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Abstract: [Objective]lCDC2 is one of the main factors in cell cycle regulation, which plays an impor-
tant role in the growth and development of plant pathogens. However, there are few studies on the bio-
logical function of CDC?2 in Colletotrichum gloeosporioides. The purpose of this study was to obtain
and analyze the CgCDC2 RNAi mutants of Colletotrichum gloeosporioides and provide some informa-
tion about the function of CgCDC2.[Methods]1The CgCDC?2 gene was cloned by RT-PCR. RNA inter-
ference and the CgCDC2 RNAIi mutants were obtain by using PEG-mediated protoplast transformation
system. PCR amplification, agarose gel electrophoresis, along with qRT-PCR were used to determine
whether the transformant obtained were RNAi mutants. The biological phenotypes including colony
growth rate, spore yield and sensitivity to stress factors were tested to understand the phenotypic differ-
ences between mutants and wild-type strain. TMT-based proteomic analysis and enzyme activity assay
were performed in order to analyze the differential proteins in the mutants and the wild-type strain. The
pathogenicity of the mutants and the wild-type strain were determined by inoculating them on the man-
go. The diameter of the lesion was observed and measured every other day.[lResults]The CgCDC?2 gene

encoded a protein containing 326 amino acids. It was found that through sequence alignment analysis
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the protein sequence of CgCDC2 was highly conserved. Compared with other plant pathogenic fungi,
CgCDC2 was highly homologous. RNAi mutants were obtained by constructing RNAi expression vec-
tor and PEG-mediated protoplast transformation system. After the mutants and the wild-type strain inoc-
ulated on PDA and Czapek plates for several days, the colony growth rate of the mutants was found low-
er than that of the wild-type strain by observing and measuring the diameter of lesion. The collected co-
nidia were counted by the hemocytometer and it was found that the conidia yield of mutants significant-
ly decreased compared with the wild-type strain, it was about 1/8 of that of the wild-type strain. The sen-
sitivity test of the mutants and the wild type strain to stress factors showed that both of them were not in-
hibited on the medium containing 0.7 mol-mL"' NaCl or 100 ug-mL"' Congo Red. However, the growth
of the mutants was inhibited to varying degrees, while the growth of the wild-type strain was not inhibit-
ed on the medium containing 5 mmol - mL" H,O,. TMT-based proteomic analysis showed that 5 420 pro-
teins were identified both in the mutants and the wild-type strain. In pSilent-1: CgCDC2-1 vs WT, 86
significant differential proteins were identified, of which 47 were up-regulated and 39 were down-regu-
lated. In pSilent-1:CgCDC2-2 vs WT, 73 significant differential proteins were identified, of which 37
were up-regulated and 36 were down-regulated. GO enrichment analysis showed that in pSilent- 1:
CgCDC2-1 vs WT, the biological processes involved in differential proteins were mainly concentrated
in the carbohydrate metabolic process, the regulation of transcription from RNA polymerase III promot-
er, nucleosome assembly and amino acid transmembrane transport. The molecular function were mainly
concentrated in lyase activity, substrate-specific transmembrane transporter activity. The cellular compo-
nents were mainly concentrated in chromatin. In pSilent-1:CgCDC2-2 vs WT, the biological processes
involved in differential proteins were mainly concentrated in the aromatic amino acid family metabolic
process. The molecular functions were mainly concentrated on oxidoreductase activity, carbon-sulfur ly-
ase activity and antioxidant activity. The expression levels of PG and PL genes in the mutants the wild-
type strain were determined by qRT-PCR. The results showed that the expression levels of PG and PL
genes were significantly down-regulated in the mutants compared with the wild-type strain. The results
of enzyme activity assay showed that the enzyme activities of PG and PL in mutants were significantly
lower than those of the wild-type strain, which was consistent with the results of TMT-based proteomic
analysis. The result of pathogenicity test showed that after inoculating mango for 5 days, the diameter
of lesion caused by mutants was significantly smaller than that of the wild-type strain. This indicated
that the pathogenicity of the mutants was weakened.[Conclusion]Sequence alignment results showed
that the CgCDC2 protein was highly conserved. The biological phenotypic determination of the mu-
tants indicated that the CgCDC2 gene was involved in the regulation of the colony growth rate, conidia
yield, oxidative stress response, the expression levels of PG and PL genes, the expression levels of PG
and PL proteins and enzyme activities in Colletotrichum gloeosporioides, thereby reducing the pathoge-
nicity.

Key words: Mango; Colletotrichum gloeosporioides; CDC2; RNAi; TMT-based proteomic analysis;
Pathogenicity
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Myt/Cdc2 {5 5 188 i 15 40 i J& 3 45 i 72 GO/G 1, A
T A H460 40 A 22 73 % . Liu 57 70 K30,
X T 2R BB R A5 B D B R %8 B 24 CDC2 B
M, CDC2A 1 CDC2B J: Kl i 45 R K B, CDC2A4 F1
CDC2BTE'E FAEK M AN BT e iR H R
H CDC2A 1A= KA 1 2B 5 1) 4 &) 30 v 4% v R
PEAG W BURE 5 VR AR ), 3 1 B[] — ot 50 11 o 0T BB AT
EZ A CDC2 [RYESE R, B e Z M FI S REH T A
] o

Colletotrichum #& . Y [ 22 IR B B , # Molecu-
lar Plant Pathology V¥ Jy 73 1 #4095 B2 27 8T 72 H -+ K
P B 2 —, FZH T i B B BUmALEE 9 J5 A
595 2 2 Ta) ¥ AR HL A 55 D7 T 0 O, G0 S R
LR FH [R5 AL 0 A IR R IE T G R AR T
W4 K1 CgRGS2 J: PR3k A7 fd [ 1m0 b, 388 i % it
Bk S8 R I EL A PR 3R B 43 BT )5 B, CgRGS2
2 55 AR R I T 1B IR AR K A B S R 3K
WivESE 2 AN J7TH . Alkan 25538 1ot 6 i 7 95 I 1 5
Yo i STk RE AT e S A0 M, R SEFRSE R
FIASE b V8 7 40 35k K] ke 2 %of e A e L BT ) AR G , T A
FEAME TR B, AR AL, ORI P R
W o N T I A B AR JH B CgCDC2 BE R & 5 7E H 3K
g ok FE R AEAE T, 2235 B FH RNALH AR " PEG
G IR B TH B CgCDC2 FE R #E 47 DUER , Xt
BR TR A 1) A R 2 | 7 7 AN 3 BT 1 R
AT T« 32 F TMT (Tandem Mass Tag, 5
R bR B B A A SRR T YT R AR R
)2 R RIKE E , W 3T 7 8UR IR, 256 i
IIHT B A e N SE 3 TR SE R (W AE P T RE , IR
N T AR TR R JE 1 AN 2 2 2 TR B EAE ML S LR i
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1 AR

1.1 ##

111 Rtk bs R Ay A R I 1 B A4 A
WT A 171-1 Bk, B A By ol B2 B 8 55 5 il
VIR WF T2 B By S A S 2 08 IR AT . BX
i 1 5E BT A SRR R 157,

1.12 £&iX# E.ZN.M.™ Fungal RNA Kit(J
Omega) , PrimeScript™ Il 1st Strand ¢cDNA Synthe-
sis Kit(J#J B TaKaRa) , UltraSYBR Mixture (J H i
Atad), AR (DTT, W H Sigma) , filt 2.7

(IAA, &) H Sigma) , Jii 1% 2% Jik i ()& H Promega) ,
Bradford £ H & & i 7| & (4 H Bio-Rad) , TMT"®
Mass Tagging Kits and Reagents (JJ § Thermo) , Biff /i
PRI 5 ) & O 3 75 MBS 420D 5 5140 B Invitro-
gen A H) A i, F At A B = o A 4l
1.2 FRFERIEEE RNA B2 BUAN cDNA 5 —$#E /Y
=y

%8 E.ZN.M.™ Fungal RNA Kit i 7] £ i 9] 5
FEHUE RNA, {8 H 8 o & 58 41 4> 6 % FE 1 (Nano-
drop 2000C) il % & RNA ¥ & , | A PrimeScript™
IT 1st Strand cDNA Synthesis Kit 1277l & [ % 5 & ik
cDNA % , 10 {5 Fi e Jm fRA7 2
1.3 CgCDC2ERAWTIE

M F 3 TR B 4 5 TR 4L 1 v 3R 13 CDC2 Ccell
division control protein 2, & 3% 5 : EQB57285.1) [ &
H 7%, il Primer Premier 5.0 4 Be it b 514,
HAE 19542 CgCDC-F, % I 51 %) CgCDC-R (&
1. PLeDNA AR, ¥ #3545 CgCDC2 4 K HE ],
HL KA I, DB [ET WAL, 32 4% pMID19-T # ik , # AL )R
J¥ AT T DHS o J8% 52 25 40 i, Pk 3% PH M v B 0k &2
Thermo Fisher 22 &)U 7 73 #7 .

=1 AARFAANSIIES

Table 1 Primers used in this study

5% 4 FK Primer name 7% Sequence (5" —3")

CgCDC-F ATGGAGAACTACCAGAAGCT
CgCDC-R TAGTGACCATAGTATCCGT
Hyg-F TGATATTGAAGGAGCATTTT
Hyg-R TTCCCGGTCGGCATCTA
CgCDC2-F CTCTTCAACATCGTCCACGC
CgCDC2-R GAGAAGTTGTAGCAGGTGCG
Cg2S-F GAGCCTTTCTTCTTGCCTCTC
Cg2S-R GCCAACAAATCTCCAGTGGG
qCgCDC2-F GAGGTTGTCACGCTGTGGTA
qCgCDC2-R GGGGAAGGAGCTCTTGAAGT
qACT-F AGCGGAAAGCCTCGCAGT
qACT-R TGTCGTTACCATCTCGACCCA
qCgPG-F ATCAAGACCATCGCTAAGAAGACC
qCgPG-R TCCTGCTGGATCACGATGC
qCgPL-F CTCTGGTCGCTACGGTGCAT
qCgPL-R TGGTTCGTTGTCTTCCTTCCC

1.4 CgCDC2EFE RNAiTEE Ar0#E

I FH T 4 A6 3R 4K pSilent- 1"R 3 CgCDC2 T
ERAR A, P S WL 1o B IE M 514 57 s s
Xho 1 FlApa 1 BEYINL i, )18 5190 57 ¥ s N Hind 111
M Kpn 1 BEYIRL . CgCDC2 IE 1) 55 2 BRI 9 1)
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( digested with X#o I and Hind I11 )

pSilent-1: CgCDC2-i

pSilent-1: CgCDC2 4y, Hind Il Kpnl

Xho 1 Hind Il Kpn1 Apa 1

TtrpC '*

Xho 1 Hind 111
Kpnl Apal
( digested with Kpn 1 and Apal)

%

1 EERBREE pSilent-1:CgCDC2 HIMEEREZ
Fig. 1 The construction strategy of gene silencing vector pSilent-1:CgCDC2

1§ Xho 1 1 Hind XU V) J5 50 B % pSilent-1 [ Xho
[ A1 Hind T4 55, 15 2 7 (8] 844 pSilent-1: CgCDC2-i,
S R H 2 NI Kpn 1l Apa 1 XSV 5 % 2
[8] #% 44 pSilent-1:CgCDC2-i ] Kpn 1 Fl Apa 1 {37 /5,
3 E RN AL JTERE A pSilent-1:CgCDC2.
1.5 REREHEREN

JiZ 6 7 9T T T R JER A T AR D i 4% F PEG A 3
1) J5 A2 TR A AN 225 F3 18 W O VAT
1.6 CgCDC2EERNAiZLWTFHEE

K H CTAB L L CgCDC2 HE K YT ER B4 4L 1
[) DNA , 45 Hyg B LK FIIT bR i A BP 4 it
¥5 5 ¥ 51 ¥ Hyg- F/Hyg- R. CgCDC2- F/Cg2S-R.
Cg2S-F/CgCDC2-R. CgCDC2-F/CgCDC2-R X ¥ 1k
T 4T PCR %€ o P %% %k pSilent-1:CgCDC2 A [H
PG R, B A TR WT A B 5 I, 4 6 51 435 e 1
HH 5 110 4 e S B AT, SRR AL S
1% Thermo Fisher 2 & Wl J¥> « LE Xt 4 #7 , #1120 % 5 3k
13 RN

I SI2 B 9% ) 52 B PCR 49 M 5848 1 B Ak 5 7
A M B bk CgCDC2 B R 1) %3k % 5 - K H Quant
Studio 6 Flex ¥ 5 % )t % & PCR ksl 52 G 2k AT 5K
i) 7¢O s & PCR #1E , % 1T % 6 o€ & 51 ) qC-
gCDC2-F/qCgCDC2-R, LLACTE NN S 3L A, 514
N QACT-F/qACT-R, & 37 20 pL % & £ : 2 x Ultra-
SYBR Mixture 10 pL, 51 # % 1 uL, cDNA 1 pL,
ddH.O 7 pL, BN HFE A K E 3 NEHE . qRT-
PCR R B2 4 :95 'C A2 4 10 min; 95 ‘CAE 14 15
$,60 “CIE K/FEMH 1 min, 40 NEIR ; 76 60 C I i 4

WHAE T o KA 27T B gk, I X
BB =W B AT 7 = A .

1.7 CgCDC2iBRRE R EKKFIE

1.7.1 AR EMNE  HERO0S e FT LA T
B A= R CgCDC2 T BR 5% 48 A 1) B V& 100 % 31 BB
Dk, ¥ FhF PDA 1 Czapek “F i I ,28 CH 7%, 79l
TEREFNE 22357 d WA I, M B 1 ¥ B AR, IR
WIRELE , BRI NEE,

172 ZsaE A CgCDC2 PTERFRAZ AR AN
B A4 R PDA AR 4T 0.5 em B 19 3 4, 88 T PD
REFR0,28 ‘C 180 r-min P2 IR KT 77 3 d, 48 T B i€ 4K
g, W E T, BRGS0 BT
&R 3 KESE .

1.7.3 M8 B -FHEENZ CgCDC2 YTLERRAF K
T Tk IV IBT 2 8 B AR 7E PDA SERR g4 7 d S, 4T L
0.5 cm B Bk 43 5 % # T & 74 NaCl1(0.7 mol - mL™")
Congo Red (100 pg - mL™") « H,O,(5 mmol - mL™") [
PDA PR F. 28 TR 7 dJa M aBid s, it
R, R EE IR, BIRRINER.

1.8 TMTEEEHREFES

1.8.1 FaRREEM LEARKSEE K
() 77 EREAT , BRI B8R i, YR B Ok, N &
B A2 (8 mol - mL" K & .50 mmol - mL™" Tris-
HCI. 0.2% SDS, pH=8) , UK 7K ¥t ## 75 24 fi# 5 min,
4 °C.12 000 g &5-0> 15 min, BL_E3f . N &R E 2
mmol- mL"' DTT*F 56 C /& M 1 h, Z Jg I & &
IAA, E RS W 1 he IINEEA R, -20 CUt
JE2h,4°C.12 000 g &0 15 min, 35 _EiEWR, I &
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A H VA R (8 mol - mL"' JK & + 100 mmol - mL"!
TEAB, pH=8.5) & i & A YLIE . & A ER N S%
Bradford & [ )i & =X A & B S . A
FE it 4 B8 e 2 45 R UERREH 100 pg B, % B m g
msn=1:50 LA I N JRE , 37 “C B V) I B0, DL m
mx=1:100 L0 R EG , B 1) 4 h, 25 B G fd il 22
C18 [ AU bR 3h J5 T
1.82 TMT #RieA k& 4 % LA 100 mmol - mL"'
TEAB &Ml 2%, I N 41 uL Z i ¥ fil (1) TMT
FRic 7, FEABCE 1 h, NI E 2. 7% F K& 1k
SRBE, B AR AR IC G R IR S BRERE R T A8
H XBridge Peptide BEH C18(250 mm x 4.6 mm, 5
) £ B8 A R AT VA 43 B8, Bh 2 U i 50 min. i3
A N 2% KB I 30 AH B N 98% LI K %
W, 2K A2 pH=10. A IS HS K TG &
H .
1.83 ®BBA>A KB 0.1%H RIEME, FA
oy EFEA 2 ng B E, TENAH A N 0.1% H R K %
W BN B A 0.1% R AT 80% £ M 7K 1 i » e Ji
it FE £ EASY-nLCTM 1200 44 7+ 4% UHPLC % 4; b
47 . ¥ Q Exactive™ HF-X Jii it {3 , 2 F Y5 Wi 5
LR A 2.3 KV, SR F B0 A B SR AR 0, — i
F3 6 B N m/z 350~1 500, 73 35 %45 9 60 000, 1%
H 4 491 415 v 8 1 5 I 40 11 B 25 73 v RE AL
2L (HCD) FiEM R, AT R i ki, — s
W R BN 15 000, T 24048 e 5= 1N 32%, [R5
FEBEN 8.3x10°, S A HEPH YL B A 60 s, A4 B 1
I G5 KA
1.9 ERREEESH

B B i iE s S\ 3] Proteome Discoverer2.2
B BEAT B AR 2R 5 ASHIF 5 R SR I o e At e I
PR 0T B F¥) UniProt 2048 & , 30t 15 380 %67 51 . V)
Y BT 8] 7 A2 1 28 0 R o e I o A
A ARG I 2 Y Oy F R 2 R TR S A B A IR B N g
TMT brid. W& & KFIMR YA S5 EH R~ 2,
AR B8 1 5 =M 25 O 10 ppm, B8 17 3 7 i 2 25 R
0.02 Da. AWFFF, ¥ FCEAREE RG>
1.5, [A] B p-value<0.05, 25 AR I FiL & LI, 4
FC<0.67, [Al i p-value< 0.05 i , EA X AR E &
NV RN B 22 A A DA 2 S R EUR L, 0 p-
value {H EA 10 4 JEEOG B 26 558, (S0 22 e ok
.

X4 E ) 2 S R AT GO ThREVE R, 42 BT
5 Z 5 % [ i 7] Gene Ontology {4 J& (http://www.
geneontology.org/) ] % /™ term LSS, 1F B &/ term
MEETEE, A LAY, R SAEA
R sAL, EEREAR PR EE LN GO %
H. WREEESEER, 26 =521 GO % H itk
K.

1.10 CgCDC2RBRRE AN PG . PLRIEDHT
1.10.1 PG.PL& @ K& 254 PG.PLEAAE
AR TMT & 1R 450 bt RAF H

1.102 PG.PLA R &k 54 il qRT-PCR 4
Bt 5 AR AR K EY A2 284 B R PG (ploygalacturonase , 2
T FUHEBE R B  PL (pectinate lyases , % i 24 il g )
FER R IEE . R R JH H PG PL A P
5, %1t qRT-PCR 5| ¥ qCgPG-F/qCgPG-R . qCgPL-
F/qCgPL-R, AACTVE NN SR [, A 2 F K 51 ) F
SR A 1.6,

1.10.3 PG.PLB &M% 54 2% PG.PLEEE
PRI 5 7R U B A SR P AR v A T I 1 0
Eb A 4 AT 58 A8 AR BT A= 7Y Bk PG PL R Bl S 25 5
1.11 CgCDC2 i ERTRTE R B B 1 M ZE 43 #

T YR THI S J0 I BE AT R, K B U R AR
AR R, TE R R TE AL 7 d S 4T HL 0.5 em B F
FEFp T R SR, 28 C AR, 15 KWL EE I 0 B
Hig. R IWEL, HIK3NER.

2 AR50

2.1 CgCDC2E AR 1

JEIE PCR Y #3843 T CgCDC2 3 [ [f) ORF AE,
2K 981 bp, b — D 326 MEEREH . &
B 7 51 LE xR I, CgCDC2 5 Colletotrichum chlo-
rophyti (OLN85260.1) Colletotrichum incanum (KZL-
81795.1) . Colletotrichum tofieldiae (KZ1.76309.1) %
H 1# i CDC2 (cell division control protein 2) & H &
51} v £ [R) VR, — B K 83.28% , Ml 5 Colletotri-
chum chlorophyti [F)J5 1% #% 51, 9 95.09% , 5 Schizo-
saccharomyces pombe [FJJE ALK, 2 62.12%

X HI MEGA 6.0 3 ff ' [f] Neighbor-jointing %
f)E T CgCDC2 5 HoAth 10 P CDC2 A R 4
BEALA (1R 2) 53X 10 A 32 B 6045 9 i 30 8 R 2R 5 1
, BE AL B 45 BB R, CgCDC2 & A 5 Colletotri-
chum chlorophyti [7) Y5 4 5% & » AT B\ BT 3R 43 1
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9 Colletotrichum incanum (KZL81795.1)

76 Colletotrichum tofieldiae (KZL76309.1)

57

100

99
50

100

0.05

99

Colletotrichum higginsianum (XP_018157871.1)
Colletotrichum fioriniae (EXF80666.1)
Colletotrichum orchidophilum (XP_022475189.1)
@ Colletotrichum gloeosporioides (EQB57285.1)
Colletotrichum chlorophyti (OLN85260.1)
Fusarium graminearum (XP_011320297.1)
Fusarium sporotrichioides (RGP67812.1)
Fusarium graminearum (XP_011322636.1)
Schizosaccharomyces pombe (NP_001342995.1)

2 CgCDC2 5EMER CDC2 EAMARZHL T
Fig. 2 Phylogenetic analysis of CgCDC2 with other CDC2 proteins from different fungals

CgCDC2 & [ N Colletotrichum gloeosporioides cell
division control protein 2,
2.2 CgCDC2BMRTHRMERE

JEUE RNALFT3R1F ) 340 =2 15 9 CgCDC2
DUEBR R AR, Bt T 4% 51 M3 AT 7 PCR%EE . HY
VKEE R W 3, 5 SRR W, 3RjAF 4 F0 KN30l 4 1406
bp.405 bp.474 bp 1 802 bp ) 1 — 2% 5 (&l 3-A;
3-B: [#3-C: B 3-D), 5 K/N—5. PCR™¥)ix

M 1

2 3 4 56 M 1

2 3 4 56

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

A B

2 000 bp 2 000 bp
1 000 bp 1 000 bp
750 bp 750 bp
500 bp 500 bp
250 bp 250 bp
100 bp 100 bp

Thermo Fisher 2> &)W 5, Wl /57 45 S 1B

I ik S I 26 o B & PCR 43 Bt 5848 4 1 ik 5 B
A BT R CgCDC2 B A (1) ik 22 5, 45 AR W (
4),pSilent-1:CgCDC2-1 F pSilent-1:CgCDC2-2 i tk
CgCDC2 FE R B 21k 538 T, 43 9] 9 B A 204 i Ak
[°0.62 F110.38 1% , Ut ] it 3£ 45 1) pSilent-1:CgCDC2-
1 Fl pSilent-1:CgCDC2-2 1 # =& RNAT RAZ A, 7] H
T e A% .

M 1 2 3 4 56

C D

A. AL T Hyg B 3P PCR %52 B, AL T IE[AFF 5 CgCDC2 % 1T X B PCR %72 :C. AL T 1T X B ZE CgCDC2 R I FF I PCR

58D, AL FIEEOIT KB PCR %58 ;M. DL 2 000 DNA Marker; 1. & RIJTER# /A& pSilent-1:CgCDC2;2~4. #4k ¥ pSilent-1:CgCDC2-1,
pSilent-1:CgCDC2-2,pSilent-1:CgCDC2-3;5. BFAR WT;6. 45 X .

A. PCR identification of Hyg B gene; B. PCR identification from forward sequence to IT fragments; C. PCR identification from IT fragments to re-
verse sequences; D. PCR identification across IT fragments; M. DL 2 000 DNA Marker; 1. Gene silencing vector pSilent-1:CgCDC2; 2~4. Transfor-
mant pSilent-1:CgCDC2-1,pSilent-1:CgCDC2-2,pSilent-1:CgCDC2-3; 5. Wild type (WT); 6. Control.

3 CgCDC2 RERL A PCR £ E
Fig. 3 Identification of CgCDC2 mutants by PCR

23 CgCDC2RBRRTREKIF T

231 AKRESA KEAEREKRM CeCDC2 %R
AR RS B3R T PDA FIl Czapek 55353 |-, W42
ARAFI, 45 R EIR (- 5) 2 NTER R AR B ARE PDA
FCzapek K577 b AR (K IOR IR AR RS54 i T B4
232 FRESAN MBERIERIFSE RN, 5

By A= BB bR AH L, 2 A 8 AR 4K B PR pSilent- 1:
CgCDC2-1 Al pSilent-1:CgCDC2-2 ] 7% 1l & & #
R, R B AR R B BRI R T R 1.6 10°
A~ emL", 1M pSilent-1:CgCDC2-1 {77 il & N 2.4%x10°
A~ emL"', pSilent-1:CgCDC2-2 7= fl &~ 2.0x10°
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Fig. 6 Effects of stress factors on colony growth of the wild-type strain and mutants
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Fig. 7 Differentially expressed protein between mutants and the wild-type strain
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