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Meiotic chromosome movement: what’s lamin got to do with it?
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ABSTRACT
Active meiotic chromosome movements are a universally conserved feature. They occur at the
early stages of prophase of the first meiotic division and support the chromosome pairing process
by (1) efficiently installing the synaptonemal complex between homologous chromosomes, (2)
discouraging inadvertent chromosome interactions and (3) bringing homologous chromosomes
into proximity. Chromosome movements are driven by forces in the cytoplasm, which are passed
on to chromosome ends attached to the nuclear periphery by nuclear-membrane-spanning
protein modules. In this extra view, we highlight our recent studies into the role of the nuclear
lamina during this process to emphasize that it is a highly conserved structure in metazoans. The
nuclear lamina forms a rigid proteinaceous network that underlies the inner nuclear membrane to
provide stability to the nucleus. Misdemeanors of the nuclear lamina during meiosis has deleter-
ious consequences for the viability and health of the offspring, highlighting the importance of
a functional nuclear lamina during this cell cycle stage.
Abbreviations: DSB: DNA double strand break; LEM: LAP2, Emerin, MAN1; LINC: LInker of the
Nucleoskeleton and Cytoskeleton; RPM: rapid prophase movement; SUN/KASH: Sad1p, UNC-84/
Klarsicht, ANC-1, Syne Homology
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Haploid gametes are produced as a consequence of
meiotic cell divisions, and genetic diversity is gener-
ated through the assortment and exchange of
parental chromosomes via the programmed induc-
tion of DNA double strand breaks (DSBs). DSB
repair through homologous recombination creates
a physical connection between the parental homo-
logous chromosomes, which promotes their proper
segregation. Chromosome segregation requires their
side-by-side alignment, which is ultimately stabilized
by establishment of the synaptonemal complex [1].
In all organisms examined so far, chromosomes
engage in rapid prophase movements (RPMs) in
the prophase of the first meiotic division, and these
are crucial for the timely and successful accomplish-
ment of meiosis, for review see [2,3]. Prophase
I comprises the distinct stages leptonema, zygonema,
pachynema, diplonema and diakinesis, where the
movements are most pronounced in zygonema/
early pachynema. RPMs support the chromosome
pairing process by promoting efficient synaptonemal
complex assembly between homologs. When homo-
logous chromosomes become aligned side-by-side

they need to be prevented from becoming interwo-
ven or interlocked. RPMs initiation during the lep-
totene/zygotene stages is driven by forces originating
in the cytoplasm, which are transmitted to chromo-
some ends located at the nuclear periphery.

The transmission of cytoplasmic forces to chro-
mosome ends is mediated by the highly conserved
SUN/KASH (Sad1p, UNC-84/Klarsicht, ANC-1,
Syne Homology) bridge, which spans the nuclear
envelope and is referred to as the LINC complex
(LInker of the Nucleoskeleton and Cytoskeleton;
for review, see [4,5]). In Caenorhabditis elegans,
the LINC complex consists of SUN-1 and ZYG-12,
located in the inner and outer nuclear membranes,
respectively. The N-terminus of ZYG-12 extends
into the cytoplasm and interacts with dynein,
thereby connecting to the microtubule cytoskele-
ton, whereas the N-terminus of SUN-1 resides in
the nucleus and cooperates with chromosome
domains called pairing centers, which couple the
nuclear envelope-associated chromosome end to
the movement apparatus, for review see [6].
Disruption of the SUN/KASH bridge prevents
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chromosome movement and pairing [7–11].
Chromosome movement is required for synapto-
nemal complex assembly between homologous
chromosomes, in absence of movement it assem-
bles between chromosome regions without homol-
ogy and chromosomes frequently fold-back on
themselves [8,12]. Thus, the nuclear envelope has
a major role in chromosome movement.

Lamins are an integral part of the nuclear per-
iphery and nuclear envelope. They belong to the
family of type-V intermediate filaments and com-
prise an N-terminal head domain, a coiled-coil
central region, and a C-terminal tail domain
[13,14]. Lamin dimers can polymerize to form
higher-order filamentous structures, which can
crosslink to form a rigid network [15–19]. The
coil-coiled and the head and tail domains are
responsible for the formation of lamin dimers
and polymers respectively. Extensive studies dur-
ing mitosis and interphase showed that the flex-
ibility of the lamina network highly depends on
phosphorylations. For instance, in vertebrates and
flies phosphorylation of a conserved amino acid in
the head domain promotes lamin depolymeriza-
tion during mitosis, making the nuclear lamina
more soluble and flexible, for review see [20].

The nuclear lamina underlies the inner nuclear
membrane and interacts with chromatin and
a variety of nuclear envelope components (e.g.
SUN-1, nuclear pore proteins, and LEM (LAP2,
Emerin, MAN1) domain proteins [21]). Besides
its involvement in chromatin anchorage and reg-
ulating DNA replication, gene expression and
heterochromatin formation, the dense lamina
network provides mechanical stability to the
nuclear envelope [13]. Lamins are classified as
A-type or B-type according to their expression
pattern and structural properties [22,23].
Vertebrates and flies have both A- and B-type
lamins; in contrast, C. elegans has a single
B-type lamin isoform, encoded by the lmn-1
gene [24]. Yeasts, the simplest and most studied
eukaryotic meiotic model systems, do not have
a lamina at all. Likewise in plants, lamins
are absent, however the lamin-like proteins
(Little Nuclei Genes) perform analogous func-
tions [25,26]. As the rigid lamina network resides
between chromatin and the nuclear envelope, it
would be well placed to inhibit chromosome

movements and their connections with the
nuclear envelope. In our recent study, we inves-
tigated whether and how the nuclear lamina is
remodeled in the C. elegans germline, particu-
larly during the leptotene/zygotene stages of pro-
phase I, where RPMs take place [27].

We showed that upon meiotic entry the amount
of peripheral lamin is reduced and it becomes more
sensitive to detergent, thus rendering it more ‘solu-
ble.’ The increased solubility depends primarily on
the meiotic kinases CHK-2 and (to a lesser extent)
PLK-2, since both chk-2 and plk-2 mutants have
a more stable lamina network. Impairment of the
chromosome domains that recruit those kinases
also decreased lamin solubility. We also found
that LMN-1 is phosphorylated on several sites in
two clusters flanking its central rod domain.
Phosphorylation at one of these sites (Ser32) is
significantly upregulated upon meiotic entry and
is dependent on chk-2, plk-2, and the chromosome
domains that couple chromosome ends to the
nuclear periphery. A lmn-1 phospho-mutant
([gfp::lmn-18A]), in which all the identified phos-
phorylated residues flanking the rod domain were
substituted by non-phosphorylatable alanines, was
more resistant to detergent than the wild type. In
these mutants the lamina might become a mesh,
that behaves very rigid. With this mutant, we also
showed that a more rigid lamina network delays
meiotic entry, decelerates chromosome move-
ments, and delays chromosome pairing and DSB
repair. In agreement with the hypothesis that a lack
of phospho-modification would prevent de-
crosslinking of the lamina, we found that nuclear
lamina disassembly is delayed during the first
embryonic division in the [gfp::lmn-18A] mutant,
Figure 1.

Surprisingly, these phenotypes do not have
a strong impact on the viability of the mutant or
on the timing of nuclear envelope breakdown in
mitosis under laboratory conditions. However, we
noticed increased germline apoptosis in those
mutants with a more rigid lamina network. In
fact, when the apoptotic machinery was deacti-
vated in the [gfp::lmn-18A]; ced-3(n717) mutant,
there was a significant increase in embryonic leth-
ality (roughly a quarter of the embryos die) and
diakinesis oocytes with abnormal chromosome
structures can be seen. Thus, we concluded that

2 D. PAOUNESKOU AND V. JANTSCH



a more rigid lamina network causes stochastic
chromosome damage in the prophase of meiosis
I, and that the resultant compromised oocytes are
efficiently culled by the apoptotic machinery.

In a previous study, we identified a meiotic surveil-
lance system mediated by SUN-1 phosphorylation. If
meiosis is dysfunctional, then SUN-1 phosphoryla-
tion persists to extend chromosome movement and
delay meiotic progression, thus providing more time
for error correction [28]. By reasoning that this self-
correcting mechanism might also be at work in the
lamina de-crosslinking mutants, we generated the

[gfp::lmn-18A];[sun-1::gfp10A] double mutant.
Strikingly, we observed abnormal chromosome struc-
tures such as entanglements and chromosomal inter-
locks in pachytene, a phenotype that is never observed
in the wild type or any of the single mutants. These
structures persisted until diakinesis and were asso-
ciated with a significant increase in offspring lethality,
for a summary see Figure 1.

Link et al. (2018) highlight several important
aspects of lamina network function in meiosis
[1]: the mechanisms responsible for altering the
physical properties of the lamina during nuclear

a

b

Figure 1. Impact of LMN-1 phosphorylation during meiosis in the C. elegans germline: (a) Schematic representation of meiotic
progression along the C. elegans germline. Mitotic nuclei (blue) enter meiosis (pink), where the chromatin acquires a polarized
configuration as a consequence of chromatin reorganization and chromosome movement. Nuclei then enter pachynema (purple)
and homologous chromosomes are aligned in a side-by-side orientation. At diplonema (gray), chromatin condenses; during
diakinesis (orange), oocytes with six bivalents can be seen in the wild type. (b) In interphase nuclei in the mitotic zone, non-
phosphorylated lamin forms a rigid network. Upon meiotic entry, the lamina network is phosphorylated and adopts a more open
structure. In leptonema/zygonema, chromosomes move, homologous chromosomes align, followed by assembly of the synaptone-
mal complex (blue lines) between homologs. Inhibition of phosphorylation renders the lamina network less detergent-soluble upon
meiotic entry, which slows chromosome movement and delays pairing and synapsis. However, nuclei with abnormal chromosomes
are culled by apoptosis during pachynema and overall offspring viability of the phospho-mutant is not affected. Deactivation of the
apoptotic machinery or the phospho-SUN-1-mediated surveillance system combined with a more rigid lamina network leads to
pachytene nuclei with chromosome entanglements and interlocks. Therefore, the resultant diakinesis oocytes have chromosomes
with abnormal structures, which reduces offspring viability.
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envelope breakdown and for meiotic chromosome
movement are functionally related [2]; the rigidity
of the lamina network and the existing surveillance
mechanisms in the germline are interdependent;
and [3] lamina-modifying kinases are delivered
and/or regulated from subtelomeric chromosome
regions, near to chromosome end attachments to
the nuclear periphery. These three points are dis-
cussed separately in the following text.

Regarding the first point, it is well established that
phosphorylation/de-phosphorylation dynamically
regulates the degree of rigidity of the nuclear lamina
in mitosis and the solubility of lamin in interphase
[20,29,30]. We propose that a similar mechanism
exists during transition from mitosis to meiosis in
the C. elegans germline. Phosphorylation and de-
crosslinking of the lamina network on the nuclear
rim coincides with the appearance of RPMs. When
the lamina crosslinking (and thus its rigidity) is artifi-
cially maintained, as in the [gfp::lmn-18A] mutant,
chromosome movements are slower. By measuring
the ability of chromosomes to diffuse along the
nuclear envelope (by preventing force transmission
through the cytoplasm), we confirmed that the more
rigid lamina in [gfp::lmn-18A] restricts chromosome
end diffusion [27]. The failure to fully abrogate chro-
mosome movement in the [gfp::lmn-18A] mutant
could be explained by the cytoskeletal forces being
strong enough to overcome hindrance by the more
rigid lamina. In addition, the more rigid lamina did
not impair the interaction of chromosome ends with
the nucleoplasmic component of the SUN/KASH
bridge. Overall, the lamina is not eliminated, when
RPMs take place, which supports the notion that the
lamina itself does not impede chromosome end
attachments. Lamin filaments are thinner than regular
intermediate filaments [31] and obviously network
density even in the mutant does not interfere with
chromosome end attachments. We cannot exclude
the possibility that the [gfp::lmn-18A] mutant is
a hypomorph, thereby having a less severe phenotype.
However, we suspect that lamina rigidity is also
mediated by many other lamina- and nuclear envel-
ope-associated proteins, and therefore that lamina
remodeling might be a multifactorial process.
Although the lamina clearly persists for longer in
mitotic cell divisions in the mutant [27], it is striking
that lamina disassembly is not a rate-limiting step for
nuclear envelope breakdown.

Regarding the second point of the existing surveil-
lance mechanisms, it is clear that malsegregation of
chromosomes causes aneuploidy, and can thus dra-
matically impair the offspring. Thus, mechanisms to
prevent aneuploidy are in place at multiple levels dur-
ing oogenesis. We could not identify the exact source
of the observed chromosome abnormalities (such as
‘fused chromosome bodies’ or undefined chromatin
masses in diakinesis): they might be caused by either
delayed chromatin organization or less-efficient chro-
mosome movement in the [gfp::lmn-18A] mutant. In
this study, however, we identified twomechanisms for
preventing the segregation of fused/entangled chro-
mosomes into oocytes: apoptosis and the prolonga-
tion of the movement process. In the ([gfp::lmn-18A];
[sun-1::gfp10A] mutant, preventing the self-correction
mechanism of prolonging chromosome movement
leads to chromosome interlocks in one-fifth of pachy-
tene nuclei. Self-correction mechanisms have also
been observed in Sordaria, where during zygonema
chromosome interlocks appear in 20% of nuclei even
in the wild type [32]. However, these structures are
completely eliminated in pachynema, thus securing
correct chromosome segregation. This study found
that recombination factors were responsible for cor-
rect chromosome alignment, probably by resolving
the entanglements. Recently, it was also reported in
A. thaliana that impaired chromosome movement
elicits chromosome interlocks that can be resolved
through topoisomerase II-mediated topological rear-
rangements [33]. These examples emphasize that
aberrantly connected chromosomes are efficiently
eliminated at multiple levels to avoid their mis-
segregation into oocytes.

Regarding the third point of the lamina-modifying
kinases concentrated at the subtelomeric chromo-
some regions; experiments using the tractable genetic
model, C. elegans, led to the identification of the
homology recognition/pairing center regions, for
review see [34]. These are subtelomeric regions
(enriched in repetitive sequences) found on every
chromosome, that couple the chromosome to the
nuclear envelope while RPMs take place [35,36].
Pairing centers are necessary for the stable alignment
and synapsis of homologous chromosomes, probably
through their role in controlling chromosome move-
ment [6,35]. They act as recruitment platforms for
pairing center zinc-finger proteins, which then load
polo kinase(s), a major regulator of chromosome
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movement [37–40]. Pairing center proteins accumu-
late at chromosome end attachments during RPMs; as
the synaptonemal complex formation progresses, the
polo kinase(s) relocalizes from pairing centers to the
synaptonemal complex. In this tractable experimental
model, the simultaneous deletion of pairing center
proteins enabled the creation of a ‘pairing center
minus’ genetic background [37]. Interestingly, both
lamina solubilization and phospho-modifications
depend on functional pairing centers; thus, pairing
centers might be delivery or signaling platforms for
kinases that modify the nuclear lamina. Therefore,
pairing centers link chromosomal events, such as
synaptonemal complex formation or meiotic recom-
bination, with the nuclear periphery and in this way
regulate RPMs by acting upon relevant substrates,
such as lamin.

At first sight, the pairing centers seem to be an
exotic worm-specific feature; however, they cooperate
with highly conserved signaling kinases, such as
CHK-2 and polo kinases. A role for those in other
metazoans during chromosome movements has not
been demonstrated to date. The discovery that these
specific chromosome domains are involved in nuclear
lamina modifications highlights the importance of
studying such highly complex processes in relatively
simple model organisms. It will therefore be interest-
ing to investigate whether similar modules regulating
a crosstalk between chromosome events and the
nuclear lamina are also at work in higher eukaryotes.

Acknowledgments

We thank Jana Link for critically reading this article.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The Jantsch laboratory is funded by the Austrian Science
Fund (FWF; project no. SFB F3415-B19 and project no.
P-31275-B28).

ORCID

Verena Jantsch http://orcid.org/0000-0002-1978-682X

References

[1] Zickler D, Kleckner N. The leptotene-zygotene transi-
tion of meiosis. Annu Rev Genet. 1998;32:619–697.
PubMed PMID: 9928494.

[2] Koszul R, Kleckner N. Dynamic chromosome movements
during meiosis: a way to eliminate unwanted connections?
Trends Cell Biol. 2009;19(12):716–724. PubMed PMID:
19854056; PubMed Central PMCID: PMC2787882.

[3] Hiraoka Y, Dernburg AF. The SUN rises on meiotic
chromosome dynamics. Dev Cell. 2009;17(5):598–605.
Epub 2009/11/20. PubMed PMID: 19922865.

[4] Starr DA. A nuclear-envelope bridge positions nuclei and
moves chromosomes. J Cell Sci. 2009;122(Pt 5):577–586.
Epub 2009/02/20. PubMed PMID: 19225124; PubMed
Central PMCID: PMCPMC2720917.

[5] Klutstein M, Cooper JP. The Chromosomal Courtship
Dance-homolog pairing in early meiosis. Curr Opin
Cell Biol. 2014;26:123–131. PubMed PMID: 24529254.

[6] Woglar A, Jantsch V. Chromosome movement in
meiosis I prophase of Caenorhabditis elegans.
Chromosoma. 2014;123(1–2):15–24. PubMed PMID:
24036686; PubMed Central PMCID: PMC3967079.

[7] Baudrimont A, Penkner A, Woglar A, et al. Leptotene/
zygotene chromosome movement via the SUN/KASH
protein bridge in Caenorhabditis elegans. PLoS Genet.
2010;6(11):e1001219. PubMed PMID: 21124819;
PubMed Central PMCID: PMC2991264.

[8] Penkner A, Tang L, Novatchkova M, et al. The nuclear
envelope protein Matefin/SUN-1 is required for homo-
logous pairing in C. elegans meiosis. Dev Cell. 2007;12
(6):873–885. PubMed PMID: 17543861.

[9] Penkner AM, Fridkin A, Gloggnitzer J, et al. Meiotic
chromosome homology search involves modifications
of the nuclear envelope protein Matefin/SUN-1. Cell.
2009;139(5):920–933. PubMed PMID: 19913286.

[10] Sato A, Isaac B, Phillips CM, et al. Cytoskeletal forces span
the nuclear envelope to coordinate meiotic chromosome
pairing and synapsis. Cell. 2009;139(5):907–919. PubMed
PMID: 19913287; PubMedCentral PMCID: PMC2825574.

[11] Wynne DJ, Rog O, Carlton PM, et al. Dynein-
dependent processive chromosome motions promote
homologous pairing in C. elegans meiosis. J Cell Biol.
2012;196(1):47–64. PubMed PMID: 22232701; PubMed
Central PMCID: PMC3255982.

[12] Rog O, Dernburg AF. Direct visualization reveals
kinetics of meiotic chromosome synapsis. Cell Rep.
2015;10:1639–1645. PubMed PMID: 25772351;
PubMed Central PMCID: PMC4565782.

[13] Gruenbaum Y, Foisner R. Lamins: nuclear intermedi-
ate filament proteins with fundamental functions in
nuclear mechanics and genome regulation. Annu Rev
Biochem. 2015;84:131–164. PubMed PMID: 25747401.

[14] Gruenbaum Y, Medalia O. Lamins: the structure and
protein complexes. Curr Opin Cell Biol. 2015;32:7–12.
PubMed PMID: 25460776.

NUCLEUS 5



[15] Foeger N, Wiesel N, Lotsch D, et al. Solubility proper-
ties and specific assembly pathways of the B-type lamin
from Caenorhabditis elegans. J Struct Biol. 2006;155
(2):340–350. PubMed PMID: 16713298.

[16] Heitlinger E, Peter M, Haner M, et al. Expression of
chicken lamin B2 in Escherichia coli: characterization
of its structure, assembly, and molecular interactions.
J Cell Biol. 1991;113(3):485–495. PubMed PMID:
2016332; PubMed Central PMCID: PMC2288961.

[17] Karabinos A, Schunemann J, Meyer M, et al. The single
nuclear lamin of Caenorhabditis elegans forms in vitro
stable intermediate filaments and paracrystals with
a reduced axial periodicity. J Mol Biol. 2003;325
(2):241–247. PubMed PMID: 12488092.

[18] Schneider U, Mini T, Jeno P, et al. Phosphorylation of the
major Drosophila lamin in vivo: site identification during
both M-phase (meiosis) and interphase by electrospray
ionization tandem mass spectrometry. Biochemistry.
1999;38(14):4620–4632. PubMed PMID: 10194384.

[19] Stuurman N, Heins S, Aebi U. Nuclear lamins: their
structure, assembly, and interactions. J Struct Biol.
1998;122(1–2):42–66. PubMed PMID: 9724605.

[20] Machowska M, Piekarowicz K, Rzepecki R. Regulation of
lamin properties and functions: does phosphorylation do
it all? Open Biol. 2015;5(11):150094. PubMed PMID:
26581574; PubMed Central PMCID: PMC4680568.

[21] Cohen-FixO,Askjaer P. Cell Biology of theCaenorhabditis
elegans nucleus. Genetics. 2017;205(1):25–59. PubMed
PMID: 28049702; PubMedCentral PMCID: PMC5216270.

[22] Dechat T, Adam SA, Taimen P, et al. Nuclear lamins.
Cold Spring Harb Perspect Biol. 2010;2(11):a000547.
PubMed PMID: 20826548; PubMed Central PMCID:
PMC2964183.

[23] Naetar N, Ferraioli S, Foisner R. Lamins in the nuclear
interior - life outside the lamina. J Cell Sci. 2017;130
(13):2087–2096. PubMed PMID: 28668931.

[24] Liu J, Rolef Ben-Shahar T, Riemer D, et al. Essential
roles for Caenorhabditis elegans lamin gene in nuclear
organization, cell cycle progression, and spatial organi-
zation of nuclear pore complexes. Mol Biol Cell.
2000;11(11):3937–3947. PubMed PMID: 11071918;
PubMed Central PMCID: PMC15048.

[25] Graumann K. Evidence for LINC1-SUN associations at
the plant nuclear periphery. PLoS One. 2014;9(3):
e93406. PubMed PMID: 24667841; PubMed Central
PMCID: PMC3965549.

[26] Ciska M, Masuda K, Moreno Diaz de la Espina S. Lamin-
like analogues in plants: the characterization of NMCP1 in
Allium cepa. J Exp Bot. 2013;64(6):1553–1564. PubMed
PMID: 23378381; PubMedCentral PMCID: PMC3617829.

[27] Link J, Paouneskou D, Velkova M, et al. Transient and
partial nuclear lamina disruption promotes chromo-
some movement in early meiotic prophase. Dev Cell.
2018;45(2):212–225.e7. PubMed PMID: 29689196.

[28] Woglar A, Daryabeigi A, Adamo A, et al. Matefin/SUN-1
phosphorylation is part of a surveillance mechanism to
coordinate chromosome synapsis and recombination

with meiotic progression and chromosome movement.
PLoS Genet. 2013;9(3):e1003335. PubMed PMID:
23505384; PubMed Central PMCID: PMC3591285.

[29] Kochin V, Shimi T, Torvaldson E, et al. Interphase phos-
phorylation of lamin A. J Cell Sci. 2014;127(Pt
12):2683–2696. Epub 2014/04/18. PubMed PMID:
24741066; PubMed Central PMCID: PMCPMC4058112.

[30] Kutay U, Hetzer MW. Reorganization of the nuclear
envelope during open mitosis. Curr Opin Cell Biol.
2008;20(6):669–677. PubMed PMID: 18938243;
PubMed Central PMCID: PMC2713602.

[31] Turgay Y, Eibauer M, Goldman AE, et al. The mole-
cular architecture of lamins in somatic cells. Nature.
2017;543(7644):261–264. PubMed PMID: 28241138;
PubMed Central PMCID: PMC5616216.

[32] Storlazzi A, Gargano S, Ruprich-Robert G, et al.
Recombination proteins mediate meiotic spatial chromo-
some organization and pairing. Cell. 2010;141(1):94–106.
PubMed PMID: 20371348; PubMed Central PMCID:
PMC2851631.

[33] Martinez-Garcia M, Schubert V, Osman K, et al. TOPII
and chromosome movement help remove interlocks
between entangled chromosomes during meiosis.
J Cell Biol. 2018;217(12):4070–4079. Epub 2018/09/30.
PubMed PMID: 30266762; PubMed Central PMCID:
PMCPMC6279386.

[34] McKim KS. Meiotic pairing: a place to hook up. Curr
Biol. 2007;17(5):R165–R168. Epub 2007/03/07. PubMed
PMID: 17339014.

[35] MacQueen AJ, Phillips CM, Bhalla N, et al.
Chromosome sites play dual roles to establish homo-
logous synapsis during meiosis in C. elegans. Cell.
2005;123(6):1037–1050. PubMed PMID: 16360034;
PubMed Central PMCID: PMC4435800.

[36] Phillips CM, Wong C, Bhalla N, et al. HIM-8 binds to
the X chromosome pairing center and mediates
chromosome-specific meiotic synapsis. Cell. 2005;123
(6):1051–1063. PubMed PMID: 16360035; PubMed
Central PMCID: PMC4435792.

[37] Harper NC, Rillo R, Jover-Gil S, et al. Pairing centers
recruit a Polo-like kinase to orchestrate meiotic chromo-
some dynamics in C. elegans. Dev Cell. 2011;21
(5):934–947. PubMed PMID: 22018922; PubMed Central
PMCID: PMC4343031.

[38] Labella S, Woglar A, Jantsch V, et al. Polo kinases
establish links between meiotic chromosomes and
cytoskeletal forces essential for homolog pairing. Dev
Cell. 2011;21(5):948–958. PubMed PMID: 22018921.

[39] Phillips CM, Dernburg AF. A family of zinc-finger
proteins is required for chromosome-specific pairing
and synapsis during meiosis in C. elegans. Dev Cell.
2006;11(6):817–829. PubMed PMID: 17141157.

[40] Phillips CM, Meng X, Zhang L, et al. Identification of
chromosome sequencemotifs thatmediatemeiotic pairing
and synapsis in C. elegans. Nat Cell Biol. 2009;11
(8):934–942. PubMed PMID: 19620970; PubMed Central
PMCID: PMC4001799.

6 D. PAOUNESKOU AND V. JANTSCH


	Abstract
	Acknowledgments
	Disclosure statement
	Funding
	References



