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2 BHE YL B (EAR = AR, o bt HAT = (9 25 A L
FAT, CTEA SR MBTE, REMEPIEAEIA | ST . Y2 5E |
SRR . A TARE . AR I o TR E R K AR
Mo A PYAL IR X, WIRp R AR IR R A 97 %, BOE AL EIEL
s @Iz o O XA BRI 120 2R, Hoh, SR
ATRET SR ORRIEHE 2 | NS AR L SRR S R o BAREIN
SFH X ATE PR3 DXCHF A SR 22 14 T 3t PRy R ] U o 58 ) BB A T — BB A SIS
B, TR I BR R PR P DX P AR O 22 A B A B OIS, B A SCRR 2>
THIGE

1 #RE5FE

1.1 HEEERE

2019 4F 11 H BRI 2 2020 4 5 H hf), B35 2 W BIARS R4 DR i g =%
(53 A0 R HEA TV B RERAE , FHMEAETE R R AR 122 0 ~ 20 em AUARPR -,
SRR, PHEMEH 2R R RS L, AT EERMREREREO0 ~ 5 mm Y
TR VEARPR L, W R G SRR AT AR, R, AT
IR E CFF PB YR A4, NPB OHHEYUR YL X IRAL ) 5 [F]
B I VR AR T T EAG 3 B Y - SR O, G RIS 5, e R TR
FTAbHE,

12 TERBHESTNE

5 BTSRRI R L HERE M FLART . 51305 60 FLI 100 F i -+
KRR FETR B S0 LTS R P T A — B A b ('
FHA A IR ILRERE © 0 AR B LA — 5
WEHC G A A A — AT s
S pH W L
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1.3 TIEMEYT DNA BVZEAINR

KH OMEGA 148 DNA $#2HURG0 &0 48 DNA JER 73, R
a3 CHSE, DAREAIK DNA $IGd # b liny i 25 . R B DNA $2 U5, RH]
llumina Hiseq PE250 ] J?%‘*E’J B S YIRT I 16S rRNA JEH V3 ~ V4 X
FECEE ITS1 XI5 312547 PCR 973, PCR ¥ 379 H 1 % B B o Sk 4G

EiEJE, R TREA R A lumina Hiseq PE250 &5 0 JF 5 R - & 347
mpe

1.4 FUBDHT

PR 0 SPSS 21.0 B AT . el S sz ) QUIME? dada2 fi {43
Jofs, 5y, KM, BREE, DIRERRIAIRS , 580 T RAMEHEFI RS .
ANCOM, ANOVA, Kruskal Wallis, Lefse Fll DEseq2 % 7 i #ia R % 52 43 4L Al
FERIEEEA 23 M~ o (A TIURAHTITEE (RDA) Rda R YRk
SRR 2 [ TG ™

2 ZR5HH
2.1 FEITEARPR TNV DA

AT HARDRAP DA g 22 70 A1 i SRR A o B 4l 2R L 1 Ak 2,

F 1 EHREZRAS R T REBEARER
Table 1 Comparison of soil physical and chemical characteristics of Paphiopedilum

micranthum distribution points in Mingli

FER pH FOKE 1% AHUE (gkg) 2 (gkg) 28 (gkg) DA (gkg)
WA 1/PB 7.63+0.01 10.08+0.52 27.65+0.18 0.33£0.05 593+026 0.78+0.02
BIF) 2/NPB 6.55+0.07 299+0.08 21.08+028 033+0.02 6.15+0.16 0.24+0.00
t 28.504 23.341 34.111 -0.224 -1.272 45.208
p 0.0001" 0.001" 0.0001" 0.834 0.272 0.0001"

E: EAFAEET, /7 BWKEFH PBRELMBE, NPBREIE LB, TR,
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F2 WHRE=ZTESHSNTEBELSEER
Table 2 Comparison of soil physical and chemical characteristics of P. micranthum

distribution points in Xiazhai

RAFF A pH ok (%) AR (gkg) 28 (ghkg) 28 (ghg) 2F (gkg)
T%E 1/NPB  7.18+0.03® 831+0.08" 5881136 037+002" 3.18+024" 2.0420.88"
T2£2/NPB 648 +0.01° 255+0.10° 46.93+0.28" 0.17+0.01"  34220.04" 1.06£0.04"™

T%3/PB  7.08+0.02° 924+0.00° 6120+1.25" 048+0.01°° 4.47+039° 1.75+0.07"""
T2 4/PB  6.03+0.02" 422+0.12" 5325+029" 028+0.03° 4.48+020°  0.95+0.10"
TZES/INPB 599001 9.36+0.09% 57.63+1.38° 044:0.03"" 533+0.19"" 1.76+0.07**
T 6/PB  6.03+0.00° 10.82+0.0" 5698+0.73° 0.60+0.01° 562014 1.11+0.31""
TZE7/NPB 6.65+0.11° 11.38+0.17"* 2726 +0.38""  0.44+0.02"™ 542+023°  1.03+0.04"
T2 8/NPB  6.29+0.04" 237+0.21° 16.28 + 0.3’ 1.14+0.08"  4.95+0.40" 1.93+0.76""
T 9NPB  625+0.17" 6.66+0.59" 42.18+0.67° 0.52+0.02° 5.08+0.08"" 1.24 +0.06"""
T2E 10/PB  4.61 £0.04° 6.88+0.54" 4696+ 133" 0.46+£0.02"" 4.73+£0.04"  0.88£0.14"
T2 11/PB  6.65+0.03° 9.90+0.58" 2149+1.06 0.15+001"  834+005" 1.04+0.02"
T2 12/NPB 6.54£0.26°  9.29+0.05" 59.41+0.61" 0.46+0.03™ 4.90+0.26"° 1.76 £ 0.05**

T2 13/NPB 7.68 +0.02" 8.95+0.03" 2571+0.19" 0.61+0.01® 4.83+0.11" 0.81+0.01"
T2 14/NPB 7.60 +0.04" 9.89+0.14" 28.49+0.73° 041+0.01" 6.15+0.16° 0.78+0.13"
F 190.545 215.051 941.921 165.309 101.57 4.949
p 0.000"” 0.000" 0.000" 0.000" 0.000" 0.000"

MEIRGE R AL, BE SR 22 AN RREE SO IR A B 2, K
3 pH RERI A, RO RRIEUIRYE ; MANIRE TR i He A & B,
BRaxiah, TR R I IR T A A

N T UL B A R S A YA AR B L BRI PR PR 22 5, AR 1 AR 2
B, alfd 30 e 3 AR, JYRteik-S JoR R MR AR Pr - Y 25 T2
WARHR I 22 5 90N 5, U WTRE 51 25 35 kAR Y J2 B 3R ml e AN I H: 0
PR o 2 57 3 A

73 EHRE=FHSERFERRERTEELERNERILR

Table 3 Comparison of physical and chemical properties of rhizosphere soil

between infected and non—-infected P. micranthum

pH FKIR (%) AP (gkg) 2 (gkg) 28 (ghe) 2H (gkg)

PB 644+091 861+226 4208+1558 038+0.15 564142 1.06+0.34

NPB  675+057 7.22+326 3739+16.10 048+023 4.94+1.00 1.21+0.63
t -1.422 1.618 0.921 -1.525 1.963 -0.942
p 0.162 0.114 0.363 0.136 0.056 0.353

Er AROP R R RS RRAL A B ARG 1A
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2.2 BHR=ARFIEESNEEEVDOMN

2.2.1 TIRAHEFER OTU KFE45Hr

AR H AP REA S 16 4>, Horp, Jufidis (PB) 6 AR, dEY
Y% (NPB) 10 MEEAS, dlad limina 38 &0 P20 3K45 525853 24l A 507
FF1 815500 ZX ELIA 1TS rRNA FEPR B2 7741 . REAS S AT ORAP DX A i ==
S YRR 1 B L

2.2.2  TIRFAEMITK RIS 5T

16 A - SFERE it A R AN L TR REIE 1 KOF- b A U A A BE 2 2R DL 1] 1 s
2o FE AR, FETTAROE B, IR SRANR A . AEIE T ( Proteobacteria ) .
TR ] (Actinobacteria ) . 2% 1] ( Chloroflexi ) . FRFTF 1] ( Acidobacteria )
V-1 R T 3.81%, Hovh PB ZH R AT 1 1] (Acidobacteria, 25.48% ) 2.
F & T NPB 41 (Acidobacteria, 1526%) o M IE 2 ol LLF H, ERHR S
AF G is i - 0 22 AR B IR A Wb, B EE S AELLT 44T PR

( Basidiomycota ) . T2 W] (Ascomycota) . ( Unspecified_Fungi) . {12

Il ( Mortierellomycota ) , . FHEWE1] (Ascomycota) T W5, £ PBAHYE
NPB 26 i F2 B 390N 53.13 % F154.38 %. PB 215 NPB 4 B[ /K P ERH
MR E2R, KU PB 5 NPB AYREM Y1 22 PR -3 BRI A A B AR

1 TEAFEINKEYRHESR 2 TEEREITKFEYRHER
Figure 1 Species differences at Figure 2 Species differences at
phylum level of soil bacteria phylum level of soil fungi
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2.2.3 TIRMAEMIBEES ST

(1) Alpha ZFEMESHT

RIS REAS ¢ k58 OB ) X BT A R0 T 5 B RETR F o B AR BRIV
ZREVERE AT LU 20T, 4045 Observed species, Shannon il Simpson %5 3 />
BEL. 72 4 Fde 5 nT AR e YU REnt 5222 (PB ) ARG Ay it 58 2% (NPB )
FEAXT T observed—otus, shannon, simpson 2STBHIANSELIH BEME (p>0.05) ,
BRI — 8k, B 25

F4 FRA (HE) MRA o SHEESEIEER
Table 4 Comparison of o diversity parameters between the infected group

( bacteria ) and the control group

NPB PB t p
observed_otus 1011.10 £ 183.69  1042.67 +96.16 -0.387 0.705
chao 1011.43 +183.55 1042.91 £96.29 -0.386 0.705
shannon 9.29 +0.26 9.22 +0.16 0.630 0.539
F5 #RE (EHHE ) MWERA « SHEESHER

Table 5 Comparison of o diversity parameters between the infected group

( fungus ) and the control group

NPB PB t p
shannon 532+143 440 £2.02 1.074 0.301

observed_otus 34810 £25531  328.50 +218.53 0.156 0.878
simpson 0.90 + 0.08 0.74+0.27 1373 0.223

(2) Beta ZHEMESMT

K H] unweighted UniFrac 84Ul B ZHEME, TEAIHIZIS AR 289 73 Hr &l
CIE 3L B 4) v, BE BB IR REA RN 22 SR . BRAN BIRE AL 22,
PB 41 FIX 4] (NPB) JEARZEIAEAHE X, wlx 5. 156 PR, BRAGIFEA
AR R 2240 (p>0.05) , Jegun>2 (PB4 ) MIEH Y822 (NPB 41) K4
IRAEAN [A] X 35
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. 7 .
3 ITENEYERFERER 4 TENEMHEREEREE
Figure 3 Significant map of soil Figure 4  Significant map of soil bacterial
fungal communities communities

5 ETF bray-curtis B PCoA 4 #r 8445 6 ETF bray—curtis & PCoA 4y

B (E&E) AR E (4E )
Figure 5 PCoA analysis coordinate map Figure 6 PCoA analysis coordinate
based on bray—curtis ( fungi) map based on bray—curtis ( bacterial )

224 TIRIEER T SRAEY RN R

N T UL [RI BRI DA 5 3o A it 2 22 AR s - SR WD 2 i, ) R AR S
AT HCB T, 2RI 7 RN 8o FROMRTRN,  hRA e B R AP 5 B kA o 22
HRPR T BRI A2 e R, W i B S A S BB 5 0 B I 5 2 AR R L A
NG coNe
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E7 ARAMERAFSTEEENMEAX E8 ARNRERFSHEAEMNMEXE

b 237
Figure 7 Comparison of correlation Figure 8 Comparison of correlation
between different environmental between different environmental factors
factors and soil fungi and soil bacterial

2.2.5 TG = 20 B B A Th BE T 4 A

FI R EEAE LAMP 715 11 DIGAP 4 5 XF 168 ¥ FEAS AT BEAEE 1Y) 45
% KEGG g S F BT, e E 5] 33 M ohngipk, Hh PB4A 2 4
R AT NPB 422 5 B (p<0.05) , SERILE 6,

#* 6 TFREHFEEMER KEGG EE K FEETN
Table 6 Possible KEGG pathways at all levels and prediction of abundance

values

PB NPB t K55

Target028 KO01637 5867 5256 4053 8559 6551 5954 4794 4526 4988 1464 3259 3730 4718 5141 5131 5746 0.03

Target045 KO01467 18458 20870 20493 26203 25197 24212 16428 14400 21819 7891 14989 19597 17194 22191 19786 26194 0.04

2.2.6  BEP50 = AR bR 5 A 0 B B TR A b
M5 Lefse 23 M7 PB 415 NPB 4 H [ 1 #F 2= 5 A1 B0 & 20 28 K74 B4

A, #5580 E o FE 10, i M 45 R B 7R Cladophialophora . 3% & % T
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gL 955 21, Cladophialophora i Clonostachys rosea L= il E I SO =S 1 A
Cladophialophora SEA R EBUR #

9 Lefse 947 PB 425 NPB HEE & 10 BHORKFEREMERHEEE

HERE AR E
Figure 9 Differences of fungal flora Figure 10 Fungal interaction
between PB group and NPB group by network diagram at level of genus
Lefse analysis classification
$
3 itig

LI PRSI AR, RN RR A SR g 22 4 - e e v BT LA
FES, YIRS IE R AR ST b ig iR 22 S A B %, Ui
PR 5T REAS A A G 22 G i) E B R R

PR E YR+ SRR R AU E S RGBS, it ia bl
B, FALFR YIS A KR T, RIS S . DR K AR
E VRS P R ) R R R o AR SORIFH il s AR R 1Y, B T R
Y1 AR - A ) 2R BT AR R L) B BRI RE A TN , S48 SR AR :
FERRPR e E Y e i b, J2 S YU RE SR 22 Ak, LA AR B A Y
ZRMAREULUA W25, MRS E AL, EMANEs BE 2
(p<0.05) 5 FEIIKF L, e o2 ARER 4N R A BRAT B T THI B (25.48% )
AR TARYR Y22 (15.26% ) o HET KEGG ™ X H e oo 22 S AR Yuig g 22 AR
Fr 3 A BOR DI RESRE R 7025, & B K01637 55 KO1467 X 13 7 s 4
ZREM R RS (p<0.05) , FRUIIXLLT)HE T AR ZO 0 BT A 2

WWWw.sciscanpub.com/journals/aps https://doi.org/10.35534/aps.0301001



0 RRENNERP XEFER =B ERBEXE DT

MR RTE; PIAEEIIRE " SR AR R A B SR R 2 TR
BB BRIR R, AR ToRIRRITRER, WAL LR TR 5 £ R i IR 1Y
IS T AR L T RIS I0H0 200 P At AR i IR BRI A 106 M B A o 22 e
Wi (et i BESE ) AT RE SaxX SRR PR A DR SR A O, I LRI BRI K ] e
O BT B AR S0 22 B AR B AR Lefse SMMTE /R, Cladophialophora ' 3% & 5 T4k
Wi2H, H Cladophialophora & Keisuke Obase %5 A ™ 7535 [E {4 % B35 bk 4330
M A A AT B B TR . Cladophialophora borelli J&—Ff G 260 LT
FURHIE 2 R HED — BB K MRS AR L, WA B W A A A IR A SRR KT
FARW I AF W Cladophialophora yegresii 3&5 N2 L C. carrionii Fe 32T 1)
Pikh, CIIAER BN, RA RO R BER BN A A . MLl
KiT % ( Clonostachys rosea) = E—FEZ AR, HAKBEN, FARE0EH
TR, FEHOHLRI A0 o ARER 73 SV Y B R EAE T M 28 1 mT
Cladophialophora 1 Clonostachys rosea =AY, XAl REAAAEASPLAITERT . R
5 B3R 53HT . Cladophialophora 7 ] BEZ ALY 22 (UBUR T, (HIbT 2 H 21 525
SR L IIE

4 g

HRAE LA T SLHGHE KA Tdie, AT LRI R LU T 458

(1) FHEFRAET S HIEIR 225, W RE AR AERT S0 22 YUl (1 3= 25
P

(2) FEIgE 22 A EOR RN LA A%, AN R A T RE R EOR I, Bk
g A Rt — 2B 5T

(3) HARAW A RO IXRE o1 22 A SO S i AN T, B2, i BUR A
AT TR A Y0 22 A3 A5 s T T RURR Y, S S AR X IS H B A M) 1 Aty
KRERMEFE, B, (EAX I TIRA TR A5

ESE B

[T BRWZE, RRRFE. ) PURER R E 59 A SRR X 22 BB A ek A2
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Analysis of the Harm and Potential Risk of
Pathogenic Bacteria to Wild Paphiopedilum in

Mulun Nature Reserve

Zheng Lingling Yang Jingjing Lin Hanye
Zhong Qixuan Chen Le Qin Yongrong

School of Chemistry and Biological Engineering, Yizhou

Abstract: In order to illustrate the harm of pathogens to rare wild orchid plants
in karst areas, so as to better protect them, based on field investigations, lltmina
high-throughput sequencing was used to study the microbial diversity in the
rhizosphere soil of Paphiopedilum micranthum, and predict the function of
the flora. The results showed that the soil physical and chemical properties of
P. micranthum at different sampling points and different distribution points
were significantly different, but the differences in the physical and chemical

properties of the rhizosphere soil between infected and non-infected plants were
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not significant; except for individual plants, infected plants and non-infected
plants there is a significant difference in the diversity index of the soil bacterial
and fungal communities in the rhizosphere of the plant, while the richness
index of the fungus and bacterial communities is not significantly different; at
the phylum level, the relative abundance of the acid bacteria in the rhizosphere
soil bacteria of the diseased Paphiopedilum ( 25.48%) was significantly higher
than that of non-infected Paphiopedilum (15.26%); based on KEGG to compare
the phytopathogenic functional gene classification of infected Paphiopedilum
and non-infected Paphiopedilum rhizosphere soil, it was found that the two
pathways K01637 and K01467 were infecting Paphiopedilum. The abundance
in the samples increased significantly (p<0.05), indicating that these functional
pathways may be the pathways for pathogenic bacteria to invade wild
Paphiopedilum; Lefse analysis showed that Cladophialophora was significantly
enriched in the infected group, suspected of pathogenic bacteria. It can be
inferred from this that the differences in soil physical and chemical background
and soil nutrients may not be the main factors affecting P. micranthum. The
causes of P. micranthum are more complicated. Bacteria and fungi may be
the cause of P. micranthum. Bacteria, but the specific cause remains to be
determined by further research.

Key words: Mulun nature reserve; Wild paphiopedilum; Pathogen damage;

Potential risks
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