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Abstract To diagnose an unidentified disease affecting tobacco fields at Daozhen County in Zunyi, and to investigate
the phyllosphere microecological characteristics associated with the disease, a comprehensive study was conducted.
Phyllosphere fungi were isolated and purified using tissue isolation methods, and identified by molecular biology tech-

niques. The pathogenicity of these phyllosphere fungi was assessed based on Koch's postulates. Amplicon sequencing
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was employed to analyze the microbial community structure and diversity, while Biolog ECO microplate assays were
used to evaluate the metabolic activity of the phyllosphere microorganisms. A total of 24 fungal isolates belonging to 10
genera were obtained from symptomatic tobacco leaf tissues through tissue isolation. Pathogenicity tests demonstrated
that fungi of the genus Diaporthe were pathogenic. Phylogenetic analysis based on ITS, HIS and TEF1-a gene se-
quences combined with morphological identification revealed that the pathogen responsible for the tobacco leaf spot dis-
ease was identified as Diaporthe eres. Amplicon sequencing results indicated that the dominant fungal genera in both
healthy and diseased tobacco phyllosphere samples were Bullera (22.89% in healthy and 10.33% in diseased sam-
ples) , Abrothallus (44.01% and 41.21% ). There was no significant difference in fungal diversity index between
healthy and diseased tobacco leaves; however, the richness index was lower in diseased samples. Functional predic-
tion suggested that the relative abundance of plant pathogenic fungi was higher in diseased tobacco leaf tissues com-
pared to healthy ones. Carbon substrate utilization assays revealed that the metabolic activity of phyllosphere microor-
ganisms from healthy tobacco leaves was stronger than that of those from diseased leaves. Microorganisms from healthy
leaves exhibited high metabolic capability toward 28 carbon sources. In contrast, phyllosphere microorganisms from
diseased leaves showed relatively higher metabolic activity toward 12 carbon sources. In conclusion, the previously un-
known tobacco leaf spot disease was identified and determined to be caused by Diaporthe eres. Additionally, other
pathogenic genera such as Alternaria, Abrothallus, Aspergillus, and Colletotrichumwere also present in the disease-as-

sociated phyllosphere. These findings provide insight into the fungal microecological characteristics of the phyllosphere
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associated with the what so called unknown tobacco leaf spot disease.
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1 MR 5%
1.1 ##
1.1.1 AR AHE 2024 4F 7 F BN 483 i

T ECELRRAE Y 2 K 87 AH HH R AR 8 3 A R BE
JabRAS (1) o BEATLE PR 9 & i ik I, RAE
fat s e A R i i, T ETH B 1Y BY T BY
B s S i R AR AR A4 1.5 ~3.0 g, A
50 mL o B0 Y, Wb B 4 E R T
bR, FEMGRS LR 1,

1 EEMBER AR EEIR

Fig. 1 Typical symptoms of tobacco leaf spot disease
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Table 1 ~ Sample collection information

HERR I3 e TR

fat B A 2H 4 DZJ DZJ1

B DZB DZB1

1.1.2 80k HEAEHE MR (PDA) 55
X R 200 g, FIEINE20 ¢, BilE 18 g, ZEIHK
FERZE 1000 mL,

1.1.3 =&ZXA 5 EEXEL  Premix Taq ( EX
Taq Version 2. 0 Plus Dye) ,DL2000 DNA Marker .
DNA 24 Buffer( EAEY TRAMRAF) . PCR
X ( Alpha-SE, 3& [E ABI A #]) ; L PKAL (DYY-6C,
LR N — AR T ) 5 Biolog ECO B¢ P8 A% Al K
Biolog GEN I OmniLog 4= H Zh L ¥ % R4
( GENIIIOmniLoglIComboPlus, 3 BIOLOG &
A)) s A4k 3 FE 4 (SPX-250B-Z, iR Sl A

RARIBESFA)) s N L% (LEDR-600, T°
WA B AR

1.2 Fi&

1.2.1 mRAAWS> B 5444 MNHERER
4 A B R I R i 0 B/ R 2 4 )
A5 mm x5 mm /N8 TG R B R A T
PDA 5556 BT 25 C EIE B 5240 P BSR4
4 d J5 FHTC B 4 PP T Bk BB V% 100 2% 0 fef 1R 22 4 7
afifb 355 IR ARG 1 5y B AR AP T PDA #5357
FERHAT 4 CIRAERTH,

1.2.2 mRAEHG > TAMFER PhEUERK
3 d BT R TR 22 B TR 20 wL DNA 24 i )
1.5 mLIGH &0, 1 H 514 1TS1 (5'-TCCG-
TAGGTGAACCTGCGG-3") Fl ITS4 (5'-TCCTCCGC-
TTATTGATATGC-3") Xt ELT& ITS J¥ 847 R 4 1
FEA NP4, PCR 471G 1A 2 ARE P 2 IR Sk
(1L, FIH 1. 5% 3 IR AEE s X 4 48 )5
PCR F=4 AR i, A A5 4% 5 36 24 TAY T
P (0 ) et AT BR 2 W1, 0 7 25 5 AL &
NCBI $¥i E#E4T BIAST FeXT, i 5E /0 2545 2 il
R,

1.2.3 HAmAWIE TEAWETPEAFRER
PR SR PRV s £ 308 U0 A4 7 350 1k 0 2 T TG 7
FIALESAE LRI B B VR D AT HUE AR 5 mm (R B
T8, FH — R TG TR 3 i ol I ot ik s ik v b
AN A5 Ak B, 5 P I R 2 P e R R 2 v T
FERIATAL | LA 8 i A A A 3 % i 14T
TRREEFE . REVREARIER 3 3knt A, &gkt A X
FREERD 2 ASTRRR . HEFD 58 UG B i A N T
SRS IR 28 °C AN E 80% ( 5% ) Ot
JAI L:D =12 he12 h 2 PR, 7 d 5 WESTT:
TE S R R 0 LATTAG EL R I ot . Y ik
BG5BT 3 A R AR 1 0 )
R, 2P A I TR . FORT A0 B A T R B
R, X IR AT IR A 4, 8 51 4 RPB2-5F
(5'-GAYGAYMGWGATCAYTTYGG-3') . RPB2-7CR
( 5'-CCCATRGCTTGYTTRCCCAT-3") . EF1-728F
(5'-CATCGAGAAGTTCGAGAAGG-3") UL J EFI-
986R ( 5'-TACTTGAAGGAACCCTTACC-3") 9" 1%
RPB2 1 TEF1-o X3 A JE K F 51, PCR § 14
RRMBF S BCH [13] W%, RH
MEGA11. 0 3k i 4Bk i i R kK B M, LA
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FEI 0] B 3R A5 170 fkt B 5 JBo A 4 21 F - 80 C
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TAGA-GGAAGTAA-3") %f EL I iE 47 3R A Bl i =X
N3 5 22 SOk 1S ] 7 ik ib AT Z Ry 5
AYHT, VAL R e G 5T R SRR B A PR
NFGERL, W R R T R IR AR 4liAb )
Fay gt 1TS FE A SCPE , #IH TonS5TMXL - 5 #4700
JF53HT o

1.2.5 Aehet R A Y R RMFH R 20N
A it v B A S S KR A% 1 g, K A
JNABEA 50 mL 0. 85% Jo B A= P ER K A4 4 T2 i
':F',180 r/min 57735555 120 min, ##E 15 min )5
W E 5 W A Biolog ECO % AL i3 # v, 45 4L
100 wL, FFRAFRRE 10 f5 )5 LIS WAE Xt R, fas
1) Biolog ECO BRI & T OmniLog 355748
F125 CHH S d,lﬁ 15 min B Omnilog RS

1K, OmnilLog LR/ WU W BE T 1K
WHHE A58 ES . Biolog ECO M & 31 AR IR, #%
HACHFAE R 2= 250 W] 43 Ry 6 KIS okt
W27 Py CRIEFRZE (6 Fh) (BEE (3 Fh) M
(3 F) BRIE(8 Fi) RIS (4 ) o ALK O ~
168 h MM HBRIS A YITE Biolog ECO VAT F 1t
R G

1.2.6 #HHBELEE %54 KA IBM SPSS
Statistics v. 21 #EAT B [K £ J7 22 47 #71, A H Office
2010 Excel #4784 73 A AL 3, | F Heml 1.0 14
PR E iR AR R

2 HEREN

RREE RS B EEMEHLE

M - 2H 21 A B 1 10 A s Y 24
PRELTE , Hoh il B VR LS gl 2 s, i
o FHEYAEE RSB (Trichoderma ) H
B 12 Bk (5 [ 50. 00% ) | 8] FE 52 J@ EL I 3 bk
(12.5%) . 9 J1 W J& ( Fusarium ) E W 2 #
(8.33% ) B IE (Aspergillus ) ELIH 1 #k(4.17% ) .
] %5 B T R ( Botryosphaeria) B 1 #£(4.17% ) |
FafERTE & ( Didymosphaeria) BB 1 ¥k (4.17%) |
FEAT TR (frpex) FLH 1 ¥R (4.17% ) FETRF}(Pez-
izaceae) LI 1 Bk (4.17% ) #2555 & ( Phomop-
sis) ELIE 1 8K (4.17% ) K2 & ( Trametes ) HLH# 1
(4. 17%) (£ 2) .

2.1

R2 SEEFEK

Table 2 Isolated and gltured strains

[l S s g TR B L Bk Wk G5 ST
Aspergillus sp. 2 & (Aspergillus ) 1 D722 ( PQ460038)
Botryosphaeria sp. %4 ) Jt{ %1 J& ( Botryosphaeria)) 1 D720 ( PQ460036 )
Diaporthe sp. [i1) B2 5E J& ( Diaporthe) 3 DZ6 ( PQ460027) \DZ11( PQ460030) .DZ15-B( PQ559809 )
Didymosphaeria sp.  WRAER5EIR ( Didymosphaeria) 1 DZ24 ( PQ460040)
Fusarium sp. W TI T & ( Fusarium) 2 DZ16 ( PQ460033) .DZ33 ( PQ460043 )
Irpex sp. HOVT TR B (Trpex) 1 DZ31( PQ460042)
Pezizaceae sp. TR} (Pezizaceae) 1 D723 ( PQ460039)
Phomopsis sp. UL 15 55 & ( Phomopsis) 1 DZ15 ( PQ460032)

KEE ( Trichoderma)

—_
[\

Trichoderma sp.

1 & ( Trametes) 1

Trametes sp.

DZ1 ( PQ460023 ) . DZ2 ( PQ460024 ), DZ4 ( PQ460025 ) . DZ5
(PQ460026) DZ7( PQ460028 ) . DZ9 ( PQ460029) . DZ18 ( PQ460034 )
DZ21 ( PQ460037 ) . DZ30 ( PQ460041 ) . DZ8-B ( PQ559807 ) , DZ13
(PQ559808) . DZ19( PQ559810)

DZ14 ( PO460031)




34

43

B2 #H;oORKREERHNEERS
Fig.2  Colonial morphology of selected representative strains

DZ5 : RF5JE ; DZ11 : (M AT JE s DZ14 M  DZ15 - 4125 mi 55 3 DZ16 - # 7T T ik ; DZ20 38 %3 J3 1 11 5 DZ22 ; 1t 32 J ; DZ23

TR DZ24 WL ER 5SS s DZ31 RV S 1B 3 TR

DZ5: Trichoderma sp. ; DZ11: Diaporthe sp. ; DZ14 . Trametes sp. ; DZ15; Phomopsis sp. ; DZ16; Fusarium sp. ; DZ20 ; Botryo-
sphaeria sp. ; DZ22 . Aspergillus sp. ; DZ23 . Pezizaceae sp. ; DZ24 . Didymosphaeria sp. ; DZ31: Irpex sp. ; same as figure 3

BRI R B0 i e g5 R (& 3) , $E R
Ak DZ11([a] 728 ) Y A A A . & e 4 R
DZ31 (M R ) B I F R B R R AR
TR BT A (AN R UG B, 5 B SR L
R AR DZS (KREJE) \DZ14 (FR & ) |
DZ15 (=55 ) (DZ16 (9T & ) \DZ20 (%)
JENE T R ) DZ22 (th & 8 ) D223 (& E FH) |
DZ24 (FRABRFTIE ) By H E oA B e R
FEF I FERE DZ1T BRI R 43 5 2 S IR R
TEAS R — B IR IR B, 460y 5508 5 IR i Fh

Y—3, HILAb AR R 53 B 5]

HEAT BRI R B 1 BRS040 B A
PR A (] EE 5 8 MR e . o T i — 2P e
SR, AT R BT % N AR AT 0 R B
JTIBUE, 5 RN 4 s, 5K AL BEAR L, 5]
JE5EE DZ11 Fl DZ15-B b B A F b BEHH
{14 ¥ (0,52 P [ J@ 1 DZ6 Ab BRI F AN % iz o
AT 8 DZ31 FEME R i bR R & W IR
W, RSO A5 R — RS AR5 B AR A
I BREG 2 P (1) J38 5 R L PAER L 5/

B3 HEMBSEMFHRERIE

Fig.3  In vitro leaf pathogenicity assay for fungi

B4 EEEEERBRDRIE
Fig.4  In vivo pathogenicity assay of fungi on tobacco plants
AKX IRARSE B R4 7@ DZ11 5 C . M RS2 I8 DZ6 ;D [0 iS¢ 8 DZ15-B; E . #5148 DZ31
A . CK;B:Diaporthe sp. DZ11 ;B Diaporthe sp. DZ6 ; E: Diaporthe sp. DZ15-B;E ; Irpex sp. DZ31

(6] & 52 @ DZ11 7F PDA F/EK BAF HIK S
P R R R | TR 22 A 4 828 Bt 15 3R e () At
A S el DX e N P22 e o T

NEREBUPIRA, R, Ao, W2 HR9y

5~8 pm( & 5A), FEIES WAL (10 x40) T

WV M ER TR, o BT OAMEIE (K
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5B) Wil R, /N2 (4.35 £0.98) pm x
(1.72£0.62) pwm B B FILEAEH (K 5C),
AR TC B, R A M 2 AR, RN
(26.63 £3.25) pm x (1.45 +0.21) um, T

ITS (HIS FI TEF 1-oBE NI RGL A T, 245
REIR,DZ11 5 Diaporthe eres I h—37, 4% A5
7&?35%%2*%,Eﬁm%l@ﬁkﬂﬁﬂfﬁlﬁﬁﬁﬁﬁlﬂ
SR (] S 7E 1 ( Diaporthe eres) (£ 6)

Bl 5 Wtk DZ11 HLRAFHEFHEHE
Fig.5 Morphological characteristics of mycelia and spores of strain DZ11
A 2B ;B o BT C. 8 BIFL T
A ; Mycelial morphology ; B: a-type spores;C:B-type spores

2.2 MHEMBRERERELSEH

2.2, 1 W BIRE A 4 il B AW A
(DZJ1 \DZJ2 \DZJ3 \DZJ4) ITS 751 Z 1 3 FAf Ak
J& , 2455 260 825 Sk T )T A B, 79 792 955
ANEEE , A4 E 306 bp ;4 453 I8 M8 H-RE 5
(DZB1 .DZB2 .DZB3  DZB4 ) ITS J¥* 5| 2 i 31€ I
Ak G, 245 5] 321 434 40 & F 6 A B,
82 468 852, [y 51 - K B 258 bp., 4
FP R BE IR B 200 B, B A FE G IR B 4 T
T (E TA), UL RE R R H A, D
97 % 1 — BUHEH B PE SR 28 1 - I 9 AR Ak
( ASVs) 15 SSUrRNA 4 4 b X, 8 1 4f i A

mn A5 2 337 A4~ ASVs, {8 Bl 5 B0 i PR Y
ASVs g 45 A Horp oy HU s 12 5 A H (Xy-
lariales) (11. 12% ) . Phomatosporaceae (8. 89% ) .
FafaER 52 )8 ( Didymosphaeria) (6. 67% ) . Jii fL
I )& ( Lophiostomataceae ) (6. 67% ) , fidt FE 4K - i
PRfFA 134 A ASVs, AR F 32 B8 o3 85 1) O i
A B ( Xylariales ) (24. 45% ) F1 % 78 1= % H
( Pleosporales) ( 13. 34% ) ; B 48 - - Br 45 A5
113 A~ ASVs, He oA 3 B2 B i 149 O ¢ A1 T H
(24. 45%) . %R WS ( Phaeosphaeriaceae )
(13.34% ) F1ZEBE T H (Helotiales) (11.12% )
(K 7B),

B 6 ETF ITS.TEF1-o #1 HIS EEMENE DZ11 SHEXEEEZEEERNSIELEZZLETRH

Fig.6  Neighbor-joining phylogenetic tree of strain DZ11 and related Diaporthe species based on combined ITS,

TEF1-a, and HIS gene sequences
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B7 HEMHERERHREHLZ(A)FFEE(B)

Fig.7 Fungal rarefaction curve (A) and venn diagram (B) of fungi in tobacco leaf samples

2.2.2 RS BRIt E AR A B L M AR,

&l 8 5 AR LET TKF L filt RS 2 2L
BRI N TR ] (Ascomycota) (AT
3504 66.90% F1 75. 23% ) F14AT- 14 1] ( Basidio-
mycota) (27.91% .16.78% ) , TEJ@& /K I+, fdtfE
B A i B R A L R TR 2k A ) 1 R R
(Bullera)) (FHXT 2 FE 53514 22. 89% F110.33% ) |

42 W B (44, 01% | 41. 21% ) HIBE 5 16 )8
(3.88% \1.31% ), B L3R =Fh A LA H
VIR G A AU S S I N I 1 DSEAS 2R
5% )& ( Plectosphaerella) (4. 97% ) | & # 25 J& (Au-
reobasidium ) (3. 08% ) . ¥& 11 J& ( Corynespora )
(1.71% ) fERRIA-2HSUEE B #E N Symmetro-
spora ,FAXTFEEN 2.45%

B8 ERSEFEMMRERT(A)FE(B)EXNFE

Fig.8 Relative abundance of phyllosphere fungi at the phylum (A) and genus (B) levels in healthy and infected tobacco leaves
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2.2.3 R L BRIt et IRk A 4 B % Alpha
SR AR 1O 36 BEHE S ( Goods _cover-
age) PIR T 0.99 (3 3) , RUIA UM 79 Kbl 5
B, ARG R R (@ HEE I 1 Z A
i%[( Shannon , Simpson ) \ﬂiﬁﬁij’ﬁ‘ﬁ( Chaol ACE)

FN7E 55 1 48 50 ( Goods _ coverage ) 73 3l Jy 1. 88,
0.61.123.74 .99.75 F10.99, JEH MM 1) ZREE
T840 (1.92.,0. 64 ) 55 il FEAE I AH LG 2 22 51
BB HH 4 =F B 8 (60 87 .56. 00) i & IK
THEERAE

x3 AREMAMFEREEEREN Alpha ZHM

Table 3 Alpha diversity indices of fungal communities in different sample groups

) LR FE BT B
LEEER]
Shannon Simpson Chaol ACE Goods_coverage
DZJ) 1.88 +0.24 0.61 +0.06 123.74 £43.01 99.75 +35.98 0.99
DZB 1.92 +0.43 0.64 +0.10 60.87 +24.57 56.00 +26.09 0.99

2.2.4 RS BIRIAT et ERIAE Y BEE Beta %
HMWaH  FARFR(PCA) 23HTH T E HE R
P25 ) 3 ATT A Vs 45 P R 0L A vy A A A P g
I BEE 22 AR RIOREAR S0, TE R
SRR 3 Dy FEAS SR BRI 1Y 3 AR AR
TR B SR A 4 N A 1 AR
A5 HADAE G R AR | 3R I 5 a8 - Y L
MR AEHNFE—EEZR (K 9),

B9 fER5RmEMERER PCA S
Fig.9 PCA analysis of fungi in healthy and infected

tobacco leaf samples

2.2.5 MrtetR AR mAREE R
PRELE 2 FUNGuild SIRETIIN 7341 & 30, (e R AR
B B 4 A E 2 MK %5 4E B (Lichen Para-
site, b 44. 019% ) | BB 25 48 di-K L AEH
( Fungal _ Parasite-Undefined _ Saprotroph, & It
23.29% ) . A& & XJE A4 1 ( Undefined _Saprotroph ,
B EE4.91% ) AEY)9 B ( Plant_Pathogen, (5 Fb
3.03% ) B I - A A - A0 s I R
J&5 A= A ( Animal _Pathogen-Endophyte-Plant _ Patho-
gen-Wood_Saprotroph , 5 kv 3. 88% ) . N A=W -H )

9 JEL BT - 5T 8 A= 7 ( Endophyte-Plant _ Pathogen-
Wood_Saprotrooh, i Hb 1. 77% ) . HE it ¥ Ji& A& &
(Dung Saprotroph, (5 Ft 0. 74% )7 25, B MR
PR BB 3 2 M A 27 A2 B ( Lichen Parasite,
FE41.21% ) IR P A - AR E SO AE T (Fungal _
Parasite-Undefined _Saprotroph , 7 Ht 13. 87% ) . &
7€ X8 H: 1 ( Undefined_Saprotroph , 5 [£9.59% ) |
FELW9% I ( Plant_Pathogen, (5t 6. 45% ) . &%)
3 JL T - PR A T - R D T - A B M A= 7T ( Animal
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Fig. 10 Functional prediction results of phyllosphere fungi
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Heatmap of carbon source metabolic functions of tobacco phyllosphere microorganisms
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