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Figure S1. Sample PCA analysis chart plot. The PC1 coordinate represents the first principal
component, and the percentage in parentheses indicates the contribution value of the first principal
component to the sample difference; The PC2 coordinate represents the second principal
component, and the percentage in parentheses indicates the contribution of the second principal
component to the sample difference. The colored dots in the graph represent each sample, and the
closer the same set of samples is, the better the sample repeatability (a) CK-T1. (b) CK-T2. (c)
CK-T3. (d) CK-T4. (e) CK-T5. ESI (+); positive ion mode, ESI (-); negative ion mode. CK;
sufficiency (3mmol/L), T1; Ommol/L, T2; Immol/L, T3; 2mmol/L, T4; 6mmol/L, T5; 9mmol/L.
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Figure S2. Partial least-squares-discriminant analysis (PLS-DA) scores of the metabolites from
various Mg treatment in mulberry. (a) CK-T1 (b) CK-T2 (c¢) CK-T3 (d) CK-T4 (e) CK-T5. The
PLS-DA models are R2X, R2Y and Q2. Where R2X and R2Y represent the interpretation rate of
the built model to X and Y matrices, respectively, Q2 represents the prediction ability of the model,
and the closer these three indicators are to 1, the more stable and reliable the model. Q2>0.5
indicates that the model has good prediction ability, and Q2 >0.9 indicates that the model is
excellent. ESI (+); positive ion mode, ESI (-); negative ion mode.
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Figure S3. Orthogonal partial least-squares-discriminant analysis (OPLS-DA) scores of the
metabolites (a) CK-T2 (b) CK-T3 (¢) CK-T4. The OPLS-DA models are R2X, R2Y and Q2.
Where R2X and R2Y represent the interpretation rate of the built model to X and Y matrices,
respectively, Q2 represents the prediction ability of the model, and the closer these three indicators
are to 1, the more stable and reliable the model. Q2>0.5 indicates that the model has good
prediction ability, and Q2 >0.9 indicates that the model is excellent. ESI (+); positive ion mode,
ESI (-); negative ion mode.
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Figure S4. Permutation test A random ranking method used to evaluate the accuracy of (O)PLS
models. (a) CK-T1 (b) CK-T2 (c) CK-T3 (d) CK-T4 (e) CK-T5. The two rightmost points (x=1.0)
are R2 and Q2 of the original model, and all the points on the left are the R2' and Q2' of the model
after Y displacement, if all the blue Q2 points from left to left are lower than the original blue Q2
points on the far right, or the regression line of Q2 points is less than or equal to 0 at the intersection

R2=(0.0,0.83),Q2=(0.0,0.48)

-

-
-
.
e
-
i
-

0.00 0.25 0.50 0.75

Similarity(y,yperm}

R2=(0.0,0.89),Q2=(0.0,0.53)

e] -7
_ -
-
- -
-
P
- -
-
-
]
]
0.00 0.25 0.50 0.75

Similarity(y.Yperm)

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

-0.25

R2=(0.0,0.98),Q2=(0.0,0.66) ESI(-)

__________ o-_——_——_-———j
- -
]

0.25 0.50 0.75 1.00

Similarity(y,Ypem)

R2=(0.0,1),Q2=(0.0,0.49)  ESI(-)

0.25 0.50 0.75
Similarity(y,yperm)

of ordinates, it means that the model prediction results are reliable.
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Figure S5. Volcano plot of the differential metabolites from various Mg treatment in mulberry.
(a) CK-T1 (b) CK-T2 (c) CK-T3 (d) CK-T4 (e) CK-T5. ESI (+); positive ion mode, ESI (-);
negative ion mode. The abscissa is the value after log> for the different multiple of the metabolite
abundance in each comparison group, the ordinate is the p-value after the t-test, and the dashed
line perpendicular to the y-axis is the p-value threshold for differential metabolite screening. The
red dots represent VIP>1 and p<0.05, differential metabolites that are up-regulated (FC>1); The
blue dots represent VIP>1 and p<0.05, differentiating metabolites that are downregulated (FC<-
1). The larger the point, the greater the metabolite VIP value.



om 5 s Ps) Xhosm i

o
h& 1%?’%;&35‘%2?(‘” a%eSCH dro'ulan 2 -one.
s eser me 0.5
Jr?rt‘esmstevone
roxybenzaldenyde
b

ndin E2-1-glyceryl ester 05

%gi{:eagdfgznamlde

Com_208_neg Fumaric acid
Com_381 neg Pl g :0/22:3)
Com_285_n

Com_196_n gc Sin3-0 e 6"

Com_421_neg Ru(m

Com_11_neg (£)9-H

Com_152_neg Blloballd

Com 567 neg 4,5-Dicaffeoylquinic acid

Com_141_neg Succinic acid

Cum 80_neg Dihydroroseoside
m_262_neg Picroside III

Som 249 _neg PA (2:0/22:3)

Com_472_neg Subenc acld

Com_824_neg L|

Com_102_neg Elawdln acm 3

ESI (-)

Héaic aci
T Com_659_neg Mevalonic acid
Com_30. neg 12- OXOBhylodlenolc acid
Com_632_neg 1a, 1b-Dihomo prostaglandin F2a
Com_866._| neg PI(3:
Com 679 g g Me(hoxypsoralen
Com_639_neg 2-(1 3.4 1(2H)-one
Com_151 neg LPC 1
Com_325_neg Genlloplcnn
Com_163_neg 3- Hydruxysebacln acid
Com_890_neg LPA 16:3
Com_1157_neg 4-Oxoproline
Com_501_neg 4-((5-(4
Com_121  neq 4 4 Nnruphenul
Com_581_neg M:
Com_643_neg MGDG (2 0/16:4)
Com_1109_neg 16a-Hydroxyestrone
Com_351_neg Parishin E
Com_45_neg N-Acetyl-L-phenylalanine

I sz prf ’ﬂl gf&'&ec 16-yn-4-yl acetate

sAIi a3 Io ine
Uracil p A

nitrophenethyljiminojmethyljphenol

s Cilral
11 15 910\3| 0Xyoct: 11,15-di acid
( Z) ‘ rg\ydrx a%e?a 1] |r;8|c (Ci
p

ﬂlher\nne

o
%ganamﬁ’F acid
ydrax?‘zﬂcwemanemmc acid

feﬁ W*‘*f

Com_911_neg 3-methy 4,5-dihydro-1H-pyrazol-5
Com_321_neg PA (3:0/22:3)
Com_1213_neg MGDG (2:0/16:2)
Com_148_neg 3,8,9-trihydroxy- 10 -propyl-3,4,5,8,9,10-hexahydro-2H-oxecin-2-one
Com_426_ne :3)

g MGDG
Com_364_neg ()9(10)-DiHOI

Com_618_neg Orcinol gentiobioside

ESI (-)

Com_53_neg D-(+)-Malic acid

Com_102_neg Elaidic acid

Com_193_neg PI (2:0/20:4)

Com_30_neg 12-Oxo phytodienoic acid -
Com_285_neg LPC 18:2

Com_768_neg 8Z,11Z,14Z-Eicosatrienoic acid

Com_50_neg DL-Malic acid

Com_143_neg Quercetin-3B-D-glucoside

Com_871_neg Safflomin A

Com_175_neg 2-Propylglutaric acid

Com_196_neg Quercetin-3-O-beta-glucopyranosyl-6'-acetate
Com_240_neg Dihydroartemisinin

Com_141_neg Succinic acid

Com_80_neg Dihydroroseoside

Com_687_neg N-Acetyl-D-alloisoleucine

Com_45_neg N-Acetyl-L-phenylalanine

Com_257_neg Esculin

Com_581_neg Mangostin
Com_163_neg 3-Hydroxysebacic acid
Com_890_neg LPA 16:3
Com_472_neg Suberic acid
Com_262_neg Picroside Il
Com_824_neg LPA 17:0
Com_643_neg MGDG (2:0/16:4)
Com_241_neg Nystose
Com_730_neg Salvinorin B
Com_92_neg (+)13-HODE
Com_351_neg Parishin E
Com_364_neg (+)9(10)-DIHOME
Com_618_neg Orcinol gentiobioside
Com_148_neg 3,8,9-trihydroxy-10-propyl-3,4,5,8,9,10-hexahydro-2H-oxecin-2-one
Com_426_neg MGDG (2:0/16:3)
Com_11_neg (+)9-HpODE
Com_151_neg LPC 18:1
Com_321_neg PA (3:0/22:3)




ESI ()

om_472_ne ﬁuberic acid

om_241 ne

om_730"ne: r?
evao

BDG 19072

r| hl

ro:

Pl
M

I'OX

"é’ (%

J
>
Q

1
c24-
‘é Ic
BA

nereetin3E-

entiopicrin,

nég Ru

kPC 16:0
L
om 18‘3 eg

%12 0X0 Leu

d

ESI (+)

G005

s ciLinolenic.acid
w_ pramine. 1

0%
pos (3 ﬂge il

¥ 16-yn-doyl
68 Fj& "aE?xy ieptadec-16-yn-4-yl acetate

50!
333333333

50!

E\etwlnclyl) -2,5-dihydrofuran-2-one
§R&Zinan-4-yhmethanone

r% indin E2

\ e
nrz‘wetrazlne

6(2:0)

lecanedioic acid
ReG 20K

5006000008000 08000000008000E0000800080000E000000!
3333333333333333333333333333333333333333333333333

rcmol ;ggtlol)s-z)
i 3;2% e

G0 i{ f
2-methylphenyl)h -4,5-dih: -1H-) |-5-
o gp(!'\y:ér v SCIEngéJp enyl)hydrazono]-4,5-dihydro- pyrazol-5-one

rgb gell aci
Euercetgn-(i -O-beta-glucopyranosyl-6'-acetate

gydmc curbltacm F

2:3)

xy 150 propyl-3,4,5,8,9,10-hexahydro-2H-oxecin-2-one

es rone

e &
1b omo prosla landin F2a
droxyvaleric acil

'3 18:5)

glucomde

g -O- etylh%(pagsde

lﬁ%ty%-pgenylalanlne

lquinic acid

EIOxo /plalm)dlenonc ggld

ESI (-)

1 50_neg DL-Malic acid
om 158 neg LbS 162
7592 "neg MGDG (20:4/18:5)
Esculin
BClg2
PG 18:1
inycroartemisinin

Rb
BADG (18:4/20:5)
=233 o0 Ranatoning
Gom-265neg Biose
Com 331 | “neg PI (2:0/2
-heo Bl (20223,
o N0 e 35 18:5)
Gom=152eg Bllobalide
Gom 325 neg Gentiopicri
Com~935_neg Gambogellic acid
Gom 80, neg Difydrorcseoside
Gom 1758 2 Ko iohiart aco
oM 188 -1cf Buerdn 458 conranosy6-acetate
Gom~143 neg Quercetin-36-D-glu
Com_249 7 neg PA g :0/22:
Gom-567"neg 4,5 icafleoylquinic acid
38,9, hydb)-10-010py13.4.5.8.910-hexahydro-2H-oxecin-2-one
SQL/ Yo

ol Oreinolcer eobiogice
erngenin

Gom 831 neg

S N

o353 0 T égz 16:2)
arishin

Gom 351 eg
Com 32 1-neq £A (301229

& yionysebacic aoid

0 prostaglandin F2a
-E25 g Mvalane atid

Gom-307a eq Dinydrocucubitacn
Gom 541 HyGroxyvaleric acid
Gom~302"neg Eiaidic acd
Gom_472"neq Sube

g
45 neSgh ol
Com-1109 neq | AT

phenylalanine

Gom861_fieg Dodecanedioic acid
Com_943 neg PE (3:0/15:1)

0.5



ESI ()

alvinorin B

Com 1074 negSDlhydrocucurbltacm F 4
orchorifatty acid F

om neg Mevalonic acid
Com _632_neg 1a,1b-Dihomo prostaglandin F2a 05
m_541_neg 2- Hydroxyvalenc acil :
721 neg Suberic acid

157 %:4 Oxoprollne
66_neg é 4) 0
43 neg Mi DG(20164)
2_neg Elaldlc acid
Com 824 neg LPA 17:0 05
Com_581_neg Man ostin g
43 neg PE (3:0/15:1)
51_neg Parishin E
25 neg Gentiopicrin 1
109_ne 160 lydroxyestrone
63_n egh Hydroxysebacic acid
45 neg Acetyl -L - fhenylalanme
Com_32T_n
Com_11 neg% +)9-| Hp
Com_618_neg Orcinol ent10b|05|de
Com_426_neg MGDG 0/16.3)
4neg +/ thdE 10 1-3,4,5,8,9,10-hexahydro-2H in-2
rihydroxy-10-propyl-3,4,5,8,9, -hexahydro-2H-oxecin-2-one
B ShiEl y

Phytolaccagenin
1 neggz O%%utang acid

9
PA (2:0/22:3)

Dlhydroanemlsmm

neg St Copolin olin

67_neg 4,5-Dicaffeoylquinic acid

57 neg Rosamuiltin

57_neg Esculin

52_neg Bilobalide
5_1 Plantama{osrde

0_neg 12-Oxo phytodienoic acid

47_neg Succinic acid

38_neg Ranaconitine

0_neg uhydroroseOS|de

21_neg

96 neg Quercetln 3-O-beta- glucopyranosyl -6'-acetate

43"neg Quercetin-3p-D-glucoside

08_neg Fumaric acid

\jllll\l\l\l

o
II\II\II3
oo

eleleloleololelolel
OO00000000
3333 I3IIJ

O
S
3

d @ 2 2
- LN

Figure Sé6. Differential metabolite clustering heatmap from various Mg treatment in mulberry. (a)
CK-T1 (b) CK-T2 (c) CK-T3 (d) CK-T4 (e) CK-T5. ESI (+); positive ion mode, ESI (-); negative
ion mode. Each row in the figure represents a metabolite, each column represents a sample, the
different metabolites in each comparison group are normalized by rows, the red color, represent
higher metabolite abundance, and the blue represents lower metabolite abundance. Metabolites
and samples clustered separately according to their metabolite abundance, and the expression
patterns of samples or metabolites under the same branch represent more similarity.



(a) ESI (+) ESI (-)

Stercobilin{ O
N-[2-chloro-6-(trifluoromethoxy)phenyl]-2,2-dimethylprapanamide

Fumaric acid

Mevalonic acid

1,2-dihydroxyheptadec-16-yn-4-yl acetate Suberic acid
PC (14:0e/2:0) Quercetin-3-0-beta-glucopyranosyl-6™-acetate

Jasmone MGDG (2:0/16:4)

(+/-)12(13)-DiIHOME ()] Mangostin

Acetophenone LPC 18:1

Reserpine Picroside I

Isoliensinine 3-Hydroxysebacic acid

L-Pyroglutamic acid - MGDG (2:0/16:3)
on 3,8,9-trihydroxy-10-propyl-3,4,5,8,9,10-hexahydro-2H-oxecin-2-one:

PA (3:0/22:3)

Stearamide |

Bicyclo prostaglandin E2
DL-Tryptophan

PC (16:26/2:0)
Indole-3-acrylic acid
5a-Dihydrotestosterone

Succinic acid

Elaidic acid

Parishin E{ O
N-Acetyl-L-phenylalanine

-l88RRA0R08R886R8088R800
<l0000800080000806B600CONO
(o]

Hexadecanamide Dihydroroseoside:

Oleoyl ethylamide{ Bilobalide

Proline 12-Oxo phytodienaic acid

a-Eleostearic acid (+)9-HpODE

-100 -50 -800 -600 400 -200
z-score z-score
ESI (+) ESI ()
( ) L-Glutamic acid @ LPC 18:2 qQ
LPC 18:3 a (£)9(10)-DIHOME o
(+/-)12(13)-DIHOME (o] 2 ] PA (3:022:3) @
Indole-3-lactic acid @ Dihydroartemisinin{ q
Bicyclo prostaglandin E2 (®)] (o] 3,8.9-trihydroxy-10-propyl-3.4.5.8.9,10-hexahydro-2H-oxecin-2-one 0
Octadecanedioic acid [(wNe] Quercetin-3-O-beta-glucopyranosyl-6-acetate Q
Oleoyl ethylamide a Parishin E1 O O Q
a-Linolenic acid a 3-Hydroxysebacic acid O
9-Oxo-ODE a Elaidic acid Q
5a-Dihydrotestosterone { Q0 (0] 0 2-Propylglutaric acid q Bk
Proline @D| On LPC 18:1 @ O

2,3-dihydroxypropyl 12-methyltridecanoate o (2)13-HODE O
LPC 16:2 Q0 Esculin (o]
L-Phenylalanine | (€)] Succinic acid Q
Palmitoleic Acid (1] Dihydroroseoside a
Pipecalic acid (€] D-(+)-Malic acid Q
a-Eleostearic acid (0] (0] DL-Malic acid Q
Oleamide ()] 12-Oxo phytodienoic acid (o]
DL-Tryptophan (€)] N-Acetyl-L-phenylalanine { (0|
Indole-3-aerylic acid @ (£)9-HpODE (0]
-200 -100 0 -600 400 -200 0

z-score z-score



(c)

L-Pyroglutamic acid
Reserpine

a-Linolenic acid

LPE 18:2
(+/-)12(13)-DIHOME
gamma-Glutamyltyrosine
5a-Dihydrotestosterone
Stearamide
Octadecanedioic acid
Bicyclo prostaglandin E2
DL-Tryptophan
Indole-3-acrylic acid
Pipecolic acid
9-Oxo0-ODE

Choline

Hexadecanamide |

Palmitoleic Acid
Oleoyl ethylamide
PC (16:2e/2:0)
Oleamide

(d)

ESI (+)

6666666066806
0o ooo o ©

(o]

000 00 O

-60

-40 =20

0@@@8@@@@gg

Z-score

ESI (+)

LPE 18:3

Oleoyl ethylamide
o-Eleostearic acid

LPC 18:3
50-Dihydrotestosterone
(+/-)12(13)-DIHOME
a-Linolenic acid
L-Glutamic acid
Octadecanedioic acid
Bicyclo prostaglandin E2
Choline
L-Phenylalanine
Proline
Hexadecanamide
DL-Tryptophan
Indole-3-acrylic acid
9-Oxo-ODE

LPC 16:2

PC (16:2e/2:0)
Oleamide

e 6666666066
88ogggo o [eReYeXoYo)

©p

-lgeee
]

Quercetin-3-0-beta-glucopyranosyl-6'-acetate

N-Acetyl-L-phenylalanine
Quercetin-3-O-beta-glucopyranosyl-6'-acetate

ESI ()

4,5-Dicaffeoylquinic acid
MGDG (2:0/16:3)
(+)9(10)-DIHOME

PI (2:0/22:3)

Esculin

Parishin E

PI (2:0/20:4)

PA (3:0/22:3)
3-Hydroxysebacic acid
Elaidic acid

Succinic acid

Bilobalide

PA (2:0/22:3)

Fumaric acid
Dihydroroseoside
N-Acetyl-L-phenylalanine
12-Oxo phytodiencic acid
D-(+)-Malic acid
13(S)-HOTIE

ESI(-)

-600 -400 -200
z-score

(o]
-l000000000008000006688

(+)9(10)-DIHOME
Pl (2:0/22:3)
Gentiopicrin

Esculin

Dihydroartemisinin

MGDG (2:0/16:3)
Ranaconitine
LPC 18:2

PA (2:0/22:3)

PA (3:0/22:3)
Parishin E

LPC 18:1
Bilobalide

LPS 18:2

Elaidic acid
DL-Malic acid
Dihydroroseoside
(+/-)9-HpODE

-800

-600 -400 -200

Z-score

-loeececeoB8c0c080800000

(o Rr]



(e) ESI (+) ESl ()

LPE 18:3 00 Succinic acid [4]
Oleoyl ethylamide 00 Rutin ()]
1,2-dihydroxyheptadec-16-yn-4-yl acetate (0] (0] Bilobalide (0]
5a-Dihydrotestosterone @ (o] ParishinE{ @ (o]
Hexadecanamide ® N-Acetyl-L-phenylalanine (0 0]
VLH @ P (2:0120:4) 0
Glu-Val-Phe 00 3-Hydroxysebacic acid @
Quercetin 00 Ranaconitine Q
L-Pyroglutamic acid o0 Esculin Q
(+1-112(13)-DIHOME o) o - Fumaric acid [o) -
Pipecolic acid 00 Ot Quercetin-3-0-beta-glucopyranosyl-6'-acetate (0] o
Octadecanedioic acid (W] Elaidic acid Q
Kaempferol 00 Quercetin-3@-D-glucoside (i)
Trifolin [e]0] Corchorifatty acid F 0
9-Ox0-0DE C0 Dihydroroseoside 0]
Choline 00 2-Oxoglutaric acid 0
a-Eleostearic acid{ QD (o] LPG 16:0 Q
PC (16:26/2:0) 00 (£)9-HpODE 0
Proline Q0 12-Oxo phytodiencic acid 0
LPC 16:2 0O 0 (+49-HpODE 0
-120 -80 -40 0 -600 -400 -200 0
Z-score Z-5core

Figure S7. Differential metabolite Z-score plot from various Mg treatment in mulberry. (a) CK-
T1 (b) CK-T2 (¢) CK-T3 (d) CK-T4 (e) CK-TS5. ESI (+); positive ion mode, ESI (-); negative ion
mode. The abundance of metabolites after the abscissa is z-score, each ordinate is a metabolite,
red represents the control group sample in the comparison group, blue represents the sample of the
treatment group, each circle represents a metabolite, each sample z-score<(O represents the
downward regulation of metabolites, and z-score>0 represents the upward regulation of metabolite
abundance.
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Figure S8. Orthogonal partial least-squares-discriminant analysis (OPLS-DA) scores of the
metabolites (a) CK-T2 (b) CK-T3 (c¢) CK-T4. The OPLS-DA models are R2X, R2Y and Q2.
Where R2X and R2Y represent the interpretation rate of the built model to X and Y matrices,
respectively, Q2 represents the prediction ability of the model, and the closer these three indicators
are to 1, the more stable and reliable the model. Q2>0.5 indicates that the model has good
prediction ability, and Q2 >0.9 indicates that the model is excellent.
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Figure S9 Sample correlation heatmap chart description. (a) CK-T1 (b) CK-T2 (c) CK-T3 (d)
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represents the Pearson correlation coefficient of the corresponding two metabolites, the higher
the value, the darker the color, indicating that the two samples are more correlated.
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Figure S10. Differential metabolites network analysis from various Mg supply in mulberry. (a)
CK-T1 (b) CK-T2 (c¢) CK-T3 (d) CK-T4 (e) CK-TS5. The network was built using the differential
metabolites classes.
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Figure S11. Differential metabolites KEGG annotation from various Mg application in mulberry.
(a) general KEGG annotation of all the extracted metabolites (b) differential in CK-T1 (c)
differential in CK-T2 (d) differential in CK-T3 (e) differential in CK-T4 (f) differential in CK-TS5.
KEGG pathways were retrieved from www.kegg.jp/kegg/keggl.html.
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Figure S12. Differential metabolites KEGG enrichment analysis of the top 20 pathways from Mg
treatments in mulberry. (a) CK-T2 (b) CK-T3, (c) CK-T4. The bar graph is the metabolites
percentages in the pathways and the bubble plot on the right side represents enrichment factor of
the metabolites in the pathways using the smallest g-value.



