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Figure 3. Rust disease symptom: aecium formation on pear leaf (reference:
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Crataegus  pinnatifida, = Chaenomeles  sinensis,  Pyrus
pyritoliaol sl & 9719 Gymnosporangium  specimens<
TH3FA ;. Compound light microscope”} ¢ E9F, peridium,
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JAMAS2]  pathway  mapping®l®=  VANTED software”’}
AbgElon [14], A1 A& KEGG pathwayellAdl KGML file
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Figure 4. Leaf samples of Crataegus pinnatifida (control, a; parasitized, b), Chaenomeles sinensis
(control, c; parasitized, d) and Pyrus pyrifolia (control, e; parasitized, f).



e 44 T8 #E T AIEE Rosaceae o XEH =
37}YA &9l Crataegus pinnatifida (AHARYS, o]k CP),
Chaenomeles sinensis (23U, 0|8} CS) and Pyrus pyritolia
(v, olet PS) oA FSsEdu (Figure 4). ol&2
deformity®} fungal aecia® Zt1 U S™, Morphological
characteristicer ®.S8k= o 2ol ettt 7A4 0= ofH
T Aol AAHEN=AE FAs] fdA aeciospore®
g@eglon,  d¥sd SHCRNE  Gymnosporangium
asiaticum®l| 3Fot= S ATt (Figure 5) [16]. °l&

Aslstalel W o w7 #3312 DNA sequences jPHYDIT <&

o] &3t pairwise alignmentdt ¢, GenBank database°] %+
3T 2 sequence (FJ848744, FJ848745, FIR48746, 630 bp
matching) &+ B3I TE [16-19]. ©]& tidwlatelA LAE T

o] AAE specimens$} U 3HS gelsiTt.

Figure 5. Aeciospores of Gymnosporangium asiaticum on Pyrus pyrifolia (x400)
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ol o5 A= SEs wl U tiAbA S 'S 3] Q)siA
2} 37k F9 AEold YAKAIE E5eklt (Table 1), thARA €]
identifications #lste] FEA3t © tjAlAll =2 retention time¥}
fragment ion A H]ES Q5P O, o]E NIST database
(NISTO8 version) @} B]@ &Rt T3 fAF 25 Ad TG/
identifications &3] 3}7] $18to] standardE o] &3] FEAst
H thAFAIS] retention index$} vl FIETE AyHow =
34702 AMAIE F<1e ©™W, organic acid 7%, amino acid
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Table 1. List of identified metabolites and the differences between control
and parasitized leaves

Retention
time (min)
8.04
8.08
8.73
9.25
9.41
9.84
10.43
12.16
12.47
13.04
13.10
13.73
14.69
15.27
16.00
16.12
16.40
17.00
17.21
17.29
17.92
18.01
18.23
18.82
19.91
20.09
20.37
20.65
20.93
21.07
22.10
23.39
23.79
24.61
24.70
25.06
31.10
32.84
33.97

Compound name

Phosphoric acid, 3TMS
Glycerol, 3TMS
Succinic acid, 2TMS
Glyceric acid, 3TMS
Fumaric acid, 2TMS
Serine, 3TMS
Threonine, 3TMS
Citramalic acid, 3TMS
Malic acid, 2TMS
Erythritol, 4TMS
Aspartic acid, 3TMS
Erythronic acid, 4TMS
3-H-3-MP acid, 3TMS®
Xylonic acid, 3TMS
Xylose, 4TMS, 1 MO
Arabinose, 4TMS
Ribose, 4TMS, 1 MO
Xylitol, 5TMS

Arabitol, 5TMS

Ribitol, 5TMS
Arabinofuranose, 4TMS
Ribonic acid, 5TMS
Idonic acid, 4TMS
Citric acid, 4TMS
Sorbose, 5TMS
Mannose, 5TMS, 1 MO
Fructose, 5TMS, 1 MO
Galactose, 5TMS, 1 MO
Mannitol, 6TMS
Sorbitol, 6TMS
Gluconic acid, 6TMS
myo-Inositol, 6TMS
Glucose, 5TMS, 1 MO
Linoleic acid, 1TTMS
Oleic acid, 1TTMS
Stearic acid, 1TTMS
Sucrose, 8TMS
Maltose, 8TMS
Melibiose, 8TMS

Fragment ion (derivatized compound)?®
298(100), 73(60), 313(18), 45(11)
73(100), 147(78), 205(43), 117(32), 103(31)
147(100), 73(52), 75(19), 148(16), 246(10)
73(100), 147(61), 189(31), 292(23), 102(17)
245(100), 73(57), 147(41), 143(23)
73(100), 204(95), 217(53), 100(27), 147(20)
73(100), 117(48), 218(41), 57(22), 147(17)
73(100), 147(53), 247(41), 75(23), 115(15)
73(100), 147(53), 233(18)
73(100), 147(57), 216(51), 103(34), 205(28)
232(100), 73(98), 100(32), 147(22), 218(16)
73(100), 147(51), 292(24), 117(14), 103(11)
73(100), 147(47), 247(31), 115(18), 231(18)
73(100), 217(29), 147(27), 129(18), 102(11)
73(100), 103(77), 217(49), 307(32), 147(28)
73(100), 103(88), 217(43), 307(29), 147(25)
73(100), 103(80), 217(44), 307(28), 147(24)
73(100), 217(64), 103(42), 147(40), 205(21)
73(100), 217(63), 103(44), 147(41), 205(22)
73(100), 217(57), 147(43), 103(40), 205(27)
217(100), 73(92), 147(31), 232(10)
73(100), 292(45), 147(36), 103(30), 217(29
73(100), 147(36), 217(28), 103(24), 436(20
73(100), 273(71), 147(59), 347(17), 375(14
73(100), 103(76), 217(52), 307(32), 147(24
73(100), 319(48), 205(41), 147(39), 160(26
73(100), 103(73), 217(53), 307(33), 147(24
73(100), 319(49), 205(40), 147(39), 217(21
73(100), 319(56),
73(100), 319(53),
)
)
)

73(100), 147(36

147(43), 205(39), 217(35
147(42), 205(36), 103(29
333(28), 292(25), 103(15
73(100), 217(60), 305(58), 147(44), 318(31
73(100), 319(63), 205(38), 147(36), 103(21
75(100), 73(97), 67(77), 81(70), 55(54)
73(100), 117(94), 75(90), 129(64), 55(56)
117(100), 73(75), 75(56), 341(55), 132(54)
73(100), 361(88), 216(37), 147(25), 103(22)
73(100), 361(86), 204(59), 147(34), 217(31)
204(100), 73(66), 217(29), 205(28), 361(27)

12

p-value
0.13
0.18
3.0x10*

6.5x10™
NM

NM
NM

2.3x10*
0.05

1.3x10"
NM

NM
NM

0.93
0.018
3.0x10%
0.25
0.015
3.9x10%
2.5x107
NM

0.64
8.2x10*
0.017
0.17

0.24
9.0x10®
1.0x 1071
1.7x10™"
3.6x10™
0.79
0.044
0.84

NM
1.54x10°
0.061
0.32
0.007
0.041

Fold
change
0.73

1.47
0.54
0.53

0.33
0.87
2.85

0.99
1.50
0.50
0.88
1.49
11.39
243

0.93
0.51
1.18
0.92
0.92
0.46
0.39
2.86
0.35
0.94
1.30
0.97

0.61
0.81
0.82
1.70
0.76

Identification
STD

NIST
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Table 2. Multivariate (VIP value > 1.00) and univariate (p-value < 0.05)
statistical parameters of 26 marker metabolites with whole data (n=60) implying
importance for discriminating control and parasitized groups.

Metabolites VIP value p-value
Erythritol 2.35 1.3x10"
Arabitol 2.34 3.9x10%

Galactose 1.89 1.0x 107
Citric acid 1.65 0.017
Maltose 1.50 0.007
myo-Inositol 1.47 0.044
Mannitol 1.45 1.7x10"
Arabinose 1.40 3.0x10°®
Xylitol 1.40 0.015
Malic acid 1.39 0.05
Glucose 1.37 0.84
Ribitol 1.33 25x107
Glycerol 1.28 0.18
Gluconic acid 1.26 0.79
Phosphoric acid 1.25 0.13
Fructose 1.22 9.0x10°%
Mannose 1.08 0.24
Ribose 1.03 0.25
Sorbitol 1.01 3.6x107™
Sorbose 1.00 0.17
Succinic acid <1.00 3.0x10*
Glyceric acid <1.00 6.5x10™"
Citramalic acid <1.00 2.3x10*
Oleic acid <1.00 1.54 x 10
Melibiose <1.00 0.041
Xylose <1.00 0.018
14
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Figure 6. Control and parasitized leaves of Rosaceae differ in metabolite
levels. (a) PLS-DA score plots of CP (diamond, n = 20), CS (box, n = 20) and
PS (triangle, n = 20) under the two conditions (parasitism, red; control, green)
with PC1 and PC2. Validation parameters are as follows: R2X = 0.565, R2Y=
0.963 and Q? = 0.942 (b) Scatter column plots of sugar alcohols (C3-C6) and
sugars (C5-C6) in control (green) and parasitized (red) leaves divided by
carbon number. (c) Scatter column plot with log-scale ratios of C5 sugars and
(d) C6 sugars (the centered line represents the mean). (B-D) Sixty samples
were assessed, 30 for each group. (e) Logarithmic ratios of metabolites
(parasitism/control). Notable metabolites are indicated by asterisks (p-value <
0.05) and a hash sign (VIP value > 1) and +2-fold change by a dashed line (n
= 30 for each group).
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4. HEA dAP|A AAAA EA

ARgAAZ Ag8 26 719 AMAIE o] &35to] o]l=3 #A7}
e fAZ|AS wrEuUgltt. MBrole & o] £3to] Pathway
enrichment = 3ajRom, fAZ]de] st AHE KEGG

pathway o] =% AR E AL TE (Table 3).

Table 3. Metabolic pathway enrichment results.

i Adjusted Total metabolites Matched Matched/Total
Metabolic pathway p-value included metabolites (%)
Pentose and glucuronate interconversions 2.08x1004 53 5 27.8
Galactose metabolism 9.06x10%4 41 4 22.2
Fructose and mannose metabolism 0.015 48 3 16.7
Starch and sucrose metabolism 0.015 50 3 16.7
Glyoxylate and dicarboxylate metabolism 0.015 44 3 16.7
Biosynthesis of plant hormones 0.026 68 3 16.7
Citrate cycle (TCA cycle) 0.026 20 2 1.1
) B-lolsynthesns of alkaloids derived from 0.056 35 2 1.1
histidine and purine
Biosynthesis of phenylpropanoids 0.056 97 3 16.7
Biosynthesis of alkaloids derived from
terpenoid and polyketide 0.084 48 2 1
Ascorbate and aldarate metabolism 0.084 47 2 11.1
Biosynthesis of alkaloids derived from
shikimate pathway 0102 138 8 167
B_io_synthes_,is of alka_loid_s _deriv_ed from 0.122 67 2 1.1
ornithine, lysine and nicotinic acid
Aminc? sugar and nucleotide sugar 0.181 87 2 1.1
metabolism
Biosynthesis of terpenoids and steroids 0.208 98 2 1.1

Adjusted p-value 7F 0.05 ©o]3to], matched/total
percentage 7} 3 tHAPIO] HATM S Wstel AE =T}
Eo dAIdelw, 7 Jhe) Ak el ojm Tt okt wekbd =
7 7N WA TRS] AHAdE FotH kT o] w, starch and and
sucrose metabolism ¥  glyoxylate and dicarboxylate
metabolism & A3 EE tA}7]Ho]  aminosugar and
nucleotide sugar metabolism (ANM) pathway ¢ #HASFS
3913ttt Pentose and glucuronate interconversion (PGI),

galactose metabolism (GM), fructose and mannose metabolism
17



(FMM) =9 product 7} ANM tjAF7]H 9] substrate &3 S2MH
AREE I Qe s gelsklth. s#HAIE ANM pathway 9
upstream metabolites & QFolM  FFHOoF = N-
acetylmuramate, N—acetyl-D—glucosamine < #3111+

QA7 919 3 71 A Ao 2 RE T

it

L 4
flr

N

o

k)

ANM 9] substrate ©|& ¢ 3 7}#A] WiA}71 A9 product QI
YA S-S £4 02 pathway mapping = 2138389 t}h (Figure 7)
[20].
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Figure 7. Pathway mapping reveals correlations between ANM supply
metabolites and other metabolites. Mapping of metabolic alterations for FMM
(a), GM (b) and PGI (c). Metabolites (p-value < 0.05, marked with an asterisk)
between control (green) and parasitized (red) leaves are colored based on their
PPMCC values, ranging from -1 (negative correlation, red) to +1 (positive
correlation, blue), against ANM supply metabolites (yellow). Values shown are
the mean + S.D., with 30 replicates for each group.
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Pentose phosphate pathway

Ara binoS97
Arabitol

|

Ribitol Galactose
Ribulose Ribulose-5P Galactose-1P

! |

Glucose-6P +— Glucose-1P

; Leloir pathway
o XY'UI'DSE & Phosphoglucomutase
Xylulose-5P Fructose-6F <+—— Fructose
Erythrose-4P Mannito-1P  =—— Mannitol
I Mannitol cycle
Erythritol
b CP PS CS
Ribose Ribulose Ribitol

Ribo:;e-ﬁP Arabinose ——* Arabitol
F Erythrose-dP ————— — Erythritol

Fructose —— Fructdse—EP

Mannitol-1P —— Mannitol

L+ xyiulose-5P Xylulose ——— Xyitol

Arabinose — Ribulose Ribitol
| | Arabitol
Ribose Erythrose-4P Erythritol

!

Ribose-5P ——» Fructose-6P - Mannitol-1P - Mannitol

L Xylulose-5P —— Xylulose —  Xylitol
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+
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J:'Erylhrose-le ——— Erythritol
Fructose-6P — Mannitol-1P ———— Mannitol

L—+ Xylulose-5P — Xylulose — Xylitol

Figure 8. Accumulation of sugar alcohols is related to decreases in ANM
upstream metabolites. (a) An integrated pathway centered on PPP involving
five increased and three decreased metabolites. (b) Heat-maps of correlations
between metabolic alterations of the two groups based on intermediates of the
integrated pathway (the enzymes in each reaction are indicated in
Supplementary Table S4). The color depth denotes the degree of correlation;
red color represents the opposite alterations and blue color the equivalent
alterations under parasitism.
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Table 4. Enzymatic pathways about metabolic flows from AMN supplies
(fructose, arabinose and galactose) to five sugar alcohols. Enzymes were
designated as enzyme entry in KEGG pathway and modules. Enzymes and
modules in PPP were colored as green

Ribitol EC271.1 M00007 EC:27.1.15 EC:53.1.20 EC:1.1.1.56
Fructose —» Fructose-6P —» Ribose-5P —» Ribose —» Ribulose — Ribitol
EC:2.7.1.1 MO0007 EC:2.7.1.15 EC:5.3.1.20 EC:1.1.1.13
Fructose —» Fructose-6P —» Ribose-5P —» Ribose —» Ribulose —» Arabitol
. EC5314 .
Arabitol . ECt1127
EC221.1 Arabinose —» Arabitol
EC:1.1.1.287
EC27.1.17 EC:1.1.1.11 .
Xylulose-5P ——— Xylulose ————  Arabitol
Fructose -
Erythritol EC27.1.1 EC:221.1 EC:27.1.27 i
Fructose ——» Fructose-6P ———» Erythrose-4P —— Erythritol
EC1.1.1670r1.1.1.138
Mannitol ¢
EC2711 EC:1.1.1.17 3 EC3.1.3.22 .
Fructose —— » Fructose-6P ———» Mannitol-1P —————3 Mannitol
EC:1.1.1.15
i EC:1.1.1.10
Xylitol EC27.1.1 EC2211 EC27.1.17 o119
Fructose ——» Fructose-6P —— Xylulose-5P —— Xylulose ——» Xylitol
Ribitol . EC5314 . EC:1.1.1.66 o
Arabinose » Ribulose » Ribitol
. EC:1.1.1.21
Arabitol . .
Arabinose » Arabitol
. EC:2.2.1.2
Arabinose | Ervthritol EC531.4 EC:53.1.20 EC2.7.1.15 EC22.11 EC2.7.1.27
Arabinose —» Ribulose — Ribose — Ribose-5P — Erythrose-4P + Erythritol
Mannitol EC53.14 EC531.20  EC271.15 M00007 EC1.1.1.17 EC:31.322
Arabinose -» Ribulose —-» Ribose -» Ribose-5P —» Fructose-6P -» Mannitol-1P - Mannitol
0 EC2212 2.1,
Xylitol EC5314 EC:53120  EC27115 EC2211 EC27.1.17 EC1119
Arabinose —p Ribulose —p Ribose — Ribose-5P —® Xylulose-5P —p Xylulose — Xylitol
Leloir EC54.25
pathway EC:27.16 EC:27712 EC:5422
Galactose ——» Galactose-1P ——» Glucose-1P  ——» Glucose-6P
Ribitol Leloir pathway M00006 EC:2.7.1.16 EC:1.1.1.56
Galactose — Glucose-6P —» Ribulose-5P — Ribulose — Ribitol
Arabitol Leloir pathway MO0006 EC:27.1.16 EC:11113
Galactose —» Glucose-6P — Ribulose-5P — Ribulose —» Arabitol
Galactose Enythritol Leloir pathway EC5319 EC221.1 EC271.27
Galactose —» Glucose-6P —» Fructose-6P —» Erythrose-4P —» Erythritol
Mannitol Leloir pathwav EC5319 EC:1.1.1.17 EC:31322
Galactose —» Glucose-6P —» Fructose-6P — Mannitol-1P —» Mannitol
EC:1.1.1.15
Xylitol EC:1.1.1.10
Leloir pathway MO00006 EC:5.1.3.1 EC:27.1.17 EC:1.1.1.9
Galactose - Glucose-6P - Ribulose-5P —% Xylulose-5P —®Xylulose — Xylitol
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Y = g+ BIG+ BIX + PG x X)
=123,/ =12345
where Y’ is the ANM supply, with / (1:fructose; 2:arabinose; 3:galactose) as

the dependent variable, and (G and X / are independent variables denoting the
group (0: control; 1: parasitism) and the accumulated sugar alcohol / (1:ribitol;

2:arabitol; 3:erythritol; 4:mannitol; 5:xylitol). Overall, 45 multiple linear regression
models and interaction effect coefficients, ﬂéj s, between the group variable and

metabolite / to metabolite / were included in the model (Table 1). The

hypothesis regarding the existence of an interaction effect is Hg : g =0.

Crossing of regression lines (regression validated by the adjusted R square in Table
1) on the scatter plots crossed owing to a slope difference suggested that the group

variable and the sugar alcohols had an interaction effect on the expression of

dependent variables
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Species  Metabolite

(4
o
ogk
o

FATE)E 2 Jhute] §lo] galactose o HAE LIS
AA W As 4 F Qv a8y o2 ANM supply 9 Al
CP, PS, CS oA 94 qA a3d= zke= A7 vk

A2 o7 YdxLo AL ANM supply 9 Zrio] gk

Table 5. Direction, adjusted R square and p-values of the interaction effect
between sugars (fructose, arabinose and galactose; dependent variables) and
sugar alcohols (ribitol, arabitol, erythritol, mannitol and xylitol; independent
variables). Adjusted R square indicates a degree of interaction between them,
and the p-value indicates the reliability of the effect.

Fructose Arabinose Galactose

Effect Adjusted p- Effect Adjusted p- Effect Adjusted

p-

direction R square value direction R square value direction R square value

CP

PS

Cs

Ribitol + 0.534 0.346 + 0.853 0.184 - 0.584 0.854
Arabitol - 0.924 <0.001 - 0.983 <0.001 - 0.787 0.102
Erythritol - 0.497 0.421 + 0.837 0.436 - 0.594 0.872
Mannitol - 0.888 <0.001 - 0.953 <0.001 - 0.775 0.070
Xylitol - 0.914 <0.001 - 0.982 <0.001 - 0.760 0.020
Ribitol + 0.577 0.497 - 0.743 0.277 - 0.797 0.868
Arabitol + 0.625 0.039 - 0.567 0.014 - 0.769 0.528
Erythritol + 0.520 0.695 + 0.789 0.868 - 0.892 0.637
Mannitol - 0.532 0.952 + 0.548 0.743 - 0.769 0.781
Xylitol + 0.640 0.032 - 0.888 0.150 - 0.852 0.237
Ribitol + 0.909 0.980 - 0.816 0.158 + 0.563 0.144
Arabitol - 0.967 0.028 - 0.925 0.028 - 0.841 0.120
Erythritol - 0.953 0.067 - 0.893 0.002 - 0.771 0.241
Mannitol - 0.969 0.012 - 0.866 0.018 - 0.787 0.348
Xylitol - 0.981 0.180 - 0.946 0.041 - 0.811 0.003
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71E9] AFoA plant—microbe interaction A fructose 7}
mannitol E FZEoO] o] ApEsiti= A 22, 251 glucose,
fructose 7} hexose transporter © & &EFolA TFOo®
FEETE o] ws A A [26-29]. 22} mannitol 919 Y&
g F4o] H C6 F HAAE ot Ris gllen,

o] = FeIEe F#°] ANM pathway ¢ 7]d=H ARGH =

ofl
S
i

s 7HA=v= 22 g bk /Iiek (Figure 9).

Hexose
transporter

Mannitol
cycle

Amino sugar and nucleotide
sugar metabolism C6 Regeneration C4,5 3U9'3lf alcohol
Galactose (C6) | Fructose (C6) | procese 2ccumuiation

Arabinose (C5) §

Stagnation
Rosaceae |leaf

Figure 9. Abnormal accumulation of C4 and C5 sugar alcohols leads to
metabolic deficiency in the ANM pathway. Red arrows indicate increases in
metabolites or pathway activity; blue arrows indicate the opposite effect.
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wj ol o] &7l JFH3S W o]F Il haustoria &
S, o] 5 thA] 2O = cell wall repairing ©] %13 & %
s o Stk e A wAE A S0l e
OiAbZ1 e Aol AddEol = 5 e Thedes A -
it g AdFAd= - A A7} Scientific reports o Al Al 3t
‘Metabolic response induced by parasitic plant—fungus
interactions hinder amino sugar and nucleotide sugar

metabolism in the host” £ FZ3}o] 23513 [36].
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VI B2

1. GC—MS spectrum of 34 metabolites

Mass spectra of derivatized metabolites. The list of metabolites were as
follows: phosphoric acid (a), glycerol (b), succinic acid (c), glyceric acid (d),
fumaric acid (e), serine (f), threonine (g), citramalic acid (h), malic acid (i),
erythritol (j), aspartic acid (k), erythronic acid (I), 3-hydroxy-3-
methylpentanedioic acid (m), xylonic acid (n), xylose (0), arabinose (p), ribose
(), xylitol (r), arabitol (s), ribitol (t), arabinofuranose (u), ribonic acid (v),
idonic acid (w), citric acid (x), sorbose (y), mannose (z), fructose (aa), galactose
(ab), mannitol (ac), sorbitol (ad), gluconic acid (ae), inositol (af), glucose (ah),
linoleic acid (ah), oleic acid (ai), stearic acid (aj), sucrose (ak), maltose (al) and

melibiose (am)
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2.GC—MS 7%t t]]/\]-;‘e]]é‘}

thAbAlgt& 288zl 3l spectroscopy ] Al7go] Wi T 28ttt 7}
TR A Sl BA BE 38 Sl ks A3t
wEstuA st AAE A2 5 YAl i AR7F A E 7
o)tk AR E HESHE £3] AR s S 2 A 9A

#-337] (Near-infrared spectroscopy, NIR), & 2}7] 578 +-347] (Nuclear
magnetic resonance spectroscopy; NMR), & &4 7] (Mass spectrometry;

MS) 7} It

AA ke e dold #5o] hssih Folth Tt
NIRS| Z$-4= 2 BAE FRaA obnl, 48712 $AES Fol
A @A gFat 7710l 7o), FAR tab ] del o] g
FVSe) whebd] 54 4@ el o oAb A M s sy
RA e, QA GH WRE JJwke R o we] 2§ 7))

o

NMRS] 753 22 U] 242he] aBo] 7441 Qi e ~ne
g3ko] AE Ak 99 A7) go] EASA i ¢ 8 2wo]
299 WYL /AT AUtk ol u) NMRS ©] §3te] FEA47]4S
AR A4S o) Axo] AUH L, olw] 54 S 9ol
S Hw 7 a0 @ 200 FEd nep] e F5E Fret
o, ol e del dAbAlY 94F 42T 5 Ak A71S
RS 0 olUA golk EAAY] FAE ELEAFE 2 Ak

= 7Aook s, 12 7] 1H (natural abundance: 99.98%), 13C (natural

]

2
ok

>
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abundance: 1.1%) & 2 TAAAEOCR 3= &35, F FEES
&8k 4= 910, T3k 31P (natural abundance: 100%)%- 2] thokat 7]
=o] 2% FH 9 trkAE A&t AFEE 5 It NMRS: ©]
goto] gAAE HET W AL F Qe T2 dAES otds
=3
1 | Mag Moment (. Nuclear Natural Abundance
Isotopel®! e
nmj-"- Spint (%)~

H 2.79284734(3) 1/2 ~100

2H 0.857438228(9) 1 0.015

3H 2.97896244(4) 1/2 0

10g 1.80064478(6) 3 19.9

11g 2.6886489 3/2 80.1

13¢ 0.7024118(14) 1/2 1.1

T4y 0.40376100(6) 1 99,6

15y -0.28318884(5) 1/2 0.37

170 -1.89379(9) /2 0.04

19F 2.628868(8) 1/2 ~100

p 1.13160(3) 1/2 ~100

http://en.wikipedia.org/wiki/Nitrogen-
15 _nuclear_magnetic_resonance_spectroscopy

mEbd A% e e Bk W97t B3] §e Holw, 53 vjH| e
24 &R0 0 T2 FAo] bsdte] 53]

A e ol AE 3 gl

T
>
g J
it
Ao
=
>

T2 NMRE o] &3to] AA Alge] Z3td tiAS BA5= o)
o= E7HA ©Ale] vk Ak Zt tiAbAel] £3E B 449 peak
7} 3 A~ E o] e overlay® = A-9-7F sithsbe, whebA Zb o)
ARl 316-9] chemical shiftol ] ©2 peak® HEE A &= 39 that
A 9] profilinge] o] &t T3 WO sensitivityS zt7) o] Fw| dHHE

hAbAl = el WA ethe @Al vk whebs AA AR
40
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o] 5] thAFA profilingS & W HE=% = AR 74+ 10~3070 <l
EeaA=g

4l

918 T 71716 wla) 7HE el wol ARE-H = Zlo] ARk
Joll 7Ikgh iAbAlstol ey, kel o] 8k7h wlaa |47 7heshe]
2 45-E Al #pe 1A A ZeHE 29 -A g A7) (Gas

N

chromatography-mass spectroscopy, GC-MS)¢}, ©]-&3}k2] o] 7o) %
Z o] FHo| Ao FRAFe A F 2 elE Ta)v]-A @A 7] (Liquid
chromatography-mass spectrometry)7} 91tk o] F744] 71715 2% 23
sto] AZ3 £ e YAAL EFE oF 5000FFol 7HeH, o=
e vy 717156l vlskd Fgs] B FRY dAAE HEY

T AT Aol FH el A=l 3l

x2

g
% N LC-MS or
° 3 DI-MS
g _GC-MS
P | . TOF
3 _
¥ o NMR| |Gc-ms
£ i
% =
= |
3 0 T T | | 1
M mM uM nM pM M
Sensitivity or LDL
o] 5 Chromatography5=<=oll A1 €] 2ol ] gl A7) 2
Ao Eese I/ nEste] dgFd B 7] A%s g9
& dvE EAS 7FHTh GC-MSS LC-MS 5 E4 2] A ule}
A uget dES T 2dE e g TR Ade Y

FE

gk 4 glof o] ZH-E shel 10009F ¢ thARAl profilinge] 71s skt

o|
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ek 92 717]Ee) vl =A< sensitivityS 71 7)ol <] Y7 E
N HEHA &A™ FHF dAAI =] HEE F v A=
7FA 3L Sl

194 GC-MS8} LC-MSE A=38t A} 3= &2
§o] Itk LC-MS9| -+ o]23 Walo wet =542 ko] 7t
ARk GC-Msel Hl3l ¥ W& HE WAE Zden

THE At
M.W.
103
ESI
10%
SMB-EI
10
B D
5}
n'CJ:Hm,
10%
°
Benzene
GC-MS
10"

Polarity ——

http://blog.avivanalytical.com/2013/06/what-can-be-improved-in-gc-ms-
when.html

LC-MS+= o] 253} H2] (Electrospray ionization)S AFg38to], =2

o] we} By E4S gd=2X9, T2 semi-polar metabolites$]

A& st



secondary metabolites”} == =¥t} webs F2 lipid % 18AHE
2ol B o LC-MS7} AFEE T} 18] 3 TQ (Triple-quadrupole), Q-TOF
(Quadrupole-Time of flight)} 72> detector®] ¥zde] d<lo], HILIC
(Hydrophilic interaction chromatography) separationell 7]4¥Fgt  polar
compounds?] AE% 7FssiA 2 vt 28 oF& S Chromatographic
resolution®] GC-MSel H]&l w2 o] 7], Polar metaboliteso] ™, i
2 AEA (MW 500 ©]3h)2l H$-= GC-MSE o] &3l A& A
o] o}& L2 ¢ 93t e Heltl upebA #A A secondary metabolites
2! non-polardt lipide] Ao+ LC-MSE =2 &3}, amino acid,
sugar2} 72 polar compoundsi= GC-MSE AR&3to] 7 &3ttt

GC-MS?] A= oA Avgst vl 2, polar compound®] 4] ef 5=
2 AF8-% 1t} GC-MSE Chemical ionization (CI), Electron impact (EI)
ionization 1S AFg-3hH, o= Elo] 7|RESE dHlo]Ewo] A7) ¥
dEe], tiAbA el = T2 BT & AE-Sth GC-MSE] &4 7t
2 T A2 Injection temperatureo| A 7]3}7) E o of skt A1,
polar metabolites5-> Y2 Hefol e A= 7371 HA e

kA o] wHES Bestr] $ske] ZF polar functional groups
blockingste] ¢S F-odte #F=As WA= T2 o] &t Sl
5 A 3koll = Silylation, Acylation, Alkylation, Esterification 5-©] A%
b glom, thAA profilingell = T2
methoxyamination+trimethylsilylation ©] multistep derivatization®] A}-8-%

o,

o] AL Be BTl A A profilingst ol Tl A
SAA 0w qeatiat s, Ge-Msel ke oAb 3 A9 Al
Z0]32E dolEe] HEbx Bash wE RRo gsiA Aest

A sk,

!
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1) A 2

AkA] o] FZelli= =2 Alcohol 2] solvent, == ©] 57} Water =
Chloroforme-2] &i& 412 &4& F=2 ARAY. F52 F=2
e {7 50l

Sonications 3}, & 2]& W FEO| AMxEuE 4l AME
A

o

At FZFo ekM AZS collection 3 w metabolism quenching®] 41
ojoF &ttt quenchingolli= -70C ©]slellA] BESH= Walo] 9lor,
Pz

A gelals AAdsdl RESE WAl otk A% FE
_?I

BEF 54 AE 79 At @ F wAskE =] 98] metabolism
quenching®] ¥ ojof 3t} T3+ metabolism quenching®} %5 & Aol
R&Pet= WA= o, A& %85 ammonium bicarbonate 2}

22 pufferet €7 71ske] quenching 2 &2 EAlo W83},

A& A FEE obF VR Ao w2 §ulE Tlste] & W
S A3t} Alcoholi+ £ 1]E o] &3 =2 H-E Primary metabolites
9} Secondary metabolitesE 5.+ F & 5 Slt} 2 EAZ 4= GC-MS
ol e A FakH, ofA B A A ke mA 9] FZAo] thEkght
Fo] o], F&F T AAY 7 gL F235t} 1214 2 0.2 um filterS
o] g3ate] LaAHA &> EAEES AAsTFolor M, 1 %
secondary metabolites == #13}7] 93§t SPE samplinge %1 3] &l 5-ofof
skt o, linerell o]t 717] ZFA| A Q1 filtering 5©] $1©] SPE sampling
= A = Qo 717] AME whAlel A #&2 Q1 e 7) E e st
I % gvje] Ao 24l Nitrogen purge, SpeedVac, freeze-drying = ©]
£t &ulE FAAAA F-

of

2 AR 49 A8 2 AXE Sae 24gle] B
2ol AEAe] A FE3 th2A o), FHWA 9)
H% Hash & W42 ASHT TisueE 5@
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homogenizationo] A @ E oo} 3}, 1 Foj= Al¥x e} FU3A Y

& 4= 9lth. MIX 2 homogenized® tissues FE38H7] A E

r|

ultrasonication, freeze-thaw 2] =-o] 7}%3}t}. Ultrasonication?] 739+

A, FFo] WA AR 4ho] o, 4e AEw
Qlato] AZol o] WA T, o] 2 RE tjate] W} slod % 9
g wo] 9l Freeze-thaw W49 45 £ul7h Ae W ooju}

v FAAF] Wl wep RO AXE @S AFESHE A0 EA,
9

2) A +E=A 3}

hALAl 919} 3Fo]l FEsto] &wlE LA FH GC-MSellA FHE
T AEE 4 dAAel RS Folsts &S AYeth =
FEA g u g Fadt He Aol o] WolglA| okotof
k= Zlolth =& FEASE Aok whE-& TR 5 Q7] wiEol
th weba RS s dEr] fEiA FAUNERE AFEE S SE
o Alzto]l o8 Aelv, dA = {718 A BT AAS
welluh Abg-o] Ths st el Aol BEAl ARg-stolof gt

= %] © 2 Methoxyamine hydrochloride in pyridine-& 7}
SIEE B}l FEE F2 20 mg/mL S AMESElH Al gof 2 2H )
sttt o] 22 A Folrt A" Aol ofyn 22t F A SE<]
TrimethylsilylationS Z1 83k 3¢ 7}25247] (COOH)%} 3| =FA]7]
(OH) °l F=AIgE o]l F HFoly, FAEEM 72 R d7] (CO)
JFA%E silylationo] XHETh IHd o] JtERUVS AF9=
Tautomeric forme 7}, z} ol wje}l Trimethylsilylation ©] t}Fs

-
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A dojyr] wiFo] 7F2Rd7]of] 4% S 2 Methoximes F2HA|A
Trimethylsilylation®] 218 ¥ = 7215 blockingsl= & =24 12} G A

s} St

2

&3
oo
o
o

_E
dlo
[o

2 A S Hojats= Ao 2 Silylations 23 ET) Al
S %% BSTFA®F MSTFA (Trimethylsilylation), MTBSTFA (t-
butyldimethylsilylation) So] 9lom, F2 BSTFA, MSTFAS Al-&3tt},

2 AR S A FEAE Aokl whebs FEAs dEa o

_10

He A2 9lou, 2 atole /71l F7HA BT ARS Thsdtth &
T g AR 20 =Rkt 2y 60k el = 153, 45504 = 30
woold How 2Th vropxw AIhE AA sk WA oE F A
3= 7egsk 4= Qo) ®EsE ZF g-dof Silylation 9] FwlEX TMCS

(Trimethylchlorosilane)&  #o] Yol& F Slow, sigmaclil= 1%

TMCS7 38 FEA2h G901 Auhsh ol E Abgsta Aok

Properties

BSTFA cng
Structure: CHy— Si—CH.
|

<|> CHy
CFy— C=N—8i —CH,
c:||-|3
CAS Number: 25561-30-2
Molecular Formula: CF,C=NSi(CH,),0Si(CH,),
Formula Weight: 257 40
Boiling Point: 45-55°/14mm
Flash Point: 75°F (23°C)
d: 0.969
np: 1.384 at 20°C

Appearance: clear, colorless 1o very light yellow liguid
moisture sensitive

TMCS
Structure: Cl""x
CHy— Si—CH,
|
<]

CAS Number: 75-77-4

Molecular Formula: CISi(CH,);

Formula Weight: 108 66

Boiling Point: 57°C

Flash Point: -18°F (-27°C)

d: 0.856

np: 1.3870 at 20°C

Appearance: clear, colorless liquid with a pungent odor
moisture sensitive

T96-0132,0259

FareE o] SEAE  Crimp B H Q) vialel PobA 753 4 9l o
A

ARAe] SR QT Abek & WA sHE S &k, Screw B snap % E <
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vial & AF&e 73-9-2h4A data acquisition timeS ZHA dlwl A 3t ol
L7}k 3)ukS WA 8= = 3kl Crimper 2 Decappers= sigma, agilent
Soll A #ufsta 1o vialo size (= 1.7 mL) & 18]l us)

L= st
3) 7171 AH&

71715 AH&ste] HolHE g5at7] Aol obA 71712 AEfel whebA
mass resolution %! detector voltages A 7d3sh= &Yool Qs o=
Tuning oA X8 7hs. ofFE2] 7]7]94  perfluorotributylamine
(PTFBA)E Alg3t= Zow odx lor, WHE 7153k Tuning

AFE7VsslE R, nAlE e Ao Q.

Y

solution= °F 10\

<Tuning result 327>

Peak Profle | Spectium | MS Jac |
Inten, 619,626 Inten, 304,609 Inten, 39,634 . 9 Y

Ratio 100,00 Rafio 49,14 Rafio 6,39 d
it 060 FuM 051 FyHM 0,60 Lens2 500V
Lens3 01 v
nsd 50V

FF Gain 4728
FF Offset 4897
Pre-rod -5V

Detector 137 kY
15 Temp, 20 =C
Low Vacuum  5.9e+000 Pa
High Vacuum 2.5e-004 Pa

Filament #

miz 69 miz 219 m/z 502
Factor 12,13 Factor 24,06 Factor 179,03

@ PTFBAE AF31H 69, 219,502 37F4] m/z9] IntensityE H.of 5™ 1
peaks 9 ratios H oy F. o] °llA] Highmass (502 m/z)2] ratio”} 3& |
A k& Z-F lonizationell =AI7F e ASE . lon source
cleaning = zl3j&foF 3.

@ &% Jev|E S T 2% 212 Detector voltage. PTFBA2] Intensity
= 3 sdstA HF7] flElA voltages =7 St lon source”} B
At skl PTFBAZE Al 442 7% Wltages =91 A% Intensity=
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ko] FA8k= "2, Detector voltage:™= SHA vERE B¢ 717171 7
Zratal 2AI7F Qlvks SKelH, FE 1.00~ 140 kvAtol ol A ALE 7hs

o] oo wobd A% 76l BAZE AEROE BFFI lon

U
to
ot

source cleaning, air leakage 5= 2tolH &= Zlo] Z

‘eak PrafileSpectrum |

(x1,000,000) Base Pesk 25.00/2 586,226
2.75] 00

2800

£9.00

21895 41400 e
131 00 J

10000
L \ !

263,95

15008 | 314,00 36400

025 J ‘
.00k | £2.00 B1400 £4700  FRSOn
0 100 1 200 280 300 350 400 450 500 550 500 850 70c
m/z| 69,00 | 131,00 | 219.00 | 414,00 | 502.00 | 614,00
_ Inten| eAT2E4]  259593] 30RTZZ 31058 38236 1505
Ha\\u(/ 100,00 40,48 47,74 4,54 596 023

@ Tuning spectrum-S X 28 m/z7t =7 B0 Sl AE EAA7bs.
ol F71F N2 & 5obH, olZlo] Ui & ABF o= et
717 ol Fd¥aL lvks 2S5 28 miz 7F 69 mizell H &
BT Ads, 25 gt A4E EA4= obd.

o= Tuninge] A|thE <F¥] o] detector voltage”} A LERH. ©] 7
itting 7?1 =5 & Audlof afn], 53] AHAAF F MS £ 7
5 # A Rofol g,

o

FEAs 7 © A57F FHE %S A GC-MSE o] &3to] Hlo|EH &
3] 53tofof gttt GC-MSell& thFdt sthetu|EEo] oo, A 74
Alg9 EA mE stebvy HAstE A3 stoiof stk e o
AHA profilings 3= ¢ £3] AMEE = FErHE 7202 3o
23 FAshs W2le] o Adsitt 7] A< GC-MS sHEtrlE A

_]
4
Ao oldlgh e ShebulE F AFHA e 2A9 A9t 245
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<GC-MS method 3}2hu|E] 24>

§ Sampler ][@ GC| & ms|
A0C-20i+s

# of Rinses with Solvent (Fre-run) :

# of Rinses with Solvent (Post-run)

# of Rinses with Sample @
Plunger Speed(Suction) :
Yiscosity Cormp, Time

Plunger Speed{Injection) :
Syringe Insedion Speed

Injection Mode :

Advanced. .,

CE—
E—

—

&+ High " Middle " Low
@z sec

= High " Middle " Low
= High " Low

0: Mormal Set,

@ # of Rinses with Solvent (Pre-run): A1 Injection % ¢j| SyringeE &l

2 AF&FE 34 2| Advanced 9 Adste] AH3FE A3

of ahel, guldw 35
slol 7 gl W= 33 AHL
@ # of Rinses with Solvent (Post-run): ¥l %] &
= 4% U Injectione] FFS 71AA FEF AR

e A 99 24 5

FEE A ST 2E 49 5 ogz

SFE=

ol gatel threl BHES A

Injection 5 | 2]

@ # of Rinses with Sample: Syringe°ﬂ ML 7} Y& A WMEZo] =
H,

EEEEIE SR

ol WE AWH AstE WA 95

49



Advanced E

Pumping Times : B times

Inj, Port Dwell Time : 03 SEC

Terrinal &ir Gap : i~ Yes i+ Mo

Flunger Washing Speed : = High i~ Middle i~ Laow

Washing Volume ! i+ Bul i~ Bul

syringe Suction Position 0 Il

Syringe Injection Position 0 Il

Solvent Selection i« &l AB.C i only & ¢ only B i~ only C

Ok | Cancel Help

Advances & ¢ WEtdE F4.

@ Pumping times: Sample-2- Syringe®] Wol&E<l & ZHofst 7|25 A|A
st B ollA Fed A3 3. 353 & AHEE
@ Washing volume: Sample injection volume®l whatA A 71538k, Al

ﬁ%ﬂﬂﬂ 73_?_ oo]:o] u]—Ott] u]—O_/,:E O SuL & /\Jx—] ]_oq /\}_JZL

-1 & =

(n

@ Solvent selection: &1 Vial A, B, C & Agsto] Al = &

Sjel Al A & Aol 7 Fastn, Samples &

AALE = = AH G Aol wif- T3 dE 59 LLES &

Hexane layer& &k ¥ Sample injection 3 -9 A2 -§-1= Hexane

Te e F£eke vsAds Ad SWE AHEHE AR A
=

-

ol
=

o
3 @ A =89 AF, AT E HSAEA7MA vt
A o Erl e+ ®E Aol= WS4 & (Chloroform,
Dichloromethane, Pyridine (Pyridine Al 2] © 2 W= £ o1} xp=% ¢l Wil
ANZ Qlske] ARE Z QbE))S] 23 OR AMEIIES S, wAE B
I HSAEHE AHeteE AAE B =3 v S8 AolA

ool Al=o] At el f glorw WEee ¥ T £AR ¥
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§ Sampler i@ GC ]a MS |

Inj, Port SPL1 Inj, Heat Port : 11
Colurnn QOven Temp, © 60,0 “C
Injection Temp, : 3000 “C
Unfzeitiom el | Split =l e
150 200 250 310 350 00 450 500
Carrier Gas : He  Prim, Press, : 500-900 ’ = = =
Program : Columnn Oven Ternperafure
Flow Control Mode : Linear Yelocity -
Pressure 7.4 kPa Rate | Final Temperature | Hold Time | ~
_ i . 1| - | 60,0 1.00
Total Flow 13.0 mbL/min i ] 00,0 10,00
Colurnn Elow : 1,00 mlL/min _2 0,00 0.0 0,00 2
Linear Velacity : k.5 em/sec Total Program Time : 51,00 min
Purge Flow 10,0 mL/min Column
Split Ratio : 20 Name DB-5MS{GJ) Thickness @ 0,25 um
Length : 30.0m Diameter : 0,25 mm _ Seh.
Detail of Injection Port,., | Ready Check..

G Prnaram |

@ Column Oven Temp: 2. &% Column Oven Temperature program2] A] 2}

eE AR e EmA A,

= O

@ Injection Temp: Injectoro| Al M ZS 3|UkA 7] = A A 22 7

- oheFe Al E7F A 8] ol 250-3005%=1 A @3t

@ Injection mode: Split, Splitless, Direct A8 7} Directi= A #| d]o] €]
5o Ao AFE <HE AlE sl webA Split =& Splitless A

)

@ Column flow: Helium 2] #-<% A4, 1~2 mL/min A}&

@ Purge flow: Injectori-$] 9] Helium -4 5712 3} Pressure =4

= d&stA & Splitratio”} W= 7 -9~ Helium Total flow~”} 10 o} 7}
H=d 19 %% Purge flow= Total flows 10 o] o2 ZA 3=,

@ Split ratio: Injection ¥ Al&Eo] AARE Aoz Fu+= v& A4,

F2 10 o OR Ag S, TAAS S Fr)Fl F97h wel 22
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AF-S-3. Splitless= AH8- A7 g

@ Column Oven Temperature Program: Columnel| 2] &2 A =5 x4 sl=
e o 2N 2EE J43] S8 AlEo] we ven, Feso] A
e 2 s 2dstes ¢ Aol M= =2 5-109] Rates Af

@ Column set: "%~ T 2. AA F2=o] ol APy do], 57 5ol
Aol tE ¢ Pressures FF2AsHA st 71717t w2 1 E
=

A @A FUEA s A9

o

3 Sampler| ) GC & M3 |

GCMS-QP2010
lon Source Temp, : o
Interface Temp, : 300 o Detector Voltage : t« Relative to the Tuning Result ~ Absolute
Solvent Cut Time B min -0.1 ki
Micro Scan Width : 0 u Threshold : 100
[~ Use M35 Program : GC Prograrn Tirme ¢ 51,00 min
Group#l - Event#l
Start Time End Time Acqg. Event Scan Start End Chi
{min} {min} Mode Time(sec) Speed mfz mfz m/z
B, 51,00 [Scan 0.20 2500 40,00 500,00
2 0,00 000 [Scan 0,00 i 0,00 000

@ lon Source Temp: ©o]u] AZo] o]23lx o] Q1= AJHo]7]|d X

Aol o] FQslA = 452005 AS x4 IR AR 7Hs

@ Interface Temperature: 7] 3}¢ A Zo] o] 23157 A E33}= vhA]
o T2, ol23t F AE7E oY 57t At AE] Hsrt
Joji} o] ek= = Q1. wakA Column oven temperature?] & th

S ol 2R A4 okt

=2 O

l

@ Solvent Cut Time: ©]-23}A]7

—}

= 717] 252 Filamento] +4& o

7Y T e AEEA FHEsE O vEe] UR 1o

52



A7Nell 3ol ol AZwpE 73 ANFFA

]_
Ehus gu 935 o] 23 oK AR HAsE v)FE AEZY 5

e
ro
PN
A
lo
oo
=
i
3.
8
S
)
(e
4
oo
=
%
MJ
N
i
o
Ig
r{r

A Zbol

@ Detector voltage: Tuning®ll Wl 574 A3 =9] Intensitys 5
stAl 871 $1st detector voltages A73sti=dl, olZlel o=
(relative to the tuning result) B Z TS E (absolute) 24 k= 7.
Tuning?] 54 A= E FAa intensity”} YEFG =S
3li= Zlo]| B2 absolute X.UF= relative® A g3l= 21 A%, g
detector voltage S U St5w n|FAZ o 7 Fo] qtym, Y Fold

HjojAgkelo] JAs] A YR ®, skl Hojd F A=

<Batch processing>

U AES AS W) BachE ATl AFOT HolHE Aus
1
=

2 welEg zdew ) o) ol s

Cut Crl+x
Copy Crl+C
Paste Crl+y

Clear
Select Al

Copy Row
Add Bow
Insert Rowe

Browse Data,.,
Edit Method, ,,
Edit Report Format, .,

Yizard, . F

Settings, .,

Table Style...
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@ MMA ZRAYSEANA FE & 7§ Table styleo] L} °o]& =
HA ok gEuEnt YAES F S Zas gEtuE = o

Table Style

Colurnn Order ]Font

Hide termns Display terms

Run Mode Wial#
Sample Marme Method File
Sarmple D Data File
sample Typ Inj, Yolurme
Analysis '_-,-'|:|E Tuning File

Ana TP
[“ekeis]

|

FAult-Inj,
ISTD Amnt, y
Sample &mt,
Dil, Factar
Systern Check
Report Qutput
Report File

llzar Pran

[

<dlo]g #5 % tA}A] Identification>

tole 8% 3 74719 peak7} oW A S YEREA S gl s o)
Sk, o]+ database®} W] E 3dfoF 3}, databases= NIST, WILEY 7} 3l
3, F7FA 02 ¢l database’= Shimadzu formatell 2= ¢ AR 7}

s A
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(x10,000,000)
i

M Intensity : 21 405,006
Time 14008 Scand 3423 Iten. 3,396,630 Oven Templi963| .
1.004
0755
0509
0254 2
k £
£
T T T T T T T T T T T
120 125 130 135 140 145 150 155 160 165 170
] ] Il
went#l:5can RetTime: [14.950]- [14.833] Scan#: [3426]- [3401]  RetIndex 1302
100 71 Mz | 25500 Abs Ien
73
=3 147
8 245
@ "\SI iy | 1c1|c| L 11’? I 01 ; N
500 750 1000 1250 1500 1750 2000 2250 2500 3750 4000 4250
H Spectrurn Eormat Pararneters, .,
Mexl o o
1. b3100) =5 Similarity Search,.,
Mass Table,,,
054
- Beaister to Spectrurn Process Table
—_—
i 00025 00000 0.00rS g0 000125 o Capy 500
, Library E... [E3 Data Co,.. § Data Analml Properties...

@ HolE F5 F AZntEIaA 922 /1 duRE FE 5]

ofr
flo

o] g3t g o}
sto] o] wojmelES HES

= Holw

o HESY. ol HES S

@ =53 mass spectrumol| A $-2¥ 5 sko] Similarity searchE ¥ 3}
W A A ¥ databased} B]wE 3F database’ A Ak Qualitative Wi

of| X parametersel| A W17 7}
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I Similarity Search Besults

Beport  Miew Compound Info Process  Help
Cumpound Name -~
i e -
V YIsily
o4 r 1737 G\ycylglycme tetraklsﬁnmethylmIyl)— 420 CIEH4DN2035|4NISTDB LIB
92 r 1161 beta, -Alanine, N, M-bisttrimethylsilyl-, trimethylsi 305 CIZHIIMNOZSIT NISTOS LIB
LI 1669 Glycylglycine, MM N -tris(trimethylsilyl)-, trimeth 420 C16H40M2035i4 NISTOS, LIB
i1 1657 Phenylethanolamine tiTh3S §§ Trimethyl-M-(trimet 353 C1TH3BNOSIS  NISTOS LIB
a0 r IEID G\ycme [~ (trlmethylsﬂyl) WEINE (tnmethylallyl)gl 348 C13H32N2035|3NIST08 LIB v
Target:  FRetlndex: 1302
(:10,000) Biaze Peak: 174/10,000
10 e
T3
0.5+
147
85 248 459 %I
i 4|5 - e | | 1a5 2 7S oen wp sy z 420 48] a
50 o 150 200 250 300 350 400 450
11291 ¢ Glycine, MR- bls(tnmethylsnyl)— trimethylsilyl ester $§ Trimethylsilyl [bisttrimethylsilyllaminolacetate # %
(:10,000) Base Peak: 174/ 10,000
i‘ 10 T2
05l 73
147 o2
as 248
o R W VR S . , , ; EI
a0 100 150 200 250 300 330 400 450
CASH: BE30-82-0 Mol W 291 Serial#: 105239
Crpd Mame:  Glycine. N._M-bis{trimethylsilyl)- timethylsilyl ester $3 Trimethylsilyl [his(rimethylsilyllamino]l acetate # $3
Forrmula: C1IH29M 02513 Class Flag: Mo Class Flags,
Ret, Index: 1061

=

et

@ ©lw| Simlarity index”} 80°¢]/Je]ojof A= e = Il A, o 80
dEthal BE ldentification®] A= ¢k, ol & 59 sugar 9 H-¢+=
A 2] T3t spectrum pattern= A E 71X 31 Q1o A Identification 73
- Mannose9} #> FAE BT sAetA Ak Aol A &
80°]3}Q! 7d-%-° i= baselineo °Jall =& A &<lo] Ath= <te 7
7F Q. wheba] WAISEA] 9Fal Mass spectrume HEEA] SIS

T3k Cmpd Nameell WEU= o] Fo] %27} 4A|] Xehe v&
Synonym% 7lsAdo]l QQoE® RIEA] F2E FRlafE F At
L] thARA 7F o E A 0] Q=4 =% 3 olE =1 Pyruvate?]

739+ A8 B2 33 Cmpd nameo] YR

o
o

q‘;" o

1

ol«

shel
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3. MZmine

GC-MS HolHE #53% H FAAE 7] M= 2 dArA
Area 3= 7|HFC. % St Bucket tableo] Ao & o] 5 S5t 9
A= T WRe] Sl AWAE 2 AlEe] e dAMAIS A
#e BT AAH 2o Tables "iwdE whow Wl ol AlHo]
2Q¥ = Ho] o, 7 AlFE g e AFHE I v
FHol Q. FHA= Mass alignment softwareS AF-8-3F¢] Data

alignments I &sk= 219, o= dEvlg Ao o=HE ARto]

u, $oloZ Holx b= RE ¥AE

A g5 ¥ 52 5845 7H.

o
tot
I
s
r
30,
i
:V‘.:

N
>

Mass alignment softwareol|i= o1&} 7}x7} &, 18y &3] ALgH+=
710 2= XCMS, MZmine, MetAlign £°] 91<. XCMSE $-8]7} 8t
Zlo] ol dlo|ElE QR EZsHH SCRIPPS AlE oA - 4l
IdentificationS 27 st AW+ WA, A A EE FOo4,
7t A4E gy & AT g gl AdA A s
Ao AdetA Xdrh= ob4lwol U=, LC-MS, GC-MS E5F A}
4 7Fs. MZmine> 7} User-friendly St software= X 27} &3] #
3Fi= Graphic User Interface WS AREg webA stebujg A4
ojefwol B e, vhekst detnE 7t S48k o] & A sk
£ o]=AE Aglo] 2@ ¥} MetAlign®= MZmined} f-AFst}, stet
n1E] FH7F MZmineol] H]3) & #Holn, o]i= GC-MSH|o]E | ¥k 5
EAMEET Oel JE ol AEE Peak=2] AEVEIF HOlEE
53 5 7)o, AAR o' 37t dEEEAE ARETH

ES
A = = vk Aol 9=

>
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1 % MZmines AREsto] el =wa S SHSlS. wEbA MZmine

of A8k vhet dEtvElE oA AAsloF sh=Ael e 1hd

o
(%
oR,
ftlo
dr
Jfu
=2
ot
k]
)
o

<MZmine 3}2}uE] A A>

[ RansAC Alignment ) " Gapfilling )
m/z tolerance : 0.05 - 0.1 1. Peak finder
Raw data import RT tolerance : 3 Intensity tolerance :
RT tol. after corr. : 2 50%
Iteration :50000(carried m/z tolerance :0.1 RT
out for 20 min) tolerance : 0.1
minimal number of point : RT correction check
2% 2. Same m/z, RT
Threshold value : 4 .
\ / \ m/z:0.1 j
Mass detection p .
centroid, 1 < 10* Isotopic peak grouper
m/z tolerance : 0.05 Remove non-filled
RT tolerance : 0.05 m/z list
\ J \ J
Chromatogram
deconvolution - N
Chromatogram min height : 1.5 10 Identification
builder peak duration range : Data analysis
min time span : 0.05 0.01-1 .
. . s data import/export
min height : 1.5x 104 derivative threshold
level : 80% N\ J
m/z tolerance : 0.1 )

flo

D Raw data import: W H|°o|EE ImportstE== . do]g X
27 E A ey, 27 7P Bl WAQL cdf formats R

AL 3

@ Mass detection: @3] Mass spectrumel|4] 57 Intensity
olat= AAsIE WA, wlo|Agkle] Q& spectrums 7HE

Intensity 7} 2 & lste] 1 oo x HAAst= WA,
7} ®a1A}F k= peak & 7HE W2 IntensityE 7FE spectrum©]

sz At 34 B0 A8 b,
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— Centroid2 A 743to] FE3F Mass spectrum datas 21138197

AA

NENE

@ Chromatography builder

— Min time span — 5% m/z9 AFEZH] FHA A EAT (9
= B) — True positive$} false positive?] H]E& X4
He -

— m/z tolerance — &< spectruml.Z Q123tE= Hdl m/z
3t

8 5%k Mass spectrum data 5 57 m/z9] "5 &<l & 7 A

4

@ Chromatogram deconvolution

— Az e

olr
|

compound % m/z7} < peaksE F8 3= 7]

Savitzky —Golay algorithm A}F-&

o Mow oo
mom o m m
FA A

[
m
-~

Ll el N A 4
=1 )
mom m
AN o

Base peak intensity

7.5E3 | |

|

167 17.5 183 18.2 20.0 20.8 217 225 233 242 250 258 267 27.5 23.3 29.2
Retention time

5.0E3

25E3

0.0E0

— Minimum peak height — 41 9] peak intensity ©f 234

Minimum peak duration — Minimum peak height?] 7]l %

= spectrum® FHA A EHA|7F

— Derivative threshold level AR FH AR
- 80% W H — savitzky—golay 9]

olg] EQ - & dglS uw "W help &

— algorithm &
peak? Intensity & AH]&
a4

=9 Fxshd ols
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7F
@ TIsotopic peaks grouper

— Isotopic peaks <14 3}3 monoisotopic?t ZA|EH A T 7]

=
[¢)

— m/z tolerance — &< spectruml.Z Q123 Hd m/z HY

—Chromatogram builder &} #&2 parameter 2%

— Retention time tolerance — isotopic peak &3%F% Rt z}o] 9]

Ho W9 (F9= ) — isotopic peak =3t Rtxlo] AL+

— Maximum charge — group A& peak® FHU charge ¥

(metabolomics ©|A charge 2+0°]Ao] X 92

— Representative isotope — 4HHAQl #-7]|3}8E& (C,H,ON +4)
o]2}H most intens, lowest m/z =Tt} 2}°| g1, Isotope pattern

program °f4 <13t 7 Al

® Alignment

— RANSAC Aligner A — algorithm< help #% ({sbs] @&}k

2 Calibration < oJ8] W &= A3 FAD
— m/z tolerance — {14 P @Y FdsA A

— RT tolerance — & Alignment A ZA] & dlolg 7+ £

A2 235+ Ho RT HY

o

— RT tolerance after correction — RT tolerance & 7]+9 %

alignment$ £ 332 ¢lAEE= Hof RT HY
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%
i
)
i)
>
S
&
o
jon)}
=
@
=3
Y,

— RANSAC Iteration - =& Al
I dudoly YU =84
A, HFE AR @A 23],

— Minimal number of point — Z} H°o|E 7+ TY 939 linear
curves 18]7] 9138 AHEH & dlelg o & (bS] wEbAbd,
calibration 2 m/z ¢ Error ppm®] £ 7I£4d2 WA, Wt
B2 k= m/zoll A Blojd 71Ed 2 AlQshs 4-%7F Atk MS
ol m/z8¢] W AA 714 F calibration curves EE3h= dl Af

45 7157429 v]&°] Minimal number of point®]t}.)

- 0.2% A% A3 (=% Comparative evaluation of software for
retention time alignment of gaschromatography/time —of—flight
mass spectrometry—based metabonomic data #%)

— Threshold value — oJ®H 7|52l o]a] x3h 49 At

® Identification

— Online database search — KEGG, PubChem, Human
Metabolome Database, LipidMaps Database, MassBank,
ChemSpider #4715, ob# ol sjEA= efgtom, ol & flsiA
+ QTOF9} #Z2 High resolution mass”7} 298 HAox HS E
3] cdf & W3 H$ QTOF "HolEHE 2473 Lo glo
Resolution®] WolA| B & A5 HS5A] HolEE Itz ARESHA
o ofu7h A&

(D) Data analysis, export— Peak area, Peak height 55 =&td &
A=, ol AA AL S5HHE gl Ths.
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4. Multivariate statistical analysis

rot

o2 thAgg AR oleka e, MS B NMR 59 717
oM 53T HolEl= AR tAbA A e ), o &et
of Z} thARAIOA v FAVRS A ERI O R UsEolA HAE
M) WEF (Variable) o] &Aislke dHolg o], 3t &8 F=
st 15 10~100717k4] &4kl #5%] (Observation) =

s @t 2% d BF SHFS AT t—testo} T2 A
TR A& slojof s, EgE oW Zlo] 7H &fmgl=A el
g o] JAs] oot webA o]e]dh g, S| o
HE tE bl fle tAbAIee] B9 s AREA = IRt

o= do] ougE ABYAAE FEee o] A5H o),

Rl

olF flalH = T AZEH7F AHE s st i =ie ¢
a AFE-3F softwaret= SIMCA-P+ F3 AXE o9}
MetaboAnalyst F7F4 o]t} MZmineo| A& PCAS} 2 7Fekst
U5 A 42 7hs 3tk SIMCA-P++= fragts 7Fg & &¢F
o] TAsAIRE, T#jds Aol dst=t®E 0] Thsetthe &
o] glth. MetaboAnalysti= H|OJE] WS A ZH A& st
wHlo] Aol A I E Ak H7g3] User—friendlysto] Aol He
ek Aol vk 28y 239 e deted 2 e Aol &
7hedtthes Aol dR o R AAd & Qlvh ey o =sto Ay <l
Hulo] A& 7hsstthd ARg-o] Zhsetths Aol A
MetaboAnalyst7} 7F& 83t Tool=Z4 A u st = A&
Adoltt. mEtA MetaboAnalystE AH&dte e Pds] =535}
aA gk

O:

d

ol
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Overview:

MetaboAnalyst accepts a variety of metabolomics data types. It consists of two major components for data processing and data

analysis. A variaty of modules have been implemented to deal with different data types and data analysis purpeses. The flowchart

below summarizes the overall design flowchart of MetaboAnalyst.

MS / NMR
peak lists

* Peak detection
* Retention time correction

Metabolite
concentrations

Baseline filtering Name/ID conversion

'

- # Missing value imputation

'
'

'

'

E .

E » Data integrity check .
'

'

'

:

'

'

DATA PROCESSING —1—
Data normalization & transformation
DATA ANALYSIS DExploratory statistical analysis @Functional enrichment analysis ]

@Metabolic pathway analysis

@Sample size and power analysis

e =

@Gene-metabolite pathway analysis

Downloads
* Processed data

= PDF report
* Result tables
= Images

MetaboAnalyst+ Tutorial, Data formats°] 25 A &% 7]

of Agat wile WA Ak WA ofw e o

Ol

Wk A4S

ot

=5 83l

tlo

1) Statistical Analysis
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~{ © Statistical Analysis I

This module offers various commonly used statistical
and machine learning methods including t-tests,
ANOWVA, PCA, PLS-DA and Orthogonal PLS-DA. It
also provides clustering and visualization tools to
create dendrograms and heatmaps as well as to

classify based on random forests and SVM.

Statistical Analysisolli= A8 7Hd HAZAH O 2 A=

PLS—-DA, ANOVA, T—test 5°] $£25¢] 9.

PCA,

W A gl 714

© 2 Data Integrity Check#}tal 3ol dlo]glo] th3lt Overview=

sk Al o 7FEA mAQS 4 2= Missing value &

sl &) 71
<Data integrity check>

A FRF PR obd. A U 5 A

st A2E ofg@A & Hof st Aeo] H Q3

64
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Data Integrity Check:

1. Checking the class labels - at least three replicates are required in each class.
2. Ifthe samples are paired, the pair labels must conform to the specified format.
3. The data (except class labels) must not contain non-numeric values.

4 The presence of missing values or features with constant values (i.e. all zeros)
Data processing information:
Checking data content ...passed
Samples are in rows and features in columns
The uploaded file is in comma separated values (.csv) format.
The uploaded data file contains 77 (samples) by 63 (compounds) data matrix.
2 groups were detected in samples.
Samples are not paired.

Only English letters, numbers, underscore, hyphen and forward slash (/) are allowed.

All data values are numeric.
Atotal of 0 (0%) missing values were detected.

By default. these values will be replaced by a small value.

Click Skip button if you accept the default practice

Or click Missing value imputation to use other methods

Missing value estimation Skip

@ Missing value estimation: Too many missing values will
cause difficulties for downstream analysis. There are several
different methods for this purpose. The default method replaces
all the missing values with a small values (the half of the
minimum positive values in the original data) assuming to be the
detection limit. Click next if you want to use the default method.
The assumption of this approach is that most missing values are
caused by low abundance metabolites (i.e.below the detection
limit).

MetaboAnalyst also offers other methods, such as replace by
mean/median, k—nearest neighbour (KNN), probabilistic PCA
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(PPCA), Bayesian PCA (BPCA) method, Singular Value
Decomposition (SVD) method to impute the missing values
(ref.). Please choose the one that is the most appropriate for
your data.

<Data normalization>

Sample normalization
| :.'None
Sample-specific normalization (i.e. weight, volume) Click here to specify
Normalization by sum
Normalization by median
Mormalization by a specific reference sample FIF_178

-

Normalization by a pooled sample from group cachexic

Normalization by reference feature 1,6-Anhydro-beta-D-glucose -

Quantile normalization

o]Z A X3 v}bd Data normalization, Data transformation, Data

scaling®] <A 3gtc}

il

) =18 Apo]
5 BANFTE 7152 2M Internal standard gto] Elo]Eof EAg
A 15 dYdsts Aol 7H £ o4, Internal standard”t $IAY
dlolElgkell =A7F S AF AAH S EZH by sum, by median &

59 N5g M AS

@ Data normalization: Normalizatione #=X%] (A

Data transformation
| . 'None
Log transformation (generalized logarithm transformation or glog)

Cube root transformation (take cube root of data values)

@ Transformation: ©]&= Aoizkx7F YF kAl HeEE Alo] 9]
zpol & HBAAFE= Ve o EZHA ZAF vlolHel BHA| Log HE&
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Cube root (AlAlsF) & FHst] X3 A= ¢35 3. FAFE5F]

T 2 S
T gk
Data scaling
{ :"None
Mean centering (mean-centered only)

Auto scaling  (mean-centered and divided by the standard deviation of each variable)

Pareto scaling (mean-centered and divided by the square root of standard deviation of each variable)

Range scaling (mean-centered and divided by the range of each variable)

@ Data scaling: °o]&= H+zky Ax=

[¢]

i)

agete] TRE A
ot HEFs HASH F= A2 Intensity”} #ole &

=

|

Sl AeAdo] =2 tiAkA Hr) o oA WA o]

o 1

= Azbshd H. Scaling®] Fw7F whFekAl oy o5 77t A
2L Bl s o= R Tkl ZfojolH, HlolE e Yhi= scaling
= AHgehd d

<EAPY A

Univariate, Chemometrics, Feature Identification, Cluster
Analysis, Classification & Feature selection®] <. ©]

P BebA 2ol ALEEE For, oSl it A

=5 g
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Univariate Analysis

Fold Change Analysis T-ests Wolcano plot

One-way Analysis of Variance (ANOVA)

Correlation Analysis Pattern Searching

Chemometrics Analysis

Principal Component Analysis (PCA)

Partial Least Sguares - Discriminant Analysis (PLS-DA)

Sparse Partial Least Squares - Discriminant Analysis (sPLS-DA)

Orthogonal Partial | east Sguares - Discriminant Analysis (orthoPLS-DA)

Feature ldentification

Significance Analysis of Microarray (and Metabolites) (SAM)

Empirical Bayesian Analysis of Microarray (and Metabolites) (EBAM)

Cluster Analysis

Hierarchical Clustering: Dendrogram Heatmaps

Partitional Clustering: K-means Self Organizing Map (SOM)

Classification & Feature Selection

Random Forest

Support Vector Machine (SVM)

2) Enrichment Analysis
o= Aozl AFZUYAAIES 7HA L o' thA] A A A Aol
7F et eAE e WEA A 249 stu9. KEGG pathway U
TAEE FES dAA S o' Az do] Aol d=AE B
sl A= s, Tl E tARA S Tl So] Awnku E 9 o
Q== o welr p-valueE £3Fo] AP % enrichmentS 3.
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Metabolite Sets Enrichment Overview

GLYCIME, SERIME AND THREOQOMINE METABOLISH
PHEHYLALAMINE AND TYROSIME METABOLISH
PROTEIN BIOSYHTHESIS

FMETHIOHINE METABOLISH

AMRONIA RECYCLING

PROPANOATE METABOLISHM

CYSTEINE METABOLISH

GLUTATHIOMNE METABOLISM

BETAINE METABOLISH

ASPARTATE METABOLISH

TYROSINE METABOLISH

UREA CYCLE

CITRIC ACID CYCLE

ARGININE AND PROLINE METABOLISH
CATECHOLAMINE BIOSYHTHESIS

ALAMINE METABOLISH

TAURIME AND HYPOTAURINE METABOLISH
WALINE, LEUCIME AND ISOLEUCINE DEGRADATION
BUTYRATE METABOLISHM

PANTOTHEMATE AND COA BIOSYHNTHESIS
KETOMNE BODY METABOLISH
GLUCOSE-ALAMIME CYCLE

BETA-ALAMIME METABOLISH

SPHINGOLIPID METABOLISH

MITOCHONDRIAL ELECTRON TRANSPORT CHAIN
INSULIN SIGMALLING

PYRUVATE METABOLISHM

GLYCOLYSIS

PORPHYRIN METABOLISH
GLUCOMEOGEMESIS

PYRIMIDINE METABOLISH

BILE ACID BIDSYNTHESIS

DDDDDDDHHHHHHHDHHHHHII“““"“

= -
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Metabolite Set Total Hits Expect P value Holm P FDR Details
GLYCINE, SERINE AND THREONINE METABOLISM 26 9 0536 141E-10 1.13E-8 1.13E-8 Mew
PHENYLALANINE AND TYROSINE METABOLISM 13 5 0.268 231E-6 1.82E-4 9.23E-5 Mew
PROTEIN BIOSYNTHESIS 19 5 0392 194E-5 0.00151 5.16E-4 Mew
METHIONINE METABOLISM 24 5 0.495 6.65E-5 0.00512 0.00133 Mew
AMMONIA RECYCLING 18 3 0.371 0.00492 0.374 0.0656 Mew
PROPANOATE METABOLISM 18 3 0371 0.00492 0374 0.0656 Mew
CYSTEINE METABOLISM g 2 0.165 0.0104 0772 0.119 Mew
GLUTATHIOME METABOLISM 10 2 0.206 0.0164 1.0 0.146 Mew
BETAINE METABOLISM 10 2 0.206 0.0164 1.0 0.146 Mew
ASPARTATE METABOLISM 12 2 0.248 0.0234 1.0 0.187 Mew
TYROSINE METABOLISM 38 3 0784 00393 10 0286 Mew
UREA CYCLE 20 2 0.413 0.0612 1.0 0.408 Mew
CITRIC ACID CYCLE 23 2 0.475 0.0786 1.0 0.434 Mew
ARGININE AND PROLINE METABOLISM 26 2 0536 0.0974 1.0 0.529 Mew
CATECHOLAMIMNE EIOSYNTHESIS 5 1 0.103 0.0992 1.0 0.529 Mew
ALANINE METABOLISM 6 1 0.124 0118 1.0 0.59 Mew
TAURINE AND HYPOTAURINE METABOLISM T 1 0.144 0.136 1.0 0.641 ew
VALINE, LEUCINE AND ISOLEUCINE DEGRADATION 36 2 0743 0.168 1.0 072 Mew
BUTYRATE METABOLISM ] 1 0.186 0172 10 072 Mew
PANTOTHEMATE AND COA BIOSYNTHESIS 10 1 0.206 0.189 1.0 072 Mew
KETOME BODY METABOLISM 10 1 0.206 0.189 1.0 072 Mew
GLUCOSE-ALANINE CYCLE 12 1 0.248 0223 1.0 0.81 ew
BETA-ALAMINE METABOLISM 13 1 0.268 0239 1.0 0.831 Mew
SPHINGOLIPID METABOLISM 15 1 0309 0271 10 0.866 Mew
MITOCHONDRIAL ELECTRON TRANSFORT CHAIN 15 1 0.309 0271 1.0 0.866 Mew
INSULIN SIGNALLING 19 1 0.392 033 1.0 1.0 Mew
PYRUWVATE METABOLISM 20 1 0413 0344 10 10 Mew
GLYCOLYSIS 21 1 0.433 0.358 1.0 10 Mew
PORPHYRIN METABOLISM 22 1 0.454 0372 1.0 10 Mew
GLUCONEOGENESIS 27 1 0557 0.436 1.0 1.0 Mew
PYRIMIDINE METABOLISM 36 1 0.743 0536 1.0 1.0 Mew
BILE ACID BIOSYNTHESIS 49 1 1.01 0651 10 10 Mew
=] Al L= L o 52 A2 G
O]ET]ﬂ E@EQI/H T—‘:HZ]L "41/\}7]751-4 Eﬂﬂ'e 1_7é°]'—1——| z?‘:!

3) Pathway Analysis

© Pathway Analysis J|

This module supports pathway analysis (integrating

enrichment analysis and pathway topology analysis)

and visualization for 21 model organisms, including

Human, Mouse, Rat, Cow, Chicken, Zebrafish,

Arabidopsis thaliana, Rice, Drosophila, Malaria, 5.

cerevisae, E.coli. and others, with a total of ~1600

metabolic pathways.
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4) Time—series/Two—{factor Design

© Time-series/Two-factor Design

This module supports temporal and two-factor data
analysis including data overview, two-way ANOVA,
and empirical Bayes time-series analysis for detecting
distinctive temporal profiles. It also supports ANOVA-
simultaneous component analysis (ASCA) to identify
major patterns associated with each experimental

factor
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Two—factor design (ex. Control vs disease &} ARAGH vs B3}
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Abstract

Researchers have long investigated a pathology entailed by
parasitism, especially focusing on biological phenomena. But the
intracellular response of hosts to the intruders could be a main
cause which block the natural interaction between microbe and
host. So, we discovered a pathogen—triggered intrinsic activities
that induce symptoms under parasitism using correlation
network analysis with MS—based metabolomics. As using
metabolic pathway enrichment and mapping, we found that the
host response to the pathogen changed metabolite levels and
thereby accumulated tetrose and pentose sugar alcohols in its
host. Next, we performed multiple linear regression model to
evaluate the interaction effect between the abnormal
accumulation and group variable (control/disease). The
statistical values explaining this effect revealed that the
accumulation caused a deficient supply of specific sugars, which
was found to lead to the stagnation of amino sugar and nucleotide
sugar metabolism. The stoppage of this metabolism could hamper
pivotal functions for plant host like cell wall synthesis and lesion
repair. In conclusion, our findings indicate that correlation
network analysis under parasitism could cause stagnation of
substrates of the pivotal pathway and, accordingly could trigger

pathological symptoms.

Keywords: Metabolomics, Mass spectrometry, Multivariate
statistical analysis, Correlation network analysis, Pathogen—
triggered metabolism, Sugar alcohol accumulation, Metabolic

pathway deficiency,

Student Number: 2011—-21751
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