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In this essay, we identify the life sci-
ences articles published in 1980 that re-
ceived the most citations in 1980 and
1981. We have studied papers that be-
came highly cited soon after publication
for several years now.1-3 Papers that re-
ceive an immediate burst of citations
usually point to “hot spots” of science.
In the weeks to come, we will follow up
this essay with separate reports on the
most-cited 1980 papers in the physical
and chemical sciences.

Figure 1 lists 105 articles included in
this study, and the number of citations
they received in 1980 and 1981 are
shown. We try to limit the number of pa-
pers to about 100 because we can’t pro-
vide more space in which to present
these studies of most-cited papers. The
least-cited paper received 52 citations,
and since seven papers were each cited
52 times we extended the list to 105
papers.

The papers listed in Figure 1 are inter-
esting because their impact was immedi-
ate. The average paper in this study re-
ceived 82 citations, 15 in 1980 and 67 in
1981. The most-cited paper received 345
citations. Keep in mind that most of the
4,000,000 papers and books cited in Sci-
ence Citation Index® (SCI®) each year
receive about one or two citations.

The articles fall into 17 broad subject
areas, and they are arranged in alphabet-
ical order by first author within each
category. We do this to discourage in-
vidious comparisons based on individual
citation rates. All of these papers have
had a significant impact on their fields.
But we are not in a position to judge if

certain papers are “better” relative to
any other. And, of course, many other
papers will eventually prove to have
equal, or even greater, impact in later
years due to a variety of factors.

Eighty-three of the 105 articles in this
study are already included as “core”
documents for ISI/BIOMED® research
fronts. They are indicated by the re-
search front numbers following the bib-
liographic information in Figure 1. A re-
search front is created when a group of
current papers cite one or more papers
identified as the core for that topic. The
majority of the papers in Figure 1 have
already been incorporated into the core
literature of their fields.

Table 1 lists the names of the research
fronts that include two or more papers in
this study as core documents. A com-
plete list of research front names can be
found in the Index to Research Fronts in
ISI/BIOMED .4 The numbers in col-
umn A correspond to the research front
numbers following the bibliographic in-
formation in Figure 1. The names are de-
rived from the words and phrases most
frequently used in the titles of research
front articles that cite the core docu-
ments. In fact, the research front names
are an alternative way of classifying the
papers in this study. They give you a
clearer idea of the papers’ cognitive con-
tent than classification by broad disci-
plinary categories.

There are a variety of reasons why 22
of the 105 papers in this study do not ap-
pear as core papers in any of the thou-
sands of research clusters we identify
each year. The most obvious reason




Figure 1: The 1980 life sciences articles most cited in 1980-1981. The authors’ addresses follow each citation. Code numbers
indicate the ISI/BIOMED® research front specialties for which these are core papers. Asterisked code numbers indicate
papers included in rescarch fronts as citing papers. A=number of citations in 1980. B=number of citations in 1981,
C=total number of citations for 1980 and 1981.
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would be the “uniqueness” of a paper.
That is, other papers in the same field
may not yet have reached the required
minimum citation threshold to appear in
a cluster. For more on ISI®’s co-citation
clustering methods, see my earlier
essays.>

However, all but one of these 22 pa-
pers do appear as citing papers in
IS1/BIOMED research fronts. They are
indicated by the asterisked research
front numbers in Figure 1. Table 2 lists
the names of these research fronts. Un-
doubtedly, when we do the 1983 edition
of ISI/BIOMED, these papers will also
be part of the core document descrip-
tions.

Only four of the articles in Figure 1 are
single-author works, This is the lowest
number of single-author works since we
began this series in 1970. For example,
the number of single-author works in
1977 was eight;! 11in 1978;2 and seven in
1979.3 These data reflect the well-known
fact that science is becoming an increas-
ingly collaborative enterprise.

Twenty-seven papers in Figure 1 list
two authors, 23 have three, 14 have four,
and 17 have five authors. Seven papers
have six authors, five have seven, and

69

two have nine. One paper each lists 11,
14, 18, and 19 authors, and two papers
have 15 authors.

Thirty-nine authors have more than
one article in Figure 1. Two authors,
L. Hood and S.F. Schlossman, have sev-
en papers each. One has six—
E.L. Reinherz. K. Calame and P. Early
appear together on four papers. Seven
authors—P. Chambon, M. Dauvis,
G. Goldstein, P.C. Kung, T. Maniatis,
J. Rogers, and R. Wall—each have
three papers. Twenty-seven authors
have two papers on the list.

Table 3 lists the 22 journals that pub-
lished the most-cited articles in this
study. Only three journals account for
two-thirds of the papers. They are
Nature (33 papers), Cell (19), and Pro-
ceedings of the National Academy of
Sciences of the USA—Biological Sci-
ences (18). The same three journals have
dominated our studies of most-cited life
sciences articles since 1978. This reflects
a bias in citation-based studies that I've
pointed out many times. Fields like
molecular biology or biochemistry are
more visible in these studies because
there are so many papers published in
these fields and these papers cite an



Table 1t The 1980 snd 1981 research fronts which contain at
least two of the 1980 most-cited life sciences papers as
core documents. A =research front number. B=research
front name. C=number of 1980 most-cited papers in the
core of each research front.

A B C

80-0019 Transformation by and transcription of
carcinogenic viruses

Leukotrienes and slow-reacting substances
of anaphylaxis

Gene-related Hb diseases and thalassemia
Gene sequences and structure in cukaryotes
DNA gyrase, supercoiling, and DNA
replication

T-RNA gene transcription
Molecul ics of Ig pl
Molecular g i loning methods and
antitumor effects of interferon
Monoclonal antibodies reactive with human
cytotoxic T-cells in lymphocytic
malignancies

Binding properties of adenylate cyclase
coupled f-adrenergic receptors
Recognition of intervening sequences as an
altemative to RNA splicing

Small molecular weight nuclear RNA
Sarcoma virus transforming proteins
Organizati and Ig gene
expression

E-coli recA protein activities

Structural studies of fibroblast and
leukocyte interferon genes

IgM pu-chain expression in B-cell
differentiation

Proviral DNA of retrovirus, chromosome
integration and RNA viral transformation
Topoisomerases, gyrases and proteins
controlling DNA structure
Conformational studies of DNA and
synthetic polynucleotides

Leukotrienes and lipoxygenase pathways
Transcription initiation and termination in
eukaryotes

DNA methylation and cellular
differentiation

Binding and activities of calmodulin
Repeated sequences in DNA

Genetic characterization of pseudogenes
T-cell imbalance in disease

Eukaryote genc transcription in vitro

80-0043

80-0359
80-0373
80-0462

80-0493
80-0594
80-0603

80-1573

80-2240
80-2334
81-0002

810018
81-0039

81-0108
81-0136

81-0155
81-0190
81-0211
81-0287

810371
810397

LN

810684

81-118%
81-1554
81-1837
81-2489
81-2600

NN W

Table 2: ISI/BIOMED® research fronts in which 1980 most-
cited life sciences papers appear as citing papers.
*80-2t79 RNA-poly and ps
during transcription in E-coli
Evolution of biochemical pathways using
methanobacterium
Small molecular weight nuclear RNA
Structure and function of fibronectin
Sodium butyrate and other inducers of cell
differentiation
Prostaglandins and i
Cholecystokinin receptors in brain
Mechanism of transposons
Benzodiazepine-binding and GABA receptors
Protein localization in E-coli membranes
Terminal deoxynucleotidyl transfe activity
Defects in the f-globin gene in f-thalassemia
Isolation, characterization, and cytologic roles
of collagen
Regulatory components of adenylate cyclase
and cholera toxin-dependent ADP ribosylation
Antigens specific for T-cell subpopulations

*80-2209

*81-0002
*81-0125
*81-0141
*81-0164 def
*81-0246
*81-0295
*81-0301
*81-0345
*81-0425
*81-0428
*81-0594

to cancer

*81-0690

*81-1705

average of about 30 references per pa-
per. Thus, the journals that publish a
high proportion of papers in molecular
biology or biochemistry will dominate.

The authors in this study were affiliat-
ed with 78 institutions in 14 countries.
Table 4 lists these institutions in order of
the number of times they appeared in
Figure 1. The US accounts for 47 institu-
tions, and nine are in the UK. Denmark,
the Federal Republic of Germany, Swe-
den, and Switzerland each have three in-
stitutions. Two institutions each are
located in Australia and France. Aus-
tria, Canada, Finland, Italy, Japan, and
the Netherlands each have one.
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I should point out that the two French
institutions actually comprise several na-
tional institutes. The Institut National de
la Santé et de la Recherche Medicale
(INSERM) includes about 200 research
units and groups. Authors on five papers
in this study were affiliated with
INSERM. All but one were produced at
the Molecular Biology and Genetics
Unit (Unit 184) of INSERM. In our study
of the most-cited 1979 life sciences pa-
pers,3 none of the authors were from
INSERM.

The Centre National de la Recherche
Scientifique (CNRS) includes more than
ten national institutes, laboratories, and
scientific departments. Four papers in
this study listed authors from CNRS. All
four of these papers, by the way, were
coauthored with scientists from
INSERM. In last year’s study,3 two
papers listed authors from CNRS.

It is important to note that every one
of the papers in Figure 1 was published
in English, even though they come from
14 different nations. Table 5 shows the
number of papers authored by scientists
from these countries. For example, US
authors were represented on 76 of the
10S papers in this study. Of these, 71
listed authors from the US alone—the
remaining five papers were coauthored
with scientists from Canada, France, the
Federal Republic of Germany, Italy,
Sweden, and the UK. Twelve papers list-
ed UK authors, of which four were coau-



Table 3: The 22 journals represented on the list of 105 1980
life sciences papers most cited in 1980-1981. The numbers
in parentheses are the impact factors for the journals.
(1980 impact factor equals the number of citations re-
ceived by 1978-1979 articles in a journal divided by the

ber of articles published by the journal during the
same period.) Data were taken from the 1980 Jourmal
Citation Reports®. The figures at the right indi the

Roche Inst. Moi. Biol., Nutiey, NJ

Univ. Wisconsin, Madison, WI

Univ. Zurich, Switzertand

Base! Inst. Immunol., Switzerland

Brigham & Women’s Hospital, Boston, MA
Carnegie Inst. Washington, Baltimore, MD
Comell Univ., Ithaca, NY

Dalhousie Univ., Halifax, Canada

number of papers from each journal which appears on the
list.

Nature (6.5) ... . ... .. R F . ¥ |
Cell (14.4) 19
*Proc. Nat. Acad. Sci. US—Biol. Sci. (Not Available) . 18
Science (5.7}

Annu. Rev. Biochem. (24.9) .

N. Engl. J. Med. (14.2)

J. Immunol. (6.4)

Prostaglandins (3.5)

Anal. Biochem. (2.2) ..

Brit. ). Haematol. (3.1)

Brit. J. Pharmacol. (4.5). .. ... ... . ..
Clin. Immunol. Immunopn(hol 27N
FEBS Lent. (3.0) .. .

Int. J. Syst. Bact. (2.0)
1. Biol. Chem. (5.7} .

1. Cell Biol. (9.7

J. Exp. Med. (10.7) . . _.
Lancet (8.7)
Microbiol. Rev. (9.0) RPN
Mol. Cell. Biochem. (1.6}

Mol. Pharmacol. (5.0

Nucl. Acids Res. (5.1)

- . e e e e e = BN WY Y D

* In 1980, the journal Proc. Nat. Acad. Sci. US split into
two sections. The 1980 impact factor for Proc. Nat. Acad.
Sci. US is 8.8,

NRDNNDON WL WL

Howard Hughes Med. Inst.
Durham, NC 1
San Francisco, CA 1
Impeml Cancer Research Fund, London, UK
hi Inst. Technology, Cambridge, MA
Royal College Surgery, London, UK
Royal Marsden Hospital, Sutton, UK
Stanford Univ. and Med. Cir., CA
Univ. Washington, Seattle, WA
Washington Univ., 5t Louis, MO
A.R.C. Plant Breeding Institute, Cambridge, UK
A 8 Ferrosan, Soeborg, Denmark
Baylor Coll. Med., Houston, TX
Beth Israel Hospital, Boston, MA
Central Public Health Lab., Helsinki, Finland
Children's Hospital Med. Ctr., Boston, MA
City of Hope Nat. Med. Ctr., Duarte, CA
Cold Spring Harbor Lab., NY
Dr. Margarete Fischer-Bosch Inst. Klin. Pharmacol.,
Stwuttgart, FRG
E.1. du Pont de N
Fox Chase Cancer Cir., Philadelphia, PA
G tech Inc., San Franci CA
Hutchinson Cancer Ctr., Seattle, WA
Inst. Cancer Research, Sutton, UK
Japanese Fdn. Cancer Research, Tokyo, Japan
Johns Hopkins Univ., Baltimore, MD
Munich Technical Univ., FRG
National Jewish Hospital, Deaver, CO
New York Univ., NY
Purdue Univ., Wes( Lafayette, IN

& Co., Wilmi DE

Table 4t The institutional affiliations of the authors on the
list. Institutions are listed in descending order of the
oumber of times they appeared in Figure 1.

Harvard Univ., Cambridge, MA 4
California Inst. Technology, Pasadena, CA 12
Univ. California 9
Los Angeles
La Jolla
San Francisco
Davis
Santa Cruz
NCI
NIAMDD
NIMH
CNRS, France 7
Inst. Chim. Biol., Strasbourg
Lab. Genet. Mol., Paris
Inst. Pasteur, Paris
Sidney Farber Cancer Inst., Boston, MA 7
INSERM, Paris, France 5
Univ. London, UK 5
Imperial College
King's College Hospital
Royal Free Hospital
St. Bartholomew's Hospital
Duke Umv Durlum NC
K

t., tholm Cwed

kN W

of Health, Bethesda, MD 9

—_w

-l

[ Y

Salk Inst. Biol. S(udues. San Diego, CA
Yale Univ., New Haven, CT

MRC Lab. Mol. Biol., Cambridge, UK
Ortho Pharmaceut. Corp., Raritan, NJ

[RER R ]

1

1

1

1

1

1

1

1

1

1

1

kefeller Univ., New York, NY 1
Roswell Park Memoml Inst., Buffalo, NY 1
Royal Vet, Agr. Univ., Copenhagen, Deamark i
Scripps Clin. Res. Fdn., La Jolla, CA 1
St. Hans Hospital, Roskilde, Denmark H
Tufts Univ., Boston, MA 1
Univ, Alabama, Birmingham, AL 1
Univ. Amsterdam, Netherlands 1
Univ. Arizona, Tucson, AZ i
Univ. Chicago, IL 1
Univ. Cologne, FRG i
Univ. Colorado, Denver, CO 1
Univ. Geneva, Switzerland 1
Univ. Genoa, Italy 1
Univ. Graz, Austria 1
Univ. Houston, TX 1
Univ. Dlinois, Urbana, IL t
Univ. Leicester, UK 1
Univ. New Hampshire, Durham, NH 1
Univ. New Mexico, Albuquerque, NM 1
Univ. Quecnsiand, St. Lucia, Australia 1
Univ. Rochester, NY 1
Univ. Sussex, Brighton, UK 1
Univ. Umed, Sweden 1
Univ. Uppsala, Sweden 1
Univ. Virginia, Charlottesville, VA 1
Walier and Eliza Hall Inst. Med. Research, 1

Victoria, Australia

Washington State Univ., Pullman, WA 1

thored with Australian, Canadian, West
German, and US scientists.

As T said earlier, the papers in Figure 1
are assigned to 14 broad subject areas:



molecular genetics, immunology, immu-
nogenetics, virology/viral oncology, cell
biology/physiology, leukotrienes, neu-
robiology, interferon, pharmacology,
calmodulin, endocrinology, bacteriolo-
gy, biochemistry, and oncology. Molec-
ular genetics papers are subcategorized
into gene expression and regulation, nu-
cleic acid structure, globin gene expres-
sion, and “selfish” genes, to give a total
of 17 subject areas.

Fourteen papers in molecular genetics
are concerned with gene expression and
regulation. Most of them discuss genetic
transcription and splicing. The third
most-cited paper in this study, by
M.R. Lerner and colleagues, Yale Uni-
versity, explains the role of “small nucle-
ar ribonucleoproteins” (snRNPs) in
splicing RNA. This paper was cited 56
times in 1980 and 151 times in 1981. It is
a core document in a 1981 research front
named “Small molecular weight nuclear
RNA” and in a 1980 research front
named “Recognition of intervening se-
quences as an alternative to RNA splic-
ing.”

Eleven molecular genetics papers fo-
cus on nucleic acid structure. The sec-
ond most-cited paper is in this group.
“Linkage map of Escherichia coli K-12,
edition 6,” by B.J. Bachmann and
K.B. Low, Yale University, is a 56-page
article published in Microbiological
Reviews. Cited 225 times in the
1980-1981 period, it has also been cited
192 times in 1982, reflecting the great
amount of activity in this field.

Five papers in molecular genetics dis-
cuss the evolution, structure, and char-
acterization of human globin genes. All
five were published in Cell. Two others
concern “selfish” genes, DNA sequences
that appear to have little or no function
beyond their own survival in the cell.
These two papers appeared side by side
in Nature.

Ten papers in this study are in immu-
nology. Seven of them list S.F. Schloss-
man, Harvard University School of
Medicine, as an author. And six of these
list E.L. Reinherz, also of Harvard, as a

Table 8: National aifiliations ol the authors of the 1980 life
sciences papers most cited in 1980-1981, in order of the
total number of papers on which each nation's authars ap-
peared (column A). B=number of papers coauthored
with scientists from other countries. C=nationality of
coauthors.

Country A B C

us 76 5 Canada, France, FRG, Italy,
Sweden & UK

UK 12 4 Australia, Canada. FRG & US

Sweden 6 3 France, Switzerland & US

Switzerland 6 3 Finland, Japan & Sweden

France 5 2 Sweden & US

FRG 3 1t Canada, UK & US

Australia 2 1 UK

Canada 2 1 FRG.UK & US

Austria 1 0

Denmark 1 0

Finland 1 1 Switzerland

ITtaly 1 1 Us

Japan ! 1 Switzerland

Netherlands 10

all of the immunology papers concen-
trate on T-cells, which constitute the
cell-mediated portion of the immune
system.

Nine papers are classified under im-
munogenetics. All of them discuss im-
munoglobin, the protein that acts as an
antibody. More than half of the immu-
nogenetics papers list L. Hood, Califor-
nia Institute of Technology, as an au-
thor. Seven papers in this group are core
documents in research front #81-0039,
“Organization, rearrangement and Ig
gene expression.” The other two papers
are in research front #81-0155, “IgM
u-chain expression in B-cell differentia-
tion.”

Virology accounts for nine most-cited
1980 papers. Almost all relate to viruses
involved in cancer—five papers are on
tumor viruses and two are on leukemia
viruses. They are included as core docu-
ments in two research fronts: #81-0018,
“Sarcoma virus transforming proteins”
and #81-0190, “Proviral DNA of retrovi-
rus, chromosome integration and RNA
viral transformation.”

There are six papers in cell biol-
ogy/physiology. The fourth most-cited
paper is included here. That paper, by
E. Lazarides, California Institute of
Technology, discusses the cellular func-
tion of intermediate filaments. It re-

coauthor. As in earlier studies, almost | ceived 181 citations in 1980-1981.
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Six papers identify and characterize
various kinds of leukotrienes. Also
known as “slow-reacting substances of
anaphylaxis” (SRS-A), leukotrienes are
involved in asthma and other allergic re-
actions. All six papers are core docu-
ments in research front #81-0371, “Leu-
kotrienes and lipoxygenase pathways.”

Six papers are in neurobiology. Only
one of them deals with enkephalin, an
endogenous opiate. In our 1977 study of
most-cited life sciences papers,! 11 dealt
with endogenous opiates; in 1978,2 there
was one; and last year,3 there were four
papers on this topic.

Five papers discuss the structure and
synthesis of interferon. All are core pa-
pers in research front #81-0136, “Struc-
tural studies of fibroblast and leukocyte
interferon genes.”

Pharmacology accounts for five pa-
pers. Three of these discuss drug thera-
pies for various ailments—anxiety, cor-
onary artery spasm, and gastrointestinal
bleeding. One paper discusses the effec-
tiveness of a powerful new immunosup-
pressant for preventing graft-versus-host
disease after bone marrow transplanta-
tion. The last pharmacology paper
details the interaction between two
widely used drugs, diazepam and cimeti-
dine.

Four papers are on calmodulin, a pro-
tein involved in the regulation of calci-
um metabolism. The most-cited paper in
this study, by W.Y. Cheung, University
of Washington, Seattle, details calmod-
ulin’s role in cellular regulation. It
received 88 citations in 1980, 257 in
1981, and 208 in 1982.

There are four papers in endocrinol-
ogy. The one by M. Rodbell, National
Institutes of Health, received 162 cita-
tions. It presents an explanation of the
role hormone receptors play in regulat-
ing adenylate cyclase. Adenylate cyclase
is an enzyme system located in the cell
membrane that binds with hormones
and neurotransmitters.

Bacteriology, biochemistry, and on-
cology each contributed three papers.
One of the bacteriology papers lists
19 authors. It gives the developmental
history of prokaryotes, organisms with-
out a defined nucleus that reproduce by
cell division. The 19 authors of this
paper are affiliated with ten institutions
in four countries.

I'm sure most of the papers identified
in this study will be highly cited for sev-
eral years to come. Citation frequency
within a few years of publication is a reli-
able indicator of a paper’s lifetime cita-
tion expectancy. Incidentally, if you
would like to find out what current pa-
pers are assigned to any ISI/BIOMED
cluster, you need only dial up the ISI
Search Network and key in the appropri-
ate research front number.

The next essay in this series will ex-
amine the 1980 physical sciences papers
most cited in 1980 and 1981.

My thanks to Dorothy Silver and
Alfred Welljams-Dorof for their help in

the preparation of this essay. 1988 18
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