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We use genome engineering to make healthy cells invisible to drugs

Problem Vor Paradigm:

Engineered HSCs (eHSCs)

G m

Few unique cancer antigens, so Remove target expression
drugs Kill both cancer and healthy on healthy cells so that killing
cells through on-target toxicity is cancer-specific

2 Confidential




v Trem-cel uses CRISPR/Cas9 editing to delete CD33 in hematopoietic cell
transplants during treatment of Acute Myeloid Leukemia

Material CRISPR/Cas9 Cryopreservation
preparation CD34+ Cell genome engineering
High efficiency editing

of CD33 protein

Selection

RO N
@ O@
@ @
Engineered
Hematopoietic
Starting Material Stem Cells Trem-cel: CD33-deleted
Apheresis product from (eHSCs) Shielded HSC Drug Product
healthy matched donor Ready for patient dosing

~7 day manufacturing process

3 Confidential v VOR




v CRISPR/Cas9 effectively and safely edits loss of CD33 from CD34+

100 7 _0=E=p—t Bl 8
¥ u
g \ ~o- Control — Granulocyte
§ g 3 -e- CD33 KO - Granulocyte
§.§ 50 ~m~ Control — Monocyte
w a k -m- CD33 KO — Monocyte
™ 2 :
D ‘\6
8 Se~g———s ]
0 - ——7——7
0 5 10 15
Time (days)

Trem-cel has no significant off-target effects

Nomination

in silico off-target prediction
up to 5 mismatches
3076 Sites

Cell-based nomination assay
19 sites

ﬁ

—~100 -
X
= -wi‘!"'!“i"‘@ g0
3’! 80 - _.‘/.Q o
c
2 604
o
I 40
o
£ 20-
=
°
w S ———
0 5 10 15
Time (days)
Validation

Hybrid Capture
3085 sites

7 trem-cel batches tested
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Figures from: J. R. Lydeard et al., Mol Ther Methods Clin Dev. (2023)

Editing Frequency (%)

100 =

80 —

60 —

40

20

Bulkk MPP MLP CMP LT-HSC

Results

0 off-target sites with editing
above detection limit (=20.2%)

71.27% average on-target
editing

W/ Vor




v Trem-cel is manufactured at clinical-scale with robust CD33 editing
and demonstrates 100% engraftment in 18 patients

Trem-cel clinical-scale manufacturing (30 batches) Trem-cel demonstrates 100% engraftment
1007 2.0
q g ¢ i =
< 951 % 15 Neutrophil Engraftment (n=18)
Qo o
c [ .4 c
] [ ] %]
& 907 1.0 100% engraftment
S o 18
o i " VBP101
3 & 805 median
(&) T (&) 14 A
0 T 0.0 £ 49
CD34* 2 v
g8 10
s 8 Median engraftment for
1001 ° 207 1007 ° 3 unmodified CD34+ graft*
S E15 S v Z 4
260- 2 3 60 2
5 o 810 ® S
340 S S 40 g
g S o 7 8 9 10 1 12 13 14
o X g- 'R
20 $ 20 Days after transplant
* Luznik et al. JCO 2021
0 T 0 T 0 T
Editing Cell Count Viability

High CD33 editing efficiency (median 89%, range 71-94%)

Figures from: J. R. Lydeard et al., Mol Ther Methods Clin Dev. (2023)
Vor Bio Corporate Presentation, Sep 2024
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v
Trem-cel clinical trial NCT04849910 VVOR




v sgRNA is critical for RNP formation and on-target editing

sgRNA

spacer

backbone

RNP Cas9 ()

Cas9 +

\
DNA Target DNA fu "
\ /LLLU.LLLLLLU.IED\ |

3 > 1
5 / WM
\ modified nucleotides gy
Identity Purity Potency
mGsmAsmGsmUCCGA | 7 100- gm i L
GCAGAAGAAGAAGUU g - go] AT
UUAGAGCUAGAAAUA - 3\ 3 3 60
GCAAGUUAARAUAAG | 7 | 3601 £ o
GCUAGUCCGUUAUCA | | '-L — S 2,
ACUUGAAAAAGUGGC " 3 3 . -
ACCGAGUCGGUGCmU ol - — 0 ; o 10 15
smUsmUsU | 0 = ekt
0.0 0 100 . 200 1 |ng \ /
6 Time [min]
J. R. Lydeard et al., Mol Ther Methods Clin Dev. (2023). VVOR




v sgRNA is critical for on-target editing specificity

Safety
sgRNA
9 backbone spacer sequence PAM
Cas9 + sgRNA  GAGUCCGAGCAGAAGAAGAA NGG
DNA Target(s) RN RN RN RN
spacer 3 X DNA CTGAGTCCGAGCAGAAGAAGAA GGGCT
5" / On-target with perfect matches
\ modified nucleotides GAGUCCGAGCAGAAGAAGAA NGG
Lt rrrrr et P
|dentity Purity TTGAATCCGAGAAGAAGAAGAA GGGAC
MGsmASmGsmUCCGA : o Off-target with 2 mismatches
GCAGAAGAAGAAGUU ﬂ sgRNA impurity
UUAGAGCUAGAAAUA | _ 5‘ / G>A substitution
GCAAGUUAAAAUAAG | | | GAAUCCGAGCAGAAGAAGAA NGG
ECOLEUEIEEINAET, || R I RN RN
ACUUGAAARAGUGGC EE TTGAATCCGAGAAGAAGAAGAA GGGAC
ACCGAGUCGEUGCU N | - Off-target with 1 mismatch
smUsmUsU sl 0

. 5. 100 15.0 200 v
7 Time [min] v VOR




v What is the FDA guidance for sgRNA as a critical component?

FDA CBER
GUIDANCE WEBINAR:

Human Gene Therapy
Products Incorporating
Human Genome Editing

Thursday, February 29, 2024 | 1:00-2:00 PM ET

Question-and-Answer

What are FDA’s
recommendations for gRNA
purity analysis?

In general, concern is with safety:

Optimize the GE components to reduce the potential for
off-target genome modification, to the extent possible.

sgRNA Purity Recommendations
e 2380% purity (HPLC)
* |dentify impurities = 1%

If < 80% purity
« Justify purity
« Conduct risk assessment for off-target

sgRNA Sequencing (NGS) Comments
« Not just for identity confirmation
« Orthogonal purity assay to LC/MS

Confidential v VOR
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From: FDA CBER Webinar: Human Gene Therapy Products Incorporating Human Genome Editing, 29-Feb-2024




v Synthesizing sgRNA at large scale with high purity is challenging

9

sgRNA synthesis cycle

BASE(pg)

4) Deblocking * 1) Coupling
organic amV \ activator

,o R
;
o
BASE(pg)
:o: : :
R d)

5 /
3) Capping }_7 2) Oxidation or

acetic anhydride S Sulfurization

sgRNA synthesis proceeds from 3’ to 5’ direction
100-mer gRNA = 400+ sequential chemical reactions

Figure adapted from: Andrews, B., et al. J. Org. Chem. 2021
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Full-Length Product (%)

Coupling efficiency impact on
sgRNA full-length product yield

100 Coupling Efficiency
I e 99.0% = 98.5%
80 + 98.0% v 97.5%
60
O . S 37%
20-
G ......................... e e e ! 5%,
0 20 40 60 80 100

oligo length (nt)

* Theoretical % FLP = (efficiency)”*(n-1)
« Greater oligo length, less full-length product

W/ Vor




v Examples of product-related sgRNA impurities

éj 'Deletion

(n-1)

Insertion
(n+1)

Base
modification

%

b

asic site
1
A

R

» Degradation /
. Failure
~7 sequences

Phosphorothioate

impurities
N0N N
A G (S S
)= B
PS-> PO dithioate

10
Adapted from: D. Capaldi et al., Nucleic Acid Therapeutics. (2017).
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V) Using NGS and LC/MS as complementary methods for a
comprehensive picture of sgRNA purity, identity and impurities

« Full length sequence coverage -
Impurities sequence / position .

» High sensitivity (low LLOD) .

» High specificity -

» Direct RNA detection .

» Intact mass of sgRNA .

* Impurities identification / .
quantification

* Detection of modifications

11 Confidential

Indirect method

Biases from library prep / sequencing errors
Modifications not captured / detected
Modifications interfere with library prep

Intact mass alone not sufficient for identity
sgRNA sequence confirmation

Impurity sequence / position




v Using NGS and LC/MS as complementary methods for a
comprehensive picture of sgRNA purity, identity and impurities

Identity Impurities

NGS

w 80
©
®
D «
o
8 )
c 0740
g > 8
5 3 5
2 c (GRS
< 9 O
0 = QO |«
A O e T
Retention time m/z No. of mismatches/gaps
Purity as integrated peak area LC-MS: Intact mass LC/MS: identification, quantification,
Challenges: NGS: Full-length sequencing chemical modifications / impurities
Peak tailing / overlapping LC-MS/MS: Full-length sequencing (challenging) NGS: position of sequence impurities
b Single-nucleotide resolution Condental VVOR




v HPLC is used for routine sgRNA purity assessment, but single-
nucleotide resolution is challenging

™ ) 100nt sgRNA with impurity spike ins

¢

| | sgRNA (100nt, ~60%) 1 n-1 \) b

Black =n-1 / coelutes
with n+1

E

Absorbance [mAU]
S

Pink =n-2

8

Brown =n-5
Blue =FLP + Imp.

-50 L\

Challenges:

« Peak tailing leads to peak overlapping
* Resolving and collecting impurities

* Applying consistent peak integration

13 Confidential v VOR




v LC-MS/MS sequencing method provides complete coverage and
sequence confirmation of modified sgRNA

IRRNNRANNNRRNNARANAT]
5' cleavage )
CoRNA o~ 1) RNaseH > o %"=y 2) Alkaline 3) LC-MS/MS
9 Cleavage wuunnin Digestion HH AL
—_— + + ———» Analysis for
~— Identity
L ML L UL L L L L L L LLLLLLLLIL) LU
LLLLLULLLLLLLLLLLLL '
3' cleavage LLLLUL LLLL LI
product (49nt)
x106] MS, 19.7-18.7min, -Spectral Bkgrnd, Deconvoluted (MaxEnt, 495.33-2199.51, *0.0596591, 22000)

iMass spectrum of 3’ cleavage product
15884.0683

N W
1111yl

(] -
1110l

" 13000 14000 100 18000 17000 18000  Mass[Da]

Full Sequence Confirmation

« LC/MS detected both full length and partial 5’ and 3' cleavage products

« MS/MS sequenced chemically modified 5’ and 3’ ends

« Complete coverage provided by overlapping sequencing of 5’ and 3' cleavage products

» Assay specific for test sgRNA — non-target sgRNA or n-1 fail sequence identity J—Y

14 » Submitted in VOR33/trem-cel IND Confidenial uss \J Vor
MS-Based Sequencing Method Presented by Vor Bio and Axolabs at 2021 TIDES i acd herspeutics by e




v NGS confirms sequence identity of sgRNA

sgRNA a a

LLLLLLULULULLLLLLLL

1) SMARTer Library Prep 2) Sequencing

Analysis for

3 Read 1
—>
AAAA... ==
LRLLL _ 3 i 5 [ (9 — —_—
ot <«

Identity

Read 2

Alignment

Replicate 1 Replicate 2
Mismatch+gap Test Sample 1 Test Sample 2 Test Sample 3 | Test Sample 1 Test Sample 2 Test Sample 3

XXXXKXKXXXXXKXKXKXKXXXGTTTTAGAGCTAGARATAGCAAGT TAAAATAAGGCTAGTCCGTTATCAACT TGARAAAAGTGGCACCGAGTCGGTGCT
RN AR R AR R R R R R R RN N NN N R RN R AR AR AR 0 65.8 61.7 71.8 63.7 59.3 69.1

XX XXXXX XXX XXXXXXXXXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT

% reads aligned to
reference sequence

100
@ Spacer-only alignments based
90
81.9
79.%
80 - 7.8'1 76.1 ® 76.4 ®
0 I 73.3
@
707 71.8 :
w 9.1
604 ~7° 63.7
61.7 59.
so 4 © Full-length alignment based
40 T 1 Ll 1 1 1
>

15

< < (] < (] <
& & & ¢ &
&° &° &° &° &° &°

Full Sequence Confirmation

« same sgRNA sequence in 3 different batches, 2 replicates

« 3'terminal UUUU trimmed for alignment

* most frequent sequence matches expected reference sequence
« >1M reads support full-length alignment

« sgRNA purity influences % reads aligned to reference sequence

Confidential v VOR
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sgRNA a

LLLLLLULULULLLLLLLL

Over 80% of NGS reads account for the full length and n-1 sgRNA
sequences while all other sequences individually are <1%

3 Read 1
o
- AAAA... =—==
Lﬁm - s —
‘_

1) SMARTer Library Prep 2) Sequencing

Read 2

Percentage of reads mapped to sgRNA full length and impurity sequences

. 100+
2 .
o 80+
°
8 -
« 60
[5) .
S
8 40
£ .
O 20+
o .
o

0._

sgRNA Test Sample 3

16

Bl FLP
B 5-n-1

—

Impurity

Analysis

Test Sample 3

Test Sample 3

Sequence Alignment Mismatch+ga
q 9 9ap (read counts) (% reads)
XXXXKXKXKKXXXKXKXKXKXKKKXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
FEErrrrrrrrrrrreerrrrrrrerrrrrrrrerrrrrrrrerrrrrrrrer e e et e e e e e 0 1.77E+06 71.75
XXXXXXKKXXX XXX KXKKKXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
XXXXKXKXKKXXXXKKKKKXXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAARAAGTGGCACCGAGTCGGTGCT
n-1 ~PErrrrrrrrrrrrerrrrrrrrrrrrrrrrrrr e e e e e e e e e e e e e e e e e e 1 3.05E+05 12.38
—XXXXXXXKKKXXXKKXKXKKKGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
XXX XKXKXKKXXXXKXKKXKKXXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
n-2 RN R R R R R R R R RN 2 4253 0.17
= = XX XX XX KKK XXXKXKXKXKKXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
internal XXXXXKXKKXXX XXX KXKKKXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
i
deletion FEEETEEEEr et r e et e e e e et e e e e et e s et e e e 1 10334 0.42
XXXXKXKXKKXXXXKKKXKKXXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTG=AAAAGTGGCACCGAGTCGGTGCT
—XXXXXXXKXKKXXKXKKXKXKKKXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
n+1 ~Errrrrrrrrrrerrrrrrrrerrrrrrrrrrrrrrrrrerrrrrrr e e e e e e e e e e e e e e 1 9873 0.40
XXXXKXXKKXXXXKXKKKKXXXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCT
internal XXXXKXKXKKXXXKXKKKKKXXXGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAARAAGTGGCACCGAGTCGGTGCT
. ~ 1 1578 0.06
deletion FEEErrrrrrrrrrrerrrrrrrrerrrrrrrre e et et e e e e e e e e e e e e s

AXXXKXXKXKXXXKXKXKXXKXXKXKXKXKGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTC=GTGCT

I all other sequences

(261,800)
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v NGS reveals majority of insertions and deletions in sgRNA are <1%
and tend to occur at the 5’ end

Insertions and deletions in the sgRNA sequence

,-.100 2.0-

E\i 90 1.8=

w 80 FLP 1.6—

§ 70 ° 1.4

= 60 1.2-

8 50 1 T

g 40 0.8-

"g 30 0.6—

2 20 n-1, 0.4~

L _ 0.2-
d||||||||||||||||||T|||||||“§ (U oy oo o o e e s e T T O B A
: 519,'9,’\%!(\.'\6!\"1\"‘!\“’!&3\\!9 ODAOCHMDUNINAYY XD / :»Q',g'\%',(\',{opbbz!{b!@!\\'@ DDAOHDDANINYLY XD

indels indels

Cumulative frequency of sgRNA deletions by position

20
15
10 2
gl / 1

—
| spacer I backbone — spacer backbone
o SP 20nt 0 20nt

17 Confidential v VOR
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v sgRNA sequence impurities identified by NGS are likely a combination
of actual impurities and errors during library prep and sequencing

Template switch oligo SMARTer Library Prep
v Forward primer
5! =X XXX SgRNA Fo
o' n—\ 3 5 = XXXX 3 9w X XXX 3
XXXX === — —XXXX T —XXXX

“N

Oligo(dT) primer Reverse primer

Polyadenylati
olyaceny’ation Template switching

First-strand synthesis e : —>  PCR with lllumina adapters
Tailing by RT \ ExtensuTn by RT /
Oligo(dT) TSO mispriming PCR/NGS

mispriming RT drop off errors
\ ] /

kumulative frequency of sbRNA deletions by position /

w

Percentage of reads (%)

! spacer | backbone

5'< 3' v
0 sgRNA synthesis direction / increased likelihood of synthesis failure VVOR
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sgRNA

TR _‘ 2) LC/MS

5' cleavage
fragment (27nt
1) RNaseH gment (27nf)
Cleavage
—— +

AL

3' cleavage

fragment (73nt)

5' cleavage fragment (27nt) with impurity spike ins

vi.eq
7| mv

27nt

.............................................................

14.77 16.25 17.50

18.75

20.00 21.25

al

LC/MS fragment analysis allows for analysis of sgRNA chemical
modifications and side reaction-derived impurities

5' fragment

analysis ’

>

Intensity

m/z

Assay design / optimization:

Focused on LC/MS analysis of sgRNA spacer by
generating short 5’ cleavage fragment (27nt)
RNaseH / ASO design, conditions, activity, specificity
|IP-RP-HPLC method

* no RNaseH control / blank subtraction

* 10% truncated impurity spike ins

* resolves n-1, n-2, n-5 truncations

« note truncated series peaks (e.g., n-1) <<10%

» does not fully resolve n+1
%

\/
Method overview: R&hl, I., TIDES 2024 AN LABS v VOR




Vv

20

Response [mV]

LC/MS fragment analysis confirms high purity and identifies

impurities within the spacer region of sgRNA

9’ cleavage fragment (27nt) with mass assignments

125

100 ]

~
(&)

a
o o
aro e o iy aoe s s 2 0iy aos

Response [mV]

N
(5]

)
o
[

4,104 - 27mer - 24.933

3.00 9~

2.00 -+

1.00 -+

0.00
{ g |

-1.00-4

" 200

© 220

240

" 260 280
Time [min]

5' cleavage fragment (27nt) analysis:

precise cutting of 27nt, 5’ fragment
main peak is 27nt (88%)

Main peak observed MW matches
theoretical MW of FLP

Impurities:

Late-eluting peaks include n+1 and
methylamine adducts

truncation series n-1, n-2, etc.

n-1 is the terminal 2’0OMe base (<1%)
abasic sites observed

phosphorothioate impurities (PS->PO)
degradation (e.g., 3'(n-1) +2'-3'-cyclic-P)

W/ Vor
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Overall sgRNA impurity strategy — how comprehensive is
“comprehensive characterization”?

Deletion

g(n1

Extent of Characterization Required
JY)
I~ wn

Insertion
(n+1)

Base
modification /
substitution

n

“Established” impurities
previously characterized
independently for this
and other sequences

Adapted from Capaldi, OPT Congress Conference (2021)

»

Impurities characterized
for first time or potential

risk for on/off-target editing

Confidential

sgRNA Impurity Considerations
* What is the sgRNA purity?

« Can impurities be detected, identified
and quantified?

« What type of impurities and where are
they in the sgRNA sequence?

« What is the potential off-target risk and
is this a novel off-target?

« What are the impacts on RNP formation,
on-target editing and manufacturing
process performance?

» Is isolation or synthesis of impurities
needed for further characterization and
functional testing?
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Summary

« sgRNA is a critical component required for genome engineering

 GMP manufacturing of sgRNA at scale is challenging, resulting in product-
related impurities that may require identification

« sgRNA purity has the potential to impact both on and off-target editing
activity

« sgRNA impurity identification is a regulatory requirement and can improve
manufacturing processes

« HPLC, NGS and LC-MS/MS methods are complementary in assessing
sgRNA identity, purity and impurity identification

Confidential
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