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RNA-Seq #8718 Focd 7E5NR S (L ME (H,0,) T BY E FE 5715 K ZH A
R E L

FaY, xEgd, 1

VR KSR R E M R B I S S A, MR T 570228

DUF R UE TR, RS M 570228
Sh E PG RO B B SR SR B, TR M 571101

WE. %] w i B LA LA 4 S/NFl(Fusarium oxysporum f. sp. cubense race 4, Focd) &7 FEALZiRAY
SRECETERT R . Focd TEAR YA AR R IR 75 E TSRt & . [ BB ] TH# Focd XA
SALE B THLH . [ 97 ] A Hlumina 2500 RNA-Seq I FE-F- 5 40 T 24MIE ARG (H,0,) 40 B
[ Foc4d SGXT ARG SRAUKF I BRI ik 22 5o [ 2551 ] FEAMIR AL B 55 T, Focd WA 32 B4
SRR T ARAR T 83t 2 T 77 %% clean reads. #F—0 22 ALK 5307 P22 24548 FC (fold change) =2
H. FDA {6<0.001 A eFEpniE, K 496 NHENFERIL B, 298 PENFIE T, GO UIfeE £t i
N, 429 NIRRT B GO T/ A gl A, ek bz Rk, r 2 SRR . YR a
W BRI 4. KEGG MBS A BT R, 7 141 157 5 B 3 EH HEXIE] KEGG i
50 sFRhEAe, H, FEEBESRAERICURS . IBUIRRICHTSERAE . FWaiE ShiE i n g
OGRS, 45 DNA MBER . XS P RWEY G, S8 BA . 2 MEH IR
[ 458 | ;XL RSN, R T e A LA 8 N AL, Focd AN NALFE BLHE N X E AL IHE 1915 5 )
PR AR TE N ) A5 RN B i A X8 2 R LW R PR AR A0 ) 3

KR BRI AR 4 SRR, SEfbE, ZERRREEN, AR

ETE R R R R IE E R R Y A . BB E A NADPH AALRE ™ £ P 5 (ROS),
PEAP R ZHEF B — M IR NE RO, B AAEAHE T R AREN H0,% . K, &
BELIE R S PR S B HEAE A AR R P i T EEMR H0.8
A AN TR AR R — L8 4 P, ROS LEHRIETH AR AL IR RGIA
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NHEA 3AEHEERMEM: |5, =/KFR ROS fE
% B AR AE AR AT pit A9 T DA T BEL Lk 95 D P 1)
k™, Hik, ROS &5 Timfbdiffure, 4
A BRRE AR AL . A LR SR T ARSI, AT SE
IR RAL 5=, ARALARY ROS HLAE

R AR AR S 5 TR0 97 R 0 25 A DG IR 1 3R
IR Ak A I G RN R, ki ROS
A B AT AR A B sy, B AR
AT MR 27 A A SR aniEThag. ik, —HA
TR, ROS WAZB S Al REA S50 B LAREARXT B £
fIEE ., TERYE, ROS 154 RS G EEFIE R
BEHERS . M ROS-IERR R4 R L8P,
WP MR . 4R E. WML . 88 b
2. MERAEY . HEREAE RS IR
X UEHT AL B B BR ROSE ), i ROS-¥BR
R GG ALY B AL (SOD) . Z B A fk 1l
(PPO). 1A ALYIEH(POD) . i AL AW (CAT). Bt
IR IR /45 TR T KA S 8 . 2 I o 3t 41k A Tl
(GPX) i Ed 2 1512 52 eL, RE s
AL T 2 Fh R BEIE R ROS I AR5 £
FEPN . N, e SCRRHRE , 7ER BT Y H (Ashbya
gossypin) ', R Rl Ak 5 A A HE 2 1A]
FAEBRRM, BTSRRI A, HETEa
HABF AR >IR3 B &, il S ARG .
S A 7 AL Tl A A e T IR Ak AR 7
O X6} 7 S AE ) 7 A S g ok AR e, B S v PR
(Xanthomonas

campestris  pv. Campestris)

Xcc8004 FEHAHIL T 9 MM H K S-FREmE
(GST). 2 AW H Ik E ALY R A 4 42 S AR
fift I F-18 b ROS U,

b e D F T S R R R, 140 Tlumina
RNA-Seq, ZERAEFENRRIE2MC EIEZF
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R, WNERMBE T (Metarhizium anisopliae), B
K K % (Trichoderma (ER T
(Magnaporthe oryzae) ¥ %5 (Aspergillus)5 - 15 3]
T2, ik, RNA-Seq E4MHN T
A DU AIE T 0 G A 2 R IR 25 T e SR AU B 2%
B AT ZGR I TR, TERE s, 2
H R Focd TEA1Z e B VY £ (Musa AAA Giant
Cavendish cv Brazi)HE 0T, TEHARTRN Focd
MR SR BLT 3N G R A0 R e, 2 e E
H,O, /&40 F 241 ROS Bi43, B, FIH H,0,
BN E AL A A B Focd HOEFAERY B2 Btk
IIMT T Focd 154 540K X SIS AR ik 64 875 7
I 255 IV o

reesei) .

| R L

L1 HEER, ERFFREEE

Foc4 H)—PRaR B0 I A TR /R B2 IR
IR AR B — R 2 R 1 R AR A AR AR TR 4R
1 AR 52 56 25 4y B 2 I LA AR T BB
—80 °C fRAET 30%

L T T R 1) % 77 R P A A - A% R R
([%11& PDA | {4k PDB). A Focd 7E 58 S AL M
AR PDA Bige 3t ErgA KRAEOL, 4 AT
LA E &4 PDA B33k BA K 5 d IR DE(d=
0.9 cm) & T 0. 10 1 20 pmol/mL H,0, i PDA
Frge bt b, R, ¥ 1 R KRR R R RHE TR
Fsk, K 2d 5, #2E5 d BRIMERHE EE,
MEWHEILA, MG T WEKB SR L1
W22 TR Ji¥AE PDB Wik S5 L
120 r/min. 28 °C ¥R 5% 6 d By B2 ARG
TAEGHH 6 EEEAGT BRI . AR5k
PG REFRHEN 12 50 By LB R EE o
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A1 10 pmol/mL H,O, i) PDB }53:3&H, 28 °C,
120 r/min #7155, WA WSS 7 &k M5
B ftE Ol RIS, ORERT I A8 A9 LAAH ] 9 e
IR BB PDB i3, 28 °C,
120 r/min #RF K537 12 h, SRIF A H0, EAVRE
10 pmol/mL, ZAEAHESAMF TR, 5hia
BUDWURTEAIR, TEURAR 0 87 Byl T I s v A Ve
ko SRJEFAE ST ok ek A st i & AR YRk
FABRA VBT T —2 RNA $28, Illumina SC%
FEEF RNA-Seq ¥ . #A M H,0, 4k AT
A7 B2 BRAE XTI B AR AL AR 3 A
W
1.2 WFEEdENAEYE B Ea

XTI Py A e EA T B AR R, B e Raw
Data #7848, Z2B% Raw Data H BT 425 Al
JPiesk L P51 S AILTi i Clean Data, MIMZRTT
= it Clean Data, [A] i}, 1145 Clean Data i Q20
Q30. GC &= &FNHELE Ko BT it
KA i i ) Clean Data YEAT . F& 2 4%
F Trinity®V 48452 i, Trinity B0F 8 268 00 5
Reads FTWr A% 1 7 Br(K-mer), SRJ5H XL/
B A K 1 e B (Contig), I 3% 88 F BE
Z W ES, 53] B S (Component), fi/iF]
A De Bruijn KA 2 A1 ¥ Read {5 8., 7S
F BRGNS P4

SR A e B DA R 8Os FEEAT . Nr
(NCBI TR T41); Nt (NCBI HAETCARZIR)F
41); Pfam (FHFI%M); KOG/COG (35 115 H A [F]
TR BIEE); Swiss-Prot (— & A HEAF RN E
(2R (P SEE E) s KO (KEGG 43 A K% AR
WHEREIEE); GO (EEIhRgE BEdEE). H
RSEMPHR A 5 Rl ek K F-

1.3 EEZRRXMT. GO EHEM KEGG i##%
BELHT

X AR {1 Ho O A0 BRAE f B4 B TH 22 S 38
Mrokfl DESeq #F#EAT. 45K P {EHIYMHH]
Benjamini A1 Hochberg %5 7545 il 5 1R & LR I
PEATIRRE . PRSI P {E<0.05 RIBE DESeq i ik
IR IC 22 R IB R

253K HH GO HHE(gene ontology) & %43
BRI GOseq R # AL T, KEGGPE T fifk
MA ARG . YIRS RGNS
FINRERBAEGTIR, N TR ER, Fnle
1 5 R1 2 00 AR Al e 3 S R R 7 A Y R
P43 7B P8 4 (http://www.genome. jp/kegg/) H 7 i
FE. KEGG il Hh 22 57 RB BE R i ge i i 42 4y
Bk F KOBASP YA HEA T o 43 #1252 3R ik SE R A
Ht— 18 B 75 3 H PR (over-presentation) R oA 22
SEFRIRILINE Pathway &£ FIAEEN T
(enrichment factor)Z; 4T Pathway ) & EFEE , FH)
FI Fisher &M I ikt EEREE. HhE
TR AXANT B £ H F=(pathway )
25 5 RIBFLHBU PTG 2 7 K3k K 50/ (pathway
H ) T SE R BUKEGG A FA 1 R 8
1.4 BOEEE PCR M

T Bl RNA-Seq $dfa 2 5, PRik&s s
2 RIREEN, W HRIE AT TAHRXPO0E &
PCR 43#7 . 9¢65E it PCR U B FIFG 51191 T3k
ST, S 4% B AE T W B 04 )y R AE DO E
PCR 1Y MiniOpticon™ (BIO-RAD, Laboratories,
Inc. USA) RS H T O B FH 20.0 uL, 5
M RNA 2.0 pL, RNase-free H,O 4.4 pL, 1F[f] Fl5Z
M5 %7(10 mmol/L)# 1.3 pL, 2xone-step SYBR
mix 10.0 pL, PAJ RT-PCR Mix (One-step SYBR
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Real-time RT-PCR kit, Beijing BioTeke) 1.0 pL,
PCR W 44424 94 °C 15 s, 50 °C to 54 °C 15 s,
72 °C 1 min, 3t 40 MEFRIERAEAR IS S
45 s, R F I H B-actin (JQ965663)WE g P 2wl B 5t
, H5|¥1 M Actin-s il Actin-a, J¥51ILEE S1,
P S AT 3 RIS AR 2E T . BRI
FRRF 5 ST 274 A 5

2 ERFAM

2.1 SNEEAHHESEATH Focd HIHERKREE

H T FRAESMIE AL B 25T Focd TERMAR:
FHE FRAERED, 43504 0.8 cm (YEFAE B2
FRAY T DHEMF] 5 0.10.20 pmol/mL H,0, i) PDA
B AR 2 d R mE 1A, R, AF
H,0, ) PDA Kigfdt b, WamsahARKREZ,
TR T AR P 22 24 L ICTEHESY , T 10 pmol/mL
A1 20 umol/mL H,O, ] PDA }55R3E I, 22BN
B AR, AR, WA T SR 2
FERIETT HES . A i 2l 2 (B 1-B)R B KE 57
BE B HoOp MR BE By, TRIVE AR KBRS
2.2 RNA-Seq BIEHEN

N T AT FocA TEAME AR IIE 5508 T R FE A
FRAALHENL, FIF RNA-Seq £ R T H,0,
(10 umol/mL)4b B 5 h (1) Focd BF 4R B2 Btk 5K
Wb PR X IRRE S R ik 2 . BT 6 A
RNA FEff, A3 AR BEFE L Y 3 AR 2E T R
H,0, (10 pmol/mL)AbEE 5 h #E 5L Y 3 AN Y)2# 1
S KX BEAE LY 3 A W H A Y RNA MR 42
Jo e A U4 ) A LR G iEA T Nlumin 05, I
W ¥ 4“5 (sequence ID) 44 A TOS. 3/~ H,0, b PR
R 8 R ) 1 A I Y 2 5 43 il 444 TO6
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TO7 F1 TO8. M5 3k FH UG Kt 23.4 Gb, Kt
BRI S 5 NCBI Pt SRA Bffi i, AR50k
FEESES N SRP155580, L P k42 il (2%
Brik el . KRR RPN Z e, 153
20.22 Gb Clean Data, H X B #E M Clean
Reads 77 20185815 4%, H,O, AbFIAE LY 3 4~
29 5 1°F- 44 Clean Reads i 20034203 45(£ 1),
FHFEN Q30 THIE H 43 LI A/NT 85.86%. #4545 HE
i #Y Clean Data 55 20 2%45 31| 1 Transcript 5§ Unigene
JESEATIFAIELRT, XSRS 3 1. Hor, %
HEFE S, L XF 2 Transcript 5%, Unigene fJ Mapped
Reads &7 18859126, Mapped Ratio & 93.43%.
H0, AFERE LY 3 AN EY)FE S #Y-F-14 Mapped
Reads “& 18701841, Mapped Ratio "4 93.35%,

23 ERFREEER GO hEEEED T

FEA I, AT M FDR<0.001 Al
log2ratio FZEXHH =1 fE N AW RS A4 25 5%
IS AE o AR X AR, £ Hy0, (10 pmol/mL)
Qb BA: i AT R i 2 8] SIL A E T 794 225
FRHEA HAp 496 NEEEFE Hy0, (10 pmol/mL)
ARPE 5 hJE A E BE, R, 298 AR R
KR o HoO, Ak FHRE i FIXS HRAE b 2 1) 5 5] 22
SR BMIE AN 2, 1AL, GO Hifgar Ik
78 T X2 DEGs 7E/MEE AL (H,0,) T Y
BTETRE. 45 R IR 315 4 DEGs #4323 44 4>
D 8E (functional groups)Z, J&F 3 ~FEAT GO
IHREIX . AW~ F (biological processes) 15,
0 Jifd 4H 43 (cellular components) 15, 43 F I GE
(molecular functions) 14, A8 A (Metabolic
process). ZMEER 3 (cell part) FHEALIE 1 (catalytic
activity) 73l /& 3 4~ GO /K h i 2 e
AR AEX B HE Y, 5 QI B2 (metabolic
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Figure 1. Hyphae, colonies morphology and growth curves of B2 strain under exogenous oxidative stress. A: The
observation of hyphae and colonies morphology of B2 strain grown on PDA medium with 0, 10, 20 umol/mL H,0,
(scale bar=20 um); B: Growth curves of B2 strain on PDA medium with 0, 10, 20 pmol/mL H,O,.

#F 1. Foc4 [ 3 SNREALABE(H,0,) BN F BRI St =

Table 1. Sequencing data assessment statistics table in response to exogenous oxidative stress (H,O,) in Foc4

Sequencing samples Clean reads Base number  GC content/% %=Q30 Mapped reads Mapped ratio/%
Control sample 20185815 5082289060 52.77 86.06 18859126 93.43
Treatment sample (H,0,) 20034203 5044305842 52.74 85.86 18701841 93.35

http://journals.im.ac.cn/actamicrocn
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MA plot

50

log, (FC)

*Significant
- up regulated: 496
down regulated: 298
- unchange: 10310

0 5 10
log, (FPKM)

B 2. EFFREEE MA E
Figure 2. MA plot of differentially expressed genes.
Each point in MA plot represents a gene. The abscissa
are A value: log, (FPKM), that is the numeric value of
the mean value of the difference of gene expression
between control and treatment samples; the ordinate is
the M value: log, (FC), that is the numeric value of the
fold changes of the difference of gene expression
between control and treatment samples, which is used
to measure the difference of the gene expression. The
green represent that the gene is down-regulated, the red
represents that the gene is up-regulated, and the black
significant

dots represent genes that have no

differences.

B
process) . 4= ¥ ¥E (biological regulation) , Hll 3 W
i Ak 15 P (catalytic
activity) . 454 (binding) . ¥ iz
5 AL TG M (antioxidant activity)AH 5
ZE SRR A B E . GO ThRENE
B RIERTE Focd W, ZDAEW)2 8 R 2 H
S FIEES T AME A A B R

processes) . T (single-organism

% (response to stimulus) .

1% % (transporter

activity) .
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24 ZRFHREFMN KEGG BREEMIESE
AV ol Tt 52 AH 2 B A T B

N T 2 VA 22 S AR B RAE W X R
feipia R i shee, 6 KEGG BdlalEitt4T 1

BT . G RRW YA A AL A (RS 1%
RN Z 5, 20 0 R e S 2 T A IR R
IRBEAEL, AHRE R AT AR AR Y A R R
T 141 1> DEGs #0452 51 50 A [ i A %
FLAE Z A O IR AR B AR DG B AL B, A
B-THN iR {1} 1 [ (B-alanine metabolism), 2&iH %
N 2R A4 & 12 (carotenoid biosynthesis), 1%
P& (peroxisome), 75 Bt H KA (glutathione
metabolism), &/ M2 f# (fatty acid degradation),
N BT ZE 18 T.(protein processing in
endoplasmic reticulum). {HJ& KRS BT S 45
PPz B R AR e A . Hrh b kS 546 &
P15 18 R 3 A R A N 1 2% A 2 B 1R A 06 ) s
PN, AR . 5L A R 5 s R I
(Valine, leucine and isoleucine degradation), %=

R A (Tyrosine metabolism), 78PN 24 BR 1T}

(Phenylalanine metabolism), €0 %1t
(Tryptophan metabolism), % BR Fl a5 FF fif

(Lysine biosynthesis, Lysine degradation), 2/ .
24 A FR AN 77 2 R 1L (Glycine, serine and threonine
metabolism), NZMR . K[ EBRAA Z RIS
(Alanine,
QAR . e AR S 2 R Y& il (Valine, leucine
bk z R A 2 R A
#(Cysteine and methionine metabolism)%5(F 2).
W % i A A A el 48U A0 P38 5 R R AR R i

aspartate and glutamate metabolism), il

and isoleucine biosynthesis),
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B R Y AL HE TN R PR A (pyruvate metabolism) ., -
PR AT (a-linolenic acid metabolism), Z &R
R ER L1 (glyoxylate and dicarboxylate
metabolism) . WHEZ MR/ B F 4 (glycolysis/
gluconeogenesis) . 2-Fk 334 FR {14} (2-oxocarboxylic
acid metabolism). T iHEIE IS (glycerophospholipid
metabolism) . HiHER{iH (glycerolipid metabolism),

Z R MG A 494 i (pantothenate and CoA

biosynthesis). A5l Ll (fatty acid metabolism)
(K 3).
2.5 qRT-PCR RiFEFE X
H T B UE RNA-Seq SEgR 25 L, vEHE 17 HH 12
ANHE AT qRT-PCR 708, A4 9 ik B
T, 5000 3 AR RK S BRI
H RNA-Seq )74 /4 8 (119 GenBank 5%
S4B ¢5762/EXL96709.1., ¢6215/EMT69530.1

F 2. @EBRNGHRIEE KEGG E& 40
Table 2. KEGG enrichment analysis of metabolism pathways of amino acids
Pathway DEGs P-value Corrected Gene sequence ID
number P-value Up regulated Down regulated
Valine, leucine and 12 3.61055¢-08 1.80527e-06 ¢10302; c10303; c10889; c10899; c1124; c12071; —
isoleucine degradation ¢3079 ; ¢3533; ¢3879; c4098; ¢7729; c9607
Tyrosine metabolism 14 2.68431e-07 1.34215e-05 cl10654; c11321; ¢11480; ¢1230; c¢12311;c4711;¢2010
¢12390; c12838; ¢1978; ¢3246; c5059; ¢5096;
c5958
B-Alanine metabolism 9 1.40783e-05 0.00071 c10302; ¢10303; ¢11480; ¢12390; ¢5059; c1002
¢5096; c7729; c9607
Phenylalanine 9 0.00010 0.00504 cl10126; ¢10654; c11480; c12390; c12838; —
metabolism ¢3246; ¢5059; ¢5096; c8251
Tryptophan metabolism 7 0.00617 0.03873 c10654; c12838; c1575; c3843; ¢8251; ¢8420; —
c9607
Lysine biosynthesis 2 0.16057 1 c10654; c12838 -
Lysine degradation 2 0.31229 1 c1230; 9607 -
Glycine, serine and 4 0.19545 0.02359 c11073; c11480; ¢12390; ¢5096 -
threonine metabolism
Histidine metabolism 2 0.17689 0.04988 ¢5059; c9607 -
Valine, leucine and 3 0.10934 0.03364 cl124; ¢3533; c7306
isoleucine biosynthesis
Cysteine and methionine 3 0.34408 1 c10654; c12838; ¢3936 -
metabolism
Arginine and  proline 4 0.37869 1 c13369; c9607 c6764; c1002
metabolism
Protein  processing in 5 0.24762 1 ¢c3364; c5105; ¢7199; ¢7205; ¢9295 -
endoplasmic reticulum
Phenylalanine, tyrosine 2 0.36268 1 c10654; c12838 -
and tryptophan
biosynthesis
Biosynthesis of amino 6 0.62914 1 c10654; c11073; c1124; c12838; ¢3533 ¢7306
acids
Alanine, aspartate and 5 0.05330 1 c1230; c7729 c6764; c2295;
glutamate metabolism c6074

@

P-value is retained to 5 bits after the decimal point.

means nothing.

http://journals.im.ac.cn/actamicrocn
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% 3. BEERFEXBIRE KEGG E& 5

Table 3. KEGG enrichment analysisof energy metabolism related pathways

Pathway DEGs Povalue Corrected Gene sequence ID
number P-value  Up regulated Down regulated

alpha-Linolenic acid metabolism 3 0.00273 0.13633 ¢12382; ¢c2272; c4982 -
Arachidonic acid metabolism 2 0.01843 0.92081 ¢2272; c4982 -
Glyoxylate and dicarboxylate 5 0.01860 0.93014 ¢11073; c1575; c3843; c10094
metabolism c8420
Pyruvate metabolism 2 0.64682 1 c2842; c9607 -
Glycolysis/Gluconeogenesis 3 0.50285 1 ¢5059; 9607 c4711
Inositol phosphate metabolism 2 0.27825 1 ¢10302; c10303 -
2-Oxocarboxylic acid metabolism 5 0.08196 1 c10654; c1124; ¢12838; ¢3533 c7306
Starch and sucrose metabolism 2 0.88139 1 c10914; c87410 -
Nicotinate and nicotinamide metabolism 2 0.17689 1 c11240; c4299 -
Biosynthesis of unsaturated fatty acids 3 0.03817 1 c12382 c11429; ¢c3949
Carbon metabolism 5 0.68379 1 ¢10302; ¢c10303; c11073 c10094; c4711
Propanoate metabolism 3 0.09071 1 ¢10302; ¢c10303; ¢7729 -
Fatty acid biosynthesis 2 0.12892 1 c11999 cl1429
Fatty acid metabolism 4 0.07591 1 c11999; c12382 c11429; c3949
Amino sugar and nucleotide sugar metabolism 3 0.47949 1 - c12142; c1905; c7284
Pantothenate and CoA biosynthesis 3 0.09984 1 cl124; ¢3533 c7306
Ether lipid metabolism 2 0.19345 1 c2272; c4982 -
Glycerophospholipid metabolism 3 0.33146 1 c2272; c4982 c7136
Fatty acid degradation 4 0.07591 1 c11999; c12382; c9607 c4711
Butanoate metabolism 2 0.27825 1 c1230; ¢7729 -
Glycerolipid metabolism 3 0.11916 1 c4982; c9607 c5851

P-value is retained to 5 bits after the decimal point.

@

means nothing.

1 c9910/EMT62696.15 2 it Ak AUl 4 i JE K]
c1575/AFH74421.1 H1 c8420/AFH74418.1; 3 M
SEHF R c12019/EMT67964.1, c744/
EMT69978.1. c1898/EXM02846.1; 1 VA s
1 c6716/EMT74020.1, tHpEHLIEEECT 3 NEE AL
38 S RIR A W W AR, B —A
AMP 255 B4R 3EH ¢c1001/EMT63995.1, 1 M&
W 5 5 00 R partT 4w 5 25 13946/
EXMO07552.1 F1 1 4> a-D-AHBEF 4 5L K A i 2
T IER ¢5104/EXMO08950.1, qRT-PCR B iE45 R4
Bl 3w, XL 12 5 RIBE LS RNA-Seq
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12 - m Control
2 OH,0, treatment
© 10+
5
&8
Q
§ 6
o 4
2
=2
]
e
0 06%15 09?10 01?75 c84|12 c12|019 c7|44 clif9 06716 cl(l)Ol cl3|946 05}04
Gene sequence 1D
3. MHRERFTIEEER qRT-PCR WIES 7
Figure 3. QRT-PCR verification analysis of partial
differentially expressed genes. The abscissa is

sequence ID, and the ordinate is the numeric value of
the fold changes of relative transcript levels.
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3 ik

TELEWIARN, S ALIME Ui A ROS 1Y)
TR RE AL A LA 23 1 DNA . 8 BRI i,
A 5 AR A AR IR M A0 DU RE=T. ROS X EE 11 5T
SR AT T S BRSO 2 EIR R AR U, iR
HERTAL, I RON B T kA H e
B UK A 04 Ty SR Y 5 5 AR0 A W38 XoF g B 1) 52 i)
FHERNTES 5k A AL RN AR R B b BRI o
AL AL WX DNA B4 R BAES |
DNA B4k | 2848 FH A 3o i) i AL RN 2T FEAl
Y159 D TR A A A v, o i A g A
ZFhig kR & ROS WfEEdLll . BT, T Focd
TEREDR KK b0 NI A A 30 17 2 B AL 4T
IRANERE . DG, ABFFEH Ho O B4l Focd AfR
T FE VAR T A 8 08 ) s AR AL B PR, X Foc4 B
AR B2 TR XS M IR A A B 23T B DA
SRA K B AT T AT . G R R rA
Unigene H1, 2y 7%M3EH S5 T R0 A A0 e /Y
KA A, G R . 2R RN
. SHUE A A AU AR A | B/ B
G RFERE SRR b, Focd 4 A b Xt /1 i
SEACIE , A AL

RNA-Seq il sl P45 R8s, 8 T 7E5RE 1k
BRI NAAE, AT EAE T R

TG, KA sh RSN R A A e i R R
S TAEMENESS . 5 DNA $UGIE EAHSCH 21 3 A
FIRKME B, AR R IR RO S 2R 5 il
(poly [ADP-ribose] polymerase, PARP). JRMENER
WHAZ TR AL i (uracil-DNA glycosylase, UNG), H
Tk Jiig % g -DNA 4 JE Ak i (formamidopyrimidine-
DNA glycosylase, FPG). ATP {f&i#it4 DNA fi# e
fiff I1 V. & 1 (ATP-dependent DNA helicase II subunit

1). AP NVIEF 2 (AP endonuclease 2, APE2)F
Nudix 7K f# B 25 1 (Nudix hydrolase protein)(5% 4).
Horr, PARP 4 - 24 A& id i {5 5 5 S AL A
IR A SRS 5 1 5% DNA W% (SSB)
IE I S BT AR A AT 2 5 SSB 855 UNG
Tt N DNA  Hp 22 ] B DR 2 S0 T0 PR 5 3it ol i s
W i S LT L JR M RER) s FPG J&— Rl SE bIBR
152 1, REPUN AT R KA A2 40 DNA FR i S L IR
WSRO APE2 2 —Fh 2 5 DNA DI BR &5 i
B SR kB3 P PRk e Y AR I AN
FaE AL PE 254 T, DNA 220, gk it
Ja8h T DNA #if e ZHL

Fok, AR AR RIE U, s R Y
ROS FH7EsR AL MA PG A AP ot . dififA:
KW EReat, FralE e iia 6T o i poxt
IR R, TS U 2 IR AE Y
IR EHAE S Z R, [FNF, HTBEE MY 6E
ORI, Et, 20 SR A AR
BRE T Z R, JFTEIRETIA S5 0F T 4E5FRE
B, AT HRFE LS HL0, b FRRE 5L HA, 3
R BEAEZ AR AYhE i 2R TAE
SRZES, BN, WEEERE RS R, PR R R
(pyruvate decarboxylase, c10832)%hH 3k [H R iK™
W FiE, L-FLERMM A [L-lactate dehydrogenase
(cytochrome), 11dD, c2842]FI(NAD-+)fK#fi %I 7, 1
Hﬁé’ﬁﬁ@(aldehyde dehydrogenase, ALDH, ¢9607)
FRIR¥IBE B, Bk ALDH A FIHZ 4k,
(NADP-+) AL 218 3 S (c5059) b B 2 |
P TR, NERRR I SR S AR 2 D E A
NERPER N S Elo MVJE(pyruvate dehydrogenase
El o subunit, c4098)F1 S fi¥-MR%: £ BEILAEL
/1 E2 (dihydrolipoyllysine-residue acetyltransferase

component of pyruvate dehydrogenase complex,
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& 4. Focd RNFTS

NRE LB (H,0,) X I FRIE EREFE SR

Table 4. Up-regulated genes in response to exogenous oxidative stress (H,0,) in Foc4

Gene type in response to

Sequence ID/

1og2FC/(T 6_7

oxidative stress Description GenBank ID _8/TS)
Zinc finger transcription (Zn2Cys6) type Zinc finger c4874/EXM04956.1 +3.712855
factor - c5794/EXM10726.1 +2.081330
—— c13226/EXL98129.1 +1.620499
- c13095/EXM08512.1 +1.917104
-—— c5015/EMT62765.1 +1.640161
- c744/EMT69978.1 +1.520620
—— c12128/EMT70882.1 +1.312950
(Zn2Cys6) type Zinc finger/activator of stress protein ~ ¢4169/ +1.289634
C2H2 type Zinc finger/homebox protein c12019/EMT67964.1 +2.383335
C2H2 type Zinc finger c4323/EMT67266.1 +3.147961
C3HC4 type Zinc finger c2600/EMT74449.1 +1.913637
GATA zinc finger c11031/EMT66090.1 +1.038733
ZPR1 zinc-finger cl11258/EMT69587.1 +1.683298
AN1-like Zinc finger c8624/— +1.088912
poly [ADP-ribose] polymerase €9323/- +2.668276
The enzymes related to uracil-DNA glycosylase c8140/EXM07262.1 +1.310567
recombination and formamidopyrimidine-DNA glycosylase c10809/EMT61532.1 +1.025043
repair ATP-dependent DNA helicase II subunit 1 c1973/EXM09424.1 +1.141737
AP endonuclease 2 c11203/EX1.94289.1 +1.555148
Nudix hydrolase protein/DNA binding c11436/EXL95516.1 +1.268459
30 kDa heat shock protein cl11786/EMT69825.1 +1.135821
Heat shock protein Hsp90 protein/molecular chaperone HtpG c6716/EMT74020.1 +4.983781
Molecular chaperone DnaK (Hsp70) c7205/— +1.664211
Heat shock protein hsp98 c7199/— +1.157735
Heat shock protein stil like protein c6922/EMT70246.1 +1.136453
DIJ-1/Pfpl family /chaperone protein HSP31 c3779/MG742356 +1.047286
Glutathione -S transferase c4943/— +1.123718
The enzymes related to —— ¢5762/EX1.96709.1 +2.935593
glutathione metabolism -—— c12291/EXM68889.1 +2.389664
Glutathione -S transferase 1 c8523/- +1.827036
Glutathione S-transferase P 10 c9910/EMT62696.1 +2.295640
Catalase-peroxidase c6215/EMT69530.1 +3.737162
Peroxidase and catalase Catalase C c8251/EXL97916.1 +1.716078
Catalase P2/peroxisomal c3843/AFH74419.1 +1.329390
Catalase-1/Catalase A c1575/AFH74421.1 +1.049066
Thioredoxin reductase c8420/AFH74418.1 +2.223337
Thioredoxin and thioredoxin Thioredoxin-1/TRX family c4051/EMT72863.1 +1.958119
reductase c1726/EXL97718.1 +1.100786

<

«__

‘— =" means the same description as above; means that the sequence is not submitted to GenBank.

c3079) 4 At 1 X F At A B o XA~ g 45 AR
RUPBERE YN IR S 5 TCA TR AL RE B iR
Jmsi .

7oh, TERRWIRIE A, B E A

FERAENRIE CoA A RIS IE ACSL (c11999)
FIBE S A A LIRS R ACO (c12382), X
2 BT AR I8 25T IR ERA KR R 5
SRS E ALY A 2.4- TGS A O DR
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(peroximal 2,4-dienoyl-CoA reductase)ft) pDCR
S Svl EJE 5T OV P = [ o= = 1 P AV
oA IR A ®E CoA. ACSL REFE ATP,
CoASH, Mg* 25T, Hid S LWl k i K i
iR HE TG AT R TBE CoA FF 45 FHRIWIER HE A B-&
KB ACO Tz AEEF 2R EMIAT, 582
HRIIR B-*E AR —B I, JENRIIER B4 b
PRGN, 7RS0T, X 2 DR EIK
FRIX KIS K GENRITR B-A )™ AR AR A Iy
VERR, I o 4t i AE R AR AR e 605 1Y) R o A e ) A
). HTTEAMFRR IR p-Afbizteh, o
SAALYIBEIAR 2,4- IGTHRAETRE A 6 e 2 ML
JNE ) Rl W s 7E AR B 25, AN
NRITRR Y P-4k 32 B BRI

1102 I ESTE O ST N 0 G = i STE R S G
T, REEEIER A5G BUNsR . Al RE= L
TIRESEC (1) N EEER SR 7 Sk
38 Z [RIARAFAERIRC &R, 140, Harding 5
G T A elF20 WHEBRBR bR 39 1h ATF4 4
FILRA WA RN A N, B AR R R BT e
JREE W6 AR 7 8 A2 B 2 BETR , DR At e 2
AALHA I ERY S Lupo ZMIRFFR AR, BLZ Tyrl
R TR (G B s 24 R A= ) 5 b 8 B T 22— ) ) TR
T T B 28 8 MR S A0 38 USRI A T 2 R
2 5P R R S 2 AL a5 (2) A
if A TR G B S A A ) 1 R R R )
B, AR 7S 2 B b AR s i,
Db R S A D H R A A4, TS R AR R
MR 45 SRR SRt 2 21 AT e T ki
HEEORL, (3) R E S RAEREL. B,
A B R LB T PR LB A A AR R A =
BLIEOL, JF & BUA PR 5 810 e A O i HCGH&

RNA-Seq 3 s 5 245 48 7 7E S MR A2 A b o
(10 pmol/mL H,O00) %M, Focd B2 WKL
800 JL[H KA T 225Kk, Hob 39 A ik st ¥
MR EEIA , f4E 24 FRIE BIE L 15 DRIBTREM
ek Fomt BL K, AR, HphRE N
Zn(2)-Cys(6) I BHE & L s F -, o 9 A i
10 4~ F i, Zn(2)-Cys(6)BIEEHE 8 11 4% s IR FAEE
TR 2 B R A 2 R BB 5 42 e . Lu SR 7EK
FEREIE SN 18l (Magnaporthe oryzae) T2 E T 104 4~
Zn(2)-Cys(6)BUFHR E A A+, KW ENTKZ
EKFERDEMR AR KT . 7 ORI E K
FomtEA SPT, HoAth F AR BER R (1 FE SR R
fHG C2H2 %Y, C3H4 %I, ZPR1. GATA FZf)
AN1 BHEH (3R 4). X E R FIR A 7
TARES S T A A ME 2 5 A8 b 2 R 3 i
B R IR

W EA YR, WRRARUA, REILT A R
Al h & R A L as . 2 SIRNIR I D-Z SR
1 A . PUAE R G HoO, BRI AR et
BRAGACIESE . T A g A rp 5 o A &
it FR A AL P 0E7 L B (SOD) , ZE AR 3 41 S %25% ROS
L0 Iy R EEEN . TEASE D, 7E H0,
WIET, Focd MRt E AL YRR A 7 D JE
2R FIRFER S E, Hrb, 3 M E
FALEIEEN (R 4), BITELEESS H0, 1
WA LAREAR AL N Ho0, 197KSF-. Ak 4 > DEGs
FA 3NS5 KRNI p- AL AL ik H iR .
AN, A 1 AR R B S ALY R 1 4
b & -3t A AL P (c8251/EXL97916.1), HE Al &E
WS 5T H0, IS
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Br 7 ESHERIALE], A T d A
ZHAbR AL, BN, T ERIRADEH AR S
Rl C WOE WA B T i S A Ea e N 2
FOEREE A Y, FEABISH, AT 5 D4k
K S Fe B migdm i 3L R MR EHGER 4). Heoh, ¥
R N 3R AR5 G S TR PR A 2 3 o H 3
TE W, BAEgmEEML R B Ik
(lycopene P-cyclase, LCYB, c10640)f* AL2. %
fith \ & 75 il 21 % I %0 i (phytoene  desaturase) [
AL1 1025475 AU 4 i (torulene dioxygenase)[¥)
CarT, o, FWAZLR B-IMEBEERIE P RG
SRR P BN, TERALLR B-FMEEERY AL
T, WAL ARG AL B-IE A A
LR AR RIS DR G R R
MR, B2 5/ \VAFMLLRL LN
AEOEYNE PR, KPE PRI VEFILTIGER
B, EMEMYHALOCE AL E R BTA S,
B TAE ORI R, 75— EE A
MRERREMIE X BTG B, A 20k
(Haematococcus pluvialis) 4L 1E A LA 54T,
FAEE N R A SRR B A
W (Azospirillum brasilense)\V) &1 52 53 25 R 41 il 5E
PR Z RS EA N BRI R R R T AR
WSRO AN, AT UE SR I AL 5 ST
AR, X —ad R rpal 4 200 AL EAY
MR, K Z B W ROE . AR
MAESMEAEALIIB ST, Focd Btk , A 54
T i Sl G R 5 R (ALDHY & A T A R X i
Br T 0 A B2 F A (NAD+) MK B PE 2 B S
(c9607) Fl (NADP-+) 4 i 4 £, T Jii 2 i (c5059) 2
b, I AUEBE AR W M /N AD AR I R =
i 24 fih 2 ] (mitochondrial succinate-semialdehyde

actamicro@im.ac.cn

dehydrogenase) c1230/EMT66011.1; F E:pN AR
[ NS (methylmalonate-semialdehyde
dehydrogenase, ALDH SF) ¢c10302/EMT72566.1;
NAD & it 4 2 B I & B8 JE [ (Semialdehyde
dehydrogenase) c4396/EMT73882.1. il ALDH %t
A 0 S I ST A 1 NAD(P) AR B g ] LA B
DA TSP R A T L2 9 DA A LA A 1 v Y AR
Ak /35 B i MY TkurohOhsawa %5 3R 18 2 I £k
R TEIE M 2 (ALDH-2)[ B ez — w2t hi e Ak
it WE A 5 — R E S S BN
HIRZIR(HEE R BS)AY— D AR H 44
FIEAT CoA LEYIA ™. X sE ik b Ay
It Sl L Kl (ALDH) ] BEiE i bR i AR (e k4
5 SR AR R T

BEAh, B 4R K 1 (thioredoxin) A 424 2K
I8 J5 iff (thioredoxin reductase)td 2 4 fifd P B 1
PUAALH , B HE (- 1(Trx-DFE A 4RI N &
P B0 PR A 1 T 0 i A S, AR XA
MR AL M IE | YRR A0 I R AR B R
LR iR A S A S 1(Trl) 4
() —Fh 2R AL B, A AR IR Y B AL EE
M EALIER JFOR S o 22 LRIk TR B, TEA
W a7 A S L Sl N =0 7 - R B
(c4051/EMT72863.1) H HM#H & ik EH
(c1726/EXL97718.1) (5% 4)4mtd KL R 2 ik ¥4 K iR
ol IV i 27 e - S R = g B B Y S o
5T FocA Bt AMEAAALIA . HAh , R 0 2 1 (heat
shock protein, HSPs){fh—2H 2 5 401 % FR 355
SR LIRE dNi Il S VDI 9 /I (T 28 4 B ]
SFAFCmBA | AU AR T, Rk
S oN /) RN 22T A% (YN 4 & Dl
R B R E M A SO T AR 0,



FERAEAE | UAEIAEAR, 2019, 59(5) 903
YL R 431148 HSP33 AE7E T PN 5t 9 i I tR 25 44 mildew resistance? Planta, 2003, 216(6): 891-902.
iR M7 [6] Orozco-Cardenas ML, Narvaez-Vasquez J, Ryan CA.
SR R RNt SER T -4 = Wiy [| M T DR T q Y
ﬁ?ﬁj}éfﬂﬂﬂ{ %WC TEEEIF%E’J%EA El [45] . HSPs Tj—:ﬂj] Hydrogen peroxide acts as a second messenger for the
ﬁ ) v

RSB BGPTSR AL B Cn e S Ak
PRRESE)IE M, SEom A0 M Bt A HiSERE 1 . HSP70,
HSPO 7EEH ¥z . WMERZIRES . MG TR
T AE S D R FEAE . TR ATT A 5 EcdE 2 B

TEAMEAAIA 25T 6 D ant IR TE a8 AL
K Z 7RI, UFE hsp98(c6922/EMT70246.1)

hsp90(c7205). hsp70(c7199). hsp31(c4943)F1 hsp

stil(c3779/MG742356), X L& % Bl 5 H ALY Fl b 4w

B FAPR v 2 R DR A PRI 38 T i IR BT ST 45
RIE—HWGEE 4. &K LRk, 1R biha
LT AAFE, Focd A ML NALTE EAE I X A AL BiE
5 S 1 R AR AE A A P B A A E B A
A AR LA R RS A AL A A

Z % XM

[11 Qi XZ, Guo LJ, Yang LY, Huang JS. Foatfl, a bZIP

transcription factor of Fusarium oxysporum f. sp. cubense, is
involved in pathogenesis by regulating the oxidative stress
responses of Cavendish banana (Musa spp.). Physiological
and Molecular Plant Pathology, 2013, 84: 76-85.

[2] Chung KR. Stress response and pathogenicity of the

necrotrophic  fungal pathogen Alternaria  alternata.

Scientifica, 2012, 2012: 635431.

[3] Lamb C, Dixon RA. The oxidative burst in plant disease
resistance. Annual Review of Plant Physiology and Plant
Molecular Biology, 1997, 48: 251-275.

[4] de Gara L, de Pinto MC, Tommasi F. The antioxidant

systems vis-a-vis reactive oxygen species during

plant—pathogen interaction.  Plant  Physiology  and

Biochemistry, 2003, 41(10): 863—-870.
[5] Hickelhoven R, Kogel KH. Reactive oxygen intermediates

in plant-microbe interactions: Who is who in powdery

(9]

[10]

(11]

[12]

[13]

induction of defense genes in tomato plants in response to
wounding, systemin, and methyl jasmonate. The Plant Cell,
2001, 13(1): 179-191.

Wagner AM. A role for active oxygen species as second
messengers in the induction of alternative oxidase gene
expression in Petunia hybrida cells. FEBS Letters, 1995,
368(2): 339-342.

Nafie E, Hathout T, Mokadem AS Al. Jasmonic acid elicits
oxidative defense and detoxification systems in Cucumis
melo L. cells. Brazilian Journal of Plant Physiology, 2011,
23(2): 161-174.

Peroni LA, Ferreira RR, Figueira A, Machado MA,
Stach-Machado DR. Expression profile of oxidative and
antioxidative stress enzymes based on ESTs approach of
citrus. Genetics and Molecular Biology, 2007, 30(3):
872-880.

Ahammed GJ, Yuan HL, Ogweno JO, Zhou YH, Xia XJ,
Mao WH, Shi K, Yu JQ. Brassinosteroid alleviates
phenanthrene and pyrene phytotoxicity by increasing
detoxification activity and photosynthesis in tomato.
Chemosphere, 2012, 86(5): 546-555.

Gupta AS, Heinen JL, Holaday AS, Burke JJ, Allen RD.
Increased resistance to oxidative stress in transgenic plants
that overexpress chloroplastic Cu/Zn superoxide dismutase.
Proceedings of the National Academy of Sciences of the
United States of America, 1993, 90(4): 1629-1633.

Yoshioka H, Numata N, Nakajima K, Katou S, Kawakita K,
Rowland Q, Jones JDG, Doke N. Nicotiana benthamiana gp91"™
Homologs NbrbohA and NbrbohB participate in HyO,
accumulation and resistance to Phytophthora infestans. Plant Cell,
2003, 15(3): 706-718.

Guo M, Chen Y, Du Y, Dong Y H, Guo W, Zhai S, Zhang HF,
Dong SM, Zhang ZG, Wang YC, Wang P, Zheng XB. The
bZIP transcription factor MoAPl mediates the oxidative
stress response and is critical for pathogenicity of the rice
blast fungus Magnaporthe oryzae. PLoS Pathogens, 2011,

7(2): €1001302.

http://journals.im.ac.cn/actamicrocn



904

Xingzhu Qi et al. | Acta Microbiologica Sinica, 2019, 59(5)

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Kavitha S, Chandra TS. Oxidative stress protection and
glutathione metabolism in response to hydrogen peroxide
and menadione in riboflavinogenic fungus Ashbya gossypii.
Applied Biochemistry and Biotechnology, 2014, 174(6):
2307-2325.

Walther A, Wendland J. Yapl-dependent oxidative stress
response provides a link to riboflavin production in Ashbya
gossypii. Fungal Genetics and Biology, 2012, 49(9):
697-707.

Qian W, Jia YT, Ren SX, He YQ, Feng JX, Lu LF, Sun QH,
Ying G, Tang DJ, Tang H, Wu W, Hao P, Wang LF, Jiang
BL, Zeng SY, Gu WY, Lu G, Rong L, Tian YC, Yao ZJ, Fu
G, Chen BS, Fang RX, Qiang BQ, Chen Z, Zhao GP, Tang
JL, He CU. Comparative and functional genomic analyses of
the pathogenicity of phytopathogen Xanthomonas
campestris pv. campestris. Genome Research, 2005, 15(6):
757-767.

Wang ZX, Zhou XZ, Meng HM, Liu YJ, Zhou Q, Huang B.
Comparative transcriptomic analysis of the heat stress
response in the filamentous fungus Metarhizium anisopliae
using RNA-Seq. Applied Microbiology and Biotechnology,
2014, 98(12): 5589-5597.

Rokas A, Gibbons JG, Zhou XF, Beauvais A, Latgé JP. The
diverse applications of RNA-seq for functional genomic
studies in Aspergillus fumigatus. Annals of the New York
Academy of Sciences, 2012, 1273(1): 25-34.

Ries L, Pullan ST, Delmas S, Malla S, Blythe MJ, Archer DB.
Genome-wide transcriptional response of Trichoderma reesei to
lignocellulose using RNA sequencing and comparison with

Aspergillus niger. BMC Genomics, 2013, 14: 541.
Soanes DM, Chakrabarti A, Paszkiewicz KH, Dawe AL,

Talbot NJ. Genome-wide transcriptional profiling of
appressorium development by the rice blast fungus
Magnaporthe oryzae. PLoS Pathogens, 2012, 8(2):
¢1002514.

Grabherr MG, Haas BJ, Yassour M, Levin JZ, Thompson DA,
Amit I, Adiconis X, Fan L, Raychowdhury R, Zeng QD, Chen
ZH, Mauceli E, Hacohen N, Gnirke A, Rhind N, di Palma F,
Birren BW, Nusbaum C, Lindblad-Toh K, Friedman N,

Regev A. Full-length transcriptome assembly from RNA-Seq

actamicro@im.ac.cn

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

data without a reference genome. Nature Biotechnology,
2011, 29(7): 644—652.

Li B, Dewey CN. RSEM: accurate transcript quantification
from RNA-Seq data with or without a reference genome.
BMC Bioinformatics, 2011, 12: 323.

Young MD, Wakefield MJ, Smyth GK, Oshlack A. Gene
ontology analysis for RNA-seq: accounting for selection bias.
Genome Biology, 2010, 11(2): R14.

Kanehisa M, Araki M, Goto S, Hattori M, Hirakawa M, Itoh M,
Katayama T, Kawashima S, Okuda S, Tokimatsu T, Yamanishi
Y. KEGG for linking genomes to life and the environment.
Nucleic Acids Research, 2008, 36(S1): D480-D484.

Mao XZ, Cai T, Olyarchuk JG, Wei LP. Automated genome
annotation and pathway identification using the KEGG
Orthology (KO) as a controlled vocabulary. Bioinformatics,
2005, 21(19): 3787-3793.

Skamnioti P, Henderson C, Zhang ZG, Robinson Z, Gurr SJ.
A novel role for catalase B in the maintenance of fungal
cell-wall integrity during host invasion in the rice blast
fungus Magnaporthe grisea. Molecular Plant-Microbe
Interactions, 2007, 20(5): 568—580.

McKersie BD. Oxidative stress. http://www.plantstress.com/
articles/oxidative%20stress.htm. 2018-09-14.

Isabelle M, Moreel X, Gagné JP, Rouleau M, Ethier C,
Gagné P, Hendzel MJ, Poirier GG. Investigation of PARP-1,
PARP-2, and PARG interactomes by affinity-purification
mass spectrometry. Proteome Science, 2010, 8: 22.

Olsen LC, Aasland R, Wittwer CU, Krokan HE, Helland DE.
Molecular cloning of human uracil-DNA glycosylase, a
highly conserved DNA repair enzyme. The EMBO Journal,
1989, 8(10): 3121-3125.

Serre L, de Jésus KP, Boiteux S, Zelwer C, Castaing B.
Crystal structure of  the Lactococcus lactis
formamidopyrimidine-DNA glycosylase bound to an abasic
site analogue-containing DNA. The EMBO Journal, 2002,
21(12): 2854-2865.

Burkovics P, Szukacsov V, Unk I, Haracska L. Human Ape2
protein has a 3'-5" exonuclease activity that acts
preferentially on mismatched base pairs. Nucleic Acids

Research, 2006, 34(9): 2508-2515.



FEOHESE | IR, 2019, 59(5)

905

[32]

(33]

[34]

[35]

[36]

[37]

(38]

Ullah A, Chandrasekaran G, Brul S, Smits GJ. Yeast
adaptation to weak acids prevents futile energy expenditure.
Frontiers in Microbiology, 2013, 4: 142.

Coleman RA, Lewin TM, Muoio DM. Physiological and
nutritional regulation of enzymes of triacylglycerol
synthesis. Annual Review of Nutrition, 2000, 20: 77-103.
Harding HP, Zhang YH, Zeng H, Novoa I, Lu PD, Calfon M,
Sadri N, Yun C, Popko B, Paules R, Stojdl DF, Bell JC,
Hettmann T, Leiden JM, Ron D. An integrated stress
response regulates amino acid metabolism and resistance to
oxidative stress. Molecular Cell, 2003, 11(3): 619-633.
Lupo S, Aranda C, Olivera H, Riego L, Gonzalez A,
Miranda-Ham L, Servin L. Tyrosine is involved in

protection from oxidative stress in Saccharomyces

cerevisiae. Canadian Journal of Microbiology, 1997, 43(10):

963-970.

Fitzpatrick AM, Park Y, Brown LAS, Jones DP. Children
with severe asthma have unique oxidative stress-associated
metabolomic profiles. Journal of Allergy and Clinical
Immunology, 2014, 133(1): 258-261.e8.

Lu JP, Cao HJ, Zhang LL, Huang PY, Lin FC. Systematic
analysis of Zn,Cyse transcription factors required for
development and pathogenicity by High-throughput gene
knockout in the rice blast fungus. PLoS Pathogens, 2014,
10(10): e1004432.

Cummins I, Cole DJ, Edwards R. A role for glutathione
glutathione peroxidases in

transferases functioning as

resistance to multiple herbicides in black-grass. The Plant

[39]

[40]

[41]

[42]

(43]

[44]

(45]

Journal, 1999, 18(3): 285-292.

Kobayashi M, Kakizono T, Naga S. Enhanced carotenoid
biosynthesis by oxidative stress in acetate-induced cyst cells
of a green unicellular alga, Haematococcus pluvialis.
Applied Environmental Microbiology, 1993, 59(3): 867-873.
Hartmann A, Hurek T. Effect of carotenoid overproduction
on oxygen tolerance of nitrogen fixation in Azospirillum
brasilense Sp7. Microbiology, 1988, 134(9): 2449-2455.
Singh S, Brocker C, Koppaka V, Chen Y, Jackson BC,
Matsumoto A, Thompson DC, Vasiliou V. Aldehyde
dehydrogenases in cellular responses to oxidative/
electrophilicstress. Free Radical Biology and Medicine,
2013, 56: 89-101.

Ohsawa I, Nishimaki K, Yasuda C, Kamino K, Ohta S.
Deficiency in a mitochondrial aldehyde dehydrogenase
increases vulnerability to oxidative stress in PCI12 cells.
Journal of Neurochemistry, 2003, 84(5): 1110-1117.

White WH, Skatrud PL, Xue ZX, Toyn JH. Specialization of
function among aldehyde dehydrogenases: the ALD2 and
ALD3 genes are required for P-alanine biosynthesis in
Saccharomyces cerevisiae. Genetics, 2003, 163(1): 69-77.

El Golli-Bennour E, Bach H. Hsp70 expression as
biomarkers of oxidative stress: mycotoxins' exploration.
Toxicology, 2011, 287(1/3): 1-7.

Ilbert M, Horst J, Ahrens S, Winter J, Graf PCF, Lilie H,
Jakob U. The redox-switch domain of Hsp33 functions as

dual stress sensor. Nature Structural & Molecular Biology,

2007, 14(6): 556-563.

http://journals.im.ac.cn/actamicrocn



906 Xingzhu Qi et al. | Acta Microbiologica Sinica, 2019, 59(5)

RNA-Seq reveals changes of gene expression and cellular
metabolism caused by exogenous oxidative stress (H,0;) in Foc4

Xingzhu Qi'*’, Lei Liu®, Jun Wang®

"Key Laboratory of Tropic Biological Resources of Ministry of Education, Hainan University, Haikou 570228, Hainan
Province, China

2 College of Ocean, Hainan University, Haikou 570228, Hainan Province, China

* Institute of Environment and Plant Protection, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, Hainan
Province, China

Abstract: Fusarium oxysporum f. sp. cubense race 4 (Foc4), the strong virulent pathogen of Banana Fusarium Wilt,
must face to oxidative burst produced by the host in the early stage of infecting banana plants. [Objective] To study
the molecular mechanism how Foc4 responses exogenous oxidative stress, [Methods] RNA-Seq was done between
the wild type B2 strain of Foc4 treated by H,O, and the control using Illumina 2500 sequencing platform, and
differentially expression genes (DEGs) was analyzed. [Results] The growth of Foc4 was inhibited under exogenous
oxidative stress, and more than 20 million clean reads were obtained after RNA-Seq. Compared with the control, a
total of 496 genes were up-regulated and 298 genes were down-regulated, respectively, with FDA value<0.001 and
Fold Change (FC)=2 used as the selection criteria. Gene ontology (GO) functional enrichment analysis showed
that 429 genes were annotated in the GO functional analysis database. Many of them were related to metabolic
processes, biological regulation, cellular processes and response to stimuli. Kyoto encyclopedia of genes and genomes
(KEGG) pathway enrichment analysis showed that 141 DEGs were annotated in 50 metabolic pathways in KEGG.
These metabolic pathways mainly include the metabolic pathway of various amino acids and fatty acid. It also includes
metabolic pathways that are directly related to antioxidant stress, including damage repair of DNA, biosynthesis of
carotenoids, peroxisome and glutathione metabolism. [Conclusion] Material metabolism, energy metabolism and signal
regulation pathways directly dealing with oxidative stress must be changed in Foc4 cells to cope with environmental stress

and to survive in strong oxidative stress environment.

Keywords: Fusarium oxysporum f. sp. cubense race 4, oxidative stress, differential expression genes, cellular

metabolism
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