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Genetics Time Travelers: Unlocking Ancient DNA And CRISPR To Revive Extinct Giants
And Restore Ecosystems - Using The Case Study Of The Woolly Mammoth
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Ancient DNA — Unlocking the Past
Ancient DNA refers to genetic material extracted from remains preserved in fossils, ice, or even
caves. Advances in sequencing technology now allow scientists to, reconstruct the genomes of
long-extinct species.

Buried beneath layers of permafrost lie the genetic bluepri or st to time—the woolly
mammoth, a giant of the Ice Age, whose echoes are p s ancient DNA. Meanwhile,
modern elephants teeter on the brink of extinction, reatened by habitat loss and
climate change. What if the past could save the cient DNA resurrects the genetic
legacy of extinct species, CRISPR holds to rewrite the genetic destiny of
endangered ones. Together, these technologi ng a revolution in conservation biology.

This article explores how the past i e—examining ancient DNA as a tool for de-
extinction and CRISPR’s transfi i e 1n protecting endangered species.

Understanding DNA an
DNA is one of naturg’
contains all the neces
its biological processes!
contain the instructions f

rkable molecules. Though invisible to the naked eye, it
ion to create a living organism from a single cell and maintain
can be likened to a vast library, with genes acting as books that
early every function in the body.

DNA is written in a language called the genetic code, which consists of only four letters. By
deciphering this code, scientists can gain a deeper understanding of how living organisms
function. To achieve this, various methods have been developed for reading the sequence of
DNA, a process known as DNA sequencing. Over time, DNA sequencing has become efficient,
fast, and relatively inexpensive. Today, scientists have sequenced the DNA of tens of thousands
of humans, as well as countless other species.

52
ANNQUEST (VOLUME 13 & 14)



www.stannsannquest.com ANNQUEST 2024 &2025
VOLUME 13 & 14
ISSN: 2321-3043

The ability to sequence DNA has opened new research possibilities that were once considered
science fiction. One of these exciting frontiers is the study of ancient DNA—DNA extracted
from the remains of organisms that lived thousands or even millions of years ago.

Studying ancient DNA presents significant challenges. Archaeologists analyze tools left behind
by ancient humans, and geologists investigate how continents and oceans have changed over
time. However, fundamental questions—such as "Why did mammoths go extinct?"—remain
difficult to answer.

Case Study: Woolly Mammoths — A Gateway to Genetic Discovery

The woolly mammoth (Mammuthus primigenius), a majestic relic of the Ice Age, has captivated
humanity for centuries. Early discoveries of mammoth bone
belonged to biblical giants. In 1728, physician Hans Sloane id
to elephants. However, it wasn’t until 1796 that French an

to speculation that they
hese fossils as belonging

Ge s Cuvier proposed that
they were a distinct, now-extinct species. This was a g revelation, as the concept

of extinction itself was still radical at the time.

Even as late as 1803, President Thomas Jeffergdn heldouthope that living mammoths might still
roam the uncharted territories of North Apaemica® e, paleontologists uncovered countless
mammoth remains, including astonishi
calves. These discoveries laid the

reserved, mummified carcasses of mammoth
studying mammoth biology, evolution, and
extinction—culminating in the fi ul 1solation of mammoth DNA in 1985.

Unraveling Mammoth Bi
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tall and weighed up to 6 tons. Its thick, dua r, compact ears, and subcutaneous fat
deposits enabled it to survive temperaturg . Mammoths lived for approximately 78
years, migrating across vast landscapes % ing for leaves, fruits, nuts, twigs, and berries.

One of the mammoth’s most ic was its enormous, curling tusks, which could grow
up to 5 meters in length. The S erc used for digging through snow to find food and also
served as biological recor: moth’s life. Much like tree rings, the cross-section of a
mammoth tusk revealsgro s, environmental conditions, and even age.
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Human-Mammoth Interactions: A Shar;
Contrary to the common perception
evidence suggests that humans and
known populations surviving unti
day England, Spain, and F
mammoths. The Rou gna
southwestern France,
These artistic represe
periods, attest to the ma

mmoths as purely prehistoric creatures,
isted well into recorded history, with the last
. Archeological discoveries in caves across present-
vealed a deep connection between humans and
n as the "Cave of a Hundred Mammoths," in
50 depictions of mammoths etched into its stone walls.
ted during the Middle Magdalenian, Mesolithic, and Neolithic
s significance in human culture.

Mammoth remains foun these caves have been fashioned into tools, art objects, and even
burial items, showcasing their integral role in human subsistence and society. These findings
highlight the profound impact of mammoths on early human civilizations, as well as the cultural
and practical importance of these magnificent creatures.

1. Carved mammoth figurine from Swabian Jura plateau, Germany. 35,000 years old

55
ANNQUEST (VOLUME 13 & 14)



www.stannsannquest.com ANNQUEST 2024 &2025
VOLUME 13 & 14
ISSN: 2321-3043

2. Chauvet Cave mammoth art, south France. 0 years old

3. Mammoth bone hut, Mezhyrich, Ukraine. 15,000 years old
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Tracing a Genetic Legacy Through DNA:
Through advanced sequencing techniques, scientists have reconstructed the mitochondrial
genome of woolly mammoths, offering a clearer picture of their lingdge. Mitochondrial DNA,
inherited maternally, has proven instrumental in tracing species ry. The woolly mammoth
genome has illuminated key genetic adaptations that enable ea s to thrive in freezing
climates. Specific genes tied to cold tolerance include:

TRPV3 mutations, which regulated their thj i r.
Variants in PPARa pathways, allowing the
insulation.

cutaneous fat for energy and

e Modifications to hemoglobin gen
temperatures.

These genetic innovations illustrate h
the harsh tundra of the Pleistocgn

ficient oxygen transport in subzero

ammoths were uniquely equipped to survive in

Studies have confirmed th
elephants than with
million years ago. Mo
spanning over 50,000 ye

s share a closer genetic relationship with modern Asian
nts, diverging from their common ancestor approximately 6
ole mitochondrial genome sequences from mammoth specimens
have revealed fascinating migratory patterns. Woolly mammoths

crossed the Beringian land bridge multiple times, migrating between Asia and North America,
and even interbreeding with their larger relatives, the North American Columbian mammoths.
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Finding the Cause of Mammoth Extinction

Mammoths were wiped out around 4,000 years ago, but the cause of their extinction remains a
hotly debated topic. One widely accepted theory is that fire and the development of tools such as
spears, hooks, and nets allowed humans to become highly effective hunters, driving woolly
mammoths and other Ice Age mammals into extinction.

However, researchers also consider climate change, habitat loss, and disease outbreaks as
contributing factors. Dr. Yucheng Wang, a research associate at the University of Cambridge,
reconstructed Arctic climate conditions over the last 200,000 years. His findings suggest that
warming trends drove vegetation changes, ultimately leading to the mammoth’s extinction when
their food sources disappeared.

Impact of Inbreeding on Small Populations

As woolly mammoths faced declining populations and habi he @¢cts of inbreeding

became evident. The genomes of the last mammoths o d reveal an accumulation
of deleterious mutations, which likely contributed t
er a cautionary tale for modern conservation e orts;

n. These genetic signatures o
g the importance of maintaining

genetic diversity in endangered species.

Unveiling the Mammoth Family G
Tree a\\
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In addition to uncovering cold-adaptation mechanisms, ancient DNA has helped scientists
reconstruct the woolly mammoth’s family tree. Genetic analyses have shown that woolly
mammoths hybridized with Columbian mammoths during their migrations, leaving traces of
interbreeding events in their genomes. These studies also highlight the surprisingly rapid

58
ANNQUEST (VOLUME 13 & 14)



www.stannsannquest.com ANNQUEST 2024 &2025
VOLUME 13 & 14
ISSN: 2321-3043

divergence of elephant species, with African elephants, Asian elephants, and woolly mammoths
splitting into distinct species within a narrow evolutionary window.
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The woolly mammoth se téway species for exploring genetics, evolution, and human
history. Its DNA has resha derstanding of extinct species, informing modern genetic
research and conserv heigevival of the woolly mammoth using CRISPR technology, led

by Colossal and geneti e Church, integrates mammoth DNA into Asian elephants, their
closest relatives.The revival of the woolly mammoth using CRISPR technology has garnered
significant attention for its potential applications in both science and conservation. The initiative,
led by the startup Colossal and geneticist George Church, focuses on integrating mammoth DNA
into the genome of Asian elephants, their closest living relatives.

De-extinction presents challenges and opportunities. The Woolly Mammoth Revival Project,
launched by Revive & Restore in 2015, aims to engineer a cold-resistant hybrid, the
"mammophant," by editing the Asian elephant genome. With a 99% genetic overlap, researchers
identified 45 mammoth-specific genes for cold adaptation. The goal is not to recreate a
mammoth but to enhance the Asian elephant with traits like thick fur and cold-resistant
hemoglobin, potentially restoring Arctic ecosystems.

59
ANNQUEST (VOLUME 13 & 14)



www.stannsannquest.com ANNQUEST 2024 &2025
VOLUME 13 & 14
ISSN: 2321-3043

African Elephant x Woolly Mammoth

One species of African elephant, the bush The woolly mammoth (Mammuthus

elephant, is the largest living terrestrial primigenius) is a species of mammoth
animal, while the forest elephant is the that lived during the Pleistocene epoch,
third largest. Their thickset bodies rest on and was one of the last in a line of
stocky legs, and they have concave backs. mammoth species, beginning with
Their large ears enable heat loss. The Mammuthus subplanifrons in the early
upper lip and nose form a trunk. Pliocene.

Height Weight
3.4m 6.6 tol

008 using preserved Siberian permafrost
pecific elephant genes with mammoth DNA

Height Weight
3,3m 6 tol

Sequencing of the woolly mammoth geng
DNA. Unlike cloning, genome editing
using CRISPR-Cas9.Critics questio
species, and whether resources
elephant, another close relativ.
cold adaptations. Reintroduci
change but also risks unfo
in paleogenomics, pu

o warmer climates, contrasting with the mammoth’s
ophants into the Arctic could help mitigate climate
gical impacts. Despite debates, the project is a milestone
ndaries of genetic engineering and conservation.

The Ethics and Challenges of De-extinction

The idea of reviving extinct species, particularly through genetic engineering technologies like
CRISPR, raises significant ethical concerns. Critics argue that de-extinction could divert
resources away from conserving endangered species. Others question whether resurrecting
species in an altered environment could have unintended ecological consequences.
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Some of the primary challenges include:

Technological limitations: Ancient DNA is often fragmented and chemically altered, making
genome reconstruction difficult. Ethical dilemmas: Should we "play God" with nature, and what
are the potential risks of releasing genetically engineered species into modern ecosystems?
Ecological concerns: Would a revived mammoth thrive in today’s Arctic tundra, or would it
struggle to survive?

Despite these concerns, organizations like Revive & Restore and Colossal Biosciences are
actively pursuing mammoth revival projects. Using CRISPR-Cas9, scientists are integrating
mammoth DNA into Asian elephant genomes to create a hybrid species known as the
mammophant. If successful, these hybrids could help restore degr tundra ecosystems by
preventing permafrost thaw and promoting biodiversity.

Practicality of De-extinction
Beyond ethical concerns, practical challenges aboundd S ate viable populations of de-
1
le

extinct species. Even if scientists succeed in engi oth-like hybrid, ensuring its
survival in the wild is far from certain. The creatio habitat is one such challenge;
ecosystems have changed significantly since th ol ammoth’s extinction, and
reintroducing species into environments ave the same flora and fauna could lead
015).

to unforeseen ecological consequenc

Additionally, maintaining a sustai lation of revived species presents di culties, as
genetic diversity is critical t urvival. Relying on a small number of genetically
engineered individuals cou breeding and a genetic bottleneck, which could reduce the
resilience of the pop n rease the risk of diseases (Jollie et al., 2017). Conservationists
like Stuart Pimm (201 at the focus should be on preserving the diversity of species
currently at risk of extin , rather than attempting to resurrect those that have long since

disappeared.

Moreover, reintroducing extinct species into their original habitats could disrupt existing
ecosystems in unpredictable ways. Even well-established species can have cascading e ects on
their environment, and the introduction of new organisms could alter food webs, compete with
native species, and disrupt delicate ecological balances (Harris & Hobbs, 2009). These risks
highlight the need for careful consideration of the potential consequences of deextinction, both in
terms of ecological stability and long-term species viability.

Conclusion
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The pursuit of de-extinction, particularly the revival of the woolly mammoth, represents a
groundbreaking yet controversial intersection of genetics, ethics, and conservation. While the
prospect of resurrecting mammoths is thrilling, it raises profound moral and ecological questions.
As research progresses, it is crucial to carefully weigh the benefits and risks. De-extinction must
be approached with caution, ensuring that efforts to bring back extinct species do not
overshadow the urgent need to protect those currently at risk.

Ultimately, the question is not just whether we can use these tools, but whether we have the
wisdom and responsibility to use them wisely.
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