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Abstract. Since a decade ago, the importance of CRISPR and the CRISPR-associated
system (Cas) in the field of genome modification has increased. The limited intracellular
delivery effectiveness of this method makes it difficult to transport Cas payloads and sgRNA
despite its adaptability. Nanomaterials including liposomes, polymers, gold nanoparticles,
and inorganic nanoparticles have been used successfully for gene transfer. Here, we briefly
cover the many CRISPR/Cas delivery systems and their related difficulties, then we go
through the different nanotechnological ways for CRISPR/Cas delivery, and look at the
numerous issues that CRISPR-based plant genome editing encounters. It also covered the
challenges of delivering CRISPR/Cas9 utilising nanotechnology and the regions that must
be targeted to benefit from this editing approach.
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Annomayusa: C mex nop, kak Odecams nem Hazao eadxchocmv CRISPR u CRISPR-
accoyuuposannon  cucmemovl (Cas) 6 obracmu moougukayuu 2eHomMa  803pocid.
Oepanuuennas 3¢hghekmusnocms HYMPUKIEMOYHOU OOCMABKU IMO20 Memooa 3ampyoHsiem
mpancnopmuposky noaesuvix eewecms Cas u SgRNA, nHecmomps Ha e20 adanmueHOCHb.
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Hanomamepuanul, éxniouas 1unocomvl, noaumepsl, HAHOYACMUYbL 3010MA U HEOP2AHUYECKUe
HAHOUACMUYbl, YCHEWHO UCNONb308ANUCL Ol NEePeHOCAd 2eHO08. 30ecb Mbvl Kpamko
paccmompum  mHodcecmseo cucmem oocmaeku CRISPR / Cas u ceéazanHble ¢ HUMU
MpYOHOCMU, 3ameM pPACCMOMPUM PA3IUYHbIE HAHOMEXHOJO02UYeCKUe Cnocodbl 00CMABKU
CRISPR / Cas u paccmompum MHO2OYUCTEHHblE NPOOIEMbl, ¢ KOMOPLIMU CMAIKUBAEMCS
pedaxmuposanue 2enoma pacmenuii Ha ocHose CRISPR. B nem makoice paccmampuganucsy
npoonemvl, ceasannvie ¢ eneoperuem CRISPR/Cas9 ¢ ucnonvzoeanuem HAHomexHoio2ui, u
pecuonsl, Ha Komopuvle HeoOX00UMO OPUEHMUPOBAMbCS, YMOObl U36leYb 8bl200Y U3 IMO20
n00xX00a K pedakxmuposanuio
Knwueeguvie cnosa: crispr/cas, nanomexmonozuu, crispr/cas9, docmasxka
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Annomauun. Ou owcoin mypyn, TEHOMY e32copmyy owcaamvinoa CRISPR oswcana
CRISPR menen oatinanviuuxarn mymymoyn (Cas) maanucu scoeopynazau. byn wvikmanvin
KIemKa UYUHOe2U JHCeMKUPYy I@@dexmuiyyiyey aHulH bIHeAULYYIYeYHA Kapabacma,
Kaccanvik sHcykmepoy owcana SgRNA mawyyny xoiivinoamam. Hanomamepuanoap, anvin
UYUHOE NUNOCOMANAp, NOIUMEPIED, AIMbIH HAHODONYKUONOP IHCAHA OPLAHUKANBIK IMeC
HaHOOONYKUONIOp 2eHOU OMKOPYN Oepyy YUYH Utieulukmyy koaodowyneau. byn ocepoe, o6usz
kvickaua ken CRISPR/Cas oicemkupyy cucmemanapvii Hcana anapovid OaulaHblUKaH
KblUbIHYBLILIKMApObl  Kammultm, aunoa 6uz CRISPR/Cas owcemkupyy yuyH ap Kanoau
HAHOMEXHON02UANLIK JHcon00p meHen bapvin, CRISPR necuzoencen oCyMOYK 2eHOM My30myy
kenmezen macenenepou xcapamam. Ouionoot sne, CRISPR/Cas9 Hanomexnonozusinvl sxcaua
VUYL MY36myy bIKMACLIHAH Natoa aunyy YYyH makcammyy 00ayuy Kepek 00120H
auMaxmapOobl KOJIOOHYY KblUbIHUbLILIKIMAPUIH KAMMbI2AH.

AuKblu co300p: crispr/cas, HAHOMEXHOL02Us, CrisSpr/cas9, HcemKupyy.

Introduction. The discovery of DNA double helix structure marks the
beginning of new era of life science. Among the scientist it remains always
fascinating to make changes in the genetic material of different organism. The
increasing curiosity among researchers for alternation or manipulation of
genetic material had enabled them to discovery of the different innovative
genome editing techniques. The era of genome editing have seen lots of
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development with the advent of techniques like zinc finger nucleases (ZFNSs),
transcription activator-like effector nucleases and clustered regularly
interspaced short palindromic repeats (CRISPR)- Cas associate nucleases. In
this decade the CRISPR have gained tremendous importance as the most
potential genome editing technique as it is RNA-programmable technology
which allows precise and efficient engineering or corrections of mutations,
alternation of gene expression and marking of DNA in a wide spectrum of cell
types and organism in the three domains of life. Recently the Noble prize for
Chemistry in 2020 was awarded to Jennifer Doudna and Emmanuelle
Charpentier for CRISPR/Cas9. CRISPR-Cas9 is making revolution in the field
of life-science while working in different laboratories across the world. The
recent advances in the CRISPR technologies like CRISPRi, CRISPRa,
CRISPR multiplexing and base editing is becoming boon in the research field.
In field of life-science CRISPR have potential application to understand gene
function to understand biology in health and disease, rewire biological
pathways and to create better models for human diseases. In the field of
medicine and health CRISPR have potential to cure for genetic disorders like
sickle cell anemia, muscular dystrophy, cystic fibrosis., etc. CRISPR can be
potentially used in oncogenic studies for engineering of immune cells to target
cancer cells. CRISPR possess antimicrobial and antiviral applications such as
developing sequence-specific alternatives to broad spectrum antibiotics and
also have potential of engineering resistance to HIV and other pathogens in
human cells. CRISPR have potential of drug development and can work as
gene drivers for control of disease vector. In the field of agriculture CRISPR is
used in crop engineering to create cultivars with resistance to drought, climate
change and various biotic and abiotic stresses. CRISPR can be used potentially
in the dairy industry for vaccination of probiotics like S. thermophiles against
phages. CRISPR possess potential of engineering of industrial microorganism
for biofuel and biomaterials production (Charpentier, 2017).

Despite of the tremendous potential application and versatility of
CRISPR-Cas system there are certain challenges while delivering CRISPR-
Cas9 at the target site. The present conventional methods of biomolecule
delivery have critical drawbacks like low efficiency of gene transmission,
narrow species range of application and tissue damage. Also the molecular size
of Cas9 is larger to enter in the target cell. CRISPR- Cas9 needs to work on the
nuclear genome and thus the components of CRISPR-Cas system need to enter
into the nucleus. Thus the delivery of CRISPR-Cas systems remains a
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challenging issue to the date, thus to address this issue the present review focus
on the role of nanotechnology approaches to enhance efficiency and stability of
CRISPR-Cas9.

Different delivery approaches of CRISPR/Cas9 and its current challenges
The efficient delivery of CRISPR/Cas9 system at the target site seems
challenging. The molecular weight of CRISPR/Cas9 is approximately 160kDa
(Jinek et al, 2014) and it forms an RNP complex after that the long phosphate
backbone of the sgRNA impairs a net negative charge to the complex (Sun et
al, 2015). Due to the large molecular weight and net negative charge it makes
tedious for entering of Cas9 RNP in the cellular membrane. It is very crucial
that once inside the cell after the entry of Cas9 protein and sgRNA they must
survive the degradation procedure in the cell and needs to enter into the
nucleus and needs to operate on the nuclear genome to enable efficient gene
editing (Yip, 2020). So, choice of an appropriate delivery strategy for the
CRISPR/Cas9 system remains always of crucial importance for the
achievement of efficient and precise gene editing.

Here discussed the different delivery approaches used for CRISPR/Cas9
delivery to target site and the challenges faced during CRISPR/Cas9 delivery.
For the delivery of CRISPR/Cas9 wide variety of possible delivery methods
are being use currently. Delivery of CRISPR/ Cas9 can be classified into major
two types: cargo and delivery vehicle. In the case of CRISPR/Cas9 cargoes,
three common approaches that were reported consist of: 1) DNA plasmid
encoding both the Cas9 protein and the guide RNA, 2) mRNA for Cas9
translation alongside a separate guide RNA, and 3) Cas9 protein along with
guide RNA (ribonucleoprotein complex). It often depends on the delivery
vehicle which of these three cargoes can be packaged, and is the system is
usable in vitro and/or in vivo ( Lino et al, 2 018).

Physical delivery, viral vectors and non-viral vectors are the three
general categories in which the vehicles used to deliver the gene editing system
cargoes are classified. Each delivery method has its own advantages and as
well as demerits when it comes to its clinical application (Zuris et al, 2014).
Electroporation and microinjection and are the most commonly used physical
delivery methods. Electroporation utilizes short, intense electric field that
creates pores of small size on the cell membrane. Such damage on cell
membrane causes the inflow of large particles into the cell. Electroporation
method has limitation as this in vivo method can't be widely adopted. The small
range between the electrodes which are usually around 1 cm hinders the
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transfer of target to large area of tissues (Sokotowska and Zabielska 2019).

Conduction of electro-transfer in clinical case is problematic as there is
fear of organ damage due to high voltage (Durieux et al, 2004).
Electroporation-mediated gene editing is expensive as the extensive
optimization of Cas9-to-sgRNA ratios and specific electroporation conditions
for each cell type are required. The strong electrical current created by
electroporation results in high percentage of cell deaths, suggest that this
method is not suitable for stress-sensitive cell types or tissue types (Yip,
2020). Microinjection consists of injecting Cas9 and sgRNAs directly within
the cells with the use of microscope and needle. Microinjection is used widely
in embryonic gene editing and for producing transgenic animals. Despite of
high transduction efficiency and low cytotoxicity the major pitfall of
microinjection delivery method is its labour intensiveness and is time
consuming which hinders its application in small number of species (Duan et
al, 2021). Viral delivery vectors consist of specifically designed adeno-
associated virus (AAV), full sized adenovirus and lentivirus vehicles (Lino et
al, 2018). Virus- mediated gene delivery is one of the most widely used
method for gene delivery which consist of integration of CRISPR/Cas9-
encoding sequences within the viral genome and once there is integration
between the viral genome and CRISPR/Cas9 sequence this complex is
released into the infected cells which is our target cell. During this process
there is possibility of integrating the viral vectors into the host cells which
might include adverse effects such as mutations, carcinogenesis and an
immune response (Yip, 2020).

The virus mediated delivery of CRISPR/Cas9 has limitation as the load
capacity of virus is minimal (Chew et a/., 2016). Different non-viral vector
systems have been developed and successfully used for safe delivery of
CRISPR/Cas9 to the target cell. Some of the noteworthy non-viral delivery
methods consist of polymeric materials, liposomes, cell-penetrating peptides
(CPPs) and cationic nano carriers. Non-viral vectors are capable to
accommodate components of a large size for delivery (Fig. 1). Non-viral
vectors are having reduced or non-hazardous nature and are easy to generate
which make many scientists to select this type of system for delivery of
nucleases (Chandrasekaran etal, 2018).

62



OwMY Xapusbicel. buosiorus. Xumus. 'eorpadus | 2022

CRISPR/Cas9 delivery = Viral
methods Ade v i

Integration of Viral vector into host
cell  may lead mutations, »
carcinogenesis  and  immune e _ o

Genome editing with CRISPR-cas9

1. gRNA binds Che target
sequence in tt># geoorno

GRNA

+
N MeX

2. The cas9 protein Induces a
double-stranded break

A 4 NO!

3
w
3. Genome modification through one of
Che DMA-repair mechanisms:

-Noo-bomoatogous end /owning (NHEJ)

8§
9)sAs §SRI-¥4SIND Jo A1aajjeq
/-—»\\\
\\ /
-

Physical methods electroporation

dion. i TOP. Tachance/
m‘:;air;n I e niii * Homology directed repair (HDR) whtchiiiiiin reguves a
N4 DMA donor sequence

donor

intensive Non-viral eeduence

Fig 1 : Different delivery methods of CRISPR/Cas9
Nanoparticles boon to CRISPR delivery. As discuss earlier genome editing

proteins faces challenges in efficient delivery at target site due to proteolytic
instability and poor membrane permeability. Thus it seems demanding to develop a
novel platform that can efficiently assemble protein into nanoparticles for
intracellular delivery while maintaining biological activity of the protein (Fu etal,
2014).

There are different types of CRISPR nano-delivery approaches. Lipid based
nanoparticles, polymer based nanoparticles, DNA nanostructures and gold
nanoparticles are some well-known approaches of nano-delivery (Duan et
al.,2021).

Here we discussed the various CRISPR/Cas9 nano-delivery approaches in
details (Fig. 2).

Liposome mediated CRISPR nano delivery. Liposomes are closed bilayer
structure which is formed by hydrated phospholipids and have ability to
encapsulate bioactive hydrophilic, amphipathic and lipophilic molecules into inner
water phase or within lipid leaflets (Nisini et al, 2018). Many time liposomes have
served as model systems for cellular membrane to discover of protein functionality
regarding osmotic and pH stability (Alghuthaymi et al, 2021). Lipid nanoparticle is
the classic delivery system used for nucleic acid transfer. In this method the nucleic
acid which bears negative charge forms a complex with lipid having positive
charges by electrostatic interaction and host-guest interaction, once the complex is
formed is uptake by cellular endocytosis. Lipid nano-carriers have potential to
transverse the membrane by the process of endocytosis and can protect the loaded
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cargoes from nuclease degradation and immune response (Duan et al, 2021).

It is found that liposomes have distinct advantages in Cas9/sg RNA RNP
delivery because the proteins and nucleic acid are protected from degradation in
blood circulation due to lipid bilayers. And another one advantages of liposome is
it have ability to enhance the endosomal escape by fusion with endosomal
membrane (Deng et al, 2019). Cationic lipid-based vectors are found useful for
efficient delivery of Cas9 and gRNA. Cationic lipids such as 1, 2- dioleoyl-3-
trimethylammoniumpropane (DOTAP), N-[1 -(2,3-dioleyloxy)propyl]-N,N,N-
trimethylammonium chloride (DOTMA),  2,3-dioleyloxy-N-
[2(sperminecarboxamido)ethyl]-N,N-dimethyl-1-propanaminium trifluoroacetate
(DOSPA), and 1,2-dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium
bromide (DMRIE) are seems very useful in nanoparticle mediated CRISPR
delivery (Li et al, 2015). Wanga et al, (2016) combined bioreducible lipid
nanoparticles and Cre recombinase or anionic Cas9: single-guide (sg) RNA
complexes and delivered these into cultured human cells and come to opinion that
the delivery of bioreducible lipids into cultured human cells enables gene
recombination and genome editing with more efficiency. Wei et al, (2020) reported
a generalizable methodology allowing the use of engineered modified lipid
nanoparticles for efficient delivery of RNPs (Ribonucleoprotein complexes) into
cells and edit tissues including brain, muscle, liver and lungs. They make
experiment of mice and the delivered RNPs had restored dystrophin expression in
DMD mice and significantly decrease serum PCSK9 level in C57BL/6 mice. Zuris
et al, (2014) reported that there is potential ability of intracellular delivery of
protein when negatively supercharged proteins and cationic lipid nucleic acid are
fused together. They found that the potent delivery of nM concentrations of Cre
recombinase, TALE and Cas9-based transcription activators, and Cas9: sgRNA
nuclease complexes in human cultured cell is possible by this approach. Also they
used this approach for efficient delivery of Cre recombinase and Cas9: sgRNA
complexes into the mouse inner ear in vivo, and achieved 90% Cre- mediated
recombination and 20% Cas9- mediated genomic editing in hair cells. Polymeric
nanoparticles mediated CRISPR/Cas9 delivery

There are evidences of cationic polymer nanoparticles been used frequently
to deliver different nucleic acid, including mRNA and plasmid DNA.
Polyethyleneimine and chitosan were the most widely used carriers for delivery of
CRISPR/Cas 9. As like lipid nanoparticle, polymer nanoparticle also have ability
to transverse the membrane through endocytosis and thus can prevent the loaded
cargoes from immune response and nuclease degradation (Duan et al, 2021).
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Recently, studies are going on improving CRISPR/Cas9 delivery efficiency
in vivo, thus to achieve various gene editing targets. Zhang et al, (2019)
synthesized cationic polymer polyethyleneimine- B-cyclodextrin (PC) and used it
for efficient delivery of plasmid encoding Cas9 and sgRNA. In this study the
Cationic polyethyleneimine- 0- cyclodextrin easily formed nanocomplexes with
negatively charged Cas9/sgRNA plasmid and resulted in efficient cellular uptake
and transfection in HelLa cells. Nanoclew-mediated CRISPR delivery DNA
nanoclew is a unique fascinating technology for delivery of CRISPR technology.
The very first report of DNA nanoclew was given by Sun et a/., (2015). DNA
nanoclew is nothing but a sphere-like structure of DNA which can be compared
with a ball of yarn. The synthesis of this nanoclew is by rolling circle amplification
in which palindromic sequences aids in the self-assembly of structure. The
nanoclew can be loaded with a payload which can be specifically triggered for
release by applying certain biological conditions. Sun et al, ( 2015) reported DNA
nanoclew as safe and efficient delivery system for delivery of Cas9 protein and
single-guide RNA. They used this bio-inspired vehicles and loaded them
efficiently with Cas9/single-guide RNA complexes and after that delivered the
complexes to the nuclei of human cells for target specific gene editing along with
maintaining cell viability. Gold Nanoparticles Recently gold nanoparticles
(AuNPs) are used for efficient delivery of CRISPR/Cas9 RNP. Cross linking of
AuNPs with sulfhydryl (-SH) substances through Au-S bonds and manipulating
their surface charge and hydrophobicity is easy (Levy et al, 2010). With the use of
surface modified AuNPs cationic peptide, pCas9 can be adsorbed due to
electrostatic interactions. Wang et al, (2018) used AuNPs carrying pCas9 protein
and modified TAT peptide. The editing machinery is released by intravenous
administration and the Cas9 is further released by a thermal effect triggered by a
laser directed to the AuNPs. Here the cationic TAT peptide has role of guiding
pCas9/sgPLK-1 (Polo like Kinase 1) to nucleus and destroy the PLK-1 gene this
causes inhibition in the tumour growth. Lee et al, (2017) used CRISPR-Gold
technology for delivery of Cas9 ribonucleoprotein and donor DNA in vivo. Here to
deliver Cas9 ribonucleoprotein and donor DNA they used gold nanoparticles
conjugated to DNA and complexed with cationic endosomal disruptive polymers
as delivery vehicle. The results demonstrated that CRISPR-Gold have potential to
repair the mutant dystrophin gene and reduced muscle fibrosis in X-linked
muscular dystrophy (MDX) in mice. CRISPR-Gold approach for delivery of Cas9
protein is safer than viral delivery of CRISPR. This technology has proved its
potential in minimising off-target DNA damage, precisely editing brain cells,
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curing genetic diseases. CRISPR-gold technology can also be used to cure
polygenic diseases like Huntington's disease by using dual sgRNA.
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Other Nanoparticles Yue et al, (2017) used graphene oxide (GO) polyethylene
glycol (PEG)- polyethylenimine (PEI) nanocarrier for delivering the high-
molecular weight complex of SQRNA/ Cas 9 for endocytosis, endosomal escape,
nuclear entry and gene editing. The result found that the GO nanocarrier can be
utilised successfully for efficient gene editing in human AGS cells with an
efficiency of ~ 39%. The results also proved that this nanocarrier had ability to
protect sgRNA from enzymatic degradation, conferring extremely high stability to
sgRNA/Cas 9complexes. Inorganic Nanoparticles like gold have been used for the
delivery of CRISPR component this proves the potential of inorganic
nanoparticles in CRISPR delivery. Other inorganic nanoparticles like carbon
nanotubes (CNTs), bare mesoporous silica nanoparticles (MSNPs) and dense
silica nanoparticles (SiNPs) have been used for delivery of many genes but the
use of these inorganic nanoparticles for CRISPR/Cas9 delivery is not reported yet.
Nanotechnology to tackle CRISPR challenges in plants Considering the
challenges in plant for CRISPR, nanotechnology can be a way to address it. The
challenges like delivery, Tissue culture and regeneration, species dependence, low
HDR efficiency can be better resolved with help of nanotechnology. Overlook
Table 1 which summarises the CRISPR challenges in plants and their solutions
through nanotechnology.

Delivery. The critical challenge to CRISPR/Cas9 in plant is its delivery.
The common abiotic transfection techniques like heat shock, electroporation lipid
and polymer mediated delivery which are widely used for microbes and animals
are typically ineffective in intact plant. In genetic engineering field
nanotechnology have contributed in efficient delivery into diverse plant species
and tissues. In addition to targeted delivery of nanotechnology contributes in
controlled cargo release and cargo protection from degradation. The delivery of
DNA and proteins into plant cell with use of nanotechnology has been successful,
but still the use of nanomaterial for delivery of CRISPR/Cas9 in plants in not yet
reported due to the distinct physiochemical characters of CRISPR reagents and
the requirement of high delivery efficiencies to enable genome editing in plants
(Demirer et al, 2021).

Tissue culture Plant tissue culture is core in transformation experiment. In
recent years nanoparticles are used successfully in tissue culture techniques to
eliminate microbial contamination and have synergetic effect on callus induction,
organogenesis, somatic embryogenesis and genetic transformation.

Species dependence. The inability of transformation tools to be effective for wide
range of plant species is one of the major hurdles for widespread application of

plant CRISPR editing. Some reason for plant species dependence is the
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inefficiency to deliver cargoes to all species, obstacles of in vivo sgRNA
validation and the prerequisite of PAM site of nuclease with unsuitable genomic
composition in some species. Nanoparticles have been in aspect of delivery in
wide range of plant species including Arabidopsis, tobacco, maize, wheat,
spinach, arugula, watercress and cotton (Ortigosa et al, 2014, Demirer et al, 2019,
Kwak et al, 2019, Santana et al, 2020). These studies interpret that the gateway of
nanoparticles into plant cell is mechanical phenomenon and so it not largely
disturbed by plant genetics or signalling pathways. It is now crucial to work on
the aspect of delivering Cas9 component through nanotechnological approach in
diverse species.

Low HDR efficiency. Potential benefit of nanotechnology is it can increase
the HDR efficiency in plants via multiple approaches. One of promising way to
increase HDR efficiency is using the nanomaterial that can efficiently deliver the
double or single stranded (template) DNA to nucleus of plant cell. Coming
through the recent studies in animal, negatively charged nanoparticles can be
utilized to increase the HDR efficiency in plants (Nguyen et al, 2020). In this
study the Cas9-sgRNA complex is stabilized by nanoparticles along with carrying
donor template interacting with Cas RNPs to free the template to the nucleus. It
was found that in this approach HDR efficiency was enhanced approximately
two-four folds in human T cells and could give substantial increase in plants. The
challenging aspect in this regarding plant is the designing of nanoparticles in such
a way that it should appropriately allow the stable carrying of RNP and donor
DNA.
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Table 1. CRISPR challenges in plants and their solutions with through nanotechnology
Challenges

Insights on Nanotechnology solution Reference

Delivery

Large size, high local charge density, low
stability of Cas9

Cas9RNP covalent attachment on nanoparticle surfaces with  Demirer et al
cleavable chemical linkers to release the RNP complex in 2021 !
target's proximity

Donor DNA delivery Nanoparticle can be used to deliver the Donor DNA by Demirer et al
forming complex between the DNA and nanoparticles 2020 !

Tissue culture
Inability to transform plant germline cells  High tensile strength nanomaterials can be used to transform  Demirer et al
large pollen surface apertures 2021 !

Shoot_ apl_cal meristem aqd flowers c_an t_)e_trar_]sformed with Hu et al, 2020
combination of nanoparticles and microinjection approach.

sgRNA into plant nucleus

Inefficiency to deliver cargoes to all Gateway of nanoparticle into plant cells is a mechanical Demirer et al
species phenomenon and may not hinder by plant genetics and 2021 !
signalling
Low HDR efficiency
Deficit in simultaneous reach of Casand ~ Negatively charged nanoparticles can be utilized to stabilize  Nguyen et al
7

Cas-sgRNA complex along with modified donor template 2020

Cas protein and sgRNA synthesis
timescale variation

Delivery of Cas nuclease, SgRNA and donor template in time Demirer et al
staggered ’

in the cell

manner with use of nanoparticles: sgRNA 2021
should be delivered at point where Cas

reaches its maximum cellular expression,

this can be achieved by sequential

delivery, controlled cargo release or
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delayed sgRNA degradation in cells.

Challenges to  Nanotechnology based CRISPR/Cas9 delivery
Nanotechnology mediated CRIPSPR/Cas9 delivery using different nanoparticles
including liposome, polymer, DNA nanoclew, gold have their own distinct
benefits over the other delivery system for CRISPR/Cas9 The nanoparticles
surround the large-sized DNA or protein and exhibit low immunogenicity to
hosts. Nanoparticles are easily prepared than viral vectors (Wang et al, 2017).
Blood consists of some nucleases and proteases and these can act on naked
plasmid or protein by degrading them in system circulation. The plasmid or
protein that is delivered in cells can be recognised by the host immune system as
foreign entity and might be cleared. Encapsulating the elements of CRISPR/Cas9
system by nanoparticles could prevent them from degrading by the proteases and
nucleases and thus improves the circulation time in host (Hendel et al, 2 015)

Despite of the potential of nanoparticles mediated CRISPR/Cas9 delivery
there are several challenges for the nanoparticles mediated CRISPR/Cas9
delivery which need to be solved. Nanoparticles encapsulation prevent the
CRIPSPR/Cas9 plasmid from degradation but the problem is once it enters the
nucleus the endo-lysosome is quite critical for the optimization of nanoparticles.
The CRISPR/Cas9 system have its origin from bacteria this can trigger host
iImmune response to some extent. To reduce the immunogenicity of the
CRISPR/Cas9 system the nanoparticles properties like particle size, surface
charge and hydrophilicity should be stringently optimized (Aggarwal et al,
2009). Accumulation of nanoparticles have effect on editing efficiency and off-
target effect so focus should be made on the size and surface modification when
fabricating nanoparticles (Kobayashi et al, 2014). While designing nanoparticles
some critical parameters such as phagocytic clearance and cytoplasmic mobility
needs to consider (Li et al, 2018). Scale-up of nanoparticles is very important
factor which should be considered. There is urgent need to focus on optimizing
the characteristics, enhancing reproducibility and enlarging scale-up of
nanoparticles.

Conclusion and prospects. CRISPR-Cas based editing is successful in
plant and animals. However, there are still certain challenges while delivery of the
CRISPR cargoes and transformation procedures. We have discussed how
nanotechnology can address these challenges. Nanotechnology is boon for
CRISPR/Cas9 delivery. This review summarises role of nanotechnology to
enhance CRIPSR/Cas9 stability and efficiency. Despite of the potential of this
technology we are still facing bottleneck when broadening the use of
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nanotechnology in CRISPR based genome editing. There are many technological
unknowns regarding use of nanomaterial in editing aspect such as the upper limit
of DNA and protein size and amount that can be effectively delivered by
nanomaterials. Also, what is the frequency of off-target editing through
nanotechnological approach is still a question which need to be resolved. In future
emphasis should be given on plant editing through use of nanotechnological
approach as until date there is no example of plant genome editing through
CRISPR based editing with the use of nanotechnology. Questions are still there
regarding the use of nanotechnology in plant genome editing like whether the
regulations of edited plants through nanotechnological approach will be different
from traditional edited one, did the nanomaterial will still exist in plants after
editing. These issues need to be focused and solution needed to found to harvest

the benefits of use of nanotechnology in CRISPR-based genome editing.
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