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Abstract To obtain transcriptome information of Aureobasidium pullulans, and reveal the overall expression
characteristics of A. pullulans transcriptome during growth process. The transcriptome of A. pullulans was
sequenced by Illumina HiSeq 2500 platform, meanwhile, gene expression profiling and functional gene were
predicted by using bioinformatics method. De novo assembly of ESTs data generated 29 919 Transcript and 20 312
UniGene. Similarity searches against the NCBI-Nr database revealed that 13 465 of these UniGenes have significant
matches (E-value<107). In addition, the UniGenes were similarity searched against the GO, COG and KEGG data-

bases, and annotated with gene functional descriptions, gene ontology terms or pathways. Then a number of genes
associated with pullulan synthesis were obtained. By high-throughput deeply studying the theoretical basis of
sequencing, we obtained abundant transcriptome information, which is very important databases for pullulan
biosynthesis pathway and regulation.
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2014; Singh et al., 2015), 1
S ) 1.1
( [llumina HiSeq 2500
) (Singh et al., 2008; Rajeeva et al., swp35
2010) N N 15 525 942 reads 4.54 Gb
(Cheng et al., GC% 51.57% reads
2011), 7173509  Contig o
200~300bp  Contig 7160014
(Kang et al., 2010; ,2015), 99.81%, Contig 29919
N N N Transcript 39402 845 bp (39.4 Mb)
1317bp N50 2227 bp,
200~500 bp  Transcript 11 448
( 38.26% 500~1 000 bp  Transcript 4 563
, 2015; ,2015) 15.65% =1000bp  Transcript 13 908
(Lockhart and Winzeler, 4648%,.  Transcripts
2000), 20312  UniGene 21109737 bp
103927 N50 1961 bp, 200~500bp
RNA UniGene 10175 50.09% 500~1 000 bp
RNA UniGene 2 849 14.03% =1 000 bp
( ,2010), UniGene 7288 3588% ( 1),
: 1.2 Unigene
. 1.2.1 Unigene
( , 2013; BLAST Unigene NR . Swiss-
, 2014a), Port.COG.GO Unigene
HMMER Pfam
[llumina HiSeq 2500 UniGene Nr
UniGene 13 445
UniGene
o 5 BLAST E-value
1 Contig, Transcript ~ UniGene
Table 1 Quality statistics of assembled Contigs, Transcripts, and UniGene
Length range Contig Transcript Unigene
200~300 7160 014 (99.81%)* 7 481 (25.00%) 6943 (34.18%)
300~500 3384 (0.05%) 3967 (13.26%) 3232 (15.91%)
500~1 000 2 816 (0.04%) 4563 (15.25%) 2 849 (14.03%)
1 000~2 000 3934 (0.05%) 6964 (23.28%) 4006 (19.72%)
2 000+ 3361 (0.05%) 6944 (23.21%) 3282 (16.16%)
Total number 7173 509 29919 20312
Total length 275926 330 39 402 845 21109 737
N50 length 40 2227 1961
Mean length 38.46 1316.98 1039.27
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Table 2 The statistical analysis of annotated gene
=300nt  =1000 nt
Annotated databases  Unigene
COG 4632 4203 3255
GO 5134 4179 2 855
KEGG 2853 2 652 2102
KOG 6239 5590 4420
Pfam 7315 6 850 5474
Swiss-Prot 7528 7021 5556
nr 13 445 10 946 7113
All 13 465 10952 7114
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Figure 1 COG function classification of Aureobasidium pullulans
Unigenes

Note: A: RNA processing and modification; B: Chromatin struc-
ture and vitality; C: Energy generation and transformation; D:
Cell cycle control, cell division and chromosome partition; E:
Amino acid transport and metabolism; F: Nucleotide transport
and metabolism; G: Carbohydrate transport and metabolism; H:
Coen zyme transport and metabolism; I: Lipid transport and
metabolism; J: Translation, the ribosome structure and biological
occurred; K: Transcription; L: Copy, restructuring and repair; M:
Cell/membrane; N: Cell movement; O: Modification after transla-
tion, protein folding and molecular partner; P: Petrolatum trans-
port and metabolism; Q: Secondary metabolites synthesis, trans-
port and metabolism; R: General function prediction; S: The un-
known function prediction; T: Signal transduction mechanism; U:
Defense mechanism; V: Transported within cells, secretion and
vesicle transport; W: Extracellular structure; Y: Nuclear structure;
Z: Cellular architecture
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3 Unigene

GO

Table 3 GO functional categories of Aureobasidium pullulans Unigenes

Cellular component

Molecular function

Biological process

GO GO GO
GO_classify A.P.Unigene GO_classify A.P.Unigene GO_classify A.P.Unigene
88 6 27
Extracelular region Protein binding Reproduction
transcription factor activity
1 480 27 5
Cell Protein binding Immune system process
transcription factor activity
5 3061 3614
Nucleoid Catalytic activity Metabolic process
1080 8 2613
Membrane Catalytic activity Cellular process
8 5 36
Virion Catalytic activity Reproductive process
3 122 3
Cell junction Structural molecule activity Biological adhesion
2 431 54
Extracellular matrix Transporter activity Signaling
55 2177 43
Membrane-enclosed lumen Binding Multicellular organismal process
533 83 98
Macromolecular complex Electron carrier activity Developmental process
1110 33 20
Organelle Antioxidant activity Growth
2 3 5
Extracellular matrix part Metallochaperone activity Locomotion
7 28 2188
Extracellular region part Enzyme regulator activity Single-organism process
469 1 3
Organelle part Protein tag Rhythmic process
8 1 319
Virion part Nutrient reservoir activity Response to stimulus
710 24 853
Membrane part Molecular transducer activity Localization
1483 38
Cell part Multi-organism process
377
Biological regulation
278
Cellular component
organization or biogenesis
1.2.4 KEGG

KEGG (kyoto encyclopedia of genes and genomes)

KEGG pathway
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4 Unigene
Table 4 Analysis of pullulan synthetic metabolic pathways of A. pullulans

Pathway Patway ID Gene number Pathway Pathway ID Gene number
ko00190 104 ko00260 36
Oxidative phosphorylation Glycine, serine and threonine metabolism
ko04111 100 ko00270 36
Cell cycle-yeast Cysteine and methionine metabolism
RNA ko03013 90 ko00564 36
RNA transport Glycerophospholipid metabolism
ko03040 87 ko00250 35
Spliceosome Alanine, aspartate and glutamate metabolism
ko04141 85 ko00680 34
Protein processing in Methane metabolism
endoplasmic reticulum MAPK ko04011 34
ko00230 84 MAPK signaling pathway-yeast
Purine metabolism ko00480 33
ko03010 81 Glutathione metabolism
Ribosome ko03050 33
ko00500 75 Proteasome
Starch and sucrose metabolism ko03022 32
ko03008 69 Basal transcription factors
Ribosome biogenesis in eukaryotes ko03430 32
ko04113 69 Mismatch repair
Meiosis-yeast ko04145 32
ko00240 66 Phagosome
Pyrimidine metabolism N- ko00510 31
ko00520 61 N-Glycan biosynthesis
Amino sugar and nucleotide TCA ko00020 30
sugar metabolism Citrate cycle (TCA cycle)
ko04120 58 Butanoate ko00650 30
Ubiquitin mediated proteolysis Butanoate metabolism
ko00010 51 ko00051 29
Glycolysis / Gluconeogenesis Fructose and mannose metabolism
RNA ko03018 51 ko00620 29
RNA degradation Pyruvate metabolism
DNA ko03030 49 ko00640 28
DNA replication Propanoate metabolism
ko04146 47 ko00030 27
Peroxisome Pentose phosphate pathway
ko03420 45 N- ko00513 27
Nucleotide excision repair Various types of N-glycan biosynthesis
ko03015 44 ko00561 27
mRNA surveillance pathway Glycerolipid metabolism
ko00330 42 ko03020 27
Arginine and proline metabolism RNA polymerase
ko00350 41 ko00071 25

Tyrosine metabolism

Fatty acid metabolism
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4
Continuing table 4

Pathway Patway ID Gene number Pathway Patway ID Gene number
tRNA ko00970 39 ko00360 25
Aminoacyl-tRNA biosynthesis Phenylalanine metabolism
ko00052 38 ko00460 25
Galactose metabolism Cyanoamino acid metabolism
s ko00280 38 ko00562 24
Valine, leucine and isoleucine Inositol phosphate metabolism
degradation , ko00290 23
ko00380 37 Valine, leucine and isoleucine biosynthesis
Tryptophan metabolism ko00450 9
; ko04144 37 Selenocompound metabolism
Endocytosis ko00670 9
ko00400 23 One carbon pool by folate
Phenylalanine, tyrosine and ko00590 8
tryptophan biosynthesis Arachidonic acid metabolism
ko00740 21 ko03450 8
Riboflavin metabolism Non-homologous end-joining
ko00910 21 ko04122 8
Nitrogen metabolism Sulfur relay system
A ko00770 20 ko00072 7
Pantothenate and CoA biosynthesis Synthesis and degradation of
ko03410 20 ketone bodies
Base excision repair ko04710 7
B- ko00410 19 Circadian rhythm-mammal
beta-Alanine metabolism aldarate ko00053 6
ko00600 19 Ascorbate and aldarate metabolism
Sphingolipid metabolism ko0O511 6
ko00630 19 Other glycan degradation
Glyoxylate and B6 ko00750 6
dicarboxylate metabolism Vitamin B6 metabolism
ko00100 18 ko00430 5
Steroid biosynthesis Taurine and hypotaurine metabolism
ko00860 18 ko00591 5
Porphyrin and chlorophyll metabolism Linoleic acid metabolism
ko00310 17 a- ko00592 5
Lysine degradation alpha-Linolenic acid metabolism
(GPD) ko00563 17 ko00603 5
Glycosylphosphatidylinositol Glycosphingolipid biosynthesis-
(GPD)-anchor biosynthesis globo series
ko00920 17 ko00760 5
Sulfur metabolism Nicotinate and nicotinamide metabolism
ko00340 16 O- ko00514 4
Histidine metabolism Other types of O-glycan biosynthesis
ko03060 16 ko00780 4

Protein export

Biotin metabolism
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4
Continuing table 4

Pathway Pathway ID Gene number Pathway Pathway ID Gene number
ko01040 15 ko00061 10
Biosynthesis of unsaturated fatty acids Fatty acid biosynthesis
ko03440 15 ko00565 10
Homologous recombination Ether lipid metabolism
ko04070 14 ABC ko02010 4
Phosphatidylinositol signaling system ABC transporters
, ko00040 13 ko04650 4
Pentose and glucuronate Natural killer cell mediated
interconversions cytotoxicity
ko00300 13 ko00062 3
Lysine biosynthesis Fatty acid elongation in mitochondria
ko00900 13 ko00730 3
Terpenoid backbone biosynthesis Thiamine metabolism
ko04130 13 ko00785 3
SNARE interactions in Lipoic acid metabolism
vesicular transport ko00232 2
ko00130 12 Caffeine metabolism
Ubiquinone and other ko00311 2
terpenoid-quinone biosynthesis Caffeine metabolism
ko00790 11 D- ko00472 1
Folate biosynthesis D-arginine and D-ornithine metabolism
ko04140 11 ko00531 1
Regulation of autophagy Glycosaminoglycan degradation
5
Table 5 The key function gene involved the pullulan synthesis
Locus Annoation Database

Pullulan synthetase
¢3489.graph_c0
c3455.graph_c0
¢7006.graph_c0
¢3976.graph_c0
€9289.graph_c0
¢12086.graph_c0
¢13480.graph_c0
c8944.graph_c0
c4365.graph _c0
c11392.graph_c0
c11394.graph_c0
c10751.graph_c0
c10493.graph_c0
Degrading enzyme
c12983.graph _c0

UDP-glucose pyrophosphorylase

Glucose-6-phosphate isomerase

Glycosyltransferase family

glycosyltransferase family 34 protein

Glycosyltransferase like family 2

Glycosyltransferase family group 2
Dolichyl-diphosphooligosaccharide-protein glycosyltransferase
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase
Glycosyltransferase family

glycosyltransferase family 2 protein

Glycosyltransferase family 25 (LPS biosynthesis protein)
Glycosyltransferase sugar-binding region containing DXD motif

Glycosyltransferase sugar-binding region containing DXD motif

Isopullulanase (Precursor)

nr_annotation
Swissprot_annotation
Pfam_annotation
nr_annotation
Pfam_annotation
Pfam_annotation
nr_annotation
Swissprot_annotation
Pfam_annotation
nr_annotation
Pfam_annotation
Pfam_annotation

Pfam_annotation

Swissprot_annotation
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6 SSR
Table 6 Distribution and compositions of the dominant repeat of

the different repeat motifs for SSR

Searching item Number Advantage repeat motif
369 A/T
SSR mono nucleotide
54 AG/TA
SSR di nucleotide
226 TGC/CTT/TCA/CAG
SSR tri nucleotide
12 -
SSR tetra nucleotide
4 -
SSR penta nucleotide
5 -
SSR hexa nucleotide
28°C 5d. (g/L) 50
MgSO,-7H,0 0.2 K,HPO, 5.0 (NH,),S0,0.6
1.7 NaCl11.0 pH6.5, 72h
50 mmol/L Tris-HCl
(pH 7.8) -80C o
3.2
3.2.1 RNA
TaKaRa RNA Plus*
RNA,
DEPC 1.5 mL
1 mL RNAiso Plus 5 min
12000 r/min.4°C 5 min 1.5mL
200 L 5min
12 000 r/min . 4°C 15 min
ImL 10 min 12000 r/min,
4°C 10 min 1 mL RNase-free
75% 10 000 r/min.4°C 5 min
DEPC
-70°C o Agilent 2100 Bioan-
aLyzer RNA RIN =7.0,
3.2.2RNA
(1 Oligo (dT) mRNA
2) FragmentationBuffer =mRNA
(3) mRNA (ran-
dom hexamers) cDNA

dNTPs.RNase H = DNA polymerase

cDNA AMPure XP beads cDNA
@) cDNA . A
AMPure XP beads
(5) PCR cDNA
(6) Qubit2.0  Agi-
lent 2100 (insert size)
Q-PCR
(7) HiSeq2500
PE125
(8) Raw Data
Reads Clean Data,
Clean Data UniGene
323 .
BLAST UniGene NR.Swiss-
Prot.GO.COG.KOG.KEGG (BLAST
E-value 107) UniGene
HMMER Pfam (HM-
MER E-value 10719 UniGene
. KEGG o
3.2.4 SSR
UniGene
SSR NN NN
10.8.5.5.5.5
SSR o
(2013DFO01).
(2014IM2-2015).
(No. 2013K-06) (No. 2014K-

01) .
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