Comparative Analysis of the Complete Pichia stipitis Genome
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We have compared the gene set of P. stipitis with the gene sets of five yeasts whose

) genomes have also been sequenced, assembled and reported in *Dujon, B. et al. Genome
The genome of Pichia stipitis is estimated to be approximately 15 million base pairs Table 1. Sequencing and evolution in yeasts. Nature 430, 35-44 (2004). Refer to Table 4.
contained in 8 chromosomes. The genome assembly was annotated using the JGI Assembly (before ﬁnishing)
An?otatlhon Pipeline, which comblrlles vak:mfus ggne |oredl<:_tl<?nOi annote?tlpnﬁ_and analySlsd | o Reads T Table 2. Supporting Data Table 4. General Characteristics of the Yeast Genomes
tools. T e P. stipitis g_enome pqrta can pe _oun at www.jgl.aoe.gov p_IC la. Gene models Coverage (sequence) 8.77 X P.stipitis mMRNAs & ESTs from GenBank | 866 Species Genome | Avg G+C | Total CDS | Avg Gene | Avg G+C | Avg CDS | Maximum Source
and associated transcripts/proteins are predicted based on cDNA, protein homology and ab Coverage (clones) T _ Size (Mb) | Content Density | in CDS (%) size CDS size
initio methods. A gene catalog set is chosen from candidate models based on homology e e MINAS 4 [ESTS Aignse] 1o Aesemlel) grz (Sl (%) (%) (codons) | (codons)
and EST support for intron/exon boundary structure, ORFs and presence of UTR. Finally, N Umber of Soaftolds o3 EST Clusters 4085 P. stipitis 15.4 41.1 5841 55.9 42.7 493 4980 JGI
each predicted model is analyzed for domain content/structure and functionally annotated. . . S. 12.1 38.3 5807 70.3 39.6 485 4911 1
) _ Assembly Size 15.4 Mb EST Clusters Aligned to Assembly 3839 (94.0)% cerevisiae
The release v2.0 includes a total of 5841 gene models supported by available EST and N50 Contigs P
cDNA evidence and protein homology. Average gene, transcript and CDS lengths are NE0 Searole v C.glabrata | 123 38.8 °283 ©5.0 41.0 493 4881 1
1.6kb, 1.5kb and 493 a.a., respectively. Average gene density is 56% with 4204 single K. lactis 10.5 et 9529 — e ol e 1
exon genes. The genome size, number of genes and CDS lengths are comparable to the Table 3. Gene Catal 0g Overview D. hansenil 12.2 36.3 6906 79.2 37.5 389 4190 1
numbers found in other sequenced yeast genomes. S : AL Y. lipolytica 20.5 49.0 6703 46.3 52.9 476 6539 1
A set of 19,635 ESTs was sequenced and clustered at the JGI. 3839 (94%) of the redicled benes >
EST clusters mapped to the genome. 2252 (39%) genes are supported by ESTs. An Sreeling [Egjtem CifgiEmeme o9.9% T : : ¥
> . | o . able 5. Phyletic Patterns of Yeast Protein Families
absolute majority of predicted genes are supported by protein homology including 4879 Genes with Homology 5687 (97.4%) " : y : :
(84%) with strong homology in other fungi (alignment score > 1000). 4083 (70%) of all Genes with Predicted Protein Domain 4083 (69.9%) Data generated using the PhlGs tool (Phylogenetically Inferred Groups), http://phigs.org
predicted genes have a predicted protein domain. Manual curation of this genome is Genes with >= 90% Conservation with 489  (8.4%) SN eI RIS
Ongoing using the JGI Genome Portal Tools. 2731 genes have been manua”y curated and ggbsg?]r:é/ces hansenii Genomic F:rr]r;ilrfssuniversal to all- Genes that occur more than once in each genome and have no matches to any other fungal
there appears to be major differences between P. stipitis and other yeasts in oxidative - _ — : :
i i i ) i Genes with >= 10% Conservation with 3940 (67.5%) sckdyp 2343 16,922
phosphorylation, fatty acid metabolism and fatty acid synthesis. " - — ;
S ) o : . Debaromyces hansenii Genomic Families missing in one species
Pichia stipitis is of fundamental biological interest and important from an applied Sequence o 2 184
perspective because it has the highest native capacity for xylose fermentation of any known Genes with 2 or more exons 1637 (28.0%) S kdyp ” e
microbe. We have compared the gene set of P. stipitis with the gene sets of five yeasts Genes manually curated 2731 (46.8%) o d::g " 184
whose genomes have also been sequenced and assem_bled. Using comparative met_hods we Genes Supported by 2 Prediction Methods | 2526 (43.2%) SC;_yp 106 549
ha}vg _determlned a core set of genes common to the six yeasts, as well as the set unique to P. Genes Supported by ESTs 2252 (38.6%) ok 251 1977
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The Pichia stipitis genome was finished at the Stanford Genome 151 e Debaryonyces_hansenii
Center in Palo Alto, CA. The completed genome, which can be found 1000 516 [ 1 25
at www.jgi.doe.gov/pichia, contains 8 high-quality chromosomes with vy sy ” *Pichiastipitis
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Figure 1. This data for this tree were generated using the PhIGs tool. The number at each node represents the unique
lineage-specific gene families that arose at that particular node and are not found at any previous node. There are 25
Pichia stipitis specfic gene families found in the gene set. These 25 families include 72 individual genes, or 1.2% of
the gene catalog.
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“Functional Classifications *Why Sequence Pichia stipitis’
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Pichia stipitis Pignal (1967) is a predominantly haploid, heterothallic yeast related
to Candida shehatae and other pentose metabolizing ascomycetous species. It belongs
to a clade that uses an alternative nuclear genetic code in which CUG codes for serine
rather than leucine. Its closest relatives are found in the intestines of passalid beetles,
which in turn are found grazing on white-rotted hardwood. P. stipitis has the highest
native capacity for xylose fermentation of any known microbe. Strains of P. stipitis
are among the best xylose-fermenting yeasts in type culture collections. Fed batch
cultures of P. stipitis produce up to 47 g/L of ethanol from xylose at 30° C under low
aeration conditions. In addition to fermenting D-xylose to ethanol, P. stipitis can

“*Summary of Manual Curation

More than 2700 genes have been manually curated using the JGI Genome Portal
Tools, and there appear to be major differences between P. stipitis and other yeasts In
oxidative phosphorylation, fatty acid metabolism and fatty acid synthesis. The
sequenced genome (CBS 6054) includes seven family 3 3-glucosidases, a family 10
endo xylanase, one 3-mannanase, two exo-1,3 3-glucanases, five cinnamyl alcohol
dehydrogenases and 57 transporters in the major facilitaor superfamily — including 5
putative xylose transporters. Aside from genes for assimilating a wide variety of
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s »\‘“i.\o@‘“f;w @ O o e 66 6 « ,&a@‘“ S \\&ee"“” assimilate cellobiose and will oxidize the lignin-related compounds veratraldehyde and lignocellulosic polymers, P. stipitis codes for several proteins that enable it to ferment
(\e\a o8 D o (O eﬁé\(\ o «° \)0,00 e ) o ot o ot o ot o ot é&\o L § § § L i i - - - - - _
s e o g8 o g T g e vanillin to their respective alcohols and acids. As such it is an ideal organism for xylose with the production of very little xylitol. These include four NADP-dependent
- ) ST € I « lignocellulose bioconversion. alcohol dehyrogenases, two primary alcohol dehydrogenases and three pyruvate

KOG CLASSIFICATIONS decarboxylases.
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