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Homolog Pairing at the Push of a Button
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Homologous chromosomes pair in somatic cells in Drosophila, but how this occurs is poorly understood. In
this issue of Developmental Cell, Viets et al. (2019) show that proteins and chromatin structure mediate pair-
ing and argue against a DNA sequence-based mechanism.

Eukaryotic genomes are highly organized
within the interphase nucleus, with chro-
mosomes occupying distinct territories
and folding into predictable domains along
their lengths (Szabo et al., 2019). In
Drosophila and other dipterans, an addi-
tional layer of organization exists wherein
homologous chromosomes are intimately
paired from end to end in most somatic
cells, a property called somatic homolog
pairing (Joyce et al., 2016). While several
past studies have examined and charac-
terized somatic homolog pairing, the
molecular mechanisms that allow homolo-
gous chromosomes to identify one another
and physically pair remain poorly under-
stood. Viets et al. (2019) shed light on this
question by identifying and characterizing
“buttons” as discrete chromosomal seg-
ments that have a high capacity for homo-
log pairing.

Two general models can be used to
frame the problem of how homologous
chromosomes identify one another. In the
first, the DNA sequence itself could be
read by an unknown mechanism—in this
case, pairing activity would be continuous
and additive, predicting that any long
stretch of DNA homology would pair
more easily than a shorter region of homol-
ogy. In an alternative model, pairing could
be mediated by distinct features of
chromatin structure, such as patterns of
local DNA conformation and/or bound pro-
teins. In this discontinuous model, certain
genomic regions may have a higher ca-
pacity to pair than others and could there-
fore serve as molecular buttons to bring
two chromosomes together. Early studies
on somatic pairing in Drosophila embryos
showed that some regions of the genome
pair earlier than others, supporting a
discontinuous model (Fung et al., 1998).

To explore the mechanisms driving pair-
ing in Drosophila, Viets et al. (2019) de-
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signed an ectopic pairing strategy that
employed large transgenes encoding
duplicate genomic segments inserted
at an ectopic genomic location. If the
genomic segment carried by a transgene
has the capacity to mediate somatic homo-
log pairing, it may pair with the endogenous
locus that shares homology with that trans-
gene, which can be detected via DNA-fluo-
rescence in situ hybridization (DNA-FISH)
and three-dimensional imaging. Alterna-
tively, transgenes that are not able to
mediate pairing would not pair with their
endogenous counterparts. The authors
tested dozens of different transgenes in
this assay and found that some transgenes
have the capacity to pair with their endog-
enous counterparts, whereas other trans-
genes do not. Notably, all of the transgenes
were of similar size, with no significant dif-
ference in transgene length between those
that paired with their endogenous location
and those that did not. Thus, the data sup-
port that the capacity to pair in this assay is
confined to discrete genomic segments,
consistent with a button model for somatic
homolog pairing.

What, then, differentiates transgenes
that drive pairing from those that do so
poorly or not at all? Viets et al. compared
genomic features of transgenes from these
two categories and found significant differ-
ences in binding of specific insulator pro-
teins and their associated co-factors (Mat-
zat and Lei, 2014). Moreover, they also
found that the two categories of transgene
differ significantly in their total clusters of
unique insulator binding sites, with pairing
transgenes having more clusters, leading
the authors to propose a potential “insu-
lator code” that could be a component of
a unique address for each homologous
button. Perhaps just as interesting is the
list of genomic features that did not differ
significantly between pairing and non-pair-

ing transgenes, including transcriptional
activity, Polycomb group binding sites,
and patterns of histone modifications.

In addition to assessing bound proteins,
Viets et al. analyzed DNA topology in their
pairing and non-pairing transgenic se-
quences. Surprisingly, they found that
pairing transgenes were more likely to
encompass regions of chromatin folding
commonly referred to as topologically
associated domains (TADs), a major
component of three-dimensional genome
architecture (Szabo et al., 2019). The au-
thors further explored a potential role for
TAD structure by comparing the pairing
capacity of several transgenes derived
from overlapping genomic segments and
found that only the transgene with a com-
plete TAD could drive ectopic pairing.
However, not all transgenes that paired
encompassed an entire TAD, and some
transgenes with complete TADs did not
promote ectopic pairing, suggesting that
TAD structures could facilitate pairing but
may not be entirely instructive.

Finally, the authors assessed a role for
pairing in influencing gene expression.
Classical studies have established that
when chromosomes are paired, regulatory
DNA present on one chromosome can act
in trans on the homologous chromosome,
a phenomenon known as transvection
(Lewis, 1954). Viets et al. employed their
ectopic pairing assay in a classic neces-
sary/sufficient analysis of the spineless
gene and showed that, while pairing was
essential for transvection to occur, not all
pairing transgenes supported transvec-
tion, demonstrating that close proximity is
not sufficient for regulatory regions to act
in trans. Interestingly, the presence of a
single insulator site could confer the ability
to support transvection to a paired trans-
gene, further implicating insulators as
important regulators of trans-interactions,
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in agreement with other recent reports (Lim
et al., 2018; Piwko et al., 2019).

The work by Viets et al. demonstrates a
remarkable ability of large transgenes to
find their homologous regions on different
chromosomes, seemingly defying the
chromosome territory structure of the
nucleus as they do so. Prior analyses of
chromosome territories have been largely
confined to fixed cells, presenting a static
picture of the general positions of entire
chromosomes—the study by Viets et al.
may indicate that territories are more fluid
than they seem and that mixing between
territories is not unusual. Analyses of
chromosome positions in living cells may
help to shed further light on the potential
dynamic nature of interphase chromo-
some biology. Furthermore, Viets et al.
demonstrate a cell-type specificity to their
ectopic pairing assay, suggesting that
pairing can be dramatically influenced by
the protein components and/or cell-cycle
state of a tissue. Exploration of button
activity in varying cell types could help

elucidate crucial differences between
cells that support ectopic pairing versus
those that do not, perhaps helping us to
better understand why somatic homolog
pairing is common in dipterans but rare
in other species.

Somatic homolog pairing was first
described over a century ago (Stevens,
1908), and yet this amazing puzzle still
defiantly resists a precise molecular expla-
nation. The work by Viets et al. (2019)
strongly implicates features such as insu-
lators and TADs as key components of a
pairing mechanism, providing clues to aid
in solving this long-standing question.
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Multiple stem cells maintain and repair tissues, yet how they communicate is not well understood. In this
issue of Developmental Cell, Veniaminova et al. (2019) report that each sebaceous gland is maintained by
local stem cells and that Notch signaling regulates multiple aspects of their function, revealing tissue homeo-

stasis mechanisms.

Stem cells are essential for tissue homeo-
stasis and repair after injury. The epidermis
provides an excellent model to understand
stem cell regulation since multipleindepen-
dent stem cell populations have been iden-
tified and shown to maintain the interfollic-
ular epidermis, the outermost layer of the
skin, and epidermal appendages, such as
the hair follicle and the sebaceous gland
(SG), the oil producing gland of the skin
(Goldstein and Horsley, 2012). While it is

clear that distinct stem cell populations in
the epidermis can communicate and sup-
ply cells to replenish each other in extreme
crisis events like tissue injury (Levy et al.,
2007), the mechanisms by which this oc-
curs during tissue homeostasis and with
age are not well understood.

In the past several years, several groups
have identified stem cells that can support
the SG, which reside within the gland
(Feldman et al., 2019; Horsley et al,,
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2006), in the upper hair follicle region (Jen-
sen et al., 2009), and in the bulge region of
the hair follicle (Frances and Niemann,
2012), which has generated confusion in
the field regarding the source of stem cells
for the SG (Kretzschmar et al., 2014). Inter-
estingly, many mutant mice thatimpact SG
homeostasis (for example, see Karnik
et al., 2009) also possess defects in the
epidermis and hair follicles, suggesting
that SG stem cells may support these other
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