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he dog has its day

Hans Ellegren

Domestication and selective breeding have transformed wolves into the diversity of dogs we see today. The
sequence of the genome of one breed adds to our understanding of mammalian biology and genome evolution.

Dogs have a special place in our society. Man<§ he assembled sequence from Tashass Di#e different breeds show that there is an aver-
best friend is not just a valuable huntingspans 2.4 10 base pairs (Gbp), which corre-age of around 1 SNP per 1,000 base pairs , a
partner, guard and herd manager ,, most of sponds to an estimated 99% coverage of thnilar value to that in human populations.
the worldes estimated 400 million dbgse canine genome (excluding highly repetitive The SNP data give several evolutionary
pets. Dogs were the first animals to be domegions). So, although dogs have 39 pairs iosights. For instance, analysis of DNA from
ticated (at least 15,000 years agbyhey all chromosomes (compared with 23 pairs imitochondria (cellular organelles that have
originate from a single and relatively homohumans), their genome contains almost O.their own genome) has suggested that domes-
geneous species ,, the wolf , but modern Gbp less DNA than ours. The difference catication is associated with a narrow genetic
breeds display an extraordinary diversity dbe explained mainly by the existence of feweottleneck where only a few wild ancestors
traits (or phenotypes). The hundreds of yeanepetitive elements in the dog lineage, and twontributed to the domestic gene pbélow-
of careful inbreeding to produce the manysome extent by deletion of sequences that wereer, the large genetic diversity seen among
kinds of dog have delivered a geneticistss dregresent in an early common mammaliardogs is at odds with this hypothesis, and work
model of human genetic disease (Box 1, oveancestor. Dogs seem to have fewer genes ttmmother domestic animals shows that they,
leaf). But to unlock the full potential of thishumans, but the actual numbers might be a bibo, have high levels of variability in their
model, we need to understand the genetic basiat for both genomes because identifyinguclear genes. This implies that, in many
for the unprecedented diversity and how it hagenes across whole genomes continues to beases, back-crosses with wild relatives intro-
evolved. The high-quality draft sequence ofdifficult tasK. duced additional genetic diversity into domes-
the dog genome described on page 803 of thisThe current work is not the first canineticated animals well after domestication
issuéis a good starting-point for that researchgenome project. Sequencing of a male pooddegar’. The genetic traces of such interbreed-
Lindblad-Toh and colleagutiavited breed (at a lower sequence coverage) recently chamg may not be picked up by studies of mito-
clubs and veterinary schools to suggest atterized about 75% of its genome, althougthondrial DNA if the back-crossing occurred
individual dog suitable for genome sequenawith much of the assembled sequence intemainly between wild males and domestic
ing. The idea was to identify a highly inbredeaved with gaps of undefined lerfgtHow- females, because mitochondrial DNA is inher-
dog; this was based on the thinking that thever, by comparing it with the boxer genometed only from mothers.
animales genetic homogeneity would simplifghe poodle sequence is a useful tool for identi- The physical positions of the genetic varia-
the gigantic jigsaw puzzle of assemblinfying genetic variants , single nucleotide tions within and among breeds create patterns
millions of sequence reads into a genomgolymorphisms (SNPs) , in dog popula- in the genome that give a more detailed per-
sequence. After testing certain genetic markions. Augmented with SNPs identified in thespective on domestication and breed forma-
ers in a host of dogs, the sequencers settledtwoxer and by limited sequencing of manyion. Within breeds, most chromosomes are
a female boxer called Tasha (so there is noovher dog breeds, 2.5 million variable sitesosaics of alternating regions of homo-
chromosome in the current sequence). have now been discovefe@omparisons of geneous sequences , reflecting the recent
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Box 1| From wolf to dog to disease model

The wild ancestor of dogs, the grey wolf, belongs to dogs must have accompanied late Pleistocene many of which are found in just one or a few

alarge group of mammals called the Carnivora,
which includes cats, bears and seals. Roughly
40 million years ago, a family of dog-like

and others. A phylogenetic analysis® shows that
the coyote is the closest living relative of the grey

million to two million years ago), followed by, in
order of genetic distance, the golden jackal,

dog remains from Alaska and Latin America
indicate that native American dogs originated

carnivores (Canidae) evolved, and about 15 million
years ago they diverged into foxes, wolves, jackals

wolf (the two species had acommon ancestor one

Ethiopian wolf, dhole and African wild dog. Ancient

humans across the Bering Straits, which means
they were domesticated at least 15,000 years ago,
probably in southeast Asia®.

Modern dog breeds have subsequently been
generated by selecting for existing traits among
the wild ancestors  aprime example of
evolution by selection. The extraordinary variation
in shape, size, behaviour and physiology of the
breeds makes the dog a unique genetic model;
each pure breed is an inbred, isolated genetic
population, with simplified genetic structures that
can be linked to their physical traits.

Several hundred genetic disorders shared

breeds. For instance, narcolepsy is seen largely
in doberman pinschers, and a hereditary kidney
cancer occurs only in German shepherd dogs;
the genes underlying both diseases have been
identified in dogs. Examples of genetic diseases
common to several breeds include blindness,
allergy and epilepsy. Using dogs as a model for
human genetic disease can not only identify
causative genes and aid the development of
treatments, but can also provide information on
the character of disease-causing mutations. For
example, the expansion or insertion of repetitive
elements in genes has recently been shown to

from dogs domesticated in the Old World*. These between dogs and humans have been reported, cause disease in both humans and dogs™®”.  H.E.

10. Vil , C. et al. Trends Genet. 21, 214 218 (2005).
11. G therstr m,A.etal. Proc.R. Soc. Lond. B 272, 2337 2344

common ancestry shared by individual dogs Vil ,C.etal. Science 276, 1687 1689 (1997).
Of the same breed and heterogeneou§ Savolainen, P. et al. Science 298, 1610 1613 (2002).

213 . . . 4. Leonard,J. A. etal. Science 298, 1613 1616 (2002). (2005).
sequencés®"? Mathematical SIMUIAtioNs Can s’ ¢ e N 5. & Ostrander £, Nature Rev, Genet. 5,900 910 12, Sutter, N.B. et al Genome Res. 14, 2388 2396
be used to model the way in which population (2004). (2004).

13. Parker, H. G. et al. Science 304, 1160 1164 (2004).
14. www.ncbi.nih.gov/Genomes

15. Pollinger, J. P. et al. Genome Res. (in the press).

16. Lin, L. etal. Cell 98,365 376 (1999).

17. Lohi, H. et al. Science 307, 81 (2005).

history might be expected to affect genetig Lindblad-Toh,K.etal. Nature 438,803 819 (2005).
diversity and its structural patterns. The modet :\rllternatlonal Human Genome Sequencing Consortium
: ature 431,931 945 (2004).

that best fits the observed pattern of SNRS irkness E F.et al. Science 301, 1898 1903 (2003).
is one that assumes an ancient bottlene®k Bruford, M. et al. Nature Rev. Genet. 4,900 910 (2003).
some 9,000 generations ago (domestication),
followed by breed-specific bottlenecks 30...90
generations ago (breed formation). However,
if repeated back-crossing has occurred, thi&/ATER
model would have to be revised. - .

The dog adds to a growing list of vertel nS and OutS Of ICe nLICIeatlon
brate spg]gies that have had their genome
sequenced. A comparative analysis of theg .
human, mouse and dog by Lindblad-TohSrlkanth Sastry

et al” showed that about 5% of the humarn aporatory experiments point to a mechanism by which ice forms from

genome is being maintained by natural Selec'u ercooled water with surprising alacrity. Such a mechanism may hel
tion ,, suggesting that it has some essentiaPUP P g y- y help

function. Almost all of this sequence is alst0 explain ice formation in the atmosphere under certain conditions.

present in the dog genome. Only 1...2% of the
genomes encodes proteins, so there would Kurt Vonnegutes novelatss CradleEarthes
seem to be an additional common set (aboutaters freeze over on contact with ice-9, a ——.
3%) of functional elements in mammaliarfictional form of ice that is more stable thar /
non-coding DNA. These common sequencewater. Vonnegut depicts an imaginary anc |
may constitute, for example, regulatory eleextreme scenario of how the thermodynamic
ments, structural elements or RNA genesf water might dictate the fate of the planet. Bt
Notably, such regions are found mostly withirthe transformation of water to ice is no les
the 0.8 Gbp of ancestral sequence commonfascinating in reality. Water can remain a liquia . o )
human, mouse and dog. even under conditions in which a more stabl&!9ure 11 Three ways inwhich an ice nucleus

With the dog genome sequence available,phase exists. This occurs at temperatures bel \&3\' cause crystallization of awater drop.

. o - o : . : , A nucleus immersed in the bulk drop.
will be exciting to _follow the forthcomlng 0 °C when ice-l (the nqrmal variety) is theol Contact from a nucleus outside the drop.
search for associations between certain phstable phase. In these circumstances, wateg Igontact from within the drop («contact
notypes in different breeds and the geneermed metastable or supercooled. It can Bficleation inside-oute). Cystallization occurs at
responsible for them (Box 1). It will now beprompted to turn into ice by seeding it with ahigher temperatures in the two surface-contact
possible, using various genomic approaches,speck of the stable ice (as in the story), or witfituations?
map breed-specific traits related to morphola small particle of, for instance, dust or ash.
ogy, physiology and behavidgrwhich will At Earthes surface, water exists in solidgupercooled water can be transformed into
provide insight into key features of mamdiquid and gaseous phases at or close to amlge. They also discuss how their results might
malian biology and disease. ent conditions. Transformations betweerhelp to understand aspects of ice formation
Hans Ellegren is in the Department of these phases can therefore occur readily Earthes atmosphere ,, which in turn affects
Evolutionary Biology, Evolutionary Biology (through small changes in temperature, fopatterns of rainfall and snowfall, and the
Centre, Uppsala University, Norbyvagen 18D, example), and can have a great influence anfluence of clouds on the amount of solar
SE-752 36 Uppsala, Sweden. the dynamics of Earthes atmosphere. This iadiation reaching Earthes surface.
e-mail: Hans.Ellegren@ebc.uu.se the context in which two new publications by When cooled below 0 °C at ambient pres-
Raymond A. Shaw and colleagifeme set. sure, water will eventually become ice, a solid
The authors describe lab studies of a particularth a regular molecular structure and strong
pathway, called contact nucleation, by whichttractive interactions between molecules that

1. Coppinger, R. & Coppinger, L. Dogs: A Startling New
Understanding of Canine Origin, Behaviour & Evolution
(Scribner, New York, 2001).
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QUANTUM INFORMATION

Remember that photon

Philippe Grangier

Storing single photons in atomic memories, and releasing them at a later
time, is a required step on the way to quantum repeaters and long-distance
quantum cryptography networks. This step has now been taken.

range of tens or hundreds ,, much lower
than the number required for a fully fledged
guantum computer. The proposalin 2001 of
the so-called DLCZ quantum information
protocof, in which an ensemble of many
atoms stores just one qubit, was a significant
step towards a functioning quantum repeater.
This protocol uses a process known as spon-
taneous Raman scattering, in which an inci-
dent photon is scattered inelastically (that is,
with a change in its frequency) between two
atomic ground states.

Chaneliérest al* and Eisamaet al? exploit
the DLCZ protocol to set up a controllable
single-photon source for further experimen-
tation. After initially preparing all the atoms
of an ensemble in one ground state, a weak
laser pulse (which nevertheless contains many
photons) is used to induce a Raman transition
of just one atom within the ensemble. As a
consequence, a single spontaneous Raman

The basic unit of quantum information, therepeater is no use in the quantum regime: it {ghoton is scattered, and its detection heralds
guantum bit or qubit, can be encoded in varimuch too noisy, and creates so many errotle creation of a collective, delocalized, single-
ous physical quantities, such as the polarizéhat any quantum key being transmittedatom excitation of the ensemble. This excita-
tion states of photons, or the spin states efould not survive. To put the problem intion can be stored for as long as all the atomic
atomic nuclei. To make qubits practically usemore quantum-mechanical terms, a classic#vels in the sample maintain a constant phase
ful, random coupling of them with the exter-repeater breaks down quantum entanglementelationship (a period known as the coherence
nal world ,, an effect known as decoherenceThis delicate phenomenon is associatetime of the ensemble). This excitation can be
» must at all costs be avoided or correctedwith very strong, non-classical correlationgonverted back into a single-photon light
This makes photons (the quanta of light) parbetween the states of two widely separatéigld of controllable direction, intensity and
ticularly suitable for qubit transmission, agqubits, and is a crucial element of all quanturfrequency using another pump pulse (for a
they can travel over very long distances withommunication schemes: in effect, it allowseview of recent experimental work in this
very little decoherence. For qubit storageany useful qubit to be steleportede directly to i@rea, see ref. 6).
encoders such as atoms come into their owdestination, avoiding transmission losses Once a single photon has been generated,
they can be kept in strapse for long periods, So quantum communication must re-the second stage is to catch it, and then release
again avoiding deleterious decoherence effedtsent the repeater concept, using quantunit again, in a second, remote atomic ensemble.
from outside. hardware that preserves coherence. This The trick here is to use a second atomic
In experiments detailed in two papers irfeasible in principlfé a quantum repeater ensemble that is opaque to the photon ,
this issue, Chaneli¢et al.(page 833)and would be nothing more than a small quantunabsorbing rather than transmitting it ,, and
Eisamaret al.(page 837contrive to combine processor. The exact number of qubits thahat can only be made transparent by using an
the two crucial aspects of transport and stomould have to be stored and processed in suektra laser beam. This transparency arises
age: they generate a single photon on demaradrepeater to ensure high-fidelity quantunthrough a neat and extensively studied inter-
catch it and store it in a remote atomic memeommunication over thousands of kilometrederence phenomenon, electromagnetically
ory, and release it some time later. The advanisean open issue. But it is likely to be in thenduced transparency (EIT). If the EIT laser

is potentially highly significant for the field of

guantum cryptography, also known as quaniES8 LRSS E ST TER TN Yol 1ol

tum key distribution (QKD). This emerging | The purpose of quantum key distribution is to
technology promises absolutely secure tranSspare a secret key among legitimate users that
mission of the key codes that are essential|tgows them and only them to decode messages.
decipher any encrypted message (Box 1). | some sortofkey that allows a message to be
Previous advances in quantum key distrib- geciphered is essential to all forms of encryption.
ution have owed much to the fact that photons common, classical schemes used in electronic
that are used to encode the keys are very goa@mmerce can set up akey by relying on
qubit carriers: apart from maintaining a robust computationally difficult problems, such as
quantum state throughout transmission, they e splitting of a very large number into two
can be detected efficiently and with low leve Sorime-number factors, thatare infact ~ given
of noise. But light signals cannot ,, whether| ypjimited patience and computational power
viewed classically or quantum-mechanically preakable.
» propagate over infinite distances in optical|  the only totally secure classical encryption
fibres. They are in fact dampened exponen-ystemisthe one-time pad , which uses a key
tif'i"y with distance: by a factor of two over 15atis as long as the message itself and that may
kilometres, and by a factor of a hundred overhe ysed only once. This solution leads to what is
100 kilometres. In classical optical telecom-known as the key distribution problem: as the key
munications, this problem is solved by using nust be transmitted between sender and

simple, readil_y available (_jevices Known' aSecipient, it is itself susceptible to interception by
repeaters, which can amplify and reshape t l%n eavesdropper. In the classical world, someone

can listen in on such a signal passively without
changing the bits that make it up at all, so neither
sender nor recipient need ever know that their
communication has been intercepted.

Not so in the world of quantum
communication. Qubits do not possess definite
values such as the O or 1 of classical bits;
rather, they represent a so-called coherent
superposition of physical states such as the
polarizations of a photon. A fundamental feature
of quantum mechanics is that the mere act of
observing such a superposition will cause it to

collapse into a definite state. This means any
attempt by an eavesdropper to intercept a key
made of qubits can be easily spotted by sender
and recipient. Given this knowledge, and as

long as the errors created by the eavesdropper
(or any other perturbation) are not too large,

it should be possible to build up an errorless and
perfectly secure key. P.G.

transmitted signal. But a good classica

©2005 Nature Publishing Group
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50 & 100 YEARS AGO

50 YEARSAGO

Over the past twenty years | have
been interested in the possibility
of using X-ray crystallographic
methods to find the arrangement
of the atoms in protein molecules
and particularly in insulin. One of
many possible approaches to
solving this problem seems to be
the crystallographic study of
naturally occurring peptides such
as the gramicidins and tyrocidine...
These all have molecules much
smaller in size than even the
smallest protein molecules; some
indeed are smaller than vitamin
B,,, of which we have already
found it possible to obtain the
kind of information we require...
We already have evidence that
there may be a connexion
between the way the peptide
chainis folded in gramicidin Sand
the way itis folded in part of the
molecule of insulin. But even if
later we find that the connexion in
chain configuration is less close
than we at present suppose,

we think that the atomic
arrangement in these peptide
molecules is itself of great
interest and some importance.
Dorothy Crowfoot Hodgkin
FromNature 10 December 1955.

100 YEARS AGO

The death-knell of the atom’

Old Time is a-flying; the atoms are
dying;

Come list to their parting oration:—

“We'll soon disappear to a heavenly
sphere

On account of our disintegration.

“Our action’s spontaneous in atoms
uranious

Or radious, actinious or thorious:

But for others, the gleam of a
heaven-sent beam

Must encourage their efforts
laborious.

“For many a day we've been slipping
away

While the savants still dozed in their
slumbers;

Till at last came a man with
gold-leafand tin can

And detected our infinite numbers.”

'Sung at the Chemical Laboratory
dinner at University College,
November 17.

FromNature 7 December 1905.

beam is turned off, the medium become®LCZ proposal, how to store and release a
opaque once again, and any photon inside dubit is known in principle, and preliminary
is trapped, converting into another atomicresults have been obtaiffednother crucial
excitation (known as a dark-state polariton)issue is that it should be possible to create
The photon can be regenerated at any timgme entanglement between distant atomic
within the coherence time of the ensemblegnsemblesas discussed also by Clebal.in
simply by turning the EIT laser beam on agairthis issue (page 828)The next key step will
Throughout this sequence of events, it ibe to gradually increase the entanglement
clearly essential to check that the photobetween the two remote memories , the
maintains its quantum, particle-like proper-process of sentanglement distillations, which
ties. One way to do this is to put a beamwould be the fundamental duty of a quantum
splitter in the photonss way, and verify thatepeatet”. This is a long-term goal, as many
photon counts on the two paths after thdeatures have to be improved: counting rates
beam-splitter are anticorrelated. Correlateqpresently much too low), storage times
counts would indicate that the incoming beanfpresently much too short), and the fidelity of
splits in two, a clear sign of classical, wave-likiee successive transfer processes in the ensem-
behaviour. The degree of photon splitting cables. Although this looks more like mountain
be conveniently characteriZdxy a parameter climbing than highway driving, new ways
, with an ideal single photon (exhibiting aupwards keep on opening, as the present
purely quantum behaviour) having 0,and research’shows. The summit may seem far
a classical source having> 1. A value of  off, butit is not out of reach.
between 0 and 1 thus corresponds to a lighhilippe Grangier is at the Laboratoire
beam showing a mixture of quantum andCharles Fabry de I'Institut d’Optique,
classical behaviours, or in other words, t61403 Orsay Cedex, France.
an imperfect single photon. Chaneliére and-mail: philippe.grangier@iota.u-psud.fr
colleaguebtain a value for of 0.36 after a
storage time of 500 nanoseconds, whereascChanelitre, T.etal. Nature 438,833 836 (2005).
Eisaman and colleaglj’émd a value of 0.51 2 Eisaman, M.D.etal. Nature 438,837 841(2005).
cnder EIT conditons, but ithout storagey, S s s e ) |
(they also observe storage, but without evi- 81,5932 5935 (1998).
dence that is less than 1)_ 5. Duan,L.-M., Lukin, M., Cirac, J. 1. & Zoller, P. Nature 414,

; i Ace 413 418 (2001).
Obviously, the -guantum memories- (th Felinto, D. et al. Phys. Rev. A 72, 053809 (2005).

ablllty to -regenerate' a phOtOﬂ stored in al Grangier, P, Roger, G. & Aspect, A. Europhys. Lett. 1,173 179
ensemble after a delay) described in these arti-(19s6).
cle€?are not the end of the story. First, wha8. Matsukevich, D.N.etal. Phys. Rev. Lett. 95,040405
; (2005).
has to be S.tored and rEIeaSEd.IS nota .phOt%n’Matsukevich, D.N.etal. preprint available at
but a qubIt ” the quamum information www.arxiv.org/quant-ph/0511012 (2005).
encoded on a photon. In the context of theo. Chou,C. W. et al. Nature 438,828 832 (2005).

CANCERBIOLOGY

Emissaries set up new sites

Patricia S. Steeg

The capacity of tumours to spread to other organs is one of their most
dangerous attributes. A study of how cancer cells settle in new places
shows that they send out envoys to prepare the ground for them.

During the process of metastasis, tumour cells report from Kaplaret al.(page 820 of this
move from the primary tumour to colonizeissuej provides another explanation. The
another organ. But why do these mobile cellsuthors show that tumour cells can mobilize
put down roots only in particular organs, ornormal bone-marrow cells, causing them to
only at specific sites within an organ? Thenigrate to particular regions and change the
lungs and liver, for example, seem particularlpcal environment so as to attract and support
popular secondary targets for tumour cellsa developing metastasis.

Some studies imply that this epreferences might Metastasis is a sequential process, con-
occur because, as they branch out within thosmgent on tumour cells breaking off from
organs, the blood vessels become very narrdive primary tumour, travelling through the
and the blood-borne tumour cells are trappedloodstream, and stopping at a distant site. At
when they enter the fine capillary be@ther the new site, the cells establish a blood supply
work has identified proteins that are specific tand can grow to form a life-threatening mass.
the cells lining the capillaries of certain tissueBoth stimulatory and inhibitory molecular
as possibly promoting metastasis formation pathways within the tumour cell regulate this
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