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Oligonucleotide Applications
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COVID-19
PCR test

A fast and accurate laboratory test that will
confirm your COVID-19 infection status

@ Fitto Fly & Test to Release
&5 UK Government listed
Next day results

@ TESTING

®9 FORALL

« Synthetic DNA primers
« Unmodified, PCR analysis

« Typically, around18 — 30
bases

« High demand

« Therapeutic oligos (e.g.,
SIRNA and ASO)

« Around 20mer in length,
heavily modified

« 15 FDA approved drugs*

 MIRNAs/sgR up to

FOCUS

120mer)
* https://doi.org/10.2217/frd-2 0008

MRNA vaccines

Up to 5,000 nucleotides
Seqguencing requires
digestion

Associated with LNP and
viral vectors for delivery

MRNA direct sequence
mapping application

BN

K:\;\
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https://assets.thermofisher.com/TFS-Assets/CMD/Application-Notes/ab-74058-hram-characterization-double-stranded-srna-ab74058-en.pdf
https://assets.thermofisher.com/TFS-Assets/CMD/Application-Notes/an-000464-lc-hram-ms-lipid-nanoparticle-impurities-degradants-an000464-na-en.pdf
https://assets.thermofisher.com/TFS-Assets/CMD/Application-Notes/cn-000723-lc-hrms-mrna-direct-sequence-mapping-cn000723-na-en.pdf
https://assets.thermofisher.com/TFS-Assets/CMD/Application-Notes/cn-000723-lc-hrms-mrna-direct-sequence-mapping-cn000723-na-en.pdf
https://doi.org/10.2217/frd-2021-0008

; . ] ThermoFisher
Therapeutic Oligonucleotides

O Single stranded antisense oligos, miIRNA/sgRNAs, double stranded
SIRNAs

O Variable length 20 — 120 nucleotides

O Heavily modified (e.g., PS, 2'0-Met/F/MOE, LNA, etc.)

O Product related impurities (e.g., n-x, n+X, base modifications, etc)

0 Mass confirmation via intact mass deconvolution

O Sequence confirmation base-by-base with localization of
modification

0 Relative quantitation of product and its impurities

Requirement

O Lack of robust analytical methods to characterize oligonucleotides
with increased complexity

> O Salt adducts can impede accurate mass determination
Chal Ienges O Lack of software tool for sequence identification, and automated

peak annotation with confidence
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State-of-the-art Technologies for Oligonucleotide Analysis

Application benefit highlights

Thermo Scientific™ BioPharma

Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Thermo Scientific™ Finder™ 5.0
ChromeCare™ DNAPac™ RP Vanquish™ UHPLC Orbitrap Mass Thermo Scientific™
Solutions HPLC Columns System Spectrometer Chromeleon™ 7 3.1 Software
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* Lessthan 20ppb Na, < High resolution separation « Integrated « Operational simplicity with BPF supports oligo sequencing
K, Fe (minimum of short and large oligos biocompatible system ddMS? capabilities for Orbltrap with customized building
adduct) - Wide pH range (1-14) and + Robust and DEVE i e

: . mass resolution « Automated peak annotation

¢ UHPLC-MS grade temperature (up to 100°C)  reproducible separation Fitforniipes el IE S A

Wlth IOW base“ne nOISe Only for Orbitrap EXploriS MX . Comp"ance ready (CM on|y)

Proprietary & Confidential | hao.yang@thermofisher.com | 7/17/2022



ThermoFisher

SCIENTIFIC

ChromeCare™ LC-MS Solvents

Importance of clean solvents
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Low metal adduct formation improves guantitation and intact mass deconvolution
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Robust and Reproducible IPRP-LC Separation

Vanquish Horizon UHPLC equipped with DNAPac RP column 2.1 x 250 mm, 4 um

7 1 - RNAs_30mMTEA_100mMHFIP_April21 #18 UV_VIS_1 WVL:260 nm
% 2 - RNAs_30mMTEA_100mMHFIP_April21 #19 UV_VIS_1 WVL:260 nm
1303 3~ RNAs_30mMTEA_100mMHFIP_Aprii21 #20 UV_VIS_1 WVL:260 nm
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Power of High-Resolution Accurate Mass (HRAM)

S/N ratios of 100mer
In different application modes

34-charge state of 100mer at

different resolution settings

100 60,000 - Peptide Mode 33.
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BioPharma Finder Software Offers a Complete Oligonucleotide Analysis

Automatic MS? Comparative Data

Easy and Flexible Relative Quantitation

9

Enter sequence in a plain
or triplet format

Edit sequence to set
constant modification
Assign variable
modifications

Custom building blocks
and variable modifications

identification and mapping
using ddMS? data
Predicted vs annotated
experimental MS? spectra
Fragment and sequence
coverage maps

Average structural
resolutions (ASR) score

and relative quantitation
of oligo impurities in one
experiment

Custom list of
components for %
abundance calculation

Modification summary
table and plot

Sequence Creation Annotation of Impurities Analysis
E = | e | weo I OB
é jg A;i-p{fd-pT:d- 06 0.5852.5827 zz:::
é bt P e 5 2:50E+08
ﬁ sojwl wa s o :,() 2.00E+08 g
.E 40- daz o3 = 1506408
o zz 7 W2 A2 v Zy " 02985 | .. 1.00E+08
A Tl sl | . skt 4 o |
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m/z
* Support DNA or RNA - Fast and confident oligo - Identification, mapping, - Comparative analysis of

multiple ddMS? raw files
facilitates method
optimization

An array of features, such
as chromatograms,
fragment coverage map,
MS?2 spectra, MS area,
ASR score, can be
compared
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Chromeleon eCDS

A single software for instrument control, data acquisition, data processing, and report

Instrument control

Data acquisition
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» Oligonucleotide workflow solution
Oligonucleotide characterization using BPF 5.0
Impurities monitoring using CM 7.3.1
Oligo system performance evaluation test (SET)
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Oligonucleotide Workflow Solution

From characterization to monitoring of oligonucleotide impurities using Orbitrap based LC-HRAM-MS platforms

Oligonucleotide
monitoring

Oligonucleotide

characterization

Oligo
SET

1]
.w: =\
thermo .

w8.
Wat

)

moom

LT T e

k- o4
Q// :{"«J =
Thermo Scientific™ Vanquish™ eWorkflow procedure Thermo Scientific™ Vanquish ™
Horizon or Flex UHPLC system LC & MS acquisition methods Horizon or Flex UHPLC system
coupled to | e coupled to
P * Result view template P

Thermo Scientific™ Orbitrap

Thermo Scientific™ Orbitrap - Processing method
Exploris™ MX Mass Detector

Exploris™ 240 Mass Spectrometer Report template
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Oligonucleotide Characterization using BPF 5.0
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Confident identification based on Mass Accuracy and MS/MS spectra matching to predicted

Oligo Sequence

; T
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14 1U2-G24 = 7354.042m[nonspecific]

15 1U2-G24 = 735442 m[nonspecific]

16 1:U2-G24 = 7354.042m[nonspecific]

26 1:U1-G24 = 7676.0619m(~C13+0xidation)
35 1U1-G24 = T660.067m

58 1U1-G24 = 7660.067m

60 1:U1-G24 = 7660,067m

68 1:.U1-G24 = 7660.067m

69 1:U1-G24 = 7660.067m

74 1:U1-G24 = 7660.067m

=
|ononnnooBE
pir@eleielele|e|e

pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr

pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-plr-pCr-pAr-phAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr

pUf-pGr-pAr-pCr-par-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-par-pAr-pUr-pGr

Ur=-pUf=pGr-pir-pCr-pAr-pCr-pCr-phr-pGr- pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr- pGr-pUr-pAr-phAr-pUr-pGr
Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr- pGr-pUr-pAr-pAr-pUr-pGr
Ur-pUf-pGr-pAr-pCr-plr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr- pGr-pUr-pAr-pAr-pUr-pGr
Ur-pUf-pGr-phr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr
Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr- pGr-pUr-pAr-pAr-pUr-pGr
Ur-pUf-pGr-pAr-pCr-par-pCr-pCr-pAr-pGr- pAr-pCr-pCr-par-pAf-pCr-pUr-pGr- pGr-pUr-pAr-pAr-pUr-pGr
Ur-pUf-pGr-phr-pCr-pr-pCr-pCr-pir-pGr- pAr-pCr-pCr-par-paf- pCr-pUr-pGr- pGr-pUr-phr-par-pUr-pGr
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nonspecific
nonspecific
naonspecific
Oxidation ~C13
None
None
None
None
None

None

-2.26%

MS2 14.00
M52 1401
Ms2 1401
M52 14.28
MS2 14.36
Ms2 1438
MS2 14.36
M52 1437
Ms2 1437
Ms2 1438

1276.167
850443

-8= 73540273

71 73540244
95 73540269
-QE 76760566
128 76600381
-1 7660.0425
108 76600450
s 7660.0444
6 76600444
~9£ 7660.0498

735746
735745
735172
7679.20
7663.72
7663.39
7663.40
766341
7663.39
7663.38

73540418
73540018
73540418 1
T676.0620 E
7660.0671
7660.0671 %
7660.0671 &
7660.0671 1
7660.0671 5
76600671 §
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Oligonucleotide Characterization using BPF 5.0

Fragment Coverage Map
Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr (-5)

Average Structural Resolution = 1.0 residues

1 2 3 4 5 [ 7

g o 10 11 1z

ThermoFisher

SCIENTIFIC

13 14 15 16 17 18 12 20 21 n 13 24

Ur- pUf- pGr- pAr- pCr- pAr- pCr- pCr- pAr- pGr- pAr- pCr- pCr- pAr- pAf- pCr- pUr- pGr- pGr- pUr- pAr- pAr- pUr- pGr

c21[4-](1685.2) V3
20[4](1602.7) [ w0262
c19[4-](1526.7) | wi[2-](815.6)
c18[3-)(19202) | V6[2-](948.1)
c17[3-](1805.2) | yI[2-J(11212)
c16[3-](1703.2) | yE[2-](12742)
c14[3-](14912) wl0[2-](16322)

c13[3-](13812)

wll[3-](1198.1)

c12[3-](1279.5)

w12[3-](1299.2)

1 2 3 4 5 [ T 3 2 10 11 12 13 14 15 16 17 18 12 20 21 22 13 24
Ur-pUt-}pGr-}pArtpCrfpAr}pCrtpCrfpAr}pGrpArfoCrtpCrfpAr | pat|pCr}pUr oG} pGrfpUr }paArfpArd pUr—pGr
24 23 e 1 20 12 18 17 16 15 14 13 12 11 10 @ B T & 5 4 3 2 1

Average structural resolution (ASR) value of 1.0 means every single
nucleotide residue bond has been broken and resulting fragment ions

matched the predicted MS/MS spectra
Color Code for Ton Intensity
[6.0e04][>3 5e-04|[p2. 1e+04][>1.2e-04]| FT2e05]

Oligo Sequence

13 (= C. 14 1:U2-G24 = 7354.042m[nonspecific] pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr nonspecific
14 ] C.. 15 1:U2-G24 = 7334.042m[nanspecific] pUf-pGr-phr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr nonspecific
15 = C.. 16 1:U2-G24 = 7354.042m[nonspecific] pUf-pGr-phr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-plr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr nonspecific
16 = C. 26 1:U1-G24 = 7676.0619m(~C13+Oxidation)  Ur-pUf-pGr-phr-pCr-pAr-pCr-pCr-pAr-pGr-par-pCr-pCr-pAr-pAf- pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr Oxidation
17 ] C.. 55 1:U1-G24 = 7660.067m Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-par-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr None
18 0 C. 58 1:U1-G24 = 7660.067m Ur-pUf-pGr-pAr-pCr-par-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-plr-pAr-pAr-pUr-pGr None
19 = C... 60 1:U1-G24 = T660.067m Ur-pUf-pGr-phr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf- pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr None

> 20 = C.. 68 1:U1-G24 = 7660.067m Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr Nene
21 () = 62 1:U1-G24 = 7660.067m Ur-pUf-pGr-phAr-pCr-par-pCr-pCr-pAr-pGr-paAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-plU r-pAr-pAr-pUr-pGr MNone
22 = [ 74 1:U1-G24 = 7660.067Tm Ur-pUf-pGr-piir-pCr-phr-pCr-pCr-plr-pGr-par-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-par-pUr-pGr MNone
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cl1[2-](17672) | y13[3-J(1374.2)
al0-B[2.](14872) | y14[3-](14842)
cO[2-](1430.2) | y15[3-](1529.2)
cB[2-](1265.2) [ ¥16[3-J(1709.2)
cT[2-](1112.6) | y17[3-](1810.9)
c6[2-](960.1) | y18[3-](1912.3)
<5[2-](795.6) | y19[4-J(1516.2)
o8ty | Y20[4-](1592.2)

d3

¥23[4-](1838.2)

-1.97 100.0 1.0 Ms2 14.00

-237 100.0 1.1 MS2 1401

-203 1000 11 Ms2 1401

~C13 0.70 534 11 Ms2 14.28
-3.79 100.0 1.0 MSs2 14.36

-3.22 100.0 1.0 Ms2 14.26

277 1000 1.0 Ms2 14.36

-2.96 100.0 1.0 ms2 14.37

-2.96 100.0 1.0 Ms2 1437

-2.26 1000 1.0 Ms2 14.38

High confidence score with low Appm and low ASR value provides accurate and
confident sequence identification and confirmation

918622 8 7354.0273 7357.46 T354.0418
1049.996 7 7354.0244 735745 73540418
216440 -9 7354.0269 73571.72 73340418
852.109 9 7676.0566 7679.20 7676.0620
637.496 -12 7660.0381 7663.72 7660.0671
695.633 -1 7660.0425 7663.39 7660.0671
765.298 -10 7660.0459 7663.40 76600671
1531.603 -5 7660.0444 766341 7660.0671
1276.167 -6 7660.0444 7663.39 7660.0671
850443 -9 7660.0498 7663.38 76600671




Oligonucleotide Characterization using BPF 5.0

File: 24mer_RNA_native_longcolumn_30mMTEA_100mMHFIP_03
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RT (min)

1:U1-G24 = 7351.0347m(~C13+RNA_Cytosine triple loss)
1:U1-G24 = 7351.0347m(~C13+RNA_Cytosine triple loss)
1:U1-G24 = 7351.0347m(~C13+RNA_Cytosine triple loss)
1:U1-G24 = 7351.0347m(~C13+RNA_Cytosine triple loss)
1:U1-G24 = 7351.0347m(~C13+RNA_Cytosine triple loss)
1:U1-G24 = 7351.0347m(~C13+RNA_Cytosine triple loss)

: RNA_Cytosine triple loss
RNA_Cytosine triple loss
RNA_Cytosine triple loss
{ RNA_Cytosine triple loss
RNA_Cytosine triple loss
RNA_Cytosine triple loss

NL: 2.44E6

NL: 7.18E8

1469.797
1049.424
1224.663
918.121
734395
816.107

Relative Abundance

Relative Abundance

ThermoFisher

SCIENTIFIC

100 7354.0249

80

60

40

pe ‘ ‘I

0— T T T T T T T AR R l UK T T T T T
7310 7320 7330 7340 7350 7360 7370 7380 7390
Mass
File: 24mer_RNA_native_longcolumn_30mMTEA_100mMHFIP_03 S/N: 1212
-9
100+ 816.1068
] -8
80 918.1212 7
g -10 = 6
- 734 3953 1049 4243 5
1 1224 6631 1469.7976
40
g -1
203 g 2 1095.8605
1470.9680 | Lol bl |kl ] 12118” oo jj 144077
0 by T  eeaeaz eosazsrs) 1 e  BPFQRaeaa
600 800 1000 1200 1400
m/z

5 73510225 735413 -164 999 108 1127 41404541
-7 0.0000 735412 000 999 103 1127 75351656
-6 73510215 7354.13 .77 909 10: 1127 55391381
- 7351.0283 7354.17 -0.84 999 10f 1127 81570862
-10 7351.0225 735417 -1.64 99.9 1.0 1127  457,25494
-9 73510273 735412 097 999 10 1127 86802906

Provide base-by-base sequence information and localization of modifications
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Oligonucleotide Characterization using BPF 5.0

. NL:
Predicted /e _longcolumn_30mMTEA_100mMHFIP_03 1 758

5881007 VO 5 w2 y
917.1622 7

100 5226037 917. 997.1285 Y10 csng ys

E — ~ 1246.2147

E 3 Co2

E as-B e 956.0908 -

i 1111.6355 w13
g 50- 725.0750 794 5886 1298 5007
: L Ll
g 0 E l I DT L |l | l . A l ‘l “1 ‘ ‘hu |ﬂ| IL]' I\‘ NL:
o Je Iongcolumn 30mMTEA 100mMHFIP 03 '
P EX erlmental ms2 1469.7996@hcd20.00 [501.4052-7521.0781] 1085 142 2
i % as B 2 .
o) 588.1092 699.0831 C7 y12
® 100 2:-B 1111.6373  ye-

E d2 725.0734 917 1597 1170.1658

E 629.0537 | —— .

50 as-B 997 1299
E ‘ 851 6048 ’ \
0 _ilml il “ ” N i - }|||| ,\|,||,_| HMI ‘ .- |‘| |||‘| i~ i !-‘.-'.'-.-"|-|.!."!'.-|.-}r.
600 700 800 1000 1100 1200 1300

m/z

Provide base-by-base sequence information and localization of modifications
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NCE Energy Optimization

Higher the NCE energy, more internal fragmentation, not ideal for long oligos

| ucu

Fragment Coverage Map

ThermoFisher

SCIENTIFIC

counts Gi-pAd-pGd-pCd-pGd-pGd-pCa-pTd-pGd pTd-pGd-pAd pGd-pCd_pGd-pGd-pCd-pTd-pGd.pTd-pGd-pAd-pGd-pCd-pGd-pGd-pCd pTdpGd-pTd-pGd-pAd-pGd-pCd-pGd-pGd-pCd-pTd-pGd_pTdpGd-pAd-pGd-pCdpGd-pGd-pCd-pTd-pGd-pTd (-20)
2 0 m e r B P C Average Structural Resolution = 1.1 residues
6.0e6 e e e e e e e e e e s w s s s w s s s w w s s e w ¢ a s e 4 & e 4 e e e a e
TG G TG e ATkt o oot aTeoor Lale boos LoAd Lot oce L pod t0d bace bart v+ ore—»0e {aAd LROFERCa o0 o0t tacepTa kot toTa-—+0s Lot LpO kot Lot 0 Lot faTt L30e—+Td
10mer o e e s s s s s e s et e e
5.0 | 30mer -
sos6| | 40mer —
H mer e
ST
3.0e6- —=
| i " T - ’—9111”_’1—“ e
2.0e6 “ ‘ ‘ i ST
|‘ | 'l | /
1.0e6 | ‘ | [ | \ M
— o - w‘ lmeMwJ (RPN | ) Iwmw‘m
: N
0.0e0 MmN | oo
1.00° 250 375 5.00 6.25 750 8.75 10.00 1125 1201
File: NCE11_3E6AGC_3microscan_100ul_min_source_02_11
p F: FTMS - p ESI Full ms [420.0000-1600.0000] (16.70 min)
§ 100 15667.5518
c
=3
o
<
g 50
5 15689.5303
g 15649.5605 | ‘ "”m“ 15708.5137
0 T T T T T T T T T T T T T T T T r
15580 15600 15620 15640 15660 15680 15700 15720 15740 15760
Mass

File: NCE11_3EBAGC_3microscan_100ul_min_source_02_11 S/N,

F: FTMS - p ESI Full ms [420.0000-1600.0000] . .
Lower HCD energy gives rich
5 }2‘1149755 i 782.3701 .
€ 80
: 0 L MS/MS spectra for long oligos
T 711.1542| * 16
o : 9782768 -15
& 22 4980597 68018041 %] ‘ | [ 10434282 14232244 15658451

' 600 R ' 1000 r 1200 ' 1400 '
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NCE Energy Optimization

Higher the NCE energy, more internal fragmentation, not ideal for long oligos

' oy
counts

6.0e6
5066 | 30mer
-, | 40mer

‘ ‘ ‘ 55 m e r Fragment Coverage Map
3.0e6 1 Gd-pAd pGd pCd pGd-pGd pCd-pTd pGd-pTd pGd-pAd pGd-pCd-pGd pGd.-pCd pTd pGd pTd pGd pAd pGd pCd-pGd-pGd pCd-pTd pGd-pTd pGd.-pAd pGd-pCd-pGd pGd.pCd pTd-pGd pTd-pGd-pAd pGd pCd-pGd.pGd-pCd pTd pGd pTd (20)

‘\ | 50mer F .
2066 |‘ ‘ ‘ ‘ G 08 o a0 o 0T o k00 s LT 18 108 316 o0 138 Lot ko L0 HCE L0 |08 Lold-—G L phd |00 |0 LGkt LCE RIS 108 Lpld-sbpit oG pla (T Lo Lo LT Ly6a-oTa

| | | - M

| [ P .
1.0e6 ‘ l J| L ‘| ‘ J‘ \ M .;iu.ﬁm T
v \ PR A W - | \ I IWW .r,'.h—fmf“f\‘u
T e " = . NCE 15
0.0e0 11— ; ; . e =
1.00 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.01 TS =
AB S I
Tan ey T
S ) I
File: NCE11_3E6AGC_3microscan_100ul_min_source_02_11 e =
g F: FTMS - p ESI Full ms [420.0000-1600.0000] (16.70 min) 5 e
= 15667.5518 ! e
5 100 — o
= T E )
3 | TS[6-68 6)
o I [T
< !
g 50
I 15689.5303
2 15649 5605 | ol 157085137
0 T T T T T T T T T T T T T T T T r
15580 15600 15620 15640 15660 15680 15700 15720 15740 15760
Mass

File: NCE11_3EBAGC_3microscan_100ul_min_source_02_11 S/N,

18

F: FTMS - p ESI Full [420.0000-1600.0000] E E
R Lower HCD energy gives rich
o] - H H
2 8 7449745 * -

: 0 R E MS/MS spectra for long oligos
T LARNECH R 16
o s 9782768 -15
LI o N I et A
' 600 g ' 1000 r 1200 ' 1400 '
m/z
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NCE Energy Optimization

Higher the NCE energy, more internal fragmentation, not ideal for long oligos

Lower HCD energy gives rich
MS/MS spectra for long oligos

" counts
20mer BPC
6.0e6
10mer
5.0 | 30mer
- 40mer
‘ 55mer
3.0e6-
‘\ | 50mer
2.0e6 ‘| ‘ ‘
| | | Il /
1.0e6+ ‘ \ | L ‘ \ ‘ [
load it i J " WJ | f \
0.0e0 1 : : : _mn
1.00 250 375 5.00 6.25 750 8.75 10.00 1125 1201
File: NCE11_3E6AGC_3microscan_100ul_min_source_02_11
p F: FTMS - p ESI Full ms [420.0000-1600.0000] (16.70 min)
§ 100 15667.5518
5
o
<
g 50
5 15689.5303
2 15649.5605 ol 157085137
T T T T T T T T T T T T T T T T T
15580 15600 15620 15640 15660 15680 15700 15720 15740 15760
Mass
File: NCE11_3EBAGC_3microscan_100ul_min_source_02_11 S/N,
F: FTMS - p ESI Full ms [420.0000-1600.0000]
@ seeer 20
£ 100 21 i 57823701
g 80 744 {7?5 i
2 60 22 it
T [ARREZE F I 16
: 20 : 9782768 -15
% T,14ososer  0801904] H | | 10434262 14232244 1565 a5t
T T ™ T T T ! T T T T
600 *"800 1000 1200 1400
m/z
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Fragment Coverage Map

ThermoFisher

SCIENTIFIC

Ga-pAd-pGa-pCd-pGa-pGd-pCa-pTd-pGa-pTd-pGd-pAd-pGd-pCd-pGa-pGd-pCa-pTd-pGa-pTd-pGd-pAd-pGd-pCa-pGd-pGad-pCd-pTd-pGd-pTd-pGa-pAd-pGi-pCa-pGd-pGad-pCd-pTd-pGa-pTd-pGa-pAd-pGa-pCd-pGi-pGi-pCa-pTd-pGa-pTa (-29)

Average Structural Resolution = 1.0 residues

NCE 13

_ {1 I
PSR
0o

Color Code for lon kneasry

[Es e ey |
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Create Oligonucleotide Component List for Monitoring

Use filters to create an oligonucleotide component list in BPF 5.0

ThermoFisher

SCIENTIFIC

Results

Identification Oligo Sequence

B 1 & Camp 2 1:A15-G24 = 3185.4570m [nonspecific] pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr ==

B 2 [+] Comp 3 T:A15-G24 = 3185.4570m[nonspecific] pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr

? 3 Comp 4 1:A15-G24 = 31854570m[nonspecific] pAF-pCr-pUr-pGr-pGr-pUr-phr-pAr-pUr-pGr ™ N -14

4 Comp 5 1:A15-G24 = 3183.4570m[nonspecific] pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr -

@ 5 [] Comp 6 1:A14-G24 = 3514,5095m [nonspecific] pAr-phf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr =)

@ 6 =il Comp 7 1:414-G24 = 3514,5095m[nonspecific] pAr-phf-pCr-pUr-pGr-pGr-pUr-phr-par-pUr-pGr

B 7 = Comp 8 T:A14-G24 = 3514.5095m[nonspecific] pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr r N - 13

@ 8 Comp 10 1:A14-G24 = 3514.5095m [nonspecific] pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr __J

@ 9 = Comp 12 1:U2-G24 = 7354.042m[nonspecific) pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-plir-pAr-pUr-pGr

= 10 = Comp 13 T:U2-G24 = T354.042minonspecific] pUf-pGr-phr-pCr-phr- pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr- pUr-par-par-pUr-pGr

# N Comp 14 1:U2-G24 = 7354.042mnonspecific] pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pir-pAr-pUr-pGr
12 [ Comp 15 1U2-G24 = 7T354.042m[nonspecific] pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-plr-pGr
w13 = Comp 16 T:U2-G24 = 7354.042m[nonspecific] pUf-pGr-phr-pCr-phr-pCr-pCr-pAr-pGr-plr-pCr-pCr-phr-phAf-pCr-pUr-pGr-pGr-pUr-par-phr-pUr-pGr
14 Comp 11 1:U1-G24 = 7660.06Tm = Ur-pUf-pGr-pAr-pCr-phr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-phr-pAr-pUr-pGr
15 [+ Comp 55 1:U1-G24 = 7660.067m Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr- pAf-pCr-pUr-pGr-pGr-pUr-par-pAr-pUr-pGr
16 [# Comp 58 T:U1-G24 = 7660.067m Ur-pUf-pGr-plr-pCr-plr-pCr-pCr-plr-pGr-par-pCr-pCr-plr-pAf-pCr-pUr-pGr-pGr-pUr-par-plr-pUr-pGr
= 17 Comp 60 1:U1-G24 = 7660.067m Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr
2 18 [] Comp 68 1:U1-G24 = 7660.067m F L P — Ur-pUf-pGr-pAr-pCr-phr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr- pGr-pGr-pUr-pAr-phr-pUr-pGr
19 [+ Comp 69 1:U1-G24 = 7660.067m Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr- pAf-pCr-pUr-pGr-pGr-pUr-par-par-pUr-pGr
= 20 Comp 74 1:U1-G24 = 7660.067m Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-phAr-pUr-pGr
= 21 il Comp 75 1:U1-G24 = T660.06Tm Ur-pUf-pGr-pAr-pCr-phr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr
= k22 Comp 77T 1:U1-G24 = T660.067m = Ur-pUf-pGr-pAr-pCr-pAr-pCr-pCr-pAr-pGr-pAr-pCr-pCr-pAr-pAf-pCr-pUr-pGr-pGr-pUr-pAr-pAr-pUr-pGr

Conf. Score 2 80 ASR<1.5
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nanspecific
nanspecific
nanspecific
nanspecific
nonspecific
nanspecific
nonspecific
nonspecific
nonspecific
nanspecific
nspecific
nanspecific
nanspecific
MNane
None
None
MNane
None
Nane
Nane
Nane

None

N-1

Conf. Score

Wi

-1.89 100.0
-243 100.0
-1.81 100.0
-2.04 100.0
-1.93 100.0
-2.83 100.0
-2.69 100.0
-2.28 100.0
-2.30 100.0
-1.97 100.0
-1.97 100.0
-2.37 100.0
=202 100.0
-201 884
-3.79 100.0
-3.22 100.0
=277 100.0
-2.96 100.0
-2.96 100.0
-2.26 100.0
-2.39 100.0
-2.39 100.0

412
412
412
4.12
5.16
316
316
5.16
13.99
13.99
14.00
140
140
13.98
14.36
14.36
14.36
14.37
14.37
14.38
1438
14.38

795.606
636.283
1061.143
1592.219
877.869
1170.827
384910
702,004
1225764
1470.398
918.622
1049.996
816.440
956.875
637.496
695.633
765.298
1531.603
1276.167
850.443
1093.714
956.874

Appm =10

3185.4509
3183.4492
31854512
31854304
3514.5027
35144905
3514.5000
3514.5015
7334.0234
7334.0273
7354.0273
73540244
7334.0269
7660.0518
T660.0381
T7660.0425
7660.0459
T660.0444
T660,0444
7660.0498
7660.0488
T660.0488



ThermoFisher

Chromeleon CDS for Oligonucleotide Monitoring

Relative quantitation of oligonucleotide impurities using Chromeleon 7.3.1

‘Compound Data Import

| Data Source

BoPhama Data Path: ‘D \Hao Yang'\Oligo Analysis\Demo OE240'24mer RNA 2F longcolumn new MP new sample_2.bpf

PrecursorMass | Name RT +| Charge | PeptideGroup | Isotopel1 | Isctope? | Isotope3 | lsoloped | lsotope5 | Is:
i i
| 65308520; (] ;AEUGGUMUG 4260 5 1 653.08520; 65328571: 653.48621: 65368663 653.88718: 654.08766: 6542
81635637 (/] ACUGGUAAUG - Isomer 2 42266 4 1) 816.35637; 816.60701 816.85763; 817.10624 817.60944:  817.861
“ 1.532.:71215 = CUGGUAAUG \s.or.;m :\ ( .257 i 2 . 1 . 15‘;2‘.71;15 ] 153321350 . 15‘;1:;.71;75 ] IS“JA‘Zi;&T “ 15‘]# 71715 ] IS.JSIH;IH “ IS;E. =
W 1088.47497! (4] %N:UGGUAAUG - lsomer 4 4.389 3 1! 1088.47497! 1088.80917! 1089.14333! 1089.47749! 1089.81162! 1090.14573! 1090.47
| o e B et B e i S Bt e
-~ 71888671 [¥] %ANCUGGUMUG - Isomer 2 5234 5 1 71883571; 719.09621; 719.29671; 719.49720; 71969768 719.89816 720.09
89861950 E I AACUGGUAALG - Isomer 3 5244 4 1 898.61950] 8%8.87014| 89312076] 899.37137| 89962198 893.87257| 90012}
| || 119815915, [¥] EAMUGGUAAUG—\wmeM 5,2557 3 1. 1198.15915] 1198.49334 1198.82750! 1199.16165. 1199.49580  1199.82991, 1200.164
957.500%4! (V] ;UUGACACCAGACCAACUGGUAAUG 13.853 8 1: 95750894 957.63425 957.75957: 957.88488 958.01019; 958.13550: 958.26(
1486.80218; [¥] :UGANCACCAGACCMCUGGUMUG 13.906 5 1) 1486.80218] 1487.00263| 1487.20319; 1487.40370, 148760420 1487.80470| 1488.00%
| “ 1.233.:001“‘.31 I IZ UGACACCAGACCAACUGGUAAUG-[QM 2. IR WJ 5‘!7- o S . 1 . 12“13‘.00;91 ] 1239 1‘6‘;99 . 12‘;15‘.13;03 ] 1239 50;17 “12;9‘67;25 ] 12.39. B!;B i 12;0.{}&
|| . 92!;251“57 . (¥l UGMACCAGACCAACUGGUAALIG-Lsm 3 1“3,515- 8 . 1 . 923 25;57. 5‘2937;88 . 923 50;19 ] 5‘2362';5| . 923 75;82 i 923&?;12 . 930.00;
i .
al - |

7 RNAs_30mMTEA_100mMHFIP_April21 #14 MS Quantitation  |120 , 2ex UUGACACCAGACCAACUGGUAUG Scan: #3304 RT 1442 min N..

. . 2.0e9+ %
| RT=14.42; Area=405198108. counts
100 ] 850.4424
4 1 755.2984
1.5e9+
765.1968
1 751 I 1083.7168
‘ i L osheer [ | 10ssjesre
1.0e9 i 1
] : 1.0e9 i 50 957 265
] : 1 i 786.pos4 1002loggy  1276.18%9
. i = g 895 5438| 550 7773 1276513341
4 1 4 1084|1456
' 585.8161 15314064
= 2L = ol | ks ™ e
111 1
1 1 ——J A [UGACACCAGACCAACUGGUAAUG | 537.581 11048907 12763336 1832{207
1 pB.o727 8565438 1 177 1543, pe
1 AACUGGUAAUG __,J o L | 094 12841508 S4B
0.0e0{— . {LL :I'l}l 0.0e0- ACUGGUAAUG UUGACACCAGACCAACUGGUAAUG |
1 mi m'z
-2.0e8- -2.0e8- - - s , 4 220

13.46 14.00 15.00  15.46 29 50 10.0 15.0 20.0 250 420 1,000 1600
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Chromeleon eWorkflow Procedure

ThermoFisher

SCIENTIFIC

Harmonized instrument HW and SW enable seamless method transfer between Orbitrap Exploris platforms

Direct method transfer without physically
moving any method files

Characterization setup:
» Vanquish Horizon UHPLC

» Orbitrap Exploris 240 Mass
Spectrometer

22  Proprietary & Confidential | hao.yang@thermofisher.com | 7/17/2022

eWorkflow procedure
LC & MS acquisition methods
Injection sequence
Result view template
Processing method
Report template

Monitoring setup #1.:
Vanquish Flex UHPLC

Orbitrap Exploris MX
mass detector

Monitoring setup #2:
Vanquish Flex UHPLC

Orbitrap Exploris MX
mass detector



ThermoFisher

SCIENTIFIC

Oligonucleotide Impurities Profiling

LC-UV at 260nm LC-HRAM-MS

% RNAs_30mMTEA_100mMHFIP_April21 #14 UV_VIS_1 WVL:260 nm 7 RNAs_30mMTEA_100mMHFIP_April21 #14 MS Quantitation
140 T:14.37 - UUGACACCAGACCAACUGGUAALUG - Area: 33 2069 1
mAU counts
1004
1.0e9
504
UGACACCAGACCAACUGGUAAUG'
; ! ATli401- AGACCAACUGGUAAUG - Area: 2 :
5 T nff‘ﬂTiI%@tA@ﬂJGMmeﬁ?uM“Arﬁawlo Lo L IT 141011 I|UGIACACC e min 1068:‘,m UGACACCAGACCAACUGGUAAUG
10 50 10.0 15.0 20.0 25.0 X 50 100 15.0 20.0 i 25.0

l||||ﬂ||ﬂﬂllﬂllﬂﬂlW

Components Components
Characterization Monitoring Monitoring Characterization Monitoring Monitoring
setup setup #1 setup #2 setup setup #1 setup #2
0, 0, 0, 0, 0, 0,
A’. % RSD A. % RSD A. % RSD A). % RSD A). % RSD A). % RSD
relative relative relative relative relative relative
FLP 94.4 0.2 94.8 0.1 94.9 0.1 FLP 97.4 0.1 97.6 0.1 97.7 0.1
N-1 4.5 2.0 4.2 1.2 4.2 0.5 N-1 1.7 2.0 1.64 2.7 1.65 4.8
N-13 0.83 4.4 0.75 4.4 0.74 3.4 N-13 0.62 8.1 0.54 4.5 0.48 1.1
N-14 0.26 26.8 0.20 13.1 0.20 7.0 N-14 0.25 9.1 0.19 5.4 0.16 2.1

* % relative abundances and %RSDs are calculated based on triplicate injections of 24mer RNA with 2’F modifications
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Oligonucleotide SET

System performance tested against pre-defined acceptance criteria
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SCIENTIFIC

1.4e7
Performance Oligonucleotides Sequence System performance Acceptance criteria counts 10 BPC traces overlaid
check metrics . 20mer
Retention time RT %RSD < 2%
GAG CGG CTG T (10mer) reproducibility Peak area %RSD < 10% e
GAG CGG CTG TGA GCG GCT Peak area Peak height %RSD < 10mer 30mer
GT (20mer) reproducibility 10% —
GAG CGG CTG TGA GCG GCT Peak height Peak heightrange /
GTG AGC GGC TGT (30mer) reproducibility between 2E7 to 2E8 —
LC-MS test . 6.066 | #20ligo_SST_MX3_May18_2022_01
GAG CGG CTG TGA GCG GCT Peak height range counts #aougofssfmxsfMa%872022702
GTG AGC GGC TGT GAG CGG Peak width at 10% Peak width at 10% #40ligo_SST_MX3_May18_2022_03
CTG T (40mer) height height %RSD < 10% 4.06 1 #50ligo_SST_MX3_May18_2022_04
- . #60ligo_SST_MX3_May18_2022_05
GAG CGG CTG TGA GCG GCT reprodt_xablllty Pef':lk width at 1.0% #70ligo_SST_MX3_May 18 2022 06
GTG AGC GGC TGT GAG CGG Peak width at 10% height < 0.5 min 2.066 1 #80ligo_SST_MX3 May18_2022_07
CTG TGA GCG GCT GT height " L. o .J #90ligo_SST_MX3_May18_2022_08
Somen) . - - z - | | | #100ligo_SST_MX3_May18_2022_09
ass accuracy o ass accuracy o 10 20 20 50 #110ligo_SST_MX3_May18_2022_10
GAG CGG CTG TGA GCG GCT deconvoluted FLP deconvoluted FLP mass
Intact mass GTG AGC GGC TGT GAG CGG mass <5 ppm LC-MS System Performance Metrics for Oligonucleotide Analysis
deconvolution CTG TGA GCG GCT GTG AGC % Fractional % Fractional abundance| | 3tauenceDetais g SST_RE3_Fi¥e_2022 AT = £ o 135253
G (55mer) abundance of Na of Na, and K adducts < Dat Vadt T Min ok Hoght >~ 200E+07 AT, 22 22647
an d K a d d u Ct s 10% No. of Injections: 12 N M: Pee.zk Height :::: 2.00E+08 Administrator
Peak Wi 103 Hoigh<or = 0%
Oligonucleotide SET Peak Summary
+  Oligonucleotide standards (6 unmodified, sSDNA sequences) ' Min PeakHeight  Height  Width10%  10%Helght :
A sequence containing 10 injections using full MS method only, can be seamlessly e o — e
1 20 79 0.18% 83% 0E+08 26E+08 224% 0.18 Pa
deployed using Chromeleon eWorkflow procedure 2mer A 0:8% 1% e g 224% o8 P
*  Evaluates LC and MS instrument performance related metrics that are important for 40mer 206 00%% 9.92% 10807 ol 1.65% 2 -
oligonucleotide applications based on pre-defined acceptance criteria with pass or fail | 5mer 1042 0A1% 099" 4308207 ABIE07 255% 228
status
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Performance Oligonucleotides Sequence System performance Acceptance criteria
check metrics
Retention time * RT %RSD < 2%
1. GAGCGG CTG T (10mer) reproducibility » Peakarea %RSD < 10%
2. GAG CGG CTG TGA GCG GCT Peak area » Peak height %RSD <
GT (20mer) reproducibility 10%
3. GAG CGG CTG TGA GCG GCT Peak height * Peak heightrange
LC-MS test GTG AGC GGC TGT (30mer) reproducibility between 2E7 to 2E8
4. GAGCGG CTG TGA GCG GCT Peak height range counts
GTG AGC GGC TGT GAG CGG Peak width at 10% [+ Peak width at 10%
CTG T (40mer) height height %RSD < 10%
5. GAG CGG CTG TGA GCG GCT reproducibility » Peak width at 10%
GTG AGC GGC TGT GAG CGG Peak width at 10% height < 0.5 min
CTG TGA GCG GCT GT height
(50mer) Mass accuracy of |[* Mass accuracy of
6. GAG CGG CTG TGA GCG GCT deconvoluted FLP deconvoluted FLP mass
Intact mass GTG AGC GGC TGT GAG CGG mass <5ppm
deconvolution CTG TGA GCG GCT GTG AGC % Fractional * % Fractional abundance
G (55mer) abundance of Na of Na, and K adducts <
and K adducts 10%

Oligonucleotide SET
*  Oligonucleotide standards (6 unmodified, sSSDNA sequences)
* A sequence containing 10 injections using full MS method only, can be seamlessly
deployed using Chromeleon eWorkflow procedure
* Evaluates LC and MS instrument performance related metrics that are important for
oligonucleotide applications based on pre-defined acceptance criteria with pass or fail

status
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Deconvoluted Mass Identification

|Sequence Details
Name: Oligo_S ST_OEZdU_JutW_?OZZ 06/Juli22 17:38:06
Directory: Oligos Administrator ;
Data Vauit ChromeleonLocal® 19/Juli22 18:09:39
No. of Injections. 12 inistrator
|
Deconvoluted mass overview
Component 1
4
Inj. No. Oligonucleotide Position TargetAccuracy ExpectedMass Component ldentification Measured Mass Delta Mass  Pass or Fail
‘ ppm Da Da ppm
6 ST_MX3_05_MS( Y:D1 10.0 30825493 Full length product 30825444 1.6
7 ST_MX3_06_MSC Y:D1 10.0 6227.0543 Full length product 6227.0451 1.5
8 ST_MX3_07_MSC Y:D1 10.0 9371.5593 Full length product 93715442 1.6
9 ST_MX3_08_MS( Y:D1 10.0 12516.0643 Full length product 12516.0475 13
10 ST_MX3_08_MS( Y:D1 10.0 15660.5693 Full length product 15660.5436 1.6
1 ST_MX3_08_MS( Y:D1 10.0 17249.8309 Full length product 17249.7875 25 4
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Performance Oligonucleotides Sequence System performance Acceptance criteria
check metrics
T i RT %RSD < 2% I __ Oligonucleotide Deconvolution Summary
GAG CGG CTG T (10mer) reproducibility Peak area %RSD < 10% | | fasaurane T ST R T e D e ——
GAG CGG CTG TGAGCG GCT | Peakarea HEISIEE T et e oo 3 sk et Ok ST o)
GT (20mer) reproducibility 10% _ : : S—— :
GAG CGG CTG TGA GCG GCT Peak height Peak height range ¥ o T Resut Companent 1 Chromatogram igo_557_MX3_0B_MSOn_IFD RT.10.137-10.662 Source Spectrum
B GTG AGC GGC TGT (30mer) reproducibility between 2E7 to 2E8 . . L R
GAG CGG CTG TGA GCG GCT Peak height range counts &
GTG AGC GGC TGT GAG CGG Peak width at 10% Peak width at 10% f .
CTG T (40mer) height height %RSD < 10% " 00w - il P —
GAG CGG CTG TGA GCG GCT reproducibility Peak width at 10% L T i R W a4 IR AR EESMRT =
GTG AGC GGC TGT GAG CGG Peak width at 10% height < 0.5 min E— _
CTG TGA GCG GCT GT height | g ol_:gn_s;'_)fgf;'_mscn-,-_.m Deconvoluted Specinm
(50mer) Mass accuracy of Mass accuracy of [ w0 17248 75750
GAG CGG CTG TGA GCG GCT deconvoluted FLP deconvoluted FLP mass Ee
Intact mass GTG AGC GGC TGT GAG CGG mass <5 ppm E o]
deconvolution CTG TGA GCG GCT GTG AGC % Fractional % Fractional abundance| | =
G (55mer) abundance of Na of Na, and K adducts < . - st £ P --’l-”‘-‘”
and K adducts 10% N ' ’ — .

status

Oligonucleotide SET

*  Oligonucleotide standards (6 unmodified, sSSDNA sequences)

* A sequence containing 10 injections using full MS method only, can be seamlessly
deployed using Chromeleon eWorkflow procedure

* Evaluates LC and MS instrument performance related metrics that are important for
oligonucleotide applications based on pre-defined acceptance criteria with pass or fail
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Deconvolution Results
result Component

Result Component 1
Result Component 2
Result Component 3
Result Component 4
Result Component 5

| Result Component &
Result Component 7
Result Component &
Result Component 9
\Result Component 10

10.38 17248.788

10.38 17306.712
10.38 17270.783
10.20 15660.535
10.37 16920.743
10.38 12516.040
10.41 17233.786
10.40 17115.736
10.42 17576.839
10.37 17205.786

5td. Dev.

Da
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Std. Dev.

ppm
o0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Delta Mass
Da
0.000
56.524
20.996
-1589.253
-329.045
-4733.747
=16.002
-134.051
329.051
-44.002

Intensity Fractional Abundance Rel. Abundance

counts

701920
96258
51118
30045
28454
251585
22462
15466
9660
8253

counts

70.7729
9.50T1
5.1541
3.0204
29698
25364
2.2648
1.5594
0.5740
0.8321

New Column
% Charge States
100.00 "
14.00
728
4328
420
358
3.20
220
1.38
1.18

(R A Y ]
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ThermoFisher

Summary Of BenefltS SCIENTIFIC

» BioPharma Finder 5.0 software provides confident impurity > Orbitrap Exploris 240 mass spectrometer provides up to
identification base-by-base with localization of modifications 240,000 mass resolution for isotopic resolution of 100mer

» Orbitrap Exploris 240 mass spectrometer and Orbitrap » Vanquish Horizon UHPLC system coupled with a DNAPac
Exploris MX detector can achieve comparable quantitative RP column provides robust and reproducible separation of
performance for oligo impurities profiling oligonucleotides and impurities

» Chromeleon eWorkflow procedure facilitates direct method > ChromeCare solvents minimize metal adduction formation,
transfer between Orbitrap Exploris 240 mass spectrometer and results in accurate mass determination
and Orbitrap Exploris MX mass detectors for consistent
guantitation of oligonucleotide impurities

» Oligo SET evaluates system performance against a
comprehensive set of acceptance criteria that are designed
for oligonucleotide applications
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Thank you
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