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Abstract: Rice false smut, caused by Ustilaginoidea
Y5 B #3:2024-10-29

EEWE: HEARP A REGIUH (32272512) ; 3R A AL S50 =
Tji H (B23YQ1514/B23CQ15EP)

TEE R EEAKE(1999-) 5 PO 1| 1% 6 A BB 9 L 8 A o enzymes (PCWDEs) are critical virulence factors for patho-
IKFERE MR BOR AL A BFSE . (E-mail) 1059435886 @ qq. gens. To elucidate the role of PCWDEs in the infection of rice
com by U. virens, this study systematically identified 47 PCWDE-

BIIEE XK, (E-mail) liuy(@ jaas.ac.cn encoding genes based on the carbohydrate-active enzymes da-

virens, severely impacts rice yield and grain quality, posing a

significant threat to food security. Plant cell wall-degrading
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tabase (CAZy). Comparative genomic analysis revealed that the number of PCWDEs in U. virens was similar to that of biotrophic
pathogens, but significantly lower than that of hemibiotrophic and saprophytic pathogens. Dynamic transcriptomic profiling showed
that the relative expression levels of three key genes such as UV8b_01537, UV8b_03436, and UVSb_04918 were significantly up-
regulated at 48 hours post-inoculation on rice. Their encoded proteins involved in the degradation of cellulose, hemicellulose, and
starch, respectively. Enzymatic activity assays using p-nitrophenol chromogenic substrates indicated that PS culture medium, rice
leaf tissue, and panicle tissue culture solutions induced the production of a-glucosidase, B-glucosidase, and B-xylanase in two
highly virulent strains. These enzymes degrade starch, cellulose, and hemicellulose, respectively. Total enzyme activities exhibi-
ted dynamic changes over time, peaking on the fourth day of culture under shaking conditions at 28 “C and 180 r/min, and show-
ing a negative correlation with pathogenicity. Notably, panicle tissue culture solutions induced significantly lower total enzyme ac-
tivities compared to leaf tissue solutions. This study identified three PCWDE-encoding genes that were significantly upregulated
during the early stages of infection, providing critical candidates for functional gene cloning. The findings also demonstrate that
U. virens adapts to host tissue-specific microenvironments by differentially expressing PCWDE genes and dynamically regulating
enzyme activities. These results offer insights into the environmental signaling mechanisms underlying the pathogen’s specific in-

fection of rice panicles and lay a foundation for further research.
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Table 1 Strains and their number of false smut balls per panicle

k7S 2021 A F1 2022 4S5 B Al R4 (A7)
Nj7 35.25+19.37a
Nj17 31.75+16.18a
P1 27.6310.24a

VSV o b PR I/ 25 B 2 A T R 13 1) B o ]
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X FE 2 - B- D - WL Ml ) 2 7 R X il R I B
D-ARWEHF YW A 1 A7 s kAR AL BB A RS A
1 mol/ L= & H IS 5L HH e Eh MR 6 ( Tris-HCI) 2% vl
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Ak P Tl 3 DT 0 8 TR e 0 A i s B
() PCWDE ML, MG CAZy B i i 1 45
B 50T 3 B[R] 35 B0 SR TR (B b B IR T 453 3
o JEr AT ) 140 KL A0 200 B I ot B A0 AT
1.5 EgiEHERNE
1.5.1 Nj7.Nj17 @093 FETGALIETE S EITT 2
AR EAR 7 mm) B R E 50 mL PS K55
W, T 28 C 180 v/minfR A E: 7%, I AERE TR HIEE 3
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T4 °C 12 000 v/min 0> 2 min, FTF5_E I 5 ED A AL
P
1.5.3 Bl FH A 0 i R R Y
JEE W AT S M A E S w e A Bl & o
nmol/mL .5 nmol/mL 10 nmol/mL 25 nmol/mL 50
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Table 2 The number and composition of plant cell wall-degrading enzymes ( PCWDEs) in Ustilaginoidea virens and other pathogenic fungi

strains

CAZymes L 200 O B A R R B () HEY A

=4 be [’:*“ FH R B N . - E;_“fk,i:
TR AE IRl T 159 B -8b ( Ustilaginoidea virens ,Uv-8b) 252 7 12 9 19 47 18.65
T KB 521( Ustilago maydis 521) 223 17 16 12 10 55 24.66
22 Sk SRZ2( Sporisorium reilianum SRZ2) 214 16 18 14 11 59 27.57
IRACE TR RRESREIRIE 70-15( Magnaporthe oryzae 70-15) 536 50 64 45 60 219 40.86
ARATEIEA PH-1( Fusarium graminearum PH-1) 513 24 55 76 55 210 40.94
RS IRIEBT M1.001( Colletotrichum graminicola M1.001) 595 54 65 73 51 243 40.84
JEHEE TR JREET T4( Botrytis cinerea T4) 429 43 31 63 36 173 40.33
KAFHLE Ls.17( Verticillium dahlia, VdLs.17) 555 60 59 113 49 281 50.63
1% H V1.0( Sclerotinia sclerotiorum V1.0) 437 44 28 50 24 146 33.41
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i %) A6 2 R U AR I IR (S5 . UV8L_04918) 55 3 A~
KA PCWDE FER ¥ FRRIA (3R 3) , WX 3 -3
DR 2 A 9 978 B 2 S /K R 1) o R b R 4 T LA

JH R o T X £ 2 2R~ £ 2 3 AR Ay F) i T

AE-5 HR YLl s G

:3 FEHRFREEEREME 48 h LiFREHEY M B2 P R ER 4R A5
EHE

Table 3  Upregulated plant cell wall-degrading enzymes ( PC-

WDEs ) -encoding genes in Ustilaginoidea virens at 48

hours post-inoculation

RET  EELR LR
UV8h_01537  WYIHI R Wi B Y% 1.22
UV8b_03436  WEEL/K i GH62 oY 3.58
UVSh_04918  FHEWHIE NI GMY2 TER 2.42
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) 5 SRV R LR R AR 1 3 RS A
23.1 a-WEBIFEERG T NE 1 ATUR
0 2 Fh RS MR B TE PS S5 58 R th i TR R
J& , PIRe ki 2 55 IR pNP PR, R 2 A
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d 8 d J& , 735l i A TR R Y oA B YT pNP BE
JitiE , FH One-way ANOVA J5 LK 56 pNP Bl i i) 2
S, I 1 ATRIT Bk N7 (0 o ATATHFEFRE pNP
RO TERERG IREE 4 d 28 7 d I BLEAE, 7050k
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Nj17 1) - H 24 H i pNP FO R 7R R G 7R3~ 6
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140.00
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iR Hu(d)
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X [R]— DAk , AN )55 35 ] ) % 7 B 48 2% AR AN [l /NG 5B

FOR 225 W (P<0.05) 5+ Foom Al — 5 FR I ] (14 A [5] 12k ) 22
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Bl 2HBHARREEFRET « FEETHENNHERD
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Fig.1 Amount of p-nitrophenol ( pNP) released by a-glucosi-

dase in two Ustilaginoidea virens culture media

232 B-HMEEFEHEEG T HE2TLUEH,
B 2 FPRE A RAE PS B R P TR R )G L2

AT TS TR 55 7% W T BEAS N 2] pNP R,
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5d.6d.7d.8dJ5, 750 & & A R Y B- % b
11 pNP B i, H One-way ANOVA J7 3 46 56
pNP BER 125 5%, H R 2 W 0L, BBk Nj7 1 B-7
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18,24 (233.20+0. 71) nmol/(h - wL) ; & ¥k Nj17 1Y
B-HIAE T pNP B R 5256 4 d 5%
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R .
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iR R Hu(d)
—o— Nj7; —a— Njl7

X TR — B R, AN IRV 77 I [ % 7 B9 26 4% _E AR A A [Rl/NG - R
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B2 2HBHRARAEFRRPB-AAETENNHERD

(pNP) B &
Fig.2 Amount of p-nitrophenol ( pNP) released by B-glucosi-

dase in two Ustilaginoidea virens culture media
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WIS FR50 4 d B B-AR RME G P 1 (L
AR RR NG7 B B 1 U B R K, TR R RS 5
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HIAPBH T B- AT H 1T I S B- AR M, H. 3 FhEERS
PR A 5 R ] 38T e A 2 ANTR) B AR Y S
PEARALERARTR],, Horp - B A it - A W
PITEHEEL R T B- AR ARG, DA 3 P B T
YEF ,Nj7 HOAE I BIAESS 4 d[302. 15 nmol/ (h « pL) |
FIEE 7 d[376.71 nmol/ (h + L) |5 Nj17 Ao B 1% PR
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3 2THBEHARASERBT B AREBHNHERD
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Fig.3 Amount of p-nitrophenol ( pNP) released by B-xylanase

in two Ustilaginoidea virens culture media
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ik (& 5B, - ELAE A U8 R T LA 3
Nj17 HEUH 11 (1 5C) .
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Fig.4 Amount of p-nitrophenol ( pNP) released by a-glucosidase (A), B-glucosidase (B), and B-xylanase ( C) from two Ustilaginoidea

virens strains after four days of shaken flask cultivation in different culture media
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Fig.5 Influence of different culture conditions on the pathogenicity of Ustilaginoidea virens
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