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What do | want you to be able to think about

« The elements of a good scientific
paper

 Why scientists write papers and why
they are published

 How scientific quality and
productivity are assessed

« How the paradigm is changing



Why do we perform scientific
investigations?

“But so soon as | had achieve the entire course of study at
the close of which one is usually received into the ranks of the
learned....l found myself embarrassed with so many doubts
and errors that it seemed to me that the effort to instruct
myself had no effect other than the increasing discovery of my
own ignorance.”

-Rene Descartes, 1637



The scientific paper has become the principle
medium of scientific communications “of record”

' PHILOSOPHICAL
TR ANS AC By IONS

8 GlVING SOME

A C (OMPT

OF THE PRESENT |
Undcntakmge Studics , and L'1b01u>'

O ¥ THE

IN(:LNIOUS

| IN MANY
"CONSIDERABLE PARTS
OF THE

WORLD

I - Vel I,
Yor Anno 1665, and 1666.

A In the S AVOT,
Printed by I N. for John Martyn at tthcll alittle with-
out Temple-Bar , and Fames Alleflry in. Duck- me,
Printais to the Royal Socicty, ‘



Scientific Publications

The scientific paper as primary source material
Technical reports

Reviews as secondary source material
Tertiary sources such as encyclopedias



What does a great scientific
paper look like?
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest 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 manuscript available to wus in advance of
publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. Tn our opinion,
this structure is unsatisfactory for two reasons:
(1) We believe that the material which gives the
X-ray diagrams is the galt, not the free acid. Without
the acidie hydrogen atoms it is not clear 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). TIn his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
atructure as deseribed 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 nucleie
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 consists of phosphate di-
ester groups joining f-p-deoxy-
ribofuranose residues with 3’5"
linkages, The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis. Both 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 Fur-
' . berg’s? model No. 1: that is,
A l-\\ the bases are on the inside of
. . . the helix ;nd thﬁ p]um on
This figure i purely  the outside. The co tion
'rllln:t';;“n:." “!?:;:.i..,ﬁx '«7.: of the sugar and the atoms
two phosphale—sugar  pear jt s close to Furberg's
:2:%21‘..,;“:“‘“9’;“?3’& ‘standard configuration’, the
basea holding thechalns — gugar being roughly perpendi-

l(i?ce u%h mé”nt!?;"ii?} cular to the attached base. There
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is & residue on each chain every 3-4 A. in the z-direc-
tion. We have assumed 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 3¢ 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 structure 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 structure 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 cheain being
hydrogen-bonded to a single base from the other
chain, 8o that the two lie side by side with identical
z-co-ordinates. One of the pair must be & purine and
the other a pyrimidine for bonding 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 oceur in the
structure in the most plausible 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
& 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 spocific pairs of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequence 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 close to unity
for deoxyribose nucleic acid.

Tt is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make 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
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not sware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the specific
pairing we have postulated immediatoly suggests a
possible copying mechanism for the genstic material.

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere,

We are much indebted to Dr. Jerry Donohue for
constant. advice 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
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What should a scientist think
about in writing a paper?

* First-is it worth knowing?
« Transforming the question into a specific hypothesis
— What makes a good hypothesis?
« Can it be conclusively rejected? (Is it testable?)
« Do you see a good story to make the hypothesis compelling?
— How will testing your hypothesis have an impact?

« How will it change what we do in the future or our view of this
area of science?



How should a paper be
constructed?

 What is the logical sequence of experiments

(not necessarily the order in which they were
done)?

 What were the key observations?

 What are the major confounds for each and
how were they addressed?



How to think about the range of papers
you will read or write

Impact
— Short term: what is “hot” and what is not
— Long term: a new view

Variations on the narrative form

— Science, Nature, Cell- the general science journals- make the
story more interesting by linking motivation, result and
iInterpretation, point by point

— Rapid publication journals often demand highly concise, fact-
filled reports with brief context-setting and minimal discussion

Research reports are not reviews and reviews are rarely for
new results

— Read primary reports critically- observations depend on the
observer

— Read reviews more critically- they are opinions

Innovative experiments are the substance of reports, creative
speculation belongs in reviews



Scientific papers in their social and
economic context

« Science knowledge turned into an economic transaction thanks
to print.

* Printing was expensive- the scientific paper became a
knowledge-compression algorithm

— Not just about being right, but about being right in the smallest
number of words possible.

« The medium is the message

— With the advent of scientific publishing, we've connected the
idea of "knowledge” to “words printed on paper”



The scientific paper as “fact” rather than news
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Why do scientists publish?- |

Sharing results of their work and the ideas
they generate

Testing their ideas
Expanding knowledge
— And the “balloon” of ignorance



Why do scientists publish?- Il

Demonstrating competence: needed for grant
funding

Demonstrating productivity: needed for continued
grant funding

Demonstrating mastery and reputation: scientific
advancement

Supporting their institution’ s claim for excellence



Metrics of quality
Impact factors

A measure of the frequency with which the
"average article” in a journal has been cited in a
particular year or period.

A= total citations in 1992

B= 1992 citations to articles published in 1990-91
(this is a subset of A)

C= number of articles published in 1990-91
D= B/C = 1992 impact factor



Assessing productivity and impact
Joel Hirsch’s h-index
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Sounds simple...but is it?

The h-index does not account for the number of authors of a pape-
fields with larger groups, e.g. experimental over theoretical.

The h-index is bounded by the total number of publications-
scientists with a short career are at an inherent disadvantage,
regardless of the importance of their discoveries.

— Had Albert Einstein died after publishing his four groundbreaking

Annus Mirabilis papers in 1905, his h-index would be stuck at 4 or 5.

The h-index does not consider the context of citations. The fastest
way to a high h-index is to publish controversial and incorrect
results!




The business of scientific publishing

« A US$7 billion industry

« Scientific publishing is the fastest-growing media sub- sector
of the past 15 years

— An inelastic market

— Markets define themselves: the implicit compact between
scientist and scientific publisher

* Loyal readership
« Name recognition

 “Editorial Boards” that become themselves the currency of
scientific advancement



fraud

Consequences of the potent mix of
ambition and economics
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A model in transition

« Science output is growing faster than the funding to
disseminate it

 Paper is an expensive medium to produce, archive and access

— Libraries spend US$1.5 on staff costs and other operating
expenses for every US$1 on content

» 1986, libraries spent 44% of their budgets on books compared with 56% on
journals

« 1998, the ratio had skewed to 28% and 72%.



What is the scientific paper of the future?

 Removing the middle man
— Open archives for data
— ldeas blogs
 The journal as an aggregator of sub-
disciplines
« The journal as a synthesizer

« Scientific journalism as polemic: creating or
influencing a field



