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Jim Gray The Fourth Paradigm

Empirical (describing natural phenomena)
Theoretical (using models, generalizations)
Computational (simulating complex phenomena)

Data exploration (theory, experiment & simulation)

How has science publishing changed?
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hody between the source and a photographic plate or
fluorescent sereen.

I have observed and photographed many such shadow
pictures. Thus, I have an outline of part of a door
covered with lead paint; the image was produced by
placing the ge-tube on one side of the door,
and the sensi l h.l\t, 7

e plmc on the othes
shadow of the bones of the hand (Fiw. 1), of re
wound upon a bobbin, of a set of weiy 11~ i a hos, uf a

Fi. 1.~Photograpli of the boiies in the fugers of & living human hand.
“The third finger has & ring upon it.

compass card and needle completely enclosed in a mc(\I
- 2), of a picce of metal where the X-rays show |
the want of homogencity, and of other things.

Tor the rectilinear propag,
pin-hole photograph of the disc] harge ay
with black paper. It is faint but unmistakabl

(15) T have sought for interference effects

atus m\uu|

it 2:—Photograph of a compsis curd and nccdlc compleiely
nclosed in a metal

but possibly, in conscquence of their small intensity, |
without result. |
(16) Researches to investigate whether clectrostaf
forces act on the Xerays are begun but not yet conclud
(17) If one , what then are these X-rays
they are not kathode rays, one might suppose, from their
power of exciting fiuorescence and chemical action, them |
In opposition to this view |

to be due to ultra-violet light.
No. 1369, VOL. 53]

URE

! clear, and their propertic:

ir
ation of the rays, [ have n |

| extended the re

| be obtained which shows

L3

[Jaxvary 23, 1896

2 weighty set of consid
be indeed ultra-violet |
the following propert

(a) Tt is not refracted in passing from air into water,
carbon bisulphide, aluminium, rock-salt, glass or zin

(4) Tt is incapable of regular reflection at the s
of the above Ix)(hu
{¢) It cannot he polariscd by any ordinary polarising
media,
(f) The absorption by various bodics must depend
chiefly on their density.

That is to say, these ultra-violet
quite differently from the visible, infr

ations presents itself.  If Nevays
ht, then that light must possess

faces

ys must behave
d, and hitherto

These things appes
-mnhc. h\pull
A kind of rela

so unlikely that I have sought for

nnship hetween the new rays and light
Tays appears to exist ; at least the formation of shadows,
fluorescence, and the production of chemical action
point in this direction. Now it has been known for a
long time, that besides the transverse vibrations which
account for the phenomena of light, it is possible that
longitudinal vibrations should exist in the ether,
ac )rdm- to the view of some physicists, must exist. It
is granted that their existence has not yet been madc
re not experimentally demon-
strated.  Should not the new rays he ascribed to longi-
tudinal waves in the cther?

I must confess that | have in th
made mysclf more and more familiar with this thought,
and venture to put the opinion forward, while 1 wm quite
conscious that the hypothesis advanced still requires a
morc solid foundation.

course of this rescarch

LPROFESSOR RONTGEN'S DISCOVER)
IE newspaper reports of Prof. Rintgen’s experiments
have, during the past few days, excited considerable

The (hssu\ol\ does not appear, however, to
Iy novel, as it was noted by Hertz that metallic
cathode from a Crookes
hes, published

q lm(tl) pointed out that such
rays will produce photographic impressions. Indeed,
Lenard, cmldo)uu~ a tul with an aluminium \\mdo“,
through which the kathod passed out with com-
parative case, obtained photographic shadow images
almost identical with those of Rintgen, through picces
of cardboard and aluminium uumposml between the
window and the photographic plate.

Prof. Rantgen has, however, shown that this aluminium
window is unnc . as some portion of the kathode
radiations photographically active will pass
through the alls of the tube. Turther, he has
ilts obtained by Lenard in a manner
ed the popular imagination, while,
important of all, he has discovered the
dingly curious fact that bm ¢ is so much less trans-
t to these radiations than flesh and muscle, that i
human hand be interposed bcu\ccnn(,moLLs
tube and a photographic plate, a shadow photograph can

I I the outlines and joints of

gla

Y
Working upon the lines indicated in the telegrams from

1\ xcnn.mu«.mly pubhs]md in the daily papers, 1 have, with

the assistance of Mr. J. C. M. Stanton, repeated many of
Prof. Rintgen’s c\p(.nmenh with entire success. Ac-
(or(lmw to one of our first experiments, an ordinary
bromide dry pt hic plate was placed in
ry camera back. The wooden shutter of the
kept closed, and upon it were placed miscel-
laneous articles such as coins, pieces of wood, carbon,
chonite, vulcanised fibre, aluminium, &c., all l)cm'b quite
opaque to ordinary light. Above was supported a

Wilhelm Roentgen 1896

VIIL. A Dynamical Theory of the Electromagnetic Field. By J. CLerk MaxweLL, F.R.S.

(1) Tue most obviot
is the mutual action
still at a sensible dis
phenomena into scie
acting between the
way upon the relativ
it seems at first sigh
thing either at rest ¢
and capable of actin
In this way mathe
nical action between
been formed. In th
reference only to th
any express consider
These theories as¢
cles of which have
or repulsion. The
M. W, Weper*, wht
phencmena.
In doing so, howe
two electric particles
This theory, as d
ingenious, and won
statical electricity, e
phenomena; and it
speculations of one s
science, both by intr
by actually determin

* Tlectrodynamische M
art. xiv,

+ ¢ Explicare tentatur
netur,”---Halis Saxonum,

MDCCCLXV.

III—

Ja

Reeeived October 27,—Read December 8, 1864,

No. 4356 Apl‘il 25, 1953

equipment, and to Dr. G. E. R. Deacon and the
captain and officers of R.R.S, Discovery II for their
part in making the observations,

lYu‘:?géor)" B., Gerrard, H., and Jevons, W., Phil. Mag., 40, 140

'Lo%guuc-liiggjnja, M. 8., Mon. Not. Ruy. Astro. Soc., Geophys. Supp.,

* Yon Arg, W, 8, Woods Hole Papers in Phys. Ocearog. Meteor., 11
(3 11950)

“Ekman, V. W., Arkiv. Mat. Astron. Fysik, (Steckholm), 2 (11) (1905).

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggost a structure for the salt

of deoxyribose nucleic acid (D.N.A.) This
structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey’. They kindly made
their manuseript available to us in advance of
publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on bhe outside. In our opuuun,
this structure is for two
{1) We believe that the mntermI which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not ¢lear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). Tn his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
strueture as described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
acid, This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical
assumptions, namely, that each
chain consista of phosphate di-
ester groups joining A-p-deoXy-
ribofuranose residues with 37,5’
linkages., The two chains (but
not their bases) are related by &
dyad perpendicular to the fibre
axis, Doth chains follow right-
handed helices, but owing to
the dyad the.sequences of the
atoms in the two chains run
in opposite directions. Each
chain  loosely resembles IMur-
berg’s* model No. 1: that is,
\\ the bases are on the inside of

the helix and the phosphates on

the outside. The configuration
of the sugar and the atoms
‘near it is close to Furbergs

‘standard configuration’, the

sugar heing roughly perpendi-

cular to the attached base. There

This figure is purely
diagrammatic. The two

zontal rods the pairs of
ham hol.dmg the chains

The vertical
llne mﬂl‘lLA the fibre axis

NATURE
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i& & residue on each chain every 3-4 A. in the z-direc-
tion. We have sssumed an angle of 36° between
adjacent residues in the same chain, so that the
structure repeats after 10 residues on each chain, that
is, after 34 A, The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structuro is an open one, and its water content
is rather high. At lower water contents we would
expect the bases to tilt so that the strueture could
become more compact.

The novel feature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibre axis, They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
z-co-ordinates. One of the pair must be a purine and
the other a pyrimidine for honding to occur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only occur in the
structure in the most plansible tautomeric forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with eytosine {pyrimidine).

In other words, if an adenine forms one member of
a pair, on either chain, then on these assumptions
the other member must be thymine; similarly for
guanine and cytosine. The sequence of bases on a
single chain does not appear to be restricted in any
way. However, if only specifie pairs of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequenca on the other
chain is automatically determined.

It has been found experimentally®? that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to cytosine, are always very cloge to unity
for deoxyribose nucleic aeid,

It is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the extra oxygen atom would male too close & van
der Waals contact.

The previously published X-ray data®® on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our structure, So far as we can tell, it is roughly
compatible with the experimental data, but it must
bo regarded as unproved until it has been checked
against more exact results, Some of these are given
in the following communications, We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly thongh not
entirely on published experimental data and stereo-
chemical arguments,

It has not eseaped our notiee that the specific
pairing we have postulated immediately suggests a
possible copying meehanism for the genetic material,

Full details of the structure, including the eon-
ditions assumed in building it. together with a set
of eo-ordinates for the atoms, will be published
olsewhere.

‘Wa ars much indebted to Dr. Jerry Donchue for
constant adviee and criticism, especially on inter-
atomic distances, We have also been stimulated by
a knowledge of the general nature of the unpublished
experimental results and ideas of Dr. M. H, F.
Wilkins, Dr. R. E. Franklin and their co-workers at

Watson & Crick 1953




Changing paradigm

The old type of narrative:
data to support a hypothesis
Data-intensive science:
* Large amounts of data
* Should be made accessible to others
* Exploratory use
data interesting in itself

natureresearch
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A possible answer: data journals

e Scientific Data (NPG)
* Data in Brief, Genomics Data (Elsevier)

* Geoscience Data Journal (Wiley)

SCIENTIFIC D AT A%

Home | Archive | About v | For Authors v | For Referees | Data Policies v | Collections v

Home * Data Descriptors » Data Descriptor

SCIENTIFIC DATA | DATA DESCRIPTOR

Systematic global assessment of reef fish
communities by the Reef Life Survey program

Graham J Edgar & Rick D Stuart-Smith

Affiliations | Contributions | Corresponding author

Scientific Data 1, Article number: 140007 | doi:10.1038/sdata.2014.7
Received 14 February 2014 | Accepted 15 April 2014 | Published online 27 May 2014
PDF ..-'I ISA tab ‘!, Citation fﬁ Reprints @, Rights & permissions
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About Scientific Data

Scientific Data is an open-access, peer-feviewed
publication for descriptions of scientifically
valuable datasets. Our primary article-type, the
Data Descriptor, is designed to make your data

mare discoverable, interpretable and reusable.
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The concept of Data journals

e Data must be well described before others
can use it and benefit from it

* Scientists who share data in a reusable
manner deserve credit through citable
publications

e Data quality matters

natureresearch
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How does it work?

Include methods and technical analyses
supporting the quality of the data

Publish alongside a journal article

Describe standalone datasets that don’t fit in

other publications

Release data used in previous research

articles

natureresearch
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OPEN | Data Descriptor: High-through
: DFT calculations of formation
_energy, stability and oxygen
. vacancy formation energy of A
o | perovskites

Aeceped: 22 hagust 2017
i Antoine A. Emery” & Chris Wolverton®

[Published: 17 Octaber 20T 1

: ABO, perovakites ane oxide materali that are used for & varisty of applications such &5 solid o
1 piezo-, femo-slectricity and water splitting. Due to their remarkable =t shility with respect to
i substitution, new compounds for such applications potentially swait discovery. In this work, |
1 echawtive dataset of formation energies of 5,329 culic and distorted perovikites that wern
: wsing first-principles density functional theary. In addition to formation energies, several ad
1 properties such as oxidation states, band gag, cxygen vacancy formation enengy, and them
i stability with respect to all phasssin the Open Quantum Materials Database are aleo made
{ meailable. This large dataset for this ubiquitous eryt al structre type containg 395 peravii
+ predicted to be thermadyramically stable, of which many have not yet besn expedim entally
¢ thenefare represent theoretical predictions. The datasst thas opens avenues for future e, |
: materiasls discovery in many ressarch-active arsas.

Design Typeis) database creation objedive
Measuement Type(s) physicachemical characterization

Technology Typeds) comp | madeing technique

Factor Type(s)

Sample Characteristids)

compound by chemical compasition

Data in Brizf 14 {2017) 453-457

Caontents lists available st ScienceDirec
Data in Brief

journal homepage: www.elseviercom/locate/dib

ELSEVIER

Dat Article
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modulation and elecrochemical impedance specimscopy are
resented
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How about data & software reviews?

3I0OIMAGE INFORMATICS REVIEW |

OPEN

Data-analysis sti

cell profiling . . . .
unceacedot smcoper, e B10OLOG1CAl imaging software tools

Csaba Molnar®, Aliaksei S Vasilevic

Oren Kraus!®, Mathi?s Wawer!!, Ly Kevin W Eliceiril, Michael R Berthold?, Ilya G Goldberg?, Luis Ibaiez*, B S Manjunath?,
Mohammad Rohban’, Jane Hung - Maryann E Martone®, Robert F Murphy’, Hanchuan Peng®, Anne L Plant®, Badrinath Roysam??,

Paul A Clemons!!, Shantanu Singh' . 1 12 13 14
& Anne E Carpenter! Nico Stuurman?!, Jason R Swedlow!4, Pavel Tomancak!”? & Anne E Carpenter

Image-based cell profilingisahig oy technologies are more widespread in modern biological laboratories than imaging.
phenotypic differences among a vi . ) ] . . .y .

biological systems on a large scale ~ Recent advances in optical technologies and instrumentation are providing hitherto
The general workflow for this tech  unimagined capabilities. Almost all these advances have required the development
throughput microscopy systems ar o ¢, ftware to enable the acquisition, management, analysis and visualization of the
we introduce the steps required to . . . . . .

profiles from a collection of micror ~ 1Maging data. We review each computational step that biologists encounter when
proven useful in each stage of the  dealing with digital images, the inherent challenges and the overall status of available

20 laboratories worldwide that are g4\ are for bioimage informatics, focusing on open-source options.
in pursuit of biological discovery.

may suit various biological goals, expe

natureresearch

Coming up in Nature Reviews Physics in 2019
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The future

e Publishing data & software will become
more widespread

* Scientists and funders will come to
appreciate these new articles on the same
footing as primary research

* Challenges: educating scientists to write and
peer-review these new articles and establish
guidelines for good scientific practice

natureresearch



