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S5O RS AL R A I SR S TR X AR AR B o
AR A5 R DL S R PR e AR B A B B . H
HI, BiIGRERE A FEZ DM 2= PG A £ 2= B
R HOR BEFE A ] IR BIAR AP M B iR OR , Hasis
RO Y5 G | AR 24 5% B LA RO S0 D 1R 7 A B 2 vk
S—FRY AN, YEGE , TR R O 4
POE A K e o251 Ve S 71123 S I 5.7/ v o B =
Aakt . R AEHITRG | B AN ) 7 AR B 2l
PESF— R AL 2 BT OGE, HEMAAE—
S AN R, RO . BiIRRCR RS E 1
225 . FR IR AT B SE A A R H T 2R A A
WolEN, RIEMPFREN, B RHEE (C
siamense ) . WHIRIHE (C. fructicola ) . BaFbIRIH
W ( C aenigma) ook H oW (C
gloeosporioides ) . WEZERIH TR ( C. nymphaeae ) Fl
B IHE ( C. changpingense ) —Fhak 2 Fhn] {7
e B AR AR FR— AR B R P RE O H
— e SR R B U E T, AR MEXT 22 Ao I 74 )
B =AY E- . 5340h, A YR R ETE4E el
Wt 5 J i [ A e FE E AR . AR AP AR 3R Y
IR A RE RS I ST A A R | G A L BRI A A AR i
AYTIRE, K ARSI Y R B g o5 2
WEFEus, A PICRUSE AJ DL i K& X D 8 43 BT i 75
ISR AR Y DiRe, HAT B 5T R W
R ] A F] 85 ~ 90%U'9, Wu %07 5 & B {gk e Al
YRR B 3 vh AT BE S B 5 5 IR G G Th g, T
ML Stz sl . BEfL s S nAHCHhRE. AR, H
HIT DG T 43 R F AR AR PR il A ) D RE A A 1o ik — 25
M. [RHRDAR ] RECHPR R L
REMRPRIE DRI S50 A A U8, O BRI i 1
SR B P R TR R L AR, TP B R
WEFESREU, SR, A RAL R T A A
FEAFARPR 118, AR AN [R] A 7 B 1 B A AR B - 4
DL I Re ST R G 0T . HETOC T HAIER AN [F] &
o A JBE A Rt B B A AR R A R R VR 22 P PR iR ik =
20 TR P, TR IEE S B A AR PR A T
TREER IR R, JF IO & 0 e B A AR P 41 TR D g s
MERENS LR B TR B A SOH SRR . [ ek
B TRIRR ] ARt 5% 3 2ot 6 H ] — M e v AN [) & s e
A FRAE PR A AR PR L3, @4 Tlumina Miseq I X
HRPR A A0 TR 2 FEVERE IS S5 HEAT 400, T T4
Y LRI T RE T o AT 25 SRR T B B o A AR X6

PAAE Y SS A I RE R 2 HAT BB S, PR i
BERAE BRI DU S BB R o

1 MR5REE

1.1 RIG LR

PRI M A T L0 T 4 X R FE R AR AT LT
LV BABEE IIRBIATEEE N (30°46'N, 121°11'E)
MR 7 m, AEREK R AR R 4 5108 1200 mm
16 Co HIEERABF PR . Zid Ryl @ T
2004 4F, (HHuTE AR 13.33 hm?, R FTIZH 0 ~ 20
em HIEFLARBALYEIR B pH 6.4, ALK 32 g kg,
- HEH %N 600 ps emt, TIERHRA . A RLEER
WA SR 514 . 112 A1 1286 mg kg™
1.2 LW SHEMESE

ERFAAE LR T 2018 4F, MEACREE T 2019 4F 12
H 11 Ho iR 8 = A H o AR (TO) |
BRPE BRIEIG AR AR (T ) A ep BE A & s A AR
(T2) . fEFEFREFRAMAE KT iHeIER I
KIe . MiZE . FEBIC AR, B R A
FEAEAR I R B AG ZE R A T R AR
FEAE AR AP AL R A g . bR R SR O A
B, Ol EHRRE REAALE . AR R S AR
Jita A 5% KM Y AT AL (A RIS KR
H 60% ~ 70% W 554 Sk (150 Lhm?)
B R &, IR 15 d) , JUAEHE
IR ZEIE PR AT, T BRI NAT . DK Rt AL R
FKIE—ARfL, @it EiEsm e mafiaeE L (W
FEAREZIE ) o KK S0m, %8 8m, 33 F%
FRAEMN . 76 R b T I B A K IR SR AR R AR AR PR £
HE, DURRARAR PRt iy B 2 X HAR B AR 4 e A S i e
BARRET LN A8 = AFAM o Fe Ig S 7Y,
IF 4 BEAL BRARE, SRAEATR) K 12 B 1 FE AR AR AR
TS RN B A R R 1 R R B 3 Bk L, =
KN TREE AR O Bk, 3k 27 Hhmisg,
VERE W RAEARTE Y, 26 A A 3SR,
HRER S AR B Al 200 [k . BAR . DR
RERRIFINHL, TR FE T B iR R BT A 1
gk, QORI KR BB BB WME TREARRR
T IR [ 34 rh s 3R A R AR Y
HRBR A5 9 1, JEREDLEE FIFP AR R 3 AR PR
TR AE R —RA L, 58 5F &R 1)
PRI T3 3 4y, L= ab 8, Wb s 94
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Fid % 53 &

FHEREA, (3 PRI M AR PRI & 3, Bhh
KIRFEE M ERRPR IR =AEE ) o HAHRPR T
BT 80 C vKAE, FHTHEHE3E DNA,
1.3 12 DNA IRRSSBENF
+ ¢ 5 DNA #2 UK I Power Max Soil DNA

Isolation Kit i & ( MOBIO, USA) , H/MESFR
B 0.25 g H 48, R G Ui D BRI T . SR
+ 3 1 DNA 20 5 280 1% Bl b ¥ i B 1k A1 Nano
Drop Il 58 DNA 5S¢, 4 Mk . R4 A
PS8 515F ( GTGCCAGCMGCCGCGGTAA )
M1 806R ( GGACTACVSGGGTATCTAAT ) 1, 4t
I eSS AL B HFER TS, &5 XA
V4 T AR, §HKZ N 5 ul 10 x Pyrobest ZEiK,
4 uL dNTPs ( 2.5 mmol L") , L FiE5I1¥4 2 pL

( 10 umol L") , 0.75 U Pyrobest DNA % 4 fifi

( TaKaRa, Japan) Fl 30 ng ¥4z DNA, fii ff] ABI
GeneAmp® 9700 % PCR AHATY 14, P HHETF N
95 °C WAEM: 5 min, 27 MEFALFE 95 C AP 30 s,
55 C Bk 30s, 72 °C &1 30 s, HJ 72 C LEAH 10
min®, 42%8 PCR P14 2% Byt EE I v ik A
F 18 AxyPrepDNA #E 12 [A] i i 77 & ( AXYGEN,
USA ) VIR PCR F=#) . il % Amplicon S5,
% Ilumina MiSeq PE250 V-5 HEA 7%
1.4 HURALIEBIS

i3 umnia Miseq 7 £ 075 Br A i S ALEE 48

it QUME (v1.8.0) 317 s4a e, Bk 2
Fe 1) RUER reads EEHTURA(E 20 LU 083E, &%
B 50 bp MT 1, AN A SR AEART 20,
MNEE AR R Je B 3, A8 s e KT 50
bp B9 reads, Z<BR & N K FE Y reads; 2) I PE
reads Z[A]AY overlap KZR, FHX] reads % (merge )
W— 475, /) overlap KA 10 bp, KL
FERA 0.2 3) MRS R MY barcode A5 |4
XorFESh, FEIREEF I 0], barcode FLIAF Y% BC AL

R0, ERGIVIEERCECH 2; EBRT1YTH, FEARYE
GenBank FUHfs FEAG I - 2 BRiic B4, KRG & B i ¥
F1, FIH CROP B AT RRAHBUE R T 97% Y
Fe 9 — Aok KR AE BT (OTU) 29, F
GenBank U4l FEXT W) R A TR, O i b B
HA %P5 OTU, 4 Fr A e il 4% i/ IMEAS P 471
# (31892) HEATHHF ( Subsample ) o Fi|JH Mothur
BAF (V1.31.2) ISR o ZHEPER,

HM ] SPSS 24 /1 L[] F J5 22 73 Hr ( ANOVA,
Tukey’s test ) BT ASIE] A R B AR AR PR R o 22
FEPE . AR ZRSEKF T A AR B2 DL R T g2 4k
Z25300, BT weighted Fast UniFrac B B4R, F)H
R T “vegan” Fl “ape” TIfigtl (version 3.6.0) Xf A
[F) g A P2 B AR B A 1 B 2 REPEEA T AR BRI

( Principal coordinates analysis, PCoA ) , Jf#]H
ANOSIM 37 AN R) A o P B2 X AR B 240 B 2H B P 25 57
FIH PICRUS2 FU B A AR B2t A AP DI RE A2 1kl

2 HER5HR

2.1 EEIRFRARE SRS

0 MRS ILIRE 550,744 S RRTY), 4
AFER 61,194 55, 7 97% AR, FiA e s 3L%043
H 6,375 4~ OTU ( LBRFrAFE & B — X751
OTU) , FrAHEa P 55 B > 97%, FWIF
TREEIR B AT EER o FAARPR AN o Z2REVETE AR
RS (T T2) BEMR TR (To) (P<
0.05, Tukey’s test) (£ 1) . H v ZH MR
Shannon 7EfEHE B AFHR PR 48K 6.92 £0.07 B (P<
0.05, Tukey’s test) fm T &FRA T1 (6.74+0.10)
M T2 (6.74+0.08) o F& IFEERFEAE(R R AR AR
Prt3E % (P<0.05, Tukey’s test) f T &R AR
PR3, HA LIRS ACE $8807 9 Hefil e B AR
MR HE% 7.2% (T1) F111.0% (T2)

*1 BREARXFIEEESRIFARSHM
Table 1 Effects of healthy and different infected stage strawberry on rhizosphere bacterial a diversity

S Aves

Code OTUs Shannon ACE Chaol

TO 4194 +276 a 6.92+0.07 a 5492 £ 238 a 5502+ 191 a
Tl 3842 + 352 ab 6.74+0.10 b 5092 +346 b 5109 +325b
T2 3639 +£289 b 6.74 +0.08 b 4890 +335b 4915+ 367b

TE: RAPBHENFIE £ prifi, FSIARTREFORZER 23 (P<0.05)

PR REAR PR

o TO R HEAARPR 1, T1 W ERSIRASTREARPR 1, T2 &%
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22 EERFREERTEAEMN

AR AR AR S P B AEAR PR A o 2 (R Ab 2R

X R > 1%) WG LW ( Proteobacteria )

(AR £ BE 34.89% ~ 39.07% ) , HK W]
( Actinobacteria ) ( 8.97% ~ 14.44% ) , $UFF B ]
( Bacteroidetes ) ( 9.74% ~ 10.24% ) , iR []
( Gemmatimonadetes ) ( 7.56% ~ 8.47% ) , 4%

I ( Chloroflexi) ( 5.88% ~ 8.61% ) , FRFFHI]
( Acidobacteria) ( 4.95% ~ 6.80% ) , P fi w1
( Verrucomicrobia ) ( 3.42% ~ 6.87% ) , #H AW

I"] ( Patescibacteria ) ( 3.16% ~ 4.86% ) , JEREP ]
( Firmicutes) ( 2.53% ~ 3.47%) , 1% % W I]
( Planctomycetes ) (2.23% ~2.82% ) .

AR LIRS RZE (P<0.05, Tukey’s test) M
AT AR PR R R . SR PRI
I']. Patescibacteria FIEREG [ TAIAHXTFBE (E 1) .
fit R L AR AR PR 8 TO mh il e 1A 1T R AR N 32 R
14.44%, TIE2RERNR T1 BIAHXS FREFEARY 13.48%,
rBE R A AR PR - S AR X E B R 8.97%, 4R ES
W, JEET] . Patescibacteria Al BE B | ] 7F 5 4%
AR IR - 358 v B AFDGT =2 J32 T 2 B A i T i 2 BEE 1Y)
FEmiF . FEEACE L, AT T AR TR
I 20 RS R BN, HAIHIR FAEAR PR 1 b 24T
W& (Bacillus) , WHINEJE ( Meiothermus ) Wi
WOJE BT R E RS, N EAT R

( Flavobacterium ) , 1AW IKHJE ( Burkholderia )
FI RB41 T#J& AR R PRI, ok, BFsEgssf
FEUAT SE TR AR 5 B R R B MR T R
T 48 R FE BT LA XS 32 B SR, An2F i
W& ( Gemmatimonas ) , #ERE#)E (Streptomyces ) ,
B A BE M E ( Sphingomonas) , B (A 1 I A

( Flavisolibacter) F1 5 #: . i & W )@

(Actinomadura ) o A —SCP IR AR R EE T
AEXTEBEREAR, A 4 AR B N AR T
RS LIRIERE ( Nitrospira) (K 2) o 3T weight-
Unifric % M A B8 o0Afr 0 HrR , fE F g AR B
S TR V% 45 A8 AN 7] T 2% 9 B R AR o A TR R VR 45 A
It H At B A AR PR 4 TR V% 45 40 5 R W) B R A AR
o 210 BT A Vi 25 A ALY 5 1 s v M R A AR s 2 7R
HEVESsH (K3) o [RFE, ANOSIM 431t 2 B filt
SRR AR AR PR A B VR 45 40 10 AN Rl T i higg, H
it SR B A A P A4 D A 7 254 5 A B R e R R AR PR A

T LA (A RN 5 HP B R R AR B 4 TR AR U 45
Fy(F2) .

100
o0l BME—]
b |
O |
80 | ’ , u A SRR AT ]
L ’ CREE AT
0r = JEREH]

g w AN
A T
N E m AT
# S 0T = SIS ]
LR = A
BE .| = SR ]

& = JUFFRR]

2l n BT
u P

20 +

10 +

0
TO T1 T2
Ab3
Treatment

MU R TR R 22 57 B3 (P <0.05, Tukey’s test)
1 BREARAFEEESRREEER(IKE)
Fig.1 Relative average abundances of bacteria in healthy and
infected strawberries (at phylum level)
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HHEE S b
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B T2 Tl =»TO

0 5 10 Is
HIGFE (%)
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AR AR TR 225 B (P <0.05, Tukey’s test )
B2 REERAELFEEESRIRAEERBKF)
Fig.2 Relative average abundances of bacteria in healthy and
infected strawberry (at genus level)
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Fig.3 Results of PCoA analysis based on weighted Fast UniFrac
distance at OTU level

R2 TRCEEHEREERED
Table 2 The bacterial composition difference among different
treatments under long-term fertilization

2= 51
2H 5 Difference
Group 2K BE
Coefficient (R) Significance (P)

TO vs T1 vs T2 0.6393 0.001
TOvs T1 0.5037 0.003

TO vs T2 0.6198 0.003
T1vs T2 0.5651 0.003

23 ARIEZRRSESRIRNGET LT

R T HIHRTEAN R B Ip R A XS+ e 40 7 D fig AR
PRSI, ASBIFSE R PICRUSE2 X B AR bR 4 T
%I REA AL T M. T KEGG #di & ( Kyoto
encyclopedia of genes and genomes ) T 4% 5 3 B
(F4) : BEARPR S REY M (metabolism )
Iiierti 50.80% ~51.24% , M55 E0FE (environmental
information Processing ) 5 13.10% ~ 13.30%, i#{&{5
BidFE ( Genetic Information Processing ) i 16.09% ~
16.21%, i #2 ( Cellular Processes ) 5 3.92% ~
3.98%, FHLFES (Organismal Systems) 5 0.81% ~
0.82%. N[F) AR 0 2 2 2E T I M AR o
RERVERALARSE, 12 m T AEE B,

[Fi] s o 0 56 PRl — R Dl e J2 i AT e i, R
M 15 5 % S ( Signal Transduction) , J¥ iz %

( Membrane Transport ) , i=f&¥) i &2 Hl 5B &2
( Replication and Repair) , % F& 2 1815 ( Amino

Acid Metabolism ) , ## U i} ( Carbohydrate
Metabolism ) 45 36 ~T-Ihfgdik (K15)

AR 2 4 v 1 B AR AR PR A 0 2 L A

Fig.4 Changes of bacterial function profiles of different samples
examined using changes of bacterial function profiles of
different samples examined using PICRUSt2 Chierarchy
level 1)

9 Mo % R S
( Transport and Catabolism ) , #%5% ( Transcription )
PLEAEHA ( Circulatory ) S5id . [RE, ARG
T JE B At ( Lipid Metabolism) , 14k & 4¢
( Digestive System ) FHjfig. T A M) 1h K 9wtk
AR PR CE Y A AE K FIBET ( Cell Growth
and Death ) DhRE W EHE S, MRS ( Enzyme
Families) , % ¥ 4= ¥ & M AU B ( Glycan
Biosynthesis and Metabolism ) , B A1 F14Efh it
#H} ( Metabolism of Cofactors and Vitamins ) , i
MW ( Environmental Adaptation ) %5 i & A
3 iig

ERAA BT, AR, R
KRS PR, A AR AR, A AR ERE A
Ko RWEHEERAZE, 2 aER . Kok, R
RO WEITR, IR PR BRI MRV 454
FEARMGEH, HTF OTUs, Shannon. ACE Fl Chaol
FRELY a-ZREPETE R R AR 1) B AR AR P L 48 v B 3
TR . XM REE RS R E R R
—F, FIMEHADAE Y AR AR DA
JIS 25 2 AE AR IR GUE Y -2 AR 2 I T {at B
PR —B, 770 R PR AT 82 YU A AR R o I 7
B MU A, IR TP A Y e 2
FEPES, 4h, WRPREAEYI By S YR R BA %)
KR, AR YE S . PORES R EZAE
H . AEYIAR BRI P Z2 61 1 72 vl e S B AR
PRIBE it — 20004k, DNITTE—2D s maAa a5 .

PCoA HI ANOSIM 73 Hr & W] A [a] A o 2 J3E e g

( Cell Communication) |,
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Fig.5 Changes of bacterial function profiles of different samples examined using Changes of bacterial function profiles of different

samples examined using PIRCUSt2 (Hierarchy level 2)

WEUE T AR PR AN AR S, O ELE R A
AR 20 T AR v 45 ) 15 B A R AR P 2 A 4
R REARME v T v BE s e g AR P A BRI 45 4 o A
MR B, T, SRR, JERR T Bl
TR A EERE B 1T B AR R R A T U,
HRRCAR TR T AR AGE = A o A R AR s - 1 v J 2
TR . B C R WA T TR Z Rk
RERE - AEPUAE R, JFORIPAEIR 0320 I B 1R 2212,
LT BT 5 B A ke o A A R 00 B A ELHE Y
SO, BT TEAE TR I A G AE AR PR 1 A 2 2
A, REARRPT AR B BE D BRI . AR,
ST TR, SR TR AR B R R g
ARSI e . VPP RRISR SRR T
SRR, WIEGEEIRPUEN SR ARE, &
o T R R e (o A AR PRk BRI ) 2 B T T 5
TAEPRAR R G A e, 535b, JREERT TR
Xt 2 B AR B i S v o LRSS
S DS RERR TR 2 SRR 20 I oA LR 1Y 75

BRI IEMAX, RS R R TR R 5wy h
AR T 1 T REREE A AR EE A4 e T
KRERFIERY, TR S PR Z Y ih B A
PURARAEDIRE , AN V2R 2F AT TR AE 6% £ F i I
FEnm N SR S A A, (R B Ao D K 2 AR TR T AR
S AEYI TR E YU, A I R B A AR R
BATE AR R = G Ve IR, SR, 78
AT Ao R B v P AR s 2 ST T i R A
R B AR 2 B TR AR . PR AR,
FEWAE 32 B I s AR e i), REAS 38 o S FE AR &
ST RIS SR SE B SRR A £ (e s s,
DI R ARG . 4N, Liu 5507 BT A UAEAR
Y52 2R IR AR G nF, AR AT DAGE S i U A 2F 14T
HEAR PR & B E YR &, (e FE Y i PTis
PE o TEFAEARBR 38 v B AT 5 FIE ve FC o s 109 A
XoF = B 7 0 e AR B g v S S I T R R A A
Fr 448 . Menon 4558 POKFFH PR 1= 8 i e 1 9 #k
Wt B2 e BT R E ( Flavobacterium. spp) , Ff
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HERBHHEA Y AR DIRE. 535h, AR
PR L m] L 2o 4R g S P R R B R
HORMEFERIY) AR R0 IRBERTFE A REEW], fEJE K
b, R IRIENG A AR B ] BE AR PUR D
EORFRARTE AL L8 R . fe dEAE ) A K i
PIAIXT £

S Wy RE DR T i A R AR i R 0 e ke
TR S PR T I PRSP AR A, AR PR
i 23 B4R S RIS A A ) AR OR 73 3R AR
BRI, AR AR S0 7 A 1) R R o
R R AR, FEARBITE T, BA TR IR A
o AR PR T A S TP e R AR . AT IS
R Wu S0 IFFEAS R B, X AT RESE K A
FERR I3 U8 B 22 (AR 2R 23 A0 2 1 200 M ' B 1R It
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Differences in Structure and Function of Rhizosphere Bacterial
Communities between Anthracnose-infected
and Healthy Strawberries

WANG Qing-feng', ZHOU De-ping'*, CHU Chang-bin', ZHAO Zheng',
YANG Qian-gang?, WU Shu-hang'"”
(1. Eco-Environmental Protection Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai,201403, China;
2. Hangzhou Jinjiang Group Co., Ltd., Hangzhou 310005, China)

Abstract: [Objective] The aim of this study is to compare the rhizosphere microbial community structure and
function of strawberry among difference degrees of anthracnose, which is crucial for guiding farmland management
and screening useful strawberry anthracnose antagonistic resource. [Method] The strawberry rhizosphere soil among
difference degrees of anthracnose in the same field was collected in a greenhouse for studying the rhizosphere bacterial
diversity and richness at phylum and genus levels by using Illumina sequencing and PICRUSt2. [Result] The results
showed that anthracnose decreased rhizosphere bacterial diversity, with the mild degrees of anthracnose decreased
7.2% (ACE) and the middle decreased 11%. The phyla Proteobacteria, Actinobacteria and Bacteroidetes dominated in
all strawberry rhizosphere soil. The different degrees of anthracnose changed rhizosphere soil bacterial composition,
with an increase of Bacillus. spp and Meiothermus. Spp, while a decreased of Flavobacterium and Burkholderia. The
PICRUSt2 analysis showed that the occurrence of anthracnose disease increased cell communication, transport and
catabolism, transcription, but decreased lipid metabolism and digestive system. [Conclusion] The strawberry
anthracnose change rhizosphere bacterial composition, functional traits and decrease diversity. In addition, the
strawberry anthracnose also decreases the relative abundance of bacterial taxa and enhances plant nutrient absorption.
Key words: Strawberry; Anthracnose; Rhizosphere bacteria; PICRUSt2; Community composition
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