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data accuracy, 165-166
garden in Brno, 165
rediscovery of work, 163, 166
Merck, 48
Merton, Robert, 4-5
Mertz, Janet, 149-150
Meselson—Stahl experiment, 179
messenger RNA (mRNA), 201-203, 275
metabolomics, 36, 275
methodology, poor understanding by
nonscientists, 5-6
methylation, 37, 224, 249, 251-254, 256,
275
methylation analysis, genome-wide, 37
methylcytosine, 251-252
mice, epigenetics in, 253-254, 254
Michelson, Albert, 205-206
Michelson-Morley experiment, 205
Millikan, Robert, 135
Milstein, César, 43-45
minisatellite, 213-214, 275
misconduct, scientific, 136137
MIT, 151-152, 156, 186, 201, 212, 216, 241
Mojica, Francisco, 101, 233-235, 238, 242
molecular biology
Central Dogma, 183-186, 184, 185, 191
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discoveries in, 265-266, 266
first use of term, 175
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historical phases of, 205
interdisciplinary approach to questions,
181
limits on research in, 149
physics and chemistry compared to, 8
transition, 10
monoclonal antibodies, 43-45, 44
Monod, Jacques, 66, 248, 265
Montagnier, Luc, 52, 72, 190-191
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Moore’s Law, 9
MRC Laboratory of Molecular Biology,
43-45,72,106,172-173, 173,175, 181
mRNA (messenger RNA), 201-203, 275
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mutation, 164, 167, 211, 213, 245, 268
myeloma, 43, 44, 45, 275
Myriad Genetics, 49-50
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150-151, 157
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Institute (NHGRI), 36
National Institute of Allergy and Infectious
Diseases (NIAID), 157
National Institute of Neurological Diseases
and Stroke (NINDS), 46
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citation of work funded by, 93
cost of managing grant applications, 129
definition, 276
directors, 46,47, 110, 133, 157-158, 222
duration of grants, 131
e-BioMed, 110, 113
gain-of-function work in Wuhan,
funding, 154
grants, 43, 49, 55, 58, 93, 115, 127, 126,
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patenting DNA sequences, 46-47, 49
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129
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RO1 grant, 132, 218-219
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as brand, 99
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Reproducibility Project, 80
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ncRNA, 275
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orhelix in protein structure, 172
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control of gene expression, 66, 248
CRISPR, 10, 239
DNA sequencing, 216
DNA structure discovery, 178
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monoclonal antibodies, 44
nuclear transfer, 257
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Northwestern University, 236
NRDC (National Research Development
Corporation), 44-45
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nucleotides, 168, 276

o
objective of science, 29
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citations in, 96
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online publishing
gatekeeper function, 121-122
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paper, scientific. See scientific paper
paradigm shift, 191, 193, 197, 202, 219
patents, 39-52
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BRCAI and BRCA2, 49-50
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CRISPR, 47, 233, 236, 241
DNA sequences, 40, 45-51, 48, 51
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as legitimate objective in academic
research, 62
licensing, 39, 43, 55, 58
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monoclonal antibodies, 43-45
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recombinant DNA, 42-43, 45, 55
Supreme Court rulings, 41
timing of application filing, 42, 44-45, 51

usefulness criterion, 39, 46
Pauli, Wolfgang, 79
Pauling, Linus, 172, 175
paywalls, 112
PCR (polymerase chain reaction), 54
PDB, 86, 276
PDGF, 33
peer review
drug companies, 103
fraud detection, 141
of grants, 93, 132-133
online publication, 110-111, 113,
118-120, 124
of papers, 4, 68-74, 86, 95
PLoS, 113
quality control by, 9
retractions, 139
signed reviews, 113
spectrum of rigor, 119
penicillin, discovery, 45
Pennica, Dianne, 72
Pergamon Press, 90
Perkins, Thomas, 55
personal communication, 111
Perutz, Max, 106, 172
PhD candidate, 16, 61, 127
philosophers of science, 22-23
Philosophical Transactions, 89
photograph 51, 173-175, 174
Physical Review, 69
physics
arXiv system, 110-111
big data/big science, 9, 18
biology compared, 8-9, 265, 266,
267-271
CERN particle accelerator, 226
discoveries in, 265, 266
disdain for other fields of science, 181
emergence in, 269
experimental science, 8
gene behavior, 167
number of authors on scientific papers,
34,35
partnerships between academia and
private companies, 53
quantum mechanics, 268, 270-271
reductionism, 267-271
PI. (principal investigator), 128, 131, 276
plagiarism, 137, 145
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pluripotent stem cells, 257, 260-262, 276
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Pons, Stanley, 82
Popper, Karl, 15, 23, 31, 193, 266
Porton Down facility, 80
postdoctoral fellowship, 16, 58, 61, 127, 276
postmodernism, 24
preclinical studies, reproducibility of, 81
predatory journals, 119-120
predatory pricing
by drug companies, 50
by large commercial publishers, 114
prematurity, 164, 178
preprints, 110-111, 119-122, 276
press
COVID misinformation, 153
inadequacy of reporting on science, 153
releasing information to, 101-104
principal investigator, 128, 131, 276
priority
CRISPR, 233, 241
definition, 276
establishing, 104
online publication, 121
online thread, 123
patents, 39, 49, 51-52
publication order, 187
rush to obtain, 81
scientific papers, 69, 71
Proceedings of the National Academy of
Sciences (PNAS), 88, 91, 95, 187, 201,
235,237,253
protein
infectious, 193-197, 195, 199-200, 267
sequencing, 223
protein structure, 19-21, 20
alternative structures, 194-195, 195
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databases, 85-86
folding, 195-196
proteome, 21
proteomics, 36
PrP, 194-195, 195, 276
Prusiner, Stanley, 193-194
Pseudomonas putida, 40-41
pseudoscience, 5, 244-245, 266
psychology, reproducibility problem
in, 82
Ptashne, Mark, 249-250
publication. See also scientific paper
author payments for, 116-118
conflict of interest, 77
double, 102
electronic, 109-124
filters en route to publication and
publicity, 71
of negative results, 66-67, 83
number of, 87-88, 88
online, 76, 109-124
order of papers in, 187
by press conference, 104
of retraction, 84
speed of, 88-89, 91, 103, 107, 120
supplemental data, 76
publishing
biotech’s patent and publish model, 58,
60
commercial, 90
groups of journals, 98-99, 99
large commercial publishers, 97-101,
110, 112, 114-115, 121, 123
predatory pricing, 114
publish or perish, 87-108
signal:noise ratio in scientific literature,
91,94, 101
by societies, 90, 99, 111
timeline of scientific, 112
by university presses, 90, 99
PubMed Central, 111-112
PubMed database, 87,92, 111, 112, 115,
138, 276
pure research/science, 53, 58, 60
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quantum mechanics, 268, 270-271
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R

recombinant DNA. See also biotechnology

cloning DNA, 40-42, 41, 149-150
definition, 277
history of, 149-154
insulin produced from, 55
NIH, 157
patents, 42-43, 45, 55
public concern over, 151-154
rules concerning research, 59, 79-80,
151-153
recombination frequency, 212-213
reductionism, 11, 205, 244, 265-272
Reflections on the Decline of Science in
England (Babbage), 136
regeneration, 257-259, 259
Reimers, Niels, 42-43
relativism, 92
Relman, Arnold, 113
Rennie, Drummond, 27
reproducibility, 79-86
discrepancies, 144, 147
incentive for, 81
patent condition compared, 40
of preclinical studies, 81
problems with, 81-83
of published work, 4, 9
retractions due to failure, 138
study on, 80-81
unifying concept in science, 79
unique ingredients, use of, 83
reproducibility crisis, 82
Reproducibility Project, 80-81
research article/paper. See scientific
paper
research parasites, 34
restriction enzyme, 212-214, 219, 233,
235-236, 277
retraction
as blemish on record, 84
fraud, 138-147, 140
mass, 100
number of authors per paper, decline
with, 139, 140
Retraction Watch database, 138-139
retrovirus, 187-191, 190, 277
reverse transcription, 185, 187, 193,
202-203, 277
reward system of science, 52, 67, 81
RFLPs (restriction fragment length
polymorphisms), 213, 215

ribozymes, 198, 198-200
Riggs, Arthur, 55, 57
RNA (ribonucleic acid), 169
crRNA, 237
definition, 277
genome sequences encoding, 221-222
guide, 237-238, 240-241
heterogeneous RNA (hnRNA), 202-203,
275
messenger RNA (mRNA), 201-203, 275
ncRNA, 275
ribozymes, 198, 198-200
splicing, 201-204
translation into protein, 184
RNA interference, 233, 236, 238
RNA sequencing (RNA-seq), 224-225, 277
RNA virus, 185, 185, 187-188
RNA World Hypothesis, 199
Roberts, Rich, 201-203
Rockefeller University, 188, 239
Rous, Peyton, 188-189
Rous sarcoma virus, 188
Royal Society of London, 69, 89-90
running a laboratory, 129
Rutherford, Ernest, 34, 181

S
Salk, Jonas, 39
Sanger, Fred, 216, 223
Sanger Center, 48
Schekman, Randy, 118
Schrodinger, Erwin, 11, 65, 167
Science
acceptance rate, 118
Celera publication, 85
CRISPR papers, 236, 238-239
criticism of, 118
Dan Koshland, 138
editorial decision process, 96
external peer review, 70
germline editing letter, 156
in hierarchy of scientific journals, 91,
94-96, 97
impact factor, 94, 114
influence of, 114
objection to Information Exchange
Groups (IEGs), 111
Reproducibility Project, 80
somatostatin paper, 56
speed of publication, 88
Science, the Endless Frontier (Bush), 159
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Science Citation Index (SCI), 93
Scientific attitude, 5, 8-9, 23, 29, 78, 200
scientific journals
barrier to starting, 118
as brands, 98-99
charges for article publication, 116-118
gatekeeper role of, 121-122
groups, 98-99, 99
hierarchy, 91, 94-96, 97, 105
impact factor, 94, 99-100, 114, 118
number of, 87, 96, 99-101
online, 96
origin and history, 89-91, 90
predatory, 119-120
price, 90, 100-101, 116, 119
rejection of CRISPR papers, 235, 238
reviews and commentaries, 107
subscriptions, 95, 110, 113-118
scientific method, 15, 17, 22-23, 177
scientific paper
accuracy, 138-139
artificial intelligence (AI) examination of
submitted, 145
assessment of, 17
authorship, 75-76
biotech industry, 58-60
changes after acceptance, 71
citations, 92-94
competition for “hot” papers, 91
criticism, 70, 72-74, 76
database as primary source, 85-86
disruptive papers, 27
expedited, 172
filters in route to publication and
publicity, 71
format, 68, 69
history, 89-90, 90
importance measured by citations, 93-94
as key unit of science, 4
methods papers, 93
myth of, 65-78, 69
number of authors, 34, 35, 75, 78, 87-88,
88,139, 140, 180
preprints, 110-111, 119-122
priority, 69, 71
in PubMed database, 87, 92
rejection of, 75-76, 89, 91-92, 96,
120-121, 141, 143, 146
reproducibility of experiments reported,
80-81
responsibility of authors, 26-27
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retraction, 83-84, 100, 138-147, 140
review of, 4, 68-74, 86, 95, 120, 122, 141
supplemental data, 76
threads as alternative format, 123-124
transition to submitting data to database,
86
as unit of assessment, 109
unpublished data cited in, 76
written in first person, 68
written in third person, 67
scientist
career, 127-129
illiteracy, 6-7
mindset, 9, 11, 15, 25
obsession, 52, 61-62
origin of term, 22-23
specialization, 5, 65, 78
training, 128, 132
scrapie, 194, 197
Secher, David, 45
Second Law of Thermodynamics, 6, 92
self-correcting mechanism of science
big data/big science, 33, 231
database data validation, 86
discrepancies, 144, 147
fraud, response to, 144, 146-147
negative results, importance of, 67
number of human genes, 229
reproducibility and, 4, 9, 80, 82
self-policing, 144, 147
triumph of data, 5
value system of science, 28
self-policing mechanism of science, 144,
147
self-verifying system, science as, 4
Sequence Hypothesis, 183-184
sequencing. See DNA sequencing; human
genome sequencing
sex chromosomes, 210-211, 277
Sharp, Phil, 201-202
short regularly spaced repeats (SRSRs),
234
shotgun cloning, 226-227, 277
shotgun sequencing, 226-227
sickle cell anemia, 211
signal:noise ratio in scientific literature, 91,
94,101, 119, 121, 255
Siksnys, Virginijus, 237-239
simian sarcoma virus, 33
Singularity, 9, 21
Sinsheimer, Robert, 215
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skepticism
data viewed with, 145
dogma and, 192
organized, 5
of prions, 197
protection against falling into dogma, 204
of reverse transcription, 203
Skolnick, Mark, 49
sloppiness, 135, 137, 144, 148
Smith, Dave, 217-218
Smith, Ham, 213
Snow, C.P, 3, 6-7, 25, 257
social sciences
citation frequency of papers, 92
controls, difficulty with, 5, 8
epigenetics, 244
reproducibility problem in, 82
societies, publishing by, 90, 99, 111
sociology, skepticism about, 23-24
soft sciences, 8
somatostatin, 55-57
Sontheimer, Erik, 236, 239
Southern, Ed, 93
specialization, 5, 25-26, 180, 209
Spiegelman, Sol, 186-187
splicing, 201-204, 277
split gene, 130, 201-202, 277
Springer, 100, 112-113
Springer Nature, 77, 100, 120
Springer-Verlag, 98
SRSRs (short regularly spaced repeats), 234
Stanford University, 149
statistical fallacy, 82-83
stem cells, 257-262, 258
embryonic, 257, 259-261
pluripotent, 257, 260-262, 276
Stent, Gunther, 204-206
The Structure of Scientific Revolution
(Kuhn), 191
subscription, 95, 110, 113-118
Sulston, John, 31, 47-48, 85, 228-229
Supreme Court rulings, 41
Suram, Azim, 251
SV40, 150, 213, 277
Swanson, Bob, 55, 57
symposium proceedings, 102

T
Takamine, Jokichi, 53

tandem repeats, 234, 234

techniques, advancement of science, 209

Temin, Howard, 185-187, 202

Tetrahymena, 198-199

tetranucleotide theory, 168, 175

theory
emergence of new, 192
experiment relationship with, 200
science advancement and, 191
threat of becoming dogma, 204

Thomson, Jamie, 260

threads, 123-124

thyroxine, 54

T4 phage, 169

training of scientists, 127-129, 277

transcription, 184-187, 277

transcription factors, 261

transcrRNA (trans-encoded small RNA),

237,239

translation, 184, 277

transparency, 119, 121

tribal, science as, 24

trimming, 136

truth, objective, 8

The Two Cultures (Snow), 6, 25

U
Umed, 237, 239
uncertainty, 18, 267, 271
universalism, 4
University of Alicante, 234
University of Amsterdam, 214
University of Berkeley, 237-238
University of California, Los Angeles
(UCLA), 155-156
University of California, San Francisco
(UCSF), 114, 193
University of California, Santa Cruz
(UCSC), 215
University of Colorado, 198
University of Edinburgh, 93, 108
University of Leicester, 214
University of London, 131
University of Oxford, 257
University of Utah, 49, 82, 130
University of Wisconsin, 185, 260
university presses, 90, 99
unpublished data, 76, 111, 123, 140, 173, 178

\Y
value system of science, 23-24
commercial attitudes, 61
features of, 4-5
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patents, 39
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van der Oost, John, 237
Varmus, Harold, 47, 133, 135, 154, 157, 190
Velazquez, Jose Luis Perez, 131
Venter, Craig, 46-47, 219, 226-227
venture capitalists, 55
verification, 21, 28, 32
vernalization, 245-246, 247
Vickers, Tony, 43
Villa-Komaroff, Lydia, 80
Vilnius University, 237-238
virus
bacteriophage, 167-169, 169, 204, 212, 237
cancer-associated, 185, 188-191
discovery of split genes in, 130
retrovirus, 187-191, 190
RNA, 185, 185, 187-188
vitamin B12, 54
Voltaire, 78

w
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Walter, Peter, 114
Washington University, 48
Watson, Jim
bacteriophage DNA, 167
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genome sequencing, 209, 219, 221
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Human Genome Project, 209, 222-223
on human improvement, 149
on insider information, 70
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Nobel Prize, 106, 178
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Wellcome Trust, 115, 118
Westfall, Richard, 136
What Is Life? (Schrodinger), 11, 167
What Mad Pursuit (Crick), 173-174
Whewell, William, 22
whistleblower, 147
Whitehead Institute, 156
Wiedenheft, Blake, 239
Wilkins, Maurice, 67, 171-173, 176-178,
180
Wistar Institute, 45
Wyngaarden, James, 222

X
X chromosome, 210-211, 250-251, 277
Xenopus laevis, 258, 259
X-inactivation, 250-251, 277
X-ray diffraction, 171, 174, 177, 180

Y
Yale, 198
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