cerno

BIOSCIENCE

Application Note

GC/ID: Accelerating Qualitative GC-MS Sample Review

Authors: Don Kuehl, Stacey Simonoff, Yongdong Wang
Affiliation: Cerno Bioscience, Las Vegas, NV USA

Introduction

Gas Chromatography-Mass Spectrometry (GC-MS) library
searchingyields a ranked list of potential compound
identifications, commonly referred to as a Hit List, for
chromatographic peaks detected within a sample.
Nevertheless, ascertaining the correct compound identity
can present challenges, as the highest-ranked result may
not invariably be accurate. This ambiguity arises from
factors such as spectral similarity, particularly among
isomers, inherent measurement variability, and interference
originating from background signals or co-eluting chemical
species. To augment the confidence associated with
compound identification, supplementary analytical
metrics, including retention index (RI) values and accurate
mass-based elemental formula determination (Formula
ID), can be effectively utilized. Retention index, specifically,
constitutes a potent complementary parameter; however,
its routine application can be impeded by the requirement
for frequent GC system calibration employing n-alkane
standards.

Furthermore, the manual evaluation of these multiple
metrics for each eluted peak represents a laborious and
time-intensive undertaking for the analytical chemist,
potentially consuming hours or even days for the analysis
of a single run. This application note delineates a novel
methodology integrating automated Rl calibration with
the synergistic use of multiple identification approaches
(peak deconvolution, MS library search, Rl matching,
accurate mass validation) within a distinctive color-coded
user interface. This system is engineered to substantially
expedite the qualitative review process for GC-MS datasets.

Methodology

Complementary Metrics for Enhanced Identification
Accuracy

Conventional GC-MS library searching depends upon the
precise matching of experimentally acquired Electron
lonization (El) mass spectra (“fingerprints”) against
reference spectra contained within spectral libraries.

The fidelity of this match is contingent upon the spectral
purity of the analyte peak and the consistency of spectral
acquisition across different instruments and experimental
conditions. Although a pronounced disparity in match
scores between the top-ranked hit and subsequent

candidates may suggest a correct identification, isomers
and structurally analogous compounds frequently produce
spectra that are difficult to differentiate, leading to
ambiguity in identification.

To enhance the accuracy of compound identification, a
multifaceted strategy that incorporates complementary
measurements and sophisticated data processing
techniques is advantageous:

1. Peak Deconvolution: The identification and
mathematical resolution of co-eluting chromatographic
peaks are performed to yield component spectra of
higher purity.’
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Library Search: Conventional forward and reverse
library search algorithms are executed to generate a
preliminary list of candidate compound identifications.

3. Retention Index (RI) Matching: Rl data are employed
to discriminate among candidate compounds within
the Hit List, proving particularly valuable when spectral
similarity is high. The National Institute of Standards
and Technology (NIST) maintains a comprehensive
database of experimentally determined Rl values and
has recently developed an artificial intelligence model
capable of predicting Rl values with high accuracy,
thereby significantly expanding the applicability of RI
data for the vast majority of compounds within the EI-
MS database.

4. Accurate Mass Validation: Accurate mass
measurements, coupled with spectral accuracy
calculations, are utilized to corroborate or refute the
elemental formulae (Formula ID) associated with library
search hits, thereby furnishing an additional layer of
validation.?

Automated Retention Index (Auto-Rl) Calibration

The traditional methodology for obtaining reliable Rl
values necessitates meticulous calibration of the GC
instrument using external standards, such as an n-alkane
homologous series, analyzed under conditions identical to
those employed for the sample. This requirement can pose
practical limitations for routine analytical workflows.

An automated Rl calibration procedure (Auto-Rl) is
introduced herein, which capitalizes on the inherent data



Auto RI Curve: (4.1x10-3)x3— (3.1x10-1)x2+ (2.7x101)x + (5.2x102)

Figure 1: An Auto-RI curve generated from a complex, thermally
degraded sample. The blue data points represent compounds identified
with high confidence utilizing forward and reverse search algorithms. The
orange data points correspond to compounds exhibiting large standard
deviations in retention index, which were consequently eliminated to
achieve a more accurate Rl calibration.

within the sample analysis itself. The operational sequence
of this method is as follows:

1. Initial High-Confidence Identification: Compounds
present within the sample run exhibiting high confidence
scores, derived from a combination of forward search,
reverse search, and accurate mass formula identification
results, are initially identified.

2. Calibration Curve Generation: The established library
Rl values corresponding to these high-confidence
compounds are utilized to construct an initial Rl
calibration curve specific to the analytical run.

3. Outlier Elimination and Curve Refinement: Any
identified compounds demonstrating significant
deviation from the generated Rl calibration curve,
potentially indicative of misidentification, are

systematically removed. Subsequently, the calibration
curve is recalculated employing the refined subset of
high-confidence compounds.

This Auto-Rl methodology has demonstrated the capacity
to yield calibration curves with accuracy comparable to that
achieved through traditional external calibration techniques
across a diverse range of sample matrices, consequently
precluding the necessity for discrete calibration analyses in
many instances.

Results and Discussion

“Magic Highlighter”: Expediting Review via Color-Coding
Although the integration of multiple metrics (forward search,
reverse search, Rl, accurate mass Formula ID) markedly
enhances identification accuracy, the analyst remains
tasked with the interpretation of this multifaceted dataset.
To rationalize this process, a “Magic Highlighter” system was
developed.

This system computes a composite confidence score for
each potential identification by appropriately weighting the
five principal metrics. Based upon this calculated score,
each identified chromatographic peak is assigned a discrete
confidence level: High, Medium, or Low. These confidence
levels are rendered visually through a straightforward color-
coding scheme:

e Blue: High Confidence
e Yellow: Medium Confidence
e Red: Low Confidence

This color-coding mechanism permits the analyst to rapidly
survey the results summary table and direct focused
attention towards peaks necessitating more thorough
investigation (namely, those designated Yellow or Red).

Example: Resolving Identification Ambiguity using RI Fit
Selection of a specific peak within the results tabulation
(Table 1) invokes the display of the detailed Hit List, complete
with associated metrics and the applied color-coding.

Peak List using Auto RI and Accurate Mass

Table 1: A compilation of the top-
ranked NIST library matches for
each compound detected in a single
run. Key metrics displayed include:
NIST (forward search score), RevS
(reverse search score), SA-M
(spectral accuracy corresponding
to the proposed formula), Rl
(experimentally determined peak
retention index), RI Lib (library
retention index for the compound),
and RI Fit (calculated as 100 minus
the absolute difference between Rl
and RI Lib).




Figure 2: The color-coded hit list pertaining to peak 21
illustrates that the primary hit exhibits a poor Rl Fit value
(deviation exceeding 35 index units), rendering it suspect.
The secondary hit presents a reasonable RI Fit; however,
hits ranked 4 through 7 demonstrate superior confidence
attributable to the excellent Rl Fit consistency observed
among this group of replica library spectra.

Consideration is given to Peak 21 from the illustrative run
(Table 1), initially classified as Red (Low Confidence).

As depicted in Figure 2, the top-ranked hit (determined

by forward search score) is highlighted in Red. Despite
possessing the highest forward search score, its associated
RI Fit value (calculated as RI Fit =100 - |RI - RI Lib]) is
suboptimal (64.9). This significant discrepancy relative to
the anticipated retention index raises considerable doubt
regarding the validity of this identification. The subsequent
hit demonstrates an improved RI Fit (82.9, highlighted Blue).
Notably, however, hits ranked 4 through 7, which correspond
to replica spectra within the NIST library, exhibit not only
commendable forward and reverse search scores but also
RI Fit values approaching ideality (99.9). This collective
evidence strongly implies that the correct identification
resides among these latter compounds. In this particular
instance, wherein all leading candidate hits possess the
identical molecular formula, accurate mass data offer limited
discriminatory power; consequently, the Rl match emerges
as the decisive factor. The system intelligently highlights
the most probable identification based on the integrated
assessment of all metrics, thereby enabling the analyst to
efficiently confirm the correct compound assignment.

Conclusion

The synergistic application of complementary analytical
methodologies—specifically, peak deconvolution, forward/
reverse library search algorithms, retention index (RI)
matching, and accurate mass-based formula identification
(Formula ID)—substantially enhances both the accuracy
and the confidence level associated with the identification
of unknown compounds via GC-MS analysis. The innovative
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Auto-Rl calibration technique detailed herein frequently
precludes the requirement for separate, potentially time-
consuming external standard analyses by effectively
leveraging high-confidence identifications derived from the
sample data itself.

To mitigate the analytical burden associated with interpreting
the augmented volume of data generated by this multi-
metric approach, the “Magic Highlighter” system functions
as an effective visualization aid. Through the computation
of a composite confidence score and the subsequent
color-coding of peaks (Blue/Yellow/Red), analysts can
rapidly discern identifications that warrant more rigorous
examination. The system further expedites the review
process by prominently indicating the most plausible hit
within the comprehensive Hit List display. Importantly, this
highlighted hit may not always correspond to the compound
achieving the highest library search score, particularly in
scenarios where Rl data furnish compelling discriminatory
evidence. This integrated strategy results in a significant
streamlining of the qualitative review workflow pertinent to
accelerating GC-MS data analysis.
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