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1. Introduction

This history highlights the search for DNA from ancient and ex-
tinct organisms from the late 1970s to the mid 1980s, uncovering the
origination and exploration of ideas that contributed to the con-
struction of this new line of research.1 Although this is the first
academic historical account of ancient DNA's disciplinary develop-
ment, there are other reviews and reports that outline its history.2

Most cite a paper published in Nature in 1984, where researchers
reported the discovery of DNA from a 140-year-old extinct quagga, as
the beginning of ancient DNA's history. Most also cite Michael
Crichton's 1990 book and Steven Spielberg's 1993 movie, Jurassic
Park, as the beginning of its popularity. I argue for a different history.
Drawing on archival material as well as published and unpublished
documents, this paper presents a new narrative about the search for
DNA from fossils.

First, this article argues that ideas regarding the recovery of DNA
from fossils were pursued by different people in different places, both
inside and outside of the lab, at around the same time. Stories about
these ideas and the individuals who championed them have been told in
one way or another, but they have never been told together in a way
that captures their contribution to the disciplinary development of
ancient DNA research. There are six strands of inquiry in this history
starting with (one) Charles Pellegrino and extending to (2) John Tkach,
(three) George Poinar and Roberta Hess, (four) Michael Crichton, (five)
Allan Wilson and Russell Higuchi, and (six) Svante Pääbo. I argue that

an array of actors from futurists and enthusiasts to scientists and the
popular press contributed to ancient DNA's early history, and that what
we see as science often has its beginnings with ideas and individuals
that are outside the conventional confinements of the laboratory.

Second, this article argues that from the beginning, particularly
preceding the release of Jurassic Park, the search for DNA from fossils
was closely connected to the idea of bringing back extinct organisms.
Ancient DNA elicited enthusiasm and speculation across different
audiences. Some imagined using DNA to study evolutionary history.
Others speculated about its potential to resurrect long-lost species.
These ideas were coupled but also contested. This study showcases
the interplay between science, speculation, and spectacle – particu-
larly around the idea of bringing dinosaurs back to life – as influ-
ential in ancient DNA's early history. I argue that this interplay
contributed to the construction of expectations for this new line of
research and played a part in its emergence, then evolution, into a
discipline.

Appreciation of this historical and intellectual connection be-
tween the idea of recovering ancient genetic material and resur-
recting extinct organisms, especially the ways in which individuals
associated or dissociated from the coupling of these ideas, is essential
for understanding the whole of ancient DNA's disciplinary develop-
ment within the broader backdrop of evolutionary biology. Crucially,
this account and analysis of ancient DNA research contributes to
wider historical, sociological, and philosophical conversations about
disciplinary development in terms of the features that help to form
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1 “Ancient DNA Research” refers to the process of extracting, sequencing, and analyzing degraded or damaged DNA from ancient and extinct organisms including plants, animals,

humans, and bacteria. Ancient DNA can be preserved in skins, tissues, and bone if the bone is not a fully mineralized fossil. To be clear, a fully mineralized fossil is unlikely to preserve
DNA, whereas a subfossil, a partially mineralized part of an organism, may retain remains of its cellular or molecular components. Generally, insects preserved in ancient amber, a type of
fossilization, are often referred to as fossils although the organism trapped inside is not itself mineralized. Specifically, an organism's status as a fossil or subfossil, or whether it exists as a
piece of skin or tissue, matters when considering whether cellular or molecular components may be preserved. Nonetheless, I use the terms “ancient DNA,” “the search for DNA from
ancient and extinct organisms,” or the “search for DNA from fossils” interchangeably throughout this article to refer to the investigation of DNA from many different materials including
museum skins, paleontological or archeological remains, and amber fossils. It is also important to note that the term “ancient DNA” does not necessarily relate to the age of the DNA but to
characteristic damage patterns in the DNA that happen after an organism has died. Given this damaged state of genetic material, research into DNA from old organisms requires specialist
skills and technologies.

2 Most narratives of ancient DNA's history have been written by journalists in the media or scientists who have documented their discipline in textbooks or books, as well as professional
and popular articles. See Jeffreys (1984), Cherfas (1991), Browne (1991), Brown and Brown (1992), Begley (1993), Herrmann and Hummel (1994), Lister (1994), Stoneking (1995),
Schweitzer and Staedter (1997), DeSalle and Lindley (1997), Wayne, Leonard, and Cooper (1999), Hofreiter, Serre, Poinar, Kuch, and Pääbo (2001), Jones (2001), Hummel (2003), Pääbo
et al. (2004), Willerslev and Cooper (2005), Shapiro and Hofreiter (2012), Hagelberg, Hofreiter, and Keyser (2015), Pääbo (2014), and Shapiro (2015). Elsbeth Bösl has recently
published an article, “Zur Wissenschaftsgeschichte der aDNA-Forschung” (March 2017), and a book, Doing Ancient DNA: Zur Wissenschaftsgeschichte Der Adna-Forschung (August 2017), on
the topic of ancient DNA research. These works view the practice of ancient DNA research from a historical perspective and both are published in German. See Bösl (2017a) and (2017b).
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new disciplines, as well as those that sustain them over time.

2. Resurrecting a dinosaur

In 1985, Charles Pellegrino – polymath scientist, writer, and futurist
– published an article called “Dinosaur Capsule” with a recipe for
bringing dinosaurs back to life. As a scientist, he spread his interests and
expertise across different disciplines from paleontology and archeology
to space science, designing rockets and working in part on the ex-
cavations of Pompeii and Titanic. As a writer, he had close connections
with other futurists from Isaac Asimov to Arthur C. Clarke. In other
words, Pellegrino's studies were wide-ranging, and as a visionary he
was far from conventional. In his article, “Dinosaur Capsule,” Pellegrino
speculated about an ancient past to one day be unlocked by pa-
leontologists and technologies of the future. For Pellegrino, amber
specimens – often whole organisms first trapped in sticky fluid tree
resin and later encased in hardened amber fossil shells – were the ul-
timate means to rediscover and recreate the past. He imagined a time
when someone, somewhere, would discover insects pristinely preserved
in amber; insects that once lived during the days of the dinosaurs.
Pellegrino proposed that “ancient bacteria on and in the flies may still
be capable of reproducing themselves” and that in the “stomachs may
be some undigested bits of their last meals, meals that came from an-
imals, including dinosaurs that roamed the earth millions of years ago.”
He speculated about the “genetic codes of creatures known only from
bones and footprints” (Pellegrino, 1985a, p. 40). Here, he suggested
that if parts of the “genetic code” were “missing” that one could write
the “lost ‘paragraphs’” using genetic information from “currently living
animals.” He said that “everything that goes into building a dinosaur
could be published in the form of chromosomes” to be inserted “into a
cell nucleus” with “a yolk and an eggshell” to “hatch our own dinosaur”
(Pellegrino, 1985a, p. 40 & 114). For Pellegrino, “[a]ncient genes and
bacteria embedded in amber may one day be used to re-create pre-
historic animals” (Pellegrino, 1985a, p. 38). It was a fantastical but
potentially practical recipe for bringing back a dinosaur (see Fig. 1).

Pellegrino claimed his ideas were inspired by two specific events. In
1977, fossil hunter Gerard Case introduced Pellegrino to a treasure
trove of ancient amber, a site in the state of New Jersey dating to the
Cretaceous. According to Pellegrino, two digs and two years later, they
had recovered two 95-million-year-old flies preserved in amber. Shortly
following his search for amber in the field, Pellegrino, then at the
Smithsonian Institution in Washington, D. C. and entomologist Paul
Wygodzinski at the American Museum of Natural History in New York,
recalled finding something strange in the lab. Under the microscope,
they found “mummified” insects in amber, “whose muscles and internal

organs appeared to be preserved in microscopic detail” just “as if they
have been alive the day before” (Pellegrino, 1985a, p. 40). This
prompted Pellegrino to imagine the potential of amber for studying
ancient and extinct organisms (Pellegrino, 1985a, 1995). Pellegrino
speculated that if cellular structures could stand the test of time, then
perhaps molecular components like DNA could too. If so, it was a way
of perhaps “bringing back dinosaurs” to “study them face to face”
(Pellegrino, 1985a, p. 114). Inspired by amber-embedded insects in the
field and in the lab, Pellegrino actively advocated for these ideas about
the theoretical preservation, potential extraction, and hypothetical
resurrection of extinct life.

In the late 1970s and early 1980s, however, Pellegrino and his ideas
faced criticism. Before the publication of “Dinosaur Capsule,”
Pellegrino discussed his ideas with colleagues only to discover they
thought them to be too speculative or “totally bizarre” and even
“downright crazy” (Pellegrino, 1995, pp. 69–70). While he said he ex-
perienced difficulty convincing his professional colleagues of his ideas,
Pellegrino encountered even more difficulty publishing his ideas in
professional journals. Pellegrino had corresponded with Smithsonian
Magazine since 1981 about his amber article, but editors and reviewers
thought the article was too speculative. Editor John Wiley explained
that even “legitimate speculation” would be difficult to defend because
the magazine tends to be “conservative” and confronts enough chal-
lenges publishing the “conventional.”3 Consequently, his ideas en-
countered repeated resistance.

There were two reasons for this resistance. The first was theoretical
(Raup & Stanley, 1971). First, it was assumed that organic components
like amino acids, proteins, and nucleic acids did not preserve in the
fossil record. Instead, when an organism died, it was assumed that or-
ganic components decayed over time due to chemical and environ-
mental processes. Internal processes like autolysis contributed to the
self-digestion or self-destruction of an organism's cellular and molecular
features. Taphonomic processes also influenced degradation. For ex-
ample, external factors like contact with water and high or low tem-
peratures could contribute to the degradation of cells and molecules.
With these processes combined, often little was left of an organism
except its skeleton. However, some studies in the 1950s–1970s chal-
lenged this assumption with evidence for the retention of amino acids
and proteins in fossils (Abelson, 1954, 1956; Armstrong, Halstead,
Reed, & Wood, 1983; Erdman, Marlett, & Hanson, 1956; Ho, 1965;
Weiner, 1980; Westbroek et al., 1979; de Jong, Westbroek, Westbroek,
& Bruning, 1974). Despite these studies that were promoting new
perspectives in the area of molecular paleontology, there was still no
evidence for DNA in fossils. This presented a problem for Pellegrino.
Nonetheless, he was confident that amber, perhaps an exceptional en-
vironment for preservation, could protect an organism from chemical
and environmental processes of degradation, preserving its DNA despite
the test of time.

Second, Pellegrino and his ideas faced resistance for technical rea-
sons. Even if DNA could be preserved in exceptional environments, the
technology for extracting and sequencing what would likely be de-
graded DNA was insufficient. In the 1970s, new technologies and
techniques in molecular biology were beginning to offer new oppor-
tunities for researchers in the fields of evolutionary biology and those
interested in biomedical or biotechnological research. For example,
molecular cloning methods of the early 1970s allowed the isolation,
replication, and manipulation of genes in ways not previously possible
(Cohen, Chang, Boyer, & Helling, 1973; Jackson, Symons, & Berg, 1972;
Lobban & Kaiser, 1973). Indeed, in the mid-to-late 1970s, the first
method of DNA sequencing was developed (Sanger, Nicklen, & Coulson,
1977). This method, named Sanger sequencing after one of itsFig. 1. Photograph of a 95-million-year-old amber-embedded fly (Ceratopogonidae). This

specimen was first found in New Jersey by Gerard Case, and was the same specimen that
initially inspired Charles Pellegrino to speculate about dinosaur resurrection from genetic
information preserved in amber insects. Courtesy of Charles Pellegrino. 3 This information is found in an unpublished letter provided to the author by Charles

Pellegrino: Letter from John Wiley to Charles Pellegrino, 6 March 1986, file held by
author.

E.D. Jones 6WXGLHV�LQ�+LVWRU\�DQG�3KLORVRSK\�RI�%LRO�	�%LRPHG�6FL���²�����������²��

�



developers, Frederick Sanger, became the main sequencing method for
the next three decades. In fact, it proved so promising that Sanger was
awarded the Nobel Prize in Chemistry in 1980 for its invention.4

However, this method, while powerful, was largely limited to modern
material where DNA occurs in larger amounts; not ancient material
where DNA, if preserved, occurs in smaller, degraded, and damaged
amounts. Consequently, the search and study of ancient DNA depended
on technical improvements.

In 1985, technology that might make these ideas a research reality
was non-existent, and Pellegrino knew this. He said, “Three more
decades of technological advance and we may be able to extract and
read DNA from the flies’ stomachs, where, if we are lucky, we will find
the blood and skin of dinosaurs” (Pellegrino, 1985a, p. 40 & 114).
Pellegrino imagined a future “on the verge of redefining the word ex-
tinct” so as a “precaution” and to “prevent deterioration,” he packed
away the two 95-million-year-old flies in a refrigerator where they
would “remain sealed for 20 years and perhaps more, while we wait for
technology to catch up with them” (Pellegrino, 1985a, p. 40 & 114).
Pellegrino was not naïve to the necessity of technology, but he also did
not let its absence obstruct his vision for what might be possible in the
future. Nonetheless, professionals resisted his speculations. Finding
difficulty convincing colleagues and publishing professionally, Pelle-
grino approached Omni, a futurist magazine. Omni welcomed his article
on amber, and in 1985, “Dinosaur Capsule” was finally put into press
and published.5

3. The Extinct DNA Study Group

Pellegrino was not the only one thinking about recovering DNA
from fossils. In the summer of 1980, John Tkach, dermatologist and
paleontology enthusiast, was riding his bicycle to work, pondering
the extinction of the dinosaurs.6 Tkach was interested in im-
munology, fascinated by dinosaurs, and he, as well as others, won-
dered why dinosaurs, apart from the line leading to birds, went ex-
tinct nearly 65 million years ago. It was a life-long question in
paleontology and while there were hypotheses about dinosaur evo-
lution and extinction, particularly during this decade with a renewed
enthusiasm for dinosaurs thanks to the “Dinosaur Renaissance,”
Tkach found them unsatisfying. As he rode to work, he recalled that
“[w]ithin two blocks” he “had the answer.” For Tkach, dinosaurs
likely lacked a “bursa of Fabricius” – a vital organ in immune systems
of modern birds. Tkach speculated that dinosaurs, lacking this organ,
“could not cope with infections” and that “new pathogens must have
come along that they could not defend against, and over millions of
years, they died out.”7 In formulating this idea, Tkach was also
aligning a principle part of his hypothesis with an already hotly
contested hypothesis at the time, namely that extant birds were the
direct descendants of extinct dinosaurs. While Tkach had a creative
idea, it was controversial because it was lacking in evidence. So, in
the autumn of 1980, Tkach was “pondering the problem of where to
look for dinosaur genes” and, again, during his ride to work, he had
an idea. First, “[i]f a mosquito had fed on a dinosaur, it might have a
dinosaur white blood cell with a diploid set of chromosomes in its
stomach.” Further, “[i]f such an insect had been preserved in amber,
it might be possible to recover the chromosomes from that white

blood cell, put them into an enucleated amphibian egg, and grow a
dinosaur.”8 Tkach thought it “[u]nlikely, but theoretically pos-
sible.”9

Tkach shared this speculation with scientists in hopes of en-
listing their efforts in the search for the preservation and extraction
of DNA from ancient amber. In the process, he encountered a mix of
pessimism and optimism. According to Tkach, he was passed along
from scientist to scientist until he was directed to Allan Wilson at
the University of California, Berkeley. According to Tkach, Wilson
was enthusiastic but doubtful about the feasibility of the idea. No
collaboration was formed on this occasion. Nonetheless, Tkach
submitted his speculations to Evolution where they were rejected
because he did not provide evidence in support of his hypothesis.
His research came to a close until the spring of 1982 when he read a
paper published in Science by George Poinar and Roberta Hess at the
University of California, Berkeley, announcing the exceptional
preservation of cells in a 40-million-year-old insect in amber. As
Tkach recalled, “The article by Poinar and Hess was pivotal. It
suggests that the ideas I had been developing with the help of many
other scientists were practical.”10 According to Tkach, “it was
damned exciting.”11 For Tkach, Poinar and Hess's work on cellular
preservation in ancient amber, and principally its publication in a
high-profile and prestigious journal like Science, was the empirical
evidence he needed. Tkach wrote Poinar in December 1982, and in
January 1983 he received a reply. Poinar suggested they form a
study group.

In 1983, Tkach, Poinar, Hess, and others formed the Extinct DNA
Study Group. By February, Tkach had written and distributed the
first “Extinct DNA Newsletter” announcing that the goal of the group
was the “recovery of genes from extinct organisms” and their
“transcription” and “translation” through “recombinant DNA
(plasmid) technology.” He also claimed the group was concerned
with the “study of the evolution of proteins based on amino-acid
sequences of proteins recovered from extinct DNA,” as well as the
role of “bacteria,” “fungi,” “parasites,” and “pathogens” in the “ex-
tinction of species.” Yet the Extinct DNA Study Group was also in-
terested in “culturing tissues from extinct life forms” and “[c]loning
extinct life forms by the recovery of haploid or diploid sets of
chromosomes.”12 The first newsletter was reported to have been
distributed to Poinar, Hess, and Wilson, and to several other scien-
tists across the country. Overall, Tkach described the Extinct DNA
Study Group as a group of “mature scientists with various extensive
educations, travels, and a hard core molecular biology outlook.”13

For Tkach and this group, the answers to questions in paleontology
and evolutionary biology would be found using molecular biology
techniques and technologies.

Following the first newsletter came the first meeting of the Extinct
DNA Study Group. The meeting was held on March 9, 1983, and was
hosted by Tkach in Montana. The conversations centered on issues of
contamination and authenticity. They also talked about terminology
like “paleobiology,” “paleogenetics,” “paleoDNA,” “paleogenes,” “pa-
leogenomes,” and “amberization.”14 During the discussion, Tkach

4 “Frederick Sanger - Biographical.” The Official Website of the Nobel Prize.https://
www.nobelprize.org/nobel_prizes/chemistry/laureates/1958/sanger-bio.html (accessed
January 2, 2018).

5 Pellegrino also published his idea for dinosaur resurrection in two books. See
Pellegrino (1985b) and Pellegrino and Stoff (1986). Science reporter and writer Roger
Lewin credited Pellegrino as the first to publish this idea (Lewin, 1996).

6 This account is found in an unpublished document provided to the author by John
Tkach: John Tkach, September 1993, “A Brief History of the Extinct DNA Study Group,”
file held by author.

7 Ibid., page 4.

8 Ibid., page 4–5.
9 Ibid., page 5.
10 Ibid., page 10.
11 This is an unpublished newsletter provided to the author by John Tkach: John

Tkach, February 1983, “The Extinct DNA Newsletter,” file held by author, page 3.
12 Ibid., page 1.
13 Ibid., page 1–2.
14 This information is from a second unpublished newsletter provided to the author by

John Tkach: John Tkach, March 1983, “The Extinct DNA Newsletter,” file held by author,
page 4. With reference to this, it is important to note that The Extinct DNA Study Group
used “paleobiology” as new terminology in the 1980s. However, by the mid-to-late 1970s,
a new sub-discipline called paleobiology had actually already been established through
efforts of several different scientists. From the 1950s–1970s, a handful of paleontologists
sought to reevaluate and reinvent the discipline of paleontology and its relation to
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discussed his idea for dinosaur resurrection and detailed it in the second
newsletter. He suggested that someday someone might find “a mosquito
that fed on a dinosaur” that had died and been “preserved in amber.” He
suggested, “If one could recover a white blood cell of a dinosaur from the
stomach of a mosquito, he might be able to transplant it into an enucleated
egg and grow dinosaur tissue culture or ultimately a dinosaur.”15 The
group was “interested” but “felt it unlikely that DNA would survive suf-
ficiently intact” for such a study to be a possibility.16 As Poinar and Hess
recalled, Tkach had “corresponded with quite a few people about his idea
of extracting dinosaur DNA from blood cells found in the stomachs of
bloodsucking insects embedded in amber” (Poinar & Poinar, 1994, p. 91).
According to Poinar, Tkach's “idea aroused interest” but he said, “I'm not
sure anyone believed it possible until he wrote to me” (Poinar & Poinar,
1994, p. 91). From such speculation to a more collegial collaboration, the
Extinct DNA Study Group became the first official forum to investigate
ideas regarding the preservation and extraction of DNA in fossils and the
resurrection of the extinct species (see Fig. 2).

Despite their enthusiasm, however, the group knew their ideas would
elicit criticism. In 1983, Tkach began recruiting researchers to join the
Extinct DNA Study Group but colleagues were skeptical. According to
Poinar and Hess, “few were willing to jeopardize their careers or suffer the
derision of colleagues, so the actual membership was limited to a coura-
geous handful” (Poinar & Poinar, 1994, p. 92). However, even the “coura-
geous” were cautious. Tkach recalled that “[a]ll members of the group
feared for their reputations” because “[t]hey were concerned that pre-
mature release of information without adequate proof of authenticity”
would “damage their reputations.”17 The group “did not want to make any
claims that would later be proven false.”18 Tkach said, “We agreed to be
careful about our claims until we felt we had done as much as we could to
prove authenticity.”19 Therefore, they actively avoided the press. According
to the first newsletter, Tkach noted, “[…] Dr. Poinar has asked that we not
discuss this work with the press […]. Adverse publicity could have a
crushing effect on his work.”20 From a scientist's standpoint, speculation
was a healthy part of the process of science. However, too much speculation
with too little evidence, coupled with premature press, could damage the
research and reputations of those involved. In other words, scientists saw
hype as having positive or negative consequences. Here, timing and evi-
dence was everything. But even with evidence, criticism was sure to ensue.
Clair Folsome, one of the members of the group, was recorded to have said,
“No matter what we do, it won't be beyond criticism.”21 Regardless, the
Extinct DNA Study Group moved forward, marking the formal formation of
a group interested in investigating DNA from fossils.

4. Insects in ancient amber

In 1980, entomologist George Poinar and electron microscopist
Roberta Hess at University of California, Berkeley went to work for
what they thought would be another average day in the lab (Poinar &
Poinar, 1994). According to their retrospective reconstruction of events,
this day turned out to be different. Under the microscope, they said they

were shocked to see the insides of a 40-million-year-old insect pre-
served in amber: “When we looked up at each other, the same thought
was written across our faces – surely this fly's cell structure must be
intact too! From then on, that mycetophilid fly became the center of our
research project” (Poinar & Poinar, 1994, pp. 64–65). Poinar, with a
life-long love for amber, and Hess, with a set of specialized skills in
microscopy, began to investigate what they viewed to be a strange si-
tuation. First, they photographed the fossil for documentation, then
sliced the specimen in two. Next, they undertook the tedious process of
sectioning the specimen for examination. Results were ready after
weeks of work and the “routine cycle of ups and downs” (Poinar &
Poinar, 1994, p. 68). In the end, Poinar and Hess found exceptional
evidence for the organic preservation of a 40-million-year-old fly in
Baltic amber. They saw “nuclei and organelle” and “entire muscle bands
with easily identifiable components such as fibrils and mitochondria.”
They even saw that the “[t]racheoles, the breathing apparatus of in-
sects, had intact linings, recognizable tubercles, and even possibly
remnants of the plasma membrane” (Poinar & Poinar, 1994, p. 65).
According to Poinar and Hess, it was a curious case of mummification
from the prehistoric past.

In 1982, Poinar and Hess's paper with these research results was
published in Science (Poinar & Hess, 1982). It was evidence that resin
was a resource for protecting the soft tissue structures of life even after
death, but they wondered whether these results were replicable. Poinar
said he wrote to a colleague, requesting a specific amber sample with
the idea that sampling different sources could inform whether this type
of mummification was a repeatable or rare occurrence. A week later,
they received a 70–80 million-year-old wasp in Canadian amber which
they subjected to the same procedures as the 40-million-year-old fly in
Baltic amber. To their surprise, this wasp also revealed evidence of
cellular structure. Poinar and Hess were confident that amber could be
a reliable resource for preserving soft tissues structures of ancient and
extinct organisms (Poinar & Poinar, 1994, p. 68). They wondered if
amber might preserve DNA, too.

Poinar and Hess's realization that amber was a special source of
cellular preservation caused them to wonder if it could be a source of
molecular preservation, too. They thought, “If tissues could be dis-
covered so well preserved in amber-embedded insects 40 million years
old, what else could be found?” (Poinar & Poinar, 1994, p. 68). Further,
“What about nucleic acids?” (Poinar & Poinar, 1994, p. 69). The amber
fly and wasp studies convinced them that amber was a special sub-
stance, and that if DNA preservation was possible, it would be so
through the preservative properties of amber. Although they did not
publicly suggest the theoretical preservation or potential extraction of
DNA from amber, they privately speculated about it. They knew that

Fig. 2. Photograph of The Extinct DNA Study Group. This photograph was from their first
meeting in 1983 which was organized and hosted by John Tkach at his home in Bozeman,
Montana. Courtesy of John Tkach.

(footnote continued)
geology, biology, and the modern evolutionary synthesis. Part of the process was a shift in
methodology to computational and statistical studies of fossils as a way of rereading the
fossil record. These new paleobiologists sought to enhance paleontology's scientific status
by contributing to understandings of evolutionary patterns and processes. See Sepkoski
and Ruse (2009), Turner (2011), and Sepkoski (2012).

15 John Tkach, March 1983, “The Extinct DNA Newsletter,” file held by author, page
8–9.

16 John Tkach, September 1993, “A Brief History of the Extinct DNA Study Group,” file
held by author, page 13.

17 Ibid., page 14.
18 Ibid., page 14.
19 Ibid., page 14.
20 John Tkach, February 1983, “The Extinct DNA Newsletter,” file held by author, page

4.
21 John Tkach, March 1983, “The Extinct DNA Newsletter,” file held by author, page 7.
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theoretical and technical constraints would potentially prohibit further
investigation of these unconventional ideas. According to Poinar and
Hess, they had this idea before they came in contact with Tkach (Poinar
& Poinar, 1994, p. 72 & 91–94). In 1982, they assumed they were alone
in the search for cells and molecules in ancient amber.

However, their paper, showcased in Science, a well-respected and
well-circulated journal, placed it in a position to attract attention.
Indeed, it did. Their intellectual isolation transformed into a colla-
boration when Tkach contacted them and organized the Extinct DNA
Study Group (Poinar & Poinar, 1994, p. 69). As Poinar and Hess re-
called, “It's amazing when you consider it, how people can arrive at the
same idea (extracting DNA from amber insects) from different per-
spectives” (Poinar & Poinar, 1994, p. 91). While it is important to re-
member that these accounts from Pellegrino, Tkach, and Poinar and
Hess are retrospective reconstructions of discovery from the perspec-
tives of these individuals, their testimonies and documents support the
suggestion that the recovery of DNA of ancient and extinct species was
an idea arising independently among different people in different
places. These three strands of this story also support the suggestion that
this idea was closely connected to speculations about bringing back
long-lost creatures such as dinosaurs. Moreover, they highlight that
scientific and technological activity often originates among unconven-
tional individuals and their ideas outside of the lab.

5. Jurassic Park before Jurassic Park

In the early 1980s, Michael Crichton, doctor turned science fiction
writer, was writing a script for a screenplay about a genetically en-
gineered dinosaur. But shortly after starting he “put the project aside.”
According to Crichton, there was an “enormous mania about dinosaurs”
and he “did not want the book to appear to ride a current fashion.”
Indeed, starting in the 1970s and moving into the 1980s, there was an
increased professional and popular interest in dinosaurs, how they
lived, and how they died. This “Dinosaur Renaissance” was stimulated
by research that questioned traditional views of dinosaur anatomy,
physiology, evolution, and extinction.22 However, Crichton soon rea-
lized that this revival was far from fleeting. Rather, “the fashion never
went away.” Instead, “the fascination with dinosaurs was perma-
nent.”23 In light of this realization, Crichton pursued the project. Poinar
and Hess's publication in Science and Tkach's formation of the Extinct
DNA Study Group conveniently coincided with the development of
Crichton's science fiction story about dinosaurs brought back to life.
Based on a recent media report, Poinar told Bryan Curtis, a writer and
blogger, that Crichton visited Berkeley in 1983. Poinar said that during
their discussion Crichton asked about amber but never revealed dino-
saur resurrection as an interest (Curtis, 2011, 2013).24 Afterwards,
Poinar and Hess continued their collaboration with the Extinct DNA

Study Group, not thinking of Crichton again until nearly ten years later.
According to Poinar, in the early 1990s, he received a phone call

from Universal Studios. The caller informed him that he, his now wife
Roberta, and the Extinct DNA Study Group were acknowledged in the
back of a new book entitled Jurassic Park (Poinar Jr & Poinar, 1994, p.
153). Written by Crichton, Jurassic Park was a science fiction story
about the resurrection of dinosaurs from DNA preserved in and ex-
tracted from insects in ancient amber, and the book was now a major
movie in the making under the direction of Steven Spielberg (Shay &
Duncan, 1993, pp. 6–8). In the book, Crichton acknowledged the ideas
and individuals that inspired his story, listing Poinar, Hess, and the
Extinct DNA Study Group as clear contributors (Crichton, 1991). While
Poinar and Hess's research was acknowledged, Pellegrino, at least at
first, was not mentioned as part of the intellectual inspiration behind
the book (Crichton, 1991). Indeed, it is unclear what role was played by
Pellegrino's “Dinosaur Capsule.” In one version of the acknowl-
edgements, Crichton noted that “[c]ertain ideas” about “paleo-DNA”
were “first articulated by George O. Poinar, Jr. and Roberta Hess, who
formed the Extinct DNA Study Group at Berkeley” (Crichton, 1991). In
another paperback version published the same year, the acknowl-
edgements read slightly differently, noting that “[c]ertain ideas” were
“first articulated by Charles Pellegrino” but “based on the research by
George O. Poinar, Jr. and Roberta Hess, who formed the Extinct DNA
Study Group at Berkeley” (Crichton, 1991). Based on documentation, it
is unclear whether Crichton was aware of Pellegrino's “Dinosaur Cap-
sule.” If he was, it seems he was only aware of it after he had published
Jurassic Park. This realization after publication could potentially ex-
plain why Crichton's acknowledgments from one book version to an-
other differ, at first excluding, then later including, Pellegrino. What is
clear, however, is that ideas about the preservation and extraction of
DNA from fossils, and the hypothetical resurrection of extinct organ-
isms, were pursued by various individuals for multiple reasons.25

In the late 1970s and early 1980s, there were three ideas that in-
spired the emergence of this novel and controversial area of research:
the theoretical preservation of DNA from fossils, the potential extrac-
tion of DNA from fossils, and the hypothetical resurrection of extinct
organisms from DNA in ancient material. Up to this point, this narrative
has argued that these ideas arose independently among four distinct
groups of people from four distinct perspectives. Pellegrino, the first
strand in this story, was a scientist and futurist who approached these
ideas as a visionary. Tkach, a science enthusiast, was similarly spec-
ulative but ultimately successful in enlisting experts to investigate his
hypothesis. Poinar and Hess arrived at the idea through more conven-
tional means in the lab and publication of research results in the high-
profile journal Science. Crichton's imaginative work-in-progress, a
fourth strand in this story, was also a part of this early history.

In this early history, “Ancient DNA” functioned as a “boundary
object” – a material object or theoretical concept that is used in dif-
ferent ways by different communities (Star & Griesemer, 1989). Here,
“Ancient DNA” was a kind of boundary object but not, at least at this
time, in a material or tangible sense. Rather, it was a boundary object
that existed as an idea. It was the idea of extracting and sequencing
DNA from fossils and using it to bring back dinosaurs that these char-
acters, arguably from disparate professional and social worlds, had in

22 Beginning in the 1970s, there were a series of scientists who proposed different and
dramatic hypotheses about dinosaur evolution and extinction. Some, for example, pro-
posed that dinosaurs were hot, not cold blooded, creatures. See Bakker (1975), Desmond
(1975), and Bakker (1986). Others argued that birds were the direct descendants of one
lineage of non-avian dinosaurs. See Ostrom (1974). There were also new fossil finds that
exhibited evidence that parents practiced brooding behavior. See Horner and Makela
(1979). Finally, in the 1980s, a group of researchers proposed a novel and controversial
hypothesis about dinosaurian extinction. They suggested that this extinction was caused
by an asteroid impact approximately 65 million years ago. See Alvarez, Alvarez, Asaro,
and Michel (1980). Prior to this, other scientists had suggested volcanic activity as a cause
of dinosaurian extinction. Indeed, there was a serious and sustained controversy over the
causes of this mass extinction event (Glen, 1994). This revival of interest among the press
and public can also be attributed to a long historical line of fascination with and popu-
larization of paleontology. See Rudwick (1985), Rainger (1991), Bowler (2009),
Brinkman (2010), and Manias (2016).

23 “Jurassic Park.” The Official Website of Michael Crichton. http://www.
michaelcrichton.com/jurassic-park/(accessed January 2, 2018).

24 Curtis interviewed Poinar and reported it in a blog (Curtis, 2011). Curtis also ob-
tained and published a letter from Crichton to Poinar acknowledging his research but not
necessarily the idea of dinosaur resurrection from insects in amber as an inspiration for
his book Jurassic Park (Curtis, 2013).

25 In the 1990s, Pellegrino and Poinar engaged in a lengthy legal battle following
Crichton's publication (1990) and Spielberg's production (1993) of Jurassic Park.
Controversy ensued between the two over who had priority to the recipe for dinosaur
resurrection as the idea that inspired Jurassic Park. Pellegrino and Poinar were con-
temporary colleagues, but their relationship appears to be complicated. In the early
1980s, it seems that Pellegrino and Poinar were aware of each other. While Pellegrino
discusses Poinar in his memoirs, Poinar actively avoids mentioning Pellegrino in his own.
See Pellegrino (1985a, 1995), and Poinar and Poinar (1994). Further, an unpublished
letter from the editor of the Smithsonian Magazine to Pellegrino discloses Poinar's rejection
of Pellegrino's ideas of dinosaur resurrection (Letter from John Wiley to Charles Pelle-
grino, 6 March 1986, file held by author). However, Poinar later took credit for the idea
and claimed it inspired Jurassic Park. See Browne (1991).
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common. In the case of Tkach, Poinar, Hess, and Crichton, it was this
idea that brought them together, resulting in the formation of The Ex-
tinct DNA Study Group and also in the inspiration for the later book and
movie Jurassic Park. Likewise, the prospect of procuring DNA from
fossils took on differing meanings for the individuals involved. Drawing
on the literature, cultural studies scholar Peter Broks might refer to this
merging of individuals over the idea of DNA from fossils as resulting in
a shared “conceptual space” (Broks, 2006). Broks argued that it is in
this shared space that “meanings of scientific knowledge are challenged
and negotiated” (Broks, 2006, p. 144). For Tkach, dinosaur DNA could
be used to test his hypothesis of dinosaurian evolution and extinction.
For Crichton, it was a speculative but potentially plausible idea that
provided the plot for his science fiction story. In the late 1970s and
early 1980s, DNA from fossils took on differing meanings for the in-
dividuals involved. Indeed, the meaning of and motivation behind the
search for DNA from fossils would come into tension as a growing group
of characters tried to transform it from a curious idea into a credible
practice.

6. From ideas to experimentation

The amount of activity at this time around such a speculative idea like
recovering DNA from fossils can in part be explained by the increasingly
widespread interest in molecular biology, its application to questions in
evolutionary biology, and its integration in society in the latter half of the
twentieth century. Michael Dietrich, for example, highlighted the extreme
enthusiasm for molecular biology in the 1950s and 1960s, but he also
showcased the growing tension between morphological and molecular
evolutionists and how these scientists negotiated the place of both within
the evolutionary synthesis (Dietrich, 1998). Similarly, Joel Hagen re-
cognized this competition between these two approaches to the study of
evolution but argued that this conflict, while undeniable, has often been
distorted and that there were important areas of convergence and co-
operation leading to a more unified study of biology at this time (Hagen,
1999). Yet this burgeoning field of molecular biology with its excitement
and corresponding conflict was not limited to the scientific sphere but
instead embedded in popular culture too. As Dorothy Nelkin and Susan
Lindee argued, DNA – “the code of life” – was more than a carrier of
genetic information. DNA was a cultural icon (Nelkin & Lindee, 1995).
Awareness of this broader historical backdrop helps contextualize the
reasons why similar ideas about the preservation of molecules in fossils
arose among different people in different places, and how or why these
individuals began to come into contact with one another. It also helps
explain why this new line of research was posed to appeal to professional
and popular audiences alike, and to in turn be influenced by the interplay
between the two.

While ideas about the theoretical preservation and potential extraction
of DNA from fossils originally arose outside the conventional confines of
the laboratory, it was at the University of California, Berkeley that “an-
cient DNA research” became a localized, specialized, and more widely
recognized activity. Allan Wilson was a Professor of Biochemistry at
Berkeley where he had already established a pioneering program focused
on applying molecular approaches in order to study evolutionary history.
At the time, Wilson was one of the first and few researchers to use mo-
lecular data to try to reconstruct evolutionary patterns and processes (King
& Wilson, 1975; Sarich & Wilson, 1967). By the 1980s, Wilson's research
into molecular evolution, particularly regarding proteins, was well under
way. Poinar and Hess's publication in Science about the cellular pre-
servation of insects in ancient amber attracted attention from many, in-
cluding the interest of Wilson. Although Poinar and Hess's study did not
exhibit evidence of molecular structures, it did demonstrate the pre-
servation of cellular structures in ancient amber. This level of exceptional
preservation encouraged Poinar and Hess, as well as Wilson, to wonder
whether DNA could perhaps be preserved too. It is uncertain who con-
tacted who first in this situation, but what is clear is that in 1983 Wilson's
lab and Poinar's lab, both at Berkeley at the time, established a

collaboration (Poinar & Poinar, 1994, p. 72). 26

In 1983, Poinar and Hess, together with Russell Higuchi, molecular
biologist and postdoctoral researcher working with Wilson, embarked on
the first experiment to test ideas about the preservation and extraction of
DNA from insects in ancient amber. The challenge was clear as preparation
alone was a tedious task. First, Poinar began by selecting specimens that
would potentially offer optimal preservation of DNA. Next, all the equip-
ment used in the experiment was sterilized to try to avoid contamination.
For Higuchi, it was incredibly important to be clean. Even as early as the
1980s, he realized the risk of contamination with modern DNA; a problem
that would plague the search for ancient DNA as it evolved over the years.
Therefore, measures were taken to minimize contamination and maximize
the amount of authentic ancient DNA that could be recovered. Meanwhile,
Hess started the tiresome task of sectioning samples for extraction and
removing the tiny tissues from the insects in amber. Finally, they per-
formed a template assay test on the tissues; an experiment that would
make a radioactive copy and give a radioactive signal in the presence of
even the most miniscule amounts of DNA. If DNA was present it would be
copied and a signal would be emitted, but if no DNA was present, then no
signal would be produced. In the end, the teams found evidence of DNA in
only two of the seven specimens sampled – a moth and a fly (Poinar &
Poinar, 1994, pp. 93–95).27 One issue seemed solved – how to get DNA –
but another issue emerged, namely, how to determine who or what the
DNA belonged to. Was it authentic ancient DNA from the insect or a
contaminant? There was DNA, but scientists could not determine its
origin. At the time, no extra experiments were done to determine the
authenticity of the DNA, and the research was never publicly published
(Poinar et al., 1994 pp. 93–94; Poinar & Poinar, 1994, pp. 73–75).28 Hi-
guchi and Wilson redirected their research.

Higuchi and Wilson turned their thoughts from insects in amber to
the quagga, thinking that extracting and sequencing DNA from material
hundreds of years old may prove more promising than trying to recover
genetic information from material that was millions of years old. Equus
quagga was a preferred choice for experimentation for several reasons.
First, the quagga was a curious creature. With the front half of its body
decorated in brown and white stripes, and the back half covered in solid
brown, the quagga looked like a cross between a zebra and a horse. In
the 1800s, humans hunted it to extinction, leaving scientists with
questions about its evolutionary history and leaving others with a
strong sense of guilt about the role humans played in its demise as a
species. Taxidermist Reinhold Rau, in particular, felt this guilt and
turned it into a moral mission to bring back the quagga, again de-
monstrating that other interests outside the lab, such as moral moti-
vations, can prompt scientific study.29 (The Quagga Project, 2016). In
the 1980s, Rau was responsible for obtaining soft tissue samples from a
140-year-old quagga from the Natural History Museum in Mainz, Ger-
many for biochemical research. The samples were delivered to Oliver
Ryder at the San Diego Zoo, then shared with Wilson at Berkeley
(Anonymous, 1984, p. 21). While the quagga was a sentimental
specimen, it also presented an interesting phylogenetic problem
that could be answered with molecular data. At the time,
paleontologists who used morphological data were in disagreement
over its evolutionary history. Some argued the quagga was more closely
related to the zebra while others argued it was more related to the horse

26 A conversation between Alice Taylor and an unnamed electron microscopist, pre-
sumed to be Roberta Hess, about the pristine preservation of amber insects and was re-
ported by Alice Taylor to Allan Wilson in a letter. In this letter, Taylor asked Wilson if it
would be possible to try to obtain DNA from insects in amber. This is an unpublished
letter from the Allan Wilson Archives: Letter from Alice Taylor to Allan Wilson, 9 January
1980, Allan Wilson Papers, Series 10, Research 1965–1990, Reel 47, Bancroft Library,
University of California, Berkeley.

27 Allan Wilson, 1984, “Molecular Paleontology: Search for Fossil DNA,” National
Science Foundation Grant Application, file held by author, pages 12–13.

28 Ibid., pages 12–13
29 “The Project.” The Quagga Project. https://quaggaproject.org (accessed January 2,

2018).
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(Higuchi, Bowman, Freiberger, Ryder, & Wilson, 1984, p. 284).
Although sentimental and conceptual arguments for choosing the
quagga were important, it was, for Wilson and Higuchi, a technical task
that could be a stepping stone to travel back in time. Researchers hoped
the quagga would be a step in this direction, and in retrospect it was. In
the spring of 1984, they recovered short but informative sequences of
mitochondrial DNA (mtDNA) that they confirmed as authentic to the
quagga. It appeared to be the first recovery of DNA from an ancient and
extinct organism, and it was a serious source of curiosity for both re-
searchers and reporters.

In the autumn of 1984, Wilson and his lab submitted the first official
research proposal to search for DNA in ancient and extinct organisms.
This proposal, submitted to the National Science Foundation (NSF) and
titled “Molecular Paleontology: Search for Fossil DNA,” requested
$330,000 to be distributed over a two-year-period to search for DNA
from the quagga, bison, moa, mammoth, and insects in ancient amber.
Research on the quagga was both the preliminary and primary evidence
on which the proposal stood. For the lab, the “successful recovery,
cloning, and sequencing of DNA” from “the quagga” was the reason for
“exploring the feasibility of recovering and cloning DNA from bones and
teeth” and “the possibility of extracting and cloning insect DNA from
specimens preserved in amber.”30 There was professional interest in the
project, and Wilson cited evidence that he had a team ready to engage in
the endeavor. Researchers included Higuchi, Poinar, Hess, electron mi-
croscopist Alice Taylor, and graduate student Barbara Bowman. Wilson
also cited evidence for popular interest in the search for DNA from fossils.
In June 1984, after the initial presentation of their research results at a
professional conference, Newsweek published a piece speculating about
scientists' ability to use the quagga DNA to not just study evolutionary
history but to actually bring the quagga back to life. However, Wilson
was careful to balance this sort of speculation with realism. Journalists
reported, “Unfortunately, the scientists are a long way from re-
constructing the animals themselves. ‘That will be generations – or more
– from now,’ says Wilson” (Begley and Katz, 1984, p. 64). With evidence,
as well as professional and popular interest on their side, Wilson hoped
for the future of molecular paleontology. In the proposal, they wrote,
“This is the first proposal to study the possible utility of DNA to pa-
leontology. If clonable DNA is present in many fossil bones and teeth and
in insects included in amber, a new field, molecular paleontology, can
arise.”31 Although they had high hopes for the venture, the proposal was
in the hands of other scientists who would either accept or reject it.

Reviewers were enthusiastic, but caution also colored their feed-
back. One reviewer referred to the proposal as “interesting, significant,
even exciting.”32 A second said it was a “pioneering effort” that “re-
presents penetration of a barrier interfacing molecular systematics and
paleontology.”33 Another reviewer recognized potential pitfalls but
said, “[…] I refuse to gaze into a crystal-ball and reject the possibility a
priori. It is clear that looking for fossil DNA is worth the trials and tri-
bulations, particularly if so distinguished [a] researcher as Wilson
wishes to undergo the trauma.”34 Another made a similar statement: “I
am not convinced that selection of these organisms will demonstrate
the universal applicability of recombinant DNA technology to sys-
tematic evolutionary studies. […]. However, at one time it was
common knowledge that the earth was flat and the moon was made of
green cheese.”35 However, one scientist was suspicious, claiming that it
was “interesting” and “technically difficult” but “not clear” on “how

this approach will broaden our perspective on any major evolutionary
problems.”36 Indeed, the proposers themselves perceived their own
application as “exotic” and “speculative.” But one referee reported, “If
it is possible to do, they can do it.”37 Overall, the referees gave every
indication that this was an exciting research endeavor.

However, in the end, the reviewers rejected the proposal. The panel
explained its decision based on their perception that the proposal was
“not designed to develop a new technology which when developed
would be broadly applicable to a wide range of specimens.” The panel
further explained, “At most the project will provide that some fossil
remains contain clonable DNA.” Further, “If clonable DNA is obtained,
its usefulness for phylogenetic studies remains to be shown, given the
likelihood of the occurrence of unquantifiable diagenetic change and
the presence of contaminating DNA.” In conclusion, they wrote, “The
Panel does not consider that obtaining clonable DNA from a 140 year
old museum specimen, however interesting, provides sufficient pre-
liminary evidence that DNA from 10,000 or 26 million year old speci-
mens is likely to yield valuable information.”38 In retrospect, re-
searchers recognize the quagga study as a breakthrough, but at the time
in 1984, this panel disagreed. The search for DNA from fossils seemed
at a standstill.

7. Egyptian mummies and molecules

While Wilson and Higuchi were experimenting with amber fossils
and museum skins, similar ideas, once again, were gaining ground
elsewhere. Svante Pääbo, graduate student at University of Uppsala,
Sweden, and the sixth strand in this history, was on his own in search
for DNA from ancient and archeological material. In 1981, he began
exploring the idea of extracting and sequencing DNA from ancient
Egyptian mummies. Pääbo was passionate about Egyptology, and in-
deed, Egyptian mummies and culture had long fascinated archeologists,
anthropologists, and linguists, as well as scientists and the general
public (Fritze, 2016). Pääbo was aware of Wilson's work from the 1960s
and 1970s, and like Wilson was attracted to applications of molecular
biology in evolutionary biology, especially for studying the origin and
evolution of humans.39 Pääbo was also aware of Alec Jeffreys, mole-
cular biologist at University of Leicester in the UK, and his work on the
genetic evolution of humans and apes.40 According to Pääbo, both their
works prompted him to speculate on how molecular methods might
apply to not only life today but life in the past. However, before ex-
ploring these ideas, Pääbo examined the literature. He discovered no
reports of the preservation and extraction of DNA in ancient material,
but the literature on ancient proteins and ancient mummies looked
somewhat promising. Encouraged, he decided to try to recover DNA
from ancient Egyptian mummies (Pääbo, 2014, pp. 23–26).

In the summer of 1981, Pääbo went to the supermarket to buy a small
sample of liver. He was interested in the theoretical preservation of DNA in
ancient Egyptian mummies, and he knew that mummification involved
dehydration. Pääbo assumed that the process of mummification would
remove water and deter DNA degradation. So, he decided to mimic
mummification by heating and dehydrating the liver in an oven, thus
transforming it into a shriveled, hardened, and mummified substance.
Pääbo then tried to extract and sequence DNA from it. In short, Pääbo
recalled that the “secret” experiment – secret to avoid reprimands from his
supervisor or humiliation if his speculative study failed and was found out

30 This is an unpublished grant application submitted by the Allan Wilson Lab to the
National Science Foundation. The document was provided to the author by Russell
Higuchi: Allan Wilson, 1984, “Molecular Paleontology: Search for Fossil DNA,” National
Science Foundation Grant Application, file held by author, page 2.

31 Ibid., page 4.
32 Ibid., page 151.
33 Ibid., page 152.
34 Ibid., page 155.
35 Ibid., page 152.

36 Ibid., page 154.
37 Ibid., page 150.
38 Ibid., page 158.
39 Allan Wilson was a leader of a major movement to integrate molecular biology with

the study of evolutionary history, specifically regarding the relationship between humans
and primates. See Sarich and Wilson (1967) and Cann et al. (1987).

40 In the 1980s, developments in the world of forensic science, like DNA fingerprinting
and DNA profiling, emerged in parallel with ancient DNA research, revolutionizing for-
ensic studies. See Jeffreys, Wilson, and Thein (1985).
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by his lab – was surprisingly successful, revealing small but significant
amounts of DNA. However, the preservation and extraction of DNA hun-
dreds to thousands of years old remained to be tested. To satisfy his
curiosity, Pääbo approached the curator of a small museum with a request
to sample and search mummy material for DNA.41 Pääbo was allowed to
sample previously detached or already damaged skin and tissue from three
mummies, but to his disappointment, he did not discover any DNA (Pääbo,
2014, pp. 26–28).

Despite this unsuccessful search for DNA in ancient Egyptian
mummies, Pääbo remained insistent in his investigation. In the summer
of 1983 – the same year Poinar, Hess, Higuchi, and Wilson embarked on
their search for DNA from insects in ancient amber – Pääbo reported
approaching a different museum, the Berlin State Museums, asking for
more mummy material. The curators and collection proved helpful, and
after two weeks he returned to Sweden with more than thirty samples.
He hoped that at least a few samples would show signs of DNA. Indeed,
under the microscope, the left leg of a mummy child showed evidence
of cellular preservation, and when stained, it also showed evidence of
DNA preservation (Pääbo, 2014, pp. 26–30). For Pääbo, this was a sure
sign of authentic DNA and not a case of contamination. He recalled,
“Since this DNA was in the cell nuclei, where the cellular DNA is stored,
it could not possibly be from bacteria or fungi because such DNA would
appear at random in the tissue where the bacteria or fungi were
growing.” Therefore, he reasoned, “This was unambiguous evidence
that DNA from the child herself was preserved” (Pääbo, 2014, p. 30).
Two other samples looked equally encouraging, so Pääbo attempted to
recover DNA if indeed it was there. His search appeared successful. The
DNA was damaged, but it was present and for Pääbo that was what
mattered. He remembered feeling exhilarated and started writing up his
research, methods, and results for potential publication. As he reported
his research, he “speculated wildly about what might be possible if DNA
from ancient Egyptian mummies could be systematically studied.” In
his review of these results, he stated, “‘Work over the next few years
will show if these expectations will be fulfilled’” (Pääbo, 2014, p. 32).
Pääbo had high hopes for this introduction of molecular biology into
the study of history and archeology.

To acknowledge East German curators who allowed him to sample the
specimens, Pääbo chose to publish the first recovery of DNA from 2000-
year-old humans in an East German journal called Das Altertum (Pa¨a¨bo,
1984; Pääbo, 2014, pp. 31–32). It was published in 1984, but its reception
was anticlimactic. According to Pääbo, this research, which he considered
groundbreaking, received no attention at all. The first formal report on the
preservation and extraction of DNA from ancient Egyptian mummies re-
ceived no response – no letter, no question, not even a reprint request.
Pääbo, disappointed and discouraged, reasoned that perhaps the absence
of attention was because it was published in an East German journal that
was not widely read. After much anticipation of this publication, Pääbo
recalled, “I was excited, but no one else seemed to be” (Pääbo, 2014, p.
32). In an attempt to reach a wider audience and attention, he sent a
second manuscript for review to the Journal of Archaeological Science. The
journal received the manuscript in October 1984. Although the article was
accepted, the review process was slow and the paper was not published
until later the following year (Pääbo, 1985, 2014, pp. 32–33). Between
low readership and slow publication, Pääbo said he questioned if anyone
cared about the prospect of procuring DNA from ancient or extinct ma-
terial, and its implications for paleontology, archeology, and evolutionary
biology (Pääbo, 2014, pp. 32–34).

8. Raising the dead and buried

In 1984, the year Pääbo started studying DNA preservation in an-
cient Egyptian mummies, Nature published an article on the recovery of
140-year-old DNA from the extinct quagga (Higuchi et al., 1984). Hi-
guchi and Wilson, along with Barbara Bowman, Mary Freiberg, and
Oliver Ryder, had seemingly succeeded in the “first demonstration” that
“DNA” could be “recovered from the remains of an extinct species”
(Higuchi et al., 1984, p. 284). This was important for three reasons.
First, this study outlined the theoretical and technical details for iden-
tifying, extracting, amplifying, and sequencing DNA from ancient and
extinct material. In this specific study, they extracted DNA from a
sample of skin with a piece of dried muscle and connective tissue at-
tached to it. Although many methods used were standard to the ex-
traction and purification of DNA from modern material, the process was
complicated by the fact that the quagga DNA was degraded, making
technicalities more challenging. Second, the study exhibited evidence
for the preservation of DNA hundreds of years old. Third, the team
demonstrated that the DNA could be successfully analyzed and applied
to phylogenetic problems such as the extinct quagga's evolution in re-
lation to extant relatives like the zebra and horse. At this time, the
quagga's exact relation to other relatives in the genus of Equus – a group
that includes horses, donkeys, and zebras – was uncertain based on
morphology alone. However, Higuchi and colleagues demonstrated that
the molecular evidence could clarify this and even suggest a date of
divergence between the two (Higuchi et al., 1984; Zuckerland &
Pauling, 1962).42 Overall, the study suggested that the search for an-
cient DNA was a way to travel back in time to study evolution in action
(see Fig. 3).

According to Pääbo, he was shocked at a successful study so similar
to his own, and was surprised at its publication in an esteemed journal
such as Nature. However, he also appreciated this work because it va-
lidated his own. Pääbo recalled, “If Allan Wilson was studying ancient
DNA, and if Nature considered an article about 120-year-old DNA in-
teresting enough to publish, then surely what I was doing was neither
crazy nor uninteresting” (Pääbo, 2014, p. 34). Wilson, an established
experimentalist who was respected for his molecular work in evolu-
tionary biology, created credibility around the prospect of procuring
DNA from fossils. Inspired, Pääbo wrote a third manuscript on DNA
from ancient Egyptian mummies and submitted it to Nature. It was
reviewed and published in April 1985 (Pääbo, 1985a). For Pääbo, DNA
could provide genetic answers to historical and archeological questions
about Egyptian culture, evolution, population, and disease (Pääbo,
1985a, p. 645). However, like the 1983 amber study and 1984 quagga
study, DNA was only preserved in some samples but not others. In this
case, only one of twenty-three mummies exhibited evidence of DNA. If
paleontological and archeological specimens were to be relevant re-
sources of data for molecular evolution studies, then its survival in
specimens would need to be a repeatable, not a rare, occurrence. An-
cient DNA would need to be more than an anomaly. Pääbo hoped this
publication in Nature would finally attract the attention he originally
anticipated, and encourage further exploration on a significant scale.

As Pääbo recalled in his own account of events, he was excited to
see another scientist, especially a scientist like Wilson, engaging in
ancient DNA activity. As Pääbo recollected, “I thought about how to

41 In its early days, and still today through to differing degrees, sampling specimens for
ancient DNA research could be destructive. Museums value their collections for their
rarity, and their main mission is to conserve past and present specimens for future gen-
erations to study or enjoy. While molecular methods were beginning to offer new op-
portunities for curators to make new uses of old collections, taking samples of skin, tissue,
or bone could damage specimens. This presented a challenge to researchers and curators
to find a compromise between their motives. See Graves and Braun (1992).

42 By comparing ancient and modern sequences, researchers confirmed that the DNA
was not a contaminant but authentic to the quagga. They also used the comparison of
sequences to construct a phylogenetic tree from the molecular data, which provided
evidence that the quagga and zebra were most closely related but diverged from each
other approximately 3–4 million years ago. From this, they estimated that the common
ancestor for odd-toed and even-toed ungulates – a group of hooved mammals including
horses, zebra, giraffes, and camels – occurred approximately 55–60 million years ago. See
Higuchi et al. (1984). This evidence of evolution supported the molecular clock hy-
pothesis; a relatively recent idea, at the time, that molecules and their mutation rates
could be used to date divergence of one species from another in their evolutionary his-
tory. See Zuckerkandl and Pauling (1962).
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approach Allan Wilson – a demigod, in my view – to ask if I might work
with him at Berkeley after my PhD defense” (Pääbo, 2014, p. 35). Yet
insecure about how to introduce himself and his work, Pääbo simply
sent Wilson a print of the manuscript to be published, thinking he
would like to see it before it was put into press. Wilson had no
knowledge of Pääbo as a researcher, but the manuscript made a con-
siderable impression. In his retrospective report of events, Pääbo re-
counted Wilson's reaction: “I received a response from Allan Wilson,
who addressed me as ‘Professor Pääbo’ – this was before both the In-
ternet and Google, so there was no obvious way for him to find out who
I was. The rest of the letter was even more amazing. He asked if he
could spend his upcoming sabbatical year in ‘my’ laboratory!” (Pääbo,
2014, p. 35). For Pääbo and his lab mates, it was a “humorous mis-
understanding.” Pääbo remembered, “I joked with my lab mates that I
would have Allan Wilson, perhaps the most famous molecular evolu-
tionist of the time, wash gel plates for me” (Pääbo, 2014, p. 35). After
receiving this letter, Pääbo reported replying to Wilson, explaining the
situation, and hoping for an invitation for a postdoctoral position with
Wilson in Berkeley. In 1987, Pääbo joined his lab.

In the mid 1980s, the search for ancient DNA, mainly a private af-
fair, turned public. In a commentary on the quagga research, Jeffreys
speculated on the scientific significance of this novel but controversial
research (Jeffreys, 1984). In “Raising the dead and buried,” Jeffreys
remarked, “Is the quagga as dead as a dodo? Not entirely, and nor in-
deed might be the dodo, if the remarkable findings of Russell Higuchi,
Allan Wilson and co-workers […] are anything to go by.” Envisioning
its practical potential, Jeffreys wrote, “Any hopes that molecular
biology and palaeontology can be fused into a grand evolutionary
synthesis by studying fossil DNA, still look like nothing more than a
glorious dream. However, it is far too early to give up, and it might just
be possible that DNA has survived in some fossilized material”
(Jeffreys, 1984, p. 198). At this time, the preservation of genetic in-
formation from ancient and extinct creatures was an anomaly to re-
searchers. Although the quagga study offered credibility behind the
idea, it remained a serious source of curiosity. For researchers, it in-
troduced more questions than answers. But as an anomaly, it also in-
spired other scientists to join the search for DNA from damaged and
degraded material. In 1986, for example, subsequent studies claimed to
recover DNA from a 2500-year-old bog body in the UK as well as DNA
from 8000-year-old brains in a swampy cemetery in the US (Doran
et al., 1986; Hughes & Jones, 1986). While researchers recognized the

quagga study, then as well as today, as a conceptual, technical, and
empirical breakthrough, they also saw it in this light because it was
published in Nature. Publication in Nature sent a statement of authority
and legitimacy to the scientific community, but as a journal with a
history of attracting attention from both professional and popular au-
diences, the paper was well positioned to attract press and public in-
terest, too.

This history, along with other histories of the sciences, has de-
monstrated that there is often no single or solidifying event that can
be pinpointed as the cause of scientific or technological change. In
other words, the emergence of scientific study is not simply a story
of discovery and breakthrough. Indeed, the search for DNA from
ancient and extinct organisms is an outgrowth of years of scientific
and technological changes and an even longer history of conceptual
and cultural evolvements. In the latter half of the twentieth century,
news areas of scientific study were born out of important innova-
tions from electron microscopy to protein sequencing and re-
combinant DNA research. The birth of ancient DNA research is yet
another one of these new areas of inquiry whose growth is part of a
contingent and contentious process (Creager, 2009; Dietrich, 1998;
García-Sancho, 2012; Hagen, 1999; Lynch, Cole, McNally, &
Jordan, 2008; Nelkin & Lindee, 1995; Rasmussen, 1997, 2014;
Smocovitis, 1996; Sommer, 2016; Stevens, 2016; Strasser, 2012;
Suárez-Díaz & Anaya-Muñoz, 2008; Yi, 2015).

As science scholars have argued, disciplinary development is far
from straightforward. Historians, for example, have demonstrated that
disciplines can form, or fail to form, out of amateur traditions and
pressures to professionalize (Barrow, 1998; Farber, 1997; Keeney,
1992; Regal, 2011; Smocovitis, 2006). Others have traced the origins of
disciplines as they arose from the intersections of older ones (Kohler,
1982; Nyhart, 1995). Meanwhile, some scholars have tried to pinpoint
what appear to be fundamental features of autonomous areas of re-
search. Such features might include the founding of an intellectual
program, the establishment of a journal, annual conferences, political
support, institutional structure, financial security, and even com-
memorative events or histories (Burian, 1993; Kay, 1992; Lakatos,
1970; Lenoir, 1997; Sepkoski, 2012; Smocovitis, 1999). Historian of
Science Edna Suárez-Díaz also further argued that disciplinary devel-
opment might take into account the historicity of disciplines with at-
tention to the fact that they take on different forms or functions
throughout their life span (Suárez-Díaz, 2009). This article speaks to
this particular point raised by Suárez-Díaz. As a study of an emerging
practice, this article provides a snapshot of a discipline in the making in
its earliest years and the various individuals that were a part of it.
Significantly, it captures the fact that other interests and individuals
outside of the lab were important in motivating scientific research,
especially new kinds of scientific research.

9. Woolly mammoths and molecules

For Wilson, the quagga study was his first study to exhibit evidence
of DNA from an ancient and extinct organism, but he and his lab were
no strangers to the study of ancient molecules, like amino acids or
proteins, and nor were they strangers to the press and public attention
associated with it. In the summer of 1977, an approximately 40,000-
year-old baby mammoth was found preserved in permafrost near
Magadan in Siberia. Named Dima, the baby mammoth, was an excep-
tional fossil find for two reasons. First, it was the most complete
mammoth discovered since the 1800s. Second, it was the only complete
mammoth to be excavated, then refrigerated in a lab. Wilson heard
about the find in the news and was especially interested in this spe-
cimen for the latter reason. In the spring of 1978, after a series of in-
quires that eventually resulted in an American-Soviet scientific colla-
boration (an interesting collaboration for an unusual time of American-
Soviet political conflict), a sample of muscle from the carcass was
packed in dry ice and shipped to the US from the then USSR

Fig. 3. Photograph of a quagga featured in Alec Jeffrey's "Raising the dead and buried"
which was published in Nature's News and Views in 1984. This article spotlighted re-
search conducted by Russell Higuchi, Allan Wilson, and colleagues who claimed to be the
first to extract and sequence DNA from an ancient and extinct organism. Courtesy of
Nature.
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(Anonymous, 1978a,b,c,d).43 At the time, Wilson was one of the first
and few researchers to use molecular data to reconstruct patterns and
processes in evolutionary history. Since the 1960s, he had demon-
strated the power of molecular evidence from modern organisms to
understand evolutionary change (Cann, Stoneking, & Wilson, 1987;
King & Wilson, 1975; Sarich & Wilson, 1967). Wilson and his lab
thought to extend their work to ancient organisms, too. Subjected to
cold conditions, Dima offered this opportunity for research in the un-
explored areas of immunological, chemical, and molecular research of
fossils.

From the beginning, the recovery of molecules from mammoths was
of interest to scientists as well as members of the press and public.
Dima's discovery and delivery to Berkeley hit headlines (Anonymous,
1977, p. 591; Anonymous, 1978a,b,c,d). The news was almost assured
to generate this amount of attention given that mammoths had long
fascinated humans across the world and over the centuries (Cohen,
2002). During the Pleistocene, mammoths coexisted with humans but
went extinct at the end of the epoch, approximately 10,000 years ago.
For the most part, the woolly mammoth's evolutionary history and re-
lationship to extant elephants was uncertain, and the reasons for its
extinction also remained a mystery. Consequently, Dima's discovery
and subsequent scientific study drew press and public attention. Re-
porter Walter Sullivan for The New York Times explained that the pri-
mary point of the study was to investigate the preservation of proteins,
as well as nucleic acids, with the hope it would help elucidate the re-
lationship between the extinct mammoth and extant elephant. Yet
Sullivan also entertained the idea of bringing back the mammoth. He
stated that while the possibility to “clone” a “mammoth” seems “im-
probable” it is not “impossible” (Sullivan, 1978). In 1980, Ellen Prager,
postdoctoral researcher with Wilson, and others reported the recovery
of proteins, but not DNA, from the baby mammoth, and they published
a paper on the results in Science (Prager, Wilson, Lowenstein, & Sarich,
1980). Reporter John Wilford, also for The New York Times, showcased
the study as an “exploratory tool in the emerging science of fossil ge-
netics” but also speculated on its use as a tool for bringing mammoths
back to life: “If they could find intact strands of DNA […], the raw
material of heredity, they could conceivably reconstruct the long-ex-
tinct species through cloning, though the chances of doing this are
considered quite remote” (Wilford, 1980). Later, Wilson and Higuchi
actually tried to extract DNA from the mammoth, but they had diffi-
culty authenticating and replicating the DNA (Higuchi & Wilson, 1984;
Schmeck Jr, 1985).44 Nonetheless, early evidence of molecules in an-
cient and extinct creatures such as the mammoth encouraged specula-
tion about their resurrection.

Indeed, four years later, the fantasy of bringing back the mammoth
looked like a reality, at least according to the media. In April 1984, MIT
Technology Review spotlighted a story declaring that the mammoth,
extinct for the past tens of thousands of years, had been brought back
from the dead (Ben-Aaron, 1984). Dr. Sverbighooze Nikhiphorovich
Yasmilov, University of Irkutsk, and Dr. James Creak, Massachusetts
Institute of Technology, were the masterminds behind this achieve-
ment. According to the article, Yasmilov had recovered a frozen
mammoth egg from a frozen mammoth carcass in Siberia, and sent the
sample to Creak. Creak recovered DNA from the frozen mammoth egg,
then combined the sequences from the extinct mammoth with se-
quences from the sperm of an extant Asian elephant. The resulting

product was implanted into the wombs of Indian elephants who served
as surrogates for the elephant-mammoth hybrids. Although several
surrogates miscarried, two gave birth to the first elephant-mammoth
hybrids. Scientists called these babies a new species, Elephas pseu-
dotherias. Long story short, the Chicago Tribune broadcasted the story
and it was subsequently sensationalized by 350 newspapers across the
US (Matill, 1984; Salsberg, 2000). However, the story was a parody,
written by an undergraduate student, Diane Ben-Aaron, for an under-
graduate course. It was published on April 1, 1984 (April Fool's Day).
Nonetheless, the piece produced a dramatic response. Lawyer Corey
Salsberg, writing on ethics and science, said, “Hoax or no hoax, the very
idea of bringing the mammoth back from its icy grave – even a hybrid
containing only a half-complement of mammoth genes – struck a nerve
and raised issues sufficiently sensitive to command international
headlines” (Salsberg, 2000, pp. 1–2). As evidenced from this event, the
idea of resurrection was of immediate and international interest.

Enthusiasm for the spectacle of DNA from fossils and subsequent
speculation that it could be used to bring back extinct organisms re-
sulted in reports across newspapers. The National Examiner, for ex-
ample, wrote a tabloid titled, “Mad scientists are cloning dinosaurs as
weapons of the future,” with a hybrid story highlighting the recent
mammoth resurrection hoax and real current research at Berkeley
(Clifton, 1984). The leading story line said, “Egghead scientists are
secretly cloning dinosaurs – and terrified humans may soon be fleeing
for their lives from gigantic monsters belonging to the prehistoric past”
(Clifton, 1984, p. 31). But there were also soberer accounts of resur-
rection research. New Scientist, for example, ran a report stating that
“[s]tories that the quagga, the dodo, and the mammoth might be about
to rise and stalk the Earth once more are somewhat exaggerated” but
admitted that “resurrecting the quagga” may one day “indeed be pos-
sible” (Anonymous, 1984, p. 21). Reporter Harold Schmeck for The New
York Times further confessed that a sort of species “revival” was “re-
mote” but he still speculated on whether scientists could one day “re-
create” an ancient and extinct creature via DNA (Schmeck Jr, 1984). In
another article, Schmeck recorded Wilson and Higuchi who claimed
mammoth cloning was “far from practical reality as to be hardly worth
discussing” (Schmeck Jr, 1985, p. 22). Although the media engaged in
both sensational and more sober reports of bringing back extinct spe-
cies, these reporters were not the only ones talking about this topic.

Indeed, some scientists entertained the idea of bringing ancient and
extinct creatures back to life. In “Cry of the quagga,” Jerold Lowenstein,
evolutionary biologist and research collaborator with Wilson, noted the
extreme media exposure that the pursuit of DNA from fossils had at-
tracted (Lowenstein, 1985). He noted countless media conjectures
proclaiming “that this was the first step toward bringing extinct species
back to life” and he also specifically highlighted a piece published by a
scientist in New Scientist – “To clone a dinosaur” – that deliberately
insinuated this connection too (Lowenstein, 1985, p. 42). In this article,
Michael Benton entertained dinosaur resurrection if only to say it was a
distant dream. However, he did say that it might be possible to bring
the quagga back to life by inserting its DNA into the embryo of a
mountain zebra (Benton, 1985, p. 43). By the mid 1980s, both profes-
sionals and the public were fascinated by the spectacle of recovering
genetic material from fossils. This spectacle led to further speculation
about the possibility of using ancient DNA to bring back extinct species
from the quagga to even mammoths and dinosaurs.

This interplay between public and scientific contexts played a part
in how the search for DNA from fossils turned into a new line of re-
search. Marianne Sommer's recent research provided a sweeping study
of the idea of “history within” throughout the twentieth century with
attention to the changing ways of knowing the past from the study of
bones to organisms and then to molecules (Sommer, 2016). By con-
textualizing the biographies of three scientists – Henry Fairfield Osborn,
Julian Sorell Huxley, and Luigi Luca Cavalli-Sforza – Sommer captured
seminal shifts in the scientific study of evolution, particularly human
evolution, demonstrating how the interplay between cultural, political,

43 Information about a series of inquiries into a colloboration also comes from an
unpublised letter from the President of National Academy of Sciences of the USA to the
Vice President of the Academy of Sciences of the USSR, retrieved from the Allan Wilson
Archives: Letter from Philip Handler to Yuriy Ovchinnikov, 7 October 1977, Allan Wilson
Papers, Series 10, Research 1965–1990, Reel 46, Bancroft Library, University of Cali-
fornia, Berkeley.

44 This information is also found in an unpublished grant application from the Allan
Wilson Archives: Allan Wilson, 1985, “DNA Survival,” Biomedical Research Support
Grant Application, Allan Wilson Papers, Series 10, Research 1965–1990, Reel 48, Ban-
croft Library, University of California, Berkeley.
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and scientific understandings of what it means to be human helped
construct scientific practice along the way. While Sommer's scholarship
exhibits convincing evidence for this intergenerational interchange of
ideas and their influences, my microstudy and disciplinary history of
ancient DNA research demonstrates that this interaction between public
and scientific contexts can be even more networked and nuanced. Here,
the reconstruction and recognition of this complex network of in-
novative ideas and individuals – especially extending to those outside of
the laboratory setting – is absolutely necessary for understanding the
growth, successes, and challenges of ancient DNA research over its
thirty-year history. Recognizing the connection between the idea of
extracting DNA from fossils and the resurrection of long-lost species,
particularly how this connection was forged in the beginning and en-
forced over the years, is essential for appreciating how and why these
two ideas remain closely coupled in the minds of the press and public
today.

10. On science, speculation, and spectacle

As a study of an emerging science and technology, this history has
provided a snapshot of a discipline in the making and the plurality of
participants that were a part of it. The individuals involved in ancient
DNA's early history were fundamental in setting the expectations for
what this new line of research might achieve now or later in the future.
Here, early expectations regarding the recovery of DNA from fossils and
its potential uses within evolutionary biology were not isolated ima-
ginings of a single person or group. Rather, futurists, enthusiasts, sci-
entists, and the popular press all had a hand in setting expectations for
this particular practice. As sociologists of science have argued, it is
important to recognize that various individuals or groups, other than
the researchers directly involved, may have a stake in scientific or
technological innovations and their applications (Borup, Brown,
Konrad, & Van Lente, 2006). Further, scholars have also argued that it is
equally important to recognize the role that expectations play in the
early days of innovation, particularly the ways in which expectations
can generate activity around new ideas (Borup et al., 2006; Brown &
Michael, 2003; Brown, 2003; Brown, Rapport, & Webster, 2000; Van
Lente & Rip, 1998a, 1998b). Indeed, this chapter is evidence of this.
Rau, for example, retained quagga remains in hopes that it might be
used to bring back an extinct species in order to right a moral wrong,
while Wilson was interested in the quagga as a means to study evolu-
tionary history. In this narrative, researchers, reporters, and the public
were invested in the idea of DNA in fossils for one reason or another.

Speculation was a central component of these early expectations
regarding the potential power of ancient DNA research. On this point, it
is necessary to note that a certain degree of speculation is often routine
in science. For example, scientists – such as Poinar, Wilson, and Pääbo –
speculated about the preservation and extraction of DNA from fossils.
They wondered about its application to questions in evolutionary
biology. This type of conjecture was typical, even necessary, for gen-
erating then testing hypotheses. However, speculation extended beyond
immediate research practices or potential. For example, some scientists
– such as Pellegrino as well as Poinar – imagined using DNA from fossils
to not only study evolutionary history but to maybe one day bring back
extinct organisms. Further, other individuals, like members of the
media, encouraged speculation, too. Journalists envisioned the off-
shoot applications of research when reporting it to the public.

In all of this, ancient DNA was also an anomaly. Here, the recovery
and reporting of DNA from fossils was a sort of spectacle that captured
the curiosity of both professional and public audiences. Generally,
scientific spectacles have been referred to as visual or audible phe-
nomena (Golinski, 1989, 1992; Manias, 2016; Schaffer, 1983; Werrett,
2011). However, science – its production and presentation – can take on
other forms of show (Agar, 1998). Ancient DNA, for example, is far
from a sensory phenomenon, but the idea of procuring DNA from an-
cient and extinct creatures was a source of wonder as it defied previous

presumptions about how long DNA could last and how it might be used
in research. On this point, different people had different ways of in-
terpreting ancient DNA's sense of spectacle. For some it was a way to
directly study evolutionary history. For others, it was a way to bring
back extinct species. Overall, it is crucial to appreciate that both in-
terpretations contributed to the construction of expectations around
this activity during this time.

Although speculation mobilized scientists to investigate questions
about the preservation potential of DNA, some felt it might also de-
stabilize the practice before it began. Practitioners feared that too much
speculation with too little evidence could harm their research and re-
putation in terms of credibility. A few scientists, for example, con-
sidered the idea of recovering DNA from insects in ancient amber to be
a bit too speculative. Even John Tkach and the Extinct DNA Study
Group, for example, acknowledged the reputational risk that might be
associated with this sort of speculation if not established in evidence.
Wilson, known for his revolutionary research, also confessed the search
for DNA from fossils was exotic or speculative. Higuchi was concerned
with contamination that would affect DNA authenticity and conse-
quently their credibility. Pääbo conducted his study in secret for fear of
failure or ridicule. Pellegrino, arguably the most imaginative in-
dividual, was a visionary to the extent that his ideas were overlooked by
professional practitioners. This tension between science and specula-
tion – most notably scientists' awareness of and ability to engage or
disengage as necessary – was an equally important element that colored
ancient DNA's emergence and evolution into a new way to study evo-
lutionary history. Enthusiasm for what seemed to be revolutionary re-
search was not always unbridled. Scientists downplayed speculation in
certain contexts depending on what was at stake, and for some scien-
tists they felt their credibility could be at risk.

Fundamentally, ideas and the individuals who champion them,
however speculative, are a part of the history of what we refer to as
science. However, it is important to note that how individuals come
into contact, if at all, and the extent to which their ideas are then
embraced or pursued matters to the making of new scientific or tech-
nological advances. Here, the circulation of knowledge is important to
consider with regards to understanding how ideas are communicated as
well as how materials and practices of experimentation are shared,
tested, and verified (Merz & Sormani, 2016; Santesmases & Gradmann,
2011; Secord, 2004). This article has identified numerous individuals –
some well-known, others less well-known – who engaged with ideas or
early experimentations of recovering DNA from ancient and extinct
organisms. Some, like Tkach, were successful in enlisting other scien-
tists, such as Poinar, Hess, and eventually Wilson, to investigate ideas of
DNA preservation in amber insects, while others, like Pellegrino, were
not. Further, even some studies that actually exhibited evidence of
ancient DNA preservation were not recognized by researchers at the
time of their publication. In 1980, for example, practitioners from
Hunan Medical College in China published a paper on the preservation
and extraction of DNA from ancient human bodies (Hunan Medical
College, 1980). This precursor of ancient DNA activity, like Pääbo's
paper published in Das Altertum in 1984, was not widely read or re-
cognized at the time, nor are these works frequently featured in reviews
of ancient DNA research, with the exception of Susanne Hummel's
Ancient DNA Typing: Methods, Strategies and Applications (Hummel,
2003). Perhaps the fact that these works attracted no attention was
because of their place of publication. Nonetheless, these works, al-
though largely ignored, might be considered part of ancient DNA's in-
tellectual and experimental history, too.

In reviews and reports today, the paper published in 1984 on DNA
from the extinct quagga is consistently credited as the first demon-
stration that DNA could be preserved in and extracted from ancient
material. There are two main reasons for this; the fact that this study
was produced by a researcher like Wilson at an institution like Berkeley
and the fact that it was published in an esteemed journal such as Nature.
First, Wilson had the authority, security, and institutional infrastructure
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to test these speculative ideas. In fact, it was an extension of his ex-
pertise and visionary tendency. Further, publication in a high-profile
and high-publicized journal meant that this new knowledge would
circulate with a currency of credibility. Consequently, practitioners
worldwide sat up and thought twice about the prospect of DNA hiding
away in ancient skins, tissues, or even bone. In other words, place and
power of place mattered to reception of speculative ideas.

While scientific and technological ideas can and do arise outside the
conventional confines of the laboratory, this narrative has also high-
lighted that the circulation and reception of ideas primarily depended
on the evidence that accompanied those ideas. It was scientists' ability
to turn these ideas into experiments with evidence for such a hypothesis
that was crucial to their continued consideration. Here, the lab – spe-
cifically Wilson's lab in Berkeley and to a certain extent Pääbo's lab in
Uppsala – became a center of activity that suggested this line of re-
search was a worthy endeavor. Yet even with evidence, the preserva-
tion of DNA in some fossils did not guarantee molecular preservation in
all fossils. Ancient DNA was an anomaly. An important point in this
narrative is that the anomaly of DNA in fossils situated the practice in
both a professional and popular context, within a shared conceptual
space. The increasing evidence for the preservation and extraction of
DNA from fossils led to increasing speculation about resurrection.
Interestingly, it was this sense of wonder that would simultaneously
help and hinder the emergence of ancient DNA research as scientists
tried to transform it from a curious phenomenon into a credible prac-
tice.

These six strands of inquiry from (one) Pellegrino, (two) Tkach, and
(three) Poinar and Hess to (four) Crichton, (five) Wilson and Higuchi,
and (six) Pääbo demonstrated that the development of this discipline
had no clear-cut beginning. Its emergence was part of an extended,
contingent, and contentious process. These case studies revealed that
there were various individuals ranging from futurists, enthusiasts, sci-
entists, and the popular press who contributed to ancient DNA's early
intellectual history. Crucially, these case studies revealed that science
often has its origins with ideas and individuals outside the conventional
confinements of the laboratory. By examining these independent in-
terests, it is also apparent that this research was closely coupled to the
idea of resurrecting long-lost species. Here, these cases showcased how
speculation inspired new ideas. At the same time, they exposed the
ways in which researchers tried to balance science and speculation, and
the importance of doing so in a practice that from its beginning held
such a strong popular appeal. Overall, ancient DNA activity and its
close connection to the rhetoric of resurrection played out in the ima-
ginations of scientists, the press, and the public well before Jurassic Park
made its premiere.
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