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Aspergillus...

Enzyme production:
Glucoamylase,

Pharmaceuticals:
Lovastatin, others
A. terreus, others

others
A. niger, A. oryzae

Organic acids:
Itaconic, citric,
others
A. niger, A. terreus

Food production:
Soy sauce, sake, otherg
A. oryzae, A. sojae

_GOOD_ _ _ == _[Aspergillus |- - = - = . ____

BAD

Human and
animal pathogens:
A. fumigatus, A. terreus,
A. flavus, others

Plant pathogens:
A. flavus,
others

Mycotoxins:
Aflatoxin, ochratoxin,
gliotoxin, fumonisin,
others
Many aspergilli
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Genomics

DOE Joint Genome Institute (JGI) Aspergillus niger

Genome Project

Proposed to the US DOE Microbial Genome Program by the PNNL
Fungal Biotechnology team

Genome project funded by DOE SC OBER (direct to JGI)
Collaboration with DOE’s Joint Genome Institute
Current status

Final draft coverage: ~7.88X shotgun

EST libraries constructed from RNA isolated from citric acid production and
complex biomass digestion conditions~30,000 sequenced

Annotation: In collaboration with JGI/LANL
Gap closure — by Stanford-JGI

454 sequencing — eight runs

Public release: April 2006

» Anticipated publication spring 2008
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Aspergillus niger Genomics
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Aspergillus niger Genomics
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Aspergillus niger
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Aspergillus niger Genomics

ATCC 1015 vs CBS 513.88

(organic acid producer vs protein producer)

» Genomic sequence comparison
e CBS 513.88 likely has a mutated areA gene

e Relative to ATCC 1015 and ATCC 9029, two major chomosomal
rearrangements in CBS 513.88

e Codon usage is less restricted in ATCC 513.88

» Transcriptome comparison (high glucose batch fermentation)
e ~2x more glucoamylase expression but ~6X more activity in CBS 513.88

e Upregulation of tryptophan, serine and threonine biosynthetic pathways
(glucoamxlas_e has high tryptophan, serine and threonine content vs. the
average A. niger protein)
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Aspergillus niger
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etabolic networks and airline route maps
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Solving the airline route map
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Pathways to essentiality

Essential gene analysis Essential pathway analysis

Gene deletion collection
(Transposon mutagenesis, antisense
based approach, heterokaryon rescue

technique, promoter replacement)

] Model generation

I (Genome scale model including

|y information from the genome, reactome,
metabolome and published literature)

] l i

SNEINEE]
fulwnsuod awil

Screening h Model validation

In silico systematic
single pathway deletion

Growth predichity prediction
A

ESSENTIAL GENES NON-ESSENTIAL ESSENTIAL
identification REACTION REACTION

> 2 essential reactions
in one a pathway

A,

ESSENTIAL
PATHWAY
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A close up of cell wall biosynthesis

Glyceralipid metabalism Glycalipid metabalism
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Future directions

» Aspergillus fumigatus specific model
» Deletion studies of predicted essential genes
> Tests of deletion strains in mouse model

Pacific Northwest National Laboratory

Batielle U.S. Department of Energy 17



redicted A. fumigatus essential genes
(without close human BLAST hits)

EC no. Essential enzyme A.fumgatus Additonal info
gene ID
Amino acids biosynthesis *
5.4.99.5 Chorismate mutase Afu5g13130 Aromatic
2.4.2.18 Anthranilate phosphoribosyl transferase Afu4g11980 Aromatic
2.1.1.17 Phosphatidylethanolamine N-methyltransferase Afu2g15970 Aromatic
4.2.1.51 Prephenate dehydratase Afu5g05690 Aromatic
2.5.1.54 3-deoxy-7-phosphoheptulonate synthase Afulg02110 Aromatic
4.2.1.19 Imidazoleglycerol-phosphate dehydratase Afu6g04700 His
3.5.4.19 phosphoribosyl-AMP cyclohydrolase Afulgl4570 His
3.1.3.15 Histidinol phosphatase Afu4g04030 His
1.1.1.23 Histidinol dehydrogenase Afulgl7660 His
2.4.2.17 ATP phosphoribosyltransferase Afu7g04500 His
1.1.1.3 Homoserine dehydrogenase Afu3g11640 Lys, Gly, Ser, Thr
2.7.2.4 Aspartate kinase Afu5g05590 Lys, Gly, Ser, Thr
1.2.1.11 aspartate-semialdehyde dehydrogenase Afu3g06830 Lys, Gly, Ser, Thr
2.3.3.14 Homocitrate synthase Afu4g10460 Lys
1.1.1.86 Ketol-acid reductoisomerase Afu3g14490 Val, Leu, lle
2.3.1.31 homoserine O-acetyltransferase Afu5g07210 Met
2.1.1.13 Methionine synthase Afu4g07360 Met
Propanoate metabolism
4.1.3.30 2-methylisocitrate lyase Afu6g02860
4.2.1.79 2-methyicitrate hydrolyase Afu6g03730
Fatty acid biosynthesis »*
2.1.1.71 Methylene-fatty-acyl-phospholipid synthase Afulg09050
2.3.1.38 [ACPJacetyltransferase Afu3g04220
2.3.1.85 Fatty-acid synthase Afu3g04210
Pyrimidine and purine metabolism
1.8.1.9 Thioredoxin reductase Afu6g09740
2.4.2.10 Orotate phosphoribosyltransferase 1 Afu2g11290
4.1.1.21 Phosphoribosylaminoimidazole carboxylase Afudg12600
Cell wall biosynthesis »*
2.4.1.34 1,3-beta-Glucan synthase Afu5g05770
3.1.3.12 Trehalose-phosphatase Afu3g05650
Sterol biosynthesis »*
2.5.1.21 Squalene synthase Afu7g01220
2.7.4.2 Phosphomevalonate kinase Afu5g10680

NADH/NADPH metabolism
2.4.2.19 Nicotinate mononucleotide pyrophosphorylase Afu3g05730
Urea and metabolism of amino groups

2.3.1.35 Glutamate N-acetyltransferase Afu5g08120
Manitol biosynthesis
1.1.1.17 Mannitol-1-phosphate 5-dehydrogenase Afu2g10660

Pacific Northwest National Laboratory
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al Tree of Life microarray

Target Sequence GrAGETGAACCTGUGGRAGEATCATTACTGAGTGCGEGCTGCCTCCEEEE

Probe 1 CATCCACTTGGACGCCTTCCTAGTA
Probe 2 ATCCACTTGGACGCCTTCCTAGTRR
Probe 3 TCCACTTGGACGCCTTCCTAGTRAT
Probe 4 CCACTTGGACGCCTTCCTAGTRATG
Probe 5 CRCTTGGACGCCTTCCTAGTRARTGR
Probe 6 ACTTGGACGCCTTICCTAGTARTGAC
Probe 7 CTTGGACGCCTTCCTAGTRAATGACT
Probe 8 TTGGACGCCTTCCTAGTARTGACTC
Probe 9 TGEGACGCCTTCCTAGTAATGACTCR
Probe 10 GGACGCCTTCCTAGTARTGACTCAC
O
Ascomycota:
Lecanoromycetes Ascomycota:
@ ® ;
Eurotiomycetes
Ascomycota:
Leotiomycetes
® Ascomycota: .
Pezizomycetes ® Basidomycota:
Agaricomycotin
Ascomycota:
Sordariomycete

S

3 Xo0|g 9193!Id92:ll 2 pooig areayday |1 spoig areanday|

Ascomycota:

Saccharomycotina
. Lo IS Probe Signal Intensity W i
% W g

% Qoo
Zygomycota Gray indicates absence of probes.
ot N
‘Chytridomycota’: ® e} I}
euchytrids 3 Outgroups
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