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Right on target:
Chromatin jets arise from targeted
cohesin loading in wild-type cells
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Uncovering an informative feature of 3D genome structure, Guo et al. (2022) describe chromatin jets in quies-
cent murine thymocytes: 1–2 Mb structures formed by targeted cohesin loading at narrow accessible chro-
matin regions and visible as prominent off-diagonal stripes on contact maps.
Eukaryotic genomes are organized into

complex 3D structures across a range

of length scales. Understanding the

formation and regulation of these struc-

tures is crucial, as they regulate diverse

processes including gene expression,

DNA repair, recombination, and replica-

tion. Chromatin conformation capture

methods, such as Hi-C, have been instru-

mental in uncovering patterns of 3D

genome organization, including A/B com-

partments, topologically associating do-
mains (TADs), and loops. A/B compart-

ments arise from active and inactive

chromatin regions associating primarily

with other regions of the same type both

intra- and inter-chromosomally and are

visible on contactmaps as a checkerboard

pattern (Figure1). TADsare local chromatin

domains characterized by increased con-

tact within the region compared with

outside the region; they are visible on con-

tactmapsassquares (Figure1) (Fudenberg

et al., 2017). TADs often exhibit strong
Molecular Cell 82,
stripes/flames and corner peaks on con-

tact maps, which are indicative of cohe-

sin-mediated loop extrusion, wherein the

SMC (Structural Maintenance of Chromo-

somes) complex cohesin loads onto DNA

and extrudes bidirectionally until encoun-

tering a block or being unloaded (Davidson

et al., 2019; Kim et al., 2019; Fudenberg

et al., 2017;Gabrieleet al., 2022).However,

many aspects of the loop extrusion pro-

cess remain poorly understood, including

the factors that regulate cohesin loading
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Figure 1. Hi-C contact maps provide insights into the mechanisms of 3D genome structure regulation
Top: simplified sketches of Hi-C contact maps showing A/B compartments (left); TADs, loops, and stripes (middle); and ‘‘jets’’ (right), with likely mechanisms
shown below. A/B compartments form because of self-segregation of euchromatin and heterochromatin. TADs, stripes, and loops arise from cohesin looping in
broad regions bounded by extrusion barriers such as CTCF boundaries. Jets result from focal cohesin loading in a narrow region and subsequent bidirectional
extrusion without nearby extrusion barriers.
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onto chromatin and whether specific tar-

geted loading sites exist in eukaryotes. A

key signature of targeted loading in Hi-C

maps is a stripe perpendicular to the diag-

onal from the site of targeted loading. Such

targeted loading of loop-extruding SMC

complexes resulting in an off-diagonal

stripe has previously been observed in

bacteria (Marbouty et al., 2015; Wang

et al., 2017) and very recently in perturbed

mammalian cells (Liu et al., 2021) but had

not yet been seen in unperturbedmamma-

lian cells.

Now, Guo et al. (2022) have used in situ

Hi-C in quiescent murine thymocytes to

reveal off-diagonal stripes, which they

term ‘‘jets.’’ These structures, which are

also visible in resting B cells, manifest on

contact maps as strong stripes perpen-

dicular to the main diagonal (Figure 1).

Jets are observed at a subset of small

open chromatin regions flanked by large

heterochromatin domains. Merging Hi-C

data with ChIP sequencing and ATAC

sequencing (ATAC-seq), the authors find

that the regions producing jets are espe-

cially enriched in ATAC-seq signals (indic-

ative of accessible chromatin), occu-

pancy by RAD21 (a cohesin subunit) and

NIPBL (commonly held to be a cohesin

loader), and H3K27ac marks (indicative

of active regulatory regions). Partial

depletion of cohesin strongly reduces jet
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strength across all sites, indicating that

jets are cohesin-dependent structures;

depletion of CTCF (CCCTC-binding fac-

tor; a cohesin block) was not required to

observe jets but did alter the strength

and shape of a subset of jets. Polymer

simulations reproduce jet-like structures

when cohesin complexes are restricted

to loading in narrow regions; by contrast,

uniform cohesin loading across a broad

region reproduced TAD-like structures,

consistent with previous findings (Fuden-

berg et al., 2017).

The properties of jets shed new light

on several aspects of loop extrusion.

Jets most closely resemble the plumes

previously described by Liu et al. (2021)

in that they extend perpendicular to the

diagonal of a Hi-C map and appear to

originate at isolated areas of accessible

chromatin flanked by large heterochro-

matin regions (Liu et al., 2021). Unlike

plumes, which require depletion of both

CTCF and WAPL (a cohesin unloader)

to form and can only be observed for

24 h post-WAPL/CTCF depletion, jets

can be observed in unperturbed wild-

type cells without depleting CTCF or

WAPL. Jets are also much longer than

plumes, extending up to 1–2 Mb from

their origin. Because jets do not require

perturbation to be observed, this dis-

tance provides a reasonable estimate of
the physiological extrusion range of co-

hesin in non-cycling cells—an important

insight that can help constrain loop-

extrusion models. Additionally, jets pro-

vide further support to the hypothesis

that cohesin can continue to extrude uni-

directionally even when blocked in one

direction, previously put forth in

modeling studies and substantiated by

experimental observations of chromatin

stripes/flares (Fudenberg et al., 2017). A

subset of jets located near CTCF sites

is deflected away from the perpendicular

angle of other jets in unperturbed cells.

When CTCF is depleted, these jets return

to a perpendicular angle. Guo et al.

(2022) identify that this indicates unidi-

rectional blockage of cohesin at the

CTCF site in wild-type cells.

Guo et al. (2022) also provide an answer

to the long-standing question of whether

cohesin loading is uniform or preferen-

tially occurs at specific sites. They clearly

show that cohesin does show preference

for specific sites rather than binding uni-

formly across the genome. The key next

step is to uncover the factors driving this

site preference. Guo et al. identify high

NIPBL binding and H3K27ac marks as

distinguishing features of jet sites, but it

is unclear whether those features are suf-

ficient for targeted cohesin loading or

even causative of it. In particular, though
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NIPBL is commonly believed to act as a

cohesin loader, it is also part of the trans-

locating cohesin complex and may thus

be present as a result of increased cohe-

sin occupancy in the region rather than a

cause (Rhodes et al., 2017; Davidson

et al., 2019; Kim et al., 2019). It also re-

mains to be determined why jets can be

observed in quiescent immune cells but

have not been seen in Hi-C and Micro-C

data from dozens of other mouse and hu-

man cell types. It is possible that there is

something unique about the chromatin

environment of these non-cycling cells

that gives rise to jets, akin to the flares

observed in zebrafish sperm (Wike et al.,

2021). As jets/plumes manifest in other

cycling cell types only once CTCF and

WAPL are depleted (Liu et al., 2021),

another possibility is that quiescent thy-

mocytes and B cells have unusually

long-lived cohesin and less-abundant

CTCF, allowing cohesin to extrude long

jets without dissociating or being blocked

by CTCF. Interestingly, this suggests that

cells may achieve cell-type-specific regu-

lation of 3D genome structure by regu-

lating the dynamics of CTCF and cohesin,

which may help to facilitate cell-type-spe-

cific regulation of gene expression.
BRCA1 protects a
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Deshpande et al. (2022) demonstrat
encoded by a gene that is intrinsica

Roughly one in tenwomen get breast can-

cer within their lifetime (Howlader et al.,

1975-2017). But for those who inherit a

pathogenic BRCA1 or BRCA2 allele, the

lifetime risk is greater than 50% (Kuchen-

baecker et al., 2017). Of the BRCA1

familial cancers, 80%–90% have loss of

heterozygosity (Kuchenbaecker et al.,

2017). Yet the BRCA1 gene sequence is

only 0.00004% of the human genome. Is
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the frequent loss of a second BRCA1

allele merely the result of chance? Or

does the loss of one BRCA1 allele predis-

pose cells to losing the second? In new

research that directly answers these

questions, Deshpande and colleagues

show that in cells heterozygous for a detri-

mental BRCA1 mutation, the BRCA1

gene bears the hallmarks of a fragile site,

breaking when subjected to replication
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ility

sked with protecting the genome, is

stress (Deshpande et al., 2022). Further-

more, this fragility frequently leads to mu-

tations that inactivate the second copy of

the gene.

BRCA1 and BRCA2 are key tumor

suppressors that preserve the integrity

of the genome, minimizing oncogenic mu-

tations. Both proteins play critical roles in

homologous recombination repair of DNA

double-strand breaks and protect stalled
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