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ABSTRACT

AIMS: Gene editing as a molecular knife has provided a powerful tool to edit the genome
inside living organisms’ bodies. Despite all the benefits, this technology has many biosecurity
concerns that have prompted the international community to develop specific implementation
guidelines. This study aimed to investigate the risks of gene editing technology from the point
of view of biosecurity and to determine its defense strategies.

MATERIALS AND METHODS: This review was conducted in the fall and winter of 2022-23.
The study’s method was based on the observation and interpretation of the data obtained from
relevant scientific articles and books. Scientific books and articles were searched by searching
the keywords Germline Gene Editing, CRISPR, Biosecurity, CRISPR War, Biohacking, CRISPR
babies, Do It Yourself, Islamic Bioethics in PubMed, Scopus, Researchgate databases and also
the Google search engine was searched and checked in English.

FINDINGS: The advent of genome editing technology has created a new paradigm in which
the human genome sequence can be precisely manipulated to achieve a therapeutic effect.
However, embryo editing and the design of programmed humans (super-humans) are
considered one of the challenges and risks of gene editing biosecurity. Also, this technology is
mentioned as a dangerous tool for biohacking and bioterrorism in the design of personalized
bioweapons and emerging agents.

CONCLUSION: CRISPR-based bioweapons have destroyed the logical and strategic balance of
power that has kept the world immune from using weapons of mass destruction. The world is
facing a potentially more dangerous technology than nuclear weapons. As a result, establishing
appropriate international and ethical laws is necessary to prevent the potential dangers of this
technology and to deal with it.

KEYWORDS: CRISPR; Genome; Biosecurity; Weapons; Terrorism; Bioterrorism

How to cite this article: *Correspondence: Article History:
Fatollahi Arani S, Zeinoddini M. Gene editing: Address: Lavizan, Shahid Shabanlou St., Malek Received: 15/01/2023
biosecurity challenges and risks. | Police Med. Ashtar University of Technology, Tehran, Iran, Accepted: 20/02/2023

2023;12(1):e9. Postal Code: 15875-1774 ePublished: 06/04/2023

Mail: zeinoddini52@mut.ac.ir

Copyright © 2023, Journal of Police Medicine | This open access article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License




N

<% AL O 0 el

Gene editing: biosecurity challenges and risks

INTRODUCTION and HISTORY of GENE EDITING
After the first presentation of the term
biotechnology by Karl Erky, a Hungarian
agricultural engineer, perhaps few peopleimagined
this technology would be used in offensive aspects
and against human society. At the beginning of
the work, biotechnology was presented as a clear
and suitable solution for human society to create
suitable treatment conditions, healthy nutrition,
better life and a hopeful future. However, over
time, the dark aspects of this technology in the
form of bioterrorist threats were brought up, and
this led to the use of the title “Dark Biotechnology”
for bioterrorism attacks in the colored names of
biotechnology. [1, 2]. In the military developments
of the last century, which were rooted in
technology, various scientific branches, including
modern chemistry and physics, have been the
main factor. Current trends indicate that the next
evolution will be rooted in biological science.
The development of biological technology has
facilitated the development of biological weapons
and threats, and the third wave of technology
in the history of the development of weapons
of mass destruction will be biological. The
possibility of dual military and civilian use lies in
biotechnology. In other words, biotechnology can
be helpful and harmful. Based on this, the sciences
related to biology, especially genetic engineering
and biotechnology, in addition to being able to
be used to advance medical and therapeutic
sciences, at the same time, these researches can
be developed with the cover of medical research
in the military field and every day designed and
produced newer biological agents. In the first case,
we will see progress in human health and society,
but in the second case, it will cause bioterrorism
attacks and human deaths. Such threats result
from new technologies that, in addition to making
progress in science and technology, also enable
the production of new microorganisms (artificial
synthesis) [3-6]. It is necessary to explain that in
2012, an American person published an article
entitled “The Future of Biological Threats” in the
Journal of Microbial Biotechnology, in which he
claims one of the three theories of the extinction
of human society, after the possibility of a large-
scale nuclear war and a vast meteorite collision to
the ground, causing contagious infectious disease
[7]- The turning point of developments related to
biotechnology was the beginning of the human
genome project, which began in 1991, and finally,
with the holding of an international conference
in the White House (2000), the completion of the
human genome project to the global community
with the presentation of the main executives of this
project (Francis Collins and Craig Venter) and was
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announced with the presence of the President of
the United States (Clinton). With the completion of
the human genome project, complete information
about the human genome was provided to human
society. With this information, the defective and
functional genes were fully identified. Therefore,
the sensitivity of individuals and families to
microorganisms and dangerous diseases or their
resistance was determined [8, 9].

Gene therapy has historically been defined as
adding new genes to human cells to treat genetic
diseases. However, the recent advent of genome
editing technologies has created a new paradigm
in which the human genome sequence can be
precisely manipulated to achieve a therapeutic
effect; this involves correcting disease-causing
mutations, adding beneficial genes to specific
locations in the genome, and removing harmful
genes or genome sequences. Understanding the
genetic basis of hereditary disease led to the initial
concept of gene therapy, in which suitable foreign
DNA replaces defective DNA in people suffering
from genetic defects. More than 40 years of
research in the field of gene therapy process shows
that the simple idea of gene replacement is much
more complicated to perform safely and effectively
[10, 11]. Many of these challenges have focused on
fundamental limitations in precisely controlling
how genetic material is transferred into cells.
Nevertheless, there are technologies for adding
foreign genes that have made significant progress
in this field. Potential clinical results have now
been demonstrated in a wide range of strategies
and medical indications, but several challenges
remain. Integrating therapeutic transfer genes
into the genome to maintain stability in the cell
may affect gene expression and its unwanted
effects on nearby genes. In addition, some genes
need to be more significant to transfer by vectors
quickly. Finally, foreign genes cannot always be
introduced directly into dominant mutations or
defective genetic material. To solve the problems
related to these basic limitations, conventional
methods have emerged to make precise and
targeted changes in the genome [12, 13]. In this
regard, genome editing is a practical, versatile,
and preferred tool for functional gene research,
gene therapies, and precise breeding of crops and
domestic and attractive animals for practical and
industrial research [14, 15].

Genome editing research started in the 1970s. The
first major step in gene editing was achieved when
researchers showed that when a piece of DNA
enters a cell, it can enter the host genome through
homologous recombination and implement the
desired changes in the cell. This development
came when it was found that in eukaryotic cells,
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more precise gene targeting mechanisms could be
achieved by inducing a double-strand break in a
specific genomic target. In addition, the scientists
found that if a synthetic DNA restriction enzyme
was introduced into the cell, it could recognize the
DNA at specific locations and cut it into double
strands, subsequently repaired by HDR (Homology-
Directed Repair) and NHE] (Non-Homologous
End-Joining) mechanisms resulting in homology-
based insertions, deletions, or repairs [16, 17].
Among the different methods and mechanisms of
gene editing, CRISPR-Cas9 technology (the fourth
generation of gene editing) has surpassed other
methods. Two female scientists introduced this
technology to the scientific community in 2012,
making them proud to receive the Nobel Prize in
Chemistry in 2020. It is necessary to explain that
some sources have announced the beginning of
the first research related to gene editing in 1987,
which indicates the existence of initial ideas in this
regard. However, its expansion has been observed
since 2000. CRISPR stands for Clustered Regularly
Interspaced Short Palindromic Repeat, which has
been mentioned in various sources. The CRISPR-
Cas9 system was developed after other gene
editing systems called meganucleases (a class
of endodeoxyribonucleases), ZFNs (Zinc-Finger
Nucleases) and TALENs (Transcription Activator-
Like Effector Nucleases) due to its unique features,
it attracted the attention of researchers, so the
publication of articles and inventions in this field
shows great growth (Figure 1). It should be noted
that most of the research in this regard is dedicated
to cancer, AIDS, and hepatitis [18, 19].
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Figure 1) The amount of published articles related to
gene editing from 2005 to 2018
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MECHANISMS of GENE EDITING

Gene editing can change an organism’s DNA
sequence, essentially engineering its genetic
makeup. This processis carried out using enzymes,
specifically nucleases that are engineered to target
a specific DNA sequence. They introduce cuts into
the DNA strands, allowing the removal of existing
DNA and inserting replacement DNA. In other
words, the gene editing tools developed today
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can create double-stranded breaks in the genome,
and by repairing these breaks, the process of gene
editing can be developed. There are four methods
of gene editing: gene destruction or mutation, gene
deletion, gene modification and gene insertion.
Based on this, researchers use different tools
capable of creating double-strand breaks in DNA
to create various changes in the genome. Specific
nucleases for gene editing include engineered
target sequences and restriction enzymes. After
the programmed nuclease cleaves the target
gene to introduce double-strand breaks (DSBs),
molecular repair proceeds via two fundamentally
different mechanisms: homology-directed repair
(HDR), in which broken DNA is repaired using a
homologous DNA sequence as a template, and
non-homologous end joining (NHE]J), in which
broken ends in a non-homologous DNA sequence
are rejoined. The HDR repair mechanism, which
allows the insertion of a template DNA to correct
or insert a particular sequence at the site of a DNA
break, facilitates accurate copying of the template
to a specific location in the genome and repairs the
homologous DNA break.

In contrast, the NHE] repair mechanism leads to
small insertions or deletions (indels) at the desired
site or breaks [20, 21]. As a result, this mechanism
can be an efficient way for defective genes to
function. As mentioned, today, four different types
of nucleases that bind to DNA are used in gene
editing: Meganucleases, Zinc-Finger Nucleases
(ZFN), Transcription Activator-Like Effector
Nucleases (TALEN) and Cas9 Nuclease, which is
the most recently discovered type [22, 23]. Table 1
compares these four nucleases regarding features
and mechanism of action. Their performance is
also shown in Figure 2.

ADVANTAGES of GENE EDITING TECHNOLOGY
Gene editing is essential and valuable in various
industrial and research fields. In the continuation
of the recent exciting developments in the ease of
use, features and characteristics of gene editing
technology and their application in different fields
are examined [24-26].

Human Health: gene editing technology creates a
fundamental change in gene therapy. It can treat a
wide range of diseases (such as diabetes, cancer,
cystic fibrosis and sickle cell anaemia) that have
not been possible to treat with this technology.
All cancers result from numerous diverse
mutations that lead to the excessive growth
and proliferation of cells and the emergence of
malignant phenotypes. The site of the event and
the area disrupted by these mutations can be
classified into four categories: oncogenes, tumor
suppressors, epigenetic factors and chemotherapy
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Table 1) Comparison of different genome editing methods

Nuclease
Mechanism Meganuclease ZFNs TALEN CRISPR/Cas9
of action
DNA system Protein-DNA Protein-DNA Protein-DNA RNA-DNA
Synonymous with targeting 12-45 games 18-36 games 30-40 games 22 games
Price Much Much medium Low
Off-target events Low Comparable Comparable Comparable
release therapy simple simple complicated medium
Multiple targeting complicated complicated complicated simple
P i Relatively non- . Relatively non-
specificity (off target) Very specific specific exclusive specific
Requires dimerization no Yes Yes noVector
noVector simple complicated complicated medium
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Figure 2) A picture of the mechanism of targeted nucleases
for gene editing. (A) meganuclease, (B) ZFNs, (C) TALENS, (D)
gene editing process using CRISPR/Cas9 technology

resistance genes. CRISPR-Cas9 technology, as
a powerful tool with high characteristics, can
correct these mutations and treat cancers derived
from them. Since oncogenic changes in several
cancers lead to increased cell proliferation and
malignancy, oncogenes such as tyrosine kinase
receptor Erb2 can be directly targeted by CRISPR-
Cas9 technology. From a complementary point of
view, the CRISPR-Cas9 method can create cancer-
causing mutations in human cell lines and animal

models. In this regard, lung cancer cell lines, acute
myeloid leukaemia, and liver and pancreatic cancer
have been developed. Crisper-Cas9 technology
can also be used in animal models suffering
from various diseases (from hereditary diseases
to cancers). It has created heritable changes by
CRISPR-Cas9 technology and direct targeting of
one or more bilateral in the animal egg. Among
the transgenic animal models, most of the tests
are based on mouse models. However, researchers
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have succeeded in making models of non-human
primates by targeting multiple genes. The
advantage of these models is in the reconstruction
and the possibility of investigating complex human
diseases such as neurodegenerative diseases.
However, mouse models have more advantages
than others, such as the cost of working with them,
and in addition, mouse models are very suitable
for extensive mutagenesis studies in vivo [25].
New Materials: By using these technologies, it is
possible to achieve the synthesis of new materials
that can be used in various applications, such
as the release of oral drugs or the production
of biosensors.

Drug Development: Engineered cells can be
produced using these technologies that produce
drug production optimally and efficiently. In
addition, it significantly reduces the cost of the
drug and provides easy access to the drug.
Research Applications: With technologies such
as gene editing, new animals and cell models can
be designed and produced, which will help us
learn more about diseases and test new drugs and
vaccines on those cell and animal models.
Agriculture: By using gene editing tools, it is
possible to modify the seeds of agricultural products
without harming other genes. Based on this, it is
possible to obtain agricultural products that can be
resistant to infections and environmental damage,
and as a result, food security can be improved.
Bioenergy: With the help of tools such as gene
editing, it is possible to produce biofuels (green)
biofuels. Therefore, it is possible to increase and
optimize the production of biofuels such as ethanol
in algae cells or seeds by modifying the metabolic
and biochemical pathways of the relevant cells
[24-26].

Criminology: By combining CRISPR technology
with DNA fingerprinting technology, new methods
can be developed in criminal identity detection and
criminology. DNA (genetic) fingerprinting is a method
that was first presented to the scientific community
and criminology experts in 1985 by Alec Jeffrey using
repeatable variable sequences of 15 to 100 games
called VNTR (Variable Number of Tandem Repeat).
Genetic fingerprinting allows specialists to determine
the differences and similarities between people based
on specific DNA samples. Based on this, peoplers
communication can be observed and identified at
crime scenes. According to each person>s VNTR
sequence, gRNA (gene editing diagnostic tool) can
be designed. Based on this, a fluorescently labelled
DNA sample from the victim (in a crime) can be
prepared and checked for matching with the
VNTR sequence of the victim. CRISPR can also be
designed to scan DNA or find a specific VNTR. In
the CRISPR DNA scan, if CRISPR fails to target the
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VNTR, it will not bind to it, meaning no fluorescent
dye will appear under UV light. However, if
scanning is performed and the target is identified
and bound, a fluorescence signal is generated,
meaning the VNTR can be present in the DNA [27].

RISKS of GENE EDITING TECHNOLOGY

In today’s world, the increasing importance
of the knowledge of biology as a basic science
is undeniable. As a result of deep studies and
many investigations, the boundaries of biology
and the findings related to the knowledge of
nature have been expanded tremendously.
The volume of resulting information and its
increasing growth cannot be compared to any era.
Today, biotechnology, as a branch of biological
applications, has progressed more than at any
other time. Due to its applications in health,
hygiene and the economy, its importance and
value have increased daily. These important
advances in biotechnology are mainly due to
advances in instrumentation and their application
in developing the frontiers of biology. The most
remarkable developments of this knowledge and
technology have been achieved in ecology, genetics,
microbiology, molecular biology, biochemistry,
cell culture technologies and process engineering.
The emergence of the new sciences of genomics,
proteomics, bioinformatics, systems biology,
synthetic biology and gene editing has also
resulted from these developments. On the other
hand, today, biology is exposed to hostile abuse as
much as chemistry in World War I and physics in
World War II. The enormous force of international
trade that underpins this basic science has driven
it to innovations that, along with its marketable
medical value, may also be used for destructive
purposes. If a country exploits science and
technology in biological fields, it can reveal one
of the most serious problems of humanity that
it has not faced so far. If the production of a new
generation of bioweapons is pursued with force,
especially if used to control and conquer humans,
it can cause dangerous technological competition.
If the force of biotechnology is not politically
contained, it will be able to invent scientific
methods that will change the way war is conducted
and increase the means of civilian sacrifice. It
should be noted that the discussions discussed
below do not in any way attempt to magnify the
possible risks of biotechnology; because such a
possibility exists with any other technology, both
those that are widely used in societies today (such
as IT and telecommunications) and those that will
emerge in the future in the field of health (such
as gene editing, artificial synthesis, and human
creation). Such studies can also show the potential
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capabilities of biotechnology in promoting new
defense capabilities; so that the guardians of the
country’s biological defense pay special attention
to the potential of this technology for defense
purposes (such as providing new treatment trends
and new diagnostic methods in the direction of
biological defense).

Among the various technologies proposed in
the field of life and health today, gene editing
technology can cause irreparable risks to the
biological security of societies. Now genome
editing is much easier, faster, cheaper and more
efficient than ever before (just like editing an
article on a computer) and helps researchers in
various scientific fields. The fourth generation
of gene editing, CRISPR-Cas9, can handle new
editing programs, from viruses and bacteria to
animals, plants and humans. However, as this
technology develops, how should it be controlled?
While expressing concern about the negative
consequences of the development of gene
editing technology, Professor Jennifer Doudna,
the discoverer of Cas9 nuclease and 2020 Nobel
Prize winner, has received $3.3 million in funding
from the US Defense Advanced Research Projects
Agency (DARPA) to investigate anti-CRISPR
solutions. The red line of this technology is the
manipulation of the human embryo [28-30].
It should be remembered that CRISPR-based
genome editing technology has caused a
tremendous revolution in medical sciences and
other scientific fields. This technology, developed
for about a decade, has fascinated scientists. In a
way that it allows a person with less than a high
school education to edit the genome of any animal
or plant. High school students are now using this
technology to perform experiments that were
previously only dreams for most scientists. Much
of the scientists’ research has focused on the
tremendous potential of using genome editing to
treat cancer. This work is based on the familiarity
and understanding of the new model of the cancer
network, which examines how cancer cells are
controlled. New gene-based approaches for cancer
treatment have suggested using genome editing as
an effective tool. Unfortunately, while we can cure
cancer using CRISPR, we can also create cancer
using the same technology.

Based on this, researchers will have been able
to design cancer models on the computer. The
possibility of artificially creating cancerous tumors
will also be provided when they can treat cancer
patients with CRISPR. Therefore, the cancer bomb
can be implemented using CRISPR. As a result,
today, CRISPR technology is proposed as a new
biological weapon, and scientists warn about its
biosecurity consequences [31,32]. The very simple
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application of CRISPR makes this technology
potentially very dangerous. This technology
has features that make it an ideal military and
bioterrorist weapon and has been favored by
biohackers. Mr. Josiah Zayner, one of the pioneers
of biohacking and the founder of Odin Company
since 2006, offers online training and simple gene
therapy kits based on CRISPR technology to his
customers around the world, who, in addition to
the simple training of gene editing, can design and
produce genetically engineered products (such as
the green tree frog with the high growth rate) [33].
Based on this, it seems that in the not-too-distant
future, we will see the design and production of
biological weapons (mass destruction) based on
CRISPR, which will be even more dangerous than
a nuclear bomb. According to some scientists,
nuclear weapons are obsolete because they are
complicated to maintain. From a military point of
view, CRISPR weapons are considered far superior
to nuclear weapons and will probably replace
them. These CRISPR-based editing features make
it very easy to weaponize. It is possible to create an
engineered virus that edits CRISPR in a completely
controlled manner so that only humans whose
genomes have specific characteristics are killed or
disabled by the virus. The importance of CRISPR
biosecurity is so high that scientists have warned
about the design and production of programmed
humans and editing on human embryos and are
drafting national and international laws in this
regard. It is necessary to explain that the Chinese
scientist, He Jiankui, on October 8, 2018, officially
announced the birth of Chinese girl twins with
Crisper technology. In these twins, who were born
from a father with AIDS and a healthy mother, the
CCR5 gene, which is related to the entry of HIV into
cells, has been edited and deleted. This scientific
activity, carried out illegally and confidentially,
shocked the scientists in this field and led to a fine
and three years of imprisonment for this Chinese
scientist. Jiankui had to present the result of his
research at the Second International Conference
on Human Genome Editing held in Hong Kong in
2018, which was widely criticized by the scientific
community, even Chinese scientists [34].

The question raised today is why the Crisper
weapon can be so dangerous. The answer to this
question can be found in the following:

1- CRISPR-Cas based editing can be precisely
designed to edit a specific part of the target
genome.

2- Viruses can deliver CRISPR-Cas-based editing to
a given host.

3- Mathematical rules can fully control edits. In
other words, target genome editing is applied only
if certain precise conditions are present in the



ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

target person’s genome. For example, two people
can be infected by a CRISPR-based editing virus,
but only the person with the prerequisites will
have their genome edited. In addition to these,
unfortunately, many more characteristics of a
potential CRISPR-based weapon make them ideal
weapons for future precision and targeted mass
destruction. For example, its effects can remain
hidden for months, and CRISPR bombs do not have
the long-term toxic effects of nuclear weapons.
Also, it can be implemented for most organisms
and programmed as an effective weapon for the
nervous system. As a result, CRISPR as a weapon
of mass destruction for genocide is significant
and considered [34, 35]. Also, from a biosecurity
perspective, CRISPR technology could potentially
create and induce precise cancers that would kill
people within months. Unfortunately, it is much
easier to cause cancer than to cure it with genome
editing. The main appeal of a deadly CRISPR-
engineered virus as a bioterrorism weapon is the
precision in mass incapacitation and destruction
of people. Unfortunately, these topics are unrelated
to science fiction and fantasy horror movies, but
this is a real danger in humanity’s present and
future. Notably, there are probably labs worldwide
developing CRISPR technology to develop the
next generation of bioweapons. As mentioned,
Crisper also has genocidal capabilities. Given that
a particular generation has unique genetic traits
that distinguish it from others, all members are
potential targets for a CRISPR-engineered Kkiller
virus. For example, if the prerequisite is that one
must have brown eyes, then anyone with brown
eyes is a potential target for a deadly CRISPR-
engineered virus. Using the Crisper weapon, you
can create diseases that cause the target person
to die slowly or quickly. Some scientists who have
provided significant analysis about the possible
possibilities have raised various dangerous issues.
Some of these reports indicate major future
concerns that could result from secret research
programs. Especially these reports have not ruled
out the possibility of hidden viruses that can
secretly enter the genome of a population and
later be activated by a signal. Another example
is “programmed cell death”. This ability to insert
a genome into the genetic reserve of a specific
population and attack it at will, or to create a
completely new pathogenic agent, indicates a
change in capabilities [35, 36].

Gene Editing Defense Strategies

On June 29, 2018, in Newsweek magazine, the
media announced and published the discussion of
using gene editing technology on human embryos
to eliminate genetic diseases. However, some
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scientists and pioneers of this technology (such as
Professor Doudna) raise ethical considerations as
a serious discussion. Since 2015, China has started
extensive research on human embryos under
the leadership of Professor Lu You, an oncologist
at Sichuan University in Chengdu, and is still
developing this technology on human embryos;
in a way that on October 28, 2017, a group led
by him injected the modified cells into a patient
with aggressive lung cancer as part of a clinical
trial at the West China Hospital [37]. However,
according to most scientists, the red line of gene
editing technology is the genetic manipulation
of human embryos. However, today, some
scientists secretly use gene editing technology to
research and develop human embryos to design
and create disease-free humans with special
capabilities. These designed children have high
intelligence, creative mind, five senses with great
power and are resistant to various diseases. Also,
some have called this technology the engine
of creation because it gives the scientist a god-
like power (based on his beliefs) to create and
improve future humans (super-humanity). On
the other hand, unlike the Schilling Act, CRISPR-
based bioweapons have international strategic
implications. According to Thomas Schelling’s
Game Theory, a balanced international strategy is
observed in the nuclear age. If one side increases
or decreases its nuclear weapons capabilities to
maintain balance, the other side must follow suit.
Based on this, each side knows what weapons
the other side has, and both sides, knowing this
(based on open inspection of nuclear facilities),
observe a balance in this regard. However, in the
era of genome editing technology, due to the ease
of making CRISPR-based biological weapons in
small laboratories that are impossible to observe
and identify, the awareness of the ability and
capacity to design and manufacture biological
weapons on the other side has failed and as a
result, the strategy based on inspection and mutual
destruction of such weapons of mass destruction
also fails. Therefore, CRISPR-based bioweapons
represent a fundamental change in Schilling’s
Law. A balanced, no-win, bargaining, nonzero-
sum Schilling game approaches the classical zero-
sum game, in a way that the side that attacks first
may win the entire game. As a result, according to
Schelling’s argument, this international situation
will be very unstable, fragile and dangerous [35].
Based on this, how can the defense strategy to deal
with the threats resulting from such technologies
and biological security be? In other words, how do
we defend ourselves against biological weapons
caused by CRISPR? To answer these questions, itis
important to pay attention to the following:
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1- The attention and awareness of public opinion
and political leaders should be increased about
the dangers of CRISPR-based genome editing.
2- Considering the actual and potential risks of
CRISPR-based genome editing in bioterrorist
attacks, defense strategies should be quickly
developed to deal with such possible attacks.
3- Any CRISPR-based editing can be reversed.
In other words, a network mutation that causes
cancer can be reversed to stop cancer. When we
know how to stop cancer, we will know how to
cause cancer. Alternatively, any gene essential for
life can be disabled by a reverse edit. This requires
a coherent defense-research initiative.

4- It is necessary to adopt coherent international
laws (inline with the Convention on the Prohibition
of the Development, Production and Stockpiling of
Biological Weapons) to examine the risks of this
very dangerous technology (in order to confront
and not prevent it).

5- A new international bioethics committee is
needed to deal with risk groups in this regard.

Conclusion

Gene editing technology has shown the scientific
community a new window and solution through
which appropriate treatment methods can be
adopted to deal with most diseases. Therefore,
genome editing offers great opportunities in
biology, biotechnology and medical sciences,
including preventing and treating diseases and
producing good food. On the other hand, CRISPR-
based bioweapons destroy the logical and strategic
balance of power that has kept the world free of
catastrophic wars. The world is facing a potentially
more dangerous technology than nuclear
weapons because of its ease of development and
precision of use. Precise targeting of individuals
with a deadly CRISPR-based virus means that,
as in nuclear war, there is no longer a barrier to
mutually assured destruction. Instead, we are
faced with the possibility of a precise and targeted
mass genocide. On the other hand, after the
birth of the Chinese gene-edited twins, in terms
of Islamic jurisprudence and ethics, there have
been discussions about the possibility of using
CRISPR technology to develop embryonic research
and human genome editing. Considering that
embryonic gene editing may lead to hereditary
changes in the human genome, whether this
practice should be permissible requires a
deep and detailed discussion from different
perspectives. Islam’s views on the concerns raised
about human genome editing consider the moral
principles important in Islam and declare that it
should be taken into account when evaluating
the permissibility of gene editing of the human
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reproductive line through CRISPR. As discussed
in this article, human embryo editing research for
medical purposes is legal under certain conditions
and is used to treat diseases, but until the safety
and effectiveness issues of this technology are
resolved, it should not be applied to humans.
Strong and strict ethical guidelines are necessary to
preserve human dignity and prevent the misuse of
technology, and religious principles of preserving
human life, descent and dignity and preventing
possible harm are among the important principles
in evaluating the permissibility of human embryo
editing through CRISPR from an Islamic point of
view. Therefore, it can be concluded that human
gene editing by CRISPR is considered halal in
Islam if it has the following conditions:

A- To be used only for medical purposes, especially
for preventing or treating diseases. This kind of
change is not considered a manipulation of God’s
creation.

B- It is allowed only after solving the safety and
efficiency problems, and the technology used
should not cause more harm to the parents,
the resulting child, the society and the future
generation.

C- Establish strict regulations to ensure respect for
the people involved, prevent early use and abuse
of technology, and seriously prevent unwanted
genetic changes in humans [38-40].

Clinical & Practical Tips in POLICE
MEDICINE: Considering  the  emergence  of
promising technologies such as genome editing, in
addition to using the opportunities obtained from
this technology, especially in the field of life and
health and diagnosis and treatment of incurable
diseases, it is necessary to pay special attention to
this technology from the point of view of biosecurity.
The creation of new organisms, biohacking and the
creation of programmed humans are among the future
biosecurity risks of this technology, and the Deputy
Health and Medical Services of General Staff of the
Armed Forces must draw specific plans and strategies
in this regard in cooperation with academic centers.
Acknowledgements: This study was carried out
in the Research Institute of Biological Sciences
and Technology of the Malek Ashtar University of
Technology, and the efforts of the officials of this
university are gratefully acknowledged.

Conflict of interest: The article’s authors stated
that the present study has no conflict of interest.
Authors’ Contribution: Samane Fethollahi (data
collection); Dr Mehdi Zein al-Dini (presenting
the idea and design of the study, data collection,
data analysis). All the authors participated in the
initial writing of the article and its revision, and
all accept the responsibility for the accuracy and



ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

correctness of the article’s contents with the final
approval of this article.

Financial Sources: The present study was
carried out with the financial support of the
Biological Sciences Department of the Academic
Complex of Chemistry and Chemical Engineering
of Malek Ashtar University of Technology, in line
with the observation of emerging technologies,
and was a part of the research project number
“19730180208".

Fatollahi Arani & Zeinoddini

€20C 'L @nss| ‘ZL'IOA  INIDIAIN 301704 40 TYNYNOr o



ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

) sl wliblae g vl (55 (aalig

PhD

Vollon e M el alew

ol il e istus oliils (pand Gusige 3 and BEEIS gatize (iu psle 05)S

e.\,gig

03303 paal$ oij wldgzge () 9xd 53 95 Uiy sl 18 Gl (Jsse 58lz plsie 4 I Uil 1 Slaal
ly Glez am0lz 45 Yls olpan ) ) el H55 51 55 1 6305 GlaGIhSS (55518 gl Lo plad 3925 b ol
i 3G Glalg sasbs @bl uyy sllhe ol jl Saa cwl 005 (oo (bl sladeslygins aus S
9 of g8l glaySaly (st 3 Gl ol

LsL{bc)‘))ﬂw.».éJ 9 oy U""L“"‘f EE1 1293 ﬁl.’:d' U,';'Jg) V) ‘OL’>.\| VFol ULU.MA) 9 ).:..!L\ 33 (853900 aellao U", :Lbui':g) 9 .)‘9.0
Germline Gene Editing slasjlgandS (soxis b sale wilie g ciaS gy dbgiye ode caS g wYlio I Jols
.CRISPR . Biosecurity .CRISPR War .Biohacking .CRISPR babies Do It Yourself (Islamic Bioeth-
edSSl 95 4 Google (sgaiws 9330 uizan 5 PubMed Scopus . Researchgate slaesls oS0 s ics
WD oy g 9w

sl s Wlgie sl o955 g3 o 53 &5 sl 03,3 slaul 1y sz alshly 935 Glalng (53918 yoebs :Laaisly
(pldhnl) esdiiginaelin glapludl 2hb 5 iz Glalny (J ol b ssd )y Gileps 1 Su 4 il
il ol 45l ol Sl prigen el ke G Glalng Gl caiel wliblie o lagidle I o plyie 4
g 03 pb danggh Jolge g oadigilupand Sl gl >hb )3 unysrisn 9 ) S sl Sk
wloled x50 51 b olez 45 @18 Sofiliul 5 Gl ol ogpensS 2 Gline Gl Loz 1 Sz
9549y i slazds I HSUyhs ogill (533L8 b gl 5 0% o 5l |y cunl atils &G ygas ooz Hluis
of b ablie g (533L8 ol o9l whibs 5 (,Ssl> cuz culio (BB 5 lladlinn oulsd @ LS datiys el

sl (53906

(ISP VINITSN PP ORETTSN Y b (CTRTE S OVE UYLy PSVOREIL o TS PRV

allie sl o 0 liaansgl dllio dy sliswl oy
VENNo/ND il 19t ol&ails gllsed 5 bl i ooy Fatollahi Arani S, Zeinoddini M. Gene editing:
VEVAY/o 1 VDAVAVYE (it 35 wlal oyt oyl Sl biosecurity challenges and risks. ] Police Med.

2023;12(1):e9.
VEoY/VNY Ll oSy Sl ey (1)e

zeinoddini52@mut.ac.ir

Copyright © 2023, Journal of Police Medicine | This open access article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License




8% AP 7o 0 qogt P o) Hbop ) o o)

gy ol whiblie g bgidle 135 Gl

£ ULu..J‘ ﬁ9_|) )| ‘rl,oLf wleMb| quLI-MJ‘ ‘09_|) 63592 ‘c\_ml
sleyi coleMbl (al 534S b oals il (gydin dsols
13250035 (ame g pasiie JolS jab 40 dydo g Ogme
Lo lon 5 beusil)ly Sao 4 ely 81 g 31,81 o wlus
03838 plomie ay Byl Bl 4y Slepapj
oless ssbiie 4y il (sladslw 4 spz Lo
=21 yatb Lol el oy caye (Sl sl sle
03,5 szl |y (gass HJ‘.)')LJ (95 Uilpg sles,glis
sl Lids 1530 olowdl o5 lsi o 53 45 el
Ao U—‘l 390 LS)lSS—“’) UJLA)) ).J' S UJL&H.U.)
a8lal (g ylo eely 45 el il ige 2Vl Juli
Sz g p9-3) 40 pels slaplSe 4 wnbe slag) o3-S
el Zdgi ag @Y el 0555 g Lo pmde slap)
sl potde o yaie l (olem S 4l pd S
G350l (sl mlio (25 DNA (T 55 45 0 (ileysy
Aine By =S pad 4 (6308l 5> sme DNA
ulyd Ao 43 Gsind Jlaw Fo 5l i 2394050 oaliiwl
oo ol |y o omeiSals 5 sloslaw sal —ileysys
s5—ad 32 5l ySoduzn o of ) 350 5 gl plzil 45
sloeadgixe ;o Lagidle ol 5l gl M o] el
4 5y Slye JLESH o928 3483 S (il 53 (sl
Sl =lesr9ls a2yl Ly ailaidls 55505 sl
B wépdog cely 45 35)ls 3929 25 sl o398
SialS S ST g Wlesids diwe; sl 5 (gl timdoo
Sy pde 5 gl Gaawy b s esdll
g9 (5o LsLmuMle S g el sads ool s
b= 9 wasd ol ez Ll glay plesl .yl
whil s 0F ole 69 =2 el pSes Jolw 5> gl s
(ol 1 o9V IS -l jolame (sl s of aiwlssl
bgi il 4 48 s Syi jlwo Loy 3l 5y
s 5L ciled 53 A JUi] 5 LS
e Lo us (icsu 3y Ladi e A lgl ol dduon
bgipe M Jo (gl Nig-d gme S Sls L
b= Bl layiy) el glacasgime ol 4o
035 13 H9+4b g5 5> 3wdan g §8> wily s sl
50 )|)_|| SO 69—') U...‘_Jl)Jg ‘Luub WI 3 DWW AV ccwl
sloploys (i gXlos wlidxi gl xzyl g oS o
3 ol Wl g (5555lisS wYgaxe G285 2V0l g 5
o g (535 wlidxi ﬁng' sebie 4 Olis (b,
DO NF] el
VAVe d o I e 35 Ghalig Ao 45 wl s
=Les 05 By 53 e S omilsl 5 sl 0as g9,
3 i —iBg aisly plodd ldize 4 a ol cowwddy
5588 b 3l aTlgie 9dise Jolww 3ls DNA
31 B 50 wlyndi g 35 glajee 0535 ls Sotsan

ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

G Uy agd)li g desde
Karl bwgs i 559158 ojly sl o 5151 Gy
295 S yiaS 1l o Sliuylze jysliS oaige ETRY
ol dde g (a3l sloase )3 (55508 ol 5l 350
O ms (50918 15 (slasl 3 38,5 eslaswl o5 (5o
dsolz gl cwlio bl 5 gy dzmys S gl
438 cwlio ilops by slaml gliwly )3 ()i
Oyl 5 zybe esisS)lgasel (slossal 9 »igr S 435 (lu
2 638 o=l ol gladiiz jgy0 4 G Jg g 0l
S i 9 3038 e (auag g wlings B
65L58 gloie 1 s9l8 o (S slas 13l 5
sl (Biotechnology Dark) Sl g sl (i)
@Yy =i 5 Y O] S el wl e wgygyign @M e
lmas Ui wiiils (6 )9Lid s diuy 45 aibiS ;)8 ollii
Lol Joole pgi Sjnd 9 e adox I ele i libe
csds Jom 45 el o 5l 5S> igiS gLy, .ailesgs
6918 dwgi edls saler wlidemn; ele )> ady,
9 039 Jgmandi |y (st laagd 9 Lo dss JoolSS iy
L8l GhyinS )i )3 (55508 S 2o es
Gasld iy 53 39 dwlgd il (e LS
tigh olbiing § ollis iy eslitul sl (i
Gl (61493 g () (533158 503 s 4 el
ool ol p Bl yde e g ande Llgie e 4S
Sl Gwdige og—a> 4 ulidewn) Ly e pole
Sl > ogdls cadgy (g9 8le silen () 5y5LS 5
osliiwl of 51 (ileys 5 Sy pole Sy gz loion
039> 53 Sy wliadad Gicdey 53 plsie plejen S
J—olae 0jg) »o g 031y dz gl |y wliulizi ol 5 —ollad
Jsl edle 53 90 sy g 2hb |y gr—ne i
pelgS (6 i dmolz g Lavpludl ol j3 wdyping ol
Sis 9 Ay yign SVa> Cuw 93 350 )3 (g 39
Lo lid Jol> wliigs 4bgSinl .59dise lag Ll
loejom 53 wdyion cely 4l 1 ogile 45 el Hugd
S pnsilSylg Sao 1 Jgi ISol 9o (535L58 5 pale
@Y [V Slae o s |y (Gesian jiiw) due
lelie VI Yl 53 alSapel 358 Sy 45 ol s
Microbial dlse 5> «(siwaj wlangs saal ylgie Lyl
—=do ol 3 4S5 silwye wls 4 Biotechnology
3o ey asele (il aplai a1 S0 390
e S Ol 355 5 o35S adl Sz Jlaso|
abais [V] el ,Sen Hghe (55l slanl () 4
95 090 E9b ) (539158 Ly hlpe Vg haae
6155 L eoled 53 9 108 5LeMAA) Jluo 1 a8 59 (il
o9 ploadl (Yooo Jluw) s 1555 el dlyass
o= el glayze BT L (Sl gl g (Sludl 095
oy s> Uy o (Craig Venter ¢ Collins Francis) ejg -
5 deSS Ly 4 @del (Clinton) Syyel w8y 540



ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

clss S gals B Ban gl 45 lajlilS s ojsa
4SS s g0 ﬁ‘—?ﬂ dilod i wiige ol s> DNA
ool 5 13S0 3y DNA glaai iy 4y |y oy
Sjlawie eolyd Iy o1iSol> DNA 2,5 5 33250 DNA i~
dsogi ojg el 45 (55 il sLalil ()50 ol 4
P95 53 1y Iy 93 (sla Sl A lgioe Wilasl,
gy olsize e oyl prey Ly 4 4 S sl
0F Uilis = sy sz 31y dewgl |y 35 Ll
0F 2¥—ol i Sim () Ll Lo BT 1y 3929
3 oSty (omlal ol s 05 (025 48Lsl) 23 5
13 Ay el slaul 4 ,aLs S L iglite sLaylj
oslaiwl g5 53 wlyusi glel slal (gl wiws DNA
ol e Gy s Golaisl glaillsyi assS 0
el 3 S3game glapsil g o b wiige San g3
b a5 39— of codiigidelin JLalSel 4SSl 5l ey
-double DSBs) glaiiy 93 e wsSi 8y l—
93 b il (Hoge poyi Wi (breaks strand
1 okine yras 1alie delsl Cilite bl punilSe
S 5l oslitwl L auSis DNA o 53 45 (HDR) iluon
3950 prayigSll S glgie 4y S Jsem DNA (lgs
slesdl ol 53 45 (NHE]) SgJsan ot (—leuil Jloail g
25850 4 o)lags Sy Jgan ;2 DNA o lgi )3 4wy
Sy 2> 45 HDR 5 rani unilSe 3y 50 Jaie
23 el Hlgs S 28 Ly et (sl 1y 550 DNA
Iy oS 83 S S e il Iy DNA s Jone
DNA cuSi 5 6355 g 035 5| Lol olSe Sy
e pneiilSo 45 > 53 A5 (00 preyi |y Sy tsen
J—=o ;3 (indels) S z¢S i > Ly 23 4y =ie NHE]
ol Aziiys IV Vo] 35 e (SiwSi Ly 5B 35 e
sleys »Slas gho 4ollS oy S 1 lgie pucilSe
Sz 5l ejasel s ol 45 aigSlan Bl g ume
Ulalng 5> DNA 4y oxis i Jaite (glajlilSss wgliste g9
59y Sl glajlilSgi (Lo Bl §3l%e 1agiis 5o oalaiul (535
slmoris JLss al i 3, Sloe Ly (oL_ajlilSss (ZFN)
oRxisaz a5 Cas9 LslSsi o (TALEN) uagis; Jelse
ot Gl ) Jgiz 53 [V VY] ol 0aiaiS g4
bl Jse puciilSle  LaShy b3 51 5Ll 5 )lez o
gas 4o Lol 5y Shae ¥ ST o Oixed el oad osly

NCTV F W VAT

5 olng asbs bl
Ghls gk 9 Hsiue alie slaojo> 55 3 Ll
wluogas g (_,_f)Jg odliiwl edgpuw j> 43 )_Sul ol
i lize glaejs> 5 Leil 58 5 0F Lialing sl 02
IPE-YS] 53,5 5o oyl

059> 33 5 i=lng ($asL8 splud] caolw oj9>

Gl s s G selllass

S e—willo (sl s sladslw ) i paxdo 45
S S Ll L plssie b 53483 55 (55 Sum
ogde .35l cwsdy (atdio (eglf Bad Sy > (glaidy 93
038 dgame el Sy 3T widlyys laieddls gl 4o
5 1, DNA Uilgiie oS 3)ly Jslaw 40 |y —cgivae DNA
O gl 93 9o a9 458 Ll el glaglSe
-Homology) HDR (slapuuilSo bawgi Lidlaie 45 s a3
-End NonHomologous) NHE] 4 (Repair Directed
e Ly i iz dy ymie g 3950 ey (JOINing
9 Labsy o 53 DY ] 35—iioe GisTsed s e
Cas9- s (52518 o5 Ginalg ilizes (glopnsilSe
ot Lo vy sl 5 (5 Dimals ol Js pls-ie <)
cry damidly 93 awgi VoIV Jluw 55 (55958 oyl el 43,8
gl 8l <y yutbe |y gLyl 3 pme (ele dmelz 4
345 el apdgi ag @3V 3503 Yoo Jluw 45 o Jgd
5 Uiles L bipe wlindss gl g5 galie 5
slmonl 3325 5 Sily a5 il el MAY Jw I 1,
Jl 51 o Gipid (Hy el 0330 pogas (ol )3 4l
3135 51 (CRISPR) juatsS oasl 002 oamlies Ay dy Yooo
pbie ylaalold pgyaialy olssS slacgls e 4 (552
Clustered Regularly Interspaced Short) (gla_igs
oyl o 4 calize glie j» 45 (Palindromic Repeat
slepiwaw I a=y Cas9-ypwn)S i el s
3 slaiws) LS9l (sla ol am K03 55 Gils
(55 i3l (sLmjlalSss) ZFN (LaslalS gisny asS 553951
Asaag’ (aetyiys 0338 JLsb 5350 (sLajlalssi) TALEN g
codlyi ol 33 4 yamio slaShy 4 azgi b g ol
4S5 (5o9-b dm wled clz 395 4 ) gLz L) dzgs
olds ) (o3l iy dsaej ol 5o Leglyisl g wilie le
23 el g S sl ;55 4y @Y () JS8) amae
il g janl olbyw do (g)lem g3 b3 I oga> ol

D3 Al ol 48l jolais]

# of CRISPR publications
- N [~]
- g g g
|
|
|
|
I
I
8
| ]
R
—
’~9 e
e
e it
S

YA Yeold Jlas 5 35 Gtlts b asipe ¥lie il glie (1 S0

05 Ulliy e puilSe
g5 53 pel s sl @l sl lilS wf Gialag
o o535 55 s Ll 5 3515 1y 0055 3990 S DNA
a‘_ibﬁ.’)JT 51 enlaiwol Loy sl el aS o0 wiige |

=

€20C ‘L @nss| ‘ZL'IOA  INIDOIA3N 301704 40 TvYNYNOr



=

S0 AP o 0 gogl

ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

) el whblie 5 iz (55 Gl

o8 lalyg ilize slaig; dunlio ( Jsaz

SLlsss
CRISPR/Cas9 TALEN ZFNs SlSiEe
RNA-DNA DNA-(yu539 5 DNA-(yu39 5 DNA-(yu39 5 DNA Jlasl gt
&by s3b Lerte 6L FIA b Loy 6B Bl
oS Luwgic b sb; e
duglio L5 dulic BB dlio BB o Sl 2, &l
huwgie XVE ol oskw Sleys Llaley
osbw Ree Ree (Ree Waz (S
bzl luws olais! obaislue b solais! GLs (Gaz 2,15) caolais!
»> ab ab »> Oseliapens siejls
bugie odazu e oslw 0558y (G Xiding
A. Meganucleases
5'|||||||||||*-||||||||||||||||3'
3' @4 % § & 4 % § ® 8 8 W § L@ @ 4 4 4 & 8 % 8 § 8 8 & 5'

B. Zinc Finger Mucleases (ZFMNs) Right ZFP
9 Nt target site

3 L T

Left ZFP
9 Nt target site

C. Transcription-Activator Like Effector Mucleases (TALEMNs)

Right TALEMN
156-17 nt target site
L
4 4 4 41 4 & § § 3§

rTT 3
Ll 5

|
[ ]
Pl

Left TALEMN
16-17 Nt target site

D. CRISPR/Cas9

RMA: DA
complementary seguence

icde RN

Target DMNA

Cas9 nuclease induced Souble strand breaks

HEJ||I

]
Deletions

Doner DMNA

—& 5 & N 3 5 ® & B B N & N B 3 3 B B

Insertions

Trrrrrrrrrrrrrrroromon
4 = & & B B & & ¥ 3 B B BB OB NN

Gene disruption by insertion Precise gene editing

Or deletion (Indels)

(correction or insertiaon}

631 1 eslaial b G35 (ol 2! ais, (D) (TALENS (C) ZFNs (B) SLIS5ilSe (A) .35 Llalns gz diedan glajlilSsh punilSle 51 (g e (¥ S

.Cas9/CRISPR



ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

c=lessld Ly pailidxs glasyls s
sladso g iz wlils> glatie 5 vy we2es
Gl 350 )3 Loy a8 3, 5 st g >k |y sl
lapusly 5 4az> slagyls Gicleil 5 Las)len Ly yidon
ididsi 5 =lb g 5 Glolw slade of 595 =
bl SeS

Uiy sl 5 eslisiwl L 15559 659>
Sg—ad C}L;a‘ Iy GiysliS Vg ame ladils ¢lg o (35
o=l = 355 3l il (T lag§ »Sos 40 4Sil pgany
9 039 ﬁgl_ﬁ.o e wloswo g Lacdgie by s 33,08
Aoy S |y Glié el o ami )

os—ed bl S8 Ly ighlgn oje—
() Gy sl gw 3dsi )3 (lae =5 Gimilig
g alsi abgiye sladsluw (lendisn 9 Selslie
slmals Ly Sl sladslw 53 1y Jy bl b (i
JYEYE] sead diig g esly Giljal i bgyye

9 seeyS (53918 5l oslaiwl Ly ol oja>
slagbs; ulsice DNA (6,KecsSil 5,58 L of gl
dawgi |y wlidiey> 9 iz cnge pank il )5 g
3 eslaiwl Lo Jeffrey Alec lawgs jLo o—dgl VAL JLw
4o (il Voo L0 slsyl ay ;03,85 1 site gl lss
4 (Repeat Tandem of Number Variable) VNTR (U
A4S Aad e pmaaiine 4y o8l ol Sl LS)KJ
Laesglas «ci Lo 31,3l _olaxs! DNA dsal ully
oolel ol o a0lad pasdie |y LT g glocald
9 4oy J8 ;5050 Ly o8l byl (o2 sladio 5
wadds ,a UNTR Jlgs as dogi Ly ol oLl
=k 1y (=5 Loy ranis i) BRNA ¢lsSse
ezt Ly DNA iges S0y ols Ssm olsl omtl 3 23903
I3 L g 03,5 oslal Iy (cslie S) ibys 51 cocungls
syt ity cislae 4 185 5 ilyd 4 145 3,5« VNTR
DNA Sl sl pputyS S glsS0 ppizzen 39
iy o5l 53 5,5 (b olais VNTR ol Ly
liog Iy VNTR sedin euygio doy 30l S )jl DNA
S el ime ol 4 g 39sed J—aie ol 4 S
Lol .5gipad yalls UV 555 505 53 ailunygls S zm
A4S el mime ol 4 g ead Sl (wilwgls LJL&.&_MJ
VY] il 39—>50 DNA 5 s ilgi e VNTR

5 Oilig (898 wiiblxe
4 ol (RIS 938159, cpenl ool Ly 5
A o gy Sy il ede S glgie

Gl s s G selllass
b cewl a8 g 0S8 e sl wlwl (He=i Sleysys
Seatsnsanr cylbyuw ey i) legslay I Gaws
05—SE 45 (S ol Jolw s> 05 5 pujormd
6918 ol 5 eslasiwl Ly Iy o395 enlyd Lol olays (s
9 sy loagive Jols daylbyw dan alad ylaoys
9 3y s 35 S0 e ey Laiaisid Soy g
ez s olsie b Lagier ol g o fiee o>
oS OgSyw Loy5950) 13y S (gasuesy o s
4 cnglio oatiSolal slop) 9 Sl J—olos g5
Sl S yle—ie 4y Cas9-punsyS (550L8 . (Sl oydponis
9 Lajigz o=l 2del (Ulgs I Sy Lo g 4y s
4 Ll 5l ayls Iy Wil 51 ol slalbyun ayds oyloys
=S5 Gl gl 1 (gl 53 5955l @l
oleise dyls e Iy e sy g Loadolw
4o 1y Erb2 (LS (g eainS a il (almjssl
als )l)_s RS Cas9-M)S LSJBL"é ,L:_wsJ ‘o..gw )g_b
0lsSe Cas9-punsS gy bwgi LeaSs By S
9 gl ol slwosy 3 1y glby—w Jsle sloyivz
Holw slrody Licwly cuod 13 .3)S slal (Slgus G\Jbgiﬂ
9 3= plbyw s gaisho oSyl slaglyw
3N sl Eloil 4 Yt lgam (sLooSUl s plsie
Wt e 3)S 0 g 5 (Laglbyw Ls (5 slags,len
Ls)_:.ism 9 Cas9-ywusS (5y9lu8 bbwgi |y eyle s J 8
gaa)JbLgﬂob_.p‘o_’aS))d_”.\_‘ungggﬁﬁﬁm
2= Lopgsil iy «Seif il (lgan sLagSl gloe 53
ol degsy 4z S ol 8 S Gdse glasSl (55,
|_(z>9§.|| o) coie Siload 35 Ly u@w Ls)_xism
Gl oaizn slagslons Gy 08—l 9 (5l 5
3329 o=l L el wlaacl sabipJud=i sla g Lo 3 ilo
3 it sbalie 51 paplow 4 ol —idge (sLag S
JIos2p Ll L 005,18 i (939 48y 0 ay alex
wlelbe gl g0 Ls\JgiJl ol — ogdc g M wd
S (VIVO D) (g3 SIS 4 lipies o3wS

‘—°°L5)9t‘é O—ﬁ‘ )'l el wl Lyt as )ls_a 09—
53 Lilgise 45 el cews (s3> dlgo w4 ylg e
st L Shes slagyls Gialey julad alise glasyls
.).))j &3lg ealasiwl 3y9-0 (iws) Lglm)i_w?

ud)sb.é O—ﬁ' j‘ oalaiwl Ly :9)|.> A2 _wgi 0j5—=>
Ao 48 39-0d adgi (gleadmsige sladslw plse
s 55 YU 5L L g oaiaiags il S 3 |y )l
9> eadpled ol (g lalme job 4 (il s o9Vl
‘A_(b‘)B Iy gl a U\_wl- —wyiwd 8ol g o3y i alS ]y
.))l_wu.a

=

€20C ‘L @nss| ‘ZL'IOA  INIDOIA3N 301704 40 TvYNYNOr



&

8% AP 7o 0 qogt P o) Hbop ) o o)

gy ol whiblie g bgidle 135 Gl

whbs les ) glsr Gl coial 3 lgice 5
ooslw sl 0935 Gy 0951 A8 (g aiiliplne
S Gl aile) e 51 LB g 2S00l g
ele G lizne sLanojom 53 piilize 4y (a5l s atlie
e L a5 il 3 b i S e S8
sLndoly lgie wgitse wislis Cas9-CRISPR
g L5 488 Lo Sk g Lagwg g 5l sz Gialug
S 15 bilen Lol aslad eyt |y gl g olals
355 5 1y of 4ol 658z b dngi (5 )9Lis ol
oalz oaiy 5 CAS9 LalSy Cails Lings yiniz j5uds
slasoly 51 D83 jhal e wjg ol 3 YoVo g
Og—kee YV dzssy () Gllig (50558 Aoyl die
Research Advanced Defense) Syl Lls I 5,95
-l gLyl (s y9—bie 4 (Agency Projects
= 6088 ol o8 s el o0 S Sl |y S
IYA-¥e] el ous 2 5bae pladl iz (535 3 (Sirg s
35 Uialig (s9lid 45 el (5551l 4 o3y

9 Sy pole 53 B8 M o S 4 (e
394> 33 45 (55508 ol Lecwl sad ele slaejem plw
332 Lgdozo [y laieddls cecwl A8l dewgi oy S
J eS8 e¥lpans Ly (995 d 4S5 sb d el o) S
b 2lS L plssm ro 0935 LS a3 gl pliups
3 03T b olig—elsils @Bl 55 a8 Gilig
LS e ealiiwl alegialel el gho i3lsé ol
Ligy 4o 5 baiid luiaiils olel gl ool 51 Ly 45

oslsll§g8 Juuwiliy y plaeaitils wliubad sxac .39

o3 jSyaie by w laoys gl s Uil 5l eslaiwl
Sy Ja> LSBS'” Sy3 g bzl olwl y 48 ol el
Ui K38 oy 4 45 a0 3325 40 by
= e daz sLedSug) Sjlse Sy sladslw
olsse ) p935 Ly 5l eslaiwl by plays sl o)
plgy 45 (iley ailiwlio ool 03,5 2y dae LIS (gl
L s somniS loays by lboyes pansyS 1 osliiul Ly
o=l 3 S bl |y by w (55958 e 5l oalisi ol
il ooy Aidlgis 45 ol g 03,5 o olb 4L,
Gl glaygess slal (lSel asS gloys pwayS Ly
>bl e 4 33y S0 Lo ji (egian g0 4y
Algs Ls)’Lwo)L.g,.g -6 )—!—UJJ)S 5l esliiwl U glbyw cns
TV S glsie A pwnyS (55518 ojg el dzmitys 35
cblae d cuuwd glaenddly g cad e S )

Sl 3 5 [FY ] s e ylaie o

25 el
s5-b 4y 62518 45 il e o S oslw
=iy sbIs o9l ! il SUhs jlug 058l
Jleay] i fign 5 Gl o>V S an ) of 45 el
48)S )3 o s LS Siug 30 3 03 Joud
ety S gLl 51 Zayner Josiah gLsT .coul

ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

sloire lshd sl 5 e wlallhe 5l 5
wledbl oz el 4l uu)—\_/.mf s9—ai 3l 493 6'4495
=hed g L danlio 8 15 o 9581 535 4y 5 Jol>
sl il lasbis glaie 4 (g slideaun; ojgpel s
9 639 by dowy )_i,p oles o 4 cowd (wldbews;
s slaidl g ccdlags cewedw 53 45 alaaglS Jods 4
locdydog ol -l 48l 59381 55y Gyl 9 cenl
Gillil 53 wdydog | b Lisas (5y9ldemun) 53 oo
el wldews; gl dewgi 4o l_egl- » s g
sladoye ;3 3 g Gils ol slaedy oy oSS
(9850 rawlidbiuny) (molidhing ySao « S (55955
g 9 ok ediS slagyglid (e g
(S gly S s> ‘cs_l.c s9—0b e wl sa i Jol> J_UT)B
edydog ol 4o 55 8 5 Uiy 5 GisTom
ojlasl a wlidbcwa; 659, )_<g.) S | el 639
22093 Sl Saz s SOid 5 Jsl Sl Koz s e
‘A_Ja:. S9—s ls 41, 8 )_mTu.oszap ol wl eguw yoy20
Iy of sl 4l ole ol ailgizdy S el eylos
o] @hilae d 45 el osls Fow o sl (9w
o Blaal gl el oy San o] Gbgrd Jl LSy
slojg> 55 (5y9l8 9 pde ST 558 a8 SIS ay o
Lilgiige 38 S8 (65130 390 (3945 gt (S
oLl o L as |y oy oMSCie gz 5l 52
wiluld s Jrud 1dgs (ST sl ploled w3945 5,409,
U8 gl 51 pogas a gd (68 a8 L i
Coilgs L algs 33,5 ealaiwl o 5 ol s (sl g
o5 S 33,5 SUijhs (5,518 cald) S0 slaul cue
cilgi amlgs 39 g sl B jI i) (s 5Lid
S Capde glaely a5 a8 glal 1y glasladle slagig,
|y oolliiye sl 81 53y S o ilyd (clmylil g oals , x|y
503 a8 el oS plid y b anly sy (g8
=leiS) i 5y 2w A>gamdd A (3950 Aoy ‘_QAT A
iz 45 Iz 310 i) (656 o latin] woly s
Lol ez oayls 3929 50 5503 (5,918 12 3,50 55 et
o IT o) silausly golg> 5o Lglo.)).‘:‘_mf 355 6590l 4S5
LJL)A (ceoMw 0)9—=> )b) oA_l,gT 3 as (_rvLegl_ ) (ub;lz;a
9 s Jiw (5 Gy ps-en) wdly ilyS 59
st s diailys A ilgiie wlallhe S ol (oLl 15
b ol =B slocnlld spdog )3 Gluaj (559158 0ol
03-iS iouj €183 lodgie 45 (5)9-b any ey (Lt jo
by Slaal cogz )3 ()58 il esill gladuwily 4
panddl gLy 5 sz Hloys gladigy a3l yzen)
Aialed Jodare rols dzgl (i) 18lay sl )3 (sl
Gt 0§32 53 45 alide slagyold g 5

Ul (98 el i zytho ojgyal oM g



ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

g 039 oty yy (itine Sl g9 S
il 4l 1y sl glaby ity 45 63,8 L Ll
ailiwlio g oy o9 335550 Gl Lo
3929 yaa)S 3t (o 098l 2V 31 (g sl Shs
ez )iiS (gl Jloanyl slapdw |y Lol 45 3yl
Jlie olgmie do ool 03y Joaus sail Sedum g G35
ssS slciay 9 alay glgiy Laole alilgie of @l
il gl slapdw 45 se Vb (e el
Ls)’l_.uob‘..g: B wilsg g0 il (gl e Alad
Cloacl e - y350 2V glaie 4 ailgise 5 035
2V S0 plghe 40 yan)S 4zuiiys 50,5 (65aeliy 54
ol ol g amgi 5 (S s j3lake 4y (moz LS
I iy il el dizen WO WF]
83 sleglbyw os-dlly job d (lsise w5598
ot oo iz (Bae 55 1y sl 8l 48 5, S el g sl
obyw glay 3l yiosla slu by slol dilawlio .3y
SALS pugyig S el cenliz g 035 09 il L
o9 Ko ZMw S lsie A pnyS Ly o il
Sl ol 8l (mes diwd (639006 g (Hilgil 5 (gal; sy
“oele slaald 4 by sy el ool diliwlio im0
Sy SO gl 4l e (63206 Sliwyi g s
gl Al el copdy gho sl 5 Jlo s =Bl
3525 ez sl 53 (aloolBinlejl Ylais! S eils
o g (i jeyS (5098 dsnwgi JLa 55 48 )l
e oylil 4 aigS len Ak (i) slezYew g
Sl ag amgi Ly ewlls joi |y aS ded elil8 S
)-3dppamio S LaShy iy pels i S5
oo 3awse alaie s b 31 1y Lol a5 el
b3S g yy Sy oailly Glaial Jwi o slacl 4 an
byt )51 (Jlite (sl At ynyS Ly o>l
ol aals glogo8 (slyeiiz sl sy 84S s ol
oS g9 098l Bam (loggd pdir Sy Ly 38 40
ity ¥ 31 oslisal Ly el yayS Ly saioalb
Slad pB 390 338 45 55 sl |y leglew plsise
4S pd glakadils 3y 3355 guyw Ly diwal Sy
loals 4l o Sae e¥lais] oyl dmgs 8 gla b
5 oy il L 2o |y Slunhs wlegse || ik
ol 03l 53 ulasl Lo Sl Loyl ol
Al e Sl (gladoliy opod A ilgie 45

)‘l oalas

mide sLagug g 39-29 Jleisl Loyl ol Logas
9 04 mez S g Yl (G se-b a wlgie 45
Sl i Ty asS Jled coode S bwgs Loasy
el ol oadigiuacly Sy Lol , S Jlse
Cmaz 5 o3 Yls ) gl pls— 45 =l o
Lo dgad dlam ol ay 395 olg 23 4y 5 0350 ak e
1 3925 4 a2 UslS ligss e Jole S Sl

1 Lof 2 ) IRCTRBI PP RVON] S SES S o I 41

G2l o) 9 G el
g b 5y LSLQL}Q)QAT Yoo JLw jl Odin Sy b uwdo g
A ppwyS ($35L8 o e gloslw Hlepsp) glaeas
—osd s - X Vg0 4_5|)| L’J‘—Q?. )_wbw PR Ub).a_w.,o
GSws @Yy ame (35 (g ‘ol_';jl oslw uu)g_aT
PP oS gl g ol aiaB

Ol.}_l.g 4 o..\_lgT).) w50 8 du bl ol 4o
e (a2 HliS) G wlalud adgi g >k g3
= Sl cay 14 39 ples ol 1) s )S 0
sz Vw (ylaaddly By eade a4y il , IS Lhs
S > 0 ol 400 S (5,58 SO (gl
LsLma}l.w c—olai y 83 51wl ol g Ciw L'JT LS)"'\—Qij
9 oaol wlws a4 LS'M LsLDaC}.l_w )‘l iy )Luu_l )—HMJ)S
Oiaalng sl Sy ol i amles Lol Sl Yloss!
2S5 plal b b o 355 load o Gpunn)S 1 i
Oy 45 s Lzl eabwins —wong Ols—i0
ol bgs a S 1S W olS ey o 4y |, si—iid)S
g g =l Jogaad jy laieddly 4S5 ccwl YU (g a8
Gl iz 695 = Uiy 9 eadiginaelin glagludl
33 edlepn 9 o (0188 (ogad JLs 55 g oals Hla s
Sl 48 el mpsy A oY s Jog—ad ol
slwglBes s gi Yo\A , ST A s Jiankui He gL3T (>
0=l 53 S ey el ) S (555188 L e »5s
oy 3dgite @lluw yslo g sl 4 Yot ja 5l 45 5189
edsbw g9y3 4 HIV Gugymg 3955 Ly basipe 45 CCRS 5
U daS ade codled ol el sad Gis g Gialpg cewl
o=l ol seidls ‘4_Ls)§ g0 diloy=e g (gl g0
oo Jlw Vg (g8l deanyz dy yxio g 035 AS - |y 09>
J9—=0 Jiankui .cl o.)_g.s)f e Sa—idls ol gl
S35y a5 S s Vo)A Jluw 53 45 gLl ps35 ialyg
e ol dsols &a—wgy SLES] 3590 45 sy a0
IFFl e S 8 e glanaidls

S cowl ool ccwl i C)_k.o 05900l 45 (Jlgiw
s iy Sacily SUis s lgicm yesS s o
23S gz ) lg—e 53 ol b Jlgiow ol

Lass Lilgi e Cas -puyS 4y (—ieo (ilyig -
33,5 Gobb Bue eo i 5l ol (s Gialg sl

olse [ €as —p—wn)S 1 e Gilug Y
Sl 4l s Jagmi ame glajre S 4o Laug g bwss

bwgi 3 lgie o9l job 4 Lagialug -V
Jlael s gl an sl sami oS WolS ol aclgs
45 390 Jlwsl o 53 LpiS Saw sl Gllig
3929 Bad 3y 8 0535 43 ols ea b yatiiv 8 baly i

<

€20C ‘L @nss| ‘ZL'IOA  INIDOIA3N 301704 40 TvYNYNOr



=

8% AP 7o 0 qogt P o) Hbop ) o o)

gy ol whiblie g bgidle 135 Gl

Sl 395 Vil b azuiys 5g-d o1 |y (650 4en
SLishs g 0aiiSi olaall )l Glledliyn casdy o
IPO] 39 salgs

L alilio gl adlay )l (pulwl gl 1
i) el g Lo p9lid 43Sl 5l Jol> wlipigs
53 395 5l aigSz 1 S0s gl 4o Sail ailgie 4sSs
&y sl S £L8s S ) L g s
el cpenl (1S jj ylgo a2l wYlgiw il 4

Oy 3 (ogac IS8 alT g dagi al o)
OBl pwnyS 3 e 0955 Gty @yl ) ol
b

05-8lly 5 =8ly b g 2ol 4y aogi Ly oY
a9 g Wla> )3 S 1 e oS Gl
abilio o laie ay (gaidly 5 el8s slaspaly layyw b
Al dswgd (Il eles iz L

ATlgise S s e Gty o oY
el 45 (oS (g So 1508 pla 4 93,5 ugSae
L 39— wg-Se 3o Jol 53 e9-iize plboyw sla
i Sgie Iy lbyww igSe el (i85 33,5 aBgie plbyw
oS 3ol |y olbyas 4358z 45 cuils pnlss oS
Sa L doel s glstie |y wlas gl osss wi o L
il S an Sl el ol S Jlednud pusSee iy
3ls paie ilddxi- e lds

prwio Gladlon oilsd 4 el (5950 -F
o3 9 Al e wgi g ie gyl gliuwl;y )3)
688 ol @l bl oy gz (G slogd—w
3sal (o 51 spSalr 45 5 abilio ) SLihs Jbus
N

Sz Gl Gl @IS S S0
5L 30 pegas ol )3 ikt (slaeg S L ablie ez

RO

asol> au ]y gyl (Bl 5 dmys (5 Blaleg 6asLS
h— ole—ise OI- dh wlg d a S el oaly s (ole
s Culio oileys (sLanbsy Langslows 35T L abilie
oslsallged slocuoy (ooij Lialng ool ol S5
Sy pse 5 (ol e i) 5>
=2l Slge 1 Jgi g Langsslow L ablie g (658 adox
(i § lemgsl_u ‘)_i..\.) S 3l a0 d bl diedgw
45 eyad Sofiliiwl g ihie ojlg Gue)S o e
el ails 455 gyle ,Ludanls LaSis 5l 1, yles
S 5Shs og 8l (55508 Lo glez 0 e ]
eedy g dewgd wdgpw J—dy a glaiwe oV w
L ol 8l 58y (yals )l 8 Bu o .l gydgy (off 3,8
S el Hme gl 4o pp)S (e 03AS (g g
Jlisie coyxi gl (—sile )_igb sl g§_u> iles

ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

S ol a8l slaySal,
NewsWeek dlx=o y3 YoIA Jluw 1395 YA 53 45 (63929 Ly
olwsl iz 695 =2 5 Ll (s0sld I eslaiwl ey
b gl g el 55 sl lom Bis j5 bio 4y
i) (5598 ULoli_m.u 9 olse—idls 3y g
el idxd Yold Jlw jl oz aiS (0 2o iz Gy
CwioloSil You Lu g widgy (gy—y a |, LS'”)S—"S
03904 )\_cT olwdl iz (595 2 ‘9J_<.“.'3 3 O‘S‘.?-.H” o ils
ol iz (595 2 50318 ol dzwgi JLo 55 gliren s
=Ry 4 09)5 kSJ gY"\v)_‘a..iS‘ YA)) as 6)9_b L] e
by 4o Mte jlay S a1y sa izl la sl
53 =l Gl S I i plgie 4 ezl 4y
o Jl ol L VT a0a)S §is o e plielen
(o5 Uilg (ga9ld 0y b S laseddls c el eadc
ojg el g il plwdl gz (595 ;= =S (555w
51 aibdseo ealiiwl Ly a5 0yl 3 =g 35 (Slaiadidls
O (895 2 Aoyt g Gz JLo 53 5 Gy (5058
9 olew 138L oyl 315 g =lb e b au Ll
03 =hb (53 S ool aiiiws ol s slaculd s
e by asls aia oo (@IS 23 I g gls
O—ied L A @iz sl g lews a ‘cgl_b'.a 9 3y;
4S Iz wlossel Ghalag jose |y (28 ol 22
s (395 ilslasel olaoly) aigdlas (5,08 s dils 4y
e 5e y (coilwdH3) saal slaglawd! 39y 5 G5
ol (Sl (536 G sy, Ks Gy b
Safliwl glasoly Ghls p—wS 1 e G
lledlis Jaleio g5lwl SO glawd yac 5y (Sl
)5| (Jolsd bas (gl a5 me ol 4 3gd e camliive
Cali8l 1y 35 glaiws el wd slaollgs 8y b S
S92 OBy e 3 a0l 523 5508 By b s (ialS L
dolie By b a S silse By by o wlwl ol 43 0S8
5 BTL Gy b gy yo g syls Lusl js lagdw 4>
(laicws @l 1L Gyl gL 1) g9-250 o=
y—ac 3 Lol a S e cley jog—as ol j3 1y alss
ezt ciluw s Jds 4 s Gialig a5l
Loy 4S5 Szs8 sleellialel )3 pwn)S 1 e i
L edmlio By b Gun) 2dw el s 2hb edib
3 i (g5l o dmitiyy g s Azl S
e ;LS wlls gSenl Jalite copds 5 il
e ) sz w olilis 395 oo Sl jod
o yé gz L g 5 Ay o g9 ojlse 5L
35 S yhio g5-ame s SaelS 5L s Siuls



ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

3yl an ezl bkl b (s @l St @lyy e s
)‘l oalasiwl £9— 9 ‘cLi_‘we)s)‘ ealasiwl )’| 6)—59’1"’ ‘)_.S)b
St Wl I a2 (6355l (sl iz 5 (52918
IVPA-Fo] .)))j &3 (OLI-MJ" 4.;_u|9;>b

2945 d azsi Ly iellinl wb 5y o35 9 (Sl S
el 0¥ a5 iy gs—er (5ylveaial (slagslis
(358 ol 5l sdelecwsdy slacuyd LS)—.‘S)LT“-.' (3>
Ol 9 kil 5 el 9 G 0j5—> ) ojg 4
o=l 4 o Gl el y b ey sl lo
GAgl 9 i @iy 2o GUS weldls ofg dagl (558
Lozl cosivgiyaelip slo ol sl g i S
o =il oJ_’gT).) 698 ol i) el wiy blxe
oleyd g il ey coiglee cowl (559500 45 )))j
(2B idls 3 ST (5,8 e Ly a.l_w.a slog s JS sbiw
ey pog—a ol 53 |y pateie slasely g (gjaelin
9 ﬁ9—l“ OMB)) 33 §e—8 wlsllao (ilayud g S id
e s pladl yal SHb imie o il il (598
39K 50 LS)'}i—*”L.,.“*” o iils o o Pimo wlasj
gyai adlio oBsiuag abwgons adle yoylss
.))l.)_‘l d9—=9 )_»0".’>

253 ey (5 y5Tran (ol pd dilow B sy o
sxleez dallbe >hb 5 eanl Il o5 e
U 5 B gl dan Laesls Jdsi g d i cosls
J_uL L dan g didg (P OTLS)—<55‘49 aJlie adgl
Zoiw cdlbo o g ey cuddiun ils i (il
Spdiee ol 5

eo—le 0953 b calas Ly ysls dsllhe Il P 9
sl sy5bs soy slicwly )3 sl Sl —isiue o zils
Ao gy 2 bl iy J—ol> g i plail jagbss
g3 "AY Yo AoYo A" oylai

References

1. Riedel S. Biological warfare and bioterrorism:
A historical review. | Baylor Scott White Health.
2004;17(4):400-06. doi:10.1080/08998280.2004.
11928002

2. Barras V, Greub G. History of biological war-
fare and bioterrorism. Clin Microbiol Infect.
2014;20(6):497-502. doi: 10.1111/1469-
0691.12706

3. Xue Y, Yu H, Qin G. Towards good governance on
dual use biotechnology for global sustainable de-
velopment. Sustainability. 2021;13:14056. doi:
10.3390/su132414056

4. DaSilva E]. Biological warfare, bioterrorism, biode-
fense and the biological and toxin weapons conven-
tion. Elect ] Biotechnol. 1999;2(3). doi: 10.2225/
vol2-issue3-fulltext-2

Gl s s G selllass

S Jlatnl L Lo (dge 55 -3yla 39 2g «(slodibpmads
G | -picwd 9ydugy Siedin g §o8d ez S Jud
3oz eai Oty Laglles sdgi 5 ey »Sos
ol Jogas 5y slacew 38 eoMwl G S) g ds , b
9 i ol it dewgld 5> yuw)S (559158 51 eslaswl
iyl a dmgi Uy el 0 zybae bl 0555 Gl
ol el sl Ay e el (Sew —wis oF GRlig
dee o=l 1l Ll 48 JI5w ol 33,5 loadl 0935 55
G35 9 Gaee o a5 s Ly 3y, S il jlaw
Sa—o 33 el glaolas 3yl @ lixe laolBays |
5 oldl g5 Gialng peg—ad ;3 ei bz she (Lo
oludl 130 03) 03 Gl 392 Slae (il B 0L
245 jebglen 35 8 4zl 350 S dbwly Ly
6l old] iz Gy wlidsd ol o adlio o
Gz 9 039 =gl ol bl e Sdgy Bl
J5le 45 oiley L5 g 315 3,18 L ylowss Loy
695 3=l eeml 00l o (5558 ol il 9 el
eilydo g 655 IWS] slaaalgiws 39 Jlacl ol
ssliiul 1 g puSols g il ol i gy ailySisu
= e = Ja—al g 039 (53950 (59158 5 muydli
ol 5l (5355l 5 gl et § cond @l bas
g 039 Slae (=Ll 0 et ool alex I Hles
el (eNwl o‘f.l_.p 5l )—HAAJ)S dh wlyg b Sl v
L bl 0F Gilng 45 @3S 4o glaie plnl
3 ol oy baly b bl S (g 50 suwnyS abwlg
Ls).a.i_w.u Sl 059 o Sipy solio (gl bds -l
Sl iz ol 335 eslaiwl Lagolen gl Lo
D9 50d W wxo Ja S e dls s oS ws

039 jlao bl g el WMo &8y 51 ey Lpid o
wmly d (g yidin cuwl ol eoliiwl 350 (59l 5
S 3ylg sasil s g dsels (Jols a8

5. DiEuliis D. Key national security questions for the
future of synthetic biology. Fletcher Forum World
Aff. 2019;43:127-40. https://www.jstor.org/sta-
ble/45289832

6. National Research Council. Biotechnology Re-
search in an Age of Terrorism; National Acade-
mies Press: Washington, DC, USA, pp. 16-17, 2004.
doi:10.17226/10827

7. Casadevall A. The future of biological war-
fare. Microb Biotechnol. 2012;5(5):584-87. doi:
10.1111/j.1751-7915.2012.00340.x.

8. Aken ]V, Hammond E. Genetic engineering and bi-
ological weapons. EMBO Reports. 2003;4:S57-S60.
https://doi.org/10.1038%2Fsj.embor.embor860

9. Black JL 3rd. Genome projects and gene therapy:
gateways to next generation biological weapons.
Mill Med. 2003;168(11):864-71. https://pubmed.

~

€20C ‘L @nss| ‘ZL'IOA  INIDOIA3N 301704 40 TvYNYNOr



r

6% AL 7@ Aog)

gy ol whiblie g bgidle 135 Gl

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ncbi.nlm.nih.gov/14680038/

Fraser CM. A genomics-based approach to biode-
fence preparedness. Nat Rev Gen. 2004;5:23-33.
doi: 10.1038/nrg1245

Carrasco-Ramiro F, Peiro-Pastor R, Aguado B.
Human genomics projects and precision medi-
cine. Gene Ther. 2017;24:551-61. doi:10.1038/
gt.2017.77

Goswami R, Subramanian G, Silayeva L, Newkirk I,
Doctor D, Chawla K et al. Gene therapy leaves a vi-
cious cycle. Front Oncol. 2019;9:297. doi: 10.3389/
fonc.2019.00297

Pfeifer A, Verma IM. Gene therapy: promises
and problems. Annu Rev Genomics Hum Gen-
et. 2001;2:177-211. doi: 10.1146/annurev.gen-
om.2.1.177. PMID: 11701648.

Ahmar S, Saeed S, Khan MHU, Ullah Khan S, Mo-
ra-Poblete F, Kamran M et al. A revolution toward
gene-editing technology and its application to crop
improvement. Int ] Mol Sci. 2020;21(16):5665. doi:
10.3390/ijms21165665.

Li C, Brant E, Budak H, Zhang B. CRISPR/Cas: a no-
bel prize award-winning precise genome editing
technology for gene therapy and crop improve-
ment. ] Zhejiang Univ Sci B.2021;22(4):253-84.
d0i:10.1631/jzus.B2100009

Khalil AM. The genome editing revolution: re-
view. ] Genet Eng Biotechnol. 2020;18(1):68.
doi:10.1186/s43141-020-00078-y

Miyaoka Y, Berman ]JR, Cooper SB, Mayerl S], Chan
AH, Zhang B et al. Systematic quantification of HDR
and NHE] reveals effects of locus, nuclease and cell
type on genome editing. Sci Rep. 2016;6:23549.
do0i:10.1038/srep23549

Adli M. The CRISPR tool kit for genome editing
and beyond. Nat Commun. 2018;9(1):1911. doi:
10.1038/s41467-018-04252-2.

Li H, Yang Y, Hong W, Huang M, Wu M, Zhao X. Ap-
plications of genome editing technology in the
targeted therapy of human diseases: mechanisms,
advances and prospects. Sig Trans Targ Ther.
2020;5:1.d0i:10.1038/s41392-019-0089-y
Maeder M, Gersbach C. Genome-editing technolo-
gies for gene and cell therapy. Molecular Therapy.
2016;24(3):430-46. doi: 10.1038/mt.2016.10.
Kim H; Kim ]. A guide to genome engineering with
programmable nucleases. Nature Reviews Genet-
ics. 2014;15(5):321-34. doi: 10.1038/nrg3686.
Abbas Raza SH, Hassanin AA, Pant SD, Bing S, Sitohy
MZ, Abdelnour SA. et al. Potentials, prospects and
applications of genome editing technologies in live-
stock production. Saudi ] Biol Sci. 2022;29:1928-
35. DOI: 10.1016/j.sjbs.2021.11.037

Guha TK, Edgell DR. Application of alternative
nucleases in the age of CRISPR/Cas9. Int ] Mol
Sci.2017;18:2565. doi:10.3390/ijms18122565.
Barrangou R., Sontheimer EJ., Marraffini LA.
CRISPR: Biology and application. John Wiley &
Sons Inc. 2022. 304p. https://www.wiley.com/
en-au/CRISPR%3A+Biology+and+Applica-
tions-p-9781683673613

Addgene, CRISPR 101, Synthego, 2017. www.ad-
dgene.org.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

ISSN: 2383-3483; Journal of Police Medicine. 2023;12(1):e9

Kaboli S and Babazada H. CRISPR mediated genome
engineering and its application in industry. Curr
Issues Mol Biol, 2018;26:81-92. doi: 10.21775/
cimb.026.081

Masood U. DNA Fingerprinting and CRISPR cas9
System. Eur Exp Biol. 2021;11(5):138. https://
www.primescholars.com/articles/dna-finger-
printing-and-crispr-cas9-system.pdf

Isaacson W. The code breaker: Jennifer Doudna,
Gene editing, and the future of the human race.
Simon & Schuster Books for Young Readers. 2022.
560p. https://www.amazon.com/Code-Break-
er-Jennifer-Doudna-Editing/dp/1982115858
Carey N. Hacking the code of life: How gene editing
will rewrite our futures. Icon Books; 2019. 176p.
https://www.amazon.com/Hacking-Code-Life-ed-
iting-rewrite/dp/1785784978

Doudna JA, Sternberg SH. A crack in creation: Gene
editing and the unthinkable power to control evo-
lution. Mariner Books. 2017. 304p. https://www.
amazon.com/Crack-Creation-Editing-Unthink-
able-Evolution/dp/0544716949

West RM, Gronvall GK. CRISPR cautions: Biosecuri-
ty implications of gene editing. Perspect Biol Med.
2020;63(1):73-92. doi: 10.1353/pbm.2020.0006.
PMID: 32063588.

Vogel KM, Ouagrham-Gormley SB. Anticipating
emerging biotechnology threats: A case study of
CRISPR. Politics Life Sci. 2018;37(2):203-219. doi:
10.1017/pls.2018.21. PMID: 31120699.
DiEuliis D and J. Giordano, Gene editing using CRIS-
PR/Cas9: implications for dual-use and biosecuri-
ty. Protein Cell. 2018;9(3):239-40. doi:10.1007/
s13238-017-0493-4

Alonso M, Savulescu J. He Jiankuis gene-editing ex-
periment and the non-identity problem. Bioethics.
2021;00:1-11. DOI:10.1111/bioe.12878

Werner E. The coming CRISPR wars: Or why ge-
nome editing can be more dangerous than nu-
clear weapons. Preprint. 2019. doi: 10.13140/
RG.2.2.17533.00485

DiEuliis D and Giordano ]. Why gene editors like
CRISPR/Cas may be a game-changer for Neu-
roweapons. Health Secur. 2017;15(3):296-302.
D0I:10.1089/hs.2016.0120

Cyranoski D. CRISPR gene-editing tested in a
person for the first time. Nature. 2016;539:479.
https://doi.org/10.1038/nature.2016.20988
Munirah Isa N, Zulkifli NA, Man S. Islamic perspec-
tives on CRISPR/Cas9-mediated human germline
gene editing: A preliminary discussion. Sci Eng
Ethics. 2020;26:309-23. doi:10.1007/s11948-019-
00098-z

Alsomali N, Hussein G. CRISPR-Cas9 and He Ji-
ankuis case: an Islamic bioethics review using
Magasid al-Sharia and Qawaid Fighiyyah. Asian
Bioethics Rev. 2021;13:149-65. doi.org/10.1007/
s41649-021-00167-1

Al-Balas QAE. Dajani R., Al-Delaimy WK. The ethics
of gene editing from an islamic perspective: A fo-
cus on the recent gene editing of the chinese twins.
Sci Eng Ethics. 2020;1851-60. doi.org/10.1007/
s11948-020-00205-5



