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Abstract

Based on the further elucidation of bacterial nucleases, the past decades have witnessed rapid
growth in the genome editing field. Genome editing has provided us with an extraordinary
understanding of the relationship between genetic information and versatile disease by creating much
more accurate cellular and animal models of pathological processes. These facile and efficient
genome-editing platforms have begun to reveal exceptional potential in a variety of fields, ranging
from the biotechnology industry to biomedical research.

In Chapter 1, we discussed the background and current research bottlenecks of genome editing field.
As we know, the development of engineered nucleases, for instance, zinc-finger nucleases (ZFNs),
transcription activator-like effector nucleases (TALENS), and clustered regularly interspaced short
palindromic repeat (CRISPR)—Cas-associated nucleases, has significantly accelerated the progress of
genome editing from concept to clinical practice. However, the double-stranded DNA (dsDNA) breaks
by these engineered nucleases result in high cellular toxicity limiting the applications of those tools.
Cytidine base editor (CBE) as a novel CRISPR—Cas9 based genome editing platform that emerged in
2017 enables single or multiple targeted CeG-to-T*A conversions in a genomic DNA without
introducing dsDNA breaks which promises much safer editing and extends applications in a wide
variety of species like microbiome. Target-AID is one of the most researched CBEs, which employs
sea lamprey cytidine deaminase PmCDA 1 and SpCas9 (staphylococcus pyogenes Cas9). Owing to its
low toxicity, this system has been used for precise point mutations in a variety of organisms such as
bacteria, plants, and mammalian cells. Despite promising progress achieved, similar to the other type
of base editing systems, Target-AID often exhibits the genome-wide off-target effect which seems to
be involved in the non-specific DNA binding affinity of PmCDA1. Besides, the large molecular size
of the current Target-AID also hinders its efficient loading to the drug delivery system.

In Chapter 2, we presented the experimental design and methods in this study. All evaluated target
sites for both yeast and mammalian cells were shown, and primers for deep sequencing were also
summarized in a table.

In Chapter 3, we showed the approaches and results of our experiments and discussed the findings
in Chapter 4. In order to reduce its off-target effects for precise genome editing, we engineered
PmCDA1 to diminish its non-specific binding affinity by intensive and careful truncation. Moreover,

we investigated the overall interacting patterns between the engineered PmCDA1 and Cas9,



successfully generating two exquisite systems, Target-AID2S and Target-AID3S. These novel systems
revealed a dramatically mitigated the gRNA-dependent/independent DNA off-targets, whilst exhibited
equivalent or superior on-target editing efficiency. Also, the size of engineered PmCDA1 (121 amino
acids) in Target-AID2S, 3S is only about half of conventional Target-AID (208 amino acids). In
addition, in vivo delivery has been one of the major bottlenecks to achieving efficient and specific
editing at the target tissue, and smaller molecular size is advantageous especially for in vivo delivery
tools such as adeno-associated virus (AAV) vector. AAV is one of the promising delivery methods for
gene therapy with greater safety and efficiency. However, the plasmid loading size is rigorously
restrained, and the current Target-AID system is too big to be loaded. Therefore, we further expanded
our protein engineering approaches into SaCas9 (staphylococcus aureus Cas9) and generated
SaAID2S, 38 that revealed comparable on-target activity with much smaller DNA in size that able to
successfully load onto AAV. Then, in order to verify the ability of engineered SaAID2S, 3S function
in gene therapy, we generated a series of viral particles AAV-SaAID-2S (A2S-1 to A2S-8) and AAV-
SaAID-3S (A3S-1 to A3S-7). Although no significant editing was observed for any of A3S series
tested, we found significant editing efficiency for the A2S series, especially those with smaller
compositions.

In Chapter 5, we proposed the innovation strategies for business based on the new technologies
developed in this study. By analyzing the technology, intellectual property, business, and financial
strategies as a series of strategic cycles and demonstrating the potential of Target-AID2S, 3S in the
treatment of HBV, we believe our proposal will lead BioPalette to renegotiate a new cross-license
agreement with Beam Therapeutics, granting them greater authority over the application of base
editing technology to expand their business territory.

In Chapter 6, we provided brief conclusions about the findings of this study and the work performed.
In conclusion, through protein engineering and in-depth screening in yeast and mammalian cells, we
have successfully generated the novel base editing systems Target-AID2S, 3S, which are characterized
by limited molecular size and high editing fidelity. In addition, by introducing SaCas9, we also
successfully generated the first single-AAV-mediate cytosine base editing tool, and obtained the
desirable on-target efficiency. Also, by reviewing and comparing the current gene editing technologies
from different groups and Target-AID2S, 3S under the real gene therapy scenario, we believe our study
contains a great potential for practical applications, and we hope our work could accelerate the

application of gene editing technologies using in the therapy.
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1. Introduction

1-1. Research Background

< 1-1-1. Genome editing >

Genome editing also known as DNA/RNA manipulating technologies is a type of genetic
engineering research method that helps researchers to better elucidate the function of target DNA. In
the early development stage, to elicit the functional DNA, researchers commonly adopted external
stimuli like UV to randomly insert genetic material into a host genome, but it is very ineffective. Due
to the discovery of bacterial and engineered nucleases, genome editing technologies have been
developed at a rapid pace over the past 10 years and allowed us to focus on the specific DNA rather
than mutate them randomly. Starting from basic experimental strategy, agriculture, livestock industry,
biotechnology industry, to pharmaceuticals and medicine, genome editing revealed a wide potential of

using and we believe it will continue to attract world attention for the next decade.

< 1-1-2. Engineered nucleases >

The main concept and advantage of engineered nucleases is the ability to create DNA double-
stranded break (DSB) and cleave DNA at a specific point. Thus far, in order to cleave DNA, the
restriction enzymes that bacteria have in nature were commonly used, but generally recognition site is
required and usually result in multiple sites cutting. To overcome this challenge, scientists developed
engineered nucleases that can cleave arbitrary DNA, not only for lower animals such as nematodes
but also for animal cells such as zebrafish, rats, and fertilized eggs. Currently, Zinc finger nucleases
(ZFNs), transcription-activator like effector nucleases (TALEN), and the clustered regularly
interspaced short palindromic repeats (CRISPR/Cas9) system are the most researched engineered

nucleases.

< 1-1-3. Zinc-finger nucleases (ZFNs) >

ZFN is considered as the first-generation engineered nuclease reported in 1996. The concept behind
ZFNs is based on the combination of a recognition zinc finger domain and a DNA nuclease Fokl
domain. Zinc ion helps to stabilize and organize the three-dimensional structure, while the C-terminal
part of each finger is to target the specific DNA sequence. Besides, a nuclear localization signal is

needed and is usually connected to the N-terminal. In the beginning, the recognized sequences consist
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of around 3 base pairs, with recruiting multiple zinc finger domains it can elongate and obtain the
competence to mark specific sequences around 18 to 36 base pairs. To date, ZFNs have been reported
as the editing tool that can be used in cultured cells, microorganisms, animals, and plants. However,
the requirement for designing two binding sites and difficulty to obtain desirable activity let ZFNs still
hard to apply into industrial related fields!. Over the past decade, ZFN-based genome editing has been
reported to correct disease-causing mutations in sickle cell disease, antitrypsin deficiency, hemophilia

B, and Parkinson's disease? .

< 1-1-4. Transcription activator-like effector nucleases (TALENSs) >

TALENS share a similar idea to ZFN which also contains a DNA recognition TALEN domain and
a cleaving domain. TALENs was developed in 2010, and it was produced by the plant pathogen
Xanthomonadaceae. The DNA binding motif consists of highly conserved 34 amino acids as one unit
and capable to target a single DNA nucleotide. Fokl is introduced as the nuclease enzyme and
connected to C-terminal, while the nuclear localization signal is designed to the N-terminal. In contrast
to ZFNs, TALENSs are easier to produce, retain the higher DNA binding specificity, and preserve
relatively lower off-target effects'. TALEN is widely used in genetic research and has shown potential
for a variety of applications, including crop improvement, disease modeling, and potential therapeutic
interventions’"'%. On the other hand, due to the large size of TALEN, it cannot be easily packaged in

viral vectors, which raises challenges for cell delivery.

< 1-1-5. Clustered regularly interspaced short palindromic repeats (CRISPR-Cas9) >

CRISPR-Cas9 is known as the powerful genome editing system derived from a bacterial adaptive
immune defense system. This system maintains a robust and programmable activity to cleave the
genome of eukaryotic cells via an RNA-guided (gRNA) module. Once it emerged in 2012, it gained
high expectations from world-wide researches due to its facility and efficiency to use and served as
the potential alternative method to ZFNs and TALENs. Among the Cas enzymes identified, currently
most widely used as a genome editing technology is the one derived from Streptococcus pyogenes
(SpCas9). To gain appreciable editing, a sequence called protospacer adjacent motif (PAM) is required
adjacent to the target sequence. In addition, nCas9 and dCas9 which only conserved one of the two
cleavage domains and inactivated both cleavage domains respectively have also been developed'.

Besides SpCas9, SaCas9 (staphylococcus aureus Cas9) has also been reported as a member of the



Cas9 family that can be used in gene editing systems. Due to its different recognize site and smaller
in size, SaCas9 expands the application scope and reveals advantages for easier to deliver'!. The major
advantages of CRISPR-Cas9 technology are its simplicity and versatility. Unlike previous genome
editing technologies, CRISPR-Cas9 technology is relatively easy to design and implement, and has
been used in a wide range of organisms, including bacteria, plants, animals, and human cells'>'4, It is
also widely used in scientific research to study gene function, develop disease models, and elucidate
genetic diseases'>!?. CRISPR-Cas9 also shows great potential for therapeutic applications, including
the treatment of genetic diseases, immune cell engineering for cancer immunotherapy, and the
development of new treatments for a variety of medical conditions. Doudna and Charpentier, who
developed CRISPR-Cas9, will receive the Nobel Prize in Chemistry in 2020.

In addition to the commonly used CRISPR-Cas9 technology, other novel technologies have also
been developed in recent years, including Casl12, also called CRISPR-Cas12 or CRISPR-Cpfl, a
variant of the CRISPR technology derived from a different bacterial species than the well-known
CRISPR-Cas9 technology. Cas12 is a single RNA-guided endonuclease that handles its own distinct
gRNA, requiring only crRNA for targeting, and has the advantage of being a smaller overall package

than Cas9%.

< 1-1-6. Base editing technology >

Base editing is a fourth-generation genome editing technology developed based on CRISPR-Cas9.
Unlike conventional genome editing methods such as CRISPR-Cas9, it does not require double-strand
breaks in DNA. Instead, it allows for the direct modification of individual bases (nucleotides) within
the genome. Base editing utilizes the enzymes dCas9 or nCas9, fused with a deaminase protein, to
introduce single-base variations (SNVs). Since approximately half of the known gene mutations
causing hereditary diseases are caused by SNVs, base editing holds significant potential in the
treatment of many genetic disorders through the alteration of either temporary RNA or permanent
DNA bases. There are various types of base editing techniques, broadly classified into DNA base
editing and RNA base editing. The origins of base editing technology date back several decades,
starting with RNA base editing, and more recently, both types of base editing have rapidly gained
research popularity?!. DNA base editing technologies can be further divided into cytosine base editing
(CBE) and adenine base editing (ABE) technologies; both CBE and ABE are powerful genome editing

tools for the permanent introduction of point mutations in DNA with high efficiency in living cells.
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< 1-1-7. Cytidine base editor (CBE) >

Base editing tool CBEs employed cytidine deaminase as a functional group and combined with
paired or impaired Cas9 protein was developed. Collaborating with gRNA to localize target, CBEs
revealed the high conversion rate of C+G base pair (bp) to a T*A (bp)?? without introducing a DSB. In
nature, DNA base conversions can act as mutagens under specific circumstances. For example,
cytosine deamination can lead to the formation of uracil, which is structurally similar to thymine and
might be mistakenly recognized, potentially causing a C to T mutation. However, such mutations are
typically repaired through the base excision repair (BER) pathway, and only a small fraction becomes
mutations. On the other hand, the acquired immune system of vertebrates is thought to actively utilize
deamination as a mechanism. This serves as the basis for somatic hypermutation, enabling the
variation of gene locus sequences to allow antibodies, as immunoglobulin molecules, to recognize
various antigens. The enzyme central to this process is called Activation-Induced Cytidine Deaminase
(AID). AID is specific to single-stranded DNA and targets regions where single-stranded DNA is
exposed in R-loop structures when immunoglobulin domains are transcribed frequently?. In this
context, by using a deactivated Cas9 (dCas9) that retains the guide RNA binding capability without
the intrinsic nucleolytic activity of CRISPR-Cas9 protein, and binding it with a deaminase, it becomes
possible to achieve base conversions from C-G to T-A. Usually, CBEs fuse with one or more copies
of uracil glycosylase inhibitor (UGI)** to disturb cell repairability for achieving high mutation
efficiency. At the first stage, cytidine is deaminated into uracil and then replaced with thymine by
conducting with cellular repair mechanism. Target-AID? and BE?? are the two most researched CBEs,
Target-AID employs the deaminase PmCDA1 from lamprey eels, while Base editor incorporates a
deaminase from rats. Depending on the nature of these deaminases, the DNA editing profiles are
slightly different, the editing window is 16-20 bases upstream of the PAM sequence for Target-AID
and 12-16 bases upstream of PAM for BE. CBEs have displayed remarkable single-nucleotide
polymorphism (SNP) conversion with low levels of indels and deletions through editing numerous
cell types. Collectively, CBEs exhibited better utilizability and safety compared with traditional
CRISPR-Cas9 systems.

11



< 1-1-8. Adenine base editor (ABE) >

The ABE (adenine base editing) technology emerged in 2017. Inspired by CBE (cytosine base
editing), ABE leverages the deamination reaction of adenosine to generate inosine. This inosine can
be subsequently modified to guanine during the replication and transcription processes. One of the
appealing aspects of ABE is its ability to correct mutations from C-G to T-A, which represents the
most common pathogenic single-nucleotide variation (SNV) reported in the ClinVar database?¢. While
naturally occurring adenosine and adenosine deaminases exist, their substrates are limited to various
forms of RNA, and they cannot target DNA. Consequently, the ABE activity of various naturally
occurring adenosine deaminases, such as Escherichia coli TadA (or ecTadA), human ADAR2, mouse
ADA, and human ADAT2, was tested, but none exhibited base editing from A to G above background
levels. Therefore, researchers evolved the necessary enzymes from ecTadA, ultimately achieving

successful editing. The invention of ABE further expanded the scope of the base editing application®’.

< 1-1-9. Delivery system >

When applying genome editing technology to in vivo practice, the way of delivering the editing
proteins to the target cells/tissues is very important. Currently, viral delivery and non-viral delivery
are the two main delivery systems. Among the viral delivery family, the most studied are lentiviruses,
adenoviruses and adeno-associated viruses (AAV). Lentivirus vector has a cargo capacity of up to 8 kb
and stable transduction activity, while their genome is randomly integrated into the host chromosome,
which poses risks such as inactivation of tumor suppressor genes. Adenovirus vectors carry less risk
of genomic insertion and allow for larger cargos, but their application has stalled due to their high
immunogenicity. AAV vectors have shown appreciable transduction efficiency and long-term
transgene expression in various tissues while maintaining a low level of immunogenicity, although its
cargo capacity of the expression cassette is only to 4.7 kb. On the other hand, non-viral delivery
systems such as nanoparticles can achieve DNA transport capabilities in excess of 10 kb, but the

cytotoxicity and specificity of synthetic polymers is a major limiting factor for their in vivo application.
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1-2. Challenges of base editing technology and our approach

< 1-2-1. Off-target effect >

Safety is always an important issue when it comes to the application of base-editing techniques.
Although BE and Target-AID, introduced in the previous chapter, had greatly expanded their
application in gene manipulation, it was also found that off-target also existed. Off-target refers to
unintended editing that occurs at genomic sites other than the targeted target site during the genome
editing process. Of course, there raises the possibility of various side effects if unintended edits are
made, and this is an issue that must be resolved, especially for applications that require high editing
precision like gene therapy.

Analogous to gRNA-dependent off-target which come from the miss-match binding of Cas9 (Cas9
is thought to be strictly regulated by the 20-nucleotide guide sequence of the gRNA and the presence
of PAMs adjacent to the target sequence in the genome, potential off-target cleavage activity can also
occur in DNA sequences with a 3-5 base pair mismatch in the PAM-distal portion of the gRNA guide
sequence). In contrast to gRNA-dependent off-target, base editing also revealed genome-wide gRNA-
independent off-target. (Fig. 1). The previous study was observed that cytosine base editing systems
installed the genome-wide gRNA-independent off-target in both rice cell and mouse embryos?®%?. By
reviewing Yang, Gao?’, Ye*°, and their respective coworkers’ report, and the crystal structure of human
AID protein’!, we defined these off-target edits are possibly arisen from the intrinsic binding affinity
of deaminase domain to non-specific dSDNA, consistent with the found demonstrated in Junjie Tan3?
and their respective coworkers’ report, obtained highly off-target reduction by truncating the C-
terminal of PmCDA1 protein. Subsequently, we investigated the 3D model of AID protein (share a
similar crystal structure to PmCDA1) and characterized the binding domain to non-specific dsDNA
(Fig. 2). Interestingly, we found the truncation pattern reported in the previous study3? only removed
a small amount of binding domain. Therefore, we hypothesize the further truncation of PmCDA 1 could

facilitate the reduction of off-target editing even more.
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Fig. 1 Mechanism of gRNA-dependent off-target and gRNA-independent off-target
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Fig. 2 Potential nonspecific dsSDNA binding of PmCDAT base on the AID-dsDNA interaction protein
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< 1-2-2. Large protein size >

By considering utilizing ability in clinics, the delivery method is the one problem obsessed with
researches. As mentioned above, AAV presents low toxicity, lack of pathogenicity, and is capable of
maintaining long-term transgene expression through chromosomal integration proved itself as a
reliable method to use in gene therapy*’. However, the capacity of the plasmid loading size is strictly
restricted (4.7 kb), and the current base editing systems are too big to be loaded (Target-AID, BE > 5

kb). For conventional genome editing, smaller CRISPR ortholog SaCas9 has led to the development
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of single AAV vector''*, but adding a deaminase domain has been challenging®. Instead of
composing a single AAV vector, the base editing components could be split into two AAV vectors to
circumvent the size limitation3®. However, in this case, the amount of AAV used for treatment must be

doubled, thereby increasing the risk of immune response.

To tackle these two challenges and improve current base editing systems (we focus on Target-AID
system), here we descried a protein architecture rearrangement method that focusing on truncating and
engineering PmCDA 1 protein. In order to meet the desired plasmid loading size in AAV, we not only
just completely removed the affinity domain to non-specific dsSDNA but also truncated the non-
functional domain as much as possible along with amino acid replacements. Encouragingly, the novel
system Target-AID2S (Small and Specific) and Target-AID3S (Small, Specific and Superior)
constructed with half more molecular size-down and facilitated spatial structure revealed a
dramatically mitigated the off-target effect (down to 24~40 folds in yeast, 4~14 folds in HEK293 cell)
compare to conventional Target-AID, whilst exhibited equivalent or superior on-target editing
efficiency. We further combined these novel systems with SaCas9 to create SaAID2S and 3S, which
maintain desirable on-targets at smaller molecular sizes. Finally, the world's first single AAV-mediated
base editing system, AAV-SaAID-2S (A2S-8), was successfully generated, and revealed comparable

editing efficiency with tradition method that recruits dual-AAV.
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2. Methods

2-1. Protein modeling

Prediction of the protein structure of PmCDA1 was done by I-TASSER29 based on the
homology with human AID?' (PDB: 5WI1C). The analysis of protein model was done be

ChimeraX?’.

2-2. Cloning and plasmid preparation:

JM109 chemically competent E. coli were used for cloning and preparation of the plasmids by using
FastGene Plasmid Mini Kit or NucleoSpin® Plasmid Transfection-grade for transfection. For the yeast
experiments, Target-AID variant constructs were made by modifying the original Target-AID vector
pRS315¢_pGal-nCas9(D10A)-PmCDA1 (Addgene #79617)%. Plasmids for gRNA expression were
made from p426-SNR52p-gRNA.CAN1.Y-SUP4t (Addgene #43803)*® by replacing the target
sequence. For mammalian transfection, plasmid constructs were generated based on YE1-BE4max
(Addgene #138155)%°. SaCas9-AlID versions were made from pX601-AAV-CMV::NLS-SaCas9-NLS-
3xHA-bGHpA;U6::Bsal-sgRNA(Addgene #61591)*. Scpl promoter*! and ploy-A tail*> were
synthesized by Eurofin. For R-loop assay, nickase SaCas9(D10A) vector was developed from dead
SaCas9 (Addgene #138162) by replacing the promoter with Scpl. The U6 promoter gRNA plasmid
was constructed based on pU6-Sp-pegRNA-RNF2 (Addgene # 135957). The AAV related plasmid
Split-532 (Addgene # 137182, 137183) and Split-739 (Addgene # 119943, 119944. Note:
nSaCas9(KKH) arranged to nSaCas9) were introduced for comparison. DNA was PCR-amplified by
PrimerSTARMax polymerase (TaKaRa) followed by gel extraction (FastGene Gel/PCR Extraction
Kit). Gibson assembly follows the reported protocol34 and Ligation high Ver.2 (TOYOBO) was used
for ligation reactions. DNA was amplified using PrimeSTAR Max DNA Polymerase (Takara Bio)
through PCR reaction.

< Reaction >

2xPrime STAR MAX 25 ul
dHO 22 ul
Template DNA 1w
10 uM forward primer 1l
10 uM reverse primer 1 ul
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Total 50 ul

< PCR condition>

98 °C 1 min
98 °C 10 sec
55°C 5 sec X 25 cycle
72 °C 10 sec/kb
72 °C 1 min
10 °C ©

All plasmid in this study generated by using either Gibson-assembly or Restriction-enzyme ligation.

< Gibson-assembly >

DNA fragment 1 2 ul
DNA fragment 2 2ul
DNA fragment 3 2ul
4x Gibson buffer 2ul
Total 8ul

<Gibson-assembly condition>

50 °C 1 min
37°C 30 sec
68 °C 30 sec
42 °C 30 sec

4 °C 0

< Restriction-enzyme ligation >

DNA fragment 1 2 ul
DNA fragment 2 2ul
Ligation High Ver2 4 ul
Total 8ul

< Restriction-enzyme condition >
16 °C 30 min
4°C )
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IJM109 competent E. coli are selected to assemble and amplify plasmid by chemical transformation.

< Procedure >

1.
2.

Mix 2~5ul plasmid with 20~50ul JM109 competent cell.

On ice for 5 min, and then heat shock 42 °C for 40 sec.

After another on ice for 2 min, add 200~500ul SOC media and move to 37 °C incubator with
shaking ~180 rpm for 1 hour to recover the cell.

Plating the cell onto LB based media plate contains antibiotic selection marker.

2-3. Yeast BY4741 culture and transformation:

<Day 1>

1.

Inoculate cells into 0.5ml liquid medium (YPDA or others) in >10ml tube. Shake overnight to

grow to saturate at 30 °C.

<Day 2>

1.

© ©® N o

Add 5ml YPDA and grow 3~4 hours at 30 °C. Collect cells by centrifugation at 3500 rpm for 15
min.

Suspend cells in 1ml TE buffer, transfer to round-bottomed 2ml tube. Collect cells by
centrifugation at 10,000 rpm for 1 min, and discard fluid with the pipette.

Suspend cells in 500ul TE buffer, collect cells by centrifugation at 10,000 rpm for 1 min, and
discard fluid with the pipette.

Suspend cells in 500 ul LiAc (100mM), collect cells by centrifugation at 5,000 rpm for 2 min, and
discard fluid with the pipette.

Suspend cells in 20ul LiAc (100mM), add 5ul DTT (1M), 5ul freshly prepared ssDNA. (ssDNA
needs to be denatured each time for use. Boiling in the water bath for 1 min, and in ice water for
2 min)

Aliquot mix-up (up to max 10ul) depending on the number of simples.

Add DNA solution (~100ng/ul or not change the conc) to 1/5 volume of mix-up and mix.

Add 2.7 volumes of 50%PEG, and 0.3 volumes of LiAc (1M).

Rotate gently for 1 hour at RT or 30 °C.

For quick protocol, this step can be skipped, which results in lower transformants.

10. Add 1/10 volume of DMSO, mix gently. (finger tapping, then spinning down)

11. Incubate at 42 °C for 15 min with gentle shaking.
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12. Add an equal volume of water and mix by pipetting.
13. Spread cells onto appropriate selection plate in the clean bench.

14. Incubate at 30 °C for two days.

2-4. Yeast BY4741 transformation related media:

< ssDNA (10 mg/ml) >
ssDNA (ex. Salmon sperm) 0.1g
ddH20 (mili-Q) 10 ml
Heat then shakes overnight to dissolve.
» Aliquots (~100ul) of ssDNA in a 1.5ml tube can be stored at -30 °C and need to be freshly
prepared each time as follows. Immediately before use, denature in boiling water in the

microwave for 1 min then rapidly cool down in iced water.

< IM LiAc >
Lithium Acetate 102 g
ddH20 (mili-Q) 100 ml

Autoclave, store at RT.

<50% PEG3500 >
PEG3500 50g
ddH20 (mili-Q) 30 ml

Heat and stir, bring total volume up to 100ml and stir to combine.
»  Filter sterilizes (this might take about ~20 min). Aliquots can be stored at RT for 2 months or at

-20 °C for a longer term.
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2-5. Yeast BY4741 induction and spotting:

<Day 1>
1. Inoculate cell in 100ul selection media (SD-Leu-Ura) in 96 well-plates. Seal around the plate to
prevent it from drying out (normal tape should be ok). At 30 °C grow overnight with shaking

~100 rpm.

<Day 2>

1. Dilute the 5ul culture into 155ul SRaf-Leu-Ura-Arg media, grow overnight.

<Day 3>

1. Dilute the 5ul culture into proper 155ul induction solution (0.02%, 0.2%, 2%) Galactose-SRaf-
Leu-Ura-Arg, grow overnight.

<Day 4 >

1. Warm-up and dry the appropriate control and selection plates (SD-Leu-Ura-Trp, SD-Leu-Ura-
Arg+Can, SD-Leu-Ura-Lys+Thialysine) for 5~10min in clean bench.

2. Make serial dilution. Prepare 90ul dH20 (sample x 6) in line of 96 well. Transfer and mix well
by pipetting 10ul culture from one lane to the next.

3. From the end of the dilution series, spot 10ul of dilutions in line and spot 10ul of culture for the
last lane (sample x 7). Collect plate after drying.

4. Incubate at 30 °C for 2 days.

2-6. Yeast BY4741 selection plate:

< Control plate (SD-Leu-Trp-Ura) >
Premix SD-Leu-Trp-Ura 1 punch
Agar powder 10g
dH20 500 ml
*Note: dH20 use E-POD for better growth

Autoclave, store at 4 °C.
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< On-target plate (SD-Leu-Ura-Arg) + CAN (60ug/ml) >
Yeast base w/o amino acid 335¢

Drop-out mix (-Leu-Ura-Arg) lg

Glucose 10g
Agar powder 10g
dH20 500 ml

*Note: dH20 use E-POD for better growth
Adjust PH to 5.7 by KOH, autoclave, and add 300ul of Canavanine sulfate solution (100mg/ml).

Store at 4 °C.

< Off-target plate (SD-Leu-Ura-Lys) + Thialysine (100ug/ml) >
Yeast base w/o amino acid 335¢g

Drop-out mix (-Leu-Ura-Lys) lg

Glucose 10g
Agar powder 10g
dH20 500 ml

*Note: dH20 use E-POD for better growth
Adjust PH to 5.8 by KOH, autoclave, and add 500ul of Thialysine solution (100mg/ml).

Store at 4 °C.

2-7. Yeast BY4741 induction related media:

< S-Raffinose-Leu-Ura-Arg solution >
Yeast base w/o amino acid 335¢g
Drop-out mix (-Leu-Ura-Arg) lg
Raffinose 10g
dH20 500 ml
*Note: dH20 use E-POD for better growth

Filter-sterilize, store at RT.
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< 0.02% Gal-Raff-Leu-Ura-Arg solution >

5x -Arg-Ura-Leu Sml
20% Raftinose 2.5 ml
20% Galactose 25ul
E-POD-DW 17.475 wl
Total 25 ml
Store at RT.
< 0.2% Gal-Raff-Leu-Ura-Arg solution >
5x -Arg-Ura-Leu Sml
20% Raffinose 2.5 ml
20% Galactose 250 wl
E-POD-DW 17,250 wl
Total 25 ml
Store at RT.
< 2% Gal-Raff-Leu-Ura-Arg solution >
5x -Arg-Ura-Leu 5ml
20% Galactose 2,500 pl
E-POD-DW 17,500 wl
Total 25 ml
Store at RT.
< 20% Galactose solution >
Galactose 40 g
ddH20 (mili-Q) 200 ml
Filter-sterilize, store at RT.
< 20% Raftinose solution >
Raffinose 40 ¢
ddH20 (mili-Q) 200 ml

Filter-sterilize, store at RT.
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< 5x -Arg-Ura-Leu >

Yeast base w/o amino acid 335¢
-Arg-Ura-Leu powder lg
dH20 100 ml

*Note: dH20 use E-POD for better growth

Adjust pH to 5.8 (by 1M KOH)), filter-sterilize, store at RT.

< 100mg/ml Canavanine sulfate solution >
Canavanine sulfate salt 05¢g
ddH20 (mili-Q) 5ml
Store at -20 °C.

< 100mg/ml Thialysine solution >
Thialysine 05g
ddH20 (mili-Q) 5ml
Store at -20 °C.

2-8. Yeast assay targets:

< On-target >

Site name | Protospacer gRNA PAM
CANI1 GCCCAGTTGGATTCCGTTAT Site 1 (KN1086) TGG
CTCCAATAACGGAATCCAAC Site 2 (KN1150) TGG
TTGGCCAAGTCATTCAATTT Site 3 (KN1025) TGG

< Off-target >

Site name | Protospacer

LYPI AAGAATTTATGGGAGAAATTCTGGGC

GCCCAGAATTTCTCCCATAAATTCTT
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2-9. Mammalian HEK293T cell culture:

HEK293T cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with
10% fetal bovine serum (FBS) and 1% penicillin-streptomycin. Cells were incubated at 37 °C with 5%

carbon dioxide and passaged every 3—4 days.

2-10. Mammalian HEK293T cell transfections:
< Cell pre-seeding >
> 24 well plate (Collagen I, Coated Plate): 1x10 cell/well --- 500 ul to each well with DMEM
> 48 well plate (Poly-D-lysine-coated plate): 5x10* cell/well --- 250 ul to each well with DMEM
*With overall 70~80% cell confluence
< Procedure >
Transfection proceeded 2 4h after pre-seeding
1. Distribute plasmids into a 1.5 ml tube within a total of 1,000ng
@O Normal assay.
» 750 ng for effector, 250 ng for gRNA
@ R-loop assay
» 300 ng for effector, 300 ng for nSaCas9
» 200 ng for gRNA-nSpCas9, 200 ng for gRNA-nSaCas9
Add Opti-media with final volume 25 ul per well.
Add Fu-gene transfection agent with 2:1 to amount of plasmid.
Mix with finger tapping, and incubate 10 min at RT.

Transfer onto the cell, and softly shake the plate couple of times.

© o &M w N

Change the media with DMEM after 24 h, and harvest after 72 h.
*For controls involving no base editor or no sgRNA, pUC19 DNA was used to maintain the total

quantity of transfected DNA at 1,000 ng.
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2-11. Cell Sorting:

< Sample preparation >

1.
2.

3.
4.
5.

Wash the cells with 500ul PBS solution.

Add Trypsin 150ul, incubate 3 min, then add DENE media 150ul. Transfer the mixture into a
1.5ml tube, centrifuge 1,000rpm 2min.

Wash the cells with 800ul PBS solution, centrifuge 1,000 rpm 2min.

Suspend the cells with 800ul PBS solution and transfer them into a flex tube.

Cells were collected in a 1.5ml collection tube with 800ul PBS solution contained after sorted.

< Procedure >

© N o o &> 0w Do

10.

11.
12.
13.

Open the compressor. (wait until Pa in the middle of the green needle)
Open the computer and cell sorter (Sony SH800 Cell Sorter).
Wait until (Standby), opens cell sorting software.
Opens cell sorter ship, and read QR code.
Insert ship.
Select 488: Green, 638: Red (for iRFP contained plasmid).
Select Without 405 lasers.
Sheath de-bubble
» The inner tank with blue wire: knocks a couple of times with cap towards up, and
release the air.
Calibration
»  8-10 drops of calibration beams into the empty tube (shaking bottle before use).
»  Calibration-Start-Target-OK.
Successful-OK
» Insert name, and create a new experiment.
Adjust the measurement setting for the desired fluorochrome.
Load the negative control to determine the sorting criterion.
Load the sample (change the pressure to 7, select Sorting and Recording, click Auto-sorting if
needed).

< Finished cleaning >

1.
2.

Select: Cytometer-Soft and Hardware shut down---Start---Normal

Prepare 50% bleach (fresh one every time, Sml bleach + Sml milli-Q) ---Start.
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Prepare 12 ml milli-Q---15min normal---Start.
Cell Sorter shut down.

Close compressor.

© o &> w

Clean the machine.
»  Wrap with DI water.
»  Wrap with ethanol.
7. Exchange the ddH,O (use a fresh one every time)

8. Fill the Sheath tank, and empty the waste tank.

*The gating strategy was shown in following graph
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All Events

SaAID
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2-12. Genome extraction:

< Procedure >

Wash the cells with 500ul PBS solution.

Add 500ul PBS solution, and transfer cells into a 1.5ml tube.

Centrifuge 10,000 rpm for 2 min, and remove PBS solution.

Add 100ul Solution A (Kaneka Easy DNA Extraction Kit Version 2), and incubate 98 °C for 8 min.

Wait until cool down around RT, and then add 14ul Solution B.

© o &M w N oE

Store genome in -20 °C
Genomic DNA was extracted by using Kaneka Easy DNA Extraction Kit (Version 2). Genomic
RNA was extracted by using NucleoSpin RNA Plus, and cDNA was generated by using High-Capacity
cDNA Reverse Transcription Kits (Applied Biosystems).

2-13. AAV production and infection

< Cell passage before seeding >

»  2-day gap: cell number: 7x10°, 7 well plates for 18 samples.

»  3-day gap: cell number: 5x10°, 7 well plates for 18 samples.

< AAV pre-seeding >

Trypsin and collect cell into single 50 ml tube and centrifuge 1000 rpm, 3 min.
Remove culture and add fresh 20 ml media.

Seed 30x10° cell/plate (Make 3x103 cell/ml mixture and aliquot 10 ml for each plate).

A w0 Do

Make sure cell confluence around 60~70%.

< Transfection >

1.  Effector: 6000 ng, pRQ-mi342: 6000 ng, pHelper: 6000 ng (SiRNA 600 ng, add if needed),
Mix together into 1.5 ml tube.

Add 750 ul Opti-media into tube.

Add 90 ul PEI-Max transfection agent (1:5 to the total vector (18 ug) used).

Vortex and centrifuge, then wait 5~10 min.

o w D

Dispense the mixture to cell, and softly shake the plate for a little bit.
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<AAV harvest >

1.  After 72h incubation, add 1/80 volume of 0.5M-pH 8 EDTA (125 ul for our petri-dish).

2.  Shake and mix well, and wait 10 min at RT.

3. Collect in 50ml tube (combine the same sample), and centrifuge 1750 xg for 10 min at 4 degree
and get rid of supernatant (as much as possible, however, supernatant also able to collect some
AAV).

4.  Vertex the tube to disperse the pellet well.

5. Add 500 ul AAV extraction solution A (Takara Kit) into tube.

6. Vertex about 15 seconds, and 2000-14000xg centrifuge for 10 min at 4 degrees.

7. Collect supernatant into 1.5 ml tube.

8. Add50ul AAV extraction solution B, and pipetting (proceed to purification or store at -80 degree,
de-frozen in 37-degree water bath when using).

< AAV purification >

1. Add MgCl; to final conc ~80mM (1/12.5 volume of solution when using 1M MgCl,).

2. Add cryonase cold-active nuclease to final conc 0.2 U/ul (200 U/ml) (20 U/ul enzyme in stock).

3. Keep in 37-degree for 30 min.

4,  Add chloroform to 1:1 total volume ratio, and vortex vigorously for 10s.

5. Centrifuge 3000xg for 5 min at 4-degree.

6. Collect the upper water layer (pink) into Amicon Ultra column or a new 1.5ml tube.

7. Proceed Amicon Ultra centrifuge for concentrating (centrifuge ~60min to concentrate).

<AAV lysis >

1. Add 18 ul 10 mM Tris-HCI (pH 8.0) +0.05% tween 20 solution into 2ul AAV solution to dilute
(x10).

2. Add 20 ul lysis buffer, and incubation 70 degree for 10min (x2).

3. Using 10 mM Tris-HCI (pH 8.0) +0.05% tween 20 to dilute AAV (x10000, x20000...), centrifuge

before dilation to prevent any white patriciate taking.
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< Droplet Digital PCR (ddPCR) for titer estimation >

Using Probe system

ddPCR Supermix for Probe (no dUTP) 10 ul
Forward Primer (10uM) 1.8 ul
Reverse Primer (10uM) 1.8 ul
Probe (10uM) 0.5ul
Template DNA 1ul
Water 4.9 ul

Total 20 ul (x20)

*ITR Probe is blue cap, and sy946 sy947 are using for ITR PCR area

1.
2.

© o &> »w

10.

Open the switch of all machine like the seal machine.

Prepare the master mix of solution except template, and transfer 19ul into each well of middle
line of DG8 Cartridge. Prevent bubble!

Add 1 ul sample into assigned well. Prevent bubble!

Add 70 ul generator oil into bottom line of cartridge.

Insert into holder and cover with orange gasket (single time of using cannot reuse).

Insert into droplet making machine, and prepare the PCR plate and assigned the sample area (the
middle of plate using).

Cut the seal steel with best fitting size of the plate (The side contain red line is upper side and
make it line up the top of plate).

Transfer the 40 ul of droplet into PCR plate softly and slowly, may taking 3~5s. The strong force
may destroy the droplet. Prevent bubble!

After adding all droplet, seal the plate with steel sheet using sealing machine

Load the plate in middle of PCR machine.

< Droplet Digital PCR (ddPCR) setting >

o > W DpoE

Click saved filed.

Select AAV titration (40 ul 105-degree lid).

Start run (Takes around 2 hours).

After finished, transfer the plate into middle lines of QX200.

For shut down, click cancel and home bottom, then close the power of machine.
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< QX200 software setting >
1.  Click Quantasoft icon to start the program, click the machine condition the light (green,
flashing green or yellow).
2.  Click Prime (Run if not using in one week).
3. Select new template and double click to edit. Assign the using area: the middle region of plate.
4. Enter
a. Sample name: xx
b. Experiment: ABS
€.  Supermix: ddPCR Supermix for Probe (no dUTP)
d.  Target 2: For HEX/VIC, unknown for sample
Insert the plate within an appropriate position (middle) and cover the steel cover.
Save the template.

Click flush system.

© N o O

Run (FAM/HEX) the machine.
*Note: the sum of positive and negative point of detected should >10000. The value of trustable data

should around 5~500. (Conc: value x20 x20 xDilation x 1000 vg/ml).

2-14. High-throughput sequencing of genomic DNA and data analysis:

<I%*PCR >
Genomic DNA 1w
10 uM forward primer 1w
10 uM reverse primer Il
KOD Fx Neo 0.5 ul
2x Buffer 10 pl
dNTP 2ul
dH,O 4.5 ul
Total 20 ul
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< It PCR condition>

98 °C 2 min
98 °C 10 sec
58 °C 30 sec x 32 cycle
68 °C 30 sec/kb
68 °C 5 min
10 °C 0

< 18 PCR product purification>

PCR product Sul
ExoSAP-IT Express 2ul
Total 7 ul

37 °C 4 min, 80 °C 1 min

<2 PCR >
15t PCR product 1l
10 uM forward primer 1w
10 uM reverse primer 1w
KOD Fx Neo 0.5 ul
2x Buffer 15 ul
dNTP 3ul
dH,O 8.5ul
Total 30 ul

< 2" PCR condition>
Same as the 1% PCR condition

< 2" PCR product purification>
NucleoMag NGS Clean-up and Size Select kit.
»  Elution with 30ul ddH,O.

<34 PCR >
2" PCR product 5ul

10 uM index primer 1 1wl

32



10 uM index primer 2 1w

2x Q5 Polymerase 10 ul
dH,O 3ul
Total 20 wl

< 3" PCR condition>

98 °C 10 sec
98 °C 30 sec
65 °C 30 sec x 15 cycle
72 °C 20 sec
72 °C 5 min
10 °C 0

< 39 PCR product purification>
NucleoMag NGS Clean-up and Size Select kit.
»  Elution with 30ul EB buffer.

Target region-containing fragment was first PCR-amplified using 1st primer pairs from the extracted
genomic DNA. The second PCR was performed to obtain adapter added amplicon (~220 bp) by using
the first PCR products as template and 2nd primer pairs containing adapter sequences. The amplicon
was labeled using NEBNext Multiplex Oligos for Illumina. The DNA sequenced were analyzed by
Miniseq system (Illumina, CA, USA) to obtain paired 2 x 150 bp read length by using MiniSeq Mid
Output kit (300 cycle). Obtained Fastq data were processed and analyzed by Crispresso2*.

< Primers used for deep-sequence>

Name Sequence (5'-3") Target Experiment

HEK2 1st-1 TCCCACGTATTGCACTGCCATT HEK?2 gene 1st round PCR for

deep-sequence

HEK2 1st-2 | CCCCTCAGCATTCAGCCACTAATA HEK2 gene 1st round PCR for

deep-sequence

HEK2 2nd-1 | TCTTTCCCTACACGACGCTCTTCCGATCTCGG | HEK2 gene 2nd round PCR for
AATGAATGGATTCCTTG deep-sequence
HEK2 2nd-2 | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | HEK2 gene 2nd round PCR for
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TCTAGCCCCATCTGTCAAACT

deep-sequence

HEK3 1st-1 AGCTTGGCATGAGAAACCTTGGAG HEK3 gene Ist round PCR for
deep-sequence
HEK3 1st-2 | TCTGGGTGCCCTGAGATCTTTT HEK3 gene 1st round PCR for
deep-sequence
HEK3 2nd-1 | TCTTTCCCTACACGACGCTCTTCCGATCTGGG | HEK3 gene 2nd round PCR for
AAACGCCCATGCAATTAGTCT deep-sequence
HEK3 2nd-2 | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | HEK3 gene 2nd round PCR for
TCTGCTGCACATACTAGCCCCTGTCT deep-sequence
RNF2 1st-1 GTCTGTAAAGTCCATGGTTGGTGC RNF2 gene 1st round PCR for
deep-sequence
RNF2 1st-2 CTCCCAAAGTCCCCACCTCTTAAT RNF2 gene 1st round PCR for
deep-sequence
RNF2 2nd-1 | TCTTTCCCTACACGACGCTCTTCCGATCTCCA | RNF2 gene 2nd round PCR for
ACATACAGAAGTCAGGAATGC deep-sequence
RNF2 2nd-2 | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | RNF2 gene 2nd round PCR for
TCTTGTCTCAGGCTGTGCAGACAA deep-sequence
VEGFA 1st- | AAGGCTCCAATGCACCCAAGA VEGFA gene 1st round PCR for
1 deep-sequence
VEGFA 1st- | CGCTCGGTGCTGGAATTTGATA VEGFA gene 1st round PCR for
2 deep-sequence
VEGFA 2nd- | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | VEGFA gene 2nd round PCR for
1 TCTCTCCTCCGAAGCGAGAACA deep-sequence
VEGFA 2nd- | TCTTTCCCTACACGACGCTCTTCCGATCTACG | VEGFA gene 2nd round PCR for
2 GACAGACAGACAGACAC deep-sequence
SaCas9 GTGGAGTGCTCTGTGTTTGTCT SaCas9 site 1 R- 1st round PCR for
site_1 1st-1 loop off-target deep-sequence
SaCas9 TACCTGTGCACCTAAGGCATCA SaCas9 site_1 R- | 1st round PCR for
site_1 1st-2 loop off-target deep-sequence
SaCas9 TCTTTCCCTACACGACGCTCTTCCGATCTTAC | SaCas9 site_1 R- | 2nd round PCR for
site 12nd-1 | CAACATACATGCCCCTTTGCC loop off-target deep-sequence
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SaCas9 GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | SaCas9 site_1 R- | 2nd round PCR for
site_ 12nd-2 | TCTTCTTGACTCATCCTGCAGTCTCCT loop off-target deep-sequence
SaCas9 GATTTGCCAAGTTGCCTGTCCTTC SaCas9 site 2 R- Ist round PCR for
site 2 1st-1 loop off-target deep-sequence
SaCas9 TGGGTTTATGGAGGTCCTCTTGTG SaCas9 site 2 R- Ist round PCR for
site_ 2 1st-2 loop off-target deep-sequence
SaCas9 TCTTTCCCTACACGACGCTCTTCCGATCTTGC | SaCas9 site 2 R- | 2nd round PCR for
site. 22nd-1 | GGTGGGAGATCTGGTTTC loop off-target deep-sequence
SaCas9 GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | SaCas9 site 2 R- | 2nd round PCR for
site. 22nd-2 | TCTAGGACATTTCCACCGCAAAATGGC loop off-target deep-sequence
SaCas9 AGCTGTCCAGAGGTGTTAAGTGCC SaCas9 site_ 3 R- | 1st round PCR for
site 3 1st-1 loop off-target deep-sequence
SaCas9 TTCACTGTGTTAGCCAGGATGGTC SaCas9 site 3 R- 1st round PCR for
site 3 1st-2 loop off-target deep-sequence
SaCas9 TCTTTCCCTACACGACGCTCTTCCGATCTTGG | SaCas9 site 3 R- | 2nd round PCR for
site. 3 2nd-1 | CATCCAGAGACATGGTTTC loop off-target deep-sequence
SaCas9 GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | SaCas9 site 3 R- | 2nd round PCR for
site. 32nd-2 | TCTCTCTTTGCTCCAGATTTCCCTTCA loop off-target deep-sequence
SaCas9 ACAACCTGTCCGCAAGGGAAAA SaCas9 site 4 R- 1st round PCR for
site 4 1st-1 loop off-target deep-sequence
SaCas9 AGTAGGGGTGAGGGAACAAACCA SaCas9 site 4 R- | 1st round PCR for
site 4 1st-2 loop off-target deep-sequence
SaCas9 TCTTTCCCTACACGACGCTCTTCCGATCTAGG | SaCas9 site 4 R- | 2nd round PCR for
site. 4 2nd-1 | GGCCTCAGGGGAATAAATCAT loop off-target deep-sequence
SaCas9 GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | SaCas9 site 4 R- | 2nd round PCR for
site. 42nd-2 | TCTTGGGATTCGACAGAAATGTGAGCC loop off-target deep-sequence
SaCas9 AGCTTGGCATGAGAAACCTTGGAG SaCas9 site 5 R- | 1st round PCR for
site 5 1st-1 loop off-target deep-sequence
SaCas9 TCTGGGTGCCCTGAGATCTTTT SaCas9 site 5 R- | 1st round PCR for
site 5 1st-2 loop off-target deep-sequence
SaCas9 TCTTTCCCTACACGACGCTCTTCCGATCTGGG | SaCas9 site S R- | 2nd round PCR for
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site 5 2nd-1

AAACGCCCATGCAATTAGTCT

loop off-target

deep-sequence

SaCas9 GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | SaCas9 site 5 R- | 2nd round PCR for
site. 52nd-2 | TCTGCTGCACATACTAGCCCCTGTCT loop off-target deep-sequence
SaCas9 CATCTCGCACGTGGTTCCGGAA SaCas9 site_6 R- | 1st round PCR for
site_6 1st-1 loop off-target deep-sequence
SaCas9 CGACCAAAGCGCCGATGGATGTG SaCas9 site 6 R- Ist round PCR for
site_6 1st-2 loop off-target deep-sequence
SaCas9 TCTTTCCCTACACGACGCTCTTCCGATCTGGC | SaCas9 site_ 6 R- | 2nd round PCR for
site. 6 2nd-1 | TTTTAAGTTGCCCAGAG loop off-target deep-sequence
SaCas9 GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | SaCas9 site 6 R- | 2nd round PCR for
site. 62nd-2 | TCTCCGCCAGAAGCTCGGAAAA loop off-target deep-sequence
SaCas9 ACTGCCACTCGGTCTCTTCA SaCas9 site_7 R- 1st round PCR for
site_7 1st-1 loop off-target deep-sequence
SaCas9 AGGGGTAGGGATGGTTCTCT SaCas9 site_7 R- | 1st round PCR for
site 7 1st-2 loop off-target deep-sequence
SaCas9 TCTTTCCCTACACGACGCTCTTCCGATCTGGG | SaCas9site 7 R- | 2nd round PCR for
site. 72nd-1 | AAAAGTTTTGGGGTGGA loop off-target deep-sequence
SaCas9 GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | SaCas9 site 7 R- | 2nd round PCR for
site. 72nd-2 | TCTCTCGCCACTCTGGGCTCCCCATT loop off-target deep-sequence
HEK2 off s | GCAGAAGTCGTACTATGCAAGC HEK?2 gene off- 1st round PCR for
ite-1 1st-1 target 1 deep-sequence
HEK2 off s | TGCATGGGCACATGTGTTTG HEK?2 gene off- 1st round PCR for
ite-1 1st-2 target 1 deep-sequence
HEK2 off s | TCTTTCCCTACACGACGCTCTTCCGATCTGAC | HEK2 gene off- 2nd round PCR for
ite-1 2nd-1 AGATCTGTAACTAGAACAATGGG target 1 deep-sequence
HEK2 off s | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | HEK2 gene oft- 2nd round PCR for
ite-1 2nd-2 TCTCCATATCTACTATATACATATTTAATGCTCC | target 1 deep-sequence
C

HEK2 off s | AGAGGCCTTCCAAGCCTGAAAATG HEK?2 gene off- 1st round PCR for
ite-2 1st-1 target 2 deep-sequence
HEK2 off s | GCATTAATCCATATTTGTATCACCCTCC HEK2 gene oft- 1st round PCR for
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ite-2 1st-2 target 2 deep-sequence
HEK2 off s | TCTTTCCCTACACGACGCTCTTCCGATCTAGC | HEK2 gene oft- 2nd round PCR for
ite-2 2nd-1 AGTGAGTTTGGGCACTTGT target 2 deep-sequence
HEK2 off s | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | HEK?2 gene off- 2nd round PCR for
ite-2 2nd-2 TCTTATGATTTCTAACTATCATGG target 2 deep-sequence
VEGFA off | AAAACAGTGCGGTGGAGAAAGG VEGFA gene off- | 1st round PCR for
_site-1 1st-1 target 1 deep-sequence
VEGFA off | CAGAGGGAGAATCAAGCTGTACAC VEGFA gene off- | 1st round PCR for
_site-1 1st-2 target 1 deep-sequence
VEGFA off | TCTTTCCCTACACGACGCTCTTCCGATCTAAG | VEGFA gene off- | 2nd round PCR for
_site-12nd-1 | GTTTCCCAATTTCATCTTCAGAACAG target 1 deep-sequence
VEGFA_off | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | VEGFA gene off- | 2nd round PCR for
_site-12nd-2 | TCTTCTCTGACTTGGACAGCTGCAGTA target 1 deep-sequence
VEGFA off | ACAGCACCATGGTTAGACTGAGGA VEGFA gene off- | 1st round PCR for
_site-2 1st-1 target 2 deep-sequence
VEGFA off | CAACAGGATTTGCTGAGGGATTGC VEGFA gene off- | 1stround PCR for
_site-2 1st-2 target 2 deep-sequence
VEGFA off | TCTTTCCCTACACGACGCTCTTCCGATCTTTC | VEGFA gene off- | 2nd round PCR for
_site-2 2nd-1 | TCCCTACTCAACCCCGAGC target 2 deep-sequence
VEGFA_off | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | VEGFA gene off- | 2nd round PCR for
_site-2 2nd-2 | TCTTTCGGCTGAGCAGTTAGAAGGAAG target 2 deep-sequence
VEGFA off | TGTGGCTGCCCCGCTTATTAAA VEGFA gene off- | 1stround PCR for
_site-3 1st-1 target 3 deep-sequence
VEGFA _off | CCGCCTGTGAGCTATTTCCACATT VEGFA gene off- | 1st round PCR for
_site-3 1st-2 target 3 deep-sequence
VEGFA_off | TCTTTCCCTACACGACGCTCTTCCGATCTTCC | VEGFA gene off- | 2nd round PCR for
_site-3 2nd-1 | TGGCCACCTCTTGCCTGTCA target 3 deep-sequence
VEGFA _off | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | VEGFA gene off- | 2nd round PCR for
_site-3 2nd-2 | TCTGAGGATCGCAGCCTGGAGTTAAG target 3 deep-sequence
VEGFA _off | ATCACACCCTTTGGGGATCTTTGG VEGFA gene off- | 1st round PCR for
_site-4 1st-1 target 4 deep-sequence
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VEGFA off | AAAGGCTTCCTTGAGGCTGAAGTC VEGFA gene off- | 1st round PCR for
_site-4 1st-2 target 4 deep-sequence
VEGFA_off | TCTTTCCCTACACGACGCTCTTCCGATCTTGC | VEGFA gene off- | 2nd round PCR for
_site-4 2nd-1 | TTTCCAGCTCTGCTTCATGT target 4 deep-sequence
VEGFA_off | GTGACTGGAGTTCAGACGTGTGCTCTTCCGA | VEGFA gene off- | 2nd round PCR for
_site-4 2nd-2 | TCTGGAGAGTGCCATTCTCAGCCTAAA target 4 deep-sequence
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2-15. Mammalian HEK?293T cell assay targets:

< SpCas9 genomic loci for on-target evaluation >

Site name

Protospacer

PAM

Amplicon

On-target site 1
HEK?2

GAACACAAAGCATAGACTGC

GGG

ATGAATGGATTCCTTGGAAACAATGATAACAA
GACCTGGCTGAGCTAACTGTGACAGCATGTGGT
AATTTTCCAGCCCGCTGGCCCTGTAAAGGAAA
CTGGAACACAAAGCATAGACTGCGGGGCGGGC
CAGCCTGAATAGCTGCAAACAAGTGCAGAATA
TCTGATGATGTCATACGCACAGTTTGACAGATG
GGGCTGGACAATTTTTCCCCCTTTAA

On-target site 2
HEK3

GGCCCAGACTGAGCACGTGA

TGG

CGCCCATGCAATTAGTCTATTTCTGCTGCAAGT
AAGCATGCATTTGTAGGCTTGATGCTTTTTTTCT
GCTTCTCCAGCCCTGGCCTGGGTCAATCCTTGG
GGCCCAGACTGAGCACGTGATGGCAGAGGAAA
GGAAGCCCTGCTTCCTCCAGAGGGCGTCGCAGG
ACAGCTTTTCCTAGACAGGGGCTAGTATGTGCA
GCTCCTGCACCGGGATACTGGT

On-target site 3
RNF2

GTCATCTTAGTCATTACCTG

AGG

ACGTCTCATATGCCCCTTGGCAGTCATCTTAGT
CATTACCTGAGGTGTTCGTTGTAACTCATATAA
ACTGAGTTCCCATGTTTTGCTTAATGGTTGAGT
TCCGTTTGTCTGCACAGCCTGAGACATTGCTGG
AAATAAAGAAGAGAGAAAAACAATTTTAGTA
TTTGGAAGGGAAGTGCTATGGTCTGAATGTATG
TGTCCCACCAAAATTCCTACGT

On-target site 4
VEGFA

GACCCCCTCCACCCCGCCTC

CGG

CTCCGCTCGGCTCGGCTTCCCCCGCGCGGACCA
CGGCTCCTCCGAAGCGAGAACAGCCCAGAAGT
TGGACGAAAAGTTTCAGTGCGACGCCGCGAGC
CCCGACCCCCTCCACCCCGCCTCCGGGCGLCGGG
CTCCGGCCCCTGCCCGCGGCTCGCCGCCGCGTC
CACTGTCCGCCGCCGGCCGGGGAGGAGGTGGTA
GCTGGGGCTGGGGGCGGTGTCTGT

On-target site 5
HEK4

GGCACTGCGGCTGGAGGTGG

GGG

AGATGGCTGACAAAGGCCGGGCTGGGTGGAAG
GAAGGGAGGAAGGGCGAGGCAGAGGGTCCAAA
GCAGGATGACAGGCAGGGGCACCGCGGLCGLCC
CGGTGGCACTGCGGCTGGAGGTGGGGGTTAAAG
CGGAGACTCTGGTGCTGTGTGACTACAGTGGGG
GCCCTGCCCTCTCTGAGCCCCCGCCTCCAGGCC
TGTGTGTGTGTCTCCGTTCGGGTTG

On-target site 6
PPP1R12C 4

GACCCTCAGCCGTGCTGCTC

GGG

CCCTCCCGTGGGGTGAGGAGAAGGCTGGGAGG
GATACATTGGTGGGGGATATTGGCTTGTAGGAT
CAGCCAGGAACGAAGACCACTGGGGCCACTGG
AAAGACCCTCAGCCGTGCTGCTCGGGGTGGGA
CTCTGCGGCCCCAAATCACAAGGCGACTGCCT
GTGACACCCTGTGACACCCGGCTCCACACAGG
AGCCTCAGAGGGGCTGCAGTGCGCAGG
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On-target site 7
RPCI

GGCCTCCGTATCACTCTCTGA
C

TGG

GTTGGGGGGGAGGTAGGGGCTATCAAACCTCAT
GATTGGCCGCACACAAAGGTGTGAGTATGTGT
ATATTTGAGGGTGGGTGGGAGTGGCACTTTCAC
TAGGCCTCCGTATCACTCTCTGACTGGGGTATC
TCCCAGCAAGCGAGACAGAGGCAGACACGCTT
CCCAGACTGTCTTACTGGGTCTCTCTGTGTTATT
CTCTGCAGTGTCTGTGTGTATCGTG

On-target site 8
MALAT1

CTTCCAGTTGAATTCACCAG

TGG

ATAGCCTATTTACTTTAAATAAACCAAACATT
CCATTTTAAATGTGGGGATTGGGAACCACTAGT
TCTTTCAGATGGTATTCTTCAGACTATAGAAGG
AGCTTCCAGTTGAATTCACCAGTGGACAAAAT
GAGGAAAACAGGTGAACAAGCTTTTTCTGTAT
TTACATACAAAGTCAGATCAGTTATGGGACAA
TAGTATTGAATAGATTTCAGCTTTAT

< SaCas9 genomic loci (R-loop assay and SaCas9 variants on-target) >

Site name

Protospacer

PAM

Amplicon

SaCas9 site 1

GTGGTAGACAGCATGTGTCCTA

ATGCCCCTTTGCCTCAAGTCTGGTTATTTTAGG
GGGATGCTAGGTTGCTTTGGGTCTACCTTACTG
AGAAAATGGCCCCAGGTCATTGTCATGTCCAG

AAGGGT [TTGTGGTAGACAGCATGTGTCCTAAAGGGTAT

ATTCACATGCATGTGCAAAAATACAGGGGTCC
TTCTAACCCTATCACAGAGAAGCAGGAGACTG
CAGGATGAGTCAAGATGCTAAGTGATGA

SaCas9 site 2

ATTTACAGCCTGGCCTTTGGGG

CCTCAGACCAGGGTGCGGTGGGAGATCTGGTTT
CCGGAAGACGGAATGGGGAGAAGGGCAGGTTC
CCCGAGGCGCCCAGACACCCAATCCTCCCGGT

TCGGGT |GACATTTACAGCCTGGCCTTTGGGGTCGGGTCA

ACGCTAGGCTGGCAGGGGAAGGGCGGGGCCGT
GAGGTGAGCCGGCGCTGCAGGAAGGGGCCACC
ACCAGAGGGGCCATTTTGCGGTGGAAAT

SaCas9 site 3

GTGTCAGGTAATGTGCTAAACA

GTGGCATCCAGAGACATGGTTTCTTATCTCCTT
AAGTGTTCAGCTGCTTTTCTTTCATTTATTCCA
CATATAATTACTATAATTGCTAAACATTTATTT

GAGAGT |AGTGTCAGGTAATGTGCTAAACAGAGAGTTAC

TGCTCAGACATGTAATAATAATAAATAACACA
TCAAATAACCATACCATTTTAAGCTGTAGTAT
TATGAAGGGAAATCTGGAGCAAAGAGA

SaCas9 site 4

GGTGGAGGAGGGTGCATGGGGT

TTTTGCTTATCCAGAAAAGGGAGTGATTGCTTC
CAGGGGCCTCAGGGGAATAAATCATAGAATCC
TGGACAAGGTTTGAAGGACAGGTAGGATTTGG

CAGAAT |GTGGGTGGAGGAGGGTGCATGGGGTCAGAATT

GTAACCGAAAACTCATTCCAGGTGGATAGAGA
AAATTTCTAGTGTTGTTGTTTTTAAACTATTTG
GGGGACTGGCACAGACCCTTTTTGAATA
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SaCas9 site 5

TCTGCTTCTCCAGCCCTGGC

GATGAGAGAAGCCTGGAGACAGGGATCCCAGG
GAAACGCCCATGCAATTAGTCTATTTCTGCTGC
AAGTAAGCATGCATTTGTAGGCTTGATGCTTTT

CTGGGT |TTTCTGCTTCTCCAGCCCTGGCCTGGGTCAATC

CTTGGGGCCCAGACTGAGCACGTGATGGCAGA
GGAAAGGAAGCCCTGCTTCCTCCAGAGGGCGT
CGCAGGACAGCTTTTCCTAGACAGG

SaCas9 site 6
(FANCF)

GATGTTCCAATCAGTACGCA

GGCTTTTAAGTTGCCCAGAGTCAAGGAACACG
GATAAAGACGCTGGGAGATTGACATGCATTTC
GACCAATAGCATTGCAGAGAGGCGTATCATTT

GAGAGT |CGCGGATGTTCCAATCAGTACGCAGAGAGTCG

CCGTCTCCAAGGTGAAAGCGGAAGTAGGGCCT
TCGCGCACCTCATGGAATCCCTTCTGCAGCAC
CTGGATCGCTTTTCCGAGCTTCTGGCGG

SaCas9 site 7
(VEGFA)

GCCCGCCCTCCCCCGCCCGG

TGGGAAAAGTTTTGGGGTGGATTGCTGCGGGGA
CCCCCCCTCCCTGCTGGGCCACCTGCGCCGCGC
CAACCCCGCCCGTCCCCGCTCGCGTCCCGCTCG

CCGGGT |GTGCCCGCCCTCCCCCGCCCGGCCGGGTGCGLG

CGGCGCGGAGCCGATTACATCAGCCCGGGCCT
GGCCGGCCGCGTGTTCCCGGAGCCTCGGCTGCC
CGAATGGGGAGCCCAGAGTGGCGAG

< SpCas9 genomic loci for SaCas9 R-loop off-target assay >

Site name

Protospacer

PAM

Amplicon

SpCas9 site 1

GAACACAAAGCATAGACTGC

GGG

ATGAATGGATTCCTTGGAAACAATGATAACAA
GACCTGGCTGAGCTAACTGTGACAGCATGTGG
TAATTTTCCAGCCCGCTGGCCCTGTAAAGGAA
ACTGGAACACAAAGCATAGACTGCGGGGCGGG
CCAGCCTGAATAGCTGCAAACAAGTGCAGAAT
ATCTGATGATGTCATACGCACAGTTTGACAGA
TGGGGCTGGACAATTTTTCCCCCTTTAA

SpCas9 site 2

GGCCCAGACTGAGCACGTGA

TGG

CGCCCATGCAATTAGTCTATTTCTGCTGCAAGT
AAGCATGCATTTGTAGGCTTGATGCTTTTTTTC
TGCTTCTCCAGCCCTGGCCTGGGTCAATCCTTG
GGGCCCAGACTGAGCACGTGATGGCAGAGGAA
AGGAAGCCCTGCTTCCTCCAGAGGGCGTCGCA
GGACAGCTTTTCCTAGACAGGGGCTAGTATGTG
CAGCTCCTGCACCGGGATACTGGT

SpCas9 site 3

GTCATCTTAGTCATTACCTG

AGG

ACGTCTCATATGCCCCTTGGCAGTCATCTTAGT
CATTACCTGAGGTGTTCGTTGTAACTCATATAA
ACTGAGTTCCCATGTTTTGCTTAATGGTTGAGT
TCCGTTTGTCTGCACAGCCTGAGACATTGCTGG
AAATAAAGAAGAGAGAAAAACAATTTTAGTA
TTTGGAAGGGAAGTGCTATGGTCTGAATGTATG
TGTCCCACCAAAATTCCTACGT
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SpCas9 site 4

GACCCCCTCCACCCCGCCTC

CGG

CTCCGCTCGGCTCGGCTTCCCCCGCGCGGACCA
CGGCTCCTCCGAAGCGAGAACAGCCCAGAAGT
TGGACGAAAAGTTTCAGTGCGACGCCGCGAGC
CCCGACCCCCTCCACCCCGCCTCCGGGCGCGG
GCTCCGGCCCCTGCCCGCGGCTCGCCGCCGCGT
CCACTGTCCGCCGCCGGCCGGGGAGGAGGTGG
TAGCTGGGGCTGGGGGCGGTGTCTGT

< SpCas9 gRNA dependent off-target genomic loci >

Site name

Protospacer

PAM

Amplicon

HEK?2_sitel

GAACACAATGCATAGATTGC

CGG

TCTGTAACTAGAACAATGGGTTCAAAAACAAA
CAGAGAAGACAAGTAAATTAATAAGTACTGT
AGTCCAGATAATCAGAGTGTGGAGAGTGAGTA
AGCCAGAACACAATGCATAGATTGCCGGTAAA
TAGGTTTAGATTCATCCATTTTTAAAAAATGGT
GTGGGAGCATTAAATATGTATATAGTAGATAT
GGAAAAATGATTCTCATAATAACTGACA

HEK?2_site2

AAACATAAAGCATAGACTGC

AAA

TAGCTCAGGGAAGGAGCAGTGAGTTTGGGCAC
TTGTGACAGAATAGTGGGACTATGCCAGAGAT
ACACAGGAGGAGGTGGTACCTTCTAGCTCCCC
CTCAAAACATAAAGCATAGACTGCAAAGTAC
TCCCAAGCAGGCTGAATAACACTCGAGTACCA
AAAAAATACACTCTGAAACAATACCAATAAT
TTTTTTAAAAATTATATATACCATGATAGT

VEGFA _sitel

GACCCCCCCCACcceaGececce

CGG

CTTTTTAAGGTTTCCCAATTTCATCTTCAGAAC
AGTTAGAATCTACTGACTAATTCTGAGCAGAG
GAATATGTGACATGAGGAGATTTGCATTTCCA
AAAGACCCCCCCCACCCCGCCCCCGGCTGCTG
TTGCAGAGGACAAGTTGAGGAGGGCAGAGAGG
ATGTGGAGAGGACAGCAGGGAGTACTGCAGCT
GTCCAAGTCAGAGATTGTAGTGGCTCT

VEGFA_site2

GCCCCCACCCACCCCGCCTC

TGG

GAGCCCTCCTCTCTTGCTTCTTGCTCTGACCTT
GTTTGTTATTCCACAGAGAAAACTTTCAAAAA
CAGCCAGAAGAGAACATCCACGAGCTCCCAC
CACTGCCCCCACCCACCCCGCCTCTGGCCCAT
GTATTCTGCTTTCTCTTGTTTTAATCTTTCCCTC
TCAACAAAGAGCAACTTCTTCCTTCTAACTGC
TCAGCCGAAAAGCCTTGGAGTCACCC

VEGFA_site3

CGCCCTCCCCACCCCGCCTC

CGG

TCTTGCCTGTCACGCAGACGCCCCCATCAAGC
CCACCGCCCACCCCCAACCCCCGTGCGGGCAG
CGGCTCCTCGGTGCTCTGGTCCGACGCCCCTTC
TGTCGCCCTCCCCACCCCGCCTCCGGCGGACA
GAGCTGGGCGGGAGCTGGGACTGGTACCCCCT
CCCCACCTCGGAGACACCCTTAACTCCAGGCT
GCGATCCTCGTGCCGGGGCCCCGCCGT
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VEGFA_site4

CTCCCCACCCACCCCGCCTC

AGG

CTCTGCTTCATGTTGTTGGCAGGAGGCCCCTCC
TTCTCATCCTTGTATCAGCTGCCTTCTCATCAC
AAGATGACTATGTCCCTCTGGGCCCCATCCTCC
CCTCCCCACCCACCCCGCCTCAGGCTTGAAGA
GGAAAGAAGAGCGCAGGGCCAAAAAAACTTT
GTCCTTTAGAAAGGATCTACCTTTTAGGCTGAG
AATGGCACTCTCCCCAGAAACATCC

< gRNA dependent RNA off-target genomic loci >

Site name

Protospacer

PAM

Amplicon

HEK3-RNA_Off-
target site 1

GATACAAAAAGTTCCATTGA

GGA

TCAAGAATTACTTGTGTTTTCACAGAGATAGA
CTCTTTGCTTTATAGAGATTGTTGTGTATTTAA
TATGAATATCCCAGCTTTAGAAAAGAAGTAAA
CTGGATACAAAAAGTTCCATTGAGGAACAGTT
ATTTACAGTATAAAAGATTTGTTTACTTTACA
AAAGGCTTGTGTCTGTGTGTGTGTGTGTGTGTGT
GTGTGTGTATTTTAAACTGACTCAG

HEK3-RNA_Off-
target site 2

CAGGACTGCTGCAGACTGAG

CCA

GGAGACTCACCTCTGGCTCTTTGCCACTGTCAG
AATCTGAATCTCACTGGCCCTGTGGAGTAGGG
ATCCTATCTGGAGAAGTGGGAGCATGGGCTGC
AGTCAGGACTGCTGCAGACTGAGCCATGTGAT
GGTACGTAATGAGTTCCCCTGAGGGAATGAAA
CACCCTCACCCCTTCAAAGTCACCCCTTTGGA
ATTCAACACAGACACACATATCCCTTC

HEK3-RNA_Off-
target site 3

AAATACATTTCTGGGCCACC

TCA

CGTGCTTGTGGACATCAGGCCTCCTGCCAGCAG
TTCTTGAAGCTTCTTTTTCATTCCTGCTACTCTA
CCTGTATTTCTCAGTTGCAGCACTGAGTGGTCA
AAATACATTTCTGGGCCACCTCAGGGAACCCA
TGCATCTGCCTGGCATTTAGGCAGCAGAGCCC
CTGACCGTCCCCCACAGGGCTCTGCCTCACGTC
CTCATCTCATTTGGCTGTGTAAA

RNF2-RNA_Off-
target site 1

ATCACACCTCATCTTAGTCA

ACC

TACAGATATGGTAGAAAAAGTAAGAAAATTTT
CACCACAAAACCAATAGTTAACTACTAACAG
AGAAAGTTATACACAAAATATATCTCTCAATA
CAGTGATCACACCTCATCTTAGTCAACCGACT
CGATGGCCGGAGCAGAGCCTGTGGACGGGGGC
TTTTGCACAGCGCTTCTCTGACTCTTGGGCTCA
GCCTCCAGGTGCGCTCCCAGGGCTCTTT

RNF2-RNA_Off-
target site 2

GACCAATGACTAATATGTTC

AAT

ATATGTGTACATATTAAATAGGCATACACACA
CATCACACACAACCAGATAAAATAAATGGTA
CATACATTGCTACTATGAACACTGCACGTCCC
AGACAGACCAATGACTAATATGTTCAATTAAA
CTACTTGAATTAAACTACTCTTCCTCTCCCCAA
AATATTCTGCTTGCAGCAAACATATTCCAGTT
GCTCAAGCGGTGTTGTTTCTAGGTTCCT
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RNF2-RNA_Off-
target site 3

AAAAATCAATGACTAAGAAC

TTA

TGAAAGCTGCAGTTTCCCTCTTTCCTATTTTTTT
TTAAACACAAAAATCAATGACTAAGAACTTA
ATACTGGATGACAAATCACATCCACACTATTC
GTTAAATAGCCTCACAGTTAAACACATCTTAA
AGACCAGTCAAATCAGTATTTACATTTTATAA
ATTTCTGAAGACACCATTAGAAAGCTTATATA
TCCCTTCATTAAACAAAATAGGGAACT

< gRNA independent RNA off-target genomic loci >

Site name

Amplicon

CTNNB1

TTTGATGGAGTTGGACATGGCCATGGAACCAGACAGAAAAGCGGC
TGTTAGTCACTGGCAGCAACAGTCTTACCTGGACTCTGGAATCCAT
TCTGGTGCCACTACCACAGCTCCTTCTCTGAGTGGTAAAGGCAATC
CTGAGGAAGAGGATGTGGATACCTCCCAAGTCCTGTATGAGTGGG
AACAGGGATTTTCTCAGTCCTTCACTCAAGAACAAGTAGCTG

1P90

CTGGTTGACCAATCTGTGGTGAATAGTGGAAATCTGCTCAATGAC
ATGACTCCTCCTGTAAATCCTTCACGTGAAATTGAGGACCCAGAAG
ACCGGAAGCCCGAGGATTGGGATGAAAGACCAAAAATCCCAGATC
CAGAAGCTGTCAAGCCAGATGACTGGGATGAAGATGCCCCTGCTA
AGATTCCAGATGAAGAGGCCACAAAACCCGAAGGCTGGTTAGATG
ATGAGCCTGAGTACGTAC

RSL1D1

TTGGCTTTCCAAATCAGTGGGTCTGACTTGAGGTCTGTGATGTGAC
CCTTTTCCTCACCTGCTCAACCATTATTCACATGGACTCCATCATAT
TCATTTGTAGTCATTCCCAGAGTGGCCCAGTGAGGGTCTCGCTGTA
TGAGAGTCGGCTACGGAATTTAGGAGAAACAGAAGTTTCTTGGCT

TTCATGCTGAGCTTGTTGGTCTAAGCTTATGAG
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3. Result

3-1. Protein engineering and yeast assay

< 3-1-1. Elimination of DNA-binding region >

We hypothesized that PmCDA1 itself can interact with genomic DNA without Cas9 binding to DNA
leading to the gRNA-independent off-target base editing. Removing regions of PmCDA1 that would
have affinity to DNA can reduce the Cas9-independent off-target. The potential binding moieties of
PmCDA1 were predicted on the basis of the structure of human AID along with dsDNA (Fig. 2). The
predicted binding regions were removed by truncating the protein from its termini since the
corresponding amino acids for the regions are present close to the N- and C-terminal ends. We fused
the truncated PmCDATs to nCas9 at either terminus and tested their on-target activity and genome-
wide non-specific mutagenic activity in yeast Saccharomyces cerevisiae (BY4741) cells. We adopted
the CAN1 gene as a target locus, whose loss of function leads resistance to the drug canavanine. The
on-target occurrence rate was calculated by counting canavanine-resistant clones. On the other hand,
the LYP1 gene was employed to assess the potential of genome-wide off-target mutations by revealing

resistance to S-aminoethyl-L-cysteine. These mutations are generated in a gRNA-independent fashion.

Based on the amino acid alignment of AID and PmCDA1, the potential DNA-binding moieties for
PmCDAT1 were located to residues 21-27 and 172—192 of the total 208 amino acids (a.a.) length of
the protein, we first made a series of truncations from the C-terminal end PmCDA1 (1-201, 1-197, 1-
190, 1-183, 1-179, 1-176, 1-161) (Fig. 3). To reflect the changes in their deaminase activity within the
dynamic range, we intentionally omitted the uracil DNA glycosylase inhibitor (UGI) which easily
increases mutation rate to the saturation level in yeast. Although it has been reported that truncated
PmCDAT (1-161) with UGI showed editing efficiency in yeast comparable to that of full-length
PmCDA1 (1-208)*, our versions which are without UGI and fused to the C-terminus of nCas9
showed a significant decrease in activity as the truncation progressed (Fig. 3).

We next performed a series of truncations from the N -terminus of the 1-161 version by fusing to
the N-terminus of nCas9. The N-terminus truncations of CDA1 (1-161) first showed further decreased
activity, which was then recovered as truncation proceeded to 21 and 28 a.a (Fig. 4). The predicted
structure of the protein indicated that simultaneous truncation of the N- and C- terminus minimizes

cross-section and gives a smoother protein surface with less exposure of hydrophobic residues. Further
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truncation to CDA1(30-150), which was predicted to be the smallest one with minimum exposure of
the hydrophobic surface while retaining its enzymatic core domain intact showed recovered activity
(Fig. 4). These results suggest that the changes in their editing activity were attributed to the
conformational stability of the protein.
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Fig. 3_Effect of truncating the C-terminus of PmCDAL. a, A series of space-filling structure
predictions for C-terminally truncated PmCDA 1. The non-catalytic dSDNA binding domain is shown
in green (N-terminus) and red (C-terminus), respectively. The blue segments represent adjacent

moieties to be truncated to smooth protein shape and minimize section. b, C-terminally truncated
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Target-AID constructs tested in c. ¢, Trends of on-target editing efficiencies for the truncated
constructs in yeast. Occurrences of canavanine resistant mutants were measured as CAN1 gene
mutants. Trend lines for different data sets (pink and grey dots) are plotted for CAN1-1 and CAN1-2

target sites.
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Fig. 4 Effect of truncating the both N- and C-termini of PmCDAI1. a, A series of space-filling structure
predictions for N- and C-terminally truncated PmCDA 1. The non-catalytic dsDNA binding domain is
shown in green (N-terminus) and the blue segments represent adjacent moieties to be truncated to
smooth protein shape and minimize section. Potential amino acid substitution sites of 30-150 version
are marked in orange. b, N- and C-terminally truncated Target-AID constructs tested in c. ¢, Trends of
on-target editing efficiencies for the truncated constructs in yeast. Occurrences of canavanine resistant

mutants were measured as CAN1 gene mutants.

< 3-1-2. Target-AID2S, 35>

To further improve CDA1(30-150) activity, we introduced a series of mutations to the hydrophobic
residues that were exposed after the truncation. Six mutations were tested in the first round and W122E
was found to significantly gain activity to CDA1(30-150). Additional seven mutations were tested in
combination with W122E to find W139R/Q with further improvement of the activity. Satisfyingly, the
30-150 truncated with W122E and W139Q elicited the best on-target efficiency and we named the
new engineered PmCDA1 as tCDA1EQ (Fig. 5, 6). As the engineered deaminase supposedly has less
affinity to DNA by itself and might be less stable than the original PmCDA 1, nCas9-fusion architecture
may have a greater impact on its base editing property. By combining the tCDA1EQ and to nCas9, we
generated novel Target-AID2S (Small, Specific) system. Target-AID2S (PmCDA1: 121 amino acids
in size) achieved around 80% recovery of on-target efficiency at site 1 and 95% recovery at site 2 in

contrast to the conventional Target-AID system (PmCDAT1: 208 amino acids in size).

PMCDA1
(AID)

tCDA1EQ

30-150
(22-133)
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Fig. 5 Truncation of 30-150. The predicted space-filling structure of PmCDA1 before and after
engineering. In addition to the direct DNA-binding sites (green and red), segments shown in blue were

trimmed to minimize the protein section. The mutated amino acids (W122 and W139) are marked in

orange.
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Fig. 6 Effect of amino acid substitutions in the truncated PmCDAT1 (30-150). Hydrophobic residues
exposed after truncation were subject to substitution with hydrophilic residues. On-target editing
efficiency was measured by yeast canavanine assay and normalized to the average of Target-AID.
Biological replicates were plotted for CAN1-1 (red) and CAN1-2 (blue) target sites. Different data

sets are shown in different dot shapes.
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The spatial interaction between proteins is an important factor that affects overall functional protein-
group performance, for instance, PmCDA1 and SpCas9 protein. Thus far, PmCDA1 was designed to
connect either N or C-terminal of SpCas9 protein. By exploring previous studies, we found the
domain-inlaid type of constructs revealed versatile protein performance presented in APOBEC144,
Subsequently, we questioned whether the domain-inlaid of PmCDAT1 into the SpCas9 protein could
alter the protein stability and overall functional performance like editing efficiency and editing window.
The new guide CAN1_site 3 contains a different editing window introduced in this experiment. By
investigating the relative spatial position and overall secondary structure between proteins, 4 different
types of inserted PmCDA1 were established based on the prediction of their minimum functional
disruption and then assayed in yeast. Intriguingly, we found N1054-CDA1 (1054-CDA1-1055)
maintained the equivalent editing efficiency compare to Target-AID. Then, we applied this PmCDA1
intradomain construct to our Target-AID2S system to see if the performance could be altered or further
facilitated. Surprisingly, the intradomain Target-AID3S (small, specific, and superior) we generated
revealed further editing efficiency boosted 12.2-fold at on-target site 3 compare to Target-AID2S and
showed equivalent efficiency to conventional Target-AID on both on-target site (Fig. 6). We reasoned
that the steric limitation of domain-inlaid help hinders the stochastic movement of PmCDA1, and thus

obtained superior specific-target accessibility.
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Fig. 6 Development of domain-inlaid type Target-AID3S. a, the domain-inlaid AID-3S (1054-
tCDA1EQ-1055) was developed in position of RuvC domain of Cas9. b, On-target editing efficiencies
evaluated in yeast. Biological triplicates were plotted for CAN1-2 (blue dots) and CAN1-3 (orange

dots) target sites.

Finally, we evaluated the overall on/off-target performance of novel Target-AID2S, 3S to
conventional Target-AID system. For on-target analysis, we tested on CAN1 site 2&3. Target-AID3S
revealed high on-target activity comparable to conventional Target-AID. Target-AID2S showed a
comparable on-target activity on CANI1 site 2, but a decrease in CANI site 3. The reason for this is
probably due to the target C for site 3 is closer to PAM sequence which is not preferable editing site
for Target-AID2S (Fig. 7). The further editing window evaluated is needed to clarify this result.

To obtain the amenable off-target analysis data, we stuck a UGI domain to Target-AID, Target-
AID2S, and Target-AID3S to boost their editing efficiency to the same level in order to omit the factor
that high level off-target raised from high on-target editing efficiency. By comparing with conventional

Target-AID, Both Targe- AID2S and Target-AID3S revealed a remarkable deduction of genome-wide
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off-target down to ~40 (site 2) and ~24 folds (site 3) respectively, whilst maintained a desirable on-
target efficiency (Fig. 7). This result proved our hypothesis that the deletion of non-specific dssSDNA

affinity areas in PmCDA1 would help to mitigate the genome-wide off-target effect.
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Fig. 7 On-target and off-target profiles of the Target-AID variants assayed in yeast. a, On-target
editing efficiencies for Target-AlID, AID-2S, and AID-3S without UGI in yeast canavanine-resistance
assay. CANI1-2 (blue dots) and CANI1-3 (orange dots) were selected as the target sites and the
biological triplicates were plotted n=3. b, Occurrences of on-target mutation with UGI (canavanine
resistance) and off-target mutation (thialysine resistance) were measured after induction of each
construct as indicated in yeast. Biological triplicates were plotted for CAN1-2 and CAN1-3target sites

n=3. Two-tailed unpaired Student’s t-test; p-value (P*= 1.03E-08 and P**= 3.56E-08).
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3-2. Mammalian HEK?293T cell assay

< 3-2-1. Variants and methodology for comparison >

To expand the application scope, we then evaluated our Target-AID2S and Target-AID3S in
HEK293 mammalian cell and compared with YE1, YE2, R33A+K34A base editors*® that reported
with appreciable on-target efficiency, whilst maintained the limit off-target effect. 8 on-target sites

used in previous studies were selected for evaluation (Fig. 8).
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Fig. 8 The eight on-target sites. The selection of on-target sites is based on the editing C arranged

through all position in the gRNA sequence for lower the bias for inefficiency on-target evaluation.

Analytical methods have also been developed to evaluate gRNA-independent off-target potential of
the base editors. Genome-wide mutations can be thoroughly elucidated by whole genome sequencing
(WGS). However, WGS is expensive, time-consuming, and has low throughput. In addition, it may
not be sensitive enough for further comparative analysis of the improved base editors. Previous WGS-
based studies had indicated that actively transcribed regions were prone to base editing off-target effect,
because the R-loops which is formed by the exposure of single-stranded DNA by RNA transcription
is a preferred substrate for the deaminases. To mimic such hot spots, localized R-loop was formed by
using an orthogonal nuclease-defective CRISPR system which was co-transfected with base editing
systems targeting another distant locus, and this is called R-loop assay>’ that report in the previous
study (Fig. 9). Deep sequencing of the R-loop region allowed for rapid and sensitive comparative

evaluation of gRNA-independent off target potency.

53

Wvd



{ . M .
‘.\ Whole genome sequencing ) R-loop (Targeted sequencing)

Target-AlID
gRNA (Sp)  (spCas9)

U U Base editing vectors

Target-AID
gRNA (Sp)  (spCas9)

U

gRNA (Sa) SaCas9
Base editing vectors
u U Artificial hot-spot vectors
On-target Off-target Off-target hot-spot
f Speash spcam '\% speass ‘\ﬂ, e §
[ J—
Transcription area Any spot in genome
- - - - - - - whemm - 1 - . ]
e s Sk —— — ——— =t A=
— —— T —— w— — = =
e e o s s s e L = =
’ = =
== E
Whole genome sequencing R-loop (Targeted sequencing)
* Need to read whole genome * Import artificial hot-spot
* High precision * Convince and low cost
* Money and time consuming * High sensitivity

* [Evaluate relative mutation rate

Fig. 9 The mechanism of R-loop off-target assay. Compare to WGS, R-loop assay is cost-efficiency

method to evaluated gRNA-independent off-target that is easier to conduct in lab-based research.

< 3-2-2. On-target performance >

The on-target activity presented with the 20nt on-target sequence from PAM sequence (Fig. 8, 10).
Target-AID was capable to perform >20% of editing to all sites. Target-AID2S and Target-AID3S also
performed well except for site 8. Interestingly, at site 1, the high C to G conversion also was observed
at C-15 (25%) which indicated the UGI activity might be hindered at site 1 or at certain target context
Target-AID3S may embrace the greater potential to C to G mutation rather than C to T. Both Target-
AID2S and Target-AID3S presented less indel and C to A conversion relative to Target-AID. YE1 and
YE2 were reported as alternate deaminase type for APOBEC1 with restricted editing window and less
off-target. In this on-target assay, those two variants revealed comparable on-target performance with
Target-AID3S. APOBEC1 R33A+K34A was designed as the novel platform for a lower off-target
RNA editing but also exhibited reduced DNA off-target. However, it showed target-context dependent
which is consistent with the find in previous study reported its displayed highly target-dependence in
this study also that obtain >20% of editing only in sites 3, 4, and 7. Compare with the preference of 5’
T or C context APOBEC1 CBE variants, PmCDA1 CBE variants exhibit less affinity to certain motif

context (Fig. 10).
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Fig 10. On-target editing profiles of the CBE variants. On-target sites (1~8) were selected and analyzed
by deep sequencing. Mutation frequencies at each C position (numbered from the PAM sequence side
of the target sequence toward the 5’ side) are shown. Data are presented as mean values +s.d. of C to

T conversion (n=6 for site 1~4, n=3 for site 5~8).
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< 3-2-3. Editing window >

After sum up the data of 8 on-target sites, we could conduct the editing window analysis for each

variant (Fig. 11). Conventional Target-AID revealed high C affinity that induced widely C to T

mutations from C-18 to C-14. With engineered platform Target-AID2S, the editing window showed

magnificent narrowed down, meanwhile, the editing efficiency of most affinity C-18, 17 was

guaranteed. This cause was thought due to protein truncation led to the weaker target affinity and

mitigated deaminase activity of Target-AID2S. On the other hand, domain-inlaid type Target-AID3S

unveiled the shifting of editing window toward the PAM sequence and retained two editing peaks at

C-16 and C-13. This phenomenon and wider editing window detected were speculated due to insertion

of PmCDA1 into nCas9 alter the spatial distance to target sequence and make it easier to approach.

For those APOBECI1 derived CBE variants (YEL, YE2, and R33A+K34A), the editing window

demonstrated consistent with the previous reports that most affinity at C-15.
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Fig. 11_ Evaluation of editing window. Each position averaged the editing efficiency cross all sites.

The nucleotide C positions (numbered from the PAM sequence side of the target sequence toward the

5’ side) with the averaged C to T conversion frequencies for all target sites are shown. Data are

presented as mean values £ s.d (n=8). C position alignment of each site is shown in Fig. 8.
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< 3-2-4. Off-target occurrence >

For correctly and precisely address off-target characterize of our newly built Target-AID2S, 3S, we
conducted gRNA-in/dependent RNA/DNA off-target evaluation. We recruited YE1, YE2,
R33A+K34A, BE4max for comparison.

RNA off-target

We conducted target RNA sequencing of three mRNA sites (Fig. 12, CTNNB1, RSL1D1, and IP90)
which is reportedly to exhibit high gRNA-independent off-target*> and six gRNA-dependent mRNA
sites (Fig. 13, HEK3 1, 2, 3 and RNF2 1, 2, 3)*. Both gRNA-independent and gRNA-dependent
RNA-editing exhibited by BE4max as reported was significantly lowered by the all-other variants
tested, while YE1 retained detectable RNA off-target at several sites. Original Target-AID and the new
variants did not show significant RNA off-target, consistent with the previous report. Target-AID2S,

3S also did not revealed any RNA off-target as same as Target-AID (Fig. 12, 13).
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Fig. 12 RNA independent off-target. Targeted RNA sequencing of three gRNA-independent locus
reported before (CTNNBI1, RSL1DI1, and IP90) was performed for four rAPOBEC1 CBEs and three
Target-AID CBEs. Data are presented as mean values + sd (n = 3). Statistically significant differences
between BE4max and other CBEs were supported by two-tailed unpaired Student’s t-test; p-value

(P*=1.98E-03 ~ 2.36E-03 for RSL1D1 site, 1.45E-02 ~ 2.18E-02 for IP90 site, 8.90E-03 ~ 1.33E-02
for CTNNBI site)
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Fig. 13_RNA dependent off-target. Target RNA sequencing was conducted with six gRNA-dependent

mRNA sites as reported (HEK3 1, 2, 3 and RNF2 1, 2, 3). Data are presented as mean values + s.d.
(n=3).

oRNA-dependent DNA off-target

The gRNA-dependent DNA off-target effect was also assessed by deep-sequencing of the 6 reported
sites (HEK2 OT1, 2; VEGFA OT], 2, 3, 4)*7% (Fig. 14). Target-AID2S and Target-AID3S showed
substantially reduced off-target especially in HEK2 site 1 and VEGFA site 2, 3, 4. YE2 and
R33A +K34A showed improved off-target editing at all the sites analyzed compared to YE1.
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Fig. 14 gRNA-dependent DNA off-target. The two HEK?2 off-target sites and four VEGFA off-target
sites were analyzed by DNA amplicon deep sequencing. Target-AID2S, 3S showed significant
reduction compared to Target-AID at HEK?2 site 1 and VEGFA site 2, 3, and 4, supported by the two-
tailed unpaired Student’s t-test; p-value (P* =1.79E-06 ~ 9.88E-04 for AID2S, P**=6.02E-06 ~

8.13E-04 for AID3S). The mutation frequencies at each nucleotide position are shown in heat diagram.

gRNA-independent DNA off-target:

The gRNA-independent DNA off-target effects were assessed by using orthogonal SaCas9 R-loop
assay in HEK293T cells. SaCas9 off-targets site 1~6 was selected following the previous studies’® and
an additional site 7 (VEGFA locus) was chosen as its C-rich context may provide higher sensitivity to
deamination by CBEs. Target-AID showed detectable off-target editing at all seven sites (Fig. 15),
while Target-AID2S showed no detectable off-target occurrence in the site 1, 3 and significantly
reduced off-target editing at site 2, 5, 6, 7, which was comparable to YE2 and R33A + K34A. YE1
showed rather higher off-target editing at site 6 and 7. Targt-AID3S showed the lowest, hardly
detectable off-target editing across all seven sites tested. This may be attributed to the inlaid
architecture which sterically limits the access of the enzyme beyond Cas9-binding DNA strand, in
addition to the eliminated DNA affinity. On average, Target-AID2S and -3S respectively exhibited
approximately 4.5-folds and 13.7-folds reduction of R-loop off-target editing compared to the original
Target-AID while maintaining appreciable on-target editing efficiency (Fig. 10, 15). Collectively,

consistent with conclusions conducted in yeast experiment, Target-AID2S and Target-AID3S also
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elicited remarkably off-target mitigation in the mammalian cell in stark contrast with canonical Target-
AID which proved our hypothesis that complete removal of dsDNA affinity domain would adequately
reduce the off-target effect. Furthermore, domain-inlaid also showed as an effective strategy to

attenuate the off-target effect.

gRNA-independent DNA off-target (R-loop assay)
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Fig. 15_gRNA-independent DNA off-target. gRNA-independent DNA off-target was compared by
using seven off-target R-loop sites. Compared to Target-AID, AID-2S and -3S showed significant
reduction across all sites, supported by two-tailed unpaired Student’s t-test; p-value (P* =3.36E-06 ~
5.37E-03 for AID2S, P**=289E-06 ~ 8.93E-04 for AID3S). Inlaid 1247 YEI1 also showed a
significant difference to YEI at site 5, 6 and 7 (P***=4.59E-02, 7.59E-04, 1.59E-04). Off-target
frequencies are shown as the percentage of reads containing the mutation. Data are presented as mean
values + sd (n>=3). The mutation frequencies at each nucleotide position are also shown in heat

diagram.

Inlaid architecture investigation:

To further define the effect of domain inlaid architecture, inlaid-YEI, inlaid-YE2 and inlaid-
R33A+K34A were constructed, resembling Target-AID3S architecture which splits Cas9 at 1054 a.a.
position. Additionally, the 1247 a.a. position of Cas9 which is also predicted as a flexible position**,
was tested as inlaid (1247)-YE1. These rAPOBECI] inlaid variants, however, showed overall reduction
in on-target editing efficiency, especially inlaid-YE2 and inlaid-R33A+K34A by evaluating seven
target sites (Fig. 16). The off-target effect of YE1 was substantially reduced by both inlaid architectures,

while no or little improvement was seen for inlaid-YE2 and inlaid-R33A+K34A (Fig. 15).
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Fig. 16_On-target editing profiles of the inlaid rAPOBEC1 CBE variants. On-target sites (1~7) were
selected and analyzed by deep sequencing. The highest C to T conversion frequencies for each variant

at each target are shown. Data are presented as mean values = s.d. of C to T conversion (n=3).

< 3-2-5. On/off-target profile >

Taken together the data obtained in these assays, we plotted a landscape of candidates we identified
as being contained especially promising on-target activity and minimizing genome-wide Cas9-

independent off-target effect in each target site (Fig. 17).

Onl/off-target profile
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Fig. 17_ Overall on/off-target profile. On-target editing versus average off-target editing profile for all
CBEs tested in this study. The y axis represents the mean on-target editing at the eight on-target, and

the x axis represents the mean off-target editing at the seven orthogonal R-loop sites.
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< 3-2-6. Apply into SaCas9 >

The engineered PmCDA1 (tCDA1EQ) is substantially smaller (121 a.a.) in size compared to the
wild-type (208 a.a.). Smaller molecular size as a genome editing component is advantageous
especially for in vivo delivery tools. Therefore, we introduced the small ortholog SaCas9 system to
minimize the size of base editing system furthermore (Fig. 18). To develop SaAID3S, tCDA1EQ was
inlaid into 615-616 a.a. position of nSaCas9 within the HNH domain facing to the polynucleotide-
binding cleft. Small Scpl promoter and SpA terminator were also employed to compose a total length
of 4036 bp plus 332 bp of gRNA expression cassette. For comparison, the conventional form of
SaCas9 version of Target-AID (SaAlID) was also developed, which contains full-length PmCDA1 with
linker, UGI, CMV promoter, and SV40 terminator to compose a total length of 5220 bp without gRNA
cassette. To normalize transfection efficiency that may vary depending on the vector size, the
transfected cells were sorted by the fluorescent signal of iRFP670 expressed from the vector backbone.
At the two target sites tested, SaAID and SaAID3S showed comparable editing efficiency with
differences in mutation window (Fig. 19). Relative gRNA-independent DNA off-target effect was
assessed for SaAID and SaAID3S by employing four SpCas9 targets as R-loop off-target sites. SaAID
showed significant off-target effect at the four R-loop sites tested, all of which were substantially
reduced in SaAID3S (Fig. 20). The RNA off-target was also assessed at the three sites (CTNNBI,

RSL1D1, and IP90), showing no detectable editing (Fig. 21).

SaAID | cr.-w‘j| SanCasg [ Teoa ] T]
(5220 bp) 'l NLS “Linker LsV4a0pA
NLS — UGl
. [tCDA1EQ
saap-2s || | SanCase |l
(4036 bp) [l 5 GSlinker - SpA
L Sepi NLS —
UG-

SaAlD-3S Ul SanCasa-N |_|[ SanCasd-C ” ]

(4036 bp)  [—nLs LGS linker SpA
—Scpl —tCDAIEQ NLS —
UG-
— gRNA sequence
Sa_gRNA | In2o] JpT]
(332 bp) = H1 Sa scaffold

Fig. 18 Structural design with SaCas9. Domain architectures of SaAID, SaAID2S and SaAID3S. The

gRNA expression cassette was combined into each effector plasmid.
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Fig. 19 On-target editing efficiency of SaAID, SaAID2S and SaAID3S. On-target editing frequencies
of SaAID, SaAID2S and SaAID3S are shown with the highest position, and data are presented as mean
values +s.d (n=3). To normalize transfection efficiencies, cells were sorted by the expression of
iRFP670 from the plasmid backbone. The mutation frequencies of each nucleotide position are also

shown in below.
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SpCas9_OT_site1 SpCas9_OT_site 2 PAM
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Fig. 20 gRNA-independent DNA off-target of SaAID and SaAID3S. Heat map of DNA off-target
profile in gRNA-independent fashion. gRNA-independent off-target occurrences analyzed by R-loop
assay and deep sequencing with four SpCas9 target sites (HEK2, HEK3, RNF2 and VEGFA).

SaAID3S revealed significant difference to SaAID cross all four sites
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Fig. 21 gRNA-independent RNA off-target of SaAID, SaAID2S and SaAID3S. Target RNA
sequencing conducted for SaAID and SaAID3S with three gRNA-independent sites as reported
(CTNNBI, RSL1D1, and IP90) in comparison with BE4max. Data are presented as mean values =+ s.d.
(n=3).
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< 3-2-7. Load onto AAV vector >

To develop a single AAV base-editing vector, a series of viral particles were prepared with varied
compositions of AAV-SaAID-2S (A2S-1 to A2S-8) and AAV-SaAID-3S (A3S-1 to A3S-7) by using
Scpl, CMV, minCMV or Scp3 promoters, bGH or Short-PolyA terminators and H1 or U6 gRNA
promoters (Fig. 22, 23). Their editing efficiency was evaluated in vitro by infecting HEK293T cell in
comparison with the previously developed dual AAV partitioning system (DUAL-533 and DUAL-
739). DUAL-533 is based on v5 S. aureus CBE using intein-split SaBE3.9max*°, which had been
developed by splitting SaCas9 at 533 a.a. position and ligating via Npu DnaE intein. DUAL-739 is
based on Npu DnaE Intein-SaKKH-BE3, splitting SaCas9 KKH variant at 739 a.a. position (Fig. 22).
DUAL-533 retained the editing efficiency which is consistent with the previous study*’. Although no
significant editing was observed for any of A3S series tested and DUAL-739, we found significant
editing efficiency for the A2S series, especially those with smaller compositions (Fig. 24).
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Fig. 22 Domain architectures of AAV variants. Inside of the ITR domains is shown. The dual AAV

system was introduced base on previous study.
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AID2S

No Promoter  PolyAtal gRNAPro  Size(bp) Conc (vg/mi)
A25-1 Scp1  Short-PolyA H1 4408 4.7T1E+10
A25-2 CMV bGH U6 5160 4.13E+11
A25-3 Scp1 bGH UG 4657 2 30E+11
A25-4 CMV  Short-PolyA U6 5001 4 79E+11
A25-5 Scpl  Short-PolyA UG 4408 6.56E+11
A25-6 minCMV  Short-PolyA U6 4456 3 42E+11
A2S-7 Scp3  Short-PolyA U6 4498 3.94E+11
A25-8 Scp1  Short-PolyA U6-flipped 4523 2 40E+11

AID3S
No Promoter  PolyA-tail gRNAPro  Size(bp) Conc (vg/mi)
A3S-1 Scpl  Short-PolyA H1 4498 4 ATE+10
A3S-2 CMV bGH U6 5160 6.16E+10
A35-3 Scp1 bGH UG 4657 6.72E+11
A3S-4 CMV  Short-PolyA U6 5001 7 84E+11
A3S-5 Scpl  Short-PolyA UG 4408 1.11E+12
A35-6 mnCMV  Short-PolyA U6 4456 2 T6E+12
A3S-7 Scp3  Short-PolyA UG 4408 2 20E+12
No Promoter  PolyA-all gRNAPro  Size(bp) Conc (vg/mi)]
Dual AAV split (533)

rAPSE:P— C”;C;?r? B- bGH U6-flipped 4511 2 91E+12
C-ter c”g{tﬁ B- bGH U6-flipped 3770 3 80E+12

Dual AAV split (739)

rAPS_Et':rm— CMV bGH 4240 6.54E+12
C-ter CMV bGH UG 3470 7.54E+10

Fig. 23 The composition and obtained titer of AAV variants used in this study. Size is counted inside

ITR domains. The concentration was measured by ddPCR.
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FANCF site
GATGTTCCAAT CAGTACUCGT CA GAGAGT

A25-1
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A25-T
A25-8
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A35-2
A3S-3
A35-4
A3S-5
A3S-6
A3S-T

Split 532
Split 739

MOI: 2.5x10*5
» Tl

0 35
Fig. 24 On-target editing at FANCF site. The heat map of editing was shown by AAV infection in
HEK293T and analyzed by deep sequencing. The MOI: 2.5x105 was selected base on the previous

study. The position of each nucleotide was labeled on the top of graph.
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4. Discussion

In this study, we developed high-fidelity cytosine base editors through structural engineering of the
deaminase PmCDA1 to remove the potential non-specific DNA binding moiety. Although the previous
studies have explored a series of C-terminal truncations of PmCDAT1 to show narrowed editing
window and reduced genome-wide off-targets in yeasts®2, simple stepwise removal of the region led
to a substantial reduction of its net deaminase activity when measured without UGI. As the UGI-fusion
form is so effective in yeast that it may mask the evaluation of the net activity of the deaminase, which
may not be readily applicable in other organisms. We intentionally omit UGI for strict evaluation of
the enzymatic activity in yeast, then add UGI in the following off-target assay and human cell
applications. Based on the predicted structure, we deliberately truncated both N- and C- termini of
PmCDALI to cleanly eliminate the DNA-binding domain and to minimize the protein section. The
amino acid substitutions to lessen hydrophobicity at the exposed surface further recovered the activity,
probably due to improved protein stability or folding. The obtained tCDA1EQ version demonstrated
comparable on-target activity and greatly reduced off-target effect, especially in the Target-AID3S
inlaid form (Fig. 10, 15, 17). Furthermore, Target-AID3S showed a wider editing window and further
less R-loop off-target effect than Target-AID2S. As Target-AID2S also outperformed pre-existing base
editors in on/off-target profile (Fig. 17), its narrower editing window should be useful for precise on-

target editing.

YE1 was initially developed to narrow editing window?! then revealed to have reduced off-target
effects for both DNA and RNA%2. While YE2 and R33A +K34A elicited further lowered off-target
effects, they performed less robust on-target editing. In this study, YE1 showed relatively high off-
target editing, especially at the R-loop site 6 and 7. This might be due to the motif preference of
rAPOBECI to 5' TC motif?>*3, which was clearly observed at the both R-loop off-targets (Fig. 15).
YE2 and R33A + K34A also showed the same trend but much less extent, probably due to weakened
substrate binding capacity. In contrast to rAPOBEC]1 and other APOBEC family proteins, PmCDA1
apparently did not show such strong motif preferences nor RNA editing?>*33. By exploring whether
domain inlaid type will not only affect off-target occurrence in ABE*>%, but also in rAPOBEC1 CBEs,
we introduced inlaid type inlaid-YE1, inlaid-YE2, inlaid-R33A + K34A, and inlaid(1247)-YE1 for

comparison. As expected, the inlaid type rAPOBEC1 CBEs showed significant off-target reduction,
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although their overall on-target efficiency also decreased, possibly due to steric hinderance between
Cas9 and rAPOBEC1 whose molecular size is larger with additional domains. Cas9-gRNA dependent
DNA off-target effect was also shown to be significantly reduced in Target-AID2S and -3S (Fig. 14).
Possibly, the DNA affinity provided by deaminase may cooperate with the off-target binding of Cas9-
gRNA and subsequent editing.

Minimal off-target effects and robust on-target editing are expected to have a wide range of
applications from plant and microbial breeding to clinical use. The Target-AID3S concept has also
been demonstrated with the SaCas9 ortholog, providing the smallest base editing system with

appreciable on-target efficiency while maintained the limit off-target effect. (Fig. 18, 19, 20, 21)

In vivo gene therapy requires the delivery of genome editing components to target tissues/cells.
Nonviral nanoparticles allow for DNA transport capacities in excess of 10 kbp, but the cytotoxicity
and specificity of synthetic polymers are major limitations in their in vivo use. Lentivirus vector has
a cargo capacity of up to 8kb and stable transduction activity, while their genome is randomly
integrated into the host chromosome, which poses risks such as inactivation of tumor suppressor genes.
Adenovirus vectors carry less risk of genomic insertion and allow for larger cargos, but their
application has stalled due to their high immunogenicity. AAV vectors have shown appreciable
transduction efficiency and long-term transgene expression in various tissues while maintaining a low
level of immunogenicity, although its cargo capacity of the expression cassette is only 4-5 kb.

We have developed single AAV vector particle of SaAID2S that performed substantial editing
efficiency (Fig. 22, 23, 24). Although it did not outperform the DUAL-533 dual infection at the current
version, it is to be noted that the DUAL-533 is based on BE3.9 max that employs high-off-target
rAPOBECI. Single AAV with minimized composition is also advantageous for therapeutic
applications because it reduces the preparation process and the number of protein domains that may
be responsible for immunogenicity. DAS-739 failed to perform editing, possibly due to target
dependence because DUAL-739 employs SaCas9 KKH variant which recognizes altered PAM
sequence, or by a technical problem as DUAL-739 C-ter vector exhibited low virus titer. We also did
not observe editing activity in A3S series although these are in the same range of size as SaAID2S
ones. This may be due to unexpected ssDNA structures or the appearance of sequences that interfered
with the function of the AAV vector, because mRNA sequence optimization was done by using full

length Cas9 before PmCDA1 was inlaid. Optimization of the entire sequence to avoid secondary
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structure and interference, or different order with gRNA cassettes may be tested in the future study.
While further exploration is needed for in vivo study, we have demonstrated the ability of a single
AAV CBE packaging and editing. We hope our study could help to further expand the gene editing

platform.
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5. Innovation strategy research

(English preface)

5-1. Summary of innovation strategy

Title of innovation strategy: “Expansion of BioPalette's business and exploration of new business
opportunities through gene therapy for hepatitis B virus using the novel small Target-AID2S, 3S
technology”.

Genome editing has been researched since the 1990s, and while it is not an entirely new concept,
the emergence of CRISPR in 2012 had a significant global impact, making it one of the most widely
recognized technologies in the history of genetic engineering. Furthermore, based on CRISPR, the
base editing technology announced in 2016 has demonstrated significant potential applications in
fields such as biology and medicine. Target-AID, one of the representative technologies of base editing,
was developed by the Nishida team at Kobe University, and this technology served as the basis for the
establishment of the company BioPalette. In May 2017, BioPalette entered into a licensing agreement
with Kobe University, including the basic patent for base editing and related patents, and received the

technology transfer from Kobe University.

In 2021, building on the Target-AID technology, the Nishida team at Kobe University developed a
new and compact high-precision base editing technology, Target-AID2S, 3S (inventors: Li-author,
Hikoyen, Nishida). This technology, as a related technology of Target-AID, automatically underwent
technology transfer to BioPalette. Meanwhile, BioPalette, through a cross-licensing agreement with
Beam Therapeutics had its business scope restricted.

Analyzing these strategies, including technology strategy, intellectual property strategy, business
strategy, and financial strategy, as a series of strategic cycles, aims to demonstrate the superiority of
Target-AID2S, 3S in the field of gene cell therapy (hereinafter referred to as "gene therapy") and lead
to negotiations for a new cross-licensing agreement with Beam Therapeutics (hereinafter referred to
as "Beam"). BioPalette will then negotiate a new cross-licensing agreement with Beam. Ultimately,
the company (BioPalette) aims to establish a solid intellectual property foundation in the gene therapy
field targeting the Asian region, in addition to the microbiome field where it has already aggregated

the intellectual property needed for the commercialization of base editing.
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[Intellectual Property Strategy]

By looking through the patent situation surrounding CRISPR-Cas9 technology and base editing
technology, we analyzed the industry position and technological advantages of major startups
established based on each technology, while introducing patents related to the novel technologies
Target-AID2S and 3S. To begin with, we introduced the patent dispute on CRISPR-Cas9 technology
and the basic patent on base editing. Then, the background of the establishment of the Kobe University
venture company, BioPalette, Inc. and its basic technology, Target-AID technology, as well as the
cross-licensing agreement with Beam, would be introduced to show the application and position of
Target-AID technology in the overall genome editing field. After that, an overview of existing genome
editing technologies in the medical field in general was reviewed, and the licensing status and issues
of patents related to these technologies was analyzed. Finally, the new Target-AID 2S and 3S
technologies and their patents, which are not covered by the cross-licensing between BioPalette and
Beam, was explained in terms of their unique technical and intellectual property advantages in various

application fields, especially in the gene therapy field.

[Business Strategy]

Focusing on the business strategy of BioPalette, we analyzed the business environment and the
future potential of the technology it possesses, and indicated the possibility of restructuring the cross-
licensing agreement with Beam. As part of the business environment analysis, we examined existing
startups (in the gene therapy fields) and their development pipelines, analyzed market segments within
the industry, and presented an overall picture of BioPalette's business strategy. Then, the safety issues
in gene therapy, which have received the most attention, were addressed, and the usefulness of novel
technologies in the next-generation gene therapy market (the importance of Target-AID2S, 3S) was
analyzed. Furthermore, we analyzed the size of the future gene therapy market and the needs of society,
and discussed the future potential of the new Target-AID2S, 3S. After this business analysis,
environmental analysis, and discussion of the technological future, we presented ideas for

restructuring the cross-licensing agreement with Beam.
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[ Technology Strategy and Financial Strategy]

The technology strategy and financial strategy for the restructuring of the cross-licensing agreement
were introduced. Regarding the technology strategy, hepatitis B virus (HBV) selected as the target
disease and a therapeutic approach using Target-AID2S, 3S would be designed. Then, we discussed
the technological advantages of Target-AID2S, 3S technology compared to Beam's base-editing
technology, while evaluating it in animal cells in the in-lab environment. If we are able to achieve
positive results with its HBV pipeline, it will have an advantage of BioPalette in renegotiating the
cross-licensing agreement with Beam, resulting in an expansion of its business domain in the
microbiome field, as well as increasing its potential for business opportunities in the human therapy
field. In addition, the roadmap for the program provides an overall research plan and milestones. On
the other hand, as part of the financial strategy, we evaluated the experimental cycle and period, and
estimate the initial in-lab development costs and the initial investment required. Subsequently, the
expertise, stability, and characteristics of the contract research organization (CRO) were analyzed to
select a suitable partner for animal studies and clinical trials. For the clinical cost study, we provided

general standard values within the industry.
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Foxr oy FESERREOEE N DD IR R MM EBICENL T i~ A 7 an
AF—L3EFICMA T, 7Y THIREZNR L T 28T HEESTOMMER Z LT 5
LEHIET,
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CRISPRH{iir
Beam Therapeutics HOSRREI A L [ ep w1
CRIED (HA)
l ZURAZAEVA l
CTTTTTTTTTTTTTS CooTTTTTTTTA
| b oy eTE— ! 7’-‘/7’):21';\‘?6;?.‘4 7m!
_________________ e TR
-
B
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Target-AID2S, 3S -
Beam Therapeutics | e— A F oSy b TerpgimhIIDES, S ET S
sy —_— N — s
Okt o (HA) (K2
|___________-____| I___________-_-__-|
Z7BRAFA RV AQHBEE | T TiEEY b || HREHTOY 4 st
' TvETE— p | A 7 — LR '
___________________________________
o /

K1: 4/ _R=vaviigof L

(oA B gt ]

CRISPR-Cas9 £l & $EIEAMERIN %2 &K 2 KPR 2 @Bl 9 2 2 & T, &dfie ~— R icik
VAN AX— LT v T OERTONE DT L HEMEBALNE 2 T3 2 )7 T, BB
Target-AID2S, 3S 1B 2 F5a5 /89 %, £ 9. CRISPR-Cas9 Hfifi O Fririn G+ & HaFLAR S
DEARFHERNT 2, 2%, P RKFHR Y F v — A 450y ML OFOTRHE L FtE
DI TH 2 Target-AID Hiffi, Beamth& D27 v 254 & v AR ZHNT 2 2 & T,
T LRSI EMRICE T B Target-AID BT DOIGH &I HALE AN T 5. Z 0k, EE
STHERICE T ZMFED T 7 MMEEEM AL <. 2o oBAificBT 250 74 ¢
v ARILR ORI 2 373 % IfZic, N4 F %Ly b ike Beam ko782 74 € v R
THAN= TN TR WHTH Target-AID2S, 3S D I % DFFEFIC DT, [EHEE % b
&L 7ebk A RIS BIC 313 2 5 E O HATH - FIME A U v b 23 L SERN o Bt
itk x a3 %,

(@ 3L
SNAFNL Y MEOFEBIGICER L, FEERELO, RE T 2 BT FRME 2 0 L.
Beam th& D27 v 2 7 A & v 2 OFE O RN 2R S, FEEREEONT L LT, BifFo
AR = LTy 7 (BWEY - ERDIE) L XD 774 v OofiEEiTv. ERNOHE;
AV g LT, fiGe 7 Ay P O@EREZ G A 4oL v b DHEIERE D 2 ff
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BERT, ZO%, KOFEHIN TV 2EEFERICE T 2 XeMEOMEZIY B Xt
REIETRETSICE T 29BN G (Target-AID2S, 38 DEEY:) # 9 5, &
bic, SHBOBIEFIRIFEO TR L 1t = — X0 % 1T\, T8 Target-AID2S, 3S O fF
Ktz EBERE TS5, 0 XD REEST. BRESI. BTk DEE 21T 5 7214, Beam fh:
DI uRTA Y ARK)OHEEICHT 2T 4 74 TR T %,

[l e J OF A 75 ks ]

7 a R 74 kv ZAFH) O FEFIC B3 2 BTG & MBS 2 A3 5, BRI B L
T3, BEIFR Y A v 2 (HBV) ZEERE L L CGEE L, Target-AID2S, 38 (1T X 2 i5ET
EEWET L, 20k, 4 v 7 ROBYMIECORHE%Z L 2D, Beam th DM FAR £ H Al &
H#E L. Target-AID2S, 3S Bl O HMi itk % £ %89 %, Beam £ HBV © 54 754 v %
AL TCWER, TEVHEBRchH L, N[44 %Ly A HBY O34 75 4 v CRAFR
BEEZ EF2 2R TENIE, Beam (L& D27 02T 4 & v 2R OELZEAEHICRY
fiRe LTeA 7N 4 — LB COREFBOIERE, ta—~v eI —0HFTO
FERROEBORREENEE 5, 72, RO R—F~>y 7233 LIk o T, &K1
IR E A VA b — Y REORT 5, —J7. WIS IC & LTt FEERY A 2o, A
RHl L. WO A v 7 RBAFE 2 R b RO, BEAYIIREEERE T 2, 2 otk BIRRH
FEEGZAHEE] (CRO) DHMMME. ZEM:. Kz b L. B FEERCBRRGERIC#E L 72 %
— P F—BEET B, £ BRI X FREEICOWT, ERN ORI RIS 2 BUR L 7,
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5-2. 7/ LRREEANT B I 5 R R
<5-2-1. CRISPR EARFFFIC B 1T 2 KeaFin 5 >

T LR OB A v o8 s b BN 0FEIIE. 2O ELREFOBICH RN T B,
7 LRECBE T 2RI IR TS KB E LT, T A ) A, EU, FEORFRFED
Py 73k oT w3, ZNOREFOHICIK, 7/ LRERMOFEN (fhaEE) IcHA
LR B HEARREFLMEDTONDE D DBHFEL, £ ) LEEARFE2REGT 280 il
ko EEZE DL EIZH > Tw 3 (K2, K3),
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77 LmEEAN OIS MEDE S LRI v ox 2 M FERFOFERICO RN TS
CRISPR ICBLTiX, Y4 V=2 K¥ (Y F7=7), CVC (HFEATH % University of
California, Berkeley. University of Vienna, Emmanuelle Charpentier D58 F % H{ - T, CVC &
KFLINB), ToolGen tt (FE), 7w — FHIZERHT (T AV 7)) BZhZHHEL T3 4
D OFFFFAS CRISPR AN L EbN T3

Z OH T, CRISPR EARFFFOFRF L, FFiC CVC & 7 v — FIfEFTof Tl 572 b ©
Db HEH T 7z ¥, UC Berkeley D A4:{L%-# T&H % Jennifer Doudna &, BfE~y 7 & « 7
7 v 7 B YIEETZE T O Emmanuelle Charpentier 2541 Hi2 @ CRISPR A3Z#) DNA % Y]
Wrc&k 2w HiHlZYIO THRELAZDIT20124F 6 HD Z & T, FengZhang F\»5 7 1 —
FHWFFEHTF — L 4% CRISPR i B EY THHEET 2 & W I GHl R FFK T 2 7 » Ao
TLeTHolz, LDL, CVC F— LIIHEMDFH T, CRISPR BSEMLAMIAN THRET 5 Z &
ERLTWRD 572, 7 A U W FEFEET (USPTO) 12 2014 42> & 7' 1 — FHFSEATIC CRISPR
BERF R 2 v D FAT L., 2016 £EIC CVC F — L ORFEFESfl 0 TR 1 HE 5  EER 4 (4
YE—=T7 2T 7 VA A—OFAICK LT, RO B R X NG E I FH 0 Sk R UE
TEFHE) 2olFR L, ZOE, YORFEHEREZHES (PTAB) #HH 2 TH
. Ef%EY) O CRISPR £AMTGH & CRISPR £l i D fikid, 2027w — FITFERT &
CVC F— 2 FF 2 B CcE 2HloFHATH 2 LHE L, HHLFRATINE L L
2720 THUCAETZ 72 CVC F — L LEAK IR BT (CAFC) 1ICHEFF L 7243, CAFC
I CVC F— L DEHREFEA L 72, 2Dk, CVC F— L 13# 72 FRZRHE L. PTAB 1 2
HHOA v 2 =727 7 v ATHEORBEES L7z, . PTAB IZ. CRISPR 2SE %l
fCHERES 2 L VI RVIDEIEICDOWT, EH LD I N — TR RRE O E F > T2 5
% XD EHEMICHERL 72, PTAB OWRGEIX, RICZO—#iE2#z/7zL w5 CVC F—20F
IRERD T, 70— FIRFTICEN 5% 5 2 2. Z Dtk BUEICD - 5 BH & EAECH
FtC O DFFEAD AR, USPTO 1E 2022 4F 2 A A& T 7 1 — FIFSERTICR T 2 389 5 ik
Ex T L7z, ZOWIEIR, CRISPR ZEEMICHH T 7256, CVC F— Lt e > TEHD
BRLRDREEL D2 L ZERT 5, /2, TTICCVC F— 22 b5 %215 <
WABEICDHER G 2T,
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<5-2-2. $RHLHREE O HARET >

HHRMREICEWTIE 2 FVEART AL T3, David Liu DT 2 — =K
% (Base editor) &. PHHEL . DOFTE T 2 K (Target-AID) TH 2 (K 4), »~—r3—
F K% @ David Liu (% 2013 4F 1T Base editor £4lf D F#F %2 USPTO I Hifffi L (US10167457B2).
2016 fFIC Z OFATICBAS 2@ 2 FRK L7z, P REMITlE, P23 Target-AID £ffic o
WC 2014 4F 3 HICHARCHREFBEL . 1 12D 2015 4F 3 HIC PCT (FriFlm/igefy) HiBEL
720 F 7z, DavidLiu ® 7V — 7 L [A L £ 2016 4 Target-AID D Hiffi % Science it CHif: L
720 Target-AID FfffOEEARE D 7 2 V) A COERREREIC IIE, 3 EMICHz Y 3EE L
FAICZIT o 72 F5H & LT, 2020 4F 3 HICHKETFEE@EA L H X 4. 2020 4F 5 HICREF
DEFINT VS, 72, BIMNTIET A Y HICHRITLTEHFEE L o TH Y, WM D 22
sEICBWTERIN TS, Zofh, HAR, HEL v T FR—, HBETHERLER-T
w3 (WO 2015133554),

7 MRED B CHARRIERE L O 2B TH L, ZoFTHRRIC, NN
—FR¥e~FFa—vy VIRKRFEEFKETIRA LY IV —TL AV THA=T
KFETN—T, 2D 2 DDT AV AT N—=TRT ) MMRESTFOR N DHF.LE 7> Ty
5o —H. MEKER NS HARFFONO D ZRF L= & ix. HRICH T 57/ Lk
EDEENOIEBIEHIC L > THO THEETH 3,

CRISPR JEACRE T AR

201245 5 H25H 20124E12H 120 20143858
BT =T RS 7 o — K@ HWE RSP
Doudna, Charpentier Zhang [eic] 2!

20124 > | 20134 > 2o >

201243 H20H 20124E10H 23H 2013128128
o) =a AR ToolGen N—ii— FRE
Siksnys Kim Liu

4 : CRISPR FEAFFF & 16 5w 2 AR5 58
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<523 N4 ALy P DR & HM ORI >

2017 4E 2 H. PEHEZ L & 72 o THIFE L 2R ERT 2 Biffi o — X & L cE#L %2 H
BT A d vy MBI N, N F Ly PR AR RN T v LT
F—v v 7 (STE) IC XM REFKAA TRV F v —BIELRERAF — L THRLINIZYD
NAFRVF X =), NMAHEHORVF ¥ —F X)X P TEHEO AN ARV T
v — {23 D BISEREER & FF O RHIRE 1 ISR HUH R IS HUT: L 72 5X02 0 549 3 7 HiR D 2017
F5 AL AR ORIT, HEMRE Target-AID FHTICEE T 2 BARF 2 & DEK oS
FraFIc oW CHEMAFEZE 2 MRS L. A KE» AL ALy b~ o BB 7h
N7z, 2 LT, ZHAFICL D, M RERRA L T b Target-AID DIEARKFFTFD 2752 5
. PERBAFE & N 2 BERT R b HBIRIC A ALy MEICBIET 2 2 & 22 B, i
e ZDONEIEE, TRTORFAFHERVF ¥ —REOKT YV TH Y, ZDBRDOEREE LA 25
e L CHETH D, 7z 2021 F. FHEIRAZFO AL L CHFEL /2 Target-AID2S, 3S
Biffi & % D Target-AID Hiflf o BEE i & L <. HEIIC S A A8 » M IcBEE L 72 58,

NAFANL Y MMEOEEAFEERM L 2 0 ME RED O ML EEEE 2 2T
e D AR (EERHFEE S © PCT/IP2015/056436) TH %, T OFFiFIL 2017 48 HicH
ARTHIDTHAL L 720 % D, 2017 4E 10 HiT > v AR =, 2019 4E 6 HITHIMN, 2019 4
12 AichE, 2020 43 Hic7 A U 710 2020 4 9 Hich F X CHEAML T . R0 FEHE %
BEICHN=LTwE (K 5), £/, EALINZZT TR IZIFETOEILEICE
WCHEIHFAZM ThI, R C Y 5 2 FHEEIC RIS T & 2 5[ 70 K11 B 7E RL A% A ik
BRI A DI AHIICHESE L T B,

=]
o
N7 R
B BT HrE T = ; pT IR

22 5 [H T Xk
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<524 BIENIICE T BT ) MRER L — T v 7T OMEE & AIBHERNBIR >

7 LimEIE, BETOERICX > THlER I S h 3 BEEWERORE, Mld~—2 02
ASIEREE. T D IBREE TR L 72 VIR B -C TR O & B 2 ME W ERIT R 3 2 T
BEER Y, RORZAREEZH® Tw 2, 2 EAIE, EES I R b BN 8k &
NTWVLHIETH L, Lo T 7/ LRERMCBEEST 2 MM 2 FHOA X — T v 7'
EICHEHL, 200 OEFBGRE NS 2 2 L i3, BESTFCOT /) LMREDEMME &k
MO PRI IEE I IO L EZ BN,

—RT ) LERERT ZFN DR % H 3 % D13 Sangamo Therapeutics Inc  (IH Sangamo
BioSciencesInc) TdH %, HtkiZ 1995 i H Y 74 A =T MY v FEv FCikrs s (X
6). 2018 4E, Edward Rebar |3 Sangamo D ElltL R 3 S &= (T3 ([C BT L 7z, Sangamo
iz 7E DT v FCAEFS1E 2210 /T FADEE#FHEL 72, RIFTOELTHEI 2019 4 4
HICKA L IPO =27 47479 F2bfTbil, 1 {5 4,550 77 FAZF1EL 7z, California
Institute for Regenerative Medicine. National Institutes of Health (NIH) & Matthew Brown
Companies 23 FTE DK ER TH %, Sangamo fLix. ZFN Off7E, FFE. RELick b L 723
AT/ mY—ETH S, MEHOBRFREEINICE D&, ZFN fRta z iz L
TWw3, HIV/AIDS, MA#H A XU B, ~—7 —fEER (MPSD. ~vF v Y, 77
7 =, TV =Rl EOIREEREBEA L LT T4 vERIED TV S, 2019 F
2 A. Sangamo fhix, v & —JEFERF O EFE 2 X RIC, DNA %2 KAMICKZE T 558 LYo
ZFN ZH W7 B RREOBKRRARZ FIME L 72 2 & 2R L2, B, v 2 — RN
A, MR A OBLETHEED 72— XM L THED TS,

ZHRT ) LRSS TALEN OFiiF2 a3 % D13 Cellectis #:TH %, Cellectis #(3
1999 £, 7Y FL + F2 VAL XoTHRLEINZ, 7/ LTLHECEFEATX LT —+%
D% X — ZICFEZEM L7z (X 6), Cellectis i3 2007 F kXA NFIL, 2—v %7
A+ CORKABAT 2120 F2— v %FE#E L 72, 2010 FFiICiFHT LWL 27 bR —va v
i 2 BA¥E L 72 Cyto Pulse #h2 HIUX L. —4E&, 2011 4 1 HiC (¥, lowa State University &
University of Minnesota 2> & TALEN 7"/ LfREHAMN D 7 4 € v R 2 UG L 72, 2014 4E4)58
DHEEBHUIA 300 £ L 72 > TW7z, L2 L. CRISPR-Cas9 Hifffd HBLIC X b | Cellectis £l
DAHRZ VLT =R TALEN 7/ LHREBAIEAREG & 72 0 2013 0 3BT
TEBVIAE Nz, 2O, FrLIIREFEEZXY , HEFZAE L CABZHIKRL., o
B EDARIEEED 720 D CAR-T HEATCHE L7z, 2014 FEPIEE, [FIfkIx Servier (HISEA
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%) L ARHUE R B TR & A L. FAEREICIT Plizer (UFEARZE) I5 X UF Allogene (Y
) & X HICKHEBE R 2 ks L 72, HIE. CAR-T Hiffiz 0 & oL L Cifgek
FH D 5 —75. TALEN Hffiz W72 BE HiREEoEFE L D Tw 5,

H& Sangamo Therapeutics Cellectis
A FTEHD KE(AD ZHLZTHY vy FEE) 7S5 R(N)
H s ZFN TALEN
plEE 1995 1999
+t5 20004 5 NASDAQ 201554 8 FRA
rEBEOESFEESE - -
ExFETT7 NI 7 7
E&FEERE $522.1M $248.2M
ISR ik o]
N $247.43M 111.44M EUR
(2023 TA198ES)
ERAK 478 234
(2023 TA198ES)

X 6 : ZFN. TALEN OEEICHZ HIfg 3 N4 ARV F v —

CRISPR $ffi & W IO Z B3N O HE A A F~ v F v — 520N %,
Z DT, CRISPR HARHFEZHT 54 AR F v —k 3 #1435 2, Editas Medicine,
CRISPR Therapeutics < U, Intellia Therapeutics Td %, % 7z, Beam Therapeutics /% Editas
Medicine & D 7 4 & ¥ ZZFNIC XY | EEREZ R L 325 CRISPR £l D il HIHERR % HY
B L7z, 2019 4 9 H. Prime Medicine (3 Beam Therapeutics & »X— F F— v %A T,
N HD % | Beam Therapeutics (& Prime Medicine ICXF L, b M EEBIGED 72 ® O8{L T
I A B - ¥ T % 72 ® 12, Beam Therapeutics 23 #1325 CRISPR Hiffr, Z&iEHliEs X
O Z D DRFE DM T 2 M ERI 74 e v 225 L7 (K7, 8),

Editas Medicine (AT [Editas 1| & 5C#9 %) 1344), 2013 4F 9 HIic 70 — FHFZERT D
Feng Zhang, 71V 7 + V=7 K& N— 2 L —K D Jennifer Doudna, ~>—~¥— F KD George
Church, David Liu, J. Keith Joung IC X - CTEX . X 117223, Doudna 1% 2014 4F 6 H, Cas9 D
T PE (B3 2 EHUAHE 2 B ICRIR L 720 £720 XY F ¥ —F ¥ £ XD Third Rock
Ventures, Polaris Partners, Flagship Ventures 7> > O &< i % 1T > 7z, Editas fl:i3¥. CRISPR
X7 L7 —% (Cas9 & Casl2a) ICBAT 274y REHHL, ERMMBEEKL A v 2
o Y — IR DB AR FIREEEFAFEICHL Y fHA T W B,
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CRISPR Therapeutics (Z 2013 4, Emmanuelle Charpentier, Shaun Foy, Rodger Novak iC X -
TEXIL X 4172, Charpentier 1% D&, 2020 D /7 — <AL E % Jennifer Doudna & FL[F]5Z
Ebtomw&aCMWRﬂmwmmﬁikwwx%mmmmmmﬁu\cmw&mw%ﬂ
AL T MRBRORAN LT/ 4 EORBICER L, ¥z bRk 2T 2 2 Lol
W C R AIIIF ST IE 2 A5 A 72, F 720 2016 4TI Bayer & &4k L. Bayer & O &
23 L L T Casebia Therapeutics D Z [f#H L 7z, CRISPR Therapeutics 13 76 K I
RE, A vany—RUOHEERRO D CRIEFRREDORAEZITo T 5,

Intellia Therapeutics (LAF [Intellia #1] & FC#ET 5) (% 2014 4F 5 HICFRZ X 41, Jennifer
Doudna l3ZDH A TV R T7 77 v X—D—ANTHb,% LT, EEMEICE L CTIL, Intellia
#1 1% Atlas Venture & Novartis f: (B3ERZE) OHE % % 1F 7z, Novartis 1% CAR-T IC B 1S
% CRISPR DJLGHICBLRH o727z, v V=X A 7V v FICESRRML TED ., 2015
£ 1 HIT Novartis £ & Intellia #E1%, »¥— F F— v 7%k L. Novartis #:2% CAR-T 7'm
27 LIC CRISPR % A{HF 3 2 MM 2 i3 72, & 7=, Mithix CRISPR % Fw>C. IR BTt
T 2B TIREEOBREZI Y A Tz, 2017 4 4 A, Intellia #1:1% Regeneron £ (H3E
fx3) L o8— b F— v 7 HERE L, Regeneron (3 Intellia ¥ CRISPR Hiffi 77 v b 7 +
— LERK 10 DRAEE X —7 Y MIfERT 2 E R S L 72,

NAF ALy PrEERUSHEEREE T T v P 7+ — LHTE 3% Beam thik, T m—F
WI9EAT David Liu 2% O EMRERM O ERICH Z BIE T N4 A= v F v — & LT 2017 4
ICERAZ I NIz, 2018 4E S5 AL [AtIZT V—XA IV VY FOESHEL LT, TA) DK
FRVF X —F X X250 HMEH-700 /T F L& I LEHOERZTEL /-, VL2l
NAFAL Y PHOEERTH H o7z F-Prime. D 9 O & D1F Beam tHICIRE L 72 [EZIC A
AFANLy P OFERL %57 ARCH TH 5, 2020 42 Ho PO TiE 1 {& 8000 /i F v
IEL 2, £ LT, 20224 1 A, Beam fhi3 Pfizer & ¥— F F— > v T & ffE L, AR
R 2 7 RBOBFRERICBET 2 3 7 R L —v 2 v ERER L 72, BIFE. MK,
g, HBV KU, HIRE OB TIEE 1 774 v 2B L, REED T35, 2O T,
PR AR IMERSE X O, T-cell fREEIGEL R DIEATE Y, BE7 2 —X U L TEL 72,
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Prime Medicine (AT [Prime ft] &5E#3 %) (2RI L < 7'v7 — FWFFEATD David Liu #%
DHFFEE CTHIFE X 1172 Prime editing 7/ LfRERMiZ X —2 & LCiib R b/, #EE
FIRFEEEHIET NA ARV F v —TH 5, Prime fhiF 12 NOBER»LHEEXZITTE
Y. ARCH & F-prime. % L T Google Venture A EE 2 HE&#H TH %, PE D KD EAiHIEE
BUIMRERN MR N2 L TH Y | EERNCEESRERIR (nvivo IGHK) 2175 Z L IZHEEC
H570, WMEMFEOI Lz EL BB HETH S, £ LT, BIE Prime thiZ~ 9 F
2=y VINT 7Y v 3 S, vV Fa—ky VMY — & =2 v iU
WAL 2024 T T v 7Y v DICH L WH IR MR S 1L TE C. RIEE I 15 5P
74—t kb, —Ji. HEML, AL RNA £ifficE 2 $©, B¥EREOPKEE 2 Hulic
KR BAZERRIS 2 RESE L T\ 2, 72, 2022 4F 10 HIC PO ZBh & &, BlIfEE CIC SR L

PlbZ2&ESFELCTEY, 2D BRdlEATEING,

) Editas Medicine CRISPR Therapeutics Intellia Therapeutics
KE (Y Fa—+ty VIl KE (Y Fa—+ty VM
KR HE (o772 ey 24 HEL (7577 2ty
Ty7 VYY) Ty7 VYY)
BB CRISPR CRISPR CRISPR
-IE=:3 2013 2013 2014
+35 20164 2 B NASDAQ 2016108 NASDAQ 20164 5 B NASDAQ
B0 ESRER $94M $56M $108M
BEEHET TV P 6 5 5
BEIERE $781.6M $127M $1.2B
Rffa%E
e $710.90M $4.56B $3.89B
(2023 7TA 198K =)
HEEHK
226 458 598
(20235 7TA19HKE =)

(20235 7TA19B )

& Beam Therapeutics Prime Medicine
KE (v Fa—ty UM | KB (XHFa—+v VN
AL KB (097 2=y Y | KB (72— o
7Y yY) rry7U D)
EBRANT BERE Prime editing
-IE=:3 2017 2019
5 20204 2 A NASDAQ 20224 10 A NASDAQ
B0 ESRER $173M $175M
BEFET 7Y P 4 2
B ERE $689M $315M
FFiHa%E
i $2.31B $1.22B
(20234 7TA19B K =)
s e %
R 523 175

X 7 : CRISPR, HifiREDEEICHZ HIET A ARV F v —
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NV F ¥ —BEICL 5T, FMMRAFRTHFADO Y 227 25 T2 & i3, BREERK L, o T
HERENTH D, BBNALZA) 7+ V=T K¥E CVC F—24 ¢ 7 u— Fift5ERT L oo
CRISPR EEARFiF %2 D 240 1d, fED 22520, ZEOBEM 00> TH Y. Z ORI
MDA AT 7 7 v —REDMFOHELR T T 5, EESHTT r— FII%E
FTD CRISPR FEARFFF 0 4k 5 K hEME 2 JE1S L T\ % Editas £13. 2015 4E, 2016 4£iC CRISPR
BLEORFFHRF D 7= D ICHE LB B A, 2020470 T F & 1090 F FArTh s &
NERL 7z,

HREARER N ORI b~ — N = FPRE LM RERENZNHEL T2 2 D0ff
FFHFIET 5, CRISPR EEARFFFF ORI . A A1y b 23 KA o S EAR SEHA
I L 72 FERFEEED T ICH 2 D == PR O HAR LR 1 BE 3 2 Al
WPER &0 X 51T . 2 ORLGEHIC X > T, FEEMICS (RT3, N4 451
v Fth& LCTiE, CRISPR EEAKFFFD X 5 i} 2 Z e 3 EHEZ L EZ T D

e N N
eSS RS TS TALEN ZFN
A S R Cellectis The

(H4) CRIE) (75 v =) CEIH)
SAF Sy R - Beam ) ! hlnteﬂla.
(A7) erapeutics : Therapeutics
Ok L ckm)
\ JAN Joo
Editas Medicine Prime Medicine Bi%:z:gzzes Thill‘:{alsgll;"ics
CRED CRE) CRE) (%4 %)

Broad Institute UC Berkeley7z &
CRE) CRE)

CRISPR CRISPR
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<52-5. NA ALy bEE Beam D /B X T A VR >

BERPILEL T3 Beam L& N4 ALy bPhid, BAVWORITOMFEEET 3 7=
WICHEY 0N T 22 L 2B LTz (K9), Beam #hid, HEMRERIM 27z e b
BREMAT 220 I NV F v —RETH Y| == PR O FEfaiTati &
ZFTn3d 742y 20filide MR L VI FESFICRESI N TE Y. ERMUSIL DS
WCTHELXTICLEREDLN TV D o7, —T7 XA ALy PEdSiFT R0 b 157
T4y ADOHEMITFFEDDTEFICRE SN TWRd o 7z, IS, N4 ALy b oflln 5
AHRIGEIC T, FEWICIE 2 20BN H 0 | [EBESTFRMEICO VT Beam fh~fi iy

CTARVATY T2 —HRIDTA vy AR £k TEESTZ 20088
30T, HOHNERL Wi oW OIHF I G EREE 2 HAICE X 2 70X T
4 v 2K TH 5

figte LCiE, N4 ALy FihiE Beam the D7 4 2 v ABEEER LRI 7 n 2T [ ¢

VAL TR Lz, 2 u AT 4RV RICK Y N4 F Ly R 4Ll Beam tEAMES
3 MR % &, CRISPR Hifift, MR ICBEE S 2 MM EE 2 fedy L. B L 725l o &
BICHOFEZHED 2 Z L 23 TE 2 BE A MERE 2R Z L3 TE 2, WmithoH
KB B W TR HE AT, ZNLTNOFEHEBEZ LD X HICERET 25 TH %, 2019
3 QB4 I bl 2 0254 2y Z8RICE T, NS4 A5y bk ORI
i3 (=4 27a" 4 F—2ih# CERREICX ZIRENREMEME T2 MR LER

. —7. Beam tEDFHEMEK L (=4 7 04— LBEZR v F OBRE (R E
ICX 2MREN R T e MEfE L 35 e MBRD ] LED SN, T OEKE. HIMERED T
AV H ORI Lo Tl L, HABEOREM IR ICHL WiElTch 27/
LREDTFICHNT, 4284 F— L0 D EDDRTFICOWTHEELOHE L 72
2 HIA BEME % HARDZEA I ICHERR 32 & 5 A 2 320 T - 7=,

NAFANL Y MR T4 7 moSA F—20RfR ] & B0 SR L L GERL 2B H L,
CRISPR % Fl\» 7= Ml B AR EE D HAT I e B L X110 B, K D CRISPR (X DNA D —ARFHY) W
DB 2 7= DA DT ) L TIRBICEREM S A3, R ERAN 12 DNA © —A$HY)
Wizt o X3, Mg~ DEEAME N 2 & 2 LIEY~DICHBIAF S T 5, i, B
RERMIE~A 20 "4 F =20 HTCE 22— BT Tu—FTHH, X440y M
OMAEERIETE 5,
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/2, N4 ALy bR 5T, BeamftE D7 v X T 4 v AF MG X, T
N D FHZEFEL OEE R OFEF O T &, & 51213 Beam #h0HHRICH 5 7 1 — FIFFEHT
&b RIF AT IR EZE T 2 b D TH o7, £7/2. Beam £Hi 2019 £ 3 Aicv V) —X
BESFEZ YV FOTRT ZRK L, 1183500 TR FAVZHEL 23, i 44
NL vy b D u 2T A4 Ry ZAREKRE L RISFEIBATH o7z, 2hbD 2 b, HE
KOHDPOLRT, N4 ALy b D v R T4 & v 2R IX. Beam tED 5% D HE
EEIC L o CTHRELRBEEN DL DD LIEFEIND,

T, 7m— FIFSERT O R & 70 2 M Bl 2 WG L CRoL I A7 27 /|
V—DAR— Ty TRESEML TV T LIFAISNT WS, Jeifid Beam 1% Prime
D &S pFEOMICH, 2021 FFiC 7 v — FIFFEFTD Feng Zhang IC X o TEXZ X 4172 Aera
Therapeutics  Z D —HITH 0, BIZFIREOHMT ) ANY) —v ATF ACFENT I LITX
> THEHZED T3, 7u— FifJERTid CRISPR Hiffi, DNA fffE. RNA M., 7V Y
— Y AT Ly T HICiE AL BED S A A EEEAN £ CTIRIA W B T R AR T — L L FEEF
BEHL TS, LEd>T, SHED 78 RT 42y REKORILIE, SHOANA ALy
ML T e — VAT OE R ) OB R E . N4 F 5L v PR EBRIER & o F
WWEERILRT 2 Bt b eELLND,

Massachusetts |  mes=eses P CRISPR
Institute of o ST
Technology P RNA KGN
- = =P R (=i R

—— P o A

Broad Institute of
MIT and Harvard

—

L)

: TORATAE LAY
A 4 A 4 I
Massachusetts - P R " Beam @ [reee=- g
General Hospital [ P Editas Medicine | _ | Therapeutics [ = - 4+— R
A A

Arn— N — l‘)\‘f _______________ —

X9 : A ALy F#E Beam #7025 4 v &
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<5-2-6. #7= 7 KA © Target-AID2S, 3S it >

WA, MR KPP EEREO ST Tz 7L — 27 A —%F I L, Target-AID2S, 3S £
MiDSBFE X NTz, & DR IZHF R 2021 4E 9 AICEBRRFFHE L. 2022 4 3 AICEER
K& 7z (PCT/IP2021/032689), FEUAF IZPE., 2= (), RIET, »Ih b ERFEE
Fifl Target-AID ZFBL =W ED A v N—Th 3, FKPOBANLTIE Ny 7
YTT 1F—¥EEL A DNA OWEMEARE] T, BMIEEZEE Y 2 — N, BUKHEE
B, FT7 I F—¥DRE, “AH DNA ORZE L L 30 HAATHINT VS, T HiC,
T OFFFFIE 2022 I HHFUSEMIAE < RS S o M IR S SR IC T L. 2022 4 8 HIC Nature
Communications 76 ICf# & N7z,

Target-AID2S, 3S HifffiZ, 7/ LREOHEHEMEICE W TKIRICKE TR, BKEYM R LD
BREICHWT, BRLAWARSA L AR KIE IR S v, & 0 B0 imiED
TEHATE 2 X 51k b RUREEICHIG T 2 1EY)CBRE AR O/N S WIEY)., 72 (REE
DE\EY R EAFFE TN S LHIfFEI N5, BEARSECTORT v vy L OE I I,
Z DM OERKRDOMEINIEBE T ~DICHTH 5, JeICHAS L 72 CRISPR Bli# D 7 7 2 -
FEm AT I x| Target-AID2S, 38 (3L DL mE < L BWEFH O FER K, 72,
COFEMEIDTH A X2 KIBCHIRT 22 B8 TE, v v AT A AN TFICERT 2
T EepulRgL i b, MHEMRERMoEREARECH EL7Z (K 10), L7ZzdoT, 20
FffixRE T 2P REC~ A4 704 — LB - R T4 v ERFEO L A5
v M & o TBHMIE A 721 T 7 <L SBISHEN L 72 Beam 0 X 5 ICEFE B & 3
HEEL S 25 ) MRERZ—FT v 7ict > CTOAN AN TcH 3 (1K 10),

T 72, SOOI N4 F 8Ly FihE Beam tED 7 v 2 T 4 & v AR TH
52 LHEETH L, M RF L OEMFFHEEFIC L2h o T, 2O OFEH & FFEFbic
L0 NAFSL Y MEEHTREEN OB ZANMERS, ZoZ itk 5%D
Beam fho i DS — F F —fEMH & D T4 v 2B HEEANICHED . B0 RHE SR D
M ExzX2RELZFICLZEER D,
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At Base editor (BE4) Target-AlD Target-AID2S Target-AID3S
FiiE Beam Therapeutics | /XA F/SL v b INAF Ly b INAF L b
REME
RS 56.5% 52.8% 38.2% 42.2%
(SfEMEMYIC & )
DNA Off-target F4 =R
Off-target L3 > 15% > 10% < 2% <1%
(57 L74F)
RNA Off-target F4 =
. . > 5% - - -
(57 L74K)
ek & & = =
DFHAR 6490 bp 6161 bp 4525 bp 4525 bp
AAVE A Fi% XTI AR RTITA IR VTN ANLR | VI A LR

10 : RERHEEAME AT & Target-AID2S, 3S Beffir o Hui

5-3. XA F Ly FEOEERE  EEREOEEREMIE 70X T4 £ AFHEE
<53-1. b a—~ vt 7 v —0BOHEERE SN >

® BuA (Politics)

i oFEfE. FFIC CRISPR-Cas9 HAM A3 IR B CR & k) Zon 3 ic o, [EFEHERT L
BUR IXBESRBOR % T - FEREL CTE 72, 2021 47 H, WHO IX & } 7/ LiRED -0
DHNFVRATL—=LT =7 | ZRRL, RREEDIZDICE M7 LEEEX LIV RWY —
NETEZLEHMNIC, ba—~=vEe I —Iick T 37 LRECHETIEHEZRRL 72,
WHO D L Wil 3 id, ok, ERE. EREN. BN 28 42, e b7/ 4
fED 9 DOREZLF VAT 2EEERTLEHIC, b/ LCBET %%
Fhti, BF, BT 272003 I ELFEREATECT 272007 aHlfloMH A 2R L
TEY ., TNBEMOERRLZEICD%22 ) | TXCTOEICE W TEE TR O
M7z e b7 LREZTERT 2B b 2 LB FE SN,

HA TR, B FREEER (ARSI 3. BAEFEEIC X > T, fthoEHRE
TR R S, FrED, MBEO, RE A AR ORHAD FeHElEhTwd (77 ATy
7)o 7. 2013 4 11 A, BAEERLYSE RM %) & ERMEEERZEE (PMD %) 13,
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HARICE T 2 EEBROMAE L PEOEn 2 RS2 2 L2 BN E L72Hi 72 ki o
ZEANL Tz, BOZATBOE NEREMIERE G R AT (PMDA) (2. AMMEARAE L, K
SRR X N7z TR IR RBR I HE D T SR & IR A & BLEIRGE AR FKAITT 5
TENTED, HRTI, ARRBEEN R, AMEE,»T Lo hEERERENR L T
2B DWW T, JBAEFEE T B~ OFEEROS AR L sESMENC R Tl
EIRTEARE 2 BUGT 5 2 & R T % 72 [SAKIGAKE |l % #2545 L T\ %, SAKIGAKE
f87E S N EHRAT, B . FEPROLRE, 7L 17 Aflifga Lo BES Z T 5
TENTE S,

T AV FFHEICHEH R ERMICE o TREDEREZF > TH ). ZAICH L TlRn
BLEBERF o T, TAY AT, BEFEFITe MR, MR, AT - sk,
(HCT/P) IC/ & ., VBRI ZHIZE+ » £ — (CBER) IC X b [ESiE X 0% 72134
PiEiAl e UCHl T T 2, FDA 14 2016 4F 3 H. REGROW {EiCB T, HAD 7 7 X
FE Ty OFHARICHRBLL 72 SR & AKGRAR G Z HER L /2. REGROW ikiE, W2lEL
MBI 2 X D AHEN TR VEILA R T ANDE 7 7 A T v Z KGRI AT 5 7
O, FIMMHAEEFELELL > & T30 THo7, L2L. REGROW Eid, X b Kl
EIRFEAGEFAEIC X o T, IR0 v BHENICZE TR WEBOTGS AL T L itk
2L DBED 0. FRPOFENZ, LA L, T A Y HBUFOFFIEE IS~ O L% 13
Z 72\, [H4E 2016 4F 12 A, FDA 2 20 L 72 21 HACIHRE IC B W T, EEREECE
WMEBDPTHRBICHTET YAy b AF 4 A == RS T 3 HAEERO R & e
KB &AL T 2 B C, FAEREEIEREE (Regenerative Medicine Advanced Therapy : RMAT)
FEIE & MHIEN 2 FREEBROH 72 7o FHAKE AR Y = 4 8B A S Tz, Z Dk, FDA IF 2022
3R, e T/ LMRERED v FEEFERESICBT A X AERE L, CAR-
T HIBLREEE BT 2 T4 &£ v ALEREHREK L -, HE T, D ORBAEE iRE
DRV W IS 5 72 oic, BEEGE, BhE, PR, AR VR, BEAREER
THA v, BHE (IND) HEERICRIE T R EERPTIEIN T 5, HEDOERIC K
i, Cas9, HEHEMFE., Zofhor / LfFEEY — V272 DNA OBRZEIZ T T + 7/
LML Rl I ND, T D DIKGE L BEMH OIRIC XY FrE o RFIE LT, =
2 b EHIRT 52 LB TE B,
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® X% (Economy)

MHEREE 7 + — 7 LOWEFIC X B &, 2022 FHIF O T, WIHIEBRE OWF7E 2 & #I0
DEFRGAER £ ¢, HH2MAT 2,000 LLEOELEHERESHIETCTH Y, Thid 2019 D 2
fEcHhs, MEOBSFRETEIX. 2022 F0 533 @ F 25 2027 FF1CiE 1988 £ F v
ICHET % & PREINTWS, 72, Precedence Research f1:1C X % &, % D CRISPR-Cas
BRI 2032 4F % TITHT 146 & 5000 Ji2K P v OBIBICES 5 FIAR T, 2023 F£5 5
2032 4 TOMITH 19% DEMKER (CAGR) %Zit#kd 2L Fllah Tz (X11),

L CRISPR & CAS GENES MARKET SIZE, 2022 T0 2032 (USD BILLION)

15 $14.65

[ 2023 | 2024 W 2025 [ 206 W 2027 W 2028 J 2029 [ 2030 W 2031 J 2032

11 : CRISPR-Cas £ffi D i & T#l. Ref: CRISPR & Cas Genes Market, precedence research
(2023)

Novartis, Roche., Eli Lilly, BMS 7¢ & O KFHEHEL4E13, 2017 2> 5 2019 F£122> 17 T M&A
UG8 E < . M&A %38 U CGEIE THIIAR S T ~D S A2 Ii# S & T 5, BIfE. Bk
DEEERH T v 710 D 90% 2B TR ZFAFE L TH D, FDA (E. 2025 FLARE, 154F
Die < L b 10 i HOBETAlRERESZA I 2 L THIL T3, 2030 fF ¥ TITiE,
60 U L OBETIRERIESRAIINS725 5, 2021 4 11 H. Positive Sequence (Shanghai)
Biotech Ltd.13#) 3 EARITTOBRHESIEZ v v P 2T L, FilloEEREETH % BE
DFAFE L MEIRIGCH D 7= DBGANA T F 4 v DFAFE. B X ORHD 7 4 & v A5 % fil#E
X ¢T3, Arbor Biotechnologies #hid. AT & HHXFH#E % OB E B DHE & XA
CRISPR 7'/ LfREY — VO T vy = 7 b 2T 2720, 2 £ 1500 T FAZEL
720
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BEETRRIIALLDERSTFO T —~ThH Y, ZORFNMEIEECTH 5, Fic
CRISPR-Cas Feffi i3 #i 7= A BB EME b 2b Lz & b 4, ToMGMiEOKE X » 5, &
FEIRILIFFE 1T > T3 2 L 2sbh 2 FERINIC T, BIR TR BN DR 23 R AR O
DTk EZE 2 500 Lt o,

® th% (Society)

WA, BIETRREL. BIERMEE. ol PIN ) 7o v RABE, AR, p¥ 7 2
7 . HERIRIMERAE 72 & OFRFE OBZEEE O TR, 1B WBEICH Y S0 2 ATREE E Vs
IHIC, AR HIV © X9 RBEGYER & BHFOBFECIRA T mEEIC LT, Hifk
RIGBERRMT 2L TE S, 20X ) I, BETHRBEIAHEESOEEIC L 5 TLH
BEERZF-TWL LD 5, LoL, B FREFHLWVIREETH L0, 205
IR MR~ DE R DK ERRE L Lo T D,

£V % oEfli7REEFIRFRESTHICSAT o0, B PRAHELZE UKD T
W3, FRICEETIE, ~02 HAKEFL GEY+v) 2l 2 GFEERLEHEL ZEE
B, 2016 FED 147 AH 5 2020 FFITix 410 A~& 3 FFicHhm L. HEsEeE I R IC 26
BEAKEL B0 Y +v) 2206 102 HK PV (1470 BV + v) ~& 4 fFICmL T
5, b, K04 OEliZsEREMPERN LRERCHGICRAINS AR TH Y,
ZINOoDOTHEOBESEZFEINICUM T 2 C L IZEEABERELFIHE 25725 5, REIT,
R A IR BT T 2R FiREE %G9 5 HSTP (Highly Specialized Technologies
Program) ZHdtG L. FPEEBEOME L 4 7 = a v R {RET 2 [FKRHC, FHdEEEICH L
Ty IOV RAFCRAERBIET 7 AR LT3 O, /-, Z OFIFEEIL CAR-T Mgk
HIRE L T2, FAYTld, ZWBER (DRG) ¥ A 7 A5 T 2B E iRk
. NUBl 27— 2 2% ThiF, TRNOEEEZZ T L LR TE L, 421 T Tl
FHESE S & U CRUE S Nz B n FinBEEcn U<, Rl 7 564 20l U CEER M 23T
TV D, BIFOSHRIC L Y B FREEEOE R A v o7 b & FERE PRI AR
L7z,

® ffi (Technology)
2010 4E 2> & 2022 41T 20 1F T SEAG TAMAE R D BB B0 . IR % (CAGR)
20~25% CHFHCEHEREICHML T3 (K 12), 3. MIGAEO KRR R NR %
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2 & 2010 FAPITHIC 1 BEUL RE., KEDMH R O MHRGR R ARGBRRE D 90% LA | % 5
ML, ZECH e AL % (5 Tz, Lo L. FIREHICHE IR 55% C P E S FEFE K % 1

BAEHIC 2022 4EICIZER DAL F5 4 v D 21%IET 2729, EU OEAEIZT F -
Twb, [AHARH, KEIZZ OFFERZIRD, 2010 FFICIZSA 774 VEIED 50% & 9
JEEI 22 AT % (5 Tz 23, 2022 FFICiE 70% %8 2 5 £ Tk o7z, EEO A IIEL
ICHIIM L CTH D, 2010 FITiE DT D 1.5%ICHEB E x> > 7225, 2022 FFITIE 6.4%IT3ET 5,
—J7. BIETHREETIE. EU. EE, KER AL 774 v&EO»R Y Ofn % 5D 5,
HEOBHEAHZO X S D, 2022 FRFR TN 7T 4 VERD 17%ICE TEL TW»
%, EFKEE SO T T, ERFHAGREANIE & BARTTE 3REER SRR L 72,

A B

F 1400
2 | 1200
6000 l 1000 I
800
4000 2l 600 I
] |
2000 . . e l
il “pntllll
N EERN N |

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

X 12 @ EnTHIEEE O R RER: Ml (2010-2022) A = MifEiEE. B @ Ein TG, Ref
Cell and gene therapy regulatory, pricing, and reimbursement framework: With a focus on South Korea

and the EU (2023)

JT4AFE CRISPR-Cas9 £iffi & R — R & L 728k 4 IR - B EAfT S FFE T T v 2 .61 2 1%
L WHEET ) LREY —VTH S PE, off-target DMIHEE % 18] | X 2 2 720 1Ci%EHE
N7z GOTI Fiffi, BERAEM O KO EHEET 7 v 2 &7 v D729 D CRISPR-Cas3 7/ Lt
Fiffi, OB T D [RIRHRE D 7290 O Casl2a 4, WEDNR%Z M EX ¥ 2% CAST vV —
N TH5B, 2024E3H, A5V XDF A7 F TRIKREDIZEH & 2. DNA OYIWiHTE
& off-target DFERZ FHIFT 2H L WY R — 2D Cas9 ET M EFFK L, BIFEE- B3 X
DISEEDE WHIT- 77 7 LREY — VL ERFFT 5 720 O E T,

7 AREHATICIAE 0 | BIETFEARAM. BRISHBAMNICE 2 T, B TIREICBE
T2 EAMNF HEA S TEREA TV D, LS > T, B a iAo SR I i H F
TH Y, EORER, BETHRENLEHE NS e PHETE S,

PEST %M U C, BETREIC L2 b2 —< Y ¥ T € — DI HEERE I > T3
LIEROT B EATE B,
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<532 bta—wve I V=080 NL T T4 VIHT >
Editas medicine

Editas LI MR E R O, 234 DBIEFIREICEH LT\ 5, FRIC, IR E O SRR
BRAE (SCD) & _X— %4 F % I 7 (TDT) DRI MSHEA TH Y . 2 D54 75 4 13 EDIT-
301 EAfTT b7z, EDIT-301 137/ LfREX 7 LT —€TH 5 Ascasl2a VT, v
/7B VELRT 1B 20 e —fHEEREL. BIE~E2Z vy (HbF) DF
REEmMEEs 2L T, BER~T 700 v N8 EIC RS 2 AR A = X LR L
SCD % a3 %, EDIT-301 i exvivo DFEA A WC, HEMAIEZREL 25 &, BHFICE
AT 5, B4 oF icikFEIn, R 7 = —X 11 £ TH#A T3, EDIT-301 (14
ANDBEICBWTREFRARERZ R L, 7RV 7 7 VI X 2 B8R ES X Y H $OEIM
e L ko R 2T w7 7 A VER L 72, EEREWERIZRE L &b o 7255,
Casl2 ITff 9 off-target 23FEHET 5 T L MR I L7z, £ 72, Editas thi%. EDIT-301 S
EDIT-101 &£\ 9 X4 7574 v%HLTWwb, EDIT-101 (%, Leber congenital amaurosis 10

(LCA10, CEP290 BH:EAEMEAMEARR) 1< X 2 KLHOREE L LCHFE T TH Y, KED
LCA10 Y 1,500 NICHE % I3 IVS26 CEP290 2 B VB[R #1832 X 5 Iciks
ENTw3, L2rL, EDIT-101 ® CRISPR-Cas9 IZ X % off-target 2% < #7E L, HRICBE3 %
HIE A EA 2 BIN X, BRGSO FEM AL HE 2 3 72 X 722 o 72, BT Editas #11% EDIT-
101 DFAFE I —KpfFEIE L, RS — F F—2 L T3

Editas (3, MRS & IRRHRBICR D RE L, FH L T2 s, IRRHRRIC BT 2 HR
RBROFER, %K ORIWFRAER S . IR E PIEE 2 28 hh o7z, ThL, MEKE
DA k& off-target ZIR DKM CTHETH 2 Z L R LTS, —F, MEREZIE
)& 3% EDIT-301 (37 = —X VM ETHEH L THY, Thr oI HICBEFEAREZECL
T, MREL T 8t CTH %, F72 Editas tHITmE. VIBAKIRICESZ Y CThf 7
T4 vEMMOANL FEEBBEL TS LT,

CRISPR Therapeutics

CRISPR Therapeutics £ 13, M., %)%, FAEZEE IO L TR O EER %2 v o0
HALTWw5, ZDHT, Vertex Pharmaceuticals t: & FFIBHFEH D A0 R MKE R TH 5~ —
ZH T % 2T & HRRIRIMERAE DIBHEHR A 7 = — X 111 £ THEA TV %, CRISPR Therapeutics
HiISE 4 B, EESRKRIMERSE (SCD) F X CEIMKFEE~—%4 7€ 17 (TDT) %
IR & L7 iRERSE exagamglogene autotemcel (exa-cel) (IH# CTX001™) o 44~ 85I %
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#HFE (BLA) @ FDA ~DHR-HAET L= L #FK L7, BE, #fTh0 7 = —X
5k X ORIEMGAERCld. TDT & 7213 SCD BF I3 2 GO H RN & Lot % F¥ i L
Tw3, HHEINET—2F, HEI N7z 83 ADHEFE (TDT48 A, SCD35 N) TXTCHOH
EHBIRAEREZ T L CH 0 IMREOAIMESTEHE e, 720 RetEICBL <.

¥ COWMETIE. 2 AD TDT BEMRFICEET 2 L E 25N 2 EEZREIEM (Serious
Adverse Event: SAE) #8972, 1 ADHEE 3.3 2D SAE(MERE RNV v SHFRERE (HLH)
AMEPEIRETEEERE B X OB AL, B 1 AIE 1 D0 SAE (CReFslEMi SR 2381
Hx N7z,

Editas ff & [t#83 2% &, CRISPR Therapeutics LD ¥4 77 4 Vi3 X Y ERICGHEREL T
%, YHIDMBIREASA TI74 v R 72— X MICEGET S 2 LI L2182, % - H
AEREHOBAEDRERTL -7 AL —%3 726 L, WINDERERICEREL W5,
72, B OPECO AN FERBME L OEHE D IEFHICRA L —-XI{ToTwb, —/7,
B PR SR o 2 70 T & RIS, BER 7 — 2 Ic B TR AR & L CiELI 2 BIFE R (SAEs)
PHEIET 5 2 2L 72,

Intellia Therapeutics

Intellia *ED3BIERA T 254 754 v b RSP L IZHERIR Z CZ(LL Tw 5,
Novartis #: 1% CAR-T MilEEEICI 1) 52 CRISPR DIGHICEEE > T\iz72% . Intellia
o V=X A 77 v FICEEZRAEL Tz, 2015 4 1 H. Novartis L& Intellia £
ZAEICEL, Novartis £11Z H#:D CAR-T 7’1 2°F 24C CRISPR % f 3 % Hefl] % Hfs
L. Wifhix, x=%3%7+% 7 (TDT) SHURRIMIRIE (SCD) % & i M2 38 53
LIREENRE LT CRISPR %\ 2R TIRIED XA 754 v &b BT, LaL,
TD7ar T LIREE ThH R o 72,2022 FFICHKRI N Intellia tEOREIC X 2 &
Novartis f1:1% Intellia £t CRISPR % {#F L CTHI¥E L 72 8RRIRIMERAE (SCD) #3R & 33
exvivo iRE T v 77 Lk L7z,

2017 4 3 A, Intellia 1: & Regeneron #LiZ, F 7 v ZAH# 4 L F v T I v 4 F— Z (ATTR)
ICX3 % CRISPR X — 2 DREE R LFBFE T 2 L KL, TUDBIET7 = — X1 £ TilEA
T3 (NTLA-2001), 2022 49 H 16 H. Intellia #:1%. ATTR o Hi[al#% 53H53E & L CH

F9 D invivo CRISPR-Cas9 7/ LFREEIAEIE NTLA-2001 DETH D 7 = — X THRRRER D
BifapREREHER L 72,
¥ 7=, Intellia #11%. Bt EWIFE (HAE) T2 4 774 v 2B L Ckh, B
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E, 7x—XMICEL T3, BEMICBIL Tk, NTLA-2002 1 3 2058 L g~
BV TERERRIFCH Y | BITEFHO KT IR CH o 72, BIFE T <1 HRHIREM:.
HEREIEA. 7L — F 3 DL EoRIERIZENI L Cviknod, B IfEH 2SR R4 3
5 L DMER I NI,

Intellia f£/ZATTR 3 X WHAE X4 77 4 v ORI CRIF 2T — 2 ZEK L TH Y,
BIRB AL —RITHEH L TWB 2 ZRL TS, $7-, KT —2icX b, BEDIERIZ
2278 DREFIE . BREDIGEI S Nz, 72— X 1T CHEEICHEG S WRIERIZKAR L L
THRIPFHTH 2,

Beam Therapeutics

Beam 1 b MR EICHE VT SCD & TDT 20 REFT 24 F74 VEIRALTEY, %
NZ 1 BEAM-101 & BEAM-102 & 41T CTw %, Ffic, lBR~FE 7 v v v HF)DFHZ T
y 7L F¥alL—F3F 3 BEAM-101 %Y —F7m 7L LT, ARICENLTYS,
BEACON ##ld. #HfE SCD D ANEHE %M RIC BEAM-101 R4 & G0 % 33
LR, Bt Zftisx. 7 = — X VIl ORI TH 5, BEACON B Tld, & E ik
e, THEMBMEEZBINT 27200 D 7 v 2A3{Tbilsd, Dk, ML
X, HC BEAM-101 #FIAES NS, 2022 4K ICI1Z BEACON X5k D R4 0 B 25 &
P& 7z, EIMERHIIE Z F Vs 72 in vitro F2BR T3, BEAM-101 (% 80% D HbS fEHHE AR L |
RIMMIROTER D FE L 72, RO X, EiK <. BEAM-101 O %2 FHlis2 2 & TH 5,
¥ 72, Beam tEDOWHETH H VDL DFEHITNEIE, 7/ LHREICL S DNA ~D XA =T
Hb, FDTFT—2h b, WHKER WS Z & T, 7% CRISPR-Cas9 £ Y 3 DNA @ 7
v E LRI, DNA DA, 7/ L2ER~DBERBIICHD T2 2 & 3bh 2

% 7z, Beam thld. WIERHFEIEICH 2 BARIFZR Y 4 v 2 (HBV)., Z'L 2 - ¥ VHTHEUA,
ARTHR=VIRDSNATF74 Vv ERL TS, X HIT, 2022 4 Pfizer th& DIRHFIC L D |
KERDANA T TA VB O0b o le, TR TH 2 HHEMRE L. 7EKD CRISPR-
Cas9 X U b &Lt E . DNABER PR EnFitI b, LirL, 77 IF—
XYEMRA D720, 2V AXTEREOY A XHBKEL 720, MIEN~DEADREIC 513200,
TT IF—X¥IC X B offtarget ZHH D BIIFFDOTHREMES B %, & OREM R E L,
R AN TR ERBEEFIRED Y — Ve 272595,
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Prime Medicine

Prime f1:(%. Prime editing Fffio@FIEIC LY, L 0B HEEZ 2 —7 v b e L.
BERASATIA Vv ERFLTWS, BYE, Prime thi3 18 DA TIA4 VvEFLTED, %
DI HbDNsr (97w T L) 1F [immediate] DEIGH) A T ) —IC I N TW 5, MK
PREICEA L T3, SRIRARIMERAE (Beam Therapeutics £t & $24) . 1@MEAZEIEMRE (GCD).
Z7rvam—GifinENRgL L Tnwd, INUOMRKEEEZNRE L7 w7 T L3
HHMES (ex vivo 1A MBI LT3, HEREHEECIZ. 74 vy Vi (i
iz 351F % ATP7B H1069Q & R778L ODZE R %7 ) L LOfETEET2) 3L U027 ) a—
FUREGRN 1b 2 RELTED, Ebo07u I ALEEF /KT (LNP) 7Y N —
ZIGHL TWw 3, IRIEEEB~DT7 7u—F13, v F 7> v (HEEORERAEZEERICE TS
RHOP2IH ZRZAKDT 7 LB TEIET 2) BLUOT v v v —fEMRBHICE R % 2 T4
EEEEWIET 0 77 0% 80, WINL T T 7tk A VR (AAV) RV X —%FT )N
—FEELTHALTWwS, HEEMHEER T, Fv vy 7fax v 2862 (GIB2) Eint
RN L T2 T v v v —fEERE 3 B IRE R 2 & D,

ARX— FEEDPD I8 KDL T 74 v %Y Y —A LT Prime thiz, HEDOH VA H 54>
ELER2, I, WL 78— FIIFEFTOMR N TH 2 Beam th& Fa Ml 2 & T, Hiffikk
BRI LT WD, —J7, Prime fLIZMASL 1T T <. AAV % LNP Z H\W 72 (AN TOER
FHBFCBNTH L TIAvERL TS, Lo T, IEMECHAEN 7/ LiRExE
B9 % 72911, Prime editing A OMHE%E X Y 50 3 LEBDH 5,
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More clinical
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Less clinical
progress

X13: 5404774 vDF L

SRR ) LRE Y —ADBAFE S NI 2 L T, BIE IREO S REER IR L
7o B 13 1%, BIFE CRISPR X — X DEAM A L T 3 FEERFIRERE Sz T L
bDTHD, 2oL, MEEEPHEORHKE D FHTH v, FHAWIC Lido 53
THBEAL 774 v EF LTS, MRERIIENCRETE 2700, MEZEERES
2505V R27FEE 0 R EHERI TS, FERIC, CAR-T Hffizm L& 270ics
J LRERERT AGAL R CY R 2a vy b r— AT, ERMICERLS T WL E
AbNd, 7EL, HOEREBSLHOBEER, v 4 A REYER & OB I ARIMRE CI3iHE
TERWZD, FFOEWSITEL &%, Editas thOIRBEE A4 77 4 % Beam 1D HEH
NAT A4 vRE, VA EZHEBICHIEI NN T T4 V% v,

EETRBEEIBICS A L2 0o oLy MRIC e 5 TR, RNIRE D 5 28R L 72
2 BERMEEEZLND, ZOMEEE LTt RNRERIRLCHRCHEATE, EiEo
B BHRNRERMIITFEL 2L L TH S, LA LERL 2 X 5 ic, KNREIZFIMRE X
DHIEEHICY R7EL, L v, £ 2T, Faf 2 UG L 7287 L W Target-AID2S, 3S iy
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DELEDHIHICH T 5, Z OEANIHAE, RSN 2O EMAFEY -V TH 572
O, N TOREDLORNRNLIREICRE RIHEIFEON TS, Lo T, T Ol
DPMEZ B4 A5y M, BRETHENRENRE A 774 v RIS LicE
WTC, KERBAZEF> TV 5,

<533 B THIEREIC BT 2 HE L TS okl 2 E (FHD >

EETHIREE L. RYIDBEEL 2017 4E1C FDA KR I N2 T & T, E ATA4TD
FHEBREROESE KE CED TS, 2022 4% TIC FDA K2 L 728 (n T HIHgiAESE
327 FEE T, ST TN E TICKER X L7z 340 TR O B BIE] (N A4 FEEERE) oY
8WICHHE T 2, BRFRICH W UKD FEIEMS D FO 2 EEARARD T —EHIHE E v
D3, KR X B BEACHHTHY CHIRL R EEE S OMERL R L 2 & | BIR T HIRIA SR 1K R O
HTX Y RELEIGE HORTTnD o,

Cell and gene approval as % of all novel approvals
(excludes ANDAs and new formulations, active ingredients, and dosages)
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® Small molecule chemistry M Biologics (ex - cell, gene, monoclonal)
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14 @ O E G 2023's Market Outlook For Cell And Gene Therapies. Ref: 2023's Market
Outlook For Cell And Gene Therapies (2023)

2022 £ 12 ABITE, T OB T HAZEHR O HRIRABRD 5 5, K135, 6 £4£[H T FDA

~OHFEZTFELTED, §16%25% 3 HHAEBRTH %5, Eln THIlRERED 4 774 v
R E LCRETH ., Hiz kB bG S 2 E& RN L w3,
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Predicted FDA approvals for cell and gene therapies
(Active trials at Dec. 2022, not risk adjusted)
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15 @ B I IEIEESE O BE R EREF T H]. Ref: 2023's Market Outlook For Cell And Gene
Therapies (2023)

NRAE T DIRBORBICEHEN T 2 720 ., B rHiaEE iRt o EE Lo
FEET e 7 EIRERBPGEOIEE Lk 5725 5, B ISR D 2022 F o RIE E
EEEES A OTE EEOK 1% % 50 2 ITEE RV, FHlE 2 KERITERNTH 2,
TER AL B & JEE AR T B AR A 0 78 Fmid. 2022 F 5 2028 FICH T T
CAGR (EFHMER) 5% %ER T 2 & PRI N TV 225, Bn FHlAEEESE L CAGR 46%
R L., 2028 E £ CICHI 860 (5 F A DFE EEica 2 L FlllEhTw3,

Forecast worldwide drug sales
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16 @ FE A0 78 _E Tl Ref: 2023's Market Outlook For Cell And Gene Therapies (2023)
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MBI T IR E S N2 EH I, RO ER ML EYRANHRAI N2 SO IZAD
—IIBE RGP, DX BRBARDIEKD S 726 TIHASREERHT L LIIEETH
%o WEARDBDIIA 7 R—v a v L, FrlliZE233H) L, BAaEr s o RS E 7
I %G ¥ 5, 2 DRER, HRECHER—F 7+ VFICHESD b E NG, A F
77 /7 nY— ORI IE, {CREERMOBE B L, 4 774 vl oL
AR~ v 7 b LT o7z, BIE BIETHIIARA 74 79 A v A0 T a v 27 4
CHEVWTHBED 27 2 —L LTHEELTHEY, LVELDAM, HKE, XA T 74 v %D
KINhLEEDFLEA9,

2022 FICEARNY CHAGR I N ERMLD 5 b, SEEREM & 7 o 72 AL 3 D258 1R
BERTH Y, IR D HFEMIK IR 300 T FATH B, B THlliGERoEZ 0 b D
B, IS DEEBOEMEEEAHLTWE, 2h o DEEFIIBFE I 2 F SIEFICE L,
YR 72550 T L NREFEBE D7 —~Eic—EofRAPLERBEICN-> Tb s
LT EHDTH DL, TNH DIRFEEIFERSTFOFR AT Y BT 2 [FIRFIC, fREE
R B L BURFIC X B lifSEE ICBI T 2 Ml A DRI b D b T2, NY 2 — - =2
¥ BREPREDOT Y FRA v b 27 & 5 d o R5EICRESE O KT % LR $2249)
~DHHMNR, ERREP A = = DF TR 2 Y Foa vEHEBL T, &Y% DEE
THILERE A BEPFHTE 2 X ICT 2V AR ERE LTV D,

R TR A ERE I D BRIRGABR AT © SHUEM D —& %2 72 & > T 528, FilS AL
EDHML T3, 51T, oy - REREOEIAAIIM L, EFEFD T 4 & v AR
RS L7 D | FDA OAGRAED B L 72, B FHIIBEIEICIIE 2% OfER S
2HDD, ~AVATTETATHA LY ZDFEKEY] VI ECRAI R oEE A %EH %
B-LTw3 Z & idEEN R,
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<534 70 RT 4 kv ZADFHKE >

ARFERML T, B TREOREN L off-target DRI O W T/, & i, Hiffi
DB L ANA T T4 Vol zB L T, Pl Target-AID2S, 3S Hiffi #iEH 3% 2 & T, 4
F oLy MBS TBEORNRESFICE T, BOReEE2E T 2RS4 774
VORIEPIARECE Z L AL 72, L7223 > T, BARMAAER 2 3@ R L, Target-AID2S, 3S
Fefi 282 42 h OB I ARPIRE X4 754 v DREZICERTH 37 — & %R L, Beam £t &
DI/URATA Y ZADEEREE TS 5720 DK% TR T 5, HTH Target-AID2S, 3S i
% Beam fLIC T A v VAT U M T EHZ LT TV TICBITFENNf ALy MOk a—<V
7 =B TcoRELOMHEN. BLOHRICET 247 v F— 28 coF¥El
DHEF Z BG4 3 Z LIcHEIC LTw 3,

Beam fhofilk & BIL A L, 2 FRICHED, X 0% DWEREZG 2 7291k,
Target-AID2S, 3S £l D AR NG E D] i % FEEEC & 2R E ORINAEHE L 2 5, R
FEEOFEFEICIXI 2 DOBEELREELDH DL EZOND, O DFENOHHIE. bS50 LD
I¥ Beam tHICx 3 2 k1T H %,

77 LARERIC X 2 MR CAR-THRER Y. 3 TIC% K ohERRHFE L. BRI
HEATVRERESBIO X7y MIGEET L L., FNEGTERET 203K HTH D
D5 RAEIICIZIER ICARIC R 2 b B2 b D, b, T[4 4Ly MligE» T,
R R CBIETIRREED A 774 VIIFFEL R0z, ¥udbDR X — MCIT%H
DERLIFH TR P2 ET 5720 CTH 5, YA RFERSH 2 EICIE, B UAIR % RFo#
T IREER T CICHIBICHFEL CU 2 HREED H V. BRNZODDORKRE KT T 5,
X 51T, {RIC Target-AID2S, 3S D3BEFE D EIR FIHFEE L D D RETHIEN RERE R L L
LTH. Beam fHIFHIRZR I 2\ iE D >, WICHIEST 272595, dkhn, HEAL 2
A7 T4 vl bR T 20L&, % ORESEENCR Y R UEWKRT Target-
AID2S,3S DA ZEA L TR LET I & 13h 05677, L7235 T, Target-AID2S, 3S %
Bz iBIETREY — L E LTHBICEG I3 L 3EATELT, 7R T4V R
DFERICAE T2 2 LIZIEHICH L Vv, 20720 BEROKAL 7254 77 4 v 38T,
WD ANATTAVERENETH D,

T, HE X =7y FORTH, Beam thOBEEDOYIAANNA T4 VERFERL, B b )
BRI X 2 RERIBBEOEEN: 2 /R C & T, Target-AID2S, 3S @ Beam tE~DH 1 25E % %
Loz, ¥, FLX—7 v b %&ERT 52 &k, Beamfhic—ED 7Ly v v —
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G250 TED, 120, LREFABOVIIHEECH 570, XV ENHFESA T4
VEREL ZZDICERE R ELHTEEMARA L2 v e ) DR 2D B L Target-
AID2S, 3S Hifff DEE NS Beam fEN TR > T b, 51T, KA IZRALZHEET 7 u—
FHHY . Beam tEDBEED A T T4 v EflBREDE B Z LT, FFEOAREMED X &Ik
RKIdeEx2bN5, ZDX5C, FiMlErE <. Beam thlfkD 4 77 4 VEAFICO %
B2 =7y b RFENT 5 & T, Target-AID2S, 3S Fifffic 9% Beam LD FEE % k(b
oA ANy PRI DS OMHEREESR TR AL EO L LN TE 5,

More clinical
progress
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17: 504754 vt Beam D4 774 VigFWTHENS)

ZDID =7 v b T HERBOFEEICHEL . ET. K17 OF W THA 7 Beam
HOBEFEANA 7T A VICER Lz, RCoii Y (K OV CH 54 77 4 1 HBV
SRR (RZ—HN MK THB, 2DDDAL 774 v EFLLOIT % &, Beam
I HBV iICx 327 7 AREEADFILEE LT, AAV T4 LNP 2L TWw3, It
BRI L . BRI D H B AAV ICH A, LNP BH L WEY T I NY - X7 LTH D,
FERVRE S o AN, R IMIRIG BRI, BRI T ORLEN: 72 & BAfiic % < o#FE» £
FHEELTWS, INPBEYT Y ANY =2 X7 L E LTHIO TREINZDIX 2018 4ETH
D, ZHITH LT 2019 FFicit AAV AEFF T 250 DL EDERRGEERICEH T T3, L
2> L. Beam $1:2% AAV Tid7e < LNP Z@#ER L 2 EEAE KOO L DiF, AAV IR T 2
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BLETOVA XL WHIRED 2720 TH 5 eELLNDE, 5% TICHE Sz BE D4
THARXTIE T DOD AAV ICHHE D Z R TER WD, 20D AAV IZ4571) T BE 28 AT
ZHELDRGA, TRTIE 2D AAV B0 E 720 | HilaEtE b 5 L. KethicB
TR D b, 7 AREIETHIFE L 7288 Target-AID2S, 3S AT IZ/NUICK B L 727
12D AAV I b R CHEETE 5, L7235 T, HBV EEICD W TIE, Target-AID2S, 38
DEMiZER T % 2 & T, RE, e OFEREOREOH L WinE LT s 2 b 8T
27-0, SRIOMERANRICRDE LTI X—F vy b ThHLHLEZ D,
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54. 78R T 4 & v AEEFT D ORI & BT
< 5-4-1. Target-AID2S, 3SxB HUfF &7 4 + 2 (HBV) >
HBV IC03 27 75 v I3BICHEET 223, Z4ThH HBV IS A O F2HEETH
b . 1B4E 80 /T AL HBV &Y 28 HBV % HDV I X o TH & 2 S 3 FS A Tl
BETHEL TR EHEEINTHWE, 74 v & —7 v ik 53HFF LIELITEIER
ZHEV. ZOoAZEE HDV BEF TIIIEH ICRonTwd, X 7 LA v FRFEEGEREE
Alik. HBV ICEK T 2B REZ Iy b -T2 LIFTE L2, REEELILIIT
Z 72 ®, HBV ZARN 2 PR 2 ZDRI 2 TR BIRIIC 28 L 7o T B 2,
AEEICPBFZ2EHRNET 7o —F L LT 2200 ERE 2 T3, UEDIE, Target
AID2S, 3S ZH\WC HBV X v X7 EH Z2iEST 5 Z L IC X 5T HBV 7 A4 VAR Z ARG
T22LTHD, DHVEDIE, MAEDO NTCP H % MHET 52 LICL > THBV VA4 LR
BYEB ST &TH B,

HBV JEE & v < 7 B Dl

HBV D 44d. fZE koG8 HBV S X v o3 7 8 (L. M. S). HBV EHHUH (AGL)
ORI NTEY, IMER v 7 EOZERIC X ) HBV KT DIVEIC H 2 YR 2 iES 3
T&T, HBV VA LRERTE (LT 2o e nTcE S (K18), %L T, &friffodfits %
BRICEED X SME X v o7 B D Cl47S ZEV HBV VA VA Z RN IHLTE 2 2 L %
FIEL 72 (K19), ZHiChz T, F4 1T HBVAMES v 278 L, M, S LofthoiRETL
RERL, Ba v S8 RET 200D 22V AT v 7 LTz, Lzd o T,
T & DFE—DOFEHM L. Target-AID 2S H X 8 38 Hiffiz Tz d O & RE L.
HBV M & v 8 2 E % i+ 2 2 LI X > THBV VA LR EREMALT 2 22 TH 35 (X
20) %,

- pre-S1

L M S
18 : HBV 7 A L R LA & v % 7 B | Ref: The Pre-S1 and Antigenic Loop Infectivity

Determinants of the Hepatitis B Virus Envelope Proteins Are Functionally Independent (2009)
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I X % HBV EG)) DK, Ref: The Pre-S1 and Antigenic Loop Infectivity

Determinants of the Hepatitis B Virus Envelope Proteins Are Functionally Independent (2009)

Target gene

Sequence(5'-3")

Mutation

Genotype

Reason for selection

V391 to M orE or I/

1 Pol et ; V392 to M o E or | Nonsense mutation in
stog oM orE or
SRR R HBsAg (S-protein)
S W35 to Stop
pol Al34to T/ A435t0 T _
Highly conserved
2 cgctggatgtgtetgeggestt  |R78to Q or H/ R79to ]
S regions
H
Cctat t teaz (T Highly conserved
Pol ctaleggaglegcclcaslic |orog 1o N/ ,
3 cgtttctcTtg) region; 17 bp of
Cctat t tcas(C ideRNA will
s ctatgggagtgggecteag(Ce V16810 | guide wi
cgtttctcCtg) accommodate all.
cctctTeatectgetgctatgee |{C90 to Y/ Except genotype B
4 S-protein Mutated to cysteine
cctctGeatectgctectatece [C90to Y/ Genotype B
HA448 to Y/ L449+to F/
catcttcttAttgsticttcteg Genotype A
5 Pol L450 to F Highly conserved
0
et tGiastictict HA448 to Y/ L449+to F/ . ; S regions
catette ggttcttctgg L450 to F xcept genotype
6 pol tatatt et Highly conserved
caaggta cee
S setatstisceestis Cl0iCto Y regions
G tct tcgtg |Q30 to Stop/ P29to L
(accG)cagagtctagactcgtg |Q p Genotype A, D, E and G
7 S tei gteg or S Nonsense mutation in
-protein ]
(accA)cagagictagactcgteg |Q30 to Stop/ P29to L HBsAg (S-protein)
Genotype B, C and F
gteg or§
P440toForSor L/
pol ) Excepttype B Highly conserved
g tectettcatectgctectatg L441to F/ H442t0 Y .
regions
S L84to F
20 1 IR L 728 TF v o v L8R
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NTCP JB{EF~DHAERDEA

TAEDOWIRE TR, 2y aa—afiEF b ) 7 LHEER Y <7 F F (NTCP) L+t 7° & — 23,
HBV ¢ HDV Oifii OffiflaNL & 7% — & L CREE X N7z, NTCP 1B 5 mEHEASED
Arg252His &, A~ EEE O Y IAAEE LBEL Tk Y, ZOfFHEIEE N 7
VAR =2 —OEBELREEIDMERR X 472 ¢, NTCP 13k 14 _FIChiE 3 % SLCI0AL Ein
T (Solute Carrier family 10, member 1) 12— F 21T %, NTCP IZEE @& v 27 ETH

. MfEEEZ AL 72 G b Y v A R OEXRICB S L Cwb, KEZRHBY v _p—7
XUNRTEDTL ST FAA VDN EKG L NTCP IS5 E Ly NTCP (3 AT o L JE I fE i
ICFEHEL L. HBV °° HDV Ol ~DRA%Z B K —F LTW»5b, NTCPEETFD I ALY R
152296651 ZE B4R (c.800C>T,S267F ; 267 Dt Y v % 7 = = AT 7 = VICiEHR) 13, EZ
KhkoWiErzZbde s itk o T HBV B icwEr2 52, 2 ofR, Mo
HBV/HDV EPEZEEE T S 202 H 2 (K 21), WL D2 OHFEIC X Y. S267F

ZERRDY HBV B E N & &, THREOET) A7 2K T I -2 2RI T3
6566, L7228 > T, & OF ZOWFFEHME 13, Target-AID2S, 3S H4ifiC X » T NTCP En 1D
S267F MmExZ FEH L, KREGRF DO HBV BT 2EB T 5 & &bz, Blic HBV Q&% L
TV EFICH LT, S267F ML IC X » URA0ETA RT3 2L TH 5,

HBV 8267\* HBV

S267

Hepatocytes Hepatocytes

o
w
1

2504 30+

2004

N -
o a
=] =]
' L
o
N
L

34
o
1

HBeAg [Index] d7-9
HBsAg [IU/mL] d7-9
HDAg positive cells [%]

%>

e
S
& &

&

21 :NTCP 7 v 7 77 MiC X 2 HBV $UFE DO FEBLE I X OREGEHINEEL D (KK, Ref: Hepatitis
B and D viruses exploit sodium taurocholate co-transporting polypeptide for species-specific entry

into hepatocytes (2013) % 3 ICEFERK
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< 5-4-2. Target-AID2S, 3S £ifffiC X 2 HBV 7 4 L 2 DG d X ORGP EER >

7= H 13 F 9, Target-AID2S, 3S % H\»C, HBV @ 3 D DA (78 & NTCP Ein T %
ED X —7 v b & L GERL HEK293T Ml T D on-target DN % 34l L 72, £ 72,
Target-AID2S, 3S DN R & LT, 7' v — FiffFEAi® David Liu 7' v — 7' ® BE ftE il
BE4 Zffif L 7z,

(F2hraxat]

7z RXR—DiE

Truncated 30-150 W122E, W139Q

Target- —[ cMV I NLS I I]]H GS nCas9 UGl (Ic/Bl NLS | Ter
AID2S
Target- nCas9 I Ces TSI ns | ter
AID3S 1054 1055
BE4Max APoBEC  [CF nCas9 usl UGl
R D B
Target Target gene Sequence(5'-3") Mutation Genotype | Reason for selection
Memb Pol CCGCAGAGTCTAGACTC V81l toMorE o/ N tation i
embrane 0 onsense mutation in
S1 ) V392 to M or E or | All )
Proteins GTGGT HBsAg (S-protein)
S W35 to Stop
Memb pol CGCTGGATGTGTCTGCG AdShto T/ Ad35 0T Highl d
embrane i conserve
s2 _ R781t0 Q or H/ R79 to Al gy e
Proteins S GCGTT H regions
Highly conserved
Membrane Pol CCTATGGGAGTGGGCCT [S524 to N )
S3 Protei . All region; 17 bp of
roteins
S V168 to | guideRNA will
CTGTTCCACCATCCTCA
N Genome NTCP ATG S267to F All Prevent HBV binding
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<5-4-3. fFEFHFEO R —F~ v 7 >

S bMEMNFO B D, 2024 F 5 HICIXEMHFFICGEST 2 L2 HEL L TY
5, F720 AAV VA NVZARZ 2 —OFEERL B LD [FRFICIT) TETH B, ZDHKk. VA
N ABM RIS 2 7201, EBEO HBV v A L 2R T2 EA L, MigHEET v+ 4 %2175
TETH D, LHL, YWEETIE, VAR %S 7201 IFERATORER D 5 729,
M RAFESHR & o LR Z G L Tw 3,

—7 Tl BB ORE LTV, WYk — P F—%FEE L, HFET in vivo 1)
EER ATV, b T %, 2024 4ED 8 A Tlc, ERTFT —2DINAET X253, Dk,
fifh 7 — 2 L ERL & M L. Beam & O FMRHBICA S,

Review Review Review

2023.11 2024.11

Research of evaluation system

Viral infection
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Research for suitable partner
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evaluation LE [
Determine suitable animal models Start in vivo evaluation
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with Beam
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<5-4-4. 4 v 7RI 2 F O >

FEICBHT 2 MENA VA MNT vy 7L, 4 v I RE oL ERESZRE L~ (2023 4
1 H~2024 7 AH), &5F3.370,048 D4 v I KEAF a2 X F B L 72 5,

LTE] A—=h— a—F AR KR | Eff e
(M) ()]
1.2mL P % ¢ % | Corning® 430487 50 / % |1 38,400 | 38,400
YV T TAFY v 7
TV I NAT N
TR —=AT 4 A |AS ONE 1-3192-01 1 8,300 8,300
Ka—v o7 —Ik
Fav 47 IV —n $220 220 ¥ 1 4,968 4,968
JM109 TAKARA 9052 100 ul x | 5 21,000 | 105,000
10
Sapphire Y m—F | 77 4 F— 771259 96x5 = |5 21,120 | 105,600
F v 7KK 5 =vt
Wz 2= =
N 10ul F527
V1%
1200uL =2 %+ | WATOSON 122-805CS | 96 x 10 | 1 10,500 | 10,500
gm vy T 7L —F
L—F
1000uL. ¥ v 7'(5% | WATOSON 123R- 96 A X5 |2 54,000 | 108,000
DEZ) KA 757CS BEx5 o3
v 7
200uL ¥ v 7 (G | WATOSON 123R- 96 A X5 |2 75,000 | 150,000
DEZ)KH 755CS B x 10
A4
C-Slide ¥ 4 2#* | 74 v v —F | CRCSD- 50 ¥ 2 15,000 | 30,000
—F TR | v 2 NI50
i GFrrAtL-
i 71 . %8)
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24 well plate IWAKI 4820-010 20 % 2 19,800 | 39,600

48 well plate Corning® 356509 50 x5 |1 53,500 | 53,500

SensiCare = F Y | MEDLINE SEM486801 | 250 ¥t A | 2 1,380 2,760

NI LFLE S

NucleoSpin® Takara U0952B 250 [\ |1 74,200 | 74,200

Tissue

NucleoSpin® Takara U0490C 250 FIA | 2 37,800 | 75,600

Plasmid

Transfection-

grade

FastGene HAY = %7 | FG-90502 300preps | 2 25,000 | 50,000

PlasmidMini 47 A

FastGene HAY = %7 | FG-91302 300preps | 2 25,000 | 50,000

Gel/PCR 47 A

Extraction Kit

v —1 CL sansei 01-002 12 M x50 | 2 8,400 16,800

N

LB ##h Lennox | 7 7 4 7 X | 20066-95 500g 2 9,000 18,000
7

THAa—A(KER | FH 74 7 % | 01163-05 500g 1 68,950 | 68,950

RiE, mT V) | o

A xH % DNA | A4 A KN- 50 tests | 5 8,980 44,900

filii % v b T110005

DMEM #5ih Thermo 10566024 500 1 22,200 | 22,200
Fisher mLx10

Opti-MEM Kz Thermo 31985070 500 mL |2 4,000 8,000
Fisher

1.5mL =4 7 v ¥ | WATSON 131-815C 1,000 & | 10 3,700 37,000

a—7

% v 7Y v 2 F a2 | Thermo 508-GRD- | 500 A& |10 1,620 16,200

— 7 2.0ml 7+ 7 | Scientific Q (500 A
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xl ¥y

7)

RiboMAX™ Large | Promega P1300 1 42,000 42,000
Scale RNA
Production
Systems
Ribo m7G Cap | Promega P1712 1 51,000 51,000
Analog
7 x/) =)+ 278 | Merck 77619- 1 13,600 13,600
=3 Y VIR S A 100ML
IATLa—)L
I X)—) FHh 74 14713-53 3L 1 10,200 10,200
F— b L—TFE | TXT7 1-1471-03 100 # 1 7,000 7,000
#EANy s L
50mL 52— 7 HARMONY CFT5000 50 A x10 | 2 12,500 25,000
£%
15ml F=2—7 HARMONY CFT1500 50 A4 x10 | 2 9,000 18,000
En]
TAY 78— Xy 7= vz | 8599600 20L 4 6,000 24,000
MEHT 2 ) —n | KN TE 8-1928-02 5Ix3 A |2 6,000 12,000
MIX %1 4 4 9 5L
Y RXR-BEEE-|FH T AT R | 32666-81 1L 1 12,000 12,000
EDTA #% & ¥ | 7
50  f% R A
Nuclease and
Protease tested
(TAE)
PCR foil seal 4titude 4t1-0550 100 # 2 22,000 44,000
PCR8#7 I v+ | HAY = &7 | FG-008FC 120 = F | 10 2,200 22,000
Frv S 47 A vy 7/
En]
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PCR Seal HAY = % 7 | 4t-0500 100 #& 11,000 | 22,000
AT R

KOD fx neo TOYOBO KFX-201X5 | 200U x 5 98,000 | 196,000

AAVpro® TAKARA 6675 40,810 | 40,810

Purification Kit

Midi (All

Serotypes)

Amicon ultra-0.5 | Merckmillipore | UFC510096 | 96 57,300 | 114,600

centrifugal filter

unit

AAVpro® Titration | TAKARA 6233 79,000 158,000

Kit (for Real Time

PCR) Ver.2

AAVpro®  293T | TAKARA 632273 70,000 | 70,000

Cell Line

Droplet Reader # | Bio-Rad 1863004 1Lx2 180,000 | 180,000

A v

DG8  Cartridges | Bio-Rad 1864007 280,000 | 280,000

and Gaskets

PCR 7 v — } | eppendorf 0030133404 | 20 ¥ 21,500 | 64,500

96, 7y nIGE, 27

— F72 L, 250 pL,

PCR clean, &

ddPCR  Supermix | Bio-Rad 1863024 1mlx5 100,000 | 100,000

for Probe (no

dUTP)

Droplet generator | Bio-Rad 1863005 70mlx10 65,000 65,000

# A4 s for Probes

0.2ml Low profile | Thermo AB-0775 1 box 34,100 34,100

Thin-walled 8 | Scientific

Tube & Domed

Cap strips
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PhiX Control v3 [lumina FC-110- 10 ul -
3001

Qubit dsDNA HS | Invitrogen Q32854 39,900 | 79,800

Assay Kit

0.5 ml PCR Tube | AXY PCR-05-C | 1000 5,900 5,900

with  Flat  Cap, pieces

Thin-Wall, Non-

Sterile, MaxyClear

Nucleobond Xtra | TAKARA U0420B 50 [A] 97,000 97,000

Midi EF

MiniSeq Mid | Tllumina FC-420- 5 86,500 | 432,500

Output  Reagent 1004

Cartridge 300 cycle

A&t ¥3,370,048

<5-4-5. WPREAER Y — b F — oG >

BY)E TN T in vivo EERCHKRAIKICOWTE, b a—~v e 7 - CcoHMY
BN A T A vR) ) =R ERl oA ANy PESEMTTY 2 IR L Y, 20
O, TN IRTEIORIREED Z720DDE Y H 28— F— & LT, R ERBE
3 & OBIER MBI L 725 TL 5,

PAASES 20 (CRO) 13, BIR 7 o 2 &K%l U TR S — FF—2 LT, ¥t
B~ THEPA T ¥V 2 — VA2 E L, HABEZED 22 o, W EEDILREMR ECiE
952 TE S, CTld, CRO ZESFR, MZ2HEETRELDES 50, T, &b
EEINEHEEZLND G,

T L B

IR DI X, RERT ¥4 v, BOEAL. IRPEMARERE (RTSM). 7 — X B,
T 2INEDP O, VAT L, EYMEIE 7 -~ a Y I VR BRa Vv S IAT VA,
AT AANT AT 4 v IR S E T, SROEMRERHES . CRO ¥ — v AL 2023
EF TITHEE 563.4 & FVRRERIC 72 9 L IQVIA, LabCorp, Parexel, PRA, PPD, ICON, Syneos.
Charles River, Wuxi, SGS & W o 2 FHNBENZ D 0% U LEE LD Z, XA AT 7 /vy —
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BHEOH 1 RO 2 2 b i3 300 5 Fad 6 500 /7 Fave 33L&, KF CRO DI
IS D P 0.002% K ICHY T2, 2F 0 [RF 104 1F. X Y KB U E DO
WHRIEBEAH OFBRICH ETFEOND LR IFB L WVWI L TH D, N AT 7 REDRK
DBRERFERHZBR T, RFPEEOEFZELEIND Y X 7 I3FEw, Hl2iE, KRB R
YV —DIEEAL DY Y — R REL T 256, MIBIERDO Y YV —2% 25 51Tk Y 18]
F 2 M2 B Y 2 ORER BRI AORET 2 A7 Y 2 — L TIHIRERK T E v
AIREVEDFAES B0

B o ST

EI L, N G~ — S — EREEROFE R D) & 8 51iE, R ICETE X 7z R AR EAER
BARFIR TH D, ¥, FRRBRORGE 2 FEEE CFHE L, THImTHEM: & By 1 ocs
L. YRZZ&KJK L. GO/NO GO DREZIEICT T2 L T g —+F—%
DL LTV, — . BEEOTFA va v AT 4 v 7R 35— F—23k )
7255, BHMERAI DI POEBOEETH L, HMEAOL A, RANAY — X &R
2 0¥IE, 2ELLTAA LA A= —RITGA BT ENTE LS LAV, T
TOMERICH 72 2RFEDHMAFE T > TV B LIZRL v, — ., XV ESE2 - ¥
3. Z OHEMMEEFEONFFICREL, 200 coBE oI 2mN A Y v — X ZHEET
%, MEY) 7T A v, AEY) 58 0ER, Rl ThWEHEIR 7Y 2 — v AN
T AR~ = — T — X ENTE ORI & B 5w 2 B CRBRIT ST B AR
BHD, 2F0, 2—=7 v b T EHHBFEL VA= F 2B, ZnICEDEZRBET
PA VIEZERINCAR R 7D TH 5,

HANF ¥ —+ T4 F

WY hNTF v —T7 4y, ThbbAEIvyavouatte —EML. HEEEic
Lo T CTEETH S, 2T, F—L7—72, 58, WM. 2 LTtz e Yy 2 =
F ¥ VARAEEW®RT 5, A—T VoA v FRfEd B RFNREEDFET 5, B,
Z DIRERD CRO Dffifr-LAlifEEIc g3 2 20 & 5 2o, BIEPHEE Y — e A2 EHRT 2 &4
THEPEI . S OICHIEN (B R & X BRI HEA B ETETH D,
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R ITHTIR D RIELCRHE L TH 0 | Bfiral i< B3 2 #85k & HMAERA KD 515, CRO
DEMHD, X— b F— & LCHHliT 2 FCTEHEAERZTH L, 2 VL XV P —E X%
FHF % Z L3, CRO Ok & L T3~ 2 D ICRE R TIETH L EHEZTWD, 7z,
ENEER S — b =ik, BERERRBEO 74 v, BRE. Eii, KT, FRH % g
LT RERBH 5, A AT 277 my—RFlE, CRO BENEITE L OEFIREERICES
LC &, COBRBHEBcHELZ L TEr, BRI T 2 IR, BlslLRE oo
BRI Ed BERMERD B,

RF CRO FEEREE 2 @720, Z DD HKABRIC BT 2 ELOHOEWH — XD
RELCH7ZY, FEE R 23H 5, HLVWY V=2 (AM) 2RO, &HHINET 2 7=
DI EDHMZES 2 720, BERE O X FERRRZIRILS 2 2 /lfEErH 5, 72,
HLWF =LAV RNR—% A =T v 74370 ABRFTCHEEES., —EMEE
HbNDEARENEDR D 5, T2, REEFICY Y —ROFAELILEIC AL L b H D, HlZE,
COVID-19 O faf7s & fthd = — XL I, » D2 DFBRMRE S N2 A[REMED B 5,
L7zh3o T, b 7 7 ic G c &, —H ik Z #Hl3 % CRO 23X RETH B, £z,
R L 72 CRO »X— b F =23, & 250 I OFREE~D Y v — 2O FE| Y Y CTHWFED &
IV, TRZOREED L L) pEHIITRETH D,

T RFEAZSEICENT, fA72BI1X CROEFRICHZAT, HRATHEREL TV
CRO fREICEH Lz, BIAL 7= X9 ic, EREEZED T < BT, %D CRO L4
BT b Ebe 2T IXERD Y, MRBEGICHEICREZEACTT — 2% 74— F Ny 7
LTHhoWw, IORIMFICOBRTI2LEND 2, ZD7d, HIFMIGENC &b HERD—
DTH LD, BEXCLERLEDEI DM TD HAD CRO D553 L T WeEX L
N3, 2070, HRICE T 2HEREALZ 7 20 FHEIN S CRO 20T, #AEZFT
ST, ZDRER, 4 — ¥ —T Xt & Fortrea Japan {3 D H 73— b F—LE 2 b5,
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A — v — T ZHIIRME CRO TH Y, DELERARIE D 5, 7o, KBIERIER
5 Tld, thE DM R DS X BRI D LEM Z IR L T iz, BRI, BT 72 RERK <4
774 vORRICS N EANTE Y HAERRDEICE T 2 BRABRTIEOFEHEL - Fr I
RELFNL T Z, BEFIREDHED AN T T4 v TH L0, HRTIZEZE2D 700
e, A —¥—x 24T & o TRFZRERIKASA 774 v 2T 2RGERTH Y| %
DEMEIE W EHEH TN 5,

Fortrea Japan #£ @ fx & f I 72 sl B FIERE ORI ZHI L $2a vz v b
EF—LEFFoTWBR I ETHD, TNICL- T, HffiARL_rvTcnoala=r—rav
BRI BT TR, FA72bD=—X3 L ) X CHEI N, EHINDE, £/, Target-
AID [ZHFCTHRD K SHMoNZT 7 LRESINO—2>TH Y, Z DHEAINIC X 2 ¥] DEFRR
B%1%. FortreaJapan tLiC & > T+ 7 llik2H » . HRANCH Y HA TN D &L Bbh, 7z
b OEFIRAER DS A L — XIfThb N 2 A[REMED E E 5, M2 C. Fortrea Japan 1 F#gHy/ N
BHThHD720, N4 ALy MO X BRVF v —FEDONL T T4 VvHEHT L LR
bivd, iz, BEEMEL, EERMEEN RV &b, BIKRHROREE & EF
bbb,

T SHEELERL TP T, B4 7 CRO & REMAVICHEL. X% <D CRO &
2V R FERSZESICL, CRO &L ORMAML CREEBRAZ SR L, mEMIC<— b F—%
EROTVEZNWEEZ TV,
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<5-4-6. FRRASR 2 2 + D& >

FIRESIICE T 256 1M, 52 M. 5 3 HEERHEROFHEHIZ. 22 i 300 75 F
L 1400 JT R v, 2200 TR AMTH B, IBIBESEFICE o T, LTORTRLTWS LI T,
S 2BEMARD LR > TL %,

Phase 1,2, &3 FDA NDA/BLA Review

Therapeutic Area Phase 1 Phase 2 Phase 3 Subtotal Phase Cost Total
Anti-Infective §4.2 §14.2 §22.8 §41.2 §2.0 §43.2
Cardiovascular $2.2 $7.0 $25.2 $34.4 $2.0 $36.4
Central Nervous System $3.9 $13.9 $19.2 $37.0 $2.0 $39.0
Dermatology $1.8 $8.9 $11.5 §22.2 $2.0 $24.2
Endocrine $1.4 $12.1 $17.0 $30.5 $2.0 $32.5
Gastrointestinal $2.4 $15.8 $14.5 $32.7 $2.0 $34.7
Genitourinary System $3.1 $14.6 $17.5 $35.2 $2.0 $37.2
Hematology $1.7 $19.6 $15.0 $36.3 $2.0 $38.3
Immunomodulation $6.6 $16.0 $11.9 $34.5 $2.0 $36.5
Oncology $4.5 $11.2 $22.1 $37.8 $2.0 $39.8
Ophthalmology §5.3 §13.8 §30.7 $49.8 §2.0 §51.8
Pain and Anesthesia $1.4 $17.0 $52.9 $71.3 $2.0 $73.3
Respiratory System $5.2 $12.2 $23.1 $40.5 $2.0 $42.5
Average $3.4 $13.6 $21.8 $38.7 $2.0 $40.7

23 BB X KA 2 2+ ($ Millions) .Ref: How Much Does a Clinical Trial
Cost? SOFPROMED (2020) % FLicEFERK

BRSO Z L, SBROMIE (BEED . Br. BRRMERX 08 1hEmE, &7 o fisH,
Tu b a— LI ICRERFEORBELEIAL L, W D0 DEHEIC L o THEA 2, HEH
i CGREBO 13, 7 = — X L BERBRE S 5, PIHEBRE CGE 1) oRlacsgEe &
N5 BEBUIDE CFE 15~20 N) Th 2 —77, EBR 725 3 MR cldsEm A BT A)
DWIRE DR MEL IND T &b H D, X bIC, i GERER) BBk & 8 (REER)
HERZX AT ~ETH B, HHZHKE L WE R 2K+ —3, Eflz L¢3
R RS 5 2 b3 C & RGBSR 205 20 0B8R <L, —H. &
FIEMORFR v — 3, EERRHARK T 7 77 252 FEMT 20D FEES W, L2285 T,
BRABRE R CET 2 RBERIRS chvizd, AUKEERERX VY FYr—N0¥ETH 2
Beam tEOESEITHEF LS L 72 (K 24), BaaIHEE X V. 2023 455 1 W O WFZERFE
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%13 9760 H FATH b, ZDF T, I BEAM-101 ¥ X OF BEAM-201 0 #liE 3 X OERK
Fi. BEAM-301 ¥ X Uf BEAM-302 @ IND HiGE7-0 0l X 07 v & 4 FFER I 3,090
HTHhHBLERENTNES,

2023 2022 2023 2022
License and collaboration revenue $ 20,116  $ 16,652 $ 44324 $ 25,084
Operating expenses:
Research and development 97,608 74,556 197,254 139,966
General and administrative 24,656 24,062 48,146 43,309
Total operating expenses 122,264 98,618 245,400 183,275
Loss from operations (102,148) (81,966) (201,076) (158,191)
Other income (expense):
Change in fair value of derivative liabilities (900) 12,200 4,700 25,800
Change in fair value of non-controlling equity investments 6,148 (4,124) (6,649) (11,809)
Change in fair value of contingent consideration liabilities 2,171 (120) 1,875 332
Interest and other income (expense), net 11,953 2,060 21,914 2,704
Total other income (expense) 19,372 10,016 21,840 17,027
Net loss $ (82,776) $ (71,950) $  (179236) $  (141,164)
Unrealized gain (loss) on marketable securities (1,250) (1,481) 415 (4,140)
Comprehensive loss $ (84,026) $ (73.431) $§ (178,821) $  (145304)
Net loss per common share, basic and diluted $ (1.08) $ (1.02) $ (241) $ (2.03)
Weighted-average common shares outstanding, basic and diluted 76,335,175 70,210,227 74,315,721 69,461,207

24 : Beam t1:D 2023 455 1 UL E. Ref: Beam’s profit and loss report for the first
quarter of 2023.

* 7z, BREAER CRO @ RAEF I iB@H., UTOBEMIHE S & Eh 5 « HHIBHHER. i
ODFHE LIBE, Miax D) L, 34 b OFlE &S, MEEHE, Av 3  rE=X
Vv 7, EEREEER, EERDR. EVENY Y I OPR. BRI, X T4 hov
TAT AV i rsu—XT7v b, Tay s VER, BT 7 AN CEEE, T4

B OER. SEER, it CRO/IAERVH—LDaIa=F—av, NZAALV—F,
FERRER L, 5B L  DERHZR L 208 RH 5 L 2 ATH 5 A, B CIX PG

FONMEREDE 2D, ZY 3z PRS2 2 L I3H LV, R X MiZzanrb, %
DR L. CRO L& s 2 CIRAICIRIESI NS,
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6. Conclusion

In summary, we showed the engineering of deaminase PmCDA1 and Cas9 helps to create a much
more precisely editing profile and allows us to generated three novel base editing systems: Target-
AID2S and Target-AID3S. Then, by combining with SaCas9 and other impact components, we
generated the world's smallest base editing system and demonstrated the ability of single AAV-mediate
editing. The protein engineering/cell delivery approaches we accomplished in this study substantially
expand the scope and capabilities of genome editing. We believe our work can contribute to creating

a flexible, safe, and novel genome editing platform.

Looking back over history, we find there is a big gap between research-break-through and business-
start-up, therefore a systematic analysis of what field to go into, what are the unique aspects of my
business and is this field have a good market seems very important. In this paper, we focused on the
technical advance of our developed technology and planned our innovation strategies through a
business proposal to BioPalette due to technical license. By analyzing technology strategy, intellectual
property strategy, business strategy, and financial strategy, as a series of strategic cycles, and
demonstrating the potential of Target-AID2S, 3S using in HBV treatment, we believe our strategies
will lead BioPalette to negotiations for a new cross-licensing agreement with Beam Therapeutics. We
hope our work could inspire more researchers and help their fascinating idea not just stop at the

academic level, but also bring into the innovation of business.
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