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➢ Oligonucleotides – applications and analytical 

challenges

➢ Application benefits of using

• Vanquish UHPLC system and consumables

• Orbitrap Exploris 240 and Orbitrap Exploris MX

• Biopharma Finder (BPF) 5.0 and Chromeleon (CM) 

7.3.1

➢ Oligonucleotide workflow solution

• Oligonucleotide characterization using BPF 5.0

• Impurities monitoring using CM 7.3.1

• Oligo system performance evaluation test (SET)



Oligonucleotide Applications
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• 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/sgRNA (up to 

120mer)

• mRNA vaccines

• Up to 5,000 nucleotides

• Sequencing requires 

digestion

• Associated with LNP and 

viral vectors for delivery

• mRNA direct sequence 

mapping application 
* https://doi.org/10.2217/frd-2021-0008

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


Therapeutic Oligonucleotides
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Target

Requirement

Challenges

❑ Single stranded antisense oligos, miRNA/sgRNAs, double stranded 

siRNAs

❑ Variable length 20 – 120 nucleotides

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

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

❑ Mass confirmation via intact mass deconvolution 

❑ Sequence confirmation base-by-base with localization of 

modification 

❑ Relative quantitation of product and its impurities

❑ Lack of robust analytical methods to characterize oligonucleotides 

with increased complexity

❑ Salt adducts can impede accurate mass determination

❑ Lack of software tool for sequence identification, and automated 

peak annotation with confidence



State-of-the-art Technologies for Oligonucleotide Analysis

Application benefit highlights
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Thermo Scientific™
Vanquish™UHPLC 

System

Thermo Scientific™BioPharma 

Finder™5.0

Thermo Scientific™
Chromeleon™7.3.1Software

Thermo Scientific™
ChromeCare™

Solutions 

Thermo Scientific™
Orbitrap Mass 

Spectrometer

Thermo Scientific™
DNAPac™RP  

HPLC Columns

• Less than 20ppb Na, 

K, Fe (minimum 

adduct)

• UHPLC-MS grade

• High resolution separation 

of short and large oligos

• Wide pH range (1-14) and 

temperature (up to 100°C)

• Integrated 

biocompatible system

• Robust and 

reproducible separation 

with low baseline noise

• Operational simplicity with 

ddMS2 capabilities for Orbitrap 

Exploris 240, up to 240,000 

mass resolution

• Fit-for-purpose with full MS 

only for Orbitrap Exploris MX

• BPF supports oligo sequencing 

with customized building 

blocks

• Automated peak annotation 

and confirmation

• Compliance ready (CM only)



ChromeCare™ LC-MS Solvents

Importance of clean solvents
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Low metal adduct formation improves quantitation and intact mass deconvolution



Robust and Reproducible IPRP-LC Separation
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Vanquish Horizon UHPLC equipped with DNAPac RP column 2.1 x 250 mm, 4 µm



Power of High-Resolution Accurate Mass (HRAM)
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34-charge state of 100mer at 

different resolution settings

S/N ratios of 100mer 

in different application modes

2.8 ppm

Deconvolution

RESOLUTION

MATTERS!!!



BioPharma Finder Software Offers a Complete Oligonucleotide Analysis
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Easy and Flexible 

Sequence Creation

• Support DNA or RNA

• Enter sequence in a plain 

or triplet format

• Edit sequence to set 

constant modification

• Assign variable 

modifications

• Custom building blocks 

and variable modifications

Automatic MS2

Annotation

• Fast and confident oligo 

identification and mapping 

using ddMS2 data

• Predicted vs annotated 

experimental MS2 spectra

• Fragment and sequence 

coverage maps

• Average structural 

resolutions (ASR) score

Relative Quantitation 

of Impurities

Comparative Data 

Analysis
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• Identification, mapping, 

and relative quantitation 

of oligo impurities in one 

experiment

• Custom list of 

components for % 

abundance calculation

• Modification summary 

table and plot

M
S

 A
re

a

0 h 1 h 2 h 4 h 6 h 24 h

• Comparative analysis of 

multiple ddMS2 raw files 

facilitates method 

optimization

• An array of features, such 

as chromatograms, 

fragment coverage map, 

MS2 spectra, MS area, 

ASR score, can be 

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

Instrument control Data acquisition

Data processingReport Compliance ready



Agenda
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➢ Oligonucleotides – applications and analytical 

challenges

➢ Application benefits of using

• Vanquish UHPLC system and consumables

• Orbitrap Exploris 240 and MX

• Biopharma Finder (BPF) 5.0 and Chromeleon

(CM) 7.3.1

➢ Oligonucleotide workflow solution

• Oligonucleotide characterization using BPF 5.0

• Impurities monitoring using CM 7.3.1

• Oligo system performance evaluation test (SET)



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

Oligonucleotide 

characterization

Thermo Scientific™ Vanquish™

Horizon or Flex UHPLC system

coupled to

Thermo Scientific™ Orbitrap 

Exploris™ 240 Mass Spectrometer

Oligonucleotide 

monitoring

Thermo Scientific™ Vanquish ™

Horizon or Flex UHPLC system

coupled to

Thermo Scientific™ Orbitrap 

Exploris™MX Mass Detector

eWorkflow procedure

• LC & MS acquisition methods

• Injection sequence

• Result view template

• Processing method

• Report template

Oligo 

SET

Oligo 

SET



Oligonucleotide Characterization using BPF 5.0
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Confident identification based on Mass Accuracy and MS/MS spectra matching to predicted

13



Oligonucleotide Characterization using BPF 5.0
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High confidence score with low ∆ppm and low ASR value provides accurate and 

confident sequence identification and confirmation

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



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



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

Predicted

Experimental



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

NCE 18

Lower HCD energy gives rich 

MS/MS spectra for long oligos



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

Lower HCD energy gives rich 

MS/MS spectra for long oligos

NCE 15



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

Lower HCD energy gives rich 

MS/MS spectra for long oligos NCE 13



Create Oligonucleotide Component List for Monitoring
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Use filters to create an oligonucleotide component list in BPF 5.0

FLP

N - 14

N - 13

N - 1

Conf. Score ≥ 80 ASR ≤ 1.5 ∆ppm ≤ 10



Chromeleon CDS for Oligonucleotide Monitoring
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Relative quantitation of oligonucleotide impurities using Chromeleon 7.3.1



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

Characterization setup:

• Vanquish Horizon UHPLC

• Orbitrap Exploris 240 Mass 

Spectrometer

Monitoring setup #1:

• Vanquish Flex UHPLC

• Orbitrap Exploris MX 

mass detector

eWorkflow procedure

• LC & MS acquisition methods

• Injection sequence

• Result view template

• Processing method

• Report template

Monitoring setup #2:

• Vanquish Flex UHPLC

• Orbitrap Exploris MX 

mass detector

Direct method transfer without physically 

moving any method files



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

LC-UV at 260nm LC-HRAM-MS



Oligonucleotide SET
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System performance tested against pre-defined acceptance criteria

Oligonucleotide SET

• Oligonucleotide standards (6 unmodified, ssDNA 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



Oligonucleotide SET
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System performance tested against pre-defined acceptance criteria

Oligonucleotide SET

• Oligonucleotide standards (6 unmodified, ssDNA 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



Oligonucleotide SET
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System performance tested against pre-defined acceptance criteria

Oligonucleotide SET

• Oligonucleotide standards (6 unmodified, ssDNA 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



Summary of Benefits
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➢ BioPharma Finder 5.0 software provides confident impurity

identification base-by-base with localization of modifications

➢ Orbitrap Exploris 240 mass spectrometer and Orbitrap

Exploris MX detector can achieve comparable quantitative

performance for oligo impurities profiling

➢ Chromeleon eWorkflow procedure facilitates direct method

transfer between Orbitrap Exploris 240 mass spectrometer

and Orbitrap Exploris MX mass detectors for consistent

quantitation of oligonucleotide impurities

➢ Oligo SET evaluates system performance against a

comprehensive set of acceptance criteria that are designed

for oligonucleotide applications

➢ Orbitrap Exploris 240 mass spectrometer provides up to

240,000 mass resolution for isotopic resolution of 100mer

➢ Vanquish Horizon UHPLC system coupled with a DNAPac

RP column provides robust and reproducible separation of

oligonucleotides and impurities

➢ ChromeCare solvents minimize metal adduction formation,

and results in accurate mass determination



Thank you
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