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Supplementary Table 1 - Overview of species and genomes used in this study 3,12,14,17,21,24,25,37,88–91. 

Genus species name Section JGI portal References 

Aspergillus campestris Candidi genome.jgi.doe.gov/Aspcam1 [17] 

Aspergillus steynii Circumdati genome.jgi.doe.gov/Aspste1 [17] 

Aspergillus coremiiformis Flavi genome.jgi.doe.gov/Aspcor1 This study 

Aspergillus pseudocaelatus Flavi genome.jgi.doe.gov/Asppsec1 This study 

Aspergillus pseudonomius Flavi genome.jgi.doe.gov/Asppsen1 This study 

Aspergillus avenaceus Flavi genome.jgi.doe.gov/Aspave1 This study 

Aspergillus bertholletius Flavi genome.jgi.doe.gov/Aspber1 This study 

Aspergillus caelatus Flavi genome.jgi.doe.gov/Aspcae1 This study 

Aspergillus flavus Flavi genome.jgi.doe.gov/Aspfl1 [13] 

Aspergillus fumigatus Fumigati genome.jgi.doe.gov/Aspfu1 [37] 

Aspergillus nidulans Nidulantes genome.jgi.doe.gov/Aspnid1 [21] 

Aspergillus niger ATCC 1015 Nigri genome.jgi.doe.gov/Aspni7 [89] 

Aspergillus oryzae Flavi genome.jgi.doe.gov/Aspor1 [12] 

Aspergillus terreus Terrei genome.jgi.doe.gov/Aspte1 [88] 

Penicillium digitatum Penicillium genome.jgi.doe.gov/Pendi1 [90] 

Neurospora crassa Neurospora genome.jgi.doe.gov/Neucr2 [91] 

Aspergillus albertensis Flavi genome.jgi.doe.gov/Aspalbe1 This study 

Aspergillus alliaceus Flavi genome.jgi.doe.gov/Aspalli1 This study 

Aspergillus arachidicola Flavi genome.jgi.doe.gov/Aspara19utr This study 

Aspergillus parasiticus Flavi genome.jgi.doe.gov/Asppar1 This study 

Aspergillus novoparasiticus Flavi genome.jgi.doe.gov/Aspnovo1 This study 

Aspergillus minisclerotigenes Flavi genome.jgi.doe.gov/Aspmin1 This study 

Aspergillus nomius Flavi genome.jgi.doe.gov/Aspnom1 This study 

Aspergillus pseudotamarii Flavi genome.jgi.doe.gov/Asppset1 This study 

Aspergillus sergii Flavi genome.jgi.doe.gov/Aspser1 This study 

Aspergillus tamarii Flavi genome.jgi.doe.gov/Asptam1 This study 

Aspergillus transmontanensis Flavi genome.jgi.doe.gov/Asptra1 This study 

Aspergillus leporis Flavi genome.jgi.doe.gov/Asplep1 This study 

Aspergillus aflatoxiniformans Flavi genome.jgi.doe.gov/Asppari1 This study 

Aspergillus 

luteovirescens 
(formerly 
bombycis) Flavi genome.jgi.doe.gov/Aspbom1 [14] 

Aspergillus sojae Flavi - [3, 24-25] 

 
 



 
Supplementary Figure 1 - Phylogenetic tree based on composition vector approach. Phylogenetic tree constructed using CVTree26-

27making alignment free whole genome based phylogenetic trees. This is created using the whole genome and the K'mer was set to 
18. 

 



 
Supplementary Figure 2 Phylogenetic tree based on composition vector approach. Phylogenetic tree constructed using CVTree26-27 

making alignment free whole genome based phylogenetic trees. This is created using the whole proteome and the K'mer was set to 
8. 

 



 
Supplementary Figure 3 - Most common InterPro domains in species unique proteins. Bar plot showing the number of species unique 
proteins with an InterPro domain per species, shown for the most common InterPro annotations32. Light grey star indicates p-values 
below 0.005 and dark grey star indicates p-value below 0.00001 of enrichment in the species unique genes for the specific functional 
domain (for both Fisher's exact and Chi-squared test). 

  



 
Supplementary Figure 4 - Most common GO domains in species unique proteins. Bar plot showing the number of species unique 
proteins with a GO domain per species, shown for the most common GO annotations34. Dark grey star indicates p-value < 0.00001 
of enrichment in the species unique genes for the specific functional domain (for both Fisher's exact and Chi-squared test). 

  



 
Supplementary Figure 5 - Most common KOG domains in species unique proteins. Bar plot showing the number of species unique 
proteins with an KOG domain per species, shown for the most common KOG annotations35. P-values indicates enrichment of a 
certain KOG term in the species unique genes for the specific functional domain. The p-values are indicated by stars of light to dark 
grey; the lightest star indicates p-values < 0.05, followed by p-values <0.005 and the darkest stars indicates p-value < 0.00001 (for 
both Fisher's exact and Chi-squared test). 



 
Supplementary Figure 6 - Syntenic genes mapped to the A. oryzae genome. The grey bars represent the A. oryzae genome. Syntenic 
genes were found using A. oryzae as reference comparing all the other species to this genome. Above the chromosomes syntenic 
genes shared with all species in a certain group is shown. Dark turquoise - A. flavus clade; light turquoise - A. flavus and A. tamarii 
clade; yellow - A. flavus, A. tamarii and A. nomius clade; blue - Flavi section; orange - Flavi section, A. nidulans and A. fumigatus. 
Below the chromosome the non-syntenic genes, found to be non-syntenic in all the species, are shown in black. 



 
Supplementary Figure 7 - Growth analysis of 23 Flavi species plus 8 additional species on 35 different growth media. 
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25 mM D-glucose

25 mM D-fructose

25 mM D-galactose

25 mM D-mannose

25 mM D-ribose

25 mM D-xylose

25 mM L-arabinose

25 mM L-rhamnose

25 mM D-galacturic acid

25 mM D-glucuronic acid

25 mM cellobiose

25 mM maltose

25 mM lactose

25 mM sucrose

1% arabinogalactan

1% beechwood xylan

1% birchwood xylan

1% arabic gum

1% guar gum

1% soluble starch

1% apple pectin

1% citrus pectin

1% inulin

1% calcium lignin

3% wheat bran

3% sugar beet pulp

3% citrus pulp

3% soybean hulls

3% rice bran

3% cotton seed pulp

3% alfalfa meal

1% casein

1% cellulose



 
Supplementary Figure 8 - Phylogenetic tree of GH28. Phylogenetic tree of all proteins assigned to the GH28 CAZyme family. The 
GH28 family consists of polygalacturonase. Alignment of the members of GH28 CAZyme family found in all section Flavi species was 
created using clustalo. The ML phylogenetic tree was created using the ape package in R92. 

GH28 A.albertensis 153265

GH28 A.albertensis 168331

GH28 A.albertensis 173621

GH28 A.albertensis 174655

GH28 A.albertensis 178325
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GH28 A.alliaceus 321708

GH28 A.alliaceus 322535

GH28 A.alliaceus 323500

GH28 A.avenaceus 37518

GH28 A.avenaceus 126558

GH28 A.avenaceus 126996

GH28 A.avenaceus 127594

GH28 A.avenaceus 130207

GH28 A.avenaceus 148505

GH28 A.avenaceus 168061

GH28 A.avenaceus 168445

GH28 A.avenaceus 169637

GH28 A.avenaceus 169963

GH28 A.avenaceus 170204

GH28 A.avenaceus 171898

GH28 A.avenaceus 172530

GH28 A.bertholletius 8590

GH28 A.bertholletius 32030

GH28 A.bertholletius 101727

GH28 A.bertholletius 103541

GH28 A.bertholletius 180670

GH28 A.bertholletius 224281

GH28 A.bertholletius 252752

GH28 A.bertholletius 278509

GH28 A.bertholletius 282303

GH28 A.bertholletius 283038

GH28 A.bertholletius 293074

GH28 A.bertholletius 294920

GH28 A.bertholletius 299450

GH28 A.bertholletius 304177

GH28 A.bertholletius 304931

GH28 A.bertholletius 305514

GH28 A.caelatus 128452

GH28 A.caelatus 140189

GH28 A.caelatus 140968

GH28 A.caelatus 145867

GH28 A.caelatus 146162

GH28 A.caelatus 155850

GH28 A.caelatus 158914

GH28 A.caelatus 164036

GH28 A.caelatus 164484

GH28 A.caelatus 167455

GH28 A.caelatus 168951

GH28 A.caelatus 170203

GH28 A.caelatus 170616

GH28 A.caelatus 171889

GH28 A.coremiiformis 39457

GH28 A.coremiiformis 66165

GH28 A.coremiiformis 127165

GH28 A.coremiiformis 144587

GH28 A.coremiiformis 149428

GH28 A.coremiiformis 151451

GH28 A.coremiiformis 152635

GH28 A.coremiiformis 157481

GH28 A.coremiiformis 158625

GH28 A.coremiiformis 163067

GH28 A.flavus 25620

GH28 A.flavus 26132

GH28 A.flavus 26598

GH28 A.flavus 27464

GH28 A.flavus 28098

GH28 A.flavus 29677

GH28 A.flavus 32186

GH28 A.flavus 32432

GH28 A.flavus 32618

GH28 A.flavus 32821

GH28 A.flavus 33907

GH28 A.flavus 34021

GH28 A.flavus 35130

GH28 A.flavus 35448

GH28 A.flavus 35562

GH28 A.flavus 36065

GH28 A.flavus 36531

GH28 A.flavus 36654

GH28 A.flavus 36993

GH28 A.flavus 37466

GH28 A.flavus 37484

GH28 A.minisclerotigenes 27126

GH28 A.minisclerotigenes 204857

GH28 A.minisclerotigenes 217231

GH28 A.minisclerotigenes 224503

GH28 A.minisclerotigenes 224756

GH28 A.minisclerotigenes 225048

GH28 A.minisclerotigenes 225308

GH28 A.minisclerotigenes 226674

GH28 A.minisclerotigenes 233626

GH28 A.minisclerotigenes 234031

GH28 A.minisclerotigenes 236991

GH28 A.minisclerotigenes 237413

GH28 A.minisclerotigenes 237455

GH28 A.minisclerotigenes 238338

GH28 A.minisclerotigenes 240424

GH28 A.minisclerotigenes 244632

GH28 A.minisclerotigenes 246438

GH28 A.minisclerotigenes 246788

GH28 A.minisclerotigenes 248736

GH28 A.minisclerotigenes 249729

GH28 A.minisclerotigenes 250207

GH28 A.nomius 137332

GH28 A.nomius 137934

GH28 A.nomius 138315

GH28 A.nomius 139352

GH28 A.nomius 140110

GH28 A.nomius 145707

GH28 A.nomius 146587

GH28 A.nomius 148534

GH28 A.nomius 149266

GH28 A.nomius 151279

GH28 A.nomius 153915

GH28 A.nomius 154382

GH28 A.nomius 156825

GH28 A.nomius 157010

GH28 A.nomius 157167

GH28 A.nomius 157597

GH28 A.nomius 160585

GH28 A.novoparasiticus 186552

GH28 A.novoparasiticus 186835

GH28 A.novoparasiticus 187015

GH28 A.novoparasiticus 189459

GH28 A.novoparasiticus 189809

GH28 A.novoparasiticus 190011

GH28 A.novoparasiticus 192075

GH28 A.novoparasiticus 193334

GH28 A.novoparasiticus 194256

GH28 A.novoparasiticus 199558

GH28 A.novoparasiticus 199704

GH28 A.novoparasiticus 202903

GH28 A.novoparasiticus 202924

GH28 A.novoparasiticus 204751

GH28 A.novoparasiticus 207738

GH28 A.novoparasiticus 228301

GH28 A.novoparasiticus 228824

GH28 A.novoparasiticus 228866

GH28 A.novoparasiticus 229395

GH28 A.novoparasiticus 230842

GH28 A.oryzae 397

GH28 A.oryzae 1863

GH28 A.oryzae 1964

GH28 A.oryzae 3159

GH28 A.oryzae 4196

GH28 A.oryzae 5015

GH28 A.oryzae 5470

GH28 A.oryzae 5589

GH28 A.oryzae 6987

GH28 A.oryzae 7098

GH28 A.oryzae 8074

GH28 A.oryzae 8681

GH28 A.oryzae 9372

GH28 A.oryzae 9929

GH28 A.oryzae 9945

GH28 A.oryzae 9946

GH28 A.oryzae 11372

GH28 A.oryzae 11607

GH28 A.parasiticus 185810

GH28 A.parasiticus 190318

GH28 A.parasiticus 208401

GH28 A.parasiticus 211197

GH28 A.parasiticus 217530

GH28 A.parasiticus 220343

GH28 A.parasiticus 222071

GH28 A.parasiticus 222211

GH28 A.parasiticus 225315

GH28 A.parasiticus 226033

GH28 A.parasiticus 227184

GH28 A.parasiticus 228678

GH28 A.parasiticus 233204

GH28 A.parasiticus 233858

GH28 A.parasiticus 235042

GH28 A.parasiticus 235308

GH28 A.parasiticus 235522

GH28 A.parasiticus 235701

GH28 A.parasiticus 235938

GH28 A.parasiticus 237321

GH28 A.parasiticus 237376

GH28 A.parasiticus 237701

GH28 A.parasiticus 237841

GH28 A.parvisclerotigenus 128306

GH28 A.parvisclerotigenus 340214

GH28 A.parvisclerotigenus 350940

GH28 A.parvisclerotigenus 375864

GH28 A.parvisclerotigenus 376739

GH28 A.parvisclerotigenus 378829

GH28 A.parvisclerotigenus 380062

GH28 A.parvisclerotigenus 380457

GH28 A.parvisclerotigenus 385210

GH28 A.parvisclerotigenus 388433

GH28 A.parvisclerotigenus 390144

GH28 A.parvisclerotigenus 394292

GH28 A.parvisclerotigenus 400986

GH28 A.parvisclerotigenus 404823

GH28 A.pseudocaelatus 225520

GH28 A.pseudocaelatus 278889

GH28 A.pseudocaelatus 280638

GH28 A.pseudocaelatus 280668

GH28 A.pseudocaelatus 285258

GH28 A.pseudocaelatus 285687

GH28 A.pseudocaelatus 287583

GH28 A.pseudocaelatus 288825

GH28 A.pseudocaelatus 298608

GH28 A.pseudocaelatus 302752

GH28 A.pseudocaelatus 304746

GH28 A.pseudocaelatus 305182

GH28 A.pseudocaelatus 305846

GH28 A.pseudocaelatus 307608

GH28 A.pseudocaelatus 310674

GH28 A.pseudocaelatus 310963

GH28 A.pseudocaelatus 311072

GH28 A.pseudonomius 267468

GH28 A.pseudonomius 272324

GH28 A.pseudonomius 292156

GH28 A.pseudonomius 293801

GH28 A.pseudonomius 297252

GH28 A.pseudonomius 297726

GH28 A.pseudotamarii 240811

GH28 A.pseudotamarii 270270

GH28 A.pseudotamarii 270364

GH28 A.pseudotamarii 270842

GH28 A.pseudotamarii 273580

GH28 A.pseudotamarii 277560

GH28 A.pseudotamarii 277833

GH28 A.pseudotamarii 279771

GH28 A.pseudotamarii 284343

GH28 A.pseudotamarii 284743

GH28 A.pseudotamarii 288575

GH28 A.pseudotamarii 290541

GH28 A.pseudotamarii 290860

GH28 A.pseudotamarii 290993

GH28 A.pseudotamarii 291136

GH28 A.pseudotamarii 291520

GH28 A.pseudotamarii 291715

GH28 A.pseudotamarii 295454

GH28 A.pseudotamarii 296700

GH28 A.sergii 78136

GH28 A.sergii 129733

GH28 A.sergii 169602

GH28 A.sergii 189894

GH28 A.sergii 194253

GH28 A.sergii 199695

GH28 A.sergii 200649

GH28 A.sergii 201630

GH28 A.sergii 202819

GH28 A.sergii 205455

GH28 A.sergii 206766

GH28 A.sergii 208451

GH28 A.sergii 208792

GH28 A.sergii 211820

GH28 A.sergii 211949

GH28 A.sergii 213003

GH28 A.sergii 214720

GH28 A.sergii 215323

GH28 A.sergii 215453

GH28 A.sergii 215793

GH28 A.sergii 215951

GH28 A.sergii 216071

GH28 A.sergii 217003

GH28 A.sergii 218664

GH28 A.tamarii 164984

GH28 A.tamarii 282349

GH28 A.tamarii 285334

GH28 A.tamarii 286416

GH28 A.tamarii 286967

GH28 A.tamarii 289756

GH28 A.tamarii 291653

GH28 A.tamarii 294807

GH28 A.tamarii 296998

GH28 A.tamarii 304447

GH28 A.tamarii 308719

GH28 A.tamarii 308937

GH28 A.tamarii 309405

GH28 A.tamarii 310677

GH28 A.tamarii 311022

GH28 A.tamarii 312625

GH28 A.tamarii 313019

GH28 A.tamarii 314685

GH28 A.tamarii 314755

GH28 A.transmontanensis 135625

GH28 A.transmontanensis 198722

GH28 A.transmontanensis 516437

GH28 A.transmontanensis 528576

GH28 A.transmontanensis 561072

GH28 A.transmontanensis 564436

GH28 A.transmontanensis 568956

GH28 A.transmontanensis 572111

GH28 A.transmontanensis 572113

GH28 A.transmontanensis 574498

GH28 A.transmontanensis 574852

GH28 A.transmontanensis 574945

GH28 A.transmontanensis 577679

GH28 A.transmontanensis 580413

GH28 A.transmontanensis 585191

GH28 A.transmontanensis 585655

GH28 A.transmontanensis 587669

GH28 A.transmontanensis 589191

GH28 A.transmontanensis 591775

GH28 A.arachidicola 146857

GH28 A.arachidicola 150245

GH28 A.arachidicola 151507

GH28 A.arachidicola 151848

GH28 A.arachidicola 154285

GH28 A.arachidicola 158476

GH28 A.arachidicola 159312

GH28 A.arachidicola 161526

GH28 A.arachidicola 161696

GH28 A.arachidicola 162170

GH28 A.arachidicola 164696

GH28 A.arachidicola 170958

GH28 A.arachidicola 172989

GH28 A.arachidicola 173300

GH28 A.arachidicola 173414

GH28 A.arachidicola 173487

GH28 A.arachidicola 175676

GH28 A.arachidicola 176367

GH28 A.arachidicola 178341

GH28 A.arachidicola 178819

GH28 A.leporis 149263

GH28 A.leporis 155408

GH28 A.leporis 157354

GH28 A.leporis 160857

GH28 A.leporis 161122

GH28 A.leporis 164743

GH28 A.leporis 168195

GH28 A.leporis 178795

GH28 A.leporis 190226
GH28 A.leporis 195384

GH28 A.leporis 196786

GH28 A.leporis 198695

GH28 A.leporis 198803

GH28 A.leporis 199694

GH28 A.leporis 201580

GH28 A.leporis 201828

GH28 A.bombycis 191

GH28 A.bombycis 389

GH28 A.bombycis 1290

GH28 A.bombycis 1320

GH28 A.bombycis 1876

GH28 A.bombycis 2730

GH28 A.bombycis 2935

GH28 A.bombycis 3008

GH28 A.bombycis 3113

GH28 A.bombycis 5639

GH28 A.bombycis 6960

GH28 A.bombycis 7058

GH28 A.bombycis 7710

GH28 A.bombycis 8476

GH28 A.bombycis 8710

GH28 A.bombycis 9814

GH28 A.bombycis 10890

GH28 A.bombycis 11399

GH28 A.bombycis 12096

GH28 A.sojae 3088

GH28 A.sojae 3086

GH28 A.sojae 7133

GH28 A.sojae 10510

GH28 A.sojae 8120

GH28 A.sojae 8102

GH28 A.sojae 8101

GH28 A.sojae 7011

GH28 A.sojae 4300

GH28 A.sojae 4096

GH28 A.sojae 10991

GH28 A.sojae 247

GH28 A.sojae 1321

GH28 A.sojae 10738

GH28 A.sojae 9884

GH28 A.sojae 9998

GH28 A.sojae 9452

GH28 A.sojae 7378

GH28 A.sojae 6576

GH28 A.sojae 1941

GH28 A.sojae 1433

GH28 A.sojae 9310

GH28 A.sojae 9311

GH28 A.sojae 7791

GH28 A.alliaceus 316135

GH28 A.alliaceus 316822

GH28 A.alliaceus 321215

GH28 A.alliaceus 322782

GH28 A.minisclerotigenes 218125

GH28 A.minisclerotigenes 251129

GH28 A.oryzae 826

GH28 A.oryzae 2153

GH28 A.oryzae 4410

GH28 A.parvisclerotigenus 126025

GH28 A.parvisclerotigenus 137608

GH28 A.parvisclerotigenus 261205

GH28 A.parvisclerotigenus 353932

GH28 A.parvisclerotigenus 387466

GH28 A.parvisclerotigenus 391361

GH28 A.parvisclerotigenus 406653

GH28 A.parvisclerotigenus 406716

GH28 A.pseudocaelatus 256795

GH28 A.pseudocaelatus 309103

GH28 A.pseudonomius 25045
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Supplementary Figure 9 - Heatmap of secondary metabolite cluster families. SM cluster families with members in at least five 
species are illustrated by a heatmap. The top rows indicate the backbone enzymes found within the SM cluster family. Compounds 
with similar SM clusters are added from the dereplication using MIBiG marked by orange boxes and black text in addition to 
manually curated compounds (marked by black boxes and blue text). Aspergillic acid93, aflatrem94, chrysogine95, tenuazonic acid96, 
ditryptophenaline97. 



 
Supplementary Figure 10 - Miyakamide and putative clusters. A) Miyakamide B1 showing the three amino acid parts (organge line), 
the acetylation (purple circle), the decarboxylation (green circle) and the N-methylation (blue circle). B) Syntenic plot of the putative 
miyakamide cluster family plus surrounding genes. The syntney plot was generated using EasyFig86 with minimum length set to 50 
bp and minimum identity to 50%. The genes potentially involved in miyakamide production are marked by orange. 



 
Supplementary Figure 11- Synteny of aflatoxin cluster family. Syntenic plot of the predicted clusters belonging to the 
'sterigmatocystin - aflatoxin - cyclopiazonic-acid' cluster family. The synteny plot was generated using EasyFig86 with minimum 
length set to 50 bp and minimum identity to 50%. The genes are color coded based on known pathways; aflatoxin (orange), 
cyclopiazonic-acid (turquoise) and unknown (blue). 



 



 



 
Supplementary Figure 12 - Investigation of aflP and aflQ. The aflP gene is important for the last steps in the biosynthesis of 
aflatoxin, but it is missing in most of the predicted aflatoxin clusters. Here is an alignment of the AflP protein against the best hits in 
the other Flavi species. 

 



 
Supplementary Figure 13 - Gene prediction of aflP. An overview of the gene prediction in the aflP gene in A. parasiticus and the RNA 
coverage from JGI at Mycocosm. 

 

 
Supplementary Data 

 
Supplementary Data 1 - Quantitative growth analysis of 23 Flavi species plus 8 additional species on 35 different growth media, 
quantitated by growth from 0-10, normalized based on growth on 1% glucose. 
 
Supplementary Data 2 - CAZyme content in section Flavi. Overview of the CAZyme content and plant degradation related CAZyme 
content. 
 
Supplementary Data 3 - Secondary metabolite gene clusters section Flavi. Long format table with all the predicted clusters in the 
species and the cluster family they belong to. Column 1 - Species, column 2 - JGI protein id of the predicted backbone, column 3 - 
type of the predicted backbone, column 4 - size of the cluster, column 5 - cluster family number. 
 
Supplementary Data 4 - Compounds produced by Flavi species after growth on CYA 7 days. 

 
 

 
 


