
primary amines

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-4

-2

0

2

0 10 20 30 40 50 60

ethanolamine gamma-aminobutyrate (GABA)

0 10 20 30 40 50 60

N-acetylserotonin

phenethylamine serotonin (5HT)

-4

-2

0

2

tryptamine

-4

-2

0

2

tyramine
missing values were  
assigned a minimum 
 value of -4 

Additional file 4. Abundance profiles of standardized metabolite levels along DS2-mature samples 
arranged by increasing PC1 scores. Shown within their respective classes 



amino acids

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-4

-2

0

2

0 10 20 30 40 50 60

alanine arginine

0 10 20 30 40 50 60

asparagine aspartate

0 10 20 30 40 50 60

citrulline

glutamate glutamine glycine histidine

-4

-2

0

2

homoserine

-4

-2

0

2

isoleucine leucine lysine phenylalanine proline

serine

0 10 20 30 40 50 60

threonine tryptophan

0 10 20 30 40 50 60

tyrosine

-4

-2

0

2

valine

missing values were  
assigned a minimum 
 value of -5.8 



g
lu

ta
th

io
n

e
 c

y
c
le

 a
n

d
 g

lu
ta

th
io

n
e
 m

e
ta

b
o

li
s
m

s
a

m
p
le

 r
a

n
k
 b

y
 P

C
1

metabolite scaled value

-202

0
1
0

2
0

3
0

4
0

5
0

6
0

2
-a

m
in

o
b

u
ty

ra
te

5
-o

xo
p

ro
lin

e

0
1
0

2
0

3
0

4
0

5
0

6
0

g
a

m
m

a
-g

lu
ta

m
yl

-2
-a

m
in

o
b

u
ty

ra
te

g
a

m
m

a
-g

lu
ta

m
yl

a
la

n
in

e

0
1
0

2
0

3
0

4
0

5
0

6
0

g
a

m
m

a
-g

lu
ta

m
yl

g
lu

ta
m

in
e

g
a

m
m

a
-g

lu
ta

m
yl

is
o

le
u
c
in

e
*

g
a

m
m

a
-g

lu
ta

m
yl

le
u
c
in

e
g

a
m

m
a

-g
lu

ta
m

yl
p

h
e

n
yl

a
la

n
in

e
g

a
m

m
a

-g
lu

ta
m

yl
tr

yp
to

p
h
a

n

-202

g
a

m
m

a
-g

lu
ta

m
yl

ty
ro

s
in

e

-202

g
a

m
m

a
-g

lu
ta

m
yl

va
lin

e
g

lu
ta

th
io

n
e

, 
o

xi
d

iz
e

d
 (

G
S

S
G

)
g

lu
ta

th
io

n
e

, 
re

d
u
c
e

d
 (

G
S

H
)

n
o

ro
p

h
th

a
lm

a
te

*
o

p
h
th

a
lm

a
te

p
yr

o
g

lu
ta

m
in

e
*

0
1
0

2
0

3
0

4
0

5
0

6
0

-202

S
-m

e
th

yl
g

lu
ta

th
io

n
e

m
is

si
n

g 
va

lu
es

 w
er

e 
 

as
si

gn
ed

 a
 m

in
im

u
m

 
 v

al
u

e 
o

f 
-3

.8
 



d
ip

e
p

ti
d

e
s

s
a

m
p
le

 r
a

n
k
 b

y
 P

C
1

metabolite scaled value

-2024

0
1
0

2
0

3
0

4
0

5
0

6
0

a
la

n
yl

is
o

le
u
c
in

e
a

la
n
yl

le
u
c
in

e

0
1
0

2
0

3
0

4
0

5
0

6
0

a
la

n
yl

p
h
e

n
yl

a
la

n
in

e
a

la
n
yl

tr
yp

to
p

h
a

n

0
1
0

2
0

3
0

4
0

5
0

6
0

a
s
p

a
ra

g
yl

is
o

le
u
c
in

e
a

s
p

a
ra

g
yl

le
u
c
in

e

0
1
0

2
0

3
0

4
0

5
0

6
0

a
s
p

a
ra

g
yl

va
lin

e
g

lu
ta

m
in

e
-i

s
o

le
u
c
in

e

0
1
0

2
0

3
0

4
0

5
0

6
0

g
lu

ta
m

in
e

-l
e

u
c
in

e

g
ly

c
yl

le
u
c
in

e
g

ly
c
yl

p
h
e

n
yl

a
la

n
in

e
g

ly
c
yl

p
ro

lin
e

g
ly

c
yl

va
lin

e
h
is

ti
d

yl
is

o
le

u
c
in

e
h
is

ti
d

yl
le

u
c
in

e
h
is

ti
d

yl
p

h
e

n
yl

a
la

n
in

e
h
is

ti
d

yl
va

lin
e

-2024
is

o
le

u
c
yl

a
la

n
in

e

-2024
is

o
le

u
c
yl

a
s
p

a
rt

a
te

is
o

le
u
c
yl

g
lu

ta
m

in
e

is
o

le
u
c
yl

le
u
c
in

e
is

o
le

u
c
yl

p
h
e

n
yl

a
la

n
in

e
is

o
le

u
c
yl

th
re

o
n
in

e
is

o
le

u
c
yl

va
lin

e
le

u
c
yl

g
lu

ta
m

a
te

le
u
c
yl

le
u
c
in

e
le

u
c
yl

m
e

th
io

n
in

e

le
u
c
yl

p
ro

lin
e

le
u
c
yl

th
re

o
n
in

e
p

h
e

n
yl

a
la

n
yl

a
la

n
in

e
p

h
e

n
yl

a
la

n
yl

a
s
p

a
rt

a
te

p
h
e

n
yl

a
la

n
yl

g
ly

c
in

e
p

h
e

n
yl

a
la

n
yl

s
e

ri
n
e

p
h
e

n
yl

a
la

n
yl

va
lin

e
p

yr
o

g
lu

ta
m

yl
va

lin
e

-2024
s
e

ry
lis

o
le

u
c
in

e
*

-2024
s
e

ry
lle

u
c
in

e
s
e

ry
lp

h
e

n
ya

la
n
in

e
s
e

ry
lty

ro
s
in

e
s
e

ry
lv

a
lin

e
th

re
o

n
yl

is
o

le
u
c
in

e
th

re
o

n
yl

le
u
c
in

e
th

re
o

n
yl

p
h
e

n
yl

a
la

n
in

e
th

re
o

n
yl

va
lin

e
tr

yp
to

p
h
yl

le
u
c
in

e

ty
ro

s
yl

is
o

le
u
c
in

e
ty

ro
s
yl

va
lin

e
va

ly
la

la
n
in

e
va

ly
la

s
p

a
ra

g
in

e
va

ly
la

s
p

a
rt

a
te

va
ly

lg
lu

ta
m

a
te

va
ly

lg
lu

ta
m

in
e

va
ly

lg
ly

c
in

e

-2024
va

ly
lis

o
le

u
c
in

e

-2024
va

ly
lle

u
c
in

e

0
1
0

2
0

3
0

4
0

5
0

6
0

va
ly

lp
h
e

n
yl

a
la

n
in

e
va

ly
lth

re
o

n
in

e

0
1
0

2
0

3
0

4
0

5
0

6
0

va
ly

lv
a

lin
e

m
is

si
n

g 
va

lu
es

 w
er

e 
 

as
si

gn
ed

 a
 m

in
im

u
m

 
 v

al
u

e 
o

f 
-4

 



polyamines and polyamine degradation

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-2

0

2

0 10 20 30 40 50 60

2-pyrrolidinone 4-acetamidobutanoate

0 10 20 30 40 50 60

4-guanidinobutanoate

4-hydroxybutyrate (GHB)

0 10 20 30 40 50 60

N-acetylputrescine

-2

0

2

putrescine

tannins

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-2

-1

0

1

2

0 10 20 30 40 50 60

epicatechin procyanidin B1

-2

-1

0

1

2

procyanidin B2

missing values were  
assigned a minimum 
 value of -3 

missing values were  
assigned a minimum 
 value of -2 



energy metabolism

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-4

-2

0

2

0 10 20 30 40 50 60

adenosine 2'-monophosphate (2'-AMP) adenosine 5'-monophosphate (AMP)

0 10 20 30 40 50 60

NAD

nicotinamide ribonucleotide (NMN) nicotinamide riboside*

-4

-2

0

2

nicotinate ribonucleoside*

-4

-2

0

2

phosphate

missing values were  
assigned a minimum 
 value of -4 



acetylated amino acids

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-4

-2

0

2

4

0 10 20 30 40 50 60

N-acetyl-1-methylhistidine*N-acetyl-3-methylhistidine*

0 10 20 30 40 50 60

N-acetylalanine N-acetylarginine

0 10 20 30 40 50 60

N-acetylasparagine

N-acetylglutamate N-acetylglutamine N-acetylhistidine N-acetylisoleucine

-4

-2

0

2

4

N-acetylleucine

-4

-2

0

2

4

N-acetylmethionine N-acetylmethionine sulfoxideN-acetylphenylalanine N-acetylproline N-acetylserine

N-acetyltaurine

0 10 20 30 40 50 60

N-acetyltryptophan N-acetyltyrosine

0 10 20 30 40 50 60

N-acetylvaline

-4

-2

0

2

4

N6-acetyllysine

missing values were  
assigned a minimum 
 value of -5 



lysophospholipids

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-3

-2

-1

0

1

2

3

0 10 20 30 40 50 60

1-linoleoylglycerophosphocholine (18:2n6)1-linoleoylglycerophosphoethanolamine*

0 10 20 30 40 50 60

1-linoleoylglycerophosphoinositol*1-margaroylglycerophosphocholine (17:0)

0 10 20 30 40 50 60

1-oleoylglycerophosphocholine (18:1)

1-oleoylglycerophosphoethanolamine1-oleoylglycerophosphoinositol*1-palmitoylglycerophosphocholine (16:0)1-palmitoylglycerophosphoethanolamine

-3

-2

-1

0

1

2

3

1-palmitoylglycerophosphoinositol*

-3

-2

-1

0

1

2

3

1-pentadecanoylglycerophosphocholine (15:0)*1-stearoylglycerophosphocholine (18:0)1-stearoylglycerophosphoethanolamine1-stearoylglycerophosphoinositol2-linoleoylglycerophosphocholine*

2-oleoylglycerophosphocholine*

0 10 20 30 40 50 60

2-palmitoylglycerophosphocholine*2-palmitoylglycerophosphoethanolamine*

0 10 20 30 40 50 60

-3

-2

-1

0

1

2

3

2-stearoylglycerophosphocholine*

missing values were  
assigned a minimum 
 value of -3 

non-reducing sugars

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-2

-1

0

1

2

3

0 10 20 30 40 50 60

1-kestose

0 10 20 30 40 50 60

sucrose

missing values were  
assigned a minimum 
 value of -2 



abscisate 

-2 

0 

2 

cyano-alanine 

-2 

-1 

0 

1 

2 

0 20 40 60 80 100 

isopentenyl adenosine 

sample rank by PC1 scores 

st
an

d
ar

d
iz

e
d

 m
et

ab
o

lit
e 

va
lu

e
 

5-methylthioadenosine 

hormones 

missing values were  
assigned a minimum 
 value of -2.6 



nucleic acid and tRNA nucleosides

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-4

-2

0

2

0 10 20 30 40 50 60

5-methyluridine (ribothymidine) adenine

0 10 20 30 40 50 60

adenosine adenosine-2',3'-cyclic monophosphate

0 10 20 30 40 50 60

cytidine

guanine guanosine guanosine-2',3'-cyclic monophosphate hypoxanthine

-4

-2

0

2

inosine

-4

-2

0

2

N1-methyladenosine N1-methylguanosine N2-methylguanosine N2,N2-dimethylguanosineN6-carbamoylthreonyladenosine

pseudouridine

0 10 20 30 40 50 60

uracil

-4

-2

0

2

uridine

missing values were  
assigned a minimum 
 value of -5 



general phenylpropanoid pathway

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-2

0

2

0 10 20 30 40 50 60

4-hydroxycinnamate apigenin-7-o-glucoside

0 10 20 30 40 50 60

chrysoeriol dihydroferulic acid

ferulate isoferulate isovitexin

-2

0

2

kaempferol 3-O-beta-glucoside

-2

0

2

luteolin-7-O-glucoside naringenin naringenin-7-O-glucoside pinoresinol

quercetin-3-o-glucoside

0 10 20 30 40 50 60

rutin

-2

0

2

secoisolariciresinol

missing values were  
assigned a minimum 
 value of -3 



vitamins

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-4

-2

0

2

0 10 20 30 40 50 60

alpha-tocopherol nicotinamide

0 10 20 30 40 50 60

nicotinate

pantothenate pyridoxal

-4

-2

0

2

pyridoxine (Vitamin B6)

-4

-2

0

2

riboflavin (Vitamin B2)

sphingoid bases

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-2

-1

0

1

2

3

0 10 20 30 40 50 60

phytosphingosine sphinganine

-2

-1

0

1

2

3

sphingosine

TCA

sample rank by PC1

m
e

ta
b

o
li
te

 s
c
a

le
d

 v
a

lu
e

-2

0

2

4

0 10 20 30 40 50 60

citrate fumarate

malate

0 10 20 30 40 50 60

-2

0

2

4

succinate



ly
s
o

p
h

o
s
p

h
o

li
p

id
 d

e
g

ra
d

a
ti

o
n

s
a

m
p
le

 r
a

n
k
 b

y
 P

C
1

metabolite scaled value

-4-202

0
1
0

2
0

3
0

4
0

5
0

6
0

1
-l
in

o
le

n
o

yl
g

ly
c
e

ro
l

1
-l
in

o
le

o
yl

g
ly

c
e

ro
l (

1
-m

o
n
o

lin
o

le
in

)

0
1
0

2
0

3
0

4
0

5
0

6
0

1
-o

le
o

yl
g

ly
c
e

ro
l (

1
-m

o
n
o

o
le

in
)

1
-p

a
lm

it
o

yl
g

ly
c
e

ro
l (

1
-m

o
n
o

p
a

lm
it
in

)

0
1
0

2
0

3
0

4
0

5
0

6
0

1
-p

a
lm

it
o

yl
g

ly
c
e

ro
p

h
o

s
p

h
a

te

2
-l
in

o
le

o
yl

g
ly

c
e

ro
l (

2
-m

o
n
o

lin
o

le
in

)
2

-o
le

o
yl

g
ly

c
e

ro
l (

2
-m

o
n
o

o
le

in
)

2
-p

a
lm

it
o

yl
g

ly
c
e

ro
l (

2
-m

o
n
o

p
a

lm
it
in

)
c
h
o

lin
e

-4-202

c
h
o

lin
e

 p
h
o

s
p

h
a

te

-4-202

in
o

s
it
o

l 1
-p

h
o

s
p

h
a

te
 (

I1
P

)

0
1
0

2
0

3
0

4
0

5
0

6
0

o
le

ic
 e

th
a

n
o

la
m

id
e

p
a

lm
it
o

yl
 e

th
a

n
o

la
m

id
e

0
1
0

2
0

3
0

4
0

5
0

6
0

s
te

a
ro

yl
 e

th
a

n
o

la
m

id
e

m
is

si
n

g 
va

lu
es

 w
er

e 
 

as
si

gn
ed

 a
 m

in
im

u
m

 
 v

al
u

e 
o

f 
-4

 



re
d

u
c
in

g
 s

u
g

a
rs

 a
n

d
 d

e
ri

v
a
ti

v
e
 l

a
c
to

n
e
s
, 

a
c
id

s
 a

n
d

 a
lc

o
h

o
ls

s
a

m
p
le

 r
a

n
k
 b

y
 P

C
1

metabolite scaled value

-4-2024

0
1
0

2
0

3
0

4
0

5
0

6
0

1
,2

-p
ro

p
a

n
e

d
io

l
1

,3
-d

ih
yd

ro
xy

a
c
e

to
n
e

0
1
0

2
0

3
0

4
0

5
0

6
0

2
,3

-b
u
ta

n
e

d
io

l
a

ra
b

in
o

s
e

0
1
0

2
0

3
0

4
0

5
0

6
0

a
ra

b
it
o

l
e

ry
th

ri
to

l

0
1
0

2
0

3
0

4
0

5
0

6
0

e
ry

th
ro

n
a

te
*

e
ry

th
ro

n
ic

 g
a

m
m

a
-l
a

c
to

n
e

e
ry

th
ro

s
e

e
ry

th
ru

lo
s
e

fr
u
c
to

s
e

fu
c
o

s
e

g
lu

c
o

n
a

te

-4-2024

g
lu

c
o

s
e

-4-2024

Is
o

b
a

r:
 s

o
rb

it
o

l, 
m

a
n
n
it
o

l
is

o
m

a
lto

s
e

m
a

ltu
lo

s
e

m
yo

-i
n
o

s
it
o

l
p

a
la

ti
n
it
o

l
ri

b
it
o

l
ri

b
o

n
a

te

ri
b

o
s
e

0
1
0

2
0

3
0

4
0

5
0

6
0

ri
b

u
lo

s
e

th
re

it
o

l

0
1
0

2
0

3
0

4
0

5
0

6
0

xy
lit

o
l

xy
lo

n
a

te

0
1
0

2
0

3
0

4
0

5
0

6
0

xy
lo

s
e

-4-2024

xy
lu

lo
s
e

m
is

si
n

g 
va

lu
es

 w
er

e 
 

as
si

gn
ed

 a
 m

in
im

u
m

 
 v

al
u

e 
o

f 
-4

.5
 



unsaturated fatty acids and oxylipins

sample rank by PC1
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polymethoxycinnamates,derivative hydroxybenzoates and VOCs
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