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Abstract : To investigate the diversity of microbial communities and to obtain culturable strains from healthy and rusty root-
rot rhizosphere soil samples of Panax quinquefolius L., it is necessary to provide a reference for the occurrence mechanism
and prevention and control strategies for rusty root-rot. Traditional isolation and high-throughput sequencing were used for
analyzing the healthy and rusty root-rot soil samples of Panax quinquefolius L. to explore their structural composition and
diversity. In total, 24 strains of bacteria and 25 strains of fungi were isolated using the traditional isolation techniques, and
the dominant genera were Pseudomonas, Bacillus, and Penicillium. The results of lllumina Miseq high-throughput
sequencing revealed that Cyanobacteria and Proteobacteria dominated the bacterial communities in the healthy and rusty
root-rot soil samples. Notably, the phylum proportions of Cyanobacteria, Proteobacteria, and Tenericutes in the rusty root-
rot soil samples significantly decreased, whereas those of Bacteroidetes, Actinobacteria, Firmicutes, and Acidobacteria
significantly increased. Furthermore, the bacterial diversity of the infected rusty root-rot rhizosphere soil decreased
significantly. In conclusion, the composition and quantity of soil microbial communities were significantly different between
the healthy and rusty root-rot soil samples, and this provides a theoretical basis for the study of the occurrence mechanism
and prevention and control strategies for rusty root-rot Panax quinquefolium L.

Key words : Panax quinquefolium L.; rhizosphere soil; bacteria and fungi; rusty root-rot; high-throughput sequencing;
traditional isolation methods
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1.1 SEIG{ =R

NanoDrop 2000 ( 32 EFE#R & /R A w]) ,3730 XL )74 2720 PCR {¥ (32 ABI /A F]) , Mini Pro 300V
Power Supply HLIKAY ( £ [E Major Science 23 7] ) , NovaSeq6000 il FE A% ( 35 [H Mlumina 23 ) , ZD-85 A fH iR
PR o (EIEALZR 3 A 7 (M) ), ZXID-A1270 53R 48 (B 7 ( ) ) |
1.2 SEIG#F#d

FESR R T IR BRI T OB X, hy 4 AR PSR bR L1 BEHLIEH 20 B (8 ERE A1 20 BEE% 685 1 PG 7
Z: HPTE SRR, A A 34 G5 BB IR E . B IR BB £ oT 51 % R o
BHEYIVEHES Panax quinquefolium L.AJHR BTSN (6+6+8) =41, 43 BIWAER BT 1~2 cm AY -
B RAHA), i 40 B RERETEY, = A EY) F E 2 R AR PR AR A 5IARIC A ho1,h.2 h 3 (@ RR4) |
IR AR PR L RES S BIARIC N v, .2, v 3(EBIENGAL) T 5 S0 o0 s i

2 #AEEHER

2.1 fE@maEiE
2.1.1  FRER 2 A0 o B sk

HEBIFRIN 10.0£0.1 g +-3 A 90 mL FEIE 7K H, 147,180 v/min FHR3% 30 min, /15 1 g/mL ) £ 3EE
T, T ICHE KR VO E IS BES] 107 ~ 107 g/mL, PG PES AR BR300 By 00 00 85 43 900 R T 38 F- 35085 L LB
BEIEH PDA BEFREE . WRIBCA e B FORE AR BRI 100 Wl M 7ERE TR 5L b 50040 W, 30 CHEFR 1~7 d, 3k
WA T TR Al 5 T 1 B R R AN R R T 7%, k42 m IR AT .
2.1.2 ARFFEE2HE % DNA 4250 16S rDNA 4 3¢ fe 2o 2

553 B8 LA TRVE HEA TR IR G35 1 2 mL B DU 1.0%10° (0D (1~1.5) x 1.0 mL) A 5524,
12 000 r/min#.0> 30 s, 75 2| AATTIE , SR 5 F IR & B A B 19 50 DNA, BEACR AR HUA DNA, 373 i
514K 27F (5'-AGAGTTTGATCCTGGCTCAG-3") 1492R ( 5'-CTACGGCTACCTTGTTACGA-3") . PCR 444
RZ K 1.0 pL DNA,5.0 pL 10xBuffer( 7 2.5 mmol/L Mg* ) ,1.0 wL Taq 2-&H#,1.0 pL dNT, 1.5 uL 27F 5|
Y,1.5 pL 1492 R 5[9139.0 pL LK P HELTRITT .95 C 5 min—95 °C 0.5 min—58 C 0.5 min—72 C
1.5 min—72 °C 7 min, SZJiti 35 WY BEIEIR , TSN EE A, ] 1% BEBEWE (AG) BEREHL KM & . i BhEERE [R]
WEAF & 52 PCR =4 () [, % F 2 ali b kR0 PCR 724, £ Bhil P A 527t DNA ¥, i Bh BLAST 7%
P AR IR A E NCBI X & 9F42 58 SO THE R AR S i B TR R e 5 i R (5 8, BUARSE 31 3F
k1,
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Table 1 Determination of the bacterial composition of Panax quinquefolium L. rhizosphere soil using pure culture identification method

sl & g BRI S PR Frs
BRI R Brevibacterium frigoritolerans [MESYRERT:] 1,2
Bacillus pacificus PR ZF AT B 3,12, 13
TR Bacillus depressus 4T B 2 FELFT T 4
Bacillus acidiceler P LA ZE AT 6,11
Bacillus mesonae TR ZEAFF T 10
Bacillus cereus WEREF AT 14
{42 Bacillus toyonensis R AT I 16
Bacillus marisflavi O ZEIAT T 17
AT R R Paenibacillus lactis FLRRZEZEHIAT 5
Paenibacillus taichungensis EHIE | 7
R AT TR Lysinibacillus pakistanensis X 8
Lysinibacillus fusiformis 275 I M R 2 LA 9
AR Arthrobacter silviterrae G 15
FEIR R Stenotrophomonas rhizophila W AR % B R 18
LI Rhizobium nepotum T 19
A Pseudomonas brenneri A BB B TR 20
B )6 e
Pseudomonas koreensis i 5 B e 21
Pseudomonas grimontii Jo 22,23
R Bacillus cereus R ZEHOAT R 24

Horp 0 BOAAS 24 BRANEE , 045 M AEEE P PES PR 3 P43 B 5] 17 BR4A T (SUB163912731419) F1 -1
BRI U VES MR PR 1 P4y B 3 7 MR (SUB163918772667) o MR 133840 rh S8 58 Y ZF AT 8 R AT
HZEMFT R 2F AT B A AT B8 s e85 SR 4 S T B3R B v e AR T A M o B A 244

FFG . S5R R, AT T i S B 23 501) D e 5 I P PE S AR B LS P RO IR T R

2.1.3 ARFREAE ¥ DNA I ITS 73 fo 2

I FL A BRI &, S8 BUEL I DNA (3R IC, X T ELIA , EBAR A T 75 DNA R S5 ITS 973, 51443
SIS ITS1 (5'-TCCGTAGGTGAACCTGCGG-3") ITS4(5'-TCCTCCGCTTATTGATATGC-3") 3 4™ 4 Jz i ik R IR T
27F F1 1492R 5|¥p# A ITS1 F1 ITS4 51440, PCR §™ 34 ROV AR AP SR P s e 5 2.1.2 — 30, HIFHETE

SRR 2,
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Table 2 Fungi composition of rhizosphere soil of Panax quinquefolium L. by pure culture identification method
2 & G BRI SO R Kkt Fr5
THER Sarocladium stricium B R 1 25
HER Penicillium raperi ¥ 2 26, 38
Penicillium ortum Jo 1 27, 32
Penicillium oxalicum ¥ 1 30
Penicillium cremeogriseum x I 33
AEE IR TR B Plectosphaerella niemeijerarum T 2 28
e - g4 ]
It Acremonium egyptiacum I 1 29, 37
BHEWE Mucor moelleri b 1 31
& m Aspergillus versicolor Jo 1 34
HERR AR Alternaria_alstroemeriae T 1 35
HEE5TIR Coniochaeta canina b 1 36
WO E Fusarium falciforme Jo 1 39
HErs LR Alternaria alternate pn 2 40, 41
REE Umbelopsis vinacea ¥ 2 42,46
PR NE Talaromyces helicus Jc 1 43
51 e Talaromyces verruculosus X 1 44, 49
B Chaetomium lentum oA 1 45
HE)E Penicillium ilerdanum s 1 47
KEEFE Uncultured fungus 7 1 48

EIR TN, MR PR L3 b IE 03 B9 R 45 25 MRE T, (45 AR FEVE VE S AR bR T3 b 73 B9 31 15 tRE A
(SUB1639272388803 ) Fl 1- &5 P v S MLy 13 vh 43 25 3] 10 Bk ELIE (SUB1639299433676) . X T E I, {458
Sy AR B B R AR B RO A B RG R . ARSI 21 9 43 e 15 31 75 55 8 A aE A%
g, 535k, AEREA N o i m iR AR AR EEEE SR HEEsTE BN
Mo Es R s IR BT 8 MR T S .

22 SRBENFRHZE
2.2.1 ARFR R84 DNA 4254= PCR ¥ 3% A4

{1 FastDNA® Spin Kit 143 DNA $&B0UR70 &, 56 i SERE 5 R 25 DNA B4 IR, AG 5 H vkl
FE H AR DNA Fr B i) se Bt 5 RN W0 B 5 400 5 R o i — 20 il e, JE SR OB 75 36 R 4 DNA Y fiss
B, X T 16S V4 X541 (515F 15 806R ) LUK ITS 1 X 54 (1TS5-1737F 15 1TS2-2043R ) , £t HL R F5 75 | 958
Jiti PCR 473, FIH QlAquick IR HiEERG R & B H bR DNA FBeJE , ST SRR EALIT .

222 BAERRESH

H T HLEEE MR SRR TG R 73 K5 P 525, 15 B FLASH A SHES AR TS, 3145
JE G P ARG . TE BT 8 DL Bt G AR P 5 S RS T BRAS X I S 431 A N AN A8 R8s . DRy i
IREE AL 2 FE oA k2 Bl ol (SUB1647514035706)

TG VES MR - 0 40 B RN EL TR 20 3045 75 975 45 .71 075 4 R L 31, 74 329 4% .68 907 454%
REBFI, TGS #5325 5T (operational taxonomic unit, OTUs) FIARAFERE B . A 20405 1 E H 7
43R5 1 138 1116 4> OTUs( 3 3) .
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Table 3 Notes on bacteria and fungi in rhizosphere soil of Panax quinquefolium 1.

By BT HNE 5 SAERFS/ 5 Ee Ve S KRBT/ 5% OTUs ¥t/4~
il 75 975 74 329 5 1 641 1138
W) 71 075 68 907 44 2124 116

DU IR £ 5 i ( Sequences number ) 5% N BPIFF L (OTU numbers ) 348 E2H Bl 25 | 140724
TN R T T 00 e A B A S A I B ) ) RS, BAIEL 1 Ca) () T LA 1, W ZEAE A B 0 T
JESE I, 2y gt T1-22 , UEHITE SR e 8 B 0 e 540 5 L, T B AR A v 4 DK 22 B0 TR N LT 1Y)
PG R . AN ARER RN ZTT AR i, A0 v i AP B s T B R I B9 W b B, (B L R s T4
JERAL,

TE:hol, b2 Fh.3 PSS RS e, v 2 T e 3 AR ER VRS IR
B 1 ARBE P AN R R
Fig.1 Rarefaction curve of bacteria and fungi in rhizosphere soil
2.2.4  OTU R & MhHr iz Fe 7 F 547

£ 97%AHRIKE T, Uparse X 2 ZHAEAR R IEE P FIHE4T OTU 25, FIAH Mothur 53155 Alpha
ZAEM:, SSU rRNA 4 % 1 MUSCLE B A HEA TR R RN 2 7 51 LUXT 0 AT, ARG 0 2 o 45 1 R
WA BT FTASREARTEN ] N H B B & 2K BBy 2RO, SR T AR M R e
FRE S — 2 S5 T B AR B AR T2

2 ARPR L HEFEARYNTE OTUs 9353 32 1148 24 110 H 213 £+ 432 J& ; H B OTUs 1H2KE]6 1111 4917 H
26 Bl 26 J& . AEI RS AKX 5 s L Afa B 4H 2 2R S AR L AT A . TR 2 (a) S 1 1K T
VS JEE o3 VG T 2 AR o 4 T A ARG = B2 2 I B i 2 e R - FEHEA4 i 10 B9 9t G v fadt e 4 R 455 i s
ZHARNT R 5 e 0.49% LU R4 TR 2 FR UL 4,

L2 (b)) S JE KT i B IS I s V8 3 2 AR s 240 A1 AR AR T = B2 B &, Pl P RT A5, R I %) 0 4 1R R
(unidentified Cyanobacteria ) IR, Hrhp , % J& 9 4 0G0 FT I R ( Bacteroides ) | # 2 ¥ A R
(Sphingomonas) 1 H MU TH J& ( Terrimonas) . BT J& ( Flavobacterium ) \ A W B4 1) I ¥T 7 J& (unidentified
Enterobacteriaceae) 5% BEFT 7 J& ( Sphingobacterium ) S5 MR R4 1] A AE B b = T B 4L, IR AR S5 g i 4l
5 AR YR N 1.519% .1.08% .0.80% ,0.76% .0.52% .0.45% |,

PRZHPEVES: T3S A B A U 6 AT TR 10 AN, B A2 15% 5 R WK 2(c) FI(d) o



A AT ARG )3 B R v e DU e £ R R S 0 P R S AR B S R E R

PR E R A IHEE W 6 T8, 435 0 FFE R 1] ( Ascomycota ) | i HL %5 ] ( Zoopagomycota ) , B 61 1] ']
( Mortierellomycota) BRZEE ] ( Glomeromycota) \E%E[ ] ( Mucoromycota) $HF 5 V.[] ( Basidiomycota ) , H: /1
PR T (Ascomycota ) 78 %57 1+ S8R HE P A 8 19 F B (IR AL 7.76% 5 B 18 241 10.31%) . M /K-
A, S R ELTE AR R Hor A2 rh 45 Hh 5 25 )RR (Paraphoma ) (5 )R (Alternaria) |
AN# AT B ( Plectosphaerella ) \ W 855 J& ( Mortierella ) . #4855 J& ( Cladosporium ) . #it 7] Wi J& ( Fusarium ) |
Cadophora . Ophiosimulans . Volutella V) X 3 W55 )& ( Cephalotrichum ) X 10 /M J& , VASERS H5& (Alternaria ) %
2,15 Y 0.46% . 5 EA T LR 2R SRR (Paraphoma ) FIANEEHTJE ( Plectosphaerella) 125 , 73
i AL ELE 1Y 2.54% 11 0.10%
R4 UK RPGEES AR PR L 4B 1 R 2 B2

Table 4 Relative abundance of rhizosphere bacteria at a phylum classification level

feE2 B

AT 44 B AR EE/ % AT 24 B AR BE/ %
W 401 1] ( Cyanobacteria) 69.40 W 414 1] ( Cyanobacteria) 55.61
A5JE1 ] ( Proteobacteria) 9.32 HIFFE ] ( Bacteroidetes ) 11.95
JEEEETA 1] ( Firmicutes ) 0.84 AF 1T ( Proteobacteria ) 5.71
JiZE T 1T ( Actinobacteria ) 0.82 JiZE T 1T ( Actinobacteria ) 1.17
TKEEHI ] ( Tenericutes ) 0.66 JELBET ] ( Firmicutes ) 1.14
FRFT 1] ( Acidobacteria) 0.46 K J5H4 T ( Chlamydiae ) 0.87
FUFFIAT] ( Bacteroidetes ) 0.43 AT 517 ( Acidobacteria) 0.79
PEM T ( Verrucomicrobia ) 0.79
ABIHHANE ] (unidentified Bacteria) 0.43

TE:ha1, h2 A3 SfERPGES LAl e, v2 1 3 VIR EES LS A PR IER 10 AN TRUE Z SN T IR RO R R A,
B2 AR T B PR YRR X 42 A

Fig.2 Relative abundance of rhizophere microoganism communities at different classification levels



2.2.6 WFr S AES T

Alpha ZFEMER] T BRSO FhE 5 B A 2R FEARBLEE 97% 7K, I Coverage , Chaol |
ACE ,Shannon Fll Simpson Z¢ 48548 7~ VH ISR bR 138U W REE AP £ B R Z M (£ S5)

Coverage T2 FE I A8 35 B2 | 6 DMREATE SCPE BT 36 3805 T 99.9% , BRI ARRTT ISR bR 1
AR EIAFE . Chaol Fl ACE F85UnT HIRITAG YR 6 B, (R 5 SIS AN T 411 Chaol $55544) %1
SERIA 1 417.610 F1839.363 , ACE F5 8000 HISF-2 4 1 441.020 F1911.925 , Ui W {41 40 B M s v T45 )8
2, LY Chaol 84043 F-20 115.686 F1 104.781, ACE #5403 9SF-441°4 130.042 il 104.449 | 13 B
FRZH B W) Fh B = TS S %4 . Shannon A1 Simpson #80n] F T & V9 FES M PR 3 64 W i) 2 ke
H Shannon 880K /N S W0 Z A AE L, Simpson F8 80U L, f HE 5 45 T8 9 4 41 7 A Shannon 48 04>
BISF-24 4 4.033 F12.256, Simpson FE504 B4 0.573 F10.732, P B A0 2 AE RS T g &
1Y Shannon F8E5M P12 1.411 1 1.349, Simpson F8%0351°F-11°4 0.363 F1 0.370, Ut B 9 2H 1Y EL 1 22 A
oGk 25 5 fEE A G 2 TR A4 . Alpha ZZAETE TS R SR ER L 4 TE 5 LR Rt 2 BT — 3K

5 MRBR IR EE Alpha ZHEMFREL

Table 5  Alpha diversity indices of bacteria and fungi in rhizosphere soil

BT LR R

i

Chaol ACE Shannon Simpson Chaol ACE Shannon Simpson
h.1 642.240 721.451 1.889 0.531 118.000 123.665 1.823 0.480
h.2 1315.991 1 409.744 3.092 0.654 138.273 129.343 1.306 0.360
h.3 559.857 604.581 1.788 0.533 58.071 60.338 0.917 0.248
r.1 1 607.267 1 638.178 3.870 0.700 151.559 182.789 1.818 0.465
r.2 1 268.550 1 295.635 3.537 0.698 134.500 144.014 1.342 0.361
r.3 1377.013 1 389.246 4.691 0.798 61.000 63.322 1.073 0.285

Hohol, ho2 A h.3 SRRV VES: LIRS 1, .2 B e 3 BB PE S IR
3 it 5418

3.1 BEREFAFESBRELTIERED

AR W58 K I 2L TR B S R PU VE S N AR TR AR B I rh AR 34 , AT DA A il A R 2K
PUERE LAY, PSR R o TR B 24 MRATTE b o 11 R 2R AR 7, U0
B 2E A R PV SARBR R RSB FESr B 25 MR ELE R (R PE S + R R & R
%, FEAT R AT R R R I AR R E ORI, H P VES A YR PR Wy B U5 T AR AR B 540
R XMHET —2 TAE T,

158 5 A R o 20 53 B AR (B M T (AT DA PR T i R (R B B R D Pseudomonas grimontii ) FIARIEE
T, X 5 5E AT Choi 2610V 7E V4 P 2455 i 5 5 Fh 4 B 3Kk 4% Pseudomonas marginalis . P. veronii , Pseudomonas sp. |
Rhizobium legumninosarum 1 R. tropica “FEJ@/K V45 R —3 (AR A KT AEE2S . M, Punja %65 (1)
WFFEF PG 7 2 A AR 2 T B0 (5 114 722 A6 5 M 26 k5 W) 7 40 i vb 350 AR 3R 0 40 L v Bk 0 TR ( Fusarium
falciforme) YR 224 5 . ABFFEH  TESE G VU FE S AR PR 1 rh 73 2545 B — Rk T 1 ( Fusarium falciforme ) , 13
IZ PR PT RS PV 2t BB I AT O, T i — D IRIT
3.2 RRAMERFEFSRETIERED ZFHE

FUHT, OC T 85 103 (2 G X VU VE S AR B - 300 A i i 22 R i i 2 e oK DL AR, AW 9 LA R RN 85 T
PG TESAR PR oA WF XSG, R F el e DU P HR 230 B7 1 7 3 MR R T 3 0 =2 ) T 9 ) S 2 R 2
5o M Chao 1 ACE Shannon I Simpson (3£ 4)4 > ZAEEAE BUL AT R, 85 8 It B O AR 08 1 PSS



PR LERUE YRR 2R, WK A, TR RE R Z RS T SR RS AR R T 5 O AR
P S b B A R 2 R s IR 2RI AT DD O O B 25 S P R SR AR R B AR AR S PR
L AU ST R R A (9 7 A 1 A0 B A AL, R PR T RE A B R 5 A S R G R Z IR AR IR AR G
Mo ERA AR AR ST A5 06T (R AR B 05 AR Bk 398 L A U I ST AL, 8, Y 5 R B AR
B A AT R BT AR
33 RRAMEREFSRIELBENEEEARNRERG

WCIBRIFE 3 AT IR T 1) f R TR BB JE o VUV 2 AR PR - S AN B I8 454 . o 5 R SR I, i
P17 ( Cyanobacteria) \AEJE T[] ( Proteobacteria ) FIAKBE & [ ] ( Tenericutes ) Ho 48 A FEAIG, 4n it v] I = 35 55 X}
ISR R B A — e BUBE . BAN, — BB TE R, AT ] ( Bacteroidetes ) | JilZE 7 ] ( Actinobacteria ) | J&
BEFH ] ( Firmicutes ) FIAT 14 '] ( Acidobacteria ) KW _F 9 ; [7] B E 3 T 7] ( Verrucomicrobia ) A1 4K A4 7]
( Chlamydiae ) /A | 15 WX SE T R 1] BEA 75 S 20 BP9 1 245 T AR
34 BRMERAFSREIEERFHEEEARRERY

T ITS I P %5 M P PR S AR B L E T TRTE 1) K T 2H8ORE X ] 5, A4 6 AN T12E, b 1 4 i 1)
(Ascomycota) x>, YL S5 JE 5 J5 T BE TR ] ( Ascomycota ) | B /1 2 '] ( Mortierellomycota ) F14H B . ]
(Basidiomycota ) Ft 5 W] 239 1, Ui Wik 26 BCRRT n] BEVE S sl E BTV HE S50 . WE /KPR S8 A BT
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