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Ft KA lllumina HiSeq 2500 T & X Hh 2F 40 1 5 swp 35 ZEAT mu@ &7, 45 &4WME %075 TT e 3k R R B 15 i 7o 1 T g
RISt ???'J 29919 % Transcript #1 20312 4% Unigene. FT# Unigene 55 NCBI [I3E T4 8 M B 2048 % (Nr)
AT 2R (E 15<10-5), Z5HF—ILF 13,465 4> Unigene 5304 A b B S & K YR . thah, 8%+ Unigene #1777 GO.
COG F1 KEGG IThAEIERE. /R BIBER /i, R — G HE 2 2 HE 3R @ m@anNT, RETEEMH
RS A B S 2= 2 WIS HEE, VRN A A B S = 2 AR R R A T A I E R .
KIS, LR, Rl SRR
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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 20312 Unigene. Similarity searches against the NCBI-Nr database revealed that 13,465 of
these Unigenes have significant matches (E-value<10-5). In addition, the Unigenes were similarity searched against the GO, COG
and KEGG databases, 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.
Keywords High-throughput sequence; A. pullulans; Transcriptome; Gene annotation

tH 25 45 4 25 (Aureobasidium pullulans), &% TARMRIER, BT vz M TRk (A 22 45
BT 2ZBEN. AR E . AR, ki 2012; jAALIK, 2012). & Tk (FH % 2h5E, 2008;
BRI R, HRBEEPAEEPR, B4R, JAZENH, 2015). #1245 Tk (eI E ZE, 2014)F04kt
JEYEA . SFAR A S 2 PR A BT AS (ST 4, Tk, Bribz ah, Sid ok KRS A 2
2005;Ronen et al., 2002;). i 2546 48 5 E LLIE R /K FTEEDIE AR E BN EE . Prli ke el
FRADD TR RN 2 W S W S R e A e M A 2 TR b PR 2591 Lok J5 K} (Suginoshita et al., 2002;
— e b, uHAWER RN R4 Singh et al., 2015;5K#H%%, 2014). {HlIFHIA Tk
Py BHAE. ATEAME. RREEPERN G B AR RIS AR B PRBURAS &, A% & SR

MR B A E 2R, BB TEE, A SEBR BTS2 3 TARKHI RS H AT RIE AT T2
P & 2= 2R R B A 7 (B R B SRR

oA E ;2016 4205 73 10 B IF GRS B 1 77 96) A A 722 87 ) (Singh et al.,
ROl 2008; Rajeeva et al., 2010), #5:5h TLsHd. PoHi
SEGH: ABIRII L bQo13DR0), Beinpase VR D PEIULRASRL T W T
22 5 4> (2014IM2-2015) il B 71 28 b 25 e B -1 5 H (No. S IIATFUEZ> (Cheng et al., 2011). F34hH 2R

2013K-06) FIEH 7Kl H £ 50 H (No. 2014K-01)3L R % B
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WA RIEEMARTERIFEE, MST A
o T G 2 2 WE e 3 2H B0 B ik 0E (Kang
etal., 2010; K72, 2015).

UTsbEEske, IR, . EAmA.
AU L AN AR U 30 £ 2H 5 &P A 22 R [ i 7k
%, BRI, EA7EE N A A H S B
FUEE AN AE P AU LR A AE 70 B 2 S N
1R (7 #1%,2015; TAA%E, 2015), Hrp#egee %
SRR AR LA S N B2 I 4 AR (Lockhart
D.J. etal. 2000). 4HHIThREE A IE R RIE LR T,
T 53 S D g 5 — 10 5 B TA) RO 25 T A PN T 2
[RIFE S RNA BB B FE S i, e =il
BRI FIE N RNA 5 B, JHiR R £k
R Ay LR 2 (R N 7R R R (L A1, 2010)
B I n] T LR R 5 S TR ol
AR BER R ATE, SRR R BT 6
FARME, BAEEZIRINEE . Tz
RIZEAE BIYFT &, FoR A s s 7 E
72 N FH (B8 F4%, 2014a; A E#Hi4E, 2013).

NT RS A A R 2 2 W R
M58, AW EA lumina HiSeq 2500 “F ¢
ITERENE, SEAEYERF TR RERNE
IR TERE TN IO AR TN, CAHARES SE 210 T AR

& 2B S S AR LR

1ER 55
11 WFEEERR AR SR

A Nlumina HiSeq 2500 i &l 4R,
Xof H SRR A B swp35 TR AR IR RS S HEAT T Y
L3R4S 15525942 reads B, B F T 4.54Gb 17
JE R, GC% & & THIfH2E 51.57%, H3R1TH)
reads Jy Brdt AT SRR 36453 7 173 509 4> Contig
%1, Hrh Ky 200~300 bp f#] Contig 5314 7
160 014 />, K1) 99.81%. Xt Contig F B4l
X5 ILFR1E 29 919 4> Transcript, A ik 5|
39 402 845 bp(39.4Mb), “F#KFE >N 1317 bp, N50
N 2227 bp. HAKESE 200~500 bp 4 Transcript
H 1144814, AR 38.26%; 500~1000 bp
Transcript & 4 563 />, d7 44 1] 15.65%;>1000 bp
(1] Transcript & 13908 />, i /K1) 46.48%. X
Transcripts /@ 81EA7 i — D 2H3E, L3RG 20 312
A~ Unigene, 7715 1A% 21 109 737 bp, “FiK
4 1039.27, N50 Jy1961bp. 200~500bp ff]
Unigene A 10 175/, (5 & 44 ) 50.09%; 500~1 000
bp fJ Unigene 7 2849 4, ik 14.03%; >1
000 bp ] Unigene 74 7288 1™, i kifAft) 35.88%
(% 1),

1 FAE R 544 Contig. Transcript &2 Unigene #4038 i 8 4t it
Table 1 Quality statistics of assembled contigs, transcripts, and unigenes.

SR HEBRE LN FETC A B FE R B8l e
Length Range Contig Transcript Unigene
200-300 7,160,014(99.81%)* 7,481(25.00%) 6,943(34.18%)
300-500 3,384(0.05%) 3,967(13.26%) 3,232(15.91%)
500-1000 2,816(0.04%) 4,563(15.25%) 2,849(14.03%)
1000-2000 3,934(0.05%) 6,964(23.28%) 4,006(19.72%)
2000+ 3,361(0.05%) 6,944(23.21%) 3,282(16.16%)
Total Number 7,173,509 29,919 20,312

Total Length 275,926,330 39,402,845 21,109,737
N50 Length 40 2,227 1,961

Mean Length 38.46 1316.98 1039.27

1.2 Unigene KIZhEeER
1.2.1 Unigene 7 51| EL 3T K ThRETE R

il BLAST #/F¥ Unigene 515 NR.
SwissPort. COG. GO “&%¥s FEHtATELXS, Tl
Unigene M2 B85 41, 285 18H HMMER it
5 Pfam $#5 FELLXT, 3RS Unigene MTEREA(E S
gE SRR, 7E Nr B 2 4R 211 Unigene AL
itk %, N 13445 A, TEH fth B PE A 4k 2
Unigene FIABALT FIAEXT D o ATt H i i de 4%
BLAST £%{ E-value A~ KX T 10° fl HMMER 2%
E-value /KT 1070, f 3115 13465 M RS
B Unigene, 5 EE 66.3%, 845 1R K B4 () oA 0
A, FERER R GE4 R T (€ 2).

Copyright © 2016 BioPublisher

1.2.2 unigene ] GO 432%

GO & AR BhA T bR V2 k3
LR A=Y D Re I B HE 22, HRTH 2 M
TR SRR EAR  HTE F R, GO ks 3
KIUIREFE, 4 al A EE A 1) 4 + 2 B (molecular
function). A&t ¥4 fa i & (cellular component)Ffl
fii 2 5 () 4= Wy it #2 (biological process) (& b K
£.2013) . N H GO H ¥ FE X 2 K HE 5 1
Unigene #E47 DhRESM IS, W10 T M HH 2R R AR R0
R TIRE AR . BEFLLE AR, A
7 Unigene AT 1120y 49 N ILREL, Hoh gz
53 16 A~ 1 Ihie 15 A~ AR 18 /MK 3).
Horp R (3614 /). fEALIETE(3061 4Y). 4l
JUREFE(2613 ). B HLARRERE (2188 ) FILh
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EIEPEQRLTT /N DhRE H I K [F) unigene 3%, T
IHANE R (2 1) TARMC )FE IR EE T
(1 M INRELL I I unigene 1R/b.

X 2 BERERSH

Table 2 The statistical analysis of annotated gene
TR e FERHAEE =300t >1000nt
Annotated Unigene

databases

COG 4632 4203 3255
GO 5134 4179 2855
KEGG 2853 2652 2102
KOG 6 239 5590 4420
Pfam 7315 6 850 5474
Swiss-Prot 7528 7021 5556
nr 13 445 10946 7113
All 13 465 10 952 7114

1.2.3 COG IhREm2

COG (clusters of orthologous groups) & % & [
FENREAT VR A R G P, = — AR IR
H R R R B e, @k 2 R AR B e
JoT P B K LR SR 1 o K T A R
Unigene 5 COG ##s R AT LUXT, SRR, H
ZFFIMEE Unigene 77028 25 2K, FFXTHREZEM
Unigene 47 T Gt 4r (B 1) B 1 AT LLE H,
H ZF £EFE85 Unigene il K () COG T ReH A4 1
Wi T RE D A ariE sl . 2 e —RIl
RETIUMZRFE R (R); 2R 5 MK IR A B R s i AN AR
FRILH(E)- /KA YDs i AACH R EE R (G)
JRis AR ZRIL R (P). &, SHAAFBE KK
BI(LEZ s T M A1 235 ) 18 25 DR (W) R A% 465 7 2
RIOY) g e b s HAmM R R SRR E & A A
]

1.2.4 KEGG Qi@ % 7> #r

KEGG(Kyoto Encyclopedia of Genes and
Genomes) A& & 4t 73 H1 2 D5 P W) 78 2 o A AR g
18 A S AZ R P Dy e e e, R R 2 e
A B THEIE R K R IB AT A — B4 1) X 5 34
ITIEFC . ARG AR L KEGG pathway
IR NS, mZA5R1T 13465 MHITERE R
f) Unigene. FEKE A6 214 unigene 472 105 4~
HARRSEA 7 30, BAMREHE R T X 21
FERHEWT G 4R,

1.2.5 W& 22 WG ISR H AL K ) 25

WA H T CA R SiGE, S 55 E& =20
E R OSBRI R TR -6 BRI, PRI
PR EINEEE IR AL, MR RE . W oR
HINFE, FFEELEMERZIIRE T =R
I FU( 5), H IR TLED ARSI
B T EE LA REE.

Copyright © 2016 BioPublisher

1.2.6 SSR 4

MISA(MIcroSAtellite identification tool) /& %
5E 4] B 5L & 7 41 (Simple Sequence Repeat, SSR)ff)
Ak, EALUERXT Unigene AT, %5E
6 MPZEAL) SSR. FIF MISA HRAFXT 7 12645 2]
fr) 7288 % 1kb LL_Ef#) Unigene f SSR 73 #r, $L46
WE] 670 /> SSR AL AT (FK 6). H A AL HERE L N
369 1™, iA % 55.07%, HIKE = HIREL N 226
A, b EE 33.73%, fEffiEFEH, AEiLR SSR
REBEZESN, OV, A/ ER I 5
INER B EN 5, —EREE L T XL
TR EL AL SSR AL L. SSR 14
AE AT, A BT 2 A g s DRI 2 2 S 40 #T
T PERRIL I R AN I A% S A R ST AT .

1 000 +

Frequency

500 4

EEENNENNEEEENENEEENEENEEN
NXE<CHUROBOZErAv=TQTmUNE»

ABCDEFGHI J KLMNOPQRSTUVWYZ
Funtion class
COG funtion classification of consensus sequence

1 H2F4EA 5 Unigene 1) COG ThAESS

A RNA N TAME M B JeissmAE/1;  C: fg
BRI D iR s, AR, Rtk
X; E: @AEREWANS: F ZERsmMRE: G
wokk G R H fEEmARE: 1 ER
BRI 0 B, RERESAMAY R A, K B
o L B, EANMEE, M MMEEBERAE: N 4
Wizsh; O: BivE/EEl, EARFEMY T8 P o
feiz s Al Q: AERWYIS K, EmMmAE: R —
FEIHBETN:  S: ARFNDIRETI: T FSESHH: U
B B Ve AN EE, A NiRiEs s W gk
Ky Y kAt Z: RS
Figure 1 COG function
AureobasidiumPullulans Unigenes
Note: A: RNA processing and modification; B: chromatin
structure 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: coenzyme
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
translation, protein folding and molecular partner; P:
petrolatum transport and metabolism; Q: secondary
metabolites synthesis, transport and metabolism; R: general
function prediction; S: the unknown 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

classification of
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# 3 HEFHIFES Unigene 1) GO 42K

Table 3 GO functional categories of Aureobasidium pullulans Unigenes

YRRy 7T YIRE Gy LS
Cellular component Molecular function Biological process
GO 433k FEEIEE GO 4 REHIEE GO 4K BE R H A
GO_classify A.P.Unigene  GO_classify A.P.Unigene  GO_classify A.P.Unigene
ik NE %y 88 gha R AR 6 Y 27
Extracelular region Protein binding Reproduction
transcription factor activity
i) 1480 G5O R A It 27 FIE RG R 5
Cell Protein binding Immune system process
transcription factor activity
% 5 HEALE 3061 (M ipuRE 3614
Nucleoid Catalytic activity Metabolic process
21 i o 1080 ARG 8 Elilii0beid s 2613
Membrane Catalytic activity Cellular process
TR T 8 R A 4 R i 5 IR 36
Virion Catalytic activity Reproductive process
o P 3 ol D e TN 122 Gty ) 3
Cell junction Structural molecule activity Biological adhesion
MR L ST 2 Heizink 431 BEotks 54
Extracellular matrix Transporter activity Signaling
ISR P N Ji 55 SR BT e 2177 AL Z a0 A 43
Membrane-enclosed Binding Multicellular
lumen organismal process
BRI T 533 LT A 83 KB B 98
Macromolecular complex Electron carrier activity Developmental process
T 2% 1110 P iEE 33 K 20
Organelle Antioxidant activity Growth
YRR A BT B> 2 SJE R E AT 3 iR 5
Extracellular matrix part Metallochaperone activity Locomotion
Jf b 7 il 50 28 AR 2188
Extracellular region part Enzyme regulator activity Single-organism process
B A B 469 R AR 1 RERC iz 3
Organelle part Protein tag Rhythmic process
R END %y 8 Bl g 1 IR/ A 319
Virion part Nutrient reservoir activity Response to stimulus
0 BB s 710 oy s 24 G R 853
Membrane part Molecular transducer activity Localization
YRR 1483 AHUABERE 38
Cell part Multi-organism process
AT 377
Biological regulation
A R 73 A 2R 278
Cellular component
organization or biogenesis
2 Wik RO (ZE 5, 2011). (HOZ HATSS T H

b A A R I R AN T
L AMUE AR Tk Rat i, 4 N
NI 2 By R A A A
Jithiik A ARAL, JF BB IR B

Copyright © 2016 BioPublisher

2R R R R AL RO AR B, e AL
AT FRAS o lumina s 38 0 4 s 2 5
R R MR AR, ok, EaTRA
SN ALE B IR AT B s LD ek 5L (1K = R
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AR RN A A R R S AL

&, 2011). TS AR D Re 2R B ST i
BT, AT FTIE I Mlumina s & AR 6
R R AT, BRI IRIE I,

IR R =y b I 22 e Rk BE TR . Jd i X
2 KR 7 B s AU L 3R 45 155259424 reads T
F; Sfreadsf7HIHHEEfE3K45 77 173 509-1~Contig
J¥ %1 . ¥4 Contig /¥ 51l AT 35 3] 720 3124

*5 2 HEE 2 ZHEE B R H
Talbe 5 The key function gene involved the pullulan synthesis

Unigene, EAITHIFK 91 039.27, N5041 961
bp. NSOfE#E K, KELHFEAR BBk Z, H
R FIBR G o W  E e AT A 4 R o
% S LI Y 58 BT DU B B AR AR (B T AR
2014b). FIRSEIRFKH, kT HIH B iT A
B ¥ ] R R S A BEOR, i — 2B UL
INumina HiSeq 2500 & % 3% 200 /5 1 Al 581 65

(VA=

Locus

TR R
Annoation

KRR

Database

Pullulan synthetase
¢3489.graph_c0

¢3455.graph_c0
¢7006.graph_c0

€3976.graph_c0
€9289.graph_c0
€12086.graph_c0
€13480.graph_c0
€8944.graph_c0
¢4365.graph_c0
€11392.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)

nr_annotation

Swissprot_annotation
Pfam_annotation

nr_annotation
Pfam_annotation
Pfam_annotation
nr_annotation
Swissprot_annotation
Pfam_annotation
nr_annotation
Pfam_annotation

¢11394.graph_c0
c10751.graph_c0
€10493.graph_c0
Degrading enzyme

€12983.graph_c0 Isopullulanase (Precursor)

Glycosyltransferase sugar-binding region containing DXD motif Pfam_annotation
Glycosyltransferase sugar-binding region containing DXD motif Pfam_annotation

Swissprot_annotation

6 i ZF AR SSR ANF B A HE P /AT A b 2 1K
Table 6 Distribution and compositions of the dominant repeat
of the different repeat motifs for SSR

BEITKE HE MHBEEETF
Searching Item Number Advantage repeat motif
B E S 369 AT

SSR Mono nucleotide

XUBH 3 54 AG/TA

SSR Di nucleotide

=R ] 226 TGC/CTT/TCA/CAG
SSR Tri nucleotide

VUpB 12

SSR Tetra nucleotide

higHES 4

SSR Penta nucleotide

Ay &3] 5

SSR Hexa nucleotide

i H ZEAEAE E Unigene 5 Nr. SwissPort 255
AT R AR, HAF AR A 20312 %%
Unigene F174 13465 % Unigene 55548 8 o i HoAil
CUAE R B A AN FRR R FIE I, AAMEIRAS T
6867 2% Unigene 5 £54s g 1 O 280 22 [R] [R5 14 5
ik, (R 33.81%, A AIRERARFIZER .

COG I GO [ZhREZT FEXTHIL T AR
Copyright © 2016 BioPublisher

REREEEMEM, T KEGG HUEE &%
pathway AN AT DLHENN BE PRI D g, 1 H mT DA 7t
FERFEA R E S e AL B R AE, =&
HAH R, BN M R T e ik DR A B T B
(B33 F4%,2014a; Wang et al., 2013), 3T KEGG
BB A B T 3RATE— 20 TR R A
IjRE (Kanehisa et al., 2000). @it xR, A7
Rety TR > T ohAe . PTAbdifefi &, s
Sy iE . prab s mei(E o i@ s E (Y
HiI%5,2013), RN BRATHEIRE] T &= 205k
R 3 AN REREI R T, X NS R —
AP YR R A A R A e 2 2 AR
HERR IR, T R R N e AR s A
P HEE 2= 2 WG R 8 g RS T T
TR AL 1 AR

SSR M FARILEA TANELT . AP, Wik
fi6. BEEEER, LRIESEEN A, HIE
ST, IR THAEIEIR KA S
FIR . 5 TARICHBY RIS B e ch 8 1) i
H] (Yang et al., 2009; xl|§%%, 2012). HAET, H%
LA ) SSR AR AL, B AL
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RAMGFHEMEES

(22 281 Unigene AR 247

Table 4 Analysis of pullulan synthetic metabolic pathways of A. pullulans

AR I T I AR AR I MWk SR HCE
Pathway Patway _id Gene_number Pathway Pathway id Gene number
AR k000190 104 HER, 272%, 7R ko00260 36
Oxidative phosphorylation Glycine, serine and

threonine metabolism
2H i 1 ko04111 100 bt G B AN B ER A st ko00270 36
Cell cycle - yeast Cysteine and methionine metabolism
RNA #iz ko03013 90 Hh s Fe At ko00564 36
RNA transport Glycerophospholipid metabolism
LUESZIN ko03040 87 WEm, RIIXEHm ko00250 35
Spliceosome AN IR HIA

Alanine, aspartate and

glutamate metabolism
A5 s N k004141 85 HLefRi5f Methane metabolism ko00680 34
Protein processing
in endoplasmic reticulum
M A 34 ko00230 84 MAPK 155 %% 58 i ko04011 34
Purine metabolism MAPK signaling pathway - yeast
1ZHEAR ko03010 81 A AR ko00480 33
Ribosome Glutathione metabolism
TN AR A ko00500 75 H A& Proteasome ko03050 33
Starch and
sucrose metabolism
HAZY M ko03008 69 HREFER T ko03022 32
HER G A Basal transcription factors
Ribosome biogenesis
in eukaryotes
T ko04113 69 NS ko03430 32
Meiosis - yeast Mismatch repair
AR ko00240 66 FaiUN ko04145 32
Pyrimidine metabolism Phagosome
IR IR B k000520 61 N-HEEE 5 K ko00510 31
Amino sugar and N-Glycan biosynthesis
nucleotide sugar metabolism
2 EZAN S HE A KR ko04120 58 TCA 53 ko00020 30
Ubiquitin Citrate cycle (TCA cycle)
mediated proteolysis
TR AP RIORRE 5 3k A k000010 51 Butanoate 1t if ko00650 30
Glycolysis / Gluconeogenesis Butanoate metabolism
RNA [%fi ko03018 51 SRR H R R ko00051 29
RNA degradation Fructose and mannose metabolism
DNA &5 ko03030 49 TR ER A5 ko00620 29
DNA replication Pyruvate metabolism
o E W EE A ko04146 47 TR AR ko00640 28
Peroxisome Propanoate metabolism
BHRVIRER ko03420 45 JRHERE R A ko00030 27
Nucleotide excision repair Pentose phosphate pathway
SR ko03015 44 AR ) N-REBERG 13 ko00513 27
mRNA surveillance pathway Various types of

N-glycan biosynthesis
T =R T = BR A Y ko00330 42 H FR A ko00561 27

Arginine and proline metabolism

Glycerolipid metabolism

Copyright © 2016 BioPublisher
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gk a4
Continuing table 4

(vsiplike JE K BRI [Mviplites W HEEHE
Pathway Patway _id Gene_number Pathway Pathway id Gene number
T S PR AT ko00350 41 VoA AR A k003020 27
Tyrosine metabolism RNA polymerase
Bk (RNA AEWE R ko00970 39 Jig AR ko00071 25
Aminoacyl-tRNA biosynthesis Fatty acid metabolism
LA ko00052 38 R IR AU ko00360 25
Galactose metabolism Phenylalanine metabolism
R, TERIRM ko00280 38 SRR AR A ko00460 25
= A RER Cyanoamino acid metabolism
Valine, leucine and isoleucine
degradation
5 TR AR ko00380 37 TR B U ko00562 24
Tryptophan metabolism Inositol phosphate metabolism
PR I koo41dd 37 AR, SUAMMSFARN)  ko00200 23
Endocytosis LW R

Valine, leucine and

isoleucine biosynthesis
ANER, HARMEEEK  ko00400 23 T (A ko00450 9
H=W)E % Selenocompound metabolism
Phenylalanine, tyrosine
and tryptophan biosynthesis
Wt 2 AU ko00740 21 —/N E I ER Bt ko00670 9
Riboflavin metabolism One carbon pool by folate
ZAR ko00910 21 oA VY I e A 5 ko00590 8
Nitrogen metabolism Arachidonic acid metabolism
ZIRFIEEE A Y6 R ko00770 20 A R RA o TE4 ko03450 8
Pantothenate and Non-homologous end-joining
CoA biosynthesis
A YIREE k003410 20 IR VAEN ko04122 8
Base excision repair Sulfur relay system
B-TH A BRI ko00410 19 AR 1) B B A ko00072 7
beta-Alanine metabolism Synthesis and degradation

of ketone bodies
B SR AR k000600 19 BT ko04710 7
Sphingolipid metabolism Circadian rhythm - mammal
B R ER AR ko00630 19 YU IMERF aldarate X5 ko00053 6
Glyoxylate and Ascorbate and
dicarboxylate metabolism aldarate metabolism
R EHEE A R ko00100 18 oAt %2 i PR ko00511 6
Steroid biosynthesis Other glycan degradation
AR 5 -2t 25 A Qg ko00860 18 e % B6 ARt ko00750 6
Porphyrin and Vitamin B6 metabolism
chlorophyll metabolism
IR PR k000310 17 2R T A 2 R PR A U ko00430 5
Lysine degradation Taurine and

hypotaurine metabolism
BEIE T T IR VLI (GP1) £ ko00563 17 SEH R AR ko00591 5
WG Linoleic acid metabolism
Glycosylphosphatidylinositol
(GPI)-anchor biosynthesis
BAt st k000920 17 o- VRS AT ko00592 5

Sulfur metabolism

alpha-Linolenic acid metabolism

Copyright © 2016 BioPublisher
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gk a4
Continuing table 4

U E WG R fabak WG AR
Pathway Patway_id Gene_number Pathway Pathway id  Gene number
HaEmlu ko00340 16 HREIR A RS ko00603 5
Histidine metabolism Glycosphingolipid  biosynthesis

globo series
EAMH ko03060 16 R T2 R 0 I e A ko00760 5
Protein export Nicotinate and

nicotinamide metabolism
ANV R PR A 0 P ko01040 15 FAh A O-FBEM ko00514 4
Biosynthesis of unsaturated fatty EYE K
acids Other types of

O-glycan biosynthesis
[R5 = 2H k003440 15 HE AL ko00780 4
Homologous recombination Biotin metabolism
B e B UL B {E 5 &R %tko04070 14 ABC ¥ig ko02010 4
Phosphatidylinositol ABC transporters
signaling system
3% NI AL e S ko00040 13 H AR A S 20 75 ko04650 4
Pentose and Natural killer cell
glucuronate interconversions mediated cytotoxicity
TR L ko00300 13 LR Mg R A fif 5 ko00062 3
Lysine biosynthesis Fatty acid elongation

in mitochondria
R E Y JEE L ko00900 13 T E W) ko00730 3
Terpenoid backbone biosynthesis Thiamine metabolism
s P EAER k04130 13 e m A ko00785 3
SNARE interactions in vesicular Lipoic acid metabolism
transport
2 FRAE IR Y AR ko00130 12 Ihmed EAT R A ko00232 2
Ubiquinone and other Caffeine metabolism
terpenoid-quinone biosynthesis
PR P 5 B k000790 11 HEEMLAEES ko00311 2
Folate biosynthesis Caffeine metabolism
S A ko04140 11 FE AR D- R A5 ko00472 1
Regulation of autophagy D-Arginine and

D-ornithine metabolism
NG TR AE M5 i ko00061 10 RG22 1) B A ko00531 1
Fatty acid biosynthesis Glycosaminoglycan degradation
Tk A 15 Ko00565 10

Ether lipid metabolism

F & SSR 73 Amicde it 1= & AR A I E R A A
MR Auisid AR &I 74> 670 4~ SSR 1if
&, SSR R E HARMEE . SSR 7 Fhrid
I FF AT BT H 2 R0 A 55 T e 225 DA 1R 472 41 AR st A%
ZREE AT, R E B TR R R T A
MR R

3MBE
3.1 SERARL
H % 5 M % Aureobasiudium  pullulans

swp35, HHA PRI IE & 3R1T, 20% H i o IR i,
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7 T-80°CAKIR VKA . KH PDA(Potato D-glucose
Agan) i R 331k, 28°C, }59% 5d. WAk IR
(9/L): JEFE 50, MgSO,4+7H,0 0.2, K,HPO, 5.0,
(NH4),S0, 0.6, E#BF#y 1.7, NaCl1.0, pH 6.5,
IR IR R ORI R, 72h JRiE O
B4, ] 50mM Tris-HCI (pH 7.8) Weis ik iy
R, B AF]-80CH# H .

3.2 SER vk
3.2.1 RNA ##H
i ] Takara RNA Plus*i 7| S HR B o 4 4
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AR RN A A R R S AL

BT RNA. BRI, IMAE &R
BIRRBTEE , 4 AR T-H %4 ) DEPC ALFE 1.5
mL 20, N ImL RNAiso Plus =% 2],
# & 5min; 12000 rpm.  4°C &0 5 min, ¥ Ly
FEREAFIN 1.5 mL S0, I\ 200uL SR
HRA, =HiEHE 5 min; 12000rpm.  4°C &L
15 min, ¥ BiERBEHIEOE, TN ImL 1
SNEE, SIE#E 10 min; 12000 rpm. 4 CE
> 10 min, B E7E, F 1mL RNase-free /KB il (]
75% . BETEVEITEE: 10000 rpm. 4°C 50> 5min,
7+ LIEREADIE; HA TR, T iE&E R DEPC
WERK, fRET-70°C%& M. F Agilent 2100
BioanaLyzer £l RNA $#EHUF &, RIN {H>7.0.

3.2.2 RNA L R Kt 40 2

()54 Oligo(dT)fIREER & 4 mRNA;

(2)n\ Fragmentation Buffer ¥ mRNA FEHL{T
b 5
(3) LA mRNA AR, Fl 7SHsFEBE AL 51 %7 (random
hexamers) & %55 — 2% cDNA %, SR J5 IN N e «
dNTPs.RNase H Al DNA polymerase | & B35 %%
cDNA %%, FIF AMPure XP beads £iift. cDNA;

(4) ZHALJS AU cDNA TR TR IRIEE 0 A
R ERN Tk, 85 AMPure XP beads it
1T BOR /N

(5)fJEiEId PCR & 4435 cDNA .

(6) LEEM R SE R G, 43 M A Qubit2.0 F
Agilent 2100 X 3¢ & B R4 - B/ (Insert
Size)FEATHI, 15 F Q-PCR 545 SC e I A5 R0k
FERATHER 2 B, DARIESCE &

(NER A ¥ G, F HiSeq2500 #EA4T i & il /7,
M7 KN PE125.

(8)%F Raw Data A7 ¥ w1 8, ZBrH Bk
7 A i & Reads i = i = 1) Clean Data.
¥ Clean Data H#AT)¥HI4H %%, RGN
Unigene J&E.

3.2.3 DyReVERE. Ar AR /17
ffiF BLAST {4 Unigene /7415 NR.

Swiss-Prot. GO. COG. KOG. KEGG #j#/# tt
Xt (BLAST Z¥ E-value A~ KT 10°), Tl
Unigene HIZEEFRT 52 f5 18 HMMER k5
Pfam ¥4 L XH(HMMER 2% E-value A~ kKT
10", 3k13 Unigene MIERAS B, 92K KEGG
AR AL 34T

3.2.4 SSR A iR Kot
X SRR A R S 2 Y Unigene J7413E4T
SSR f7 8%, FrvEN: B, —. =. PO, fi.
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PN BRI Fr e /b R R H 9151049 104 84 5. 5.
5. 5, JEXSAHIIN SSR KA HATRHE M.

((Z LN

TR SRS SRR AT SRS
SRR TR, LR U 81 5 b 2R A 0 A I
FEAARER, BRSO ST R R TR BT LR

B

AW T VEEB 2 )6 (2013DF01), LG4 EH 4R
Bl 2E 5 4 (2014IM2-2015) Al 5% 76 48 B2 B¢ BF 11
%550 H (No. 2013K-06) A1k 1% & £ 10 H (No.
2014K-01) 3L [A ¥ By o
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