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High-throughput sequencing of bacterial community in the
rhizosphere soil of potato infected by late blight in northern
Fujian province

LI Huawei, LUO Wenbin, XU Guochun, LIU Zhonghua, LIN Zhijian, XU Yongqing,

JI Rongchang, QIU Sixin", TANG Hao"

Scientific Observing and Experimental Station of Tuber and Root Crops in South China, Ministry of Agriculture and
Rural Affairs, Technical Research Center of Specialty Dry Crop Variety Breeding of Fujian Province, Crop Research
Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, Fujian, China

Abstract: [Background] Potato late blight is a devastating disease caused by Phytophthora infestans
(Mont.) de Bary. When environmental conditions are suitable, the P. infestans remaining in the soil will
infect potato plants and cause late blight. [Objective] To clarify the bacterial community structure and
diversity of the rhizosphere soil of healthy and diseased potato plants. [Methods] The rhizosphere soil
samples of healthy (M2J) and diseased (M2G) potato plants in a potato field with late blight occurrence
were collected. The metagenomic high-throughput sequencing was performed on the Illumina MiSeq
platform to analyze the bacterial communities in the soil samples. [Results] The soil samples of diseased
plants had 1 747 fewer high-quality sequences and 1 466 fewer OTUs than those of healthy plants. At the
phylum level, the microorganisms in the rhizosphere soil had similar community composition while
different abundance between healthy plants and diseased plants. After the occurrence of late blight, the
relative abundance of Proteobacteria and Chloroflexi in the rhizosphere soil increased by 17.70% and
1.58%, respectively, while that of Acidobacteria, Actinobacteria, Gemmatimonadetes, and Verrucomicrobia
decreased by 6.13%, 4.28%, 1.41%, and 3.11%, respectively. At the genus level, the relative abundance
of Rhodanobacter and Sphingomonas in the rhizosphere of diseased plants increased by 8.63% and
3.51% compared with healthy plants; while the Vicinamibacteraceae, norank f norank o
Vicinamibacterales, norank f Gemmatimonadaceae, Chujaibacter and Flavobacterium have lower
species abundance than healthy plants. [Conclusion] The community structure and diversity of bacteria in
the rhizosphere soil of plants infected with P. infestans were significantly lower than those of healthy plants,

and the proportions of some dominant bacterial phyla and genera changed after disease occurrence.

Keywords: potato; late blight; rhizosphere microorganisms; diversity
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R B Bl 2 0 T e A 400 76 3% FNAE 4 i g o e
HEEEMER, HAMb S g A K
T 3 1 R A 5 HE R G0 i AR TR
Z R AL B — RE AR DGR, 2 e
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— KA E, IR BTG B R A= 2RI BTG N
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A PR Bt T ol it oE T B, 38 v il
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PRI ZZ R, XER R SE M AE ) Ak P 24 21 AR Ak
(1 PRI T S B uEHE T A S T AR AR bR
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1.1 HmRE

202044 F 2 H R AfREA THET R AT
VLEE 5 R AP EG He L (26°48'01"N, 119°59'19"E,
WK 50 m), izt BRI L, AL S
H12.4 glkg, N &K 72.3 mgkg, P &N
87.3 mg/kg,K %k 156.0 mg/kg,pH {H N 4.7,
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P hE SRR, W S E R 2 mm YT
FRB5 SRR 0, 45 M2GA \M2GB 1 M2GC.
BEALIEHL 3 B e Eh 4% A AR AR A PR 143,
%5 N M2JA . M2JB Fll M2JC., -+ 3EFE 743 2%
FRKEM 15 mL B8N TZ 0 °C MREA
f£,295h JGis Rl s, T A AL FE, -80 °C
TRAE o P R B AL AT

1.2 MEYE% DNA ZEL. 318

Tl Y ETS . DNA i AR 95 1- 332 DNA 2
BUR ) £ (E.Z.N.A." Soil DNA Kit,Omega 2\ )
VLA HEAT, (8 1% 000 B I W e 5 b kG 0 44
HU DNA fJFite . DNA WS | Ayo/Aaso
R AE 1.8-2.0 Z[H],

DLSRECAY 3 RE 5 DNA AR, 4 FH 40 8
16S rRNA FE[H 5|4 338F (5'-ACTCCTACGGG
AGGCAGCAG-3")Hl 806R (5-GGACTACHVG
GGTWTCTAAT-3")§ 1 H: V3-v4 n[ 25 [X, PCR
R 95 °C 3 min; 95 °C 30 s, 55 °C
30s, 72°C30s, 27 MEER; 72 °C 10 min; 4 °C
RAF. PCR WK ZR : 5xTransStart FastPfu 2%
MK 4 pL, dNTPs (2.5 mol/L) 2 pL, . Fiif
51%1(5 pmol/L)# 0.8 pL, TransStart FastPfu
DNA -4 i(1.25 U/uL) 0.4 uL, fit DNA 10 ng,
M2 20 pL.

1.3 16S rRNA EEXEMERSBENF

W W —HFEAR) PCR P WHRA 5 1R 2%3
REWHEERE [T PCR 774, I FHEE RS B &
(AxyPrep DNA Gel Extraction Kit, Axygen 7 H])
PEAT R aifl, I R 2R R I e
AN [ 4 . 5 F DNA #7305 £ (Rapid
DNA-Seq Kit, NEXTFLEX /A a8,
FH Tllumina /A 7] B MiSeq PE300 “F- & JE4 7
(125 A W B 2R A BR A HD
1.4 MFHEFELES D

B o o 8 % A Trimmomatic A1 FLASH

Bk PR BN T 20 BT P A9
g, AR 55 EAIE RS ORILEL . K
b 8 B 14 4 R Wy el B B A ek A B A HEBR
TESL o JFFILA 97 % MR AR B I3 (L (X 1o T Jis 2%
PR BIBRAE S S HOC(OTU) . 4TS
FIHAMARERMN OTU. FIH RDP classifier
(http://rdp.cme.msu.edw/) X} £ 5% J¥ 51 i 17 9y Fp
SRR, X Silva B PE(SSU123), B
JE BB BN 70% o 53 AT B 8% 8 I 9 o o 15 4%
TR R AR R - 8 2 TR R U 4 R RN 2 R R Y 52
Wil %A TR SE S AR W R 2 B B
I-Sanger 15 = W i - &5 (http://www.i-sanger.

com/project/index.html)5¢ i -

2 BEREAW

2.1 16S rRNA ERE F 5N F R E T 74

BT X AR B TR 16S RNA S H ¥
IR TE KT 97% ¢ L —A4> OTU, 43 #r il
J7 R B e 5 LG R A R 2 BN B R . AR
Bl 1 fros ) F6 B ik (dilution curve) 73 AT 2
N, ARG 2 A6 AFESAMEBUT 5 R BGE R

Shannon index on OTU level

0

0 2000 4000 6000800010000 12 000 14 000 16 000
Number of reads sampled

1 2 EMRAERZ%

Figure 1 Dilution curves of two groups of samples.
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16 000 5Lk EBFHIZ T2, Dy 45 3 s
THESR T 95%LA B AREFPZE, Tl A S ] A
IR 25 A ZFE P T Y B0K . R IR P8 &
PEAL AL BRS , il BREAR AR AR B T S o 57 1 4
RSB L E Y 2 T IR e e o, T 4]
IR E R 417 bp (% 1)
22 TEREVHEEIFERZEMSHT
TE 9T% AL AKX RE 51 3EF T OTU
R, RINMERRRE LA RS AR )R T
33777186 40 211 H 352 F} 672 J& 1 420 Fl 4 498 4~
OTU ; fit Fé A AR A b HL S e 15 th 4l T 36 1]
106 4% 256 H 417 Bl 764 J& 1 692 ' 5 964
OTU (% 2), f@#FEMRMAT A OTU Lk A& J i bk
Z 1 466 1~ MR PR - 34058 10 F &
Chaol 485U M Z #£ 14 Shannon $§ 83 8. 2 & T

x1 WFEEFIIRE

RAFAERMR PR (R 3), R WK M ARAR PR
- B P AN R 2 R T R T (R
FEAE
23 EAREBERERRIRTIEERE ]S AE
K LR BR

£ OTU FHJE K-, A bk 5 f FEAF AR 11
R B A HE A= 0y 1 4 8 T VR AR S L A
2 AUAE AT 9 OTU Ailjg A F LA A RPs,
i SR L R AR B - SR i A i R 2 B
T AR (R 2)o MBI 1 43 FEK -4k
( 3)E, o FE A R e B AP AR AR s £ 38 v 43 15
WA I 124, A B AT
I"J(Proteobacteria) 50.01%#1 32.31%, ¥4k %
KB, W1 (Bacteroidetes) 4.48%F1 13.78%,
PRATF & 1 ] (Acidobacteria) 7.40%F1 13.53%, JiX

Table 1 Sequencing sample sequence quality control

FEA STk SIS FeaF- 2 KR IS PP K T KPP A
Sample Total sequence number Total base number  Mean length (bp) Minimum length (bp) Max length (bp)
M2G 51104 21322158 417 202 441

M2J 52 851 22 131 626 417 258 441

R2 ARSBRERERAREEIRSLKELHE
Table 2 The total amount of bacterial communities of infected potato late blight and healthy potato at
different taxonomic levels

FE i Sample i Kingdom 7] Phylum #X Class [ Order #} Family J& Genus  #h Species #:fE4255¥50 OTU
M2G 1 33 86 211 352 672 1420 4 498
M2J 1 36 106 256 417 764 1692 5964
Total 1 38 109 265 440 841 1877 6714

*3 AREKRMERERRFEDREESHFMLEY
Table 3 Diversity index of bacteria in rhizosphere soils of infected potato late blight and healthy potato

FE Chaol F8%K TARIEEL AR ACE 185k Bl AR
Sample Chaol index Shannon index Simpson index ACE index Coverage index
M2G 3 468.8+£216.57b 6.167+0.154b 0.011+0.002b 4 241£240b 0.90+0.003b
M2J 5089.6+£423.99a 7.071+0.044a 0.002+0.000a 6 324+723a 0.93+0.003a

T Bl I bR 2% s AR/ NE TR 3R A A 25 57 12 2 (P<0.05)
Note: Data in the table are mean+SD values; Different lowercase letters mean significant difference between treatments at
P<0.05 level.
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M2J M2J
2 RFEMEREKRFIIEAER OTU MEHF EE

Figure 2 Venn diagram of bacteria in rhizosphere soils of infected potato late blight and healthy potato at

OTUs and genus level.
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Figure 3 Bacterial community composition in rhizosphere soil of infected potato late blight and healthy

potato at the phylum level.

28 [ 1 (Actinobacteria) 7.85%F1 12.13%, %4
51 (Chloroflexi) 5.81%F 4.23%, # B ffl
W '] (Gemmatimonadetes) 3.67%#1 5.08%, I
W W 1] (Verrucomicrobia) 2.17%%1 5.28%,
Patescibacteria 3.47% 2.45% , JERETR ]

(Firmicutes) 1.20% F 1.72% , % 41 & 1]
(Myxococcota) 0.99% Fl 1.82% , & 2 & [']
(Cyanobacteria) 1.69 F1 0.84%, & +F &[]

(Latescibacteria) 0.23%71 1.02%. B iR Hrah

R, HES L e i, AR BR - 2
o R LA TR E AR
(Acidobacteria) . Tk H | ](Actinobacteria). ¥t
% W ] (Verrucomicrobia) . J5& &E I
(Firmicutes) . ZE40NE ] (Myxococcota)Fl FEFT 1
I"J(Latescibacteria). XT3 & B 3G I AL #4508
[T EEAH ZBIEAFE ] (Proteobacteria) . T
I"] (Bacteroidetes) . %k %5 [ '] (Chloroflexi) .

Patescibacteria . Wi 4[] (Cyanobacteria),
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Figure 4

(6.83% . 3.32%) .
(2.75% . 2.24%) . 3R & Massilia) (3.17% .

1.69%), norank f Vicinamibacteraceae (1.40% .

norank f Chitinophagaceae

3.04%). norank f norank o Vicinamibacterales
(1.32%.2.81%) .norank f Gemmatimonadaceae
(1.57% . 2.47%) . Chujaibacter . 5 I # J&
(Flavobacterium) (1.70% . 2.01%) . Luteimonas
(2.20% . 0.66%). M I FEARAR B - 3 v AL 4
AR A 5 EE AT R 5), A R RRAR P 34
#\# J& norank f Vicinamibacteraceae . norank
f norank o Vicinamibacterales .
Gemmatimonadaceae . Chujaibacter . ¥ )&
(Flavobacterium) % fit W #H t W 2, 1
Rhodanobacter . #8590 J& (Sphingomonas) |
Chitinophagaceae ., SF¢R J&(Massilia) . Luteimonas
PR JE AR D 3 A0 o A AR AR PR - 458 A S A T

CM2G
—M2)

norank f

95% confidence intervals

—:—- 0.001 139

B %MH

! 0.849 700
0.008 137
0.018 350
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0.086 990

P value

0.048 360
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0.004 841

A 0.183 100

0.003 971
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! ! ! !
-5 0 5 10 15 20
Difference between proportions (%)

25

BUEHTAS R AF 5 Fn Ab B A] 22 5 5 3 (% . P<0.05, **.

t-test comparison of differences in the number of bacteria between samples (phylum level). Data

different symbol mean significant difference between treatments at P<0.05 and P<0.01 level.
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Figure 5 Bacterial community structure in rhizosphere soil of infected and healthy potato at the genus level.
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t-test comparison of differences in the number of bacteria between samples (genus level). Data

different symbol mean significant difference between treatments at P<0.05 and P<0.01 level.
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Figure 7 PCoA analysis diagram of different
samples (OTU level).
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MR N, BE G R F 0 & A, A
) IR AR T

TEI K- B, FERIITE A A Y e
AIEHE| J(Proteobacteria) . BRFFIE I 1(Acidobacteria)
UL 1 (Actinobacteria) . #OFF# | 1(Bacteroidetes)
FZE N ] (Gemmatimonadetes) 55 1 L 3
B Proteobacteria 2 AT W RE e ol 3 & 1)
ET, xR REPL . AL B SRR
A WA HEAE T, H AL R R IR,
J5BR AR Y AR ) i (8 HLRE ) = B R 3
TEABIEGE v B0 S AR AR 5 it o e AR o - 3
AL 12 Proteobacteria , Bacteroidetes .
Acidobacteria . Actinobacteria . Chloroflexi #l
Gemmatimonadetes , 1B R IR Proteobacteria
AT EERE N, FF R FR AR A W 35 25 57
HAAHTAT TRRE & 2 M. Acidobacteria J23
o0 ) B B RHE A D2, |2 T
HAR ARSI, 5 - AR 5%—46%,
TE A SE A Py AR R A A B R B b L IR T
Proteobacteria[22'23], Actinobacteria P 5VFZ
AP hLAE R BEAAPLERSE AT, HS =)
AT ARy AR HOIR SL RN 8 bR o ASDESE
W Acidobacteria T8 & s AE Pk o B AR XS 2 5 2 51
REAR, X ATREE TR MR GRS, A 42 0
Bk, AEREMEEHE . B2, H TR
R IR BN A RO R AR S AR 3, JCE R
AN TR] i A A R AR B - 18 40 71 =F Tl A
HAEAL,  FE I H T R e R i R R AR AR
P + ¥ 3% 4= W) (Proteobacteria . Actinobacteria .
Acidobacteria 1 Gemmatimonadetes) ) 7% A4 1%
B0, BT e AR R RN £ BREAE R B A AT
B A2 A, (HI2 50 3 2 WA DL 3 B T ) e R
A AR B AR B 0 338 20 B 22 A rh RS D A T aE e
B, IR A Rk — 2 AN [R) A i
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J& . Fh . B Rhodanobacter FIXTEE 5
FIEH +3E0PY . Hemme 5% T 40 L3055 K
F 0385 S BOT R R K AR A A
SRR EEE S LR EET
Rhodanobacter™® ; A 7% [l B UL T 44 5
FEPRSZ B9 T W BE , R WAERRIY Rhodanobacter
FEEER S, T B Y AL T KRB
W, WTRERR AW T I I PR 0 A8 A R R 2
OB, AR R R RS, RS AR AT
BT I — W98 . Sphingomonas 235 PR+ 3%
A B B A SR E IR 2 — , T
T BEREARR R AR B R B, BERSAT ALK
AN RS AR A, HE AR T AT 0 P 1 5
ST FEAHIF S R e B o AR R R R AR
PREATE Sphingomonas AN AEAL, KR
AE R TR, ERKFI B ERESR, X
A BE 5 A PR Y K IS ] AR BE AT — 5 B AH K
P, BEE RN RN, A F B, HY
R TIERAER, REPURETE, Sphingomonas
J2 15 A e R 1 S8 T e B A R A LS S8 vh
PE— W5 .
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