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Supplementary figure 1: Metabolomics changes after transplantation in recipients without GvHD in the 
confirmation multicentric cohort 
(a) Distribution of non-detectable values between recipient without GvHD and their related paired donors for 
the same 648 metabolites analyzed in cohort 1 (Figure 2). The frequency of non-detectable values in both groups 
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was compared using a McNemar exact test and colored as follow; green: frequency of non-detectable values non 
significantly different between groups, blue: combination of metabolites with p>0.05 or p<0.05 after paired 
analysis, orange: frequency of non-detectable values significantly different between groups with p < 0.05 but not 
significant after Bonferroni correction for multiple testing, red: frequency of non-detectable values significantly 
different between groups after Bonferroni correction for multiple testing (p < 7.692×10−5). Red area represents 
the threshold used for filtration of metabolites with more than 50 % of non-detectable value. (b) A total number 
of 648 metabolites were analyzed for comparison of paired donor and recipients without GvHD. Among them, 
45 metabolites were more frequently detected in one group of patients, including 3 metabolites that were still 
significant after Bonferroni correction (supplementary data 3). 83 metabolites with more than 50% of non-
detectable values were discarded for further analysis. (c) The remaining 565 metabolites were compared with a 
paired Student test followed by a Bonferroni correction. The volcano plot represents the variation of metabolites 
amount between recipients without GvHD and their related paired donors according to the −log(p value). List of 
the 105 significant metabolites is available in supplementary data 5. (d) Heatmap representation of the more 
significant metabolites after Student test, after hierarchical clustering of samples. (e-f) Significant variation of 
metabolites was confirmed after global comparison of the relative amounts between compounds. Main 
pathways identified in the previous analysis (i.e. polyamine metabolism, tryptophan metabolism, urea cycle, 
arginine & proline metabolism, bacterial or fungal, plasmalogen or lysoplasmalogen, and primary or secondary 
bile acid metabolism) were used to build an undirected graph where each node is a metabolite and two nodes 
are connected if their ratio is unchanged between the two groups (see Methods). The same network was first 
colored according to the considered sub-pathway (e) and then according to microbial-derived metabolites (red 
nodes) (f).  
 
 
  



 
Supplementary Figure 2: Metabolomics changes after transplantation in recipients with GvHD in the 
multicentric confirmation cohort 
(a) Distribution of non-detectable values for each metabolite between recipient without GvHD and their 
related paired donors for the same 653 metabolites analyzed in cohort 1 (Figure 3). The frequency of non-

Supplementary figure 2, Michonneau et al.
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detectable values in both groups was compared for each distribution profile using a McNemar exact test and 
colored as follow; green: frequency of non-detectable values non significantly different between groups, blue: 
combination of metabolites with p>0.05 or p<0.05 after paired analysis, orange: frequency of non-detectable 
values significantly different between groups with p < 0.05 but not significant after Bonferroni correction for 
multiple testing, red: frequency of non-detectable values significantly different between groups after 
Bonferroni correction for multiple testing (p < 7.692×10−5). Red area represents the threshold used for filtration 
of metabolites with more than 50 % of non-detectable value. (b) A total number of 653 metabolites were 
analyzed for comparison of paired donor and recipients without GvHD. Among them, 32 metabolites were 
more frequently detected in one group of patients, including 6 metabolites that were still significant after 
Bonferroni correction: cytidine, glycodeoxycholate, indolepropionate, L-urobilin, ursodeoxycholate sulfate and 
3-methoxytyramine sulfate (supplementary data 6). 33 metabolites with more than 50% of non-detectable 
values were discarded for further analysis. (c) The remaining 620 metabolites were compared with a paired 
Student test followed by a Bonferroni correction. The volcano plot represents the variation of metabolites 
amount between recipients without GvHD and their related paired donors according to the −log(p value). List 
of the 182 significant metabolites is available in supplementary data 8. (d) Heatmap representation of the more 
significant metabolites after Student test, after hierarchical clustering of samples. (e-f) Significant variation of 
metabolites was confirmed after global comparison of the relative amounts between compounds. Main 
pathways identified in the previous analysis (i.e. polyamine metabolism, tryptophan metabolism, urea cycle, 
arginine & proline metabolism, bacterial or fungal, plasmalogen or lysoplasmalogen, and primary or secondary 
bile acid metabolism) were used to build an undirected graph where each node is a metabolite and two nodes 
are connected if their ratio is unchanged between the two groups (see Online Methods). The same network 
was first colored according to the considered sub-pathway (e) and then according to microbial-derived 
metabolites (red nodes) (f). 
  



 
Supplementary figure 3: Metabolomics pathways involved at aGvHD onset in the multicentric confirmation 
cohort 
(a) Distribution of non-detectable values for each of the 524 metabolites previously analyzed in cohort 1 (figure 
4), was assessed in recipients with or without GvHD. The frequency of non-detectable values in both groups was 

Supplementary figure 3, Michonneau et al.
a b

e f

c d

Recipients with GvHD Recipients without GvHD

N
on

 d
et

ec
ta

bl
e 

va
lu

es
 d

is
tri

bu
tio

n 
pr

of
ile

Percentage of non detectable values

80

60

40

20

0

100

100 50 0 50 100

arachidonoyl ethanolamidepalmitoleate (16:1n7)N-stearoyl-sphingosine (d18:1/18:0) 2-hydroxybutyrate/2-hydroxyisobutyratebeta-citrylglutamate6-oxopiperidine-2-carboxylatehydantoin-5-propionic acidsphinganinesphingosineaspartateadenosine 5'-monophosphate (AMP)2-aminooctanoatecysteinylglycinecys-gly, oxidizedlactate5-oxoprolinecysteine s-sulfatepyruvateglutamatepyroglutamine
creatininetrans-4-hydroxyproline
citrate

aconitate [cis or trans]3-hydroxyoctanoate2-aminoheptanoatealpha-hydroxyisovalerateglycodeoxycholateglycolithocholate sulfate 2'-deoxyuridinephenol sulfatebetainedimethylglycinegamma CEHCindole-3-carboxylic acidpregnanediol-3-glucuronideindoleacetate3-indoxyl sulfatephenylacetylglutamineimidazole lactateargininehistidineN-acetylarginine4-guanidinobutanoate2-oxoarginine.citrullineguanidinoacetatehomoargininetryptophan1-(1-enyl-oleoyl)-GPE (P-18:1)1-(1-enyl-stearoyl)-2-linoleoyl-GPE (P-18:0/18:2) 1-(1-enyl-palmitoyl)-2-linoleoyl-GPE (P-16:0/18:2) 2-hydroxydecanoate1-(1-enyl-palmitoyl)-2-arachidonoyl-GPE (P-16:0/20:4) 1-(1-enyl-stearoyl)-2-arachidonoyl-GPE (P-18:0/20:4) 1-(1-enyl-palmitoyl)-2-arachidonoyl-GPC (P-16:0/20:4) 1-(1-enyl-palmitoyl)-2-oleoyl-GPE (P-16:0/18:1) 1-(1-enyl-stearoyl)-2-oleoyl-GPE (P-18:0/18:1)1-(1-enyl-palmitoyl)-2-linoleoyl-GPC (P-16:0/18:2) 1-(1-enyl-stearoyl)-GPE (P-18:0) 1-(1-enyl-palmitoyl)-GPE (P-16:0) 1,2-dilinoleoyl-GPC (18:2/18:2)1-linoleoyl-GPC (18:2)1-linoleoyl-GPE (18:2) 
N-methylprolineN-acetylaspartate (NAA)3-methylhistidine1-stearoyl-2-linoleoyl-GPC (18:0/18:2) 1-linoleoyl-2-arachidonoyl-GPC (18:2/20:4n6) N-delta-acetylornithinetrigonelline (N'-methylnicotinate)

urate

allantoinretinol (Vitamin A)choline phosphate

Distribution of non detectable value not 
associated with a clinical outcome (n=502)

Distribution of non detectable value associated
with a clinical outcome (P<.05) (n=21)

Distribution of non detectable value associated
with a clinical outcome (P<.0001) (n=1)

Metabolites significantly associated with a group of 
patients (n=22)

Discarded 35 metabolites undetected in more than
50% of samples

Imputation of remaining undetected values

Detection of significant metabolites with t-test and 
fold change analysis (n=37)
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Cofactors and Vitamins
Lipid

Nucleotide
Xenobiotics

Amino Acid
Energy Peptide

Carbohydrate

aGvHD No aGvHD
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0
2
4

acisoga

arginine

C-glycosyltryptophan

chenodeoxycholate

cholatecitrulline

deoxycholate

dimethylarginine (SDMA + ADMA)

glycochenodeoxycholate

glycochenodeoxycholate glucuronide (1)

glycochenodeoxycholate sulfate

glycocholate

glycocholenate sulfate*

glycodeoxycholate

glycohyocholate

glycolithocholate sulfate
glycoursodeoxycholate

homoarginine

homocitrulline

hyocholate

indole-3-carboxylic acid

indoleacetate

indoleacetylglutamine

indolelactate

indolepropionate

kynurenate

kynurenine

N-acetylarginine
N-acetylcitrulline

N-acetylproline

N-acetylputrescine
N-acetyltryptophan

N-delta-acetylornithine

N-methylproline
N2,N5-diacetylornithine

ornithine

picolinate

pro-hydroxy-pro

proline

spermidine

taurochenodeoxycholate

taurocholate

taurocholenate sulfate

taurodeoxycholate

taurolithocholate 3-sulfate

tauroursodeoxycholate

trans-4-hydroxyproline

tryptophan

tryptophan betaine

urea

ursodeoxycholate

1-(1-enyl-oleoyl)-GPE (P-18:1)*

1-(1-enyl-palmitoyl)-2-arachidonoyl-GPC (P-16:0/20:4)*

1-(1-enyl-palmitoyl)-2-arachidonoyl-GPE (P-16:0/20:4)*
1-(1-enyl-palmitoyl)-2-linoleoyl-GPC (P-16:0/18:2)*

1-(1-enyl-palmitoyl)-2-linoleoyl-GPE (P-16:0/18:2)

1-(1-enyl-palmitoyl)-2-oleoyl-GPC (P-16:0/18:1)*

1-(1-enyl-palmitoyl)-2-oleoyl-GPE (P-16:0/18:1)*

1-(1-enyl-palmitoyl)-2-palmitoleoyl-GPC (P-16:0/16:1)*

1-(1-enyl-palmitoyl)-2-palmitoyl-GPC (P-16:0/16:0)*

1-(1-enyl-palmitoyl)-GPC (P-16:0)*

1-(1-enyl-palmitoyl)-GPE (P-16:0)*

1-(1-enyl-stearoyl)-2-arachidonoyl-GPE 
(P-18:0/20:4)

1-(1-enyl-stearoyl)-2-linoleoyl-GPE (P-18:0/18:2)

1-(1-enyl-stearoyl)-2-oleoyl-GPE (P-18:0/18:1)

1-(1-enyl-stearoyl)-GPE (P-18:0)*

2-oxoarginine*

3-indoxyl sulfate

4-acetamidobutanoate

5-methylthioadenosine (MTA)

Primary bile acids

AhR ligands

Arginine 

Plasmalogens Secondary bile acids

acisoga

arginine

C-glycosyltryptophan

chenodeoxycholate

cholatecitrulline

deoxycholate

dimethylarginine (SDMA + ADMA)

glycochenodeoxycholate

glycochenodeoxycholate glucuronide (1)

glycochenodeoxycholate sulfate

glycocholate

glycocholenate sulfate*

glycodeoxycholate

glycohyocholate

glycolithocholate sulfate*

glycoursodeoxycholate

homoarginine

homocitrulline

hyocholate

indole-3-carboxylic acid

indoleacetate

indoleacetylglutamine

indolelactate

indolepropionate

kynurenate

kynurenine

N-acetylarginine
N-acetylcitrulline

N-acetylproline

N-acetylputrescine
N-acetyltryptophan

N-delta-acetylornithine

N-methylproline

N2,N5-diacetylornithine

ornithine

picolinate

pro-hydroxy-pro

proline

spermidine

taurochenodeoxycholate

taurocholate

taurocholenate sulfate

taurodeoxycholate

taurolithocholate 3-sulfate

tauroursodeoxycholate

trans-4-hydroxyproline

tryptophan

tryptophan betaine

urea

ursodeoxycholate

1-(1-enyl-oleoyl)-GPE (P-18:1)*

1-(1-enyl-palmitoyl)-2-arachidonoyl-GPC (P-16:0/20:4)*

1-(1-enyl-palmitoyl)-2-arachidonoyl-GPE (P-16:0/20:4)*
1-(1-enyl-palmitoyl)-2-linoleoyl-GPC (P-16:0/18:2)*

1-(1-enyl-palmitoyl)-2-linoleoyl-GPE (P-16:0/18:2)*

1-(1-enyl-palmitoyl)-2-oleoyl-GPC (P-16:0/18:1)*

1-(1-enyl-palmitoyl)-2-oleoyl-GPE (P-16:0/18:1)*

1-(1-enyl-palmitoyl)-2-palmitoleoyl-GPC (P-16:0/16:1)*

1-(1-enyl-palmitoyl)-2-palmitoyl-GPC (P-16:0/16:0)*

1-(1-enyl-palmitoyl)-GPC (P-16:0)*

1-(1-enyl-palmitoyl)-GPE (P-16:0)*

1-(1-enyl-stearoyl)-2-arachidonoyl-GPE (P-18:0/20:4)*

1-(1-enyl-stearoyl)-2-linoleoyl-GPE (P-18:0/18:2)*

1-(1-enyl-stearoyl)-2-oleoyl-GPE (P-18:0/18:1)

1-(1-enyl-stearoyl)-GPE (P-18:0)*

2-oxoarginine*

3-indoxyl sulfate

4-acetamidobutanoate

5-methylthioadenosine (MTA)



compared for each distribution profile using a Fisher exact test for 2x2 contingency table and colored as follow; 
green: frequency of non-detectable values non-significantly different between groups, orange: frequency of non-
detectable values significantly different between groups with p<0.05 but not significant after Bonferroni 
correction for multiple testing, red: frequency of non-detectable values significantly different between groups 
after Bonferroni correction for multiple testing. (b) A total number of 524 metabolites were analyzed for 
comparison of recipients with or without GvHD. Among them, 22 metabolites were more frequently detected in 
one group of patients, and one was significant after Bonferroni correction (indoleproprionate, p<0.0001) 
(supplementary data 10). 35 metabolites with more than 50% of non-detectable values were discarded for 
further analysis. (c) The remaining 489 metabolites were compared with a Student test with unequal variance, 
followed by a Bonferroni correction after log transformation of peak intensities. The volcano plot represents the 
variation of metabolites amount between recipients with GvHD and those without GvHD according to the −log(p 
value). List of the 37 significant metabolites is available in supplementary data 12. (d) Heatmap representation 
of the more significant metabolites after Student test with unequal variance, after hierarchical clustering of 
samples. (e-f) Significant variation of metabolites was confirmed after global comparison of the relative amounts 
between compounds. Main pathways identified in the previous analysis (i.e. polyamine metabolism, tryptophan 
metabolism, urea cycle, arginine & proline metabolism, bacterial or fungal, plasmalogen or lysoplasmalogen, and 
primary or secondary bile acid metabolism) were used to build an undirected graph of a network where each 
node is a metabolite and two nodes are connected if their ratio is unchanged between the two groups (see Online 
Methods). The same network was first colored according to the considered sub-pathway (e) and then according 
to microbial-derived metabolites (red nodes) (f).  
 


