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Numerous studies in the past years
provided definite evidence that the

nuclear envelope is much more than just
a simple barrier. It rather constitutes a
multifunctional platform combining
structural and dynamic features to fulfill
many fundamental functions such as
chromatin organization, regulation of
transcription, signaling, but also struc-
tural duties like maintaining general
nuclear architecture and shape. One
additional and, without doubt, highly
impressive aspect is the recently identi-
fied key function of selected nuclear enve-
lope components in driving meiotic
chromosome dynamics, which in turn is
essential for accurate recombination and
segregation of the homologous chromo-
somes. Here, we summarize the recent
work identifying new key players in mei-
otic telomere attachment and movement
and discuss the latest advances in our
understanding of the actual function of
the meiotic nuclear envelope.

Introduction

Recent years have significantly
advanced our understanding of the
nuclear envelope (NE) from a mere barrier
between nucleus and cytoplasm to an
active platform regulating a broad variety
of cellular functions, mediated by selected
components. As such, particular compo-
nents of the NE have been implicated in
the regulation and maintenance of nuclear
structure, in directional nuclear move-
ment and anchorage, as well as in signal-
ing, general nuclear and chromatin

organization and gene regulation (for
review see).1 Several studies in the field
further established a key function for the
NE in meiotic chromosome alignment
and synaptic pairing of the homologs.2

Though the NE turned out to be a crucial
determinant for reproduction and fertility,
how the NE actually contributes to mei-
otic chromosome behavior and accurate
genome haploidization until recently was
not that clear. Within this Extra View we
now summarize important recent work
identifying new players in NE attachment
and movement of meiotic telomeres and
discuss the latest advances providing novel
insights into the actual function of the
meiotic NE.

Structurally, the NE can be subdivided
into four main components: the outer
nuclear membrane (ONM), the inner
nuclear membrane (INM), the nuclear
pore complexes and the nuclear lamina.
The ONM and INM are two distinct
membrane systems, merging only at sites
were the nuclear pore complexes are
inserted into the NE. The ONM is in
continuity with the membrane of the
endoplasmic reticulum, making the lumen
between ONM and INM, the perinuclear
space (PNS), a continuous lumen with
that of the endoplasmic reticulum. The
composition of proteins associated with
and inserted into the INM and ONM
strictly differ from each other. The con-
served KASH domain proteins (Klarsicht
ANC-1 Syne-homology) are one example
of a class of proteins predominantly asso-
ciated with the ONM.3,4 On the other
hand, there are numerous prominent
examples of membrane proteins restricted
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to the INM, such as the SUN domain
(Sad-1 UNC-84 homology) or LEM-
domain proteins (LAP2, emerin, MAN1
homology).5 The SUN domain proteins
of the INM on the one hand and the
KASH domain proteins of the ONM on
the other hand are of particular interest as
these proteins together form a membrane-
spanning protein complex by directly
interacting with each other within the
PNS. This SUN-KASH complex (the so-
called LINC complex; linker of nucleoske-
leton and cytoskeleton)6 enables a direct
communication of the INM and the
ONM and their associated components,
thereby mediating a connection between
nuclear and cytoplasmic content. The
LINC complex is also responsible for the
transduction of cytoskeletal forces to the
NE and into the nucleus through the
demonstrated interactions of KASH
domain proteins with components of the
cytoskeleton or associated motorproteins.
The cytoskeletal forces have been shown
to be essential for nuclear positioning and
anchorage as well as for the directed move-
ment of meiotic chromosomes within the
nucleus.2,7

The nuclear lamina is a dense protein
network intimately associated with the
nucleoplasmic side of the INM. The main
structural components of the nuclear lam-
ina are the lamin proteins, which directly
or indirectly interact with numerous
membrane proteins of the INM. Lamins
are a class of intermediate filament pro-
teins, competent to self-assemble into the
highly structured and organized network
of the nuclear lamina. This self-assembly
is mediated by the functional domains at
the N-terminal and C-terminal ends of
the central rod domain.8 Lamin proteins
can be classified into A- and B-type lam-
ins, differing in their expression patterns,
biochemical features and polymerisation
characteristics during mitotic nuclear
envelope breakdown and reassembly.9,10

In mammals, the B-type lamins B1, B2
and B3 are encoded by two genes,
LMNB1 and LMNB2,14-17 whereas all A-
type lamins, the lamins A, AD10, C, and
C2, are isoforms expressed from the single
LMNA gene.14-17 While at least one B-
type lamin seems to be present in all
nucleated cell types, the expression of A-
type lamins is rather developmentally

regulated and most prominent in differen-
tiated cells. The tight and highly ordered
lamina network, which in most mamma-
lian cell types is composed of two A- and
two B-type lamins, is known to be essen-
tial for the maintenance of nuclear stabil-
ity and shape. Furthermore, the nuclear
lamina is involved in chromatin organiza-
tion and gene regulation through both
direct and indirect interactions with
chromatin.18,19

Adaptations of the Meiotic
Nuclear Envelope are Related

to its Specific Function

Although the basic features of the NE
are highly conserved between all eukary-
otic cells, numerous cell type specific
adaptations regarding its structure and
composition have been described in the
recent years. A striking example for cell
type specific modulation of the NE con-
cerns the central LINC complex compo-
nents and their interaction partners.
Mammals contain at least five different
SUN domain protein coding genes and
five genes coding for KASH proteins. This
renders the possibility for the assembly of
diverse LINC complexes with distinct
functions, which in turn connect different
nuclear structures to specific cytoskeletal
elements. Recent studies show clear evi-
dence that individual SUN and KASH
proteins or derived splice isoforms are dif-
ferentially expressed, strongly pointing
toward cell type and tissue specific adapta-
tions of LINC complex composition.20-24

Cell type specific expression and assem-
bly of LINC components is a prominent
feature of mammalian meiosis.2 Meiosis is
a specialized cell division resulting in hap-
loid cells capable to differentiate into fer-
tilisation competent gametes. A conserved
hallmark of early meiotic stages is the teth-
ering and intimate attachment of chromo-
some ends to the NE during early
prophase I. The attached chromosome
ends are actively repositioned within the
NE during the progress of prophase I and
transiently cluster within a restricted area
of the NE adjacent to the microtubule
organizing center (MTOC).25,26 Attach-
ment and movement of the meiotic chro-
mosomes are proposed to facilitate the

pairing and synapsis of the homologous
chromosomes as well as efficient meiotic
homologous recombination, both being
essential for the successful completion of
meiosis and thus fertility.27 Telomere
tethering and movement during meiosis
require a uniquely remodeled NE and are
mediated by meiosis-specific LINC com-
plexes.28 In mice, these are composed of
the conventional, ubiquitously expressed
SUN domain proteins, which assemble
with KASH5, a meiosis-specific KASH
domain protein, to form a unique meiosis-
specific nucleocytoplasmatic bridge29-31

(Fig. 1).
Concomitant with the conversion of

the LINC complexes, also the nuclear
lamina undergoes remarkable germ cell
specific rearrangements. In meiotic cells, it
consists only of one B-type lamin, lamin
B1, and the unconventional A-type lamin
isoform, lamin C2. Lamin C2 is exclu-
sively found in the lamina of meiotic cells,
implicating an additional essential adapta-
tion of the NE to the requirements of mei-
otic cell function.15,32 These remarkable
modifications within the composition and
structure of the NE clearly emphasize the
active role of the NE in meiotic progres-
sion, successful completion of recombina-
tion and genome haploidization, which
represent most central aspects of fertility
and reproduction.

Components of the Meiotic LINC
Complex Involved in Tethering

Telomeres to the NE

A most conserved feature of meiosis is
the tethering and stable attachment of
chromosome ends to the NE. This prereq-
uisite for successful completion of meiosis
has been found to be mediated by SUN
and KASH domain proteins in all meiotic
model organisms studied so far (Fig. 2).
Particularly with regard to mammals, the
continuous work over the past years finally
disclosed the composition of the anchors
connecting the meiotic telomeres to the
NE and some research groups set out to
elucidate the precise functions of the indi-
vidual components. The first identified
mammalian constituents of these highly
specialized telomere anchors were the
ubiquitously expressed LINC complex
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components SUN1 and SUN2.29,30 At
the onset of meiosis both, SUN1 and
SUN2, show a unique and quite remark-
able redistribution. In contrast to the
homogenous distribution of the two SUN
domain proteins in the NE of somatic
cells, in meiotic prophase I cells they fea-
ture a peculiar punctuated pattern within
the NE, located only at the sites of telo-
mere attachment. Interestingly, the redis-
tribution of ubiquitously expressed SUN
domain proteins to the sites of telomere
attachment upon the induction of meiosis
is not specific for mammals, but also
observed in all other meiotic model organ-
isms studied so far. With initiation of mei-
osis in the fission yeast, for example, the
ubiquitiously expressed SUN domain

protein Sad1 transiently relocates from its
somatic localization at the spindle pole
body (SPB) into smaller foci within the
NE to the sites, where the telomeres are
attached.33,34

With Kms1, a KASH domain protein
was identified that directly interacts with
Sad1 to form a functional meiotic LINC
complex in S. pombe.35 Through the con-
nection of Kms1 to the microtubule
motor system, this complex facilitates
bouquet arrangement of chromosomes
with all telomeres tightly clustered at the
SPB.36,37 Similar to Kms1 in the fission
yeast, the KASH domain partner within
the meiotic LINC complex of C. elegans,
ZYG-12, which was also among the earli-
est identified meiotic KASH domain

proteins,38 also connects the NE-tethered
meiotic telomeres to the microtubule
cytoskeleton. Although in the case of
mammals the existence of a protein capa-
ble to connect meiotic telomeres to a cyto-
plasmic motor system was postulated as
well,30,39 the real meiotic KASH partner
of SUN1 and/or SUN2 remained elusive
for substantial time. But finally, Mori-
moto and colleagues could in fact identify
a new KASH protein specific for mamma-
lian meiotic cells, which they named
KASH531. Following this initial work
defining KASH5 as a SUN1 and SUN2
interacting meiotic LINC component,
which actually mediates the linkage of
meiotic telomeres to the microtubule
cytoskeleton, a second, independent study

Figure 1. Mammalian meiotic and somatic LINC complexes. The SUN-domain proteins SUN1 and/or SUN2 are central INM components of mammalian
LINC complexes, both in meiotic and somatic cells. The meiotic LINC complex further consists of the ONM residing meiosis-specific KASH5 protein, which
via dynein/dynactin likely connects to the microtubule cytoskeleton. In somatic cells, versatile, cell-type specific KASH-domain proteins interact with
SUN1 and/or 2 to form several distinct LINC complexes. The different KASH proteins in turn specifically connect to different components of the cytoskele-
ton, allowing the LINC complexes to fulfill specialized cellular functions.
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could demonstrate the essential function
of KASH5 for meiotic chromosome
dynamics and meiotic progression.40

Hence, these two studies provided clear
evidence that similar to the situation in
lower eukaryotes telomere movement in
mammals is also mediated by the microtu-
bule cytoskeleton through the interaction
of KASH5 with the dynein-dynactin com-
plex (Fig. 1, Fig. 2).

During meiotic prophase I chromo-
some ends must attach to the NE stably
enough to withstand the vigorous move-
ments during bouquet formation and
release, which in turn is required for accu-
rate chromosome pairing and recombina-
tion.27 To ensure a mechanically robust
connection between telomeres and meiotic
LINC complexes, different organisms
employed unique meiotic adaptor proteins

(Fig. 2), which are not well conserved
between the different species. Very promi-
nent examples of such adaptor proteins
are the meiosis-specific Bqt proteins 1–4
of fission yeast. These proteins form a
complex essential for the stable attach-
ment of telomeres to the NE and their
subsequent movement within the NE dur-
ing prophase I.41-43 In budding yeast mei-
osis, this important task of tethering
chromosome ends to the SUN nucleoplas-
mic domain appears to be taken by
Ndj1.44,45 How meiotic telomeres actually
bind to the nucleoplasmic side of the
LINC complexes in mammals has
remained uncertain for a long time. Very
recent work, however, was finally able to
identify the meiosis specific adaptor pro-
tein TERB1. Like the Bqt-complex in the
fission yeast and Ndj1 in the budding

yeast, mammalian TERB1 was also shown
to connect meiotic telomeres to the SUN
domain proteins.46,47 With this, the exis-
tence of a meiotic LINC complex with all
its necessary components to connect chro-
mosome ends through the NE to the cyto-
skeletal motor system can now be
postulated not only for lower organisms,
but also for higher organisms such as
mammals (Fig. 2). The fact that there is
no sequence similarity between TERB1,
Ndj1 and any of the Bqt proteins is quite
surprising and raises the question, whether
the adaptor mechanisms mediating the
anchorage of the meiotic telomeres to the
nucleoplasmic compartment of the LINC
complexes have evolved more than once
during evolution.

Analyses of mammalian meiotic LINC
complex function have mostly been

Figure 2. Meiotic LINC complexes of common model organisms. Meiotic LINC complexes of the different model organisms are all composed of special-
ized SUN-KASH protein bridges that are used to connect meiotic telomeres to the cytoskeleton. It requires unique adaptor proteins responsible to con-
nect the chromosome ends to the nuclear domain of the SUN protein. These adaptor proteins are highly diverged, species-specific, most likely
analogous proteins with similar function. The KASH component of meiotic LINC complexes in most cases interact with microtubule-associated motor
proteins. The only described exception refers to S. cerevisiae, in which Csm4 likely links to the actin cytoskeleton.
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conducted through the investigation of
meiotic phenotypes caused by the defi-
ciency of its respective components. Mice
deficient for either SUN1, KASH5 or
TERB1 show a strong meiotic phenotype
with homologous pairing being severely
affected, leading to a dramatic increase in
apoptosis by mid-pachytene stage and, as
a consequence, to infertility. Regarding
TERB1, mice deficient for this meiosis-
specific telomere adaptor protein, show an
almost entire loss of telomere attachment
to the NE, abolishment of telomere move-
ment and a severely defective homologous
pairing.47 This phenotype is assumed to
be the consequence of the loss of the con-
nection between chromosome ends and
the INM located SUN domain proteins.46

Consistent with the perception of cyto-
plasmic driven meiotic chromosome
movements, which are assumed to be
required for chromosome pairing and
recombination,27 mice deficient for
KASH5 also show almost complete
absence of homologous pairing. In addi-
tion, KASH5 deficient mice also exhibit a
reduction in telomere-NE associations.31

Whether the loss of telomere attachment
is due to reduced attachment of telomeres
or premature loss of telomere attachment
is, however, unclear. Nonetheless, it is
postulated that the absence of KASH5
leads to a misorganization of SUN1
within the NE, possibly reducing the sta-
bility or efficiency of telomere attachment
within the NE.40 Functional analyses of
the SUN domain proteins involved in this
meiotic LINC complex have proven to be
slightly more complex, due to the ubiqui-
tous expression of both SUN1 and SUN2,
on the one hand, and due to their demon-
strated functional redundancy in somatic
cells, on the other hand.48 Mice deficient
for SUN1 were shown to be infertile.29,49

They show increased apoptosis of the
germ cells, yet the meiotic phenotype is
significantly less severe than that observed
in KASH5 or TERB1 deficient mice.
Homologous pairing, for example, though
impaired and incomplete in SUN1 defi-
cient mice, to some extend still occurs
leading to at least partial synapsis of
homologous chromosomes in spermato-
cytes.50 Interestingly, even though SUN1
was absent, a significant progression of
recombination could be observed during

oogenesis. This suggests, that, although
critical for completion of meiosis per se,
SUN1 may be to some extent dispensable
for the attachment of telomeres to the
meiotic NE. Taking into account the
redundant functions of SUN1 and SUN2
in somatic nuclear anchorage and posi-
tioning as well as the shared localization of
SUN1 and SUN2 in meiotic cells, it
seemed plausible that in the absence of
SUN1 some telomeres may still manage
to attach to the NE, likely through the
contribution of SUN2.50 Indeed, recent
cytological and electron microscopy analy-
ses of SUN1 deficient meiocytes were able
to demonstrate that in the absence of
SUN1 a major fraction of meiotic telo-
meres is still able to attach to the NE
forming attachment plates similar to those
observed in wildtype meiocytes. Further-
more, in the absence of SUN1, SUN2
and KASH5 localize to the telomeres that
are still associated with the NE. This sug-
gests that the remaining components of
the mammalian meiotic LINC complex,
in principle, are still capable to connect
telomeres to the NE. The functionality of
the LINC complex in attaching telomeres
in the absence of SUN1 is also reflected in
the ability of these telomeres to move
within the NE, forming wildtype-like
bouquet clusters.50 These observations
suggest that, similar to the situation
described for somatic cells, SUN1 and
SUN2 may fulfill at least to some extent
redundant functions within the meiotic
LINC complex as well. This is well in
accordance with the less severe meiotic
phenotype in the SUN1 deficient mice
compared to the phenotypes caused by
KASH5 or TERB1 deficiency, respec-
tively. However, how the meiosis-specific
functions of the ubiquitously expressed
SUN1 and SUN2 are regulated in mice,
still remains to be elucidated.

With regard to this, studies in C.
elegans have demonstrated that the SUN
domain protein implicated in chromo-
some end attachment, SUN-1, is sub-
jected to substantial post-translational
modifications, regulating its meiotic func-
tions and mediating its role in meiotic
checkpoint mechanisms. In the case of
SUN-1, N-terminal phosphorylations
lead to increased mobility of the SUN-1
aggregates within the NE during early

meiotic stages, thus mediating the
observed rapid movements of the attached
chromosome ends typical for these mei-
otic stages. Upon progression of homolo-
gous pairing, subsequent
dephosphorylation of specific residues
within SUN-1 at later meiotic stages are
required to monitor the regulated progres-
sion of meiosis into pachytene, demon-
strating the involvement of SUN-1 in a
feedback checkpoint mechanism.51,52 It
appears plausible, but yet to be deter-
mined, whether similar modifications may
also occur on mammalian SUN domain
proteins to regulate their redistribution
within the NE and their meiosis-specific
interactions with other LINC complex
components. Interestingly, a recent study
reported that in human cells during mito-
sis the SUN1 nucleoplasmic domain
becomes phosphorylated at different sites,
most likely by Cdk1 and/or Plk1. This
phosphorylation in turn accounts for a sig-
nificant weakening of SUN1 binding to
other NE components.53 During mam-
malian meiotic prophase I the mitotic
kinase Cdk2, which in somatic cells is par-
tially redundant with Cdk1, can be found
highly accumulated at the telomeres of
meiotic chromosomes. This suggests a
critical role of Cdk2 in meiotic telomere
maintenance, attachment and/or move-
ment.54,55 Consistent with this, Cdk2
deficient mice show severely defective mei-
otic telomeres, with a significant number
of telomeres being not accurately attached
at the NE.55-57 Recent more detailed anal-
ysis of the Cdk2 deficient meiotic pheno-
type confirmed a crucial role of Cdk2 in
telomere attachment and, furthermore, in
regulating general meiotic NE integrity
and dynamics, which particularly also
concerns SUN1, a bona fide target of
Cdk2.58

Adaptations of the Nuclear
Envelope to Facilitate Meiotic
Chromosome Movements

Not only is the attachment of telo-
meres within the NE an essential feature
for meiotic success, but also their directed
and strongly regulated movement within
the NE. These movements are considered
to be operated by cytoskeletal forces that
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are transferred to the chromosomes via the
meiotic LINC complexes. During this
choreography, chromosome ends tran-
siently cluster within a restricted region,
forming the so called bouquet-stage. The
actual function of the formation and
release of the meiotic bouquet is still not
entirely clear. However, it seems likely
that bringing chromosome ends together
to a more confined space within the
nuclear periphery supports homologous
pairing, synapsis formation, double strand
break (DSB) repair and recombination.
Furthermore, the active release of the mei-
otic bouquet is implicated to prevent and
dissolve unwanted, heterologous associa-
tions between non-homologous chromo-
somes to avoid failures in homologous
pairing.27,59 Thus, the tightly regulated
movement of the attached chromosomes
appears to be an essential prerequisite for
the efficient and successful completion of
meiosis in numerous model organisms,
from yeast to mammals.

From several studies it is evident that
the NE of meiotic cells serves as a plat-
form for the movement of the attached
chromosomes and must therefore be stable
enough to withstand the forces generated
by the cytoskeleton and transferred by the
LINC complex. On the other hand, the
NE also has to be flexible enough to allow
the rapid movement of the LINC com-
plexes and attached telomeres within it. In
somatic cells, the nuclear lamina is a rigid
protein network, renowned for its func-
tion in maintaining nuclear stability and
shape. In mammals, the nuclear lamina,
like many other components of the NE,
undergoes remarkable remodeling at the
onset of meiosis. This remodeling is
reflected in the composition of the meiotic
lamina, where the meiosis specific A-type
lamin C2 is the only A-type lamin
expressed besides the ubiquitously
expressed B-type lamin, lamin B1.32,60,61

Compared to its somatic counterparts,
lamin C2 is an N-terminally truncated
isoform, missing the globular head and
the N-terminal part of the central coiled-
coil domain. These domains are replaced
by a unique hexapeptide sequence
required for its targeting to the NE.62

Hence, meiotic lamin C2 is lacking pro-
tein domains, which in somatic lamins
have been demonstrated to be critical for

the longitudinal and lateral higher ordered
polymerisation of the lamina network.
Consistent with this, lamin C2 shows a
significantly increased mobility within the
nuclear lamina compared to the somatic
A-type lamin variants.63 The general local-
ization of lamin C2 within the NE is also
unique in that it does not localize homo-
genously within the meiotic lamina, but
rather enriches within domains at sites
were telomeres are attached to the NE.
Investigating mice specifically deficient for
this meiosis-specific lamin variant demon-
strated that lamin C2 is critical for the
correct and efficient movement of
attached telomeres.64 In the absence of
lamin C2 the release of the meiotic bou-
quet is significantly delayed, leading to
failures in synapsis of the homologs and a
high incidence of heterologous associa-
tions. Furthermore, lamin C2 deficient
mice show defective DSB repair and
recombination, culminating in infertility
of the male mice. Taking into account the
peculiar characteristics of lamin C2, it is
assumed that lamin C2 locally increases
the flexibility of the meiotic nuclear lam-
ina to allow efficient movement of the
attached telomeres within the NE. There-
fore, this remarkable meiotic nuclear lam-
ina adaptation appears to be another
critical feature of the mammalian meiotic
NE essential for correct and proper mei-
otic progression and fertility.64

Studies on the function of the meiotic
nuclear lamina in mammals clearly indi-
cate that besides bouquet formation, the
release of the meiotic bouquet may be crit-
ical for efficient repair of DSB and for
resolving heterologous associations
between non-homologous chromosomes.
This is essential to prevent defects in syn-
aptic pairing of the homologs and
required to avoid mistakes in chromosome
segregation. Recently it was hypothesized,
that homolog recognition and synaptic
pairing in mice is mainly mediated by
searching for homology in chromosome
architecture. This could be defined by
meiotic cohesion, rather than being sup-
ported by more general dynamic chromo-
some reorganization, SPO11 dependent
DSB inductions or telomere driven chro-
mosome movements.65 That homolog
pairing in mammals may occur indepen-
dent from telomere movements was

inferred from the fact that in SUN1 defi-
cient mice a significant number of chro-
mosomes retain the ability to pair and
synapse. This conclusion was based on the
supposition that in the absence of SUN1
all telomeres are detached from the NE.
However, in a recent study we provided
definite evidence that in SUN1 deficient
mice up to 70% of the telomeres are still
connected to the NE and to the cytoskele-
tal motor system. This telomere attach-
ment in the absence of SUN1 is likely
accomplished due to a partial redundant
function of a SUN2-KASH5 bridging
complex.50 Since the attached telomeres
in SUN1 deficient meiocytes are still capa-
ble to accomplish a bouquet-like confor-
mation, a significant influence of
gathering these NE attached telomeres on
homolog recognition and synaptic pairing
seems to be plausible. In fact, it could well
explain for partial synapsis and the signifi-
cant progression of recombination, which
is observed in the SUN1 deficient mouse
model system.29,49,50 This perception
receives further support by the results
obtained with KASH5 and TERB1 defi-
cient mice. KASH5 or TERB1 deficiency
both lead to functionally disrupted telo-
mere-cytoskeletal connection, which com-
pared to SUN1 deficient mice actually
lead to more severe phenotypes.40,47 Inter-
estingly, two recent studies described that
during medaka and zebrafish meiosis syn-
aptonemal complex formation and synap-
tic pairing of the homologs not only
timely correlate with bouquet formation,
but are initiated near NE attached and
tightly clustered chromosomal ends, from
where synapsis then disperses over the
entire homologs. This indicates that at
least in the fish synaptic pairing is medi-
ated by telomere driven chromosome
gathering.66,67

In any case, chromosome cohesion
without doubt has a very central function
in initial meiotic chromosome pairing and
further meiotic progression as evidenced
by mice showing defective meiotic cohe-
sion.68-74 Meiotic cohesion is established
very early in meiosis, giving it a predispo-
sition for mediating primary homolog
interactions. Additionally, intermediate
meiotic processes such as the assembly of
the synaptonemal complexes and the effi-
cient repair of DSBs imperatively depend
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on proper meiotic cohesion. Nonetheless,
recent results from mouse models, where
early and intermediate meiotic events are
still intact, yet later meiotic events are
defective, clearly point toward the impor-
tance of other mechanisms for homolo-
gous pairing and meiotic progression as
well. In lamin C2 deficient meiocytes, for
example, several normal appearing synap-
tonemal complexes are still assembled and
early steps of DSB formation and repair
occur. However, in these mice the release
of the meiotic bouquet is significantly
impaired, leading to an accumulation of
heterologous associations and defects in
late recombination events.64 At present it
seems evident that the mechanisms
required for the establishment of correct
homologous associations rely on combina-
tion of both, the internal nuclear cohe-
sion-dependent chromosome
reorganization and the telomere driven
chromosome rearrangements, which
mainly occur during the formation and
release of the meiotic bouquet. Directed
telomere movements appear to be particu-
larly critical for avoiding incorrect heterol-
ogous pairing, efficient DSB repair and
meiotic recombination.

Concluding Remarks

Both telomere attachment and their
regulated movement within the NE are
critical parameters for meiosis and thus
are pivotal for fertility. Telomere tethering
and attachment is mediated by specialized
components of the NE, fulfilling meiosis-
specific functions. Meiosis-specific adapta-
tions and features of the NE and lamina
have evolved to facilitate the efficient
movement of the attached telomeres
within the NE. Recent studies investigat-
ing mammalian meiotic NE components
have now provided detailed insights into a
number of specialized meiotic adaptations
of the NE required to facilitate meiotic
functions, highlighting the active role of
the NE as a regulatory platform for
nuclear processes. Nonetheless, many
question, in particular regarding the cell
type specific regulation of ubiquitously
expressed NE components, such as the
two core LINC constituents SUN1 and

SUN2, remain to be investigated and
answered in the future.
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