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Mapping copy number variation by population-scale genome sequencing

Ryan E. Mills, Klaudia Walter, Chip Stewart, Robert E. Handsaker, Ken Chen, Can

Alkan, Alexej Abyzov, Seungtai Chris Yoon, Kai Ye, R. Keira Cheetham, et al.

Nature 470 7332 59-65
CNVs
CNVs 185
CNVs

2. “ ”

A thymus candidate in lampreys
Baubak Bajoghli, Peng Guo, Narges Aghaallaei, Masayuki Hirano, Christine Strohmeier,
Nathanael McCurley, Dale E. Bockman, Michael Schorpp, Max D. Cooper, Thomas
Boehm

Nature 470 7332 90-94
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Identification of adult nephron progenitors capable of kidney regeneration in zebrafish
Cuong Q. Diep, Dongdong Ma, Rahul C. Deo, Teresa M. Holm, Richard W. Naylor,
Natasha Arora, Rebecca A. Wingert, Frank Bollig, Gordana Djordjevic, Benjamin
Lichman, et al.

Nature 470 7332 95-100

10 20

Directed differentiation of human pluripotent stem cells into intestinal tissue in vitro
Jason R. Spence, Christopher N. Mayhew, Scott A. Rankin, Matthew F. Kuhar, Jefferson
E. Vallance, Kathryn Tolle, Elizabeth E. Hoskins, Vladimir V. Kalinichenko, Susanne I.
Wells, Aaron M. Zorn, et al.

Nature 470 7332 105-109

“brush boarders”

MyD88

Oncogenically active MY D88 mutations in human lymphoma

Vu N. Ngo, Ryan M. Young, Roland Schmitz, Sameer Jhavar, Wenming Xiao,

Kian-Huat Lim, Holger Kohlhammer, Weihong Xu, Yandan Yang, Hong Zhao, et al.

Nature 470 115-119

he activated B-cell-like (ABC) subtype of diffuse large B-cell lymphoma (DLBCL)
remains the least curable form of this malignancy despite recent advances in therapy.
Constitutive nuclear factor (NF)-'BB and JAK kinase signalling promotes malignant cell
survival in these lymphomas, but the genetic basis for this signalling is incompletely
understood. Here we describe the dependence of ABC DLBCLs on MYD88, an adaptor
protein that mediates toll and interleukin (IL)-1 receptor signalling, and the discovery of
highly recurrent oncogenic mutations affecting MYD88 in ABC DLBCL tumours. RNA
interference screening revealed that MYD88 and the associated kinases IRAK1 and IRAK4
are essential for ABC DLBCL survival. High-throughput RNA resequencing uncovered
MYD88 mutations in ABC DLBCL lines. Notably, 29% of ABC DLBCL tumours harboured
the same amino acid substitution, L265P, in the MYD88 Toll/IL-1 receptor (TIR) domain at an
evolutionarily invariant residue in its hydrophobic core. This mutation was rare or absent in
other DLBCL subtypes and Burkitt’s lymphoma, but was observed in 9% of
mucosa-associated lymphoid tissue lymphomas. At a lower frequency, additional mutations
were observed in the MYD88 TIR domain, occurring in both the ABC and germinal centre
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B-cell-like (GCB) DLBCL subtypes. Survival of ABC DLBCL cells bearing the L265P
mutation was sustained by the mutant but not the wild-type MYD88 isoform, demonstrating
that L265P is a gain-of-function driver mutation. The L265P mutant promoted cell survival by
spontaneously assembling a protein complex containing IRAK1 and IRAK4, leading to
IRAK4 kinase activity, IRAK1 phosphorylation, NF-'BB signalling, JAK kinase activation of
STATS3, and secretion of IL-6, IL-10 and interferon-!A Hence, the MY D88 signalling pathway
is integral to the pathogenesis of ABC DLBCL, supporting the development of inhibitors of
IRAK4 kinase and other components of this pathway for the treatment of tumours bearing
oncogenic MY D88 mutations.
6. FRA3B
Cell-type-specific replication initiation programs set fragility of the FRA3B fragile site
Anne Letessier, Gaél A. Millot, Stéphane Koundrioukoff, Anne-Marie Lachagés,
Nicolas Vogt, R. Scott Hansen, Bernard Malfoy, Olivier Brison, Michelle Debatisse
Nature 470 7332 120-123
Common fragile sites have long been identified by cytogeneticists as chromosomal
regions prone to breakage upon replication stress. They are increasingly recognized to
be preferential targets for oncogene-induced DNA damage in pre-neoplastic lesions and
hotspots for chromosomal rearrangements in various cancers. Common fragile site
instability was attributed to the fact that they contain sequences prone to form secondary
structures that may impair replication fork movement, possibly leading to fork collapse
resulting in DNA breaks. Here we show, in contrast to this view, that the fragility of
FRA3B—the most active common fragile site in human lymphocytes—does not rely on
fork slowing or stalling but on a paucity of initiation events. Indeed, in lymphoblastoid
cells, but not in fibroblasts, initiation events are excluded from a FRA3B core extending
approximately 700 kilobases, which forces forks coming from flanking regions to cover
long distances in order to complete replication. We also show that origins of the flanking
regions fire in mid-S phase, leaving the site incompletely replicated upon fork slowing.
Notably, FRA3B instability is specific to cells showing this particular initiation pattern.
The fact that both origin setting and replication timing are highly plastic in mammalian
cells explains the tissue specificity of common fragile site instability we observed. Thus,
we propose that common fragile sites correspond to the latest initiation-poor regions to
complete replication in a given cell type. For historical reasons, common fragile sites
have been essentially mapped in lymphocytes. Therefore, common fragile site
contribution to chromosomal rearrangements in tumours should be reassessed after
mapping fragile sites in the cell type from which each tumour originates.
7.MMSET DNA 53BP1 H4K20
MMSET regulates histone H4K20 methylation and 53BP1 accumulation at DNA
damage sites
Huadong Pei, Lindsey Zhang, Kuntian Luo, Yuxin Qin, Marta Chesi, Frances Fei, P.
Leif Bergsagel, Liewei Wang, Zhongsheng You, Zhenkun Lou
Nature 470 7332 124-128
p53-binding protein 1 (53BP1) is known to be an important mediator of the DNA
damage response, with dimethylation of histone H4 lysine 20 (H4K20me2) critical to
the recruitment of 53BP1 to double-strand breaks (DSBs). However, it is not clear how
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53BP1 is specifically targeted to the sites of DNA damage, as the overall level of
H4K20me2 does not seem to increase following DNA damage. It has been proposed that
DNA breaks may cause exposure of methylated H4K20 previously buried within the
chromosome; however, experimental evidence for such a model is lacking. Here we
found that H4K20 methylation actually increases locally upon the induction of DSBs
and that methylation of H4K20 at DSBs is mediated by the histone methyltransferase
MMSET (also known as NSD2 or WHSC1) in mammals. Downregulation of MMSET
significantly decreases H4K20 methylation at DSBs and the subsequent accumulation of
53BP1. Furthermore, we found that the recruitment of MMSET to DSBs requires the
IA2AX-MDC1 pathway; specifically, the interaction between the MDC1 BRCT domain
and phosphorylated Ser 102 of MMSET. Thus, we propose that a pathway involving
IAK2AX-MDC1-MMSET regulates the induction of H4K20 methylation on histones
around DSBs, which, in turn, facilitates 53BP1 recruitment.
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Initial impact of the sequencing of the human genome free

Eric S. Lander

Nature 470 7333 187-197

2.DNA

A decade’s perspective on DNA sequencing technology
Elaine R. Mardis
Nature 470 7333 198-203
The decade since the Human Genome Project ended has witnessed a remarkable
sequencing technology explosion that has permitted a multitude of questions about the
genome to be asked and answered, at unprecedented speed and resolution. Here |
present examples of how the resulting information has both enhanced our knowledge
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and expanded the impact of the genome on biomedical research. New sequencing
technologies have also introduced exciting new areas of biological endeavour. The
continuing upward trajectory of sequencing technology development is enabling clinical
applications that are aimed at improving medical diagnosis and treatment.

Charting a course for genomic medicine from base pairs to bedside
Eric D. Green, Mark S. Guyer
Nature 470 7333 204-213

There has been much progress in genomics in the ten years since a draft sequence of the
human genome was published. Opportunities for understanding health and disease are
now unprecedented, as advances in genomics are harnessed to obtain robust
foundational knowledge about the structure and function of the human genome and
about the genetic contributions to human health and disease. Here we articulate a 2011
vision for the future of genomics research and describe the path towards an era of
genomic medicine.

The genomic complexity of primary human prostate cancer
Michael F. Berger, Michael S. Lawrence, Francesca Demichelis, Yotam Drier, Kristian
Cibulskis, Andrey Y. Sivachenko, Andrea Shoner, Raquel Esgueva, Dorothee Pflueger,
Carrie Sougnez, et al.

Nature 470 7333 214-220

breakpoint arm

PTEN MAG12

Functional identification of an aggression locus in the mouse hypothalamus
Dayu Lin, Maureen P. Boyle, Piotr Dollar, Hyosang Lee, E. S. Lein, Pietro Perona,
David J. Anderson

Nature 470 7333 221-226

David Anderson

Transmembrane semaphorin signalling controls laminar stratification in the mammalian
retina
Ryota L. Matsuoka, Kim T. Nguyen-Ba-Charvet, Aijaz Parray, Tudor C. Badea, Alain
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Chédotal, Alex L. Kolodkin

Nature 470 7333 259-263
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7. 9p21 DNA A

9p21 DNA variants associated with coronary artery disease impair interferon-IA
signalling response
Olivier Harismendy, Dimple Notani, Xiaoyuan Song, Nazli G. Rahim, Bogdan Tanasa,
Nathaniel Heintzman, Bing Ren, Xiang-Dong Fu, Eric J. Topol, Michael G. Rosenfeld,
et al.
Nature 470 7333 264-268
Genome-wide association studies have identified single nucleotide polymorphisms
(SNPs) in the 9p21 gene desert associated with coronary artery disease (CAD) and type
2 diabetes. Despite evidence for a role of the associated interval in neighbouring gene
regulation, the biological underpinnings of these genetic associations with CAD or type
2 diabetes have not yet been explained. Here we identify 33 enhancers in 9p21; the
interval is the second densest gene desert for predicted enhancers and six times denser
than the whole genome (P<6.55x1033). The CAD risk alleles of SNPs rs10811656 and
rs10757278 are located in one of these enhancers and disrupt a binding site for STATL.
Lymphoblastoid cell lines homozygous for the CAD risk haplotype show no binding of
STATL, and in lymphoblastoid cell lines homozygous for the CAD non-risk haplotype,
binding of STAT1 inhibits CDKN2BAS (also known as CDKN2B-AS1) expression,
which is reversed by short interfering RNA knockdown of STAT1. Using a new,
open-ended approach to detect long-distance interactions, we find that in human
vascular endothelial cells the enhancer interval containing the CAD locus physically
interacts with the CDKN2A/B locus, the MTAP gene and an interval downstream of
IFNA21. In human vascular endothelial cells, interferon-'Zactivation strongly affects the
structure of the chromatin and the transcriptional regulation in the 9p21 locus, including
STAT1-binding, long-range enhancer interactions and altered expression of
neighbouring genes. Our findings establish a link between CAD genetic susceptibility
and the response to inflammatory signalling in a vascular cell type and thus demonstrate
the utility of genome-wide association study findings in directing studies to novel
genomic loci and biological processes important for disease aetiology.
8.SMAD4
SMADA4-dependent barrier constrains prostate cancer growth and metastatic progression
Zhihu Ding, Chang-Jiun Wu, Gerald C. Chu, Yonghong Xiao, Dennis Ho, Jingfang
Zhang, Samuel R. Perry, Emma S. Labrot, Xiaogiu Wu, Rosina Lis, et al.
Nature 470 7333 269-273
Ding Smad4/Pten “
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A unique chromatin signature uncovers early developmental enhancers in humans
Alvaro Rada-Iglesias, Ruchi Bajpai, Tomek Swigut, Samantha A. Brugmann, Ryan A.
Flynn, Joanna Wysocka

Nature 470 7333 279-283
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The evol utionary context of the first hominins
Bernard Wod, Terry Harrison

Nat ure 470 347- 352 16 February 2011
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Telomere dysfunction induces metabolic and mitochondrial compromise
Ergiin Sahin, Simona Colla, Marc Liesa, Javid Moslehi, Florian L. Muller, Mira Guo,
Marcus Cooper, Darrell Kotton, Attila J. Fabian, Carl Walkey, et al.

Nature 470 7334 359-365
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An early Ediacaran assemblage of macroscopic and morphologically differentiated
eukaryotes
Xunlai Yuan, Zhe Chen, Shuhai Xiao, Chuanming Zhou, Hong Hua

Nature 470 7334 390-393
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4.Tbx6

Sox2
Thx6-dependent Sox2 regulation determines neural or mesodermal fate in axial stem
cells
Tatsuya Takemoto, Masanori Uchikawa, Megumi Yoshida, Donald M. Bell, Robin
Lovell-Badge, Virginia E. Papaioannou, Hisato Kondoh
Nature 470 7334 394-398
The classical view of neural plate development held that it arises from the ectoderm,
after its separation from the mesodermal and endodermal lineages. However, recent
cell-lineage-tracing experiments indicate that the caudal neural plate and paraxial
mesoderm are generated from common bipotential axial stem cells originating from the
caudal lateral epiblast. Tbx6 null mutant mouse embryos which produce ectopic neural
tubes at the expense of paraxial mesoderm must provide a clue to the regulatory
mechanism underlying this neural versus mesodermal fate choice. Here we
demonstrate that Thx6-dependent regulation of Sox2 determines the fate of axial stem
cells. In wild-type embryos, enhancer N1 of the neural primordial gene Sox2 is
activated in the caudal lateral epiblast, and the cells staying in the superficial layer
sustain N1 activity and activate Sox2 expression in the neural plate. In contrast, the
cells destined to become mesoderm activate Thx6 and turn off enhancer N1 before
migrating into the paraxial mesoderm compartment. In Thx6 mutant embryos, however,
enhancer N1 activity persists in the paraxial mesoderm compartment, eliciting ectopic
Sox2 activation and transforming the paraxial mesoderm into neural tubes. An
enhancer-N1-specific deletion mutation introduced into Thbx6 mutant embryos
prevented this Sox2 activation in the mesodermal compartment and subsequent
development of ectopic neural tubes, indicating that Thx6 regulates Sox2 via enhancer
N1. Thx6-dependent repression of Wnt3a in the paraxial mesodermal compartment is
implicated in this regulatory process. Paraxial mesoderm-specific misexpression of a
Sox2 transgene in wild-type embryos resulted in ectopic neural tube development.
Thus, Tbx6 represses Sox2 by inactivating enhancer N1 to inhibit neural development,
and this is an essential step for the specification of paraxial mesoderm from the axial
stem cells.
24
The novel gene twenty-four defines a critical translational step in the Drosophila clock
Chunghun Lim, Jongbin Lee, Changtaek Choi, Valerie L. Kilman, Juwon Kim, Sung Mi
Park, Sung Key Jang, Ravi Allada, Joonho Choe

Nature 470 7334 399-403
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6.p53

CKl!Aablation highlights a critical role for p53 in invasiveness control
Ela Elyada, Ariel Pribluda, Robert E. Goldstein, Yael Morgenstern, Guy Brachya, Gady
Cojocaru, Irit Snir-Alkalay, Ido Burstain, Rebecca Haffner-Krausz, Steffen Jung, et al.
Nature 470 7334 409-413
Yinon Ben-Neriah CK1-alpha
p53 p53
p21 Prox1
p53

7.Coronin2A

8.TDG

“lineage-committed™

Coronin 2A mediates actin-dependent de-repression of inflammatory response genes
Wendy Huang, Serena Ghisletti, Kaoru Saijo, Meghal Gandhi, Myriam Aouadi, Greg J.
Tesz, Dawn X. Zhang, Joyee Yao, Michael P. Czech, Bruce L. Goode, et al.

Nature 470 7334 414-418
Toll-like receptors (TLRs) function as initiators of inflammation through their ability to
sense pathogen-associated molecular patterns and products of tissue damage.
Transcriptional activation of many TLR-responsive genes requires an initial
de-repression step in which nuclear receptor co-repressor (NCoR) complexes are
actively removed from the promoters of target genes to relieve basal repression.
Ligand-dependent SUMOylation of liver X receptors (LXRs) has been found to
suppress TLR4-induced transcription potently by preventing the NCoR clearance step,
but the underlying mechanisms remain enigmatic. Here we provide evidence that
coronin 2A (CORO2A), a component of the NCoR complex of previously unknown
function, mediates TLR-induced NCoR turnover by a mechanism involving interaction
with oligomeric nuclear actin. SUMOylated LXRs block NCoR turnover by binding to
a conserved SUMOZ2/SUMO3-interaction motif in CORO2A and preventing actin
recruitment. Intriguingly, the LXR transrepression pathway can itself be inactivated by
inflammatory signals that induce calcium/calmodulin-dependent protein kinase 11!A
(CaMKII'A-dependent phosphorylation of LXRs, leading to their deSUMOylation by
the SUMO protease SENP3 and release from CORO2A. These findings uncover a
CORO2A-actin-dependent mechanism for the de-repression of inflammatory response
genes that can be differentially regulated by phosphorylation and by nuclear receptor
signalling pathways that control immunity and homeostasis.
Embryonic lethal phenotype reveals a function of TDG in maintaining epigenetic
stability
Daniel Cortazar, Christophe Kunz, Jim Selfridge, Teresa Lettieri, Yusuke Saito, Eilidh
MacDougall, Annika Wirz, David Schuermann, Angelika L. Jacobs, Fredy Siegrist, et
al.

Nature 470 7334 419-423
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Transient Hoogsteen base pairs in canonical duplex DNA
Evgenia N. Nikolova, Eunae Kim, Abigail A. Wise, Patrick J. O’Brien, loan Andricioaei,
Hashim M. Al-Hashimi

Nature 470 7335 498-502
DNA Watson Crick
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Intrinsic transition of embryonic stem-cell differentiation into neural progenitors
Daisuke Kamiya, Satoe Banno, Noriaki Sasai, Masatoshi Ohgushi, Hidehiko Inomata,
Kiichi Watanabe, Masako Kawada, Rieko Yakura, Hiroshi Kiyonari, Kazuki Nakao, et
al.

Nature 470 7335 503-509

“ ” “ "Zfp521

Synaptic potentiation onto habenula neurons in the learned helplessness model of
depression
Bo Li, Joaquin Piriz, Martine Mirrione, ChiHye Chung, Christophe D. Proulx, Daniela
Schulz, Fritz Henn, Roberto Malinow

Nature 470 7335 535-539
The cellular basis of depressive disorders is poorly understood. Recent studies in
monkeys indicate that neurons in the lateral habenula (LHb), a nucleus that mediates
communication between forebrain and midbrain structures, can increase their activity
when an animal fails to receive an expected positive reward or receives a stimulus that
predicts aversive conditions (that is, disappointment or anticipation of a negative
outcome). LHb neurons project to, and modulate, dopamine-rich regions, such as the
ventral tegmental area (VTA), that control reward-seeking behaviour and participate in
depressive disorders. Here we show that in two learned helplessness models of
depression, excitatory synapses onto LHb neurons projecting to the VTA are
potentiated. Synaptic potentiation correlates with an animal’s helplessness behaviour
and is due to an enhanced presynaptic release probability. Depleting transmitter release
by repeated electrical stimulation of LHb afferents, using a protocol that can be
effective for patients who are depressed, markedly suppresses synaptic drive onto
VTA-projecting LHb neurons in brain slices and can significantly reduce learned
helplessness behaviour in rats. Our results indicate that increased presynaptic action
onto LHb neurons contributes to the rodent learned helplessness model of depression.

20
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Prion propagation and toxicity in vivo occur in two distinct mechanistic phases
Malin K. Sandberg, Huda Al-Doujaily, Bernadette Sharps, Anthony R. Clarke, John
Collinge
Nature 470 7335 540-542

Mammalian prions cause fatal neurodegenerative conditions including
Creutzfeldt-Jakob disease in humans and scrapie and bovine spongiform
encephalopathy in animals. Prion infections are typically associated with remarkably
prolonged but highly consistent incubation periods followed by a rapid clinical phase.
The relationship between prion propagation, generation of neurotoxic species and
clinical onset has remained obscure. Prion incubation periods in experimental animals
are known to vary inversely with expression level of cellular prion protein. Here we
demonstrate that prion propagation in brain proceeds via two distinct phases: a
clinically silent exponential phase not rate-limited by prion protein concentration
which rapidly reaches a maximal prion titre, followed by a distinct switch to a plateau
phase. The latter determines time to clinical onset in a manner inversely proportional to
prion protein concentration. These findings demonstrate an uncoupling of infectivity
and toxicity. We suggest that prions themselves are not neurotoxic but catalyse the
formation of such species from PrPC. Production of neurotoxic species is triggered
when prion propagation saturates, leading to a switch from autocatalytic production of
infectivity (phase 1) to a toxic (phase 2) pathway.

Programming the magnitude and persistence of antibody responses with innate
immunity

Sudhir Pai Kasturi, loanna Skountzou, Randy A. Albrecht, Dimitrios Koutsonanos, Tang
Hua, Helder I. Nakaya, Rajesh Ravindran, Shelley Stewart, Munir Alam, Marcin Kwissa,
et al.

Nature 470 7335 543-547

Many successful vaccines induce persistent antibody responses that can last a lifetime.
The mechanisms by which they do so remain unclear, but emerging evidence indicates
that they activate dendritic cells via Toll-like receptors (TLRs). For example, the yellow
fever vaccine YF-17D, one of the most successful empiric vaccines ever developed,
activates dendritic cells via multiple TLRs to stimulate proinflammatory cytokines.
Triggering specific combinations of TLRs in dendritic cells can induce synergistic
production of cytokines, which results in enhanced T-cell responses, but its impact on
antibody responses remain unknown. Learning the critical parameters of innate
immunity that program such antibody responses remains a major challenge in
vaccinology. Here we demonstrate that immunization of mice with synthetic
nanoparticles containing antigens plus ligands that signal through TLR4 and TLR7
induces synergistic increases in antigen-specific, neutralizing antibodies compared to
immunization with nanoparticles containing antigens plus a single TLR ligand.
Consistent with this there was enhanced persistence of germinal centres and of
plasma-cell responses, which persisted in the lymph nodes for >1.5 years. Surprisingly,
there was no enhancement of the early short-lived plasma-cell response relative to that
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observed with single TLR ligands. Molecular profiling of activated B cells, isolated 7
days after immunization, indicated that there was early programming towards B-cell
memory. Antibody responses were dependent on direct triggering of both TLRs on B
cells and dendritic cells, as well as on T-cell help. Immunization protected completely
against lethal avian and swine influenza virus strains in mice, and induced robust
immunity against pandemic H1N1 influenza in rhesus macaques.
T RANKL-RANK
Tumour-infiltrating regulatory T cells stimulate mammary cancer metastasis through
RANKL-RANK signalling
Wei Tan, Weizhou Zhang, Amy Strasner, Sergei Grivennikov, Jin Q. Cheng, Robert M.
Hoffman, Michael Karin
Nature 470 7335 548-553
Inflammatory mechanisms influence tumorigenesis and metastatic progression even in
cancers whose aetiology does not involve pre-existing inflammation or infection, such
as breast and prostate cancers. For instance, prostate cancer metastasis is associated
with the infiltration of lymphocytes into advanced tumours and the upregulation of two
tumour-necrosis-factor family members: receptor activator of nuclear factor-/BB
(RANK) ligand (RANKL) and lymphotoxin2. But the source of RANKL and its role in
metastasis have not been established. RANKL and its receptor RANK control the
proliferation of mammary lobuloalveolar cells during pregnancy3  through inhibitor
of nuclear factor-'BB (I'BB) kinase-'A(IKK-!A, a protein kinase that is needed for the
self-renewal of mammary cancer progenitors and for prostate cancer metastasis. We
therefore examined whether RANKL, RANK and IKK-IA are also involved in
mammary/breast cancer metastasis. Indeed, RANK signalling in mammary carcinoma
cells that overexpress the proto-oncogene Erbb2 (also known as Neu), which is
frequently amplified in metastatic human breast cancers, was important for pulmonary
metastasis. Metastatic spread of Erbb2-transformed carcinoma cells also required
CD4+CD25+ T cells, whose major pro-metastatic function was RANKL production.
Most RANKL-producing T cells expressed forkhead box P3 (FOXP3), a transcription
factor produced by regulatory T cells, and were located next to smooth muscle actin
(SMA)+ stromal cells in mouse and human breast cancers. The dependence of
pulmonary metastasis on T cells was replaceable by exogenous RANKL, which also
stimulated pulmonary metastasis of RANK+ human breast cancer cells. These results
are consistent with the adverse impact of tumour-infiltrating CD4+ or FOXP3+ T cells
on human breast cancer prognosis9, 10 and suggest that the targeting of
RANKL-RANK can be used in conjunction with the therapeutic elimination of
primary breast tumours to prevent recurrent metastatic disease.

Co-directional replication—transcription conflicts lead to replication restart
Houra Merrikh, Cristina Machén, William H. Grainger, Alan D. Grossman, Panos
Soultanas

Nature 470 7335 554-557
Head-on encounters between the replication and transcription machineries on the
lagging DNA strand can lead to replication fork arrest and genomic instability. To
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avoid head-on encounters, most genes, especially essential and highly transcribed
genes, are encoded on the leading strand such that transcription and replication are
co-directional. Virtually all bacteria have the highly expressed ribosomal RNA genes
co-directional with replication. In bacteria, co-directional encounters seem inevitable
because the rate of replication is about 10-20-fold greater than the rate of
transcription. However, these encounters are generally thought to be benign.
Biochemical analyses indicate that head-on encounters are more deleterious than
co-directional encounters and that in both situations, replication resumes without the
need for any auxiliary restart proteins, at least in vitro. Here we show that in vivo,
co-directional transcription can disrupt replication, leading to the involvement of
replication restart proteins. We found that highly transcribed rRNA genes are hotspots
for co-directional conflicts between replication and transcription in rapidly growing
Bacillus subtilis cells. We observed a transcription-dependent increase in association
of the replicative helicase and replication restart proteins where head-on and
co-directional conflicts occur. Our results indicate that there are co-directional
conflicts between replication and transcription in vivo. Furthermore, in contrast to the
findings in vitro, the replication restart machinery is involved in vivo in resolving
potentially deleterious encounters due to head-on and co-directional conflicts. These
conflicts probably occur in many organisms and at many chromosomal locations and
help to explain the presence of important auxiliary proteins involved in replication
restart and in helping to clear a path along the DNA for the replisome.
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