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Supplementary Table 1. LC-MS analysis of Geotrichum candidum extracts. 
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5.60 271.1440 Clavicipitic acid C16H18N2O2 

 

[1] - - - - [2] 

6.24 305.1745 7-butyl-6,8-
dihydroxy-3-pent-

11-enylisochrom en-
1-one 

C18H24O4 

 

[3] - - - - [4] 

6.61 303.1591 

6.70 211.1444 Cyclo(L-Leu-L-Pro) C11H18N2O2 

 

[5] - - [6] - [7] 

6.80 261.1235 Cyclo(L-Tyr-L-Pro) C14H16N2O3 

 

[8] - - [9] - 
 

[10] 
 

6.92 197.1286 Cyclo-(L-Pro-L-Val) C10H16N2O2 

 

[5] - - [11] - [12] 
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Supplementary Table 1. Continued.  
 

Rt HRESIMS 
Tentative 

identification 

Formula of 
the 

molecule 
Structure of the molecule 

References 

A
nt

im
ic

ro
bi

a
l A

ct
iv

ity
 

A
nt

i-d
ia

be
tic

 
ac

tiv
ity

 

A
nt

i-
he

m
ol

ys
is

 
ac

tiv
ity

 

A
nt

i-
in

fl
am

m
at

or
y 

ac
tiv

ity
 

A
nt

i-o
be

si
ty

 
ac

tiv
ity

 

C
yt

ot
ox

ic
ity

 

7.00 317.1384 
8-

Methoxytrypethelon
e methyl ether 

C18H20O5 

 

[13] - - - - [13] 

7.10 351.1228 

7-methoxy-4,8,9-
trihydroxy-1,6,7,8-

tetrahydro-2H-
benzo[j]fluoranthen-

3-one 

C21H18O5 

 

- - - - - [14] 

7.20 411.1552 Brasilamide F C22H22N2O6 

 

[15] - - - - [16] 

7.27 273.1455 Cordiachrome D C17H20O3 

 

[17] - - - - [18] 

7.37 329.2324 Sch-725674 C18H32O5 

 

[19] - - - - - 
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Supplementary Table 1. Continued.  
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7.47 312.1232 Carbonarin E C18H17NO4 

 

[20] - - - - [20] 

7.59 463.2693 Virescenoside E C26H38O7 

 

- - [21] - - [21] 

7.72 452.2792 Cytochalasin J C28H37NO4 

 

[22] [23] [24] [24] - 
[25, 
26] 

7.41 257.1494 
2-

Methylenecyclohept
ene-1,3-diglycine 

C12H20N2O4 

- 

- - - - - - 
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Supplementary Table 1. Continued.  
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7.79 423.2745 β-Hydroxy 
Mevinolin 

C24H38O6 

 

[27] - - - [28] [29] 

7.88 421.2587 
g-Hydroxy 
Mevinolin 

7.97 325.1547 Cyclo(Phenylalanyl-
N-methyltyrosyl) 

C19H20N2O3 

 

[30] - - - - - 

8.09 412.3575 

14-Aza-24-
methylene-D-

homocholesta-8,14-
dien-3-ol 

C28H45NO 

 

[31] - - - - - 

8.18 440.3885 

4,4-Dimethyl-3-
hydroxy-24-

methylene-14a-aza-
D-homo- 5a-

cholesta-8,14-diene 

C30H49NO - - - - - - - 

8.30 454.3678 

Acetoxy-24-
methylene-14a-aza-
n-homo-5a-cholesta- 

8,14-diene 

C30H47NO2 - [32] - - - - - 
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Supplementary Table 1. Continued.  
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8.63 410.3416 

3-Keto-24-
methylene-14a-aza-

D-homo-5a-cholesta-
8, 14-diene 

C28H43NO - [33] - - - - - 

8.89 426.3732 

4a-Methyl-15-aza-
24-methylene-D-

homocholesta-8,14-
dien-3-ol 

C29H47NO - [34] - - - - - 
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Supplementary Table 2. LC-MS analysis of Penicillium citrinum extracts. 

Rt HRESIMS Tentative 
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the 
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7.80 158.1177 
1,2-

Dihydroxyindolizidi
ne 

C8H15NO2 

 

[35] - - - - - 

9.11 137.1075 
2-Isopropyl-6-

methylpyrazine C8H12N2 

 

- - - [36] - - 

9.37 197.1285 Cyclo-(L-Pro-L-Val) C10H16N2O2 

 

[5] - - [11] - [12] 

10.75 185.1286 Cyclo(L-Ala-L-Leu) C9H16N2O2 

 

- - - - - - 

12.11 261.1235 Cyclo(L-Tyr-L-Pro) C14H16N2O3 

 

[8] - - [9] - [10] 
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Supplementary Table 2. Continued.  
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12.64 211.1440 Cyclo(L-Leu-L-Pro) C11H18N2O2 

 

[37] - - [6] - [7] 

13.64 245.1283 Cyclo(L-Phe-L-Pro) C14H16N2O2 

 

[38] - - - - - 

14.88 243.0875 Lumichrome C12H10N4O2 

 

[39] - - - - - 

15.04 247.1438 Cyclo(L-Val-L-Phe) C14H18N2O2 

 

[40] - - - - - 

15.74 227.1754 L-Leucine anhydride C12H22N2O2 - - - - - - - 

17.43 309.0868 Chaetominedione C17H12N2O4 

 

[41] - - - - [42] 
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Supplementary Table 2. Continued.  
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18.73 391.2840 Merulinic acid B C24H38O4 
 

[43] - - - - - 

19.65 430.1608 Amicycline C21H23N3O7 

 

[44] - - - - - 

21.92 251.0912 Citrinin C13H14O5 

 

[45] - - [46] - [45] 

23.06 267.1225 
5-

Hydroxyvertinolide C14H18O5 

 

[47] - - [48] - - 
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Supplementary Table 3. GC-MS analysis results of Penicillium citrinum.  
  

Rt Tentative 
identification 
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3.432 α-pinene 940 90.5 C10H16 

 

[49] - - [50] [51] - 

4.576 Camphene 942 86.9 C10H16 

 

[52] - - [53] [54] [52] 

4.748 Trans-4,5-
epoxy-carane   

948 95.1 C10H16O 

 

- - - - - - 

5.515 Isopropyliden
e cyclohexane 

955 85.9 C9H16 

 

- - - - - - 

6.102 
3-Isopropenyl-

5-methyl-1-
cyclohexene 

990 92.1 C10H16 

 

- - - - - - 
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Supplementary Table 3. Continued.  
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6.184   Isocineole 1001 87.9 C10H18O 

 

- - - - - - 

6.373 
3-isobutyl 

cyclohexene 1013 89.5 C10H18 

 

- - - - - - 

6.752 Phenylethanol 1082 91.0 C8H10O 

 

[55] - - - - - 

6.879 α-isophorone 1097 92.5 C9H14O 

 

- - - - - - 

7.123 
Acetylvaleric 
acid methyl 

ester 
1120 93.2 C8H14O3 

 

- - - - - - 
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Supplementary Table 3. Continued.  
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7.682 Methyl 6-
oxoheptanoate 1124 89.2 C8H14O3 

 

- - - - - - 

8.296 Citronellal 1132 87.2 C10H18O 

 

[56] - - - - - 

8.368 Isopulegol 1135 88.3 C10H18O 

 

- - - - - - 

9.587 cis-p-mentha-
2,8-diene-1-ol 1140 88.5 C10H16O 

 

- - - - - - 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C8H14O3&sort=mw&sort_dir=asc
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Supplementary Table 3. Continued.  
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10.006 
1,2,3,4-

tetrahydronap
hthalene 

1142 91.2 C10H12 

 

- - - - - - 

10.581 
(3Z)-3-

pentenyl 
benzene 

1148 86.9 C11H14 

 

- - - - - - 

10.770 

1-(2,2-
dimethylcyclo

hexyl) 
ethanone 

1151 93.0 C10H18O 

 

- - - - - - 

10.942 Norleucine 1153 90.0 C6H13NO2 

 

- - - - - - 

12.765 Arginine 1157 92.1 C6H14N4O2 

 

- - [57] [58] - - 

 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H18O&sort=mw&sort_dir=asc
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Supplementary Table 3. Continued.  
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12.901 

4-isopropyl-1-
methyl-7-

azabicyclo[4.1.
0]heptane 

1159 91.6 C10H19N 

 

- - - - - - 

13.027 Terpinen-4-ol 1161 91.5 C10H18O 

 

[59] - - [60] - - 

13.163 

1,2,3,6-
tetramethylbic
yclo[2.2.2]octa

-2,5-diene 

1168 90.4 C12H18 

 

- - - - - - 

13.578 Dihydrocarvo
ne 

1179 89.5 C10H16O 

 

- - - - - - 
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Supplementary Table 3. Continued.  
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14.725 

(2E,3Z)-2-
ethylidene-6-
methyl-3,5-
heptadienal 

1182 93.1 C10H14O 

 

- - - - - - 

15.293 
N-

trimethylsilyla
niline 

1186 88.1 C9H15NSi 

 

- - - - - - 

16.955 
7-nonenoic 
acid methyl 

ester 
1191 88.9 C10H18O2 

 
- - - - - - 

17.108 

3-isopropenyl-
2-

methylcyclohe
xanol 

1197 86.6 C10H18O 

 

- - - - - - 

17.957 
Trans-p-

mentha-1(7),8-
dien-2-ol 

1201 91.5 C10H16O 

 

- - - - - - 
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Supplementary Table 3. Continued.  
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21.586 
1-

methylverben
ol 

1209 85.9 C12H20O 

 

- - - - - - 

22.372 Cuminaldehy
de 

1214 91.9 C10H12O 

 
[61] - - [61] - [61] 

22.480 Citronellol 
epoxide 

1220 91.5 C10H20O 

 

- - - - - - 

24.602 

(1E)-1-
ethylidene-7a-
methyloctahy

dro-1H-
indene 

1239 93.1 C12H20 

 

- - - - - - 

25.108 Isocarveol 1261 91.4 C10H16O 

 

- - - - - - 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C12H20O&sort=mw&sort_dir=asc
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Supplementary Table 3. Continued.  
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25.451 
3-

methylindano
ne 

1279 89.0 C10H10O 

 

- - - - - - 

25.803 n-undecanal 1286 90.3 C11H22O 
 

- - - - - - 

26.038 

p-
dimethylamin
oacetophenon

e 

1291 90.5 C10H13NO 

 

- - - - - - 

27.356 
2,2,6,6-

tetramethyl-4-
piperidone 

1306 92.1 C9H17NO 

 

- - - - - - 

28.071 
E-

megastigma-
4,6,8-triene 

1317 87.9 

 
C13H20 

 

 

- - - - - - 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C13H20&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C13H20&sort=mw&sort_dir=asc
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Supplementary Table 3. Continued.  
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31.220 
4,8-dimethyl-
3,7-nonadien-

2-ol 
1329 86.5 

 
C11H20O 

  
- - - - - - 

31.807 
Decahydro-4a-

methyl-1-
naphthalenol 

1363 90.5 C15H26O 

 

- - - - - - 

32.836 

9-
oxabicyclo[3.3.
1]nonane-2,6-

diol 

1347 86.9 C8H14O3 

 

- - - - - - 

33.721 
Octahydro-1-
methyl-4(1H)-
quinolinone 

1386 91.5 C10H17NO 

 

- - - - - - 

 

 

 

 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C11H20O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C11H20O&sort=mw&sort_dir=asc
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Supplementary Table 4. GC-MS analysis results of Geotrichum candidum.  
  

Rt Tentative 
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Index 
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6.175 
1,4-

dimethylpiper
idine 

820 87.6 C7H15N 

 

- - - - - - 

6.743 Isocineole 1001 89.2 C10H18O 

 

- - - - - - 

7.141 p-cymene 1011 90.6 C10H14 

 

- - - - - - 

16.675 
cis-4-octenoic 
acid methyl 

ester 
1092 91.5 C9H16O2 

 

- - - - - - 

21.568 
Trans-

pulegone 
oxide 

1230 90.2 C10H16O2 

 

- - - - - - 
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Supplementary Table 4. Continued.  
  

Rt Tentative 
identification 
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Index 
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Formula of the 
molecule 

Structure of the molecule 
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22.498 
Piperitone 

oxide 
1237 94.1 C10H16O2 

 

- - - - - - 

23.464 Ascaridole 1290 90.6 C10H16O2 

 

- - - - - [62] 

25.449 
2(E)-

undecenal 
1341 91.9 C11H20O 

 
- - - - - - 

25.799 
8-methylocta 
hydrocoumar

in 
1388 87.4 C10H16O2 

 

- - - - - - 

27.419 
Iridomyrmeci

n 1400 88.5 C10H16O2 

 

- - - - - - 
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Supplementary Table 4. Continued.  
  

Rt Tentative 
identification 

 
 

Kovat’s 
Index 

 
 

Lib 
Score 

Formula of the 
molecule 

Structure of the molecule 

References 
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28.954 

1-isopropenyl-
2,3,4,5-

tetramethyl 
benzene 

1412 90.1 C13H18 

 

- - - - - - 

29.071 

2,3-dihydro-3-
methyl-3-

benzofuran 
methanol 

1414 85.1 

 
C10H12O2 

  

- - - - - - 

29.180 

2-methyl-
1,2,3,4-

tetrahydro-1-
naphthalenol 

1418 88.1 C11H14O 

 

- - - - - - 

29.550 Capramide 1425 86.8 C10H21NO 
 

- - - - - - 

31.067 

3-
(hydroxymeth

yl)-5-
methoxyphen

ol 

1446 88.9 C8H10O3 

 

- - - - - - 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H12O2&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H12O2&sort=mw&sort_dir=asc
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Supplementary Table 4. Continued.  
  

Rt Tentative 
identification 

 
 

Kovat’s 
Index 
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molecule 

Structure of the molecule 
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32.457 
2',5'-dimethyl 
crotonopheno

ne 
1462 86.6 C12H14O 

 

- - - - - - 

33.685 
2,5,8-

trimethyltetral
in 

1471 91.5 C13H18 

 

- - - - - - 

33.929 
Dimethylmuc

onic acid 1499 85.7 C8H10O4 

 

- - - - - - 

35.265 
Cyclo(Gly-

Pro) 
1795 91.3 C7H10N2O2 

 

- - - [63] - - 

35.346 Cyclo(Leu-
Pro) 

1896 86.7 C11H18N2O2 

 

[5] - - [6] - [7] 
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Supplementary Table 4. Continued.  
  

Rt Tentative 
identification 

 
 

Kovat’s 
Index 
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molecule 

Structure of the molecule 
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36.475 
Geranyl-α-
terpinene 1968 88.7 C20H32 

 

- - - - - - 

36.800 β-carboline 2009 93.0 C11H8N2 

 

[64] - [64] - - [64] 

37.080 
Cyclo(Phe-

Pro) 2138 93.7 C14H16N2O2 

 

[38] - - - - - 
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Supplementary Table 5. Genome mining of secondary metabolites of Geotrichum candidum and Penicillium citrinum isolates. 

Penicillium citrinum isolate DSM 1997 

Cluster Type Size Compound Structure 

1 T1pks 28,792 - - 
2 Nrps 18,748 - 

 
3 Other 42,474 - - 
4 Nrps 44,262 - - 
5 Other 36,943 - - 
6 T1pks 50,806 Equisetin biosynthetic gene cluster (18% of genes show similarity) - 
7 T1pks 59,370 Sorbicillin biosynthetic gene cluster (42% of genes show similarity) 

 
8 T1pks 28,328 - - 
9 T1pks-

Nrps 
51,926 - 

 
10 Nrps 41,023 - 

 
11 Other 39,102 - - 
12 Other 37,864 - - 
13 Terpene 21,274 - - 
14 Other 25,232 - - 
15 Other 34,917 - - 
16 T1pks 22,145 - - 

 

http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#terpene
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#t1pks
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Supplementary Table 5. Continued. 

Penicillium citrinum isolate DSM 1997 

Cluster Type Size Compound Structure 

17 T1pks 47,260 Citrinin biosynthetic gene cluster (31% of genes show similarity) - 
18 Nrps 46,339 - - 
19 Nrps 85,967 - 

 
20 T1pks-

Nrps 
43,638 - 

 
21 Other 38,012 - - 
22 Other 27,978 - - 
23 T1pks 46,584 - - 
24 Other 45,568 - - 
25 T1pks 33,688 Emericellin biosynthetic gene cluster (28% of genes show 

similarity) 
- 

26 T1pks 32,044 - - 
27 Indole 42,758 - - 
28 T1pks 48,262 - - 
29 T1pks 34,925 - - 

 

 

 

 

 

http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#indole
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
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Supplementary Table 5. Continued. 

Penicillium citrinum isolate JCM 22607 

Cluster Type Size Compound Structure 

1 T1pks 45,584 Emericellin biosynthetic gene cluster (28% of genes show 
similarity) 

- 

2 T1pks 46,811 - - 
3 T1pks 48,261 - - 
4 Nrps 58,642 - 

 
5 T1pks 57,346 Sorbicillin biosynthetic gene cluster (57% of genes show similarity) - 
6 T1pks 44,579 - - 
7 Nrps 45,914 - - 
8 Terpene 21,274 - - 
9 Other 44,893 - - 

 

 

 

 

 

 

 

 

 

 

http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#terpene
http://antismash.secondarymetabolites.org/help#other


26 
 

Supplementary Table 5. Continued. 

Penicillium citrinum Core Genome 

Cluster Type Size Compound Structure 

1 T1pks 28,792 - - 
2 Nrps 18,748 - 

 
3 Other 42,474 - - 
4 Nrps 44,262 - - 
5 Other 36,943 - - 
6 T1pks 50,806 Equisetin biosynthetic gene cluster (18% of genes show similarity) - 
7 T1pks 59,370 Sorbicillin biosynthetic gene cluster (42% of genes show similarity) 

 
8 T1pks 

 

28,327 - - 

9 T1pks-
Nrps 

39,576 - 

 
10 Nrps 41,023 - 

 
11 Other 39,102 - - 
12 Other 37,517 - - 
13 Terpene 21,274 - - 
14 Other 25,232 - - 
15 Other 29,211 - - 
16 T1pks 22,135 - - 

 

http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#terpene
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#t1pks
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Supplementary Table 5. Continued. 

Penicillium citrinum Core Genome 

Cluster Type Size Compound Structure 

17 T1pks 47,260 Citrinin biosynthetic gene cluster (31% of genes show similarity) - 
18 Nrps 46,339 - - 
19 Nrps 85,967 - 

 
20 T1pks-

Nrps 
43,638 - 

 
21 Other 38,012 - - 
22 Other 27,978 - - 
23 T1pks 46,584 - - 
24 Other 45,568 - - 
25 T1pks 33,688 Emericellin biosynthetic gene cluster (28% of genes show similarity) - 
26 T1pks 32,043 - - 
27 Indole 19,754 - - 
28 T1pks 48,262 - - 
Penicillium citrinum isolate DSM 1997 Accessory genome 

1 T1pks 18,735 - - 
Penicillium citrinum isolate JCM 22607 Accessory genome 

- - - - - 
 

http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#nrps
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#other
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#indole
http://antismash.secondarymetabolites.org/help#t1pks
http://antismash.secondarymetabolites.org/help#t1pks
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