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A right-handed signalling pathway drives heart

looping in vertebrates

Oscar H. Ocafia', Hakan Coskun', Carolina Minguillon®t
Ramaén Mufioz-Chapuli*® & M. Angela Nieto'

Most animals show external bilateral symmetry, which hinders
the observation of multiple internal left-right (L/R) asymmetries
that are fundamental to organ packaging and function'?. In
vertebrates, left identity is mediated by the left-specific Nodal-
Pitx2 axis that is repressed on the right-hand side by the epithelial
mesenchymal transition (EMT) inducer Snaill (refs 3, 4). Despite
some existing evidence, it remains unclear whether an equivalent
instructive pathway provides right-hand-specific information to
the embryo. Here we show that, in zebrafish, BMP mediates the
L/R asymmetric activation of another EMT inducer, Prrxla, in
the lateral plate mesoderm with higher levels on the right. Prexla
drives L/R differential cell movements towards the midline, leading
to a leftward displacement of the cardiac posterior pole through
an ac yosin-dependent mechanism. [ lation of Prrxla
prevents heart looping and leads to mesocardia. Two parallel and
mutually repressed pathways, respectively driven by Nodal and
BMP on the left and right lateral plate mesoderm, converge on
the asymmetric activation of the transcription factors Pitx2 and
Prrxl, which integrate left and right information to govern heart
morphogenesis. This mechanism is conserved in the chicken
embryo, and in the mouse SNAILI acts in a similar manner to
Prrxla in zebrafish and PRRX1 in the chick. Thus, a differential
L/R EMT produces asymmetric cell movements and forces, more
prominent from the right, that drive heart laterality in vertebrates.

Defects in L/R asymmetry occur in 1:10,000 humans®, and the
od morbidity and mortality usually indicate congenital heart
. The EMT converts epithelial cells into migratory cells, and
it is required in tissues and organs that are generated after profound
cell movements, such as the mesoderm and the neural crest®. Thus,
deregulation of L/R asymmetries and EMT leads to severe congenital
malformations or early embryonic lethality"*

After an initial disruption in L/R symmetry in the vertebrate embryo,
laterality is conferred to the organizer (node) and this information is
transferred to the left lateral plate mesoderm (LPM)'. The left-specific
¢ in the LPM is driven by Nodal and its downstream target
Pitx2. This pathway is conserved in deuterostomes, and in chick and
mouse embryos it is repressed on the right-hand side by the EMT
inducer SNAILI (refs 3, 4). We have found that like Snaill in amniotes,
a prrx1 gene duplicate (prrxla), is transiently expressed in the LPM of
the zebrafish embryo with higher levels on the right (Fig, 1a). Prrxl, like

Pitx2, is a paired-like homeobox transcription factor, and like Snaill, is
0

n

an EMT inducer in embryos and cancer cells!

In vertebrates, the cony nce of the left and right cardiogenic
regions in the embryonic midline results in the formation of a linear
primary heart tube (PHT). The subsequent bilateral addition of
progenitor cells to the arterial (anterior) and venous {posterior) poles
from the corresponding second heart fields (SHFs), respectively
contribute to

fongation and growth of the heart at the outflow

Prayag Murawala®t, Elly M. Tanaka’s, Joan Galo

and inflow tracts'’, These additions occur at the time of heart looping,
for which the underlying mechanisms remain poorly understood'",
although defects in the posterior pole are responsible for numerous
al heart defects in humans. Considering Prrxla L/R asym-
metric expression and its described role in the induction of cell
movements', we examined whether prrxla knockdown influenced
heart position. Both prraia morpholino oligonucleotide (prex1a™®
or prex1a®?) 1 injections or CRISPR-Cas9-driven prrxla mu

cong;

ations
dia, a straight heart that failed to undergo the normal
2. 1b, cand Extended Data Fig. 1). Both atrial and
ventricular chambers are specified in the morphants (Fig. 1d), but,
in addition to defective looping, the heart presented a smaller atrium
and a defective posterior pole lacking a defined sinus venosus and
the expression of its marker Islet] (refs 12, 13) {Fig. 1e and Extended
ta Fig. 2a-c). However, the anterior pole was not overtly affected
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Kak CRISPR-Cas Tuna Il yctaHaBnmBaeT
UMMYHWUTET C MOMOLLIbIO MHTErpaunm crnencepos
onocpenoBaHHOW Cas1-Cas2
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How type Il CRISPR-Cas establish immunity
through Casl-Cas2-mediated spacer integration

Yibei Xizo!, Sherwin Ng'*, Ki Hyun Nam? & Ailong Ke'

CRISPR (clustered regularly interspaced short palindromic repeats)
and the nearby cas (CRISPR-associated) operon establish an RNA-
based adaptive immunity system in prokaryotes'>. Molecular
memory is created when a short foreign DNA-derived prespacer
is integrated into the CRISPR array as a new spacer® ”. Whereas
the RNA-guided CRISPR interference mechanism varies widely
among CRISPR-Cas systems, the spacer integration mechanism is
essentially identical’®. The conserved Cas1 and Cas2 proteins form
an integrase complex consisting two distal Casl dimersbridged by a
Cas2 dimer in the middle®™". The prespacer is bound by Cas1-Cas2
as a dual forked DNA, and the terminal 3’-OH of each 3™-overhan;
serves as an attacking nucleophile during integration''"
Importantly, the prespacer is preferentially m(cﬁrated into (hc
leader-proximal region of the CRISPR array! , guided by
the leader sequence and a pair of inverted repeats (IRs) inside
the CRISPR repeat”!*-", Spacer integration in the most well-
studied Escherichia coli Type I-E CRISPR system further relies
on the bacterial Integration Host Factor (IHF)*'*, In Type I1-A
('ngPR however, Cas1-Cas2 alone integrates spacer efficiently
in vitro'; other Cas proluns (Cas9 and Csn2) play accessory roles
in prespacer b-ogcncsns %, Focusing on the Enterococcus j}wmlis
Type I1-A system™*, here we report four structure snapshots of CasI-
Cas2 during spacer integration. EfaCasl-Cas2 selectivelybinds m a
splayed 30-bp prespacer bearing 4-nt 3"-overhangs. Three mol
events take place upon encountering a target: Cas1- -Cas2/prespacer
first searches for half-sites stochastically, then preferentially
interacts with the leader-side CRISPR repeat and catalyzes a
nudeophilic attack that connects one strand of the leader-proximal
repeat to the prespacer 3-overhang, Recognition of the spacer half-
site requires DNA bending and leads {0 full integration. We derivea
mechanistic framework explaining the stepwise spacer integration
proccss and the leader-proximal preference.
C

mid- »uplu and two 4nt Ysoverhangs (Fig. 1a-b). The leader half-site
integration reached m-npl\uun within seconds, whereas
the spacer-side integrationtook minutes and plateaued to a lesser extent
(Fig. 1c). Thefirstabp ofthe leader was sufficient in guiding the leader-
sequences further upstream had negligible
fect (Fig. 1) lllmrltmkn“ﬂglht spacer-side IR sequence selecti
bolished spacer‘side integration, whereas the same change in leade
side IR stillallowed some integration to the leader- side (Fig. 1d)
“Theseobservations suggest that the leader and IR work s\'ncrg)su(all_v
to buu.h the leader-side integration, whereas the spacer-side integration
n the spacer-side IR. Based on the biochemistry, we
played prespacer and minimum leader-repeat substrates
for crystallization and determined the EfaCas1-2/prespac
structure and two EfaCas1-2/prespacer/target ternary structures
(Extended Data Tables 1-2).
Whereas E. coli Cas1-Cas2 integrates a 33-bp prespacer into the
beginning and end of a 28-bp CRISPR repeat, E. fac Cas1-Cas2 prefers

a shorter prespacer (30-bp), but a longer repeat (36-bp). Comparison
of the two Cas1-Cas2/prespacer structures nicely explain their distinct
substrate preferences (Fig. 2)'"'%. Both adoptadumbbell-shaped
architecture, in which two asymmetricallyassembled Casl dimers
are handcuffed by a Cas2 dimef inthemiddle (Fig. 2a). Only one
Casl in each dimer catalyzes spacepintegration; the other is oriented
incorrectly. In comparison to the E goli counterpart, “as2 dimerizes
at a tilted angle rather than in a juxtaposed fashion; the dimer orients
in parallel rather thaniin pérpendicular to the axis of the prespacer;
and the Cas1-Cas2 contact igmediated by the C-terminal tail fr
the adjacent Ca%2, rather'than from the domain-swapped Cas2
(Fig. 2a; Extenided DataFigures 1-3). These factors contribute to a
A extepsion between the two Casl active sites, allowing
Cas2 to'integrate prespacers into an 8-bp longer repeat. Imt asl-Cas
further displays two positively-charged stripes a d chelates two Mg*
ions o mediate favor. tacts to prespacer backbone (Fig. 2b-¢)
Consistept with biochemistry, EfaCas1-Cas2
pmpmrm._ bp duplu with a 4-bp splayed region at each end.
fied by the end-stacking of His11 in each
The two overhangs are Suld\.d to different
es in Casl: 5"-overhang to Cas1-NTD and
¥-overhang to Cas1-CTD (Fig. 2f). Interestingly, the 3"-overhang is not
stably docked in the active site and has equal propensity to fold into a
tetraloop (Fig
To undu tand the spacer integration mechanism, we determined
a3.1 A EfaCas1-Cas2/prespacer/target ternary structure. The ta
contains a CRISPR repeat flanked bx two 5-bp leaders to promote
full-integration. To our surprise, the structure instead captures two
Cas1-Cas2/prespacer complexes bound to one target; one Casl-Cas2
is sampling dsDNA nonspecifically, and the other is catalyzing the
leader-side half-integration (Fig. 3a). The sequence-nonspecific DNA
contacts are similar in these two states. Each Cas2 contributes Thr78
and a nearby positive patch (K80/Q81/R84) to form a fulcrum to
balance the target in the middle, ~30 A above the prespacer and with a
~30° included a.m,l\ (Fig d). Because Cas] active sites are recessive
relative to the Cas2 fulcrum, the two half-sites cannot simultane-
ously access the active sites without a bend in the middle, therefore
site recognition must take place in a sequential fashion. Lacking
sequence-specific contacts, the target DNA in the substrate-sampling
structure still dips down towards the Casl active site at one
tips up at the other (Fig. 3c). This is because each n:
contacts target with a Lys-rich 3-hairpin (K-finger.
Q258), and one
other, resulting in D\A tilting (Fig. 3e)
The half- xnluL,r.\(mn «napshu( ;‘m\ldu direct evidence that the
two integration events happen in a sequential fashion. A more pro-
n(\umu.l DNA tilting enables the catalytic Cas] subunit to gain dire
erting an cv-helix (aal45-159; hence named the leade
recognition helix) into the minor groove of the leader duplex (Fig, 4a-b;
Extended Data Figure 4). Normally DNA minor groove is too narrow
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Extended Data Figare 6 | Unbiased Se-Met experimental phases

superimposed with the half-integration structure. a, overall view,
b, z0aming Into the half-integration site and ¢, further zoom-In a
Integratton'site. The reactants Including the 3"-OH, scisstle phosphate,

and the leaving 3'-O are labeled. All maps are contoured at 1.5 sigma The
structure 1s modeled In the post half-integration state, however, the density
In ¢ 1s consistent with either pre- or post-integration scenario.
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Extended Data Figure 1 | Comparison of IW“ in prespacer-bound, target-sampling, half-integration, and
full-integration states.



m°A MOAynMpyeT cneynannsawmio
reMOnoO3TUYECKNX CTBOITOBBIX KITETOK U KITETOK-
npeaLecTBEHHMKOB

LETTER

doi:10.1038/ nature 23883

mCA modulates haematopoietic stem and progenitor
cell specification

N*-methyladenosine (m°A) has been identified as the most

abundant modification on eukaryote messenger RNA (mRNA)'.

Although the rapid development of high-throughput sequencing

technologies has enabled insight into the biological functions

of m°A modification® ", the function of m°A during vertebrate

embryogenesis remains poorly understood. Hcrc we show lha(
T

*, Lu Wang', Yi ‘
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in mRNAs (96.5%) that are involved in transcription, cell cy
and organism development (Extended Data Fig. le). Around 8.4%
methylated mRNAs are found to contain .ukas mrp‘ak_sllxundcd
Data Fig. 1f), higher than that reported i !, Consistent
with previous mammalian studie ebrafish are
significantly enriched in RGACH motif (R= (; ; H=AJ/C/U) (Fig. 1a)

m°A determines cell fate during the end
transition (EHT) to specify the earliest haematopoietic stem/
progenitor cells (HSPCs) during xcbraﬁsh cmbnngenesls méA-

and are abundant in coding sequence: untranslated regions
(UTRs), and near stop codons (Fig. 1b, ¢).
k tigate the biological relevance of m*A modification in

specific hylated RNA i bined with
hlgh»thmug,hpul sequtncms 1MeRlP~scq) and m°A mdmdual-
nucleotid inking and i

with sequcncms (mlCLl P-seq) analyses reveal conserved features
on zet h m°A methyl and pref ial distribution of m°A
peaks near the stop codon with n consensus RRACH motif. In
mettl3-deficient embryos, levels of m°A are significantly decreased
and emergence of HSPCs is blocked. Mechanistically, we identify
that the delayed YTHDF2-mediated mRNA decay of the arterial
endothelial genes notchla and rhoca contributes to this deleterious
effect. The continuous activation of Notch signalling in arterial
endothelial cells of mettl3-deficient embryos blocks EHT, thereby
repressing the generation of the earliest HSPCs. Furthermore,
knockdown of Meftl3 in mice confers a similar phenotype.
Collectively, our findings demonstrate the critical function of m°A
modification in the fate determination of HSPCs during vertebrate
embryogenesis.
In vertebrates, HSPCs are derived from haemogenic endothelium,
a subset of endothelial cells in the ventral wall of dorsal aorta, through
endothelial-to-haematopoietic transition''® during embryogenesis.
Previous studies have suggmud the role of m*A modification in ce
nation and lineage transition in embryonic stem cells'’
the exact physiological function of mA modi cation
in vertebrate definitive haematopoiesis remains unknown. Given
the early lethality of mice with knockout of m°A methyltransferase
y , here we investigate the m®A methylome
during embryogenesis using zebrafish. Our previous studies demon-
strate maternal and persistent expression of mettl3 across di nt
indicating the presence of m®A modifica-
g is. Using ultra-high-performance liquid
chromatography-triple quadrupole mass spectrometry, coupled with
multiple-reaction monitoring (UHPLC-MRM-MS/MS) analysis, we
detected high m*A mRNA methylation in embryos, from 5 to 28 hours

overlapping m°A peaks were detected in two independent replicates
(Extended Data Fig. Ib). Although detected in 336 non-coding RNAs
(ncRNAs; 3.5%) (Extended Data Fig. 1c, d), m®A mostly occurred

weuseda nn:(:f} m()rphol!n(» (MOY*, which caused a

SlL,"\l!l\..lnl[V d\.«.l’\.&\ ed in mu‘ll 3 morphanls (Extended
). Compared to the control embryos, there are fewer m*A

peaks across the entire gene bodies in mettl3 morphants (Fig. 1c). 4,593
gcncs wilh signil‘xcamlydctrmsmi m".-\ luvcls in metti3 morphams
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[pynna nccneposarenen n3s Kutas nayyarwt
ponb METUNUPOBAHUA afeHO3MHa Mo LLeCcTomn
nosuumm B MPHK B  dopmunposaHumn
CTBOMOBbIX KNETOK KPOBW Yy pblOOK Danio rerio.

C NCNOSIb30BaHNEM MEeTOA0B
NMYHHOXUMWUYECKOIo MeYyeHus
MeTUnageHo3nHa n
BbICOKONPOU3BOANTENBHOIO
CeKBeHMpoBaHU4 PHK ¢ pertekumen
METUNMPOBAHHbIX adeHO3MHOB  yOanocb
nokasaTb poSfib  3TOr0  rnpouecca B
9HOOTENMAaNbHO-reMoOnO3TUYEKOM NepPeEXoE.
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KoHKypupytoLas KrnetovyHas naMmatb MUTOrreHOB U
CUrHanoOB CTpecca p53 KOHTPONMUPYET KNEeTOYHbIN
ol M K1

LETTER

Competing memories of mitogen and p53 signalling

control cell-cycle entry

Hee Won Yang!, Mingyu Chung', Takamasa Kudo' & Tobias Meyer’

Regulation of cell proliferation is necessary for immune responses,
tissue repair, and upkeep of organ function to maintain human
health’. When proliferating cells complete mitosis, a fraction
of newly born daughter cells immediately enter the next cell
cycle, while the remaining cells in the same population exit to
a transient or persistent quiescent state’. Whether this choice
between two cell-cycle pathways is due to natural variability in
mitogen signalling or other underlying causes is unknown. Here
we show that human cells make this fundamental cell-cycle entry
or exit decision based on competing memories of variable mitogen
and stress signals. Rather than erasing their signalling history
at cell-cycle checkpoints before mitosis, mother cells transmit
DNA damage-induced p53 protein and mitogen-induced cyclin
D1 (CCNDI) mRNA to newly born daughter cells. After mitosis,
the transferred CCNDI mRNA and p53 protein induce variable
expression of cyclin D1 and the CDK inhibitor p21 that almost
exclusively determines cell-cycle commitment in daughter cells.
We find that stoichiometric inhibition of cyclin D1-CDK4 activity
by p21 controls the rctlnobla.sloma (Rb) ‘and E2F transcription
gram in an ultr Thus, daughter cells control
lht proliferation-quiescence decision by converting the memories
of variable mitogen and stress signals into a competition between
cyclin D1 and p21 expression. We propose a cell-cycle control
principle based on natural variation, memory and competition that
imizes the health of growing cell pop

We investigated how cells decide between different cell-cycle paths
by using a stably transduced live-cell reporter of CDK2 activity in
non-transformed human mammary epithelial MCF10A cells’. After
mitosis, newly born daughter cells either increase CDK2 activity for
continued proliferation (CDK2'™), or decrease CDK2 activity, entering
a p(!\l\lu'll (CDK2'") or transient (CDK2%4Y) quiescent state (GO)
(Fig. 1a). Selection of the CDK2 path is regulated by mitogen/RAS/
ME K signalling in mother cells®?, activation of the cyclin
D-CDK4 complex', and induction of E2F transcription factors® (Fig. 1b).
Here, we explore whether and how natural variability in signalling
regulates the selection of different CDK2 paths.

To determine when different steps in the mitogen signalling pathway
are needed for daughter cells to enter the next cell cycle, we tested
three pomls in the palhk.u by either removing mitogens or applying
inhibitors of MEK (PD0325901) or CDK4 (palbou;hb] in asynchro-
nously cycling cells. When aligning cells in silico by the time of palh\uy
inhibition relative to the end of mitosis, we confirmed that mitogens
and MEK had to be inhibited in mmhu cells to effectively suppress
cle entry in daughter cells™ (Fig. 1c, d). By contrast, inhibition of
4 suppressed cell- cycle entry w h after mitosis (Fi ig. 1d). By
transiently removing mitogens for 5 h, we further found that a transient
loss in mitogen xxﬂa}hng during G2 or G0/G1 phases suppressed the

2™ or CDK2°“* paths, respectively (Extended Data Fig. 1). Taken
together, these data suggest that a mediator connects mitogen/MEK/
ERK to CDK4 both across mitosis to regulate CDK2™ cells and during
GO of daughter cells to regulate CDK2 elay colls.

To test whether variable ERK activity in G2 directs daughter cells
to the CDK2™ or CDK2'™ path, we established MCF10A cells
stably expressing ERK® and CDK2 reporters (Supplementary Video 1).
Control experiments confirmed that the signal measured by the ERK
reporter reflects ERK activity throughout the cell cycle, ptfora
peak at the onset of mitosis that is not sensitive to MEK inhibition”
(Extended Data Fig. 2). We also note that inhibition of a peak of ERK
activity after mitosis did not prevent cell-cycle entry for most CDK2"™
cells (Extended Data Fig. 3a). When we classified and averaged ERK
activity based on the CDK2 paths of daughter cells, ERK activity during
the G2 phase of mother cells was indeed higher in CDK2'™ cells than
in CDK2%4% or CDK2** cells (Fi ig. le and Extended Data Fig. 3b, c).
A calibration in Extended Data Fig. 2e showed that the mean ERK
signal difference in G2 between CDK2™ and CDK2*™ cells cor-
responded to a 1.4-fold difference in levels of cyclin D1 (Fig. 1f for
G2 and Extended Data Fig. 3d for G0/G1). lognlhu’ with the delay
between MEK and CDK4 requirement (Fig. 1d), these data suggest
that naturally higher ERK signalling in mother cells may increase cyclin
D-CDK4 activity in daughters to promote the CDK2'™ path. However,
when we tested how ERK activity in G2 predicts the CDK2 paths of
daughter cells using an odds ratio analysis, we found that ERK activity
is only partially predictive for the CDK2 path selection (Fig. 1g, left).
As a reference, a blue line depicts an accurate prediction of the bifur-
cation in CDK2 activity (Extended Data Fig. 3e, see Methods). The
partial prediction is probably not a result of noise, since odds ratios
were higher for lower concentrations of mitogen stimuli (Fig. 1g, right
and Extended Data Fig. 3f) or times doser to mitosis (Extended Data
3g). Thus, additional variables probably regulate CDK2 path

We considered whether such an additional regulatory mechanism
might be the DNA damage/p53 signalling palhmav’g since DNA
e is known to occur naturally during DNA replication'® and ]‘nbh
3-regulated p21 are correlated with cells exiting the cell cydle?.
To determine whether p53 and p21 signals in mother cells are corre-
lated with the CDK2 paths of daughter cells, we used live-cell analysis of
MCF7 cells that had p53 and p21 ugqed with different fluorescent pro-
teins at their endogenous loci''. Although MCEF7 is a breast cancer cell
line, it has intact CDK4-dependent cell-cycle regulation'?. Notably,
when we averaged time courses of p53 and p21 expression based on
the CDK2 paths of daughter cells, both protein expression levels were
higher before mitosis in cells on the C DK2'™ and CDK29% paths
compan\l to the CDK2™ path (Fig. 2a, b and Extended Data Fig. 4a).
This suggests that p53 signalling in mother cells, along with ERK
signalling, is contributing to the cell-cydle decision by daughter cells.
We next tested in MCF10A cells whether p53 has a causal role in
CDK2 path selection by knockout and short interfering RNA (siRNA)
knockdown of p53, and observed an increase in the number of daughter
cells taking the CDK2™ path (Extended Data Fig. 4b, c). Conversely,
direct activation of p53 signalling in mother cells by transient incuba-
tion with nutlin-3 or tenovin-6 for 1 h lngg( red a marked reduction in
the CDK2'™ path in daughter cells (Fig. 2c and Extended Data Fig. 4d).

'Departmant of Chemical & Sy=tems Biology, Stanford University School of Medicine, Stanford, Caltfornia 84305, USA.

[pynna  amepuKkaHCKuUX
asnaTcKkumm NMeHaMu nccrenyet
NPUYNUHBbI  AaCCUMETPUYHOrO  OerieHud
KIEeTOoK, Korga ofdHa M3 OOYEePHUX KIeToK
NpPOAOIMKaeT AeneHne a agpyragd BXoauT B
COCTOSIHUE MOKOA.

YYEHbIX C

N3mepas COOTHOLLeHMe KOHUEHTpauum
asyx dakrtopos: MPHK uuknnHa D1 —
bernka NHOYUMPYHOLLEro MUTO3
(MuTOreHa) u ctpeccoBoro benka P51,
nccriegosaTenu Hay4nnncb
npeackasbiBaTb Cyabby KNETKMW.



DNA damage and p53 signalling in mother cells controls the CDK2!"® path
selection in daughter cells
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SENSORY TRAPS

Acoustic mirrors as sensory

traps for bats

Stefan Greif,'**{ Sandor Zsebdk,'{1 Daniela Schmieder,'§

Bjérn M. Siemers®

Sensory traps pose a considerable and often fatal risk for animals, leading them to

misinterpret their i t. Bats p

rely on their system to

forage, orientate, and navigate. We found that bats can mistake smooth, vertical surfaces
as clear flight paths, repealady oollldvg with them likely as a result of their acoustic

mirror properties. The p

isi by the number of echolocation

calls and by the amount of time spent in front of the surface. The echolocation call analysis
corroborates that bats perceive smooth, vertical surfaces as open flyways. Reporting on
occurrences with different species in the wild, we argue that it is necessary to more closely
monitor potentially dangerous locations with acoustic mirror properties (such as glass
fronts) to assess the true frequency of fatalities around these sensory traps.

nthropogenic changes to the environment,

such as habitat alteration or interference

with food resources, are often evidently
detrimental to wild animals. Furthermore,
ecologically novel cues are capable of mis-
leading animals into responding maladaptively
to formerly reliable environmental cues (1-4).
Well-known examples are artificial light sources
attracting insects and birds at night (5) or anooth
human-made surfaces that aquatic insects mis-
take for bodies of water becanse of similar light
polarization patterns (6). To find, evaluate, and
mitigate such sensory traps requires consideration
of the snsory emlogy of a particular animal (7, 8.
The primary sensory modality for most bats is
their echolocation system (9, 10). Bats use the
returning echoes of emitied calls to detect, classify,
and localize objedts in their environment (77-13).
In a previous study, we showed that hats per-
ceive any extended, smoath, harizontal surface as
a water body, resulting in drinking attempts. This
is attributable to the acoustic mimor properties
of smoath surfaces, which reflect calls away from
the hat except for a strong perpendicular echo
from below (9) (Fig. 14). Several observations of hats
colliding with smooth vertical surfaces (such as
glass windows) suggest that bats have problems
recognizing them (74-16). This raises concerns
about the millions of artificial vertical amocth sur-
faces introduced in bat habitats and their hazard
patential for injuries. We predicted that these @l-
lisions are hased on the acoustic mirror paradigm
and investigated the underlying sensory mecha-
niam and possble cccumrence in natural settings
For our flight room experiments, we flew
greater mouse-eared bats (Myotis mpotis) in a
ntinuous, rectangular flight tunnel (height 23 m,

Greif et ol Science 357, 1046~ 1047 (2017)

width 1.2 m) in the dark. A smooth metal plate
(12 m x 20 m) was placed 1.2 m away from a
corner of the felt-covered tunnel, either horizon-
tally on the ground or vertically on the wall. The
hats’ flight behavior was recorded with two high-
speed cameras (100 fps) and their echolocation
calls with an ultrasound microphaone (Fig. 18) (07).
Eleven bats were presented with the horizontal
plate on the first night and the vertical plate on
the second night. The order was reversed for 10
other hats. A trial lasted between 5 and 15 min
with, on average, 20 passes by the plate. We
counted drinking attempts as well as collisions
with the plate, the gmund, and the normal wall.
Of 21 individuals ¥ collided with the vertical
plate at least once (on average 228% of passes)

Fig. 1 Experimental setup. (A) Schematic of 5

8 September 2017

ound propa;
zane” sound impinging at an oblique %A 5
mpinging sound is reflected back. (B) Flight tunne!

(top view). For 2 bat within the red-dashed “plate

but never with the horizontal plate (Wilcoxon
matched-pair test, P < 0.001) nor any other parts
of the wall Thirteen individuals made at least
e drinking attempt from the horizontal plate
(on average 13.0% of passes), but none from the
vertical plate (Wilcoxon matched-pair test, P =
0.002) (Fig. 2) Afterthe experiments, all hats were
carefully examined and no injuries were found.
To understand the sensory basis of those col-
lisions with the vertical plate, we conducted anal-
ysis of the flight and echolocation behavior in the
space immediately in front of the plate (“plate
zone,” limited by the plate’s perpendicular pro-
jection; Fig. 1B) for 25 bats when flying toward
the vertical plate. On the hass of our high-speed
recordings we categorized the approach events
into three groups: () “near collison.” where bats
appmached to within 25 em of the plate (body-
toplate distance) but did not touch it; (i) “col
lision with maneuver,” where bats collided with
the plate despite clear evasive maneuvers at the
last moment; and (iii) “collision without maneu-
ver,” where hats collided without any noticeable
evasive action. We measured the time and counted
echolocation calls from entering the plate zone
until reaching the closest paint to the plate (either
collision or tuming paint). We further calculated
the hatk flight speed, the three-dimensional ange
between its flight trajectory and the plate, and
its distance to the plate when it entered the
plate zone. The 78 events of approaching the
plate (31 = 18 events per individual, mean « SD)
nsisted of 25 “near wllision” events, 13 “collision
with maneuver” events, and 40 “collision without
maneuver” events (movie S1). We found that
for “collision without maneuver” approaches,
bats produced fewer calls spent less time in front

high-speed cameras

on at 2 smooth, vertical su

plate is shown ’\""y on the wall; the

l1of 3
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[pynna nccnenosatenen ns lrepmaHnm u
LLiBenuapun wnccnegytoT 0COBEHHOCTU
9XONnoKaunm y neTyumnx MbilLen.

OHM npuwnu K BbIBOAY, 4YTO Tak
Ha3blBaeMOe aKyCTU4ecKkoe 3epkasio -
rmagkasa n poBHasi NOBEPXHOCTb — MOXET
ObITb ONA HUX CEHCOPHOW JOBYLLUKOW U
BOCNPUHMMATLCA UMK Kak cBobogHoe
NPOCTPAaHCTBO.
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Mitotic transcription and waves of gene reactivation during
mitotic exit
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Although the genome iz generally thought to be transcriptionally silent during mitosis, technical
limitations have prevented sensitive mapping of transcription during mitosis and mitotic exit. Thus, the
means by which the interphase expression pattern is transduced to daughter cells have been unclear. We
used 5-ethynyluridine to pulse-label transcripts during mitosis and mitotic exit and find that many genes
exhibit transcription during mitosis, as confirmed by FITC-UTP labeling, RNA FISH, and RT-qPCR. The first
round of transcription immediately following mitosis primarily activates genes involved in the growth and

rebuilding of daughter cells, rather than cell type-specific functions. We propose that the cell's
transcription pattern is largely retained at a low level through mitosis, whereas the amplitude of
tranzcription observed in interphase is re-established during mitotic exit.

During mitosis, chromatin condenses (1), gene regulatory ma-
chinery is largely evicted from chromatin (2-4), and tran-
scription is thought to be silenced (5-7). Yet reactivation of a
specific gene expression program is needed to maintain cell
identity during exit from mitosis. Long-distance interactions
acrass the gename are Jost during mitosis (8), as is hypersen-
sitivity at distal enhancers, bat not at promoters (9). “Book-
marking” transcription factors remain bound in mitosis to a
subset of their interphase sStes (JO-15). Knock-down of these
factors during mitosis delays reactivation of target genes (10,
11, 13), though the proper transcriptome is eventually regen-
erated. Thus the basis for identity maintenance during mito-
sis remains unclear, and the hierarchy by which genes are
reactivated during mitotic exit is not understood.

Because of nuclear envelope breakdown in mitosis and
hence the inability to isolate nocle for direct labeling of tran-
scripts (16), genome-wide studies during mitotic exit used
RNA Polymerase [I (RNAP2) crossdinking to assess active
transcription (4, 77) and found a burst in RNAPZ binding to
promoters approximately G0 min after release from mi-
totic arrest (77). However, the dynamic range of antibody-
based methods is much less than from direct nents

paased RNAP2 at promoters, suggesting the presence of elon-
gating enxyme, even though elongating RNAPZ was not de-
tected directly (19). The study also mapped non-
polyadenylated, chromatin-associated RNAs from
prometaphase cells, but it was unclear whether these RNAs
were transcribed during mitosis o, as suggested by the au-
thors, at the G2/M transition. A study of pulse-labeled tran-
scripts in arrested MCF-7 human breast cancer cells used
nuclear isolation for BrUTP labeling and bence did not ap-
pear to be assessing mitotic cells (20).

To define the timing of transcription events during mi-
totic exit, we used the cell-permeable S-ethynyluridine (E
to pulse-label nascent transcripts (22) in intact HUH7 buman
hepatoma cells during nocodazole-induced mitotic arrest, mi-
totic exit, and in asynchronous cells. Importantly, arrested
cells, enriched by mitotic shake-off, were highly pure (fig. S1,
A to D) and re-enter G (fig. SL, E to K). Previously, we labeled
transcripts with EU during mitotic exit in HUH7 cells and
attached azide-fluorophore, discovering that bulk global tran-
scription initiates approxmately 80" after nocodazole wash-
out (11). Based on this assessment of global reactivation, bere

of nascent transcription and crosslinking artifactually causes
protein exclusion from mitotic chromatin (14, 8). Transcrip-
tion elongation inhibition of prometaphase Hela cells elicits

Farst release: 14 Sepsmber 2017
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we pulse-labeled transcripts at 0, 40, 80, 105, 166, and 300
min after nocodazole wash-oat in HUHY cells, but instead
conjugated azide-biotin to the EU-RNA to measure the rela-
tive changes between over time (Fig. 1A). The addition of bi-
otin allowed us to use streptavidin beads to isolate EU-
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[pynna amepuKkaHCKnX y4eHbIX
nccriegoBana TPaHCKPUNUKUKO reHOB BPeEMS
MUTO3a.
Hecmotpsa Ha TO, 4TO nNpu MUTO3E
XPOMOCOMBbI HaxoOaTcA B
KOHOEHCUPOBAHHOM COCTOSIHUH,
TPaAHCKPUMUUA HEKOTOPbIX FEHOB XOTb U
ovYeHb cnabas, HO MOET, YTO U ydanocb
nokasaTb C nomoLlibio rmopuansaummn PHK

n NUP B peansHom BpemMeHu
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The RNA-guided CRISPR-Cas9 nuclease from Streptococcus pyogenes (SpCas9) has been

widely repurposed for genome editing '=4. High-fidelity (SpCas9-HF 1) and enhanced specificity
(eSpCas9(1.1)) variants exhibit substantially reduced off-target cleavage in human cells, but the
mechanism of target discrimination and the potential to further improve fidelity are unknown®S.

N cHoBa oHa! AMepuKaHCKMUE YYEHblEe C

NOMOLLbHO depcTepoBCKOro
PE30HAHCHOI0  NepeHoca  BbISICHUIN
0COBEHHOCTH paboThl CUCTEMBI

CRISPR-cas9 korga oHa B peakux criydasax
oumbaetcs.

Kpome Toro, 6bin co3gaH 6onee TOYHbIN
BapuaHT cuctembl HypaCas9
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Temporal coexistence mechanisms contribute to the
latitudinal gradient in forest diversity

Jacob Usinowice®, Chia- Hao Chang- Yang?, Yu- Yun Chen?, James S. Qark?, Christine Retcher?, Nancy C. (‘zrwc-nd

Znanging Hao®, i Johnstone”, Yiching Lin®, Mzr;pnclil Metz”, Takashi Masaki™
. Anthony R. lves® & S. Joseph Wright'4"

Renato Valencia®, Yunyun Wang®, Jess K. Zimmerman'

The tropical forests of Borneo and Amazonia may each contaln
more tree species diversity In half 2 square kilometre than do
all the temperate forests of Europe, North America, and Asla
combined”. Blologtsts have ) ombm fascinated by (hb dupunhr
wstng it to drtvers of btod
varation in many ny of these  drivers s expected locre& y:o%nphk
differences in ecological’ * and evolutiomary processes*, and
evidence Increasingly shows that tropical ecosystems have higher
rates of diversification, dade origination, and dade di up:ullsh“
However, there Is currently no evidence to uﬁldltﬂ‘i in
al within ties at a bocal directly to

L 3
b N

geographic gr 1n blody y. Here, we show

vartation in the slorz: effect, an ecological mechanism that
redaces the potential for competitive exclusion more stroagly In
the than it does in ¢ e and boreal zones,

the mmmmc.m?“mm competition by 0.25% for
each degree of latitude that an ecosystem 1s Jocated deser to the
Equator. Additsomally, we find evidence that latttedinal variation tn
climate underpins these differences; loager growing seasans in the

tropics redace constraints on the al timing of tion
P“‘ g lower recr synchrony between sp«m and
lhaehv mlundng niche through the storage effect.

partittoning
Oer results demonstrate that the strength of the storage effect,
and therefore ts impact on diversity within communities, varies
latstudinally in association with dimate. This finding hi hes the
tmportance of btotic Imteractions in shaping geographic
patierns, and emphastzes the need to understand the
underpinning ecological processes in greater detatl than has
previously been apprecated.

Tree species diversity at the hectare scale increases by an order of
magnitude from boreal to lemperate forests, and agatn from tempes-
e o tropscal forests, despiie the fact that basic resources, such as sotl
nutrients and sunlight, act trmdiarly in thesr role as kmiting resources
across latstudes’. Bven with higher spectation rates, matmtaining these
high levels of tropical divensity over geologtcal time scales 1s likely
to require coextstence mechanisms that can reduce the potenttal
for extinction as a result of tittve exduston between species”.
Namnerous processes have been identified tn tropical forests that (no::

prevent oo tve exclusion and allow 2 high of coexisie
rrfdudkgmxdmm predation by spectalist bcfamd pathogens® ¥,
resoasce competttion'?, trade-offs between competative and colon-
ration abthtses™ %, adoption of different adult growth forms'*, and
spedies- spccmc responses 10 variation among germination sites'.
Ecological coestsience theary states $at any of these mechanisms could

, Tohre Nakashizuka®™®, |- Fang Sun?,

promote coexistence by making afic ¢ c
weaker than niraspectfic cmpem.cn" Howeves, these coexigence
conditions are rarely quantified, and there s litthe evidence that any of
these processes vary i strength across btstudes in 2 manner constsient
with geographic Btodiversty patterns'® .

Here, we investigale geographic vartatyon in polential coexisience,
resulting from reduced tnterspectfic synchrony of tree recruttment.
Red s\ nchromy among recruttment pertods can kead (o nierac
tons ic ndividuals clustering tn pertods favourable for
mpzuduuxﬂ f adults we suffidently long- lrved 1o bufler populations
throegh unfavourable pertods, this an wWamately decrease intenpecific
competstion relative o tntraspecific competstion through the storage
effect’. For tree communities, inter-annual vartation in recruttment
into the understory contribuies to the concentration of intraspedific,
relative 1o inlerspecsfic, seedling tnteractions’ . Crecally, mterspectfic
annual asynchromy dertves from spedies-spefic responses to emviron-
mental fluctuations over the course of the year, durtng reproduction,
germination, and post-germination perfods™. The scasomal timing
of reproduction is tmportant because %t determines the conditions to
ufuchspccxsm:cwoied during and post-g
processes™

Annual dimate variation is a major driver of inter-aaneal floctua-
tons tn both biotic and absotsc conditsons, but ts ofien not distributed
evenly throaghout the year This is 2 well-established relattonship in
troptcal forests for which El Nifo and L2 Nifa events are the major
source of inter-annual vartation these events hit moee strongly tn par-
ticelar months (for example, El Nifio can exacerbete dry conditions in
the January- Aprdl dry season of many Carfobean forests) and therefore
have lasger effects on the smdpfmlan of spectes that reproduce
at these tmes™, As 3 consequence, speces rr.',m:&xlm 2 differ-
ot times in 3 season will experience different amounts of vartation
in their recrestment in 2 given year; redaced seasomal synchromry may
redece tnter-anmeal synchrony by mcreasing the Merdthood that pecies
experience cimale conditions differently i the sume year. Followsng
on from thas hypothests, the longer and moee stable growing scasons
tn the troptcs should permat greater defferentiation between species in
the seasonal timing of thetr reproduction”, and theszfore a btttudinal
gradent in e storage d'kﬂ shoald emerge as 2 result of an underlying
gradient in seasonality ™

We hypothesteed that the storage effect promoles coextsence more
strongly i fropecal forests $han tn lemperate or boreal forests (peemitse 1),
because longer growing seasons at lower atitades correspond to
2 reduction in between-year synchrony in species’ reproduction
(premise 2), and tested these two peemitses separately. We assembled
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NccnepgosaTtenu mn3 Kutaqa, TamBana n CLUA
n3y4dyanu MEeXaHN3MbI dopmMmunpoBaHms
LUMPOTHOrO  rpagueHta 6uopasHoobpasus
Necos.

[Mpennonaraetcs, YyTo KnMMmaTuyeckmne
pasnuuua mexagy necamm aKkBaTopa un necamu
ceBepHee W XHee €ero crnocoobcTBylOT
ocnabneHmto KOHKYPEHTHOrO WCKMIYEeHNa —
OpraHuamMmbl rner4ye HaxogaT CcyOHuwM B
npegenax odLMX 9KONOrMYECKNX HALLL.



