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Accessory nuclei in insect oogenesis:
in search of the function of enigmatic organelles
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ABSTRACT This review compiles present knowledge of the structure and molecular composition
of the enigmatic cytoplasmic organelles called accessory nuclei. Most typically, they are found in
the perinuclear cytoplasm in oocytes of insects and several other invertebrates. Accessory nuclei
originate by budding of the oocyte nucleus (germinal vesicle) and are surrounded by an enelope
identical to the nuclear envelope. They contain one or several dense inclusions called pseudonucleoli
immersed in a translucent ground substance or matrix. Comparative analysis of the morphology,
molecular composition and the ultimate fate of accessory nuclei and their inclusions revealed that
there are two basic types of these organelles in insect oocytes. In mallophagans, accessory nuclei
are associated with the oocyte nucleus throughout entire oogenesis and at least some of them are
connected to the germinal vesicle by slender stems. Each accessory nucleus contains a single,
dense, RNA-positive inclusion which is likely to correspond to a nucleolus. In hymenopterans,
accessory nuclei initially surround the germinal vesicle but during oogenesis they separate from
it and migrate toward the peripheral ooplasm. Within the accessory nucleus matrix usually two
distinct inclusions develop. One of these is perfectly spherical, contains coilin and small nuclear
ribonucleoproteins and is homologous to the Cajal body. In the light of recent discoveries, we

discuss the role accessory nuclei play in insect oogenesis and early embryogenesis.
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Oocytes are highly specialized cells whose structural and mo-
lecular components serve not only the oocyte itself but, more
importantly, the future embryo. Acquisition, multiplication, and
proper distribution of these components during oogenesis are of
utmost importance for the course of embryogenesis. Besides the
typical organelles such as mitochondria, ribosomes, and the
cisterns of the Golgi apparatus and endoplasmic reticulum, whose
functions and significance are well understood (reviewed in
Zissler and Sander, 1982), the oocytes also contain complex
cytoplasmic organelles, called accessory nuclei (AN), which have
puzzled researchers since their discovery in wasp and ant oo-
cytes by Blochmann in 1886 (Blochmann, 1886). For a long time,
AN remained rather mysterious organelles of unknown function.
Recent analyses using modern molecular markers identified
some AN constituents and shed light on their function.
Accessory nuclei, also called nuclear membrane balloons, are
characteristic organelles found primarily in perinuclear cytoplasm
in oocytes of several insect species (Fig. 1A-D) and a handful of
other invertebrate taxa (see Table 1). There are also rare reports

of structures similar to AN in cells other than oocytes (e.g.,
hymenopteran nurse cells; nematode, insect, and mammalian
embryonic cells), but these structures have not been investigated
thoroughly, and their molecular composition and function remain
largely unknown (Goldstein, 1981; Szollosi and Szollosi, 1988;
Klag and Bilinski, 1994; Perondini and Ribeiro, 1997). Since the
available data related to AN in other animals are rather fragmen-
tary, here we focus on the origin, structure, and ultimate fate of AN
present in insect oocytes.

Accessory nuclei number and structure
The newly formed AN are usually spherical or oval, but as they

grow they may become pear-shaped or irregular (Figs. 1A-E, 2C,
3) (Hopkins, 1964; Buchner, 1966; King and Fordy, 1970; Cassidy

Abbreviations used in this paper: AN, accessory nuclei; OC, oocyte cytoplasm;
ON, oocyte nucleus; snRNAs, small nuclear RNAs; snRNPs, small nuclear
ribonucleoproteins; SMN, survival of motor neurons.
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and King, 1972; Meyer et al., 1979; Zissler and Sander, 1982;
Billen, 1985; Bilinski and Jankowska, 1987; Bilinski, 1989, 1991a,
b; Szklarzewicz et al., 1993; Bilinski et al., 1993, 1995a, b;
Jablonska and Bilinski, 2001). Depending on their developmental
stage and the species, AN vary in size; they can reach 5-10 um
indiameter (Bilinski, 1991a; Ferree etal., 2006). There are usually
tens or even hundreds of AN in a single oocyte (e.g., the late
previtellogenic oocyte of the parasitic wasp Muscidifurax uniraptor
contains, on average, 200 AN [Ferree et al., 2006]), and their
number may increase during oocyte development as they are
capable of multiplying by fission.

Like most cytoplasmic organelles, AN are separated from the
surrounding cytoplasm by an outer envelope (Figs. 2C, 3, 4
arrows) that contains two membranes and is virtually identical to
the nuclear envelope (King and Fordy, 1970; Meyer et al., 1979;
Bilinski, 1991a; Jaglarz et al., 2005). Like its nuclear counterpart,
the AN envelope is pierced by pores and covered with ribosomes,
and its internal membrane, at least in some species, is lined with
distinguishable lamina (Figs. 2C, 3, 4C) (Bilinski, 1989; 1991a).

TABLE 1

OCCURRENCE OF ACCESSORY NUCLEI
IN OOCYTES OF DIFFERENT ANIMALS

Group Order Species References
Arthropoda/  Homoptera/ Matsucoccus acalyptus Buchner, 1966
Insecta Coccoidea Matsucoccus pini
Kuwania oligostigma
Kuwania pasaniae
Phthiraptera/ several species Ries, 1932
Mallophaga Eomenacanthus Bilinski and Jankowska, 1987;
stramineus Bilinski, 1989
Mecoptera Panorpa sp. Buning, 1994
Hymenoptera several species Blochmann, 1886
Bombus terrestris Palm, 1948; Hopkins, 1964
Nasonia vitripennis King and Richards, 1968;
Ferree et al., 2006
Ophion luteus King and Fordy, 1970
Apanteles glomeratus King and Fordy, 1970
Pimpla turionellae Meng, 1968, 1970
Habrobracon juglandis Cassidy and King, 1972
Formica (several species) Billen, 1985
Cosmoconus meridionator  Bilinski, 1991a, b; Bilinski et
al., 1993, 1995a
Tenthredo olivacea Bilinski, 1991b
Chrysis ignita Szklarzewicz et al., 1993;
Bilinski et al., 1995; Adamska
and Bilinski, 1997
Coleocentrotus soldanskii Klag and Bilinski, 1994
Athalia rosae Bilinski et al., 1995b;
Zawadzka, 1996
Vespula germanica Jablonska and Bilinski, 2001;
Bilinski and Kloc, 2002;
Jaglarz et al., 2005
Muscidifurax uniraptor Ferree et al., 2006
Apis mellifera Ferree et al., 2006
Mutilla sp. this report
Camponotus sp this report
Diptera Smittia sp. Zissler and Sander, 1982
Phryne cincta Meyer et al., 1979
Phryne fenestralis Meyer et al., 1979
Tachypeza nubila this report
Arthropoda/  Collembola Folsomia candida Palevody, 1972
Entognatha
Arthropoda/  Branchiopoda/ Siphonophanes grubei Kubrakiewicz et al., 1991
Crustacea Anostraca
Arthropoda/  Diplopoda/ Polyxenus lagurus Kubrakiewicz, 1991
Myriapoda Penicillata
Annelida/ Rhynchobdellida  Glossiphonia heteroclita Swiatek, 2005
Hirudinea

Fig. 1. Distribution of ac-
cessory nuclei (AN) in in-
sect oocytes. (A) Tachypeza
nubila (Diptera); numerous AN
(white arrows) gather around
a germinal vesicle (asterisk)
in the center of the oocyte
(O); the ooplasm is loaded
with yolk spheres and lipid
droplets. (B) Camponotus sp.
(Hymenoptera); AN (arrows)
contain dense inclusions and
surroundthe germinal vesicle
(asterisk) in the cytoplasm of
the oocyte (O) anterior pole.
The oocyte cytoplasm in this
species is filled with
bacteroids. (C) Mutila sp. (Hy-
menoptera), AN (arrows) are
gathered around a germinal
vesicle (asterisk) and occupy
the anterior pole of the
previtellogenic oocyte. Note
dense pseudonucleoli im-
mersed in homogenous
ground substance filling the
AN. (D,E) Vespula germanica
(Hymenoptera). In the mid-
previtellogenic oocyte (O) AN
(arrows) surround the germi-
nal vesicle (asterisk) and oc-
cupy the anterior region of
the oocyte cytoplasm (D). In
the late previtellogenic oocyte
(E) AN (arrows) are located in
the anterior and lateral aspect
of the cortical ooplasm. FC, follicle cells. (A-E). Epon semithin sections
stained with methylene blue. Scale bars, (A,B), 10 um; (C-E), 25 um.

The latter finding has been confirmed recently by immunofluores-
cence staining of AN in oocytes of several hymenopteran species
with an antibody against Drosophila lamin DmO (Ferree et al.,
2006). Electron microscopy analysis of AN isolated by the spread-
ing technique from the oocytes of the sawfly Athalia rosae
demonstrated that AN nuclear pores contain ringlike structures
with outer diameters measuring about 100 nm (Fig. 2B) (Bilinski
et al., 1995). Both the shape and size of these rings correspond
well with those of nuclear pore complexes, which suggests that
the pores in the AN envelope function in the same way as nuclear
pores do. There is no doubt that this organization of the AN
envelope results from the way these organelles arise within the
oocyte (see below). Electron microscopy studies have shown,
furthermore, that accumulations of fine granular material often
associate with both the external and internal membranes of the
AN envelope (Fig. 4) (Bilinski, 1991a; Jaglarz et al., 2005).

AN are filled with electron translucent ground substance (ma-
trix), usually containing electron-dense inclusions traditionally
termed pseudonucleoli (Figs. 1B-D, 2C, 3, 4) (Hopkins, 1964;
King and Fordy, 1970; Cassidy and King, 1972; Meyer etal., 1979;
Bilinski, 1989, 1991a; Szklarzewicz et al., 1993). The molecular
compositions of these inclusions appear to be the key to under-



Fig. 2. Formation and morphology of hymenopteran accessory nuclei (AN). (A)
Vespula germanica, an early previtellogenic oocyte. AN (asterisks) bud from the oocyte
nucleus (ON) and free AN (asters) remain in the ooplasm adjacent to the oocyte nucleus.
(B) Athalia rosae; a spread AN (Millerian spreading technique). Ring-like structures
(nuclear pore complexes) are present on the AN surface (encircled). Similar structures
outside the AN are indicated by arrows. (C) Chrysis ignita; electron micrograph of the
oocyte periphery (the late previtellogenic stage). The AN, surrounded by a double-layered
envelope (arrows) and containing two dense inclusions, is located in the ooplasm just
beneath the organelle-free periplasm (P). The periplasm (cortical ooplasm) is separated
from the remaining ooplasm by microtubules (arrowheads). FC, follicle cells; M,
mitochondrium; MV, microvilli. Scale bars, (A) 500 nm, (B) 400 nm, (C) 1 um.

standing AN function(s), and they are discussed at greater length
in the next section.

AN morphogenesis and the nature of pseudonucleoli

The morphogenesis of AN has been documented only in a
small number of species, such as the bird louse Eomenacanthus
stramineus (Bilinski, 1989) and certain hymenopteran species
(Hopkins, 1964; King and Fordy, 1970; Cassidy and King, 1972;
Bilinski, 1991a; Klag and Bilinski, 1994). Regardless of the
species, the AN originate from the germinal vesicle by budding or
folding of its envelope (Fig. 2A, asterisks). In this process, at least
in the bird louse, a thick nuclear lamina is involved (Fig. 3)
(Bilinski, 1989). Bilinski (1991a) suggested that, in hymenopteran
oocytes, microtubules surrounding the germinal vesicles play a
role in AN budding and/or stabilization.

Comparative analysis of AN during different stages of oogen-
esis in various insect groups indicates that there are two basic
types of AN distribution within the ooplasm (schematically pre-
sented in Fig. 5). In the mallophagan E. stramineus, first AN buds
appear during early previtellogenesis (Fig. 3) (Bilinski and
Jankowska, 1987). The newly formed AN contain accumulations
of fibrillogranular material, which are RNA-negative but stain with
silver in the Ag-NOR method (Bilinski, 1989). Subsequently, AN
enlarge and often become elongated or pear-shaped. The grow-
ing AN gather around the oocyte nucleus and maintain this
perinuclear position throughout vitellogenesis (Fig. 5B). Con-
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comitantly, inside each AN, a single, dense, RNA-
positive inclusion develops (Fig. 3, inset) (Bilinski,
1989). Bilinski (1989) postulated that in E.
stramineus, AN contain transcriptionally active
extrachromosomal rDNA that was extruded from
the germinal vesicles. If this is true, then the
pseudonucleoli will be an equivalent of the multiple
nucleoli present in oocyte nuclei of other insect
species (for review see Buning, 1994).

In hymenopterans, AN also form by germinal
vesicle budding (Fig. 2A), but their ultimate fate is
different (Fig. 5A). In all hymenopteran species
studied to date, AN form during previtellogenic
growth of the oocyte (Hopkins, 1964; Meng, 1968;
King and Fordy, 1970; Bilinski, 1991a). Initially
they surround the germinal vesicle (Figs. 1B-D, 2A,
5A), but as oogenesis progresses and the oocyte
elongates along its anterior-posterior axis (late
previtellogenesis), a majority of the AN separate
from the germinal vesicle and translocate toward
the peripheral ooplasm, where they grow and often
multiply (Figs. 1E arrows, 2C, 5A) (Hopkins, 1964;
Meng, 1968; King and Fordy, 1970; Bilinski, 1991a).
They maintain this distribution throughout vitello-
genesis. Only a small number of AN remain in the
perinuclear cytoplasm and accompany the germi-
nal vesicle as it migrates laterally (i.e., to the future
dorsal side of the embryo [Fig. 5A]).

The ooplasm (oocyte cytoplasm) in hymenopter-
ans is clearly separated into thin, translucent or-
ganelle-free periplasm and the opaque organelle-
rich endoplasm (Fig. 2C) (Bilinski, 1991b). Ultra-
structural analysis showed that, upon arrival at the oocyte periph-
ery, AN associate with a subcortical microtubule network that
separates these two types of ooplasm (Fig. 2C) (Bilinski et al.,
1995a). Treatment of oocytes with the microtubule-assembly
inhibitor colchicine indicates that microtubule cytoskeleton is
responsible for maintaining the peripheral (subcortical) distribu-

Fig. 3. Morphology of an accessory nucleus in Eomenacanthus
stramineus ; electron micrograph of the perinuclear region. Note a
newly formed accessory nucleus (AN) in the oocyte cytoplasm (OC)
adjacent to the oocyte nucleus (ON). M, mitochondrium; arrows indicate
a well-developed nuclear lamina. (Inset) A mature accessory nucleus
with a prominent pseudonucleolus (PN) immersed in the electron trans-
lucent ground substance. Scale bar, 500 nm.
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Fig. 4 (Left). Immunolocalization of Cajal body components in
accessory nuclei (AN) of Vespula germanica. (A) snRNAs (TMG cap,
K121 antibody), (B) Sm proteins (Y12 antibody), and (C) SMN protein (H-
195 antibody). There are two dense inclusions within the matrix of the
accessory nucleus: inclusion A - Cajal body [asterisk in (A,B), arrowhead
in (C)] with an attached granular structure, and inclusion B - a body of
unknown composition and function (see text for details). SnRNPs localize
to Cajal body, but are also detected in the ooplasm and matrix of the AN.
OC, oocyte cytoplasm, arrows, AN envelope. Scale bars: (A,B) 400 nm,
(C) T um.

Fig. 5 (Right). Schematic representation of the distribution of acces-
sory nuclei in the oocytes of hymenopterans (A) and E. stramineus
(B). In Hymenoptera, in the early previtellogenic oocyte, accessory nuclei
(AN) initially surround the germinal vesicle (asterisk) and then, as oogen-
esis progresses, migrate (arrows) toward the anterior and lateral cortical
regions of the oocyte. In the late previtellogenic and vitellogenic oocyte

AN occupy the cortical layer, with the exception of the oocyte posterior pole. A - anterior, D - dorsal, P - posterior, V - ventral. In E. stramineus (and
possibly other mallophagans), in the early previtellogenic oocyte, accessory nuclei (AN) are gathered around the germinal vesicle (asterisk). During
oogenesis they migrate together with the germinal vesicle to a certain region of the oocyte and remain there till the completion of oogenesis.
Throughout oogenesis at least some accessory nuclei remain connected to the germinal vesicle by slender stems (diagrams not to scale).

tion of the AN (Bilinski et al., 1995a; Adamska and Bilinski, 1997).
Hymenopteran AN contain one or several electron-dense
pseudonucleoli immersed in more or less transparent matrix
(Figs. 1B-D, 2C, 4A-C) (Hopkins, 1964; King and Fordy, 1970;
Cassidy and King, 1972; Bilinski, 1989; 1991a, b; Szklarzewicz et
al., 1993; Jablonska and Bilinski, 2001; Bilinski and Kloc, 2002;
Jaglarz et al., 2005; Ferree et al., 2006). Pseudonucleoli have
been studied in detail in queens of the German wasp, Vespula
germanica. In this species, AN in previtellogenic oocytes usually
contain two morphologically different pseudonucleoli (Fig. 4C).
One (here termed inclusion A) is composed of a perfectly spheri-
cal homogenous body with an attached hemispherical structure
comprising numerous electron-dense 20- to 30-nm particles
(Figs. 4A, B asterisks, 4C arrowhead) (Jablonska and Bilinski,
2001; Bilinski and Kloc, 2002; Jaglarz et al., 2005). The other
pseudonucleolus (termed inclusion B) is less regular in shape and
consists of fine flocculent or amorphous material (Fig. 4C).
Interestingly, AN are also present in oocytes of wasp workers,
but they are less numerous and contain more inclusions of both
types. These inclusions are not only larger than those in queen

oocytes, but also have more complex ultrastructure (Jablonska
and Bilinski, 2001, Bilinski and Kloc, 2002). Since oogenesisin V.
germanica workers terminates prematurely at the mid-
previtellogenic stage, it is possible that this may have a deleteri-
ous effect on the processes involved in the formation of inclu-
sions, even though AN bud correctly.

Cytochemical studies of AN of queen oocytes have shown that
they are devoid of DNA but their inclusions contain nucleolar
organizer proteins (Ag-NOR proteins) (Bilinski and Kloc, 2002).
Immunocytochemical analysis showed that the spherical body of
inclusion A contains molecules characteristic of the Cajal body: its
signature protein coilin, small nuclear RNAs (snRNAs), small
nuclear ribonucleoproteins (SnRNPs), and survival of motor neu-
rons (SMN) protein (Fig. 4A-C) (Bilinski and Kloc, 2002; Jaglarz
et al., 2005). These findings indicate that the spherical body of
inclusion A is homologous to the Cajal body (for the latest reviews
on Cajal body structure and functions see Gall, 2000, 2003; Cioce
and Lamond, 2005; Matera, 2006; Stanek and Neugebauer,
2006). Interestingly, immunolocalization studies have shown that
snRNPs, in addition to being present in the spherical body of



inclusion A, are also present in small foci on both sides of the AN
envelope (Fig, 4B, C) (Jaglarz et al., 2005). These results led to
the suggestion that in hymenopteran oocytes, sSnRNAs, after their
association with appropriate proteins and hypermethylation (for
description of SnRNP biogenesis see Box 1), are transferred from
the cytoplasm via nuclear pores into the AN matrix, where they
gradually assemble into alargerinclusion, the Cajal body (Jaglarz
et al., 2005). Alternatively, snRNAs (hypermethylated and asso-
ciated with Sm proteins and the SMN complex) might return to the
nucleoplasm (as happens in all other eukaryotic cells) and might
be loaded to the young AN as they bud from the germinal vesicle.
Both these models are schematically shown in Fig. 6. Interest-
ingly, inclusions B are not related to the biogenesis of snRNPs
(they were negative in all immunocytochemical tests already
mentioned) and thus must be engaged in some other cellular
processes. It has been recently reported that in the honeybee,
Apis mellifera, each AN contains distinct y-tubulin foci, and that in
early embryos of the parasitic wasps Nasonia vitripennis and M.
uniraptor the microtubule-organizing centers (centrosomes) origi-
nate from AN (Ferree et al., 2006). These results led to the
suggestion that AN facilitate centrosome formation by sequester-
ing and concentrating y-tubulin in the periplasm. Since
immunoelectron microscopy studies have not been performed,
the precise localization of y-tubulin within AN is currently un-
known.

Although the results just described may appear somewhat
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Fig. 6. Schematic representation of the snRNP translocation in
hymenopteran oocytes. During previtellogenesis, U snRNAs are ex-
ported from the oocyte nucleus into the cytoplasm and after association
with SMIN and Sm proteins form the U snRNP particles, which are
hypermethylated at the 5" end. Subsequently, snRNPs might be trans-
ported directly into accessory nuclei and their Cajal bodies (inclusion A;
pathway 1A) or alternatively, they are transported back into the oocyte
nucleus and after the formation of accessory nuclei into their Cajal bodies
(pathway 1B). Ultimately, accessory nuclei with their Cajal bodies and
inclusions B are transported towards the oocyte periplasm.
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Box 1
Biogenesis of small nuclear ribonucleoproteins

Small nuclear ribonucleoproteins (SnRNPs) are essential com-
ponents of RNA processing events (reviewed in Willand Luhrmann,
2001; Paushkin et al., 2002; Meister et al., 2002; Kiss, 2002, 2004;
Gubitz et al., 2004). They are involved in pre-mRNA splicing (U1,
U2, U5 and U4/U6 snRNPs), and histone pre-mRNA 3'-end
processing (U7 snRNP). Each snRNP particle consists of a cen-
trally located snRNA molecule, which is associated with a set of
specific proteins.

The biogenesis of spliceosomal sSnRNPs starts in the nucleus,
with transcription of the snRNAs. Subsequently, the snRNAs
(except U6 snRNAs) are exported from the nucleus, through
nuclear pores, into the cytoplasm, where they associate with
several proteins (e.g., Sm proteins, survival of motor neurons
[SMN] protein) and form snRNPs (Massenet et al., 2002; Meister
etal., 2002; Pellizzoni et al., 2002). The SMN protein functions as
part of a multiprotein complex, called SMN complex, which is
necessary for assembling Sm proteins (Sm core) on the snRNAs
(reviewed in Gubitz et al., 2004). Moreover, within the cytoplasm
the cap structure at the 5' end of snRNAs undergoes
hypermethylation and forms the 2,2,7-trimethylguanosine (TMG)
cap. The properly assembled Sm core and the TMG cap are
prerequisites for transport of the snRNP particle back into the
nucleus, where it is targeted to the Cajal body for further process-
ing (for latest reviews see Will and Luhrmann, 2001; Paushkin et
al., 2002; Gubitz et al., 2004; Yong et al., 2004).

Biogenesis of spliceosomal snRNPs follows a similar pathway
in all eukaryotic organisms studied thus far (reviewed in Paushkin
et al., 2002; Gubitz et al., 2004; Yong et al., 2004).

contradictory, in fact, they complement each other quite well if one
assumes that y-tubulin—positive foci in AN of A. mellifera are an
equivalent of inclusions B of other hymenopterans. It is tempting
to speculate that hymenopteran AN contain factors responsible
for biogenesis of snRNPs (in inclusions A) and y-tubulin (in
inclusions B), and are involved in the translocation of these
molecules to the cortical region of the oocyte (see below).

AN ultimate fate and role in hymenopterans

The final fate of AN and their inclusions have been elucidated
only in hymenopteran oocytes. Bilinski et al. (1993) and Jaglarz
etal. (2005) showed that, in hymenopterans, soon after AN arrive
at the oocyte cortex, their inclusions (both A and B) break down
and disperse in the AN matrix. Immunolocalization and in situ
hybridization showed that the components of Cajal bodies are
retained within AN until late oogenesis (Jaglarz et al., 2005).
Finally, at the end of vitellogenesis or during the transition to
embryogenesis, AN disintegrate, releasing their cargo into sur-
rounding cortical ooplasm (Jaglarz et al., 2005; Ferree et al.,
2006). Similar fates of AN and their inclusions have been ob-
served in other hymenopteran species, indicating evolutionary
conservatism of these processes in this insect order (Bilinski et
al., 1993; Szklarzewicz et al., 1993; Jaglarz et al., 2005; Ferree et
al., 2006). This behaviour of hymenopteran AN suggests that they
function as vehicles for the transport and localization of SnRNPs
(Bilinskiand Kloc, 2002; Jaglarz et al., 2005) and y-tubulin (Ferree
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et al., 2006) to the oocyte cortical region and serve as temporary
storage sites for these factors. Therefore hymenopteran oocytes
utilize AN for distributing snRNPs, centrosomal proteins, and
possibly some other factors of maternal origin to the cortical
region, where they are needed during initial stages of embryonic
development. In mostinsects, early embryonic stages of develop-
ment are confined to the cortical region of the egg (the superficial
cleavage) and it is here where the blastoderm forms (1), massive
transcriptional activity of blastoderm nuclei starts (2), and blasto-
derm cells intensively multiply by mitotic divisions (3) (reviewed in
Zissler, 1992; Buning, 1994). Thus the accumulation of SnRNPs
and y-tubulin in the cortical region of the oocyte might be directly
linked to the intensity of these processes.

Thanksto recentdiscoveries, a more general picture of the role
of AN in insect oocytes is beginning to emerge. Despite similar
origins, AN in mallophagans and those in hymenopterans have
different distributions and are involved in different cellular pro-
cesses during oogenesis and/or early embryonic development.
This supports the hypothesis that AN evolved independently in
several not closely related insect groups/lineages (Meyer et al.,
1979). In this context, a comparative analysis of AN molecular
composition and function in other insects and other animal groups
may provide further insight into the complexity of oocyte compart-
mentalization and its significance for early embryonic develop-
ment.
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