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Abstract

Leaf spot is the main fungal disease, which seriously affects the quality and yield of Pseudostellaria
heterophylla. In order to control this disease safely and effectively, in this study, the inducers and
Illumina MiseqTM high-throughput sequencing technology were used to study the control effi-
ciency of the inducers and the leaf fungal community structure of the Pseudostellaria heterophylla.
The results showed that: There was certain control efficiency on Pseudostellaria heterophylla leaf
spot among all inducers treatments, and 10 days after the last application, the induced resistance
effects of the treatments with Oxalic acid (CS), Brassinolide (YT) and Bihu (BH) were 72.69%,
70.18%, 39.79% respectively. A total of 993 OTUs were obtained by sequence cluster analysis in
all samples, which were distributed in 7 phyla, including Ascomycota, Basidiomycota, Chytridi-
omycota, etc, 17 classes, 41 phyla, 78 families, 85 genera, and 86 species. The dominant bacteria
phyla in each treatment are Ascomycota, followed by Basidiomycota; the dominant genus is Alter-
naria, followed by Phoma. Compared with CK, YT and CS treatments increased the relative abun-
dance of beneficial bacteria, such as Cladosporium and Sarocladium. Otherwhise, various inducers
treatments have reduced the relative abundance of pathogenic bacterias, like Alternaria and
Phoma. The results of a diversity analysis showed that although there were no significant differ-
ences in Shanno, Simpson and Chao indexes among the treatments, the inducers increased the di-
versity and richness of fungal community in the phyllosphere of Pseudostellaria heterophylla to a
certain extent compared with CK. The research results showed that spraying inducers can change
the composition of the fungal community structure in the leaf area of Pseudostellaria heterophylla,
increasing the content of beneficial bacteria and providing a theoretical basis for the green control
of Pseudostellaria heterophylla leaf spot.
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1. 53|

K Z[Pseudostellaria heterophylla (Miq.) Pax] X 4 # L2\ K2, #EZS5E, RA7TFH(Caryo phllaceae)
#. )% )& (Pseudostellaria) lE[1], FHRE 1 FAE SR 28, A ai @M. IR ThRL[2]. B
RKYSMIMELZAERWHE L —, EER, HTIENFMRE IR F KB E, BRSNS R KR
5 H 4 R bR 3 51k 100%, 6 H 41948 50k 83.5% [3], HiSEE: M AR J 31k 80% LA F[4], P edisk
ik 50%. HHTK T2 B 3 2 DL EBia A, AR [R]H XCHRTE 995 J5 A BT AN [R), - 390 7 ko =
RIBIE A . HEdiE, K TS M B0 R A 2 5% 5 W Phoma sp. [5]. M ri% /B K Phyllosticta
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commonsii [6]. 5e4t#1)8 FLE Septoria sp. [7]. 5% ff1J& EL1# Ascochyta versabilis [8]. A3 H £H i BAHF 7¢
TN A it SR LK T2 I B A 3405 JiR B A B RS i (Alteraria spp.), T RO R AR 2, G
W PGRIMELAZE R, AN A 22 270 e P2 AR B 24 1tk . PTG e il @, FL 2 SR IR B A AR P i)~
H[9], DTSRI BTIR TTVEIAAE AT o AHICHIT T2 W0 [ BT R AR N 08 2 3 350 B S A W e v 5 e
AR, T BRI VR S R I RS E B RN G AR BR[10], 3 47 R vl & I PP BB T3z I TR
FUIR FH ANV RIS 2 PR RO S [11] [12], MY EBva S0 73 LK . A B FeakaE A it nk
245 BRSO R Y R A DRV 6 M A R3], T G A 2 24 %o A A0 - B A 2 P B i K [14]
FEB[15] 55 R 7t 322 BTt 2 AR 25 AN SO I BRis A= s ma Aok, B2 BRARoKFE Tt B A s 14, Tk
AEPIRE FI IREE HeAVE RAF, WA, A9 A (1610 7T R SRS B SO B M-23 Re g i bR
ail B PRI LGB, B AECRH AR D B 8 R i FE 4 TR AR IR SE (1710 70 B L 38 35 45 & A W v 7 e oo R R
PR O 45 R0 T R AT B B 1 . W R B PUAE ARG I 1 Fh, KR ENEE B E Y A
S0 S R SR s pOm AT RE (18], BT B HURN AN AR TR IR T, 0T 050 A W8 it 2 5 A A ik
AW T AL L1 A TR B SR AN B . ASBIE U AE AT IS A b, e RN XORES, BRA T
3 RPN AT S B I H A ROR, JERIE Nlumina MiseqTM i@ &30 7 52 AR 43 H i75 Bii ab
JEXTRF S bR BEREVR S5 B m, U SR 2 i B B AR S LR 2%

2. MR A%
2.1, ik, BRIEHRA

HERAE Y N K T2 (Pseudostellaria heterophylla) “HiR 157 5 a0 J5 B K TS B 973 Ji 6 20
B K% 78 (Alteraria tenuissima), HH AT RIS/ BIARAT s 2= & 2 N AR(0.01 AR v PE 7)) ) 1 i) e Ry R AR b
BHEERAR, FER(HTa) B RET 0 T =) HIRAFR, Z4(0.136%7% « Hl 4 « 25 &) F 4 ER A%
SRR B E VAR B AIRAE . AT RSB RNIR . EERTE — 8 IR E T 40 A% 1
(Alteraria tenuissima) [ 18 22 4= K S 7071 R 3 0 B A sIPE A, 2890 — 2 A E R, (B30 B .

2.2, MU R R EE

RIEHAL T HN AR E = G IR TS, ik 670 m, LIEEHEE, WifEARTZ. 1
AT R IG LAtk b, iR B 4 NAEEE, 43N FERR 0.4 g/L (CS). 2 & & A 1000 £ (Y T). 24 20,000
fER(BH) VLRGEKIE AR, RAFEY) 8 m?, FIXAREHLHES], Mg 3 kER. T 2020 4 3
H 25 HE 1 itzy, VUGHRERE 7d iizy 1k, %S 3R, FSAEE M IE SO 21w, BRak 3 e iR
ANX A AR AT R (CR)A . 403 Taa 1 Uiz )5 10 dv 20 d 35 d #k47 I [a] B S5 2, RRAbRE
WA 3 A, A A 60 Bk, XN S BRI A, THRERE TR UGBTI . T RS 1R
JiZiJ5 10 d\ 20 d. 35 d REERALBLM ), 350K CS. YT BH A CK ALBRE(RA =AM (A B 73 70 4 5
CK1. CK2. CK3; YT1. YT2. YT3; CS1. CS2. CS3; BH1. BH2. BH3)HEAi% 2 b 5T vk AR 5 i
DB PR m)EAT Sl I o SRR TV N BY ) PR T 55 S5 BEAT LR AR %5 AL BR (R i, A AL B 4 N EL
BN K B RFELE P ST RN 3 R, S B[R] 5256 % N —80°C Uk A 9 45 F

KT S B obrie: 0 9 Widts 1290 WP/, FpE A & &AL 5% 0L~ 3
i WBEANTIZ, BOKRTA, BB S B TR 6%~10%; 5 9: JRBERIMEZE, WBEHR
A AR 11%~20%; 7 2% RBERIT 2, B2 N BEE SO BE, 5 B AR o BN it R AR
21%~50%; 9 Z%: JRBEMAR SR A TAR 51%0L .

TR YORBM L x ARREUE)/M A < RR AR E IR AE * 100.

B RREIETEE — AR IS FRE) X R TS TR0 x 100%.
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2.3. BFINKFES R AR RS HRRNE

2.3.1. ¥ DNA RY$2 B PCR ¥ 1

KH CTAB vAFEHUFE i S 2L K20 DNA, H 1%3 e BE e L Pk A I DNA [ 5 (A260/A280 {ETE
1.8~2.0 7)), HRAEWE I L HE AKMREE 1ng- L™t SKH ITS 514 515F(5°-GTGYCAGCMGCCGCGGTAA-3’)
F1 806R(5’-GGACTACHVGGGTWTCTAAT-3")i1T PCR 14 . PCR X M. & & 24 30 uL: L4 2 x Phusion
High-Fidelity PCR Master Mix with GC Buffer 15 pL, [ Fi##514%1% 3 uL, gDNA (1 ng/uL) 2 uL, ddH,0
#NEF] 30 L. PCR F 1845 F 0y 98°C il 1 min; 98°CAFH: 10 S, 50°CiE/K 30 S, 72°C4EfH 30 S, 30
AMEIR; T2°CLEfH 5 mine M 45 S T GenedET ik AT & 4liAt =41 . FIH lon Plus Fragment Library
Kit 48 rxns & 2 iR Gk 47 SO R 2 36 A 1onSEXL W 5 R Gedt 47 _E AL P S5 8 4 (LA _E B IR 5l AL 5t i
R BCUEAR A A PR 7] 58 R o

2.3.2. THBERESSH S8

B RHLBUE S fastq S0fE, MRS EE(Raw Reads). H4E barcode 7515t &% #E A Bl HE47 X 2y,
Hr barcode PR RVFASECECAN 0, WKIIMEBCE N 2. A5 H Cutadapt Jii 4% 8 £ (V1.9.1,
http://cutadapt.readthedocs.io/en/stable/) X} # # #t 17 Jii 4% , f § UCHIME (UCHIME Algorithm,
http://www.drive5.com/usearch/manual/uchime_algo.html)3k 17k &4 i€ 45 2145 %88 . A Uparse (version
v7.0.1001) %} Fir A A A 1) Effective Tags P 97%f)— 214 (1dentity)i2:4T OTUs (Operational Taxonomic Units)
%35, F Mothur 7795 SILVA (http://www.arb-silva.de/(http://www.arb-silva.de/) ] SSUrRNA # ¥ & i
OTUs (AL F SN BEAT YR B 0 M (BE 52 BUAE N 0.8~1), 3 EIFREANFEM 1) OTUs M4y 253tk R 3 A4t
559, FHEA Qiime # it (Version 1.9.1)%f OTUs #EATF . Alpha ZFEIHEIREEE AT, RIS X FhER
TESA T FACT AT BEE S5 MM B T [19]. DA A3 BT 3 7E AL i R BOR R I 0 A BR A 7 58 1l

2.4. WGBTS S

KH Microsoft Excel 2007 A4 Xt vy 8 & /7 £ #E 47 52 2, A HL R il 2 SPASS20.0 FAF4d b P 5
IR Duncan & % 27k 47 R &R 5 2 8, B3 /KF P <0.05.

3. ‘RS54
3.1. #RIFHFIN K FEH BEmHEEE AR

B 1 EZ5)5 10d, 5 CK ML, S B AAL L AR 7 K T2 M B % 56 5, b CS ab#
FHUSCR Aemr, 15 72.69%, RO YT 4B, FHSERN 70.18%, BH AFEMITEHUSUIRILT 40%, [Hith
RIING 2 RH S . &5 1 IREZ G 20 d, SHEEGIRCRE T IR, Hh CS A FHIACR
TEET 7.27%, YT WHEFEHIRER TR T 2.47%. 5 1 K255 35 d, S b3EHIRCER LT 30% (L
% 1).

3.2. MFEERGH R o SIS

KRG, TR IS 90,385 4 tags, it i ¥4 T 1475 5 88,276 4547 R, a3
Ik 64,878, FHIZL I IEDHEE, RBREE N T A A RIT A, AR KT 97% M F A R R — 42
BRAERIT, L3RG 993 A~ OTUs, iX£E OTUs XRIEHF & 7 AT 17 NMR. 41 NH. 78 1R} 85
ANEL 86 ANFIIIETE, SFEM OTU £ H 755 7 R Ea 1 7 A i i L2 2.
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Table 1. Field control effect of the attractants used in the experiment on leaf spot of Pseudostellaria heterophylla
F 1 HRIFm T K FEH BRI BB AEUER

. R 1 kiiZh)s 10 d Bola 1 KKz )5 20 d Bola 1 IRHZ5 )5 35 d
e AR Iz HIACR(%)  wfETRE APUECR(%) LACECE IR (%)
CK 5.17 - 6.42 - 8.62
YT 1.54 70.18 2.07 67.71 6.49 24.70
cs 141 72.69 2.22 65.42 7.13 13.38
BH 2.98 42.36

Alpha Z £ F T 2 i i P9 (within-community) B A= P03V 2 #£ 1%, 435 Shannon. Simpson. Ace
fREA Chao #54. H 1 Shannon. Simpson AZAEMETREL, SELFHEERI ZHEME: Ace. Chao A& AR
, HATREFENTEE R, SEEBR, SHEMPMMEEEERE., WAEMZAEEER. £&)E 1
RZi)E 10 d, 5 CKAHLL, & FEPuAEE 2 REMER AL F 8 IR U A & ZE R, RIEFPT
AL TS R -2 M bR LR VR S5 R W Rg e, Horp CS ARBR ) Z e MR o, R (] Bt CS Ak
R HFEBEZ ARG, RIS CKINFE SR, RUNZN A B CK ABWFR+F5; &
J5 1 X255 20 d CK AL ) ZAEvEFa oM 3= 2 R 4R E0 a5 1 IREZS )5 35 d BHL YT A# %
FEPEFERU= T CKs YT, CS HIMFE E484= T CK (WL# 3), (HACHLEEA BEEER. 46K
BEHRPIALEYS CK MRA BB 2R, (A RE BN T s 2 et RS . S0P 7E &5 R
$(Coverage index)¥J FiA 7 0.999 LA I, FEAMFERAH.

Table 2. The number of taxons at different levels of phyllosphere fungi community in Pseudostellaria heterophylla by dif-
ferent treatments

=2 BABRKFEMHREERFES LA LXETHE

5 ! M H & J& i 73 FeHAF H.I0(0TUs)
CK1 5 14 33 65 85 77 279
YT1 7 17 39 73 37 77 250
CS1 6 15 36 73 41 88 259
BH1 6 13 33 58 36 74 220
CK2 6 16 41 78 61 86 288
YT2 7 17 41 64 37 73 239
CS2 6 16 37 68 41 66 234
BH2 6 15 32 58 36 66 213
CK3 6 12 33 55 44 53 203
YT3 6 15 39 61 36 63 220
CS3 6 15 34 60 40 59 214
BH3 5 16 37 70 36 68 232
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Table 3. Alpha diversity index between different groups of fungi community (OTU level)

3. TREIABIEEREE Alpha ZAEMIEE(OTU level)

EZERLX I F R
5 T 2] (%)
Shannon Simpson Chao AC

CK1 3.845 + 0.426a 0.856 +0.071a 252.002 + 41.3%a 252.501 + 40.856a 0.999
Cs1 3.932 +£0.187a 0.886 + 0.018a 240.183 + 49.469a 241.938 + 53.095a 0.999
YT1 3.236 + 0.496a 0.771 £ 0.084a 232.301 +50.472a 236.518 + 49.813a 1
BH1 3.236 + 0.497a 0.759 £ 0.174a 199.479 + 45.183a 204.529 + 47.027a 0.999
CK2 3.454 £ 0.733a 0.81 £ 0.146a 299.125 £ 56.354a 237.532 £ 56.785a 1
CS2 2.697 £ 0.559a 0.657 £ 0.146a 179.941 + 27.082a 186.464 + 26.931ab 0.999
YT2 3.218 £ 0.322a 0.789 £ 0.325a 200.796 £ 28.571a 207.407 £ 28.616ab 0.999
BH2 2.614 + 0.662a 0.636 +£0.178a 170.468 + 17.297a 175.325 + 15.674b 1
CK3 2.848 +0.2a 0.724 + 0.055a 172.466 + 12.218a 177.641 + 10.332a 0.999
CSs3 2.693 +0.262a 0.673 £ 0.092a 182.475 + 35.639%a 182.571 + 32.001a 0.999
YT3 3.114 £0.712a 0.763 £ 0.134a 185.324 + 20.034a 188.048 £ 17.375a 1
BH3 3.131 +£ 0.255a 0.782 £ 0.045a 193.799 + 49.757a 198.017 + 48.296a 0.999

3.3. FRIEAEEEYF Venn B4

Venn EI(ULIE 1) BRI T AN [FE AL BERE S R LG R AREA 1) OTU £, FrA 1) OTU HEZ,
RUZAE T RVE S WBEE, TG L KiEZi)5 10d, CSAHERFA R OTU £ %, N 83, KHZA
BN, CS AHRFA MMM R Z, VIFRVESMRT S, &G 1 IXZ))5 20d, CK2 A3FA I
OTU £%, N 124; HJa 1 WiiZh)5 35 d, BH. CS ALFEAFAHI OTU ¥E T CK, TR i ) B ikt
FREL S BB 2 IR A AR L, MFMENEE.

CK1

73

BHI

Figure 1. Venn diagram showing the unique and shared OTU among the different samples
E 1. £REERTHENFEER OTU

34. FEIFHFILEN K FEHIREERESARR

F AL FRAS[E] I T BAE T KPR R BRI R (LK 2), FERE 8 MR, AdETEE ]
(Ascomycota) - fH F % '] (Basidiomycota) . 4z [# [ '] (Chytridiomycota) « & % & ['] (Mucoromycota) -
Mortierellomycota. Monoblepharomycota. Olpidiomycota. Rozellomycota, }: v (5 3= E A7 {14 Ascomycota

DOI: 10.12677/bp.2022.122010

G /BN


https://doi.org/10.12677/bp.2022.122010

1 Basidiomycota, XJ HCFEHUAIALI AT CK AL EE FIRE i LR AF S ARk, AR LR R A B, (B8 %W
U1 T & A — o B a1 RG24 f5 10 d20 d, CK (1) Ascomycota & i35 5 iy, AH X = 53 il v 56.79%.
65.04%, 5 )i 1 it 24 )5 35 d CS3 ] Ascomycota 2 & 5 i, A 78.91%, 3 4N ] Bt BH 4b#E ] Ascomycota
BRI EAR; 5 124 5 10 d CS1 ) Basidiomycota =F & #% =, A 39.36%, 20 d i YT2 ] Basidiomycota
(AT = B e, N 22.26%, 35 d Hif BH3 [ Basidiomycota A0 X =F e, N 7.84%.

1A

Others

__ M Rozellomycota
Olpidiomycota
Monoblepharomycota

M Mortierellomycota
Mucoromycota

M Chytridiomycota

W Basidiomycota

~ M Ascomycota

g

N

[
1

Relative Abundance
(=]
W

0.25+-

0

N N DD OO D )
FEPLSITLLLEEF
Group Name

Figure 2. Relative abundance at gate level of different groups

& 2. FEIEHITKFE LR EE

JE Kb, AR FEALTRT 10 18 A BEA% )8 (Alternaria). 2% %5 8 (Phoma). Papiliotrema. %1t
J&(Cladosporium). 7%t )& (Botrytis). Udeniomyces. Cadophora. - £ %% )& (Sarocladium). BRERFEL])E
(Cryptococcus). Hi%% & (Aspergillus) (&1 3), FBEARILEFEE A0, HEFSHAAR. &5 1R
Z4J5 10 d CKL (LA B 8 N Alternaria, X3RN 27.97%, L UKA Cryptococcus (8.98%); YT1 5 CK1
LA BT 2 5, 380 @ v Sarocladium, AHXT A 15.28%, FLUKA Botrytis (7.32%); CS1 [MLHAE &
>}y Botrytis, XT3N 15.74%, H:N Udeniomyces (15.58%); BH1 k% J& 4 Botrytis (8.44%). H:
YN Sarocladium (5.35%). )5 1 ¥XiiZ)5 20 d, LA Alternaria & ALK, CS2. BH2 (4L 34 4 )8 4%
4 Alternaria, H & 258 1B BIE 0, AXSFEE 508 27.15%. 17.92%, H Phoma & &EHA K.,
YT2 4 E ¥ H )& v Cladosporium (18.74%), Kk Alternaria (13.78%). CK2 ({4t 34 % J& A Phoma,
FIXTF= 180 30.84% . a1 Wit Z )5 35 d AL FRIIR A R AZ L BON MR, CK3. CS3. BH3 L
J&¥ 9 Phoma, XS FE B4 4 20.87%. 53.12%. 14.72%, YT3 HILH & N Alternaria (19.97%), H:
N Cladosporium (12.78%), FHofth % J& 7E &% 5t o 1 & B 35UIK, AR FREAE 0.03%~5.88% [0, AT
BB AR AR RGO R, @I 2 7 AL 2] top 100 J& ARR T IR T RS B,
AT S AN EDUL A SN B T AR A R IS DL 4).

4. ¥1ig
AR, MY R DUNTEREYI W FE B I 7RO R, FEE S TP L [20]. T

5 S PR M A A B A AR L AT 23 LA &5 0 T ORI 72 [2] [22], 1% T iP5 /e 75 2 S M A - s 2 B
FEVE SE R PO E AR #E o AWFFUAE AT LAY k3R 7 3 M PUmIBE T o 78, W B SR & g R BoR
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&

i
48

Others
M Aspergillaceae
0.754- Tremellaceae
M Hypocreales_ fam_ Incertae_ sedis
W Helotiales_ fam_ Incertae_ sedis
Mrakiaceae
M Sclerotiniaceae
Cladosporiaceae
W Rhynchogastremataceae
M Didymellaceac
M Pleosporaceae

0.5¢-

Relative Abundance

0.254

N N %) > OO g %)
FPFFSIFTLTLLEFS
Group Name

Figure 3. Relative abundances of different groups of genera

3. NEHEREKF EREXNFE

Pllidium

| Psathyrella
Montagnula

Abundance Phylum
W cK1 e Ascomycota
cK2 ) . s Basidiomycola
m cKk3 i - - T ] So Ty Chytridiomycota
W Ccs1 - - = o - o " W Mortierellomycota
mcs2 e i -3
m cs3 B "
YT1 . . e -7 ~
m T2 2. )
m T3 2t
W BHL s L e
W BH2 P @ o AN
 BH3 ot . g0 [F \
o L n =z g 8 g &
ST palle =l 5o 2l nle $
J ; LaE s W RS
% o5 2 %2R 3%823 EEHEE e £
N % % 5 555583 R -
5 %, 5 52 % $5§ ¢ & o @
o g SEe &
% % S g
3 &
&
«
g, > ‘({)
4 o
% 3
4
g e .
n “sh,,,/e"”'m,c o= s
e,
Cun, e o
it A
L/Staﬁ/ub:a ety pepetS
Cryp i ug®
ooy oneh® = '
1 OWellomyces cypnelop™®” ¢
Saitozyma suelitziana '
|
I
I

Vo Erythropasidium

[
I | Oceultifur Pseudopithomyces

Paraphiaeosphagyy

Senizopn/U™
\cpet ficonia |
i’pum.s
2eley
a
“:ﬂ )
iy
"2
o0, Va
ey y,
s Y (AN £

Figure 4. Phylogenetic tree of top 100 genuses
[ 4. A7 100 BKEIMARG LB R

X 3 M HUAR K T2 B A — 2 MR EOR, DR 0.4 g/l K25 E 2 A JIE 1000 5 A0 B AL R £
i, 847 20,000 HRALERE 2, a1 REZ)E 10 d HAFHUSER 5 72.69%. 70.18%. 39.79%. &
HWENFLER S, Alpha 2 FAEBECRIIR)E 1 Kti25)5 10 d, CS MR 2 FEEFE8m T CK, i I
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TR SN T K F S YR 280, B 1 IKZ4 )5 20 d SALBRYIFR 2 BEVE I 3 8 BEAREOYIK T CK,
FRE A JE RS SRR K W R ), S — LS RAE e T  E A, SRR E P, %8RS
Zhang %5 [23] MWt A B B AL . G 1K )5 35d, 2185 A, KT B0 A mE, %
AEBR RN 2 REIE K E S T CK, R BRI B REA RO K T2 TR S5 A 2, B9 0 BB
FIEFE B2 A

VIR EEVE LSS R PR ] LR P T RS B IS AR ], 5 RSP B0 F 4541
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