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Objective:

•To develop an ensemble-based annotation pipeline that integrates multiple in 

silico MS/MS prediction tools to assign structural information to MassBank 
spectra with higher confidence and transparency.

Methods:

•A unified-HILIC/AEX retention time prediction model was developed in 
Python/Scikit-learn and evaluated using a plasma sample (SRM-1950).

•The annotation tool was developed in a Python/Ubuntu/WSL2/Windows 11 

environment.

Results: 

•As a result, we constructed an integrated analysis pipeline combining CFM-ID, 

MetFrag, MS-FINDER, and SIRIUS.

III-1. Unified-HILIC/AEX RT prediction model III-2. Comprehensive structural annotation of polar metabolites in 

human plasma (SRM 1950)

Peak picking 

Metabolic features: 1675

Identification by in house library

62

Yes No

HMDB search and in silico 

MS/MS prediction

Yes No

1257RT prediction
Yes No

140Structurally annotated 

metabolites: 216

(Identification by standards: 

homoarginine, trigonelline, imidazole lactate)

1613

356

Background subtraction

Data grouping (isotopes, adducts, and polarity differences)

Score Score + ΔRT

N
u

m
b

e
r 

o
f 

s
tr

u
c
tu

ra
l 

c
a
n

d
id

a
te

s

0

20

40

60

80

100

Filtering rate of polar 

metabolite candidates

III-3. In silico structural annotation tools
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Development of a novel structural annotation tool integrating features from existing tools

• Scoring based on bond dissociation energy and neutral loss

• Utilization of known substructure-specific fragmentation patterns

• Generation of in silico fragments based on hydrogen rearrangement rules
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Development of Structural Annotation Scripts
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Using adduct and formula data with CFM-ID, MetFrag, and MS-FINDER

※For details on the setup of the structural annotation pipeline 

and the usage of each script, please refer to the user manual.

III-4. Workflow of structural annotation using MB in silico

III-5. MassBank in silico web app: Integration of Tool-Specific Analytical Characteristics

Recent advances in LC/MS-based metabolomics have enabled the detection of thousands of molecular features. 
However, 80–90% of them remain unidentified because a method that can be applied to all unknown metabolites has 

not yet been developed. To address this challenge, we developed an ensemble-based annotation approach that 

enables comprehensive structural inference for unknown metabolites.

Objective
Structural elucidation of unknown metabolites

Approach
Construction of an in silico predicted mass spectral library (95,000 compounds) based on chemical structures. Development of 

an analytical pipeline that annotates high-quality MassBank Human spectral data with structural information

• Provides annotation functionality using in silico predicted spectra.

• Collects predicted MS/MS spectral data for metabolites lacking standard compounds.

α Version Now Available

Stores in silico MS/MS prediction data for 95,000 metabolites based on 

conventional methods (including KEGG and HMDB database IDs and structures).

III-6. MassBank in silico Web App: Workflow and Analysis Examples

Total_score =
Total NL Score per Candidate Min. Total NL Score

Min. Total NL ScoreMax. Total NL Score

－

－
× W1 +   Annotation_score    × W2 +    Matching_score     ×  W3 

• The median filtering rate of the structural candidates among the 356 metabolic features was 50%, which demonstrates the usefulness of the RT predictive filtering method.

•  We constructed an integrated analysis pipeline combining CFM-ID, MetFrag, MS-FINDER, and SIRIUS.

• These results highlight the effectiveness of combining orthogonal strategies for improving structural annotation accuracy. 

• We developed and released a new web app, MassBank in silico, which leverages the complementary strengths of existing annotation tools.

• As a future direction, we aim to apply retention time (RT) prediction to the annotation results to eliminate false positives.
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1. Click “Example” to load sample data.

2. Click “Analysis start” to perform structural annotation of the MS data.

3. Click “Public DB ID” to view detailed annotation results.

The MassBank in silico web app inherits the design philosophy validated through BioChemCalc 

(DOI: 10.1016/j.rineng.2026.110059, Torigoe Institute of Life Science, LLC).
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