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1. Experimental conditions

Conditions of rice growth in chamber MLE-352H
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Figure S1. Experimental conditions employed for rice growing in the chamber MLE-
352H: light intensity (blue) and temperature (orange). Day hours (yellow, left side of the
graph), and night hours (purple, right side of the graph) are also distinguished.

Table S1. Summary of the As (V) concentration levels employed in this study.

Treatment applied Concentration value
Watering Low (WL) 1 uM

Soil Low (SL) 15 uM

Soil High (SH) 155 uM
Watering High (WH) 1000 uM




2. Chemometric tools: the ROIMCR procedure

ROIMCR procedure is summarized in Figure S2. First, regions of interest, ROI, (purple
section in Figure S2) is employed for compressing LC-MS datasets in the spectral
dimension, while creating an augmented matrix which concatenates the different samples
in a column-wise manner. Then, multivariate curve resolution alternating least squares,
MCR-ALS, (blue section in Figure S2) is applied. The compressed LC-MS datasets are
resolved, providing separate information about the spectra profiles (qualitative
information for identification purposes) and elution profiles (quantitative information,
from the resolved peak areas). Each component from the MCR-ALS ideally represents
one potential compound, joining isotopic forms and adducts in the same component (i.e.
componentization). Therefore, it can be associated with a compound (i.e. lipid or
metabolite). Afterwards, multivariate analysis (e.g. statistical, exploratory or

classification analysis) is performed on the area matrix obtained from MCR-ALS.

A more detail description of each chemometric method is included below.
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Figure S2. Scheme of the ROIMCR workflow. Step 1: spectral compression with regions
of interest (purple). LC-MS datasets are reduced in the m/z direction by keeping only
relevant m/z values. Samples are concatenated in a wise-column manner. Step 2:
multivariate curve resolution alternating least square (blue). Resolution of the spectral
and elution profiles. An area matrix is obtained from the integration of the resolved

elution profiles.

Regions of interest (ROI) as spectral compression




ROI approach selects m/z values below an intensity threshold established a priori by the
user according to the signal-to-noise ratio (SN threshold) for each dataset. ROl also takes
into account a mass error tolerance, related to the mass accuracy of the mass spectrometer,
and a minimum number of occurrences, required for defining a chromatographic peak. A
factor can also be set to establish an intensity threshold low, but only considering the
features whose intensities are a multiple of this factor (e.g. min max 2, means features
kept have intensities at least twice the SN threshold). ROl m/z values are searched for
each retention time, and the final value will be the mean (or the median) of all the values
corresponding to the same chromatographic peak. If an m/z value is detected for some
samples but others no, then non-present ROIs will be set to a low random intensity value
at the noise level. With this strategy, the original m/z vector is reduced for all samples
simultaneously; the new vector is composed of discrete m/z values. Hence, only relevant
features remain at the end of the procedure, which are considered for further analysis.
More information about the MSroi app and the ROI approach can be found elsewhere
[1,2]. ROI parameters employed in the analysis of each dataset, according to the platform
(lipidomics or metabolomics), the tissue (roots or aerial parts) or the electrospray

ionization mode (positive and negative), are included in Table S1.

Table S2. ROI parameters employed and MCR components obtained for each dataset.

Lipidomics Metabolomics
Roots Roots Azrr[[asl Azrrltasl Roots Roots AZ‘:&' AZ?,ZI
ROI parameters ESI ESI P P ESI ESI P P
) 0 ESI ESI ) 0 ESI ESI
(+) () (+) )
SN threshold 1.00E+03 3.50E+02 1.00E+03 6.50E+02 2.00E+06 1.00E+07 2.00E+06 1.00E+07
Min max factor 2 2 2 2 2 2 2 2
Mass error (ppm) 30 30 30 30 10 10 10 10
Min occurences 100 100 100 100 100 100 100 100
Rois calculation Median Median Median Median Median Median Median Median
N° of rois obtained 217 297 221 187 347 137 345 212
[o]
N° of MCR 150 100 110 65 150 80 150 100
components

Multivariate curve resolution alternating least squares (MCR-ALS) for the

resolution of the spectral and elution profiles

The decomposition provided by MCR follows a bilinear model:

D=CST+E Equation (1)




Where D is the LC-MS data matrix with the different retention times in the rows and the
m/z values in the columns; C is the matrix containing the resolved elution profiles for
each of the MCR components (which can ideally be associated with a single chemical
compound), ST the matrix containing the spectral profiles for each component too, and E
the matrix with the residuals not explained by the model. If multiple samples are analyzed

simultaneously, then the bilinear model extends accordingly:
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Where Daug is the augmented data matrix including all samples, each of them composed

D, Eq

E

Dayg = ST + = CaugS”™ + Eayg Equation (2)
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by a data matrix of the chromatographic run (D1, ...DL). Samples are concatenated
vertically, in a column-wise manner. Caug has the elution profiles of the components
present in all analyzed samples, and ST the spectral of these components. Again, Eaug is

the residual matrix, containing the non-explained variances.

MCR-ALS is a specific version of the MCR method where the optimization step to
resolve the component profiles employs an iterative alternating least squares algorithm
(ALS). This approach has been described elsewhere [3]. In the first step of the MCR-ALS
approach, the number of components is selected, which is initially estimated from the
number of singular values, using the singular value decomposition (SVD) algorithm. In
the next step, initial estimates (elution or spectral profiles) are obtained for the selected
number of components. Then, the ALS iterative optimization begins. Here, optimization
was started on initial estimates of pure spectra (ST), obtained from a purest spectra
detection of pure variable detection approach [4]. When convergence criterion is
achieved, the process finishes. Constraints are also frequently employed to reduce
ambiguities associated with the bilinear model (i.e. it does not assure unique solutions)
and provide chemical meaning to the mathematical solutions. In this case, non-negativity
constraint was selected for both spectral and elution profiles. Equal height was also
applied for spectral normalization. The number of components obtained for each dataset
is included at the bottom part of Table S1.




3. Multivariate analysis

Statistical assessment and exploratory analysis of arsenic exposure

Table S3. Statistical results from ASCA.
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Figure S3. PCA score plots are shown for positive ionization mode obtained for lipidomic

results for roots (A) and aerial parts (B), as well as metabolomic results for roots (C) and

aerial parts (D). Both lipids and metabolites from root tissue are more affected by

treatment rather than concentration level, whereas aerial parts have the opposite scenario.
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Feature selection and annotation

Table S4. PLS-DA results: n of Variables Important in Projection > 1.0 and Matthew Correlation Coefficients.

Lipidomics Metabolomics
PLS-DA results Roots  Roots Aerial  Aerial Roots  Roots Aerial  Aerial
ESI(+) ESI () parts parts ESI(+) ESI () parts parts
ESI (+) ESI(-) ESI (+) ESI(-)
Cvs WH 72 48 61 37 62 35 69 46
Ii/l‘lsg':‘ C vs WVL 72 47 57 35 68 44 50 43
1.0 CvsSM 74 47 58 37 65 37 59 53
CvsSL 70 55 57 38 60 23 53 46
Cvs WH 1.0 1.0 1.0 1.0 0.9 0.9 1.0 0.7
MCC CvsWVL| 1.0 1.0 1.0 1.0 0.9 1.0 1.0 0.7
CvsSM 1.0 1.0 1.0 1.0 0.7 1.0 1.0 0.9
CvsSL| 1.0 1.0 1.0 1.0 0.7 0.7 1.0 0.9
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Figure S4. Experimental MS/MS spectrum of L-tryptophan compared to a theoretical

MS/MS spectrum for the same compound in aerial tissues with ESI (+).




Table S5. MS-DIAL parameters used in metabolomic annotation.

Start up a project

HILIC-HRMS method ESI(+)

HILIC-HRMS method ESI(-)

lonization type

Soft ionization

Soft ionization

Separation type

Chromatography (LC)

Chromatography (LC)

Method type SWATH-MS or conventional SWATH-MS or conventional
All-ions method All-ions method

Data type (MS1) Profile Profile

Data type (MS/MS) Profile Profile

lon mode Positive ion mode Negative ion mode

Target omics

Metabolomics

Metabolomics

Data collection

MS1 tolerance 0.01 0.01
MS?2 tolerance 0.1 0.1
Retention time begin 0 0
Retention time end 20 20
Mass range begin 90 90
Mass range end 1000 1000
Maximum charged number 2 2
Consider Cl and Br elements Unchecked Unchecked
Number of threads 20 20
Execute retention time Unchecked Unchecked
corrections

Peak detection
Minimum peak height 500 500
Mass slice width 0.1 0.1

Smoothing method

Linear weighted moving average

Linear weighted moving average

Smoothing level 3 3
Minimum peak width 5 5
Exclusion mass list (tolerance: Not used Not used
0.01Da)
MS2Dec

Sigma window value 0.5 0.5
MS2Dec amplitude cut off 100 100
Exclude after precursor Checked Checked
Keep isotope until 0.5 0.5
Keep the isotopic ion w/o Unchecked Unchecked
MS2Dec

Identification
Retention time tolerance 0.5 0.5
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Accurate mass tolerance (MS1)  0.01 0.01
Accurate mass tolerance (MS2) 0.1 0.1
Identification score cut off 70 70

Use retention time for scoring Unchecked Unchecked
Use retention time for filtering Unchecked Unchecked
Postidentification Not used Not used

Adduct

Molecular species

[M+H]+, [M+NH,]+, [M+H-
H20]+

[M-H]", [M+Hac-H]’, [M-H-
H.0]

Alignment
Retention time tolerance 0.2 0.2
MS1 tolerance 0.02 0.02
Retention time factor 0 0
MS1 factor 1 1
Peak count filter 0 0
N%b detected in at least one 0 0
group
Remove feature based on blank  Unchecked Unchecked
information
Sample average / blank average 5 5
Keep ""reference matched™ Checked Checked
metabolite features
Keep "'suggested (w/o MS2)" Unchecked Unchecked
metabolite features
Keep removable features and Checked Checked
assign the tag
Gap filling by compulsion Checked Checked
Isotope tracking
Not used Not used

Table S6. Experiment file used in MS method type section from
start a project window in MS-DIAL

Experiment file

Experiment MS Type Min m/z Max m/z
0 SCAN 90 1000
1 MSMS 90 1000
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Discussion of lipidomic results

Aerial negative mode

|—————————————————-————-|

(z8raan
(eoeivd

(Lioelvd

(Zseivd
um (z6elsd
(ozrlod

(5:LE)vd
(Eo¥id
(£0°Z:8E)ROX0E
(o6elsd
— (OigEkagxH

(e0'Z:0p}iz0xak

(O'):Zp)oD X0k
1 ﬁ- - (e:8E)vd
(evElad
- (zvelad
_H (rioelad
(relod
(g'6E)Sd

— - (@vrivd

(rioviod

_. (el
L (yiLelvd

(zoeivd

(6elsd
(ri6elsd
(0:46)5d
(o'iwisd
(ei6E)Sd

(vivd

* (erselvd —

Roots positive mode

(1:oe)oasn
[ | (govoa

(g58)00

(zse)oasa

-
(556)00
(z5e)90
[(E=¥4 2
[CEE:TH
(rigeloa
(zveloa
(eveloa
(oznodn
(reg)oasa

- (ewe)od
(hiceloasn
d d bstoeem
(1eelogen

(z¥e)ogea
(kwe)oasa

(e2Zr-0)od

(Z:oe)oasn
(@ve-dlod
[ ] | | (G

(1:ziogow

rre——mmi1 =1 L [ —7 T "
-

(ZOTHEMS
(o:02)avn

| | (800
(:96)0d

mr’#ﬂh#?m

|

[Clora AT

oo

L e e e - -

Roots negative mode

L e |

(zze)od
(Z¥E)0d
(ol:ee)moxaH
(Ee)sd
(E4%)3d
(@¥eivd
(e6)5d

— (1ve)ad
(gi9e)3d
(voikwylan
(vorod

(O pphaOxaE

L (e0z0e)a0xst

- (0061081

ZO'1ENS
ﬁ (co'ora0E

(8000750
ﬁ (g:zvisd

_‘| (r'gEivd
L LR T

(a]
<t

(viegisd

(z81ad

(o:giod

_ -aoas:{

(Z81van

(e8elvd

(zreehvd
[CLE 2R
(ee)ad

(egelvd

—— o o R o omm o wd

)|
12 |

(
L




Figure S5. Hierarchical clustering heatmaps applied to the logarithm of the fold changes
of the annotated lipids for aerial in positive mode, roots in positive and negative modes,
respectively. A color intensity bar is included on the left side of the figure, indicating the
relative abundance of the lipid regarding control samples (higher abundance in red, lower
abundance in blue). Two clusters are differentiated in all cases, with an increasing

abundance (A) and a diminishing abundance (B).
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