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ABSTRACT

Pest control is the major agricultural activity for increasing crop productivity thus insuring
food security. Recent pest management programs are depending too much on chemical
pesticides, which are a threat to our health and environment. One of the greatest
entomological achievements for the benefits of plant protection is the use of Bacillus
thuringiensis to produce transgenic plants resisting pests. However, such organisms
comprise inconveniences against human health and biodiversity in terms of genetic
pollution. In many countries, the use of Genetically Modified Organisms is prohibited. This
study review on integration of growing gene technology with actual scientific achievements
can help to determine a sustainable solution to the pest’s problem. In this way, many
literatures were referred on to comparatively criticize the effectiveness, safety and
sustainability of gene drive over Bt transgenic based on scientific soundness. Gene drive
technology is a new technic consisting of gene engineering and on-field monitoring of its
transgenes. The case in point is the inappropriateness of Bt-transgenes. Practically, gene
drive can be an alternative to Bacillus thuringiensis in pest control for increased safety and
environmental protection.

Entomoloji ve Gen Teknolojisi Arasindaki Iliski: Zararli Miicadelesinde Bt-transgenikler

ve Gen Strucusileri
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OZET

Zararlilar ile savas, iiriin verimliligini artirmak ve boylece gida giivenligini saglamak i¢in
en onemli tarimsal faaliyettir. Son donemdeki zararl yonetimi programlari, saghgimiz ve
gevremiz igin bir tehdit olusturan kimyasal pestisitlere gok fazla bagimhidir. Bitki
Korumanin yararlar1 i¢in en biiyilk entomolojik basarilardan biri, zararlilara direngli
transgenik bitkiler tiretmek i¢in Bacillus thuringiensis'in kullanilmasidir. Ancak bu tiir
organizmalar genetik kirlilik agisindan insan sagligina ve biyogesitlilige kars1 sakincalar
icermektedir. Bir¢ok iilkede genetigi degistirilmis organizmalarn kullanimi yasaktir.
Biiyiiyen gen teknolojisinin gercek bilimsel basarilarla biitiinlesmesine iliskin bu ¢aligma,
zararli sorununa siirdiiriilebilir bir ¢6ziim belirlemeye yardimeci olabilir. Bu gergevede, gen
stirliciisiniin Bt transgenikleri tizerindeki etkinligini, giivenligini ve siirdiiriilebilirligini
bilimsel saglamligina dayandirarak, karsilastirmalr olarak elestirmek igin birgok literatiire
atifta bulunulmustur. Gen siiriicii teknolojisi, gen miithendisliginden ve transgeniklerinin
sahada izlenmesinden olusan yeni bir tekniktir. Buradaki durum, Bt-tansgenikleririn
uygunsuzlugudur. Pratik olarak gen siiriicii, artan giivenlik ve ¢evre koruma i¢in zararl
miicadelesinde Bacillus thuringiensis'e bir alternatif olabilir.

1. Introduction

in other sectors such as healthcare and conservation. Gene
technology or gene engineering is a terminology used to

Conventional pest control methods especially chemical
insecticides negatively affected human health and
environment (Curry, 2002). As of 2014, pesticides were
reported to infest 25-77 million workers globally i.e. 1-3%
of employees suffered from acute pesticide poisoning
while nearly 1 million needed hospital services (Bakhsh et
al., 2015). More than this, mismanaged pesticide sprayings
induce pesticide resistance thus taking the problem to the
worse level. The revolution in gene editing technology is
making easier to change genetic materials of organisms
with huge potential benefits not only in agriculture but also

mean the technological process for changing the original
structure of nucleotides series in a way that generated
nucleotide series will significantly encode a desired trait
(Tastan & Sakartepe, 2018). Bacteria carrying traits that
can harm agricultural pests are being used firstly for
exploiting those specific naked genes to transplant them to
the genomes of plants. Bacillus thuringiensis and
Lactobacillus were widely used in this context. Secondly,
some bacterial genes are used as mediators in transferring
important traits with the help of endonucleases like the way
CRISPR/Cas9 is being used in gene drive technology
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(Dearden et al., 2017). Even though Bt-transgenes have
provided a huge economic impact worldwide, are not
allowed openly in many countries including Turkey. Apart
from increased risks to health, an agro political menace
may arise in case of licensing Bt-transgenes (Aydin et al.,
2013). For example, the stability of seeds and food markets
as well as quality standards are issued by agricultural
politics for both health and economic benefits.

Gene drive can be understood as an experimentally
exploitable natural genetic phenomenon. As an
entomological division, it consists of two basic principles.
The first is the high-precision laboratory gene engineering
processes while the other is the scientific modelling of gene
drive insect’s population after being released to the wild
(Esvelt, 2019, Metchanun, 2020 and Alphey et al., 2020).
Gene drive is a genetic system with ability to ‘drive’ itself
along within population’s genome over many generations
(Medina, 2017). Gene drive technology is an applied
technic that enhances the inheritance of a modified (or
preferred) trait in a specific species (Courtier-Orgogozo et
al., 2017). A gene drive is an expression of a genetic
element through its ability to statically stay in genetic
material of sexually reproducing organism by creating an
enzyme which cut both strands of DNA within a targeted
area of the genome and make it copied across generations
with a self-propagating DNA repair system (RSTA Gene
Editing Panel, 2017 and Alphey et al., 2020). Selfishness
of gene drives during sexual reproduction is originated
from their ability to distort segregation ratios during
meiosis or gamete development (Barrett et al., 2019). By
definition, a gene drive does not necessitate genetic
engineering (Lunshof et al, 2020). There are many
examples of naturally occurring gene drives (Esvelt, 2014
& 2019). Alphey et al., (2020) stated many types of gene
drive systems existing in nature, for example transposons,
sex distorters, toxin-antidote systems, and homing
nucleases. There are two types of experimental gene drive.
Replacement gene drive is for the case when organism’s
wild gene is incorporated into gene drive organism to be
spread (EFSA GMO Panel, 2020). For example, in
mosquito, an anti-parasite transgene was moved into the
gene drive mosquito thus rendering it refractory
to Plasmodium infection or ineffective at its transmission
(Metchanun, 2020). The other is suppression gene drive,
which targets fertility genes. It employs the method that
alter one sex recombinant (for example X-Shredding
system) and the population becomes biased on one sex thus
reducing reproduction rate (Burt, 2003 and EFSA GMO
Panel, 2020). With natural selection rule, genetic residues
that can adversely affect health and environment are
possible with Genetically Modified Organisms (GMOs)
(Saxena & Stotzky, 2000). Actually, organisms with edited
genomes present a kind of genetically induced lethality in
the wild. After changing any organism’s genome for
human’s benefits, its capacity to survive and reproduce in
the wild start depleting and becomes outcompeted by its
wild counterparts (Hammond et al., 2016 and Esvelt,
2019). That is the origin of reduced public trust for
Genetically Modified Organisms (GMOs) including Bt-
transgenic and gene drive organisms.
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2. Material and Method

This works is a scientific review aiming to discuss the use
of Genetically Modified Organisms (GMOs) especially the
widely used Bt transgenes in comparison with newly
growing gene drive transgenic. The research focused on
scientific facts especially the limitations of Bt transgenic
that even caused their restriction in some farming systems
and countries whereas gene drive appears as
biotechnological science that is showing potentials to
resolve the problems of agricultural pests. Reviewed
literature was more based on already few published articles
and other scientific information. For Bt technology is a
very old and it’s transgenes have used long ago and so
many literatures are available. However, many literatures
on gene drives are consisting of very new articles, which
have examined and discussed more deeply. Moreover,
articles on the laboratory application of gene drive and
their implications on the effectiveness and sustainability on
its field use have focused.

3. Results and Discussion
3.1. Bt transgenic
3.1.1. Historical and economic impact of Bt transgenes

Bacillus thuringiensis came into use with the 20" century.
It was first isolated from the nature by a Japanese biologist
Ishiwata Shigotane in 1901. Bt had later re-isolated from
flour moth caterpillar, Ephestia kuehniella in 1911. It was
used for the first time as a tool for pest control in 1928 and
had first commercialized in France the same year. Since
then it was widely used as a biopesticide and later in 1995,
the first Bt based corn transgenic was produced. Economic
Impact of Bt crops is very big in some countries as the
efficacy of insect resistant crops through Bt has been
economically certain and are ideally an economic
alternative to synthetic insecticides (Bakhsh et al, 2009).
The annual market of synthetic insecticides is
approximately 8.11 billion US dollars; 30% of these
insecticides are applied to vegetables and fruits while 23%
and 15% are used to protect cotton and rice, respectively
(Bakhsh et al, 2015). The production of Bt-cotton resulted
into a reduction of 49.8% of insecticide’s use worldwide,
Mexico and China being at the top with 77% and 65%
reductions, followed by Argentina (47%), India (41%), and
South Africa (33%), respectively (Qaim, 2009). Turkey
would adopt Bt-cotton because of its economic importance
to its developing domestic textile industry. However, in
terms of long-term health and environmental protection,
related policies and agro-economic stability were regarded
as much more important. In other words, Bt-crops are not
allowed for growing except the import of maize based
poultry feeds (Aydin et al., 2013).

3.1.2. Limitations in adoption of Bt transgenes

The deficiencies in Bt-transgenes are both scientific and
socio-economic based as shown in Table 1. They are
degradation kinetics of Bt proteins, vertical and horizontal
gene flow, effects on non-target insects and antibiotic
resistance and some other unintended effects. The
degradation kinetics of Bt proteins occurs after harvest
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could result in the accumulation and persistence of cry-
genes (proteins) in the soil due to their binding on soil
components. Vertical gene flow consist of the transfer of
genes between different organisms but of same species.
Seed impurity of varieties may occur as transgenes flow
from Genetically Modified to non-Genetically Modified
crop (Messeguer, 2003). Zhang et al., (2005) stated that a
buffer zone of 60 m could avoid or reduce pollen dispersal
from Bt-cotton. Londo et al., (2010) announced that the
hybrid formation between transgenic Bt-crops and wild
relatives results in their fitness advantage. Nicolia et al.,
(2013) declared that this issue must be taken into
consideration prior to evaluating the risk of gene
introgression to wild relatives. Horizontal gene transfer is
when mobile sequences (plasmids, transposons or
mobilized chromosomal genes) mediated by bacterial cells
are flowing to different species especially those residing in
rhizosphere, on plant surfaces and in water (Normander et
al., 1998 and Bakhsh, 2015). Effects of Bt crops on non-
targeted insects are not extreme to predators and pollinators
reaching flowers of Bt-crops (Losey et al., 1999). One
report showed that white flies are much influenced
compared to other non-target insects such as lady bugs,
wasps etc. (Bakhsh et al., 2015). Antibiotic resistance
comes up due to the use of protein markers that help in
biotechnical detection of transgenes (Bakshi, 2003).

3.2. Gene Drive

3.2.1. Main areas of application of gene drive
technology

Gene drive technology have employed for conservation
and ecology, and basic research but it was employed
extensively in public health for resolving the problem of
vectored diseases and agriculture for plant protection.

In the area of public health, successful gene drive that can
prevent disease’s transmission could provide a powerful
method to eliminate vector-borne diseases such as malaria,
which Kills nearly 500,000 people, mostly children, every
year. Beside malaria transmitted by mosquitoes, many
insect-vectored diseases such as dengue, Chagas and Lyme
can be prevented from being carried and spread. Gene drive
technology can be designed to interfere within a specified
point in the genome to knock out a harmful gene. This can
allow the vector population to be modified into an anti-
parasite transgene, making it resistant or ineffective for
transmission of the disease pathogen infection
(Plasmodium if it is the case of malaria) (Gantz et al., 2015,
Hammond et al., 2016, Courtier-Orgogozo et al., 2017,
KaramiNejadRanjbar et al., 2018 and Metchanun, 2020).
Relevant past decade’s researches were aiming to improve
the use of CRISPR/Cas 9 for gene drive production and its
precision in terms of homing rate or conversion rate toward
the wild gene (Gantz & Bier, 2015, Hommond et al., 2016
and Kyrou et al., 2018). Recently, research extension
focused on carrying out careful monitoring and modelling
of the gene drive transgenic (Metchanun, 2020).

In agriculture, gene drives can be used for pest control by
targeting essential genes in their genomes. Until now, there
are less or no gene drive pests released but there is a great
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inclination toward such a subject (Courtier-Orgogozo et
al., 2017, RSTA Gene Editing Panel, 2017 and EFSA
GMO Panel, 2020). The current approaches were led to
pest population suppression in the wild in order to alter
organisms that damage crops or the species carrying crop
diseases. Anticipated potential entomological uses of gene
drive will definitely depend on the extent of researcher’s
success. For instance, experts are expecting the future use
of gene-drive in pest control and much species are being
considered as potential targets, from agricultural pests
(Perkin etal., 2016, Esvelt, 2016, Courtier-Orgogozo et al.,
2017 and Medina, 2017) up to agricultural weeds either by
suppression or sensitization (Barret et al., 2019). The most
important agricultural pest control method is biological
method as the main driver in Integrated Pest Management
(IPM). As a practical relationship, Gene Drive and
biological pest control may be integrated with Wolbachia
drive system. According to EFSA GMO Panel (2020),
Wolbachia-infested insects (drives) can be released to
replace actual relative pests. Wolbachia are maternally
inherited endosymbionts that are capable to manipulate the
reproduction of their hosts in many different ways to
favour their own maternal transmission. By this, the
increase in frequency of females infested with Wolbachia
is achieved within the target population thus biasing sex
ratio. In addition, egg viability is decreased with
Wolbachia. That endobacterium occurs naturally in a
number of insects and have experimentally adopted into
others through Wolbachia gene drive system by targeting
that maternal inheritance trait. Therefore, it is anticipated
that by use of Wolbachia gene drive system, natural
enemies can be adopted as wild counterparts to original
pests (EFSA GMO Panel, 2020). The recent improvement
in CRSPR/Cas 9 with its great precision allows the
recovery of original gene in a case of ecological disruption,
and so, we may see its contribution in a very close time.

3.2.2. Ecological Concept of Gene Drive

Gene drive is ubiquitous. Natural occurrence of gene drive
is due to the vertical transmission of genetic elements i.e.
exclusively from parent to offspring, to reliably increase in
frequency within a population even if it cannot help the
organism to survive or reproduce as others do (Esvelt et al.,
2014). Even though genes might be less expressed to
offspring, they are more likely to be passed on to all
offspring after biasing inheritance (Lunshof et al., 2020).
Esvelt (2016) in his online presentation about gene drive
explained that the cow’s genome is made up of 25% of rate
from snake. This is due to an evolutional gene transfer
event mediated by a virus tick that vectored a jumping
gene, responsible of natural gene drive (a gene introduced
in cow from snake that progressively copies itself within
genome of cow). Therefore, the origin of natural gene drive
is from such useless or broken genes in organism’s genome
as in every organism, there must be a genome part made of
genes with unknown specific responsibility, being around
50% in human.

3.2.3. Experimental Gene drive

Scientists tried to exploit natural gene drive thus producing
gene drive transgenes for different benefits (Delborne,
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2016). They established different gene drive systems. The
first one is homing based drives, which is involved in both
suppression and replacement types. It involves CRISPR-
Cas9 technology and it is currently the most exclusively
trusted in gene drive technology. With help of CRISPR-
Cas9, scientists intentionally built self-propagating gene
drives within organism’s reproductive cells to precisely
change traits, alter or suppress various species’ population
(Courtier-Orgogozo et al.,, 2017 and Medina, 2017).
CRISPR (Clustered Regularly Interspaced Short
Palindromic Repeats), a family of DNA sequences
naturally found in the genome of prokaryotic bacteria is not
a very old discovery. CRISPR system is experimentally
organised set of tools including the DNA strand containing
the trait of interest, endonuclease enzymes such as Cas9 or
Cas12 and guide RNA that both work together as a package
to deliberately govern biochemical reactions in a
reproductive cell of a given organism. They actually work
with great precision but genomic impurities are possible
according to the defined platforms (DeFrancesco, 2015).
As other gene technology applications, any genetically
modified organism to take place and to be officially
released must have a synergic interaction between its
molecular, cellular, and organismal and ecosystem
processes as stated in the work of Barrett et al, (2019). For
gene drive, even if the earliest proposals to develop them
rose with the 20" Century the molecular tools were lacking
until the discovery of CRISPR/Cas9. The CRISPR/Cas9
technology for gene editing is around 10 years old
(Courtier-Orgogozo et al, 2017). It employs a couple of
endonucleases including transcription activator-like
effector nucleases (TALEN), zinc finger nucleases (ZFN)
and Cas9-guide-RNA constructs hence called sometimes
nuclease-based drives (Taskan & Sakartepe, 2018; Barret
et al, 2019 and EFSA GMO Panel, 2020). It spread very
fast in the wild with increased resistance allele’s generation
rate. In addition, reversibility is higher as compared to
other designed systems. It was employed extensively with
Drosophila, Saccharomyces, Anopheles stephensi and
Anopheles gambiae (Champer et al., 2016). Apart from
homing based drives, there are also X-shredder also known
as driving-Y systems or sex-linked meiotic drive system,
which is a suppression gene drive. Y chromosome in the
modified male mosquito was designed to damage the X
chromosomes in the germline (Champer et al., 2016 and
Metchanun, 2020). Toxin-antidote under-dominance drive
system, which is a replacement gene drive. This drive
system employs the combination of toxin and antidotes in
order to produce underdominance (Confinement)
(Champer et al., 2016 and EFSA GMO panel, 2020). There
is MEDEA (maternal-effect-dominant-embryonic-arrest)
drive system, which is a replacement type gene drive
(Champer et al., 2016, Barret, 2019 and EFSA GMO panel,
2020). There is Chromosomal rearrangement producing
replacement type gene drive (Champer et al., 2016). There
is Wolbachia Drive System that is used to produce
replacement gene drive (Champer et al., 2016 and NEA,
2021).
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3.2.4. How does gene drive cheats inheritance?

Gene drive inheritance occurs through sexual reproduction
but its mechanism is completely different from normal
(Mendelian) inheritance. Normally, the offspring inherits
two versions of every gene, one from each parent with half
probability (50:50) that each particular variant of the gene
will be transmitted. Thus, its frequency remains constant in
the population (Delborne, 2016 and Alphey, 2020). In gene
drive inheritance, if one set of chromosomes contains a
‘gene drive’; it cuts the partner chromosome that lacks the
gene drive and copy itself onto this chromosome.
Therefore, gene drives expression ensures that a certain
gene will be usually expressed, with almost a 100% of
chance, but depending on gene drive system and its
mechanism nature. This allows the variant to spread
rapidly through a population to encode a desired trait
(Delborne, 2016). Gene drive is not applicable with the use
of bacteria as it is done in Bt-transgenes because it has to
be transmitted exclusively from parents to offspring and
this mode of reproduction is not common for bacteria.

3.2.5. Key factors for a gene drive program

According to Delborne (2016), various factors influence
gene drive propagation. The “evolutionary fitness”:
individuals carrying the gene drive should have adequate
ability to produce fertile offspring as compared to
individuals not carrying the gene drive. The “conversion
rate”: which describes how the gene drive is passed to
subsequent generations when one parent carries the gene
drive and the other does not. The “gene flow”: which
describes how the gene drive moves between different
populations of the target species. The “horizontal gene
transfer” or the potential for gene drives to move from the
target species into entirely different species.

Other important elements are very imperative especially
during wild propagation and monitoring of gene drive.
They include first “fitness cost”: it is the effort of
organism’s population to survive anti-evolutionary factors.
It is mostly important in suppression type gene drives
where important genes for survival (for non-developing
offspring) or reproduction of the target population (fertility
reduction, sex ratio biasing toward males) are influenced
(Buchman et al, 2018). In addition, fitness cost is involved
by introducing a gene drive for reducing organism’s
lifespan. The “Self-sustenance and self-limitation of a
gene drive”: Some gene drives involve drive genes that
progressively increase in frequency in a target population
and ideally become stable after some generations. They are
mostly used in a condition that spatially unrestricted gene
drives are required and include CRISPR-Cas9 based drives
(Gantz et al., 2015 and EFSA GMO Panel, 2020). Whereas
self-limiting drives employ drive genes that will limitedly
spread in period of time or within a limited area (EFSA
GMO Panel, 2020). That is caused by the gradual reduction
in its frequency over a limited number of generations and
are outcompeted by wild counterparts (Esvelt et al., 2014
and Marshall & Akbari, 2018). The “gene drive markers”:
They are genes that may help to biotechnologically track
gene drive organisms in their habitat because gene drives
need monitoring and temporarily and spatially can escape
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confinements (DiCarlo et al., 2015). The “technical
efficacy”: It is the measure of how similar the gene drives
will be spread in wild compared to how they spread during
laboratory trials. The “gene drive threshold™: it is the rate
of organisms (% of the target population size) that will be
released into the wild in order to achieve the intended level
of gene drive spread. Below that threshold, gene drive
distinct in early generation before it become spread (EFSA
GMO Panel, 2020). The gene drive threshold is determined
by fitness cost and gene flow pattern because they are not
readily estimated during laboratory experimentation.
Therefore, it helps not only in measuring drive’s efficacy
but also in determining the probability of gene drive flow
in non-targeted populations (Lunshof et al., 2020).

3.2.6. Mechanism of experimental gene drive

The mechanism of a standard gene drive technology i.e.
without caring on which kind of template gene or drive
system must involve the following stages to produce self-
propagating gene drive. The first stage is the laboratory
instruction for gene drive elements propagation. It refers to
the identification of the important gene and Recoding
important gene to build DNA cassette (Esvelt, 2016; 2019).
The DNA cassette contains three elements being the gene
encoding the bacterial Cas-9 protein (enzyme), a gene
coding a guide RNA that targets a particular site in the
genome and the flanking sequences which allow the
cassette to insert at a given target site (Gantz & Bier, 2015,
Hammond et al., 2016 and Courtier-Orgogozo et al., 2017).
Then the CRISPR system is built by supplementing DNA
cassette and required endonucleases. The second stage is a
self-propagation of drive system in laboratory. It generally
involves first the matching and cutting of the DNA’s target
site in wild genome. The second is the DNA cleavage to
allow a drive construct replacing the wild gene with a drive
gene on the allele. Later the generated DNA is repaired and
then copied in order to form homology of drive. Remember
that gene drive is transmitted through sexual reproduction
in its meiotic phase. This allows the gamete to receive
instructions from doing genome editing on its own. In this
way, every single gene drive transgenic mating with a wild
organism give rise to the gene drive transmission (Alphey,
2020). The last stage is the release of gene drive organism
and monitoring of its spread in the wild. Default
expectation in a standard gene drive program is that the
gene drive is likely to spread in the wild.

In experimental gene drive, precision measure is important
as it determines potential risks. The homing rate and the
ratio of Homology Directed Recombination to Non-
Homologous End-Joining are the measures of
experimental precision. After the CRISPR-Cas9 system is
applied in gene drive technology, two forms of results that
have to determine the success of the process are possible
(Esvelt et al., 2014). The important gene on DNA strand
has to be successfully copied as a strict copy by responsible
endonucleases. That is technically called homologous
recombination. In contrast, some mechanisms may not
involve full precision where parts of separate genes can
recombine only under the directive of active sites but this
also includes impurities (Champer et al., 2019 and Barrett
et al., 2019). This is called non-homologous end joining
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and is considered a disrupted gene (Esvelt et al., 2014,
RSTA Gene Editing Panel, 2017 and Esvelt, 2019).
Mosquitoes of either homozygous or heterozygous drive
transgene presented 10% higher mortality rate than wild-
type mosquitoes (Selvaraj et al., 2020).

There are theoretical statements that gene drive can cause
regional or even global extinction of some pests. This is
provisional to self-sustaining or global gene drives
(Steinbrecher & Wells, 2019). Restoration of wild type
gene in population replacement drive is possible.
Nevertheless, this can be trusted when homing rate is
complete because the wild-type version of the sequence
will be pure when edited gene by the gene drive is
excluding off-target sequences. The addressing of this
issue had researched exclusively in the laboratory by use
of the system of a reversal gene drive (DiCarlo et al., 2015).
This can be supported of the fact that some researches
shown that homing rate depletes with generations.
Hommond et al., (2016) found the homing rate of 91.4 -
99.6 % in early generations, which reduced to 69 % in late
generations. The resistance tested was in-frame mutation,
means the possibility of a mutation in a targeted genome.
In addition, homing rate varies according to the used cell
i.e. can be less in eggs while being more in male gamete
(Gantz et al., 2015).

3.2.7. Current gene drive governance status

Governance is a domestically and/or internationally
existing hierarchical and authoritative framework for a
given program (Kelsey et al., 2020). Within that
framework, a number of regulations have to be mutually
and democratically agreed upon or approved by a central
authority after being collaboratively developed. Whereas
the above said regulations should comprise all necessary
collective ethical, socio-economic, political,
environmental, health and safety values and concerns
especially in scientific works under growth like gene drive.
Governance structure in terms of federal level, either
democratic, monarchy or constitutional) impose the formal
process of regulations and laws issued by administrations
and local governments. By now, there is no formal
governance or process of regulation of gene drive
technology and the release of gene drive insects on
international level (Lunshof et al., 2020). This is very
problematic, as policy undermines existing innovative
approaches to improving the gene drives by allowing
conflicts between scientific integrity and institutional
interests. Therefore, universal gene drive governance must
be in place to foster conditions under which new
technologies can be sustained (Kelsey et al., 2020).

Bt transgenes have adopted of economic crops that cannot
be physically consumed such as cotton (Aydin et al., 2013).
The fact that they are so problematic to health and
environment (as shown in Table 1) make it so logical since
genetic pollution must avoided for public health benefits.
The remaining issues for environmental protection them
created the limitation for wide use of Bt transgenes in many
countries including Turkey. Whereas the limitations in
gene drive are not based on their effects to environment
(RSTA Gene Editing Panel, 2017). In other words, the
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serious challenges in gene drives are not scientific
dependent but more related to socio-political
considerations (Dearden et al., 2017 and Esvelt, 2019).
According to Courtier-Orgogozo et al., (2017), gene drive
organisms are called wild GMOs because are expected to
act exclusively in the wild. Gene drives works better for
pests that reproduce sexually and that have short generation
times (Esvelt, 2019). This goes in accordance with the

point that in agricultural pest management, pests
reproducing so quickly are the most threatening. On the
other hand, other potential pests are economically
damaging throughout the whole year with big life span and
long reproduction cycle. In this way, the latest gene drive
technology is not yet suitable for all pests and needs
expansion.

Table 1. Mean cutting parameters of plant stalk in tests with a smooth knife

GMOs risks and . Gene .
No negative effects Specific Source Bt/GMOs Drive/GMOs Comparative Comments
A Scientific
1 Food safety -Allergenicity, X Not necessary to consume gene drive GMOs
problems -Antibiotic resistance differently to Bt crops.
Horlgontal and Bt-technology is less specific as Bt-genes can
Vertical gene flow . . . . .
2 . Genetic residues’ \% X flow through plasmids etc. while gene drive is
due to Bt toxins in . : . . o
bioaccumulation only transmitted sexually with 100% specificity.
ecosystem. . )
causing unintended : : : :
Development of gene flows It is more likely in Bt-transgenes, but less likely
3 pesticide resistant ' \% % in the gene drives unless the rate of development
weeds and insects. is slow.
4 Risks for non-targetReduced specificity Vv X Bt-toxins can Kill non-targeted species (Lovei et
organisms for Bt-toxins al., 2009) whereas gene drives are sexually
spread and different species or strains are
Health and o essentially not inter-fertile. In addition, targeted
biological system Degradation kinetics species may be suppressed together with their
5 damage and loss of and unintended v v traits of important ecological service (in a case
natural ecosystem genetic pollutions of polyploidy). However, it is not common for
Services gene drives hence are limited.
Targeted species Impossible for Bt-transgenes and less likely in
disintegration or  Due to population gene drives when it is a global drive because
6 extinctions suppression or knock - v gene drive is actively reversible and limited in
(Medina, 2017, out space and time (Esvelt et al., 2014 &
Esvelt, 2019) Steinbrecheret al., 2019).
Due to accidental
7 Ride along Insertion of a given - \ This is particular to gene drive.
gene into a gene
drive
B Socio-Economical
Both Bt-transgenes and Gene drive still
. Brand value . ! .
Unintended market . experience lack of public trust in terms of
8 degradation due to \% \ : . - .
problems . consumption (varying with sates, cultures, social
reduced social trust X
views)
E)(()tir;ﬂ?y{oh'gh In case of health and Both Bt-transgenes and Gene flow have to
9 P environmental \% \ guarantee for any side effects that may degrade

compensation

liability damage

health and ecosystem.

Given the gene drive transgenes against agricultural pests,
when the project concerned is designed with adequate
specificity and precision, the pests may remain harmless in
the wild and possibly without any contact with humans.
The following are the raisons why wild GMOs should be
adopted. Natural selection act by eliminating altered and/or
unfit genes. However, this is provisional for genes that are
governed by basic rules of inheritance. Among genes that
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do not obey these rules and expected ratios of allele’s
expression to offspring as in Mendelian Genetics are
therefore used for gene drives (Esvelt, 2019). Gene drives
are natural and ubiquitous (Delborne, 2016 and Esvelt,
2019). This make them safer and much more stable not to
be confused with other GMOs. Gene drive organisms are
supposed not to be consumed and are less likely come into
significant interaction with health. Easy to be produced, to
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be evaluated, to be anticipated of consequences and to be
controlled by modelling. Gene drive propagation in wild
population is a relatively slow and reversible process.
Recent technological advance renders gene drives with no
genetic pollutants and toxic residues (when homing rate is
100%) (Kyrou et al., 2018 and KaramiNejadRanjbar et al.,
2018). Economic (cheap), fast, accurate and efficient
(Courtier-Orgogozo et al., 2017). Delborne, (2016)
declared in their seminar paper, gene drive program as a
whole should employs different sciences including gene
drive research, values with ethics, governance, public
engagement, risk assessment and phased testing. Gene
drive application deserves to be applied on harmful or
threat organisms in order to reduce risks to health and
ecosystem.

Another approach in entomological applications for
agricultural pests is that gene drive may be used to increase
the susceptibility to plant’s defensive biochemical
molecules. Gene drives could be used to eliminate
pesticide resistance (Esvelt et al., 2014). Medina (2017)
states that the fact that pesticide resistance is already a
consequence of wrong human intervention, using gene
drive for eradication is a non-logical. Here, the fact that not
all pesticides are safe in different degrees support that a
gradual elimination of pesticide use in agriculture is
definitely a big advantage. Apart from a sustainable plant
protection that can be provided by the coverage of gene
drive population on a wide area, produced crops can be of
quality and may not be subjected to pesticide residue
controls. May be some pests which do not play a critical
ecological role may be interfered in their reproduction
genes to be altered using gene drive (Burt, 2003). Insects
such as thrips are completely harmful in ecosystem because
are physically damaging and transmit viral diseases. Such
pest’s interests to colonize agricultural crops can be
attenuated thus remaining on wild plants. Whereas viral
disease transmission trait can be prevented by adopting the
immunity trait of a pest to host that pathogenic virus.
According to Barret et al., (2019), gene drive can be readily
exploited to control weeds. Two elementary ways can be
followed. The first being to suppress weed’s population
and secondly to sensitize weed populations.

Targeting natural enemies is probably the last priority
choice. However, some natural enemies can be
supplemented of traits that enable them to repel pests. As
example, wild pollinators can be provided of a trait
encoding biosynthesis of repellents for thrips control.
Insecticides have been being applied frequently and natural
enemies have threatened due to pesticide’s side effects or
reduced specificity to pests (EI-Wakeil et al., 2014). Gene
drives could protect natural enemies and other ecologically
important insects such as bees by making them resistant to
such pesticide’s active ingredients. However, gene drive
technology is not ensuring the safety and conservation of
targeted insects. Targeting one or two charismatic or
beneficial species will not be an ideal solution (Delborne,
2016, Medina, 2017 and Barrett et al., 2019). Thus,
implementation of this strategy should only be allowed in
situations in which pesticide effects are extreme and gene
drive is relatively improved.

4, Conclusion

Many debates have extensively executed about GMOs
especially Bt-crops and taken decisions have been always
bipolar. This is because their disadvantages are more
important against both health and environment. Whereas
gene drive is a fast growing field and scientists are focusing
on relevant last issues. According to our study, gene drives
present less cues compared to other GMOs and their
scientific applicability guarantee effectiveness when
adopted particularly for pest control. Based on scientific
soundness, gene drive may be much more suitable to be
adopted and disseminated for pest control compared to Bt-
transgenes (Table 1). However, a serious problem is its
poor regional and lack of universal governance making it
publicly not famous and low trusted. Many developing
countries, farming systems and agricultural policies are
captive to social concerns and this low flexibility has led to
incompatibility with recently rapidly growing technologies
such as gene drive. We agree with many researchers,
regulators and other decision-makers who recommend that
the reliance upon a “reversal” gene drive as the sole
strategy for mitigating the effects of gene drive is worse
than choosing safe gene drive platform. It is required to
establish universal gene drive governance (as stated above)
for wise dissemination this technic not only for public
health protection but also for agricultural pest control. As
the technology will be rendering gene drive status
adequately safe, another important issue will be to improve
the social trust by allowing criticism on social, cultural,
legal and economic implications of revolutionary gene-
drive technology.
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