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ABSTRACT 15 

In fungi, conserved homeobox-domain (HD) proteins are transcriptional regulators governing 16 

development. In Aspergillus species, several HD transcription factor genes have been identified, 17 

among them, hbxA/hbx1. For instance, in the opportunistic human pathogen Aspergillus 18 

fumigatus, hbxA is involved in conidial production and germination, as well as virulence and 19 
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secondary metabolism (SM), including production of fumigaclavines, fumiquinazolines, and 20 

chaetominine. In the agriculturally important fungus Aspergillus flavus, disruption of hbx1 21 

results in fluffy aconidial colonies unable to produce sclerotia. hbx1 also regulates production of 22 

aflatoxins, cyclopiazonic acid and aflatrem. Furthermore, transcriptome studies revealed that 23 

hbx1 has a broad effect on the A. flavus genome, including numerous genes involved in SM. 24 

These studies underline the importance of the HbxA/Hbx1 regulator, not only in developmental 25 

processes but also in the biosynthesis of a broad number of fungal natural products, including 26 

potential medical drugs and mycotoxins. To gain further insight into the regulatory scope of 27 

HbxA in Aspergilli, we studied its role in the model fungus Aspergillus nidulans. Our present 28 

study of the A. nidulans hbxA-dependent transcriptome revealed that more than one thousand 29 

genes are differentially expressed when this regulator was not transcribed at wild-type levels, 30 

among them numerous transcription factors, including those involved in development as well as 31 

in SM regulation. Furthermore, our metabolomics analyses revealed that production of several 32 

secondary metabolites, some of them associated with A. nidulans hbxA-dependent gene clusters, 33 

was also altered in deletion and overexpression hbxA strains compared to the wild type, 34 

including synthesis of nidulanins A, B and D, versicolorin A, sterigmatocystin, austinol, 35 

dehydroaustinol, and three unknown novel compounds. 36 

INTRODUCTION 37 

Developmental studies of the model filamentous fungus Aspergillus nidulans have provided 38 

broad valuable insight into the genetic regulatory mechanisms of morphogenesis in fungi (1–3). 39 

A. nidulans efficiently disseminates by asexual reproduction, forming specialized structures 40 

called conidiophores, which bares large numbers of air-borne conidia. Activation of 41 

conidiogenesis is mediated by several transcription factor genes, including flb genes, such as 42 
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flbB, flbC, flbD, and flbE, which activate the central regulatory pathway comprised of brlA, abaA 43 

and wetA (4). This model organism is also able to reproduce sexually by producing cleistothecia, 44 

fruiting bodies containing meiospores called ascospores. Cleistothecia form by aggregation of 45 

vegetative mycelia, surrounded by nursing Hülle cells. This results in the formation of 46 

cleistothecial primordia, which later mature into melanized cleistothecia (5,6). Several genes are 47 

involved in the regulation of these processes, including nsdD, medA, phoA, stuA, lsdA and tubB 48 

(7–12).  49 

Other developmental regulators include Homeobox-domain transcription factors (HD-TFs). 50 

These are global regulators governing developmental processes in many eukaryotic organisms 51 

(13–15). The HD contains approximately 66 conserved amino acid that bind to the promoter of 52 

genes governing development and other cellular processes in fungi, plants, and animals. In 53 

general, fungi possess 6–12 HD-TF genes in their genome (13,14,16,17). The first reported HD-54 

FT gene is pah1 in Podospora anserina, where it controls microconidiation as well as mycelial 55 

branching (18). Loss-of-function of seven HD-TF genes in this fungus revealed their role in 56 

sexual development (19). Another study showed that several HD-TFs in the rice 57 

pathogen Magnaporthe oryzae are necessary for proper hyphal growth, asexual development, 58 

and appressorium formation (20,21). In three species of Fusarium, loss-of-function of 59 

the htf1 homeobox gene leads to alteration of phialides during conidiophore formation, 60 

accompanied by a drastic reduction in conidial production (22). In the fungus Botrytis cinerea, 61 

the BcHOX8 gene has been shown to regulate growth, conidiation, and virulence in different 62 

host plants (16). Also, lack of the GRF10 HD-TF gene in the human pathogen Candida albicans 63 

resulted in a decrease in growth, defects in chlamydospore morphology, alterations in biofilm 64 

production, and a reduction of virulence (23). 65 
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HD-TFs are also key regulators in species of the genus Aspergillus. In the agriculturally relevant 66 

fungus Aspergillus flavus, deletion of eight HD-FT genes revealed that hbx1 in particular, was 67 

required for normal vegetative growth and production of conidia and sclerotia. The regulation of 68 

morphological development as well as regulation of SM, are often genetically linked (24–26). 69 

Interestingly, in this case also, the production of secondary metabolites, including mycotoxins 70 

(aflatoxins, cyclopiazonic acid and aflatrem), was under the regulation of hbx1 (17). 71 

Furthermore, study of the hbx1-dependent transcriptome indicated its importance in 72 

morphological development and in regulation of secondary metabolite production (27). 73 

Remarkably, the gene category corresponding to SM was the most affected by hbx1. 74 

Additionally, in our previous study of the hbx1 homolog in the opportunistic human pathogen 75 

Aspergillus fumigatus, hbxA, showed that this gene is necessary for proper spore formation, 76 

regulating expression of brlA, flbB, flbD and fluG (28). The hbxA gene also influenced 77 

germination rate and virulence in a neutropenic mouse model. Interestingly, as in the case of A. 78 

flavus, A. fumigatus hbxA affected production of various secondary metabolites, including 79 

fumigaclavines, fumiquinazolines, compounds that accumulate in asexual structures, whose 80 

production is linked to brlA expression (29–32), and chaetominine, an alkaloid compound that is 81 

being tested to combat leukemia cells(20). Both A. flavus and A. fumigatus studies indicate that 82 

HbxA/Hbx1 is a global regulator of SM in these fungi, in addition to its role in morphogenesis. 83 

HbxA also affects A. nidulans conidiation (33,34) in a similar manner as that in A. flavus and A. 84 

fumigatus(17,27,28). To gain further inside into the regulatory scope of hbxA in the genus 85 

Aspergillus, in the present study, we characterized its role in the model fungus A. nidulans by 86 

transcriptome and metabolomics approaches. Our findings indicate that more than one thousand 87 

genes were differentially expressed in the absence of this regulator or when it was over-88 
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expressed, as compared to the wild type. These include several transcription factor genes, 89 

including those involved in development and SM production. Our study revealed that numerous 90 

secondary metabolites gene clusters are hbxA-dependent in A. nidulans. Furthermore, our 91 

analyses also indicated that A. nidulans metabolome is affected by hbxA, including production of 92 

some unknown novel compounds. 93 

MATERIALS and METHODS 94 

Phylogenetic Analysis 95 

Deduced amino acid sequences of HbxA homologs were obtained from FUNGIDB 96 

(https://fungidb.org/fungidb/ ) website.  BLASTp was performed against the protein sequence 97 

database (pdb). Percentage (%) similarity was found using Pairwise sequence alignment using 98 

EMBOSS Needle (ebi.ac.uk/Tools/psa/emboss_needle/). The phylogenetic tree was constructed using 99 

MEGA v6.0 and the Maximum Likelihood model with bootstrap value of 1000. 100 

Strains used and culture conditions 101 

The A. nidulans strains used in this study are listed in Table 1. Strains were grown on glucose 102 

minimal medium (GMM) (35) with appropriate supplements for their respective auxotrophic 103 

markers (35). For solid medium, agar (15 g/L) was added. Strains were stored as 30% glycerol 104 

stocks at -80oC. 105 

Table 1: Strains used in this study 106 

Strain Name Pertinent Genotype Source 

RMJP1.49 pyrG89; argB2; ∆nku::argB; pyroA4  (36) 
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TSSP38.1 pyrG89; argB2; ∆nku::argB; pyroA4;∆hbxA::pyrG;pyroA This Study 

TSSP40.1 pyrG89; argB2; ∆nkuA::argB; pyroA4; ∆hbxA::pyrG, 

hbxA::pyroA 

This Study 

TSSP34.1  pyrG89; argB2; ∆nkuA::argB; pyroA4; 

gpdA(p)::∆hbxA::trpC(t)::pyrG; pyroA 

This Study 

TRV50.2 Wild type (37) 

 107 

Generation of the hbxA deletion strain (∆hbxA)  108 

The DNA cassette employed to obtain the deletion hbxA strain (TSSP38.1) was generated by 109 

fusion polymerase chain reaction (PCR) through a previously described method (38).  All 110 

primers used in this study are listed in Table 2. The 1.5 kb 5` UTR region of the hbxA locus was 111 

PCR amplified using P#2154/SD3 and  P#2155 primers from genomic DNA of the A. nidulans 112 

FGSC4 wild-type strain.  Similarly, the 1.1 kb 3` UTR of hbxA was amplified using  P#2156 and  113 

P#2157 primers also from genomic DNA.  The 1.9 kb A. fumigatus pyrG selectable marker was 114 

amplified from plasmid p1439 (39) using P#2158 and P#2159 primers.  The 5` and 3` UTR 115 

fragments were fused to the selectable pyrG marker using P#2160/SD9 and P#2161 primers.  The 116 

resultant fusion product was transformed into RMJP1.49 strain using a polyethylene glycol 117 

mediated protocol as described previously (38).  Transformants were confirmed by diagnostic 118 

PCR using P#2154 and P#963 primers. The selected deletion hbxA strain was then transformed 119 

with a DNA fragment containing the A. nidulans pyroA gene, PCR amplified with primers 120 

P#1042 and P#1045 from genomic DNA, resulting in strain TSSP38.1. 121 

 122 
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Table 2: Primers used in this study 123 

Name Sequence (5’ → 3’) 

P#2154/SD3 CCCGCTGATGTATGGTGAGGC 

P#2155 TGGTGTAGGATGCGATGCGG 

P#2156 CATCTCCTCCTTCAACACCAGGG 

P#2157 GGTCTGAGGTCTTGCCGTTTCC 

P#2158 CCGCATCGCATCCTACACCAACCGGTCGCCTCAAACAATGCTCT 

P#2159 CCCTGGTGTTGAAGGAGGAGATGGTCTGAGAGGAGGCACTGATGCG 

P#2160/SD9 CGCTCCCTTGAAACTCCGAGAG 

P#2161 CACAGTAGGCACGAATGGCGTT 

SD1 ACCGGTCGCCTCAAACAATGCTCT 

SD2 GTCTGAGAGGAGGCACTGATGCG 

SD4 GCGTTTTATTCTTGTTGACATGGGGTCCCTTAGCCGAAATTGGTGGG 

SD5 CCCATGTCAACAAGAATAAAACGC 

SD6 CCGAGTGGAGATGTGGAGT 

SD7 ACTCCACATCTCCACTCGGGCCCATATCTTCCGTAGCAGTC 

SD8 AGAGCATTGTTTGAGGCGACCGGTGACGGAGAGCTGAGAGTCCTAG 

SD10 CAGAGCACCGCCGTGGTATTG 

P#2962 GTCTCGTAGGTCTCTTGACGACCG 

P#2238 AAAAAAGGCGCGCCATGAATTATATCCATCATCCATACCCTTTCGCTG 
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P#2239 AAAAAAAAAAGCGGCCGCTTAGCCGAAATTGGTGGGGGTC 

P#1042 GCCGAAAAGGACCACGAATACCCGC 

P#1045 CACCGCCAACGGAGACAATCAAGCC 

P#963 GAGCAGCGTAGATGCCTCGAC 

P#2093 GACCTAATACAGCCCCTACAACGACC 

P#2218  GCGGCCGCTTAGCCGAAATTGGTGGGGGTC 

 124 

 125 

Generation of the hbxA complementation strain (hbxA-com) 126 

The complementation strain (TSSP40.1) was generated by re-introducing the wild-127 

type hbxA allele into the ∆hbxA strain at the same locus.  The complementation cassette was 128 

generated as follows: first, a DNA fragment containing the hbxA coding region and a 3.7 kb 129 

5’UTR was PCR amplified using P#2154/SD3 and SD4, and the trpC terminator fragment was 130 

amplified with primers SD5 and SD6 using A. nidulans genomic DNA as a template. The A. 131 

fumigatus pyroA gene (Afub_055620) was amplified from genomic DNA using primers SD7 and 132 

SD8. A. fumigatus pyrG was amplified from plasmid p1439 (38) using primers SD1 and SD2. 133 

All four PCR fragments were fused together using primers P#2160/SD9 and SD10 in a single 134 

reaction using Prime Star DNA polymerase (Clonetech, USA). The resulting fusion product was 135 

then transformed into the hbxA deletion strain (TSSP38.1) using methods previously described 136 

(38). Fungal transformants were confirmed using diagnostic PCR with primers P#2154 and 137 

P#2962. 138 

Generation of the hbxA overexpression strain (OEhbxA)  139 
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To generate the over-expression hbx1 strain (TSSP34.1), the coding region of hbxA was first 140 

amplified from A. nidulans genomic DNA using P#2238 and P#2239 primers. The resulting PCR 141 

product was digested with AscI and NotI and ligated to pTRS2 plasmid, previously digested with 142 

the same enzymes. pTRS2 contains the gpdA promoter, gpdA(p), and trpC terminator, trpC(t).  143 

The resulting plasmid, pSSP34.1, was transformed into the A. nidulans RJMP1.49 strain, and 144 

transformants were screened by PCR using P#2093 and P#2218 primers. The selected 145 

overexpression hbxA strain was then transformed with a DNA fragment containing the A. 146 

nidulans pyroA gene, PCR amplified with primers P#1042 and P#1045 from genomic DNA, 147 

resulting in strain TSSP34.1. 148 

Transcriptome analysis 149 

  RNA purification and sequencing 150 

Plates containing 25 mL of solid GMM with the appropriate supplements were top-agar 151 

inoculated with 5 mL of medium containing ~5 x106 spores/mL of wild-type (WT) control,  152 

ΔhbxA, hbxA-com or OEhbxA (Table 1). Cultures were incubated in the dark at 37°C. After 72 h 153 

of incubation, mycelia were collected, frozen in liquid nitrogen, and lyophilized. Total RNA was 154 

extracted from mycelia using an RNeasy Plant Mini Kit (Qiagen, Germantown, Maryland, USA) 155 

following the manufacturer’s protocol. RNA was further purified using Dynabeads mRNA 156 

Purification Kit (Thermo Fisher Scientific Inc., Massachusetts, USA). RNA quality was assessed 157 

using an Agilent Bioanalyzer. Sequencing was performed as a HiSeq 2000 single read 1x100bp 158 

lane. The experiment was carried out with 3 biological replicates.  159 

   Read mapping, decontamination and Read count 160 
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The RNA reads were trimmed by trim_galore (40) with the default parameter. Kraken2 (41) was 161 

run on trimmed reads to check the contamination. Then, reads were mapped to reference genome 162 

downloaded from FungiDB (Aspergillus nidulans FGSC4)(42) . Unmapped reads were removed 163 

to get clean reads. The clean reads were then repaired to pair-end reads with BBTools (43). 164 

These final clean pair-end reads were remapped to reference genome again using hisat2 ((44).  165 

Mapped reads in SAM format were sorted by coordinates with samtools (45) to obtain the BAM 166 

format mapped reads. Then read count and TPM (Transcripts Per Kilobase Million) were 167 

calculated by running StringTie (46) and python script. The parameters were set not to infer new 168 

transcripts with the reference gene annotation file (also downloaded from FungiDB).  169 

   Differentially expressed coding genes (DEGs) 170 

The read counts table was used as input for DEseq2 (47). This package was used to determine 171 

DEGs by comparing read counts between two strains. Significant up regulated genes were 172 

determined with -log10 q-value <= 2 and log2 fold change >= 2, while significant down 173 

regulated genes were defined with -log10 q-value <= 2 and log2 fold change <= -2. Control vs. 174 

OEhbxA and Control vs. ΔhbxA. python script was developed to convert gene id between 175 

FungiDB and FungiFun2 so that the webserver of FungiFun2 can be used to perform FunCat 176 

term annotation and enrichment of DEGs for Control vs. OEhbxA and Control vs. ΔhbxA(48). 177 

Heat maps of TPM (transcript per million) values of DEGs of secondary metabolism clusters 178 

were calculated by averaging all TPM values of all replicates. 179 

Evaluation of differentially expressed ortholog genes in A. nidulans and A. flavus was carried out 180 

by using the MCL algorithm in combination with all-versus-all protein BLAST search, similar to 181 

a method previously described (49). Proteins with BLAST hits were filtered with the following 182 
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parameters: 1, query and subject coverage is greater than 60%. 2, e-value is less than 1-5. 3, the 183 

percent of identity is greater than 60%. And then, the filtered hits were fed into OrthoMCL with 184 

an inflation parameter of 2 to generate orthogroups between these two species. 185 

To analyze changes in the expression of genes in secondary metabolite biosynthetic gene clusters 186 

(SMGs), 67 SMGs were extracted (50). SMGs expression related figures were plotted with 187 

python seaborn package. In addition, expression of 521 transcript factors (TFs) was also 188 

analyzed. The list of TFs and their function annotations were derived from a previous report 189 

(51).  190 

Metabolomics 191 

   Thin- Layer Chromatography 192 

Wild-type control, ΔhbxA, hbxA-com, and OEhbxA were top-agar inoculated with 5 mL of 193 

medium containing ~5 x106 spores/mL on solid GMM and grown at 37°C for 3 days. Three 16-194 

mm diameter cores per plate were collected and extracted with chloroform. Overnight dried 195 

extracts were resuspended in 200 µL chloroform. Sample were separated using thin-layer 196 

chromatography (TLC) as previously described (28,52) on silica gel plates using benzene and 197 

glacial acetic acid [95:5(v/v)] as solvent system. Aluminum chloride (15% in ethanol) was then 198 

sprayed, and plates were baked for 10 min at 80 °C. Bands were visualized under UV light (375 199 

nm). Sterigmatocystin (ST) standard was purchased from Sigma-Aldrich (St. Louis, MO, USA). 200 

   Analysis of secondary metabolites by liquid chromatography combined with mass spectrometry 201 

(LC-MS) 202 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted April 2, 2023. ; https://doi.org/10.1101/2023.03.30.533655doi: bioRxiv preprint 

https://doi.org/10.1101/2023.03.30.533655


12 

 

Chloroform extracted samples were also analyzed by LC-MS. Samples were resuspended in 500 203 

μL of acetonitrile/water (50:50, v/v), shaken vigorously for 30 s and then treated with a sonicator 204 

(Bransonic 221 Ultrasonic bath, Roucaire, Les Ulis, France) for 2 h. A volume of 250 µL of pure 205 

ACN was added to each sample, followed by vigorous shaking (30s) and centrifugation (pulse). 206 

Secondary metabolites analysis was performed using Acquity ArcSystem HPLC (Waters, Saint-207 

Quentin-en-Yvelines, France) combined with an LTQ Orbitrap XL high-resolution mass 208 

spectrometer (Thermo Fisher Scientific, Les Ulis, France). A volume of 10 μL of the suspension 209 

was injected into a reversed-phase 150 mm × 2.0 mm, Luna® 5 μm C18 column (Phenomenex, 210 

Torrance, CA, U.S.A.). Water acidified with 0.1% formic acid was used as phase A and 100% 211 

acetonitrile was used as phase B with the following elution gradient: 0 min 20% B, 30 min 50% 212 

B, from 35 to 45 min 90% B, from 50 to 60 min 20% B at 30 °C at a flow rate of 0.2 mL min-1. 213 

HRMS acquisitions were achieved with electrospray ionization (ESI) in positive and negative 214 

modes, as previously reported (28). MS/MS spectra were obtained with CID mode at low 215 

resolution and collision energy of 35%. 216 

Statistical analysis 217 

Statistical analysis was applied to analyze all quantitative data in this study utilizing analysis of 218 

variance (ANOVA) in conjunction with a Tukey multiple-comparison test using a p value of 219 

<0.05 for samples that are determined to be significantly different.  220 

 221 

RESULTS 222 

HbxA is conserved in numerous fungal species 223 
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Our phylogenetic analysis confirmed that the hbxA deduced amino acid sequence corresponds to 224 

a transcription factor containing a homeodomain. HbxA homologs are present in other 225 

Aspergillus species, including A. flavus (17,27), A. fumigatus (28), Aspergillus niger and 226 

Aspergillus terreus (Fig 1, Table 3), as well as in species of other fungal genera, such as 227 

Alternaria alternata, Arthrobotrys flagrans, Ascosphaera apis, Blastomyces dermatitidis, 228 

Histoplasma capsulatum, Microsporum canis, Penicilliopsis zonata, Penicillium rubens, 229 

Talaromyces marneffei and Trichophyton tonsurans (Fig 1, Table 3). Of the sequences analyzed, 230 

A. niger HbxA was the closest homolog to A. nidulans HbxA, with 56.40% identity and 68.4% 231 

sequence similarity. 232 

Table 3: Phylogenetic analysis of A. nidulans HbxA and homologs in other fungal species. HbxA 233 

homologos were retrieved from FUNGIDB website and BLASTp was performed against protein 234 

sequence database. % similarity was found utilizing Pairwise sequence alignment using A. nidulans 235 

HbxA as search query against each protein of interest using EMBOSS Needle. 236 

Species (sorted) Identity% 

(Needle) 

Similarity%  

global Pairwise alignment 

Aspergillus niger 56.4 68.4 

Aspergillus flavus 52.9 65.2 

Penicilliopsis zonata 44.5 54.3 

Penicillium rubens 43.7 56.9 

Talaromyces marneffei 37.1 49.3 

Blastomyces dermatitidis 36.9 49.9 

Histoplasma capsulatum 36.9 49.5 

Aspergillus terreus 35.5 46.4 

Microsporum canis 34.0 43.7 
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Trichophyton tonsurans 32.3 44.9 

Ascosphaera apis 30.3 41.8 

Arthrobotrys flagrans 21.5 34.3 

Alternaria alternata 20 31.5 

 237 

Fig 1: Phylogenetic analysis of Aspergillus nidulans HbxA. The phylogenetic tree was 238 

constructed using MEGA v6.0 and the Maximum Likelihood model with bootstrap value 239 

of 1000 (http://megasoftware.net/). 240 

 241 

 242 

Fig 2: Multiple sequence alignment of A. nidulans HbxA with other fungal 243 

homologs. 244 

The HbxA deduced amino acid sequences were aligned using 245 

clustalOmega(https://www.ebi.ac.uk/Tools/msa/clustalo/). Data was visualized with 246 

boxshade using ENDscript server (https://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi 247 

)(53)https://doi.org/10.1093/nar/gku316  248 

 249 

hbxA is required for normal development in A. nidulans 250 

To determine the regulatory scope of hbxA in A. nidulans, three strains were generated, a 251 

deletion strain, ΔhbxA, a complementation strain, hbxA-com, and an over-expression strain, 252 

OEhbxA (Fig 3). Deletion, complementation and overexpression strains were confirmed by 253 

diagnostic PCR, yielding the expected 3.01 kb PCR product for ΔhbxA, a 3.96 kb DNA fragment 254 
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for hbxA-com and a 3.16 kb DNA fragment for OEhbxA. Our results confirmed that absence of 255 

hbxA results in a drastic reduction of conidiation (Fig 4), as previously shown(33,34). 256 

Fig 3: Generation of A. nidulans hbxA deletion, complementation and 257 

overexpression strains. Confirmation of the deletion (ΔhbxA), complementation (hbxA-258 

com) and overexpression (OEhbxA) by diagnostic PCR. (A) The diagram shows 259 

replacement of hbxA with the marker gene pyrG by a double cross-over event. Primers 260 

P#2154/SD3 and P#963 were used for the diagnostic PCR, obtaining the predicted 3.01 261 

kb product. (B)  Schematic representation showing reintroduction of the wild-type hbxA 262 

allele at the hbxA locus in the deletion strain TSSP38.1. PCR with primers P#2154/SD3 263 

and P#2962 confirmed the reintroduction of hbxA in the selected deletion strain; the 264 

expected 3.96 kb product was obtained. (C) Linear diagram of hbxA overexpression 265 

plasmid pSSP34.1. The overexpression transformant was confirmed by PCR with primers 266 

2093 and 2218, which yielded the predicted 3.16 kb product.  267 

 268 

Fig 4. hbxA is required for normal conidiation in A. nidulans. Cultures of wild type, 269 

deletion, complementation and overexpression hbxA strains, top-agar inoculated on 270 

GMM and incubated for 7 days in the dark at 37oC. 271 

 272 

hbxA regulates secondary metabolism 273 

Our TLC analysis indicated that deletion of hbxA reduces sterigmatocystin (ST) production in A. 274 

nidulans by approximately 50 % when compared with levels in the wild-type strain (Fig 5). 275 

Importantly, overexpression of hbxA completely blocked ST production.  Additionally, synthesis 276 
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of other metabolites was also affected by deletion or forced overexpression of hbxA compared to 277 

the control strain. The absence of metabolites was particularly notable in the OEhbxA strain 278 

extracts. These results suggested that the regulatory role of hbxA is broader than originally 279 

expected, controlling not only developmental processes but also acting as a global regulator of 280 

secondary metabolism. 281 

Fig 5. Effect of hbxA on the production of ST and other secondary metabolites in A. 282 

nidulans. Wild type, deletion, complementation and overexpression hbxA strains were 283 

top-agar inoculated on glucose minimum medium (GMM) and incubated for 3 days in the 284 

dark. (A) Extracts were analyzed by TLC. Black arrows indicate ST standard. The 285 

experiment was carried out with three replicates. (B) Densitometry of TLC analysis of ST 286 

levels. The desitometry was performed using the 287 

http://biochemlabsolutions.com/GelQuantNET.html  website. Error bars represent the standard 288 

error. Columns of different letters represent values that are statistically different p value 289 

of <0.05 290 

 291 

hbxA-dependent transcriptome in A. nidulans 292 

   More than one thousand genes are regulated by hbxA in A. nidulans 293 

RNA-sequencing analysis revealed that of the predicted 11286 genes present in A. nidulans 294 

genome (54), 552 were downregulated, and 195 were upregulated in the ΔhbxA strain compared 295 

with the wild-type control strain (Table 4, Fig 6). Over-expression of hbxA resulted in an even 296 

more pronounced effect on the A. nidulans transcriptome, where 1044 genes were 297 

downregulated, and 424 genes were upregulated in the OEhbxA strain in comparison to the wild 298 
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type. In strong contrast, the comparison of the complementation strain and wild type showed that 299 

the two strains present very similar expression patterns.  Expression of 618 genes in the A. 300 

nidulans genome was altered by either deletion or overexpression of hbxA, many of them 301 

presenting the same expression pattern of upregulation or downregulation when hbxA was either 302 

deleted or overexpressed (Fig 6).  303 

Fig 6. Number of DEGs in A. nidulans when expression of hbxA is altered by hbxA 304 

deletion or overexpression. (A) Number of significantly upregulated (purple) and 305 

significantly downregulated (orange) DEGs estimated by DeSeq2. (B) Volcano plot of 306 

log2 fold change vs. -log10 q-value of all the genes in ΔhbxA, and OEhbxA vs. control. 307 

Significantly upregulated genes are shown as red dots, significant down regulated genes 308 

are shown as blue dot and other genes are shown as black. The x-axis represents the log2 309 

of the fold change determined by DeSeq2. The y-axis is the log10 of the adjusted p-value 310 

from DeSeq2. The cut offlog10 fold change value to determine the upregulated 311 

expression is greater than 2 while -2 is for down regulated expression. The -log10 q-value 312 

cutoff was set to 2 to determine the significant expression or not. (C-D) Venn Diagrams 313 

showing the overlap of DEGs in ΔhbxA and OEhbxA (C), and the overlap of upregulated 314 

(D) and downregulated DEGs (E) in ΔhbxA and OEhbxA. Venn Diagrams were 315 

constructed using https://bioinformatics.psb.ugent.be/cgi-316 

bin/liste/Venn/calculate_venn.htpl website. 317 

   Comparison of hbxA/hbx1 DEGs in A. nidulans and A. flavus 318 

The comparison of the current A. nidulans hbxA-dependent transcriptome study with the 319 

previous A. flavus hbx1 results (27) is shown in Fig 7. Only a small percentage of homologs were 320 

differentially expressed in the absence of hbxA and hbx1 in A. nidulans and A. flavus, 321 
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respectively, with respect to the corresponding wild types. Most of the DEGs in A. nidulans are 322 

not DEGs in the A. flavus study. 323 

Fig 7: Comparison of orthologous genes affected by deletion of hbxA in A. nidulans 324 

and A. flavus. Both upregulated orthologous genes were colored in red. Both 325 

downregulated orthologous genes were colored in blue. No expression changed 326 

orthologous genes are colored in grey. Two orthologous genes having different regulation 327 

status are colored in purple. The significantly regulated genes were defined as |log2 fold 328 

change| <= 2 and q-value <= 0.05. 329 

   330 

Expression of numerous TF genes is hbxA-dependent in A. nidulans 331 

Based on our analysis, 74 out of 521 TFs genes in A. nidulans (51) were regulated by hbxA under 332 

the culture conditions assayed (Table 5). Some of these differentially expressed TF genes also 333 

presented the same expression pattern of upregulation or downregulation when hbxA was either 334 

deleted or overexpressed (Fig 8).  335 

Fig 8. Number of transcription factor (TF) genes controlled by hbxA in A. nidulans. 336 

(A) Venn Diagram showing the overlap of differentially expressed TF genes in ΔhbxA 337 

and OEhbxA. (B-C) Venn Diagrams showing the overlap of upregulated (B) or 338 

downregulated (C) TF genes in ΔhbxA and OEhbxA. Venn Diagrams were constructed 339 

using https://bioinformatics.psb.ugent.be/cgi-bin/liste/Venn/calculate_venn.htpl website.   340 

 341 
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Our results indicated that overexpression of hbxA caused upregulation of developmental 342 

regulators, including genes of the central developmental pathway, brlA, abaA (55–58),  fluffy 343 

genes flbC and flbD (59), and another HD-TF gene, hbxB, that regulates asexual and sexual 344 

development in A. nidulans(34). In addition, the developmental regulatory gene zcfA (60) was 345 

also upregulated by hbxA overexpression. Some of the upregulated TFs genes in OEhbxA are 346 

involved in both governing development as well as SM, such as the master transcription factor 347 

mtfA  (37,61,62), urdA, (63), sclB (64), osaA (65), and velB (66). Other upregulated hbxA-348 

dependent TF-DEGs annotated to be putatively involved in SM regulation include AN8391 and 349 

AN6788. Other upregulated TF genes have an important role in primary metabolism, such as 350 

glcD, which has a putative role in protein dimerization and activation of areB, (67), galR, which 351 

is known to regulate the D-galactose catabolic pathway (68) and creA repressor of carbon 352 

catabolite (69). Other upregulated TF genes were rfeC, whose ortholog in Saccharomyces 353 

cerevisiae promotes FLO11 expression (70), the mcnB fork-head like transcription factor (71), as 354 

well as expression of some other uncharacterized putative transcription factors genes (Table 5). 355 

Overexpression of hbxA in A. nidulans caused downregulation of other developmental genes 356 

such as fhpA, with a role in sexual development (72), mat1, involved in activation of the alpha-357 

domain mating-type protein (73). Overexpression of hbxA also caused downregulation of  metZ, 358 

a transcription factor involved in the regulation of sulfur metabolism (74). TF genes AN8377, 359 

AN8645, AN3385 and AN8918 predicted to be involved in SM, are also downregulated in this 360 

strain (Table S2).  361 

Interestingly, deletion of hbxA also resulted in an increase in the expression of brlA, abaA, and 362 

urdA, as in the case of OEhbxA. It also increased the expression of tah-3, which is involved in 363 

conidiophore development and tolerance for harsh plasma environment (75) (Table 5). Deletion 364 
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of hbxA also upregulated veA (Table 4). The veA gene product, VeA, which contains a NF-κ-B 365 

like DNA-binding domain (76), is well known as a global regular that interacts with at least nine 366 

other proteins, LlmF, VapA, VipA, VipC, VelB, MpkB, FphA, LreB and LaeA (77), governing 367 

several signaling pathways and consequently multiple cellular processes, including development 368 

and SM (25). 369 

Absence of hbxA in A. nidulans downregulated the expression of various transcription factors, 370 

including the gene encoding the alpha-domain mating-type protein, mat1(73), as in 371 

overexpression of hbxA. Deletion of hbxA also showed downregulation of metZ, involved in 372 

methionine biosynthesis (78) the nitrogen-dependent mdpE, which regulates production of a 373 

secondary metabolite called monodictyphenone (79). The putative SM TF gene AN4933 is 374 

downregulated, and AN3385, AN8645 and AN8918 are also downregulated in deletion hbxA, as 375 

in OEhbxA.  376 

 377 

    hbxA affects the expression of genes in SM gene clusters and biosynthesis of natural products 378 

in A. nidulans  379 

Our TLC analysis revealed that both deletion and overexpression of hbxA negatively affect ST 380 

production (Fig 5) as well as the production of other secondary metabolites. Furthermore, 381 

FunCat enrichment analysis revealed that differentially regulated genes in the ΔhbxA versus wild 382 

type and OEveA versus wild type comparisons have significant functional overlap (Fig 9). DEGs 383 

genes are dramatically enriched for secondary metabolism-related processes for both; most of 384 

those genes are downregulated when hbxA is either deleted or overexpressed, particularly in the 385 
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latter. Other categories showing enrichment include disease, virulence, and defense; virulence 386 

disease factors; C-compound and carbohydrate metabolism; and detoxification. 387 

Fig 9. FunCat enrichment of significant DEGs found in (A) ΔhbxA and (B) OEhbxA 388 

vs. control. The -log10 of the q-value of DEGs in each term is proportional to the length 389 

of the bars. FunCat annotations and q-value is determined by FungiFun2 webserver. 390 

Downregulated genes are to the left of the origin and up regulated genes to the right.  391 

 392 

To gain further understanding of the effect of hbxA on SM in A. nidulans, as part of our 393 

transcriptome analysis, we identified DEGs in SM gene clusters and analyzed concomitant 394 

production of secondary metabolites by a metabolomics approach. Our study revealed that 395 

production of nidulaninA, nidulanin B and nidulanin D are hbxA- dependent (Fig 10A-C). Both, 396 

deletion and overexpression of hbxA, completely inhibited the production of these compounds. In 397 

addition, the Heatmap shown in Fig 10D indicates downregulation of some of the genes in the 398 

nidulanin cluster (80), including the NRPS coding gene, nlsA, in both ∆hbxA and OEhbxA. This 399 

reduction in nlsA expression was particularly notable in the latter.  400 

Fig 10: hbxA regulates the production of nidulanins in A. nidulans. Wild-type (WT), 401 

deletion (ΔhbxA), complementation (hbxA-com) and overexpression (OEhbxA) strains 402 

were top-agar inoculated on solid glucose minimum medium (GMM) at 37oC for 72 h, 403 

when samples were collected, extracted with chloroform and analyzed by LC-HRMS in 404 

positive mode (A-C) Quantification of nidulanin A (m/z  604.34943), B (m/z 620.34404) , 405 

D (m/z 536.28659) respectively. (D) Heat map of TPM values of nidulanin cluster 406 

(DEGs) expression in A. nidulans ΔhbxA and OEhbxA with respect to wild type strain on 407 
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a log scale found in Inglis et al.(50). The TPM value of each gene was calculated by 408 

averaging all the TPM values of all replicates.   409 

 410 

LC-MS analysis of ST confirmed the TLC results, indicating that production of this mycotoxin 411 

was reduced in ∆hbxA and absent in the overexpression strains (Fig 11). Unexpectedly, the 412 

Heatmap in Fig 11B shows that most of the ST genes were not downregulated in the deletion 413 

strain with respect to the wild type. However, most of the genes in this cluster were 414 

downregulated in the overexpression strain, excluding the structural genes stcK, stcJ, stcF and 415 

stcC, and the regulator, aflR. 416 

Fig 11. hbxA regulates the production of ST in A. nidulans. Wild type (WT), deletion 417 

(ΔhbxA), complementation (hbxA-com) and overexpression (OEhbxA) strains were top-418 

agar inoculated on solid glucose minimum medium (GMM) at 37oC for 72 h, when 419 

samples were collected, extracted with chloroform and analyzed by LC-HRMS in 420 

positive mode. (A) Quantification of ST (m/z 325.07014). (B) Heat map of TPM values 421 

of ST cluster (DEGs) expression in A. nidulans ΔhbxA and OEhbxA with respect to wild 422 

type strain on a log scale found in Inglis et al. (50). The TPM value of each gene was 423 

calculated by averaging all the TPM values of all replicates.  424 

  425 

In addition, both ∆hbxA and OEhbxA strains were unable to synthesize the meroterpenoids 426 

austinol and dehydroaustinol under conditions conducive to their production in the wild type (Fig 427 

12). The genes involved in the synthesis of these two compounds are grouped in two clusters, A 428 

and B (81). Our transcriptome analysis revealed that most of the genes in these two clusters are 429 
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downregulated in the hbxA deletion and also in the overexpression strains compared to the 430 

control (Fig 12C and D). For example, genes ausA-D are down regulated in both ∆hbxA and 431 

OEhbxA in gene cluster A. In cluster B, genes ausE-G and ausM are also downregulated in 432 

∆hbxA and OEhbxA. Additionally, expression of ausH. ausL and ausN is reduced in OEhbxA 433 

with respect to the wild type. 434 

Fig 12. hbxA regulates the production of austinol and dehydroaustinol in A. 435 

nidulans. Wild type (WT), deletion (ΔhbxA), complementation (hbxA-com), and 436 

overexpression (OEhbxA) strains were top-agar inoculated on solid glucose minimum 437 

medium (GMM) at 37oC for 72 h, when samples were collected, extracted with 438 

chloroform and analyzed by LC-HRMS in positive mode. Quantification of (A) austinol 439 

(m/z 459.20059) and (B) dehydroaustinol (m/z 457.18524) compounds by full MS spectra 440 

resolution of 60,000 with a range of mass-to-charge ratio (m/z) set to 50�to�800. (C & 441 

D) Heatmap of TPM values of austinol cluster (DEGs) expression in A. nidulans ΔhbxA 442 

and OEhbxA with respect to wild type strain on a log scale found in Inglis et al. (50). The 443 

TPM value of each gene was calculated by averaging all the TPM values of all replicates. 444 

 445 

Our metabolomics study also indicated that the production of three novel, unknown secondary 446 

metabolites was altered when hbxA was not expressed at wild-type levels. Two of these 447 

compounds (m/z 423 and m/z 518 observed in negative mode) were absent in the hbxA deletion 448 

strain and also in the overexpression strain (Fig 13). The third novel compound (m/z 489 in 449 

negative mode) was produced at remarkably high levels in the hbxA deletion strain compared to 450 

those in the wild type (Fig 13B).  451 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted April 2, 2023. ; https://doi.org/10.1101/2023.03.30.533655doi: bioRxiv preprint 

https://doi.org/10.1101/2023.03.30.533655


24 

 

Fig 13: hbxA regulates the production of novel uncharacterized metabolites in A. 452 

nidulans. Wild type (WT), deletion (ΔhbxA), complementation (hbxA-com), and 453 

overexpression (OEhbxA) strains were top-agar inoculated on solid glucose minimum 454 

medium (GMM) at 37 °C for 72 h, when samples were collected, extracted with 455 

chloroform and analyzed by LC-HRMS in negative mode. (A-C) Quantification of novel 456 

uncharacterized metabolites with m/z of 423.18012, 489.18082, and 518.16482, 457 

respectively. 458 

 459 

DISCUSSION    460 

 461 

HD-TFs have been shown to govern development in eukaryotes (13–15), including fungi 462 

(13,14,16–21). Previous reports, together with the present study, indicate that these regulators are 463 

conserved across different fungal genera. (Zheng et al., 2012; Ghosh et al., 2015). In A. flavus, 464 

hbx1, an ortholog of hbxA, is also required for developmental processes, regulating genes in the 465 

conidiation central pathway, such as brlA and wetA (17,27) as well as flbA, flbC, flbD, flbE, fluG 466 

and mat1-1(27). In A. fumigatus, hbxA promotes brlA, abaA and wetA, as well as flbB, flbD and 467 

fluG expression(28). Similarly, hbxA regulates conidiation in A. nidulans(33,34); our 468 

transcriptome study showed that hbxA not only regulates brlA, as shown in (34), but also abaA, 469 

flbC and flbD. These studies support that the hbxA-dependent regulatory mechanism of 470 

conidiation is at least in part conserved in these three Aspergillus species and possibly in other 471 

species of this genus.  472 
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Interestingly, our results revealed a broader regulatory scope for hbxA in A. nidulans, with more 473 

than one thousand DEGs when hbxA was deleted or overexpressed in this model organism, 474 

including numerous transcription factor genes. This was also the case for A. flavus hbx1(27). 475 

However, most of the DEGs in A. nidulans are not DEGs in A. flavus; only a small percentage of 476 

homologs where DEGs in the hbxA and hbx1 mutants with respect to the controls. This suggests 477 

that although the conservation of some of the regulatory mechanisms controlling conidiation 478 

appears conserved, a great part of its regulatory input is specialized in different fungal species. 479 

Some of the TF genes involved in governing development that were found hbxA-dependent also 480 

control secondary metabolism in A. nidulans, for example, mtfA (37,61,62), urdA (63), sclB (64), 481 

osaA (65) and velB (66). Furthermore, FunCat functional enrichment analysis showed that the 482 

category of secondary metabolism-related processes was, by far, the most enriched in A. 483 

nidulans. Our study showed that in A. nidulans, numerous genes in SM gene clusters were 484 

regulated by hbxA. The secondary metabolism category was also enriched in A. flavus 485 

(27)However, the wide variation of biosynthetic gene clusters across fungal species, even in 486 

those phylogenetically close (82) could explain that although the major functional category is the 487 

same in both species, namely SM, the percentage of differentially expressed homologs is low. 488 

For example, A. flavus hbx1 regulates genes in the aflatoxin, cyclopiazonic acid, aflatrem, 489 

asparasone, piperazine, and aflavarin gene clusters(27), while in A. nidulans, our study shows 490 

that hbxA controls genes in other gene clusters such as those responsible for the synthesis of 491 

nidulanins A, B and D, austinol and dehydroaustinol. A. nidulans HbxA also control genes in the 492 

ST gene cluster, which is partially conserved with that of aflatoxin in A. flavus. The regulatory 493 

pattern was similar; absence of both hbxA and hbx1 resulted in a reduction of toxin production 494 

(17,27). In A. flavus deletion of hbx1 downregulated aflR and other genes in the aflatoxin gene 495 
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cluster.  However, this was not the case in A. nidulans, suggesting that the lower levels of ST in 496 

the deletion strain, verified by both TLC and LC-MS, could be due to other factor(s). Our study 497 

showed veA expression is hbxA-dependent. VeA is a global regulator that orchestrates numerous 498 

biological processes in fungi (25,26), such as development and SM. VeA has been shown to 499 

regulate the production of aflatoxisomes in A. parasiticus (83).  It is possible that hbxA, in a veA-500 

dependent manner, could also influence compartmentalization of ST production in A. nidulans. 501 

This reduction in ST in the deletion strain, contrast with a previous report (34) where an increase 502 

in ST was described. It is possible that different experimental conditions in both studies could 503 

have resulted in different outcomes. Nevertheless, the most striking result is the effect of hbxA 504 

overexpression on ST biosynthesis as well as on the production of other metabolites. The 505 

complete elimination of ST production by hbxA overexpression was, in this case, accompanied 506 

by the downregulation of genes in the ST gene cluster. However, this downregulation of ST 507 

genes was, as in the case of the deletion strain, not mediated by changes in aflR expression. 508 

Our study revealed that hbxA regulates key genes in the nidulanin gene cluster and, 509 

consequently, affects the production of the cyclic tetrapeptides nidulinins A, B and D. These 510 

compound are found in Aspergillus and Penicillium species. The function of nidulanins is not yet 511 

known. As in the case of ST, both deletion or overexpression of hbxA resulted in reduction or 512 

elimination of nidulinins A, B and D production, suggesting that, as in the case of VeA, certain 513 

balanced stoichiometry with respect to other regulatory factors could be needed for proper 514 

function, perhaps also interacting with other regulatory proteins. One of the genes downregulated 515 

in both deletion hbxA and overexpression hbxA strains is nlsA, encoding a non-ribosomal peptide 516 

synthase necessary for the synthesis of nidulanin.  This enzyme has been shown to also be 517 
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involved in the synthesis of fungisporin (84), which presents antibacterial activity (85), however 518 

fungisporin was not detected in our study under the conditions tested. 519 

LC-MS indicated that hbxA also controls austinol and dehydroaustinol production. These are two 520 

meroterpenoids produced from polyketide and terpenoid precursors. Both austinol and 521 

dehydroaustinol have been shown to inhibit the neuraminidase enzyme, suggesting a potential 522 

for the development of new antiviral drugs (86). Austinol also showed antibacterial activity (87). 523 

Alteration of wild-type hbxA transcription by deletion or forced overexpression also resulted in a 524 

lack of production of these compounds, further supporting the possibility of a necessary 525 

stoichiometry with other regulatory partners. Two separate gene clusters, A and B (81,88), are 526 

required for the synthesis of these compounds. Both deletion and overexpression of hbxA showed 527 

profound changes in the expression profile of both gene clusters, with numerous downregulated 528 

structural genes, including the polyketide synthase gene ausA. The prenyltransferase gene ausN 529 

was also downregulated in the overexpression strain.  530 

In addition, our metabolomics analysis indicated that A. nidulans hbxA also controls the 531 

production of three unknown novel compounds. Synthesis of two of these metabolites (m/z &423 532 

and m/z 528) did not occur in the absence of hbxA or when this gene was overexpressed, while 533 

the third novel compound (m/z 489) was produced at strikingly high levels in the hbxA deletion 534 

strain. The identity, the association with MS gene clusters, or bioactive properties of these 535 

compounds are still known and will be the subject of future studies.  536 

Regarding additional roles of hbxA in A. nidulans, besides those in development and SM, our 537 

FunCat functional enrichment analysis also indicated a possible role in primary metabolism, with 538 

enrichment in the carbon-compound and carbohydrate metabolism category, particularly in the 539 
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hbxA overexpression strain. Upregulation of the carbon catabolite repressor TF gene creA (69) 540 

was observed in this strain. creA is also under hbx1 regulation in A. flavus(27). Other A. nidulans 541 

hbxA-dependent regulatory genes involved in primary metabolism were, for example, galR, 542 

which regulates the D-galactose catabolic pathway (68), and glcD, which has a putative role in 543 

protein dimerization with and activation of areB, involved in nitrogen metabolism (67). Other 544 

enriched categories were detoxification, virulence and disease factors and defense, suggesting its 545 

possible involvement in pathogenesis. This agrees with the fact that the hbxA homolog in A. 546 

fumigatus was shown to affect virulence in A. fumigatus (28) 547 

In conclusion, we have shown that the regulatory TF gene hbxA governs the expression of 548 

hundreds of genes in A. nidulans, modulating not only developmental genes, but also multiple 549 

regulatory pathways. Consequently, hbxA governs different important aspects of this fungus’ 550 

biology, including a remarkable role in SM, regulating expression of several SM gene clusters 551 

and natural product biosynthesis, including some novel compounds. Additionally, genes 552 

associated with other cellular processes such as primary metabolisms, as well as defense and 553 

virulence, are also influenced by hbxA. Interestingly, a functional conservation exists between 554 

hbxA homologs in other Aspergillus species and possibly in other fungi. 555 
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1        10        20                 30                40  X         X         X                  X                 X  
Aspergillus_nidulans    DEEEF A A A     DEEEEF A A           A A  A           DEF A MNYIH P Y F     VPMEQ  L Y           M H  M           PMD Y      H . P AGHPS     H. A D........TT V PT MHH........   G Y

Aspergillus_niger       KdddG B B B     KddddG B B           B B  B           KdG B MNYLH P Y F     VPMEQP V F           M H  M           PMD Y      H . A TGHAA      . A D........PT A PS M.H........   G L

Aspergillus_flavus      KdddG B B B     KddddG B B           B B  B           KdG B MNYLH P Y Y     VPMEQP I Y           M H  M           PME Y      H . A AGHAA      . A D........PT A PS M.H........   G I

Aspergillus_oryzae      KdddG B B B     KddddG B B           B B  B           KdG B MNYLH P Y Y     VPMEQP I Y           M H  M           PME Y      H . A AGHAA      . A D........PT A PS M.H........   G I

Penicilliopsis_zonata   KdddG B B B     KddddG B B           B B  B           KdG B MSYLH   Y Y     VPLDQP L F           M H  M           PMD Y      HS. P SSHPA      . V D........PA A SS IPQ........   G L

Penicillium_rubens      KdddG B B B     KddddG B B           B B  B           KdG B MSYIH   W Y     IPMDQ  M Y           M    M           PID Y      PS. N QGHQG     H. A D........PS VPPP M.H........   G M

Talaromyces_marneffei   KdddG B B B     KddddG B B           B B  B           KdG B MNYLH P Y Y     I LDQP                    I            ID Y      H A P GVHAG H    .GLVH........P.....A A.N........N  G V

Blastomyces_dermatitidis KdddG B B B     KddddG B B           B B  B           KdG B MSYLH P F F     IPVDQP V Y           I H  L            VD Y      H . P GG.HA      . G G........VP R PQ G.H........S  T L

Histoplasma_capsulatum  KdddG B B B     KddddG B B           B B  B           KdG B MSYLH P F F     IPVDQP   Y           I H  L           PVD Y      H . P SGHHA      .FD R........VP R PQ S.H........   T L

Microsporum_canis       KdddG B B B     KddddG B B           B B  B           KdG B MNYL  P Y Y     VPMDQP M Y           I H              PMD       QA . Q ....S      . G G........MP S HPYD.Q........   QCY

Trichophyton_tonsurans  KdddG B B B     KddddG B B           B B  B           KdG B MNYL  P F Y     MPMDQP M Y           V H              PMD       QT . Q ....A      . G G........MP S HPYE.Q........   QCY

Ascosphaera_apis        KdddG B B B     KddddG B B           B B  B           KdG B MNYLH P Y Y     LPIDQ  M Y           I                GME F      N . G GAPTG     QQ P G........VP HPHPHP.HPDYHHHVP   P Y

Arthrobotrys_flagrans   KdddG B B B     KddddG B B           B B  B           KdG B M         Y     MP  NP V               H  V            IE F  EV.....LS DNKGS  SQ  N PVRSDVHVTQGPSPQ LN PRHP.AANSGPH  T I

Alternaria_alternata    JIIIH C C C     JIIIIH C C           C C  C           JIH C ............................................................

      50          60        70        80        90       100       X           X         X         X         X         X
Aspergillus_nidulans                                        c   cc       cc    c   c    A DEF DF A   A DEEEF DEEEEEEEEEEEEEEEF DEEEEEEEEEEEEEEEE                                    Q   LE       KP    K   A    P DMV YY Q   M DYEEY ENLSRPRLTKE VET   QFQAHP  SSNV RQL YAQP F   D  H ..P M     A                 A                 

Aspergillus_niger                                           c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P DMV FY Q   I DYEEY ENLSRPRLTKE VET   QFQAHP  SSNV RQL YPHP F   D  H ..P M     A                 A                 

Aspergillus_flavus                                          c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P DMI FY Q   I DYEEY ENLSRPRLTKE VET   QFQAHP  SSNV RQL YPHP F   D  H ..P M     A                 A                 

Aspergillus_oryzae                                          c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P DMI FY Q   I DYEEY ENLSRPRLTKE VET   QFQAHP  SSNV RQL YPHP F   D  H ..P M     A                 A                 

Penicilliopsis_zonata                                       c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P EMV FY     I DYDEY ENLSRPRLTKE VET   QFQ HP  SSNV RQL YPHP F   D  PP..P M     A                 T   T             

Penicillium_rubens                                          c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P EMI YY Q   I DYDEY ENLSRPRLTKE VET   QFQAHP  SSNV RQL YPHP M   D  H ..P M     T                 A                 

Talaromyces_marneffei                                       c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A      ELA YY     M DYEEY ENLSRPRLTKE VDT   QFQAHP  NSN  R L LTRPAY   D  THMPL E     S                 A           K  E  

Blastomyces_dermatitidis                                     c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P DLA YY Q   L DFE Y ENLSRPRLTK  VDT   QFQAHP  NSNV RQL LPNA I   D  H AAL E   Q T          Q      A                 

Histoplasma_capsulatum                                      c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P DLA YY Q   L DFEEY ENLSRPRLTKD VDT   QFQAHP  NSNV RQL LPNA I   E  H AAA E     T                 A                 

Microsporum_canis                                           c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A      DI  FY T   I EYEEY ENLSRPRLTKE VE    QFQAHP  NSN  RQL VPYHQN  HG  T .GA E     V              I  S           T     

Trichophyton_tonsurans                                      c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A      DI  FY T   I EYEEY ENLSRPRLTKE VE    QFQAHP  NSN  RQL IPYHQN  HG  T .GA E     V              I  S           T     

Ascosphaera_apis                                            c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P ELA  F Q   L    E  ESLSRPRLTKE VDT   QFQAHP  NSSV RQL GHHV V   NS Y AVT .... DT                 A                 

Arthrobotrys_flagrans                                       c   cc       cc    c   c    B KdG KG B   B KdddG KdddddddddddddddG Kdddddddddddddddd                                    Q   LE       KP    K   A    P   I  F         EE      R K SRE        YQ  P  NQ   R L GNHF V.. PR TP.PVSGPN  SVKEPR F C    TLA  RL  QC     AT  D  

Alternaria_alternata                                        c   cc       cc    c   c    C JIH JH C   C JIIIH JIIIIIIIIIIIIIIIH JIIIIIIIIIIIIIIII                                    Q   LE       KP    K   A      D      T   A        S  KPRLTKD  D     F A    STNV K   .....M SSGGST ... PSAPKQPG DV        H I  QH L QH        EF 

       110       120         130       140        150                X         X           X         X          X       
Aspergillus_nidulans                cccccc   c                                      EEEEEEEEEEEEEEEEEEEEEEEEEEEEF  DEEEF                                    WFQNRR   K                                       QT LSLPRVAN      AKA QQKRQEE  YERMQ                        Q  H                         ..     KAKAEAEE.AAKRKSESS.VPE.S

Aspergillus_niger                   cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      AQTNLSLPRVAN      AKA QQKRQEE  FEKMQ                                                     ..     KAKAEAEE.AARGKSEST.ESS.D

Aspergillus_flavus                  cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      AQTNLSLPRVAN      AKA QQKRQEE  FERMQ                                                     ..     KAKTEAEE.AARIKIENA.EKS.E

Aspergillus_oryzae                  cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      AQTNLSLPRVAN      AKA QQKRQEE  FERMQ                                                     ..     KAKTEAEE.AARIKIENA.EKS.E

Penicilliopsis_zonata               cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      AQTNLSLPRVAN      AKA QQKRQEE  FERMQ                                                     ..     KAKAQAEE.AARGKSDTA.DQP.E

Penicillium_rubens                  cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      AQTNLSLPRVAN      AKA QQKRQEE  FEKMT                                                     ..     KAKAEAEE.AARRKSETL.DQL.S

Talaromyces_marneffei               cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      VQTNLSLPRVAN      AKA QQKRQEE  FERMQ                                                     ..     REAKEKED.QSKSIKDEEQDYGLP

Blastomyces_dermatitidis             cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      AQTNLTLPRVAN      AKA QQKRQEE  FERMQ                                                     ..     ASEKDEQW.QNNDAPQK......E

Histoplasma_capsulatum              cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      AQTNLTLPRVAN      AKA QQKRQEE  FERMQ                                                     ..     ASGNGEQW.KNNDTKQK......E

Microsporum_canis                   cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      LQTSLTLPRVAN      AKA QQKRQEE  FEKMQ                                                     ..     AKEKAMAAEGSENQQQQS.....E

Trichophyton_tonsurans              cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      LQTSLTLPRVAN      AKA QQKRQEE  FEKMQ                                                     ..     AKEKAMAAEEAESKQ.SA.....E

Ascosphaera_apis                    cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                      MQTNLTLPRVAN      AKA QQKRQ E  YEK                                                     A ..   KLAEEKAEKEQNGK...........E

Arthrobotrys_flagrans               cccccc   c                                      ddddddddddddddddddddddddddddG  KdddG                                    WFQNRR   K                                         NLS  RV         RA   K   E     AQ                        HAI   PT  NI      H   KH EIQ ..AKM  ILETAGRERMAKIALGTPMAL..S

Alternaria_alternata                cccccc   c                                      IIIIIIIIIIIIIIIIIIIIIIIIIIIIH  JIIIH                                    WFQNRR   K                                          V L KI N      AKV Q RK     Y                            TRLG P D  N            D  KLMNQ NMTMSLPFGHSHVPAM...........S

  160       170         180                     190             X         X           X                       X         
Aspergillus_nidulans                         DF                                   A                       P                                     SDSQRSAEAKDEKKQD..DSKA TPKP.S......KPASDDQ.......KQSEAPAESNH

Aspergillus_niger                            KG                                   B                      TP                                   K SK....EDAKDSKDET..DKD  KQSV.E......NTAERTK......TPA.PSSSRP H

Aspergillus_flavus                           KG                                   B                      TP                                   K SN....P...DVKEET..DKE  KQSS.D......QTMSDDR......TKTPASNSRS H

Aspergillus_oryzae                           KG                                   B                      TP                                   K SN....P...DVKEET..DKE  KQSS.D......QTMSDDR......TKTPASNSRS H

Penicilliopsis_zonata                        KG                                   B                       P                                   R SGSTVKAETPDESSNA..S.LA QKKSAE...TTSSTASTSR.....SHVPATSAPRS H

Penicillium_rubens                           KG                                   B                      TP                                   K GSRKGSI...ANEESE..KSA  KQTP.T......STS.SGH......AKTDSTSSRS H

Talaromyces_marneffei                        KG                                   B                      TP                                   K GCDQKSPIHKDDNSHGTTKSP  TQAS........NYTKDRP.....QTSDSSSLSRP H

Blastomyces_dermatitidis                      KG                                   B                      TP                                     GES.......KQQSELPESST  TQRPAS...ISSC............SSPLSPAKQEEQ

Histoplasma_capsulatum                       KG                                   B                      TP                                   K GAS.......KEQSERLESSA  TQQPDP...SSSS............LNPSE.VEKE Q

Microsporum_canis                            KG                                   B                      T                                    H SSDEQQKSEQDQKNSI....L N..TRGA.......................TSSQGE G

Trichophyton_tonsurans                       KG                                   B                      TP                                   H SSDEQQRSEQDQKSSM....S  TDTRGA....................SSSCSEQED G

Ascosphaera_apis                             KG                                   B GESKEKQESQPQESQTNE..AEATQAA.................................

Arthrobotrys_flagrans                        KG                                   B                      TP                                     ES...........S.M.SDLE  TSATSA...QSSLPLLTTE......FNPA....SSTS

Alternaria_alternata                         JH                                   C                      QP                                   H NHY...A..HPQEQQHPHMLM  DFYPNADISPASLPVQIGEGPSALDLGPQLSLQQH H

200                        210         220                    X                          X           X                    
Aspergillus_nidulans                          A  A     A  DEF A A A                                       E  R     S  LQR M A A                 QQTRS................. SN VASLA ..   A D A ..............QYQ

Aspergillus_niger                             B  B     B  KdG B B B                                       E  R     S  LQR L A V                 QKTRS................. SA EATFA ..   A N A ..............AAR

Aspergillus_flavus                            B  B     B  KdG B B B                                       E  R     S  LQR L A V                 HKTKS................. SA EATFA ..   A N A ..............AAR

Aspergillus_oryzae                            B  B     B  KdG B B B                                       E  R     S  LQR L A V                 HKTKS................. SA EATFA ..   A N A ..............AAR

Penicilliopsis_zonata                         B  B     B  KdG B B B                                       E  R     S  LQR L A V                 QKTPS................. SA EATFA ..   A N A ..............AAR

Penicillium_rubens                            B  B     B  KdG B B B                                       E  R     S  LQR L A                   HKTKS................. SA EATFA ..   A N AC..............AAR

Talaromyces_marneffei                         B  B     B  KdG B B B                                       D        S  LQR I A V                 QKTGS................. LAQEKTYA ..   A S A ..............AAR

Blastomyces_dermatitidis                       B  B     B  KdG B B B                                          K     S   QK M V M                 QQASD.................FTT TGCPE ..P  A N S ..............PSS

Histoplasma_capsulatum                        B  B     B  KdG B B B                                                    QK M A M                 QQASN.................SISQPGLPEP..P  A K T ..............PVS

Microsporum_canis                             B  B     B  KdG B B B                                       E           A H   V A                 LQTPA................. EKPEPRFDA.. G QSK Q .................

Trichophyton_tonsurans                        B  B     B  KdG B B B                                       D           V H   A V                 LQTPA................. EEPEPKFEV.. G TTE Q .................

Ascosphaera_apis                              B  B     B  KdG B B B                                       D  K     Q   Q  V A                   ...................... KA AAVPP ..P QT N QS..............SSE

Arthrobotrys_flagrans                         B  B     B  KdG B B B                                          K     S  L R I I                   TSPPY.................PSS EAAAA .. A S T AS..............AYA

Alternaria_alternata                          C  C     C  JIH C C C                                       E  R     S  L H I A                   QQHQHQQQQQQFDMQHGLHSVP PD SASYR ND M S M ATNGAYMHNSGMSLNAQEP
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      230                                                           X                                                   
Aspergillus_nidulans      A                                                         G.....GQGTT.................................................

Aspergillus_niger         B                                                           Y                                                         DR GQDGENSQ.................................................

Aspergillus_flavus        B                                                           Y                                                         EH SPDEQGQP.................................................

Aspergillus_oryzae        B                                                           Y                                                         EH SPDEQGQP.................................................

Penicilliopsis_zonata     B                                                           F                                                         DQ GRSGVEGEAVA.............................................P

Penicillium_rubens        B                                                           F                                                         DR GRRINPRSKNE.............................................S

Talaromyces_marneffei     B                                                           Y                                                         DQ TGPSDDHISVG.............................................P

Blastomyces_dermatitidis   B                                                           F                                                         AQ NQPVENNGPDR.............................................H

Histoplasma_capsulatum    B                                                           F                                                         AQ SQPGEDNVP.R.............................................H

Microsporum_canis         B                                                         ...EVPNPEPIKLI.............................................P

Trichophyton_tonsurans    B                                                         ...EIPSSEPAKMI.............................................P

Ascosphaera_apis          B                                                         TRSEQPVLPRPSNNAQNG........................................QR

Arthrobotrys_flagrans     B                                                           Y                                                         SS EGEGVSQGYHP.............................................G

Alternaria_alternata      C                                                           Y                                                         EF DTTGLSNAYSSDLSAFSVPAPMPNDLAPSHPEFDNFADFQLDYSALAATNTSNSASA

                   240       250                                                 X         X                            
Aspergillus_nidulans                     A  A                          A A  A                        G  S                                       ............SMGGS .. VSPTTSLPNDA...........................D

Aspergillus_niger                        B  B                          B B  B                        G  S                          S F          ............SPSMD .. VSPTTTFSNNRCGSHDSSRHGQGDLS S ......S.QN

Aspergillus_flavus                       B  B                          B B  B                        G  S                          T F  W       ............ATIHE .. VSPTTTYSGMNN..HGDSRAAQSSST P SE ENAK.ET

Aspergillus_oryzae                       B  B                          B B  B                        G  S                          T F  W       ............ATIHE .. VSPTTTYSGMNN..HGDSRAAQSSST P SE ENAK.ET

Penicilliopsis_zonata                    B  B                          B B  B                        G  S                            F  W       PPP.........ADALE .. MPSSKMYSL........DERSQTALNPT PE ETPAEST

Penicillium_rubens                       B  B                          B B  B                        G  S                          S F  W       VPEED....EEEEAVSP .. MPPPKAVT......PANDHGNLANIN S SG SGIK.EE

Talaromyces_marneffei                    B  B                          B B  B                                                      S    W       TDR.....................AFDVRQTNIPVPSANNTPQTSAN TLSE GSSR.DS

Blastomyces_dermatitidis                  B  B                          B B  B                           S                          S    W       .................E.. SAITYHLSQ.....SPSGKNGGSTFT SLSG NGME.DN

Histoplasma_capsulatum                   B  B                          B B  B                        G                             S    W       ................. ..PSDIKYHFPQ.....SSLGNDDCGTFP NLCG NGIE.DN

Microsporum_canis                        B  B                          B B  B                        G  N                          S F  W       SPPMK......EDQEMS .. VVD..MHN......TAQPPFSQPGVD H QQ G......

Trichophyton_tonsurans                   B  B                          B B  B                        G  T                            F  W       SSPIK......DSQEMS .. MTT..MHNN.....TAQPSFSRPETNGH QQ A......

Ascosphaera_apis                         B  B                          B B  B                        G  S                            Y  W       SQPQSTGNVNQQNFEHH AT VSPAISV...........NVVPDQIHVQ PE GNAGYHQ

Arthrobotrys_flagrans                    B  B                          B B  B                        G                             S F  W       ............AAPYD ..LPPPNYSLD.........PYDPNFYPV N SD GSSY.NS

Alternaria_alternata                     C  C                          C C  C                        G  S                          S Y  W       EAQQSTGSISSDASPYN TQ SGTTQSP.......NGPTPPSIASLN V TG TEDP...

      260                                                           X                                                   
Aspergillus_nidulans     A A                A                                        A W                                                        S V SSVNST..NGE.........LSVPG...............................

Aspergillus_niger        B B                B                                        I W                                                        A S TSQ.SS..QGALGYVTSGESLTIPGMDGTQ.....HDAGHD..SMQ..NV......

Aspergillus_flavus       B B                B                                        M W                A                                       A S SASQSP..QEHLGYS. AESLTVPELDGSH.....QNVQHS....D..TL......

Aspergillus_oryzae       B B                B                                        M W                A                                       A S SASQSP..QEHLGYS. AESLTVPELDGSH.....QNVQHS....D..TL......

Penicilliopsis_zonata    B B                B                                        L W                L                                       S T TPSQSP..EDTFSYGN NAATSFTSMVESLSVAEMETPQQS..FRR..........

Penicillium_rubens       B B                B                                        A W                                                        P S GSAE.H..NDNVGYSTTEQTSYSTSCHQAM..ADISNPSHS..MQQ..NLDVYS..

Talaromyces_marneffei    B B                B                                        I W                L                                       S A TPSQSP..EEGYEFGS NNVPFASEVA......QMDNSPNP..DVS..TSHGFG..

Blastomyces_dermatitidis  B B                B                                        A W                L                                       H I PSPQGA..EDSFDFGH NRHHDNPLEIRV................Q..GSPHFP..

Histoplasma_capsulatum   B B                B                                        A W                L                                       H I SSSQDI..EDHIVFPH NKPHGNPLEICV................S..ESQQFP..

Microsporum_canis        B B                B                                                           A                                       .....PTPVP..QIEVRVGS DAHPVATSAP.IM...ELDSNGYWSPDSSGIVNQPFT..

Trichophyton_tonsurans   B B                B                                                           A                                       .....STGVP..QIGVNVGS DAHTVSTAAP.VM...EIDSNGYWSPDSSGLVSQPYT..

Ascosphaera_apis         B B                B                                        A                                                          D GQ........PT..............................................

Arthrobotrys_flagrans    B B                B                                        V Y                M                                       S S TPTPAGQREDPFEFDN SALNS...............PYHNAPL.SG.VPPVFQDD

Alternaria_alternata     C C                C                                                           L                                       SQMAHPKQVEEPEDQFAPYS AQASA...........SEQTLPFW............P..

                  270               280                  290                    X                 X                    X
Aspergillus_nidulans                                                              A                                                           Y ....................LENSQSFSDY........RSASDA...........GAS N

Aspergillus_niger                                                                 B                                                           Y ......QF.HPSQNEDWSHPLQTSKSLSGY........RSASDA...........EVS N

Aspergillus_flavus                                                                B                                                           Y ......QF.HSSQNEEWSGQVQGTKSFPGY........HSSNDA...........EAS S

Aspergillus_oryzae                                                                B                                                           Y ......QF.HSSQNEEWSGQVQGTKSFPGY........HSSNDA...........EAS S

Penicilliopsis_zonata                                                             B ............PSDGWSHHHHQHQHHNHHRHHHHMQEHVSKHHHP.......SASAMEV

Penicillium_rubens                                                                B                                                           Y ......NH.LPPHTEEWSED..................RESRHD...........NLV S

Talaromyces_marneffei                                                             B                                                           Y ......SI.TSRSQQMWNPQFQGRAEIHA.........................SDPM G

Blastomyces_dermatitidis                                                           B                                                           F ......SIQFSHEPDGWGYHSMP..HLVG......EQRHNSQDS...........GDG Y

Histoplasma_capsulatum                                                            B                                                           F ......CIQFNHEPGEWECHSMP..HLMG......KQRNSSQDL...........GEG H

Microsporum_canis                                                                 B                                                           F .....DLLCNGSSPEELPCQVQPDTTPFS...........................QS M

Trichophyton_tonsurans                                                            B                                                           F .....ELLCNNSSPEDLSCQVQPTTTAFT...........................QS M

Ascosphaera_apis                                                                  B .........ELPFRDTWGTSFAGNGSTE............................MVSG

Arthrobotrys_flagrans                                                             B YSAFAAAVQMNSMPKAMNMNLKSRPVPS...........................GLVLK

Alternaria_alternata                                                              C ..............QDGSSQMYPQSNFY.......QQSNTSAHAILSTPEQARKLSAAPS

             300                 310                                       X                   X                        
Aspergillus_nidulans     A   A             DF A            DF  DF   A                M   L             RR S                Q    G               S QFA Q......ADAANA  A R..........SLETG TARP ...............

Aspergillus_niger        B   B             KG B            KG  KG   B                V   L             RR S            EL  TL   G               G QYP Q......QDLSLP  G S..........D  AD  EGI IN......THPSS..

Aspergillus_flavus       B   B             KG B            KG  KG   B                A   L             RR S            DL  SL   G               A QYT H......PESSLS  G S..........D  AD  EGI IH......AA.....

Aspergillus_oryzae       B   B             KG B            KG  KG   B                A   L             RR S            DL  SL   G               A QYT H......PESSLS  G S..........D  AD  EGI IH......AA.....

Penicilliopsis_zonata    B   B             KG B            KG  KG   B                                  RR S            DL  SL   G               SFTYPS......AASMEFT  G S..........D  AD  EHI ID......ATDSV..

Penicillium_rubens       B   B             KG B            KG  KG   B                M   M             RR S             L  SL   G               N QYP PM...QAPDISVT  E S..........SA TS  EGI IC......TTGQS..

Talaromyces_marneffei    B   B             KG B            KG  KG   B                L                 R               EL  SI   G               S SYSSLQ...PPSATSSR PSAS..........E  AD  SGI IN......TAALA..

Blastomyces_dermatitidis  B   B             KG B            KG  KG   B                I   A             RR S            EL  TL                   Q PFH LQ...SPLYPEEP  D Y.....SSE.QS  AD  FHTEIN......NVIELSP

Histoplasma_capsulatum   B   B             KG B            KG  KG   B                I   A             RR S            EL  TL                   P PFH LQ...SPLYPDEH  G S.....SSE.QS  AD  FHTEIN......SMIETSP

Microsporum_canis        B   B             KG B            KG  KG   B                    L             RH S            DI       G               QSDMP YS....SQNLVNQ  V L.....PME.QG  ...SPRS PN......SDSELTH

Trichophyton_tonsurans   B   B             KG B            KG  KG   B                    L             RH S            DI       G               PSELP YS....SQSIVNQ  V L.....PME.QG  ...SPSS PN......SDPESTH

Ascosphaera_apis         B   B             KG B            KG  KG   B                I                  H              DM   M   P               V PMPCT......PLMEEHE .............G  VSP VNT VSTMETPATSVQISP

Arthrobotrys_flagrans    B   B             KG B            KG  KG   B                    A                S            E    V   G               NSDRP FSRVATCPDLSNVESI MQQTHRPMHTSS TSSP LEN PKQL...........

Alternaria_alternata     C   C             JH C            JH  JH   C                L   L             RR S             L  NM                   D DIP HF.....REDAFA  N S.........SSN AN  DAIH...............
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                  320       330        340       350                            X         X          X         X        
Aspergillus_nidulans                                                               c                    DF     DEEEEEEEEEEEEEEEEF            DEE                                                           S                     K     I L A   R     VGTS             M ....................K PARSL S P ETD .GLPR    RSTSMLS.TS..I  

Aspergillus_niger                                                                  c                    KG     KddddddddddddddddG            Kdd                                                           S                    WK     LDLAARRKRPRPAAIGTS            TM ....QLVN....EGD..RSS  EPSKE                  RSSSMLT.GSS.   

Aspergillus_flavus                                                                 c                    KG     KddddddddddddddddG            Kdd                                                           S                    WK     LDLAARRKRPRPAAIGTS            SM ....GLPI....RTD..RSS  EAGKE                  RSSSMLA.GSAA   

Aspergillus_oryzae                                                                 c                    KG     KddddddddddddddddG            Kdd                                                           S                    WK     LDLAARRKRPRPAAIGTS            SM ....GLPI....RTD..RSS  EAGKE                  RSSSMLA.GSAA   

Penicilliopsis_zonata                                                              c                    KG     KddddddddddddddddG            Kdd                                                           S                    WK     LDLAARRKRPRPAAIGTS            SM ....HLNP.....QRVDPAA  EPGKE                  ASGRSSLAAGTV   

Penicillium_rubens                                                                 c                    KG     KddddddddddddddddG            Kdd                                                           S                    WK     LDLAARRKRPRPAAIGTS            SL ....GLSQ....PVDRVEAT  EPGKE                  GTRPLANSTSMS   

Talaromyces_marneffei                                                              c                    KG     KddddddddddddddddG            Kdd                                                           S                    WR     LDIAARRKRPRPAAIGT              V ....G.........SMDSSM  RPEKE                 AHHRLS...TNPSM  

Blastomyces_dermatitidis                                                            c                    KG     KddddddddddddddddG            Kdd                                                           S                    WR     VDIA RRKRPRPAAIGTS            SM QNTPHLNLAQLHHQAEPSTN  YPEKE    G             SMSRS...YGPS   

Histoplasma_capsulatum                                                             c                    KG     KddddddddddddddddG            Kdd                                                           S                    WR     VDIAARRKRPRPAAIGT             SV RNTPHLNMAQLRHQVDPTTN  YPEKE                 PAMSRS...YGPS   

Microsporum_canis                                                                  c                    KG     KddddddddddddddddG            Kdd                                                           S                           I LAARRKRPRPAAIGTS            SM SE..G........RQLPRLHISTSDNA G                GLSRAL..GGPP   

Trichophyton_tonsurans                                                             c                    KG     KddddddddddddddddG            Kdd                                                           S                           I LAARRKRPRPAAIGTS            S  PE..G........RQPPRLHISTSDNA G                GFGRTV..GGPV G 

Ascosphaera_apis                                                                   c                    KG     KddddddddddddddddG            Kdd                                                           S                    WR     VDIAARRKKPRPAAIGT             SV MAP.........PTVDNMDT  QFKKE                 ATLGRSF..TGPS   

Arthrobotrys_flagrans                                                              c                    KG     KddddddddddddddddG            Kdd                                                           S                            EIALRR RP P  LG N            N  .AAPGM........ERSQSYTERPSLQQ      L  M PS  P ARTQRIFHG.KI G 

Alternaria_alternata                                                               c                    JH     JIIIIIIIIIIIIIIIIH            JII                                                           S                    F        IAARR K RPV L SS               ............IRNSTPDG QPPDQQSS     Q .   N S  AMRSASYSA..PMS 

  360              370           380        390       400       X                X             X          X         X   
Aspergillus_nidulans                                                 c c            EF DF            DF  DF   DF    DEF DEEEEF  DEEEF  A A DF DF                                             R P            PT R             VK  KS   L     SRY GVRK S  Q S L  S F EA VL  T G..QNY..GT...  QS  AQN G....   A    P .A     NL T A  G  

Aspergillus_niger                                                    c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PS RL            VR  KS   LN    SRY GVRKAS  Q S L  S F EA AL  T  ..PSY..GNGHA  QS  AQG  ....   A      AA     NL T A  G  

Aspergillus_flavus                                                   c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT RL            VR  KS   LN    SRY GVRKAS  Q S L  S F EA AL  T  ..PSY..GSAPG  QS  AQC  ....   A      AA     NL S A  G  

Aspergillus_oryzae                                                   c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT RL            VR  KS   LN    SRY GVRKAS  Q S L  S F EA AL  T  ..PSY..GSAPG  QS  AQC  ....   A      AA     NL S A  G  

Penicilliopsis_zonata                                                c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT RL            VR  KS   LN    SRY GVRKVS  Q S L  S F EA AL  T  ..PSSLGATGHS  QT  AQS  ....   A      VA     NF T A  G  

Penicillium_rubens                                                   c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT RM            MR  KS   LN    SRY GVRKAS  Q S L  T F D   I  A  ..PSS..GAGNS  QS  TQS  ....   A      AA     NF . A SGS 

Talaromyces_marneffei                                                c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PN RM            IR  KS   L     SRY GVRKLS  Q S L  S F EA  A  A  ..ATF..GAPHT  HA  SHT G....   A      AT     GY S A  AT 

Blastomyces_dermatitidis                                              c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT RI            LR  KS   LS    SRY GIRKAS  Q S L  T F EA L   T  ..HGM..GAGHV  HA  TQN  PSHT   P      AP     GI S A  S F

Histoplasma_capsulatum                                               c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT RI            LR  KS   LS    NRY GIRKAS  Q S L  T F EA     T  ..QGM..GAGHI  HA  TQN  P...   P      VA     GI S G  SRF

Microsporum_canis                                                    c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT RV            VR   Q   LS     RY  VRKLS    S    S      AL  R  ..SSA...AWGG  KSS LAE  ....P  AS     GSP   FPY LEGRQH  

Trichophyton_tonsurans                                               c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT RV            VR   Q   LS     RF GMRKIS    S    S    A AL  R  ..SSA...AWSG  KSS LAE  ....P  G      GSP   FPY LEGR H  

Ascosphaera_apis                                                     c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P            PT  V            LR  KS   L     SR  GIRK S  S S L  S F E  LL  LG TRPGYGPGHCHT  QT  TQS GHSAR  LS    T YN     NL S T NS  

Arthrobotrys_flagrans                                                c c            dG KG            KG  KG   KG    KdG KddddG  KdddG  B B KG KG                                             R P             S               L    S              A             S        H ..........VHGTP PTPP DADFG........N TVQHKLK K SDL KEHS....

Alternaria_alternata                                                 c c            IH JH            JH  JH   JH    JIH JIIIIH  JIIIH  C C JH JH                                             R P            P                IR  RS    N     R          Q S M  S F DA A  G.........GNGDKV  RI  SGIP A..GG V.QKSQPGSA     VS . S  A S

         410        420       430       440       450                  X          X         X         X         X       
Aspergillus_nidulans                   A A      DEEEEEEEEEEF   DF DEEF  DEEF                       L P      LAPPTPLTPEDL   LP TPS   YCLS        S.SAKT....ELSTM Q V.TTNS            HHL  T   TDG    AQPTAHLF

Aspergillus_niger                      B B      KddddddddddG   KG KddG  KddG                       L P      LAPPTPLTPEDL   LP TPSD  YCLS        G.S.KA....DMSSM Q AVTTGG            HHL  T    GG    AQPTSQLF

Aspergillus_flavus                     B B      KddddddddddG   KG KddG  KddG                       L P      LAPPTPLTPDDL   IP TPSD  YCLS        G.TSKP....EMSSM S AVTTGG            HHF  N    GG    AQPTSQLF

Aspergillus_oryzae                     B B      KddddddddddG   KG KddG  KddG                       L P      LAPPTPLTPDDL   IP TPSD  YCLS        G.TSKP....EMSSM S AVTTGG            HHF  N    GG    AQPTSQLF

Penicilliopsis_zonata                  B B      KddddddddddG   KG KddG  KddG                       L P      LAPPTPLTPED    LP    E  YCLS        S.AAKA.......EM Q SVSANT           FQHL  PASP GG    AHPASQQL

Penicillium_rubens                     B B      KddddddddddG   KG KddG  KddG                       L P      LAPPTPLTP DL   MP SPTD  YCLS        K.........KAEKM R SISTTS         Q  QHF  A    SN    AHSTAHFF

Talaromyces_marneffei                  B B      KddddddddddG   KG KddG  KddG                       L        LAPPTPLTPED    L    T               A.AANASSESRQKHR HTSASVGN           FQHM LTPT SDTQMN..FSTPHLT

Blastomyces_dermatitidis                B B      KddddddddddG   KG KddG  KddG                         P      LAPPTPLTPEDL   LP TPND  YCVS        N.CANAT....DMMSTV GLVTTT            RTL  P    SQ    PTDDM...

Histoplasma_capsulatum                 B B      KddddddddddG   KG KddG  KddG                         P      LAPPTPLTPEDL   LP TPND  YCVS        N.CANTA....DLMSTL GLVTTS            QTL  P    SQ    PTDDM...

Microsporum_canis                      B B      KddddddddddG   KG KddG  KddG                       A P      I P TPLTPDEM   LP TP D  YCLS        S.NT.........DL V SSTTSS P A        QYL  P  I NQ    PQEEM...

Trichophyton_tonsurans                 B B      KddddddddddG   KG KddG  KddG                       A P      I P TPMTPDEM   LP TP D  YCLS        S.NA.........DL V PSTTSS P A        QYL  P  I NQ    PQEEM...

Ascosphaera_apis                       B B      KddddddddddG   KG KddG  KddG                                    TPMTPD A   MP TPND     S        G.SALP................TISPLA      G RSL  P    AYA.Y MPECP...

Arthrobotrys_flagrans                  B B      KddddddddddG   KG KddG  KddG                                               VP   SD  F           .....................................PD  DLE  GG ...........

Alternaria_alternata                   C C      JIIIIIIIIIIH   JH JIIH  JIIH                       A        LAPPTPLTP D     G         I         PKFART....FSTSS TTIGHGGS         Q FGNYW GAA.....V RPHSAMPDH

      460                   470       480          490              X                     X         X            X      
Aspergillus_nidulans                                   c                        c         A DEEEEF A A            DF DEF A A        A A   DEEEF                                P                        S         P TQPMQI I S            P  TPL M I        Y S   PM AP ...... T      N A ............  A   G D MS...SYP H VAP     A

Aspergillus_niger                                      c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P TQPMQI I S            P  TPL V V        Y     PM AP ...... T      N A ............  A   A D LS...SYP QGVAP     A

Aspergillus_flavus                                     c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P TQPMQI I S            P  TPM M M        Y S   PM AP ...... T      N A ............  A   A D LS...TYQ H VAP     A

Aspergillus_oryzae                                     c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P TQPMQI I S            P  TPM M M        Y S   PM AP ...... T      N A ............  A   A D LS...TYQ H VAP     A

Penicilliopsis_zonata                                  c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S           TQPMQI I S            P  TPL M V        Y T   PL AP FQTSTTAT      H A ............  S   T E LS...PFA T LAP     A

Penicillium_rubens                                     c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P SQPMQV M S            P  TPL   I        Y N   PM AP ...... T      N A ............  A   ..D YS...PFP Q VAP     A

Talaromyces_marneffei                                  c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P TQ MQI V S            P  TPL L V        Y N   PL A  DTQGNF V  S   N A ............  E   T D FS...AMQ Q MAP    TP

Blastomyces_dermatitidis                                c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P SQPMQV I S            P  TPL L V        Y S   PM A  GCARFF I      H E ............  T   H G PS...HLQ Q MGV    SS

Histoplasma_capsulatum                                 c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P SQPVQV I S            P  TPL L V        F S   PM  P GCARLF M      H E ............  T   H G QS...HLQ Q MGV   T S

Microsporum_canis                                      c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P SQ MN    Q                 V V M        Y S   PM AP GYAHSF T  S  FDEN ........ESKRQ PPF M G PH...AQS Q FTE     P

Trichophyton_tonsurans                                 c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P SQ MT    Q                 V V M        Y Q   PM AP GYSHSF T  S  FDEC ........ESKRQ PPF M G PH...PQS Q FTE     P

Ascosphaera_apis                                       c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S         P  TGMSL   S            P  TP               S   P  AP SYA..A PP     EPE ............  G  FNFEYGMPRPSLHHT FVP R   P

Arthrobotrys_flagrans                                  c                        c         B KddddG B B            KG KdG B B        B B   KdddG                                P                        S             PI   L S            P  TP  A L                    .....TNEDA  KQN A ............  P  ET G AAVNGSFKE......E SDQ

Alternaria_alternata                                   c                        c         C JIIIIH C C            JH JIH C C        C C   JIIIH                                P                        S              M     S            P  S L L                P  AP ......NSPES HTNWS DQAGNVIAKTTS  S S D QSRFVND..ALYRDTP Q   A

 500                      510        520       530             X                        X          X         X          
Aspergillus_nidulans        c                                                       A DEF                        A   A       A      A               F                                                       N TS                         Q   W       S      S            F   P.DYS.............CD.GSF GRN E.ATSMP PEVPFQ QCH....Q..M

Aspergillus_niger           c                                                       B KdG                        B   B       B      B               F                                                         TS                         T   W       S      S           HY   A.DYAS............CE.APL GRS TDATSMP PEASFQ PCQ....LPQA

Aspergillus_flavus          c                                                       B KdG                        B   B       B      B               F                                                         TS                         T   W       S      N           HY   P.DYVT............CEGAPL GRS TGANSMP PEAAFQ RVP....ITQA

Aspergillus_oryzae          c                                                       B KdG                        B   B       B      B               F                                                         TS                         T   W       S      N           HY   P.DYVT............CEGAPL GRS TGANSMP PEAAFQ RVP....ITQA

Penicilliopsis_zonata       c                                                       B KdG                        B   B       B      B               F                                                       Q TT                         T   W       S                   Y   PPEYAG............SCEVPL ARS AEAVPMP PEMNFAVGMP....PSIA

Penicillium_rubens          c                                                       B KdG                        B   B       B      B               F                                                       Q SS                             W       S                   V   P.EYLT............CDSVPIPARS ADTGSIS PEYPAGLQVP....HS.S

Talaromyces_marneffei       c                                                       B KdG                        B   B       B      B               F                                                       Q  S                         T   W       S      S            YA  T.DYSP............ITSEPL GVS AVSTPDA L...FP SLQ.....SQR

Blastomyces_dermatitidis     c                                                       B KdG                        B   B       B      B               F                                                       Q TT                         N   W       S      Q            R   QEYALS............VPTNPM GGL SDVSSMP PETSHL QPT..IHMPQP

Histoplasma_capsulatum      c                                                       B KdG                        B   B       B      B               F                                                       Q T                          S   W       S      Q            H P QEYQLS............IPTNPM GGH PDASSMS PETSHL QPT..IHMPQP

Microsporum_canis           c                                                       B KdG                        B   B       B      B               F                                                       N TT                         Q           S                   F   NELIPD............CGQQQQ QQALTSSEADP .......LNV..IHMPRP

Trichophyton_tonsurans      c                                                       B KdG                        B   B       B      B               F                                                       N TT                                     S                   F   NELIPG............CGQQQQ.HHPLSSSEAET .......LNV..IHMPRP

Ascosphaera_apis            c                                                       B KdG                        B   B       B      B               F                                                       N                            S   W       S      Q            QHG PDSNNF.MPIPGSAPGTAAGPHAM DYA STGSS.L PDTPHL NSH..FSHPHT

Arthrobotrys_flagrans       c                                                       B KdG                        B   B       B      B               F                                                       Q TN                         N   W              S            Y   TKMLEQSSPIVSTAAFDGHSDFQP VEH ISGHPQPYWTPHGQ DNHVNYDISQQ

Alternaria_alternata        c                                                       C JIH                        C   C       C      C               F                                                       T Q                                             S            Q H PRTSYMQ..............QPQMRAA.............FH TTDLTIQQPKP
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                  540                          550                              X                            X          
Aspergillus_nidulans                  A  A A A    A                                                  S I Y    D                                 N.............F.. S P DHAL Q...................SQSENG......P

Aspergillus_niger                     B  B B B    B                                               L  T M Y    E                                 D............. .. T S EQAM Q...................GA...DHVPVTGS

Aspergillus_flavus                    B  B B B    B                                               V  S L Y    E                                 D............. .. S S GQAL Q...................GRQPADSLSAAGS

Aspergillus_oryzae                    B  B B B    B                                               V  S L Y    E                                 D............. .. S S GQAL Q...................GRQPADSLSAAGS

Penicilliopsis_zonata                 B  B B B    B                                               I  S I      D                                 Q...........HS .. P P..... Q...................GL...SMD.....

Penicillium_rubens                    B  B B B    B                                               V  S M Y    D                                 T............. .. P G NATT H...................TGQAFGMESVSGS

Talaromyces_marneffei                 B  B B B    B                                                      Y    D                                 Q............QP..PIYI EQDD EHQ.......DPKWTLSGDDGSSLYGSTKASAT

Blastomyces_dermatitidis               B  B B B    B                                               I  S I Y    D                                 ............TH .. P T EESF SGN.......PA.........LVEDTVTSQSES

Histoplasma_capsulatum                B  B B B    B                                               I  S I Y    D                                 ............TH .. P T GESL SGN.......PA.........LVEDMMTGQRES

Microsporum_canis                     B  B B B    B                                               I  S V Y                                      ............TH .. P A DDQMQGEQQVEDSAATEDWQGQGQQS.....T..QSTS

Trichophyton_tonsurans                B  B B B    B                                               I  S I Y                                      ............TH .. P A DDQVQGEH.VEESAPAEEWQGQGQPS.....STHSTTG

Ascosphaera_apis                      B  B B B    B                                               I    M Y    E                                 HQMLPQQHNGTAQH SPPS T ESPF FENNHP........MMEGMNPLSPQGTIRAASP

Arthrobotrys_flagrans                 B  B B B    B                                 SQQAYGIHDGRQRH..............................................

Alternaria_alternata                  C  C C C    C                                                    L                                        ............EHFRRPS PDTAQAQG.N.....DSSSQYMQAGNMHYDEFKDVSLSGI

   560               570       580                     590       X                 X         X                       X  
Aspergillus_nidulans    A                          DEF A DEF A DF A               DF                           TEF L EFP Q EA R               VASQSPFGD...ADI.....QAPGDASKA   H Y   D E  H ..............F  

Aspergillus_niger       B                          KdG B KdG B KG B               KGP                          TEF I EFP Q EA R               VA SLVYHT...SDVDMPTSAAFCGDSKQ   H Y   E Q  H ..............F  

Aspergillus_flavus      B                          KdG B KdG B KG B               KGP                          TEF I EFP Q EA R               VA PLMYTT...DADMHTSSGSFHGDAKP   Y H   E Q  H ..............F  

Aspergillus_oryzae      B                          KdG B KdG B KG B               KGP                          TEF I EFP Q EA R               VA PLMYTT...DADMHTSSGSFHGDAKP   Y R   E Q  H ..............F  

Penicilliopsis_zonata   B                          KdG B KdG B KG B               KG                           TEF I EFP Q EA R               VA..........HETGSYSGSPPGSHAKE   R Q   E Q  H ..............F  

Penicillium_rubens      B                          KdG B KdG B KG B               KGP                           EF M EFP                         SLIYSI...EDTDIPGSAELA.ERKRP  M H   EHDTHFG...............GH

Talaromyces_marneffei   B                          KdG B KdG B KG B               KGP                          T F I EFP Q EA R               VA PA..........NMMTVSEEHDPNGM Q H H   K Q  H ..............N  

Blastomyces_dermatitidis B                          KdG B KdG B KG B               KGP                          TEF I EFP Q EA R               AA QCTVKSCGTPTTSSP.QGSTPGSQKV   L Q   E Q  H ..............R  

Histoplasma_capsulatum  B                          KdG B KdG B KG B               KGP                          TEF I EFP Q EA R               AA HCAVKNCNTPTASSP.QGSSPGSRRV   L Q   E Q  H ..............R  

Microsporum_canis       B                          KdG B KdG B KG B               KGP                          TEF I EFP Q EA K               AA NSPISE.......SGQGYNSTGKGAS   Y Q   Q D  L ..............M  

Trichophyton_tonsurans  B                          KdG B KdG B KG B               KGP                          TEF I EFP Q EA K               AA NSPVSE.......SSQAYNSAGKS.N   Y Q   Q D  M ..............V  

Ascosphaera_apis        B                          KdG B KdG B KG B               KGP                          Q F       Q                       QMD...........QSGYPVQG...Q N AQQSMKA TPEFSFMQQLTGADERDDGTSD

Arthrobotrys_flagrans   B                          KdG B KdG B KG B               KG............................................................

Alternaria_alternata    C                          JIH C JIH C JH C               JH                            DF V  Y                       LLH.............HN.VPFAPQVSAMP  L HQ TPPQGTDS............HGN  

     600       610                                                 X         X                                          
Aspergillus_nidulans     DF  A DF DEF DF DEF A                                       QL  Q PK YTF  N TPT F                                      Q  PN K  A   AD R   N G........                             

Aspergillus_niger        KG  B KG KdG KG KdG B                                       QL  Q PK YTF NQ TPN F                                      Q  PS K  A   N  .   D .........                             

Aspergillus_flavus       KG  B KG KdG KG KdG B                                       QL  Q PK YTF NQ TPS W                                      Q  P. K  A   N  .   D RGN......                             

Aspergillus_oryzae       KG  B KG KdG KG KdG B                                       QL  Q PK YTF NQ TPS W                                      Q  P. K  A   N  .   D RGN......                             

Penicilliopsis_zonata    KG  B KG KdG KG KdG B                                       QL  Q PK YTF NN TG                                         A  SV P  K   I  A  HVEA........                             

Penicillium_rubens       KG  B KG KdG KG KdG B                                           Q PK YTF NN TPS Y                                      HLSSM K  A   A  T   N PS.......                             

Talaromyces_marneffei    KG  B KG KdG KG KdG B                                       QL  Q PK YTF NQ TPS F                                      Q  AP I  N   S  .   D .........                             

Blastomyces_dermatitidis  KG  B KG KdG KG KdG B                                       QL  Q P  YTF N  TPN F                                      E  PP K MN   S H.   D .........                             

Histoplasma_capsulatum   KG  B KG KdG KG KdG B                                       QL  Q P  YTF N  TPN F                                      E  PP K MN   S H.   D .........                             

Microsporum_canis        KG  B KG KdG KG KdG B                                       QL  Q  R YTF NQ TPN F                                      Q  PP RA T   T  .   D YRTAIFPPI                             

Trichophyton_tonsurans   KG  B KG KdG KG KdG B                                       QL  Q  R YTF NQ TPN F                                      Q  PP RA T   T  .   D YRTAIFPPV                             

Ascosphaera_apis         KG  B KG KdG KG KdG B                                        L       Y F T  T                                          AM TPYDQGT M S P. THLLA........                             

Arthrobotrys_flagrans    KG  B KG KdG KG KdG B                                      ...............................                             

Alternaria_alternata     JH  C JH JIH JH JIH C                                             PK Y F NQ  P  F                                      RRTTEPQ  S I A  .G GD RGQ......                             
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