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Reduced-Risk Products (“RRPs”) is the term we use to refer to products
that present, are likely to present, or have the potential to present less risk
of harm to smokers who switch to these products versus continued
smoking.

We have a range of RRPs in various stages of development, scientific
assessment and commercialization. Because our RRPs do not burn
tobacco, they produce far lower quantities of harmful and potentially
harmful compounds than found in cigarette smoke.
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Outline
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• Challenge for complex matrix characterization

• GC-HR-MS instrumentation

• Linear retention index (LRI) modeling

• Compound identification in complex matrices

• In silico prediction (use of fragmentation software)

• Improvement in compound identification

• Conclusion
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Chemical Characterization of Diverse Samples is Challenging

1 The Chemical Components of Tobacco and Tobacco Smoke, A. Rodgman, T.A. Perfetti, 2013, 2nd Ed. CRC press.
2 Leffingwell, J. C.; Young, H. J.; Bernasek, E. Tobacco flavoring for Smoking Products, R. J. Reynolds Tobacco Company, Winston-Salem, 1972.
3 EFSA flavoring substances database

 More than 6’000 chemicals reported as present in tobacco plant and smoke 1
 Many possible flavor compounds used in e-liquids or smoking products 2,3
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NTDSScreening

Stability study

Degradation product

Aroma profile
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Goal is to screen the broadest range of smoke constituents
Non-Targeted Screening

Analytical Technique: GC-High Resolution (GC-HR-MS) 

GC-HR-MS_1
(7200A Agilent Q-TOF-MS)

Volatiles and semi-
volatiles

LRI from 500 to 1’900

GC-HR-MS_2
(7200B Agilent Q-TOF-MS)

Apolar and polar
LRI from 1’000 to 3’000
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Volatile, Semi-volatile and Polar Compound Library 

• 822 reference compounds were analyzed by GC-HR-MS
• Accurate mass spectra associated with their Linear Retention Indices were

registered in the Personal Compound Database Library

An accurate LRI calculation
and high quality spectra is
key!!! 
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• To predict LRI, two software combination were used:
1. RapidMiner-Dragon
2. ACD/Labs ChromGenius

• To build a relevant LRI prediction system 552 molecules were used:
1. Experimental LRI
2. Quantitative Structure-Property Relationship (QSPR) and structure similarities

 The experimental linear retention indices were randomly split as training (n=401) and test 
(n=151) sets

 Validation set (n=23) confirmed the great performance of both prediction models

 Discrepancy between two LRI predictions can highlight possible errors in the predicted values

LRI Model Creation
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Assessment of the Prediction Models (Test & Validation Sets)
LR

I pr
ed

ic
te

d

800

1,200

1,600

1,6001,200800

LRI experimental

RapidMiner values

1,6001,200800

LRI experimental

800

1,200

1,600

ACD/ChromGenius values

LR
I pr

ed
ic

te
d

R2: 0.949 R2: 0.976
Based on structure 
similarity

Based on structural 
descriptors (QSPR)

A
cc

ur
ac

y
(A

C
D

/C
hr

om
G

en
iu

s 
vs

. e
xp

er
im

en
ta

l)

1,6001,200800

180%

160%

140%

120%

100%

80%

60%

40%

LRI experimental

A
cc

ur
ac

y
(R

ap
id

 M
in

er
 v

s.
 e

xp
er

im
en

ta
l)

180%

160%

140%

120%

100%

80%

60%

1,6001,200800

40%

LRI experimental

RapidMiner values ACD/ChromGenius values

n=151 reference standards (test set)
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9E. Dossin et al., Anal. Chem. 2016, 88, 15, p7539-7547.

Presenter
Presentation Notes
Here we plot the 174 standards used for the test and validation of the 2 models. On the left we ploted the experimental LRI against the predictided value for Rapid Miner. This modelisation is based on structural descriptors. On the right for the evaluation of Chromgenius we plot the same set of compounds. This software use basic physical properties and the structure similarity to create a prediction. The more similar is the structure, the more similar the retention mechanism should be.
The accuracy is + or - 125 index of retention for 95% of the molecules.



UCSD is our in-house database that contains:
 11’567 molecules
 1’013 accurate mass spectra and LRIexp

The 2 models were used to predict the LRI 
values of UCSD database (suspect list)

Our GC-MS conditions are suitable to 
analyze potentially 6’053 molecules

Of these 6’053 molecules, 3’646 have an 
available nominal EI Mass Spectra (NIST or 
Wiley)

Unique Compound & Spectra Database (UCSD)

10



LRI prediction values were associated with the 3’646 nominal EI mass
spectra extracted from commercial libraries

LRI Prediction

Creation of the Suspected Compound Library
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Acquisition Time (min)
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Data 
Acquisition

(+EI)

Deconvolution IdentificationMassHunter
Unknown Analysis

Software

• Stop when identified:
 Accurate Mass Library
(In house PMI Library≈800 spectra) 
 Suspected Compound Library
 NIST 14

• Export .cef and review
• Purchase of ref std if available

Compound Identification in Complex Matrices
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Identified with PMI Accurate Mass Library (n=7 out of 21)

Suspect compound library (n=6 out of 21)
NIST proposal (n=8 out of 21)

Reviewing Step



Level of Confidence for Commercial Library proposals

Data 
Acquisition

(+EI)

Deconvolution IdentificationMassHunter
Unknown Analysis

Software

Very different ∆ = 412

Very different ∆ = 191

• Stop when identified:
 Accurate Mass Library
(In house PMI Library≈800 spectra) 
 Suspected Compound Library
 NIST 14

• Export .cef and review
• Purchase of ref std if available

Pred LRI
Rapid Miner

Pred LRI
Chrom Genius

1627.9 1776.4
1164.0 1253.9
1502.9 1477.3
2304.4 2279.2

4054.1 1635.9

1914.4 1934.4

1354.0

Very different ∆ = 992

990.8 943.7

In agreement with exp ∆ = 87

Very different ∆ = 1677

Very different ∆ = 600

In agreement with exp ∆ =120 

Very different ∆ = 371

The identification confidence is low to medium with a commercial library search
Filter out false positive results proposed by existing MS libraries

1551.6
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Case Study: Compound with a Poor Match Factor

Additional MS experiment are needed 
and alternative approaches need to 

be implemented

Data Acquisition
CI full scan MS
Targeted MS/MS

Final Score  

Purchase of reference
standards if available

Data Acquisition
EI full scan MSMetFrag

in silico
fragmentation software

CFM-ID
in silico

fragmentation software

LRI prediction
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LRI:1,296

Candidates

Pred LRI
Rapid Miner

Pred LRI
Chrom Genius

1164.0 1253.9

In agreement with exp ∆ = 87
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GC-HR-MS in Chemical Ionization Mode & MS/MS

M: C5H7NO

GC-HR-MS (Full Scan MS/MS)
PCI data acquisition CID of 98.08004

Determination of 
elemental formula

(adduct ion species)

MS/MS data processed using 
a larger chemical database 

with in silico predicted 
fragmentation software 

GC-HR-MS (Full Scan MS)
Positive Chemical Ionization (PCI)
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+CI Scan (rt: 16.822-16.851 min, 7 scans) 160922_3R4F_3880007_001.D  Subtract 

86.0239

98.0602

95.0856 109.133071.0855 119.0607

Counts vs. Mass-to-Charge (m/z)
60 65 70 75 80 85 90 95 100 105 110 115 120 125

C5H7NO
-1.65ppm

[M+C2H5]+

C5H7NO
11.52ppm

[M+H]+

126.0899

LRI
1,296
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+CI Product Ion:12 (rt: 16.825-16.861 min, 5 scans) CID@20.0 (98.0800[z=1) 160930_PCI_MSMS_3R

30.0338

41.0389 69.0323 98.0603

55.0187

Counts (%) vs. Mass-to-Charge (m/z)
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

Ion threshold 
above 10% (n=13 ions)
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30.0338

41.0389 69.0323 98.0603

55.0187

80.047763.1775

Counts vs. Mass-to-Charge (m/z)
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

+CI Product Ion:12 (rt: 16.825-16.861 min, 5 scans) CID@20.0 
(98.08004[z=1] -> **) 160930_PCI_MSMS_3R4F

Compound Identification with In Silico Fragmentation Software

C. Ruttkies, E.L. Schymanski, S. Wolf, J. Hollender, S. Neumann J. 
Chemoinform. 2016, 8, 3, 16-115.
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Metfrag Results
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Compound Identification with Fragmentation Modeling Software

The EI spectra of each
candidate are 

predicted using CFM-ID
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+EI Scan (rt: 16.828 min) 160921_3R4F_3880007_001.D  Subtract 

68.0273

97.052640.0310

78.038250.0152

Counts (%) vs. Mass-to-Charge (m/z)
30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 F. Allen, R. Greiner, D. Wishart Metabolomics. 2015, 11, 1, 98-110.
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CFM-ID Results
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InChI CompoundName Molecular
Formula Identifier Structure

Rank 
MetFrag 

PCI

Score 
MetFrag PCI

Rank 
CFM-ID

Score CFM-
ID Score MetFrag & 

CFM-ID
   

c1-6-4-2-3(4)5(6)7/h3-4H,2H2,1H3 2-Methyl-2-azabicyclo[2.1.0]pentan-3-one C5H7NO 45531574 3 0.9758 1 0.271 0.974

c1-6-4-2-3-5(6)7/h2-3H,4H2,1H3 3-Pyrrolin-2-one, 1-methyl- C5H7NO 466735 1 1.0 5 0.192 0.894

c7-5-2-6-4-1-3(4)5/h3-4,6H,1-2H2/t3-
,4+/m0/s1 (1R,5S)-2-Azabicyclo[3.1.0]hexan-4-one C5H7NO 32990381 16 0.9089 2 0.233 0.884

c1-4-2-5(7)3-6-4/h2,6H,3H2,1H3 5-Methyl-1,2-dihydro-3H-pyrrol-3-one C5H7NO 10340193 15 0.915 3 0.211 0.861

c1-6-4-2-3-5(6)7/h2,4H,3H2,1H3 1-Methyl-1,3-dihydro-2H-pyrrol-2-one C5H7NO 4483194 2 0.9913 11 0.167 0.858

c7-5-3-1-2-4-6-5/h1,3H,2,4H2,(H,6,7) 5,6-Dihydro-2(1H)-pyridinone C5H7NO 4956336 5 0.9354 6 0.191 0.850

c7-5-2-1-3-6-4-5/h1-2,6H,3-4H2 1,6-Dihydro-3(2H)-pyridinone C5H7NO 14395305 8 0.9294 7 0.182 0.836

c7-5-4-1-3(4)2-6-5/h3-4H,1-2H2,(H,6,7) 3-Azabicyclo[3.1.0]hexan-2-one C5H7NO 14294945 12 0.9173 8 0.182 0.827

c1-2-5-6-3-4(1)7-5/h1-2,4-6H,3H2 7-Oxa-2-azabicyclo[2.2.1]hept-5-ene C5H7NO 29542634 22 0.8925 9 0.181 0.810

Final Score (MetFrag / CFM-ID)

(MetFrag × 0.66 + CFM − ID𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 × 0.33)Combined Score =
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InChI CompoundName Molecular
Formula Identifier Structure

Rank 
MetFrag 

PCI

Score 
MetFrag PCI

Rank 
CFM-ID

Score CFM-
ID Score MetFrag & 

CFM-ID
LRI RM LRI CG Final Score

c1-6-4-2-3(4)5(6)7/h3-4H,2H2,1H3 2-Methyl-2-azabicyclo[2.1.0]pentan-3-one C5H7NO 45531574 3 0.9758 1 0.271 0.974 962.51 1036.66

c1-6-4-2-3-5(6)7/h2-3H,4H2,1H3 3-Pyrrolin-2-one, 1-methyl- C5H7NO 466735 1 1.0 5 0.192 0.894 995.41 1168.08

c7-5-2-6-4-1-3(4)5/h3-4,6H,1-2H2/t3-
,4+/m0/s1 (1R,5S)-2-Azabicyclo[3.1.0]hexan-4-one C5H7NO 32990381 16 0.9089 2 0.233 0.884 1126.04 1015.88

c1-4-2-5(7)3-6-4/h2,6H,3H2,1H3 5-Methyl-1,2-dihydro-3H-pyrrol-3-one C5H7NO 10340193 15 0.915 3 0.211 0.861 1057.08 918.43

c1-6-4-2-3-5(6)7/h2,4H,3H2,1H3 1-Methyl-1,3-dihydro-2H-pyrrol-2-one C5H7NO 4483194 2 0.9913 11 0.167 0.858 994.94 1083.00

c7-5-3-1-2-4-6-5/h1,3H,2,4H2,(H,6,7) 5,6-Dihydro-2(1H)-pyridinone C5H7NO 4956336 5 0.9354 6 0.191 0.850 1110.21 1304.80

c7-5-2-1-3-6-4-5/h1-2,6H,3-4H2 1,6-Dihydro-3(2H)-pyridinone C5H7NO 14395305 8 0.9294 7 0.182 0.836 1170.32 1049.83

c7-5-4-1-3(4)2-6-5/h3-4H,1-2H2,(H,6,7) 3-Azabicyclo[3.1.0]hexan-2-one C5H7NO 14294945 12 0.9173 8 0.182 0.827 1041.30 1303.53

c1-2-5-6-3-4(1)7-5/h1-2,4-6H,3H2 7-Oxa-2-azabicyclo[2.2.1]hept-5-ene C5H7NO 29542634 22 0.8925 9 0.181 0.810 1098.64 893.42

0.65

0.66

0.64

0.74

0.56

0.60

0.64

0.69

0.54

Final Score (MetFrag / CFM-ID / LRI Predictions)
Unknown Peak 

LRIexp:1,296

1) We use Inchi information to draw the compound and 
LRI values were predicted for all 178 proposals

2) Final SCORE was calculated using:
 MetFrag Score
 CFM-ID Score
 LRIexp. against LRIRM
 LRIexp. against LRICG …
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+EI Scan (rt: 16.964-16.983 min, 5 scans) 
170106_5,6-Dihydro-2(1H)-pyridinone.D  Subtract 
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Counts (%) vs. Mass-to-Charge (m/z)

68.0261

40.0304 97.0519
53.0366

Same RT

5,6-Dihydro-2(1H)-Pyridinone

Final Confirmation
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• This compound was reported first from cigarette
smoke by Schumacher et al. in 1977

• NOT registered in NIST 14 NOR in Wiley 11
• Strengthen the need to implement in silico

predictions when dealing with untargeted
analysis.

Bibliography



Conclusion
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Existing MS libraries are not exhaustive; the implementation of
chemoinformatic tools is needed to postulate compounds that are not
registered in any library

The combined use of MetFrag and CFM-ID software has been demonstrated to
be a good complementary tool to propose reliable compound hits

Addition of LRI predictions demonstrated the ability to correctly rank putative
hits proposed by in silico fragmentation software
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