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Abstract

This research explores the groundbreaking work by Colossal Biosciences in reviving the
extinct woolly mammoth through genome editing, using the Asian elephant as a
surrogate species. It also reviews archaeological evidence of mammoth-human
coexistence, the reasons for mammoth extinction, and the ethical, ecological, and
technological dimensions of de-extinction. Using CRISPR-Cas9, scientists are working to
close the 0.4% genetic difference between Asian elephants and woolly mammoths by
editing specific cold-adaptation traits. This paper aims to outline the process, goals, and
implications of the de-extinction effort, including early successes such as the creation of
woolly gene-edited mice.

Introduction

The woolly mammoth (Mammuthus primigenius) once roamed the vast mammoth steppe,
a cold-dominated ecosystem stretching across Eurasia and North America. Its extinction
approximately 4,000 years ago marked the loss of a keystone species essential for
maintaining the Arctic grasslands. Today, biotechnology offers a potential path to restore
this species—not through cloning, but through CRISPR gene editing and synthetic biology.
The closest living relative, the Asian elephant (Elephas maximus), shares 99.6% of its DNA
with the mammoth. This has led scientists at Colossal Biosciences to embark on one of
the most ambitious projects in biotechnology: de-extinction.

Historical Coexistence of Humans and Mammoths

Evidence from caves in England, Spain, and France shows that humans and woolly
mammoths lived side-by-side. The most famous example is Rouffignac Cave, France,
which contains over 250 paintings and engravings of mammoths dating to the
Magdalenian through Neolithic periods. Humans used mammoth bones, tusks, and hides
for tools, art, housing structures, and rituals. However, human interaction wasn’t only
cultural—it was also fatal. Overhunting, combined with climate-driven habitat reduction,
forced mammoths into isolated populations on St. Paul Island and Wrangel Island, where
they finally vanished around 1650 B.C. Genetic bottlenecks and inbreeding further
accelerated their decline.



Scientific Rationale for De-Extinction

De-extinction is not about reviving animals for spectacle it is about ecological
restoration. The mammoth steppe once helped preserve permafrost and reflect solar
radiation, preventing greenhouse gas release. Reviving the woolly mammoth, even in the
form of a cold-adapted elephant hybrid, could restore balance to the Arctic ecosystem. As
stated by Colossal Biosciences: “It will walk like a woolly mammoth, look like one, sound
like one, but most importantly it will be able to inhabit the same ecosystem previously
abandoned by the mammoth’s extinction.”

The CRISPR Process and De-Extinction Workflow

4.1 Genetic Material Recovery

Scientists extract DNA from frozen mammoth remains found in Siberia and Alaska some
with fur, tusks, and even stomach contents.

4.2 Genome Sequencing

Multiple woolly mammoth and Asian elephant genomes are sequenced to identify
cold-weather adaptation genes.

4.3 Target Traits Identified
Traits edited into the Asian elephant genome include:

e Long, shaggy fur

e Fat deposits for insulation
e Curved tusks

e (old-resistant hemoglobin
e Dome-shaped skull

4.4 CRISPR Gene Editing

Scientists use CRISPR-Cas9 to cut and paste mammoth DNA into elephant cells. Tests are
first conducted in stem cells and model organisms before full implantation.



4.5 Surrogacy & Gestation

Hybrid embryos will be implanted into Asian or African elephants. African elephants are
larger and more robust as surrogates, but Asian elephants are genetically closer to
mammoths.

The Woolly Mouse: Proof of Concept

In 2025, Colossal successfully used multiplex CRISPR editing to create the first "woolly
mice":

e Genes for hair texture, length, and cold-related metabolism were added to
laboratory mice.

e These mice, nicknamed Chip and Dale, showed clear expression of mammoth-like
fur.

e This marks the first real mammalian trial of mammoth genes—laying
groundwork for similar edits in elephants.

Goals and Implications

Colossal outlines five key goals for the mammoth project:

. Restore Arctic ecosystems and increase habitat resilience.
. Advance conservation tools to help modern elephants.
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3. Explore the genetic basis of cold adaptations.

4. Push the limits of CRISPR and genome engineering.
5

. Provoke global discussion about the meaning of bringing back extinct species.

Ethical and Ecological Concerns

While exciting, de-extinction raises serious ethical questions:

Should we bring extinct animals back at all?

What are the consequences of creating hybrids?

Elephant welfare during gestation, especially as all living species are endangered.

Could these animals disrupt current ecosystems?



Experts like Dr. George Church and critics such as Adam Rutherford debate whether the
technological challenge of filling in that 0.4% of DNA is ethically justifiable, given
ongoing environmental crises and endangered species.

Conclusion

The woolly mammoth de-extinction project represents the fusion of prehistoric biology
and cutting-edge gene editing. While the first woolly mammoth hybrid may still be years
away, the “woolly mouse” stands as an early and critical achievement—proof that the
return of extinct traits is now more than science fiction. This endeavor, if handled
responsibly, may not only reshape ecosystems but also redefine the boundaries of life
science itself.

As Dr. Kenneth J. Lacovara writes: “When we lost them, and other recently extinct
creatures, we forfeited the ecosystem services they provided. By bringing them back, we
could help restore a world tipped out of balance by us humans.”



References

n.d. Solving the Colossal Problem of Extinction | Colossal. Accessed July 6, 2025.
https://colossal.com/.

n.d. New York Post — Breaking News, Top Headlines, Photos & Videos. Accessed July 6,
2025. https://nypost.com/.

n.d. Solving the Colossal Problem of Extinction | Colossal. Accessed July 6, 2025.
https://colossal.com.

n.d. TIME Homepage. Accessed July 6, 2025. https://time.com/.

n.d. Genetic Engineering and Biotechnology News: GEN Homepage - GEN. Accessed July
6, 2025. https://genengnews.com/.

n.d. Latest news, sport and opinion from the Guardian. Accessed July 6, 2025.
https://theguardian.com/.

n.d. Houston Chronicle | Breaking Houston News, Weather, Sports & Texas News.
Accessed July 6, 2025. https://houstonchronicle.com/.

n.d. Harvard Genetics Department. Accessed July 6, 2025.
https://genetics.med.harvard.edu/.

Lacovara, Kenneth J. 2017. Why Dinosaurs Matter. 144 vols. N.p.: Simon & Schuster.



	The Woolly Mice Project 
	Woolly Mammoths and the Frontier of De-Extinction: A Study on CRISPR, Conservation, and Cold Adaptation 
	Abstract 
	Introduction 
	Historical Coexistence of Humans and Mammoths 
	 Scientific Rationale for De-Extinction 
	The CRISPR Process and De-Extinction Workflow 
	4.1 Genetic Material Recovery 
	4.2 Genome Sequencing 
	4.3 Target Traits Identified 
	4.4 CRISPR Gene Editing 
	4.5 Surrogacy & Gestation 

	The Woolly Mouse: Proof of Concept 
	Goals and Implications 
	Ethical and Ecological Concerns 
	Conclusion 
	 
	References 


