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Introduction to Oligonucleotides (Oligos)
type characteristics

miRNA microRNA (~ 22 nt) with partial complementarity to mRNA that inhibits translation

siRNA 20 – 24 bp dsRNA forms part of RISC complex that results in slicing of mRNA (complementary)

ASO Allele-specific, 15 – 20 nt

Aptamer 20 – 80 nt, ss

CRISPR/Cas9 gRNA ~ 100 nt

asRNA Short (< 200 nt) or Long (> 200 nt), antisense ss complementary to mRNA

mRNA ~ 800-4500 nt

Data from Informa database



Manufacturing Challenges Associated with Synthetic Oligos

➢ The manufacturing 
batch consists of both 
the target and failed 
closely related 
sequences

➢ Imperfections in the 
manufacturing process 
leads to the formation 
of the impurities.

Shortmers (N-1) –
oligonucleotides missing 
one or more nucleotides

Longmers (N+1) –
oligonucleotides that 
include more than the 
intended number of 

nucleotides

Oligos with incomplete 
deprotections (benzoyl, 
isobutyryl, cyanoethyl, 

etc.

Other product related 
species from events 

including depurination, 
depyrimidation, 

oxidation, PS to PO, 
and nuclease 
degradation

Biotechnol J. 2020 Aug;15(8):e1900226. doi: 10.1002/biot.201900226. Epub 2020 May 4.



You are asked to characterize a handful of synthetic oligos for purity 

and confirm that the nucleotides are in the correct order.

What do you do?



• BioLC mitigates bio-oxidation and non-specific binding of oligos throughout flow-path

• TOF/QTOF single-click tuning for all synthetic oligo types

• 5 orders of in-spectra dynamic range making it possible to see very low abundance impurities, even when they coelute

• Constant MS resolution, even when running fast chromatography

6230 LC/TOF

Appropriate Agilent LCMS Hardware for Characterizing Oligos

6545XT AdvanceBio LC/QTOF

Oligo impurity and sequencing analysisOligo impurity analysis

BioLC



Oligo Target Plus Impurities (TPI) Workflow 

Find by formula (FBF) for targeted impurity analysis looks 

for defined impurities.

Maximum Entropy Deconvolution for untargeted impurity 

analysis finds all peaks and matches against impurity list.

Color-coded purity results – by height or area.

Select 

Impurities 

to look for

Match 

Features 

to TPI list

Define 

Sequence(s)

Acquire 

MS1 Data

Please refer to Agilent application note 5994-4817EN



Example TPI Experiment Data from Targeted FBF Analysis 

Overlaid compound chromatograms 

from 21mer target and 5’ truncations.

Relative quantitation of 20 truncation 

impurities from 12 replicate injections 

• Targeted analysis found complete set of 5’ truncation impurities

• Many low abundance truncations were chromatographically 
separated and undetectable in TIC.

• Excellent mass accuracy (average < 1 ppm)

• Reproducible relative quant from 12 replicates



Example TPI Experiment Data from Untargeted MaxEnt Deconvolution

• Untargeted analysis revealed many low-level and co-
eluting impurities

• “5’-Truncation with linker” matching rules matched all 
allowed (15) repeats

• Other peaks were subsequently identified using 
additional matching rules and modification possibilities



How do you really know the oligo sequences are correct?



Sequencing Workflow in MassHunter BioConfirm 12.0

Acquire 

MS/MS 

Data

Define 

Sequence(s)

Match features 

to predicted 

fragments

• Dots indicate found fragments

• Dot position indicates fragment type (d, c, b, etc)

• Dot color indicates number of times that fragment was found (e.g. from different files or charge states)
• Dark blue means found 2+ times
• Any other color indicates file from which the fragment was found once

• Open dots indicate fragment(s) selected for view in MSMS spectrum

Sequencing results are displayed using a fragment confirmation ladder

Please refer to Agilent application note 5994-5071EN



Sequence Data for Isomeric Oligos 
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CAG TAG ATT GTA CTG TCC TTA

21mer

21mer with 2 bases swapped



2x10

0

1

2

3

4

5

6

7

Biomolecule 5: 1-5; DNA-21mer BS1: -ESI Product Ion (rt: 4.898, 4.932, 4.959 min, 3 scans) Frag=175.0V (800.3849[z=8] -> **) 041122_21mer BS1_10ug_800.3849_CE16_MSM…

a
5

1-

Counts vs. Mass-to-Charge (m/z)

1440 1442 1444 1446 1448 1450 1452 1454 1456 1458 1460 1462 1464 1466 1468 1470 1472 1474 1476 1478

3x10

0

0.25

0.5

0.75

1

1.25

1.5

1.75

Biomolecule 5: 1-5 DNA-21mer: -ESI Product Ion (rt: 5.634, 5.651, 5.667 min, 3 scans) Frag=175.0V (800.3849, 914.8688 -> **) 112321_Oligo_21mer_2.5ug_MSMS_02.d  

a
5

1-

Counts vs. Mass-to-Charge (m/z)

1440 1442 1444 1446 1448 1450 1452 1454 1456 1458 1460 1462 1464 1466 1468 1470 1472 1474 1476 1478

a5 (-1)

a5 (-1)

Sequence Data for Isomeric Oligos 
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What if you need to confirm the sequence of an impurity identified from the TPI workflow?



Identification of Truncation Impurities 

5x10

0

0.2

0.4

0.6

0.8

w
4

2-

a
3
-B

1-

w
1

1-

a
7
-B

2-
w

3

2-

a
6
-B

2-

a
5
-B

1-
y

4

1-

a
5

1-
a

6
-B

1-
a

7
-B

1-
a

6

1-

Counts vs. Mass-to-Charge (m/z)
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

3x10

0

2

4

d
1

1-

w
4

2-

w
3

2-

w
3

1-

y
4

1-

a
5
-B

1-

w
4

3-

a
6
-B

1-
a

6

1-

Counts vs. Mass-to-Charge (m/z)
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 20003x10

0

2

4

w
4

2-
w

1

1-

w
5

3-

y
3

1-
a

4
-B

1-

y
4

1-
a

5
-B

1-

a
6
-B

1-

Counts vs. Mass-to-Charge (m/z)
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

5’ N-1 (2-21)

Target (21mer)

5’ N-2 (3-21)

Target (21mer)

N-1

N-2

TIC



You were successful in profiling the impurities of the oligos and confirming the sequence! 

Your success brings more requests – this time on more complex samples.

ASO

/52MOErT/*/i2MOErC/*/i2MOErA/*/i2MOErC/*/i2MOErT/*/i2MOErT/*/i2MOErT/*/i2MOErC/*/i2MOErA/*/i2MOErT/*/i2MO
ErA/*/i2MOErA/*/i2MOErT/*/i2MOErG/*/i2MOErC/*/i2MOErT/*/i2MOErG/*/32MOErG/

Aptamer

/52FC/mGmGrArA/i2FU//i2FC/mAmG/i2FU/mGmAmA/i2FU/mG/i2FC/

/i2FU//i2FU/mA/i2FU/mA/i2FC/mA/i2FU//i2FC//i2FC/mG/3InvdT/

You’re wondering if these samples will also work 

and if they will be harder to characterize.



m/z vs. Optimal Collision Energy
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40mer - fully PS, locked RNA, methoxy, ribo

21mer - Mix of 
methoxy, ribo, 
deoxy

21mer - Mix of 
methoxy, ribo, 
deoxy

14mer - FullyPS with mix of 
locked RNA, deoxy 17mer - Fully PS, mix of constrained RNA, 

deoxy, methyl deoxy, hydrocarbon linker, 
hydrocarbon moiety

23mer - Mix of methoxy, fluoro, deoxy, 
open sugar ring RNA, hydrocarbon on 
RNA

22mer - Mix of 
fluoro & methoxy

36mer - Mix of Fluoro, methoxy, 
internal hydrocarbon moiety

21mer - Mix of Partially Thioated, 
fluoro and methoxy

22mer - Mix of Partially 
Thioated, fluoro and methoxy, 
Hydrocarbon linker



Sequence Data for Heavily Modified ASO run by IPRP LCMS

100% coverage from 1 injection (no optimization)

MS/MS Spectrum
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100% coverage from 1 injection (no optimization)



What if you work with longer synthetic oligos and can’t digest them?



Sequence Data for a Long (100mer) Synthetic Oligo
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Compliance-Ready LCMS 

eSignature capability

Data integrity

Traceability

Agilent also has offerings for Data integrity, Instrument qualification, 
Computer system validation, consulting, and Validation starter kits

MassHunter offers technical controls for customers to meet the 
requirements of 21 CFR Part 11 compliance

Please also refer to Agilent tech note 5994-3546EN



What if you have a large number of oligos to run each week?



HPLC: Agilent 1290 Infinity II Binary pump, Multi-sampler with Dual Needles

LC Conditions

Column AdvanceBio Oligo UHPLC Guard column, 1.7 um, 2.1 x 5mm pn: 821725-921

Column temperature room temperature

Injection volume 1 L

Smart Overlap Enabled, alternating needle

Autosampler  temp 4 ºC

Needle wash MeOH:Water 50:50

Mobile phase
A = 15 mM TEA and 400 mM HFIP in water

B = MeOH

Flow rate 1.00 mL/min

Gradient program Time (min)

0.00

0.03

0.24

0.25

0.30

0.31

0.59

Time (sec)

0.00

1.80

14.4

15.0

18.0

18.6

35.0

B (%)

20

20

50

100

100

20

20

Stop time 0.60 min

Post time 0.00 min

Fast LC using Dual Needles with Smart Overlap and a Guard Column

~40 seconds per sample, 

over 2,000 samples a day Please refer to Agilent application note 5994-3753



High-throughput MS by RapidFire

Ultrafast autosampler & online solid phase extraction (SPE) system 

• No chromatography .. high-throughput desalter

• Couples directly to mass spec (just like an LC)

Made to handle large sample sets

• Can run up to 90 x 1536-well plates (=138,240 samples) without intervention

• Has temperature-controlled sample storage unit

• Integrated plate handler and bar code scanner

• Plates can be heat sealed 

• SPE cartridges are good for thousands of injections each

• 12 cartridge changer with automatic switching features

Made to go fast

• Multiple pumps and valves to switch instantly from desalt to elute conditions

• MS acquisition is constant through sample set

IPRP or HILIC methods available

Automated cartridge changer Temperature controlled 
sample storage

RapidFire

400

Please refer to Agilent application notes 5994-3753 and 5994-4945

~15 seconds per sample, 

over 5,000 samples a day



TPI – Automated DA in BioConfirm and Review in BioMS Reviewer 

Extract Deconvolute Export peak tables
Generate Reports

Open results in BioMS Reviewer

Color codes each sample position for 
“target confirmed” (top color) and “target 
meets purity threshold” (bottom color)

Displays full sample details/report for 
position selected

Supports sample pass/fail

exporting/printing of results for whole rack 54, 96, and 384-well formats



Summary

The high-resolution 6230 LC/TOF combined with BioConfirm 12.0 provides rich TPI results using multiple 

data mining techniques including Find-by-formula (targeted) and Maximum Entropy Deconvolution 

(untargeted).  

The high-resolution 6545XT AdvanceBio LC/Q-TOF combined with BioConfirm 12.0 provides maximal 

performance and capabilities, supporting both TPI and oligo sequencing workflows.

Agilent supports both ion-pair reverse-phase and HILIC (non-ion-pairing) oligo methods on canonical, 

heavily modified, and long synthetic samples.

Multiple high-throughput options for TPI are supported including Fast LC and RapidFire HRAM MS.  

Data analysis is automated in BioConfirm 12.0 and data review is streamlined by the BioMS Reviewer 

software.
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