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Draft Genome Sequence of Ustilago trichophora RK089, a Promising

Malic Acid Producer
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The basidiomycetous smut fungus Ustilago trichophora RK089 produces malate from glycerol. De novo genome sequencing
revealed a 20.7-Mbp genome (301 gap-closed contigs, 246 scaffolds). A comparison to the genome of Ustilago maydis 521 re-
vealed all essential genes for malate production from glycerol contributing to metabolic engineering for improving malate pro-

duction.
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he members of the family Ustilaginaceae, belonging to the phy-

lum Basidiomycota, are known to naturally produce many dif-
ferent industrially interesting compounds, such as organic acids,
lipids, and polyols (1-6). In a screening of 74 strains belonging to
13 species, Ustilago trichophora RK089 (CBS 131473) showed the
highest malic acid production from glycerol (7). After adaptive
laboratory evolution and medium and process optimization, this
strain was capable of producing more than 200 g liter! malic acid
atamaximum production rate of nearly 2 gliter ' h-!, demonstrat-
ing its potential as a production organism (8). U. trichophora was
first isolated from Echinochloa colonum in Egypt by Kunze in 1830
(9). Since then, this organism has attracted little focus of research,
apart from the description as a plant pathogen belonging to the
Ustilaginaceae, including its phylogeny (10-13). Hence, no prior
knowledge exists about molecular techniques for genetic manip-
ulation, and the genome sequence is unknown. For further opti-
mization of malate production by U. trichophora, however, meta-
bolic engineering is required.

Here, we present a draft genome sequence of U. tricho-
phora RK089. Sequencing and de novo assembly were done by
BaseClear BV (Leiden, The Netherlands) using Illumina Nextera
(paired-end library) and PacBio RSII (10-kb library) with a single-
molecule real-time (SMRT) cell for sequencing. CLC Genomics
Workbench version 7 was used for draft assembly of the reads
using the “De novo assembly” option. The optimal k-mer size was
automatically determined using KmerGenie (14). Alignment of
the Pac Bio continuous long reads (CLR) was performed with
BLASR (15). Analysis of the orientation, order, and distance be-
tween resulting contigs was performed using SSPACE-LongRead
scaffolder version 1.0 (16), and automated gap closure was per-
formed using GapFiller version 1.10 (17). The resulting sequence
of 246 gap-closed scaffolds contains 20,691,595 bp consisting of
1,399 large contigs (>300 bp in size) and 77 smaller contigs, with
aG+C content of 53.06% and 124 gaps. The average sequence size
is 84,112 bp, with a maximum of 637,988 bp.

In a comparison of the sequence with the closely related Usti-
lago maydis, several genes expected to be involved in the conver-

July/August 2016 Volume 4 Issue 4 e00749-16

Genome Announcements

sion of glycerol to malic acid were identified that have 88 to 90%
homology at the DNA level and 94 to 97% homology at the pro-
tein level. None of the genes from the itaconic acid cluster, which
were recently discovered for U. maydis (18), are present in
U. trichophora RK089, a strain that indeed does not produce itac-
onic acid. We were able to identify all genes from U. maydis gly-
colipid clusters, i.e., those coding for ustilagic acid (UA) (19) and
mannosylerythritol lipid (MEL) (20) synthesis.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited in DDBJ/ENA/GenBank un-
der the accession no. LVYE00000000. The version described in
this paper is version LVYE01000000.

FUNDING INFORMATION

This work, including the efforts of Thiemo Zambanini and Joerg Martin
Buescher, was funded by Biotechnology Research And Information Net-
work AG (BRAIN AG) and by the German Federal Ministry of Education
and Research (BMBF) (FKZ 031A217F).

REFERENCES

1. Geiser E, Wiebach V, Wierckx N, Blank LM. 2014. Prospecting the
biodiversity of the fungal family Ustilaginaceae for the production of
value-added chemicals. BMC fungal biol. Biotechnol 1:2.

2. Maassen N, Panakova M, Wierckx N, Geiser E, Zimmermann M,
Bolker M, Klinner U, Blank LM. 2013. Influence of carbon and nitrogen
concentration on itaconic acid production by the smut fungus Ustilago
maydis. Eng Life Sci 14:129-134.

3. Klement T, Milker S, Jiger G, Grande PM, Dominguez de Maria P,
Biichs J. 2012. Biomass pretreatment affects Ustilago maydis in producing
itaconic acid. Microb Cell Fact 11:43. http://dx.doi.org/10.1186/1475
-2859-11-43.

4. Klement T, Biichs J. 2013. Itaconic acid—a biotechnological process in
change. Bioresour Technol 135:422—431. http://dx.doi.org/10.1016/
j.biortech.2012.11.141.

5. Feldbriigge M, Kellner R, Schipper K. 2013. The biotechnological use
and potential of plant pathogenic smut fungi. Appl Microbiol Biotechnol
97:3253-3265. http://dx.doi.org/10.1007/s00253-013-4777-1.

6. Bolker M, Basse CW, Schirawski J. 2008. Ustilago maydis secondary
metabolism—from genomics to biochemistry. Fungal Genet Biol
45(Suppl 1):588-593. http://dx.doi.org/10.1016/j.fgh.2008.05.007.

7. Zambanini T, Sarikaya E, Kleineberg W, Buescher JM, Meurer G,

genomea.asm.org 1


http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00749-16&domain=pdf&date_stamp=2016-7-28
http://genomea.asm.org

Zambanini et al.

11.

12.

13.

14.

2 genomea.asm.org

Wierckx N, Blank LM. 2016. Efficient malic acid production from glyc-
erol with Ustilago trichophora TZ1. Biotechnol Biofuels 9:67. http://
dx.doi.org/10.1186/s13068-016-0483-4.

. Zambanini T, Kleineberg W, Sarikaya E, Buescher JM, Meurer G,

Wierckx N, Blank LM. 2016. Enhanced malic acid production from glyc-
erol with high-cell-density Ustilago trichophora TZ1 cultivations. Biotech-
nol Biofuels. 2016. http://dx.doi.org/10.1186/s13068-016-0483-4.

. Kunze. 1830. Ustilago trichophora. Flora 1:369.
. Fullerton RA, Langdon RFN. 1969. A study of some smuts of Echinochloa

spp. Proc Linn Soc NSW 93:281-293.

Stoll M, Piepenbring M, Begerow D, Oberwinkler F. 2003. Molecular
phylogeny of Ustilago and Sporisorium species (Basidiomycota, Ustilagi-
nales) based on internal transcribed spacer (ITS) sequences. Can ] Bot
81:976-984. http://dx.doi.org/10.1139/b03-094.

Stoll M, Begerow D, Oberwinkler F. 2005. Molecular phylogeny of Us-
tilago, Sporisorium, and related taxa based on combined analyses of rDNA
sequences. Mycol Res 109:342-356. http://dx.doi.org/10.1017/
50953756204002229.

Zhang JZ, Guan PG, Tao G, Ojaghian MR, Hyde KD. 2013. Ultrastruc-
ture and phylogeny of Ustilago coicis. ] Zhejiang Univ Sci 14:336-345.
http://dx.doi.org/10.1631/jzus.B1200239.

Chikhi R, Medvedev P. 2014. Informed and automated k-mer size selec-

20.

Genome Announcements

tion for genome assembly. Bioinformatics 30:31-37. http://dx.doi.org/
10.1093/bioinformatics/btt310.

. Chaisson MJ, Tesler G. 2012. Mapping single molecule sequencing reads

using basic local alignment with successive refinement (BLASR): applica-
tion and theory. BMC Bioinformatics 13:238. http://dx.doi.org/10.1186/
1471-2105-13-238.

. Boetzer M, Pirovano W. 2014. SSPACE-LongRead: scaffolding bacterial

draft genomes using long read sequence information. BMC Bioinformat-
ics 15:211. http://dx.doi.org/10.1186/1471-2105-15-211.

. Boetzer M, Pirovano W. 2012. Toward almost closed genomes with Gap-

Filler. Genome Biol 13:R56. http://dx.doi.org/10.1186/gb-2012-13-6-r56.

. Geiser E, Przybilla SK, Friedrich A, Buckel W, Wierckx N, Blank LM,

Bolker M. 2016. Ustilago maydis produces itaconic acid via the unusual
intermediate trans-aconitate. Microb Biotechnol 9:116-126. http://
dx.doi.org/10.1111/1751-7915.12329.

. Teichmann B, Linne U, Hewald S, Marahiel MA, Bélker M. 2007. A

biosynthetic gene cluster for a secreted cellobiose lipid with antifungal
activity from Ustilago maydis. Mol Microbiol 66:525-533. http://
dx.doi.org/10.1111/j.1365-2958.2007.05941.x.

Hewald S, Linne U, Scherer M, Marahiel MA, Kdmper J, Bolker M.
2006. Identification of a gene cluster for biosynthesis of mannosylerythri-
tol lipids in the basidiomycetous fungus Ustilago maydis. Appl Environ
Microbiol 72:5469-5477. http://dx.doi.org/10.1128/AEM.00506-06.

July/August 2016 Volume 4 Issue 4 e00749-16


http://genomea.asm.org

	Draft Genome Sequence of Ustilago trichophora RK089, a Promising Malic Acid Producer
	Nucleotide sequence accession numbers. 

	REFERENCES

