mammalian sperm [1, 18].
Elegant work in mammals by Schatten, Simerly, Manandhar, and colleagues showed that
centrosome lose many of their components in a stepwise fashion and identified some
proteins that are reduced [25, 26]. Additional studies provided indirect evidence for an
essential role of centrosome reduction in embryo development [11-13]. The data disclosed
here provide the first insight in to the molecular mechanisms regulating centrosome
reduction and the first direct evidence that centrosome reduction is essential for
postfertilization development.

Using several independent approaches, we show that one aspect of centrosome reduction,
Asl reduction, is essential for normal zygotic aster formation, post-fertilization development,
and, ultimately, embryo viability:(i) Asl overexpression, (ii) RNAIi knockdown of plk4, (iii)
plk4 mutants, and (iv) Slimb overexpression. Furthermore, we show that reduced fertility,
caused by increased spermatozoan Asl, is specific in two ways:(i) reduced larva hatching
caused by Asl overexpression, which is rescued by Plk4 overexpression, and (ii) delayed
embryo development caused by plk4 mutant, which is rescued by slimb mutation. Our
independent approaches, strongly argue that the described embryonic phenotypes are due to
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increased Asl levels rather than to other problems stemming from overexpression or
mutations. These observations are consistent with indirect observations that centrosome
reduction is essential for embryonic development in mammals; for example, in vitro
fertilization using human, rabbit, or cat early spermatids, having unreduced centrosomes,
provide reduced rates of zygotic aster formation and elevated miscarriage rates [11-13].

We found that Asl reduction is a regulated process (Fig 4J). First, Asl reduction occurs in
two distinct steps: the initial step taking place early in spermiogenesis, when Asl is stripped
from the GC, and the subsequent step in late spermiogenesis, when Asl is stripped from the
PCL. Second, Asl reduction depends on specific domains in Asl: Asl domainl regulates late
Asl reduction and Asl domain 4 regulates early Asl reduction. Third, Asl reduction is
attenuated by plk4c06612 plk4kd and PIk4-RNA.. It is likely that PIk4 regulates Asl
reduction via Asl’s domain 1, since Plk4 is known to bind to Asl’s N-terminal domain [27]
and reduction of Asl lacking domain 1 is not enhanced by Plk4; data shown here indicates
that Slimb regulates Asl reduction, likely via Slimb’s regulation of PIk4 [9, 10]. Finally,
regulation of Asl reduction is independent of other processes occurring during
spermiogenesis. As examples, conditions affecting Asl reduction do not affect nucleus
differentiation or ovum fertilization. Also, a plk4 mutant that attenuates Asl reduction does
not attenuate other centrosomal proteins’ reduction (Figs S30-P). Such specificity in Asl
reduction regulation argues against a common belief that centrosome reduction is simply
due to loss of sperm protein production machinery [28, 29]. Since PIk4 only mediates late
Asl reduction and Asl’s domain 4 appears to be essential for a complete Asl reduction block,
and PIk4 is nonessential for reduction of other centrosomal proteins, there exist other
complementary mechanisms that together control centrosome reduction.

The role of PIk4’s interaction with Asl/Cep152 differs between centrosome reduction and
centriole duplication. In dividing cells, Asl serves as a receptor recruiting Plk4 to the
centriole for centriole duplication [24, 27, 30, 31]. However, Asl’s interaction with PIk4 is
complex and mediated via two distinct domains (Asl C-terminus and N-terminus), which
have distinct functions during centriole duplication [22]. Here, we show that PIk4’sN-
terminus regulates Asl attachment to the centriole during spermiogenesis. This regulation
may be specific to spermiogenesis, since Asl/Cep152 levels are constant in centrioles of
dividing cells [24, 31]. Therefore, PIk4’s interaction with Asl seems to be modulated to
achieve distinct outcomes depending on a cell’s developmental state.

It remains unknown why paternal Asl reduction is essential for timely assembly of
microtubules around the zygotic centriole; indeed, why must the parental Asl be lost and
replaced with maternal Asl in the zygote? Asl, in itself, is clearly not harmful to the zygote
since an ovum contains large amounts of maternal Asl, which is sufficient to form ~1000
centrioles [32]. The embryonic arrest we observe may be because much of the maternal Asl
is unavailable after fertilization. This is consistent with the idea that the loss of centrosomal
proteins inactivates the paternal centrosome until it recruits maternal centrosomal proteins in
the zygote and at the appropriate time [33, 34]. Nonetheless, excess paternal Asl interferes
with zygotic aster formation. This raises the possibility that paternal Asl is “toxic” to the
zygote, perhaps because paternal centrosomal proteins act differently from maternal ones.
Normally, such a “toxic” effect must be rapid, since we cannot detect paternal Asl in zygotic
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centrioles, suggesting that any residual paternal Asl is soon striped from the centriole once
in the zygote (data not shown). Another possibility is that the sperm centriole, like other
sperm organelles, need to be remodeled, and Asl reduction is essential to complete this
remodeling. For example, during spermiogenesis, remodeling of the nucleus involves
eliminating histones and replacing them with protamines [3]. Possibly, the centriole, after
striping its original proteins, may require a yet unknown sperm-specific centriolar protein.
Regardless of the pathological mechanism induced by increased paternal Asl, it appears that
the inhibitory effect on astral microtubules formation is temporary; as the paternal centrioles
regain their ability to assemble microtubules at later stages.

Together, we show that during spermiogenesis, Asl is gradually reduced from centrosomes
and PIk4 and Slimb regulate its reduction. Additionally, we find that abnormally high
amounts of Asl in spermatozoa are deleterious to embryonic development by interfering
with the ability of the paternal centriole to form astral microtubules. This phenotype
demonstrates that Asl reduction is an essential aspect of centrosome reduction and
abnormalities in Asl reduction cause paternal effects.

Supplementary Material
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Highlights

e Asl is a model protein for centrosome reduction during spermiogenesis
e Asl reduction is an active process.
e Asl reduction is regulated by Plk4 and Slimb.

«  Asl reduction is essential for embryo development and for fertility.
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Fig 1. Asl is reduced during spermiogenesis
(A) An Asl antibody[4] identifies Asterless (Asl; in red) in spermatid centrioles (top two

panels) but not in spermatozoan centrioles (bottom two panels; the centriole location is
identified by arrowhead). Nuclei are shown in blue. (B-G) Asl reduction during
spermiogenesis is a continuous process. Each top panel shows low magnification and each
of the bottom three panels magnifies the centriole. The stages of spermiogenesis are: (B)
spermatocyte, (C) round spermatid, (D) elongated spermatid, (E) leaf spermatid, (F) almost-
needle spermatid, and (G) spermatozoon. The giant centriole (GC) and PCL are marked by
Anal-tdTomato [21], eAsIGFP is shown in green, and nuclei are in blue or indicated by N;
mitochondrion, M. In (G), the spermatozoan centrioles, identified by arrowhead in top
panel, no longer have detectable levels of Anal or Asl. (H-J) Quantification of Asl
reduction in Drosophila expressing eAsIGFP or uAsIGFP at three stages (R: round
spermatid, A: almost-needle spermatid, or S: spermatozoa). Note that graphs in H and I have
a logarithmic scaled (***, P<0.0001, N>25, Meanzs.d.). See also Figure S1.
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Fig 2. Specific coiled-coil domains in Asl are essential for normal Asl reduction
(A) Asl coiled-coil domain organization and Asl truncations (fused to GFP) used in the

present study. Coiled-coil domain numbers and their amino-acid positions are indicated. Asl
truncations having GFP signal in round spermatid (R), almost-needle spermatid (A), or
spermatozoa (S) are identified with “y” and those without GFP signal are identified with
“n”. (B-D) Representative figures showing GFP signal for (B) a full-length AsIGFP fusion
having normal Asl reduction and two Asl truncation proteins,(C) an N-terminal Asl
truncation lacking coiled-coil domain 1 (Asl2-6) and having abnormal Asl reduction, and
(D) an N-terminal Asl truncation lacking coiled-coil domains 1 to 4 (Asl5-6) and having no
Asl reduction. Shown is GFP signal in centrioles during three stages of spermiogenesis
(round spermatid (left), almost-needle spermatid (middle), and spermatozoa (right)). GC,
giant centriole; N, nucleus; M, mitochondria; an arrowhead points to the spermatozoan
centriole. Right panels include graphs quantifying the GFP signal at each of the three stages
(R: round spermatid, A: almost- needle spermatid, or S: spermatozoa). Scale bar, 5um
(round spermatids) and 1pm (almost-needle and spermatozoa). (E) The ratio of GFP-
intensity in spermatozoan centrioles and spermatid centrioles shows significantly abnormal
Asl reduction in the Asl truncations. Two-sided t-test, ***, P<0.001; N=5; Meanzts.d. See
also Figure S2.
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Fig 3. Plk4 and Slimb regulate Asl reduction
(A) Like Asl, PIk4 is subject to centrosome reduction during spermiogenesis as

demonstrated by a Drosophila line having a ubiquitin promoted, GFP-tagged Plk4. (B) PIk4
knockdown by Nos-GAL4/UAS-Plk4 RNAI results in attenuated Asl reduction (Nos+Plk4i);
normal Asl reduction is shown by data from Nos-GALA4flies (Nos) without a UAS activator
and by data from UAS-PIk4 RNAI (PIk4i) flies without a GAL4 activator. (C) Similarly,
spermatozoa homozygous or heterozygous forplk4c06612 (3 pP-element insertion, partial loss
of function allele) have attenuated Asl reduction; normal Asl reduction is shown by flies
bearing the eAsIGFP transgene. Overexpression of Plk4 (PIk4OE) in plk4c06612
homozygotes (hom) or heterozygotes (het) rescues the plk4°06612_dependent attenuated Asl
reduction. (D) Attenuation of Asl reduction is observed by overexpression of slimb using
Nos-GAL4 + UAS-SIimbGFP (Asl + Nos + Slimb) in the background of Asl-td-Tomato,
which labels Asl in red. Nuclei are stained in blue. Scale bar, 1um; the spermatozoan
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centrioles are identified by arrowhead. In the right panel, normal Asl reduction is shown by
data from Asl-td-Tomato files (Asl) or Asl-td-Tomato flies bearing Nos-GAL4 and without
an UAS activator (Asl + Nos). (E) Immunoprecipitation with anti phosphothreonine
antibody shows that Asl is phosphorylated. Asl phosphorylation is enhanced when PIk4 is
overexpressed (PIk4OE) and is attenuated when PIk4KD is overexpressed. (F)
Overexpression of PIk4KD attenuates Asl-td-Tomato reduction. (G) Immunoprecipitation
with anti-Ubiquitin antibody found that Asl is Ubiquitinated. Asl ubiquitination is enhanced
when Plk4 is overexpressed (PIk4OE). Two-sided t-test, ***P<0.001,**P<0.01, *P<0.05;
N=5; Mean +s.d. See also Figure S3.
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Fig 4. Attenuated Asl reduction reduces post-fertilization zygotic development
(A—C) Embryos produced from spermatozoa with increased Asl have reduced larval

hatching. (A) Compared to control flies (w!118), embryos fathered by eAsIGFP or uAsIGFP,
which have attenuated Asl reduction, produced significantly fewer embryos that hatched.
This phenomenon was rescued when PIk4 is overexpressed (PLK4OE). (B) Embryos
fathered by Plk4 knockdown males (via Nos-GAL4/UAS-PIk4 RNAI; “Nos + Plk4i™)
produced significantly fewer embryos that hatched when compared to control flies: Nos-
GALA flies without an UAS activator (Nos) or UAS-Plk4 RNA.i flies without a GAL4
activator (PIk4i). (C) Embryos fathered by males overexpressing Slimb, which bear Nos-
GAL4/UAS-Slimb-GFP (SlimbOE) produced significantly fewer embryos that hatched
when compared to control flies: Nos-GAL4 flies without a UAS activator (Nos) or UAS-
Slimb-GFP flies without a GAL4 activator (Slimb). Two-sided t-test, ***P<0.001; N>5;
Meanzs.d. (D-F) One-hour-old embryos fathered by control flies (W1118) or uAsIGFP flies;
all embryos from control fathers and no embryo having an uAsIGFP father had greater than
32 nuclei (D,E); nuclei stained with Hoechest blue. (F) Embryos fathered by Plk4
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heterozygotes or fathers overexpressing Slimb had delayed embryo development compared
to control males. (G) Embryos fathered by plk4 heterozygotes but not slimb or fathers
having bothplk4 and slimb had delayed embryo development compared to control fathers.
(H-K) Microtubule asters are observed in zygotes fathered by control males (w1118) (H),
but asters are not seen in zygotes fathered by uAsIGFP (1) or plk4(j)males. Microtubule
asters are eventually present in embryos fathered by uAsIGFP males once they have passed
the zygote stage (K). Scale bar, 25um (egg panel) and 10um (nucleus, N, panel). (L) Model
for Asl reduction. At least two mechanisms regulate Asl reduction: one in early
spermatogenesis and another in late spermatogenesis. Asl reduction in late spermiogenesis is
mediated by the interaction of Asl’s first coiled-coil domain with PLk4. Additional Asl
reduction pathways depends on Asl’s domain 4. When centrosome reduction (including Asl
reduction) is attenuated, spermatozoa can fertilize an ovum, but the embryo develops
abnormally.
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