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Comprehensive Untargeted Metabolomic Analysis from Five Stages of Blueberry Development by High Resolution Accurate Mass Spectrometry
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1. Introduction

Metabolomic studies of blueberry cultivars and growth stages have
been conducted to identify optimal cultivation conditions maximizing
antioxidant production. Many of these studies utilize reversed phase
(RP) chromatography and target fragmentation data collection at the
most abundant chemical species as observed by electrospray
ionization mass spectrometry (ESI MS). However, this strategy may
miss important metabolites suppressed by matrix effects or unfavorable
lonization. A comprehensive untargeted metabolomic study was
performed to determine how diverse chromatographic separation and
multiple fragmentation strategies could impact the identification of
additional metabolites. The expanded metabolomics data was used to
assess differences across fruit developmental stages and determine if
unique metabolomic populations could be identified between stages.
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In this study, blueberry cultivar
(Vaccinium corymbosum) were
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Sciences at Texas A&M Figure 1. Blueberry developmental stages.
University College Station, Texas. Samples were collected from 4-
years old Dblueberry trees at different fruit developmental stage
described in Figure 1. The ripening stage of the blueberry cultivars, the
extraction of the blueberry samples, and preparation of samples for
untargeted LC-MS analysis were done following the methods listed by
Das et al.

All samples were analyzed in ftriplicate and in a randomized order
using a Nexera HPLC and a Shimadzu LCMS-9050 Q-TOF. To
maximize feature identification across the blueberry developmental
stages, both RP and hydrophilic interaction liquid chromatography
(HILIC) were used. Mass spectrometry data was collected with ESI in
positive and negative mode using data-independent analysis (DIA) and
data-dependent analysis (DDA), generating 8 different analytical
methods in total (Figure 2).

Table 1. Analytical conditions.

Nexera LC Series LCMS-9050
S Y T TTVTSR ebuiizing Gas 3.0 L/min

Col Shim-pack Scepter C18-120 Shim-pack Velox HILIC
R 1.9um, 2.1 x 100 mm 2.7um, 2.1 x 100 mm

Mobile Phase A |JE¢E; Water

Mobile Phase B Acetonitrile f;c;‘tg)nltnle:Water

lonization Mode ESI (+/-)

Heating Gas 10.0 L/min

Interface Temp. 300 °C
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10 mM Ammonium

0.1% Formic acid Formate 0.1% Formic Interface Voltage (+)+1.5 kv
- (-)-1.5kv
acid
Flow rate _____ LELILL 0.3 mL/min DLTemp.  250°C
Heat Block Temp. 400 °C
Drying Gas 15.0 L/min

Figure 2. Experimental design.

Aligned Features

3. Results
3.1. System performance for RP and HILIC analysis

All blueberry samples were
analyzed in triplicate and in
randomized order. A pooled

""""""""""""""""""""""""""""""""""""""""" « quality control (QC) sample
was prepared by combining
40 yL from each individual
v v o, sample into a single vial.

QC Pooled 1

QC Pooled 1

Figure 3. Overl_ay of the MS1 TICs of the pooled Figures 3 and 4 show the
QC samples using HILIC method. .
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Figure 4. Overlay of the MS1 TICs of the pooled QC samples using RP method.

3.2. Data Analysis with LabSolutions Insight™ Profiler

Insight Profiler was used to analyze the MS/MS data. Figure 5 shows
an overview of the alignment results of the HILIC DDA Positive
analyses. 2384 features were aligned and 1001 components were
found. The aligned features can be sorted by F-statistic to identify the
most statistically significant features across the groups.
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Figure 5. Overview of alignment results as seen in LabSolutions Insight Profiler

The PCA plots for all 8 analytical methods are shown in Figure 6. All
analyses show the same overall groupings with Stage 1 demonstrating
the greatest differentiation from the other stages,
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Figure 6. PCA for all analysis modes. Overall, positive mode analyses

produced more aligned features
and found components than
negative mode. HILIC
chromatography showed more
features and components than
RP. DIA and DDA analyses
identified comparable numbers
of features and components.
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Figure 7. Total Features and Components
for each analytical method.

Figure 8 shows representative library matches and the box plots
comparing the relative area of the compound across sample types.
There were many examples of compounds with distributions like
thiamine (top), showing considerably more variation in Stage 1 versus
the other stages, but there were also many compounds showing
significant differences across all growth stages as seen for
sayaendoside (bottom).
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Figure 8. Box plots and library matches for two analytes with high F-statistic values

Compounds were searched against three libraries simultaneously, the
complete MS-DIAL library, the EMBL library, and the GNPS library.
Library matches are shown in the Alignment Table and library matches
with experimental MS2 spectra mirrored against the library entry MS2
spectra are shown in Figure 8. The Venn diagrams in Figure 9 shows
the number of library matches identified that were unique to each
analytical method as well as library matches identified by multiple
analyses. More than 75% of library matches were encompassed by a
combination of HILIC DDA and RP DDA for both positive and negative
mode.

Positive Mode Library Matches by Analysis Type Negative Mode Library Matches by Analysis Type

HILIC_DIA HILIC_DDA HILIC_DIA HILIC_DDA
46 Unique Hits 51 Unique Hits 4 Unique Hits 24 Unique Hits
HILIC_DIA/DDA HILIC_DIA/DDA
HILIC/RP 51 Shared HILIC/RP_DDA ”'L:;TP 0 Shared HILIC/RP_DDA
_DIA 17 Shared = 16 Shared
3 Shared 1 Shared
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1 Shared 22 Shared 0 Shared 3 Shared
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Figure 9. Unique and shared library matches by analysis method.

4. Conclusions

The Shimadzu LCMS-9050 provided a comprehensive analysis of plant
extracts when complementary chromatographic and MS analysis
modes were utilized. All five growth stages showed distinct metabolimic
populations. Overall differentiation of groups is captured by any of the
analytical methods employed, but the same approach can be used to
get a more holistic approach to metabolome coverage. If reduced
analysis time is preferred, a combination of HILIC DDA and RP DDA
methods characterize most metabolites.
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