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EDITORIAL

OnMr. Hyslop’s prediction, content archives, and
preprint servers
May R. Berenbaum, Editor-in-Chief, PNAS

The alfalfa looper moth, Autographa californica, is a
nondescript grayish brown moth first described by Ger-
man lepidopterist Adolph Speyer in 1875 (1) and then
reclassified by American entomologist Rodrigues Otto-
lengui (2). Neither themoth’s scientific name nor its com-
mon name is particularly descriptive; its range includes
not just California but also much of the rest of western
North America, and its diet includes not just alfalfa but
also dozens of other species in multiple plant families.
Among the first papers published about alfalfa loopers
after the species’ description was a US Department of
Agriculture Bureau of Entomology bulletin article, “The
alfalfa looper” (3), whose author acknowledged that
there was no demand for a review of information about
this insect; it wasn’t considered a pest “of even the slight-
est importance.” However, after finding a note from
1886 in the Bureau files reporting that 2,005 alfalfa
looper moths were collected from an electric light globe

in a single morning in Los Angeles, Hyslop (3) thought
that populations of this mothmight periodically explode,
and, “in anticipation of such an outbreak the biological
notes and other data at hand in this office” should be
published. Two years later, alfalfa loopers appeared sud-
denly by the millions in sweet clover and alfalfa fields in
Montana (4). The infestation was devastating, but, to the
relief of farmers, the alfalfa loopers disappeared almost
as quickly as they had appeared. Describing the out-
break, Parker (4) remarked that “Mr. Hyslop’s prediction
has certainly come true and the wisdomof collecting and
publishing biological data that are not of immediate eco-
nomic importance is again emphasized” (p. 291).

The Metamorphosis of the Alfalfa Looper
Literature
Since 1915, more than 2,200 papers have been pub-
lished with “Autographa californica” as a search topic

Autographa californica. Image credit: Alex Boersma (artist).
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in the Web of Science Core Collection; these have
collectively been cited more than 67,000 times. Six-
teen of those papers have been in PNAS, and these
have, together, been cited more than 1,700 times.
That might seem surprising, given that PNAS aims to
publish papers of broad interest across multiple sci-
entific disciplines. For the record, three papers on A.
californica were published in Science, two in Nature,
and one in Cell during this period, as well.

As it happens, what has been most interesting about
A. californica is not the caterpillar itself but rather a
baculovirus,A. californicamultiple nucleopolyhedrovirus
(AcMNPV), isolated from a sick alfalfa looper in 1971 (5).
Initially, because the virus could infect caterpillar species
in at least three families, it was of interest as a possible
biological pesticide; among its virtues beyond its host
breadth, the virus also could be produced efficiently and
economically in large quantities in a cell line derived
from another looper species (6).

But it wasn’t even the use ofAcMNPV as a biopesticide
that led to a decade of papers published outside of
entomology journals. AcMNPV gained enormous im-
portance because it could be engineered to over-
express foreign genes, including human genes, using
its polyhedrin gene promoter. The virus produces a
massive matrix of polyhedrin for protecting virus parti-
cles in the environment; the key engineering insight

was to harness the power of the polyhedron promoter
for recombinant gene expression. Cheap and easy
to engineer, the baculovirus expression system has
proved to be vastly superior to alternative systems
based on mammalian cells, handling individual or
multiple proteins of almost any size and expressing
them at high levels, properly folded, for the duration
of the infection. AcMNPV remains the major virus
species, along with its polyhedrin promoter, in use
today as the expression vector in baculovirus ex-
pression vector systems for recombinant protein ex-
pression in a variety of contexts, including mass
production of egg-free influenza vaccines such as
FluBlok (7).

In the first PNAS paper about AcMNPV, Hoopes and
Rohrmann (8) described their in vitro transcription system
for investigating host and viral transcription factors reg-
ulating baculovirus gene expression. The most widely
cited among the 16 papers, Hofmann et al. (9), reported
the successful uptake of recombinant AcMNPV by hu-
man hepatocytes, raising the possibility of its use for
organ-specific directed gene therapy. The value of such
a system was immediately recognized across multiple
disciplines, and Hofmann et al. (9) has been cited
more than 360 times, in journals ranging from Journal
of Virology, Biomedicine & Pharmacotherapy, andNature

Communications to Fish and Shellfish Immunology,
Investigative Ophthalmology & Visual Science, and
even Pesticide Science.

Access—Past, Present, and Future
It’s highly improbable that any of the authors of the
papers citing Hofmann et al. (9) had ever heard of
Adolph Speyer, much less read his description of A.
californica, but it may be that, had Speyer never de-
scribed the species (and identified key features to
distinguish it from related species), versatile, efficient,
and inexpensive baculovirus expression systems might
never have been developed. Or maybe they would have
been. One of the most difficult challenges in science
publishing is predicting the fate of any particular scien-
tific finding. There are a few conspicuous exceptions—
Watson and Crick (10) famously ended their classic
paper proposing “a structure for deoxyribose nucleic
acid” with the statement, “It has not escaped our
notice that the specific pairing we have postulated
immediately suggests a possible copying mechanism
for the genetic material.” In general, however, pre-
dicting the future utility of research is an imprecise
enterprise at best. That’s all right, as long as research
findings are published so that they can be retrieved
when circumstances change to make them relevant.

Herein lies a potential problem in the fast-
changing world of science publishing. In recent
years, there has been a growing awareness of the
need to preserve historical literature, not just in dusty
locked rooms in inaccessible libraries vulnerable to
fire, flood, and administration budget cutters but in
the online environment. One valuable initiative, the
Biodiversity Heritage Library (BHL), was launched in
2005 by a consortium of university, museum, botanic
garden, and science academy and government li-
braries to cooperate in a massive effort to digitize and
make available to the public the “legacy literature of
biodiversity.” To date, more than 100,000 volumes,
amounting to millions of pages, have been digitized
and are freely available for use. Despite having access
to the University of Illinois library, the third-largest
university library in the United States, I have used
BHL to obtain critical “legacy” references that I
couldn’t locate otherwise. Although, while writing this
editorial, I could find Hyslop (3) in a few places
without much trouble, I found Speyer (1) only with the
help of a taxonomist colleague, in Zobodat, the
Zoological-Botanical Database, created and main-
tained by the Biology Center of the Upper Austrian
State Museum.

The open access movement advocates not only for
immediate free access to new papers but also for free
access to back issues of journals; this access is ex-
ceedingly helpful in searching for historical findings
that may have acquired new relevance years after their
original publication date. Access to archived issues
varies across publishers, but open access going back
in time has considerable value, particularly in the
context of, for example, carrying out systematic re-
views or metaanalyses or documenting changing
species distribution patterns. The two PNAS papers I

The proliferation of open access preprint servers is
creating a revolution in data sharing, dramatically
increasing the pace of scientific communication.
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cited in this editorial, Hoopes and Rohrmann (8) and
Hofmann et al. (9), are freely available, as are all pa-
pers published in PNAS older than six months, dating
back to the first issue from January 1915.

Then there’s the future to worry about. The pro-
liferation of open access preprint servers is creating a
revolution in data sharing, dramatically increasing the
pace of scientific communication. The extraordinary
value of this revolution has been evidenced of late in
the midst of the ongoing coronavirus disease 2019
(COVID-19) pandemic, a moment in time during which
rapid communication can save lives. The first cases of
COVID-19 appeared in Wuhan, China, in December
2019; as of April 1, 1,069 COVID-19 SARS-CoV-2
preprints had been posted on medRxiv and bioRxiv
(11). The existence of preprint servers may have an
ancillary benefit by influencing how conventional
science communication outlets respond to crises;
dozens of academic journals, scientific societies, and
other scientific enterprises have pledged to make
available, without cost, relevant information on the
virus during the course of the epidemic (12), PNAS
among them (see the Editorial https://www.pnas.org/
cgi/doi/10.1073/pnas.2006488117 and https://www.
pnas.org/coronavirus).

On the downside, however, the same forces that
allowed alfalfa looper literature to languish, hidden
behind both paywalls and literal brick walls, may also
adversely affect scientific disciplines whose pursuit
involves research that might not appear immediately
relevant to anyone beyond their relatively small
community of specialists. The number of preprint
servers is increasing steadily, but they have not yet
caught up to the number of specialty journals, many of
which are published by scientific societies. These
journals have been the bulwark for disciplines char-
acterized by profoundly basic or highly specialized
research. Individually, such disciplines or subdisci-
plines are small, but, together, they represent a critical
proportion of the global research enterprise. There are,
for example, nearly 100 entomological journals, which
are variously geography-restricted, taxon-restricted, or
subdiscipline-restricted, including, for example, the So-
ciety for Invertebrate Pathology’s Journal of Invertebrate
Pathology, founded in 1959 as Journal of Insect Pathol-
ogy, and source of Vail et al. (6), cited in this editorial. To
date, BioRxiv, founded in 2013, lists only 27 disciplinary
categories, and it’s not immediately clear where manu-
scripts on insect diseases should be posted so that
they’re likely to be found by people searching for them.
The preprint environment is becoming crowded, pre-
print servers lack interoperability, and finding certain
types of relevant content is becoming more challenging.
Moreover, whereas journals published by scientific soci-
eties adhere to the same ethical policies that are oper-
ative within the societies, it’s unclear how preprint servers
can offer a similar level of assurance about the legitimacy
of their content. Most large preprint servers screen all
articles to exclude offensive, nonscientific, or potentially
dangerous content and, as well, check for plagiarism and
encourage readers who detect possible ethics violations
to report them, but it’s not clear that small preprint

servers have the resources or the inclination to provide
this level of oversight.

Preprint servers typically allow posting of manu-
scripts irrespective of “perceived importance,” which
is basically a good thing, in view of the difficulties
associated with anticipating the potential signifi-
cance of any given research finding at any point in
time. It is a policy that’s well suited to large fields,
where the number of qualified voluntary reviewers
with interest, expertise, and time is substantial; the
argument is made that authors benefit from peer re-
views from a larger community of scholars than would
be tapped for journal review. For some specialized
disciplines, however, there may be only a handful of
scholars in the world sufficiently qualified to pro-
vide an informed evaluation of certain manuscripts.
Whereas journal editors actively search for reviewers,
typically within a field they’re familiar with, preprint
reviewing, at least for the moment, depends on
whether there are experts actively searching for pa-
pers. As well, several preprint servers are funded by
philanthropic organizations that have missions and
goals and thus have their own criteria for what is or
isn’t important or appropriate, which might influ-
ence what kind of content they are inclined to support.

If preprint servers continue to depend on support from
philanthropic organizations, one consequence may be
the homogenization of or elitism in science if specialized
and emerging disciplines and research fail to find a
niche. An additional critical question that has not yet
been answered has plagued scientific communication
since the Ebers Papyrus, a 110-page scroll document-
ing herbal remedies of ancient Egypt, was written
(probably based on an even older text, which didn’t
survive). If not all manuscripts posted on preprint
servers eventually get published in a scientific journal,
or, for that matter, if scientific journals don’t survive
our current era, will preprint servers continue to be
funded in perpetuity?

New Bottles for Old Wine?
It may seem peculiar, at best, and disingenuous, at
worst, for the editor-in-chief of a multidisciplinary
journal that publishes 3,200 papers (and rejects more
than 15,000 papers) every year across biological,
physical, and social sciences to express concern about
tiny fields that aren’t perceived by the world at large as
contributing meaningfully to the progress of science
and betterment of humanity. But this is the essence of
multidisciplinarity—all new fields necessarily start out
small. As well, history has provided innumerable ex-
amples of marginalized “old-fashioned” fields gaining
new relevance with advances in other fields. Mor-
phology may provide an example; if, as Vogel and

Science progress depends on building on the
knowledge acquired in the past, irrespective of why
it was acquired.
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Wainwright (13) wrote, “structure without function is a
corpse,” then the science of genomics reanimated the
corpse in a way that would make Dr. Frankenstein
proud. And it seems a profound loss to humanity to
discard hard-earned knowledge just because people
today aren’t sure what to do with it. Science progress
depends on building on the knowledge acquired in
the past, irrespective of why it was acquired.

There may even be selfish reasons for opening up
past literature for public use. According to Mukherjee
et al. (14), across virtually all branches of science and
technology, manuscripts citing literature with low mean

age and high age variance occupy a citation “hotspot”
and double their odds of being within the top 5% of
citations. So, if for no other reason, citing literature from a
range of time periods (as, for example, in this editorial)
might boost an h-index now and then.
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